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Part No. Description Volume/Page
UC1517 Stepper Motor Drive Circuit. .........coriiii it i e inaens PS/8-30
UC1524 Advanced Regulating Pulse Width Modulators . .................... PS/3-43
UC1524A Advanced Regulating Pulse Width Modulators. ................... PS/3-48
UC1525A Regulating Pulse Width Modulators. ..................ccoivnn, PS/3-54
UC1525B Regulating Pulse Width Modulators. ............... . oiviinnnn PS/3-61
UC1526 Regulating Pulse Width Modulator.................ccciiiviinn.n. PS/3-68
UC1526A Regulating Pulse Width Modulator. .................. ..ot PS/3-75
UC1527A Regulating Pulse Width Modulators. ............... ... ... ... PS/3-54
UC1527B Regulating Pulse Width Modulators. . ................ ... ... ..., PS/3-61
UC1543 Power Supply Supervisory Circuit . ..........ccoviiiiiiiinninnnns PS/7-5
UC1544 Power Supply Supervisory Circuit ...........ccoviiiiiiiininnnn, PS/7-5
UC1548 Primary Side PWM Controller . ...........coiiiiiiiininnnnnnnns PS/3-83
UCC1570 Low Power Pulse Width Modulator. ................civininnnns PS/3-91
UCC15701 Advanced Voltage Mode Pulse Width Modulator ................. PS/3-99
UC1572 Negative Output Flyback Pulse Width Modulator ................... PS/3-108
UC1573 Buck Pulse Width Modulator Stepdown Voltage Regulator ........... PS/3-112
UCC1580-1 Single Ended Active Clamp/Reset PWM........................ PS/3-122
UCC1580-2 Single Ended Active Clamp/Reset PWM. ....................... PS/3-122
UCC1580-3 Single Ended Active Clamp/Reset PWM. ....................... PS/3-122
UCC1580-4 Single Ended Active Clamp/Reset PWM. ....................... PS/3-122
UCC1581 Micropower Voltage Mode PWM . ...........cciiiiiiiiiinnnnnns PS/3-131
UCC1583 Switch Mode Secondary Side Post Regulator. .................... PS/3-139
UC1584 Secondary Side Synchronous Post Regulator. . .................... PS/3-148
UCC1585 Low Voltage Synchronous Buck Controller....................... PS/3-154
UCC1588 5-Bit Programmable Output BiCMOS Power Supply Controller ...... PS/3-163
UC1610 Dual Schottky Diode Bridge. ...ttt iininnenn PS/7-10
UC1611 Quad Schottky Diode Array . .........cviiiinnrnennarnrnnnernnns PS/7-12
UC1612 Dual Schottky Diode. . ...... ..ottt e c i eannanas PS/7-15
UC1625 Brushless DC Motor Controller.............coiiiiiiiirnrnnnnnnnns PS/8-37
UC1633 Phase Locked Frequency Controller. .............ccoiiiiiinnnnns PS/8-63
UC1634 Phase Locked Frequency Controller.............ccviiiiiinnennnn. PS/8-70
UC1635 Phase Locked Frequency Controller.............ccviiiiinnnrnnnn. PS/8-74
UC1637 Switched Mode Controller for DC Motor Drive. . .................... PS/8-78
UC1638 Advanced PWM Motor Controller . .......... ..., PS/8-84
UC1702 Quad PWM Relay Driver. . . .....oiiiii it ie i e inasasnnannnnn PS/6-12
UC1705 High Speed Power Driver. . .......coiiiiininnrnennnnrncnnnnsnnns PS/6-16
UC1706 Dual Output Driver . ......c.oviiiiii ittt inataeasnnsasnsnnsnrns PS/6-19
UC1707 Dual Channel Power Driver . ........c.oviininnrnenrnnrncnnnnsnnns PS/6-24
UC1708 Dual Non-Inverting Power Driver. . .........cviiiiinnnnnnrrnnrnnenns PS/6-31
UC1709 Dual High-Speed FETDriver .........oiiiiiiriiiinannrnnrnnenn PS/6-35
UC1710 High Current FET Driver. . ....... ..ottt iaenaeas PS/6-38
UC1711 Dual Ultra High-Speed FET Driver. ... .....cciiiiiiiiiniinnrnnnn PS/6-41
UC17131 SmartPower Switch . ... ... i e e e as PS/9-13
UC17132 SmartPower Switch . ...t i e e e as PS/9-13

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC).
Products included in this book are listed in bold.
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UC17133 Smart Power Switch . ........ ... . i i e e PS/9-13
UC1714 Complementary Switch FETDrivers. . .........coviiiiiirnnnnrnns PS/6-43
UC1715 Complementary Switch FETDrivers. . ..........cooiiiiinrnnnennnns PS/6-43
UC1717 Stepper Motor Drive Circuit. . ..........oiiiiiiii it iieanns PS/8-92
UC1724 Isolated Drive Transmitter . ..........cciiiiiiiii it inennnns PS/6-50
UC1725 Isolated High Side FETDriver..........cciiiiiiirnnnnrnnrnnnnn PS/6-53
UC1726 Isolated Drive Transmitter . ......... ...t ieanns PS/6-57
UC1727 Isolated High Side IGBT Driver ..........coiiiiiiiiarinnananns PS/6-62
UC1730 Thermal Monitor . ... ... it i ittt e e s nane e PS/7-17
UCC17423 Dual BAMOSFET Driver. . . . oo it i i i i i et i e ina e annnnnns PS/6-68
UCC17424 Dual BAMOSFET Driver. . .. ot it i e i i i et i in e saeannnnnns PS/6-68
UCC17425 Dual BAMOSFET Driver. . ..o v v i i it i i i e si e in e saeannnnnnns PS/6-68
UCC17523 Dual 3A MOSFET Driver With Adaptive LEB..................... PS/6-73
UCC17524 Dual 3A MOSFET Driver With Adaptive LEB..................... PS/6-73
UCC17525 Dual 3A MOSFET Driver With Adaptive LEB..................... PS/6-73
UCC1776 QUad FET Driver. .. ....c.iiiii it i ieesnaaannansnnnnnennenn PS/6-79
UCC1800 Low-Power BiCMOS Current-Mode PWM. . ..............ccovunnn PS/3-173
UCC1801 Low-Power BiCMOS Current-Mode PWM. . ..............ccoovunnn. PS/3-173
UCC1802 Low-Power BiCMOS Current-Mode PWM. . ..............ccvuvnnnn PS/3-173
UCC1803 Low-Power BiCMOS Current-Mode PWM. . .............ccvvevunnn PS/3-173
UCC1804 Low-Power BiCMOS Current-Mode PWM. ..............ccvuvunnn PS/3-173
UCC1805 Low-Power BiCMOS Current-Mode PWM. .............cccivinnnns PS/3-173
UCC1806 Low Power, Dual Output, Current Mode PWM Controller............ PS/3-180
UCC1807-1 Programmable Maximum Duty Cycle PWM Controller ............ PS/3-187
UCC1807-2 Programmable Maximum Duty Cycle PWM Controller ............ PS/3-187
UCC1807-3 Programmable Maximum Duty Cycle PWM Controller ............ PS/3-187
UCC1808-1 Low Power Current Mode Push-PullPWM ...................... PS/3-192
UCC1808-2 Low Power Current Mode Push-PullPWM ...................... PS/3-192
UCC1809-1 Economy Primary Side Controller...............c.cviiiiinnnns PS/3-198
UCC1809-2 Economy Primary Side Controller...............cooviiiiinnns PS/3-198
UCC1810 Dual Channel Synchronized Current Mode PWM .................. PS/3-205
UCC1817 BiCMOS Power Factor Preregulator. ...............ccoivivnnnn. PS/4-5
UCC1818 BiCMOS Power Factor Preregulator..................cciviennnn, PS/4-5
UC182-1 Fast LDO Linear Regulator. ............cciiiiiiiiiiiiiiiinnnn PS/5-5
UC182-2 Fast LDO Linear Regulator............c.c.iuiiiiiiinniiiinannnns PS/5-5
UC1823 High Speed PWM Controller ............ciiiiiirinnnnrrnnrnnnns PS/3-219
UC1823A High Speed PWM Controller . ...........coiiiiiiiiiiinnnnnnns PS/3-225
UC1823B High Speed PWM Controller . ..........ccoiiiiiiiiiiiiiiinnnnnns PS/3-225
UC182-3 Fast LDO Linear Regulator. ............ccciiiiiiiiiiiiiininnnn PS/5-5
UC1824 High Speed PWM Controller ..........ciiuiiiriirnnnnnrrnnrnnenn PS/3-233
UC1825 High Speed PWM Controller ...........cciuiiiriinnnrrnrnnrnnenn PS/3-240
UC1825A High Speed PWM Controller . .............. i PS/3-225
UC1825B High Speed PWM Controller .. ..........cciiiiiiiiiiinnnnnnnn PS/3-225
UC1826 Secondary Side Average Current Mode Controller.................. PS/3-247

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC).
Products included in this book are listed in bold.
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UC1827-1 Buck Current/Voltage Fed Push-Pull PWM Controllers . ............ PS/3-257
UC1827-2 Buck Current/Voltage Fed Push-Pull PWM Controllers . ............ PS/3-257
UC182-ADJ FastLDO Linear Regulator .............c.oiiiiiiiiinnnnnnns PS/5-5
UC1832 High Speed PWM Controller. ...........oiiiiiiiriinainnnnnnnns PS/5-11
UC1833 Precision Low Dropout Linear Controller.................ccovvnnn PS/5-11
UC1834 High Efficiency Linear Regulator ............... ... oo, PS/5-18
UC1835 High Efficiency Regulator Controller ...............ccciiiiinnnnn. PS/5-24
UC1836 High Efficiency Regulator Controller ............... ... PS/5-24
UCC1837 8-Pin N-FET Linear Regulator Controller......................... PS/5-28
UC1838A Magnetic Amplifier Controller. .. .......... .o, PS/3-272
UCC1839 Secondary Side Average Current Mode Controller................. PS/3-276
UC1841 Programmable, Off-Line, PWM Controller ......................... PS/3-281
UC1842 Current Mode PWM Controller. .........coiiiiiiiniiiiiinennnnn PS/3-289
UC1842A Current Mode PWM Controller . ..........cviiiiiiiirnrnnnnnnns PS/3-296
UC1843 Current Mode PWM Controller. ..o iiiieanns PS/3-289
UC1843A Current Mode PWM Controller ............cciviiiiiiiiiinnrnnn. PS/3-296
UC1844 Current Mode PWM Controller. . .........ccoiiiiiiniiiiiiinnnnenn PS/3-289
UC1844A Current Mode PWM Controller ............ccoviiiiiiiiiinnnnn. PS/3-296
UC1845 Current Mode PWM Controller. .. .........oiiiiiiiiiii e PS/3-289
UC1845A Current Mode PWM Controller . ...........cooiiiiiiiinrnnnnnnnns PS/3-296
UC1846 Current Mode PWM Controller. ..........cciiiiiiiiniiiiiinnnnnns PS/3-302
UC1847 Current Mode PWM Controller. .........cciiiiiriini i iiinennnns PS/3-302
UC1848 Average Current Mode PWM Controller .............ccvvivinvnnnn. PS/3-309
UC1849 Secondary Side Average Current Mode Controller.................. PS/3-317
UC18500 Combined PFC/PWM Controller .............c.ciiiiiiiinnnnrnnns PS/4-15
UC18501 Combined PFC/PWM Controller ............coiiiiiiiiinnrnnnnn PS/4-15
UC18502 Combined PFC/PWM Controller .............ccouiiiiiiinnnnnnns PS/4-15
UC18503 Combined PFC/PWM Controller .............cciiiiiiiirnnnnnnnns PS/4-15
UC1851 Programmable, Off-Line, PWM Controller ......................... PS/3-327
UC185-1 FastLDO Linear Regulator . ...... ... ... . ... ... IF/5-35
UC1852 High Power-Factor Preregulator ................cciiiiiiiinnnnnn. PS/4-22
UC185-2 Fast LDO Linear Regulator . ..... ... IF/5-35
UC1853 High Power Factor Preregulator .................coiiiiiininnnn, PS/4-27
UC185-3 Fast LDO Linear Regulator . ............ .. ... .. ... .. ... .. ... IF/5-35
UC1854 High Power Factor Preregulator . ..............ccciiiiiiiinnnnnnn PS/4-32
UC1854A Enhanced High Power Factor Preregulator....................... PS/4-42
UC1854B Enhanced High Power Factor Preregulator....................... PS/4-42
UC1855A High Performance Power Factor Preregulator. . ................... PS/4-48
UC1855B High Performance Power Factor Preregulator. .................... PS/4-48
UC1856 Improved Current Mode PWM Controller ....................c..... PS/3-333
UCC1857 Isolated Boost PFC Preregulator Controller ...................... PS/4-56
UCC1858 High Efficiency, High Power Factor Preregulator .................. PS/4-65
UC185-ADJ Fast LDO Linear Regulator. . ............ i IF/5-35
UC1860 Resonant Mode Power Supply Controller. ................ccuuvnnnn PS/3-341

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC).
Products included in this book are listed in bold.
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UC1861 Resonant-Mode Power Supply Controllers ........................ PS/3-349
UC1862 Resonant-Mode Power Supply Controllers ........................ PS/3-349
UC1863 Resonant-Mode Power Supply Controllers ........................ PS/3-349
UC1864 Resonant-Mode Power Supply Controllers ................c.ccvunnn PS/3-349
UC1865 Resonant-Mode Power Supply Controllers ...............c.coovunnn PS/3-349
UC1866 Resonant-Mode Power Supply Controllers ........................ PS/3-349
UC1867 Resonant-Mode Power Supply Controllers ................ ... ..., PS/3-349
UC1868 Resonant-Mode Power Supply Controllers ........................ PS/3-349
UC1871 Resonant Fluorescent Lamp Driver .. ......... ... . ... PP/8-2
UC1872 Resonant Lamp Ballast Controller ... .......... ... .. . ... PP/8-8
UC1875 Phase Shift ResonantController...............cciiiiiiiinnnns PS/3-357
UC1876 Phase Shift ResonantController...............ccoiiiiiiinnnnnnnns PS/3-357
UC1877 Phase Shift ResonantController...............coviiiiiinnnennnns PS/3-357
UC1878 Phase Shift ResonantController. . .............cciiiiiiiinnnnnn PS/3-357
UC1879 Phase Shift ResonantController...............c.coiiiiiiiiinnns PS/3-367
UCC1884 Frequency Foldback Current Mode PWM Controller ............... PS/3-393
UC1886 Average Current Mode PWM ControllerIC...............ccoivunn.. PS/3-400
UCC1888 Off-line Power Supply Controller ...............ccoiiiiiiinnnnn, PS/3-407
UCC1889 Off-line Power Supply Controller .............c.coiiiiiiininnns PS/3-412
UCC1890 Off-Line Battery Charger Circuit..............ccoiiiiiiiinnnnns PS/3-418
UCC1895 BiCMOS Advanced Phase Shift PWM Controller .................. PS/3-425
UC1901 Isolated Feedback Generator. . ..........ccvuiiririrnnrnrnnnnrnnns PS/7-21
UC1902 Load Share Controller ...........cciiiiiiiniii i iiainannnanns PS/7-27
UC1903 Quad Supply and Line Monitor . ... PS/7-32
UC1904 Precision Quad Supply and Line Monitor. . ........................ PS/7-39
UC1907 Load ShareController ...........cciiiiiiiiiiiiiii i i innnnenn PS/7-44
UC1910 4-Bit DAC and Voltage Monitor ..............ciiiiiiiinnnnnnnnns PS/3-437
UCC1913 Negative Voltage Hot Swap Power Manager . .. ..................... IF/5-15
UC1914 5V to 35V Hot Swap Power Manager . .. ..., .. IF/5-23
UCC1919 3V to 8V Hot Swap Power Manager. .............. ..., IF/5-68
UCC1921 Latchable Negative Floating Hot Swap Power Manager ............... IF/5-78
UCC1926 +20A Integrated Current Sensor. ...........oviirinrrnrrnnrnnenn PS/9-43
UCC19411 Low Power Synchronous Boost Converter. . ....................... PP/7-58
UCC19412 Low Power Synchronous Boost Converter. . ....................... PP/7-58
UCC19413 Low Power Synchronous Boost Converter. . ....................... PP/7-58
UC19431 Precision Adjustable Shunt Regulator........................... PS/7-50
UC19432 Precision Analog Controller ............c.ciiiiiiiiiiinnnnnnnns PS/7-56
UCC1946 Microprocessor Supervisor with Watchdog Timer . . .................. PP/7-88
UCC1960 Primary-Side Startup Controller. .......... ..., PS/3-442
UCC1961 Advanced Primary-Side Startup Controller....................... PS/3-450
UC1965 Precision Reference with Low Offset Error Amplifier................ PS/7-60
UCC1972 BiCMOS Cold Cathode Fluorescent Lamp Driver Controller. .. ......... PP/8-13
bg2000 Programmable Multi-Chemistry Fast-Charge-ManagementIC ... ......... PP/3-7
DV2000S1 Multi-Chemistry Switching Charger Development System . ............ PP/3-33

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC).
Products included in this book are listed in bold.
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bg2000T Programmable Multi-Chemistry Fast-Charge ManagementIC ........... PP/3-20
bg2002/F Fast-Charge ICs . . . ...t e PP/3-35
bg2002C Fast-Charge IC . . .. ... PP/3-43
bg2002D/T Fast-Charge ICs . . .. ..o oot PP/3-51
bg2002E/G Fast-Charge ICs. . . . ... i PP/3-61
DV2002L2/TL2 Fast-Charge Development Systems. .. .......... ... ... ... PP/3-70
bg2003 Fast-Charge IC. . . . ... PP/3-73
DV2003L1 Fast-Charge Development System . .......... ... ... . ... ... ... .... PP/3-85
DV2003S1 Fast-Charge Development System . .......... ... ... ... i, PP/3-87
DV2003S2 Fast-Charge Development System . .......... .. .. ... PP/3-89
bg2004 Fast-Charge IC. . .. ... PP/3-91
bg2004E/H Fast-Charge ICs. . ... ..o e PP/3-105
DV2004L1 Fast-Charge Development System ... ........ ... ... ... i, PP/3-103
DV2004S1/ES1/HS1 Fast-Charge Development Systems .. .................... PP/3-117
bg2005 Fast-Charge IC for Dual-Battery Packs . .......... ... ... ... ... PP/3-119
DV2005L1 Fast-Charge Development System . .......... ... ... . ... ... ... .... PP/3-131
DV2005S1 Fast-Charge Development System . .......... ... ... ... ... PP/3-134
bg2007 Fast-Charge IC. . .. ... PP/3-137
DV2007S1 Fast-Charge Development System . .......... .. ... . ... PP/3-151
bg2010 Gas Gauge IC . ... ... PP/4-3
EV2010 bg2010 Evaluation System ... ... . PP/4-21
bg2011 Gas Gauge IC for High Discharge Rates. . . .......... ... ... ... ... .... PP/4-24
EV2011 bg2011 Evaluation System .. ... . PP/4-42
bg2011J Gas Gauge IC for High Discharge Rates . .. ............ ... ... ...... PP/4-45
bg2011K Gas Gauge IC for High Discharge Rates. . .. ........................ PP/4-63
bg2012 Gas Gauge with Slow-Charge Control. . .......... .. .. ... . i, PP/4-81
EV2012 bg2012 Evaluation System . . ... ... PP/4-100
bg2013H Gas Gauge IC for Power-Assist Applications ........................ PP/4-103
bg2014 Gas Gauge IC with External Charge Control . .. ....................... PP/4-123
EV2014 bg2014 Evaluation Board . ........ ... . i PP/4-142
bg2014H Gas Gauge IC with External Charge Control. . ............. ... ... .... PP/4-149
EV2014x Gas-Gauge and Fast-Charge Evaluation System .. ................... PP/4-145
bg2018 Power Minder IC. . . ... ... PP/4-170
bg2031 Lead-Acid Fast-Charge IC . . .. ... . . e PP/3-154
DV2031S2 Lead-Acid Charger Development System. .. .......... ... ......... PP/3-168
bg2040 Gas-Gauge IC with SMBus Interface. .. ....... ... ... .. . .. PP/4-185
bg2050 Li-lon Power Gauge IC. . .. ... .. . PP/4-215
EV2050 Power Gauge EvaluationBoard ............ ... ... . ... . . . ... PP/4-234
bg2050H Low-Cost Li-lon Power Gauge IC .. ........ ... . .. PP/4-237
bg2052 Gas Gauge IC for Lithium Primary Cells .. ........ ... ... .. .. ... PP/4-259
bg2054 Li-lon Fast-Charge IC. . ... ... ... . PP/3-170
DV2054S2 Li-lon Charger Development System . .......... .. ... ... ... ... .. PP/3-184
bq2056/T/V Low-Dropout Li-lon Fast-Charge ICs. . .. ........ ..., PP/3-186
bg2058 Li-lon Pack Supervisor for 3-and 4-Cell Packs .. ...................... PP/6-2
bq2058T Li-lon Pack Supervisor for 2-CellPacks. . . .......... ... ... ... ....... PP/6-14

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC).

Products included in this book are listed in bold.
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bg2060 SBS vi.1-Compliant Gas-Gauge IC. .. ... ... .. .. PP/4-276
bg2092 Gas Gauge IC with SMBus-Like Interface . .. ........ ... ... ... ...... PP/4-314
bg2110 NiCd or NiMH Gas Gauge Module. . . ......... ... i, PP/5-2
bg2111L NiCd Gas Gauge Module with LEDs for High Discharge Rates. . ......... PP/5-8
bg2112 NiCd or NiMH Gas Gauge Module with Slow-Charge Control. . ........... PP/5-14
bg2113H Gas Gauge Module for Power Assist Applications .................... PP/5-20
bg2114 NiCd or NiMH Gas-Gauge Module with Charge-Control Qutput . .. ........ PP/5-24
bg2118 Power Minder Mini-Board. .. ... ... ... .. . PP/5-30
bg2145 Smart Battery Module with LEDs. . ... ... .. . i PP/5-34
bg2148 Smart Battery Module with LEDs and Pack Supervisor. . ................ PP/5-40
bg2150 Li-lon Power Gauge Module. .. ... ... PP/5-47
bg2150H Li-lon Power Gauge Module . ....... ... ... ... . ... ... .. ... .. ..... PP/5-53
bg2158 3 or 4 Series Cell Li-lon Pack Supervisor Module .. .................... PP/5-57
bg2158T Two Series Cell Li-lon Pack Supervisor Module ...................... PP/5-64
bg2164 NiCd or NiMH Gas Gauge Module with Fast-Charge Control .. ........... PP/5-71
bg2167 Li-lon Power Gauge Module with Pack Supervisor . .................... PP/5-77
bg2168 Li-lon Power Gauge Module with Pack Supervisor . .................... PP/5-85
bg219XL Smart Battery Module with LEDs. . . .. ... ... .. it PP/5-93
EV2200 EV2200 PC Interface Board for Gas Gauge Evaluation . ................ PP/4-370
bg2201 Nonvolatile Controller (byone) .. ........ ... NV/3-3
bg2202 SRAM Nonvolatile Controller with Reset. . . ......... ... ... ... ... .... NV/3-11
bg2203A Nonvolatile Controller with Battery Monitor. .. ....................... NV/3-19
bg2204A Nonvolatile Controller (by four) .. ... .. NV/3-27
UCC2305 HIDLamp Controller . ..........ouiiiiiirinrnnnnnernnrnnrnnenn PS/9-1
bg2502 Integrated Backup Unit .. ... ... . NV/3-35
UC2524 Advanced Regulating Pulse Width Modulators . .................... PS/3-43
UC2524A Advanced Regulating Pulse Width Modulators. ................... PS/3-48
UC2525A Regulating Pulse Width Modulators. ..................ccoiivnnn PS/3-54
UC2525B Regulating Pulse Width Modulators. ...............ccoiuinnnn PS/3-61
UC2526 Regulating Pulse Width Modulator.................cciiiiiinnnnn. PS/3-68
UC2526A Regulating Pulse Width Modulator. ..................... ..ot PS/3-75
UC2527A Regulating Pulse Width Modulators. ............... ... ... ... PS/3-54
UC2527B Regulating Pulse Width Modulators. .................... ... ..., PS/3-61
UC2543 Power Supply Supervisory Circuit . ..........ccooiiiiiiinannnns PS/7-5
UC2544 Power Supply Supervisory Circuit ...........ccooiiiiiiiininnns PS/7-5
UC2548 Primary Side PWM Controller . ...........coiiiiiiiiinrinnnnnnnns PS/3-83
UCC2570 Low Power Pulse Width Modulator. ...............c.civiiinnns PS/3-91
UCC25701 Advanced Voltage Mode Pulse Width Modulator ................. PS/3-99
UC2572 Negative Output Flyback Pulse Width Modulator ................... PS/3-108
UC2573 Buck Pulse Width Modulator Stepdown Voltage Regulator ........... PS/3-112
UC2577-12 Simple Step-Up Fixed Voltage Regulators ...................... PS/3-31
UC2577-13 Simple Step-Up Fixed Voltage Regulators ...................... PS/3-31
UC2577-14 Simple Step-Up Fixed Voltage Regulators ...................... PS/3-31
UC2577-15 Simple Step-Up Fixed Voltage Regulators ...................... PS/3-31

Part numbers are listed numerically, not by prefix (bq, DV, EV, UC, UCC).
Products included in this book are listed in bold.
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UC2577-ADJ Simple Step-Up Voltage Regulator . ...................ccoott. PS/3-36
UC2578 Buck Pulse Width Modulator Stepdown Voltage Regulator . .......... PS/3-116
UCC2580-1 Single Ended Active Clamp/Reset PWM. ....................... PS/3-122
UCC2580-2 Single Ended Active Clamp/Reset PWM. ....................... PS/3-122
UCC2580-3 Single Ended Active Clamp/Reset PWM. ....................... PS/3-122
UCC2580-4 Single Ended Active Clamp/Reset PWM........................ PS/3-122
UCC2581 Micropower Voltage Mode PWM . ...........cciiiiiiiiinnnrnnnnn PS/3-131
UCC2583 Switch Mode Secondary Side Post Regulator. .................... PS/3-139
UC2584 Secondary Side Synchronous Post Regulator. . .................... PS/3-148
UCC2585 Low Voltage Synchronous Buck Controller....................... PS/3-154
UCC2588 5-Bit Programmable Output BiCMOS Power Supply Controller .. .... PS/3-163
UC2610 Dual Schottky Diode Bridge. .. .......cciiiiiiiiriiin i iiinnrnnns PS/7-10
UC2625 Brushless DC Motor Controller.............coiiiiiiinrnrnnnnnnnns PS/8-37
UCC2626 Brushless DC Motor Controller. ............oiiiiiiiiiiiinnnnns PS/8-50
UC2633 Phase Locked Frequency Controller. . ...........ccoiiiiiinnnnnn. PS/8-63
UC2634 Phase Locked Frequency Controller. ................ ..o, PS/8-70
UC2635 Phase Locked Frequency Controller...............coiviiiiinnnnn. PS/8-74
UC2637 Switched Mode Controller for DC Motor Drive. ..................... PS/8-78
UC2638 Advanced PWM Motor Controller .............cooiiiiiiiinnnnnns PS/8-84
UC2702 Quad PWM Relay Driver. .. ...c.uiiii it iaiieiinasncnnnnnnnns PS/6-12
UC2705 High Speed Power Driver. . .......coviritninnrnenrnnrnrnnnnsnnns PS/6-16
UC2706 Dual Output Driver .. .......cuiit ittt e iia e nassnnsnnsnnnn PS/6-19
UC2707 Dual Channel Power Driver . ........c.uviiiinnrnrnrnnrncnrnnsnnns PS/6-24
UC2708 Dual Non-Inverting Power Driver. . ........cviiiiinnnnnnrrnnrnnenn PS/6-31
UC2709 Dual High-Speed FETDriver ...........oiiiiiiiiiiiii e PS/6-35
UC2710 High Current FET Driver. ... ..ottt e e iaaennens PS/6-38
UC2717 Stepper Motor Drive Circuit. . ...t iieaens PS/8-92
UC27131 SmartPower Switch . ...... ... ittt i e aeas PS/9-13
UC27132 SmartPower Switch . ...t ittt i e aeas PS/9-13
UC27133 SmartPower Switch . ... it et s e anas PS/9-13
UC2714 Complementary Switch FETDrivers..........cviiiiiniiirnnrnnnn PS/6-43
UC3717 Stepper Motor Drive Circuit.......... ...t iiiaeennn PS/8-92
UC3715 Complementary Switch FET Drivers..........c.oiiiiiiiinnrnnnn PS/6-43
UC2724 Isolated Drive Transmitter . ......... ...ttt ineen PS/6-50
UC2725 Isolated High Side FET Driver . .......cviiiinn i iinainnnnnnens PS/6-53
UC2726 Isolated Drive Transmitter . .......... ..ot iiinannnns PS/6-57
UC2727 Isolated High Side IGBT Driver .........cuiiiiririnnrnrnnnnrnnns PS/6-62
UC2730 Thermal Monitor . .......coiitiii ittt et e tna s acannnanns PS/7-17
UCC27423 Dual BAMOSFET Driver. . .. ov vt i e ii i iatn e tnaannnnnnns PS/6-68
UCC27424 Dual BAMOSFET Driver. ... .. vviiii it i e ii e inasacnennnnnns PS/6-68
UCC27425 Dual BAMOSFET Driver. . . . oo ot it i i i e e e ina e eaenanannn PS/6-68
UCC2750 Source RingerController. . ..........iiiiiriiinniinirnnrnnnnn PS/9-22
UCC2751 Single Line Ring Generator Controller.....................cvu.n. PS/9-32
UCC2752 Resonant Ring Generator Controller ...................cooivutn. PS/9-38
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UCC27523 Dual 3A MOSFET Driver With Adaptive LEB..................... PS/6-73
UCC27524 Dual 3A MOSFET Driver With Adaptive LEB..................... PS/6-73
UCC27525 Dual 3A MOSFET Driver With Adaptive LEB..................... PS/6-73
UCC2776 QUad FET Driver. ... ..uii it iii e iiininasneannnsacnnnnsnnns PS/6-79
UCC2800 Low-Power BiCMOS Current-Mode PWM. .............ccciviennnnn PS/3-173
UCC2801 Low-Power BiCMOS Current-Mode PWM. .............ccivivnnns PS/3-173
UCC2802 Low-Power BiCMOS Current-Mode PWM. ...............ccovevnnns PS/3-173
UCC2803 Low-Power BiCMOS Current-Mode PWM. . ..............cccvvunn. PS/3-173
UCC2804 Low-Power BiCMOS Current-Mode PWM. . .............cccovunnn. PS/3-173
UCC2805 Low-Power BiCMOS Current-Mode PWM. . ..............ccovuvnnnn PS/3-173
UCC2806 Low-Power BiCMOS Current-Mode PWM. ...............ccvuvunnn PS/3-173
UCC2806 Low Power, Dual Output, Current Mode PWM Controller............ PS/3-180
UCC2807-1 Programmable Maximum Duty Cycle PWM Controller ............ PS/3-187
UCC2807-2 Programmable Maximum Duty Cycle PWM Controller ............ PS/3-187
UCC2807-3 Programmable Maximum Duty Cycle PWM Controller ............ PS/3-187
UCC2808-1 Low Power Current Mode Push-PullPWM ...................... PS/3-192
UCC2808-2 Low Power Current Mode Push-PullPWM ...................... PS/3-192
UCC2809-1 Economy Primary Side Controller. .............. ..., PS/3-198
UCC2809-2 Economy Primary Side Controller. ...............ccoiuivnnn PS/3-198
UCC2810 Dual Channel Synchronized Current Mode PWM .................. PS/3-205
UCC281-3 Low Dropout 1 Ampere Linear Regulator Family .................... PP/7-5
UCC2813-0 Low Power Economy BiCMOS Current Mode PWM. .............. PS/3-212
UCC2813-1 Low Power Economy BiCMOS Current Mode PWM. .............. PS/3-212
UCC2813-2 Low Power Economy BiCMOS Current Mode PWM. .............. PS/3-212
UCC2813-3 Low Power Economy BiCMOS Current Mode PWM. .............. PS/3-212
UCC2813-4 Low Power Economy BiCMOS Current Mode PWM. .............. PS/3-212
UCC2813-5 Low Power Economy BiCMOS Current Mode PWM. .............. PS/3-212
UCC281-5 Low Dropout 1 Ampere Linear Regulator Family .................... PP/7-5
UCC2817 BiCMOS Power Factor Preregulator. ...............cviiiiinnnns PS/4-5
UCC2818 BiCMOS Power Factor Preregulator. .............ccoiviiinnnnns PS/4-5
UCC281-ADJ Low Dropout 1 Ampere Linear Regulator Family . ................. PP/7-5
UC282-1 Fast LDO Linear Regulator. ............ccciiiiiiiiiiiiiinnnnnn PS/5-5
UC282-2 Fast LDO Linear Regulator..............ccoiiiiiiiiiinnnnnnns PS/5-5
UC2823 High Speed PWM Controller .. ...........coiiiiiiiiiiiiiinaanennn PS/3-219
UC282-3 Fast LDO Linear Regulator. .. ..........c.iuiiiiiiinnnnnnannnns PS/5-5
UC2823A High Speed PWM Controller . ...........coiiiiiiiiiiiiinnnnnns PS/3-225
UC2823B High Speed PWM Controller . ...........coiiiiiiiiiiiiinnnnnnns PS/3-225
UC2824 High Speed PWM Controller ...........oiiiiiiiriinninnnnnnnns PS/3-233
UC2825 High Speed PWM Controller ..........coiuiiirinnnnnrnrrnnrnnnnn PS/3-240
UC2825A High Speed PWM Controller . ........ ..ot iiiinnnnenn PS/3-225
UC2825B High Speed PWM Controller . ...ttt iinnnenn PS/3-225
UC2826 Secondary Side Average Current Mode Controller.................. PS/3-247
UC2827-1 Buck Current/Voltage Fed Push-Pull PWM Controllers . ............ PS/3-257
UC2827-2 Buck Current/Voltage Fed Push-Pull PWM Controllers . ............ PS/3-257
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UC282-ADJ Fast LDO Linear Regulator . ............cciiiiiiinininnnrnnnnn PS/5-5
UC2832 Precision Low Dropout Linear Controllers. ..................coutn. PS/5-11
UC2833 Precision Low Dropout Linear Controllers. ...............ccvovunnn PS/5-11
UCC283-3 Low Dropout 3 Ampere Linear Regulator Family .................... PP/7-12
UC2834 High Efficiency Linear Regulator .................ccoiiiiiinnns PS/5-18
UC2835 High Efficiency Regulator Controller ............... v, PS/5-24
UCC283-5 Low Dropout 3 Ampere Linear Regulator Family .................... PP/7-12
UC2836 High Efficiency Regulator Controller ............... ..., PS/5-24
UCC2837 8-Pin N-FET Linear Regulator Controller......................... PS/5-28
UC2838A Magnetic Amplifier Controller. .. ........... i, PS/3-272
UCC2839 Secondary Side Average Current Mode Controller................. PS/3-276
UCC283-ADJ Low Dropout 3 Ampere Linear Regulator Family .. ................ PP/7-12
UC2841 Programmable, Off-Line, PWM Controller ..................cccuatn. PS/3-281
UCC284-12 Low Dropout 0.5A Negative Linear Regulator. . .................... PP/7-19
UC2842 Current Mode PWM Controller. ...........coiiiiiiiiiiiiinananns PS/3-289
UC2842A Current Mode PWM Controller ............coiviiiiiiiiiinnrnnnn PS/3-296
UC2843 Current Mode PWM Controller. . .........cciiiiiiiiiiiiiinnnnnn PS/3-289
UC2843A Current Mode PWM Controller ............ccoviiiiiiiiiininnnn. PS/3-296
UC2844 Current Mode PWM Controller. ........ ..o iiinannnns PS/3-289
UC2844A Current Mode PWM Controller . ...........coiiiiiiiiiirnnnnnnnns PS/3-296
UC2845 Current Mode PWM Controller. .........coiiiiiiiiiiiiiiinennnns PS/3-289
UCC284-5 Low Dropout 0.5A Negative Linear Regulator. . . .................... PP/7-19
UC2845A Current Mode PWM Controller . ...........coiiiiiinirnrnnnnnnnns PS/3-296
UC2846 Current Mode PWM Controller. ...........coiiiiiiiiiiiiiininnnns PS/3-302
UC2847 Current Mode PWM Controller. . .........ccciiiiiiiiiiiiiinnrnnenn PS/3-302
UC2848 Average Current Mode PWM Controller ..............c.ccvvinvnnnn. PS/3-309
UC2849 Secondary Side Average Current Mode Controller.................. PS/3-317
UCC284-ADJ Low Dropout 0.5A Negative Linear Regulator . ................... PP/7-19
UC28500 Combined PFC/PWM Controller ............cciiiiiiiiinnnnnnnns PS/4-15
UC28501 Combined PFC/PWM Controller ............cciiiiiiiirnnnnnnnns PS/4-15
UC28502 Combined PFC/PWM Controller ............cciiiiiiiirnnnnnnnns PS/4-15
UC28503 Combined PFC/PWM Controller .............cooiiiiiiiinnnnnns PS/4-15
UC2851 Programmable, Off-Line, PWM Controller ................. ..., PS/3-327
UC285-1 Fast LDO Linear Regulator . ............ ... .. .. ... .. ... ... ... ... IF/5-35
UC2852 High Power-Factor Preregulator . ..............cciiiiiiiinnnnns PS/4-22
UC285-2 Fast LDO Linear Regulator . ........ ... . i IF/5-35
UC2853 High Power Factor Preregulator .............ccoiiiiiiiiinnnnnns PS/4-27
UC285-3 Fast LDO Linear Regulator . ............ ... IF/5-35
UC2854 High Power Factor Preregulator ............ ..., PS/4-32
UC2854A Enhanced High Power Factor Preregulator....................... PS/4-42
UC2854B Enhanced High Power Factor Preregulator....................... PS/4-42
UC2855A High Performance Power Factor Preregulator. .................... PS/4-48
UC2855B High Performance Power Factor Preregulator. . ................... PS/4-48
UC2856 Improved Current Mode PWM Controller ...............cccvvuevnnnn PS/3-333
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UCC2857 Isolated Boost PFC Preregulator Controller . ..................... PS/4-56
UCC2858 High Efficiency, High Power Factor Preregulator .................. PS/4-65
UC285-ADJ FastLDO Linear Regulator. . ... ... IF/5-35
UCC286 Low Dropout 200mA Linear Regulator. . .......... .. ... ... ... ...... PP/7-29
UC2860 Resonant Mode Power Supply Controller. ..............cccvvunnnns PS/3-341
UC2861 Resonant-Mode Power Supply Controllers ........................ PS/3-349
UC2862 Resonant-Mode Power Supply Controllers ................ ...t PS/3-349
UC2863 Resonant-Mode Power Supply Controllers ........................ PS/3-349
UC2864 Resonant-Mode Power Supply Controllers ........................ PS/3-349
UC2865 Resonant-Mode Power Supply Controllers ........................ PS/3-349
UC2866 Resonant-Mode Power Supply Controllers ........................ PS/3-349
UC2867 Resonant-Mode Power Supply Controllers ..................cvunnn PS/3-349
UC2868 Resonant-Mode Power Supply Controllers ...............c.coovunnn PS/3-349
UCC287 Low Dropout 200mA Linear Regulator. .. .......... ... it PP/7-29
UC2871 Resonant Fluorescent Lamp Driver . .......... .. . i, PP/8-2
UC2872 Resonant Lamp Ballast Controller .. ........... ... .. ... PP/8-8
UC2875 Phase Shift Resonant Controller...............coviiiiiiinnnnnn. PS/3-357
UC2876 Phase Shift ResonantController. ............. ... PS/3-357
UC2877 Phase Shift ResonantController. ..............cciiiiiiiinnnnnn PS/3-357
UC2878 Phase Shift ResonantController. ..............ccoiiiiiiiinnnnns PS/3-357
UC2879 Phase Shift ResonantController...............ccoiiiiiiinnnnnnns PS/3-367
UCC288 Low Dropout 200mA Linear Regulator. .. .......... ... ... ... PP/7-29
UCC2880-4 Pentium®ProController ............ciiiiiiiiinnnnnnnnns PS/3-373
UCC2880-5 Pentium® ProController ............coiiiriiiiiirinnnnnnns PS/3-373
UCC2880-6 Pentium® ProController ............ccciiiiiiiiiiiiiiiiinnnn PS/3-373
UCC2882-1 Average Current Mode Synchronous Controller with 5-Bit DAC . ... PS/3-380
UCC2884 Frequency Foldback Current Mode PWM Controller ............... PS/3-393
UC2886 Average Current Mode PWM ControllerIC...............covivnnn. PS/3-400
UCC2888 Off-line Power Supply Controller .............cciiiiiiiinnnnnns PS/3-407
UCC2889 Off-line Power Supply Controller .............ccviiiiiiinnrnnnn. PS/3-412
UCC2890 Off-Line Battery Charger Circuit. .............ccviiiiiinnn.n. PS/3-418
UCC2895 BiCMOS Advanced Phase Shift PWM Controller .................. PS/3-425
UC2901 Isolated Feedback Generator.............coiiriiniinnnrnnrnnnnn PS/7-21
UC2902 Load ShareController ......... ...ttt i inannenn PS/7-27
bg2902 Rechargeable Alkaline Charge/Discharge ControllerIC ................. PP/3-194
DV2902 Rechargeable Alkaline Development System .. ....................... PP/3-202
UC2903 Quad Supply and LineMonitor ............coiiiiiiiiiirnnnnrnnns PS/7-32
bg2903 Rechargeable Alkaline Charge/Discharge ControllerIC . ................ PP/3-204
EV2903 bg2903 Evaluation System .. ... PP/3-214
UC2904 Precision Quad Supply and Line Monitor. . ................ ... ..., PS/7-39
UC2906 Sealed Lead-Acid Battery Charger. ............ .. ... .. .. oo, PP/3-237
UC2907 Load ShareController ............cciiiiiiiiiiii it innnnenns PS/7-44
UC2909 Switchmode Lead-Acid Battery Charger. .......... ... ... ... PP/3-244
UC2910 4-Bit DAC and Voltage Monitor .............c.oiiiiiiiinrnnnnrnnns PS/3-437
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UCC2913 Negative Voltage Hot Swap Power Manager ... ..................... IF/5-15
UC2914 5V to 35V Hot Swap Power Manager . ..., IF/5-23
UCC2915 15V Programmable Hot Swap Power Manager . ..................... IF/5-37
UCC2918 Low On Resistance Hot Swap Power Manager . ..................... IF/5-61
UCC2919 3V to 8V Hot Swap Power Manager. .. ..........cooiuiiinnnnan... IF/5-68
UCC2921 Latchable Negative Floating Hot Swap Power Manager ............... IF/5-78
UCC2926 +20A Integrated Current Sensor. ..........c.oviirnnnrnrrnnrnnenn PS/9-43
L293/D Push-Pull Four ChannelDriver. ..........cooiiiiiinnnirnnrnnenn PS/6-5
UCC29401 Advanced Low Voltage Boost Controller . ......................... PP/7-34
UCC29411 Low Power Synchronous Boost Converter. . ....................... PP/7-58
UCC29412 Low Power Synchronous Boost Converter. ... ..................... PP/7-58
UCC29413 Low Power Synchronous Boost Converter. . ....................... PP/7-58
UCC29421 High Power Synchronous Boost Controller . ....................... PP/7-66
UCC29422 High Power Synchronous Boost Controller ........................ PP/7-66
UC29431 Precision Adjustable Shunt Regulator........................... PS/7-50
UC29432 Precision Analog Controller ............ ..., PS/7-56
bg2945 Gas Gauge IC with SMBus-Like Interface . .. ............ ... ... ...... PP/4-340
UCC2946 Microprocessor Supervisor with Watchdog Timer .. .................. PP/7-88
UC2950 Half-Bridge Bipolar Switch. ........... .ot PS/6-10
bg2954 Li-lon Fast-Charge IC. . . ... ... e PP/3-217
DV2954S1H Li-lon Charger Development System ... ....... .. ... ... . oo .. PP/3-235
DV2954S1L Li-lon Charger Development System . .......... ... ... ... ....... PP/3-233
UCC2956 Switch Mode Lithium-lon Battery Charger Controller. .. ............... PP/3-253
UCC2960 Primary-Side Startup Controller...............ciiiiiiiiinn.n. PS/3-442
UCC2961 Advanced Primary-Side Startup Controller....................... PS/3-450
UC2965 Precision Reference with Low Offset Error Amplifier................ PS/7-60
UCC2972 BiCMOS Cold Cathode Fluorescent Lamp Driver Controller .. .......... PP/8-13
UC3173A Full Bridge Power Amplifier ............ccciiiiiiiiiiiiiininnnns PS/8-5
UC3175B Full Bridge Power Amplifier ............ccciiiiiiiiiiiiiinannnns PS/8-16
UC3176 Full Bridge Power Amplifier. .. ........ciiiiiiiiii i e innenn PS/8-21
UC3177 Full Bridge Power Amplifier. .. .......cciiiiiiiii i iaennenn PS/8-21
UC3178 Full Bridge Power Amplifier............ .o, PS/8-25
bg3285 Real-Time Clock IC (RTC) . .. ..ot e NV/4-3
bg3285E/L Real-Time Clock ICs (RTC) . . ... oo it NV/4-22
bg3285EC/LC Real-Time Clock ICS (RTC) .. ..o v i NV/4-46
bg3285ED/LD Real-Time Clock ICS (RTC) . ... ..o i NV/4-69
bg3285LF ACPI-Compliant Real-Time Clock IC .. .......... .. ... .. ... .. ... NV/4-92
bg3287/bq3287A Real-Time Clock Module . .............. ... ... ... ....... NV/4-111
bg3287E/bq3287EA Real-Time Clock Module . ............ ... ... ........... NV/4-115
bg3287LD Real-Time Clock Module . . ... ... ... e NV/4-119
UCC3305 HID Lamp Controller . .........c.ouiiiiiirnnrnnnnernernnrnnenn PS/9-5
UC3517 Stepper Motor Drive Circuit. . ...t iaaen PS/8-30
UC3524 Advanced Regulating Pulse Width Modulators . .................... PS/3-43
UC3524A Advanced Regulating Pulse Width Modulators. ................... PS/3-48
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UC3525A Regulating Pulse Width Modulators. .................... ... ... PS/3-54
UC3525B Regulating Pulse Width Modulators. ...................cooovunn. PS/3-61
UC3526 Regulating Pulse Width Modulator.................. i, PS/3-68
UC3526A Regulating Pulse Width Modulator. ...................coiivan, PS/3-75
UC3527A Regulating Pulse Width Modulators. ...............ccoiiinnnn PS/3-54
UC3527B Regulating Pulse Width Modulators. .................. .. ..ot PS/3-61
UC3543 Power Supply Supervisory Circuit ............ccoiviiniiinnrnnn. PS/7-5
UC3544 Power Supply Supervisory Circuit ...........ccoiiiiiiinnrnnn. PS/7-5
UC3548 Primary Side PWM Controller .. .........ccciiiiiiiiiiiiiiiiinnenn PS/3-83
UCC3570 Low Power Pulse Width Modulator. ..................ccoviviann. PS/3-91
UCC35701 Advanced Voltage Mode Pulse Width Modulator ................. PS/3-99
UC3572 Negative Output Flyback Pulse Width Modulator ................... PS/3-108
UC3573 Buck Pulse Width Modulator Stepdown Voltage Regulator ........... PS/3-112
UC3578 Buck Pulse Width Modulator Stepdown Voltage Regulator . .......... PS/3-116
UCC3580-1 Single Ended Active Clamp/ResetPWM........................ PS/3-122
UCC3580-2 Single Ended Active Clamp/Reset PWM. ....................... PS/3-122
UCC3580-3 Single Ended Active Clamp/Reset PWM. ....................... PS/3-122
UCC3580-4 Single Ended Active Clamp/Reset PWM. ....................... PS/3-122
UCC3581 Micropower Voltage Mode PWM .............ccciiiiiiiinnnnnnns PS/3-131
UCC3583 Switch Mode Secondary Side Post Regulator. .................... PS/3-139
UC3584 Secondary Side Synchronous Post Regulator. ..................... PS/3-148
UCC3585 Low Voltage Synchronous Buck Controller....................... PS/3-154
UCC3588 5-Bit Programmable Output BiCMOS Power Supply Controller ...... PS/3-163
UC3610 Dual Schottky Diode Bridge. ..........cciiiiiiiii i innnnenn PS/7-10
UC3611 Quad Schottky Diode Array . ........c.ooiiiiinrnnrnnernnrnnrnnenn PS/7-12
UC3612 Dual Schottky Diode. . ........ ..ottt i e aa e nnens PS/7-15
UC3625 Brushless DC Motor Controller.............cooiiiiiiiiirnnnnnnns PS/8-37
UCC3626 Brushless DC Motor Controller. ............ciiiiiiiiinnnnns PS/8-50
UC3633 Phase Locked Frequency Controller. ..............ccviviiinnnnnns PS/8-63
UC3634 Phase Locked Frequency Controller. .............cooiiiiiinnnnnns PS/8-70
UC3635 Phase Locked Frequency Controller.............ccviiiiiinnnnnnn. PS/8-74
UC3637 Switched Mode Controller for DC Motor Drive...................... PS/8-78
UC3638 Advanced PWM Motor Controller . ..., PS/8-84
UC3702 Quad PWM Relay Driver. .. ....ccvinii i iia e sna e nennnnnenn PS/6-12
UC3705 High Speed Power Driver. . .......c.uiiiiininnrnennnnrnrnnnnsnnns PS/6-16
UC3706 Dual Output Driver . ......c..cviuiiiiii i ininasannnsasnnnnsnnns PS/6-19
UC3707 Dual Channel Power Driver . ........c.oviiinnrnenrnnrnrnnnnsnnns PS/6-24
UC3708 Dual Non-Inverting Power Driver. .........cooiiiiriinnnrnnnnnnnns PS/6-31
UC3709 Dual High-Speed FETDriver ........c.oiiiinrnnrnnrnnrnnrnnens PS/6-35
UC3710 High Current FET Driver. ... ... .. iiiiii it i e e sneiannnens PS/6-38
UC3711 Dual Ultra High-Speed FET Driver. . .........cooiiiiiiiiinnannns PS/6-41
UC37131 SmartPower Switch . ...... ... .. i e ens PS/9-13
UC37132 SmartPower Switch . ........ ..o i e et e e PS/9-13
UC37133 SmartPower Switch . ...t i i i e e i aeas PS/9-13
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UC3714 Complementary Switch FET Drivers............oiuiiiiiinnnrnnnn PS/6-43
UC3715 Complementary Switch FETDrivers. . .........ccoviiiiiirnnnnrnnns PS/6-43
UC3717 Stepper Motor Drive Circuit. .........ooiiiiii ittt i ieeeaens PS/8-92
UC3717A Stepper Motor Drive Circuit. . .. .. .o oo it i i it i i i i anas PS/8-100
UC3724 Isolated Drive Transmitter . ..........cciiiiiiiiiiii i inennnns PS/6-50
UC3725 Isolated High Side FETDriver..........cciiiiiinrnnrnnrrnnrnnenn PS/6-53
UC3726 Isolated Drive Transmitter . ............ccoiiiiiiiiii i PS/6-57
UC3727 Isolated High Side IGBT Driver ...........coiiiiiiiiarnrnrnnnnnns PS/6-62
UC3730 Thermal Monitor . ......... ..ot ittt e e s naan e PS/7-17
UCC37423 Dual BAMOSFET Driver. . . . oo it i i i i i e se e in e saannnnanns PS/6-68
UCC37424 Dual BAMOSFET Driver. . ..ot it i e it i e se e in e sacannnnnns PS/6-68
UCC37425 Dual BAMOSFET Driver. . .. oo it e i i i i e tieiin e sacannnnnnns PS/6-68
UCC3750 Source Ringer Controller. ..........cciiiiiiiiniinnnnnnnnnnns PS/9-22
UCC3751 Single Line Ring Generator Controller................ccvvuvun.n. PS/9-32
UCC3752 Resonant Ring GeneratorController . ...............ccoiviinnnn. PS/9-38
UCC37523 Dual 3A MOSFET Driver With Adaptive LEB . .................... PS/6-73
UCC37524 Dual 3A MOSFET Driver With Adaptive LEB..................... PS/6-73
UCC37525 Dual 3A MOSFET Driver With Adaptive LEB..................... PS/6-73
UC3770A High Performance Stepper Motor Drive Circuit. ................... PS/8-108
UC3770B High Performance Stepper Motor Drive Circuit. ................... PS/8-108
UCC3776 QUad FET Driver. ... ..uciitiiiie e si i inarasnsnnsasannnsnnns PS/6-79
UCC3800 Low-Power BiCMOS Current-Mode PWM. .............cccvvinnnns PS/3-173
UCC3801 Low-Power BiCMOS Current-Mode PWM. .............ccovivnnnn PS/3-173
UCC3802 Low-Power BiCMOS Current-Mode PWM. ...............cccvvunns PS/3-173
UCC3803 Low-Power BiCMOS Current-Mode PWM. . .............cccivnnnn. PS/3-173
UCC3804 Low-Power BiCMOS Current-Mode PWM. . .............ccovevnnnn PS/3-173
UCC3805 Low-Power BiCMOS Current-Mode PWM. . ..............ccovunnn PS/3-173
UCC3806 Low Power, Dual Output, Current Mode PWM Controller............ PS/3-180
UCC3807-1 Programmable Maximum Duty Cycle PWM Controller ............ PS/3-187
UCC3807-2 Programmable Maximum Duty Cycle PWM Controller ............ PS/3-187
UCC3807-3 Programmable Maximum Duty Cycle PWM Controller ............ PS/3-187
UCC3808-1 Low Power Current Mode Push-PullPWM ...................... PS/3-192
UCC3808-2 Low Power Current Mode Push-PullPWM ...................... PS/3-192
UCC3809-1 Economy Primary Side Controller. .............. ..., PS/3-198
UCC3809-2 Economy Primary Side Controller. ...............ccoiiinnnn PS/3-198
UCC3810 Dual Channel Synchronized Current Mode PWM .................. PS/3-205
UCC381-3 Low Dropout 1 Ampere Linear Regulator Family.................. PP/7-5
UCC3813-0 Low Power Economy BiCMOS Current Mode PWM. .............. PS/3-212
UCC3813-1 Low Power Economy BiCMOS Current Mode PWM. .............. PS/3-212
UCC3813-2 Low Power Economy BiCMOS Current Mode PWM. .............. PS/3-212
UCC3813-3 Low Power Economy BiCMOS Current Mode PWM. .............. PS/3-212
UCC3813-4 Low Power Economy BiCMOS Current Mode PWM. .............. PS/3-212
UCC3813-5 Low Power Economy BiCMOS Current Mode PWM. .............. PS/3-212
UCC381-5 Low Dropout 1 Ampere Linear Regulator Family .................... PP/7-5
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UCC3817 BiCMOS Power Factor Preregulator. .................cccvivnann. PS/4-5
UCC3818 BiCMOS Power Factor Preregulator. ...............ccoviiinnnns PS/4-5
UCC381-ADJ Low Dropout 1 Ampere Linear Regulator Family .. .. .............. PP/7-5
UC382-1 Fast LDO Linear Regulator............coiiiiiniinnnrnnnnnnnns PS/5-5
UC382-2 Fast LDO Linear Regulator............ccoiiiiiniinnrnrnnnnnnnns PS/5-5
UC3823 High Speed PWM Controller ...........cviuiiirinrnnrrnrrnnrnnnnn PS/3-219
UC382-3 Fast LDO Linear Regulator. ............ccciiiiiiiiiiiiiinnnnenn PS/5-5
UC3823A High Speed PWM Controller . ..........ccoiiiiiiiiiiiiinnnnenn PS/3-225
UC3823B High Speed PWM Controller . ......... ... PS/3-225
UC3824 High Speed PWM Controller ...........ccoiiirinrnnnnnrrnnrnnnns PS/3-233
UC3825 High Speed PWM Controller ............cciiiiiinnnnnnrrnnrnnnns PS/3-240
UC3825A High Speed PWM Controller . ...........coiiiiiiiiiinnnnnnnns PS/3-225
UC3825B High Speed PWM Controller . ...........coiiiiiiiiiiininnnnnns PS/3-225
UC3826 Secondary Side Average Current Mode Controller.................. PS/3-247
UC3827-1 Buck Current/Voltage Fed Push-Pull PWM Controllers . ............ PS/3-257
UC3827-2 Buck Current/Voltage Fed Push-Pull PWM Controllers . ............ PS/3-257
UC382-ADJ Fast LDO LinearRegulator .............ccoviiiiiiiinnnrnnnnn PS/5-5
UCC3830-4 5-Bit Microprocessor Power Supply Controller .................. PS/3-263
UCC3830-5 5-Bit Microprocessor Power Supply Controller .................. PS/3-263
UCC3830-6 5-Bit Microprocessor Power Supply Controller .................. PS/3-263
UCC3831 Universal Serial Bus Power Controller . ... ............ ... ... ...... IF/5-3
UC3832 Precision Low Dropout Linear Controllers. ...............ccoovuiann. PS/5-11
UC3833 Precision Low Dropout Linear Controllers. ........................ PS/5-11
UCC383-3 Low Dropout 3 Ampere Linear Regulator Family .................... PP/7-12
UC3834 High Efficiency Linear Regulator ................... ... oot PS/5-18
UC3835 High Efficiency Regulator Controller .................ccoiviinann. PS/5-24
UCC383-5 Low Dropout 3 Ampere Linear Regulator Family .................... PP/7-12
UC3836 High Efficiency Regulator Controller ...................covivnn, PS/5-24
UCC3837 8-Pin N-FET Linear Regulator Controller...................... ... PS/5-28
UC3838A Magnetic Amplifier Controller..............ciiiiiiiiiiininnnns PS/3-272
UCC3839 Secondary Side Average Current Mode Controller................. PS/3-276
UCC383-ADJ Low Dropout 3 Ampere Linear Regulator Family . ................. PP/7-12
UC3841 Programmable, Off-Line, PWM Controller ................. ..., PS/3-281
UCC384-12 Low Dropout 0.5A Negative Linear Regulator. .. ................... PP/7-19
UC3842 Current Mode PWM Controller. .. ........c.oiiiiiiiiiiiiiinannnns PS/3-289
UC3842A Current Mode PWM Controller . ...........coiiiiiiiiinrnnnnrnnns PS/3-296
UC3843 Current Mode PWM Controller. .........cciiiiiiiiiniiiiiinannnns PS/3-289
UC3843A Current Mode PWM Controller . ..........cviiiriiinrnrnnnnnnnns PS/3-296
UC3844 Current Mode PWM Controller. .........coviiiiiriiniiiiiinnnnnns PS/3-289
UC3844A Current Mode PWM Controller ............ccoviiiiiiiirnnnnnnnns PS/3-296
UC3845 Current Mode PWM Controller. . .........ccoiiiiiiiiiiiinnrnnenn PS/3-289
UCC384-5 Low Dropout 0.5A Negative Linear Regulator. . ..................... PP/7-19
UC3845A Current Mode PWM Controller . ...........coiiiiiiiiiirnnnnnnns PS/3-296
UC3846 Current Mode PWM Controller. ..........c.oiiiiiiiiniiiiinannnns PS/3-302
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UC3847 Current Mode PWM Controller. . .........coiiiiiiiiiiiiiinnrnnenn PS/3-302
UC3848 Average Current Mode PWM Controller ..............civininnnn, PS/3-309
UC3849 Secondary Side Average Current Mode Controller.................. PS/3-317
UCC384-ADJ Low Dropout 0.5A Negative Linear Regulator.................. PP/7-19
UC38500 Combined PFC/PWM Controller ............cviiiiiiinrnnnnnnnns PS/4-15
UC38501 Combined PFC/PWM Controller ............cviiiiiiiirnnnnnnnns PS/4-15
UC38502 Combined PFC/PWM Controller .............cciiiiiiiiiinnnnnns PS/4-15
UC38503 Combined PFC/PWM Controller ............cviiiiiiiiiinnrnnnn PS/4-15
UC3851 Programmable, Off-Line, PWM Controller ......................... PS/3-327
UC385-1 Fast LDO Linear Regulator . ...... ... ... .. IF/5-35
UC3852 High Power-Factor Preregulator ...............c.ciiiiiiininnnns PS/4-22
UC385-2 Fast LDO Linear Regulator . ............ .. i IF/5-35
UC3853 High Power Factor Preregulator .............ccoiiiiiiirnnnnnnns PS/4-27
UCB385-3 Fast LDO Linear Regulator .. ... ... IF/5-35
UCC38531 Universal Serial Bus Power Controller ... ............ ... ......... IF/5-6
UC3854 High Power Factor Preregulator .................coiiiiiinnnnnn, PS/4-32
UC3854A Enhanced High Power Factor Preregulator....................... PS/4-42
UC3854B Enhanced High Power Factor Preregulator....................... PS/4-42
UC3855A High Performance Power Factor Preregulator. . ................... PS/4-48
UC3855B High Performance Power Factor Preregulator. . ................... PS/4-48
UC3856 Improved Current Mode PWM Controller .............c.covivunnnnns PS/3-333
UCC3857 Isolated Boost PFC Preregulator Controller . ..................... PS/4-56
UCC3858 High Efficiency, High Power Factor Preregulator .................. PS/4-65
UCB385-ADJ FastLDO Linear Regulator. .. .......... i IF/5-35
UCC386 Low Dropout 200mA Linear Regulator. . ............ ... ... ......... PP/7-29
UC3860 Resonant Mode Power Supply Controller. .................covvnnn. PS/3-341
UC3861 Resonant-Mode Power Supply Controllers ........................ PS/3-349
UC3862 Resonant-Mode Power Supply Controllers ....................... PS/3-349
UC3863 Resonant-Mode Power Supply Controllers ................c.ccvunns PS/3-349
UC3864 Resonant-Mode Power Supply Controllers ........................ PS/3-349
UC3865 Resonant-Mode Power Supply Controllers ........................ PS/3-349
UC3866 Resonant-Mode Power Supply Controllers ........................ PS/3-349
UC3867 Resonant-Mode Power Supply Controllers ........................ PS/3-349
UC3868 Resonant-Mode Power Supply Controllers ........................ PS/3-349
UCC387 Low Dropout 200mA Linear Regulator. . .......... ... ... ..., PP/7-29
UC3871 Resonant Fluorescent Lamp Driver .. .......... ... PP/8-2
UC3872 Resonant Lamp Ballast Controller . ............ ... ... . ... PP/8-8
UC3875 Phase Shift ResonantController...............ccoiiiiiiiinnnnnns PS/3-357
UC3876 Phase Shift ResonantController...............cciiiiiirinnnnns PS/3-357
UC3877 Phase Shift ResonantController.................coiiiiiininnnns PS/3-357
UC3878 Phase Shift Resonant Controller..............coiiiiiiiinnrnnnn PS/3-357
UC3879 Phase Shift Resonant Controller...............cciviiiiiinnrnnnnn PS/3-367
UCC388 Low Dropout 200mA Linear Regulator. . .......... ... ... ... PP/7-29
UCC3880-4 Pentium®ProController ...........c.iuiiiiiiinnrnrnnnnnnnns PS/3-373
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UCC3880-5 Pentium® ProController ............ccciiiiiiiiiiiiiiiinnnn PS/3-373
UCC3880-6 Pentium®ProController ............c.ouiiiiiiinnnrnnnnnnnns PS/3-373
UCC3882-1 Average Current Mode Synchronous Controller with 5-Bit DAC . ... PS/3-380
UCC3884 Frequency Foldback Current Mode PWM Controller ............... PS/3-393
UC3886 Average Current Mode PWM ControllerIC............ccovvviennnnn PS/3-400
UCC3888 Off-line Power Supply Controller .............ccoviiiiiiinrnnnn. PS/3-407
UCC3889 Off-line Power Supply Controller .............ccoviiiiiiinrnnnn. PS/3-412
UCC3890 Off-Line Battery Charger Circuit.............. ..o, PS/3-418
UCC3895 BiCMOS Advanced Phase Shift PWM Controller .................. PS/3-425
UC3901 Isolated Feedback Generator. . ..........c.coiiiieinnnrnrnnnnrnnns PS/7-21
UC3902 Load Share Controller ...........c.iiiiiiiiii e innnnnrnnns PS/7-27
UC3903 Quad Supply and LineMonitor .............cooiiiiiiiinrnnnnnnnns PS/7-32
UC3904 Precision Quad Supply and Line Monitor. ................couovunnn PS/7-39
UCB3906 Sealed Lead-Acid Battery Charger. . ........... .. ... PP/3-237
UC3907 Load Share Controller ...........c.ciiiiiiiiiii e i inananas PS/7-44
UC3909 Switchmode Lead-Acid Battery Charger. . ........... ... .. ... ....... PP/3-244
UCC391 5-Bit Programmable Output BICMOS Precision Voltage Reference . ... PS/3-434
UC3910 4-Bit DAC and Voltage Monitor ..............ciiiiiiiiiininnnn. PS/3-437
UCC3911 Lithium-lon Battery Protector . . .. ....... ... i PP/6-26
UCC3912 Programmable Hot Swap Power Manager. .. ....................... IF/5-9
UCC3913 Negative Voltage Hot Swap Power Manager . .. ..................... IF/5-15
UC3914 5V to 35V Hot Swap Power Manager . .............c. i, IF/5-23
UCC3915 15V Programmable Hot Swap Power Manager . ..................... IF/5-37
UCC39151 15V Programmable Hot Swap Power Manager . .................... IF/5-42
UCC3916 SCSI Termpower Manager. .. ...... ...ttt IF/5-47
UCC39161 Low Current Hot Swap Power Manager. . ...............coiuan... IF/5-50
UCC3917 Positive Floating Hot Swap Power Manager. . .. ..................... IF/5-53
UCC3918 Low On Resistance Hot Swap Power Manager . ..................... IF/5-61
UCC3919 3V to 8V Hot Swap Power Manager. .. ..........ooiuiuininnnnan .. IF/5-68
UCC3921 Latchable Negative Floating Hot Swap Power Manager ............... IF/5-78
UCC3926 = 20A Integrated CurrentSensor ...........cviiriinnnrrnnrnnnn PS/9-43
UCC39401 Advanced Low Voltage Boost Controller . ......................... PP/7-34
UCC39411 Low Power Synchronous Boost Converter. . ....................... PP/7-58
UCC39412 Low Power Synchronous Boost Converter. . ....................... PP/7-58
UCC39413 Low Power Synchronous Boost Converter. . ....................... PP/7-58
UCC3941-3 1V Synchronous Boost Converter. .. .......... ... PP/7-48
UCC3941-5 1V Synchronous Boost Converter. .. .......... ... PP/7-48
UCC3941-ADJ 1V Synchronous Boost Converter . .......... ... ... ... PP/7-48
UCC39421 High Power Synchronous Boost Controller ........................ PP/7-66
UCC39422 High Power Synchronous Boost Controller . ....................... PP/7-66
UC39431 Precision Adjustable Shunt Regulator . .......................... PS/7-50
UC39431B Precision Adjustable Shunt Regulator.......................... PS/7-50
UC39432 Precision Analog Controller ..............coiiiiiiiiiiiinnnnns PS/7-56
UC39432B Precision Analog Controller .............c.oiiiiiiiiiinnnnnns PS/7-56
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UCC3946 Microprocessor Supervisor with Watchdog Timer .. .................. PP/7-88
UCC3952-1 Enhanced Single Cell Lithium-lon Battery ProtectionIC.............. PP/6-32
UCC3952-2 Enhanced Single Cell Lithium-lon Battery ProtectionIC.............. PP/6-32
UCC3952-3 Enhanced Single Cell Lithium-lon Battery ProtectionIC.............. PP/6-32
UCC3952-4 Enhanced Single Cell Lithium-lon Battery ProtectionIC.............. PP/6-32
UCC3954 Single Cell Lithium-lon to +3.3V Converter . .......... ... ... ....... PP/7-93
UCC3956 Switch Mode Lithium-lon Battery Charger Controller. ... .............. PP/3-253
UCC3957-1 Three - Four Cell Lithium-lon Protector Circuit . ... ................. PP/6-37
UCC3957-2 Three - Four Cell Lithium-lon Protector Circuit . ... ................. PP/6-37
UCC3957-3 Three - Four Cell Lithium-lon Protector Circuit . . . .................. PP/6-37
UCC3957-4 Three - Four Cell Lithium-lon Protector Circuit . . . .................. PP/6-37
UCC3958-1 Single Cell Lithium-lon Battery ProtectionIC . ..................... PP/6-44
UCC3958-2 Single Cell Lithium-lon Battery ProtectionIC . ..................... PP/6-44
UCC3958-3 Single Cell Lithium-lon Battery Protection IC .. .................... PP/6-44
UCC3958-4 Single Cell Lithium-lon Battery Protection IC .. .................... PP/6-44
UCC3960 Primary-Side Startup Controller............ ..., PS/3-442
UCC3961 Advanced Primary-Side Startup Controller....................... PS/3-450
UC3965 Precision Reference with Low Offset Error Amplifier................ PS/7-60
UCC3972 BiCMOS Cold Cathode Fluorescent Lamp Driver Controller .. .......... PP/8-13
UCC3981 Universal Serial Bus Hot Swap Power Controller. . ................... IF/5-88
UCC39811 Universal Serial Bus Hot Swap Power Controller. . .................. IF/5-91
UCC3985 Programmable CompactPCl Hot Swap Power Manager . .............. IF/5-94
UCC3995 Simple Single Channel External N-FET Hot Swap Power Manager .. . ... IF/5-98
UCC3996 Dual Sequencing Hot Swap Power Manager. .. ..................... IF/5-100
bg4010/Y 8Kx8 Nonvolatile SRAM . . .. ... .. NV/5-3
bg4011/Y 32Kx8 Nonvolatile SRAM . . . .. ... NV/5-13
bg4013/Y 128Kx8 Nonvolatile SRAM . . .. ... ... NV/5-23
bg4014/Y 256Kx8 Nonvolatile SRAM . . .. ... ... NV/5-33
bg4015/Y 512Kx8 Nonvolatile SRAM . . .. ... ... NV/5-42
bg4016/Y 1024Kx8 Nonvolatile SRAM . .. ... ... e NV/5-52
bg4017/Y 2048Kx8 Nonvolatile SRAM . . . ... .. e NV/5-61
bg4285 Real-Time Clock Module with NVRAM Control. . ...................... NV/4-123
bq4285E/L Enhanced RTC Module with NVRAM Control . . .................... NV/4-143
bq4287 Real-Time Clock Module with NVRAM Control. . .. .................... NV/4-168
bg4310/Y 8Kx8 ZEROPOWER Nonvolatile SRAM. .. ........ .. ... . .. NV/5-70
bg4311Y/L 32Kx8 ZEROPOWER Nonvolatile SRAM . . .. ....... ... .. ... NV/5-81
bg4802 Y2K-Compliant Parallel RTC with CPU Supervisor. .. .................. NV/4-174
bg4822Y RTC Module with 8KX8 NVSRAM. . . ... .. e NV/4-176
bg4823Y TIMEKEEPER Module with 8Kx8 NVSRAM. .. ...... ... .. ... .. ..... NV/4-191
bg4830Y RTC Module with 32Kx8 NVSRAM. . . .. ... e NV/4-205
bg4832Y RTC Module with 32Kx8 NVSRAM. . . .. ... e NV/4-218
bq4833Y TIMEKEEPER Module with 32Kx8 NVSRAM. . .. ....... ... ... ...... NV/4-233
bg4842Y RTC Module with 128Kx8 NVSRAM. . .. ... . NV/4-247
bq4845/Y Parallel RTC Module with CPU Supervisor . .. ..........covue... NV/4-262
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bq4847/Y RTC Module with CPU Supervisor . .......... ..., NV/4-279
bg4850Y RTC Module with 512Kx8 NVSRAM. . .. ... . NV/4-282
bg4852Y RTC Module with 512Kx8 NVSRAM. . . . .. .. NV/4-295
UC494A/AC Advanced Regulating Pulse Width Modulators. ................. PS/3-460
UC495A/AC Advanced Regulating Pulse Width Modulators.................. PS/3-460
UCB5170A Octal Line Driver. . . ..o e e e IF/6-2
UC5171 Octal Line Driver. . .. ..o e IF/6-6
UC5172 Octal Line Driver. . ... .. e e e e IF/6-10
UC5180C Octal Line Receiver . . ... e e e IF/6-14
UC5181C Octal Line Receiver . . ... ... e e e IF/6-17
UCC5341 IrDA 2.4kbps to 115.2kbps Receiver .. ........ .. ... PP/9-2
UCC5342 IrDA 2.4kbps to 115.2kbps Transceiver ... ...........ciiiinnnan. .. PP/9-6
UCC5343 IrDA Transceiver with Encoder/Decoder. .. ........ ..., PP/9-10
UCB5350 CAN TranSCeIVET . . . o ottt et e e e e e e et e e IF/6-20
UC5351 CAN Transceiver with Voltage Regulator . .......... ... ... ... ... .... IF/6-26
UCC5510 Low Voltage Differential (LVD/SE) SCSI 9 Line Terminator .. ........... IF/3-5
UC560 27-Line SCSI Source/Sink Regulator .. ............ .. ... ... ... ...... IF/4-3
UC5601 SCSI Active Terminator. . . ... o e e IF/3-9
UC5602 SCSI Active Terminator. . . ... ... i e IF/3-13
UC5603 9-Line SCSI Active Terminator ... ...t IF/3-18
UC5604 9-Line Low Capacitance SCSI Active Terminator. .. ................... IF/3-22
UC5605 9-Line Low Capacitance SCSI Active Terminator. . .................... IF/3-26
UCC5606 9-Line 3-5 Volt SCSI Active Terminator, Reverse Disconnect . .......... IF/3-30
UC5607 Plug and Play, 18-Line SCSI Active Terminator .. ..................... IF/3-34
UC5608 18-Line Low Capacitance SCSI Active Terminator. ... ................. IF/3-40
UC5609 18-Line Low Capacitance SCSI Active Terminator. . ................... IF/3-40
UCC561 Low Voltage Differential SCSI (LVD) 27 Line Regulator Set. . ............ IF/4-7
UC5612 9-Line Low Capacitance SCSI Active Terminator. .. ................... IF/3-43
UC5613 9-Line Low Capacitance SCSI Active Terminator. .. ................... IF/3-47
UCC5614 9-Line 3-5 Volt Low Capacitance SCSI Active Terminator ... ........... IF/3-51
UCC5617 18-Line SCSI Terminator With Reverse Disconnect. . ................. IF/3-55
UCC5618 18-Line SCSI Terminator . ...t e IF/3-59
UCC5619 27-Line SCSI Terminator With Reverse Disconnect. ... ............... IF/3-63
UCC5620 27-Line SCSITerminator . ...... ...t IF/3-66
UCC5621 27-Line SCSI Terminator With Split Reverse Disconnect. .. ............ IF/3-70
UCC5622 27-Line SCSI Terminator With Split Disconnect. .. ................... IF/3-74
UCC5628 Multimode SCSI 14 Line Terminator. ... ........... oo, IF/3-78
UCC563 32 Line VME Bus Bias Generator .............. i, IF/4-10
UCC5630 Low Voltage Differential (LVD/SE) SCSI 9 Line Terminator . . ........... IF/3-83
UCC5630A Multimode SCSI 9 Line Terminator . ............. ... ..., IF/3-87
UCC5632 Multimode (LVD/SE) SCSI 9 Line Terminator w/ 2.85V Regulator. . .. .. .. IF/3-93
UCC5638 Multimode SCSI 15 Line Terminator. ... ..., IF/3-94
UCC5639 Miltimode SCSI 15 Line Terminator with Reverse Disconnect........... IF/3-99
UCC5640 Low Voltage Differential (LVD) SCSI 9 Line Terminator .. .............. IF/3-104
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UCC5641 Low Voltage Differential (LVD) SCSI 9 Line Terminator With Reverse
Disconnect. . . ... . e
UCC5646 27-Line SCSITerminator . ...... ...t
UCC5647 27-Line SCSITerminator . ... ...t e
UC5661 Ethernet Coaxial Impedance Monitor . .. .......... .. ... ... iuon...
UCC5672 Multimode (LVD/SE) SCSI 9 Line Terminator. . ......................
UCC5680 Low Voltage Differential (LVD) SCSI 9 Line Terminator . . ..............
UCC5950 10-Bit Serial D/AConverter . . .........oiiiiiieiinnnnernnnneenns
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IC Featured Pub. Title Volume/Page
bg2000/T U-504 Using the bg2000/T to Control Fast Charge. .. ...................... PP/3-262
bg2003 U-505 Using the bg2003 to Control FastCharge . ......................... PP/3-273
bg2003 U-506 Step-Down Switching Current Regulation Using the bq2003 Fast-Charge

L PP/3-291
bq2005 U-507 Using the bg2005 to Control FastCharge . ......................... PP/3-309
bq2007 U-508 Using the bg2007 Display Mode Options. .. ..., PP/3-327
bq2007 U-509 Using the bgq2007 Enhanced Features for Fast Charge . .. ............. PP/3-332
bg2010 U-514 Using the bg2010: A Tutorial for Gas Gauging. .. .................... PP/4-390
bg2031 U-510 Using the bq2031 to Charge Lead-Acid Batteries ... ................. PP/3-346
bq2031 U-511 Switch-Mode Power Conversion Using the bg2031 .. ................. PP/3-360
bq2040 U-513 Using the bg2040: Smart Battery System Gas Gauge IC . ............. PP/4-372
uCc2577 DN-49 Easy Switcher Controls SEPIC Converter for Automotive Applications. . . . PP/3-487
bg2902/3 U-512 Using the bg2902/3 Rechargeable Alkaline ICs. . . ................... PP/3-376
bq3285/7E U-503 Using the bg3285/7E in a Green or Portable Environment ... .......... NV/4-331
bq3285/bq3287 DN-501 Using RAM Clear Function with bq3285/bq3287A RTCs .. ........... NV/4-321
UCC3305 DN-72 Lamp Ignitor Circuit . . .. ...t PS/9-52
UCC3305 U-161 Powering a 35W DC Metal Halide High Intensity Discharge (HID) Lamp

using the UCC3305 HID Lamp Controller .. ............. ... ... ... .. ...... PS/9-61
UC3525A/27A DN-36 UC1525B/1527B Devices - Comparison Summary to UC1525A/1527A

DVICES. .« o v ittt PS/3-470
UCC3570 U-150 Applying the UCC3570 Voltage-Mode PWM Controller to Both Off-Line

and DC/DC Converter DeSigNs . . ... oottt e PS/3-696
UCC35701 DN-62 Switching Power Supply Topology: Voltage Mode vs. Current Mode. . . . . . PS/3-496
UC3573 DN-70 UC3573 Buck Regulator PWM Control IC. ... ... ... ... ... ... PS/3-508
UC3578 U-167 UC3578 Telecom Buck Converter EvaluationBoard . ................. PS/3-818
UCC3583 DN-64 Inductorless Bias Supply for Synchronous Rectification and High Side

Drive Applications . . .. ... . PS/3-502
UC3584 DN-83 UC3584 DW Secondary Side Post Regulator, Evaluation Board,

Schematic, and Listof Materials............. .. ... .. .. ... .. .. ... ... ..., PS/3-511
uUC3625 DN-50 Simple Techniques for Isolating and Correcting Common Application

Problems with UC3625 Brushless DC Motor Drives .. ...................... PS/8-111
UC3625 U-115 New Integrated Circuit Produces Robust, Noise Immune System for

Brushless DC MOTOrS . . . . ..ot PS/8-155
uUC3625 U-130 Dedicated ICs Simplify Brushless DC Servo Amplifier Design. .. ........ PS/8-166
UC3634 U-113 Design Notes on Precision Phase Locked Speed Control for DC Motors . . PS/8-145
UC3637 DN-53A Design Considerations for Synchronizing Multiple UC3637 PWMs . . . .. PS/8-115
uCc3637 U-102 UC1637/2637/3637 Switched Mode Controller for DC Motor Drive. . . . ... PS/8-126
UC3637 U-112 A High Precision PWM Transconductance Amplifier for Microstepping

using Unitrode’s UC3637 . . . ... .. .o PS/8-137
uC3638 DN-76 Closed Loop Temperature Regulation Using the UC3638 H-Bridge

Motor Controller and a Thermoelectric Cooler. . .. ........... ... ... .. ..... PS/8-118
uC3638 U-120 A Simplified Approach to DC Motor Modeling for Dynamic Stability

ANAlYSIS . .o PS/8-162
UC3708 DN-35 IGBT Drive Using MOSFET Gate Drivers .. ..., PS/6-85
UC3709 U-111 Practical Considerations in Current Mode Power Supplies ............. PS/3-558
uC3709 U-118 New Driver ICs Optimize High Speed Power MOSFET Switching

Characterisitics. . . . .. ... PS/6-92
uC3709 U-137 Practical Considerations in High Performance MOSFET, IGBT & MCT

Gate Drive CirCUItS . . . . ..ot PS/6-122
uC3717 U-99 UC3717 and L-C Filter Reduce EMI and Chopping Losses in Step Motor .. PS/8-118
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uC3725 U-127 Unique Chip Pair Simplifies High Side Switch Drive .................. PS/6-107
UC3726 DN-57 Power Dissipation Considerations for the UC3726N/UC3727N IGBT

Driver Pair . . PS/6-87
uUC3726 DN-60 UC3726/UC3727 IGBT Driver Pair Evaluation Kit Testing Procedure.. . . . .. PS/6-90
uc3727 U-143C New Chip Pair Provides Isolated Drive for High Voltage IGBTs. .. ... ... PS/6-137
UCC3750 DN-79 UCC3750 Demonstration Board Operating Guidelines. .. .............. PS/9-55
UCC3750 U-169 The New UCC3750 Source Ringer Controller Provides A Complete

Control Solution for a Four-Quadrant Flyback Converter. . .................... PS/9-76
UCC3800/1-/5 DN-42A Design Considerations for Transitioning from UC3842 to the New

UCCB802 Family . . ..o e e PS/3-476
UCC3800/1-/5 DN-43 Simple Techniques to Generate a Negative Voltage Bias Supply from

aPositive InputVoltage . . ... ... PS/3-479
UCC3800/1-/5 DN-56A Single Switch Flyback Circuit Converts +5VDC to +/-12VDC for

RS-232 and RS-422 Applications .. ........ ... PS/3-492
UCC3800/1-/5 U-133A UCC3800/1/2/3/4/5 BiCMOS Current Mode Control ICs. .. ........... PS/3-594
UCC3806 DN-45 UC3846, UC3856 and UCC3806 Push-Pull PWM Current Mode

CoNtrol [Cs . . oo PS/3-480
UCC3806 DN-51 Programming the UCC3806 Features .. ........................... PS/3-489
UCC3806 U-144 UCC3806 BiCMOS Current Mode Control IC .. ..................... PS/3-678
UCC3807 DN-48 Versatile Low Power SEPIC Converter Accepts Wide Input Voltage Range PS/3-484
UCC3809-1,-2 DN-65 Considerations in Powering BICMOS ICs .. .......... .. ... ... ..... PS/3-505
UCC3809-1,-2 U-168 Implementing an Off-Line Lithium-lon Charger Using the UCC3809

Primary Side Controller and the UCC3956 Battery Charger Controller. .. ....... PS/3-455
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INTERFACE (IF)
Hot Swap Power Managers

Discrete Electronic Hot Swap Power Manager Design . ................... DN-30
Hot Swap Protection. . . ... . U-151
Integrated Hot Swap Power Manager. .. ... ... U-151
Paralleling Multiple UCC3912s . ... ...t DN-68
UCC3912 Programming and Demo Kit . . . .......... ... ... . ... ... ...... DN-58
UCC3913/21 Negative Floating Hot Swap Power Manager Evaluation Kit,

Schematic and Listof Materials . .. ......... ... ... ... .. ... ... ... DN-67
UCC3917 Positive Floating Hot Swap Power Manager Evaluation Kit,

Schematic and Bill of Materials . ........... ... ... ... .. ... .. ... .. DN-98
UCC3918 Low On-Resistance Hot Swap Power Manager Demo Board. . . . ... DN-87

UCC3919 Hot Swap Power Manager Evaluation Circuit and List of Materials . . DN-95

UCC5630 SCSI Multimode (LVD/SE) Evaluation Board and List of Materials. . . DN-92

NONVOLATILE SRAMs AND REAL-TIME CLOCKS (NV)
Real-Time Clocks

Low-Cost RTC/NVSRAM Subsystem. .. ..., U-500
Typical PC Hookups for Real-Time Clocks. . . .......... ... .. U-501
Time-Base Oscillator for Real-Time Clock ICs .......................... U-502
Real-Time Clocks in a Green Environment .. ......... ... ... ... ........ U-503
Using the RAM Clear Function . ....... .. ... ... .. . i DN-501

PORTABLE POWER (PP)

Battery Charging
Battery Charger BasiCs .. ...... ...t U-155
Current Sense Considerations . . .. ... U-155
Lead Acid Battery Charger . .......... ..., U-104, U-131, U510
Lead Acid Charging Algorithms . . ... ... ... . U-131
Switchmode Lead-Acid Battery Charger . ......... ... ... ... ..... U-131, U-155
Off-Line Lead Acid Battery Charger. ... ....... .. ... ... . . .. U-166
Off-Line Lithium lon Battery Charger. . . ......... ... ... ... ... ... DN-84, U-168
High-Side Current Sensing with Fast-Charge ICs . ... ................... DN-502
NiMH and NiCd Switch-Mode Battery Charger .. .......... ... ... ....... U-506
NiMH and NiCd Battery Charger with AT/At and -AV Termination . . . . .. U-505, U-507
Fast-Charge IC with LCD and LED and Other Advanced Features . . . .. U-508, U-509
Fast-Charge IC for Switch-Mode Power Conversion ...................... U-511

Publications included in this book are listed in bold.
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Rechargeable Alkaline Battery Charger. . .......... .. ... ... U-512
Multi-Chemistry Battery Charger . . ... U-504
Battery Capacity Monitoring
Smart Battery System Gas Gauge. . .. .. ... U-513
Tutorial for Gas Gauging. . . . ..« v it U-514
Cold Cathode Fluorescent Lamp Driver (CCFL)
ZVS Resonant Converter Drive .. ... U-141
CCFLand LCD Bias CirCuit . . ... ..ot U-148
Floating Lamp Driver . . ... ..o DN-75
Lighting Circuits
CCFLand LCD Bias Circuit . . . ... oot U-148
Reference Designs
CCFL Drives
ZVS CoNVerers . ... U-141, U-148
Battery Protection
2-Cell Lithium lon Battery Protection. ... ......... ... . . .. DN-81
Single Cell Lithium lon Battery Protection. .. ........ .. ... ... ... ... ... DN-82
3 or 4 Cell Lithium lon Battery Protection . .......... ... .. ... ... .. ..... DN-93
Enhanced Single Cell Lithium lon Battery Protection .. ................... DN-96
Battery Charging
Lead Acid Battery Charger. . . ...t U-131
Off-Line Lead Acid Battery Charger. ... ... ... i U-166
Off-Line Lithium lon Battery Charger. . . ......... ... ... ... ... DN-84, U-168

POWER SUPPLY CONTROL (PS)

Bias Supplies
Buck-Boost SUpply .. .. DN-38
High Efficiency Startup / Bootstrap Circuits . .................. U-111 (fig. 38, 39)
Inductorless Bias Supply . . . ... DN-64
Negative Bias Supply. . . .. ..o DN-43
Novel Regulated Bias Supply for PFC Applications. . .............. DN-39E (fig. 5)
Self-Generating High Side Gate Bias Supply .. ........ ... ... ... .. ... DN-54
Simple Off-Line Bias Supply . ... ... DN-65, U-149A
UCC3889 DemOo Kit. . . ..ot DN-59A
Bootstrap Circuits
High Efficiency Startup / Bootstrap Circuits . ................. U-111 (figs. 38, 39)
Startup / Bootstrapping . . .. ... U-128, U-133A

Publications included in this book are listed in bold.
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Charge Pumps

Inverting Charge Pump . .. ... ... U-100A

Non-Inverting Charge Pump . ... .. ... U-100A

Simple Inverting and Non-Inverting Circuits. . .. ................. U-133A (fig. 26)
Class-D Amplifiers

Class-D Amplifier for Thermoelectric Devices . . .. ........ . o, DN-76

Control Techniques

Current / Voltage Mode Tradeoffs .. ...... ... ... i, DN-62
Average Current Mode
Average Current Control . ........... U-131, U-135, U-140, U-156, U-157, U-159
Average Current SENSING. . . .. oottt e U-140, DN-41
Peak Current Mode
BiMOS Controller Advantages . ....... ..o DN-42A
Comparison of Economy Primary Side Controllers. . ..................... DN-89
Frequency Foldback. . ....... ... . . DN-29, U-164
Low Power Controller. . .. ... . U-144
Peak Current Mode Control . ... U-93, U-100A, U-133A, U-144, U-164, U-165, U-170
Practical Considerations . . ........... ... .. ... . . . . . .. U-111, U133A
Programming the UCC3806. . . . ... ...ttt DN-51
Slope Compensation. . . ... u-97, U-110, U-111
Soft Start ... U-133
Using Current Mode ICs in Voltage Mode Applications ... ................. u-111
Voltage Mode
Primary Side Controller . ... ... ... . . uU-150, U-167
Voltage Feedforward. . .. ... ... U-150
Using Current Mode ICs in Voltage Mode Applications ... ................. u-111
Current Sensing
Average CurrentSensing .. ........... ... ..., U-135, U-140, U-156, U-157
Current Sense Amplifiers . . .. .. .. U-156, U-157
Using PCB Tracesto Sense Current . . .. ... DN-71
UCC3926 +/- 20 Amp Integrated Circuit for Current Sensing . .. ............ DN-91
Distributed Power
Load Sharing ... ....u i U-129, U-163
Electronic Loads
Adjustable Load for Low Voltage DC Applications. . . ..................... DN-52
Feedback Techniques
Average Current Sensing . . ... ... U-135, U-140
Optocoupler Feedback. . . ........................ DN-32, DN-33, U-160, U-165
Transformer Isolation . ........ ... ... ... . .. . . . . . . ... U-94, DN-41

Publications included in this book are listed in bold.

S

1-31



Application/Design Notes by Subject

Frequency Foldback

Simple Frequency Foldback Circuit . .. ....... .. ... .. .. .. . . .. . ... DN-29
UCC3884 Frequency Foldback PWM. .. ...... ... .. ... ... ..., U-164
Gate Drives
Gate Drive Considerations . . ... e U-137
Gate Drive Pulse Transformer Design . .. ...t uU-127
General Gate Drive Information . . .......... ... ... . . . . . U-111
Integrated Drivers . .. ... .. e U-143C, DN-35
UC3726 /UC3727 Demo Kit Testing . . ... ..o oot DN-60
UC3726 / UC3727 Power Considerations . . . ......... ..., DN-57

Isolation Amplifier

Discrete Iso-Amp Design. . .. ... oot DN-19
Leading Edge Blanking

Current SENSE NOISE . . . . oottt U-128

LEB Implementation. . ......... .. . U-128, U-133A
Lighting Circuits

Driving Floating FluorescentLamps .. ......... ... ... DN-75

HID Lamp Controller. . . .. ...t e U-161

Lamp Ignitor Circuits . . ... ..o DN-72

ZVS Resonant Converter Drive .. ... ... U-141

Linear Voltage Regulators

External Power Device Configurations . . .......................... U-95, U-104
Linear Regulator Controllers. . .. ....... .. ... ... U-95, U-116, U-152
Loadsharing . . . ..o U-129
Microprocessor Regulator Design . ... ... i U-152, DN-61
Multiple LDO Regulator Demo Kit . . . ... ..o DN-74
Small Signal Analysis . . ... ... U-95, U-152
Load Sharing
Application Circuits. . .. ..ot e U-129, U-163
Load Sharing Control Techniques. ... .......... ... U-129, U-163
Startup Considerations. . . ... e e U-129
Magnetics Design
1.5MHz Forward Converter Main Transformer. . ........... ... ... ... ..... u-110
225KHz Off-Line Transformer. . . ... ... . U-150
Gate Drive Pulse Transformer Design . .. ...t u-127
SEPIC Converter Inductor Design . . .. ...t U-161

Publications included in this book are listed in bold.
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Microprocessor Voltage Regulators

Linear Regulators
High Performance LDO Controller .. ......... ... ... ... .. .. ..... U-152, DN-61
Switching Regulators
4Bit DAC and Voltage Monitor for Pentium®Pro. ........... ... ... ... ..... U-158
Average I-Mode Controller for Pentium®Pro. .. .......................... U-156
Fueling the MegaProcessor - A DC/DC Converter Design Review . .......... U-157
Motor Control
Brush DC Motors
PWM DC Motor Controller . .. ... ... e U-102
Synchronizing Multiple UC3637 Oscillators .. ............ ... oo, DN-53A
Brushless DC Motors
3-Phase Controller . . ... .. e U-115, U-130
Current Loop DesSign . . .. oot U-130
Four Quadrant Control . .. .. ... i U-130
Fixed Off-Time Modulation. . . ......... . e U-106
Integrated 3-Phase Control /Driver .. ... U-106
Power Supply Bus Clamp. . .. ... U-130
Trouble Shooting UC3625 Applications . . .. ........ ..o .. DN-50
Phase Locked Loops
Loop Filter Design . . .. ..ot U-113
Small Signal Analysis. . . .. ... U-113
Power H-Bridge Design
H-Bridge Power Amplifier . ... . . U-102, U-112
Small Signal Modeling
Current Loop, Small Signal Analysis .. ........... ... U-112
Motor Modeling . . ... ... U-102, U-113, U-120
Velocity Loop, Small Signal Analysis ............. ... ... ... ..... U-102, U-113
Stepper Motors
Microstepping Transconductance Amplifier .. ....... ... ... ... ... U-112
Reducing EMI in Stepper Motor Drives . . ... ...t U-99
Optocoupler Isolation
Optocoupler Feedback Drive Techniques . ....................... DN-32, DN-33
Simple Circuit Modifications Enhance Optocoupler Performance ............ U-160

Post Regulation

UCB3584 Evaluation Board . . . ...ttt DN-83
Power Device Drivers

Calculating Average Gate Drive Current .. .......... . ... i, U-156

Determining Gate Charge. .. ...t U-118, U-137

Direct Coupled Drivers . .. ... U-118, U-137
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Gate Drive Considerations . ............. .. ... .. U-137,U143C
General Gate Drive Information ... .......... ... ... . .. . . U-111
Isolated High Side Switch Drive. .. .. ... . uU-127
Modeling the Power MOSFET .. .. ... e U-118
Power Dissipation Analysis. . . ......... .. U-137
Transformer Coupled Drivers . . .. ... i e e U-118
UC3726 / UC3727 Power Considerations . ... ..., DN-57

Power Factor Correction

Active Power Factor Correction Description . . ..................... U-134, U-159
Controlled On-Time, Zero Current Switched PFC . .. ..................... U-132
Controlled On-Time, Zero Current Switching. . .......................... U-132
Current SENSING . . o .ot U-134, U-153
Current Synthesizer . .. ... ... U-153
Distortion SOUICES . . . .. oot U-134
Effects of Discharge Current on Maximum Duty Cycle . ................... DN-40
Fault Protection Circuits. . . .. ... ..o DN-77
Novel Regulated Bias Supply for PFC Applications. .. ............. DN-39E (fig. 5)
Optimizing Circuit Performance. . . ......... .. ... . . DN-39E
Power Limiting Features . ......... . ... . . DN-66
UC3853 Evaluation Board . . . ... .o DN-78
UC3854 Demo Board .. ... ... DN-44
UC3855 Design Example. . . ... ..o U-153
UCC3858 Evaluation Board. . . ... o DN-90
Voltage Feedforward Circuitry. . . ... ... .. i U-132, U-134
ZVT TeChNIQUES . . o ot e e U-153
PWM Oscillators
Noise Sensitivity .. ... .. e U-100A
Universal Synchronization Techniques .................. U-100A, U-111, U-133A
Voltage Feedforward Oscillators. . .. ... u-94
Rectification
Alternative Full-Wave Rectifier Topology . ... ....... .. i DN-63
Resonant Converters
Resonant Tank Considerations . ............. .. .. ..., U-136
Transformer Coupled Equations. . .......... ... . i U-138
Zero-Voltage Switching. ... ... ... U-122, U-136
Zero-Current SWItChing . . . ... .ot U-122
Ring Generator Controllers
Design Procedure and Circuit Analysis .. ... U-169
UCC3750 Demo Board . . ... ..o DN-79
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Secondary Side Regulation

Secondary Side Regulator. . . ... .. U-139
UC3584 Switching Post Regulator Evaluation Board .. ................... DN-83
Small Signal Analysis
Average CurrentMode . .......... ... . i U-135, U-140, U-157
Average Current Mode PFC . ... ... ... ... . ... ... ...... U-134, U-153, U-159
Buck Regulator. . . ... . e uU-97
CCFL Ballast . . ..o e U-148
Error Amplifier Response. . . ... .. i U-95, U-100A
Load Models. . . ..o e U-95
Push-Pull Forward Converter. . ... ... e uU-110

Subharmonic Oscillation

Slope Compensation . ....... ... uU-95, U-110
Supervisory Functions
Overvoltage Protection. . ... ... U-158
Startup and Fault Protection . .......... ... DN-26
Switching Regulators - Reference Designs
Flyback Converters
1W, 5VIN, +/-12VOUT, RS-232 / RS-422 Converter. .. .................. DN-56A
25W, Off-Line, 5V, +/-12VOUT, Flyback. . ... ...... ... ... .. ... ... ..... U-100A
50W, -48VIN, 5V, Flyback. . . ... ... U-165
60W, Off-Line, 5V, 12VOUT, Flyback .. ... ... ... . U-94
Forward Converters
20W, 48VIN, 5VOUT Voltage Mode Forward Converter. . .................. U-150
50W, 18-26VIN, 5VOUT, ZVS Forward Converter . ..............c..ooou... U-138
50W, Off-Line, 12VOUT, Voltage Mode Converter. . .......... ... ........ U-150
200w, Off-Line, 5V, +/-15VOUT, Average |-Mode Forward Converter .. ....... U-135
Non-Isolated Buck, Boost, Flyback and SEPIC Converters
5VIN, 3.3VOUT, Buck Regulator . . ......... ... ... .. DN-54
200mW, 5VIN, -3VOUT, Flyback Converter. . .......... ... ... DN-46
500mW, 1VIN, Adjustable Output Voltage, Boost ... ..................... DN-73
5W, 12VIN, 5VOUT, Buck Regulator . ... ... ... ... . i DN-70
35W, +48VIN, 5VOUT, BUCK. . . .. ... U-167
HID Lamp Controller, SEPIC . . . ... . e e U-161
Low Power Synchronous Boost Converter Evaluation Kit . ................ DN-97
Peak Current Mode, Buck /BoostDesigns ... ..., U-133A
Pentium®Pro Converter with Adjustable Output, Buck. ... ................. U-157
Single Cell Lithium lon to +3.3V Converter Evaluation Kit. . ... ............. DN-86
Versatile Low Power SEPIC Converter . ............... .. DN-48
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Push-Pull Converters

50W, -48VIN, 5VOUT, 1.5MHz Peak IMode . ........................... U-110

75W, 48VIN, 5VOUT, Isolated Push-Pull . . .......... .. ... ... ... ....... U-170

500W, -48 VIN, 5VOUT Push-Pull. . . ... ... .. U-100A

Push-Pull Forward Converter. . . ... ... e e U-93
Full Bridge

500W, 400VIN, 48VOUT, ZVT Converter. . ... i U-136
Post Regulation

150KHz, 3.3VOUT, Switching Post Regulator . ... ....................... DN-83
Power Factor Correction

85W, 350VOUT, Zero Current Switched PFC. .. ......................... U-132

250W, 400VOUT, Average Current Mode PFC. . . ......... ... ... ... ..... U-134

250W, 385VOUT, Average I-Mode PFC. . ... ... ... e DN-44

100W, 75KHz, 385VOUT, Average Current Mode PFC ... ................. DN-78

250W, 385VOUT, Average Current Mode PFC .. ........... ... ... ... .... DN-90

500W, 410VOUT, Average Current Mode, ZVT,PFC . ......... ... ... ..... U-153

Controlled, On-Time, Zero Current Switched PFC. ... .................... U-132
Soft Switching ZVT Converters

500W, 400VIN, 48VOUT, ZVT Converter ..............ciiiiininnn... U-136
Ring Generator Controllers

85V, 15 REN, Ring Generator .. ........ ..., DN-79, U-169

Synchronization
Universal Synchonization Techniques . . ................. U-100A, U-111, U-133A

Thermoelectric Drivers
Class-D Amplifier for Thermoelectric Devices . . .. ........ ..., DN-76

Zero Current Switching
Controlled, On-Time, Zero Current Switched PFC. .. ..................... U-132
Resonant Mode Control . . ... e e U-122

Zero Voltage Switching

Design Examples . . . ..o U-138
Phase Shifted Full-Bridge Controller . .......... ... ... .. .. ... .. .. ..., U-154
ResonantMode ZVS. ... ... ... ... .. . . . . . . . U-122, U-136, U-138
Transformer Coupled Design Equations. .. .......... ... .. ... ... U-138
ZNS TOPOIOGIES . . v v ittt e e e e e e U-138

Publications included in this book are listed in bold.

S

1-36



eneral Information




Ordering Information

(see Benchmarq ordering information page for "bq" prefix products)

UC || XXXXX [| XX || XX || XXXX | general syntax

uc|| 17131 || A || J || 883B | example

27131
| 37131
PREFIX

"UC" ~ Linear Integrated Circuits

ueet - Biomos SCREEN/PROCESSING OPTIONS
"883" ~ MIL-STD-883
| f MIL-PRF-
PART NUMBER Class Qo 38535
First digit "1" ~ Military Temperature Range* » PACKAGE OPTIONS

First digit "2" ~ Industrial Temperature Range*

First digit "3" ~ Commercial Temperature Range*
(*consult individual data sheets for specific > OPTIONAL GRADES
temperature ranges on each part)

A or B ~ Improved Version

Dels-?;:gtor Package Type
D Plastic Narrow Body (150 mil) SOIC
DW Plastic Wide Body (300 mil) SOIC
DP Plastic Narrow Body Power SOIC
DS Plastic Narrow Body (150 mil) SOIC with Shunt Current Sense
DWP Plastic Wide Body Power SOIC
FP Power Plastic Metric Quad Flatpack (MQFP)
FQ Power Low Profile Quad Flatpack (LQFP)
FQP Power Plastic Low Profile Quad Flatpack (LQFP)
J Ceramic Dual-in-Line (300 mil and 600 mil)
L Ceramic Leadless Chip Carrier
LP Power LCC
M Quasi Shrink Small Outline (150 mil body, 0.635mm pitch)
MWP Power Quasi Shrink Small Outline (300 mil body, 0.88mm pitch)
N Plastic Dual-in-Line (300mil and 600 mil)
P Mini SOIC
PW Thin Shrink Small Outline (TSSOP)
PWP Power TSSOP
Q Plastic Leadless Chip Carrier (PLCC)
QP Power (PLCC)
SP Power Ceramic Dual-in-Line
T Plastic TO-220
TD Plastic TO-263 Power Surface Mount
V4 Zig-Zag In-Line Power Package
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Unitrode’s Commitment to Quality @ —

Quality and innovation characterize our products!

Our commitment begins with our Quality Assurance System. In October 1992, Unitrode Cor-
poration became one of the first in our industry to achieve IS/ISO 9001/EN 29001 Registration.
Currently, Unitrode’s quality-assurance system exceeds the rigorous requirements of 1SO
9001-1994 and MIL-PRF-38535. Quality Management Institute (QMI) has awarded Unitrode a
Certificate of Registration (Number 003889) indicating compliance with ISO 9001, for the de-
sign and manufacture of analog integrated circuits. For its Singapore branch, Unitrode also
holds an ISO 9002 Certificate of Registration (Number 93-2-0148) from the Singapore Produc-
tivity and Standards Board, for semiconductor IC manufacturing, factory inspection and testing,
and wafer-probe testing.

In August 1996, the Defense Supply Center-Columbus (DSCC) granted Unitrode full Q-Level
certification to MIL-PRF-38535 for listing on the Qualified Manufacturers List (QML). In addi-
tion, DSCC continued Unitrode’s laboratory suitability by certifying that our test methods ac-
cord with MIL-STD-8883.

All Unitrode products and manufacturing processes meet extensive qualification requirements.
Qualification ensures that
» Customer and/or design requirements are translated efficiently into manufacturing
requirements
« All groups are integrated, coordinated, and capable
 Our processes are manufacturable
» Our products meet or exceed the reliability requirements of our customers

Process Qualification
When a process qualification is required, Quality Assurance organizes a cross-functional team
that prepares and completes a formal qualification plan according to QP 2515. Key require-
ments for major processes include
» Documented design rules and process specifications; process and device simulation
with full SPICE models
» Completed process control plan with identified critical, significant, and non-critical
characteristics
 Implemented process-control charts
» Demonstrated Cp, and Cpk for significant and critical characteristics
» Documented out-of-control action plans (OCAPS)
e Completed quality audit
» Process-acceptance criteria
» Gage R&R studies
» Construction analyses




Unitrode’s Commitment to Quality @ —

Reliability testing
Our extensive reliability requirements ensure that our new processes demonstrate, for com-
mercial products under typical use conditions, a 200 FIT rate or better (failures in time calcu-
lated at 70°C, 0.7eV activation energy, 60% confidence) at the time of qualification, using a
minimum of three wafer lots. Figure 1, on page 2-6, lists typical reliability tests performed for
new major processes.

Package Qualification

Whenever a new package is introduced, in addition to qualifying the manufacturing process us-
ing requirements appropriate to assembly processing, Unitrode performs a complete battery of
reliability tests.

Figure 2, on page 2-7, depicts typical requirements for plastic packages. Figure 3, on page 2-8,
presents the requirements for hermetic packages.

Product Qualification
New products must be manufactured using qualified processes and packages. Unitrode’s new
product qualification consists of 2 major milestones: Release For Introduction (RFl) and Re-
lease to Production (RTP).

RFl is the term Unitrode uses to describe devices that
 Are built on a qualified process
» Meet the preliminary data sheet over the specified temperature range
» Demonstrate no infant mortality
» Have been verified in the appropriate application
» Have had ESD measured and classified
» Have a released preliminary test program

Devices that achieve RTP meet all the RFI requirements (plus additional requirements) and
complete Unitrode’s product qualification. Typical RTP requirements include

» Bench and temperature characterization

» Demonstrated compliance to all data-sheet parameters

» Cp, Cpk targets met for all untrimmed parameters in data sheet

 Test program complete and released to production

» Machine capability less than 5% of the device specification range

 Test schematic(s), test program(s), bonding diagram(s), and burn-in diagrams approved

and released

» ESD measured and classified (human body model)

 Passed latch-up and HTOL test to 1000 hours

» Final data sheet approved and released.
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Results

As a result of our comprehensive qualification procedures, we are able to report long-term de-
vice reliability of 4.0 FIT or lower for combined functional families. This figure is estimated from
millions of hours of life-testing at accelerated temperatures.

Failure Analysis

If we do experience a failure during pre-production qualification, we have an extensive fail-
ure-analysis lab to determine and fix the root cause before the products reach our customers.
We begin by verifying the failure to published specifications. We provide written fail-
ure-verification to our customers within 72 hours.

This notification is followed by failure-mode identification through laboratory analyses such as
electrical measurements, optical and electron microscopy, radiography, device deprocessing,
microsectioning, spectrometry, and cholesteric liquid-crystal analysis. Unitrode maintains a
ten-day cycle to identify moderately complex failures from receipt of failed units.

If needed, closed-loop corrective action is managed through our Corrective Action Continuous
Improvement Team using the 8D approach.

Customer Notification
Our continuous improvement requires an occasional product or process change. Unitrode noti-
fies the customer (a 90-day notification whenever possible) when
« A waiver to a customer’s or Unitrode’s specification is required before shipment of mate-
rial deemed suitable by Unitrode or our customer
 Any product, process or mask change requires a change to Unitrode’s data sheet, SCD,
purchase order, or customer specification
 Any product, process or mask change reduces ESD rating
» A change occurs in manufacturing location, including wafer fabrication, assembly, and
test
» There is a change in wafer starting material, dieletric, passivation or metalization materi-
als and certain assembly materials
» A major change occurs in manufacturing process on a critical or significant characteris-
tic, according to our process control plan(s)
» A manufacturing process changes a characteristic that is a reliability concern
 Unitrode’s operating procedures or quality systems change significantly
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Total Business Excellence

Unitrode’s policy of Total Business Excellence (TBE) goes well beyond the scope of Quality As-
surance. A company demonstrating Total Business Excellence must have more rigorous business
practices than industry standards and a supporting culture to enable and improve these prac-
tices.

TBE requires continuous improvement. It is a never-ending search for ways to improve everything
we do, and a pledge to ultimately translate improvements into better products and services for
our customers.

Our goals include improved designs that meet the broadest spectrum of application needs, im-
proved translation of customer requirements into actual product performance characteristics, im-
proved understanding of process capabilities to improve the product introduction process, higher
productivity, less scrap and rework, and lower production costs.

For example, Unitrode internal qualification procedures now include rigorous qualification of our
suppliers, subcontractors, and the wafer fabrication (both major new processes and unit pro-
cesses). Each qualification is managed by a cross-functional quality team. Qualification require-
ments include detailed and advanced process control plans, out-of-control action plans (OCAPs),
demonstrated process-capability, advanced statistical process-control techniques, and Gage
R&R studies.

We’ve improved many of our internal practices: for example, shop floor control, document man-
agement, customer notification, and corrective action. We’ve replaced our old hardcopy system
with electronically based systems using the best software systems and relational databases.

Total Business Excellence affects every department, activity, and product, from initial concept to
end-user installation and operation.

For all of these reasons we deliver high-quality, reliable products. Our continuing quest to improve
everything we do yields better and more reliable products and services for our customers. That is
what earns customer loyalty!
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Die and Wafer @ —

Description

Unitrode offers most of our products in die and/or wafer form through our die distributors.
Unitrode’s die utilize either linear bipolar or BICMOS process technology featuring tight beta
controls and resistor matching techniques.Die thickness is either 12 mils or 15 mils, +/- 1 mil.
Interconnects are an alloy of copper and aluminum (to reduce the possibility of
electromigration). Most product’s backside material is pure silicon.

Testing

All products are tested at two separate points: (1) wafer process parameter in-line probing and
(2) ambient electrical test probing. Die are tested to full data sheet specifications, with the ex-
ception of some high power or high speed devices where production probe equipment limit the
test environment.

Inspection

Unitrode performs visual inspections on military grade die to MIL-STD-883, Method 2010, con-
ditions A or B, or to individual customer specifications. Die is supplied in “waffle pack” or single
wafer form. Standard wafers are 100 mils, generic 4- or 6-inch diameter.

Ordering
Product is available from Unitrode’s authorized die distributors, and part numbers end with the
suffix “c” for chip form or “chipwfr” for wafer form.
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New Interface Products from Unitrode

Small Computer Systems Interface (SCSI)

UCC5510 Low Voltage Differential (LVD/SE) SCSI 9 Line Terminator. .. ........ 3-5
UCC5628 Multimode SCSI 14 Line Terminator. . ......................... 3-78
UCC5638 Multimode SCSI 15 Line Terminator. . ......................... 3-94
UCC5639 Miltimode SCSI 15 Line Terminator with Reverse Disconnect . . ... .. 3-99
UCC5640 Low Voltage Differential (LVD) SCSI 9 Line Terminator ........... 3-104
UCC5641 Low Voltage Differential (LVD/SE) SCSI 9 Line

Terminator Reverse Disconnect. . . ......... ... .. 3-108
UCC5672 Multi-mode (LVD/SE) SCSI 9 Line Terminator .................. 3-120

Bus Bias Generators

UC561 Low Voltage Differential SCSI (LVD) 27 Line Regulator Set .. .......... 4-7
UC563 32 Line VME Bus Bias Generator . ..., 4-10

Hot Swap Power Manager™ ICs

UCC3917 Positive Floating Hot Swap Power Manager. . ................... 5-53
UCC3981 Universal Serial Bus Hot Swap Power Controller . ................ 5-88
UCC39811 Universal Serial Bus Hot Swap Power Controller .. .............. 5-91
UCC3985 Programmable CompactPCl Hot Swap Power Manager. .. ......... 5-94
UCC3995 Simple Single Channel External N-FET Hot Swap Power Manager . . . 5-98
UCC3996 Dual Sequencing Hot Swap Power Manager ................... 5-100

Drivers/Receiver Transceivers
UC5351 CAN Transceiver with Voltage Regulator. .. .......... ... ... ...... 6-27
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Selection Guides ~ PWM Control U -

PWM Control
Current Mode Controllers . . ... e 3-1
Dedicated DC/DC Controllers . . .. ... .o e e e 3-13
MicroProcessor Power Controllers . .. ... e 3-16
MicroProcessor POWer SUPPOI. . . . ..ottt e 3-18
Post Regulation Controllers. . .. ... 3-19
Secondary Side PWM Control. . . .. ... 3-20
Resonant Mode / Transition Mode Controllers .. .......... .. .. 3-21
Voltage Mode Controllers . . .. ... 3-25
PWM Control
Current Mode Controllers UNITRODE PART NUMBER
u
UCC3800 UCC3801 UCC3802 UCC3803 UCC3804
P DC-DC and DC-DC and ' DC-DC and )
Application Battery Battery Off-line Battery Off-line
Topology Buck, Boost Buck, Boost | Forward, Flyback Buck, Boost | Forward, Flyback
Voltage Reference Tolerance 1.5% 1.5% 1.5% 1.5% 1.5%
Peak Output Current 1A 1A 1A 1A 1A
Under Voltage Lockout 7.2V /6.9V 9.4V /7.4V 12.5V/8.3V 41V /3.6V 12.5V/8.3V
Maximum Practical Operating
Frequency 1MHz 1MHz 1MHz 1MHz 1MHz
Outputs Single, Totem Single, Totem Single, Totem Single, Totem Single, Totem
p Pole Pole Pole Pole Pole
Startup Current 100pA 100pA 100pA 100pA 100pA
Leading Edge Blanking Y Y Y Y Y
Soft Start Y Y Y Y Y
Maximum Duty Cycle 100% 50% 100% 100% 50%
Separate Oscillator / Synchronization
Terminal
DN-42A, DN-48, | DN-42A, DN-48, | DN-424, DN-4g, | D428 DS, pv.4on, Divss,
L . DN-54, DN-65, DN-54, DN-65, | DN-54, DN-65, ' . DN-54, DN-65,
Application / Design Note DN-69, U-97, | DN-89,U-97, | DN89,U-97, | Vo4 DNEEA | g g7,
U-133A U-133A U-133A U-97, !U-133A’ U-133A
Pin Counts 8 8 8 8 8
Page Number PS/3-173 PS/3-173 PS/3-173 PS/3-173 PS/3-173

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
<+ The smallest available pin count for thru-hole and surface mount packages.

+ New Product
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Selection Guides ~ PWM Control

PWM Control (cont.)

L]

Current Mode Controllers UNITRODE PART NUMBER
u
UCC3805 UCC3806 UCC3807-1 UCC3807-2 UCC3807-3
Isolated Output, .
Application D%-ztce and Push-pull DC-DC Off-line DCBS,[% and
2 Controller y
Push-pull, Full
. ' Forward, Flyback | Forward, Flyback | Forward, Flyback
Topology Forward, Fiyback Br'gﬂﬁ’gza” Buck, Boost Buck, Boost Buck, Boost
Voltage Reference Tolerance 1.5% 1% 1.5% 1.5% 1.5%
Peak Output Current 1A 0.5A 1A 1A 1A
Under Voltage Lockout 4.1V /3.6V 7.5V/6.75V 7.2V/6.9V 12.5V/8.3V 43V /4.1V
Maximum Practical Operating
Frequency 1MHz 1MHz 1MHz 1MHz 1MHz
Outouts Single, Totem | Dual Alternating, | Single, Totem Single, Totem Single, Totem
p Pole Totem Pole Pole Pole Pole
Startup Current 100pA 100pA 100pnA 100uA 100pA
Leading Edge Blanking Y Y Y Y
Soft Start Y Y Y Y Y
Maximum Duty Cycle 50% 50% / 50% Programmable | Programmable | Programmable
Separate Oscillator / Synchronization y
Terminal
DN-42A, DN-43,
DN-46, DN-48, | DN-45, DN-51,
Application / Design Note DN-54, DN-56A, | DN65, U-g7, | D138 DN-GS, | DILAS, DGR, | DRSS, DNLES,
DN-65, DN-89, U-110, U-144 ' ’ ’
U-97, U-133A
Pin Counts 8 16 8 8 8
Page Number PS/3-173 PS/3-180 PS/3-187 PS/3-187 PS/3-187

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
< The smallest available pin count for thru-hole and surface mount packages.

+ New Product
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Selection Guides ~ PWM Control

PWM Control (cont.)

L]

Current Mode Controllers UNITRODE PART NUMBER
u
UCC3808-1 UCC3808-2 UCC3809-1 UCC3809-2 UCC3810
Dual PWM
Application Off-line D%Sg and DC-DC Off-line Controller,
v Off-line, DC-DC
Push-pull, Full Push-pull, Full
. . Forward, Flyback, | Forward, Flyback, | Forward, Flyback
Topology Brggr;izbzlalf Br'gﬂﬁ’gza” Buck, Boost Buck, Boost Buck, Boost
Voltage Reference Tolerance 2% 2% 5% 5% 1.5%
0.5A Source, 1A | 0.5A Source, 1A |  0.4A Source, 0.4A Source,
Peak Output Current Sink Sink 0.8A Sink 0.8 Sink 1A
Under Voltage Lockout 12.5V/8.3V 43V /414V 10V/8V 15V/8V 11.3V/8.3V
Maximum Practical Operating
Frequency 1MHz 1MHz 1MHz 1MHz 1MHz
Dual Alternating, | Dual Alternating, | Single, Totem Single, Totem
Outputs Totem Pole Totem Pole Pole Pole Dual, Totem Pole
Startup Current 130pA 130pA 100pnA 100pnA 150pA
Leading Edge Blanking Y
Soft Start Y Y Y Y
Maximum Duty Cycle 50% / 50% 50% / 50% 90% 90% 50%
Separate Oscillator / Synchronization
Terminal N/A N/A Y
L . DN-65, U-97, DN-65, U-97, DN-65, DN-89, | DN-65, DN-89, DN-65, U-97,
Application / Design Note U-110,U-170 | U-110,U-170 | U-165,U-168 | U-165, U-168 | U-110,U-133A
Pin Counts 8 8 8 8 16
Page Number PS/3-192 PS/3-192 PS/3-198 PS/3-198 PS/3-205

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
<+ The smallest available pin count for thru-hole and surface mount packages.

+ New Product
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Selection Guides ~ PWM Control

PWM Control (cont.)

L]

Current Mode Controllers UNITRODE PART NUMBER
u
UCC3813-0 UCC3813-1 UCC3813-2 UCC3813-3 UCC3813-4
P DC-DC and DC-DC and ' DC-DC and A
Application Battery Battery Off-line Battery Off-line
Topology Buck, Boost Buck, Boost | Forward, Flyback |  Buck, Boost | Forward, Flyback
Voltage Reference Tolerance 1.5% 1.5% 1.5% 1.5% 1.5%
Peak Output Current 1A 1A 1A 1A 1A
Under Voltage Lockout 7.2V /6.9V 9.4V /7.4V 12.5V/8.3V 41V /3.6V 12.5V/8.3V
Maximum Practical Operating
Frequency 1MHz 1MHz 1MHz 1MHz 1MHz
Outputs Single, Totem Single, Totem Single, Totem Single, Totem Single, Totem
P Pole Pole Pole Pole Pole
Startup Current 100pA 100pA 100pA 100pA 100pA
Leading Edge Blanking Y Y Y Y Y
Soft Start Y Y Y Y Y
Maximum Duty Cycle 100% 50% 100% 100% 50%
Separate Oscillator / Synchronization
Terminal
DN-42A, DN-48, | DN-42A, DN-48, | DN-42A, DN-48, | D428 D-15. | pn.app, DN4,
P - DN-54, DN-65, | DN-54, DN-65, | DN-54, DN-65, ' . | DN-54, DN-65,
Application / Design Note DN-89, U-97, | DN-69,U-07, | DN-g9, Uo7, | DIVELONEEA | “oygg ug7
U-133A U-133A U-133A U-97, U337 U-133A
Pin Count< 8 8 8 8 8
Page Number PS/3-212 PS/3-212 PS/3-212 PS/3-212 PS/3-212

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
«»The smallest available pin count for thru-hole and surface mount packages.

+ New Product
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PWM Control (cont.)

Selection Guides ~ PWM Control

L]

Current Mode Controllers UNITRODE PART NUMBER
u
UCC3813-5 uC3823 UC3823A UuC3823B uC3824
Synchronous
Application D%-ztce and DC-DC DC-DC Off-line Rectifier, Forward
2 Converter
Topology Forward, Flyback |  Buck, Boost Buck, Boost Buck, Boost | Forward, Flyback
Voltage Reference Tolerance 1.5% 1% 1% 1% 1%
Peak Output Current 1A 1.5A 2A 2A 1.5A
Under Voltage Lockout 4.1V /3.6V 9.2V/8.4V 9.2V/8.4V 16V /10V 9.2V/8.4V
Maximum Practical Operating
Frequency 1MHz 1MHz 1MHz 1MHz 1MHz
. . . . Dual
Outputs S|ng|§6|'(l;otem S|ng|st,)|'l‘;otem Smglgbl'léotem S|ng|§6|'20tem Complementary,
Totem Pole
Startup Current 100uA 1.1mA 0.1mA 0.1mA 1.1mA
Leading Edge Blanking Y Y Y
Soft Start Y Y Y Y Y
Maximum Duty Cycle 50% 100% ng:%norl}fble’ Progl?gworlfble, 100%
Separate Oscillator / Synchronization
Terminal Y Y Y Y
DN-42A, DN-43,
DN-46, DN-48, U-97. U-111 U-97, U-110, U-97, U-110,
Application / Design Note DN-54, DN-56A, U’-131 ' U-111, U-128, U-111, U-128, U-111
DN-65, DN-89, U-131 U-131
U-97, U-133A
Pin Counts 8 16 16 16 16
Page Number PS/3-212 PS/3-219 PS/3-225 PS/3-225 PS/3-233

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
< The smallest available pin count for thru-hole and surface mount packages.

+ New Product
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Selection Guides ~ PWM Control

PWM Control (cont.)

L]

Current Mode Controllers UNITRODE PART NUMBER
u
UC3825 UC3825A UC3825B UC38260 uC3827-1
Secondary Side, Mu|l|ti|p:1evool|1tt§ué or
Application DC-DC DC-DC Off-line Average Current 0 ? tDC %C
Mode utput U
Converters
Push-pull, Full Push-pull, Full Push-pull, Full
Topology Bridge, Hall | Brdge, Hall | Bridge, Half | FOfrd Fyback | - Buck Gurrent
Bridge Bridge Bridge ' P
Voltage Reference Tolerance 1% 1% 1% 1% 4%
Floating 1A for
Buck Stage, 0.8A
Peak Output Current 1.5A 2A 2A 0.25A for Push-pull
Drivers
Under Voltage Lockout 9.2V/8.4V 9.2V/8.4V 16V /10V 8.4V/8.0V 9v/8.4V
Maximum Practical Operating
Frequency 1MHz 1MHz 1MHz 1MHz 500kHz
Outouts Dual Alternating, | Dual Alternating, | Dual Alternating, | Single, Totem Floating Buck,
p Totem Pole Totem Pole Totem Pole Pole Push-pull
Startup Current 1.1mA 0.1mA 0.1mA 1mA
Leading Edge Blanking Y Y N/A
Soft Start Y Y Y Y Y
90% for Buck
. Programmable, | Programmable, | Stage, 50% / 50%
Maximum Duty Cycle 50% / 50% Programmable <50% <50% for Push-pull
Stage
Separate Oscillator / Synchronization
Terminal Y Y Y Y Y
U-97. U-110 U-97, U-110, U-97, U-110,
Application / Design Note UY-111 ’ U-111, U-128, U-111, U-128, U-135, U-140
U-131 U-131
Pin Counts 16 16 16 24 24
Page Number PS/3-240 PS/3-225 PS/3-225 PS/3-247 PS/3-257

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
< The smallest available pin count for thru-hole and surface mount packages.
O Pulse- by-Pulse Current Limiting Not Applicable.

+ New Product
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Selection Guides ~ PWM Control

PWM Control (cont.)

] _

UNITRODE PART NUMBER
Current Mode Controllers
UC3827-2  UCC3830-4 UCC3830-5 UCC3830-6 UCC38390
Multiple Output or ;
Application High Voltage Microprocessor | Microprocessor | Microprocessor /?Sg?;d:gu?rlgﬁ"(
PP Output DC-DC Power Power Power M odg Control
Converters
Buck Voltage Fed
Topology Push-pgull Buck Buck Buck Any Topology
Voltage Reference Tolerance 4% 1%* 1%* 1%* 1%
Floating 1A for
Buck Stage, 0.8A 10mA to Drive
Peak Output Current for Push-pul 1.5A 1.5A 1.5A Opto-coupler
Drivers
Under Voltage Lockout 9V /8.4V 10.5V/ 10V 10.5V/10V 10.5V/10V
Maximum Practical Operating
Frequency 500kHz 100kHz 200kHz 400kHz 1MHz
Floating Buck, . . ) Opto-coupler
Outputs Pusr?-pull Single Single Single P Drivep
Startup Current 1mA
Leading Edge Blanking
Soft Start Y
90% for Buck
: Stage, 50% / 50% o o o
Maximum Duty Cycle for Push-pull 95% 95% 95%
Stage
Separate Oscillator / Synchronization v
Terminal
Application / Design Note U-140
Pin Count< 24 20 20 20 14
Page Number PS/3-257 PS/3-263 PS/3-263 PS/3-263 PS/3-276

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
«»The smallest available pin count for thru-hole and surface mount packages.
* Combined Reference, DAC, and Error Amplifier Tolerance.
O Pulse- by-Pulse Current Limiting Not Applicable.

+ New Product
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Selection Guides ~ PWM Control

PWM Control (cont.)

L]

Current Mode Controllers UNITRODE PART NUMBER
u
UC3841 uC3842 UC3842A uC3843 UC3843A
Primary Side,
Application Programmable, Off-line Off-line DC-DC DC-DC
Off-line, DC-DC
Tonolo Forward, Flyback, | Forward, Flyback, | Forward, Flyback, | Forward, Flyback | Forward, Flyback
pology Buck, Boost Buck, Boost Buck, Boost Buck, Boost Buck, Boost
Voltage Reference Tolerance 1% 1% 1% 1% 1%
Peak Output Current 1A 1A 1A 1A 1A
Under Voltage Lockout 16V/10V 16V /10V 8.4V/7.6V 8.5V/7.9V
Maximum Practical Operating
Frequency 500kHz 500kHz 500kHz 500kHz 500kHz
Outputs Single, Open Single, Totem Single, Totem Single, Totem Single, Totem
P Collector Pole Pole Pole Pole
Startup Current 4.5mA 1mA 0.5mA 1mA 0.5mA
Leading Edge Blanking
Soft Start Y
Maximum Duty Cycle Programmable 100% 100% 100% 100%
Separate Oscillator / Synchronization
Terminal
Trimmed Trimmed
: Oscillator Oscillator
Special Features Discharge Discharge
Current Current
— ON27,DN40. | D2 pvg | OV27.DN40. | Do g
Application / Design Note DN-28 DN-88,_1U1-11 00A, DN-40' DN-89, DN-88,_1U1-1100A, DN-40, DN-89,
U-100A, U-111 U-100A, U-111
Pin Count< 18 8,14 8,14 8,14 8,14
Page Number PS/3-281 PS/3-289 PS/3-296 PS/3-289 PS/3-296

+ New Product

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
“The smallest available pin count for thru-hole and surface mount packages.
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Selection Guides ~ PWM Control

PWM Control (cont.)

L]

Current Mode Controllers UNITRODE PART NUMBER
u
uC3844 UC3844A UC3845 UC3845A UC3846
Application Off-line Off-line DC-DC DC-DC Off-line, DC-DC
Tonolo Forward, Flyback | Forward, Flyback | Forward, Flyback | Forward, Flyback Pgﬁgp:lll’_lzll;"
pology Buck, Boost Buck, Boost Buck, Boost Buck, Boost B?i d’g e
Voltage Reference Tolerance 1% 1% 1% 1% 1%
Peak Output Current 1A 1A 1A 1A 0.5A
Under Voltage Lockout 16V /10V 16V / 10V 8.4V/7.6V 8.5V/7.9V 7.7V/6.95V
Maximum Practical Operating
Frequency 500kHz 500kHz 500kHz 500kHz 500kHz
Outouts Single, Totem Single, Totem Single, Totem Single, Totem | Dual Alternating,
P Pole Pole Pole Pole Totem Pole
Startup Current 1mA 0.5mA 1mA 0.5mA
Leading Edge Blanking
Soft Start Y
Maximum Duty Cycle 50% 50% 50% 50% 50% / 50%
Separate Oscillator / Synchronization y
Terminal
Trimmed Trimmed
: Oscillator Oscillator
Special Features Discharge Discharge
Current Current
DN-27,DN-40, | N DVET: | DN27, DN-40, | DN28DNET | D4, U-93,
Application / Design Note DN-89, U-100A, | 5y 40’ DN-ga. | DN-89, U-100A, | o 4o p.gg, | U-97, U-100A,
Ui U-100A, U-111 U1t U-100A, U-111 U
Pin Counts 8,14 8,14 8,14 8,14 16
Page Number PS/3-289 PS/3-296 PS/3-289 PS/3-296 PS/3-302

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
< The smallest available pin count for thru-hole and surface mount packages.

+ New Product
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PWM Control (cont.)

L]

UNITRODE PART NUMBER
Current Mode Controllers
uC3847 uC38480 UC38490 UC3851 UC3856
Average Current | Secondary Side, Pro Cimrrfébl o Isolated Output,
Application Off-line, DC-DC | Mode, Off-line, | Average Current Pri?nary Side Push-pull
DC-DC Mode Controller Controller
Push-pull, Full Push-pull, Full
. Forward, Flyback, | Forward, Flyback, .
Topology Bridge, Half Forward, Flyback Bridge, Half
Bridge Buck, Boost Buck, Boost Bridge
Voltage Reference Tolerance 1% 1% 1% 1% 1%
Peak Output Current 0.5A 2A 0.25A 0.2A 1.5A
Under Voltage Lockout 7.7V /6.95V 13V/10V 8.3V/7.9V 7.7V 17.0V
Maximum Practical Operating
Frequency 500kHz 1MHz 1MHz 500kHz 1MHz
Outputs Dual Alternating, | Single, Totem Single, Totem Single, Totem | Dual Alternating,
P Totem Pole Pole Pole Pole Totem Pole
Startup Current 500pA 4.5mA
Leading Edge Blanking N/A N/A Y
Soft Start Y Y Y Y
Maximum Duty Cycle 50% / 50% Programmable | Programmable 50% 50% / 50%
Separate Oscillator / Synchronization Y Y y
Terminal
DN-45, U-93, . -
Application / Design Note U-97, U-100A, | U-135,U-140 | U-135, U-140 DN-28 s,
U-111 )
Pin Counts 16 16 24 18 16
Page Number PS/3-302 PS/3-309 PS/3-317 PS/3-327 PS/3-333

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
«» The smallest available pin count for thru-hole and surface mount packages.
O Pulse- by-Pulse Current Limiting Not Applicable.

+ New Product
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PWM Control (cont.)

L]

Current Mode Controllers UNITRODE PART NUMBER
u
UCC3880-4 UCC3880-5 UCC3880-6 UCC3882 UCC3884
Off-Line or
Application Microprocessor | Microprocessor | Microprocessor | Microprocessor Frl?ecllgr?c
PP Power Power Power Power quency
Foldback
Controller
Topology Buck Buck Buck SyncBhurg;ous Fog\ﬁgﬂ gg’f;Ck’
Voltage Reference Tolerance 1%* 1%* 1%* 1%* 2%
Peak Output Current 150 1.5 1.5A 150 0.5 Source, 1A
Under Voltage Lockout 10.5V/ 10V 10.5V/ 10V 10.5V/ 10V 10.5V/ 10V 8.9V /8.3V
Maximum Practical Operating
Frequency 100kHz 200kHz 400kHz 700kHz 750kHz
. ' Dual, N-FET .
Outputs Single Single Drive Single
Startup Current 200pA
Leading Edge Blanking
Average Current Mode Y Y Y
FoldbackCurrent Limiting Y Y Y
Soft Start Y
Maximum Duty Cycle 95% 95% 95% 80%
Separate Oscillator / Synchronization Y
Terminal
4 Bit 4 Bit 4 Bit 5 Bit
; Programmable | Programmable | Programmable | Programmable
Special Features Output Voltage, | Output Voltage, | Output Voltage, | Output Voltage,
UV/OV Monitor | UV/OV Monitor | UV/OV Monitor | UV/OV Monitor
Application / Design Note U-140 U-140 U-140 U-140 DN-65, U-164
Pin Counts 24 18 16 28 16
Page Number PS/3-373 PS/3-373 PS/3-373 PS/3-380 PS/3-393

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
% The smallest available pin count for thru-hole and surface mount packages.
* Combined Reference, DAC, and Error Amplifier Tolerance.

+ New Product
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PWM Control (cont.)

Current Mode Controllers EUREDE AR LIELIEER
UC3886

— Microprocessor
Application P%wer
Topology Buck
Voltage Reference Tolerance 1.5%
Peak Output Current 1.5A
Under Voltage Lockout 10.3V/10.05V
Maximum Practical Operatin
Frequency P o 400kHz
Outputs Single
Startup Current
Leading Edge Blanking
Average Current Mode
FoldbackCurrent Limiting
Soft Start
Maximum Duty Cycle 95%
Separate Oscillator / Synchronization
Terminal

External
Special Features Reference Input,
Use with UC3910
Application / Design Note U'1‘L0_'1L5];156'
Pin Counts 16
Page Number PS/3-400

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
<« The smallest available pin count for thru-hole and surface mount packages.
+ New Product
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PWM Control (cont.)

Dedicated DC/DC Controllers
UC2577-12
Simple Step-up Voltage

Description Regulator

Selection Guides ~ PWM Control

UNITRODE PART NUMBER

UC2577-15

Simple Step-up Voltage
Regulator

L]

UC2577-ADJ

Simple Step-up Voltage
Regulator

3A Step-up Switching
Regulator for Boost, Flyback,

3A Step-up Switching
Regulator for Boost, Flyback,

3A Step-up Switching
Regulator for Boost, Flyback,

Application and Forward Converter and Forward Converter and Forward Converter
Applications Applications Applications
Output Voltage 12V 15V Adjustable

*Circuit Requires Few
External Components

*NPN Output Switches 3A

¢ Current Mode Operation for
Improved Response

*Fixed and Adjustable Output
Versions Available

Special Features

¢ Circuit Requires Few
External Components

*NPN Output Switches 3A

*Current Mode Operation for
Improved Response

*Fixed and Adjustable Output
Versions Available

*Circuit Requires Few
External Components

*NPN Output Switches 3A

¢ Current Mode Operation for
Improved Response

*Fixed and Adjustable Output
Versions Available

Application / Design Note DN-47, DN-49 DN-47, DN-49 DN-49
Pin Counts 5 5 5
Page Number PS/3-31 PS/3-31 PS/3-36

< The smallest available pin count for thru-hole and surface mount packages.
+ New Product

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
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PWM Control (cont.)

L]

Dedicated DC/DC Controllers UNITRODE PART NUMBER
i
UC3572 UC3573 UC3578 UCC3585+
Low Input Voltage
Low Power, High | Low Power, High Synchronous
Application Efficiency, Spot | Efficiency, Spot DC-DC Buck Regulator
Regulator Regulator with Output
Voltage Tracking
) Voltage Mode
Negative Output
Topology Flyback Buck Buck Syn%hur(c;);ous
Voltage Reference Tolerance 2% 2% 2% 1%
0.6A Source,
Peak Output Current 0.5A 0.5A 0.8A Sink 0.5A
Maximum Practical Operating 100kHz Internal
Frequency 300kHz 300kHz Oscillator 700kHz
Outouts Single, Totem Single, Totem | Single, Floating P FET/N FET
p Pole Pole Totem Pole Synchronous
Startup Current N/A 2.3mA
VoltageFeedforward N
Soft Start Y Y
Maximum Duty Cycle 100% 100% 90% 100%
Separate Oscillator / Synchronization N
Terminal
Application / Design Note DN-70 U-167
Pin Counts 8 8 16 16
Page Number PS/3-108 PS/3-112 PS/3-116 PS/3-154

+ New Product

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
% The smallest available pin count for thru-hole and surface mount packages.




Selection Guides ~ PWM Control @ —

PWM Control (cont.)

UNITRODE PART NUMBER

Dedicated DC/DC Controllers

UCC39401+ UCC3941 UCC39411/2/3+

Application Pager Power High; ggiitegg\r/nllr;tr(tegrrated nggyllzr:gﬁlre()%%yutogcl)gsotwer
Conversion
*High Efficiency Boost *Full Load Startup at 1V *200mW Output Power with
*1V Input *Power Limit Control g.a;\t/ery Voltages as low as
*Battery Charger * Auxiliary 9V Supply «Power Limit Control
Special Features *Backup LDO *Output Disconnect * Adaptive Current Mode
¢ Shutdown Mode Control
* Auxiliary 7V Supply
* Shutdown Mode
Application / Design Note
Pin Counts 20 8 8
Page Number PP/7-34 PP/7-45 PP/7-58

Dedicated DC/DC Controllers UNITRODE PART NUMBER
i
UCC39421/2+ UCC3954
Description Multimode HF PWM Controller S'Tglg é:\?l&m?;on
o High Efficiency Boost, Sepic High Efficiency Flyback
Application Flyback Converter Converter
*2mHz Operation *Fixed 3.3V Output
1.8V Input *750mA Output Current
Special Features *Current Limit L ow Battery Warning
*Power-on Reset | ow Battery Disconnect
*Low Voltage Detect ¢ Shutdown Mode
Application / Design Note
Pin Counts 16, 20 8
Page Number PP/7-66 PP/7-93

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
% The smallest available pin count for thru-hole and surface mount packages.
+ New Product




PWM Control (cont.)

Selection Guides ~ PWM Control U -

MicroProcessor UNITRODE PART NUMBER
Power Controllers UCC3588+ UCC3830-4 UCC3830-5 UCC3830-6 UCC3880-4
-~ Synchronous Microprocessor | Microprocessor | Microprocessor | Microprocessor
Application Ejvlfﬁ]ksﬂgg%%g P%wer P%wer P%wer PFz)wer
Voltage Mode
Topology Synchronous Buck Buck Buck Buck
Buck
Voltage Reference Tolerance 1% 1%* 1%* 1%* 1%*
Peak Output Current 1A 1.5A 1.5A 1.5A 1.5A
“F"rae’;'t’};‘:]'gyprac“ca' Operating 700kHz 100kHz 200kHz 400kHz 100kHz
Outputs S?/ﬁsm\:;gls Single Single Single Single
Soft Start Y
Average Current Mode Y Y Y Y
FoldbackCurrent Limiting Y Y Y Y
Maximum Duty Cycle 100% 95% 95% 95% 95%
5 Bit 5 Bit 5 Bit 4 Bit
Special Features ou ollage, | Output Vaage, | Ouiput Votage, | Outout Volizge
UV/OV Monitor | UV/OV Monitor | UV/OV Monitor | UV/OV Monitor
Application / Design Note U-140
Pin Counts 16 20 20 20 20
Page Number PS/3-163 PS/3-263 PS/3-263 PS/3-263 PS/3-373

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
«»The smallest available pin count for thru-hole and surface mount packages.
* Combined Reference, DAC, and Error Amplifier Tolerance.

+ New Product
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PWM Control (cont.)

MicroProcessor UNITRODE PART NUMBER
Power Controllers UCC3880-5 UCC3880-6  UCC3882

L Microprocessor | Microprocessor | Microprocessor
Application Power Power Power
Topology Buck Buck Syn%hJSQOUS
Voltage Reference Tolerance 1%* 1%* 1%*
Peak Output Current 1.5A 1.5A 1.5A
Maximum Practical Operating
Frequency 200kHz 400kHz 700kHz
Outputs Single Single Duaé)’r!:l,;}FET
Soft Start
Average Current Mode Y Y Y
FoldbackCurrent Limiting Y Y Y
Maximum Duty Cycle 95% 95% 95%

4 Bit 4 Bit 5 Bit

: Programmable | Programmable | Programmable

Special Features Output Voltage, | Output Voltage, | Output Voltage,
UV/OV Monitor | UV/OV Monitor | UV/OV Monitor

Application / Design Note U-140 U-140 U-140

Pin Counts 20 20 28

Page Number PS/3-373 PS/3-373 PS/3-380

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
++The smallest available pin count for thru-hole and surface mount packages.

* Combined Reference, DAC, and Error Amplifier Tolerance.

+ New Product
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PWM Control (cont.)

MicroProcessor UNITRODE PART NUMBER

] _

Power Support UCC391+ UC3910 UCC3946
Description 5-Bit DAC 5V Operation Referep:jl,t 4N-Ilcj)|rt1it[2);r\o and M'C\Arlﬁﬁr\(;\? ;zsh%rozu_ﬁ(ranr\élrsor
Sets Control Voltage for Sets Control Voltage for '
Application UC3886 and other Precision | UC3886, UC3870 and other Accuraée; I\/(I;gic;;i)orﬁcessor
PWMs Precision PWMS P
*5V Operation *4-bit DAC Sets Output *Programmable Reset Period
*1% Combined Reference xfgaggdzf PWM, Meets Intel *Programmable Watchdog
) and DAC Tolerance _ Period
Special Features *Meets VID Code for Pentium *1% Combined Reference *1.5% Accurate Threshold
and DAC Tolerance
Il Processors e4mA IDD
*Qver and Under Voltage
Monitoring and Protection
Application / Design Note U-157, U-158
Pin Counts 8 16 8
Page Number PS/3-434 PS/3-437 PP/7-88

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
«»The smallest available pin count for thru-hole and surface mount packages.
+ New Product
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PWM Control (cont.)

L]

Post Regulation Controllers UNITRODE PART NUMBER
ulati
s UCC3583 UC3584 UC3838A
DC-DC
-~ Secondary Side | Secondary Side Mag-Amp
Application Post Regulation | Synchronous Controller
Post Regulator
Topology Buck Buck
Voltage Reference Tolerance 1.5% 1% 1%
1.5A Source, | 1.5A Source and | 120mA Reset
Peak Output Current 0.5A Sink Sink Current
Maximum Practical Operating
Frequency 500kHz 1MHz
Undervoltage_ockout 9.0vV/8.4V 10.5V/8.8V N/A
Single, Totem Single, Totem
Outputs Pole Pole
Startup Current 100uA N/A
Voltage Feedforward N/A
Soft Start Y Y
Maximum Duty Cycle 95% 94%
Separate Oscillator / Synchronization Y y
Terminal
*For Both Single | *Can Use *Dual Op-Amps
Ended and Existing _
Center Tapped |  Windings * le/g\r/ Reset
Secondary *Internally
Circuits Regulated 15V
) *Operation Boost Supply
Special Features From Floating Bias for Low
Supply Voltage
Referenced to Applications
Output ¢ Short Circuit
Protection with
Programmable
Delay
Application / Design Note DN-64 DN-64, DN-83 DN-47
Pin Counts 14 16 16, 20
Page Number PS/3-139 PS/3-148 PS/3-272

+ New Product

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
<+ The smallest available pin count for thru-hole and surface mount packages.




Secondary Side
PWM Control

UC3826
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PWM Control (cont.)

UNITRODE PART NUMBER

UCC38390

UC38490

UCC3960+

L]

UCC3961+

Secondary Side, | Secondary Side, | Secondary Side, ) o . Qi
Application Average Current | Average Current | Average Current ST;ma%g;]?I%| Sglrrt?]a%(?ﬁﬁ)l
Mode Mode Control Mode P P
Forward, Flyback, Forward, Flyback,
Topology Buck, Boost Any Topology Buck, Boost
Voltage Reference Tolerance 1% 1% 1% 5% 5%
10mA to Drive
Peak Output Current 0.25A Opto-coupler 0.25A 1.5A 1.5A
UndervoltageLockout 8.4V/8V 8.3V/7.9V 10V /8V 10V /8V
400kHz 400kHz
Maximum Practical Operating Synchronizable | Synchronizable
Frequency 1MHz 1MHz 1MHz Switching Switching
Frequency Frequency
Single, Totem Opto-coupler Single, Totem . .
Outputs Pole Drive Pole Single Single
Startup Current 150uA 150pA
Leading Edge Blanking N/A N/A N/A N/A
Soft Start Y Y Y Y
. Programable V-S
Maximum Duty Cycle Programmable Programmable Clamp
Separate Oscillator / Synchronization Y Y
Terminal
*Multimode
ove
Protection,
Special Features *Programable
QOVand UV,
*Self Bias
Regulation.
Application / Design Note U-135, U-140 U-140 U-135, U-140 DN-99 DN-99
Pin Count< 24 14 24 8 14
Page Number PS/3-247 PS/3-276 PS/3-317 PS/3-442 PS/3-450

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
<+ The smallest available pin count for thru-hole and surface mount packages.
O Pulse- by-Pulse Current Limiting Not Applicable.

+ New Product

3-20



PWM Control (cont.)

Selection Guides ~ PWM Control

L]

_ UNITRODE PART NUMBER
Soft Switching Controllers
UCC3580-1% UCC3580-2% UCC3580-3% UCC3580-4%  UC3860
Anplication Active Clamp/ | Active Clamp/ | Active Clamp/ | Active Clamp/ szfglgeber(r:é?? ’
PP Reset PWM Reset PWM Reset PWM Reset PWM P
Switching
Topology Forward, Flyback | Forward, Flyback | Forward, Flyback | Forward, Flyback Halt Errllggg Ful
Voltage Reference Tolerance 1.5% 1.5% 1.5% 1.5% 1%
Peak Output Current 1A/0.5A 1A/0.5A 1A/0.5A 1A/0.5A 2A
Undervoltagelockout 9v/8.5V 15V /8.5V 9v/8.5V 15V /8.5V 17.3V/10.5V
Maximum Practical Operating
Frequency 1MHz 1MHz 1MHz 1MHz 2MHz
Dual Dual
Dual Dual Dual
Outputs Complementary, | Complementary, qurg?éinmsgfsw, qu_rg{);er)nmgglt:ry, Programmable,
Totem Pole Totem Pole y ; Totem Pole
Inverted Out2 Inverted Out2
Startup Current 50uA 50uA 50pA 50pA 300pA
VoltageFeedforward Y Y Y Y
Soft Start Y Y Y Y
Maximum Duty Cycle Programmable | Programmable | Programmable | Programmable | Programmable
Separate Oscillator / Synchronization
Terminal Y Y Y Y Y
Application / Design Note DN-65 DN-65 DN-65 DN-65
Pin Counts 16 16 16 16 24,28
Page Number PS/3-122 PS/3-122 PS/3-122 PS/3-122 PS/3-341

% Does Not Feature Current Limiting.
+ New Product

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
<+ The smallest available pin count for thru-hole and surface mount packages.
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PWM Control (cont.)

L]

Soft Switchina Controller UNITRODE PART NUMBER
OFf SWITENINg “ONITOTers UC3861  UC3862  UC3863  UC3864  UC3865
o Oftine, Zero | &-DOand | DC-DCand - DEDCaNd | oy g 70
Applcaton Vollage SWISin e Suiching | Volags Sulching  Votge Shcring| CHTert SHiching
Topology Half Err:ggz Full Forward, Flyback Half E:?jgz Full Forward, Flyback Half grr:ggz Ful
Voltage Reference Tolerance 1% 1% 1% 1% 1%
Peak Output Current 1A 1A 1A 1A 1A
UndervoltageLockout 16.5V/10.5V 16.5V/10.5V 8V /7Vv 8V /7v 16.5V/10.5V
“F"raeﬁﬂje‘:]”c“yprac“ca' Operating 1MHz 1MHz 1MHz 1MHz 1MHz
Outputs Dual Alternating, | Single, Totem | Dual Alternating, | Single, Totem | Dual Alternating,
Totem Pole Pole Totem Pole Pole Totem Pole
Startup Current 150pA 150pA 150pA 150uA 150pA
VoltageFeedforward
Soft Start
Maximum Duty Cycle 50% / 50% 100% 50% / 50% 100% 50% / 50%
Separate Oscillator / Synchronization
Terminal
Application / Design Note U-122, U-138 U-122, U-138 U-122, U-138 U-122, U-138 U-122, U-138
Pin Counts 16 16 16 16 16
Page Number PS/3-349 PS/3-349 PS/3-349 PS/3-349 PS/3-349

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
«»The smallest available pin count for thru-hole and surface mount packages.

+ New Product
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PWM Control (cont.)

Soft Switching Controllers

UC3866

UNITRODE PART NUMBER

UC3867

UC3868

UC3875

L]

UC3876

Off-line. Zero DC-DC and DC-DC and Zero Voltage Zero Voltage

Application Current SWitchin Battery, Zero Battery, Zero | Transition, Phase | Transition, Phase

9 Current Switching | Current Switching |  Shifted Bridge Shifted Bridge
Topology Forward, Fiyback | & Err'iggz’ Full | Forward, Fiyback |~ Full Bridge Full Bridge
Voltage Reference Tolerance 1% 1% 1% 1% 1%
Peak Output Current 1A 1A 1A 2A 2A
Undervoltage_ockout 16.5V/10.5V 8V /7v 8Vv/7v 10.75V/9.5V 15.25V/9.25V
Maximum Practical Operating
Frequency 1MHz 1MHz 1MHz 1MHz 1MHz

. . ) Quad Phase Quad Phase
Outputs Slnglsél"l'eotem Du%élﬁrggltgng, Slnglgél'le'}otem Shifted, Totem | Shifted, Totem
Pole Pole

Startup Current 150pA 150uA 150uA 150uA 150pA
Soft Start Y Y
Maximum Duty Cycle 100% 50% / 50% 100% 100% 100%
Separate Oscillator / Synchronization Y y
Terminal
Application / Design Note U122,U188 | U-t22, U138 | U122, U-13s | DNVES AT | DIVES BT,
Pin Counts 16 16 16 20, 28 20,28
Page Number PS/3-349 PS/3-349 PS/3-349 PS/3-357 PS/3-357

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
“+The smallest available pin count for thru-hole and surface mount packages.

+ New Product
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PWM Control (cont.)

L]

Soft Switchina Controllers UNITRODE PART NUMBER
witchi
Y uc3gr7 uC3878 uC3879 UCC3895+

Zero Voltage Zero Voltage Zero Voltage Z.?:gn\éiot:fr?e

Application Transition, Phase | Transition, Phase | Transition, Phase Phase. Shifted
Shifted Bridge Shifted Bridge Shifted Bridge B rfd ge

Topology Full Bridge Full Bridge Full Bridge Full Bridge

Voltage Reference Tolerance 1% 1% 1% 1%

Peak Output Current 2A 2A 0.1A 0.1A

Selectable
Undervoltagelockout 10.75V /9.5V 15.25V/9.25V | 10.75V/9.5V, 1V /v
15.25V /9.25V

Maximum Practical Operating

Frequency 1MHz 1MHz 300kHz 1MHz
Quad, Phase Quad Phase Quad Phase Quad, Phase

Outputs Shifted, Totem | Shifted, Totem | Shifted, Totem | Shifted, Totem

Pole Pole Pole Pole

Startup Current 150pA 150pA 150pA 150uA

Leading Edge Blanking

Soft Start Y Y Y Y

Maximum Duty Cycle 100% 100% 100% 100%

Separate Oscillator / Synchronization

Terminal Y Y Y Y

Application / Design Note DNS_:}%’?)%K 1, DN'S_31‘3%'A1 1, B'\1‘3663A UU111514 DN-63, U-136A

Pin Count< 20,28 20,28 20 20

Page Number PS/3-357 PS/3-357 PS/3-367 PS/3-425

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
“+The smallest available pin count for thru-hole and surface mount packages.

+ New Product




PWM Control (cont.)

Voltage Mode Controllers

UC3524+3

UNITRODE PART NUMBER

UC3524A

UC3525

UC3525B

Selection Guides ~ PWM Control U -

UC3526

Fixed Frequency | Fixed Frequency | Fixed Frequency | Fixed Frequency | Fixed Frequency
Application PWM, Off-line, PWM, Off-line, PWM, Off-line, PWM, Off-line, PWM, Off-line,
DC-DC DC-DC DC-DC DC-DC DC-DC
Tonolo Forward, Flyback, | Forward, Flyback, | Full Bridge, Half | Full Bridge, Half | Full Bridge, Half
pology Buck, Boost Buck, Boost Bridge Bridge Bridge
Voltage Reference Tolerance 4% 1% 1% 0.75% 1%
Peak Output Current 100mA 200mA 400mA 200mA 100mA
Undervoltage_ockout 75V/7V v v Y
Maximum Practical Operating 300kHz 500kHz 500kHz 500kHz 400KHz

Frequency

Outputs

Dual Alternating,

Dual Alternating,

Dual Alternating,

Dual Alternating,

Dual Alternating,

Uncommitted Uncommitted Totem Pole Totem Pole Totem Pole
Startup Current 4mA
VoltageFeedforward
Soft Start Y Y Y
Maximum Duty Cycle 50% / 50% 50% / 50% 50% / 50% 50% / 50% 50% / 50%
Separate Oscillator / Synchronization
Terpminal g Y Y Y Y Y
Application / Design Note DN-36 DN-36
Pin Counts 16 16 16 16 16
Page Number PS/3-43 PS/3-48 PS/3-54 PS/3-61 PS/3-68

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
«»The smallest available pin count for thru-hole and surface mount packages.

+}+ Does Not Feature UVLO.
+ New Product
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PWM Control (cont.)

Voltage Mode Controllers

UNITRODE PART NUMBER

Selection Guides ~ PWM Control U -

UC3526A UC3527A UC3527B UC3548 UCC3570
o Fixed Frequ.ency Fixed Frequgncy Fixed Frequgncy _ Wide Range
Application PWM Off-line, PWM, Off-line, PWM, Off-line, | Off-line, DC-DC Off-line ’
DC-DC DC-DC DC-DC
Voltage Reference Tolerance 1% 1% 0.75% 1% 1%
Peak Output Current 100mA 400mA 200mA 2A 500mA
Undervoltage_ockout Y v v 13V/10V 13V /9V
“F"raeﬁ{ﬂa‘:]”c“yprac“ca' Operating 550kHz 500kHz 500kHz 1MHz 500kHz
Outputs Dual Alternating, | Dual Alternating, | Dual Alternating, | Single, Totem Single, Totem
Totem Pole Totem Pole Totem Pole Pole Pole
Startup Current 500uA 85UA
VoltageFeedforward Y Y
Soft Start Y Y Y Y Y
Maximum Duty Cycle 50% / 50% 50% / 50% 50% / 50% Programmable 100%
Separate Oscillator / Synchronization Y v Y
Terminal
Application / Design Note DN-36 DN-36 %%%85%’\‘165%
Pin Count< 18 16 16 16 14
Page Number PS/3-75 PS/3-54 PS/3-61 PS/3-83 PS/3-91

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
% The smallest available pin count for thru-hole and surface mount packages.

+ New Product
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PWM Control (cont.)
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Voltage Mode Controllers UNITRODE PART NUMBER
J UCC35701+ UCC3580-1% UCC3580-2% UCC3580-3% UCC3580-4%
Wide Range . . . .

—_ ) Active Clamp/ | Active Clamp/ | Active Clamp/ | Active Clamp/
Application DODCAd | “ResetPWM | ResetPWM | ResetPWM | ResetPWN
Topology Fgm’ﬁrgﬁ g I%t;(a)glt(, Forward, Flyback | Forward, Flyback | Forward, Flyback | Forward, Flyback
Voltage Reference Tolerance 1% 1.5% 1.5% 1.5% 1.5%
Peak Output Current 1.2A 1A/0.5A 1A/0.5A 1A/0.5A 1A/0.5A
Undervoltage_ockout 13V /9V 9v/8.5vV 15V/8.5V 9Vv/8.5V 15V /8.5V
Maximum Practical Operating
Frequency 700kHz 1MHz 1MHz 1MHz 1MHz

Dual Dual

. Dual Dual
Outputs SmgISBILOtem Complementary, | Complementary, Cgrn;{);}anmgglt:ry, qu_n;?é%msgltsry,
Totem Pole Totem Pole Inverted Out2 Inverted Out2

Startup Current 130pA 50uA 50pA 50pA 50pA
VoltageFeedforward Y Y Y Y Y
Soft Start Y Y Y Y Y
Maximum Duty Cycle 100% Programmable | Programmable | Programmable | Programmable
Separate Oscillator / Synchronization
Terminal Y Y Y Y Y

P - DN-48, DN-62,

Application / Design Note DN-65, U-150 DN-65 DN-65 DN-65 DN-65
Pin Counte 14 16 16 16 16
Page Number PS/3-99 PS/3-122 PS/3-122 PS/3-122 PS/3-122

% Does Not Feature Current Limiting.
+ New Product

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
<+ The smallest available pin count for thru-hole and surface mount packages.
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Selection Guides ~ PWM Control

PWM Control (cont.)

L]

Voltage Mode Controllers UNITRODE PART NUMBER
J UCC3581 UCC3588+ UCC3888 UCC3889 UCC3890
Off-line, Primary
Aoplication Side PWM for | oPMOMUS | it jng power | Offine Power | Off-ine Battery
PP ISDN with 5 B% DAC Supply Controller | Supply Controller | Charge Controller
Applications
Voltage Mode
Topology Forward, Flyback | ~ Synchronous Flyback Flyback Flyback
Buck

Voltage Reference Tolerance 1.5% 1% 3% 3% 4%
Peak Output Current 1A 1A 0.15A 0.15A 0.15A
Undervoltagelockout 7.3V/6.8V 10.5V/ 10V 8.4V/6.3V 8.4V/6.3V 8.6V/6.3V
Maximum Practical Operating
Frequency 100kHz 700kHz 250kHz 250kHz 250kHz
Outputs Single, Totem Dual NFET Single, Totem Single, Totem Single, Totem

P Pole Synchronous Pole Pole Pole
Startup Current 100pA 150uA 150uA
VoltageFeedforward Y Y Y
Soft Start Y Y
Maximum Duty Cycle Programmable 100% 55% 55% N/A
Separate Oscillator / Synchronization v
Terminal
Application / Design Note DN-48, DN65 DN-59A, U-14ga | DNVE3A DILES.
Pin Counte 14 16 8 8 8
Page Number PS/3-131 PS/3-163 PS/3-407 PS/3-412 PS/3-418

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.
<+ The smallest available pin count for thru-hole and surface mount packages.

+ New Product
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PWM Control (cont.)

Voltage Mode Controllers

Selection Guides ~ PWM Control

UNITRODE PART NUMBER
UC494A/AC  UC495A/AC

L]

Application DC-DC DC-DC
Buck, Boost, Buck, Boost,

Topology Push-Pull, Half | Push-Pull, Half
Bridge Bridge

Voltage Reference Tolerance 1% 1%

Peak Output Current 200mA 200mA

Undervoltagelockout 5V/4.7V 5V/47V

Maximum Practical Operating

Frequency

Outputs Dual Floating Dual Floating

Startup Current 6mA 6mA

Voltage Feedforward

Soft Start

Maximum Duty Cycle

Separate Oscillator / Synchronization

Terminal

Special Features On (Zlgr:%?QV

Application / Design Note DN-38 DN-38

Pin Counts 16 18

Page Number PS/3-460 PS/3-460

All products feature Pulse-by-Pulse Current Limiting and UVLO unless otherwise noted.

% The smallest available pin count for thru-hole and surface mount packages.

+ New Product
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Simple Step-Up Fixed Voltage Regulators

FEATURES

e Requires Few External Components
e NPN Output Switches 3.0A, 65V(max)
e Extended Input Voltage Range: 3.0V to 40V

e Current Mode Operation for Improved
Transient Response, Line Regulation, and

Current Limiting

e Soft Start Function Provides Controlled

Startup

e 52kHz Internal Oscillator

e Qutput Switch Protected by Current Limit,
UVLO and Thermal Shutdown

e Improved Replacement for LM2577 Series

TYPICAL APPLICATIONS
e Simple Boost and Flyback Converters

e Transformer Coupled Forward Regulators

e SEPIC Topology Permits Input Voltage to
be Higher or Lower than Output Voltage

e Multiple Output Designs

BLOCK DIAGRAM

UC2577-12/15

DESCRIPTION

The UC2577 family of devices provides all the active functions nec-
essary to implement step-up (boost), flyback, and forward converter
switching regulators. Requiring only a few components, these sim-
ple regulators efficiently provide fixed output voltages of 12V or 15V
as step-up regulators.

The UC2577 series features a wide input voltage range of 3.0V to
40V. An on-chip 3.0A NPN switch is included with undervoltage
lockout, thermal protection circuitry, and current limiting, as well as
soft start mode operation to reduce current during startup. Other
features include a 52kHz fixed frequency on-chip oscillator with no
external components and current mode control for better line and
load regulation.

For Applications Information, see the UC2577-ADJ data sheet, De-
sign Note DN-48 "Versatile Low Power SEPIC Converter Accepts
Wide Input Voltage Range", and Design Note DN-49 "UC2577 Easy
Switcher Controls SEPIC Converter for Automotive Applications".

vinO

Vour

T~ CIN

Current Limit,
Thermal Limit, and
Undervoltage Shutdown

L,

- 3A, 65V
Logic g;',:;e’ H NPN
Switch

Corrective Ramp

+ Voltage

Current Sense
Voltage

FB

R1

Current
Sense
Resistor

UDG-94036
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UC2577-12

ABSOLUTE MAXIMUM RATINGS (Note 1)
SupplyVoltage . . ......... .. i 45V
Output Switch Voltage . ............ ... .. . ... 65V
Output Switch Current (Note 2) ..................... 6.0A
Power Dissipation. . .................... Internally Limited
Storage Temperature Range . . ........... —65°C to +150°C
Lead Temperature (Soldering, 10sec.) .............. 260°C
Maximum Junction Temperature .. ................. 150°C
Minimum ESD Rating (C = 100pF, R=1.5kQ) .......... 2kv

RECOMMENDED OPERATING RANGE

Supply Voltage . . ...................... 3.0V <VIN <40V
Output Switch Voltage .. .............. 0V <VswITCH <60V
Output Switch Current . ................... IswiTCH <3.0A
Junction Temperature Range. .. ....... —40°C< Tu<+125°C

UC2577-12/15

CONNECTION DIAGRAM

5-Pin TO-220 (Top View)
T Package

S VIN
4———— 1 SWITCH
O 33— GND
2—FB
o1 ——— COMP

Also available in TO-263 Package (TD).

ORDERING INFORMATION

UC2577T-12 5 Pin TO-220 Plastic Package
UC2577T-15 5 Pin TO-220 Plastic Package
UC2577TD-12 5 Pin TO-263 Plastic Package
UC2577TD-15 5 Pin TO-263 Plastic Package

ELECTRICAL CHARACTERISTICS Unless otherwise stated, these specifications apply for TA = —40°C to +125°C, VIN =
5V, IswitcH = 0, and TA =TJ.

UC2577-12
PARAMETER | TEST CONDITIONS MIN | TYP | mAX |uNITS
System Parameters Circuit Figure 1 (Note 3)
Output Voltage VIN =5V to 10V, ILoAD = 100mA to 800mA 11.40 | 12.0 | 12.60 \
TJ=25°C 11.60 12.40 Vv
Line Regulation VIN = 3.0V to 12V, ILoAD = 300mA 20 100 mV
TJ=25°C 50 mV
Load Regulation VIN =5V, ILoAD = 100mA to 800mA 20 100 mV
TJ=25°C 50 mV
Efficiency VIN =5V, ILOAD = 800mA 80 %
Device Parameters
Input Supply Current VFB = 14V (Switch Off) 7.5 14 mA
TJ=25°C 10 mA
IswiTcH = 2.0A, Vcomp = 2.0V (Max Duty Cycle) 45 85 mA
TJ=25°C 70 mA
Input Supply UVLO IswiTcH = 100mA 2.70 | 2.95 \'
TJ=25°C 2.85 )
Oscillator Frequency Measured at SWITCH Pin, IswitcH = 100mA 42 52 62 kHz
Ty=25°C 48 56 kHz
Output Reference Voltage Measured at FB Pin, VIN = 3.0V to 40V, Vcomp = 1.0V | 11.64 12 12.36 V
TJ=25°C 11.76 12.26 Vv
Reference Voltage Line Regulation  [VIN = 3.0V to 40V 7 mV
FB Pin Input Resistance 9.7 kQ
Error Amp Transconductance Icomp = —30pA to +30uA, Vcomp = 1.0V 145 370 615 | umho
TJ=25°C 225 515 | umho
Error Amp Voltage Gain Vcomp = 0.8V to 1.6V, Rcomp = 1.0MQ (Note 4) 25 80 VIV
Ty=25°C 50 VIV
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UC2577-12/15

ELECTRICAL CHARACTERISTICS Unless otherwise stated, these specifications apply for TA = -40°C to +125°C, VIN =
5V, IswitcH = 0, and TA =TJ.

UC2577-12
PARAMETER | TEST CONDITIONS MIN | TYP | max |uniTs
Device Parameters (cont.)
Error Amplifier Output Swing Upper Limit VFB = 10.0V 2.0 2.4 \'
TJ=25°C 2.2 \%
Lower Limit VFB = 15.0V 0.3 0.55 Vv
TJ=25°C 0.40 \
Error Amp Output Current VFB = 10.0V to 15.0V, Vcomp = 10.0V +90 | +200 | +400 | pA
TJ=25°C +130 +300 A
Soft Start Current VFB = 10.0V, Vcomp = 0.5V 1.5 5.0 9.5 uA
TJ=25°C 25 7.5 A
Maximum Duty Cycle Vcomp = 1.5V, IswITCH = 100mA 90 95 %
Ty=25°C 93 %
Switch Transconductance 125 AN
Switch Leakage Current VSwITCH = 65V, VFB = 1.5V (Switch Off) 10 600 A
TJ=25°C 300 A
Switch Saturation Voltage IswiTcH = 2.0A, Vcomp = 2.0V (Max Duty Cycle) 0.5 0.9 Vv
TJ =25°C 0.7 \'
NPN Switch Current Limit Vcowmp = 2.0V 3.0 4.3 6.0 A
Thermal Resistance Junction to Ambient 65 °C/W
Junction to Case 2 °C/W
COMP Pin Current Vcomp =0 25 50 UA
Ty = 25°C 40 A
VIN
L
100pH D 10k Vout
5 1N5821
VIN  SWITCH 120 ? 24
+
T220pF TTOMF 4| s |2 - gg’g;F SWit sw2% 5o o [ovMm]

2k |UC2577  GND

To.ssuF

— UDG-94037

L = 415-0930 (AIE) D = any manufacturer

Figure 1. Circuit Used to Specify System Parameters
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uUC2577-15

ABSOLUTE MAXIMUM RATINGS (Note 1)
SupplyVoltage . . ......... .. i 45V
Output Switch Voltage . ............ ... .. . ... 65V
Output Switch Current (Note 2) ..................... 6.0A
Power Dissipation. . .................... Internally Limited
Storage Temperature Range . . ........... —65°C to +150°C
Lead Temperature (Soldering, 10sec.) .............. 260°C
Maximum Junction Temperature .. ................. 150°C
Minimum ESD Rating (C = 100pF, R=1.5kQ) .......... 2kv

UC2577-12/15

RECOMMENDED OPERATING RANGE

Supply Voltage ... ... 3.0V <VIN <40V
Output Switch Voltage ................ 0V <VswITCH <60V
Output Switch Current .. .................. IswiTcH <3.0A
Junction Temperature Range. . ........ —-40°C<Ty<+125°C

See Page 2 of this data sheet for Connection Dia-

ELECTRICAL CHARACTERISTICS Unless otherwise stated, these specifications apply for TA = —40°C to +125°C, VIN =
5V, IswitcH = 0, and TA =TJ.

UC2577-15
PARAMETER | TEST CONDITIONS MIN | TYP | mAX |uNITS
System Parameters Circuit Figure 2 (Note 3)
Output Voltage VIN =5V to 12V, ILoAD = 100mA to 600mA 1425 | 15.0 | 15.75 \
TJ=25°C 14.50 15.50 \
Line Regulation VIN = 3.0V to 12V, ILoAD = 300mA 20 100 mV
TJ=25°C 50 mV
Load Regulation VIN =5V, ILOAD = 100mA to 600mA 20 100 mV
TJ=25°C 50 mV
Efficiency VIN =5V, ILOAD = 600mA 80 %
Device Parameters
Input Supply Current VFB = 1.5V (Switch Off) 7.5 14 mA
TJ=25°C 10 mA
IswiTcH = 2.0A, Vcomp = 2.0V (Max Duty Cycle) 45 85 mA
TJ=25°C 70 mA
Input Supply UVLO IswiTcH = 100mA 2.70 | 2.95 Vv
TJ=25°C 2.85 )
Oscillator Frequency Measured at SWITCH Pin, IswiTcH = 100mA 42 52 62 kHz
TJ=25°C 48 56 kHz
Output Reference Voltage Measured at FB Pin, VIN = 3.0V to 40V, Vcomp = 1.0V | 14.55 15 15.44 V
TJ=25°C 14.70 15.30 )
Reference Voltage Line Regulation  |VIN = 3.0V to 40V 10 mV
FB Pin Input Resistance 12.2 kQ
Error Amp Transconductance Icomp = —30pA to +30uA, Vcomp = 1.0V 110 300 500 | umho
TJ=25°C 170 420 | umho
Error Amp Voltage Gain Vcomp = 0.8V to 1.6V, Rcomp = 1.0MQ (Note 4) 20 65 VIV
TJ=25°C 40 VIV
Error Amplifier Output Swing Upper Limit VFB = 12.0V 2.0 2.4 Vv
TJ=25°C 2.2 \
Lower Limit VFB = 18.0V 0.3 0.55 )
TJ=25°C 0.40 )
Error Amp Output Current VFB = 12.0V to 18.0V, Vcomp = 1.0V +90 | +200 | £400 A
TJ=25°C +130 +300 | pA
Soft Start Current VFB = 12.0V, Vcomp = 0.5V 1.5 5.0 9.5 uA
TJ=25°C 25 75 A
Maximum Duty Cycle Vcomp = 1.5V, IswITCH = 100mA 90 95 %
TJ=25°C 93 %

Device Parameters (cont.)
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UC2577-12/15

ELECTRICAL CHARACTERISTICS Unless otherwise stated, these specifications apply for TA = -40°C to +125°C, VIN =
5V, IswitcH = 0, and TA =TJ.

UC2577-15
PARAMETER TEST CONDITIONS MIN | TYP | MAX |UNITS
Switch Transconductance 12.5 AN
Switch Leakage Current VSwITCH = 65V, VFB = 1.5V (Switch Off) 10 600 A
TJ=25°C 300 uA
Switch Saturation Voltage IswiTcH = 2.0A, Vcomp = 2.0V (Max Duty Cycle) 0.5 0.9 Vv
TJ=25°C 0.7 Vv
NPN Switch Current Limit Vcomp = 2.0V 3.0 4.3 6.0 A
Thermal Resistance Junction to Ambient 65 °C/W
Junction to Case 2 °‘C/W
COMP Pin Current Vcomp =0 25 50 UA
TJ=25°C 40 uA
VIN
L
100pH D 10k Vout
s IN5821 )
VIN  SWITCH 150 375 50
“R220pF TN OApF 2 = Cour sw;i‘o swtz\a = [ovM]
COMP FB 680puF o o 0.1pF
3k [UC2577-15 gyp
3
TO.33uF -«
= UDG-94038-1
L =415-0930 (AIE)* D = any manufacturer

Figure 2. Circuit Used to Specify System Parameters

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate condi-
tions during which the device is intended to be functional, but device parameter specifications may not be guaranteed under these
conditions. For guaranteed specifications and test conditions, see the Electrical Characteristics.

Note 2: Output current cannot be internally limited when the UC2577 is used as a step-up regulator. To prevent damage to the
switch, its current must be externally limited to 6.0A. However, output current is internally limited when the UC2577 is used as a fly-
back or forward converter regulator.

Note 3. External components such as the diode, inductor, input and output capacitors can affect switching regulator performance.
When the UC2577 is used as shown in the Test Circuit, system performance will be as specified by the system parameters.

Note 4: A 1.0MQ resistor is connected to the compensation pin (which is the error amplifier's output) to ensure accuracy in measur-
ing AvoL. In actual applications, this pin’s load resistance should be > 10MQ, resulting in AvoL that is typically twice the guaranteed
minimum limit.

*(AIE) is AIE Magnetics, Div. Vernitron Corp., 2801 72nd Street North, St. Petersburg, FL 33710. Tel. (813) 347-2181

UNITRODE CORPORATION
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 « FAX (603) 424-3460
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[application||lll UC2577-ADJ
Im

available

Simple Step-Up Voltage Regulator

FEATURES
e Requires Few External Components

o NPN Output Switches 3.0A, 65V(max)
e Extended Input Voltage Range: 3.0V to 40V

e Current Mode Operation for Improved
Transient Response, Line Regulation, and
Current Limiting

e Soft Start Function Provides Controlled
Startup

e 52kHz Internal Oscillator

e Output Switch Protected by Current Limit,
Undervoltage Lockout and Thermal
Shutdown

e Improved Replacement for LM2577-ADJ
Series

TYPICAL APPLICATIONS

DESCRIPTION

The UC2577-ADJ device provides all the active functions neces-
sary to implement step-up (boost), flyback, and forward converter
switching regulators. Requiring only a few components, these sim-
ple regulators efficiently provide up to 60V as a step-up regulator,
and even higher voltages as a flyback or forward converter regula-
tor.

The UC2577-ADJ features a wide input voltage range of 3.0V to
40V and an adjustable output voltage. An on-chip 3.0A NPN switch
is included with undervoltage lockout, thermal protection circuitry,
and current limiting, as well as soft start mode operation to reduce
current during startup. Other features include a 52kHz fixed fre-
quency on-chip oscillator with no external components and current
mode control for better line and load regulation.

A standard series of inductors and capacitors are available from
several manufacturers optimized for use with these regulators and
are listed in this data sheet.

CONNECTION DIAGRAM

e Simple Boost and Flyback Converters 5-Pin TO-220 (Top View)
e SEPIC Topology Permits Input Voltage to be T Package
Higher or Lower than Output Voltage 55— VIN
41 SWITCH
e Transformer Coupled Forward Regulators O 33— GND c
2—FB
e Multiple Output Designs O1———1COMP
Also available in TO-263 Package (TD).
BLOCK DIAGRAM
vin O NN, % (O Vour
- D
VIN }éwnw L oor
i - B -1
| L
| Current Limit, |
| Thermal Limit, and |
| Undervoltage Shutdown |
| |
| |
| Driver ish 65V |
} Stage L/* Switch }
| |
T~ CN } }
| n Corrective Ramp |
| Voltage |
: - |
| Current Sense I |
| Voltage | R1
} < 212 (1.28v)
|
| sl | @] pgme e
| Uc2577-ADJ Start Resistor |
L 1———— e —
[gcomp GND
Re
ch
- UDG-94034
3/97 3-36



ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage . ... 45V
Output Switch Voltage.. . . ... ... it 65V
Output Switch Current (Note 2) . .................... 6.0A
Power Dissipation. . .................... Internally Limited
Storage Temperature Range . ............ —65°C to +150°C
Lead Temperature (Soldering, 10sec.).............. 260°C
Maximum Junction Temperature . . ................. 150°C
Minimum ESD Rating (C = 100pF, R=15kQ)........... 2kV

UC2577-ADJ

RECOMMENDED OPERATING RANGE

Supply Voltage .. ............ ... ... 3.0V <VIN < 40V
Output Switch Voltage . . .. ............ 0V < VswITCH < 60V
Output Switch Current . ................... IswITCH < 3.0A
Junction Temperature Range. .. ....... —40°C < Tu<+125°C

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = —40°C to +125°C, VIN = 5V,

VFB = VREF, ISWITCH = 0, and TA =TJ.

PARAMETER \ TEST CONDITIONS [ min | TYP | max [uniTs
System Parameters Circuit Figure 1 (Note 3)
Output Voltage VIN =5V to 10V, ILOAD = 100mA to 800mA 1140 | 12.0 | 12.60 \%
Ty=25°C 11.60 12.40 Vv
Line Regulation VIN = 3.0V to 10V, ILoAD = 300mA 20 100 mV
TJ=25°C 50 mV
Load Regulation VIN = 5V, ILOAD = 100mA to 800mA 20 100 mV
TJ=25°C 50 mV
Efficiency VIN =5V, ILOAD = 800mA 80 %
Device Parameters
Input Supply Current VFB = 1.5V (Switch Off) 75 14 mA
Ty=25°C 10 mA
IswITCH = 2.0A, Vcomp = 2.0V (Max Duty Cycle) 45 85 mA
TJ=25°C 70 mA
Input Supply UVLO ISWITCH = 100mA 270 | 2.95 )
TJ=25°C 2.85 \
Oscillator Frequency Measured at SWITCH Pin, IswiTcH = 100mA 42 52 62 kHz
TJ=25°C 48 56 kHz
Reference Voltage Measured at FB Pin, VIN = 3.0V to 40V, Vcowvp = 1.0V | 1.206 | 1.230 | 1.254 \
TJ=25°C 1.214 1.246 \
Reference Voltage Line Regulation  |VIN = 3.0V to 40V 0.5 mV
Error Amp Input Bias Current Vcowmp = 1.0V 100 800 nA
TJ=25°C 300 nA
Error Amp Transconductance Icomp = —30uA to +30uA, Vcomp = 1.0V 1600 | 3700 | 5800 [ umho
TJ=25°C 2400 4800 | umho
Error Amp Voltage Gain Vcomp = 0.8V to 1.6V, Rcomp = 1.0MQ (Note 4) 250 800 VIV
TJ=25°C 500 VIV
Error Amplifier Output Swing Upper Limit VFB = 1.0V 2.0 2.4 \
TJ=25°C 2.2 \
Lower Limit VFB = 1.5V 0.3 0.55 \
TJ=25°C 0.40 \
Error Amp Output Current VFB = 1.0V to 1.5V, Vcomp = 1.0V +90 | +200 | +400 LA
TJ=25°C +130 +300 | pA
Soft Start Current VFB = 1.0V, Vcowmp = 0.5V 1.5 5.0 9.5 uA
TJ=25°C 2.5 7.5 A
Maximum Duty Cycle Vcomp = 1.5V, ISWITCH = 100mA 90 95 %
TJ=25°C 93 %
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UC2577-ADJ

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = -40°C to +125°C, VIN = 5V,
VFB = VREF, IswITCH = 0, and TA =TJ.

PARAMETER TEST CONDITIONS [ min | TP [ mAX [uniTs
Device Parameters (cont.)
Switch Transconductance 125 AN
Switch Leakage Current VswiTcH = 65V, VFB = 1.5V (Switch Off) 10 600 pA
TJ=25°C 300 A
Switch Saturation Voltage IswiTcH = 2.0A, Vcomp = 2.0V (Max Duty Cycle) 0.5 0.9 V
TJ=25°C 0.7 \
NPN Switch Current Limit Vcomp = 2.0V 3.0 4.3 6.0 A
Thermal Resistance Junction to Ambient 65 °C/W
Junction to Case 2 °C/W
COMP Pin Current Vcomp =0 25 50 HA
TJ=25°C 40 A
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate con-

Note 2:

Note 3.

Note 4:

ditions during which the device is intended to be functional, but device parameter specifications may not be
guaranteed under these conditions. For guaranteed specifications and test conditions, see the Electrical Characteristics.

Output current cannot be internally limited when the UC2577 is used as a step-up regulator. To prevent damage to the
switch, its current must be externally limited to 6.0A. However, output current is internally limited when the UC2577 is used
as a flyback or forward converter regulator.

External components such as the diode, inductor, input and output capacitors can affect switching regulator performance.
When the UC2577 is used as shown in the Test Circuit, system performance will be as specified by the system parame-
ters.

A 1.0MQ resistor is connected to the compensation pin (which is the error amplifier’s output) to ensure accuracy in measur-
ing AVOL. In actual applications, this pin’s load resistance should be | 10MQ, resulting in AVOL that is typically twice
the guaranteed minimum limit.

VIN
L
100pH D 10k Vout
1N5821
5
VIN  SWITCH 120 %ii %it
R,
£ . —=C =~
T220MF O 4| es |2 sé’g;F SWie sw2 0.1uF [ovMm]
2k |UC2577  GgND TRZ
3
T0.33p,F
= UDG-94035
L = 415-0930 (AIE) Cout = Sprague Type 673D R1 = 48.7k in series with 511Q (1%)
D = any manufacturer Electrolytic 680uF, 20V R2 = 5.62k (1%)

Figure 1. Circuit used to specify system parameters.
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APPLICATIONS INFORMATION

Step-up (Boost) Regulator

The Block Diagram shows a step-up switching regulator
utilizing the UC2577. The regulator produces an output
voltage higher than the input voltage. The UC2577 turns
its switch on and off at a fixed frequency of 52kHz, thus
storing energy in the inductor (L). When the NPN switch
is on, the inductor current is charged at a rate of VIN/L.
When the switch is off, the voltage at the SWITCH termi-
nal of the inductor rises above VIN, discharging the
stored current through the output diode (D) into the out-
put capacitor (Coyr) at a rate of (Voyt - VIN)/L. The en-
ergy stored in the inductor is thus transferred to the
output.

The output voltage is controlled by the amount of energy
transferred, which is controlled by modulating the peak
inductor current. This modulation is accomplished by
feeding a portion of the output voltage to an error ampli-
fier which amplifies the difference between the feedback
voltage and an internal 1.23V precision reference volt-
age. The output of the error amplifier is then compared
to a voltage proportional to the switch current, or the in-
ductor current, during the switch on time. A comparator
terminates the switch on time when the two voltages are
equal and thus controls the peak switch current to main-
tain a constant output voltage. Figure 2 shows voltage
and current waveforms for the circuit. Formulas for cal-
culation are shown in Figure 3.

STEP-UP REGULATOR DESIGN PROCEDURE
(Refer to the block diagram) Given:

ViN(min) = Minimum input supply voltage

VouT = Regulated output voltage

ILoaD(max) = Maximum output load current

VSW(OFF) - —-———
SWITCH
VOLTAGE
VsaT —l—— —
ovV————————————
VF—m—————————— —
DIODE ov - -
VOLTAGE
VR ——— - '
INDUCTOR | j\p(ave) — 2 AlIND
CURRENT ———r—
00— — - ——
ISWPK) — —— — —=1—— — —
SWITCH
CURRENT 0 — _ _
| D(PK) ————pe————
DIODE Ioave) —|—— | ——} -} ———
CURRENT od__ N

Figure 2. Step-up regulator waveforms.

UC2577-ADJ

VOUT+VF-VIN , VOUT -VIN
Duty Cycle D
VOUT +VF -VSAT VOUT
Avg. Inductor | [IND(AVG) ILOAD
Current 1-D
Inductor AlIND VIN-VSAT . D
Current Ripple L 52,000
Peak Inductor | IIND(PK) ILOAD + AlIND
Current 1-D 2
Peak Switch ISwW(PK) ILOAD + AIIND
Current 1-D 2
Switch Voltage | Vsw(OFF) VouT + VF
when Off
Diode Reverse VR VouT - VSAT
Voltage
Avg. Diode ID(AVG) ILOAD
Current
Peak Diode ID(PK) ILOAD + A”ND_
Current 1-D 2
2
Power Pb ).2SQ(ILOAD) D ILOADeDeVIN
Dissipation 1-D 50(1-D)
VF = Forward Biased Diode Voltage, ILOAD = Output Load
Current.

Figure 3. Step-up regulator formulas.

First, determine if the UC2577 can provide these values
of VouT and ILOADmax when operating with the minimum
value of VIN. The upper limits for VOUT and ILOADmax are
given by the following equations.

VouTt < 60V and
VouT <10 e VINmin
ILOADmMax < w
VOUT
These limits must be greater than or equal to the values
specified in this application.

1. Output Voltage Section
Resistors R1 and R2 are used to select the desired out-
put voltage. These resistors form a voltage divider and
present a portion of the output voltage to the error ampli-
fier which compares it to an internal 1.23V reference.
Select R1 and R2 such that:

R1_VOUT _

R2 ~ 1.23V
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APPLICATIONS INFORMATION (cont.)
2. Inductor Selection (L)
A. Preliminary Calculations
To select the inductor, the calculation of the following
three parameters is necessary:
Dmax, the maximum switch duty cycle (0 <D <0.9):
VOUT + VF - VINmin
VOUT + VF-0.6V

Dmax =

where typically VF = 0.5V for Schottky diodes and VF =
0.8V for fast recovery diodes.

EeT, the product of volts e time that charges the induc-
tor:

_ Dmax e (VINmin - 0.6V)10°
- 52,000Hz

EeT (V e us)

IIND, DC, the average inductor current under full load:
1.05 « ILOADmMax

IIND,DC =
1-Dmax

B. Identify Inductor Value:

1. From Figure 4, identify the inductor code for the re-
gion indicated by the intersection of EeT and IIND, DC.
This code gives the inductor value in microhenries. The
L or H prefix signifies whether the inductor is rated for a
maximum EeT of 90Vus (L) or 250Vus (H).

2. 1f D < 0.85, go to step C. If D > 0.85, calculate the
minimum inductance needed to ensure the switching
regulator’s stability:

UC2577-ADJ

If Lmin is smaller than the inductor values found in step
B1, go on to step C. Otherwise, the inductor value found
in step B1 is too low; an appropriate inductor code
should be obtained from the graph as follows:

1.Find the lowest value inductor that is greater than
Lmin.

2.Find where EeT intersects this inductor value to deter-
mine if it has an L or H prefix. If EeT intersects both the L
and H regions, select the inductor with an H prefix.

C. Inductor Selection

Select an inductor from the table of Figure 5 which cross
references the inductor codes to the part numbers of the
three different manufacturers. The inductors listed in this
table have the following characteristics:

AIE (ferrite, pot-core inductors): Benefits of this type are
low etectromagnetic interference (EMI), small physical
size, and very low power dissipation (core loss).

Pulse (powdered iron, toroid core inductors): Benefits
are low EMI and ability to withstand EeT and peak cur-
rent above rated value better than ferrite cores.

Renco (ferrite, bobbin-core inductors): Benefits are low
cost and best ability to withstand EeT and peak current
above rated value. Be aware that these inductors gener-
ate more EMI than the other types, and this may inter-
fere with signals sensitive to noise.

200

74
3
8
o
o

150

000 H680

2%,
7%

H470,

100
90

72X
N
5%,
)%

80

N
Y

between the two extremes.

g_ 7 y\ L6g0 P » » »
> 60 /
= J
u 50
45
40 BLA70 /% 1330 [/ L220 L150 /| L100 | /% L68
AN ”
35
30 ‘47
25
20
0.30.350.40.45 0.5 0.6 0.7 0.8 0.9 1.0 15 20 25 30
IIND, DC (A)

Note: This chart assumes that the inductor ripple current inductor is approximately 20% to 30% of the average inductor current
(when the regulator is under full load). Greater ripple current causes higher peak switch currents and greater output ripple volt-
age. Lower ripple current is achieved with larger value inductors. The factor of 20% to 30% is chosen as a convenient balance

Figure 4. Inductor Selection Graph
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APPLICATIONS INFORMATION (cont.)

Inductor Manufacturer’s Part Number
Code AIE Pulse Renco
L47 415 - 0932 PE - 53112 RL2442
L68 415 - 0931 PE - 92114 RL2443
L100 415 - 0930 PE - 92108 RL2444
L150 415 - 0953 PE - 53113 RL1954
L220 415 - 0922 PE - 52626 RL1953
L330 415 - 0926 PE - 52627 RL1952
L470 415 - 0927 PE - 53114 RL1951
L680 415 - 0928 PE - 52629 RL1950
H150 415 - 0936 PE - 53115 RL2445
H220 430 - 0636 PE - 53116 RL2446
H330 430 - 0635 PE - 53117 RL2447
H470 430 - 0634 PE - 53118 RL1961
H680 415 - 0935 PE - 53119 RL1960
H1000 415 - 0934 PE - 53120 RL1959
H1500 415 - 0933 PE - 53121 RL1958
H2200 415 - 0945 PE - 53122 RL2448
AIE Magnetics, Div. Vernitron Corp., (813)347-2181
2801 72nd Street North, St. Petersburg, FL 33710
Pulse Engineering, (619)674-8100
12220 World Trade Drive, San Diego, CA 92128
Renco Electronics, Inc., (516)586-5566
60 Jeffryn Blvd. East, Deer Park, NY 11729

Figure 5. Table of standardized inductors and
manufacturer’s part numbers.

3. Compensation Network (Rc, Cc) and Output
Capacitor (CouT) Selection

The compensation network consists of resistor RC and
capacitor Cc which form a simple pole-zero network and
stabilize the regulator. The values of RC and Cc depend
upon the voltage gain of the regulator, ILOADmax, the in-
ductor L, and output capacitance CouT. A procedure to
calculate and select the values for Rc, Cc, and CouTt
which ensures stability is described below. It should be
noted, however, that this may not result in optimum com-
pensation. To guarantee optimum compensation a stan-
dard procedure for testing loop stability is recommended,
such as measuring VOUT transient responses to pulsing
ILOAD.

A. Calculate the maximum value for RC.

750 o ILOADmax ¢ VOUT?
VINmin?

Select a resistor less than or equal to this value, not to
exceed 3kQ.

B. Calculate the minimum value for CouT using the fol-
lowing two equations.

UC2577-ADJ

0.19eL ¢ RC ¢ ILOADmMax
Cour 2 - and
VINmine VOUT

VINmin e RC ¢ (VINmin + (3.74 « 10° o L))
487,800 ¢ VOUT?

Cour 2

The larger of these two values is the minimum value that
ensures stability.

C. Calculate the minimum value of Cc.
_ 585e VOUT2 e COUT
~ RC?eVINmin

Cc

The compensation capacitor is also used in the soft start
function of the regulator. When the input voltage is ap-
plied to the part, the switch duty cycle is increased slowly
at a rate defined by the compensation capacitor and the
soft start current, thus eliminating high input currents.
Without the soft start circuitry, the switch duty cycle
would instantly rise to about 90% and draw large cur-
rents from the input supply. For proper soft starting, the
value for Cc should be equal or greater than 0.22uF.

Figure 6 lists several types of aluminum electrolytic ca-
pacitors which could be used for the output filter. Use the
following parameters to select the capacitor.

Working Voltage (WVDC): Choose a capacitor with a
working voltage at least 20% higher than the regulator
output voltage.

Ripple Current: This is the maximum RMS value of cur-
rent that charges the capacitor during each switching cy-
cle. For step-up and flyback regulators, the formula for
ripple current is:

ILOADmax e Dmax

IRIPPLE(rms) = 1-Dmax

Choose a capacitor that is rated at least 50% higher than
this value at 52kHz.

Equivalent Series Resistance (ESR): This is the primary
cause of output ripple voltage, and it also affects the val-
ues of Rc and Cc needed to stabilize the regulator. As a
result, the preceding calculations for Cc and Rc are only
valid if the ESR does not exceed the maximum value
specified by the following equations.
-3
ESR < 0.01¢15V and < 8.7¢10™ ¢ VIN
IR|PPLE(P-P) ILOADmax

1.15¢ILOADmax
1- Dmax

where

IRIPPLE(P-P) =
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APPLICATIONS INFORMATION (cont.)

Select a capacitor with an ESR, at 52kHz, that is less
than or equal to the lower value calculated. Most electro-
lytic capacitors specify ESR at 120kHz which is 15% to
30% higher than at 52kHz. Also, note that ESR in-
creases by a factor of 2 when operating at —20°C.

In general, low values of ESR are achieved by using
large value capacitors (C > 470uF), and capacitors with
high WVDC, or by paralleling smaller value capacitors.

4. Input Capacitor Selection (CIN)

To reduce noise on the supply voltage caused by the
switching action of a step-up regulator (ripple current
noise), VIN should be bypassed to ground. A good qual-
ity 0.1uF capacitor with low ESR should provide suffi-
cient decoupling. If the UC2577 is located far from the
supply source filter capacitors, an additional electrolytic
(47uF, for example) is required.

Nichicon - Types PF, PX, or PZ
927 East State Parkway, Schaumburg, IL 60173
(708) 843-7500

United Chemi-CON - Types LX, SXF, or SXJ
9801 West Higgens, Rosemont, IL 60018
(708) 696-2000

Figure 6. Aluminum electrolytic capacitors
recommended for switching regulators.

5. Output Diode Selection (D)

In the step-up regulator, the switching diode must with-
stand a reverse voltage and be able to conduct the peak
output current of the UC2577. Therefore a suitable diode
must have a minimum reverse breakdown voltage
greater than the circuit output voltage, and should also
be rated for average and peak current greater than
ILoADmax and IDpk. Because of their low forward voltage
drop (and thus higher regulator efficiencies), Schottky
barrier diodes are often used in switching regulators. Re-
fer to Figure 7 for recommended part numbers and volt-
age ratings of 1A and 3A diodes.

UNITRODE CORPORATION
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 FAX (603) 424-3460

UC2577-ADJ

VOUTmax Schottky Fast Recovery
1A 3A 1A 3A
20V 1N5817 | 1N5820
MBR120P | MBR320P
30V 1N5818 | 1N5821
MBR130P | MBR330P
11DQO03 | 31DQO3
40V 1N5819 | 1N5822
MBR140P | MBR340P
11DQ04 | 31DQ04
50V MBR150 | MBR350 | 1N4933
11DQ05 | 31DQ05 | MUR105
100V 1N4934 MR851
MUR110 30DLA
10DL1 MR831

MBRxxx and MURxxx are manufactured by Motorola.
1DDxxx, 11Cxx and 31Dxx are manufactured by
International Rectifier

Figure 7. Diode Selection Chart

ORDERING INFORMATION

Unitrode Type Number

UC2577T-ADJ 5 Pin TO-220 Plastic Package
UC2577TD-ADJ 5 Pin TO-263 Plastic Package
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=m UNITRODE

UC1524
UC2524
UC3524

Advanced Regulating Pulse Width Modulators

FEATURES

e Complete PWM Power Control
Circuitry

e Uncommitted Outputs for
Single-ended or Push-pull
Applications

e Low Standby Current...8mA
Typical

e Interchangeable with SG1524,
SG2524 and SG3524,
Respectively

BLOCK DIAGRAM

DESCRIPTION

The UC1524, UC2524 and UC3524 incorporate on a single monolithic chip
all the functions required for the construction of regulating power supplies, in-
verters or switching regulators. They can also be used as the control element
for high-power-output applications. The UC1524 family was designed for
switching regulators of either polarity, transformer-coupled dc-to-dc convert-
ers, transformerless voltage doublers and polarity converter applications em-
ploying fixed-frequency, pulse-width modulation techniques. The dual
alternating outputs allow either single-ended or push-pull applications. Each
device includes an on-chip reference, error amplifier, programmable oscilla-
tor, pulse-steering flip-flop, two uncommitted output transistors, a high-gain
comparator, and current-limiting and shut-down circuitry. The UC1524 is
characterized for operation over the full military temperature range of -55°C
to +125°C. The UC2524 and UC3524 are designed for operation from -25°C
to +85°C and 0° to +70°C, respectively.

CONNECTION DIAGRAM

VRer VIN EB CB Ca Ea S/D COMP
16 15| 14/ 13 12| 11| 10 |9
\
REFERENCE
REGULATOR S/D
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ERROR
— AMP +

[ \
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INV_NON OSC (+) RT Cr GND
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L 0 FLIP w
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T = =

9 =
COMPENSATION
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+5V ERROR +5V
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ELECTRICAL CHARACTERISTICS:

uci1524
uCc2524
UC3524

Unless otherwise stated, these specifications apply for TA = -55°C to

+125°C for the UC1524, —25°C to +85°C for the UC2524, and 0°C to
+70°C for the UC3524, VIN = 20V, and f = 20kHz, TA=Tu.

UC1524/UC2524 uC3524
PARAMETER TEST CONDITIONS UNITS
MmN | TYP | mAx | MIN | TYP | MAX
Reference Section
Output Voltage 4.8 5.0 5.2 4.6 5.0 5.4 Vv
Line Regulation VIN = 8 to 40V 10 20 10 30 mV
Load Regulation IL = 0to 20mA 20 50 20 50 mV
Ripple Rejection f=120Hz, TJ=25°C 66 66 dB
Short Circuit Current Limit VREF =0, Ty=25°C 100 100 mA
Temperature Stability Over Operating Temperature Range 0.3 1 0.3 1 %
Long Term Stability Ty=125°C, t = 1000 Hrs. 20 20 mV
Oscillator Section
Maximum Frequency CT =.001mfd, RT = 2kQ 300 300 kHz
Initial Accuracy Rt and Ct Constant 5 5 %
Voltage Stability VIN = 8 to 40V, Ty = 25°C 1 1 %
Temperature Stability Over Operating Temperature Range 5 5 %
Output Amplitude Pin 3, Tu=25°C 3.5 3.5 Vv
Output Pulse Width CT1 =.01mfd, Tu=25°C 0.5 0.5 us
Error Amplifier Section
Input Offset Voltage Vem = 2.5V 0.5 5 2 10 mV
Input Bias Current Vcm = 2.5V 2 10 2 10 pA
Open Loop Voltage Gain 72 80 60 80 dB
Common Mode Voltage TJ=25°C 1.8 3.4 1.8 3.4 \
Common Mode Rejection Ratio | TJ=25°C 70 70 dB
Small Signal Bandwidth Av =0dB, Ty =25°C 3 3 MHz
Output Voltage TJ=25°C 0.5 3.8 0.5 3.8 \
Comparator Section
Duty-Cycle % Each Output On 0 45 0 45 %
Input Threshold Zero Duty-Cycle 1 1 \
Maximum Duty-Cycle 3.5 3.5 Vv
Input Bias Current 1 1 HA
Current Limiting Section
Sense Voltage Pin 9 = 2V with Error Amplifier 190 200 210 180 200 220 mV
Set for Maximum Out, TJ = 25°C
Sense Voltage T.C. 0.2 0.2 mV/°C
Common Mode Voltage -1 +1 -1 +1 V
Output Section (Each Output)
Collector-Emitter Voltage 40 40 \
Collector Leakage Current VCE = 40V 0.1 50 0.1 50 LA
Saturation Voltage Ic =50mA 1 2 1 2 V
Emitter Output Voltage VIN = 20V 17 18 17 18 \
Rise Time Rc = 2k ohm, Ty = 25°C 0.2 0.2 us
Fall Time Rc = 2k ohm, Ty=25°C 0.1 0.1 us
Total Standby Current VIN = 40V 8 10 8 10 mA
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ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage, Vcc (Notes2and3) ................. 40V
Collector Output Current. . . ...................... 100mA
Reference Output Current . ....................... 50mA
Current Through CtTerminal . ..................... -5mA
Power Dissipation at TA = +25°C (Note 4). . ........ 1000mwW
Power Dissipation at Tc = +25°C (Note 4). . ........ 2000mW
Operating Junction Temperature Range. . . .. -55°C to +150°C
Storage Temperature Range. . ............ -65°C to +150°C

Note 1: Over operating free-air temperature range unless
otherwise noted.

Note 2: All voltage values are with respect to the ground
terminal, pin 8.

Note 3: The reference regulator may be bypassed

for operation

from a fixed 5V supply by connecting

the Vcc and
reference output pins both to the

supply voltage. In this

TYPICAL CHARACTERISTICS
Open-Loop Voltage Amplification
of Error Amplifier vs Frequency
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CT1- CAPACITANCE (QF)

uci1524

ucC2524
UC3524
RECOMMENDED OPERATING CONDITIONS
Supply Voltage, VcC. .. ... 8V to 40V
Reference Output Current. . ................... 0 to 20mA
Current through CT Terminal. .. ........... -0.03mA to -2mA
Timing Resistor, RT . .. .................. 1.8kQ to 100kQ
Timing Capacitor, CT . .................. 0.001uF to 0.1uF
Operating Ambient Temperature Range
UC1524 ... -55°C to +125°C
UC2524 .. .. -25°C to +85°C
UC3524. . ... 0°C to +70°C

Oscillator Frequency vs
Timing Components
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PRINCIPLES OF OPERATION

The UC1524 is a fixed-frequency pulse-width-modulation
voltage regulator control circuit. The regulator operates at
a frequency that is programmed by one timing resistor
(RT), and one timing capacitor (CT), RT establishes a
constant charging current for CT. This results in a linear
voltage ramp at CT, which is fed to the comparator pro-
viding linear control of the output pulse width by the error
amplifier. The UC1524 contains an on-board 5V regulator
that serves as a reference as well as powering the
UC1524’s internal control circuitry and is also useful in
supplying external support functions. This reference volt-
age is lowered externally by a resistor divider to provide a
reference within the common-mode range of the error
amplifier or an external reference may be used. The
power supply output is sensed by a second resistor di-
vider network to generate a feedback signal to the error
amplifier. The amplifier output voltage is then compared
to the linear voltage ramp at CT. The resulting modulated

uci1524
uCc2524
UC3524

pulse out of the high-gain comparator is then steered to
the appropriate output pass transistor (Q1 or Q2) by the
pulse-steering flip-flop, which is synchronously toggled by
the oscillator output. The oscillator output pulse also
serves as a blanking pulse to assure both outputs are
never on simultaneously during the transition times. The
width of the blanking pulse is controlled by the valve of
CT. The outputs may be applied in a push-pull configura-
tion in which their frequency is half that of the base oscil-
lator, or paralleled for single-ended applications in which
the frequency is equal to that of the oscillator. The output
of the error amplifier shares a common input to the com-
parator with the current limiting and shutdown circuitry
and can be overridden by signals from either of these in-
puts. This common point is also available externally and
may be employed to control the gain of, or to compen-
sate, the error amplifier or to provide additional control to
the regulator.

TYPICAL APPLICATIONS DATA
Oscillator

The oscillator controls the frequency of the UC1524 and is
programmed by RT and CT according to the approximate

formula:
1.18

RTCT

where RT is in kilohms
CT is in microfarads
fis in kilohertz

’

Practical values of CT fall between 0.001 and 0.1 micro-
farad. Practical values of RT fall between 1.8 and 100
kilohms. This results in a frequency range typically from
120 hertz to 500 kilohertz.

Blanking

The output pulse of the oscillator is used as a blanking
pulse at the output. This pulse width is controlled by the
value of CT. If small values of CT are required for fre-
quency control, the oscillator output pulse width may still
be increased by applying a shunt capacitance of up to
100pF from pin 3 to ground. If still greater dead-time is

required, it should be accomplished by limiting the maxi-
mum duty cycle by clamping the output of the error ampli-

VREF
@ 1N916
Comp @—M—«> 5k
Gnd e

fier. This can easily be done with the circuit below:
Synchronous Operation

When an external clock is desired, a clock pulse of ap-
proximately 3V can be applied directly to the oscillator
output terminal. The impedance to ground at this point is
approximately 2 kilohms. In this configuration RT CT must
be selected for a clock period slightly greater than that of
the external clock.

If two or more UC1524 regulators are to operated synchro-
nously, all oscillator output terminals should be tied to-
gether, all Ct terminals connected to single timing
capacitor, and the timing resistor connected to a single RT,
terminal. The other Rt terminals can be left open or shorted
to VREF. Minimum lead lengths should be used between
the CT terminals.
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uci1524
uCc2524
UC3524

Single-Ended LC Switching Regulator Circuit
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UNITRODE CORPORATION
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 FAX (603) 424-3460
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=m UNITRODE
Advanced Regulating Pulse Width Modulators

FEATURES

Fully Interchangeable with
Standard UC1524 Family

Precision Reference Internally
Trimmed to £1%

High-Performance Current Limit
Function

Under-Voltage Lockout with
Hysteretic Turn-on

Start-Up Supply Current Less
Than 4mA

Output Current to 200mA
60V Output Capability

Wide Common-Mode Input
Range for both Error and
Current Limit Amplifiers

PWM Latch Insures Single
Pulse per Period

Double Pulse Suppression
Logic

200ns Shutdown through PWM
Latch

Guaranteed Frequency
Accuracy

Thermal Shutdown Protection

BLOCK DIAGRAM

UC1524A
UC2524A
UC3524A

DESCRIPTION

The UC1524A family of regulating PWM ICs has been designed to retain the
same highly versatile architecture of the industry standard UC1524 (SG1524)
while offering substantial improvements to many of its limitations. The UC1524A
is pin compatible with “non-A” models and in most existing applications can be
directly interchanged with no effect on power supply performance. Using the
UC1524A, however, frees the designer from many concerns which typically had
required additional circuitry to solve.

The UC1524A includes a precise 5V reference trimmed to +1% accuracy, elimi-
nating the need for potentiometer adjustments; an error amplifier with an input
range which includes 5V, eliminating the need for a reference divider; a current
sense amplifier useful in either the ground or power supply output lines; and a
pair of 60V, 200mA uncommitted transistor switches which greatly enhance out-
put versatility.

An additional feature of the UC1524A is an under-voltage lockout circuit which
disables all the internal circuitry, except the reference, until the input voltage
has risen to 8V. This holds standby current low until turn-on, greatly simplifying
the design of low power, off-line supplies. The turn-on circuit has approximately
600mV of hysteresis for jitter-free activation.

Other product enhancements included in the UC1524A’s design include a PWM
latch which insures freedom from multiple pulsing within a period, even in noisy
environments, logic to eliminate double pulsing on a single output, a 200ns ex-
ternal shutdown capability, and automatic thermal protection from excessive
chip temperature. The oscillator circuit of the UC1524A is usable beyond 500kHz
and is now easier to synchronize with an external clock pulse.

The UC1524A is packaged in a hermetic 16-pin DIP and is rated for operation
from -55°C to +125°C. The UC2524A and 3524A are available in either ceramic
or plastic packages and are rated for operation from -25°C to +85°C and 0°C to
70°C, respectively. Surface mount devices are also available.

+5V
Reference
Vi (5) Regulator VREF
Power to
Slé.ns.e Internal
Circuitry
Osc @ Ca
RT Ea
Osc
o O—
Ramp N
Comp @ VIN c
Es
Inv. Input @—\/TA\
NI Input (B)——3 %
200mV VIN L Shutdown
CL (+) Sense @%fc”_ é .
CL (-) Sense (B)——= = (8) Gnd
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UC1524A

UC2524A
UC3524A
ABSOLUTE MAXIMUM RATINGS
Supply Voltage (VIN) ... ... 40V CONNECTION DIAGRAMS
Collector Supply Voltage (VC) . . .. .o 60V PLCC-20, LCC-20 (TOP VIEW)
Output Current (each Output). .. .................. 200mA Q or L Package
Maximum Forced Voltage (Pin9,10) ............. -3to +5V PACKAGE PIN FUNCTION
Maximum Forced Current (Pin9,10) ... ............ +10mA FUNCTION PIN
Reference Output Current . ....................... 50mA N/C 1
Oscillator Charging Current .. ......... .o, 5mA Inv. Input 2
Power Dissipation at TA=+25°C. .. .............. 1000mW O Non-Inv. Inout 3
Power Dissipationat Tc=+25°C ................ 2000mW 3 2 12019 - NP
Operating Temperature Range ... ......... -55°C to +125°C 4 N 18 OSC/SYNC 4
Storage Temperature Range. . ............ -65°C to +150°C 5 17 C.L. (+) sense 5
Lead Temperature, (Soldering, 10 seconds) . . ....... +300°C 6 16 N/C 6
Note: Consult packaging section of Databook for thermal limi- C.L. (-) sense 7
tations and considerations of package. 7 15 RT 8
8 14
9 10 111213 cr 9
DIL-16, SOIC-16 (TOP VIEW) Ground 10
J or N Package, DW Package N/C 11
U Compensation 12
Inv Input Kl [16] +5V Vrer Shutdown 13
Non-Inv Input [2] 15 +Vin Emitter A 14
osc/sync [3] [14) Emitter B Collector A 15
N/C 16
C.L. (+) Sense 13 Collector B Collector B 17
C.L. () Sense [5] 2] Collector A Emitter B 18
. +VIN 19
RT [6] (11 Emitter A +5V VREF 20
cr [7] 0] Shutdown
Ground [8] [9] Compensation

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = -55°C to +125°C for the
UC1524A, -25° to +85°C for the UC2524A, and 0°C to + 70°C for the UC3524A; VIN
=Vc=20V, TA=Tu.

UC1524A / UC2524A UC3524A UNITS
PARAMETER TEST CONDITIONS MIN ‘ TYP ‘ MAX | MIN ‘ TYP ‘ MAX
Turn-on Characteristics
Input Voltage Operating Range after Turn-on 8 40 8 40 V
Turn-on Threshold 6.5 7.5 8.5 6.5 7.5 8.5 Vv
Turn-on Current VIN = 6V 25 4 2.5 4 mA
Operating Current VIN = 8 to 40V 5 10 5 10 mA
Turn-on Hysteresis* 0.5 0.5 Vv
Reference Section
Output Voltage TJ=25°C 4.95 | 5.00 | 5.05 | 490 | 5.00 | 5.10 \
Over Operating Range 4.9 5.1 4.85 5.15 Vv
Line Regulation VIN = 10 to 40V 10 20 10 30 mV
Load Regulation IL=0to 20 mA 20 25 20 35 mV
Temperature Stability* Over Operating Range* 20 25 20 35 mV
Short Circuit Current VREF =0, 25°C < Tu<125°C 80 100 80 100 mA
Output Noise Voltage* 10Hz < f < 10kHz, TJ =25°C 40 40 uVrms
Long Term Stability* TJ =125°C, 1000 Hrs. 20 50 20 50 mV

* These parameters are guaranteed by design but not 100% tested in production.
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UC1524A
UC2524A
UC3524A

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = -55°C to +125°C for the
UC1524A, -25° to +85°C for the UC2524A, and 0°C to + 70°C for the UC3524A; VIN
=Vc =20V, TA=TJ.

UC1524A / UC2524A UC3524A UNITS
PARAMETER TEST CONDITIONS MIN ‘ TYP ‘ max | min ‘ TYP ‘ MAX
Oscillator Section (Unless otherwise specified, RT = 27000, CT = 0.01 mfd)
Initial Accuracy Ty=25°C 41 43 45 39 43 47 kHz
Over Operating Range 40.2 45.9 | 38.2 47.9 | kHz
Temperature Stability* Over Operating Temperature Range 1 2 1 2 %
Minimum Frequency RT = 150kQ, CT= 0.1mfd 140 120 Hz
Maximum Frequency RT = 2.0kQ, CT = 470pF 500 500 kHz
Output Amplitude* 3 3.5 3 3.5 Vv
Output Pulse Width* 0.29 0.5 1.0 0.3 0.5 1.0 us
Ramp Peak 3.3 3.5 3.7 3.3 3.5 3.7 V
Ramp Valley TJ=25°C 0.7 0.8 0.9 0.7 0.8 0.9 \
Ramp Valley T.C. -1.0 -1.0 mV/°C
Error Amplifier Section (Unless otherwise specified, Vcm = 2.5V)
Input Offset Voltage 0.5 5 2 10 mV
Input Bias Current 1 5 1 10 HA
Input Offset Current .05 1 0.5 1 UA
Common Mode Rejection Ratio |Vcm = 1.5 to 5.5V 70 80 70 80 dB
Power Supply Rejection Ratio |VIN= 10 to 40V 70 80 70 80 dB
Output Swing (Note 1) 5.0 0.5 5.0 0.5 Vv
Open Loop Voltage Gain AVO-= 1 to 4V, RL> 10MQ 72 80 64 80 dB
Gain-Bandwidth* TJ =25°C, Av = 0dB 1 3 1 3 MHz
DC Transconductance*§ TJ = 25°C, 30kQ < RL < 1MQ 1.7 2.3 1.7 2.3 mS
P.W.M. Comparator (RT = 2kQ, CT = 0.01mfd)
Minimum Duty Cycle Vcowmp = 0.5V 0 0 %
Maximum Duty Cycle Vcowmp = 3.8V 45 45 %
Current Limit Amplifier (Unless otherwise specified, Pin 5 = 0V)
Input Offset Voltage TJ=25°C, E/A Set for Maximum 190 | 200 210 180 | 200 220 mV
Output
Over Operating Temperature Range 180 220 170 230 mV
Input Bias Current -1 -10 -1 -10 UA
Common Mode Rejection Ratio |V(pin 5) = -0.3V to + 5.5V 50 60 50 60 dB
Power Supply Rejection Ratio |VIN = 10 to 40V 50 60 50 60 dB
Output Swing (Note 1) Minimum Total Range 5.0 0.5 5.0 0.5 V
Open-Loop Voltage Gain AVOo =1 to 4V, RL> 10MQ 70 80 70 80 dB
Delay Time* Pin 4 to Pin 9, AVIN = 300mV 300 300 ns
Output Section (Each Output)
Collector Emitter Voltage Ic=100pA 60 80 60 80 \
Collector Leakage Current VCE =50V A 20 A 20 HA

* These parameters are guaranteed by design but not 100% tested in production.

§ DC transconductance (gm) relates to DC open-loop voltage gain according to the following equation: Av = gMRL
where RL is the resistance from pin 9 to the common mode voltage.
The minimum gm specification is used to calculate minimum Av when the error amplifier output is loaded.

Note 1: Min Limit applies to output high level, max limit applies to output low level.
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UC1524A
UC2524A
UC3524A

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = -55°C to +125°C for the
UC1524A, -25° to +85°C for the UC2524A, and 0°C to + 70°C for the UC3524A; VIN
=Vc=20V.TA=TJ.

UC1524A / UC2524A UC3524A UNITS
Output Section ( cont.) (Each Output)

Saturation Voltage Ic =20mA 2 4 2 4 \Y

Ic=200mA 1 2.2 1 2.2 Vv
Emitter Output Voltage IE = 50mA 17 18 17 18 \'
Rise Time* TJ=25°C, R = 2kQ 120 400 120 400 ns
Fall Time* TJ=25°C, R = 2kQ 25 200 25 200 ns
Comparator Delay* TJ=25°C, Pin 9 to output 300 300 ns
Shutdown Delay* TJ = 25°C, Pin 10 to output 200 200 ns
Shutdown Threshold TJ=25°C, Rc=2kQ 0.6 7 1.0 0.6 7 1.0 V
S/D Threshold Over Temp. Over Operating Temperature Range 0.4 1.2 0.4 1.0 \
Thermal Shutdown* 165 165 °C

* These parameters are guaranteed by design but not 100% tested in production.

OPEN-LOOP CIRCUIT

+VIN +VC
2k 2k
1w 1w
15 VIN Collector A |12 O AouTt
UC1524A Collector B [13——0 Bout
Sync 0—3] Osc. D.U.T.
Emitter A [11}—
Error Amp Current Limit
VREF O—¢—16| VREF ———— ——— Emitter B [14—
N.I. Inv () )
RT CT Input Input Comp Sense Sense S/D Gnd

100k

] [ [ [ [ [ [5 o] 8]
100k \T‘

Shutdown
2k
0.1 CcT 0.1 10k
LS 10k —< 1k
E/A C/L
Control Control
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UC1524A

UC2524A
UC3524A
Supply Current vs Voltage Error Amplifier Voltage Gain
10 and Phase vs Frequency
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UC1524A

Current Limit Amplifier Delay
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== UNITRODE

Regulating Pulse Width Modulators

FEATURES

8 to 35V Operation

5.1V Reference Trimmed to
+1%

100Hz to 500kHz Oscillator
Range

Separate Oscillator Sync
Terminal

Adjustable Deadtime Control
Internal Soft-Start
Pulse-by-Pulse Shutdown

Input Undervoltage Lockout
with Hysteresis

Latching PWM to Prevent
Multiple Pulses

Dual Source/Sink Output
Drivers

BLOCK DIAGRAM

UC1525A/27A
UC2525A/27A
UC3525A/27A

DESCRIPTION

The UC1525A/1527A series of pulse width modulator integrated circuits are de-
signed to offer improved performance and lowered external parts count when used
in designing all types of switching power supplies. The on-chip +5.1V reference is
trimmed to +1% and the input common-mode range of the error amplifier includes
the reference voltage, eliminating external resistors. A sync input to the oscillator
allows multiple units to be slaved or a single unit to be synchronized to an external
system clock. A single resistor between the CT and the discharge terminals pro-
vides a wide range of dead-time adjustment. These devices also feature built-in
soft-start circuitry with only an external timing capacitor required. A shutdown ter-
minal controls both the soft-start circuitry and the output stages, providing instanta-
neous turn off through the PWM latch with pulsed shutdown, as well as soft-start
recycle with longer shutdown commands. These functions are also controlled by an
undervoltage lockout which keeps the outputs off and the soft-start capacitor dis-
charged for sub-normal input voltages. This lockout circuitry includes approximately
500mV of hysteresis for jitter-free operation. Another feature of these PWM circuits
is a latch following the comparator. Once a PWM pulse has been terminated for
any reason, the outputs will remain off for the duration of the period. The latch is re-
set with each clock pulse. The output stages are totem-pole designs capable of
sourcing or sinking in excess of 200mA. The UC1525A output stage features NOR
logic, giving a LOW output for an OFF state. The UC1527A utilizes OR logic which
results in a HIGH output level when OFF.

VREF

(©

u.v.
| | Reference
+VIN @— Regulator Lockout
Gnd H To Internal
— Circuitry
s Osc. Out
@)
4
@
Osc
Disch @N
= R
Comp @ Comp PWM
1 Latch
Inv Input ®7 VREF
Error
N.I. Input @7"""

Soft-Start @
5k

Shutdown @

K

2/96
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ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage, (+VIN) . .. ..o +40V
Collector Supply Voltage (VC) ...t +40V
Logiclnputs . ...... ... . i -0.3V to +5.5V
AnalogInputs . ....... ... -0.3V to +VIN
Output Current, Sourceor Sink .. .................. 500mA
Reference Output Current ... ...................... 50mA
Oscillator ChargingCurrent .. ....... ..., 5mA
Power Dissipation at TA=+25°C (Note 2) . ... ...... 1000mW
Power Dissipation at Tc = +25°C (Note 2).......... 2000mwW
Operating Junction Temperature . .......... -55°C to +150°C
Storage Temperature Range . .. ........... -65°C to +150°C
Lead Temperature (Soldering, 10 seconds). .. ....... +300°C

Note 1: Values beyond which damage may occur.
Note 2: Consult packaging Section of Databook for thermal
limitations and considerations of package.

CONNECTION DIAGRAMS

UC1525A/27A
UC2525A/27A
UC3525A/27A

RECOMMENDED OPERATING CONDITIONS
(Note 3)

Input Voltage (+VIN) . ... +8V to +35V
Collector Supply Voltage (VC) ............... +4.5V to +35V
Sink/Source Load Current (steady state) . ........ 0 to 100mA
Sink/Source Load Current (peak). .............. 0 to 400mA
Reference Load Current. .. .................... 0 to 20mA
Oscillator Frequency Range.............. 100Hz to 400kHz
Oscillator Timing Resistor. . ................. 2kQ to 150k
Oscillator Timing Capacitor. ... ............ .001uF to 0.1uF
Dead Time ResistorRange .................... 0 to 500Q
Operating Ambient Temperature Range

UC1525A, UC1527A. ... ............... -55°C to +125°C

UC2525A, UC2527A. . . ..o -25°C to +85°C

UCB3525A, UC3527A. . .. ... 0°C to +70°C

Note 3: Range over which the device is functional and
parameter limits are guaranteed.

DIL-16 (TOP VIEW)
J or N Package
U
Inv Input Kl 16] VRer
N.I. Input [2] 15] +VIN
Sync [3] 14) Output B
Osc Output [4] 13] Ve
cr [5] 12] Ground
RT [6] [11] Output A
Discharge [7] [10] Shutdown
Soft-Start [8] (9] Compensation

PLCC-20,LCC-20 (TOP VIEW)
Q, L Package
PACKAGE PIN FUNCTION
FUNCTION PIN
N/C 1
Inv. Input 2
N.I. Input 3
3 2 12019 SYNC 4
4 - 18 OSC. output 5
5 17 N/C 6
: W o :
7 15 Discharge 9
®ornini213 Softstart 10
N/C 11
Compensation 12
Shutdown 13
Output A 14
Ground 15
N/C 16
Vc 17
Output B 18
+VIN 19
VREF 20
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UC1525A/27A
UC2525A/27A
UC3525A/27A

ELECTRICAL CHARACTERISTICS: +Vin = 20V, and over operating temperature, unless otherwise specified, TA = Ty

UC1525A/UC2525A UC3525A UNITS
PARAMETER TEST CONDITIONS UC1527A/UC2527A UC3527A
MIN | TYP | mAX | miN | TYP | MAX
Reference Section
Output Voltage TJ=25°C 5.05 | 510 | 515 | 5.00 | 510 | 5.20 \'
Line Regulation VIN = 8 to 35V 10 20 10 20 mV
Load Regulation IL =0 to 20mA 20 50 20 50 mV
Temperature Stability (Note 5) Over Operating Range 20 50 20 50
Total Output Variation (Note 5)  |Line, Load, and Temperature 5.00 520 | 4.95 5.25 V
Shorter Circuit Current VREF = 0, Ty =25°C 80 100 80 100 mA
Output Noise Voltage (Note 5) 10Hz < 10kHz, TJ =25°C 40 200 40 200 |uVrms
Long Term Stability (Note 5) TJ=125°C 20 50 20 50 mV
Oscillator Section (Note 6)
Initial Accuracy (Notes 5 & 6) TJ=25°C +2 +6 +2 +6 %
Voltage Stability (Notes 5 & 6) VIN = 8 to 35V +03 | +1 +1 +2 %
Temperature Stability (Note 5) Over Operating Range +3 +6 +3 +6 %
Minimum Frequency RT = 200kQ, CT = 0.1pF 120 120 Hz
Maximum Frequency RT = 2kQ, CT = 470pF 400 400 kHz
Current Mirror IRT = 2mA 1.7 2.0 2.2 1.7 2.0 2.2 mA
Clock Amplitude (Notes 5 & 6) 3.0 3.5 3.0 3.5 \'
Clock Width (Notes 5 & 6) Ty=25°C 0.3 0.5 1.0 0.3 0.5 1.0 us
Sync Threshold 1.2 2.0 2.8 1.2 2.0 2.8 Vv
Sync Input Current Sync Voltage = 3.5V 1.0 2.5 1.0 2.5 mA
Error Amplifier Section (Vcm = 5.1V)
Input Offset Voltage 0.5 5 2 10 mV
Input Bias Current 1 10 1 10 A
Input Offset Current 1 1 A
DC Open Loop Gain RL > 10MQ 60 75 60 75 dB
Gain-Bandwidth Product Av = 0dB, Ty =25°C 1 2 1 2 MHz
(Note 5)
DC Transconductance Ty =25°C, 30kQ <RL <1MQ 1.1 1.5 1.1 1.5 mS
(Notes 5 & 7)
Output Low Level 0.2 0.5 0.2 0.5 Vv
Output High Level 3.8 5.6 3.8 5.6 \'
Common Mode Rejection Vcm = 1.5 10 5.2V 60 75 60 75 dB
Supply Voltage Rejection VIN =8 to 35V 50 60 50 60 dB

Note 5: These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production.
Note 6: Tested at fosc = 40kHz (RT = 3.6kQ2, CT = 0.01uF, RD = 0Q2). Approximate oscillator frequency is defined by:

1

= Gro7aT+ 3R0)

Note 7: DC transconductance (gm) relates to DC open-loop voltage gain (Av) according to the following equation: Av = gMRL
where RL is the resistance from pin 9 to ground..
The minimum gm specification is used to calculate minimum Av when the error amplifier output is loaded.
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UC1525A/27A

UC2525A/27A
UC3525A/27A
ELECTRICAL CHARACTERISTICS: +VIN =20V, and over operating temperature, unless otherwise specified, TaA =Ty
UC1525A/UC2525A UC3525A UNITS
PARAMETER TEST CONDITIONS UC1527A/UC2527A UC3527A
MIN | TYP [ max | min | TYP | MAX
PWM Comparator
Minimum Duty-Cycle 0 0 %
Maximum Duty-Cycle 45 49 45 49 %
Input Threshold (Note 6) Zero Duty-Cycle 0.7 0.9 0.7 0.9 Vv
Maximum Duty-Cycle 3.3 3.6 3.3 3.6 Vv
Input Bias Current (Note 5) .05 1.0 .05 1.0 A
Shutdown Section
Soft Start Current Vsb =0V, Vss =0V 25 50 80 25 50 80 uA
Soft Start Low Level Vsp =2.5V 0.4 0.7 0.4 0.7 )
Shutdown Threshold To outputs, Vss =5.1V, Ty=25°C 0.6 0.8 1.0 0.6 0.8 1.0 \Y
Shutdown Input Current VsD = 2.5V 0.4 1.0 0.4 1.0 mA
Shutdown Delay (Note 5) VsD = 2.5V, Ty =25°C 0.2 0.5 0.2 0.5 us
Output Drivers (Each Output) (Vc = 20V)
Output Low Level ISINK = 20mA 0.2 0.4 0.2 0.4 Vv
ISINK = 100mA 1.0 2.0 1.0 2.0 )
Output High Level ISOURCE = 20mA 18 19 18 19 Vv
ISOURCE = 100mA 17 18 17 18 )
Under-Voltage Lockout Vcomp and Vss = High 6 7 8 6 7 8 Vv
Vc OFF Current (Note 7) Vc =35V 200 200 A
Rise Time (Note 5) CL=1nF, Tu=25°C 100 600 100 600 ns
Fall Time (Note 5) CL=1nF, Tu=25°C 50 300 50 300 ns
Total Standby Current
Supply Current ‘VIN =35V | ‘ 14 ‘ 20 | ‘ 14 ‘ 20 | mA

Note 5: These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production.
Note 6: Tested at fosc = 40kHz (RT = 3.6kQ, CT = 0.01uF, RD = 0Q).
Note 7: Collector off-state quiescent current measured at pin 13 with outputs low for UC1525A and high for UC1527A.

UC1525A Error Amplifier

+VIN
Q3

To PWM
Comparator

100Q
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UC1525A/27A
UC2525A/27A
UC3525A/27A

PRINCIPLES OF OPERATION AND TYPICAL CHARACTERISTICS

UC1525A Output Circuit
(1/2 Circuit Shown)

+VIN (13) +ve

Q6 Ommitted
Jln UC1527A

’y
5k % 10k % 10k

Clock  F/F PWM

+VSUPPLY Q1 To Output Filter
R1
R2
+Vc A

()
UC1525A
Gnd B @

Return O @

For single-ended supplies, the driver outputs are
grounded. The VC terminal is switched to ground by
the totem-pole source transistors on alternate oscil-

+15V

é@ 01‘%

+Ve e
Qe

D1
UC1525A

02‘

B

o ®
D2

Return — Di,b2: UC3611

The low source impedance of the output drivers
provides rapid charging of power FET Input capaci-
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UC1525A Output Saturation Characteristics

Al
. VIN=20V
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8
g 2 %
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'(-% 1 =7 X source SAT,
5 1 Vo-Vo
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Output Current, Source Or Sink - (A)
+VSupPPLY
R1
c1
+Vc
A
UC1525A
B
Gnd

Return @@

In conventional push-pull bipolar designs, forward
base drive is controlled by R1-R3. Rapid turn-off
times for the power devices are achieved with

+VsuppLY l
Q 1
T1 e 30 Q ‘E ci
.
NG
Uc1525A !
30Q Q2 |k
—e
B +
Gnd Q R2 Cc2
D1 D2
B ,
Return
Lj D1,D2: UC3611

Low power transformers can be driven by the
UC1525A. Automatic reset occurs during dead




UC1525A/27A

VREF @

UC2525A/27A
UC3525A/27A
UC1525A Oscillator Schematic
cl\ Qs QL\
7.4k
Q3
cr (5——+{as Qo :
R Ramp
2'% 14k To PWM
o 0M11 sk | QM
Mg N, Blanking
To Output
%k Qmﬂ—ﬁim 3k S 250k
i
= Clock

PRINCIPLES OF OPERATION AND TYPICAL CHARAC-
TERISTIC SHUTDOWN OPTIONS

(See Block Diagram)

Since both the compensation and soft-start terminals
(Pins 9 and 8) have current source pull-ups, either can
readily accept a pull-down signal which only has to sink a
maximum of 100pA to turn off the outputs. This is subject
to the added requirement of discharging whatever exter-
nal capacitance may be attached to these pins.

An alternate approach is the use of the shutdown circuitry
of Pin 10 which has been improved to enhance the avail-
able shutdown options. Activating this circuit by applying a

Oscillator Charge Time
vs RTand CT
200
o 100
k4
":’ 50 | Rp=0 A
o A
s SSYES | ||
) ($Y &Y/¢) |
[}
i
o 5 —
E ® 6@
F 2 RT
L ICt
(2]
~aw {3 ‘c°—>§ §E Eég
Charge Time (us)

positive signal on Pin 10 performs two functions; the
PWM latch is immediately set providing the fastest turn-
off signal to the outputs; and a 150uA-current sink begins
to discharge the external soft-start capacitor. If the shut-
down command is short, the PWM signal is terminated
without significant discharge of the soft-start capacitor,
thus, allowing, for example, a convenient implementation
of pulse-by-pulse current limiting. Holding Pin 10 high for
a longer duration, however, will ultimately discharge this
external capacitor, recycling slow turn-on upon release.

Pin 10 should not be left floating as noise pickup could
conceivably interrupt normal operation.

Oscillator Discharge Time
vs Rband CT
500
o) |
40— |/w/ 5§ &%
& £&/ 5/ 58/ & ?
5 VI
E 300 O /O 0/ O/ O
n
(]
2 o
o 200
£
=
k] 100
[+}]
[=]
0
g 8-wweg BEE
Discharge Time (us)
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UC1525A/27A

UC2525A/27A
UC3525A/27A
Maximum Value RD vs Minimum Value RT Error Amplifier Voltage Gain

500 and Phase vs Frequency
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LAB TEST FIXTURE
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== UNITRODE

UC1525B UC1527B
UC2525B UC2527B

UC3525B UC3527B

Regulating Pulse Width Modulators

FEATURES
e 8 to 35V Operation

e 5.1V Buried Zener Reference
Trimmed to +0.75%

e 100Hz to 500kHz Oscillator Range
e Separate Oscillator Sync Terminal
o Adjustable Deadtime Control

¢ Internal Soft-Start

e Pulse-by-Pulse Shutdown

Input Undervoltage Lockout with
Hysteresis

e Latching PWM to Prevent Multiple
Pulses

e Dual Source/Sink Output Drivers

e Low Cross Conduction Output Stage

¢ Tighter Reference Specifications

DESCRIPTION

The UC1525B/1527B series of pulse width modulator integrated circuits
are designed to offer improved performance and lowered external parts
count when used in designing all types of switching power supplies. The
on-chip +5.1V buried zener reference is trimmed to +0.75% and the input
common-mode range of the error amplifier includes the reference voltage,
eliminating external resistors. A sync input to the oscillator allows multiple
units to be slaved or a single unit to be synchronized to an external system
clock. A single resistor between the CT and the discharge terminals provide
a wide range of dead time adjustment. These devices also feature built-in
soft-start circuitry with only an external timing capacitor required. A shut-
down terminal controls both the soft-start circuitry and the output stages,
providing instantaneous turn off through the PWM latch with pulsed shut-
down, as well as soft-start recycle with longer shutdown commands. These
functions are also controlled by an undervoltage lockout which keeps the
outputs off and the soft-start capacitor discharged for sub-normal input volt-
ages. This lockout circuitry includes approximately 500mV of hysteresis for
jitter-free operation. Another feature of these PWM circuits is a latch follow-
ing the comparator. Once a PWM pulse has been terminated for any rea-
son, the outputs will remain off for the duration of the period. The latch is
reset with each clock pulse. The output stages are totem-pole designs ca-
pable of sourcing or sinking in excess of 200mA. The UC1525B output
stage features NOR logic, giving a LOW output for an OFF state. The
UC1527B utilizes OR logic which results in a HIGH output level when OFF.
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage, (+VIN) ....... .. ... ... +40V
Collector Supply Voltage (VC). . .................... +40V
Logiclnputs . ........... .. ... ... L. —-0.3V to +5.5V
AnalogInputs. . ............ ... L —0.3V to VIN
Output Current, Source or Sink . .................. 500mA
Reference Qutput Current . ....................... 50mA
Oscillator Charging Current .. ..., 5mA

Power Dissipationat TA=+25°C. .. .............. 1000mW

Power Dissipationat Tc =+25°C ................ 2000mW
Operating Junction Temperature . ......... —55°C to +150°C
Storage Temperature Range . ............ —65°C to +150°C
Lead Temperature (Soldering, 10sec.)............. +300°C

All currents are positive into, negative out of the specified ter-
minal. Consult Packaging Section of Databook for thermal limi-
tations and considerations of packages.

CONNECTION DIAGRAMS

UC1525B UC1527B
UC2525B UC2527B
UC3525B UC3527B

RECOMMENDED OPERATING CONDITIONS
(Note 1)

Input Voltage (+VIN) ........ ... ... .. ... .... +8V to +35V
Collector Supply Voltage (VC) .............. +4.5V to +35V
Sink/Source Load Current (steady state) ........ 0 to 100mA
Sink/Source Load Current (peak) . ............. 0 to 400mA
Reference Load Current .. .................... 0 to 20mA
Oscillator Frequency Range. . ............ 100Hz to 400kHz
Oscillator Timing Resistor. .. ................ 2kQto 150kQ
Oscillator Timing Capacitor. . .. ........... 0.001uF to 0.1uF
Dead Time ResistorRange .. ................. 0Qto 500Q2

Note 1: Range over which the device is functional and parame-
ter limits are guaranteed.

DIL-16, SOIC-16 (Top View)
J or N, DW Packages
INV [I—U—E] VREF
N [2] [15] +VIN
SYNC [3] [14] ouTPUT B
0sc ouT [4] 3] ve
cT [5] [12] GND
RT [6] [11] oUTPUT A
DISCH [7 | [10] SHUTDOWN
SOFT-START [8] [9] comp

LCC-20, PLCC-20 (Top View)
L, Q Packages
N/C
INV VREF
Nlﬁ i T+VIN
3 2 12019
SYNC—| 4 18-OUTPUT B
OSC OUT5 17-VC
N/C—6 16-N/C
CT7 151-GND
RT-8 14-OUTPUT A
9 10 11 12 13
DISCH—T T T SHUTDOWN
SOFT-START COMP
N/C

+VIN =20V, Ta=T,.

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = —55°C to +125°C for
the UC1525B and UC1527B; —40°C to +85°C for the UC2525B and UC2527B; 0°C to +70°C for the UC3525B and UC3527B;

UC1525B/UC2525B UC3525B
UC1527B/UC2527B UC3527B
PARAMETER TEST CONDITIONS MmN | TYP | max | min | TYP [ max |uniTs
Reference Section
Output Voltage Ty=25°C 5.062| 5.10 | 5.138 | 5.036 | 5.10 | 5.164 \
Line Regulation VIN = 8V to 35V 5 10 5 10 mV
Load Regulation IL=0mA to 20mA 7 15 7 15 mV
Temperature Stability (Note 2) Over Operating Range 10 50 10 50 mV
Total Output Variation Line, Load, and Temperature |5.036 5.164 | 5.024 5.176 \%
Short Circuit Current VREF =0, T;=25°C 80 100 80 100 mA
Output Noise Voltage (Note 2) 10Hz < 40kHz, Ty = 25°C 40 200 40 200 [uVrms
Long Term Stability (Note 2) Ty=125°C, 1000 Hrs. 3 10 3 10 mV
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UC1525B UC1527B
UC2525B UC2527B
UC3525B UC3527B

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for
the UC1525B and UC1527B; —40°C to +85°C for the UC2525B and UC2527B; 0°C to +70°C for the UC3525B and UC3527B,;

+VIN = 20V, Ta=T,.

UC1525B/UC2525B UC3525B
UC1527B/UC2527B UC3527B
PARAMETER TEST CONDITIONS MmN | TYP | max | min | TYP | mAx |uniTs
Oscillator Section (Note 3)
Initial Accuracy (Notes 2 & 3) Ty=25°C +2 +6 +2 +6 %
Voltage Stability (Notes 2 & 3) VIN = 8V to 35V +0.3 +1 +1 +2 %
Temperature Stability (Note 2) Over Operating Range +3 +6 +3 +6 %
Minimum Frequency RT =200k, CT = 0.1uF 120 120 Hz
Maximum Frequency RT = 2k, CT = 470pF 400 400 kHz
Current Mirror IgT = 2mA 1.7 2.0 2.2 1.7 2.0 2.2 mA
Clock Amplitude (Notes 2 & 3) 3.0 3.5 3.0 3.5 \
Clock Width (Notes 2 & 3) T,=25°C 0.3 0.5 1.0 0.3 0.5 1.0 us
Sync Threshold 1.2 2.0 2.8 1.2 2.0 2.8 \
Sync Input Current Sync Voltage = 3.5V 1.0 2.5 1.0 2.5 mA
Error Amplifier Section (VCM = 5.1V)
Input Offset Voltage 0.5 5 2 10 mV
Input Bias Current 1 10 1 10 UA
Input Offset Current 1 1 HA
DC Open Loop Gain RL > 10 MegQ 60 75 60 75 dB
Gain-Bandwidth Product (Note 2) Ay =0dB, T;=25°C 1 2 1 2 MHz
Output Low Level 0.2 0.5 0.2 0.5 V
Output High Level 3.8 5.6 3.8 5.6 \
Common Mode Rejection Veom= 1.5V to 5.2V 60 75 60 75 dB
Supply Voltage Rejection VIN = 8V to 35V 50 60 50 60 dB
PWM Comparator
Minimum Duty Cycle 0 0 %
Maximum Duty Cycle 45 49 45 49 %
Input Threshold (Note 3) Zero Duty Cycle 0.7 0.9 0.7 0.9 V
Input Threshold (Note 3) Maximum Duty Cycle 3.3 3.6 3.3 3.6 \
Input Bias Current (Note 2) 0.05 1.0 0.05 1.0 UA
Shutdown Section
Soft Start Current VsHutpown = 0V, VsortsTART| 25 50 80 25 50 80 UA
=0V
Soft Start Low Level Vshutpown = 2.5V 0.4 0.7 0.4 0.7 \
Shutdown Threshold To outputs, VSOFTSTART = 06 | 0.8 1.0 0.6 0.8 1.0 \
5.1V, T; =25°C
Shutdown Input Current VsHuTDOWN = 2.5V 0.4 1.0 0.4 1.0 mA
Shutdown Delay (Note 2) VsHuTpown = 2.5V, Ty = 25°C 0.2 0.5 0.2 0.5 us
Output Drivers (Each Output) (Vc = 20V)
Output Low Level Isink = 20mA 0.2 0.4 0.2 0.4 \
Isink = 100mA 1.0 2.0 1.0 2.0 v
Output High Level Isource = 20mA 18 19 18 19 \
Isource = 100mA 17 18 17 18 Vv
Undervoltage Lockout Vcomp and VsoETSTART = 6 7 8 6 7 8 \%
High
Collector Leakage VC =235V 200 200 HA
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UC1525B UC1527B
UC2525B UC2527B
UC3525B UC3527B

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = —55°C to +125°C for
the UC1525B and UC1527B; —40°C to +85°C for the UC2525B and UC2527B; 0°C to +70°C for the UC3525B and UC3527B;

+VIN =20V, Ta=T,.

UC1525B/UC2525B UC3525B
UC1527B/UC2527B UC3527B
PARAMETER TEST CONDITIONS MmN | TYP [ max | min | TYP [ max |uniTs
Output Drivers (Each Output) (VC = 20V) (cont.)
Rise Time (Note 2) CL=1nF, Ty=25°C 100 600 100 600 ns
Fall Time (Note 2) CL=1nF, T;=25°C 50 300 50 300 ns
Cross conduction charge Per cycle, Ty=25°C 30 30 nc
Total Standby Current
Supply Current VIN = 35V | 14 ‘ 20 | ‘ 14 ‘ 20 | mA

Note 2: Guaranteed by design. Not 100% tested in production.

Note 3: Tested at fosc= 40kHz (Rt = 3.6Q, Ct = 0.01uF, Rp = 0Q). Approximate oscillator frequency is defined by:

|
f=ro
Cr (0.7 R; +3Rp)

PRINCIPLES OF OPERATION AND TYPICAL CHARACTERISTICS

uUC1525B Outelhjt Circuit (1/2 Circuit Shown)
+ 13| +VC
T [ts]
=]

Q9

Q4

OUTPUT

as j—‘\

N N
Q6 OMITTED
T‘ Q2 T IN UC15278 %

CLOCK F/F PWM

@
=
—MAN—
3
=
o
=]
=
il
I

UC1525B Output Saturation Characteristics

(]

4
VIN=20V

Ta=25C /

A~

—-/7‘/sounc5 SAT, Vc-VoH

v

SINK SAT, VoL

SATURATION VOLTAGE (V)
N

o—// “

.01 .02 .03.04.05.07 .10 2 3.45 7 1A
OUTPUT CURRENT, SOURCE OR SINK (A)

For single-ended supplies, the driver outputs are grounded.
The VC terminal is switched to ground by the totem-pole
source transistors on alternate oscillator cycles.

UDG-95056 UDG-95057
Q1 VsuppLy O
+VsupPLY O To ouTpuT
FILTER
OUTPUT A T
vC m H
OUTPUT A Uc15258
uc15258 OUTPUT B[i4]
L
RETURN O
— UDG-95059
RETURN O . = ) .
UDG-95058 In conventional push-pull bipolar designs, forward base

drive is controlled by R1-R3. Rapid turn-off times for the
power devices are achieved with speed-up capacitors C,
and C2.
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+VsupPLY O

UDG-95060

The low source impedance of the output drivers provides
rapid charging of power FET input capacitance while mini-
mizing external components.

PRINCIPLES OF OPERATION AND TYPICAL
CHARACTERISTICS
Shutdown Options (See Block Diagram)

Since both the compensation and soft-start terminals
(Pins 9 and 8) have current source pull-ups, either can
readily accept a pull-down signal which only has to sink a
maximum of 100pA to turn off the outputs. This is subject
to the added requirement of discharging whatever exter-
nal capacitance may be attached to these pins.

An alternate approach is the use of the shutdown cir-
cuitry of Pin 10 which has been improved to enhance the
available shutdown options. Activating this circuit by ap-

UC1525B UC1527B
UC2525B UC2527B
UC3525B UC3527B

+VsuprpPLY O

A

~ C1

-~ C2

RETURN O

UDG-95061

Low power transformers can be driven directly by the
UC1525B. Automatic reset occurs during dead time, when
both ends of the primary winding are switched to ground.

plying a positive signal on Pin 10 performs two functions:
the PWM latch is immediately set providing the fastest
turn-off signal to the external soft-start capacitor. If the
shutdown command is short, the PWM signal is termi-
nated without significant discharge of the soft-start ca-
pacitor, thus, allowing, for example, a convenient
implementation of pulse-by-pulse current limiting.
Holding Pin 10 high for a longer duration, however, will
ultimately discharge this external capacitor, recycling
slow turn-on upon release.

UC1525B Oscillator Schematic
VREF (16} L T\
Qi Q5 Fs%—_‘ %7.4k
RT Q3
cT[5 )
(5] N RAMP
2k <14k TO PWM
Q1] an i
svve [3] 2k Vl\{ o5k |14
SpF so0ua| Mgt L{d ™ BLANKING
DISCH CD 6pF TO OUTPUT
23k >
Q4
Q2
w97 %w Qi2 Q13 I3k 2250
GND (12} i l
= 0sc out UDG-95062
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UC1525B UC1527B
UC2525B UC2527B
UC3525B UC3527B

Oscillator Charge Time vs. R, and C, Oscillator Discharge Time vs. R, and C,
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UC1525B UC1527B
UC2525B UC2527B
UC3525B UC3527B

LAB TEST FIXTURE
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== UNITRODE

UC1526
UC2526
UC3526

Regulating Pulse Width Modulator

FEATURES

8 To 35V Operation

5V Reference Trimmed To +1%
1Hz To 400kHz Oscillator Range
Dual 100mA Source/Sink Outputs
Digital Current Limiting

Double Pulse Suppression
Programmable Deadtime
Under-Voltage Lockout

Single Pulse Metering
Programmable Soft-Start

Wide Current Limit Common Mode Range
TTL/CMOS Compatible Logic Ports
Symmetry Correction Capability

Guaranteed 6 Unit Synchronization

BLOCK DIAGRAM

DESCRIPTION

The UC1526 is a high performance monolithic pulse width modulator
circuit designed for fixed-frequency switching regulators and other
power control applications. Included in an 18-pin dual-in-line pack-
age are a temperature compensated voltage reference, sawtooth os-
cillator, error amplifier, pulse width modulator, pulse metering and
setting logic, and two low impedance power drivers. Also included
are protective features such as soft-start and under-voltage lockout,
digital current limiting, double pulse inhibit, a data latch for single
pulse metering, adjustable deadtime, and provision for symmetry cor-
rection inputs. For ease of interface, all digital control ports are TTL
and B-series CMOS compatible. Active LOW logic design allows
wired-OR connections for maximum flexibility. This versatile device
can be used to implement single-ended or push-pull switching regula-
tors of either polarity, both transformerless and transformer coupled.
The UC1526 is characterized for operation over the full military tem-
perature range of -55°C to +125°C. The UC2526 is characterized for
operation from -25°C to +85°C, and the UC3526 is characterized for
operation from 0° to +70°C.

ViN [17] Reference 1
" I Regulator I ? 7 veer
= Internal Under Voltage
N —14|
- Circuitry Lockout ]D T ve
Sync
.— Thermal V4 1
- @_ — _—Zj Output -A-
AT osc Clock
CT [0}
L éom S R
Reset [51 >
Q
Css [4 Js
come PWM QH
Latch - /—
Q - fig] a
- IZ‘ Q [16] Output -B
= Toggle
100 MV 099 .
. — (8] Shut
Down

-Cs @7
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ABSOLUTE MAXIMUM RATINGS (Note 1, 2)

Input Voltage (+VIN) ... ... +40V
Collector Supply Voltage (+VC) . ...t +40V
Logiclnputs .......... ... ... ... .l -0.3V to +5.5V
Analoglnputs . .......... .. -0.3Vto +VIN
Source/Sink Load Current (each output) .. ........... 200mA
Reference Load Current. . ......................... 50mA
Logic SinkCurrent . ........... i 15mA
Power Dissipation at TA = +25°C (Note 2). . ........ 1000mW
Power Dissipation at Tc = +25°C (Note 2).......... 3000mW
Operating Junction Temperature . ................. +150°C
Storage Temperature Range . .. ........... -65°C to +150°C
Lead Temperature (soldering, 10 seconds) . ......... +300°C

Note 1: Values beyond which damage may occur.
Note 2: Consult packaging section of databook for thermal
limitations and considerations of package.

CONNECTION DIAGRAMS

UC1526

UC2526
UC3526
RECOMMENDED OPERATING CONDITIONS (Note 3)
InputVoltage . .......... ...t +8V to +35V
Collector Supply Voltage . . ................. +4.5V to +35V
Sink/Source Load Current (each output). ... ..... 0 to 100mA
Reference Load Current ...................... 0 to 20mA
Oscillator Frequency Range ................ 1Hz to 400kHz
Oscillator Timing Resistor . .................. 2kQ to 150kQ2
Oscillator Timing Capacitor . .. ................ 1nF to 20uF
Available Deadtime Range at 40kHz. . ........... 3% to 50%
Operating Ambient Temperature Range
UCT526 ...t -55°C to +125°C
UC2526 ... -25°C to +85°C
UC3526 .....ooiiiiii i -0°C to +70°C

Note 3: Range over which the device is functional and
parameter limits are guaranteed.

DIL-18, SOIC-18 (TOP VIEW) PLCC-20,LCC-20 PACKAGE PIN FUNCTION
J or N Package, DW Package (TOP VIEW) FUNCTION PIN
Q and L Packages N/C 1
U +Error 2
+Error E E VREF -Error 3
Comp. 4
-Error [2] 17 +vin Css 5
3 2 12019 Reset 6
Comp E E Output B 4 N 18 - Current Sense 7
+ Current Sense 8
Css [4] 15 Ground 2 :Z Shutdown 9
RTIMING 10
Reset [5] 14 vo 7 15) | _cr 1
-Current [6 13 8 14 Rp 12
guent [6] i3] Output A 9 10 1 1213 Syno 13
+Current (7 12| Sync Output A 14
Sense I: :l y Ve 15
Shutdown [8] 11 Ro N/C 16
Ground 17
RTIMING [9] e Output B 18
+VIN 19
VREF 20
ELECTRICAL CHARACTERISTICS: +ViN = 15V, and over operating ambient temperature, unless otherwise
specified, TA=TJ.
PARAMETER TEST CONDITIONS UC1526 / UC2526 UC3526 UNITS
MIN | TYP [ max | min | TYP | MAX
Reference Section (Note 4)
Output Voltage Ty=+25°C 495 | 500 | 505 | 490 | 5.00 | 5.10 \
Line Regulation +VIN =8 to 35V 10 20 10 30 mV
Load Regulation IL =0 to 20mA 10 30 10 50 mV
Temperature Stability Over Operating TJ 15 50 15 50 mV
Total Output Over Recommended 490 | 5.00 | 510 | 485 | 5.00 | 5.15 \%
Voltage Range Operating Conditions
Short Circuit Current VREF = OV 25 50 100 25 50 100 mA
Under -Voltage Lockout
RESET Output Voltage VREF = 3.8V 0.2 0.4 0.2 0.4 \
VREF = 4.8V 2.4 4.8 2.4 4.8 Vv

Note 4: IL = OmA.
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UC1526

UC2526
UC3526
ELECTRICAL CHARACTERISTICS: +VIN = 15V, and over operating ambient temperature, unless otherwise
specified, TA=TJ.
PARAMETER TEST CONDITIONS UC1526 / UC2526 UC3526 UNITS
MIN | TYyp | Max | miN | TYP | MAX
Oscillator Section (Note 5)
Initial Accuracy TJ=+25°C +3 +8 +3 +8 %
Voltage Stability +VIN =8 to 35V 0.5 1 0.5 1 %
Temperature Stability Over Operating TJ 7 10 3 5 %
Minimum Frequency RT = 150kQ, CT = 20uF 1 1 Hz
Maximum Frequency RT = 2kQ, CT =1.0nF 400 400 kHz
Sawtooth Peak Voltage +VIN =35V 3.0 3.5 3.0 3.5 Vv
Sawtooth Valley Voltage +VIN=8V 0.5 1.0 0.5 1.0 Vv
Error Amplifier Section (Note 6)
Input Offset Voltage Rs <2kQ 2 5 2 10 mV
Input Bias Current -350 | -1000 -350 | -2000 | nA
Input Offset Current 35 100 35 200 nA
DC Open Loop Gain RL > 10MQ 64 72 60 72 dB
HIGH Output Voltage VPIN1-VPIN2 = 150mV, ISOURCE = 3.6 4.2 3.6 4.2 \
100pA
LOW Output Voltage VPIN2-VPINT 2 150mV, ISINK = 100pA 0.2 0.4 0.2 0.4 Vv
Common Mode Rejection Rs < 12kQ 70 94 70 94 dB
Supply Voltage Rejection +VIN =12 to 18V 66 80 66 80 dB
PWM Comparator (Note 5)
Minimum Duty Cycle VCOMPENSATION = +0.4V 0 0 %
Maximum Duty Cycle VCOMPENSATION = +3.6V 45 49 45 49 %
Digital Ports (SYNC, SHUTDOWN, and RESET)
HIGH Output Voltage ISOURCE =40pA 2.4 4.0 24 4.0 \
LOW Output Voltage ISINK = 3.6mA 0.2 0.4 0.2 0.4 Vv
HIGH Input Current VIH = +2.4V -125 | -200 -125 | -200 uA
LOW Input Current ViL = +0.4V -225 | -360 -225 | -360 A
Current LImit Comparator (Note 7)
Sense Voltage Rs <50Q 90 100 110 80 100 120 mV
Input Bias Current -3 -10 -3 -10 A
Soft-Start Section
Error Clamp Voltage RESET = +0.4V 0.1 0.4 0.1 0.4 Vv
Cs Charging Current RESET =+2.4V 50 100 150 50 100 150 uA
Output Drivers (Each Output) (Note 8)
HIGH Output Voltage ISOURCE = 20mA 125 | 135 125 | 1385 Vv
ISOURCE = 100mA 12 13 12 13 \
LOW Output Voltage ISINK = 20mA 0.2 0.3 0.2 0.3 Vv
ISINK = 100mA 1.2 2.0 1.2 2.0 \
Collector Leakage Ve = 40V 50 150 50 150 uA
Rise Time CL = 1000pF 0.3 0.6 0.3 0.6 us
Fall Time CL = 1000pF 0.1 0.2 0.1 0.2 us
Power Consumption (Note 9)
Standby Current |SHUTDOWN = +0.4V | 18 | 30 | | 18 | 30 | mA

Note 4: I = OmA.

Note 5: Fosc = 40kHz (RT=4.12kQ + 1%, CT=0.TuF + 1%,

RD =0Q)

Note 6: Vem =0 to +5.2V

Note 8: Vc=+15V

Note 9: +VIN = +35V, RT=4.12kQ
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APPLICATIONS INFORMATION
Voltage Reference

The reference regulator of the UC1526 is based on a tem-
perature compensated zener diode. The circuitry is fully
active at supply voltages above +8V, and provides up to
20mA of load current to external circuitry at +5.0V. In sys-
tems where additional current is required, an external
PNP transistor can be used to boost the available current.
A rugged low frequency audio-type transistor should be
used, and lead lengths between the PWM and transistor
should be as short as possible to minimize the risk of os-
cillations. Even so, some types of transistors may require
collector-base capacitance for stability. Up to 1 amp of
load current can be obtained with excellent regulation if
the device selected maintains high current gain.

l*May be required

c* | with some types

——- of transistors
UC1526A
Reference

Regulator . P VR

77+
@ 10pF

Figure 1. Extending Reference Output Current

VIN

Gnd

Under-Voltage Lockout

The under-voltage lockout circuit protects the UC1526
and the power devices it controls from inadequate supply
voltage, If +VIN is too low, the circuit disables the output
drivers and holds the RESET pin LOW. This prevents spu-
rious output pulses while the control circuitry is stabilizing,
and holds the soft-start timing capacitor in a discharged
state.

The circuit consists of a +1.2V bandgap reference and
comparator circuit which is active when the reference volt-
age has risen to 3VBE or +1.8V at 25°C. When the refer-
ence voltage rises to approximately +4.4V, the circuit
enables the output drivers and releases the RESET pin,
allowing a normal soft-start. The comparator has 200mV
of hysteresis to minimize oscillation at the trip point. When
+VIN to the PWM is removed and the reference drops to
+4.2V, the under-voltage circuit pulls RESET LOW again.
The soft-start capacitor is immediately discharged, and
the PWM is ready for another soft-start cycle.

The UC1526 can operate from a +5V supply by connect-
ing the VREF pin to the +VIN pin and maintaining the sup-
ply between +4.8 and +5.2V.

Soft-Start Circuit

UC1526
UC2526
UC3526

VREF

-

R1

To Reset
f : f//;; To Driver A
ﬂ To Driver B

1.2v
Bandgap
Reference

W

Figure 2. Under-Voltage Lockout Schematic

The soft-start circuit protects the power transistors and
rectifier diodes from high current surges during power
supply turn-on. When supply voltage is first applied to the
UC1526, the under-voltage lockout circuit holds RESET
LOW with Q3. Q1 is turned on, which holds the soft-start
capacitor voltage at zero. The second collector of Q1
clamps the output of the error amplifier to ground, guaran-
teeing zero duty cycle at the driver outputs. When the
supply voltage reaches normal operating range, RESET
will go HIGH. Q1 turns off, allowing the internal 100mA
current source to charge Cs. Q2 clamps the error ampli-
fier output to 1VBE above the voltage on Cs. As the soft-
start voltage ramps up to +5V, the duty cycle of the PWM
linearly increases to whatever value the voltage regulation
loop requires for an error null.

Digital Control Ports

VREF
100 A@ Ramp -
+Error @—E H P.WM
rror '
-Error @7
Reset Q2

CSOFTSTART
Lockout I

Figure 3. Soft-Start Circuit Schematic

The three digital control ports of the UC1526 are bi-direc-
tional. Each pin can drive TTL and 5V CMOS logic di-
rectly, up to a fan-out of 10 low-power Schottky gates.
Each pin can also be directly driven by open-collector
TTL, open-drain CMOS, and open-collector voltage com-
parators
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APPLICATIONS INFORMATION (cont.)

TTL, open-drain CMOS, and open-collector voltage com-
parators; fan-in is equivalent to 1 low-power Schottky
gate. Each port is normally HIGH; the pin is pulled LOW
to activate the particular function. Driving SYNC LOW in-
itiates a discharge cycle in the oscillator. Pulling
SHUTDOWN LOW immediately inhibits all PWM output
pulses. Holding RESET LOW discharges the soft-start
capacitor. The logic threshold is +1.1V at +25°C. Noise
immunity can be gained at the expense of fan-out with an
external 2k pull-up resistor to +5V.

VREF
To 20K
Internal Qurn
Logic Syne
Q2 (O Shutdown
From ' Or
Internal Q1 Reset
Logic

Figure 4. Digital Control Port Schematic

Oscillator

The oscillator is programmed for frequency and dead time
with three components: RT, CT and RD. Two waveforms
are generated: a sawtooth waveform at pin 10 for pulse
width modulation, and a logic clock at pin 12. The follow-
ing procedure is recommended for choosing timing val-
ues:

1. With RD = 0 (pin 11 shorted to ground) select values
for RT and CT from Figure 7 to give the desired oscillator
period. Remember that the frequency at each driver out-
put is half the oscillator frequency, and the frequency at
the +VcC terminal is the same as the oscillator frequency.

2. If more dead time is required, select a large value of
RD. At 40kHz dead time increases by 400ns/Q .

3. Increasing the dead time will cause the oscillator fre-
quency to decrease slightly. Go back and decrease the
value of RT slightly to bring the frequency back to the
nominal design value.

The UC1526 can be synchronized to an external logic
clock by programming the oscillator to free-run at a fre-
quency 10% slower than the sync frequency. A periodic
LOW logic pulse approximately 0.5us wide at the SYNC
pin will then lock the oscillator to the external frequency.

UC1526
UC2526
UC3526

Multiple devices can be synchronized together by pro-
gramming one master unit for the desired frequency and
then sharing its sawtooth and clock waveforms with the
slave units. All CT terminals are connected to the CT pin
of the master, and all SYNC terminals are likewise con-
nected to the SYNC pin of the master. Slave RT termi-
nals are left open or connected to VREF. Slave RD
terminals may be either left open or grounded.

Error Amplifier

The error amplifier is a transconductance design, with an
output impedance of 2MQ . Since all voltage gain takes
place at the output pin, the open-loop gain/frequency
characteristics can be controlled with shunt reactance to
ground. When compensated for unity-gain stability with
100pF, the amplifier has an open-loop pole at 800Hz.

The input connections to the error amplifier are deter-
mined by the polarity of the switching supply output volt-
age. For positive supplies, the common-mode voltage is
+5.0V and the feedback connections in Figure 6A are
used. With negative supplies, the common-mode voltage
is ground and the feedback divider is connected between
the negative output and the +5.0V reference voltage, as
shown in Figure 6B.

Output Drivers

The totem-pole output drivers of the UC1526 are de-
signed to source and sink 100mA continuously and
200mA peak. Loads can be driven either from the output
pins 13 and 16, or from the +VC, as required.

Since the bottom transistor of the totem-pole is allowed to
saturate, there is a momentary conduction path from the
+VC terminal to ground during switching. To limit the re-
sulting current spikes a small resistor in series with pin 14
is always recommended. The resistor value is determined
by the driver supply voltage, and should be chosen for
200mA peak currents.

Uc1526

i Ro RT . %

Figure 5. Oscillator Connections and Waveforms
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TYPICAL CHARACTERISTICS
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=m UNITRODE

UC1526A
UC2526A
UC3526A

Regulating Pulse Width Modulator

FEATURES

Reduced Supply Current

Oscillator Frequency to 600kHz
Precision Band-Gap Reference

7 to 35V Operation

Dual 200mA Source/Sink Outputs
Minimum Output Cross-Conduction
Double-Pulse Suppression Logic
Under-Voltage Lockout
Programmable Soft-Start

Thermal Shutdown

TTL/CMOS Compatible Logic Ports

DESCRIPTION

The UC1526A Series are improved-performance pulse-width mod-
ulator circuits intended for direct replacement of equivalent non- “A”
versions in all applications. Higher frequency operation has been
enhanced by several significant improvements including: a more
accurate oscillator with less minimum dead time, reduced circuit
delays (particularly in current limiting), and an improved output
stage with negligible cross-conduction current. Additional improve-
ments include the incorporation of a precision, band-gap reference
generator, reduced overall supply current, and the addition of ther-
mal shutdown protection.

Along with these improvements, the UC1526A Series retains the
protective features of under-voltage lockout, soft-start, digital cur-
rent limiting, double pulse suppression logic, and adjustable
deadtime. For ease of interfacing, all digital control ports are TTL
compatible with active low logic.

Five volt (5V) operation is possible for “logic level” applications by

5 Volt Operation (VIN = VC = VREF = 5.0V) connecting VIN, VC and VREF to a precision 5V input supply. Con-

BLOCK DIAGRAM

sult factory for additional information.
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ABSOLUTE MAXIMUM RATINGS (Note 1, 2)

Input Voltage (+VIN). . .. oo +40V
Collector Supply Voltage (+VC) . .. .. oo +40V
Logiclnputs. .......... ... ... .. L. -0.3V to +5.5V
Analoglnputs ............ .. .. .. ... -0.3V to +VIN
Source/Sink Load Current (each output) . ........... 200mA
Reference Load Current. . .. ..., 50mA
Logic Sink Current . .......... ... ... .. ... ... ... 15mA
Power Dissipation at TA = +25°C (Note 2) ......... 1000mwW
Power Dissipation at Tc = +25°C (Note 2) ......... 3000mW
Operating Junction Temperature. . .. .............. +150°C
Storage Temperature Range. .. ........... -65°C to +150°C
Lead Temperature (soldering, 10 seconds). . ........ +300°C

Note 1: Values beyond which damage may occur.
Note 2: Consult packaging Section of Databook for thermal
limitations and considerations of package.

CONNECTION DIAGRAMS

UC1526A

UC2526A
UC3526A
RECOMMENDED OPERATING CONDITIONS
(Note 3)
InputVoltage . .. ... +7V to +35V
Collector Supply Voltage. . ................. +4.5V to +35V
Sink/Source Load Current (each output). . ....... 0 to 100mA
Reference Load Current .. .................... 0 to 20mA
Oscillator Frequency Range. . .............. 1Hz to 600kHz

2kQ to 150kQ
400pF to 20uF
1% to 50%

Oscillator Timing Resistor
Oscillator Timing Capacitor. .. ..............
Available Deadtime Range at 40kHz
Operating Ambient Temperature Range

UCTB26A. .. ... -55°C to +125°C
UC2526A. .. ... .o -25°C to +85°C
UCB526A ... 0°C to +70°C

Note 3: Range over which the device is functional and
parameter limits are guaranteed.

DIL-18, SOIC-18 (TOP VIEW) PLCC-20, LCC-20 PACKAGE PIN FUNCTION
J or N Package, DW Package (TOP VIEW) FUNCTION PIN
Q and L Packages N
/C 1
+ERROR 2
U] -ERROR 3
+ERROR [T} 18] VREF COMP. 4
-ERROR [2] 17 +Vin Css 5
3 2 12019 RESET 6
COMP [3] 1] OUTPUT B 4 J 18 - CURRENT SENSE 7
Css [4 5 GROUND + CURRENT SENSE 8
4 1 Z :Z SHUTDOWN 9
RESET [5] 14 Ve 5 sl RTIMING 10
Cr 11
-CURRENT
SEnse [ [ ouTPUT A ® 90nn fo__ 12
+CURRENT [7] 12 SYNC SYNC 13
SENSE
ST oW b OUTPUT A 14
SHUTDOWN (8] 11 Ro Vo 15
RTIMING 10| Ct N/C 16
] i GROUND 17
OUTPUT B 18
+VIN 19
VREF 20
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UC1526A

UC2526A
UC3526A
ELECTRICAL CHARACTERISTICS: +Vin = 15V, and over operating ambient temperature, unless otherwise specified TA = TJ.
UC1526A / UC2526A UC3526A
PARAMETER TEST CONDITIONS MIN ‘ TYP ‘ MAX | MIN ‘ TYP ‘ MAX UNITS
Reference Section (No‘te 4)
Output Voltage TJ=+25°C 495 | 5.00 | 5.05 [ 490 | 5.00 | 5.10 Vv
Line Regulation +VIN=7to 35V 2 10 2 15 mV
Load Regulation IL=0to 20mA 5 20 5 20 mV
Temperature Stability Over Operating TJ (Note 5) 15 50 15 50 mV
Total Output Voltage Over Recommended Operating 490 | 500 | 510 | 485 | 5.00 | 5.15 \
Range Conditions
Short Circuit Current VREF = 0V 25 50 100 25 50 100 mA
Under-Voltage Lockout
RESET Output Voltage VREF = 3.8V 0.2 0.4 0.2 0.4 Vv
VREF = 4.7V 24 4.7 24 4.8 \
Oscillator Section (Note 6)
Initial Accuracy Ty=+25°C +3 +8 +3 +8 %
Voltage Stability +VIN =7 to 35V 0.5 1 0.5 1 %
Temperature Stability Over Operating TJ (Note 5) 2 6 1 3 %
Minimum Frequency RT = 150kQ, CT = 20uF (Note 5) 1 1 Hz
Maximum Frequency RT = 2kQ, CT = 470pF 550 650 kHz
Sawtooth Peak Voltage +VIN = 35V 3.0 3.5 3.0 3.5 Vv
Sawtooth Valley Voltage  |+VIN=7V 0.5 1.0 0.5 1.0 \
SYNC Pulse Width TJ=25°C, RL=2.7kQ to VRer 1.1 1.1 us
Error Amplifier Section (Note 7)
Input Offset Voltage Rs < 2kQ 2 5 2 10 mV
Input Bias Current -350 | -1000 -350 | -2000 | nA
Input Offset Current 35 100 35 200 nA
DC Open Loop Gain RL> 10MQ 64 72 60 72 dB
HIGH Output Voltage VPIN 1 - VPIN 2> 150mV, ISOURCE = 100uA 3.6 4.2 3.6 4.2 Vv
LOW Output Voltage VPIN2 - VPIN 1 > 150mV, ISINK = 100uA 0.2 0.4 0.2 0.4 V
Common Mode Rejection |Rs < 2kQ 70 94 70 94 dB
Supply Voltage Rejection |+VIN=12to 18V 66 80 66 80 dB
PWM Comparator (Note 6)
Minimum Duty Cycle VCOMPENSATION = +0.4V 0 0 %
Maximum Duty Cycle VCOMPENSATION = +3.6V 45 49 45 49 %
Digital Ports (SYNC, SHUTDOWN, and RESET)
HIGH Output Voltage ISOURCE = 40uA 24 4.0 2.4 4.0 Vv
LOW Output Voltage ISINK = 3.6mA 0.2 0.4 0.2 0.4 Vv
HIGH Input Current ViH = +2.4V -125 | -200 -125 | -200 UA
LOW Input Current ViL = +0.4V -225 | -360 -225 | -360 pA
Shutdown Delay From Pin 8, Ty=25°C 160 160 ns
Current Limit Comparator (Note 8)
Sense Voltage Rs < 50Q 90 100 110 80 100 120 mV
Input Bias Current -3 -10 -3 -10 HA

Note 4: IL = OmA.

Note 5: Guaranteed by design, not 100% tested in production.
Note 6: FOSC = 40kHz, (RT=4.12kQ + 1%, CT= 0.0TuF% 1%,

RD=0Q).

Note 7: Vcm =0 to +5.2V
Note 8: Vcm=0to +12V.
Note 9: Vc=+15V.

Note 10:
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UC1526A

UC2526A
UC3526A
ELECTRICAL CHARACTERISTICS: +VIN = 15V, and over operating ambient temperature, unless otherwise specified TA =
TJ.
UC1526A UC3526A
PARAMETER TEST CONDITIONS UC2526A UNITS
MmN | TYP | mAax | miN | TYP | MAX
Soft-Start Section
Error Clamp Voltage RESET = +0.4V 0.1 0.4 0.1 0.4 \
Cs Charging Current RESET = +2.4V 50 100 150 50 100 150 UA
Output Drivers (Each Output) (Note 9)
HIGH Output Voltage ISOURCE = 20mA 125 | 135 125 | 135 Vv
ISOURCE = 100mA 12 13 12 13 Vv
LOW Output Voltage ISINK = 20mA 0.2 0.3 0.2 0.3 Vv
ISINK = 100mA 1.2 2.0 1.2 2.0 \'
Collector Leakage Ve =40V 50 150 50 150 pA
Rise Time CL = 1000pF (Note 5) 0.3 0.6 0.3 0.6 us
Fall Time CL = 1000pF (Note 5) 0.1 0.2 0.1 0.2 us
Cross-Conduction Charge |Per cycle, Ty = 25°C 8 8 nC
Power Consumption (Note 10)
Standby Current [SHUTDOWN = +0.4V | 14 | 20 | 14 | 20 [ maA

Note 4: IL = OmA.

Note 5: Guaranteed by design, not 100% tested in production.

Note 6: FOSC = 40kHz, (RT=4.12kQ £ 1%, CT=0.0TuFt 1%,
RD=0Q).

Note 7: Vem=0to +5.2V

Note 8: Vem=0to +12V.

Note 9: Vc=+15V.

Note 10:

Open Loop Test Circuit UC1526A

Ro 1 17TO+VIN

200 ;0.1;1F
J?— = 18 VREF
Rt 9 io.mF L
2% 83 =150 12— ()SYNC
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APPLICATIONS INFORMATION

Voltage Reference

The reference regulator of the UC1526A is based on a
precision band-gap reference, internally trimmed to £1%
accuracy. The circuitry is fully active at supply voltages
above +7V, and provides up to 20mA of load current to
external circuitry at +5.0V. In systems where additional
current is required, an external PNP transistor can be
used to boost the available current. A rugged low fre-
quency audio-type transistor should be used, and lead
lengths between the PWM and transistor should be as
short as possible to minimize the risk of oscillations.
Even so, some types of transistors may require collec-
tor-base capacitance for stability. Up to 1 amp of load
current can be obtained with excellent regulation if the
device selected maintains high current gain.

%'May be required
c* | with some types
——- of transistors

270 UC1526A
VIN REFERENCE | (18)—— Vaer
REGULATOR
4¥+
@ 10pF
GND

Figure 1. Extending Reference Output Current

Under-Voltage Lockout

The under-voltage lockout circuit protects the UC1526A
and the power devices it controls from inadequate sup-
ply voltage, If +VIN is too low, the circuit disables the
output drivers and holds the RESET pin LOW. This pre-
vents spurious output pulses while the control circuitry is
stabilizing, and holds the soft-start timing capacitor in a
discharged state.

The circuit consists of a +1.2V bandgap reference and
comparator circuit which is active when the reference
voltage has risen to 3VBE or +1.8V at 25°C. When the
reference voltage rises to approximately +4.4V, the cir-
cuit enables the output drivers and releases the RESET
pin, allowing a normal soft-start. The comparator has
350mV of hysteresis to minimize oscillation at the trip
point. When +VIN to the PWM is removed and the refer-
ence drops to +4.2V, the under-voltage circuit pulls RE-
SET LOW again. The soft-start capacitor is immediately
discharged, and the PWM is ready for another soft-start
cycle.

The UC1526A can operate from a +5V supply by con-
necting the VREF pin to the +VIN pin and maintaining the
supply between +4.8 and +5.2V.
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BANDGAP
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Figure 2. Under-Voltage Lockout Schematic
Soft-Start Circuit

The soft-start circuit protects the power transistors and
rectifier diodes from high current surges during power
supply turn-on. When supply voltage is first applied to
the UC1526A, the under-voltage lockout circuit holds
RESET LOW with Q3. Q1 is turned on, which holds the
soft-start capacitor voltage at zero. The second collec-
tor of Q1 clamps the output of the error amplifier to
ground, guaranteeing zero duty cycle at the driver out-
puts. When the supply voltage reaches normal operat-
ing range, RESET will go HIGH. Q1 turns off, allowing
the internal 100uA current source to charge Cs. Q2
clamps the error amplifier output to 1VBE above the
voltage on Cs. As the soft-start voltage ramps up to
+5V, the duty cycle of the PWM linearly increases to
whatever value the voltage regulation loop requires for

+ERROR (1)— g
-ERROR (2 )—2%

RESET (5)

0
VOLT AGE
LOCKOUT |

CSOFTSTART

Figure 3. Soft-Start Circuit Schematic
Digital Control Ports

The three digital control ports of the UC1526A are
bi-directional. Each pin can drive TTL and 5V CMOS
logic directly, up to a fan-out of 10 low-power Schottky
gates. Each pin can also be directly driven by
open-collector ~ TTL, open-drain CMOS, and
open-collector voltage comparators; fan-in is equivalent
to 1 low-power Schottky gate. Each port is normally
HIGH; the pin is pulled LOW to activate the particular
function. Driving SYNC LOW initiates a discharge cycle
in the oscillator. Pulling SHUTDOWN LOW immediately
inhibits all PWM output pulses. Holding RESET LOW




APPLICATIONS INFORMATION (cont.)

capacitor. The logic threshold is +1.1V at +255C. Noise
immunity can be gained at the expense of fan-out with
an external 2k pull-up resistor to +5V.

VREF
TO 20K

INTERNAL PVINTS

Loalo O SHUTSOWN

Q2

rrow 921 on
INTERNAL Q1 RESET

LOGIC

Figure 4. Digital Control Port Schematic

Oscillators

The oscillator is programmed for frequency and dead
time with three components: RT, CT and Rp. Two wave-
forms are generated: a sawtooth waveform at pin 10 for
pulse width modulation, and a logic clock at pin 12. The
following procedure is recommended for choosing timing
values:

1. With Rb= 0Q (pin 11 shorted to ground) select values
for RT and CT from the graph on page 4 to give the de-
sired oscillator period. Remember that the frequency at
each driver output is half the oscillator frequency, and
the frequency at the +VcC terminal is the same as the os-
cillator frequency.

2. If more dead time is required, select a larger value of
RD. At 40kHz dead time increases by 400ns/Q.

3. Increasing the dead time will cause the oscillator fre-
quency to decrease slightly. Go back and decrease the
value of RT slightly to bring the frequency back to the
nominal design value.

The UC1526A can be synchronized to an external logic
clock by programming the oscillator to free-run at a fre-
quency 10% slower than the SYNC frequency.

1)-|Uc1526A —(12)SYNG
STeel

UC1526A
UC2526A
UC3526A

the SYNC pin will then lock the oscillator to the external
frequency.

Multiple devices can be synchronized together by pro-
gramming one master unit for the desired frequency, and
then sharing its sawtooth and clock waveforms with the
slave units. All CT terminals are connected to the CT pin
of the master and all SYNC terminals are likewise con-
nected to the SYNC pin of the master. Slave RT termi-
nals are left open or connected to VREF. Slave RD
terminal may be either left open or grounded.

R NEGATIVE
OUTPUT
VOLTAGE
R3 R2
VREF a VREF a
R2 R3 }
Vo ©
GND VOLTAGE GND

Vour - Vrer (u)
R2

R1R2
R3 - (m + H2>

Vour - VREF<}51—>
R2

RIR2
R3 = (m + R2>

Figure 6. Error Amplifier Connections

Error Amplifier

The error amplifier is a transconductance design, with an
output impedance of 2MQ. Since all voltage gain takes
place at the output pin, the open-loop gain/frequency
characteristics can be controlled with shunt reactance to
ground. When compensated for unity-gain stability with
100pF, the amplifier has an open-loop pole at 800Hz.

The input connections to the error amplifier are deter-
mined by the polarity of the switching supply output volt-
age. For positive supplies, the common-mode voltage is
+5.0V and the feedback connections in Figure 6A are
used. With negative supplies, the common-mode voltage
is ground and the feedback divider is connected be-
tween the negative output and the +5.0V reference volt-
age, as shown in Figure 6B.

+V supPLY O
R1
c2
Cl —

+Vc A

\\\#

uc
1526A

GND
RETURN o@

Figure 5. Oscillator Connections and Waveforms

Figure 7. Push-Pull Configuration
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APPLICATIONS INFORMATION (cont.)

UC1526A
UC2526A
UC3526A

Since the bottom transistor of the totem-pole is allowed to
saturate, there is a momentary conduction path from the
+VC terminal to ground during switching; however, im-
proved design has limited this cross-conduction period to
less than 50ns. Capacitor decoupling at Vc is recom-
mended and careful grounding of Pin 15 is needed to in-
sure that high peak sink currents from a capacitive load
do not cause ground transients.

Output Drivers

The totem pole output drivers of the UC1526A are de-
signed to source and sink 100mA continuously and
200mA peak. Loads can be driven either from the output
pins 13 and 16, or from the +Vc, as required.

+V SUPPLY O 1 TO OUTPUT FILTER +15VO——
% —
R1 +Vc A 100 i
(14) uc P! = H
e 1526A — —
uc
10Q
1526A
anp B8 i
anp B9 ; /N D2 |
(1) RETURN = = ~ D1 D2
RETURN o = IN5819
Figure 8. Single-Ended Configuration Figure 9. Driving N-Channel Power MOSFETs
TYPICAL CHARACTERISTICS
OSCILLATOR PERIOD vs RT and CT OUTPUT BLANKING
200 \ ‘ \
< & o | 20
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100 (LA OANGL AL L S S 10
OG0/ OGS
50 5
~ RT = 2KQ
g 20 E'; 2 Ro = 0Q
Tr 10 \I-r 1 Ty = 25“0
= = 7
o iy 4 © 5 /
5 [/ 7/ 7 /
/1 7/ I
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g 2 8 o o o
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TYPICAL CHARACTERISTICS (Cont.)

UC1526A
UC2526A
UC3526A

Output Driver Deadtime vs. RD Value
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Primary Side PWM Controller

UC1548
UC2548
UC3548

v > D
IOFF% Current l1v _____ > é loFF

FEATURES BLOCK DIAGRAM
e Primary Side Voltage Feed- | ===~
forward Control of Isolated Power '°N|1,i2_'_‘
Supplies
cl|10
e Accurate DC Control of
Secondary Side Short Circuit N3] Error Amp
Current using Primary Side W]

Average Current Mode Control

e Accurate Programmable
Maximum Duty Cycle Clamp

e Maximum Volt-Second Product
Clamp to Prevent Core Saturation

e Practical Operation Up to TMHz

e High Current (2A Pk) Totem Pole
Output Driver

e Wide Bandwidth (8MHz) Current
Error Amplifier

e Undervoltage Lockout Monitors
VCC, VIN and VREF

e Output Active Low During UVLO
e Low Startup Current (500uA)

DESCRIPTION

Pin numbers refer to 16-pin DIL and SOIC packages only.

The UC3548 family of PWM control ICs uses voltage feed-
forward control to regulate the output voltage of isolated
power supplies. The UC3548 resides on the primary side
and has the necessary features to accurately control sec-
ondary side short circuit current with average current
mode control techniques. The UC3548 can be used to
control a wide variety of converter topologies.

In addition to the basic functions required for pulse width
modulation, the UC3548 implements a patented technique
of sensing secondary current from the primary side in an
isolated buck derived converter. A current waveform syn-
thesizer monitors switch current and simulates the inductor
current downslope so that the complete current waveform
can be constructed on the primary side without actual sec-
ondary side measurement. This information on the primary
side is used by an average current mode control circuit to
accurately limit maximum output current.

The UC3548 circuitry includes a precision reference, a
wide bandwidth error amplifier for average current control,
an oscillator to generate the system clock, latching PWM
comparator and logic circuits, and a high current output

4/97

driver. The current error amplifier easily interfaces with an
optoisolator from a secondary side voltage sensing circuit.

A full featured undervoltage lockout (UVLO) circuit is con-
tained in the UC3548. UVLO monitors the supply voltage
to the controller (VCC), the reference voltage (VREF), and
the input line voltage (VIN). All three must be good before
soft start commences. If either VCC or VIN is low, the sup-
ply current required by the chip is only 500uA and the
output is actively held low.

Two on board protection features set controlled limits to
prevent transformer core saturation. Input voltage is moni-
tored and pulse width is constrained to limit the maximum
volt-second product applied to the transformer. A unique
patented technique limits maximum duty cycle within 3%
of a user programmed value.

These two features allow for more optimal use of trans-
formers and switches, resulting in reduced system size
and cost.
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Pin15) ... ... 22V
Output Current, Source or Sink (Pin 14)
DC . 0.5A
Pulse (0.51US) .« oo vt 2.2A
Power Ground to Ground (Pin 1to Pin13) ........... +0.2V
Analog Input Voltages
(Pins3,4,7,8,12,16) . ...oovovennnn... -0.3t07V
Analog Input Currents, Source or Sink
(Pins3,4,7,8,11,12,16) .......cuiiinennn.. 1mA

CONNECTION DIAGRAMS

UC1548

UC2548
UC3548
Analog Output Currents, Source or Sink (Pins 5 & 10) ... 5mA
Power Dissipation at TA=60°C ........................ 1w
Storage Temperature Range............... —65°C to +150°C

Lead Temperature (Soldering 10 seconds) . ......... +300°C

Notes: All voltages are with respect to ground (DIL and SOIC
pin 1). Currents are positive into the specified terminal.
Pin numbers refer to the 16 pin DIL and SOIC packages.
Consult Packaging Section of Databook for thermal
limitations and considerations of packages.

DIL-16, SOIC-16 (Top View)
J, N, or DW Packages

GND [ 1]
VREF [2]
NI[3]
INV [4]
cAO[5]
cT 6]
vs[7]
DMAX [8 ]

N\

[16]uv
15]vee
14]ouT
13]PGND
[12] 10N
11]10FF
1o]cl
[9]cpe

PLCC-20 & LCC-20 (Top View)
Q & L Packages
N/C
GND uv
VREF—— i L —Vce
3 2 12019
NI-{ 4 18[-OUT
INV-{5 17-PGND
N/C—6 16(-N/C
CAO-{7 15(-ION
cT-8 14[-IOFF
910 111213
vs— T T cl
DMAX cbeC
N/C

ELECTRICAL CHARACTERISTICS Unless otherwise stated, all specifications are over the junction temperature range of
-55°C to +125°C for the UC1548, —40°C to +85°C for the UC2548, and 0°C to +70°C for the UC3548. Test conditions are: VCC =
12V, CT = 400pF, Cl = 100pF, IOFF = 100puA, CDC = 100nF, Cvs = 100pF, and Ivs = 400uA, TA =TJ.

PARAMETER \ TEST CONDITIONS [ min [ TP | MAX [uniTs
Real Time Current Waveform Synthesizer
lon Amplifier
Offset Voltage 0.95 1 1.05 \'
Slew Rate (Note 1) 20 25 Vius
lib -2 -20 uA
IOFF Current Mirror
Input Voltage 0.95 1 1.05 \
Current Gain 0.9 1 1.1 A/A
Current Error Amplifier
AvoL 60 100 dB
Vio 12V <VCC <20V, 0V <VCM < 5V 10 mV
lib -0.5 -3 uA
Voh lo = —200pA 3.1 3.3 3.5 )
Vol 10 = 200pA 0.3 0.6 \
Source Current Vo=1V 1.4 1.6 2.0 mA
GBW Product f = 200kHz 5 8 MHz
Slew Rate (Note 1) 8 10 V/us
Oscillator
Frequency TA=25°C 240 250 260 kHz
235 265 | kHz
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UC2548
UC3548

ELECTRICAL CHARACTERISTICS (cont.): Unless otherwise stated, all specifications are over the junction
temperature range of —55°C to +125°C for the UC1548, —40°C to +85°C for the UC2548, and 0°C to +70°C for the UC3548. Test
conditions are: VCC = 12V, CT = 400pF, Cl = 100pF, IOFF = 100uA, CDC = 100nF, Cvs = 100pF, and Ivs = 400uA, TA =TJ.

PARAMETER \ TEST CONDITIONS | min [ TP | MAX [uniTs

Duty Cycle Clamp

Max Duty Cycle |V(DMAX) = 0.75  VREF | 735 [ 765 | 795 | %
VCC Comparator

Turn-on Threshold 13 14 \4

Turn-off Threshold 9 10 Vv

Hysteresis 2.5 3 3.5 Vv
UV Comparator

Turn-on Threshold 41 4.35 4.6 \4

RHYSTERESIS Vuv = 4.2V 77 90 103 kQ
Reference

VREF TA =25°C 4.95 5 5.05 \

0<10<10mA, 12<VCC < 20 4.93 5.07 vV

Line Regulation 12V < Vce < 20V 4 15 mV

Load Regulation 0<lo<10mA 3 15 mV

Short Circuit Current VREF = OV 30 50 70 mA
Output Stage

Rise & Fall Time (Note 1) Cl=1nF 20 45 ns

Output Low Saturation 1o = 20mA 0.25 0.4 \'4

10 = 200mA 1.2 2.2 Vv

Output High Saturation o = -200mA 2.0 3.0 )

UVLO Output Low Saturation o =20mA 0.8 1.2 \'
Icc

ISTART VCC =12V 0.2 0.4 mA

Icc (pre-start) VCC =15V, V(UV) =0 0.5 1 mA

Icc (run) 22 26 mA

Note 1: Guaranteed by design. Not 100% tested in production.

PIN DESCRIPTIONS
CAO: Output of the current error amplifier. Also the
resistor load for the collector of an optocoupler.

CDC: Connect a charge balance integration capacitor
from CDC to GND to achieve an accurate duty cycle
clamp. This capacitor also sets the soft start time.

Cl: Output of the inductor current waveform synthesizer.
Requires a capacitor to ground.

CT: A capacitor from CT to GND sets the oscillator
frequency.

DMAX: Programs maximum duty cycle with a resistive
divider from VREF to DMAX to GND.

GND: Signal ground.
INV: Inverting input of the current error amplifier.

IOFF: Programs the discharge slope of the capacitor on
Cl to emulate the down slope of the inductor current
waveform.

ION: Input pin to inductor current waveform synthesizer.
Apply a voltage proportional to switch current to this pin.

NI: Noninverting input of the current error amplifier.
OUT: Output driver for the gate of a power FET.

PGND: Power ground pin for the output driver. This
ground circuit should be connected to GND at a single
point.

UV: Line voltage sense pin to insure the chip only
operates with sufficient line voltage. Program with a
resistive divider from the converter input voltage to UV
to GND.

VCC: Chip supply voltage. Bypass with a 1uF ceramic
capacitor to PGND.

VREF: Precision voltage reference. Bypass with a 1uF
ceramic capacitor to GND.

VS: Volt second clamp programming pin and feedforward
ramp waveform for the pulse width modulator. Connect a
resistor to the input line voltage and a capacitor to GND.
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UNDERVOLTAGE LOCKOUT

The undervoltage lockout block diagram is shown in Fig-
ure 1. The VCC comparator monitors chip supply voltage.
Hysteretic thresholds are set at 13V and 10V to facilitate
off-line applications. If the VCC comparator is low, ICC is
low (<500pA) and the output is low.

The UV comparator monitors input line voltage (VIN). A
pair of resistors divides the input line to UV. Hysteretic in-
put line thresholds are programmed by Rv1 and Rv2. The
thresholds are

VIN(on) = 4.35V (1 + Rv1/Rv2’) and

VIN(off) = 4.35V e (1 + Rv1/Rv2) where

Rv2’ = Rv2||90k.
The resulting hysteresis is

VIN(hys) = 4.35V e Rv1 / 90k.

UC1548
UC2548
UC3548

When the UV comparator is low, ICC is low (<500pA) and
the output is low.

When both the UV and VCC comparators are high, the in-
ternal bias circuitry for the remainder of the chip is
activated. The CDC pin (see discussion on Maximum Duty
Cycle Control and Soft Start) and the Output are held low
until VREF exceeds the 4.5V threshold of the VREF com-
parator. When VREF is good, control of the output driver is
transferred to the PWM circuitry and CDC is allowed to
charge.

If any of the three UVLO comparators go low, the UVLO
latch is set, the output is held low, and CDC is discharged.
This state will be maintained until all three comparators are
high and the CDC pin is fully discharged.

VIN

Low Voltage Bootstrap

To DMAX
Circuit

5.0V REF

REF

Out ENBL
4.5V

Output
Disable
—>

UDG-95038

Figure 1: Undervoltage Lockout
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Figure 2: Oscillator Frequency
3-86



OSCILLATOR

A capacitor from the CT pin to GND programs oscillator
frequency, as shown in Figure 2. Frequency is determined
by:

F=1/(10k e CT).

The sawtooth wave shape is generated by a charging cur-
rent of 200uA and a discharge current of 1800uA. The
discharge time of the sawtooth is guaranteed dead time

UC1548
UC2548
UC3548

for the output driver. If the maximum duty cycle control is
defeated by connecting DMAX to VREF, the maximum
duty cycle is limited by the oscillator to 90%. If an adjust-
ment is required, an additional trim resistor RT from CT to
ground can be used to adjust the oscillator frequency. RT
should not be less than 40kohms. This will allow up to a
22% decrease in frequency.

50 80
X T
40 100
Q\)\ ™\ PHASE
30 120 2
f o
w
= GAIN ®
3 A 2
< 20 140 Z
z E
\ \ c
10 \ 160
0 \Q\‘Q 180
-10 \X 200
30k 100k 300k 10M  3M 10M  30M
Frequency (Hz)
UDG-95040

Figure 3: Error Amplifier Gain and Phase Response over Frequency

INDUCTOR CURRENT WAVEFORM SYNTHESIZER
Average current mode control is a very useful technique
to control the value of any current within a switching con-
verter. Input current, output inductor current, switch
current, diode current or almost any other current can be
controlled. In order to implement average current mode
control, the value of the current must be explicitly known
at all times. To control output inductor current (IL) in a
buck derived isolated converter, switch current provides
inductor current information, but only during the on time of
the switch. During the off time, switch current drops
abruptly to zero, but the inductor current actually dimin-
ishes with a slope dIL/dt = —Vo/L. This down slope must
be synthesized in some manner on the primary side to
provide the entire inductor current waveform for the con-
trol circuit.

The patented current waveform synthesizer (Figure 4)
consists of a unidirectional voltage follower which forces
the voltage on capacitor Cl to follow the on time switch
current waveform. A programmable discharge current
synthesizes the off time portion of the waveform. ION is

the input to the follower. The discharge current is pro-
grammed at IOFF.

The follower has a one volt offset, so that zero current
corresponds to one volt at Cl. The best utilization of the
UC3548 is to translate maximum average inductor current
to a 4 volt signal level. Given N and Ns (the turns ratio of
the power and current sense transformers respectively),
proper scaling of IL to V(CI) requires a sense resistor Rs
as calculated from:

Rs =4V e Ns ¢ N/ IL(max).
Restated, the maximum average inductor current will be
limited to:

IL(max) = 4V e Ns e N/Rs.
IOFF and Cl need to be chosen so that the ratio of
dV(Cl)/dt to dIL/dt is the same during switch off time as
on time. Recommended nominal off current is 100uA.
This requires

Cl=(100uA e N e Ns e L)/ (Rs e Vo(nom))

where L is the output inductor value and Vo(nom) is the
converter regulated output voltage.
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UC2548
UC3548

INDUCTOR CURRENT WAVEFORM SYNTHESIZER (cont.)

There are several methods to program IOFF. If accurate
maximum current control is required, IOFF must track out-
put voltage. The method shown in Figure 4 derives a
voltage proportional to VIN e D (where D = duty cycle). In
a buck converter, output voltage is proportional to VIN e
D. A resistively loaded diode connection to the bootstrap
winding yields a square wave whose amplitude is propor-
tional to VIN and is duty cycle modulated by the control
circuit. Averaging this waveform with a filter generates a
primary side replica of secondary regulated Vo. A single
pole filter is shown, but in practice a two or three pole filter
provides better transient response. Filtered voltage is con-
verted by ROFF to a current to the IOFF pin to control ClI
downslope.

If accurate system maximum current is not a critical re-
quirement, Figure 5 shows the simplest method of
downslope generation: a single resistor (ROFF = 40k)
from IOFF to VREF. The discharge current is then 100uA.
The disadvantage to this approach is that the synthesizer
continues to generate a down slope when the switch is off

even during short circuit conditions. Actual inductor
downslope is closer to zero during a short circuit. The
penalty is that the average current is understated by an
amount approximately equal to the nominal inductor rip-
ple current. Output short circuit is therefore higher than
the designed maximum output current.

A third method of generating IOFF is to add a second
winding to the output inductor core (Figure 6). When the
power switch is off and inductor current flows in the free
wheeling diode, the voltage across the inductor is equal
to the output voltage plus the diode drop. This voltage is
then transformed by the second winding to the primary
side of the converter. The advantages to this approach
are its inherent accuracy and bandwidth. Winding the sec-
ond coil on the output inductor core while maintaining the
required isolation makes this a more costly solution. In the
example, ROFF = Vo / 100pA. The 4 « ROFF resistor is
added to compensate the one volt input level of the IOFF
pin. Without this compensation, a minor current foldback
behavior will be observed.

Bootstrap Volts

UDG-95041

VREF
ROFF
40k

IOFF

UDG-95042

UDG-95043

Figure 5: Fixed IOFF

Figure 6: Second Inductor Winding Generation of IOFF
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FEED FORWARD PULSE WIDTH MODULATION

Pulse width modulation is achieved by comparing the out-
put of the current error amplifier to the feed forward ramp
generated at VS (Figure 7). The charge slope of the ramp
is determined by a resistor (RVS) from VS to VIN and a
capacitor (CVS) from VS to GND. In the event that CAO is
at its maximum voltage, typically 3.3V, the UC3548 will
limit the power stage to a volt-second product of:

VIN ¢ TON(max) = 3.3V e Rvs ¢ Cvs.

An isolated voltage control loop can be implemented with
a secondary side reference, error amplifier and an opto-
isolator. The optoisolator can be used to override the
current amplifier output which is current limited by a 2.5k
resistor. In overcurrent situations, the voltage loop turns
the optoisolator off and the current error amplifier then as-
sumes duty cycle control resulting in accurately limited
maximum output current.

MAXIMUM DUTY CYCLE AND SOFT START

A patented technique is used to accurately program maxi-
mum duty cycle. Programming is accomplished by a
divider from VREF to DMAX (Figure 7). The value pro-
grammed is:
D(max) = Rd1/ (Rd1 + Rd2).

For proper operation, the integrating capacitor, CbcC,
should be larger than T(osc) / 80k, where T(osc) is the os-
cillator period. CDC also sets the soft start time constant,
so values of CDC larger than minimum may be desired.

UC1548
UC2548
UC3548

The soft start time constant is approximately:
T(ss) = 20k e CDC.

GROUND PLANES

The output driver on the UC3548 is capable of 2A peak
currents. Careful layout is essential for correct operation
of the chip. A ground plane must be employed (Figure 8).
A unique section of the ground plane must be designated
for high di/dt currents associated with the output stage.
This point is the power ground to which to PGND pin is
connected. Power ground can be separated from the rest
of the ground plane and connected at a single point, al-
though this is not strictly necessary if the high di/dt paths
are well understood and accounted for. VCC should be
bypassed directly to power ground with a good high fre-
quency capacitor. The source of the power MOSFET
should connect to power ground as should the return con-
nection for input power to the system and the bulk input
capacitor. The output should be clamped with a high cur-
rent Schottky diode to both VCC and PGND. Nothing else
should be connected to power ground.

VREF should be bypassed directly to the signal portion of
the ground plane with a good high frequency capacitor.
Low ESR/ESL ceramic 1uF capacitors are recommended
for both VCC and VREF. The capacitors from CT, CDC, Cl
and VS should likewise be connected to the signal ground
plane.

PWM
LATCH

DRV

UDG-95044

ouT

OUT Controlled by Current
Error Amplifier

ouT

OUT Controlled by
DMAX Circuit

UDG-95045-1

Figure 7: Duty Cycle Control
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UC2548
UC3548
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Figure 8: Ground Plane Considerations
_ VN +
o o
oo Ts
+

UDG-95047-1

Figure 9: Typical Application - Voltage Feedforward Control Isolated Forward Converter with Average Current Limiting

UNITRODE CORPORATION
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 « FAX (603) 424-3460
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MI Ucc1570
Im UCC2570
available UCC3570

Low Power Pulse Width Modulator

FEATURES
e Low Power BICMOS Process

e 85uA Start-up Current
e 1mA Run Current
e 1A Peak Gate Drive Output

¢ Voltage Feed Forward

e Programmable Duty Cycle Clamp

e Optocoupler Interface

e 500kHz Operation

e Soft Start

e Fault Counting Shutdown

e Fault Latch Off or Automatic Restart

DESCRIPTION

The UCC1570 family of pulse width modulators is intended for application
in isolated switching supplies using primary side control and a voltage
mode feedback loop. Made with a BICMOS process, these devices feature
low startup current for efficient off-line starting with a bootstrapped low volt-
age supply. Operating current is also very low; yet these devices maintain
the ability to drive a power MOSFET gate at frequencies above 500kHz.

Voltage feedforward provides fast and accurate response to wide line volt-
age variation without the noise sensitivity of current mode control. Fast cur-
rent limiting is included with the ability to latch off after a programmable
number of repetitive faults has occurred. This allows the power supply to
ride through a temporary overload, while still shutting down in the event of
a permanent fault. Additional versatility is provided with a maximum duty
cycle clamp programmable within a 20% to 80% range and line voltage
sensing with a programmable window of allowable operation.

CLK 11
CLOCK
RAMP 45v
VALLEY
v
VFWD [6} > 1013
p 5V VREF
SLOPE GENERATOR GND
<« 13 s E
RAMP =
RAMP 4% LATCH
, ™ ot
15V
ISET [oH
M RAMP
Hlﬁg av  PEAK +—3] vee
’j: Low
LINE
_’f,> B @ OuT
FEEDBK [8}] E
4 PWM PGND
SOFTST i3 @ Pm LATCH
: —
CURLIM @_ﬂ> ‘ =
0.2v CE 4
ax—a | D]
I>—
COUNT [i] w SHUTDOWN
LATCH
}
T—o'> SHUTDOWN =
0.6V
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage

(Limit Supply Current to 20mA) ... .. .. Self Limiting at 15V
Supply Current ... +20mA
Analog Inputs (CURLIM, VFWD, FEEBK) .............. 6V
Programming Current Is opg, ST -+ - v v v v oo e v et -1mA
Output Current loyt

DC o +180mA

Pulse (0.5MS) ... ..ot +1.2A

Note: All voltages are with respect to GND. Currents are posi-
tive into the specified terminal. Consult Packaging Section of
Databook for thermal limitations and considerations of pack-
age.

PLCC-20 (TOP VIEW)

Q Package
COUNT
CURLIM SOFTST
N/C— J_ ——GND
3 2 12019
N/C 4 ~ T 8l-N/C
vce- 5 171-VREF
ouT- 6 16}-FREQ
PGND—{ 7 15-N/C
N/C— 8 14}-RAMP
9 10 1112 13
NC—T T T ISET
VFWD FEEDBK
L SLOPE

ORDERING INFORMATION

Temperature Range Package
UCcC1570J —55°C to +125°C Ceramic Dip
UCC2570D —40°C to +85°C SOIC
UCC2750N Plastic Dip
UCC3570D 0°C to +70°C SOIC
UCC3570N Plastic Dip
UCC3570Q PLCC

Cramp=150pF, VCC=11V and Ta=T,.

UCC1570

UCC2570
UCC3570
CONNECTION DIAGRAMS
DIL-14 (TOP VIEW)
N or J Package
——
COUNT([1] 14| SOFTST
CURLIM [2] 13| GND
vce [3] 12| VREF
ouT [4] 11]FREQ
PGND [5] [10]RAMP
VFWD [6] [9]ISET
SLOPE [7] | 8] FEEDBK

SOIC-14 (TOP VIEW)

D Package
COUNT [1] ~ 14] SOFTST
CURLIM [2] 18] GND
vce [3] 12] VREF
OUT [4] [11] FREQ
PGND [5] [10] RAMP
VFWD [6] (9] ISET
SLOPE [7] |8] FEEDBK

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = 0 to 70°C for the
UCC3570, Ta= —40 to 85°C for the UCC2570, Ta=—55 to 125°C for the UCC1570, R ;seT=100k, RsLope=121k, CFreq=180pF,

PARAMETER \ TEST CONDITIONS | Min [ Typ | max [ units
Reference
VREF VCC =10to 13V, lyger = 0 to 2mA 4.9 5 5.1 Vv
Line Regulation VCC =101t0 13V 2 10 mV
Load Regulation lyger = 0 to 2mA 2 10 mV
Short Circuit Current VREF =0 10 50 mA
vcc
Vth (On) 12 13 \
Vth (Off) 8 9 10 )
Hysteresis 3 4 5 Vv
VCC lycc = 10mA 13.5 15 16 V
lvcc Start VCC =11V, VCC Comparator Off 85 150 UA
lvcc Run VCC Comparator On 1 1.5 mA
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UCC1570
UCC2570
UCC3570

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = 0 to 70°C for the
UCC3570, Ta= —40 to 85°C for the UCC2570, Ta=—55 to 125°C for the UCC1570, Ri;seT=100k, Rs ope=121k, Crreq=180pF,

Cramp=150pF, VCC=11V and Ta=T,.

PARAMETER \ TEST CONDITIONS | Min [ Typ | max [ units

Line Sense

Vth High Line Comparator 3.9 4 4.1 )

Vth Low Line Comparator 0.96 1 1.04 )

lib (VFWD) 0 +100 | nA
Oscillator

Frequency | 90 ‘ 100 ‘ 110 | kHz
Ramp Generator

IRAMP/ISLOPE 9 10 11 A/A

—IramP/liSET 9 10 11 A/A

Peak Ramp Voltage 3.8 4 4.2 Vv

Valley Ramp Voltage 0.95 1 1.05 Vv

ISET Voltage Level 0.95 1 1.05 V
Soft Start

Saturation VCC = 11V, VCC Comparator Off 25 100 mV

IsoFTsT/liSET

0.8 1 1.2 A/A

Pulse Width Modulator

lib(FEEDBK)

0 +100 | nA

FEEDBK

Zero Duty Cycle

0.9 1 1.1 \

Maximum Duty Cycle, (Note 1) 3.8 4 4.2 \'

Current Limit

lib(CURLIM)

0 +100 nA

Vth Current Limit

180 200 220 mV

Vth Shutdown

500 600 700 mV

Fault Counter

Vth 3.8 4 4.2 \'

Vsat 0 100 mV

IcounT/liseT 0.8 1 1.2 A/A
Output Driver

Vsat High lout = —100mA 0.4 1 \

Vsat Low lout = 100mA 0.4 1 vV

Rise/Fall Time Cout = 1nF, (Note 1) 20 100 ns

Note 1: This parameter guaranteed by design but not 100% tested in production.

PIN DESCRIPTIONS
VCC: Chip supply voltage pin. Bypass to PGND with a

low ESL/ESR 0.1uF capacitor plus a capacitor for gate
charge storage. Lead lengths must be minimum.

PGND: Ground pin for the output driver. Keep connec-
tions less than 2cm. Carefully maintain low impedance
path for high current return.

OUT: Gate drive output pin. Connect to the gate of a
power MOSFET with a resistor greater than 2Q. Keep
connection lengths under 2cm.

VFWD: Voltage Feed Forward and Line Sense pin. Con-
nect to input DC line using a resistive divider.

SLOPE: Program the charging current for RAMP with a
resistor from this pin to GND. This pin will follow VFWD.

FEEDBK: Input to the pulse width modulator comparator.
Drive this pin with an optocoupler to GND and a resistor
to VREF. Modulation input range is from 1V to 4V.

ISET: A resistor from this pin to GND programs RAMP
discharge current, FREQ current, SOFTST current, and
COUNT current.

3-93




PIN DESCRIPTIONS (cont.)

RAMP: Ramp Pin. Connect a capacitor to GND. Rising
slope is programmed by current in SLOPE. This slope is
compared to FEEDBK for pulse width modulation. The
falling slope is programmed by the current in ISET and
used to limit maximum duty cycle.

FREQ: Oscillator pin. Program the frequency with a ca-
pacitor to GND.

VREF: Precision 5V reference, and bypass point for in-
ternal circuitry. Bypass this pin with a 1uF minimum ca-
pacitor to GND.

UCC1570
UCC2570
UCC3570

GND: Analog ground. Connect to a low impedance
ground plane containing all analog low current returns.

SOFTST: Soft start pin. Program with a capacitor to
GND.

COUNT: Program the time that fault events will be toler-
ated before shutdown occurs with a capacitor and resis-
tor to GND.

CURLIM: Current Limit Sense pin. Terminates OUT gate
drive pulse for inputs over 0.2V. Enables fault counting
function (COUNT). For inputs over 0.6V, the shutdown
latch is activated.

APPLICATION INFORMATION

(Note: Refer to Typical Application for external compo-
nent names.) All the equations given below should be
considered as first order approximations with final values
determined empirically for a specific application.

Power Sequencing

VCC normally connects through a high impedance (R5)
to the rectified line, with an additional path(R6) to a low
voltage, bootstrap on the winding power transformer.
VFWD normally connects to a divider (R1 and R2) from
the rectified line. For circuit activation, all of the following
considerations are required:

1. VFWD between 1V and 4V

2. VCC has been under 9V (to reset the shutdown
latch)

3. VCC over 13V

At this time, the circuit will activate. lygc will increase
from its start up value of 85uA to its run value of 1mA.
The capacitor on SOFTST is charged with a current de-
termined by:

1%
—Isorrst = R4

When SOFTST rises above 1V, output pulses will begin
and lygc will further rise to a level dictated by gate
charge requirements aslycc = TmA + QTfs. With output
pulses, the low voltage bootstrap winding should now
power the controller. If VCC falls below 9V, the controller
will turn off and the start sequence will reset and retry.

VCC Clamp

An internal shunt regulator clamps VCC so that it will not
exceed 15V.

Output Inhibit

During normal operation, OUT is driven high at the start
of a clock period and back low when RAMP either
crosses FEEDBK or equals 4V. If, however, any of the
following occur, OUT is immediately driven low for the re-
mainder of the clock period:

1. VFWD is outside the range of 1V to 4V
2. CURLIM is greater than 0.2V
3. FEEDBK or SOFTST is less than 1V

Normal output pulses will not resume until the beginning
of the next clock period in which none of the above con-
ditions exist.

Current Limiting

CURLIM is monitored by two internal comparators. The
current limit comparator threshold is 0.2V. If the current
limit comparator is triggered, OUT is immediately driven
low and held low for the remainder of the clock cycle,
providing pulse-by-pulse overcurrent control for exces-
sive loads. This comparator also causes CF to be
charged for the remainder of the clock cycle. The charg-
ing current is

1%
—lcount =5

R4
If repetitive cycles are terminated by the current limit
comparator causing COUNT to rise above 4V, the shut-
down latch is set. The COUNT integration delay feature
will be bypassed by the shutdown comparator which has
a 0.6V threshold. The shutdown comparator immediately
sets the shutdown latch. Rg in parallel with Cr resets the

COUNT integrator following transient faults. Rg must be
(4eR4)

greater than ——~—.
(1-Duax)
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APPLICATION INFORMATION (cont.)
Latched Shutdown

If CURLIM rises above 0.6V, or COUNT rises to 4V, the
shutdown latch will be set. This will force OUT low, dis-
charge SOFTST and COUNT, and reduce lycc to ap-
proximately 1mA. When, and if, VCC falls below 9V, the
shutdown latch will reset and Iycc will fall to 85uA, allow-
ing the circuit to restart. If VCC remains above 9V, an al-
ternate restart will occur if VFWD is momentarily reduced
below 1V. External shutdown commands from any
source may be added into either the COUNT or CURLIM
pins.

Deadtime Control

The voltage waveform on RAMP has independently con-
trolled rising and falling edges. At the start of the clock
period, RAMP is at 1V and rises to 4V. It then discharges
back to 1V and awaits the next clock period. OUT can
only be high during the rising part of the waveform, while
it is positively blanked off during the falling portion. Set-
ting the —dV/dt slope by R4 from ISET to GND estab-
lishes a minimum deadtime as:

{d=03e¢R4eCp

UCC1570
UCC2570
UCC3570

Choose R4 between 20k and 200k and CR greater than
50pF. In order to have a pulse at OUT in the next clock
period, RAMP must fall to 1V prior to the end of the cur-
rent period. If it does not, OUT will remain low for the en-
tire next clock period.

Voltage Feedforward

The +dV/dt on RAMP is made proportional to line volt-
age. The slope is:

av VFWD

AV _qpe VTE
dt  (R3Cp)

where VFWD is line voltage scaled by R1 and R2. There-
fore, a changing line voltage will accomplish an immedi-
ate proportionate pulse width change without any action
from the feedback amplifier. This will result in constant
volt-second drive to the power transformer providing both
international voltage operation, and excellent dynamic
line regulation. VFWD is intended to operate over a 4:1
range (1V to 4V) with undervoltage and overvoltage sen-
sors designed to drive OUT low if this range is exceeded.
Choose R3 between 20k and 200k.

VIN
R5 SUPPLY
R6
|6 | vFwD vce KF—w
31
SLOPE —
R8 -
[10] RAMP out —||<—
R9 "|
(o ]1sET CURLIM o+ ViN
EX %Rcs RETURN
FREQ PGND
SOFTST
COUNT
< RGND
c3
= 12| VREF
= R7
8 | FEEDBK GND 13]—-
AT =
N

Figure 1. UCC1570 typical application.
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APPLICATION INFORMATION (cont.)
Frequency Set

A capacitor from FREQ to GND will determine a constant
clock frequency. Frequency is:

18
(R4+Cr)

If required, frequency can be trimmed down from the
above equation by the addition of Ry from FREQ to
GND. The reduction in frequency is a function of the ratio
of R1/R4. Rt should be greater than 2.4 e R4 for reliable
operation.

External synchronization can be accomplished by cou-
pling a narrow pulse to a resistor inserted in series with
the ground side of Ct. The value should be less than
R4/200 and the synchronizing pulse width should be less
than 5% of the oscillator period.

External synchronization can also be accomplished by
driving FREQ with an CMOS inverter. The inverter must

UCC1570
UCC2570
UCC3570

be able to sink (4 e I4) with at a voltage less than the
3.5V upper threshold of the oscillator. It must also be
able to source 36 ¢ 4 at a voltage greater than the 1.5V
lower threshold of the oscillator. As long as FREQ is held
high, the output is guaranteed to be low.

Gate Drive Output

The UCC1570 is capable of 1A peak output current. By-
pass VCC with at least 0.1uF directly to PGND. Use a
capacitor with low equivalent series resistance and in-
ductance. The connection from OUT to the MOSFET
gate should have a 2Q or greater damping resistor and
the length should be minimized. A low impedance con-
nection must be established between the MOSFET
source (or the ground side of the current sense resistor),
the VCC bypass capacitor and PGND. PGND should
then be connected by a single path (shown as RGND in
the application) to GND.

R1 OSCILLATOR
.y 1013 CLOCK
R2
i L <« 13 v
VARIABLE FIXED
Am{ y a SLOPE ¥~ SLOPE
= Cr RAMP
1\% «—Q CAPACITOR
v
ISET »d? 1014
L R4 Sm—) PWM BLANKING
N RANGE
‘ ‘ CLOCK ‘ ‘ ‘
LA —— FEEDBK
/| RAMP
ouT
HIGH Vin LOW VIN FAULT VIN

Figure 2. Ramp and PWM waveforms.
3-96




APPLICATION INFORMATION (cont.)

UCC1570
UCC2570
UCC3570

414

A

CLK

,\
35v —4— s P >

\\”J\/\/\,-
n
4
\\Hﬁ —
o
2
i
L

1.5V R T
< EDGE
DETECT
36+14

FREQ

CLK

out

/

Nz

Maximum OUT
Modulation Range

Figure 3. Clock generator.

FREQ
4xly
cT
EXT 3.3K EXT FREQ
CLK CLK —| So——{
- 470Q
== rpw < # = 36+ EXT
s ek T LT
FREQ
1.5V FREQ _L__r—l_
EXT— || 77A
CLK
ot Maximum OUT
Modulation Range
Figure 4. External clock synchronization.
lcc vs Frequency
12
e L A
9500 10 —4— Vee=10V L
: 25k < R4 < 100k %
T 50k <R3< 121k 7
.9000 8 -
LOAD = 1nF
F/Fo 8500 < 6 A
E d
800! 8 7
E 0 E—4
4 ,/
7500 Fo=1.8/(R4*CT)
. -
i 2 v =T 1|
1 AL TT] NO LOAD
7000
1 10 100 0 I ! | ! I

RT/R4

0 100 200 300 400 500 600 700 800 900 1000

FREQUENCY (kHz)

Figure 5. Frequency dependence on RT/ R4 ratio.
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APPLICATION INFORMATION (cont.)
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UCC15701

-INFO
== UNITRODE I ﬂgggg;ﬂ
PRELIMINARY

Advanced Voltage Mode Pulse Width Modulator

FEATURES DESCRIPTION

700kHz operation

Integrated Oscillator/ Voltage Feed
Forward Compensation

Accuracte Duty Cycle Limit

Accurate volt-second Clamp
Optocoupler Interface

Fault Counting Shutdown

Fault Latch off or Automatic Shutdown
1A Peak Gate Drive Output

130uA Start-up Current

750pA Operating Current

TYPICAL APPLICATION DIAGRAM

The UCC35701 family of pulse width modulators is intended for isolated
switching power supplies using primary side control. They can be used for
both off-line applications and DC/DC converter designs such as in a distrib-
uted power system architecture or as a telecom power source.

The devices feature low startup current, allowing for efficient off-line start-
ing, yet have sufficient output drive to switch power MOSFETS in excess of
500kHz.

Voltage feed forward compensation provides fast and accurate response to
input voltage changes over a 4:1 range. An accurate volt-second clamp
and maximum duty cycle limit are also featured.

Fault protection is provided by pulse by pulse current limiting as well as the
ability to latch off after a programmable number of repetitive faults has oc-
curred.

The UCC35701 and the UCC25701 are offered in the 14 pin SOIC (D), 14
pin PDIP (N) or in 14 pin TSSOP (PW) packages. The UCC15701 is of-
fered in the 14 pin CDIP (J) package.

V) SUPPLY
S
| R6
Ro | UCC35701 ! .
VFF
VDD
‘ )
RT } VOUT
I L C1 ° e
|
cr ! R8 ‘
out [4] A L
VSCLAMP R10
ILIM Eﬁ] AN
SYNC ‘ L
| Cc2
ss } RCS
|
COUNT PGND E} — >
} RGND V| RETURN
VREF
GND
|
| =
FB |
|
|
UDG-98005

02/99
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ABSOLUTE MAXIMUM RATINGS

Supply voltage (Supply current limited to 20mA) . ....... 15V
Supply Current. .. ..o 20mA
Input pins ( ILIM,VFF,RT,CT,VSCLAMP,SYNC,SS) ...... 6V
Output Current (OUT)DC .................... +/- 180mA
Output Current (OUT) Pulse (0.5ms) . ............. +-1.2A
Storage Temperature .. ................. -65°C to +150°C
Junction Temperature. .. ................ -55°C to +150°C
Lead Temperature (Soldering, 10sec.) ............ +300°C

Note: All voltages are with respect to GND. Currents are posi-
tive into the specified terminal. Consult Packaging Section of
the Databook for thermal limitations and considerations of

CONNECTION DIAGRAMS

DIL-14, SOIC-14, TSSOP-14 (TOP VIEW)
Nor J,D, PW PACKAGE
/
counT [ 1] 14] ss
M [ 2] 13] anp
vop [3] 12] vReF
out [4] [11] svne
PGND [ 5 | [10] cT
vFF (6| (9] vscrawp
AT [7] (8] e

PRODUCT SELECTION TABLE

UCcC15701
UCC25701
UCC35701

Temperature Range

Available Packages

UCC15701 —55°C to +125°C J
UCC25701 —40°C to +85°C D, N, PW
UCC35701 0°C to +70°C D, N, PW

ORDERING INFORMATION
ucc[]5701[]

PACKAGE

TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS: Unless otherwise specified, Vpp = 11V, RT = 60.4k, Ct = 330pF, CreF = Cvpp =

0.1pF, VEg = 2.0V, and no load on the outputs.

PARAMETER \ TEST CONDITIONS [ min | TYP | MAX [uniTs

UVLO Section

Start Threshold 12 13 14 V

Stop Threshold 8 9 10 )

Hysteresis 3 4 5 Vv
Supply Current

Start-up Current Vpp = 11V, Vpp Comparator Off 130 200 pA

Ibp Active Vpp Comparator On 0.75 15 mA

Vpp Clamp Voltage Ipp= 10mA 13.5 | 143 15 V

Vpp Clamp — Start Threshold 1 V
Voltage Reference

VREF Vpp = 10V to 13V, I(Vger) = OmA to 2mA 4.9 5 5.1 \

Line Regulation Vpp= 10V to 13V 20 mV

Load Regulation I(VRep) = OmA to 2mA 2 mV

Short Circuit Current Vgeg =0V, Ty =25°C 20 50 mA
Line Sense

Vth High Line Comparator 3.9 4 4.1 \'

Vth Low Line Comparator 0.5 0.6 0.7 \

Input Bias Current -100 100 nA
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UCcC15701
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ELECTRICAL CHARACTERISTICS: Unless otherwise specified, Vpp = 11V, RT = 60.4k, Ct = 330pF, Crer = Cvpp =

0.1pF, VEg = 2.0V, and no load on the outputs.

PARAMETER \ TEST CONDITIONS [ min | TYP | MAX [uniTs
Oscillator Section
Frequency Vg = 0.8V to 3.2V 90 100 110 kHz
Frequency VEE = 0.6V to 3.4V (Note 1) 90 | 100 | 110 | kHz
SYNC VIH 2 )
SYNC VIL 0.8 \'
SYNC Input Current VSYNC = 2.0V 3 10 A
RT Voltage VFF = 0.4V 0.5 0.6 0.7 V
VFF = 0.8V 0.75 0.8 0.85 Vv
VFF = 2.0V 1.95 2.0 2.05 Vv
VFF = 3.2V 3.15 3.2 3.25 Vv
VFF = 3.6V 3.3 3.4 3.5 \'
Ct Peak Voltage VFF = 0.8V (Note 1) 0.8 \'
VFF = 3.2V (Note 1) 3.2 v
Crt Valley Voltage (Note 1) 0 )

Soft Start/Shutdown/Duty Cycle Control Section

Iss Charging Current

10 | 18 | 30 | pA

Iss Discharging Current

300 500 750 pA

Saturation

Vpp = 11V, IC Off

25 100 mV

Fault Counter Section

Threshold Voltage

VFF = 0.8V to 3.2V

3.8 4 4.2 \

Saturation Voltage

VFF = 0.8V to 3.2V

100 mV

Count Charging Current

10 18 30 pA

Current Limit Section

Input Bias Current

-100 0 100 nA

Current Limit Threshold

180 | 200 | 220 mV

Shutdown Threshold

500 600 700 mV

Pulse Width Modulator Section

FB Pin Input Impedance

VFB =3V

30 50 100 kQ

Minimum Duty Cycle

VFB <=1V

Maximum Duty Cycle

VFB >= 4.5V, VSCLAMP >= 2.0V

95 99 100 %

PWM Gain

VFF = 0.8V

35 50 70 %IV

Volt Second Clamp Section

Maximum Duty Cycle

VFF = 0.8V, VSCLAMP = 0.6V

69 74 79 %

Minimum Duty Cycle

VFF = 3.2V, VSCLAMP = 0.6V

17 19 21 %

Output Section

VOH lout = —-100mA, (Vpp — Vour) 0.4 1 V
VOL loyt = 100mMA 0.4 1 V
Rise Time CLoaD = 1000pF 20 100 ns
Fall Time CLOAD = 1000pF 20 100 ns

Note 1: Guaranteed by design. Not 100% tested in production.

3-101




UCcC15701

UCC25701
UCC35701
DETAILED BLOCK DIAGRAM
== e e e,
S
Q Rp—
g
0.2V 1t
VALLEY s Q
jl\_> Ro
> ‘
/ |
|
|
HIGH LINE |
RUN |
LOW LINE \
|
|
|
|
* |
CURRENT FAULT 257 @4 4 J |
|
— IL R Q |
CURRENT LIMIT 0-2"*;1; VDD !
} Vier —\L/ Sp ? |
|
| FAULT |
| D Ql—p @ |
! R Q LATCH I
! PWMB—> :Z>— 1 50v | | VREF
I SSDONEM—| R ) REF ‘
o = |
COUNT [ 1 av
[ :’ ' GND
| a <
! SHUTDOWN = |
| 4 LATCH |
Lo _______ R |
UDG-98004

PIN DESCRIPTIONS

VDD: Power supply pin. A shunt regulator limits supply
voltage to 14V typical at 10mA shunt current.

PGND: Power Ground. Ground return for output driver
and currents.

GND: Analog Ground. Ground return for all other circuits.
This pin must be connected directly to PGND on the
board.

OUT: Gate drive output. Output resistance is 10Q maxi-
mum.

VFF: Voltage feedforward pin. This pin connects to the
power supply input voltage through a resistive divider
and provides feedforward compensation over a 0.8V to
3.2V range. A voltage greater than 4.0V or less than
0.6V on this pin initiates a soft stop cycle.

RT: The voltage on this pin mirrors VFF over a 0.8V to
3.2V range. A resistor to ground sets the ramp capacitor
charge current. The resistor value should be between
20k and 200k.

CT: A capacitor to ground provides the oscillator/
feedforward sawtooth waveform. Charge current is 2
I(RT), resulting in a CT slope proportional to the input
voltage. The ramp voltage range is GND to VRr.

Period and oscillator frequency is given by:

Ver Cr
2 lpr
_2
RT CT

T toscn 0.5 Rr Cr
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PIN DESCRIPTIONS (cont.)

VSCLAMP: Voltage at this pin is compared to the CT
voltage, providing a constant volt-second limit. The com-
parator output terminates the PWM pulse when the ramp
voltage exceeds VSCLAMP. The maximum on time is
given by:

¢ Vvscrawe  CT
ON — o

2 lpr
The maximum duty cycle limit is given by:
D o VvscLave
MAX Ver

FB: Input to the PWM comparator. This pin is intended
to be driven with an optocoupler circuit. Input impedance
is 50kQ Typical modulation range is 1.6V to 3.6V.

SYNC: Level sensitive oscillator sync input. A high level
forces the gate drive output low and resets the ramp ca-
pacitor. On-time starts at the negative edge the pulse.
There is a 3uA pull down current on the pin, allowing it to
be disconnected when not used.

APPLICATION INFORMATION

(Note: Refer to the Typical Application Diagram on the first
page of this datasheet for external component names.) All the
equations given below should be considered as first order ap-
proximations with final values determined empirically for a spe-
cific application.

Power Sequencing

VDD is normally connected through a high impedance
(R6) to the input line, with an additional path (R7) to a
low voltage bootstrap winding on the power transformer.

VFF is connected through a divider (R1/R2) to the input
line.

For circuit activation, all of the following conditions are
required:

1. VFF between 0.6V and 4.0V
2. VDD has been under 9V to reset the shutdown latch
3. VDD is over 13V

The circuit will start at this point. 1(VDD) will increase
from the start up value of 130pA to the run value of TmA.
The capacitor on SS is charged with a 15uA current.
When the voltage on SS is greater than 0.8V, output
pulses can begin, and supply current will increase to a
level determined by the MOSFET gate charge require-
ments to I(VDD) ~ 1mA + QT fs. When the output is ac-

UCcC15701
UCC25701
UCC35701

VREF: 5.0V trimmed reference with 2% variation over
line, load and temperature. Bypass with a minimum of
0.1uF to ground.

SS: Soft start pin. At power up, a capacitor to ground is
charged with a nominal 15uA to VReg. A soft start cycle
is initiated either at power up or after a fault condition dis-
charges the soft start capacitor with a controlled dis-
charge current of ~450pA.

A low line, high line, UVLO, or a low VRgf fault will follow
the soft stop with a soft start cycle as soon as all faults
are cleared. A current fault (0.6V on ILIM) or COUNT
fault will cause a latched soft stop. In this case, dropping
Vpp below 9V, or VFF below 600mV will initiate a soft
start cycle AFTER the voltage at SS is below 200mV.

ILIM: Provides a pulse by pulse current limit by terminat-
ing the PWM pulse when the input is above 200mV. An
input over 600mV initiates a latched soft stop cycle.

COUNT: Capacitor to ground integrates current pulses
generated when ILIM exceeds 200mV. A resistor to
ground sets the discharge time constant. A voltage over
4V will initiate a latched soft stop cycle.

tive, the bootstrap winding should be sourcing the supply
current. If VDD falls below 9V, the controller will enter a
shutdown sequence and turn the controller off, returning
the start sequence to the initial condition.

VDD Clamp

An internal shunt regulator clamps VDD so the voltage
does not exceed 14V. If the regulator is active, supply
current must be limited to less than 20mA.

Output Inhibit

During normal operation, OUT is driven high at the start
of a clock period and is driven low by voltages on CT, FB
or VSCLAMP.

The following conditions cause the output to be immedi-
ately driven low until a clock period starts where none of
the conditions are true:

1. ILIM > 0.2V
2. FB or SS is less than 0.8V

Current Limiting

ILIM is monitored by two internal comparators. The cur-
rent limit comparator threshold is 0.2V. If the current limit
comparator is triggered, OUT is immediately driven low
and held low for the remainder of the clock cycle, provid-
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APPLICATION INFORMATION (cont.)

ing pulse-by-pulse over-current control for excessive
loads. This comparator also causes Cg to be charged for
the remainder of the clock cycle.

If repetitive cycles are terminated by the current limit
comparator causing COUNT to rise above 4V, the shut-
down latch is set. The COUNT integration delay feature
will be bypassed by the shutdown comparator which has
a 0.6V threshold. The shutdown comparator immediately
sets the shutdown latch. Rg in parallel with Cg resets the
COUNT integrator following transient faults. Rg must be
greater than (4 R4) (1 —Dpmax)-

Latched Shutdown

If ILIM rises above 0.6V, or COUNT rises to 4V, the shut-
down latch will be set. This will force OUT low, discharge
SS and COUNT, and reduce Ipp to approximately 1mA.
When, and if, Vpp falls below 9V, the shutdown latch will
reset and Ipp will fall to 130uA, allowing the circuit to re-
start. If Vpp remains above 9V, an alternate restart will
occur if VFF is momentarily reduced below 1V. External
shutdown commands from any source may be added
into either the COUNT or ILIM pins.

Voltage Feedforward

The voltage slope on CT is proportional to line voltage
over a 4:1 range and equals 2 VFF (RT CT). The capac-
itor charging current is set by the voltage across Rr.
V(RT) tracks VFF over a range of 0.8V to 3.2V. A chang-
ing line voltage will immediately change the slope of
V(CT), changing the pulse width in a proportional manner
without using the feedback loop, providing excellent dy-
namic line regulation.

TYPICAL WAVEFORMS

UCC15701

UCC25701

UCC35701
VFF is intended to operate over a 4:1 range between
0.8V and 3.2V. Voltages at VFF below 0.6V or above
4.0V will initiate a soft stop cycle and a chip restart when
the under/over voltage condition is removed.

Volt-Second Clamp

A constant volt-second clamp is formed by comparing
the timing capacitor ramp voltage to a fixed voltage de-
rived from the reference. Resistors R4 and R3 set the
volt-second limit. For a volt-second product defined as
VIN  ton(max), the required voltage at VSCLAMP is:

R1
R1 R2

Vin° ton max

The duty cycle limit is then:

VvsoLamp . VvscLawp
% ' R1
" v a1 Re

The maximum duty cycle is realized when the
feedforward voltage is set at the low end of the operating
range. The absolute maximum duty cycle is:

D VvscLavpe
M 0.8
Frequency Set

The frequency is set by a resistor from RT to ground and
a capacitor from CT to ground. The frequency is approxi-

mately: F ————
Rr Cr)

5V —

4V —

3V—

v—

v—

FEEDBK

" VSCLAMP

CT

SOFT START | HIGH DC | LOW DC

S N R AR N )

| ZERO DC |

SOFTST

|SOFT STOP

V-S CLAMP
UDG-98207

Figure 1. Timing diagram for PWM action with feedback, soft start and volt-second clamp.
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UCcC15701

UCC25701
UCC35701
TYPICAL WAVEFORMS (cont.)
5V ——
& —
v — VFF
v —— ; :
v — fd cT
ov
SYNC
UDG-98207

Figure 2. Timing diagram for oscillator waveforms showing feedforward action and synchronization.

TYPICAL CHARACTERISTIC CURVES

1000 & 1.03
R \/FF:S.Z
\ 3 \
~ o
N
z \s g 1.01
§ " \ —— 2 0 VFF=0.8 \
& : N 100pF a ™
) F 150pF N
u L 220pF g 080
& 330pF £ \
[ 470pF Z 098
10 - T 0.97 T T T T T T T T
20 60 100 140 180 220 55 -35 -15 5 25 45 65 85 105 125
RT [KQ] TEMPERATURE [°C]
Figure 3. Oscillator frequency vs. RT and CT. Figure 5. Normalized maximum duty cycle vs.
temperature.
1.02
CT=330pF

Fosc = 100kHz

1.01

0.98

NORMALIZED FREQUENCY

55 35 15 5 25 45 65 8 105 125
TEMPERATURE [°C]

Figure 4. Oscillator frequency vs. temperature.
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APPLICATION INFORMATION (cont.)

External synchronization is via the SYNC pin. The pin
has a 1.5V threshold , making it compatible with 5V and
3.3V CMOS logic. The input is level sensitive, with a high
input forcing the oscillator ramp low and the output low.
An active pull down on the SYNC pin allows it to be un-
connected when not used.

Gate Drive Output
The UCC35701 is capable of a 1A peak output current.

TRANSITIONING FROM UCC3570 TO UCC35701

The UCC35701 is an advanced version of the popular,
low power UCC3570 PWM. Significant improvements
were made to the IC’s oscillator and PWM control sec-
tions to enhance overall system performance. All of the
key attributes and functional blocks of the UCC3570
were maintained in the UCC35701. A typical application
using UCC3570 and UCC35701 is shown in Fig. 6 for
comparison.

The advantages of the UCC35701 over the UCC3570
are as follows.

Improved oscillator and PWM control section.

A precise maximum volt-second clamp circuit. The
UCC3570 has a dual time base between oscillator and
feedforward circuitry. The integated time base in
UCC35701 improves the duty cycle clamp accuracy.
The UCC35701 features +/-5% accurate volt-second
clamp over temperature.

Separately programmable oscillator timing resistor
(RT) and capacitor (CT) circuits provide a higher
degree of versatility.

An independent SYNC input pin for simple external
synchronization.

ADDITIONAL INFORMATION
Please refer to the following two Unitrode application
topics for additional information. They are available in the
Unitrode Applications Handbook.

[1] Application Note U-150, Applying the UCC3570 Volt-
age-Mode PWM Controller to Both Off-line and DC/DC
Converter Designs by Robert A. Mammano

UCcC15701
UCC25701
UCC35701

Bypass Vpp with at least 0.1uF directly to PGND. The
capacitor must have a low equivalent series resistance
and inductance. The connection from OUT to the power
MOSFET gate should have a 2Q or greater damping re-
sistor and the distance between chip and MOSFET
should be minimized. A low impedance path must be es-
tablished between the MOSFET source (or ground side
of the current sense resistor), the VDD capacitor and
PGND. PGND should then be connected by a single path
(shown as RGND) to GND.

A smaller value filter capacitor (0.1uF) can be used
with the enhanced reference voltage.

UCC35701 is pin to pin compatible to UCC3570 but is
not a direct drop-in replacement for UCC3570 sockets.
The changes required to the power supply printed circuit
board of for existing UCC3570 designs are minimal. For
conversion, only one extra resistor to set the volt-second
clamp needs to be added to the existing PC board lay-
outs. In addition, some component values will need to
be changed due to the functionality change in of four of
the IC pins.

The Pinout Changes from UCC3570 are as follows.

Pin 7 was changed from SLOPE to RT (for timing
resistor)

Pin 8 was changed from ISET to VSCLAMP (requiring
one additional resistor from pin 9 to VREF)

Pin 10 was changed from RAMP to CT (single timing
capacitor)

Pin 11 was changed from FREQ to SYNC (input only)

[2] Design Note DN-62, Switching Power Supply Topol-
ogy, Voltage Mode vs. Current Mode by Robert
Mammano
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UCcC15701

UCC25701
UCC35701
APPLICATION INFORMATION
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UNITRODE CORPORATION
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 * FAX (603) 424-3460

3-107

Figure 6. Single-ended flyback circuit comparison between UCC3750 and UCC37501.



=m UNITRODE

uUCc1572
UC2572
UC3572

Negative Output Flyback Pulse Width Modulator

FEATURES

Simple Single Inductor Flyback PWM
for Negative Voltage Generation

Drives External PMOS Switch
Contains UVLO Circuit
Includes Pulse-by-Pulse Current Limit

Low 50pA Sleep Mode Current

DESCRIPTION

The UC3572 is a negative output flyback pulse width modulator which con-
verts a positive input voltage to a regulated negative output voltage. The
chip is optimized for use in a single inductor negative flyback switching
converter employing an external PMOS switch. The block diagram consists
of a precision reference, an error amplifier configured for voltage mode op-
eration, an oscillator, a PWM comparator with latching logic, and a 0.5A
peak gate driver. The UC3572 includes an undervoltage lockout circuit to
insure sufficient input supply voltage is present before any switching activ-
ity can occur, and a pulse-by-pulse current limit. Output current can be
sensed and limited to a user determined maximum value. The UVLO circuit
turns the chip off when the input voltage is below the UVLO threshold. In
addition, a sleep comparator interfaces to the UVLO circuit to turn the chip
off. This reduces the supply current to only 50pA, making the UC3572 ideal
for battery powered applications.

BLOCK DIAGRAM

r-----"->">"""=">"="="="="="""="="="="=="="="=="="=="=="=>"="=""="="" "7/ 1

EAOUT [%j }

‘ |

|

‘ ERROR 1R |

|

PWM PWM ‘

COMPARATOR  LATCH |

SD | }

i |

RAMP|7 OSCILLATOR ( !

} CT CLK ‘ D_D_Efg ouT

cs @7 }

‘ 0-2V=L"GURRENT LIMIT |

‘ COMPARATOR |

| REFERENCE ‘

| SLEEP |

‘ COMPARATOR & VLo \

| W—SLEEP UVLO !

| i I

VCCG; VIN  vouT —* 3VREF

|

GND @1 }
S J UDG-94094-2

03/99



UC1572

UC2572
UC3572
ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM
VCC . o 35V
EAINV. ..o -06Vtovcc | DIL-8, SOIC-8 (TOP VIEW)
JEAOUT .« vttt ettt 25mA D, N or J Packages
RAMP. . -0.3V to 4V
S, -0.3V to VCC -
IOUL oot -0.7A 10 0.7A EAINV/[1 | |8]3VREF
IBVREF ... -15mA
Storage Temperature . .................. -65°C to +150°C EAQUT E E RAMP
Junction Temperature .. ................. -65°C to +150°C
Lead Temperature (Soldering, 10sec.)............. +300°C cs E E GND
Currents are positive into, negative out of the specified vVce E E ouT
terminal. Consult Packaging Section of Databook for thermal
limitations and considerations of packages.
ORDERING INFORMATION
TEMPERATURE RANGE PACKAGE
UC1572 —55°C to +125°C J
uc2572 —40°C to +85°C D,NordJ
UC3572 0°C to +70°C DorN
ELECTRICAL CHARACTERISTICS: Unless otherwise specified, VCC = 5V, CT = 680pF, Ta=T,.
PARAMETER \ TEST CONDITIONS MmN | TYP | max [uNiTs
Reference Section
3VREF 2.94 3 3.06 \
Line Regulation VCC = 4.75 to 30V 1 10 mV
Load Regulation I3VREF = OV to —-5mA 1 10 mV
Oscillator Section
Frequency VCC =5V to 30V | 85 ‘ 100 ‘ 115 | kHz
Error Amp Section
EAINV EAOUT =2V -10 0 10 mV
IEANV = —1mA -02 | -0.9 \
IEAINV EAOUT =2V -02 | 1.0 pA
AVOL EAOUT = 0.5V to 3V 65 90 dB
EAOUT High EAINV = -100mV 3.6 4 4.4 \
EAOUT Low EAINV = 100mV 0.1 0.2 \
IEAOUT EAINV = -100mV, EAOUT =2V —350 | —500 pA
EAINV = 100mV, EAOUT =2V 7 20 mA
Unity Gain Bandwidth TJ=25°C, F = 10kHz 0.6 1 MHz
Current Sense Comparator Section
Threshold 0.195 | 0.215 | 0.235 \
Input Bias Current CS=0 -0.4 -1 pA
CS Propogation Delay 300 nS
Gate Drive Output Section
OUT High Saturation lout=0 0 0.3 V
loutT = -10mA 0.7 1.5 V
lout = -100mA 15 25 Vv
OUT Low Saturation louT = 10mA 0.1 0.4 )
lout = 100mA 1.5 2.2 V
Rise Time TJ =25°C, CLOAD = 1nF + 3.3 Ohms 30 80 nS
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UC1572

UC2572
UC3572
ELECTRICAL CHARACTERISTICS: Unless otherwise specified, VCC = 5V, CT = 680pF, Ta=T,.
PARAMETER TEST CONDITIONS MIN | TYP | MAX [UNITS
Fall Time TJ = 25°C, CLoAD = 1nF + 3.3 Ohms 30 80 nS
Pulse Width Modulator Section
Maximum Duty Cycle EAINV = +100mV, VCC = 5V to 30V 92 96 %
Minimum Duty Cycle EAINV =-100mV, VCC = 5V to 30V 0 %
Modulator Gain EAOUT = 1.5V to 2.5V 45 55 65 %IV
Undervoltage Lockout Section
Start Threshold 3.5 4.2 4.5 V
Hysteresis 100 200 300 mV
Sleep Mode Section
Threshold | 18 | 22 [ 26 | v
Supply Current Section
IVCC VCC =5V, 30V 9 12 mA
VCC =30, CS =3V 50 150 pA

(internal)

RAMP
(pin 7)

ouT
(pin 5)

VsWITCH
(DRAIN)

IswITCH

Vcs
(pin 3)

CLOCK ﬂ

UDG-94095

Figure 1. Typical waveforms.
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PIN DESCRIPTIONS

3VREF: Precision 3V reference. Bypass with 100nF ca-
pacitor to GND.

CS: Current limit sense pin. Connect to a ground refer-
enced current sense resistor in series with the flyback in-
ductor. OUT will be held high (PMOS switch off) if CS
exceeds 0.2V.

EAINV: Inverting input to error amplifier. Summing junc-
tion for 3VREF and VOUT sense. The non-inverting input
of the error amplifier is internally connected to GND. This
pin will source a maximum of 1mA.

EAOUT: Output of error amplifier. Use EAOUT and
EAINV for loop compensation components.

GND: Circuit Ground.

UC1572
UC2572
UC3572

OUT: Gate drive for external PMOS switch connected
between Vcc and the flyback inductor. OUT drives the
gate of the PMOS switch between Vcc and GND.

RAMP: Oscillator and ramp for pulse width modulator.
Frequency is set by a capacitor to GND by the equation
1
15k CramP

Recommended operating frequency range is 10kHz to
200kHz.

VCC: Input voltage supply to chip. Range is 4.75 to
30V. Bypass with a 1uF capacitor.

VIN
RSLEEP3
SLEEP TMEG
[} »
‘t‘ Mg eep
CVee | | —= Ci
10;1\F [ uc1s72 ! THouF
4 |VCC
CaVper ! m our b
100nF ! ! *‘: Mswrer
| 8 | 3VREF |
Cravp i \
680pF | | R
SLEEP1
RREFH }—ﬂ RAMP ! 56k
‘ I
I
, EAINV } E‘FLYBACK
‘ I
Rcowe !
’ EAOUT } RSé_gEPz ]KDFLYBACK
comP !
Cs|3
GND #\/\/\/_'
I
777777777777 R
oo % cs GND
e L]
—12v ouT
RV sense 7 Soour
v “T> 100uF
vouT
UDG-99057

Figure 2. Typical application: +5V to —12V flyback converter.

UNITRODE CORPORATION
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 » FAX (603) 424-3460
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MI UC1573

[ INFO | uCc2573
=m UNITRODE I avalable UG3573
Buck Pulse Width Modulator Stepdown Voltage Regulator
FEATURES DESCRIPTION
¢ Simple Single Inductor Buck PWM The UCB3573 is a Buck pulse width modulator which steps down and regu-

Stepdown Voltage Regulation lates a positive input voltage. The chip is optimized for use in a single in-

. . ductor buck switching converter employing an external PMOS switch. The
* Drives External PMOS Switch block diagram consigts of a precision refegrence, an error amplifier config-
e Contains UVLO Circuit ured for voltage mode operation, an oscillator, a PWM comparator with
latching logic, and a 0.5A peak gate driver. The UC3573 includes an
undervoltage lockout circuit to insure sufficient input supply voltage is pres-
e Low 50pA Sleep Mode Current ent before any switching activity can occur, and a pulse-by-pulse current
limit. Input current can be sensed and limited to a user determined maxi-
mum value. In addition, a sleep comparator interfaces to the UVLO circuit
which turns the chip off when the input voltage is below the UVLO thresh-
old. This reduces the supply current to only 50uA, making the UC3573
ideal for battery powered applications.

Includes Pulse-by-Pulse Current Limit

BLOCK DIAGRAM
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UC1573

UC2573
UC3573

ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAMS

VCC . 35V

EAINV ..o 0.6V to VCC DIL-8, SOIC-8 (TOP VIEW)

B AOUT -« v v v e e e e 25mA J or N, D Packages

RAMP . —0.3V to 4V /

CS -0.3V to VCC

IOUT « «+ + e e e et e e ~0.7A 0 0.7A EAINV( 1| | 8]3VREF

LB REE -+« o vt e —-15mA

Storage Temperature . .................. —65°C to +150°C EAOUT E E RAMP

Junction Temperature. . . EEEEERTE R —65°C to +150°C cs E E GND

Lead Temperature (Soldering, 10sec.)............. +300°C

Currents are positive into, negative out of the specified termi- vce E E ouT

nal. Consult Packaging Section of Databook for thermal limita-

tions and considerations of packages.

ELECTRICAL CHARACTERISTICS: Unless otherwise specified, these parameters apply for Ta = —55°C to +125°C for
the UC1573, —40°C to +85°C for the UC2573, and 0°C to +70°C for the UC3573, VCC =5V, CT = 680pF, Tao=T,.

PARAMETER TEST CONDITIONS [ min | TvP | maX [uniTs
Reference Section
3VREF 2.94 3 3.06 \
Line Regulation VCC =4.75 to 30V 1 10 mV
Load Regulation Iayree = 0 to -5mA 1 10 mV
Oscillator Section
Frequency Vee = 5V, 30V | 85 [ 100 | 115 | kHz
Error Amp Section
EAINV EAQUT =2V 1.45 1.5 1.55 Vv
IEAINV EAOUT =2V -0.2 -1 UA
AVOL EAOUT = 0.5V to 3V 65 90 dB
EAOUT High EAINV = 1.4V 3.6 4 4.4 \
EAOUT Low EAINV = 1.6V 0.1 0.2 V
leaouT EAINV = 1.4V, EAOUT =2V —350 | —500 uA
EAINV = 1.6V, EAOUT = 2V 7 20 mA
Unity Gain Bandwidth Ty=25°C, F =10kHz 0.6 1 MHz
Current Sense Comparator Section
Threshold (referred to VCC) -0.39 | -0.43 | —0.47 V
Input Bias Current CS=VCC 150 800 nA
CS Propagation Delay 400 ns
Gate Drive Output Section
OUT High Saturation lour=0 0 0.3 V
loutr =—-10mA 0.7 15 V
lout = —100mA 1.5 2.5 \
OUT Low Saturation lout = 10mA 0.1 0.4 V
lout = 100mA 1.5 2.2 \
Rise Time Ty=25°C, CLoap = 1nF + 3.3 Ohms 30 80 ns
Fall Time Ty=25°C, CLoap = 1nF + 3.3 Ohms 30 80 ns
Pulse Width Modulator Section
Maximum Duty Cycle EAINV = 1.4V 92 96 %
Minimum Duty Cycle EAINV = 1.6V 0 %
Modulator Gain EAQUT =1.5V to 2.5V 25 35 45 %IV
Undervoltage Lockout Section
Start Threshold 3.5 4.2 4.5 V
Hysteresis 100 200 300 mV
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UC1573
UC2573
UC3573

ELECTRICAL CHARACTERISTICS: Unless otherwise specified, these parameters apply for Ta = —55°C to +125°C for
the UC1573, —40°C to +85°C for the UC2573, and 0°C to +70°C for the UC3573, VCC =5V, CT = 680pF, Tao=T,.

PARAMETER \ TEST CONDITIONS [ min | TvP | maX [uniTs
Sleep Mode Section
Threshold \ [ 18 ] 22 ] 26 v
Supply Current Section
lvee VGG = 30V 9 | 12 [ ma
lvee VCC = 30V, EAINV = 3V 50 | 150 | upA

PIN DESCRIPTIONS
3VREF: Precision 3V reference. Bypass with 100nF ca-
pacitor.

CS: Peak current limit sense pin. Senses the current
across a current sense resistor placed between VCC and
source of the PMOS Buck switch. OUT will be held high
(PMOS buck switch off) if VCC — CS exceeds 0.4V.

EAINV: Inverting input to error amplifier. VOUT sense
feedback connected to this pin. The non-inverting input of
the error amplifier is internally connected to:
3VREF
2

Connecting the EAINV pin to an external voltage greater
than 2.6V commands the chip to go into a low current

Volts.

EAOUT: Output of error amplifier. Use EAOUT and
EAINV for loop compensation components.

GND: Circuit Ground.

OUT: Gate drive for external PMOS switch connected be-
tween VCC and the flyback inductor. OUT drives the gate
of the PMOS switch between VCC and GND.

RAMP: Oscillator and ramp for pulse width modulator.
Frequency is set by a capacitor to GND by the equation
1

F=tsis Crawp

Recommended operating frequency range is 10kHz to
200kHz.

VCC: Input voltage supply to chip. Range is 4.75V to 30V.
Bypass with a 1uF capacitor.

sleep mode.
cLOCK J

(internal)

RAMP
(pin 7)

ouT
(pin 5)

I

VSWITCH
(DRAIN)

I'swiTcH

0 UDG-94107

Typical Waveforms.



UC1573

UC2573
UC3573
TYPICAL APPLICATION: 12V TO 5V BUCK CONVERTER
VIN
RETIE
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R RV Res
24 g 2
AV
C Ve it ;
12“f UC1573
| 4] vee cs Es]
c3 VREF |
100nF }
Yl [{3] 3VREF |
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680pF [ e
)} [a RAMP LT o
|
! I
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R c ! ouT } 4
._ACAOAMPHCOM}_.P EAOUT B Mgwircn
| i Lsuck VOUT
§ Rvsensez GND | L D
b - - Dearch Cout +5Y
GND 1A T1 00uF GND ouT
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UDG-99050

UNITRODE CORPORATION
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 « FAX (603) 424-3460
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MI UC2578

== UNITRODE |-;$§,f;b|e uc3s78
Buck Pulse Width Modulator Stepdown Voltage Regulator
FEATURES DESCRIPTION

e Provides Simple Single Inductor Buck The UC3578 is a PWM controller with an integrated high side floating gate
PWM Step-Down Voltage Regulation  driver. It is used in buck step down converters and regulates a positive

« Drives External High Side NMOS output voltage. Intended to be used in a distributed power system, the IC
Switch allows operation from 14V to 72V input voltage which range includes the
prevalent telecomm bus voltages. The output duty cycle of the UC3578

e 14V to 72V Input Voltage Operating  can vary between 0% and 90% for operation over the wide input voltage

Range and load conditions.
e Contains 100kHz Internal Oscillator, The UC3578 simplifies the design of the single switch PWM buck converter
2V Reference and UVLO by incorporating a floating high side driver for an external N-channel

MOSFET switch. It also features a 100kHz fixed frequency oscillator, an
internal 2V precision reference, an error amplifier configured for voltage
¢ Overcurrent Shutdown Followed by mode operation, and a PWM comparator with latching logic. Comple-

Soft Start menting the traditional voltage mode control block, the UC3578 incorpo-
rates an overcurrent shutdown circuit with full cycle soft re-start to limit the
input current to a user defined maximum value during overload operation.
Additional functions include an under voltage lockout circuit to insure that
sufficient input supply voltage is present before any switching activity can
occur.

The UC2578 and the UC3578 are both available in surface mount and
thru-hole power packages.

e Soft Start on Power Up

ORDERING INFORMATION

TEMPERATURE RANGE | PACKAGE
UC2578DP —40°C to +85°C Power SOIC
UC2578N Power PDIP
UC3578DP 0°C to +70°C Power SOIC
UC3578N Power PDIP
TYPICAL APPLICATION DIAGRAM
R L
SENSE
15-40 Vi ’(\)/\1/2\, IRFZ34 48&3 V%JT
CS RS LJLAJ\.J
1000pF 1K RECTIFER —— WF =< 202%UTF
< MBR 3100 M
——47uF 1N4148

g

| DIODE CS VGG OUT SRC

vee EAINV 2007 S0k

UC3578 I R1

|

I I

|

! 100k = 2200pF
GND GND GND GND  EAOUT D AN )

A}

%A%

UDG-99064
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UC2578

UC3578

ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM

VCC . o +72V

BAINV . ..ot ~0.3V to +10V DIL-16, SOIC-16 (Top View)

EAOUT ... —-0.3V to +10V N or DP Packages —
.................................... -0.3V to +10V

SISODE ................................. —%.ssvt?o vc(:)c N/C[1] 16] s

08 NGo s oVeG sav Ay 2] Jos

louTPulsed ............ ... .. ... .. ... —0.8A to +0.6A EAOUT E E vee

SRC . —-0.6V to VCC

Storage Temperature . .................. -65°C to +150°C GND E E‘ GND

Loaa Tomperatre (Sodern, 1056c). ... ... . 1300 ano (5| ] ano

Currents are positive into, negative out of the specified terminal. SRC E E‘ DIODE

Consult I'Dackaging Section of Databook for thermal limitations ouT lz E VGG

and considerations of packages.

N/C[8] 9] N/C
Note: The four GND pins are internally connected.
ELECTRICAL CHARACTERISTICS: Unless otherwise specified VCC = 14V, VGG = 14V, Ta = T,.
PARAMETER \ TEST CONDITIONS | min | Tvp | max [uniTs

Oscillator Section

Frequency VCC =14V to 72V, EAINV = 1.9V, T, = 25°C 100 110 120 kHz
VCC =11V to 14V, Over Temperature 90 120 kHz

Error Amplifier Section
EAINV EAOUT = EAINV 1.97 2 2.03 Vv
IEAINV EAOUT = EAINV 100 300 nA
EAVOL EAOUT/EAINV, 25°C 70 80 dB
EAOUT High EAINV < 1.9V, lgaouT = —100pA 5.5 6.2 \
EAOUT Low EAINV > 2.1V, Igpout = 100pA 0.8 1.1 \Y
Unity Gain Bandwidth Ty=25°C, F = 100kHz 0.85 1 MHz
PSRR, EAOUT EAOUT = EAINV, VCC = 14V 80 90 dB

Current Sense Comparator Section
Threshold (Referred to VCC) 0.4 0.5 0.6 Vv
Input Bias Current CS=VvCC-04V 0.2 1 A
Propagation Delay VovERDRIVE = 250mV 0.7 1.2 us
Blanking Time VovVERDRIVE = 250mV 75 200 300 ns

Gate Drive Output Section
VOH lout = —200mA 9.5 11 \Y
VOL lout = 20mA 0.2 0.36 Vv

lout = 200mA 1.5 2 \Y

Rise Time Ty=25°C, CLoap = InF 40 70 ns
Fall Time Ty=25°C, CLoap = InF 40 70 ns

Pulse Width Modulator Section
Maximum Duty Cycle EAINV < 1.9V 85 90 %
Minimum Duty Cycle EAINV >2.1V 0 %
Modulator Gain EAQUT = 2.5V to 3.5V 30 %IV

Undervoltage Lockout Section
Start Threshold OUT - SRC, EAINV <1.9V, SRC = 0V 10 11 12 V
UVLO Hysteresis 1.5 2 2.5 Vv
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ELECTRICAL CHARACTERISTICS: Unless otherwise specified VCC = 14V, VGG = 14V, Ta = T,.

PARAMETER \ TEST CONDITIONS | min | Tvp | max [uniTs
VGG Regulator Section
VGG - SRC VCC =72V, SRC =0V, lygg =-7mA 145 | 15.25 17 \'
VCC =50V, SRC =0V, lygg =-7mA 14 14.75 16 Vv
VCC =15V, SRC = 0V, lygg = -7mA 13 13.75 | 145 \'
VCC = 11V, SRC = 0V, lygg = —7mA 9.5 10 | 105 | V
Soft Start Ramp Section
Soft Start Ramp Current | -30 ‘ -45 ‘ | uA
Supply Current Section
lvce EAINV >2.1V, SRC = 0V 10 14 mA
lvaaG EAINV > 2.1V, SRC = 0V 7 10.5 mA
PIN DESCRIPTIONS
CS: Peak current limit sense pin. Senses the current OUT: Gate drive for the external NMOS switch

across a current sense resistor placed between VCC and
the drain of the NMOS buck switch. OUT will be held low
(NMOS buck switch off) if VCC — CS exceeds 0.5V.

DIODE: An external small signal diode (1N4148 typical)
is connected here, anode to VCC and cathode to
DIODE, to implement the VGG regulator function.

EAINV: Inverting input to error amplifier. VouTt sense
feedback is connected to this pin. The non-inverting input
of the error amplifier is internally connected to 2V.

EAOUT: Output of the error amplifier. Use EAOUT and
EAINV for loop compensation components.

GND: Circuit Ground. The four ground pins are internally
connected together by the fused leadframe of the
package. They provide the primary thermal conduction
path for dissipating junction heat.

connected between VCC and the buck inductor.

SRC: This pin is connected to the junction of the external
NMOS switch source, the floating voltage source
capacitor, the free-wheeling diode cathode, and buck
inductor.

SS: The external soft start capacitor is connected to this
pin.

VGG: An external capacitor connected from VGG to
SRC completes the floating voltage source for the
floating gate driver. A 1uF capacitor is recommended.

VCC: Input supply voltage. This pin supplies an internal
ground referenced voltage regulator that supplies the IC
and an on-chip regulated floating voltage source (VGG —
SRC) used by the floating driver to drive the external
NMOS buck switch. This pin should be bypassed with a
high quality ceramic capacitor.

APPLICATION INFORMATION

The UC3578 Floating Buck Controller is a high frequency
switching regulator with a floating driver which provides
PWM control for non-isolated buck converters. The con-
troller operates at a fixed 100 kHz switching frequency,
and in voltage mode control. The duty cycle range of the
PWM output is 0% to 90% allowing for a wide range of
input voltages (14V minimum with transients to 72V).
The regulator features an undervoltage lockout threshold
of 11V with approximately 2V hysterisis as well as soft
start capability. The typical application circuit shown is
for a 15V to 40V input and a 12V at 3A output.

To ensure proper operation of the floating driver, an ex-
ternal capacitor (1uF ceramic) must be connected from
VGG to SRC, and to the source of the external MOSFET

through a small resistor, as shown in the typical applica-
tion diagram and in Fig 2. This capacitor provides the en-
ergy for the high side driver. The gate drive voltage to
the MOSFET is internally regulated to 14V. A diode
(1N4148) is required from the input voltage to DIODE.
This allows the floating drive capacitor to charge during
conduction of the output rectifier but prevents its dis-
charge back into the supply rail. A 1uF ceramic capacitor
is recommended from VCC to ground to provide high fre-
quency decoupling. Additional decoupling of this pin
could be accomplished by a low value resistor between
VCC and V)y and a 1uF capacitor from VCC to GND as
shown in the schematic.
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APPLICATION INFORMATION (cont.)

UC2578
UC3578

DIODE
P T
vee E‘E I I
‘ DC —iv2
\ VOLT VGG
‘ REQULATOR| iy | VOLTAGE
\ REGULATOR
\
\ ERROR —
AMPLIFIER
100KHz | CLOCK
EAINV [ 2] 0S¢ [ oum s a
RAMP
EAOUT |3 j>—;Z>RD PWM [%]
LATCH
PWM
} v CMP }
A B 9 *
\
SS E@ L VBLANK N |
\
+5V |
GND [ 4] N \
\
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anp [5] £ c LATCH |
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Figure 1. Block diagram.

Current Limit

The current sense pin provides overcurrent shutdown.
As can be seen from the block diagram, the overcurrent
comparator is wire ANDed with the oscillator after an in-
ternally set blanking time. The Iy T threshold level is set
by the current sense resistor from RgensEg.
/ _ 0.5V
LIMIT =5
Rsense
An optional filter can be added (RgCg) from the current
sense resistor to CS to provide high frequency filtering of
the current sense signal if necessary.

During a current limit condition, the soft start capacitor on
SS is discharged until its voltage level reaches 1.2V.
During this time, a duty cycle clamp is activated to ap-
proximately 0.6V above the voltage level on the SS ca-
pacitor. This condition persist until the SS capacitor is
discharged to 1.2V, thus disabling the output driver. At
this time, the SS capacitor is allowed to charge to 5V
through the 50pA current source and normal operation
resumes when the SS capacitor reaches 5V. During the
condition described, the regulator enters a hiccup current
limit mode of operation which limits the power dissipation
in the MOSFET and output rectifier under a short circuit
condition.

Error Amplifier

The onboard error amplifier of the UC3578 is a voltage
amplifier with its non-inverting input tied to an internal 2V
reference. As usual, loop compensation can be added
from the inverting input of EAINV to the error amplifier
output at EAOUT. Consideration must be given when
choosing the values of the compensation components
around the amplifier so that the output swing of the am-
plifier is not restricted. The output of the amplifier can

source 100pA typically.
General

As in any buck converter, when the switch is off, the

source flies low due to the conduction of the
free-wheeling rectifier. The source (SRC) is pulled below
ground by an amount determined by the forward voltage
drop of the rectifier and by any transient voltage spike
from inductance in this path. The occurrence of this con-
dition could result in erratic operation of the IC during this
period if the negative excursion is not limited. This is be-
cause of conduction of current in the substrate of the IC
due to the source pin being pulled below ground and for-
ward biasing the internal substrate PN junction. To limit
this effect, a small resistor (15Q) can be placed in series
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APPLICATION INFORMATION (cont.)
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Figure 2. Detailed application schematic for the UC3578 evaluation board.

between the MOSFET source and the SRC pin as shown
in Fig. 1. Too large a resistor will limit the drive to the
MOSFET and result in startup problems with the regula-
tor. A Schottky rectifier is used for the free-wheeling di-
ode to limit the negative excursion of the source. This will
also limit the reverse recovery current thus limiting the in-
ductive voltage spike.

In applications where transient load excursions may re-
sult in a no load condition, it is necessary that the output
of the regulator be loaded with a small load current
(10mA to 15mA). This will prevent the output voltage
from going unregulated at no load. This small load cur-
rent is necessary for proper operation of the floating
driver since the source must fly low to charge up the
floating driver capacitance.

Thermal Considerations

For proper operation and reliability of the UC3578,
proper thermal management is essential. It is important
that the designer keep in mind that with surface mount
packages, a significant amount of the heat that the de-

vice generates is conducted out through the lead frame.
Because of this, the PCB design becomes a critical part
of the thermal management system. Worst case junc-
tion-to-ambient thermal resistance for different package
configurations are given in a table in the data book in the
package information section.

The maximum ambient operating temperature is an im-
portant factor in determining what the maximum operat-
ing voltage can be for a particular application. For
example, if we assume a maximum operating ambient
temperature of 70°C we can determine what the maxi-
mum allowable input voltage can be given other parame-
ters such as package thermal impedance and MOSFET
total gate charge by following the procedure outlined be-
low;

T (max) —Ta =125°C =70°C =55°C. (1)

Pd = 55°C @)

=————=0.95W,
58°C/ W
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APPLICATION INFORMATION (cont.)
where 58°C/W is the worst case theta j-a for the 16 pin
DP package and Pd is the package power dissipation.

Pd = (Qg 100kHz +19mA) eV, (3)

where Qg is the total MOSFET gate charge and 19mA is
the maximum quiescent current for the UC3578 (Icc +
lgg) from the data sheet. The switching frequency of the
buck converter is 100kHz.

The gate charge can be determined from the MOSFET
data sheet. As an example, for a IRFZ34 which has a to-
tal gate charge of 46nC, substituting for Pd in equation 3:

0.95W = (46nC ¢ 100kHz +19mA) eV, and
0.95W _ oy

0.0236A
Therefore, at 70°C using a IRFZ34 MOSFET the maxi-
mum input voltage is limited to 40V to maintain a maxi-

mum junction temperature of 125°C in the 16 pin DP
package.

VIN(max) =

Higher input voltages can be achieved by choosing a

UC2578
UC3578

MOSFET with a lower total gate charge or by a reduced
ambient operating temperature or by reducing the theta
j-a of the package by improving the PCB mounting
method. It is recommended that the four GND pins (4, 5,
12 and 13) be connected to a ground plane to provide a
low resistance thermal path. If a ground plane is not
available, a heat spreader on a double sided PC board is
recommended.

Note: Thermal impedance number is based on device
mounted to 5 square inch FR4 PC board with one ounce
copper. From Unitrode 95-96 data book Table 1, page
9-8, when resistance range is given, lower thermal im-
pedance values are for 5 square inch aluminum PC
board.

ADDITIONAL INFORMATION

Please refer to the following Unitrode topic for additional
application information.

[1] Application Note U-167, Design and Evaluation of a
48V to 5V Telecom Buck Converter using the UC3578
Control IC by Mark Dennis.

30
-55°C >
25 C.25°C |
)/, 25°C
20 / —
g _— %
S ///;; 125°C
[$] / /
O
= —
10 85°C
5
0
0 10 20 30 40 50 60 70 80
VvCC (V)

Figure 3. Icc vs. VCC vs. temperature.
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= UNITRODE
Single Ended Active Clamp/Reset PWM

FEATURES

e Provides Auxiliary Switch Activation
Complementary to Main Power

Switch Drive

Programmable deadtime (Turn-on

Delay) Between Activation of Each

Switch

o Voltage Mode Control with
Feedforward Operation

e Programmable Limits for Both
Transformer Volt- Second Product
and PWM Duty Cycle

¢ High Current Gate Driver for Both
Main and Auxiliary Outputs

Multiple Protection Features with

Latched Shutdown and Soft Restart

e Low Supply Current (100uA Startup,

1.5mA Operation)

UCC1580-1,-2,-3,-4
UCC2580-1,-2,-3,-4
UCC3580-1,-2,-3,-4

DESCRIPTION

The UCC3580 family of PWM controllers is designed to implement a variety
of active clamp/reset and synchronous rectifier switching converter topolo-
gies. While containing all the necessary functions for fixed frequency, high
performance pulse width modulation, the additional feature of this design is
the inclusion of an auxiliary switch driver which complements the main
power switch, and with a programmable deadtime or delay between each
transition. The active clamp/reset technique allows operation of single
ended converters beyond 50% duty cycle while reducing voltage stresses
on the switches, and allows a greater flux swing for the power transformer.
This approach also allows a reduction in switching losses by recovering en-
ergy stored in parasitic elements such as leakage inductance and switch
capacitance.

The oscillator is programmed with two resistors and a capacitor to set
switching frequency and maximum duty cycle. A separate synchronized
ramp provides a voltage feedforward pulse width modulation and a pro-
grammed maximum volt-second limit. The generated clock from the oscilla-
tor contains both frequency and maximum duty cycle information.

(continued)

BLOCK DIAGRAM
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 5
\
osc1[11]
CLOCK 7| CLK
oscz [10] ‘
RAMP |9 }
| :,< |
\
DELAY

EAOUT |

E/A OUTPUT > [%] OUT{

EAIN[13] LOGIC & l

DELAY ‘
2.5V \
| TOPTIONAL ‘
|INVERT }
\

B} STOP [6]oUT2

. PGND

SHTDWN > L‘i ourz 5]
| uvLO, == }
SHUTDOWN, }
STARTUP UVLO Vob ON
STARTUP STARTUP |
LOGIC 9V 15V |
\
OUT2 NORMAL | UCCX580-1 [UCCX580-2 | |
\
OUT2 INVERTED | UCCX580-3 | UCCX580-4 }
\
- \
ON/OFF 5.00V
REFERENCE 14| REF
\
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, _
Pin Numbers refer to DIL-16 and SOIC-16 packages UDG-95069-2
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DESCRIPTION (cont.)

The main gate drive output (OUT1) is controlled by the
pulse width modulator. The second output (OUT2) is in-
tended to activate an auxiliary switch during the off time
of the main switch, except that between each transition
there is deadtime where both switches are off, pro-
grammed by a single external resistor. This design offers
two options for OUT2, normal and inverted. In the -1 and
-2 versions, OUT2 is normal and can be used to drive
PMOS FETs. In the -3 and -4 versions, OUT2 is inverted
and can be used to drive NMOS FETs. In all versions,
both the main and auxiliary switches are held off prior to
startup and when the PWM command goes to zero duty
cycle. During fault conditions, OUT1 is held off while
OUT2 operates at maximum duty cycle with a guaran-
teed off time equal to the sum of the two deadtimes.

ABSOLUTE MAXIMUM RATINGS

VDD . 16V
175 o 25mA
LINE,RAMP . ... ... .. i —0.3V to VDD + 1V
ILINEs IRAMP -+« o v e e 5mA
DELAY 5.3V
IDELAY -« v vt e -5mA
louT1 (tpw < 1us and Duty Cycle < 10%) . . . .. .. -0.6A to 1.2A
louT2 (tpw < 1us and Duty Cycle < 10%) . .. .. .. —0.4A to 0.4A
IoLK oo e —100mA to 100mA
0OSC1, 0SC2, SS, SHTDWN, EAIN . . . .. —-0.3V to REF + 0.3V
IEAOUT: + v v v et e —5mA to 5mA
IREF -« oot -30mA
PGND. ..o -0.2V to 0.2V
Storage Temperature . .................. —-65°C to +150°C
Junction Temperature. . ................. -55°C to +150°C
Lead Temperature (Soldering, 10sec.). ............ +300°C

All voltages are with respect to ground unless otherwise stated.
Currents are positive into, negative out of the specified termi-
nal. Consult Packaging Section of Databook for thermal limita-
tions and considerations of packages.

ORDER INFORMATION
ucc| ]s80[ |-[]

L—UVLO On Threshold/OUT2 Options
Package
Temperature Range

UCC1580-1,-2,-3,-4
UCC2580-1,-2,-3,-4
UCC3580-1,-2,-3,-4

Undervoltage lockout monitors supply voltage (VDD), the
precision reference (REF), input line voltage (LINE), and
the shutdown comparator (SHTDWN). If after any of
these four have sensed a fault condition, recovery to full
operation is initiated with a soft start. VDD thresholds, on
and off, are 15V and 8.5V for the -2 and -4 versions, 9V
and 8.5V for the -1 and -3 versions.

The UCC1580-x is specified for operation over the mili-
tary temperature range of -55°C to 125°C. The
UCC2580-x is specified from —40°C to 85°C. The
UCC3580-x is specified from 0°C to 70°C. Package op-
tions include 16-pin surface mount or dual in-line, and
20-pin plastic leadless chip carrier.

CONNECTION DIAGRAMS

DIL-16, SOIC-16 (Top View)
J, N, or D Packages

- —
DELAY [ 1] }E SHTDWN
LINE 2| |15] ss
vDD [3] 14] REF
ouTi[4] 13] EAIN

PGND [ 5| [12] EAOUT
ouT2 E E osci
CLK [7] 10] 0sC2

GND [g] | 2] RAMP

PLCC-20 (Top View)

Q Packages
DELAY
LINE SHTDWN
N/Cﬁ‘i L —SS
3 2 12019
N/C-{ 4 ~ 18-N/C
VDD 5 17}-REF
ouT1-{6 16-EAIN
PGND—{7 15-EAOUT
ouT2-8 14}-0SC1
9 10 111213
NC—T T T 0sc2
CLK RAMP
GND
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UCC1580-1,-2,-3,-4
UCC2580-1,-2,-3,-4
UCC3580-1,-2,-3,-4

ELECTRICAL CHARACTERISTICS Unless otherwise stated, all specifications are over the full temperature range, VDD
=12V, R1 = 18.2k, R2 = 4.41k, Ct = 100pF, R3 = 100k, CouTt1 = 0, Cout2e = 0. Ta=0°C to 70°C for the UCC3580, —40°C to 85°C
for the UCC2580, —55°C to 125°C for the UCC1580, Ta=T,.

PARAMETER \ TEST CONDITIONS | min [ TYP | max [uniTs

Oscillator Section

Frequency 370 400 430 kHz

CLK Pulse Width 650 750 850 ns

CLK Von lcLk = —=3mA 4.3 4.7 Vv

CLK VoL lcLk = 3mA 0.3 0.5 Vv
Ramp Generator Section

Ramp VoL Iramp = 100pA 50 100 mV

Flux Comparator Vth

3.16 | 3.33 | 3.50 \Y

Pulse Width Modulator Section

Minimum Duty Cycle

OUT1, EAOUT = VOL

0 %

Maximum Duty Cycle

OUT1, EAIN =2.6V

63 66 69 %

PWM Comparator Offset

0.1 0.4 0.9 Vv

Error Amplifier Section

EAIN EAOUT = EAIN 244 | 25 | 256 \
IEAIN EAOUT = EAIN 150 | 400 nA
EAOUT, VOL EAIN = 2.6V, Igaout = 100pA 0.3 0.5 \Y
EAOUT, VOH EAIN = 2.4V, lgaout = —100uA 4 5 5.5 Vv
AVOL 70 80 dB
Gain Bandwidth Product f = 100kHz (Note 1) 2 6 MHz
Softstart/Shutdown Section
Start Duty Cycle EAIN = 2.4V 0 %
SS VoL Iss = 100pA 100 350 mV
SS Restart Threshold 400 550 mV
Iss 20 | -35 LA
SHTDWN VT1H 0.4 0.5 0.6 \
ISHTDWN 50 150 nA
Undervoltage Lockout Section
VDD On UCC3580-2,-4 14 15 16 \Y
UCC3580-1,-3 8 9 10 \Y
VDD Off 7.5 8.5 9.5 \Y
LINE On 4.7 5 5.3 \Y
LINE Off 4.2 4.5 4.8 \
ILNE LINE = 6V 50 150 nA
Supply Section
VDD Clamp lypp = 10mA 14 15 16 Vv
Ivpp Start VDD < VDD On 160 250 UA
lvop Operating No Load 25 3.5 mA

Output Drivers Section

OUT1 Vsat High louT1 = -50mA 0.4 1.0 \'
OUT1 Vsar Low lout: =100mA 04 | 10 | v
OUT2 Vsat High loyT2 = —30mMA 0.4 1.0 Vv
OUT2 VsaT Low lout2 =30mMA 0.4 1.0 V

OUT1 Fall Time Courti = 1nF, Rs = 3Q 20 50 ns
OUT1 Rise Time Coutt = 1nF, Rs = 3Q 40 80 ns
OUT2 Fall Time Coutz = 300pF, Rs = 10Q 20 50 ns
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UCC1580-1,-2,-3,-4
UCC2580-1,-2,-3,-4
UCC3580-1,-2,-3,-4

ELECTRICAL CHARACTERISTICS Unless otherwise stated, all specifications are over the full temperature range, VDD
=12V, R1 = 18.2k, R2 = 4.41k, Ct = 100pF, R3 = 100k, CouTt1 = 0, Cout2e = 0. Ta=0°C to 70°C for the UCC3580, —40°C to 85°C

for the UCC2580, —55°C to 125°C for the UCC1580, Ta=T,.

PARAMETER TEST CONDITIONS MIN | TYP | MAX [UNITS
Output Drivers Section (cont.)
OUT2 Rise Time Coute = 300pF, Rs = 10Q 20 40 ns
Delay 1 OUT2 to OUT1 R3 = 100k, Cout1 = CouTe = 15pF 90 120 160 ns
Ta=Ty=25°C 100 120 140 ns
Delay 2 OUT1 to OUT2 R3 = 100k, Cout1 = CouTe = 15pF 110 170 250 ns
Ta=Ty=25C 140 | 170 | 200 ns
Reference Section
REF Irer = 0 4875| 5 |5.125| V
Load Regulation Irep = OmA to TmA 1 20 mV
Line Regulation VDD = 10V to 14V 1 20 mV
Note 1: Guaranteed by design. Not 100% tested in production.
PIN DESCRIPTIONS
CLK: Oscjllator cIocI§ oqtput piq from a low impedgnce Maximum Duty Cycle = R1
CMOS driver. CLK is high during guaranteed off time. R1+1.25¢R2

CLK can be used to synchronized up to five other
UCC3580 PWMs.

DELAY: A resistor from DELAY to GND programs the
nonoverlap delay between OUT1 and OUT2. The delay
times, Delay1 and Delay2, are shown in Figure 1 and are
as follows:

Delay1=11pF « R3

Delay2 is designed to be larger than Delay1 by a ratio
shown in Figure 2.

EAIN: Inverting input to the error amplifier. The
noninverting input of the error amplifier is internally set to
2.5V. EAIN is used for feedback and loop compensation.

EAOUT: Output of the error amplifier and input to the
PWM comparator. Loop compensation components
connect from EAOUT to EAIN.

GND: Signal Ground.

LINE: Hysteretic comparator input. Thresholds are 5.0V
and 4.5V. Used to sense input line voltage and turn off
OUT1 when the line is low.

OSC1 & 0SC2: Oscillator programming pins. A resistor
connects each pin to a timing capacitor. The resistor
connected to OSC1 sets maximum on time. The resistor
connected to OSC2 controls guaranteed off time. The
combined total sets frequency with the timing capacitor.
Frequency and maximum duty cycle are approximately
given by:
1
(R1+1.25¢R2)eCT

Frequency =

Maximum Duty Cycle for OUT1 will be slightly less due to
Delay1 which is programmed by R3.

OUT1: Gate drive output for the main switch capable of
sourcing up to 0.5A and sinking 1A.

OUT2: Gate drive output for the auxiliary switch with
+ 0.3A drive current capability.

PGND: Ground connection for the gate drivers. Connect
PGND to GND at a single point so that no high frequency
components of the output switching currents are in the
ground plane on the circuit board.

RAMP: A resistor (R4) from RAMP to the input voltage
and a capacitor (CR) from RAMP to GND programs the
feedforward ramp signal. RAMP is discharged to GND
when CLK is high and allowed to charge when CLK is
low. RAMP is the line feedforward sawtooth signal for the
PWM comparator. Assuming the input voltage is much
greater than 3.3V, the ramp is very linear. A flux
comparator compares the ramp signal to 3.3V to limit the
maximum allowable volt-second product:

Volt-Second Product Clamp = 3.3 « R4 « CR.

REF: Precision 5.0V reference pin. REF can supply up to
5mA to external circuits. REF is off until VDD exceeds 9V
(-1 and -3 versions) or activates the 15V clamp (-2 and
—4 versions) and turns off again when VDD droops below
8.5V. Bypass REF to GND with a 1uF capacitor.

SHTDWN: Comparator input to stop the chip. The
threshold is 0.5V. When the chip is stopped, OUT1 is low
and OUT2 continues to oscillate with guaranteed off time
equal to two non-overlap delay times.
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PIN DESCRIPTIONS (cont.)

SS: A capacitor from SS to ground programs the soft
start time. During soft start, EAOUT follows the amplitude
of SS’s slowly increasing waveform until regulation is
achieved.

VDD: Chip power supply pin. VDD should be bypassed
to PGND. The —1 and -3 versions require VDD to ex-

APPLICATION INFORMATION

UCC1580-1,-2,-3,-4
UCC2580-1,-2,-3,-4
UCC3580-1,-2,-3,-4

ceed 9V to start and remain above 8.5V to continue run-
ning. A shunt clamp from VDD to GND limits the supply
voltage to 15V. The -2 and —4 versions do not start until
the shunt clamp threshold is reached and operation con-
tinues as long as VDD is greater than 8.5V.

oLk - [ [ 1] 1
OUT1 N [ [ 1 [
DELAY1-*[< -~ [+ DELAY2
(-3, -4) OUT2 | L] L] I [ I I L
1. -2) outz | . 1 o e N
STARTUP—— | SOFTSTART | NORMAL
oUT1 [ [ [ [ [
(-3, -4) OUT2 I [ I [ I I L
(-1, -2) OuUT2 [ I [ I [ I [
NORMAL | ZERO D TRANSIENT —» RESUME NORMAL——»
OUT1 [ | I [
(-3, -4) OUT2 I I I L L LI
(-1, -2) OUT2 I L [ [ [
INCREASING D WITH FALLING LINE——»| LINE |OUT2 RUNS TO DISCHARGE CLAMP-»
FAILS UDG-95070-2
Note: Waveforms are not to scale.

Figure 1. Output time relationships.

UVLO and Startup

For self biased off-line applications, -2 and -4 versions
(UVLO on and off thresholds of 15V and 8.5V typical)
are recommended. For all other applications, -1 and -3
versions provide the lower on threshold of 9V. The IC re-
quires a low startup current of only 160uA when VDD is
under the UVLO threshold, enabling use of a large trickle
charge resistor (with corresponding low power dissipa-
tion) from the input voltage. VDD has an internal clamp
at 15V which can sink up to 10mA. Measures should be
taken not to exceed this current. For -2 and -4 versions,

this clamp must be activated as an indication of reaching
the UVLO on threshold. The internal reference (REF) is
brought up when the UVLO on threshold is crossed. The
startup logic ensures that LINE and REF are above and
SHTDWN is below their respective thresholds before
outputs are asserted. LINE input is useful for monitoring
actual input voltage and shutting off the IC if it falls be-
low a programmed value. A resistive divider should be
used to connect the input voltage to the LINE input. This
feature can protect the power supply from excessive
currents at low line voltages.
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APPLICATION INFORMATION (cont.)

Delay Times
1400 1.80
Delay Ratio __,,74

1200 1.70
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Figure 2. Delay times.

CLK

UDG-96016-1

Figure 3. Oscillator and ramp circuits.

UCC1580-1,-2,-3,-4
UCC2580-1,-2,-3,-4
UCC3580-1,-2,-3,-4

The soft start pin provides an effective means to start
the IC in a controlled manner. An internal current of
20uA begins charging a capacitor connected to SS once
the startup conditions listed above have been met. The
voltage on SS effectively controls maximum duty cycle
on OUT1 during the charging period. OUT2 is also con-
trolled during this period (see Figure 1). Negation of any
of the startup conditions causes SS to be immediately
discharged. Internal circuitry ensures full discharge of
SS (to 0.3V) before allowing charging to begin again,
provided all the startup conditions are again met.

Oscillator

Simplified oscillator block diagram and waveforms are
shown in Figure 3. OSC1 and OSC2 pins are used to
program the frequency and maximum duty cycle. Ca-
pacitor CT is alternately charged through R1 and dis-
charged through R2 between levels of 1V and 3.5V. The
charging and discharging equations for CT are given by

VC(charge) =REF — 4.0 s/
VC(discharge) = 3.5 ¢ e/
where 11 = R1 ¢ CT and 1, = R2 « CT. The charge time
and discharge time are given by
tcH=R1eCTandtDisS=1.25¢R2*CT

The CLK output is high during the discharge period. It
blanks the output to limit the maximum duty cycle of
OUT1. The frequency and maximum duty cycle are
given by

1

Frequency =
(R1+1.25¢R2)*CT
, R1
MaximumDuty Cycle = ————————
R1+1.25°R2

Maximum Duty Cycle for OUT1 will be slightly less due
to Delay1 which is programmed by R3.

Voltage Feedforward and Volt-Second Clamp

UCC3580 has a provision for input voltage feedforward.
As shown in Figure 3, the ramp slope is made propor-
tional to input line voltage by converting it into a charg-
ing current for CR. This provides a first order
cancellation of the effects of line voltage changes on
converter performance. The maximum volt-second
clamp is provided to protect against transient saturation
of the transformer core. It terminates the OUT1 pulse
when the RAMP voltage exceeds 3.3V. If the
feedforward feature is not used, the ramp can be gener-
ated by tying R4 to REF. However, the linearity of ramp
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UCC1580-1,-2,-3,-4
UCC2580-1,-2,-3,-4
UCC3580-1,-2,-3,-4

APPLICATION INFORMATION (cont.)
suffers and in this case the maximum volt-second clamp  The programmable delay can be judiciously used to get
is no longer available. zero voltage turn-on of both the main and auxiliary
switches in the active clamp circuits. For the UCC3580,
a single pin is used to program the delays between
The UCC3580 family of ICs is designed to provide con-  QUT1 and OUT2 on both sets of edges. Figure 1 shows
trol functions for single ended active clamp circuits. For  the relationships between the outputs. Figure 2 gives the
different implementations of the active clamp approach,  ratio between the two delays. During the transition from
different drive waveforms for the two switches (main and main to auxiliary switch, the delay is not very critical for
auxiliary) are required. The -3 and -4 versions of the IC  zvS turn-on. For the first half of OUT1 off-time, the body
supply complementary non-overlapping waveforms  diode of the auxiliary switch conducts and OUT2 can be
(OUT1 and OUT2) with programmable delay which can  tyrned on any time. The transition from auxiliary to main
be used to drive the main and auxiliary switches. Most  switch is more critical. Energy stored in the parasitic in-
active clamp configurations will require one of these out- ductance(s) at the end of the OUT2 pulse is used to dis-
puts to be transformer coupled to drive a floating switch  charge the parasitic capacitance across the main switch
(e.g. Figure 5). The -1 and -2 versions have the phase of  during the delay time. The delay (Delay 1) should be op-
OUT2 inverted to give overlapping waveforms. This con-  timally programmed at 1/4 the resonant period deter-
figuration is suitable for capacity coupled driving of a  mined by parasitic capacitance and the resonant
ground referenced p-channel auxiliary switch with the  inductor (transformer leakage and/or magnetizing induc-
OUT2 drive while OUT1 is direCtIy driVing an n-channel tances, depending on the topo|ogy) However’ depend_
main switch (e.g. Figure 4). ing on other circuit parasitics, the resonant behavior can
change, and in some cases, ZVS turn-on may not be ob-

Output Configurations

PWR IN
r 777777777 %
R5 %FM | UCC3580-1,-2 T‘ N
‘ -
LINe } <} BOOTSTRAP 3 3” r
‘ i Vo
R6 0—f CLK \ L
CR \ \
3 { RAMP \ =
| ‘ =
R1 | |
T —wW—losct VDD ——
A}l ‘
3t R2 | | -~ CBYP1
—wv—“ oscz2 DELAY ——
CBYP2 | | R3 R T CoL =
G1
] { REF OouT1 ! =i
\
%{‘ | |
| |
+——AM—— EAOUT SHTDWN \
L leam | Rez T
ouT2 v i€ !
| | 'l: Q2 R SENSE
T ——ss |
\ \
| GND PGND | PWR RTN
Lo _
UDG-95071-2

Figure 4. Active clamp forward converter.

Note that Vicor Corporation has claimed that the use of active reset in a forward converter topology is covered by their U.S. Patent
No. 4,441,146. Unitrode is not suggesting or encouraging persons to infringe or use Vicor’s patented technology absent a license
from Vicor.
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UCC1580-1,-2,-3,-4
UCC2580-1,-2,-3,-4
UCC3580-1,-2,-3,-4

APPLICATION INFORMATION (cont.)
LI T DR1
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Figure 5. Off-line active clamp flyback converter.

The use of active reset in a flyback power converter topology may be covered by U.S. Patent No. 5,402,329 owned by Technical
Witts, Inc., and for which Unitrode offers users a paid up license for application of the UCC1580 product family.
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APPLICATION INFORMATION (cont.)

UCC1580-1,-2,-3,-4
UCC2580-1,-2,-3,-4
UCC3580-1,-2,-3,-4

O 3.3V, 5A
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Figure 6. UCC3580 used in a synchronous rectifier application.
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Micropower Voltage Mode PWM

FEATURES

e Low 85uA Startup Current
e Low 300uA Operating Current

o Automatically Disabled

Startup Preregulator

e Programmable Minimum Duty

I ucc1581
INFO
owin]  Jocen)
BLOCK DIAGRAM

Il s a

OVER CURRENT

Cycle with Cycle Skipping

e Programmable Maximum

Duty Cycle

e Output Current 1A Peak

Source and Sink
e Programmable Soft Start

e Programmable Oscillator
Frequency

o External Oscillator
Synchronization Capability

[
a R COMPARATOR
OSCILLATOR ISEN
D [
DUTY CYCLE ‘
‘ LATCH }
| [
| T ‘
[
WM = DCMIN
(8] COMPARATOR MIN DUTY CYGLE
‘ REF COMPARATOR \
} BIAS }
7.5V
i GT
* ‘_{7@ |
6.8V/7.3V |
Vop OK vee
VOLTAGE BV
REFERENCE | _[
—[6|REF

Note: Pin Connection shown for 14-pin Package

UDG-95011-1

DESCRIPTION

The UCC3581 voltage mode pulse width modulator is
designed to control low power isolated DC - DC convert-
ers in applications such as Subscriber Line Power (ISDN
1.430). Primarily used for single switch forward and
flyback converters, the UCC3581 features BiCMOS cir-
cuitry for low startup and operating current, while main-
taining the abilty to drive power MOSFETs at
frequencies up to 100kHz. The UCC3581 oscillator al-
lows the flexibility to program both the frequency and the
maximum duty cycle with two resistors and a capacitor. A
TTL level input is also provided to allow synchronization
to an external frequency source.

The UCC3581 includes programmable soft start circuitry,
overcurrent detection, a 7.5V linear preregulator to con-
trol chip VDD during startup, and an on-board 4.0V logic
supply.

The UCC3581 provides functions to maximize light load
efficiency that are not normally found in PWM controllers.

03/99

A linear preregulator driver in conjunction with an exter-
nal depletion mode N-MOSFET provides initial controller
power. Once the bootstrap supply is functional, the
preregulator is shut down to conserve power. During light
load, power is saved by providing a programmable mini-
mum duty cycle clamp. When a duty cycle below the
minimum is called for, the modulator skips cycles to pro-
vide the correct average duty cycle required for output
regulation. This effectively reduces the switching fre-
quency, saving significant gate drive and power stage
losses.

The UCC3581 is available in 14-pin plastic and ceramic
dual-in-line packages and in a 14-pin narrow body small
outline IC package (SOIC). The UCC1581 is specified for
operation from —55°C to +125°C, the UCC2581 is speci-
fied for operation from -40°C to +85°C, and the
UCC3581 is specified for operation from 0°C to +70°C.
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage (IDD<10mMA). ... ... 15V
Supply Current .. ... 30mA
VReeCurrent. .. ... .. —10mA
OUT CUrrent. .. ..ot e +1A
Analog Inputs

EN...... —0.3V to (VDD + 0.3V)

VC, ISEN, SYNC,DCMIN. .. ....... —0.3V to (Vger + 0.3V)
Power Dissipation at Tp = 25°C

(N,J,Q,LPackage) ..........coiiniinniniinnann. 1w

(DPackage) .. .....ovviiii i 0.65W
Storage Temperature .. ................. —65°C to +150°C
Junction Temperature ................... —55C to +150°C
Lead Temperature (Soldering, 10sec.)............. +300°C

Unless otherwise specified, all voltages are with respect to
Ground. Currents positive into, negative out of the specified ter-
minal. Consult Packaging Section of Databook for thermal limi-
tations and considerations of packages.

UCC1581

UCC2581
UCC3581
CONNECTION DIAGRAMS
DIL-14, SOIC-14 (Top View)
N or J, D Packages
S
cT [1] 14| RT2
Gt [2] 13] SYNC
vDD [3] 12] RT1
ouT [4] 1] EN
GND [5] 10] s
REF [6] 9] DCMIN
ISEN [7] 8] ve
ORDERING INFORMATION
TEMPERATURE RANGE PACKAGE
UCC1581J —55°C to +125°C CcDIP
UCC2581D —40°C to +85°C SoIC
UCC2581N —40°C to +85°C PDIP
UCC3581D 0°C to +70°C soIC
UCC3581N 0°C to +70°C PDIP

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for VDD = 10V, 0.1uF capacitor
from VDD to GND, 1.0uF capacitor from REF to GND, RT1 = 680kQ, RT2 = 12kQ, CT = 750pF and TA = TJ.

PARAMETER TEST CONDITIONS [ min | TYP | MAX [uniTs

Reference Section

Output Voltage | =-0.2mA 3.94 4.0 4.06 V

Load Regulation -5.0mA < | < -0.2mA 10 30 mV
Undervoltage Lockout Section

Start Threshold 6.7 7.3 7.9 )

Minimum Operating Voltage After Start 6.2 6.8 7.4 \

Hysteresis 0.2 0.5 0.8 V
Linear Preregulator Section

Regulated VDD Voltage 7.0 7.5 8.0 Vv

Regulated VDD to UVLO Delta 100 | 230 | 600 mV

VDD Override Threshold 8.2 V
Oscillator Section

Frequency 25°C 18 19.5 21 kHz

Temperature Stability (Note 1) 3.0 %

CT Peak Voltage (Note 1) 2.5 V

CT Valley Voltage (Note 1) 1.0 V

SYNC VIH 1.9 2.1 2.3 \

SYNC VIL (Note 1) 1.8 \
PWM SECTION

Maximum Duty Cycle 80 83 86 %

Minimum Duty Cycle (VC < 1.0V) DCMIN = 0V 0 %

(VC > 1.0V at start of cycle) DCMIN = 1.18V 8 10.5 13 %
Input Bias Current (DCMIN), (Note 1) -150 20 150 nA
(VC), (Note 1) -150 | 20 | 150 [ nA
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UCC1581
UCC2581
UCC3581

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for VDD = 10V, 0.1uF capacitor
from VDD to GND, 1.0uF capacitor from REF to GND, RT1 = 680kQ, RT2 = 12kQ, CT = 750pF and TA = Tu.

PARAMETER TEST CONDITIONS [ min | TYP | max [uniTs

Current Sense Section

Input Bias Current -150 20 150 nA

Overcurrent Threshold 0.4 0.5 0.6 Vv
Output Section

OUT Low Level | =100mA 0.6 1.2 \Y

OUT High Level | =-100mA, VDD — OUT 0.6 1.2 V

Rise/Fall Time (Note 1) 20 100 ns
Soft start Section

Soft start Current ‘SS =2V | -9 ‘ -11.5 ‘ -14 | UA
Chip Enable Section

VIH 1.9 2.0 2.1 Vv

VIL 1.7 1.8 1.9 \

Hysteresis 180 230 280 mV

Source Current 5 10 15 LA
Overall Section

Start-Up Current VDD < Start Threshold 85 130 HA

Operating Supply Current VC =0V 300 600 uA

VDD Zener Shunt Voltage Ipp = 10mA 13.5 15 16.5 Vv

IDD Stand-by Shunt Voltage EN =0V 100 150 A

Note 1: Guaranteed by design. Not 100% tested in production

PIN DESCRIPTIONS

CT: Oscillator timing capacitor pin. Minimum value is
100pF.

DCMIN: Input for programming minimum duty cycle
where pulse skipping begins. This pin can be grounded
to disable minimum duty cycle feature and pulse
skipping.

EN: Enable input. This pin has an internal 10uA pull-up.
A logic low input inhibits the PWM output and causes the
soft start capacitor to be discharged.

GND: Circuit ground.

GT: Pin for controlling the gate of an external depletion
mode N-MOSFET for the startup supply. The external
N-MOSFET regulates VDD to 7.5V until the bootstrap
supply comes up, then GT goes low.

ISEN: Input for overcurrent comparator. This function
can be used for pulse-by-pulse current limiting. The
threshold is 0.5V nominal.

OUT: Gate drive output to external N-MOSFET.

REF: 4.0V reference output. A minimum value bypass
capacitor of 1.0uF is required for stability.

RT1: Resistor pin to program oscillator charging current.

The oscillator charging current is 9.2 e (2'0‘/) .

RT1

See Application Diagram Fig. 1.

The current into this pin is 2.0v .
RT1

The value of RT1 should be between 220k and 1MQ.

RT2: Resistor pin to program oscillator discharge time.
The minimum value of RT2 is 10kQ. See Application
Diagram Fig. 1.

SS: Soft start capacitor pin. The charging current out of
SS is 3.75X the current in RT1.

SYNC: Oscillator synchronization pin. Rising edge
triggered CMOS/TTL compatible input with a 2.1V
threshold. SYNC should be grounded if not used. The
minimum pulse width of the SYNC signal is 100ns.

VC: Control voltage input to PWM comparator. The
nominal control range of VC is 1.0V to 2.5V.

VDD: Chip input power with an 15V internal clamp. VDD
is regulated by startup FET to 7.5V until the bootstrap
voltage comes up. VDD should be bypassed at the chip
with a 0.1uF minimum capacitor.
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APPLICATION INFORMATION

The UCC3581’s oscillator allows the user the flexibility to
program the frequency and the duty cycle by adjusting
two resistors and a capacitor. Application Diagram Fig. 1
shows these components as RT1, RT2, and CT1. RT1
programs the timing capacitor charging current which re-
sults in a linear ramp charging CT. Discharge of CT is
accomplished though RT2 which results in a standard
RC discharge waveform. The oscillator on-time (CT
charging) is calculated by the formula

toy =0.082e RT1e Cr.
The off-time (CT discharging) is calculated by the formula
tOFF =0.95¢ RT1 ° CT'

Resistor RT1 programs the charging current. The current
is

2.0V
RT1
CT charging current is 9.2 times the current in RT1. RT1

can range from 220kQ to 1MQ. Minimum capacitor size
is 100pF, and minimum RT2 size is 10k.

A Block Diagram of the Oscillator is shown in Fig. 2. The
oscillator also has an external synchronization pin.
When a low to high level is detected, and if the oscilla-
tor’s output is in the high state (CT charging), the oscilla-
tor output immediately goes low and CT starts
discharging. The sync input is rising edge sensitive and
is ignored when the oscillator output is low.

UCC1581
UCC2581
UCC3581

UDG-99043

Figure 1. Application diagram.

2.0V
IcH = &=~
¢ RRT1
RRT1
2.5V
toN toFF 9.2 IcH

H

<—1ON—>|<—1tOFF—»

toN=0.082 ¢ RRT1 ¢ CT
toFF =0.95 ¢« RRT2« CT

R Q—

-

RRT2

=

1. j>
c oV

“H_Lif

UDG-96105

Figure 2. Oscillator.
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APPLICATION INFORMATION (cont.)

The externally bypassed 4.0V reference is controlled by
undervoltage lockout and chip enable circuitry. The en-
able input is internally tied to a 10puA current source
which allows the pin to be driven by an open collector
driver. The part is also enabled if EN floats. The
UCC3581 has a soft start function which requires a user
supplied external timing capacitor. When in soft start
mode, the soft start capacitor, Css, is charged with a
constant current source. The soft start current is 3.75X
the current in RT1.

There is an on-chip control amplifier, which when driving
the gate of an external depletion mode N-MOSFET, acts
as a 7.5V linear preregulator supplying VDD directly from
the primary input power line. The preregulator may sub-
sequently be fully disabled by a tertiary bootstrap winding
providing a minimum of 8.2V to the VDD pin.

Computation of DCMIN
DCMIN for a given duty cycle is calculated as follows.

AV =igge » DC « (oW *loFF)
Cr
where
e i = oscillator charge current = 9.2 . (2.0V/RT1)
e DC = Duty Cycle, as a fraction of 1
o ton=0.082 ¢ RT1 e CT
e topr = 0.95 ¢ RT2 e CT
e C1 = Oscillator Capacitor

The CT pin ramp slews from 1V to 2.5V. Therefore, add
AV to 1V to get DCMIN voltage.

Example: For 10% duty cycle with RT1 = 680kQ, RT2 =
12kQ, and CT = 705pF,

AV = ipgp + DC « (oW *loFF)

Cr
9.2e (%) ¢ (0.1)¢4.182¢107° sec+855¢107° sec
- 750 0102
AV =0.18V
Therefore,

DCMIN =1V +0.18V =1.18V

UCC1581
UCC2581
UCC3581

A Typical Micropower Application

The circuit shown in Fig. 3 illustrates the use of the
UCC3581 in a micropower application. The isolated 5V
flyback power supply uses a minimum of parts and oper-
ates over an 8:1 input voltage range (15VDC to 120VDC)
while delivering a regulated 5V output with a load swing
from OW to 1W. It operates in the discontinuous mode at
light load or high line, and continuous mode at heavier
loads and lower line voltages. Higher input line voltages
are possible by simply increasing the voltage ratings of
C1, Q1, D1 and D2.

The most notable feature of the design is its efficiency.
With a load of 1 watt, the typical efficiency is 82%, drop-
ping to 70% around 50mW. With a load of only 12.5mW,
the efficiency remains as high as 50%. At this load, with
an input of 50V, the total input current is only 500uA.
Note that the power supply can be disabled by pulling the
UCC3581 enable pin low, in which case the input current
drops to less than 150pA.

The UCC3581 achieves very low losses by means of low
quiescent current and pulse skipping at light loads which
reduces switching losses. The degree of pulse skipping
is controlled by programming the minimum duty cycle. In
this example, the frequency is 35kHz at maximum load
and drops to <2kHz at 12.5mW load (minimum pulse
width of around 6usec, or 21% duty cycle at 35kHz).
Another way losses are reduced is operating with a VDD
of around 10V rather than the more common 12V to 16V.
At such light primary currents, the MOSFET remains in
full saturation with a gate drive voltage well below 10V.

Gate drive losses are minimized by choosing a MOSFET
with low total gate charge, in this case only 8nC maxi-
mum. By choosing a large gate drive resistor, EMI is min-
imized by reducing peak currents. Due to pulse skipping,
switching times are less critical for efficiency at light load.

The shunt regulator (LM3411) and optocoupler
(MOCB8100) are also key to the efficiency at such light
loads, and were chosen for their low operating current.
The LM3411 has a quiescent current of only 150uA max-
imum (compared to 1mA for the more common TL431).
In addition, because it is not a three terminal device, the
LM3411’s quiescent current does not flow in the
optocoupler LED. Since this bias current is not in the
feedback control path, a higher value pull-up resistor
can be used on the optocoupler output transistor, further
reducing losses.
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UCC1581

Output Load (mW)

UCC2581
UCC3581
TYPICAL APPLICATION
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Figure 3. Micropower power supply with 50% efficiency at 12.5mW load.
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Figure 4. UCC3581 efficiency vs. line and load.
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APPLICATION INFORMATION (cont.)

A rather large soft start capacitor was chosen to give a
startup time of several hundred milliseconds, reducing
the input surge current while the output is coming up.

Note that for stability, the UCC3581 VREF bypass capaci-
tor needs to be at least 1uF. The VDD supply also needs
some capacitance to hold it up between pulses at light
load and high line, where the frequency may drop to less
than 1kHz due to pulse skipping. Otherwise it may drop
low enough for the startup MOSFET to be biased on,
lowering efficiency.

TYPICAL CHARACTERISTIC CURVES

UCC1581
UCC2581
UCC3581

If the sync input is used, it should not be left in a high im-
pedance state where noise could cause false triggering.
If unused, it should be grounded.

The transformer was designed with a standard Magnet-
ics RM8 ferrite core using P material, gapped for an AL of
1600mH/1000Turn®. The primary consists of 44 turns,
while the 5V secondary has 10 turns and the bootstrap
winding 18 turns. For simplicity, all the windings can be
#28 AWG. A two section bobbin was used to provide
high primary to secondary isolation. A much smaller de-
sign, with reduced isolation, could have been done for
this low power level.
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4.08 |
4.06 -
4.04 -

= 4.02 +

Q 4.00

> 3.98
3.96
3.94
3.92
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TEMPERATURE [°C]
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€ 40 {1M/10k \\
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%I
0 ‘
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CT [pF]

Figure 5. Reference voltage vs. temperature.

Figure 6. Frequency vs. CT vs. RT1 and RT2.
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UCC1581

UCC2581
UCC3581
TYPICAL CHARACTERISTIC CURVES (cont.)
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Figure 7. Duty cycle vs. frequency vs. RT1/RT2. Figure 8. Ipp vs. frequency RT1 = 680k, RT2 = 12k.
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Figure 9. Soft start current vs. RT1.
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UCC1583
UCC2583
UCC3583

Switch Mode Secondary Side Post Regulator

FEATURES

e Precision Secondary Side Post
Regulation for Multiple Output Power
Supplies

o Useful for Both Single Ended and
Center Tapped Secondary Circuits

¢ |deal Replacement for Complex
Magnetic Amplifier Regulated Circuits

e Leading Edge Modulation

e Does Not Require Gate Drive
Transformer

e High Frequency (>500kHz) Operation

¢ Applicable for Wide Range of Output
Voltages

e High Current Gate Driver (0.5A
Sink/1.5A Source)

e Average Current Limiting Loop

DESCRIPTION

The UCC3583 is a synchronizable secondary side post regulator for preci-
sion regulation of the auxiliary outputs of multiple output power supplies. It
contains a leading edge pulse width modulator, which generates the gate
drive signal for a FET power switch connected in series with the rectifying
diode. The turn-on of the power switch is delayed from the leading edge of
the secondary power pulse to regulate the output voltage. The UCC3583
contains a ramp generator slaved to the secondary power pulse, a voltage
error amplifier, a current error amplifier, a PWM comparator and associ-
ated logic, a gate driver, a precision reference, and protection circuitry.

The ramp discharge and termination of the gate drive signal are triggered
by the synchronization pulse, typically derived from the falling edge of the
transformer secondary voltage. The ramp starts charging again once its
low threshold is reached. The gate drive signal is turned on when the ramp
voltage exceeds the control voltage. This leading edge modulation tech-
nique prevents instability when the UCC3583 is used in peak current mode
primary controlled systems.

The controller operates from a floating power supply referenced to the out-
put voltage being controlled. It features an undervoltage lockout (UVLO)
circuit, a soft start circuit, and an averaging current limit amplifier. The cur-
rent limit can be programmed to be proportional to the output voltage, thus
achieving foldback operation to minimize the dissipation under short circuit
conditions.

(continued)

TYPICAL APPLICATION AND BLOCK DIAGRAM

POWER TRANSFORMER
AUXILIARY WINDING

Q-SYNC RSENSE
0
- 147 % CHIP +Vo
COMMON
BIAS DF = CF
-Vo

Note: Pin connections shown for 14-pin packages.

UDG-96201-2
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ABSOLUTE MAXIMUM RATINGS

VDD ot e 15V
DD+ vt 15mA
RAMP ... —0.3Vto Vpp + 1V
IRAMP v vt e e 5mA
IREE oo —-30mA
PCOM .. -0.2Vto 0.2V
lgaTE (twp < 1uS and Duty Cycle < 10%) .. .. .. -0.8Ato 1.8A
ICOMP « « v v e e —5mA to 5mA
ICAD « v —5mA to 5mA
VSYNG v v veevee e e i —0.6V to VRer +0.3V
ISYNG - v oot e e —05mA to 5mA
INV, SS, ILIM, ISENSE. .. ........... —0.3V to VREF + 0.3V
Storage Temperature . .................. —65°C to +150°C
Junction Temperature. .................. -55°C to +150°C
Lead Temperature (Soldering, 10sec.). ............ +300°C

All voltages are with respect to the COM terminal unless other-
wise stated. Currents are positive into, negative out of the
specified terminal. Consult Packaging Section of Databook for
thermal limitations and considerations of packages.

UCC1583
UCC2583
UCC3583

CONNECTION DIAGRAMS

DIL-14, SOIC-14 (Top View)
J, N, or D Packages

SEE—
REF [1] [14] PCOM
INV [2] 13] GATE

COMP [3] 12 vD

ss[4] 111] vDD
SYNC [5| [10] ¢S
RAMP 6| 9] cao

COM[7] (8] ILIM

PLCC-20 (Top View)

Q Package
REF
N/C PCOM
N/Cﬁ ﬁGATE
3 2 12019
INV—| 4 18-VD
COMP—{ 5 17-VDD
SS—-6 16-N/C
SYNC— 7 15-CS
RAMP-{ 8 14[-N/C
9 10 111213

NC—T
COM

T N/C
CAO

ILIM

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = —55°C to 125°C for
UCC1583, —40°C to 85°C for UCC2583, and 0°C to 70°C for UCC3583; VDD = 12V, Rt = 60k, Ct = 200pF, Ta=T,.

PARAMETER \

TEST CONDITIONS

[ min | TYP | max [uniTs

Ramp Generation and Synchronization

Maximum Input Operating Frequency For input with 5% to 90% duty cycle (Note 1) 500 kHz
Ramp Frequency, Free Running 95 100 105 kHz
Ramp Discharge Current Vgawvp = 0.5V 2.0 3.6 mA
Low Threshold Voltage No min, no max, 0=TYP 0 )
High Threshold Voltage 3.75 4 4.25 \
Synchronizing Threshold Voltage (On) (Note 1) 1 Vv
Synchronizing Comparator Hysteresis 1 Vv
Output Duty Cycle
Minimum Duty Cycle Output D/C = Output PW / Input PW 0 %
Maximum Duty Cycle Output D/C = Output PW / Input PW 100 %
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UCC1583
UCC2583
UCC3583

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = —55°C to 125°C for
UCC1583, —40°C to 85°C for UCC2583, and 0°C to 70°C for UCC3583; VDD = 12V, Rt = 60k, Ct = 200pF, Ta=T,.

PARAMETER

\ TEST CONDITIONS

[ min | TYP | max [uniTs

Voltage Error Amplifier

Vinv Vcowmp = VINy, 0°C to 70°C (UCC3583) 2462 | 25 | 2538 \
Vcowmp = VINv, All Other Temperature Ranges 2.45 2.5 2.55 \'
liNv Vcomp = VINV 300 | 500 nA
Vcomp Low Viny = 2.6V, Icomp = 100pnA 450 700 mV
Vcowmp High Viny = 2.4V, Icomp = —100pA 5.0 5.5 6.0 Vv
AVOL No Load 70 90 dB
GBW Product At f = 100kHz, TA = 25°C (Note 1) 3 5 MHz
Current Error Amplifier
Input Offset Voltage 10 mV
Input CM Low Common Mode for CS and ILIM (Note 1) 0 \
Input CM High Common Mode for CS and ILIM (Note 1) 2 )
Vcao Low Vin=0V, Voy=0.1V, IcAo = 100pA 250 500 mV
Vcao High Vin=0V, Vy= 0.1V, IcAo = —100uA 5.0 5.5 6.0 \

Input Current (ILIM and CS Pins)

AVOL

No Load

70 90 dB

GBW Product

At f =100kHz, Tpo=25°C

2 4 MHz

Soft Start Current

10 25 A

UVLO

VDD On Threshold Voltage

8.5 9.0 9.5 \

VDD Off Threshold Voltage

7.9 8.4 8.9

<

UVLO Hysteresis

0.3 0.6 0.9 \'A

Bias Supply
Supply Clamp Voltage 13 14 15 \
Supply Current (VDD) f = 100kHz With No Gate Output Load 3 mA
Output Driver
VsAT High lgaTe = —150mA 0.6 1.0 \
VSAT Low IGATE = 50mA 0.4 0.75 \'
Rise Time CGATE = 1nF 50 75 ns
Fall Time CGATE = 330pF 20 40 ns
Reference
VREF IREF = 0, 0°C to 70°C (UCC3583) 4.925 5 5.075 Vv
IREF = 0, All Other Temperature Ranges 4.900 5 5.100 Vv
Line Regulation VDD = 10V to 14V 2 30 mV
Load Regulation IREF = OmA to 2mA 1 20 mV

Note 1: Guaranteed by design. Not 100% tested in production.
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PIN DESCRIPTIONS

CAO: Output of the current error amplifier. Averaging of
the sensed current signal is provided by connecting an
integrating capacitor between ILIM and CAO. CAQ feeds
into the PWM comparator input and controls the loop
when its voltage is higher than the voltage at COMP
(output of the voltage error amplifier).

COM: Signal ground for the chip. It is connected to the
positive terminal of the output voltage being regulated by
the IC.

COMP: Output of the voltage error amplifier fed into the
PWM comparator. Loop compensation components are
connected between COMP and INV.

CS: Non-inverting input of the current error amplifier. The
sensed current signal from the current sense resistor is
connected to this pin. By making the signal at CS
proportional to the output voltage, effective current
foldback limiting can be provided.

GATE: Gate drive output for the power switch FET. The
drive pin has a 0.5A sink/1.5A source capability and very
low output off-state impedance.

ILIM: Inverting input of the current error amplifier. It sets
the DC limit for the output current.

INV: Inverting input of the voltage error amplifier. The
feedback signal is connected to this pin using a resistive
divider between REF and —Vo.

PCOM: Power ground for the chip. It is connected to the
source terminal of the MOSFET being regulated by the
IC.

RAMP: This pin is the input to the PWM comparator and
provides a ramp signal for generation of the PWM signal.
A capacitor to COM and a resistor to REF set the
charging rate for the ramp. An internal current source of

APPLICATION INFORMATION
Power Stage Circuit Configuration

The UCC3583 is designed for use in a post regulator ap-
plication for tightly regulating auxiliary outputs in a multi-
ple output converter. The post regulation is applied to the
secondary side power pulse of a power transformer
where the power pulse is controlled by the feedback sig-
nal from the main output. In order to simplify the applica-
tion of the UCC3583, it is required that the IC be
referenced to the positive output terminal and the output
filter inductor be placed in the return path. The place-
ment of the inductor in the return path facilitates better
EMI performance, in addition to making magnetic de-

UCC1583
UCC2583
UCC3583

1mA discharges RAMP when synchronization signal
appears or when RAMP crosses a 4V threshold. In the
intended mode of operation, the switching frequency is
determined by the secondary power pulse. The RC
components at RAMP should be selected to give an
appropriately sized ramp signal. In the absence of a
synchronizing pulse, these RC components determine
the free running frequency of the controller.

REF: Precision 5V reference pin. REF stays off until
VDD exceeds 9V and turns off again when VDD drops
below 8.4V. Bypass REF to COM.

SS: This pin provides a soft start function. A capacitor to
REF programs the soft start time. During soft start, the
PWM comparator is controlled by the soft start voltage
resulting in a slow increase in output duty cycle. Once
the soft start capacitor is discharged, output control is
dictated by the larger of the output at CAO or COMP.

SYNC: Synchronization input pin. It is connected to a
signal representative of the secondary power pulse. One
possible implementation is to use a resistive divider
between terminal S2 of the secondary winding shown in
Figure 1 and REF for generating the input to the SYNC
pin. The synchronizing comparator is referenced to 0.5V
and has £500mV of hysteresis. The trip levels are
approximate 1.0V and 0.0V. The designer should
prevent the SYNC pin from exceeding 0.3V below
ground as this will turn on the ESD diode.

VD: Power supply for the output driver. VD should be
tied to VDD in the application.

VDD: Power supply for the chip. VDD should be
bypassed to COM. VDD has to be 9V for the IC to start
and 8.4V for it to remain operational. A shunt clamp
from VDD to COM limits the supply voltage to 14V.

signs and terminations easier to implement. Typical set-
up and circuit waveforms of the UCC3583 system appli-
cation are shown in Figure 1. Figure 2 shows waveforms
for a single ended output rectifier application of the
UCC3583 shown on page 1. The UCC3583 can also be
used in half bridge rectifier applications as shown by the
circuit and waveforms depicted in Figures 3 and 4. Refer-
encing the IC to the positive output terminal creates a re-
quirement for a floating bias voltage for the IC which can
be referenced to the same positive voltage terminal. Pos-
sible implementations of deriving the floating bias voltage
are shown in Figure 5.
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APPLICATION INFORMATION (cont.)

For the circuit shown in Figure 5a, CC1 is charged when
the transformer voltage is positive and the synchronous
switch is on. During the off period of Q-SYNC, the
charge is transferred to CC2 through diode DC2. Diode
DC3 charges CC2 during the blocking interval of Q-
SYNC. This method is preferable when the transformer
positive voltage is high enough to generate the required
bias voltage. For the circuit shown in Figure 5b, CC1 is
charged during the period when reverse (reset) voltage
appears across the secondary. The charge on CC1 is
transferred to CC2 through DC2 when Q-SYNC turns on.
This method is preferable when the reverse voltage is
high enough to generate the required bias voltage. The
series resistor should be chosen to handle the required
voltage drop at full IC operating current when the zener
clamp across VDD and COM is activated.

The following is a description of the major functional
blocks of the UCC3583. Refer to Figure 6 (Typical Appli-
cation Circuit) for component designations.

UVLO and Start Up

The UCC3583 has an internal undervoltage lockout cir-
cuit which keeps the internal circuitry inactive until VDD
exceeds the upper threshold (9V). Once the chip is acti-
vated, VDD has to be above the lower UVLO threshold
(8.4V) for it to remain functional. The IC requires a low
startup current of only 100uA when VDD is under the
UVLO threshold. VDD has an internal clamp of 14V
which can sink up to 10mA. Measures must be taken not
to exceed this current. The internal reference (REF) is
brought up when the UVLO on threshold is exceeded.

The soft start pin provides an effective means to start the
IC in a controlled manner. An internal current of 10uA
starts discharging a capacitor connected to SS when the
UVLO conditions have been removed. The voltage on
SS controls the duty cycle of the output during the dis-
charge period.

Synchronizing Circuit and Oscillator

UCCB3583 is primarily intended for synchronizable opera-
tion where its switching frequency is determined by the
secondary pulse of the power transformer. However, it
has an internal oscillator which allows it to operate in
free-running mode when an external synchronization
pulse is not available. The switching frequency is deter-
mined by resistor RT connected between REF and
RAMP and capacitor CT connected from RAMP to GND.
The frequency is given by:

————— where tg; =1.56 ¢ R o Cr

UCC1583
UCC2583
UCC3583

Cr *VRawp (p-p)

tDIS = =~ 3000 CT

| Rawmp (diis)

The values of RT and CT are also dictated by the fact
that the ramp is discharged through an internal imped-
ance of 2k. The value of RT needs to be at least 50k to
ensure that the internal discharge current is the current
through RT during the entire discharge period. This re-
sults in making the value of CT relatively small for a de-
sired frequency of operation.

When the synchronizing signal is available, the oscillator
frequency should be programmed to be lower than the
synchronizing frequency to ensure proper operation. A
large difference in self-running and synchronizing fre-
quencies leads to smaller ramp amplitude and higher
noise sensitivity. The ramp capacitor is discharged when
the synchronization signal arrives and begins charging
when the low threshold is crossed.

There are two methods to synchronize to the secondary
pulse. One method is to use the rising edge of the sec-
ondary pulse, which reduces the maximum duty cycle
available. Subsequently, the post regulator switch cannot
be turned on during the CT discharge time. The other
method is to use the falling edge of the secondary pulse
for synchronization. This method is preferable because it
allows a slower discharge of the ramp capacitor without
affecting the maximum available duty cycle of the post
regulator. The UCC3583 SYNC input needs to reach a
fixed threshold (1.0V typical) for synchronization to take
effect. Hence the IC is usable with either method of syn-
chronization. However, the UCC3583 oscillator configu-
ration is better suited for synchronization to the falling
edge. A recommended method to implement the syn-
chronization is shown in Figure 6. By connecting SYNC
to a resistive divider between REF and the secondary
terminal S2, the synchronization is achieved whenever
the voltage on S2 goes from a negative value to zero. Rp
and Rpg should be selected so that the voltage on the
SYNC pin varies from 0V to 1V. Placement of a Schottky
diode from SYNC to COM prevents the voltage at SYNC
from going negative. The internal hysteretic SYNC com-
parator has an inverting input set to 0.5V with about
+0.5V hysteresis.

PWM Comparator

The UCC3583 uses a leading edge PWM scheme. In a
leading edge PWM, the output pulse (gate signal) is
turned on when the error amplifier crosses the PWM
ramp and turned off by the clock/oscillator. Leading edge
modulation is naturally provided by magamp type post
regulators and is an essential feature for post regulators.
Without the leading edge modulation in a multiple output
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APPLICATION INFORMATION (cont.)

converter with post regulation on one or more outputs,
the primary current shape does not remain monotonic
and can lead to instability when the primary current is
used for current mode control or current limiting. When
compared to conventional trailing edge PWMs, the lead-
ing edge modulation leads to a phase inversion that
needs to be accounted for in the feedback loop. For the
UCC3583, this inversion is automatically provided since
the sensed voltage at the power supply output negative
terminal has a negative polarity with respect to the chip
common. Thus, UCC3583 does not require inverting
buffers which would otherwise be needed.

Error Signal Generation and Current Limiting

The PWM comparator in the UCC3583 is controlled by
three parallel loops with only one of them in effect at a
time. During normal operation, the voltage error amplifier
output is fed to the PWM comparator. The voltage error
amplifier can be compensated using commonly used
feedback techniques to achieve the desired dynamic per-
formance. The ouput drive capability of the voltage am-
plifier is limited to 100pA, so appropriately high
impedances should be used to utilize the full output
swing of the amplifier. During startup, the soft start ca-

UCC1583
UCC2583
UCC3583

pacitor controls the pulse width. The third control loop is
provided by the average current amplifier. By sensing the
instantaneous inductor current and filtering/averaging it
with the current error amplifier, accurate current limiting
is achieved. This loop is in effect only during the overcur-
rent mode and provides a more accurate and noise free
control of the maximum output current compared to con-
ventional peak current limiting circuits. The current limit is
set by programming the voltage at ILIM based on the
current sense resistor chosen. In addition, the current
limit can be made proportional to the output voltage in or-
der to limit the power dissipation under short circuit con-
ditions. This is implemented by inserting a bias voltage
on CS which is proportional to the output voltage.

Gate Drive Circuit

The gate drive circuit of the UCC3583 provides high cur-
rent drive capability and is very easy to implement as a
result of tying the chip common to the source of the
switching device. Turn on current is higher (1.5A) as fast
turn on is essential for low losses and effective opera-
tion. During the turn off, the drain voltage disappears, so
turn off time can be slower without increasing switching
losses.

E A TI MAIN OUTPUT
o

PRI

PRIMARY
PULSE

IARY CLOCK

N

PRIMARY > ¥yl CHIP
o— SIDE 7 Vas COMMON
CONTROLLER s A T

o+ SSPR

cLock |

VO
AUXILIARY
OUTPUT

|
L uccass3 ‘ SENSE
SYNC -

I
-]
B o gl I o
I
T ANmN N

|

- sspn'

VOLTAGE FEEDBACK

POWER
PULSE UDG-98195

Figure 1. UCC3583 SSPR system application and typical
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UCC1583

UCC2583
UCC3583
APPLICATION INFORMATION (cont.)
PRIMARY,
/SWITCH
ON
NVIN
SECONDARY
: 0 VOLTAGE
(Vs1-Vs2)
: -NVIN
—»' DPTs ‘<o
|_L 0 Vbs (Q-SYNC)
g DFON
_BPDsTf_ v ! . .
‘—gggg Vs2 (VDF)
: : NON-INVERTING
: INVERTING
: : INPUT
: INPUT PWM
| N\ ¥ /( —\ COMPARATOR
; \/ \/ \ INPUTS
Vas (Q-SYNC)
0 t4 to t3 Ts
INote: All waveforms are referenced to chip common. UDG-96141-1
Figure 2. Single ended post regulator waveforms.
é I MAIN
T OUTPUT
S1 Q-SYNC
> : o
o 41
DR1 VGS
CHIP
DF COMMONT
32 YY) . 'e)
— BIAS
CIRCUIT
F > CS
S3
DR2 UCC3583
SYNC VOLTAGE
FEEDBACK UDG-96142-1

Figure 3. Half-bridge synchronous post regulator application.
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UCC1583

UCC2583
UCC3583
APPLICATION INFORMATION (cont.)
PRIMARY . .
+VE PULSE
: i VA (=NVIN)
: : : SECONDARY
e Lo . 0 VOLTAGE

PRIMARY
-VE PULSE

FREE WHEELING

/ DIODE ONE

e e et e e e e 0 CENTER'TAP
: VOLTAGE
: VA Vsz2

"
0 Vsi

-2VA

-VA

0 Vs3
-2VA
: L : INVERTING  NON-INVERTING
: L : INPUT INPUT
E : &
//////////\ //////////\ ////%//,//\ //////////\ —
COMPARATOR
z e AT = L 0.25 INPUTS
z o z SYNC SWITCH
, L , oN
_J ; Vas (Q-SYNC)
R : A ) A P P I P .. 0
O Ts
0 1t tg Ts UDG-96143-1

Figure 4. Half-bridge synchronous post regulator to waveforms.

3-146



UCC1583

UCC2583
UCC3583
APPLICATION INFORMATION (cont.)
DC3
Vobb
gg + con ZE UCC3583
DC2 T COM
DR Q-SYNC RSENSE
> 1T +Vout
1
| DC1 1
E /\ DFLY CF
T CC1
ULAFA) -Vout
Figure 5a
DC2
Voo
1—9&—«% T cos ZE ucc3s583
cc1 T COM
DR Q-sYNC RSENSE
g +Vout
- L4 1
3 /\ DGt DFLY T CF
L? -Vour
Figure 5b UDG-96175-1
Figure 5. Possible implementation for floating bias voltage generation.
10CTQ150 IRFB44 RSENSE +Vo
D 14T ! ©
81 = 0.02Q %CHIP
TOATUF 00 COMMON | 5y 5A
H Ny v . 10CTQ150 L 2200pF
éﬂsv 0.47pF 16V
s2 ZE 30pH Vo
0 N O
RaA
R
imsms
UDG-96072-2

Figure 6. Typical application circuit.
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Secondary Side Synchronous Post Regulator

FEATURES

e Practical Operation at Switching
Frequencies up to 1MHz

e Wide Band Error Amplifier
e Undervoltage Lockout with Hysteresis
o Output Active Low During UVLO

o Soft Start/Maximum Duty Cycle
Control

e Trimmed Bandgap Reference

e Internally Regulated 15V Boost
Supply

e Short Circuit Protection with
Programmable Delay

TYPICAL APPLICATION DIAGRAM.

DESCRIPTION

The UC3584 is a low voltage, Secondary Side Synchronous Post Regula-
tor. It is intended to be used for auxiliary output voltage regulation in single
secondary winding, multiple output power supplies (for more details refer
to the Application Section of this Data sheet). The UC3584 is most suited
for systems where the main output is regulated between 5V and 14V. Out-
put voltages regulated by the UC3584 can range from virtually OV up to
the output voltage of the main output.

Auxiliary output voltage regulation with the UC3584 uses leading edge
modulation making it compatible to primary side peak current or voltage
mode control. The UC3584 clock circuit is synchronized to the switching
frequency utilizing the falling edge of the transformer’s secondary winding
waveform.
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage . .......... ... ... 20V
VrLTVoltage ..o 50V, 30V at 2A
Supply Current ... ... 50mA
Analoglinputs. . ....... .. ... ... il -0.3 to 20V
SYNC Maximum Sink Current. . ................... 600uA
PWMDriver, IouT -« v v vvee e + 300mA
PWM Driver, loyt (Peak). . ........... . .ot +1.5A
Maximum Operating Frequency . . .................. 1MHz

CONNECTION DIAGRAMS

DIL-16, SOIC-16 (Top View)
—
FB[1] 116] sYNC
COMP[2] 15] o T
ss[3] [14]RT
coLY [4] 13] vREG
GND [5 | 2] vee
SRC [ 6] |11 BST2
out|[7] 10] PGND
VFLT 8] [9]BST1

UC1584

UC2584
UC3584
Power Dissipation at TA=60°C ... ................... 1w
Storage Temperature . ................... —65°C to 150°C
Junction Temperature. . .................. -55°C to 150°C
Lead Temperature (Soldering, 10sec.).............. 300°C

Currents are positive into, negative out of specified terminal.
Consult Packaging Section of Databook for thermal limitations
and considerations of packages.

ORDERING INFORMATION

TEMPERATURE RANGE PACKAGE
uC1584J —55°C to +125°C CDIP
UC2584DW —40°C to +85°C SOIC-Wide
UC2584N PDIP
UC3584DW 0°C to +70°C SOIC-Wide
UC3584N PDIP

ELECTRICAL CHARACTERISTICS: Unless otherwise specified, Ta = 0°C to 70°C for the UC3584, —40°C to 85°C for
the UC2584, and —55°C to 125°C for the UC1584, VCC = 15V. To=T,.

PARAMETERS TEST CONDITIONS | min [TYPE | mAX [uNITS
Error Amplifier
FB COMP =FB 1.468 15 1.532 Vv
IFB Vcowmp = VEB 150 300 450 nA
COMP VoL FB =1.6V, Ilcomp = 200uA 50 400 mV
COMP Von FB = 1.4V, Ilcomp = —200uA 5.1 5.5 7 \Y
AVOL 60 80 dB
PSRR (COMP) COMP = FB, VCC = 14V to 16V 60 dB
GBW Product F = 100kHz 5 10 MHz
Oscillator
Frequency Rt = 3.75k, C1 = 400pF, No Synchronization 500 kHz
Ramp Low Rt = 3.75k, Ct = 400pF, No Synchronization 1.75 V
Ramp High Rt = 3.75k, Ct = 400pF, No Synchronization 3.5 V
Ramp Amplitude Rt = 3.75k, C1 = 400pF, No Synchronization 1.75 \'
PWM
Maximum Duty Cycle COMP = 4.5V 90 %
Minimum Duty Cycle COMP =0V 0 %
PWM DRIVER
Vsat High VELT — VouT, lout = —100mA 2.5 3 V
VsaT Low Vout — Vsre, lout = 50mA 0.8 2.2 )
TRISE Load = 1nF, SRC = 0V, Measure Voyt 1V to 9V 75 100 ns
TFALL Load = 1nF, SRC = 0V, Measure Voyt 9V to 1V 25 100 ns
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uc1584
uUC2584
UC3584

ELECTRICAL CHARACTERISTICS: Unless otherwise specified, Ta = 0°C to 70°C for the UC3584, —40°C to 85°C for the
UC2584, and —55°C to 125°C for the UC1584, VCC = 15V. To=T,.

PARAMETERS TEST CONDITIONS | min [TvPE | MAX JuNiTs

Soft Start

Charge Current 30 HA

Discharge Current 1 mA

SS Delay Cgs = 500nF 50 ms
Fault Latch

Charge Current 30 uA

Discharge Current 5 mA

Fault Latch Delay CDLY = 500nF 50 ms
uvLo

VCC On 10.5 \'

Hysteresis 1.7 \
Regulated Voltage

VREG Ine = OMA to 1mA | 48 | [ 52 | v
VCC Regulator

VCC Boost inductor connected to 5V 14 15 16 \'

Icc No Load, Boost Circuitry Inactive 12 40 mA

No Load, Boost Circuitry Active (Note 1) 55 mA

Note 1: Guaranteed by design. Not 100% tested in production.
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PIN DESCRIPTIONS

BST1: Collector of the boost switch. This is the
connection point of the external boost inductor and boost
diode. The boost converter generates the bias supply for
the UC3584 from the regulated 5V output.

BST2: See BST1. BST2 must be connected externally
to BST1 pin.

CDLY: Delay Set. External CDLY capacitor sets the
delay from the time Short Circuit condition is detected
and Fault Condition is asserted.

COMP: Output of the Voltage Error Amplifier.

CT: Connect the Timing Capacitor between CT and
GND.

FB: Inverting Input of the Voltage Error Amplifier.
GND: Analog System Ground.

OUT: Output of the floating driver for an external,
N-channel MOSFET.

PGND: Power Ground. This is the reference node for the
boost bias supply regulator. PGND and GND must be

uc1584
uUC2584
UC3584

connected externally.

RT: A Timing Resistor connected between RT and GND
sets the discharge current of the timing capacitor.

SRC: Source connection of the floating driver to the
external switch.

SS: Soft Start. An external capacitor is connected
between SS and GND to set the duration of the Soft
Start cycle.

SYNC: Synchronization Pin. The UC3584 s
synchronized from the falling edge of the transformer’s
secondary winding. Voltage must exceed 1V at minimum
input line.

VCC: Bias supply of the chip, approximately 15V. This is
also the output of the boost regulator. The VCC pin must
be decoupled to PGND.

VFLT: Positive rail of the floating driver's bias supply.
Decouple to SRC using a high frequency (ceramic)
capacitor.

VREG: Output of the internal 5V regulated supply. Must
be decoupled to GND.

APPLICATION INFORMATION
Biasing the UC3584

Bias supply for the UC3584 is generated from the main
output of the power supply by a boost regulator. The in-
ductor, diode and capacitor of the boost converter are ex-
ternal components, while the boost switch is internal to
the chip. The boost converter operates in a burst mode
with a built-in hysteresis of approximately 1V centered at
15V. This is a bang-bang controller and when enabled
has a fixed duty cycle of 75%.

Undervoltage Detection

The UVLO circuit of the UC3584 monitors the voltage on
VCC. During power up and power down, the pulse width
modulator and the output driver are disabled and OUT is
held active low. Operation is enabled when VCC reaches
10.5V. The UVLO circuitry has a built-in hysteresis of
1.7V (10.5V to 8.8V) thus VCC must drop below 8.8V in
order to assert UVLO again.

Precision Reference

An internal precision bandgap reference provides accu-
rate voltages to the error amplifier and other control sec-
tions of the IC. A buffered 5V regulated voltage is also
available for external circuitry on the VREG pin. This pin
must be decoupled to the signal GND connection by a
good quality high frequency capacitor.

Oscillator and Trailing Edge Synchronization

The UC3584 is outfitted with a synchronizable oscillator
which also generates a ramp signal across the CT capac-
itor for the PWM comparator. For easy implementation of
the leading edge pulse width modulation technique, the
oscillator has an inverted ramp waveform as shown in
Fig. 1. The free running oscillator frequency is deter-
mined by the timing components, RT and CT, according
to the following approximate equations:

( 0.3 )1.7

HT =l ——

1-Dyax

2-(8.2x10° «Cr)
(Rr «Cr)°°

fosc =

where

Rt is the timing resistor, its value should be between

1kQ and 100k€,

Cr is the timing capacitor,

Dwmax is the desired maximum duty cycle, and
fosc is the free running oscillator frequency.

Figure 2 graphically depicts the measured frequency
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APPLICATION INFORMATION (cont.)
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INTERNAL

SYNC PULSE

UDG-99064

Figure 1. Trailing edge synchronization, leading edge modulation.

data.
Edge Modulation

During normal operation the oscillator must be synchro-
nized to the falling edge of the transformer secondary
waveform. Synchronization is achieved by connecting
SYNC to the secondary winding via a resistor divider.
The resistor divider must be chosen to provide a SYNC
pin voltage in excess of 1V at the lowest operating volt-
age on the transformer secondary winding. The UC3584
will generate a narrow internal synchronization pulse
which will synchronize the oscillator to the switching fre-
quency of the main converter.

PWM and Output Driver

The UC3584 employs leading edge modulation tech-
nique to set the required on time of its output. Leading
edge modulation is preferred for secondary side regula-
tion in multiple output converters to prevent ambiguity in

the primary current waveform. In fact, this is the only fea-
sible technique to preserve compatibility with primary
side peak current mode control.

As Fig. 1 depicts the UC3584 utilizes voltage mode con-
trol to regulate output voltage. The output pulse width
(the on-time of the MOSFET switch) is determined on a
cycle-by-cycle basis by comparing the output of the volt-
age error amplifier and the ramp waveforms across the
timing capacitor. OUT is asserted when the voltage on
COMP exceeds the voltage on CT. There are three more
conditions which must be satisfied to obtain an active
high on the OUT pin. These conditions are:

1.E+06

NS
N,

N
SN

NN
R
N
N

1.E+05 47pF
100pF

N
N % 470pF L 220p|:
F

FREQUENCY (Hz)

1500pF ‘
1E+04 LI
1.E+03

1.E+04
TIMING RESISTOR (Ohms)

1.E+05

Figure 2. Oscillator frequency vs. Rt with Cr as a
parameter.
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APPLICATION INFORMATION (cont.)
1. VCC within normal range (UVLO is inactive),

2. No fault condition is detected,
3. Cr is discharging.

During the fast charging time of the Cy capacitor is held
low.

Ultimately, the output of the PWM circuitry controls the
conduction interval of an external N-channel MOSFET
switch in the power supply. The UC3584 employs an
on-board, floating gate driver circuit to interface to the ex-
ternal switch. An external capacitor connected between
VFLT and SRC acts as a floating power supply for the
driver during the on-time of the switch. Charge is being
replenished to the bootstrap capacitor during the off-time
of the switch through the bootstrap diode connected be-
tween VCC and VFLT as shown in the typical application
diagram.

Soft Start

The UC3584 Soft Start circuitry is designed to implement
closed loop startup of the power supply output. During
Soft Start, the reference to the noninverting input of the
error amplifier is controlled by the voltage across the soft
start capacitor on SS. As this voltage rises, it provides an
increasing reference to the error amplifier. Once the soft
start capacitor charges above the 1.5V precision refer-
ence of the error amplifier, SS gets disconnected from
the noninverting input of the error amplifier. This tech-
nique allows the error amplifier to stay in its linear mode
and to regulate the output voltage of the power supply
according to the gradually increasing reference voltage
on its noninverting input. Further advantage of the closed
loop start up scheme is the absence of output voltage
overshoot during power up of the power supply output.

Fault Detection

Fault Detection feature is implemented to detect exces-

UNITRODE CORPORATION
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 FAX (603) 424-3460
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sive overload conditions. Under these conditions the er-
ror amplifier output goes high to command the maximum
duty cycle. As soon as the error amplifier's output ex-
ceeds 5V, the fault delay capacitor connected to the
CDLY pin starts charging. If Cp_y capacitor voltage
reaches 2V before the error amplifier output falls back
below 5V, a fault condition is declared, the PWM output
is disabled and soft start cycle is initiated. Under persis-
tent fault conditions the UC3584 will continuously cycle
through soft start sequence, attempting to bring the out-
put to its regulated, nominal voltage. The value of CbLY
capacitor should be chosen large enough to delay the
activation of the fault sequence in case of load transients
which can also cause the error amplifier output to go
high temporarily.

Error Amplifier

The Error Amplifier of the UC3584 is used to regulate the
voltage of an auxiliary output in a power supply. The
noninverting input of the error amplifier is connected to
an internal, 1.5V reference. The inverting input (FB pin)
is tied to an output voltage divider. The compensation
network of the negative feedback loop is connected be-
tween the amplifier's output (COMP pin) and FB. The
noninverting input of the error amplifier is also connected
to the SS node through a diode. This arrangement allows
closed loop soft start for the output of a power supply
regulated by the UC3584. Closed loop soft start assures
that the error amplifier is kept in active mode and the out-
put voltage of the converter follows the reference voltage
on its noninverting input as it ramps up (following the SS
node). If a fault condition is detected, SS node gets
pulled to ground, forcing the error amplifier's reference
low. Consequently, the error amplifier's output voltage
goes low and duty cycle is reduced.
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UCC1585

== UNITRODE UCC2585
UCC3585
Low Voltage Synchronous Buck Controller PRELIMINARY

FEATURES

Resistor Programmable 1.25V to 4.5V
Vout

2.5V to 6V Input Supply Range
1% DC Accuracy

High Efficiency Synchronous
Switching

Drives P-channel (High Side) and
N-channel (Low Side) MOSFETSs

Lossless Programmable Current Limit
Logic Compatible Shutdown
Programmable Frequency

Start-up Voltage Tracking Protects
Dual Rail Microprocessors

TYPICAL APPLICATION DIAGRAM

DESCRIPTION

The UCC1585 synchronous Buck controller provides flexible high efficiency
power conversion for output voltages as low as 1.25V with guaranteed
+1% DC accuracy. Output currents are only limited by the choice of exter-
nal logic level MOSFETs. With an input voltage range of 2.5 to 6.0V it is
the ideal choice for 3.3V only, battery input, or other low voltage systems.
Applications include local microprocessor core voltage power supplies for
desktop and Notebook computers, and high speed GTL bus regulation. lts
fixed frequency oscillator is capable of providing practical PWM operation
to 700kHZ.

With its low voltage capability and inherent “always on” operation, the
UCC1585 causes VOUT to track VIN once VIN has exceeded the thresh-
old voltage of the external P channel MOSFET. Tracking can be tailored for
any application with a single resistor or disabled by connecting TRACK to
VIN. For dual supply rail microprocessors this feature negates the need for
external diodes to insure supply voltage tracking between the +3.3V and
lower voltage microprocessor core supplies.

(continued)

VIN
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L1 4.70F
vouT

e Q2
4 IRF7401 e e
ZTN C9 ~T™ C10 ~T C11

220uF 220uF 220uF

NDRV
TRACK
R12 R10

N/C 32k 36k

PWRGND

RTN i

R11
*********** 82k
6 RTN

UDG-98024

02/99

3-154



ABSOLUTE MAXIMUM RATINGS

Analog Pins

Minimum and Maximum Forced Voltage

(Referenceto GND). .. ...........cooun.. -0.3to +6.3V
Digital Pins

Minimum and Maximum Forced Voltage

(Referenceto GND) .. ... -0.3t0 6.3V
Power Driver Output Pins
Maximum forced current . .. ....... ... ... L. +1.0A
Operating Junction Temperature.......... —55°C to +125°C
Storage Temperature. . ................. —65°C to +150°C

Note: Unless otherwise indicated, voltages are reference to
ground and currents are positive into, negative out of, the
specified terminals. Pulsed is defined as a less than 10% duty
cycle with a maximum duration of 500 us.

APPLICATIONS

e Low Voltage Microprocessor Power such as PowerPC
603 and 604

¢ High Power 5V or 3.3V to 1.25V-4.5V Regulators

e GTL Bus Termination

DESCRIPTION (continued)

The UCC1585 drives a complementary pair of power
MOSFET transistors, P-channel on the high side, and N-
channel on the low side to step down the input voltage at
up to 90% efficiency.

A programmable two-level current limiting function is pro-
vided by sensing the voltage drop across the high side P
channel MOSFET. This circuit can be configured to pro-
vide pulse-by-pulse limiting, timed shutdown after 7 con-

UCC1585
UCC2585
UCC3585

CONNECTION DIAGRAMS

DIL-16, SOIC-16, SSOP-16 (TOP VIEW)
J, N, D and M Packages

/

Ens [ 1]
comp [ 2]
ss [3]
vFB [ 4|
anD [ 5|
TRACK [ 6 |
1seT [ 7]
CLSET [8 |

[16] cT

(15] viN

[14] NDRV
[13] PwRGND
[12] PORV
[11] 1sEnsE
[10] sp

(9] ne

secutive faults, or latch-off after fault detection, allowing
maximum application flexibility. The current limit thresh-
old is programmed with a single resistor selected to
match system MOSFET characteristics.

The UCC1585 also includes undervoltage lockout, a
logic controlled enable, and softstart functions. The
UCC1585 is offered in the 16 pin surface mount and
through hole packages.
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UCC1585

UCC2585

UCC3585
ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications hold for Ta = 0°C to 70°C for the

UCC3585, Ta = —25°C to 85°C for the UCC2585 and —55°C to 125°C for the UCC1585. To = T,. VIN = 3.3V, ENB, Isense = VIN,
VEg = 1.25V, COMP = 1.5V, Ct = 330pF, RiseT = 100k, RTRACK = 10k, RCLSET = 10k.

PARAMETER TEST CONDITIONS [ min | TP [ mAX JuniTs
Input Supply Section
Supply Current — Total (Active) 2.3 3 mA
Supply Current — Shutdown ENABLE = 0V 25 pA
VIN Turn On Threshold (UVLO) 2 2.5 V
VIN Turn On Hysteresis 300 mV
Voltage Amplifier Section
Input Voltage (Internal Reference) Ta=0°C to 70°C, VIN = 3.0V to 3.6V, Note 1 1.238 | 1.250 | 1.262 V
Input Voltage (Internal Reference) VIN = 3.0V to 3.6V, IND/MIL Temp, Note 1 1.228 | 1.250 | 1.273 \
Open Loop Gain COMP =0.5t0 2.5V 65 80 dB
Output Voltage High I(COMP) = -50pA 3 3.25 V
Output Voltage Low I(COMP) = 50pA 0.1 0.25 V
Output Source Current 100 175 pA
Output Sink Current 0.4 1 mA
Oscillator/PWM Section
Initial Accuracy Ty=25°C 450 kHZ
Initial Accuracy Over Temperature 450 kHZ
CT Ramp Peak to Valley 1.7 2 2.3 V
CT Ramp Valley Voltage 0.3 0.5 V
PWM Maximum Duty Cycle COMP = 3V, Measured on PDRV 100 %
PWM Minimum Duty Cycle COMP = 0.2V, Measured on PDRV 0 %
PWM Delay to Outputs COMP = 2.5V 45 nS
Tracking Current Measured on TRACK, Vtrack = 1V 10 12 15 A
Enable Threshold Measured on ENABLE 2.5 3.2 Vv
Softstart Charge Current SS =0V 10 14 18 pA
Current Limit Section
Pulse to Pulse Threshold Measured Between VN and Isense 125 mV
CLSET Current 12 14 16 A
SD Sink Current SD =2V 8 13 18 pA
SD Source Current SD =2V 100 140 pA
Restart Threshold Measured on SDOWN 0.25 0.5 0.75 \
Output Driver Section (PDRV, NDRV)
Pull Up Resistance —100mA (Source) 6 10 Q
Pull Down Resistance 100mA (Sink) 4 8 Q
Deadtime Delay Note 2 180 nS

Note 1. Measured on COMP with the Error Amp in a Unity Gain (voltage follower) configuration.
Note 2. 50% point of PDRV Rise to NDRV Rise and 50% point of NDRV Fall to PDRV Fall.
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PIN DESCRIPTIONS

CLSET: CLSET is used to program the pulse by pulse
and overcurrent shutdown levels for the UCC1585. A re-
sistor is connected between CLSET and VIN to set the
thresholds. The threshold follows the following relation-
ship:

1.25
7 Revser
) Hiser
RDS(on)

COMP: Output of the Voltage type error amplifier. Loop
compensation components are connected between
COMP and VFB.

CT: A high quality ceramic capacitor connected between
this pin and ground sets the PWM oscillator frequency by
the following relationship:

o

(6700 CT)

Use capacitor values greater than 100pF in order to mini-
mize the effects of stray capacitance. The oscillator is
capable of reliable operation in excess of 1IMHZ.

ENB: A LOGIC1 on this input will activate the Output
drivers. A logic zero will prevent switching of the output
drivers. The threshold is approximately VIN —1V.

GND: Reference level for the IC. All voltages and cur-
rents are with respect to GND.

ISENSE: ISENSE performs two functions. The first is to
monitor the voltage dropped across the high side P chan-
nel MOSFET switch while it is conducting. This informa-
tion is used to detect over current conditions by the
current limit circuitry. The second function of ISENSE is
to measure current through the lowside N-channel
MOSFET. When the current flow through this MOSFET
is drain to source, (i.e. reversed), this FET is turned off
for the remainder of the switching cycle.
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PIN DESCRIPTIONS (cont.)

ISET: A resistor is connected between ISET and ground
to program a precision bias for many of the UCC1585 cir-
cuit blocks. Allowable resistor values are 90kQ to
110kQ. 1.25V is provided to ISET via a buffered version
the internal bandgap voltage reference. The resultant
current is 1.25V / RigeT. This current is mirrored directly
over to CLSET to program the over current thresholds. A
second use for this current is to set a basis for the charg-
ing current of the oscillator.

PDRV: High current driver output for the high side P
channel MOSFET switch. A 3Q to 10Q series resistor be-
tween PDRV and the MOSFET gate may be inserted to
reduce ringing on this pin. In some layout situations, a
low V¢ diode may be required from this pin to ground to
keep the pin from ringing more than 0.5V below ground.

PWRGND: High current return path for the MOSFET
drivers. PWRGND and GND should be terminated to-
gether as close to the IC package as possible.

SD: This pin can configure current limit to operate in any
one of three different ways.

1) A forced voltage of less than 250mV on SD inhibits the
shutdown function causing pulse by pulse limiting.

2) A capacitor from SD to GND provides a control-
ler-converter shutdown timeout after 7 consecutive
overcurrent signals are received by the current limit cir-
cuitry. An interval 10pA (typ) current source discharges
the SD capacitor to the 0.5V (typ) restart threshold. The
shutdown time is given by:
T Csp Vi 0.5
SHUT —10u A )

where Cgp is the value of the capacitor from SD to GND,
and VIN is the chip supply voltage (on pin 15). At this
point, a softstart cycle is initiated, and a 100uA current
(typ) quickly recharges SD to VIN. During softstart, pulse
by pulse limiting is enabled, and the 7 cycle count is de-
layed until softstart is complete (i.e. charged to approxi-
mately VIN volts).

3) A forced voltage of greater than 1V on SD will cause
the UCC1585 to latch OFF after 7 overcurrent signals
are received. After the controller is latched off, SD must
drop below 250mV to restart the controller.

UCC1585
UCC2585
UCC3585

SS: A low leakage capacitor connected between SS and
GND will provide a softstart function for the converter.
The voltage on this capacitor will slowly charge on start-
up via an internal current source. The output of the Volt-
age error amplifier (COMP) tracks this voltage thereby
limiting the controller duty ratio.

NDRV: High current driver output for the low side
MOSFET switch. A 3Q to 10Q series resistor between
NDRV and the MOSFET gate may be inserted to reduce
ringing on this pin. In some layout situations, a low V; di-
ode may be required from this pin to ground to keep the
pin from ringing more than 0.5V below ground.

TRACK: A resistor is connected between TRACK and
output voltage of the converter to set the start-up profile
of the power converter. Certain dual supply rail micro-
processors require that a maximum voltage differential
between the supply rails is not exceeded. Failure to do
so results in large currents in the microprocessor through
the ESD (electrostatic discharge) protection devices.
This can result in chip failure. The UCC1585 is designed
such that it is “normally on” before VIN reaches the 2.0V
(nom.) UVLO threshold. That is, the high side P channel
MOSFET switch driver output is actively held low allow-
ing the MOSFET to conduct current to the output as soon
as VIN is high enough to exceed the gate turn on thresh-
old. The resistor from TRACK to VouT sets the voltage
level on VOUT at which the P channel MOSFET is
turned off. The tracking cutoff voltage follows the follow-
ing relationship:

VOUT(maX) 1.25V 12HA HTRACK

This is necessary for very low output voltage applications
(< 2.0V), where overvoltage may occur if the Pchannel
MOSFET is not disabled before the UVLO threshold is
reached. For applications with Voyt greater than 2.0V,
TRACK can be disabled by tying TRACK to V.

VFB: Inverting input to the Voltage type error amplifier.
The common mode input range for VFB extends from
GND to 1.5V.

VIN: Supply voltage for the UCC1585. Bypass with a
0.1uF ceramic capacitor (minimum) to supply the switch-
ing transient currents required by the external MOSFET
switches.
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APPLICATION INFORMATION

Some of today’s microprocessors require very low oper-
ating voltages. In some cases, as low as 1.8V of supply
voltage are required in addition to already available 3.3
volt system voltage. Following is an illustration of a de-
sign using the UCC3585 as the power controller.

The design criteria are as follows:
Input Voltage (V|y) 3.3V DC
Output Voltage (VoyT) 1.8V DC
Output Ripple Voltage (VoyTt) 18 mV
Output Current (IloyT) 3.5A DC
Other features include
Output Tracking
Switching Frequency (Fg) 350kHz
100% Surface Mount

The first few steps in the design are to define the power
stage (Schematic Figure 1).

1) The normal operating duty cycle (3) of the regulator is
approximately

APPLICATION INFORMATION

UCC1585
UCC2585
UCC3585

Vour 1.8

Vy 3.3

0.545

2) Select the output inductor to meet ripple current re-
quirements. For this design, the allowable ripple current
in the output inductor is selected to be 10% of the full
load output current.

Vin Vour) &

A Pulse Engineering SMT inductor (PE-53682) is 4.7
microhenries has a DC resistance (R 1) of 8.3mQ and
will dissipate 0.1W under full load operation.

L1 4.6uH

The resulting loyT is now:
I Vin Vour) & 0.5A
47 10 % Fs

3) Next, the output capacitors are determined based
upon the output ripple criteria. Assuming the ripple is lim-
ited by the equivalent series resistance, or ESR, of the
capacitors and not the impedance of the capacitors at the
switching frequency, then the output capacitor selection
is based upon ESR, size and voltage considerations.

VIN

Ay

\C1/

150uF

NDRV

TRACK

c4
32N |

ae ss NIC
T C5 1
0.22uF |

T PWRGND

o [16] ¢ G

470pF !

7| I1SET GND

Ql
IRF7404
L1 4.7uF
VOuT
Q2
it 2t VR . K
T~ C9 T~ C10 ~T C11
220uF 220pF 220uF

R12 R10
32k 36k

R11
82k
RTN

RTN i

UDG-98024

Figure 1. Application circuit schematic
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Vour 0.018
0.5

ESR 0.026 Q

lour

A 220uF, 6.3V Sprague 594D capacitor has an ESR of
75mQ. Three of these in parallel will result in an overall
ESR of 25mQ. (C9, C10, and C11 in Figure 1). Since the
output ripple current is so low, the capacitor’s ripple cur-
rent rating of 1.45A is not a concern.

To check the assumption that the capacitor's impedance
at the switching frequency is dominated by the ESR and
not the capacitor’'s capacitance value, calculate the im-
pedance and compare it to the ESR.

1 1

zZc 2mQ
2 Fs C 2 350k 220u

The ESR of the capacitor is 37 times that of the imped-
ance of the capacitor at the switching frequency, so the
earlier assumption was valid.

4) Before selecting the switching MOSFETS, the current
that will be flowing through them must first be deter-
mined.

lour 354

Ip,, lour

The RMS of this current in Q1 is
IpQlays Ip, N6 2.8A

And in Q2
1pQ2Rzuys lDPK J1 8 2.5A

5) Since this regulator must be able to operate from a
3.3 volt source, the MOSFETs used must have a gate
threshold level of no more than 2V.

For Q1, an IRF7404 is selected. It has an RDSpy of
0.04Q, a total gate charge (Qg1) of 50nC, and a turn
OFF (torp1) time of 65ns. The conduction loss in Q1 will
be:

PoQloy IpQlaus® Aps, Q1 0.593W

The gate drive losses will be
PoQlgare Qg Vin Fs

And finally the turn OFF losses are estimated

58 mw

0.14W

1
Po@1 opr > Viv. Ip@lpx Torrt Fs

The total power loss for Q1 is the sum of these three:
PoQ11o7ar 0.5W

6) Q2 has been selected to be an IRF7401, which has
an RDSpy of 0.03Q, and a total gate charge (Qg2) of
48nC and a body diode turn OFF switching time (torr2)
of 59ns. In this topology, the N Channel MOSFET, Q2, is

UCC1585
UCC2585
UCC3585

turned OFF prior to the turn ON of Q1, so when Q2 is
turned OFF, current is being re-routed from the channel
of the device into the intrinsic body diode. Therefore
Q2'’s intrinsic body diode incurs switching loss during the
turn OFF interval.

The conduction loss in Q2 is:
PpQ2oy 1pQ2 gus® Rps,, Q2 0.2W
The gate drive losses will be
Po@2gare Qs, Vin Fs
And the body diode turn OFF loss:

55 mw

PoQ2 p_oFr Vin Ip,, Torr2 Fs 0.13W

The total power loss for Q2 is the sum of these three:
PpQ2 rora 0.4W

7) Thus far the power loss in the two MOSFETs and the
output inductor total 1.0W. The average input current is:

lour  PLoss

Vin

Vour 20n

I’NAVG

The peak to peak ripple in the input capacitors is the
peak current less the average input current during Q1’s
ON time, and equal to the average input current during
Q1’s OFF time. The RMS value of this current is then:

2 2
IIN_CAPyys \/(IDF.K Ingg)™ 0 Un,,g)™ (1 8) 1.9A

8) After the input capacitor's input ripple current is
known, select the input capacitors. Again, Sprague 594D
Solid Tantalum capacitors are chosen. A single 150uF,
10V capacitor has a ripple current rating of 1.35A RMS.
Two in parallel (C1 and C2) will have a combined capa-
bility of 2.7A, and a total ESR of 40mQ. The losses in
the capacitors are:

ESR 0.14W

Poiv_cap  Iin_capays *

Adding the capacitor loss to that previously found, the to-
tal losses are now 2.1 watts.

9) The overall efficiency of the power train is then

Vour lour
Vour lour 21

The losses are dominated by the MOSFETs Q1 and Q2.
One way to improve the efficiency would be to reduce
the conduction loss in Q1, either by choosing a device
with a lower rdsON or by paralleling it with another MOS-
FET. The conduction losses in Q2 may be improved by
the same technique, but will prove detrimental in switch-

Err 0.84

3-160



ing losses. To lower the switching losses, Q2 may be
paralleled with a Schottky diode. In this manner, the
switching loss may be absorbed by the Schottky, instead
of the MOSFET.

10) After the power stage design is completed, attention
is given to the feedback loop. The LC filter gain is de-
scribed by the equation (10A) below: (where =j2 f)
Where Coyrt is the combined capacitance of C9, C10,
and C11 and RggR is the ESR of the capacitors.
There will be a double pole at:

1

F
P2 0 Cour

and a zero at the point where the impedance of the out-
put capacitors equals the ESR:

F, — 1 96kHz

2 Resg Cour

2.8kHz

The modulator gain is given by
Vin
Veawp

where Vgaup is the peak to peak amplitude of the oscil-
lator ramp found on the CT pin. The overall open loop
gain is shown in Figure 2.

11) The voltage divider is next determined to give us the
proper output voltage. First select one of the divider re-
sistors R11 = 82k. The other resistor becomes:

UCC1585
UCC2585
UCC3585

12) The equation for the error amplifier in this configura-
tion is:

2 f C7

R10
For a gain of 5 and a zero at 2kHz
R2 15 R10 180k

and

KEA

c7 1 440pF
2 fp R2
The overall voltage loop gain now has a crossover at
34kHz with a phase margin of about 73 degrees.

13) Select the RISET resistor, R3, to be 100k. (The range
of value should be between 90k and 110k.) Then choos-
ing the current limit trip point to be 130% of lout, the cur-
rent limit set resistor is then found by the relationship

R3 % RDSonQ1 Riger  27.2k

Note that the RDSoy value used should include the ef-
fects of temperature.

14) During normal power on of the UCC3585, the gate of
Q1 is held low (Q1 turned ON) until the Vcc input to the
IC reaches the 2V Under Voltage Lockout (UVLO) volt-
age. At UVLO, the UCC3585 wakes up and switching
begins on Q1 and Q2. With a 1.8V output however, the
output will reach 2V before regulation begins! This is

R10 R11 VOJ Ri1 36k where the tracking function comes into use. By selecting
REF an appropriate resistive divider from the output, we can
10 ~ 100
A\ . T
0 \ SN AMPLIFIER GAIN
\ 60 \._.._\
T \ g 40 TN
S \ s M~ v
z \ = 20
20 <
0] \\ s o L
30 \\ 20 OVERALL LOOP GAIN I
N\
N -40
-40
10 100 1000 10000 100000 -60
FREQUENCY (Hz) 10 100 1000 10000 100000
FREQUENCY (Hz)

Figure 2. Modulator and filter frequency response

Figure 3. Error amp and closed loop frequency
response

1 Ress  Cour

(10A) KLC

12 11 Coyr R Cour

Resr  Cour

b
Rioap
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I
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M
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POWER ON PROFILE
WITHOUT "TRACK AND HOLD" }

2.0
s 154
= _— =
S )
> 109 POWER ON
PROFILE WITH
0.5 "TRACK AND HOLD"

1.0 15 2.0 25
VIN (V)

Figure 4. Error Amp and Closed Loop Frequency
Response

select the point below UVLO at which Q1 will be shut off.
Upon reaching UVLO, the UCC3585 will then begin to
regulate normally.

With a 1.8V nominal output voltage, select the tracking
turn off point to be 1.6V.

B3 1.6 1.25 29k O
12p
Note that the tracking function ONLY makes a difference
below UVLO. If Vout were to be 2V or above, then the
tracking pin should be tied to V.

15) A capacitor on the SD pin will allow the converter to
shutdown in the event seven consecutive over current
pulses occur. If a timing shutdown interval of 1ms is cho-
sen as the shutdown time, Tgp, then the value of the ca-
pacitor is:

UNITRODE CORPORATION
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410  FAX (603) 424-3460

Figure 5. Power on profile

c4 Tso
]

IcHa

3.2nF

iy —0.5)
IpicHa

Where Icyg and IpiscHg are 100pA and 10pA respect-
fully.
16) The next step is to find the value of timing capacitor.
T
ce 3
6000

A 470pF capacitor will result in a switching frequency of
354kHz.

17) The softstart capacitor is selected for a 5ms startup
time. Knowing that a 10uA current source will charge the
capacitor to 2.5V, the softstart capacitor is given by:

476pF

cs Tss lona SM 104 5, ,p
Vas 2.5
80
60
S
=40
2
20
T
1.2 1.4 1.6 1.8 2.0
VTR (V)

Figure 6. Tracking resistor value as a function of
turn off voltage

PowerPC is a registered trademark of International Business Machines Corporation
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=m UNITRODE

UCC1588/-1
UCC2588/-1

UCC3588/-1
ADVANCE INFORMATION

5-Bit Programmable Output BICMOS Power Supply Controller

FEATURES

¢ 5-Bit Digital-to-Analog Converter
(DAC) supports Intel Pentium II™

e Microprocessor VID Codes
e Compatible with 5V or 12V Systems

¢ 1% Output Voltage Accuracy
Guaranteed

e Drives 2 N-Channel MOSFETs
e Programmable Frequency to 800kHz

e Power Good OV / UV / OVP Voltage
Monitor

¢ Undervoltage Lockout and Softstart
Functions

e Short Circuit Protection
e Low Impedance MOSFET Drivers
e Chip Disable

APPLICATION DIAGRAM

DESCRIPTION

The UCC1588 synchronous step-down (Buck) regulator provides accurate
high efficiency power conversion. Using few external components, the
UCC1588 converts 5V to an adjustable output ranging from 3.5VDC to
2.1VDC in 100mV steps and 2.05VDC to 1.8VDC in 50mV steps (1.75VDC
to 1.3VDC in 50mV steps, —1 only) with 1% DC system accuracy. A high
level of integration and novel design allow this 16-pin controller to provide a
complete control solution for todays demanding microcontroller power
requirements. Typical applications include on board or VRM based power
conversion for Intel Pentium 1I"™ microprocessors, as well as other
processors from a variety of manufacturers. High efficiency is obtained
through the use of synchronous rectification.

The softstart function provides a controlled ramp up of the system output
voltage. Overcurrent circuitry detects a hard (or soft) short on the system
output voltage and invokes a timed softstart/shutdown cycle to reduce the
PWM controller on time to 5%.

The oscillator frequency is externally programmed with RT and operates
over a range of 50kHz to 800kHz. The gate drivers are low impedance to-
tem pole output stages capable of driving large external MOSFETs. Cross
conduction is eliminated by fixed delay times between turn off and turn on
of the external high side and synchronous MOSFETs. The chip includes
undervoltage lockout circuitry which assures the correct logic states at the
outputs during power up and power down.

(continued)

12VIN
5V IN
1*ers
c16 150uF
ImuF
R1| L -
10K -
! uccases ! h at
IRL3103
15] VIN HDRV
+ |+ |+ |+ L R6
0 A ) E A B 1.6uF 0.003Q
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage Ve -« oo oo 15V
Gate Drive Current, 50% Duty Cycle. ... .............. 1A
Input Voltage, Vsense, Vg, SS, COMMAND, COMP. .. .. 5V
Input Voltage, DO, D1,D2,D3,D4 . .................. 6V
Input Current, RT,COMP . ........................ 5mA

Currents are positive into, negative out of the specified termi-
nal. Consult Packaging Section of Databook for thermal limita-
tions and considerations of packages. All voltages are
referenced to GND.

THERMAL DATA
Plastic DIP Package

Thermal Resistance Junction to Leads, 6jc . . ... ... 45°C/W

Thermal Resistance Junction to Ambient, 6ja . . . ... 90°C/W
Ceramic DIP Package

Thermal Resistance Junction to Leads, 6jc ........ 28°C/W

Thermal Resistance Junction to Ambient, 6ja .. ... 120°C/W
Standard Surface Mount Package

Thermal Resistance Junction to Leads, 6jc ........ 35°C/W

Thermal Resistance Junction to Ambient, 6ja . . ... 120°C/W

Note: The above numbers for 6ja and 6jc are maximums for
the limiting thermal resistance of the package in a standard
mounting configuration. The ©ja numbers are meant to be
guidelines for the thermal performance of the device and
PC-board system. All of the above numbers assume no
ambient airflow, see the packaging section of Unitrode Product
Data Handbook for more details.

DESCRIPTION (cont.)

This device is available in 16- pin surface mount, plastic
and ceramic DIP, TSSOP packages, and 20 pin surface
mount. The UCC1588 is specified for operation from
—55°C to +125°C, the UCC2588 is specified for opera-
tion from —25°C to +85°C, and the UCC3588 is specified
for operation from 0°C to +70°C.

UCC1588/-1

UCC2588/-1
UCC3588/-1
CONNECTION DIAGRAMS
DIP-16, SOIC-16, TSSOP-16 (TOP VIEW)
N, J, D and PW Packages
U/
VSENSE E RT
ISNS E] vee
SS/ENBL E DRVLO
DO E DRVHI
D1 E] GND
D2 E E PWRGOOD
D3 E VFB
D4 E] ComP
SOIC-20 (TOP VIEW)
DW Package
/
VSENSE E E RT
ISNS E E VIN
ss E E PVIN
NIC E E] DRVLO
DO E E] DRVHI
D1 E E PGND
D2 E E GND
NIC E E] PWRGOOD
D3 E E] FB
D4 E E ComP

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications hold for Ta = 0°C to 70°C for the
UCC3588, —25°C to +85°C for the UCC2588, and —55°C to +125°C for the UCC1588, Ta=T,y. Vcc = 12V, RT = 49k.

PARAMETER TEST CONDITIONS [ min | Tvp | max [uniTs

Supply Current Section

Supply Current, On ‘VCC =12V | ‘ 4.5 ‘ | mA
UVLO Section

VCC UVLO Turn-On Threshold 10.5 | 10.80 Vv

UVLO Threshold Hysteresis 500 mV
Voltage Error Amplifier Section

Input Bias Current Vem = 2.0V -0.02 0 HA

Open Loop Gain 0.6 <Vcomp<2.5 90 dB

Output Voltage High Icomp = —500u1A 3.4 \

Output Voltage Low Icomp = +5001A 0.2 0.5 \

Output Source Current Vves = 2V, Vcommanp = Vcowmp = 2.5V -500 HA

Output Sink Current Vv = 3V, Vcommanp = Vcowmp = 2.5V 10 mA
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications hold for Ta = 0°C to 70°C for the
UCC3588, —25°C to +85°C for the UCC2588, and —55°C to +125°C for the UCC1588, Ta=T,. Voc = 12V, RT = 49k.

PARAMETER \ TEST CONDITIONS [ min | TP [ mAX JuniTs
Oscillator/PWM Section
Initial Accuracy Ta=25°C 240 300 | 360 kHz
0°C <Tp < 70°C 220 300 | 380 kHz
—25°C < Tp < 85°C 210 300 | 390 kHz
—55°C < Ta < 150°C 200 300 | 400 kHz
Voltage Stability Voo =10.8V to 13.2V 1 %
Ramp Amplitude (p—p) 1.85 V
Ramp Valley Voltage 0.65 V
PWM Max Duty Cycle COMP = 3V 95 %
PWM Min Duty Cycle COMP =0. 3V 0 %
PWM Delay to Outputs (High to Low) COMP = 1.5V 150 ns
PWM Delay to Outputs (Low to High) COMP = 1.5V 150 ns
Transient Window Comparator Section
Detection Range High (Duty Cycle = 0) % Over Vcommanb, (Note 1) 1 3 5 %
Detection Range Low (Duty Cycle = 1) % Under Vcommanb, (Note 1) -1 -3 -5 %
Propogation Delay (Vsense to Outputs) 150 nS
Soft Start/ Shutdown Section
SS Charge Current (Normal Start Up) Measured on SS -10 UA
SS Charge Current (Short Circuit Fault Measured on SS -100 HA
Condition)
SS Discharge Current (During Timeout Measured on SS 25 UA
Sequence)
Shutdown Threshold Measured on SS 4.2 V
Restart Threshold Measured on SS 0.4 0.5 )
Soft Start Complete Threshold (Normal Measured on SS 3.7 Vv
Start-Up)
DAC / Reference Section
COMMAND Voltage Accuracy 10.8V < V|y < 13.2V, measured on COMP, -1.00 1.00 %
0°C < Ta < +70°C, (Note 2)
10.8V < V|y < 13.2V, measured on COMP, -1.10 1.10 %
—25°C < Tp < +85°C, (Note 2)
D0-D4 Voltage High 6 \
D0-D4 Voltage Threshold 3 Vv
D0-D4 Voltage Input Bias Current V(D4,...,D0) < 0.5V -90 =20 UA
Overvoltage Comparator Section
Trip Point % Over Vcommanb, (Note 1) 5.00 | 8.60 | 12.00 %
Hysteresis 10 20 30 mV
Undervoltage Comparator Section
Trip Point % Under Vcommanp, (Note 1) —12.00| -8.60 | -5.00 | %
Hysteresis 10 20 30 mV
PWRGOOD Signal Section
Output Impedance Vin = 12V, lpwrcoop = TmA ‘ ‘ 470 Q
Overvoltage Protection Section
Trip Point % Over Vcommanb, (Note 1) 10 17.50 | 25.00 %
Hysteresis 20 30 mV
VSENSE Input Bias Current OV, OVP, UV Combined =10 UA
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UCC1588/-1
UCC2588/-1
UCC3588/-1

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications hold for Ta = 0°C to 70°C for the
UCC3588, —25°C to +85°C for the UCC2588, and —55°C to +125°C for the UCC1588, Ta=Ty. Vcc = 12V, RT = 49k.

PARAMETER \ TEST CONDITIONS MmN | TYP | max [uniTs

Gate Drivers (DRVHI, DRVLO) Section

Output High Voltage lgaTeE = 100mA, Vin= 12V 11.5 \'

Output Low Voltage lgaTE =— 100mMA, VN = 12V 0.5 V

Driver Non-overlap Time (Note 3) 100 nS

(DRVHI- to DRVLO+)

Driver Non-overlap Time (Note 3) 50 nS

(DRVLO- to DRVHI+)

Driver Rise Time (3nF Capacitive Load) 80 nS

Driver Fall Time (3nF Capacitive Load) 80 nS
Current Limit Section

Current Limit Detect to Softstart Quick Visns = VSeENSE + 75mV 170 nS

Charge

Start of Quick Charge to Shutdown Visns = Vsense + 75mV, Cgs = 10nF, (Note 4) 1.6 us

Threshold

Current Limit Threshold Voltage VTHRESHOLD = Visns — VVSENSE 50 54 58 mV

ISNS Input Bias Current -10 UA

Note 1: This percentage is measured with respect to the ideal command voltage programmed by the Vip (DO to D4) pins and ap-
plies to all DAC codes from 1.8 to 3.5V.

Note 2: Reference and error amplifier offset trimmed while the voltage amp is set in unity gain mode.

Note 3: Deadtime delay is measured from the 50% point of DRVHI falling to the 50% point of DRVLO rising, and vice-verse.

Note 4: This time is dependent on the value of Css.

BLOCK DIAGRAM

D2 E}_ ovP CONDUCTION
D1 TURN
SHUTDOWN “ on

- % DELAY ‘{>ﬂ7 DRVHI

Do [
COMMAND|

|
! |
TO !
ss SOFTSTART — L2 VSENSE |

comp [o |
VOLTAGE |
! AMPLIFIER PWM I
vFB [10 > COMP !
|
! '—‘* l> s q TURN |
COMMAND R ON

D4 ' — Y | DELAY DRVLO
o8 DAG oviuv s 100NS _|sHuTDOWN !
; [_ ANTI CROSS- |
|
|
|
|

100NS | sHuTDOWN

|
|
OVER- 1 COMMAND!
CURRENT osc M b— 3%
CURRENT
LM Juut
BLOCK

GND

|
|
|
|
|
|
vee
|
T
|
|
|

ISNS VSENSE PWRGOOD  RT UDG-98152

3-166




PIN DESCRIPTION

COMP: (Voltage Amplifier Output) The system voltage
compensation network is applied between COMP and
VFB.

D0, D1, D2, D3, D4: These are the digital input control
codes for the DAC. The DAC is comprised of two ranges
set by D4, with DO representing the least significant bit
(LSB) and D3, the most significant bit (MSB). A bit is set
low by being connected the pin to GND; a bit is set high
by floating the pin. Each control pin is pulled up to ap-
proximately 6V by an internal pull-up. If one of the low
voltage codes is commanded on the DAC inputs, the out-
puts will be disabled. The outputs will also be disabled
for all 1’s, the NO CPU command.

DRVHI: (PWM Output, MOSFET Driver) This output pro-
vides a low Impedance totem pole driver. Use a series
resistor between this pin and the gate of the external
MOSFET to prevent excessive overshoot. Minimize cir-
cuit trace length to prevent DRVHI from ringing below
GND. DRVHI is disabled during UVLO conditions.
DRVHI has a typical output impedance of 5Q for a Vg
voltage of 12V.

DRVLO: (synchronous rectifier output, MOSFET driver)
This output provides a low Impedance totem pole driver
to drive the low-side synchronous external MOSFET.
Use a series resistor between this pin and the gate of the
external MOSFET to prevent excessive overshoot. Mini-
mize circuit trace length to prevent DRVLO from ringing
below GND. DRVLO is disabled during UVLO conditions.
DRVLO has a typical output impedance of 5Q for a V|y
voltage of 12V. Please see the “Typical Curves” section
to determine the driver output impedance as a function of
VN Voltage.

GND: (Ground) All voltages measured with respect to
ground. Vcc should be bypassed directly to GND with a
0.1pF or larger ceramic capacitor. The timing capacitor
discharge current also returns to this pin, so the lead
from the oscillator timing to GND should be as short and
direct as possible.

ISNS: (Current Limit Sense Input) A resistance con-
nected between this sense connection and Vsense sets
up the current limit threshold (54mV typical voltage
threshold).

PWRGOOD: This pin is an open drain output which is
driven low to reset the microprocessor when VSNS rises

UCC1588/-1
UCC2588/-1
UCC3588/-1

above or falls below its nominal value by 8.5%(typ). The
on resistance of the open-drain switch is no higher than
470Q. This output should be pulled up to a logic level
voltage and should be programmed to sink 1mA or less.

RT: (Oscillator Charging Current) This pin is a low im-
pedance voltage source set at ~1.25V. A resistor from
RT to GND is used to program the internal PWM oscilla-
tor frequency. The equation for Rt follows:

(1) )
Fir = [(f . 67.2pF)) 800

SS/SD: (Soft Start/Shut Down) A low leakage capacitor
connected between SS and GND will provide a softstart
function for the converter. The voltage on this capacitor
will slowly charge on start-up via an internal current
source (10uA typ.) and ultimately clamp at approximately
3.7V. The output of the voltage error amplifier (COMP)
tracks this voltage thereby limiting the controller duty ra-
tio. If a short circuit is detected, the clamp is released
and the cap on SS charges with a 100uA (typ) current
source. If the SS voltage exceeds 4.2V, the converter
shuts down, and the 100pA current source is switched
off. The SS cap will then be discharged with a 2.5uA
(typ) current sink. When the voltage on SS falls below
0.5V, a new SS cycle is started. The equation for soft-
start time follows:

Css (@)
Tes =3.7 .
ss (10uA]

Shutdown is accomplished by pulling SS/SD below 0.5V.

VCC: (Positive Supply Voltage) This pin is normally con-
nected to a 12V +10% system voltage. The UCC1588
will commence normal operation when the voltage on
VCC exceeds 10.5V (typ). Bypass V¢ directly to GND
with a 0.1pF (minimum) ceramic capacitor to supply cur-
rent spikes required to charge external MOSFET gate
capacitances.

VFB: (Voltage Amplifier Inverting Input) This is normally
connected to a compensation network and to the power
converter output through a divider network.

VSENSE: (Direct Output Voltage Connection) This pin is
a direct kelvin connection to the output voltage used for
over voltage, under voltage, and current sensing.
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UCC2588/-1
UCC3588/-1
APPLICATION DIAGRAM
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APPLICATION INFORMATION

Figure 1 shows a synchronous regulator using the
UCCB3588. It accepts +5V and +12V as input, and deliv-
ers a regulated DC output voltage. The value of the out-
put voltage is programmable via a 5-bit DAC code to a
value between 1.8Vand 3.5V. The example given here is
for a 12A regulator, running from a 10% tolerance
source, and operating at 300kHz.

The design of the power stage is straightforward buck
regulator design. Assuming an output noise requirement
of 50mV, and an output ripple current of 20% of full load,
the value of the output inductor should be calculated at
the highest input voltage and lowest output voltage that
the regulator is likely to see. This insures that the ripple
current will decrease as the input voltage and output volt-
age differential decreases. The minimum duty cycle,
dmin, should also be calculated under this condition.

1) The current sense resistor is chosen to allow current
limit to occur at 1.4 times the full load current.

Vigp _ 50mV
(1.4elpyr) 16.8A

R6 = —3mQ ®)

2) To properly approximate the full load duty cycle oper-
ating range, assumptions are made regarding the MOS-
FETs’ Rdson, and the output inductor’'s DC resistance.
Q1 and Q2 are IRF3103s, each with an Rdspy of
0.014Q. The output inductor is allowed to dissipate one
watt under full load, giving a DC resistance of 6.9mQ,
and R6 is 3mQ. The resulting duty cycle at the operating
extremes is then:

Vour(io) *+lour * (R6 +Rdsoy +RY) (4)

P
" Vinhi)
1.8+ (12 0.024
= y =0.379
5.5
VOUT(h/) + IOUT ° (Fi’6 + HdsON + RZ) (5)
Smax = v
IN(lo)
. 12 0.024
= M =0.842

4.5

3) The value of the output inductor is chosen at the worst
case ripple current point.
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APPLICATION INFORMATION (cont.)

L Vinehiy =Vour(io) ®dminTs (6)
Aloyr
5.5-1.8)¢0.379¢ 3.
_( )-23 *3.33u oy

Four turns of #16 on a micrometals T51-52C core has an
inductance of 1.9uH, has a DC resistance of 6.6mg, and
will dissipate about 1W under full load conditions. With
an output inductor value of 1.9uH, the ripple current will
be 1750mA under the low-input-high-output condition.

4) To meet the output noise voltage requirement, the out-
put capacitor(s) must be chosen so that the ripple volt-
age induced across the ESR of the capacitors by the
output ripple current is less than 50mv.

50mVvV (7)

ESR < =42mQ

Aloyr

Additionally, to meet output load transient response re-
quirements, the capacitors’ ESL and ESR must be low
enough to avoid excessive voltage transient spikes. (See
Application Note U-157 for a discussion of how to deter-
mine the amount and type of load capacitance.) For this
example, four Sanyo MV-GX 1500uf, 6.3 V capacitors
will be used. The ESR of each capacitor is approximately
44mQ so the parallel combination of four results in an
equivalent ESR of 11mQ.

5) Q1 and Q2 are chosen to be IRF3103 N-Channel
MOSFETs. Each MOSFET has an Rdsgyn of approxi-
mately 0.014Q, a gate charge requirement of 50nC, and
a turn OFF time of approximately 54ns.

To calculate the losses in the upper MOSFET, Qf1, first
calculate the RMS current it will be conducting.

Al 2 (8)
I(Q1RMS):\/5[IOUT2+ ?ZT]

Notice that with a higher output voltage, the duty cycle
increases, and therefore so does the RMS current. Any
heat sink design should take into account the worst case
power dissipation the device will experience.

With the highest programmable output voltage of 3.5
volts and the lowest possible input voltage of 4.5V, the
RMS current Q1 will conduct is 10.5 amps, and the con-
duction loss is

PCON Q1= (IQ'IFI’MS )2 ° RdSON =1.5W (9)

Next, the gate drive losses are found.

Foare Q1=Qg *Vy(piy *Fs =0.08W (10)

UCC1588/-1
UCC2588/-1
UCC3588/-1

And the Turn OFF losses are estimated as
PT(OFF)Q1 :%V/N(hi) L] lD(pk) L tf L] FS =0. 56W (1 1)

The total loss in Q1is the sum of the three components,
or about 2.1 watts.

The gate drive losses in Q2 will be the same as in Q1,
but the turn OFF losses will be associated with the re-
verse recovery of the body diode, instead of the turn
OFF of the channel. This is due to the UCC3588’s delay
built into the switching of the upper and lower MOSFET’s
drive. For example, when Q1 is turned OFF, the turn ON
of Q2 is delayed for about 100ns, insuring that the circuit
has time to commutate and that current has begun to
flow in the body diode of Q2. When Q2 is turned OFF,
current is diverted from the channel of Q2 into the body
diode of Q2, resulting in virtually no power dissipation.
When Q1 is turned ON 100ns later however, the circuit is
forced to commutate again. This time causing reverse re-
covery loss in the body diode of Q2 as its polarity is re-
versed. The loss in the diode is expressed as:

PRHO2:1§.OHR .VIN(hf).FS =0.26W (12)
Where QRpg, the reverse recovery of the body diode, is
310nC.

100ns before the turn ON of Q2, and 100ns after the turn
OFF of Q2, current flows through Q2’s intrinsic body di-
ode. The power dissipation during this interval is:

Feom@2piope = (13)
200 ns

3.33us

=1201.400.06=1W

lout *Vpiope ®

During the ON period of Q2, current flows through the
Rdson of the device. Where the highest RMS current in
Q1 was at the low-input-and-high-output condition, the
highest RMS current in Q2 is found when the input is at
its highest, and the output is at its lowest. The equation
for the RMS current in Q2 is:

(Q2gys) =

e

PCONQZ :l(O2HM32) ° RdsON =1.06 W

(14)

2
J=8_7A

(15)

ouTt

200 ns ol 2+AI
3.33us) | U7

The worst case loss in Q2 comes to about 2.4 watts.

6) Repeating the preceding procedure for various input
and output voltage combinations yields a table of operat-
ing conditions.
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APPLICATION INFORMATION (cont.)
Table 1. Regulator Operating Conditions

UCC1588/-1
UCC2588/-1
UCC3588/-1

pacitors, each one experiencing one fourth of the total
ripple current.

ViN=
4.5 5.0 5.5
Vour=3.5 —VIN =4.5V VIN = 5.5V
Pd Q1 2.2 2.1 2 20
Pd Q2 15 1.6 1.8
PdL 0.95 0.95 0.95 10 N
Pd Total 5.1 5.2 5.4 0
Average Input 10.50 9.5 8.70 &-10 N
Duty Cycle 0.84 0.76 0.69 o i
- =z -20
Vour=1.8 e Ny
Pd Q1 15 1.4 1.4 S -30 XS
Pd Q2 2.3 2.4 2.5 40
Pd L 0.95 0.95 0.95 N
Pd Total 5.2 5.3 5.4 -50
Average Input 6.00 5.40 4.96 -60
Duty Cycle 0.46 0.42 0.38 0.1 1 10 100 1000
FREQUENCY (kHz)
7) Assuming the converter’s input current is DC, the re-
maining switching current drawn by Q1 must come from 180
the input capacitors. The next step then, is to find the
worst case RMS current the capacitors will experience. %
(Equation 16). Where Ijy(avg) is the average input cur-
rent. <
L
Repeating the above calculation over the operating @ 0 e
range of the regulator (see Table 2.) reveals that the T
worst case capacitor ripple current is found at low input, 90
and at low output voltage. A Sanyo MV-GX, 1500uF,
6.3V capacitor is rated to handle 1.25 amps at 105°C.
Derating the design to 70°C allows the use of four ca- -180
0.1 1 10 100 1000
Table 2. Regulator Operating Conditions FREQUENCY (kHz)

VIN=
45 5.0 5.5
Vout= 3.5
Total Input Cap RMS Current 4.4 5.2 5.6
Total Input Cap Power Dissipation | 0.21 | 0.29 | 0.34
Total Power Dissipation 5.1 5.3 5.4
Power Train Efficiency 0.89 | 0.88 | 0.87
VOUT=1'8
Total Input Cap RMS Current 6 5.9 5.8
Total Input Cap Power Dissipation | 0.39 | 0.39 | 0.37
Total Power Dissipation 5.2 5.3 5.4
Power Train Efficiency 0.81 0.8 0.8

Figure 1. Modulator Frequency Response

8) The voltage feedback loop is next. The gain and fre-
quency response of the PWM and LC filter is shown in
Equation 17.

To compensate the loop with as high a bandwidth as
practical, additional gain is added to the loop with the
voltage error amplifier.

leapa,s = ST

Alpyr?
8(/OUT—///\/avg)er our +(1—5)'(//Navg)2

(16)
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APPLICATION INFORMATION (cont.)

' - — v
out
Veer 4i>

Figure 3. Voltage error amplifier configuration.

The equation for the gain of the voltage amplifier in this
configuration is:

Kea =
(1+s(C1Rf))e (1+s(C3(R, +R2)))
R, (s2C1C2Rf +5(C1+C2)) « (1+5(C3R2))

(18)

For good transient response, select the Rg-C1 zero at
5kHz. Add additional phase margin by placing the R|-C3
zero also at 5kHz. To roll off the gain at high frequency,
selece the R2-C3 pole to be at 10kHz, and the final C2-
Rg pole at 40kHz. Results are R;=20k, Rp=200k,
R2=15k, C1=220nf, C2=20pF, C3=1000pf. The Gain-
Phase plots of the voltage error amplifier and the overall
loop are plotted below.

9) The value of RT is given by:

UCC1588/-1
UCC2588/-1
UCC3588/-1

ART=[— 1 | _go0=48k0 (19)
Fq *67.2pF

10) The value of the soft start capacitor is given by:

tss (20)
Cec =10 —=2
ss =1PH* 37y

Where tgg is the desired soft start time.

To insure that soft start is long enough so that the con-
verter does not enter current limit during startup, the
minimum value of soft start may be determined by:
Cour ®len , Vin (21)
( Vim

—lour
Rsense ]

VRA MP

Where Coyrt is the output capacitance, Ich is the soft
start charging current (10ua typ), Vv is the current limit
trip voltage (54mV typ), loyT is the load current, Vi is
the 5V supply, and Vgamp is the internal oscillator ramp
voltage (1.85V typ). For this example, Cgs must be
greater than 35nF, and the resulting soft start time will be
13ms.

11) The output of the regulator is adjustable by program-
ming the following codes into the DO - D4 pins according
to the table below. To program a logic zero, ground the
pin. To program a logic 1, then leave the pin floating. Do
not tie the pin to an external voltage source.

12) A series resistor should be placed in series with the
gate of each MOSFET to prevent excessive ringing due
to parasitic effects. A value of 3Q to 5Q is usually

= Error Amp VIN=45V —VIN=5.5V
60 g
\\
SN
40 |
—_ ~\\
820 =
° ™~
z ™~
<
s O
-20
-40
0.1 1 10 100 1000
FREQUENCY (kHz)

—— Error Amp VIN = 4.5V ----VIN=5.5V
180
160 i
140

81 20 I

2100 i

2 g - -

O 60 \“‘ —

40
2° iR
0

0.1 1 10 100
FREQUENCY (kHz)

1000

Figure 4. Error amplifier and loop frequency
response.

Figure 5. Error amplifier and loop frequency
response.
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UCC1588/-1
UCC2588/-1
UCC3588/-1

APPLICATION INFORMATION (cont.)

Table 3.
VID Codes and Resulting Regulator Output Voltage

sufficient in most cases. Additionally, to prevent pins 13
and 14 from ringing more than 0.5V below ground, a
clamp schottky rectifier placed as close as possible to

p4 | ps | b2 | bt | po | vour the IC is also recommended.
For -1 Parts Only
0 1 1 1 1 1.3
0 1 1 1 0 1.35
0 1 1 0 1 1.4
0 1 1 0 0 1.45
0 1 0 1 1 1.5
0 1 0 1 0 1.55
0 1 0 0 1 1.6
0 1 0 0 0 1.65
0 0 1 1 1 1.7
0 0 1 1 0 1.75
For all parts
0 0 1 0 1 1.8
0 0 1 0 0 1.85
0 0 0 1 1 1.9
0 0 0 1 0 1.95
0 0 0 0 1 2
0 0 0 0 0 2.05
1 1 1 1 1 No
outputs
1 1 1 1 0 21
1 1 1 0 1 2.2
1 1 1 0 0 2.3
1 1 0 1 1 2.4
1 1 0 1 0 2.5
1 1 0 0 1 2.6
1 1 0 0 0 2.7
1 0 1 1 1 2.8
1 0 1 1 0 2.9
1 0 1 0 1 3
1 0 1 0 0 3.1
1 0 0 1 1 3.2
1 0 0 1 0 3.3
1 0 0 0 1 3.4
UNITRODE CORPORATION

7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 = FAX (603) 424-3460
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=m UNITRODE

UCC1800/1/2/3/4/5
I UCC2800/1/2/3/4/5
UCC3800/1/2/3/4/5

Low-Power BiCMOS Current-Mode PWM

FEATURES
e 100uA Typical Starting Supply Current

e 500uA Typical Operating Supply
Current

e Operation to 1MHz
e Internal Soft Start
e Internal Fault Soft Start

¢ Internal Leading-Edge Blanking of the
Current Sense Signal

e 1 Amp Totem-Pole Output

e 70ns Typical Response from
Current-Sense to Gate Drive Output

e 1.5% Tolerance Voltage Reference

e Same Pinout as UC3842 and

DESCRIPTION

The UCC1800/1/2/3/4/5 family of high-speed, low-power integrated cir-
cuits contain all of the control and drive components required for off-line
and DC-to-DC fixed frequency current-mode switching power supplies
with minimal parts count.

These devices have the same pin configuration as the UC1842/3/4/5
family, and also offer the added features of internal full-cycle soft start
and internal leading-edge blanking of the current-sense input.

The UCC1800/1/2/3/4/5 family offers a variety of package options, tem-
perature range options, choice of maximum duty cycle, and choice of
critical voltage levels. Lower reference parts such as the UCC1803 and
UCC1805 fit best into battery operated systems, while the higher refer-
ence and the higher UVLO hysteresis of the UCC1802 and UCC1804
make these ideal choices for use in off-line power supplies.

The UCC180x series is specified for operation from —55°C to +125°C,
the UCC280x series is specified for operation from —40°C to +85°C, and
the UCC380x series is specified for operation from 0°C to +70°C.

UC3842A
Part Number Maximum Duty Cycle Reference Voltage Turn-On Threshold Turn-Off Threshold
UCCx800 100% 5V 7.2V 6.9V
UCCx801 50% 5V 9.4V 7.4V
UCCx802 100% 5V 12.5V 8.3V
UCCx803 100% 4V 4.1V 3.6V
UCCx804 50% 5V 12.5V 8.3V
UCCx805 50% 4V 4.1V 3.6V
BLOCK DIAGRAM
FB  COMP cs

[7] vee

uccCx8o1

Leading Edge ucCx804

1.5V
Over-Current

uccCx805
Only

Blanking

TSO

Voltage
Reference

j’
%Osclllalor s Q

p R
PWM
Latch

H 6] our

13.5V7N

Full Cycle
Soft Start

REF

== C=4ms % Vv
T [5] anD

RC UDG92009-3

03/99
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ABSOLUTE MAXIMUM RATINGS (Note 1)

VecVoltage (Note 2) . ... ..ot 12.0V
Voo Current . ..o 30.0mA
OUT Current. ..ot e +1.0A
OUT Energy (Capacitive Load) .. ................. 20.0ud
Analog Inputs (FB,CS) .. .................. —-0.3V to 6.3V
Power Dissipation at Ta < +25°C (N or J Package) . . . . . 1.0W
Power Dissipation at Ta < +25°C (D Package). . ...... 0.65W
Storage Temperature Range. . ........... —65°C to +150°C
Lead Temperature (Soldering, 10 Seconds) .. ... ... +300°C

Note 1: All voltages are with respect to GND. All currents are
positive into the specified terminal. Consult Unitrode
databook for information regarding thermal specifica-
tions and limitations of packages.

Note 2: In normal operation Vcc is powered through a current
limiting resistor. Absolute maximum of 12V applies
when Vcc is driven from a low impedance source such
that Icc does not exceed 30mA.

TEMPERATURE AND PACKAGE SELECTION

Temperature Range | Available Packages
UCC1800 —55°C to +125°C J
UCC2800 —40°C to +85°C N, D, PW
UCC3800 0°C to +70°C N, D, PW
ORDERING INFORMATION
ucc[]so [1[]
PACKAGE
PRODUCT OPTION

TEMPERATURE RANGE

UCC1800/1/2/3/4/5

UCC2800/1/2/3/4/5
UCC3800/1/2/3/4/5
CONNECTION DIAGRAMS
TSSOP-8 (Top View)
PW Package
[T comp REF |81 ]
[ T27] F8 vee |71 ]
[ T3]} cs outr [[61 ]
[ Ta] Re GND |5 T]

DIL-8, SOIC-8 (Top View)
J or N, D Package

/

8] ReF
7] vee
6] our
5] anp

ELECTRICAL CHARACTERISTICS Unless otherwise stated, these specifications apply for -55°C < Ta < +125°C for
UCC180x; —40°C < Ta < +85°C for UCC280x; 0°C < Tp < +70°C for UCC380x; Vcc=10V (Note 3); RT=100k from REF to RC;
CT=330pF from RC to GND; 0.1uF capacitor from V¢ to GND; 0.1UF capacitor from Vger to GND. Ta=T,).

PARAMETER

TEST CONDITIONS

UCC180X
UCC280X

UCC380X UNITS

MIN | TYP | MAX | MIN

| TYP | MAX

Reference Section

Output Voltage

Ty=+25°C, 1=0.2mA, UCCx800/1/2/4

4.925| 5.00 |5.075]4.925| 5.00 | 5.075 \

T =+25°C, 1=0.2mA, UCCx803/5

3.94 | 4.00 | 4.06 | 3.94

4.00 | 4.06

Load Regulation 0.2mA<I<5mA

10 30

10 25 mV

Total Variation UCCx800/1/2/4 (Note 7)

4.88 | 5.00 | 5.10 | 4.88

5.00 | 5.10 \

UCCx803/5 (Note 7)

3.90 | 4.00 | 4.08 | 3.90

4.00 | 4.08 \

Output Noise Voltage 10Hz < f < 10kHz, T =+25°C (Note 9) 130 130 uV
Long Term Stability Ta=+125°C, 1000 Hours (Note 9) 5 5 mV
Output Short Circuit -5 -35 | -5 -35 mA

Oscillator Section

Oscillator Frequency UCCx800/1/2/4 (Note 4)

40 46 52 40

46 52 kHz

UCCx803/5 (Note 4)

26 31 36 26

31 36 kHz

Temperature Stability (Note 9) 25 25 %
Amplitude peak-to-peak 225|240 | 255|225 | 240 | 2.55 Vv
Oscillator Peak Voltage 2.45 2.45 V
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UCC1800/1/2/3/4/5
UCC2800/1/2/3/4/5
UCC3800/1/2/3/4/5

ELECTRICAL CHARACTERISTICS Unless otherwise stated, these specifications apply for =55°C < Ta < +125°C for
UCC180x; —40°C < Ta < +85°C for UCC280x; 0°C < Tp < +70°C for UCC380x; Vcc=10V (Note 3); RT=100k from REF to RC;
CT=330pF from RC to GND; 0.1uF capacitor from V¢ to GND; 0.1uF capacitor from Vger to GND. Ta=T,.

PARAMETER TEST CONDITIONS uCC180X UCC380X UNITS
UCC280X
Error Amplifier Section
Input Voltage COMP=2.5V; UCCx800/1/2/4 244 | 250 | 2.56 | 2.44 | 250 | 2.56 \%
COMP=2.0V; UCCx803/5 195 | 2.0 | 205|195 | 2.0 | 2.05
Input Bias Current —1 1 —1 1 uA
Open Loop Voltage Gain 60 80 60 80 dB
COMP Sink Current FB=2.7V, COMP=1.1V 0.3 3.5 0.4 25 mA
COMP Source Current FB=1.8V, COMP=REF-1.2V -02 | -05|-08|-02|-05| -0.8 | mA
Gain Bandwidth Product (Note 9) 2 2 MHz
PWM Section
Maximum Duty Cycle UCCx800/2/3 97 99 | 100 | 97 99 100 %
UCCx801/4/5 48 49 50 48 49 50
Minimum Duty Cycle COMP=0V 0 0 %
Current Sense Section
Gain (Note 5) 110 | 165 | 1.80 [ 1.10 | 1.65 | 1.80 | VNV
Maximum Input Signal COMP=5V (Note 6) 0.9 1.0 1.1 0.9 1.0 1.1 \
Input Bias Current —200 200 | —200 200 nA
CS Blank Time 50 | 100 | 150 | 50 | 100 | 150 ns
Over-Current Threshold 142 | 155 | 168 | 142 | 1.55 | 1.68 \
COMP to CS Offset CS=0V 045|090 | 1.35]| 045 | 0.90 | 1.35 V
Output Section
OUT Low Level 1=20mA, all parts 0.1 0.4 0.1 0.4 \%
1=200mA, all parts 0.35 | 0.90 0.35 | 0.90 \
1=50mA, VCC=5V, UCCx803/5 0.15 | 0.40 0.15 | 0.40 V
1=20mA, VCC=0V, all parts 0.7 1.2 0.7 1.2 \
OUT High Vsat 1=—20mA, all parts 0.15 | 0.40 0.15 | 0.40 \
(Vee-OuT) I=—200mA, all parts 10 | 19 10 | 1.9 v
I==50mA,VCC=5V, UCCx803/5 04 | 09 0.4 0.9 \
Rise Time C =1nF 41 70 41 70 ns
Fall Time C.=1nF 44 75 44 75 ns
Undervoltage Lockout Section
Start Threshold (Note 8) UCCx800 66 | 72 | 78 | 66 | 7.2 7.8 V
UCCx801 86 | 94 | 102 | 86 | 9.4 | 102 V
UCCx802/4 115|125 | 135|115 | 125 | 135 Vv
UCCx803/5 3.7 | 441 45 | 3.7 | 441 4.5 V
Stop Threshold (Note 8) UCCx1800 6.3 | 69 | 75 | 6.3 | 6.9 7.5 V
UCCx1801 68 | 74 | 80 | 68 | 74 8.0 \
UCCx802/4 76 | 83 | 9.0 | 76 | 83 9.0 Vv
UCCx803/5 32 | 36 | 40| 32 | 36 4.0 \
Start to Stop Hysteresis UCCx800 0.12 | 0.3 | 048|012 | 0.3 | 0.48 V
UCCx801 1.6 2 24 |1 16 2 2.4 \
UCCx802/4 35 | 42 | 51 35 | 42 5.1 V
UCCx803/5 02 | 05| 08 ] 02 ] 05 0.8 \
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UCC1800/1/2/3/4/5
UCC2800/1/2/3/4/5
UCC3800/1/2/3/4/5

ELECTRICAL CHARACTERISTICS Unless otherwise stated, these specifications apply for =55°C < Ta < +125°C for
UCC180x; —40°C < Ta < +85°C for UCC280x; 0°C < Tp < +70°C for UCC380x; Vcc=10V (Note 3); RT=100k from REF to RC;
CT=330pF from RC to GND; 0.1uF capacitor from V¢ to GND; 0.1uF capacitor from Vger to GND. Ta=T,.

PARAMETER TEST CONDITIONS UCC180X UCC380X UNITS
UCC280X

Soft Start Section
COMP Rise Time FB=1.8V, Rise from 0.5V to REF-1V | L4 [ 10 ] 4 [ 10 ] ms
Overall Section
Start-up Current Vcc < Start Threshold 0.1 0.2 0.1 0.2 mA
Operating Supply Current FB=0V, CS=0V 0.5 1.0 0.5 1.0 mA
VCC Internal Zener Voltage Icc=10mA (Note 8) 12 | 135 | 15 12 | 185 15 \
VCC Internal Zener Voltage Minus |[UCCx802/4 0.5 1.0 0.5 1.0 \Y
Start Threshold Voltage

Note 3: Adjust VCC above the start threshold before setting at 10V.
Note 4: Oscillator frequency for the UCCx800, UCCx802 and UCCx803 is the output frequency.
Oscillator frequency for the UCCx801, UCCx804 and UCCx805 is twice the output frequency.

Note 5: Gain is defined by: A= AVooue

0 <Vyg <08V.
VCS

Note 6: Parameter measured at trip point of latch with Pin 2 at OV.

Note 7: Total Variation includes temperature stability and load regulation.
Note 8: Start Threshold, Stop Threshold and Zener Shunt Thresholds track one another.

Note 9: Guaranteed by design. Not 100% tested in production.

PIN DESCRIPTIONS

COMP: COMP is the output of the error amplifier and the
input of the PWM comparator.

Unlike other devices, the error amplifier in the UCC3800
family is a true, low output-impedance, 2MHz operational
amplifier. As such, the COMP terminal can both source
and sink current. However, the error amplifier is internally
current limited, so that you can command zero duty cycle
by externally forcing COMP to GND.

The UCC3800 family features built-in full cycle Soft Start.
Soft Start is implemented as a clamp on the maximum
COMP voltage.

CS: CS is the input to the current sense comparators.
The UCC3800 family has two different current sense
comparators: the PWM comparator and an over-current
comparator.

The UCC3800 family contains digital current sense filter-
ing, which disconnects the CS terminal from the current
sense comparator during the 100ns interval immediately
following the rising edge of the OUT pin. This digital filter-
ing, also called leading-edge blanking, means that in
most applications, no analog filtering (RC filter) is re-
quired on CS. Compared to an external RC filter tech-
nique, the leading-edge blanking provides a smaller

effective CS to OUT propagation delay. Note, however,
that the minimum non-zero On-Time of the OUT signal is
directly affected by the leading-edge-blanking and the
CS to OUT propagation delay.

The over-current comparator is only intended for fault
sensing, and exceeding the over-current threshold will
cause a soft start cycle.

FB: FB is the inverting input of the error amplifier. For
best stability, keep FB lead length as short as possible
and FB stray capacitance as small as possible.

GND: GND is reference ground and power ground for all
functions on this part.

OUT: OUT is the output of a high-current power driver
capable of driving the gate of a power MOSFET with
peak currents exceeding + 750mA. OUT is actively held
low when Vg is below the UVLO threshold.

The high-current power driver consists of FET output de-
vices, which can switch all of the way to GND and all of
the way to Vgg. The output stage also provides a very
low impedance to overshoot and undershoot. This
means that in many cases, external schottky clamp di-
odes are not required.
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PIN DESCRIPTIONS (cont.)

RC: RC is the oscillator timing pin. For fixed frequency
operation, set timing capacitor charging current by con-
necting a resistor from REF to RC. Set frequency by con-
necting a timing capacitor from RC to GND. For best
performance, keep the timing capacitor lead to GND as
short and direct as possible. If possible, use separate
ground traces for the timing capacitor and all other func-
tions.

The frequency of oscillation can be estimated with the
following equations:

UCCx800/1/2/4: F =2
ReC
10
UCCx803, UCCx805: F =
ReC

where frequency is in Hz, resistance is in ohms, and ca-
pacitance is in farads. The recommended range of timing
resistors is between 10k and 200k and timing capacitor is
100pF to 1000pF. Never use a timing resistor less than
10k.

To prevent noise problems, bypass VCC to GND with a
ceramic capacitor as close to the VCC pin as possible.
An electrolytic capacitor may also be used in addition to
the ceramic capacitor.

REF: REF is the voltage reference for the error amplifier
and also for many other functions on the IC. REF is also

UCC1800/1/2/3/4/5
UCC2800/1/2/3/4/5
UCC3800/1/2/3/4/5

used as the logic power supply for high speed switching
logic on the IC.

When V¢ is greater than 1V and less than the UVLO
threshold, REF is pulled to ground through a 5k ohm re-
sistor. This means that REF can be used as a logic out-
put indicating power system status. It is important for
reference stability that REF is bypassed to GND with a
ceramic capacitor as close to the pin as possible. An
electrolytic capacitor may also be used in addition to the
ceramic capacitor. A minimum of 0.1uF ceramic is re-
quired. Additional REF bypassing is required for external
loads greater than 2.5mA on the reference.

To prevent noise problems with high speed switching
transients, bypass REF to ground with a ceramic capaci-
tor very close to the IC package.

VCC: Vg is the power input connection for this device.
In normal operation Vgg is powered through a current
limiting resistor. Although quiescent Vg current is very
low, total supply current will be higher, depending on
OUT current. Total Vg current is the sum of quiescent
V¢ current and the average OUT current. Knowing the
operating frequency and the MOSFET gate charge (Qg),
average OUT current can be calculated from:

IOUT:QQXF'

REF | 8]

0.2V
R Q
S
2.5V B

RT

The UCC3800/1/2/3/4/5 oscillator generates a sawtooth
waveform on RC. The rise time is set by the time constant
of RT and CT. The fall time is set by CT and an internal tran-
sistor on-resistance of approximately 125Q. During the fall
time, the output is off and the maximum duty cycle is re-
duced below 50% or 100% depending on the part number.
Larger timing capacitors increase the discharge time and re-
duce the maximum duty cycle and frequency.

80
60 135
% 40 = Phase\ 90 o
© Gain
G 20 45 &
0 0
-20
1k 10k 100k ™M 10M

Frequency (Hz)

Figure 1. Oscillator.

Figure 2. Error amplifier gain/phase response.
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UCC1800/1/2/3/4/5

UCC2800/1/2/3/4/5
UCC3800/1/2/3/4/5
4.00 1000
3.98 /
3.96 o)
| S
3.94 o
S 59 / £ 70
w ) = 00,(\
u / S 100
£ 39 &
/ 3 e
3.88 / 3 SO
3.86 /
3.84 op
3.82 10
4 42 44 46 48 5 52 54 56 58 6 10 100 1000
vee (V) RT (kQ)

Figure 3. UCC1803/5 Vger vs. Vee; ILoap = 0.5mA.

Figure 4. UCC1800/1/2/4 oscillator frequency vs. Rt
and Cr.
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Figure 5. UCC1803/5 oscillator frequency vs. Rrand
Cr.

Figure 6. UCC1800/2/3 maximum duty cycle vs.
oscillator frequency.
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=m UNITRODE
Low Power, Dual Output, Current Mode PWM Controller

FEATURES

e BiCMOS Version of UC1846 Families

e 1.4mA Maximum Operating Current

e 100pnA Maximum Startup Current
e 1.0A Peak Output Current

e 125nsec Circuit Delay

o Easier Parallelability

e Improved Benefits of Current Mode

Control

BLOCK DIAGRAM

I uCC1806
INFO
owin]  Jocaae

DESCRIPTION

The UCC1806 family of BICMOS PWM controllers offers exceptionally im-
proved performance with a familiar architecture. With the same block dia-
gram and pinout of the popular UC1846 series, the UCC1806 line features
increased switching frequency capability while greatly reducing the bias
current used within the device. With a typical startup current of 50uA and a
well defined voltage threshold for turn-on, these devices are favored for ap-
plications ranging from off-line power supplies to battery operated portable
equipment. Dual high current, FET driving outputs and a fast current sense
loop further enhance device versatility.

All the benefits of current mode control including simpler loop closing, volt-
age feed-forward, parallelability with current sharing, pulse-by-pulse cur-
rent limiting, and push-pull symmetry correction are readily achievable with
the UCC1806 series.

(continued)
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Low Impedance (Pin15) . ............ +15V
Supply Current, High Impedance (Pin15) ........... +25mA
Output Supply Voltage (Pin13). . ................... +18V
Output Current, Continuous Source or Sink. . ....... +200mA
Output Current, Gate Drive. .. ................... +500mA
Analog Input Voltage (Pin 3, 4, 5, 6, 16) .. —0.3V to +VIN +0.3V
Sync Output Current (Pin10)..................... +30mA

Error Amplifier Output Current (Pin 7) . +10mA/— (Self Limiting)

Power Dissipation at To=25°C (Note 3)........... 1000mwW
Power Dissipation at Tc =25°C (Note 3). .. ........ 2000mW
Storage Temperature Range . ............. 65°C to +150°C
Lead Temperature (soldering, 10 seconds). . ........ +300°X

Note 1. All voltages are with respect to Ground, Pin 12.

Note 2. Currents are positive into, negative out of the specified
terminal.

Note 3. Consult packaging section of databook for thermal limi-

CONNECTION DIAGRAMS

UCC1806
UCC2806
UCC3806
DESCRIPTION (continued)
These devices are available with multiple package op-
tions for both through-hole and surface mount applica-
tions; and in commercial, industrial, and military
temperature ranges. Contact factory for availability.

The UCC1806 is specified for operation from —55°C to
+125°C, the UCC2806 is specified for operation from
—40°C to +85°C, and the UCC3806 is specified for oper-
ation from 0°C to +70°C. The part is available in DIP and
SOIC packages.

DIL-16 (Top View)
J or N, DW PACKAGE
e
CURLIM[ 1] |16] SHUTDOWN
VREF|[ 2| [15] VIN
cs-[3] [14] BOUT
CS+[4] [13] ve
NI[5 ] 12] GND
INV[ 6] [11] AouT
COMP[7 | [10] SYNG
cT[8] |9]RT

PLCC-20, LCC-20 (Top View)

Q, L PACKAGE
N/C
CURLIM SHUTDOWN
VREF VIN
3 2 12019
cs-—4 " 8jBOUT
CS+-{5 17-ve
N/C-{6 161-N/C
NI 7 15}-GND
INV- 8 14-AOUT
910 111213
comp—T T _SYNC
cT RT
N/C

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications hold for Tp = —55°C to +125°C for the
UCC1806, —40°C to +85°C for the UCC2806, and 0°C to +70°C for the UCC3806; V|y = 12V, Rt = 33k, CT = 330pF,

Caypass on Vrer = 0.01uF, Tao=T,.

PARAMETER TEST CONDITION UCC1806 / UCC2806 UCC3806 UNITS
MmN | TYP [ mAX | min | TYP | mAx
Reference Section
Output Voltage Ty=25°C, lp=0.2mA 5.02 | 510 | 5.17 | 5.00 | 5.10 5.20 \
Load Regulation 0.2mA < lp <5mA 3 25 3 25 mV
Temperature Stability (Note 5) 0.2 0.6 0.2 0.6 |mV/°C
Total Output Variation Line, Load, Temperature (Note 7) -150 150 [ -150 150 mV
Output Noise Voltage 10Hz < f < 10kHz, Ty =25°C 70 70 uv
(Note 5)

Long Term Stability Ta=125°C, 1000 Hours (Note 5) 5 25 5 25 mV
Output Short Circuit -10 -30 -10 -30 mA
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UCC1806
UCC2806
UCC3806

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications hold for Ta = -55°C to +125°C for the
UCC1806, —40°C to +85°C for the UCC2806, and 0°C to +70°C for the UCC3806; V|y = 12V, Rt = 33k, CT = 330pF,
Cgypass on VRep = 0.01uF, Ta=T,.

PARAMETER TEST CONDITION UCC1806 / UCC2806 UCC3806 UNITS
MmN | TYP [ max | min | TYP | mAx
Oscillator Section
Initial Accuracy Ty=25°C 42 47 52 42 47 52 kHz
Temperature Stability Tmin < Ta < Tmax (Note 5) 2 2 %
Amplitude 2.35 2.35 \
SYNC Delay to Outputs Pin 8 =0V, Pin 9 = VRgF, 50 125 50 100 ns
Vsync = 0.8V to 2.0V
Discharge Current Ty=25°C, Vpny8 = 2.0V 2 2 mA
SYNC, VoL louT = +1mA 0.4 0.4 \
SYNC, VoH louT = —4mA 2.4 2.4 Vv
SYNC, ViL Pin 8 = 0V, Pin 9 = VRrer 0.8 0.8 \
SYNC, ViH Pin 8 = 0V, Pin 9 = Vger 2.0 2.0 \
SYNC Input Current -1 +1 -1 +1 pA
Error Amplifier Section
Input Offset Voltage 5 10 mV
Input Bias Current -1 -1 UA
Input Offset Current 500 500 nA
Common Mode Range 0 Vin-2 0 VIN-2 )
Open Loop Gain Vo=1.0t0 4.0 80 100 80 100 dB
Unity Gain Bandwidth 1 1 MHz
Output Sink Current Vip <—20mV, Vpiy7 = 1.0V 1 1 mA
Output Source Current Vip<20mV, Vpny7= 3.0V -80 | -120 -80 -120 UA
Output High Level Vip =-50mV 4.5 4.5 \
Output Low Level Vip = -50mV 0.5 0.5 \
Current Sense Amplifier Section
Amplifier Gain Vpin g =0V, Vpin 1 = VRer (Notes 3,4) 2.75 3 3.35 2.75 3 3.35 VIV
Maximum Differential Input |VpN 1 = VRer, VeIN 5 = VREF, 1.1 1.1 \Y
Signal (VPIN 4 - VPIN 3) Vping = 0V
Input Offset Voltage Vpin 1= 0.5V, Vpy 7= OPEN 10 30 10 50 mV
CMRR Vom=0toViN—3.5 60 60 dB
PSRR 56 56 dB
Input Bias Current Vpin 1= 0.5V, PIN 7 OPEN (Note 3) -1 -1 HA
Input Offset Current VPIN1=0.5V, PIN 7 OPEN (Note 3) 1 1 pA
Delay to Outputs Vpins=VRer, PIN6 =0, PIN1=2.75V, 125 175 125 175 ns
PIN 4 — PIN 3 = 0 to 1.5V step (Note 6)
Current Limit Adjust Section
Current Limit Offset Vpins=0, Vpina=0, PIN 7 = open 0.40 0.50 | 0.60 | 0.40 | 0.50 | 0.60 \'
Input Bias Current 1 1 UA
Minimum Latching Current 300 200 300 200 HA
Maximum Non-Latching 200 80 200 80 HA
Current
Shutdown Terminal Section
Threshold Voltage 0.94 | 1.00 | 1.06 0.9 1.0 1.1 \
Input Voltage Range 0 VIN 0 VIN \
Delay to Outputs Vpin16=0to 1.3V 75 150 75 150 ns
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UCC1806
UCC2806
UCC3806

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications hold for Ta = -55°C to +125°C for the
UCC1806, —40°C to +85°C for the UCC2806, and 0°C to +70°C for the UCC3806; V|y = 12V, Rt = 33k, CT = 330pF,
Cgypass on VRep = 0.01uF, Ta=T,.

PARAMETER TEST CONDITION UCC1806 / UCC2806 UCC3806 UNITS
MmN | TYP [ max | min | TYP | mAx
Output Section
Output Supply Voltage 2.5 15 2.5 15 V
Output Low Level Isink = 20mA 100 300 100 200 mV
Isink = 100mA 0.40 1.1 0.40 1.1 \
Output High Level Isource = —20mA 1.6 | 11.9 1.6 | 11.9 )
Isource = —100mA 11 11.6 11 11.6 )
Rise Time T, =25°C, CLoap = 1000pF 35 65 35 65 ns
Fall Time Ty=25°C, CLoap = 1000pF 35 65 35 65 ns
Under Voltage Lockout Section
Startup Current VN < Start Threshold 50 100 50 100 UA
Operating Supply Current 1 1.4 1 1.4 mA
VIN Shunt Voltage lyin= 10mA 15 17.5 15 17.5 V
Startup Threshold 6.5 7.5 8 6.5 7.5 8 )
Threshold Hysteresis 0.75 0.75 \'

Note 1: All voltages are with respect to Ground, Pin 12.

Note 2: Currents are positive into, negative out of the specified terminal.

Note 3: Parameters measured at trip point of latch with Vpin 5= VRer, Vpin 6 = OV.

Note 4: Amplifier gain defined as: G = delta change at Pin 7/delta change forced at Pin 4 delta voltage at Pin 4 =0 to 1V.

Note 5: Guaranteed by design. Not 100% tested in production.

Note 6: Current Sense Amp output is slew rate limited to provide noise immunity.

Note 7: Line Range = 10V to 15V, Load Range = 0.2mA to 5mA.

PIN DESCRIPTIONS

AOUT and BOUT: AOUT and BOUT provide alternating
high current gate drive for the external MOSFETSs. Duty
cycle can be varied from 0 to 50% where minimum dead
time is a function of CT. Both outputs use MOS transistor
switches with inherent anti-parallel body diodes to clamp
voltage swings to the supply rails, allowing operation
without the use of clamp diodes.

COMP: COMP is the output of the error amplifier and the
input of the PWM comparator. The error amplifier is a low
output impedance, 2MHz operational amplifier which al-
lows sinking or sourcing of current at the COMP pin. The
error amplifier is internally current limited, so that zero
duty cycle can be commanded by externally forcing
COMP to GND.

CS—: CS- is the inverting input of the 3X, differential cur-
rent sense amplifier.

CS+: CS+ is the non-inverting input of the 3X, differential
current sense amplifier.

CT: CT is the oscillator timing capacitor connection point,
which is charged by the current set by RT. CT is dis-
charged to GND through a 2.6mA current sink. This
causes a linear discharge of CT to zero volts which then
initiates the next switching cycle. Dead time occurs dur-
ing the discharge of CT, forcing AOUT and BOUT low.
Switching frequency (fs) and dead time (td) are approxi-
mated by:

sz%
2e¢RT o CT +1td

CURLIM: CURLIM programs the primary current limit
threshold and determines whether the device will latch
off or retry after an overcurrent condition. When a shut-
down signal is generated, a 200uA current source to
ground pulls down on CURLIM. If the voltage on the pin
remains above 350mV the device remains latched and
the power must be cycled to restart. If the voltage on the
pin falls below 350mV, the device attempts a restart. The
voltage threshold is typically set by a resistor divider from

andtd =961 CT
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PIN DESCRIPTIONS (continued)

VRer to ground. To calculate the current limit adjust volt-
age threshold the following equations can be used;
Current Limit Adjust Latching Mode Voltage:
Vo Vgeer — (R10300uA)
R1

1+ —
R2

Current Limit Adjust Non-Latching Mode Voltage:
_Vrer —(R1280pA)

>350mV

4 >350mV

1+ —
R2

where R1 is the resistance from the Vggr to CURLIM

and R2 is the resistance from CURLIM to GND.

GND: GND is the reference ground and power ground for
all functions of this part. Bypass and timing capacitors
should be connected as close as possible to GND.

INV: INV is the inverting input of the error amplifier and
has a common mode range from 0V to Vg —2V.

NI: NI is the non-inverting input of the error amplifier and
has a common mode range from 0V to V| —2V.

RT: RT is the connection point for the oscillator timing re-
sistor. It has a low impedance input and is nominally at
1.25V. The current through RT is mirrored to the timing
capacitor pin, CT. This causes a linear charging of CT
from OV to 2.35V. Note that the current mirror is limited to
a maximum of 100pA so RT must be greater than 12.5k.

UCC1806
UCC2806
UCC3806

SHUTDOWN: The SHUTDOWN pin is provided for en-
hanced protection. When SHUTDOWN is driven above
1V, AOUT and BOUT are forced low.

SYNC: SYNC is a bi-directional pin, allowing or providing
external synchronization with TTL compatible thresholds.
In a typical application RT is connected through a timing
resistor to GND which allows the internal oscillator to free
run. In this mode SYNC outputs a TTL compatible pulse
during the oscillator dead time (when CT is being dis-
charged). If RT is forced above 4.4V, SYNC acts as an
input with TTL compatible thresholds and the internal os-
cillator is disabled. When SYNC is high, greater than 2V
the outputs are held active low. When SYNC returns low,
the outputs may be high until the on-time is terminated
by the normal peak current signal, a fault seen at SHUT-
DOWN or the next high assertion of SYNC. Multiple
UCC3806s can be synchronized by a single master
UCC3806 or external clock.

VC: VC is the input supply connection for the FET drive
outputs and has an input range of 2.5V to 15V. VC
should be capacitively bypassed for proper operation.

Vin: VN is the input supply connection for this device.
The UCC1806 has a maximum startup threshold of 8V
and internally limited by means of a 15V shunt regulator.
The shunted supply current must be limited to 2.5mA.
For proper operation, VIN must be bypassed to GND
with at least a 0.01uF ceramic capacitor.

VRer: VRer is a 5.1V £1% trimmed reference output with
a 5mA maximum available current. Vggg must be by-
passed to GND with at least a 0.1uF ceramic capacitor
for proper operation.

TYPICAL CHARACTERISTICS
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Figure 1. Error amplifier gain and phase response.

Figure 2. Oscillator frequency vs. temperature.
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TYPICAL CHARACTERISTICS (continued)

UCC1806
UCC2806
UCC3806
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Figure 3. Oscillator frequency vs. RT and CT.
25 %0 T
20 g 45
= 15 5% S 40 \ \
5] {\89?\ > \ \
5 <° =)
o ?3'\09 Aa \ \
> 10 5 g 35
[ ,&\,0'a =] \
@ o\)“?\) g w TN
== g % s\ 8 E
/:r IIN @ Load or No Load — "E ki i
Na—— = 1c@ NoLoad »s SARESNIRS
0 500k ™ 1.5M 1k 10k 100k M
Oscillator Frequency (Hz) )
Oscillator Frequency (Hz)

Figure 4. Supply current vs. oscillator frequency.

Figure 5. Maximum duty cycle vs. frequency.
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TYPICAL APPLICATION

UCC1806
UCC2806
UCC3806
+VIN
15;&% %0.1% %Rv
OPTO
15uFJ_ _Lo.mF I |
T I e o e g
= = | VIN Ve }
|
INV B
2 |VREF
T $RssgR | yccasoen | Vo
= Cr =
- 8|cT compF
CT ~J
:Ij: 5 NI ‘ s
=N Rg1 b uc3612
Rsc AOUT 4
= CURLIM Ra2 -
Ro BOUT D—
SHUT AANA
= DOWN 16
RT CS+| 4 J_ ANN—
|l cs- GND | ==
) L%%J FMI "
S
_ _ _ _ _ _ N UDG-95036

UNITRODE CORPORATION

7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 « FAX (603) 424-3460
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=m UNITRODE

UCC1807-1/-2/-3
I INFO UCC2807-1/-2/-3
UCC3807-1/-2/-3

Programmable Maximum Duty Cycle PWM Controller

FEATURES

User Programmable Maximum PWM

Duty Cycle

100pA Startup Current

Operation to 1MHz

Internal Full Cycle Soft Start

Internal Leading Edge Blanking of
Current Sense Signal

1A Totem Pole Output

DESCRIPTION

The UCC3807 family of high speed, low power integrated circuits contains
all of the control and drive circuitry required for off-line and DC-to-DC fixed
frequency current mode switching power supplies with minimal external
parts count.

These devices are similar to the UCC3800 family, but with the added fea-
ture of a user programmable maximum duty cycle. Oscillator frequency and
maximum duty cycle are programmed with two resistors and a capacitor.
The UCC3807 family also features internal full cycle soft start and internal
leading edge blanking of the current sense input.

The UCC3807 family offers a variety of package options, temperature
range options, and choice of critical voltage levels. The family has UVLO
thresholds and hysteresis levels for off-line and battery powered systems.
Thresholds are shown in the table below.

Part Number Turn-on Threshold Turn-off Threshold
UCCx807-1 7.2V 6.9V
UCCx807-2 12.5V 8.3V
UCCx807-3 4.3V 4.1V
BLOCK DIAGRAM
FB COMP cs
oo 8} —— {2}~ - -

OVER
CURRENT

LEADING EDGE

15V

BLANKING

|
|
|
2ov- 1L o—Dh i
|

=1 sa l rosc] Eli B -4:>4i out
VDD-1V |—R }
s Q PWM [
LATCH \
R PWM }
J COMP
0.5V VDD }
v K135V |
SOFT START

]
L T P J

TRIG DISCH

UDG-95001-1

6/97
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Ipp 10mA). ...................... 13.5V
Supply Current . . ... .. 30mA
OUTCUIreNt . ..o e e +1A
Analog Inputs (FB,CS) ............. —0.3V to (VDD + 0.3V)
Power Dissipation at Ta +25°C (N or J packages) . ....... 1w
Power Dissipation at Ta +25°C (D package).......... 0.65W
Storage Temperature . .................. —65°C to +150°C
Junction Temperature. .. ................ —65°C to +150°C
Lead Temperature (Soldering, 10sec.)............. +300°C

All currents are positive into, negative out of the specified ter-
minal. Consult Packaging Section of Databook for thermal limi-
tations and considerations of packages.

ORDERING INFORMATION

ucc| leo7[ | - E
UVLO Threshold

Package
Temperature Range

CONNECTION DIAGRAMS

uUCcC1807-1/-2/-3
uUCC2807-1/-2/-3
UCC3807-1/-2/-3

J or N, D Packages

DIL-8, SOIC-8, (Top View)

TRIG [ 1|
COMP | 2]
FB[3]
cS[4]

|8 |pIscH
(7] voD
(6]ouT

5 |GND

ELECTRICAL CHARACTERISTICS: Unless otherwise stated these specifications apply for Ta = =55°C to +125°C for
UCC1807-1/-2/-3; —40°C to +85°C for UCC2807-1/-2/-3; and 0°C to +70°C for UCC3807-1/-2/-3; VDD = 10V (Note 6), Ra = 12kQ,
Rg = 4.7kQ, CT = 330pF, 1.0uF capacitor from VDD to GND, Ta = T,.

PARAMETER TEST CONDITIONS [min [ TYP | max JuniTs

Oscillator Section Section

Frequency 175 202 228 kHz

Temperature Stability (Note 5) 2.5 %

Amplitude (Note 1) 1/3VDD V
Error Amplifier Section

Input Voltage COMP = 2.0V 1.95| 2.00 | 2.05 \

Input Bias Current -1 1 A

Open Loop Voltage Gain 60 80 dB

COMP Sink Current FB = 2.2V, COMP = 1.0V 0.3 2.5 mA

COMP Source Current FB =1.3V, COMP = 4.0V -0.2 | -05 mA
PWM Section

Maximum Duty Cycle 75 78 81 %

Minimum Duty Cycle COMP =0V 0 %
Current Sense Section

Gain (Note 2) 1.1 1.65 1.8 VIV

Maximum Input Signal COMP = 5.0V (Note 3) 0.9 1.0 1.1 V

Input Bias Current —200 200 nA

CS Blank Time 50 100 150 ns

Overcurrent Threshold 1.4 1.5 1.6 V

COMP to CS Offset CS=0V 0.55 1.1 1.65 \
Output Section

OUT Low Level | =100mA 0.4 1 )

OUT High Level | =-100mA, VDD - OUT 0.4 1 V

Rise/Fall Time CL = 1nF (Note 5)

20 100 ns
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uUCcC1807-1/-2/-3
uUCC2807-1/-2/-3
UCC3807-1/-2/-3

ELECTRICAL CHARACTERISTICS: Unless otherwise stated these specifications apply for Ta = =55°C to +125°C for
UCC1807-1/-2/-3; —40°C to +85°C for UCC2807-1/-2/-3; and 0°C to +70°C for UCC3807-1/-2/-3; VDD = 10V (Note 6), Ra = 12k,
Rg = 4.7kQ, CT = 330pF, 1.0uF capacitor from VDD to GND, Ta = T,.

PARAMETER TEST CONDITIONS [min [ TYP | max JuniTs
Undervoltage Lockout Section
Start Threshold UCCx807-1 (Note 4) 6.6 7.2 7.8 Vv
UCCx807-2 115 ] 125 135 \
UCCx807-3 4.1 4.3 4.5 Vv
Minimum Operating Voltage After Start UCCx807-1 (Note 4) 6.3 6.9 75 \
UCCx807-2 7.6 8.3 9.0 V
UCCx807-3 3.9 41 4.3 V
Hysteresis UCCx807-1 0.1 0.3 0.5 Vv
UCCx807-2 3.5 4.2 5.1 Vv
UCCx807-3 0.1 0.2 0.3 V
Soft Start Section
COMP Rise Time FB = 1.8V, From 0.5V to 4.0V | 4 [ ms
Overall Section
Startup Current VDD < Start Threshold (UCCx807-1,-3) 0.1 0.2 mA
VDD < Start Threshold (UCCx807-2) 0.15 0.25 mA
Operating Supply Current FB =0V, CS = 0V, No Load (Note 7) 1.3 2.1 mA
VDD Zener Shunt Voltage Ipp=10mA 12.0 13.5 15.0 \%
Shunt to Start Difference 0.5 1.0 V

Note 1: Measured at TRIG; signal minimum = 1/3 VDD, maximum = 2/3 VDD.

Note 2: Gain is defined by: A= AVCﬂ, 0< Ves <0.8V
AVpg

Note 3: Parameter measured at trip point of latch with FB at OV.

Note 4: Start Threshold and Zener Shunt thresholds track one another.

Note 5: Guaranteed by design. Not 100% tested in production.

Note 6: Adjust VDD above the start threshold before setting at 10V for UCC3807-2.

Note 7: Does not include current in external timing RC network.

PIN DESCRIPTIONS

COMP: COMP is the output of the error amplifier and the
input of the PWM comparator. The error amplifier in the
UCCB3807 is a low output impedance, 2MHz operational
amplifier. COMP can both source and sink current. The
error amplifier is internally current limited, which allows
zero duty cycle by externally forcing COMP to GND.

The UCC3807 family features built-in full cycle soft start.
Soft start is implemented as a clamp on the maximum
COMP voltage.

CS: Current sense input. There are two current sense
comparators on the chip, the PWM comparator and an
overcurrent comparator.

The UCC3807 also contains a leading edge blanking cir-
cuit, which disconnects the external CS signal from the
current sense comparator during the 100ns interval im-
mediately following the rising edge of the signal at the
OUT pin. In most applications, no analog filtering is re-
quired on CS. Compared to an external RC filtering tech-
nique, leading edge blanking provides a smaller effective
CS to OUT propagation delay. Note, however, that the
minimum non-zero on-time of the OUT signal is directly

affected by the leading edge blanking and the CS to
OUT propagation delay.

The overcurrent comparator is only intended for fault
sensing. Exceeding the overcurrent threshold causes a
soft start cycle.

FB: The inverting input to the error amplifier. For best
stability, keep connections to FB as short as possible
and stray capacitance as small as possible.

GND: Reference ground and power ground for all func-
tions of the part.

OUT: The output of a high current power driver capable
of driving the gate of a power MOSFET with peak cur-
rents exceeding 1A. OUT is actively held low when VDD
is below the UVLO threshold.

The high current power driver consists of MOSFET out-
put devices in a totem pole configuration. This allows the
output to switch from VDD to GND. The output stage
also provides a very low impedance which minimizes
overshoot and undershoot. In most cases, external
Schottky clamp diodes are not required.
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PIN DESCRIPTIONS (cont.)

TRIG/DISCH: Oscillator control pins. Trig is the oscillator
timing input, which has an RC-type charge/discharge sig-
nal controlling the chip’s internal oscillator. DISCH is the
pin which provides the low impedance discharge path for
the external RC network during normal operation. Oscil-
lator frequency and maximum duty cycle are computed
as follows:

uUCcC1807-1/-2/-3
uUCC2807-1/-2/-3
UCC3807-1/-2/-3

For best performance, keep the lead from Ct to GND as
short as possible. A separate ground connection for Ctis
desirable. The minimum value of Rp is 10kQ, the mini-
mum value of Rg is 2.2kQ2, and the minimum value of Ct
is 47pF.

VDD: The power input connection for this device. Total
VDD current is the sum of quiescent current and the av-

tL=0.7(RBe)CT

frequency 14 erage OUT current. Knowing the operating frequency
Ry 2Rp Cr and the MOSFET gate charge (Qg), average OUT cur-
duty cycle R, Rg rent can be calculated from
Ra 2Rp lout=Qg F, where F is frequency.
as shown in Figure 1. To prevent noise problems, bypass VDD to GND with a
ceramic capacitor as close to the chip as possible in par-
allel with an electrolytic capacitor.
‘F 77777777777777777777 1
R
8 \ yJS—yDISCH Vb
TRIG ==
A } Ra
cT } = £1VDD
N } R Q
‘ R OSCILLATOR
‘ S OUTPUT 14
freq=— ——
} (RA+2Rs)CT
R
\
\
\
\
\

\
\
\
\
} tH=0.7(RA+RB)CT
\
\
\
\
\

UDG-95002-1

Figure 1. Oscillator Block Diagram

APPLICATIONS INFORMATION

The circuit shown in Fig. 2 illustrates the use of the
UCC3807 in a typical off-line application. The 100W,
200kHz, universal input forward converter produces a
regulated 12VDC at 8 Amps. The programmable maxi-
mum duty cycle of the UCC3807 allows operation down
to 80VRMS and up to 265VRMS with a simple RCD
clamp to limit the MOSFET voltage and provide core re-
set. In this application the maximum duty cycle is set to
about 65%. Another feature of the design is the use of a
flyback winding on the output filter choke for both boot-
strapping and voltage regulation. This method of loop clo-
sure eliminates the optocoupler and secondary side
regulator, common to most off-line designs, while provid-
ing good line and load regulation.

T1:

Core Magnetics Inc. #P-42625-UG (ungapped)

Primary: 28 turns of 2x #26AWG

Secondary: 6 turns of 50x0.2mm Litz wire

L1:

Core: Magnetics Inc. #P-42625-SG-37 (0.020”
gap)

Main Winding: 13 turns of 2x #18AWG

Second Winding: 11 turns of #26AWG
Magnetics Inc.

900 E. Butler Road

P.O. Box 391

Butler, PA 16003

Tel: (412) 282-8282

Fax: (412) 282-6955
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UCC1807-1/-2/-3

UCC2807-1/-2/-3
UCC3807-1/-2/-3
APPLICATIONS INFORMATION (cont.)
1000V
4A
2A
AC HI o N . +
80-264 L LwJ T L L+ 300uF
VRMS 160/31\2506 T A= [1 T T 2007
A
AC LOO ‘&7 - St
CL-170 +F VF
CHASSO
m
220k 220k 2 MUR020PT
ho) N
12w 172w Bl St 3 e O +12v
12k 3|ee 2 | o
28T 3)IC6T 1 8A  ——0.IuF =<470pF MAX
1N4148 1.0pF 18k 3 :L0.00WF 50KH 25V
M MUR1100E 3 5V 3T ) "
2& "&F 150pF 3 Lo T O GND
N 1N4148 ri VE gF _11T e
o | veo 250VAC
25V MUR120 27 470 I
[%]FB T .
=220pF | | our[e] ] MTP4N8OE MUR120
56k
dz:lcomp 100
| cs |4
227k $5.6k I =
3 | GND == 1000pF =<0.22uF lvnv }ev 0.22pF
| ucc3807-2
Ve
UDG-96174

UNITRODE CORPORATION

Figure 2. Typical Off-line Application Using UCC3807-2

7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 » FAX (603) 424-3460
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== UNITRODE
Low Power Current Mode Push-Pull PWM

FEATURES

e 130uA Typical Starting Current

e 1mA Typical Run Current

e Operation to 1MHz
o Internal Soft Start

e On Chip Error Amplifier With 2MHz

Gain Bandwidth Product
e On Chip VDD Clamping

o Dual Output Drive Stages In Push-Pull

Configuration

e Output Drive Stages Capable Of
500mA Peak Source Current, 1A

UCC1808-1/-2
I UCC2808-1/-2
UCC3808-1/-2

DESCRIPTION

The UCC3808 is a family of BICMOS push-pull, high-speed, low power,
pulse width modulators. The UCC3808 contains all of the control and drive
circuitry required for off-line or DC-to-DC fixed frequency current-mode
switching power supplies with minimal external parts count.

The UCC3808 dual output drive stages are arranged in a push-pull configu-
ration. Both outputs switch at half the oscillator frequency using a toggle
flip-flop. The dead time between the two outputs is typically 60ns to 200ns
depending on the values of the timing capacitor and resistors, thus limits
each output stage duty cycle to less than 50%.

The UCC3808 family offers a variety of package options temperature range
options, and choice of undervoltage lockout levels. The family has UVLO
thresholds and hysteresis options for off-line and battery powered systems.
Thresholds are shown in the table below.

Peak Sink Current Part Number Turn on Threshold Turn off Threshold
UCCx808-1 12.5V 8.3V
UCCx808-2 4.3V 4.1V
BLOCK DIAGRAM
FB COomMP Ccs
—————————————————————————— L
I ’ 8 | vDD
OVERCURRENT PEAK CURRENT L (2]
COMPARATOR COMPARATOR E L v

= osv

SOFT START

— Pwm
COMPARATOR
12R
] i)

UDG-99076

04/99
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage (IDD <1OMA). . ... oo 15V
Supply Current . . ... 20mA
OUTA/OUTB Source Current (peak) . ............... —0.5A
OUTA/OUTB Sink Current (peak) ................... 1.0A
Analog Inputs (FB, CS) . —0.3V to VDD+0.3V, not to exceed 6V
Power Dissipation at TA = 25°C (N Package)............ 1w
Power Dissipation at TA = 25°C (D Package) ........ 650mwW
Storage Temperature .. ................. —65°C to +150°C
Junction Temperature. . ................. —55°C to +150°C
Lead Temperature (Soldering, 10sec.) ............. +300°C

Currents are positive into, negative out of the specified terminal.

CONNECTION DIAGRAM

UCC1808-1/-2
UCC2808-1/-2
UCC3808-1/-2

DIL-8, SOIC-8 (Top View)
J or N Package, D Package

)

COMP| 1]
FB[2 ]|
cs|3]
RC[4]

Consult Packaging Section of Databook for thermal limitations

and considerations of package.

ORDER INFORMATION

ucc [ Jsos[ |-[]

(8] vDbD
(7] ouTA
(6]ouTB
5] GND

L—UVLO THRESHOLD
PACKAGE
TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS: Unless otherwise specified, TA = 0°C to 70°C for the UCC3808-X, —40°C to 85°C for
the UCC2808-X and —55°C to 125°C for the UCC1808-X, VDD = 10V (Note 6), 1uF capacitor from VDD to GND, R = 22kQ,

C =330pF. Ta=T,.

PARAMETER

‘ TEST CONDITIONS

[ min [ TYP | maX JuniTs

Oscillator Section

Oscillator Frequency 175 194 213 kHz
Oscillator Amplitude/VDD (Note 1) 0.44 0.5 056 | VWV
Error Amplifier Section
Input Voltage COMP =2V 1.95 2 2.05 \'
Input Bias Current -1 1 UA
Open Loop Voltage Gain 60 80 dB
COMP Sink Current FB =2.2V, COMP =1V 0.3 25 mA
COMP Source Current FB =1.3V, COMP = 3.5V -02 | 05 mA
PWM Section
Maximum Duty Cycle Measured at OUTA or OUTB 48 49 50 %
Minimum Duty Cycle COMP =0V 0 %
Current Sense Section
Gain (Note 2) 1.9 2.2 2.5 VIV
Maximum Input Signal COMP =5V (Note 3) 0.45 0.5 0.55 Vv
CS to Output Delay COMP = 3.5V, CS from 0 to 600mV 100 200 ns
CS Source Current —200 nA
CS Sink Current CS =0.5V, RC = 5.5V (Note 7) 5 10 mA
Over Current Threshold 0.7 0.75 0.8 \'
COMP to CS Offset CsS=0V 0.35 0.8 1.2 \
Output Section
OUT Low Level | = 100mA 0.5 1 \'
OUT High Level | =-50mA, VDD — OUT 0.5 1 \
Rise Time CL=1nF 25 60 ns
Fall Time CL=1nF 25 60 ns
Undervoltage Lockout Section
Start Threshold UCCx808-1 (Note 6) 115 | 125 | 185 Vv
UCCx808-2 4.1 4.3 4.5 V
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UCC1808-1/-2
UCC2808-1/-2
UCC3808-1/-2

ELECTRICAL CHARACTERISTICS: Unless otherwise specified, TA = 0°C to 70°C for the UCC3808-X, —40°C to 85°C for

the UCC2808-X and —55°C to 125°C for the UCC1808-X, VDD = 10V (Note 6), 1uF capacitor from VDD to GND, R = 22kQ,

C = 330pF. Ta=T).

PARAMETER TEST CONDITIONS MIN | TYP | MAX [UNITS
Undervoltage Lockout Section (cont.)
Minimum Operating Voltage After Start UCCx808-1 7.6 8.3 9 \'
UCCx808-2 3.9 4.1 4.3 \
Hysteresis UCCx808-1 3.5 4.2 5.1 \
UCCx808-2 0.1 0.2 0.3 \Y
Soft Start Section
COMP Rise Time FB = 1.8V, Rise from 0.5V to 4V | | 35 | 20 | ms
Overall Section
Startup Current VDD < Start Threshold 130 260 UA
Operating Supply Current FB =0V, CS =0V (Note 5 and 6) 1 2 mA
VDD Zener Shunt Voltage IDD = 10mA (Note 4) 13 14 15 \

Note 1: Measured at RC. Signal amplitude tracks VDD.
AV,
Note 2: Gain is defined by A= %, 0<Vcs<0.4V.
cs

Note 3: Parameter measured at trip point of latch with FB at OV.

Note 4: Start threshold and Zener Shunt threshold track one another.

Note 5: Does not include current in the external oscillator network.

Note 6: For UCCx808-1, set VDD above the start threshold before setting at 10V.
Note 7: The internal current sink on the CS pin is designed to discharge an external filter capacitor. It is not intended to be a DC

sink path.

PIN DESCRIPTIONS

COMP: COMP is the output of the error amplifier and the
input of the PWM comparator. The error amplifier in the
UCC3808 is a true low-output impedance, 2MHz opera-
tional amplifier. As such, the COMP pin can both source
and sink current. However, the error amplifier is internally
current limited, so that zero duty cycle can be externally
forced by pulling COMP to GND.

The UCC3808 family features built-in full cycle soft start.
Soft start is implemented as a clamp on the maximum
COMP voltage.

CS: The input to the PWM, peak current, and
overcurrent comparators. The overcurrent comparator is
only intended for fault sensing. Exceeding the
overcurrent threshold will cause a soft start cycle. An in-
ternal MOSFET discharges the current sense filter ca-
pacitor to improve dynamic performance of the power
converter.

FB: The inverting input to the error amplifier. For best
stability, keep FB lead length as short as possible and FB
stray capacitance as small as possible.

GND: Reference ground and power ground for all func-
tions. Due to high currents, and high frequency operation
of the UCC3808, a low impedance circuit board ground
plane is highly recommended.

OUTA and OUTB: Alternating high current output stages.
Both stages are capable of driving the gate of a power
MOSFET. Each stage is capable of 500mA peak source
current, and 1A peak sink current.

The output stages switch at half the oscillator frequency,
in a push/pull configuration. When the voltage on the RC
pin is rising, one of the two outputs is high, but during fall
time, both outputs are off. This “dead time” between the
two outputs, along with a slower output rise time than fall
time, insures that the two outputs can not be on at the
same time. This dead time is typically 60ns to 200ns and
depends upon the values of the timing capacitor and re-
sistor.

The high-current output drivers consist of MOSFET out-
put devices, which switch from VDD to GND. Each output
stage also provides a very low impedance to overshoot
and undershoot. This means that in many cases, external
schottky clamp diodes are not required.

RC: The oscillator programming pin. The UCC3808’s os-
cillator tracks VDD and GND internally, so that variations
in power supply rails minimally affect frequency stability.
Fig. 1 shows the oscillator block diagram.

Only two components are required to program the oscil-
lator, a resistor (tied to the VDD and RC), and a capaci-
tor (tied to the RC and GND). The approximate oscillator
frequency is determined by the simple formula:
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PIN DESCRIPTIONS (cont.)
1.41
fosciLiator = g5

where frequency is in Hertz, resistance in Ohms, and ca-
pacitance in Farads. The recommended range of timing
resistors is between 10kQ and 200k and range of timing
capacitors is between 100pF and 1000pF. Timing resis-
tors less than 10kQ should be avoided.

For best performance, keep the timing capacitor lead to
GND as short as possible, the timing resistor lead from
VDD as short as possible, and the leads between timing
components and RC as short as possible. Separate
ground and VDD traces to the external timing network
are encouraged.

UCC1808-1/-2
UCC2808-1/-2
UCC3808-1/-2

VDD: The power input connection for this device. Al-
though quiescent VDD current is very low, total supply
current will be higher, depending on OUTA and OUTB
current, and the programmed oscillator frequency. Total
VDD current is the sum of quiescent VDD current and
the average OUT current. Knowing the operating fre-
quency and the MOSFET gate charge (Qg), average
OUT current can be calculated from

lout = Qg * F, where F is frequency.

To prevent noise problems, bypass VDD to GND with a
ceramic capacitor as close to the chip as possible along
with an electrolytic capacitor. A 1uF decoupling capacitor
is recommended.

T

VDD

\\H—I}T—

0.2V I

50% for both outputs.

The oscillator generates a sawtooth waveform on RC. During the RC rise time, the output stages alternate on time, but both
stages are off during the RC fall time. The output stages switch a ¥ the oscillator frequency, with guaranteed duty cycle of <

_I1LA
s aQ 1.41
FREQ ==
R OSCILLATOR RC
OUTPUT | (APPROXIMATE
FREQUENCY)

UDG-97009

Figure 1. Block diagram for oscillator.

APPLICATION INFORMATION

A 200kHz push-pull application circuit with a full wave rec-
tifier is shown in Fig. 2. The output, Vo, provides 5V at
75W maximum and is electrically isolated from the input.
Since the UCC3808 is a peak current mode controller the
2N2222A emitter following amplifier (buffers the CT wave-
form) provides slope compensation which is necessary for
duty ratios greater than 50%. Capacitor decoupling is very
important with a single ground IC controller and a 1uF is
suggested as close to the IC as possible. The controller
supply is a series RC for startup, paralleled with a bias
winding on the output inductor used in steady state oper-
ation.

Isolation is provided by an optocoupler with regulation
done on the secondary side using the UC3965 Precision
Reference with Low Offset Error Amplifier. Small signal
compensation with tight voltage regulation is achieved
using this part on the secondary side. Many choices ex-
ist for the output inductor depending on cost, volume,
and mechanically strength. Several design options are
iron powder, molypermalloy (MPP), or a ferrite core with
an air gap as shown here. The main power transformer
is a low profile design, EFD size 25, using Magnetics
Inc. P material which is a good choice at this frequency
and temperature. The input voltage may range from 36V
dc to 72V dc. Refer to application note U-170 for addi-
tion design information.
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UCC1808-1/-2

UCC2808-1/-2

UCC3808-1/-2

APPLICATION INFORMATION (cont.)
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Figure 2. Typical application diagram.
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UCC1808-1/-2
UCC2808-1/-2
UCC3808-1/-2

TYPICAL CHARACTERISTIC CURVES
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Figure 3. Typical oscillator frequency. Figure 6. Typical error amplifier response.
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Figure 4. Typical Ipp active current. Figure 7. Typical dead time between output stages.
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Figure 5. Typical COMP to CS offset vs. temperature.

UNITRODE CORPORATION
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== UNITRODE
Economy Primary Side Controller

FEATURES

e User Programmable Soft Start With
Active Low Shutdown

e User Programmable Maximum Duty

Cycle

Undervoltage Lockout

Operation to 1MHz

Accessible 5V Reference

e 0.4A Source/0.8A Sink FET Driver

L]

Low 100uA Startup Current

PART TURN ON TURN OFF
NUMBER | THRESHOLD | THRESHOLD
UCCX809-1 10V 8V
UCCX809-2 15V 8V

TYPICAL APPLICATION DIAGRAM

UCC1809-1/-2
UCC2809-1/-2
UCC3809-1/-2

application I

available

e

DESCRIPTION

The UCC3809 family of BCDMOS economy low power integrated circuits
contains all the control and drive circuitry required for off-line and isolated
DC-to-DC fixed frequency current mode switching power supplies with
minimal external parts count. Internally implemented circuits include
undervoltage lockout featuring startup current less than 100uA, a user ac-
cessible voltage reference, logic to ensure latched operation, a PWM com-
parator, and a totem pole output stage to sink or source peak current. The
output stage, suitable for driving N-Channel MOSFETSs, is low in the off
state.

Oscillator frequency and maximum duty cycle are programmed with two
resistors and a capacitor. The UCC3809 family also features full cycle soft
start.

The family has UVLO thresholds and hysteresis levels for off-line and
DC-to-DC systems as shown in the table to the left.

The UCC3809 and the UCC2809 are offered in the 8 pin SOIC (D), PDIP
(N), TSSOP (PW), and MSOP (P) packages. The small TSSOP and
MSOP packages make the device ideal for applications where board
space and height are at a premium.

FEEDBACK

/r

CURRENT
SENSE

SLOPE
COmMP

L FILTER
1

NOISE

Vour

VREF

UDG-99036

2/99
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UCC1809-1/-2
UCC2809-1/-2
UCC3809-1/-2

ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM
VDD . . e 19V
DD+ v v 25mA SOIC-8, DIL-8 (Top View)
louT (tpw < 1us and Duty Cycle < 10%). . . . . . .. —-0.4A to 0.8A D, N and J Packages
RT1,RT2,SS ... ... ... —0.3V to REF + 0.3V
IREE .« v ot e e —15mA
Storage Temperature .. ................. —65°C to +150°C FB E E‘ REF
Junction Temperature. . ................. —55°C to +150°C
Lead Tempergture (Soldering, 10sec.). .. .......... +300°C S8 E z‘ VDD
All voltages are with respect to ground unless otherwise
stated. gurrents are posﬁi)ﬁve intg, negative out of the specified RT1 E E‘ out
tfarr'nin'al. Consult Pa‘ckagi‘ng Section of Databook for thermal RT2 E E‘ GND
limitations and considerations of packages.
TSSOP-8 (Top View) MSOP-8 (Top View)
PW Package P Package
T 8 REF |61 ]
[ Tz]| ss voo ([71 ]
[ T3] RT out ([ 61 ]
[ [a] rr GND |[5] ]
ORDERING INFORMATION
Temperature Range | Available Packages vecL ] sosL]-C]
UCC1809-X | -55°C to +125°C J UVLO OPTION
UCC2809-X —40°C to +85°C N, D, P, PW PACKAGE
UCC3809-X 0°C to +70°C N, D, P, PW TEMPERATURE RANGE
ELECTRICAL CHARACTERISTICS: Unless otherwise specified, VDD = 12V. Ta=T,.
PARAMETER \ TEST CONDITIONS [ miN [ TYP | MAX [ uNIT
Supply Section
VDD Clamp lypp = 10mA 16 17.5 19 V
lvbp No Load 600 900 HA
lvpp Starting 100 uA
Undervoltage Lockout Section
Start Threshold (UCCx809-1) 9.4 10.4 Vv
UVLO Hysteresis (UCCx809-1) 1.65 V
Start Threshold (UCCx809-2) 14.0 15.6 \
UVLO Hysteresis (UCCx809-2) 6.2 V
Voltage Reference Section
Output Voltage Irer = OMA 4.75 5 5.25 \'
Line Regulation VDD = 10V to 15V 2 mV
Load Regulation IRer = OmA to 5mA 2 mV
Comparator Section
IFB Output Off -100 nA
Comparator Threshold 0.9 0.95 1 Vv
OUT Propagation Delay (No Load) Vrg =0.8Vto1.2Vat Tg=10ns 50 100 ns
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UCC1809-1/-2
UCC2809-1/-2
UCC3809-1/-2

ELECTRICAL CHARACTERISTICS: Unless otherwise specified, VDD = 12V. Ta = T,.

PARAMETER \ TEST CONDITIONS [ min [ TYP | mAX [ uNiT
Soft Start Section
Iss VDD = 16V, Vss = 0V -3 -6 -16 HA
Vss Low VDD = 7.5V, Iss = 200pA 0.2 \
Shutdown Threshold 0.44 | 048 | 0.52 \'
Oscillator Section
Frequency RT1 = 10k, RT2 = 4.32k, CT = 820pF 90 100 110 kHz
Frequency Change with Voltage VDD =10V to 15V 0.1 %I
Ct Peak Voltage 3.33 Vv
Ct Valley Voltage 1.67 V
Ct Peak to Peak Voltage 154 | 1.67 | 1.80 V
Output Section
Output Vsat Low louT = 80mA (dc) 0.8 1.5 Vv
Output Vsat High lout = —40mA (dc), VDD — OUT 0.8 1.5 Vv
Output Low Voltage During UVLO louT = 20mA (dc) 1.5 \
Minimum Duty Cycle Vg =2V 0 %
Maximum Duty Cycle 70 %
Rise Time Cout = 1nF 35 ns
Fall Time Cout = 1nF 18 ns

PIN DESCRIPTIONS

FB: This pin is the summing node for current sense
feedback, voltage sense feedback (by optocoupler) and
slope compensation. Slope compensation is derived
from the rising voltage at the timing capacitor and can be
buffered with an external small signal NPN transistor.
External high frequency filter capacitance applied from
this node to GND is discharged by an internal 250Q on
resistance NMOS FET during PWM off time and offers
effective leading edge blanking set by the RC time
constant of the feedback resistance from current sense
resistor to FB input and the high frequency filter
capacitor capacitance at this node to GND.

GND: Reference ground and power ground for all
functions.

OUT: This pin is the high current power driver output.

REF: The internal 5V reference output. This reference is
buffered and is available on the REF pin. REF should be
bypassed with a 0.47uF ceramic capacitor.

RT1: This pin connects to timing resistor RT1 and
controls the positive ramp time of the internal oscillator
(Tr = 0.74 o (CT + 27pF) e RT1). The positive threshold

of the internal oscillator is sensed through inactive timing
resistor RT2 which connects to pin RT2 and timing
capacitor Cr.

RT2: This pin connects to timing resistor RT2 and
controls the negative ramp time of the internal oscillator
(Tf = 0.74 o (C1 + 27pF) e RT2). The negative threshold
of the internal oscillator is sensed through inactive timing
resistor RT1 which connects to pin RT1 and timing
capacitor Cr.

SS: This pin serves two functions. The soft start timing
capacitor connects to SS and is charged by an internal
6uA current source. Under normal soft start SS is
discharged to at least 0.4V and then ramps positive to
1V during which time the output driver is held low. As SS
charges from 1V to 2V soft start is implemented by an
increasing output duty cycle. If SS is taken below 0.5V,
the output driver is inhibited and held low. The user
accessible 5V voltage reference also goes low and Ivpp
< 100pA.

VDD: The power input connection for this device. This
pin is shunt regulated at 17.5V which is sufficiently below
the voltage rating of the DMOS output driver stage. VDD
should be bypassed with a 1uF ceramic capacitor.
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APPLICATION INFORMATION
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Figure 1. Detailed application diagram: —48V to +5V flyback converter.



APPLICATION INFORMATION (cont.)

The Typical Application Diagram shows an isolated
flyback converter utilizing the UCC3809. Note that the
capacitors Crgr and Cypp are local decoupling capaci-
tors for the reference and IC input voltage, respectively.
Both capacitors should be low ESR and ESL ceramic,
placed as close to the IC pins as possible, and returned
directly to the ground pin of the chip for best stability.
REF provides the internal bias to many of the IC func-
tions and Crgr should be at least 0.47uF to prevent REF
from drooping.

FB Pin

The basic premise of the UCC3809 is that the voltage
sense feedback signal originates from an optocoupler
that is modulated by an external error amplifier located
on the secondary side. This signal is summed with the
current sense signal and any slope compensation at the
FB pin and compared to a 1V threshold, as shown in the
Typical Application Diagram. Crossing this 1V threshold
resets the PWM latch and modulates the output driver
on-time much like the current sense comparator used in
the UC3842. In the absence of a FB signal, the output
will follow the programmed maximum on-time of the os-
cillator.

When adding slope compensation, it is important to use
a small capacitor to AC couple the oscillator waveform
before summing this signal into the FB pin. By correctly
selecting the emitter resistor of the optocoupler, the volt-
age sense signal can force the FB node to exceed the
1V threshold when the output that is being compared ex-
ceeds a desired level. Doing so drives the UCC3809 to
zero percent duty cycle.

Oscillator

The following equation sets the oscillator frequency:
Fosc =[074 ¢ (CT +27pF) s (RT1+RT2)]"

Dyax =074 RT1e (CT +27pF) e Fpgc

Referring to Figure 2 and the waveforms in Figure 3,
when Qtis on, CT charges via the Rpgn) of Q1 and
RT1. During this charging process, the voltage of CT is
sensed through RT2. The S input of the oscillator latch,
S(OSC), is level sensitive, so crossing the upper thresh-
old (set at 2/3 VREF or 3.33V for a typical 5.0V refer-
ence) sets the Q output (CLK signal) of the oscillator
latch high. A high CLK signal results in turning off Q1
and turning on Q2. CT now discharges through RT2 and
the Rpsn) of Q2. CT discharges from 3.33V to the
lower threshold (set at 1/3 VREF or 1.67V for a typical

UCC1809-1/-2
UCC2809-1/-2
UCC3809-1/-2

5.0V reference) sensed through RT1. The R input to the
oscillator latch, R(OSC), is also level sensitive and resets
the CLK signal low when CT crosses the 1.67V thresh-
old, turning off Q2 and turning on Qf1, initiating another
charging cycle.

Figure 3 shows the waveforms associated with the oscil-
lator latch and the PWM latch (shown in the Typical Ap-
plication Diagram). A high CLK signal not only initiates a
discharge cycle for CT, it also turns on the internal
NMOS FET on the FB pin causing any external capaci-
tance used for leading edge blanking connected to this
pin to be discharged to ground. By discharging any ex-
ternal capacitor completely to ground during the external
switch’s off-time, the noise immunity of the converter is
enhanced allowing the user to design in smaller RC com-
ponents for leading edge blanking. A high CLK signal
also sets the level sensitive S input of the PWM latch,
S(PWM), high, resulting in a high output, Q(PWM), as
shown in Figure 3. This Q(PWM) signal will remain high
until a reset signal, R(PWM) is received. A high R(PWM)
signal results from the FB signal crossing the 1V thresh-
old, or during soft start or if the SS pin is disabled.

Assuming the UVLO threshold is satisfied, the OUT sig-
nal of the IC will be high as long as Q(PWM) is high and
S(PWM), also referred to as CLK, is low. The OUT sig-
nal will be dominated by the FB signal as long as the FB
signal trips the 1V threshold while CLK is low. If the FB
signal does not cross the 1V threshold while CLK is low,
the OUT signal will be dominated by the maximum duty
cycle programmed by the user. Figure 3 illustrates the
various waveforms for a design set up for a maximum
duty cycle of 70%.

» CLK

¥
3.33V —— s a

R

1.67V ——

OSCILLATOR
LATCH

UDG-97195

Figure 2. UCC3809 oscillator.
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APPLICATION INFORMATION (cont.)

UCC1809-1/-2
UCC2809-1/-2
UCC3809-1/-2

CT,CT
CHARGING i DISCHARGING
3.33V — -
167V 7/ \/ \/ \/
CT
S(0SC) ] ]

R(OSC)

Q(OSC)=CLK

=S(PWM)
v

FB \

R(PWM) ]

Q(PWM)

ouT

70% 30%
ON OFF

4————  FBSIGNAL DOMINANT

_ pi4——— MAX.DUTY CYCLE DOMINANT ————

UDG-99037

Figure 3. Waveforms associated with the oscillator latch and the PWM latch.

The recommended value for CT is 1nF for frequencies in
the 100 kHz or less range and smaller CT for higher fre-
quencies. The minimum recommended values of RT1
and RT2 are 10kQ and 4.32kQ, respectively. Using these
values maintains a ratio of at least 20:1 between the
Rps(on) of the internal FETs and the external timing re-
sistors, resulting in minimal change in frequency over
temperature. Because of the oscillator's susceptibility to
capacitive coupling, examine the oscillator frequency by
looking at the common RT1-RT2-CT node on the circuit
board as opposed to looking at pins 3 and 4 directly. For
good noise immunity, RT1 and RT2 should be placed as
close to pins 3 and 4 of the IC as possible. CT should be
returned directly to the ground pin of the IC with minimal
stray inductance and capacitance.

1000 -

N
g \
>
5 ™~
g 100 S
g BN
: ~
~N
10 |
100 1000 10000
CT [pF]

Figure 4. Oscillator frequency vs. Ct (RT1 = 10k,
RT2 = 4.32k)
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APPLICATION INFORMATION (cont.)
Synchronization

Both of the synchronization schemes shown in Figure 5
can be successfully implemented with the internal oscilla-
tor of the UCC3809. Both schemes allow access to the
timing ramp needed for slope compensation and have
minimal impact on the programmed maximum duty cycle.
In the absence of a sync pulse, the PWM controller will
run independently at the frequency set by RT1, RT2, and
CT. This free running frequency must be approximately
15 to 20% lower than the sync pulse frequency to insure
the free running oscillator does not cross the comparator
threshold before the desired sync pulse.

Option | uses the synchronization pulse to pull pin 3 low,
triggering the internal 1.67V comparator to reset the RS
latch and initiate a charging cycle. The valley voltage of
the CT waveform is higher when synchronized using this
configuration, decreasing the ramp charge and discharge
times, thereby increasing the operating frequency; other-
wise the overall shape of the CT voltage waveform is un-
changed.

UCC1809-1/-2
UCC2809-1/-2
UCC3809-1/-2

Option 1l uses the synchronization pulse to superimpose
the sync voltage onto the peak of the CT waveform. This
triggers the internal 3.33V comparator, initiating a dis-
charge cycle. The sync pulse is summed with the free
running oscillator waveform at the CT node, resulting in a
spike on top of the CT peak voltage.

ADDITIONAL INFORMATION

Please refer to the following Unitrode application topics
for additional information.

[1] Application Note U-165, Design Review: Isolated 50W
Flyback Converter with the UCC3809 Primary Side Con-
troller and the UC3965 Precision Reference and Error
Amplifier by Lisa Dinwoodie.

[2] Design Note DN-89, Comparing the UC3842,
UCC3802, and UCC3809 Primary Side PWM Controllers
by Lisa Dinwoodie.

|
+5V 3
UCC3809 > 2] UCC3809
SYNC 2N2222A OSCILLATOR a1 n OSCILLATOR
PULSE SYNC {2N2222A
PULSE RT2
|
cT l
0.1uF L
§ 424 24
OPTION | - ~ OPTIONII
UDG-99006
Figure 5. UCC3809 synchronization options.

UNITRODE CORPORATION
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 » FAX (603) 424-3460

3-204




=m UNITRODE

Dual Channel Synchronized Current Mode PWM

FEATURES

Single Oscillator Synchronizes Two
PWMs

150pA Startup Supply Current
2mA Operating Supply Current
Operation to TMHz

Internal Soft Start

Full-Cycle Fault Restart

Internal Leading Edge Blanking of the
Current Sense Signal

1 Amp Totem Pole Outputs

75ns Typical Response from Current
Sense to Output

1.5% Tolerance Voltage Reference

MI ucci1sio
Im ucc2810
available UCC381 0

DESCRIPTION

The UCC3810 is a high-speed BiICMOS integrated circuit which imple-
ments two synchronized pulse width modulators for use in off-line and
DC-to-DC power supplies.

The UCC3810 provides perfect synchronization between two PWMs by us-
ing the same oscillator. The oscillator's sawtooth waveform can be used for
slope compensation if required.

Using a toggle flip flop to alternate between modulators, the UCC3810 en-
sures that one PWM will not slave, interfere, or otherwise affect the other
PWM. This toggle flip flop also ensures that each PWM will be limited to

50% maximum duty cycle, insuring adequate off-time to reset magnetic el-
ements.

This IC contains many of the same elements of the UC3842 current mode
controller family, combined with the enhancements of the UCC3802. This
minimizes power supply parts count. Enhancements include leading edge
blanking of the current sense signals, full cycle fault restart, CMOS output

drivers, and outputs which remain low even when the supply voltage is re-
moved.

BLOCK DIAGRAM
REF FB1 COMP1 CSi cs2 Vee
5] 21 5] &1 11 [6l
US] 147 5 151 AL 1187
Over-Current
Comparator
g Leading 12.5V
Edge
1.5V Blanking =
Vce OK
vee —
s Q >—4| 7 | ouT1
Voltage R
Ref
REF OK sa A
"FI
4v > s Q Error
Amp 2 m N
r
0.5V R 2.5v {10] out2
| sa L
Full Cycle I
qr) Soft Start
35pA
< T=5ms JE‘—‘
Py
U3l 47 18] 8
FB2 COMP2 SYNC Ct RrT ENABLE2 PWRGND GND
UDG-92062-1

02/99
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ABSOLUTE MAXIMUM RATINGS

VecVoltage (Note 3) . ... ..o 11V
Voo Current ... 20mA
OUT1, OUT2 Current, Peak, 5% Duty Cycle. . .......... +1A
OUT1, OUT2 Energy (Capacitive Load) .............. 20ud
Analog Inputs (FB1, FB2, CS1, CS2, SYNC). ... -0.3V to 6.3V
Operating Junction Temperature. . .. .............. +150°C
Storage Temperature Range . ............ —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) .......... 300°C

Note 1: All voltages are with respect to GND. All currents are
positive into the specified terminals.

Note 2: Consult Unitrode Integrated Circuits Product & Appli-
cations Handbook for information regarding thermal
specifications and limitations of packages.

Note 3: In normal operation, Vcc is powered through a current
limiting resistor. Absolute maximum of 11V applies
when driven from a low impedance such that the Vcc
current does not exceed 20mA.

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for =55 C < Ta < 125°C for

CONNECTION DIAGRAM

DIL-16, SOIC-16 (TOP VIEW)
J or N Package, DW Package

SYNC [ 1]
cr [2]

Rr [3]
FB1[4]
COMP1 [ 5|
cst[s]
ouT1[7]
GND

/

}E Voo

15] REF

[14] ENABLE2

13] FB2

12| comp2

1] cs2
10] ouT2

9] PWRGND

UCC1810; —40°C < Ta < 85°C for UCC2810; 0°C < Tp < 70°C for UCC3810; Ve = 10V (Note 4); Rt = 150k; Ct = 120pF;

No Load; Ta = T,. All parameters are the same for both channels.

PARAMETER \ TEST CONDITIONS | min | TYP [ maX JuniTs
Reference Section
Output Voltage Ty=25°C 4.925 | 5.000 | 5.075 V
Load Regulation OmA < Iger < 5mA 5 25 mV
Line Regulation UVLO Stop Threshold Voltage +0.5V < V¢c < Shunt 12 mV
Voltage
Output Voltage Full temperature range, OmA < Iger < 5mA 4.85 | 5.00 | 5.10 V
Output Noise Voltage 10Hz < f < 10kHz, T; = +25°C (Note 10) 235 uv
Long Term Stability Ta=+125°C, 1000 Hours (Note 10) 5 mV
Output Short Circuit Current -8 -25 mA
Oscillator Section
Oscillator Frequency Rt = 30k, Ct = 120pF (Note 5) 840 940 | 1040 | kHz
Oscillator Frequency Rt = 150k, Ct = 120pF (Note 5) 200 220 240 kHz
Temperature Stability (Note 10) 2.5 %
Peak Voltage 2.5 Vv
Valley Voltage 0.05 V
Peak-to-Peak Amplitude 225 | 245 | 2.65 \'
SYNC Threshold 0.80 | 1.65 2.2 \
SYNC Input Current SYNC =5V 30 uA
Error Amplifier Section
FB Input Voltage COMP = 2.5V 244 | 250 | 2.56 Vv
FB Input Bias Current +1 pA
Open Loop Voltage Gain 60 73 dB
Unity Gain Bandwidth (Note 10) 2 MHz
COMP Sink Current FB=2.7V, COMP =1V 0.3 1.4 3.5 mA
COMP Source Current FB = 1.8V, COMP = 4V -02 | -05 | 0.8 mA
Minimum Duty Cycle COMP =0V 0 %
COMP Soft Start Rise Time FB = 1.8V, Rise from 0.5V to REF-1.5V 5 ms
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for =55 C < Ta < 125°C for
UCC1810; —40°C < Ta < 85°C for UCC2810; 0°C < Tp < 70°C for UCC3810; Voo = 10V (Note 4); Rt = 150k; Ct = 120pF;
No Load; Ta = T,. All parameters are the same for both channels.

PARAMETER \ TEST CONDITIONS [ min | TYP | max [uniTs
Current Sense Section
Gain (Note 6) 120 | 155 | 1.80 | V/V
Maximum Input Signal COMP =5V (Note 7) 0.9 1.0 1.1 )
CS Input Bias Current +200 | nA
CS to OUT Propagation Delay CS steps from 0V to 1.2V, COMP = 2.5V 75 ns
CS Blank Time (Note 8) 55 ns
CS Overcurrent Threshold 135 | 1.55 | 1.85 )
COMP to CS Offset CsS=0V 0.65 | 0.95 1.4 \
PWM Section
Maximum Duty Cycle RT = 150k, CT = 120pF (Note 10) 45 49 50 %
Maximum Duty Cycle RT = 30k, CT = 120pF (Note 10) 40 45 48 %
Minimum On Time CS =1.2V, COMP =5V 130 ns
Output Section
OUT Low Level louT = 20mA 0.12 | 0.42 \
lout = 200mA 0.48 1.10 Vv
lout = 20mA, Vcc = 0V 0.7 1.20 \Y
OUT High Level louT = -20mA 0.15 | 0.42 \
(Vec - OUT) IouT = —200mA 120 | 230 | Vv
OUT Rise Time Cout = 1nF 20 50 ns
OUT Fall Time Cout = 1nF 30 60 ns
Undervoltage Lockout Section
Start Threshold 9.9 11.3 | 132 Vv
Stop Threshold 7.5 8.3 9.5 Vv
Start to Stop Hysteresis 1.7 3.0 4.7 Vv
ENABLE?2 Input Bias Current ENABLE2 = 0V -20 | =35 | -55 uA
ENABLEZ2 Input Threshold 0.80 | 1.53 | 2.00 Y
Voltage
Overall Section
Startup Current Vcce < Start Threshold Voltage 0.15 | 0.25 mA
Operating Supply Current, Vcec =10V, FB = 2.75V 2.0 3.0 mA
Outputs Off
Operating Supply Current, Vce =10V, FB =0V, CS = 0V, RT = 150k 3.2 5.1 mA
Outputs On
Operating Supply Current, Vce =10V, FB =0V, CS =0V, RT = 30k 8.5 14.5 mA
Outputs On
Vcc Internal Zener Voltage Icc = 10mA (Note 9) 11.0 | 129 | 14.0 Vv
Vcc Internal Zener Voltage Minus 0.4 1.2 \
Start Threshold Voltage

Note 4: Adjust Vcc above the start threshold before setting at 10V.

Note 5: Oscillator frequency is twice the output frequency. F, ~ —_—
q Yy p q Y. Fosc RT xCT

AVCOMP 0<VCS <08V.
AVCS
Note 7: Parameter measured at trip point of latch with FB = OV.
Note 8: CS Blank Time is measured as the difference between the minimum non-zero on-time and the CS to OUT delay.
Note 9: Start Threshold Voltage and Vcc Internal Zener Voltage track each other.
Note 10: Guaranteed by design. Not 100% tested in production.

Note 6: Current Sense Gain A is defined by: A=
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PIN DESCRIPTIONS

COMP1, COMP2: The low impedance outputs of the er-
ror amplifiers.

CS1, CS2: The current sense inputs to the PWM com-
parators. These inputs have leading edge blanking. For
most applications, no input filtering is required. Leading
edge blanking disconnects the CS inputs from all inter-
nal circuits for the first 55ns of each PWM cycle. When
used with very slow diodes or in other applications
where the current sense signal is unusually noisy, a
small current sense RC filter may be required.

CT: The timing capacitor of the oscillator. Recom-
mended values of Ct are between 100pF and 1nF. Con-
nect the timing capacitor directly across Ct and GND.

ENABLE2: A logic input which disables PWM 2 when
low. This input has no effect on PWM 1. This input is in-
ternally pulled high. In most applications it can be left
floating. In unusually noisy applications, the input should
be bypassed with a 1nF ceramic capacitor. This input
has TTL compatible thresholds.

FB1, FB2: The high impedance inverting inputs of the
error amplifiers.

GND: To separate noise from the critical control circuits,
this part has two different ground connections: GND and
PWRGND. GND and PWRGND must be electrically
connected together. However, use care to avoid cou-
pling noise into GND.

OUT1, OUT2: The high current push-pull outputs of the
PWM are intended to drive power MOSFET gates
through a small resistor. This resistor acts as both a cur-
rent limiting resistor and as a damping impedance to
minimize ringing and overshoot.

APPLICATION INFORMATION
Leading Edge Blanking and Current Sense

Figure 1. shows how an external power stage is con-
nected to the UCC3810. The gate of an external power
N-channel MOSFET is connected to OUT through a
small current limiting resistor. For most applications, a
10Q resistor is adequate to limit peak current and also
practical at damping resonances between the gate driver
and the MOSFET input reactance. Long gate lead length
increases gate capacitance and mandates a higher se-
ries gate resistor to damp the RLC tank formed by the
lead, the MOSFET input reactance, and the UCC3810
driver output resistance.

uccis10
ucCC2810
UCC3810

PWRGND: To separate noise from the critical control
circuits, this part has two different ground connections:
GND and PWRGND. GND and PWRGND must be elec-
trically connected together.

REF: The output of the 5V reference. Bypass REF to
GND with a ceramic capacitor >0.01uF for best perfor-
mance.

RT: The oscillator charging current is set by the value of
the resistor connected from RT to GND. This pin is regu-
lated to 1V, but the actual charging current is 10V/RT.
Recommended values of RT are between 10k and 470k.
For a given frequency, higher timing resistors give
higher maximum duty cycle and slightly lower overall
power consumption. Supply current decreases with in-
creased RT by the relationship:

AlICC = ﬂ
RT
For more information, see the detailed oscillator block

diagram.

SYNC: This logic input can be used to synchronize the
oscillator to a free running oscillator in another part. This
pin is edge triggered with TTL thresholds, and requires
at least a 10ns wide pulse. If unused, this pin can be
grounded, open circuited, or connected to REF.

VCC: The power input to the IC. This pin supplies cur-
rent to all functions including the high current output
stages and the precision reference. Therefore, it is criti-
cal that Vg be directly bypassed to PWRGND with an
0.1uF ceramic capacitor.

The UCC3810 features internal leading edge blanking of
the current sense signal on both current sense inputs.
The blank time starts when OUT rises and continues for
55ns. During that 55ns period, the signal on CS is ig-
nored. For most PWM applications, this means that the
CS input can be connected to the current sense resistor
as shown above. However, high speed grounding prac-
tices and short lead lengths are still required for good
performance.
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APPLICATION INFORMATION (cont.)
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Stage ouT
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Driver |
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Current
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Resistor One Comparator Latch
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Amp
| — |
=1 T |
' |
|

Figure 1. Detailed block diagram.

Oscillator

The UCC3810 oscillator generates a sawtooth wave at
CT. The sawtooth rise time is set by the resistor from RT
to GND. Since RT is biased at 1V, the current in RT is
1V/RT. The actual charging current is 10 times higher.
The fall time is set by an internal transistor on-resistance
of approximately 100Q. During the fall time, all outputs
are off and the maximum duty cycle is reduced below
50%. Larger timing capacitors increase the discharge
time and reduce frequency. However, the percentage

maximum duty cycle is only a function of the timing resis-
tor RT and the internal 100Q discharge resistance.

Error Amp Output Stage

The UCC3810 error amplifiers are operational amplifiers
with low output resistance and high input resistance. The
output stage of one error amplifier is shown above. This
output stage allows the error amplifier output to swing
close to GND and as high as one diode drop below 5V
with little loss in amplifier performance.

Vce

0.2V — ¢
._{

11

b

iy
o
—

!

RoN=100

]
i F Shot

v

JERI

2.5V ——

?}s -
One
A

5V Vcc

Y

+— Jcomp

]

3 2] AI
RT cT SYNcC
RT CT

Ji)

——
Eﬁ

Figure 2. Oscillator.

Figure 3. Error amp output stage.
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TYPICAL CHARACTERISTICS
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Figure 4. Error amp and gain phase response. Figure 7. Oscillator frequency vs. Rrand Cr.
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APPLICATION INFORMATION (cont.)
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Figure 10. Typical application.
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UCC2813-0/-1/-2/-3/-4/-5

UNITRODE UCC3813-0/-1/-2/-3/-4/-5

Low Power Economy BiCMOS Current Mode PWM

FEATURES
100pA Typical Starting Supply Current

DESCRIPTION

The UCC3813-0/-1/-2/-3/-4/-5 family of high-speed, low-power inte-
grated circuits contain all of the control and drive components required
for off-line and DC-to-DC fixed frequency current-mode switching power
supplies with minimal parts count.

500pA Typical Operating Supply Current
Operation to TMHz

Internal Soft Start These devices have the same pin configuration as the UC3842/3/4/5
family, and also offer the added features of internal full-cycle soft start

and internal leading-edge blanking of the current-sense input.

The UCC3813-0/-1/-2/-3/-4/-5 family offers a variety of package options,
temperature range options, choice of maximum duty cycle, and choice
of critical voltage levels. Lower reference parts such as the UCC3813-3
and UCC3813-5 fit best into battery operated systems, while the higher
reference and the higher UVLO hysteresis of the UCC3813-2 and
UCC3813-4 make these ideal choices for use in off-line power supplies.

Internal Fault Soft Start

Internal Leading-Edge Blanking of the
Current Sense Signal

1 Amp Totem-Pole Output

70ns Typical Response from
Current-Sense to Gate Drive Output

1.5% Tolerance Voltage Reference The UCC2813-x series is specified for operation from —40°C to +85°C

Same Pinout as UCC3802. UC3842. and and the UCC3813-x series is specified for operation from 0°C to +70°C.
UC3842A

ORDERING INFORMATION

Part Number Maximum Duty Cycle Reference Voltage Turn-On Threshold Turn-Off Threshold
UCCx813-0 100% 5V 7.2V 6.9V
UCCx813-1 50% 5V 9.4V 7.4V
UCCx813-2 100% 5V 12.5V 8.3V
UCCx813-3 100% 4V 4.1V 3.6V
UCCx813-4 50% 5V 12.5V 8.3V
UCCx813-5 50% 4V 4.1V 3.6V

BLOCK DIAGRAM
FB  COMP cs

UcCx813-1
UCCx813-4

1.5V
Over-Current

Voltage
Reference

i
e

Full Cycle
Soft Start

UCCx813-5
Only

j>
%Osclllalor s Q

PWM
Latch

Blanking

7] vee

13.5V7N

E GND

UDG-96134
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ABSOLUTE MAXIMUM RATINGS (Note 1)

VCC Voltage (Note 2) . ..., 12.0V
VCCCurrent. . ..o 30.0mA
OUTCurrent .. ..o 1.0A
OUT Energy (Capacitive Load) .. ................. 20.0pd
Analog Inputs (FB,CS) .................... —0.3V to 6.3V
Power Dissipation at Ta < +25°C (N Package). . ....... 1.0W
Power Dissipation at Ta < +25°C (D Package). . . .. ... 0.65W
Storage Temperature . .................. —65 C to +150°C
Junction Temperature. . ................. -55 C to +150°C
Lead Temperature (Soldering, 10 Seconds). . ....... +300°C

Note 1: All voltages are with respect to GND. All currents are
positive into the specified terminal. Consult Unitrode Integrated
Circuits databook for information regarding thermal specifica-
tions and limitations of packages.

Note 2: In normal operation VCC is powered through a current
limiting resistor. Absolute maximum of 12V applies when VCC
is driven from a low impedance source such that ICC does not
exceed 30mA.

TEMPERATURE RANGE PACKAGES
uCcC2813 —40°C TO +85°C N, D, PW
UCC3813 0°C TO +70°C N, D, PW

ORDERING INFORMATION

UCC[ J813[ |-
PRODUCT OPTION
PACKAGE

TEMPERATURE RANGE

UCC2813-0/-1/-2/-3/-4/-5
UCC3813-0/-1/-2/-3/-4/-5

CONNECTION DIAGRAMS

DIL-8 or SOIC-8 (TOP VIEW)
N or D PACKAGE

COMP E

—

5] rer
o 2] 7] vee
os[3] 5] our
o [4] 5] ano

TSSOP-8 (TOP VIEW)

PW PACKAGE
[T comp REF |81 ]
T2 rB vee ([71 ]
T3] cs out |[61 ]
[ T4] Re GND ([T ]

ELECTRICAL CHARACTERISTICS Unless otherwise stated, these specifications apply for —40°C < Ta < +85°C for
UCC2813-x; 0°C < Ta < +70°C for UCC3813-x; VCC = 10V (Note 3); RT = 100k from REF to RC; CT=330pF from RC to GND;
0.1uF capacitor from VCC to GND; 0.1uF capacitor from VREF to GND. Ta = Ty.

UCC2813-x
PARAMETER TEST CONDITIONS UCC3813-x UNITS
MIN | TYP | MAX
Reference Section
Output Voltage Ty=+25°C, | = 0.2mA, UCCx813-0/-1/-2/-4 4.925 | 5.00 | 5.075 \
T,y =+25°C, | = 0.2mA, UCCx813-5 3.94 | 4.00 | 4.06 V
Load Regulation 0.2mA <l <5mA 10 30 mV
Total Variation UCCx813 -0-1/-2/-4 (Note 7) 4.84 | 5.00 | 5.10 \Y
UCCx813-5 (Note 7) 3.84 | 4.00 | 4.08 \
Output Noise Voltage 10Hz < f < 10kHz, T; = +25°C (Note 9) 70 nY
Long Term Stability Ta=+125 C, 1000 Hours (Note 9) 5 mV
Output Short Circuit -5 -35 mA
Oscillator Section
Oscillator Frequency UCCx813-0/-1/-2/-4 (Note 4) 40 46 52 kHz
UCCx813-5 (Note 4) 26 31 36 kHz
Temperature Stability (Note 9) 2.5 %
Amplitude Peak-to-Peak 225 | 240 | 255 V
Oscillator Peak Voltage 2.45 \
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UCC2813-0/-1/-2/-3/-4/-5
UCC3813-0/-1/-2/-3/-4/-5

ELECTRICAL CHARACTERISTICS Unless otherwise stated, these specifications apply for —40°C < Ta < +85°C for
UCC2813-x; 0°C < Ta < +70°C for UCC3813-x; VCC = 10V (Note 3); RT = 100k from REF to RC; CT=330pF from RC to GND;
0.1uF capacitor from VCC to GND; 0.1uF capacitor from VREF to GND. Ta = Ty.

UCC2813-x
PARAMETER TEST CONDITIONS UCC3813-x UNITS
MIN | TYP | MAX
Error Amplifier Section
Input Voltage COMP = 2.5V; UCCx813-0/-1/-2/-4 242 | 250 | 2.56 \
COMP = 2.0V; UCCx813-3/-5 1.92 2.0 2.05 V
Input Bias Current -2 2 A
Open Loop Voltage Gain 60 80 dB
COMP Sink Current FB=2.7V, COMP = 1.1V 0.4 2.5 mA
COMP Source Current FB = 1.8V, COMP = REF — 1.2V -0.2 | -0.5 | -0.8 mA
Gain Bandwidth Product (Note 9) 2 MHz
PWM Section
Maximum Duty Cycle UCCx813-0/-2/-3 97 99 100 %
UCCx813-1/-4/-5 48 49 50
Minimum Duty Cycle COMP =0V 0 %
Current Sense Section
Gain (Note 5) 110 | 1.65 | 1.80 | VWV
Maximum Input Signal COMP = 5V (Note 6) 0.9 1.0 1.1 V
Input Bias Current —200 200 nA
CS Blank Time 50 100 150 ns
Over-Current Threshold 1.32 | 1.55 | 1.70 V
COMP to CS Offset CsS=0V 045 | 0.90 | 1.35 \
Output Section
OUT Low Level | =20mA, all parts 0.1 0.4 \
| = 200mA, all parts 0.35 | 0.90 \
| =50mA, VCC =5V, UCCx813-3/-5 0.15 | 0.40 \
| =20mA, VCC =0V, all parts 0.7 1.2 \
OUT High Vsat | =-20mA, all parts 0.15 | 0.40 \
(Vec-OUT) | = —200mA, all parts 10 | 1.9 vV
| =-50mA,VCC =5V, UCCx813-3/-5 0.4 0.9 \
Rise Time CL=1nF 41 70 ns
Fall Time CL=1nF 44 75 ns
Undervoltage Lockout Section
Start Threshold (Note 8) UCCx813-0 6.6 7.2 7.8 \
UCCx813-1 8.6 9.4 10.2 \
UCCx813-2/-4 115 | 125 | 185 \
UCCx813-3/-5 3.7 4.1 4.5 \
Stop Threshold (Note 8) UCC1813-0 6.3 6.9 7.5 V
UCC1813-1 6.8 7.4 8.0 V
UCCx813-2/-4 7.6 8.3 9.0 \
UCCx813-3/-5 3.2 3.6 4.0 V
Start to Stop Hysteresis UCCx813-0 0.12 0.3 0.48 V
UCCx813-1 1.6 2 2.4 \
UCCx813-2/-4 3.5 4.2 5.1 \
UCCx813-3/-5 0.2 0.5 0.8 \

3-214




UCC2813-0/-1/-2/-3/-4/-5
UCC3813-0/-1/-2/-3/-4/-5

ELECTRICAL CHARACTERISTICS Unless otherwise stated, these specifications apply for -40°C < Ta < +85°C for
UCC2813-x; 0°C < Ta < +70°C for UCC3813-x; VCC = 10V (Note 3); RT = 100k from REF to RC; CT=330pF from RC to GND;
0.1uF capacitor from VCC to GND; 0.1uF capacitor from VREF to GND. Ta = Ty.

uCC2813-x
PARAMETER TEST CONDITIONS UCC3813-x UNITS
MIN | TYP | MAX
Soft Start Section
COMP Rise Time FB = 1.8V, Rise from 0.5V to REF-1V | 4 [ ms
Overall Section
Start-up Current VCC < Start Threshold 0.1 0.23 mA
Operating Supply Current FB=0V,CS =0V,RC=0V 0.5 1.2 mA
VCC Internal Zener Voltage ICC = 10mA (Note 8) 12 13.5 15 Vv
VCC Internal Zener Voltage Minus Start UCCx813-2/-4 0.5 1.0 \
Threshold Voltage

Note 3: Adjust VCC above the start threshold before setting at 10V.
Note 4: Oscillator frequency for the UCCx813-0, UCCx813-2 and UCCx813-3 is the output frequency.
Oscillator frequency for the UCCx813-1, UCCx813-4 and UCCx813-5 is twice the output frequency.

A _Veowr

Note 5: Gain is defined by: 0<Vgs<08V.

cs

Note 6: Parameter measured at trip point of latch with Pin 2 at OV.

Note 7: Total Variation includes temperature stability and load regulation.
Note 8: Start Threshold, Stop Threshold and Zener Shunt Thresholds track one another.

Note 9: Guaranteed by design. Not 100% tested in production.

PIN DESCRIPTIONS

COMP: COMP is the output of the error amplifier and the
input of the PWM comparator.

Unlike other devices, the error amplifier in the UCC3813
family is a true, low output-impedance, 2MHz operational
amplifier. As such, the COMP terminal can both source
and sink current. However, the error amplifier is internally
current limited, so that you can command zero duty cycle
by externally forcing COMP to GND.

The UCC3813 family features built-in full cycle Soft Start.
Soft Start is implemented as a clamp on the maximum
COMP voltage.

FB: FB is the inverting input of the error amplifier. For
best stability, keep FB lead length as short as possible
and FB stray capacitance as small as possible.

CS: CS is the input to the current sense comparators.
The UCC3813 family has two different current sense
comparators: the PWM comparator and an over-current
comparator.

The UCC3813 family contains digital current sense filter-
ing, which disconnects the CS terminal from the current

sense comparator during the 100ns interval immediately
following the rising edge of the OUT pin. This digital filter-
ing, also called leading-edge blanking, means that in
most applications, no analog filtering (RC filter) is re-
quired on CS. Compared to an external RC filter tech-
nique, the leading-edge blanking provides a smaller
effective CS to OUT propagation delay. Note, however,
that the minimum non-zero On-Time of the OUT signal is
directly affected by the leading-edge-blanking and the
CS to OUT propagation delay.

The over-current comparator is only intended for fault
sensing, and exceeding the over-current threshold will
cause a soft start cycle.

RC: RC is the oscillator timing pin. For fixed frequency
operation, set timing capacitor charging current by con-
necting a resistor from REF to RC. Set frequency by con-
necting a timing capacitor from RC to GND. For best
performance, keep the timing capacitor lead to GND as
short and direct as possible. If possible, use separate
ground traces for the timing capacitor and all other func-
tions.
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PIN DESCRIPTIONS (cont.)
The frequency of oscillation can be estimated with the
following equations:
15
ReC

1.0
ReC

UCCx813-0/-1/-2/-4: F =

UCCx813-3, UCCx813-5: F =

where frequency is in Hz, resistance is in Q, and capaci-
tance is in farads. The recommended range of timing re-
sistors is between 10k and 200k and timing capacitor is
100pF to 1000pF. Never use a timing resistor less than
10k.

GND: GND is reference ground and power ground for all
functions on this part.

OUT: OUT is the output of a high-current power driver
capable of driving the gate of a power MOSFET with
peak currents exceeding £750mA. OUT is actively held
low when VCC is below the UVLO threshold.

The high-current power driver consists of FET output de-
vices, which can switch all of the way to GND and all of
the way to VCC. The output stage also provides a very
low impedance to overshoot and undershoot. This
means that in many cases, external schottky clamp di-
odes are not required.

VCC: VCC is the power input connection for this device.
In normal operation VCC is powered through a current
limiting resistor. Although quiescent VCC current is very

APPLICATION INFORMATION

UCC2813-0/-1/-2/-3/-4/-5
UCC3813-0/-1/-2/-3/-4/-5

low, total supply current will be higher, depending on
OUT current. Total VCC current is the sum of quiescent
VCC current and the average OUT current. Knowing the
operating frequency and the MOSFET gate charge (Qg),
average OUT current can be calculated from:

lour =Qg o F.
To prevent noise problems, bypass VCC to GND with a
ceramic capacitor as close to the VCC pin as possible.

An electrolytic capacitor may also be used in addition to
the ceramic capacitor.

REF: REF is the voltage reference for the error amplifier
and also for many other functions on the IC. REF is also
used as the logic power supply for high speed switching
logic on the IC.

When VCC is greater than 1V and less than the UVLO
threshold, REF is pulled to ground through a 5kQ resis-
tor. This means that REF can be used as a logic output
indicating power system status. It is important for refer-
ence stability that REF is bypassed to GND with a ce-
ramic capacitor as close to the pin as possible. An
electrolytic capacitor may also be used in addition to the
ceramic capacitor. A minimum of 0.1uF ceramic is re-
quired. Additional REF bypassing is required for external
loads greater than 2.5mA on the reference.

To prevent noise problems with high speed switching
transients, bypass REF to ground with a ceramic capaci-
tor very close to the IC package.

REF (8]

0.2V

RT

2.5V

RC|4]

131

Tn o
s

"

The UCC3813-0/-1/-2/-3/-4/-5 oscillator generates a sawtooth waveform on RC. The rise time is set by the time constant of Ry
and Crt. The fall time is set by CT and an internal transistor on-resistance of approximately 125Q. During the fall time, the out-
put is off and the maximum duty cycle is reduced below 50% or 100% depending on the part number. Larger timing capacitors
increase the discharge time and reduce the maximum duty cycle and frequency.

UDG-96139

Figure 1. Oscillator.
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APPLICATION INFORMATION (cont.)

UCC2813-0/-1/-2/-3/-4/-5
UCC3813-0/-1/-2/-3/-4/-5

80 4.00
3.98
60 135 3.06 /
3.94 /
= ] Phase =~ /
m Tt ) <
8 40 il % = 2 392
(0] w
.% T g % 3.90 /
Gain .
O 2 45 & > /
3.88 /
0 0 3.86
3.84
-20 3.82
1k 10k 100k M 10M 4 42 44 46 48 5 52 54 56 58 6
Frequency (Hz) Vcc (V)
Figure 2. Error amplifier gain/phase response. Figure 5. UCC3813-3/-5 Vger vs. Vee; ILoap = 0.5mA.
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Figure 3. UCC3813-0/-1/-2/-4 oscillator frequency vs.

Figure 6. UCC3813-3/-5 oscillator frequency vs. Rt
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Figure 4. UCC3813-0/-2/-3 max. duty cycle vs.
oscillator frequency.

Figure 7. UCC3813-1/-4/-5 max. duty cycle vs.
oscillator frequency.
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UCC2813-0/-1/-2/-3/-4/-5
UCC3813-0/-1/-2/-3/-4/-5

APPLICATION INFORMATION (cont.)
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Figure 8. UCC3813-0 Icc vs. oscillator frequency. Figure 10. UCC3813-5 Icc vs. oscillator frequency.
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Figure 9. Dead time vs. Ct, Rt = 100k. Figure 11. COMP to CS offset vs. temperature,
CS=0V.
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=m UNITRODE

High Speed PWM Controller

FEATURES

Compatible with Voltage or Current-Mode
Topologies

Practical Operation @ Switching Frequencies
to 1.0MHz

50ns Propagation Delay to Output
High Current Totem Pole Output (1.5A peak)
Wide Bandwidth Error Amplifier

Fully Latched Logic with Double Pulse
Suppression

Pulse-by-Pulse Current Limiting
Soft Start/Max. Duty Cycle Control
Under-Voltage Lockout with Hysteresis

Low Start Up Current (1.1mA)

Trimmed Bandgap Reference (5.1V £1%)
ABSOLUTE MAXIMUM RATINGS

MI uci1823
Im uCc2823
available UC3823

DESCRIPTION

The UC1823 family of PWM control ICs is optimized for high fre-
quency switched mode power supply applications. Particular care
was given to minimizing propagation delays through the compara-
tors and logic circuitry while maximizing bandwidth and slew rate
of the error amplifier. This controller is designed for use in either
current-mode or voltage-mode systems with the capability for in-
put voltage feed-forward.

Protection circuitry includes a current limit comparator, a TTL
compatible shutdown port, and a soft start pin which will double
as a maximum duty cycle clamp. The logic is fully latched to pro-
vide jitter free operation and prohibit multiple pulses at the output.
An under-voltage lockout section with 800mV of hysteresis as-
sures low start up current. During under-voltage lockout, the output is
high impedance. The current limit reference (pin 11) is a DC input
voltage to the current limit comparator. Consult specifications for de-
tails.

These devices feature a totem pole output designed to source and
sink high peak currents from capacitive loads, such as the gate of

Supply Voltage (Pins 15,13). .. .. ...t 30V Oscillator Charging Current (Pin5) .. ................ -5mA
Output Current, Source or Sink (Pin14) Power Dissipationat TA=60°C. ..................... 1w
DC. 0.5A Storage Temperature Range.............. -65°C to +150°C
Pulse (0.51S). . ... oo 2.0A Lead Temperature (Soldering, 10 seconds) .......... 300°C
Analog Inputs (Pins 1,2,7,8,9,11) ........... 0.3V to +6V Note: All voltages are with respect to ground, Pin 10.
Clock Output Current (Pin4). ...................... -5mA Currents are positive into the specified terminal.
Error Amplifier Output Current (Pin3) ................ 5mA Consult Packaging Section of Databook for thermal
Soft Start Sink Current (Pin8) ..................... 20mA limitations
BLOCK DIAGRAM
Clock [4]
AT [BF——]
PWM Latch
cr [fl—— (Set Dom.)
R 1.25V
amp
E/A Out [3]
Wide Bandwidth
Error Amp
El{ror % I
mp
Inv [T} ,R:bn LA
13] vc
> fi4 out
@ Gna
Internal
Gnd .
- E Ref "VREF Good"lnhIblt 5.1v
"Vcc Good" i Gen fie] Ref
3/97
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UC1823

uC2823
uC3823
CONNECTION DIAGRAMS

DIL-16, SOIC-16 (TOP VIEW) PLCC-20, LCC-20 (TOP VIEW) | pACKAGE PIN FUNCTION
J or N, DW Package Q, L Package FUNCTION PIN
U N/C 1
nv. [1] 16] VRer 5.1V v, >

|/

E/A Out [3] 14] Out 4 18] Clock 5
5 17] N/C 6
Clock [4] 13] Ve 6 160 RT 7
RT [5] 12] Pwr Gnd 7 150 cr 8
8 14) Ramp 9
Ct [6] [11] ILMREF 9 10 11 1213 Soft start 10
N/C 11
Ramp [7] 10] Ground ILM/S.D. 12
Ground 13
Soft Start [8] (9] 1Lm/8.D. L1 REF ”
PWR Gnd 15
N/C 16
Vc 17
ouT 18
Vce 19
VREF 5.1V 20

ELECTRICAL CHARACTERISTICS: Unless otherwise noted, these specifications apply for Rt = 3.65k, CT = 1nF,
Vce = 15V, 0°C < Ta < +70°C for the UC3823, -25°C < Ta < +85°C for the
UC2823, and -55°C < Ta < +125°C for the UC1823, Ta = Tu.

uc1823 uCc3823 UNITS
PARAMETER TEST CONDITIONS uC2823
MmN | TYP | max | miN | TYP | MAX
Reference Section
Output Voltage TJ=25°C, lo=1mA 5.05 | 510 | 5.15 [ 5.00 | 5.10 | 5.20 Vv
Line Regulation 10 < Vce < 30V 2 20 2 20 mV
Load Regulation 1<lo<10mA 5 20 5 20 mV
Temperature Stability* TMIN < TA < TMAX 0.2 0.4 0.2 0.4 |mV/°C
Total Output Variation* Line, Load, Temp. 5.00 5.20 4.95 5.25
Output Noise Voltage* 10Hz < f < 10kHz 50 50 uv
Long Term Stability* Ty=125°C, 1000 hrs. 5 25 5 25 mV
Short Circuit Current VREF=0V -15 -50 -100 -15 -50 -100 mA
Oscillator Section
Initial Accuracy* Ty=25°C 360 400 440 360 400 440 kHz
Voltage Stability* 10 < Vce < 30V 0.2 2 0.2 2 %
Temperature Stability* TMIN <TA < TMAX 5 5 %
Total Variation* Line, Temp. 340 460 340 460 kHz
Clock Out High 3.9 4.5 3.9 4.5 Vv
Clock Out Low 2.3 2.9 2.3 2.9 \
Ramp Peak* 2.6 2.8 3.0 2.6 2.8 3.0 V
Ramp Valley* 0.7 1.0 1.25 0.7 1.0 1.25 \
Ramp Valley to Peak* 1.6 1.8 2.0 1.6 1.8 2.0 \
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ELECTRICAL CHARACTERISTICS:

UC1823
uC2823
UC3823

UC2823, and -55°C < Ta < +125°C for the UC1823, Ta =Tu.

Unless otherwise noted, these specifications apply for RT = 3.65k, Ct = 1nF, Vcc
=15V, 0°C < Ta < +70°C for the UC3823, -25°C < Ta < +85°C for the

uc1823 uC3823 UNITS
PARAMETER TEST CONDITIONS uc2823
MmN | TYP | mAX | miN | TYP | MAX

Error Amplifier Section

Input Offset Voltage 10 15 mV

Input Bias Current 0.6 3 0.6 3 UA

Input Offset Current 0.1 1 0.1 UA

Open Loop Gain 1<Vo<4V 60 95 60 95 dB

CMRR 1.5<Vem < 5.5V 75 95 75 95 dB

PSRR 10 < Ve < 30V 85 110 85 110 dB

Output Sink Current VPIN3 =1V 1 2.5 1 2.5 mA

Output Source Current VPIN 3 = 4V -0.5 -1.3 -0.5 -1.3 mA

Output High Voltage IPIN3 = -0.5mA 4.0 4.7 5.0 4.0 4.7 5.0 V

Output Low Voltage IPIN3 = 1TmA 0 0.5 1.0 0 0.5 1.0 Vv

Unity Gain Bandwidth* 3 5.5 3 5.5 MHz

Slew Rate* 6 12 6 12 V/uS
PWM Comparator Section

Pin 7 Bias Current VPIN7 = OV -1 -5 -1 -5 PA

Duty Cycle Range 0 80 0 85 %

Pin 3 Zero D.C. Threshold VPIN7 =0V 1.1 1.25 1.1 1.25 )

Delay to Output* 50 80 50 80 ns
Soft-Start Section

Charge Current Vping = 0.5V 3 9 20 3 9 20 UA

Discharge Current VPINg =1V 1 1 mA
Current Limit/Shutdown Section

Pin 9 Bias Current 0<VPIN9 <4V +10 +10 UA

Current Limit Offset VPIN11=1.1V 15 15 mV

Current Limit Common Mode 1.0 1.25 1.0 1.25 \

Range (VPIN 11)

Shutdown Threshold 125 | 140 | 155 | 125 | 1.40 | 1.55 )

Delay to Output* 50 80 50 80 ns
Output Section

Output Low Level lout = 20mA 0.25 | 0.40 0.25 | 0.40 Vv

lout = 200mA 1.2 2.2 1.2 2.2 \'%
Output High Level louT = 20mA 13.0 | 135 13.0 | 135 Vv
lout = 200mA 12.0 | 13.0 12.0 | 13.0 \

Collector Leakage Vc =30V 100 500 100 500 uA

Rise/Fall Time* CL=1nF 30 60 30 60 ns
Under-Voltage Lockout Section

Start Threshold 8.8 9.2 9.6 8.8 9.2 9.6 \

UVLO Hysteresis 0.4 0.8 1.2 0.4 0.8 1.2 V
Supply Current

Start Up Current Vce = 8V 1.1 2.5 1.1 25 mA

Icc VPIN 1, VPIN7, VPIN9 =0V, VPIN2 = 1V 22 33 22 33 mA

* These parameters are guaranteed by design but not 100% tested in production.

3-221




UC1823 PRINTED CIRCUIT BOARD LAYOUT
CONSIDERATIONS

High speed circuits demand careful attention to layout
and component placement. To assure proper perfor-
mance of the UC1823, follow these rules. 1) Use a
ground plane. 2) Damp or clamp parasitic inductive kick
energy from the gate of driven MOSFET. Don'’t allow the
output pins to ring below ground. A series gate resistor or
a shunt 1 Amp Schottky diode at the output pin will serve

ERROR AMPLIFIER CIRCUIT

UC1823
uC2823
UC3823

this purpose. 3) Bypass Vcc, Vc, and VREF. Use 0.1uF
monolithic ceramic capacitors with low equivalent series
inductance. Allow less than 1 cm of total lead length for
each capacitor between the bypassed pin and the ground
plane. 4) Treat the timing capacitor, CT, like a bypass ca-
pacitor.

Open Loop Frequency Response

Simplified Schematic

[16] VRerF 5.1V

Error Amp
Output

Unity Gain Slew Rate

ICT

L F_rclm E/A

100 5 ‘
80
VIN

60 4

Av (dB):g N 3

0 Vv I /VOUT
0 (V) / |
0 0() 2 f
-20 | 90 - L Ao—
-180 1
[=] ;g ¥ ¥ ‘E_ = =
=T 2gTR8 0 02 04 06 08 10
Freq (Hz) TIME (1 S)
PWM APPLICATIONS
Conventional (Voltage Mode) Current-Mode
[Uc1823 wtron [Uoias ™~~~
~Ver :
6] Oscillator
1.25V
Ram
) P ||};O|>

* A small filter may be required to suppress switch noise
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OSCILLATOR CIRCUIT

UC1823
uC2823
UC3823

Deadtime vs CTt (3 < RT =< 100K)

470
2.20
- 1.00
S 047
F ooz
0.10
0.047
NoAaNON N O
g T adg N ¥ =}
CT (nF)
Timing Resistance vs Frequency Deadtime vs Frequency
100K T SN 160
DTN
7700;’»@9»%%%20\% — 0 1.0nF
€ 1k = 120
T F 100
470pF
1K 80 —
100 K 10K 100K 1M 10K 100K ™
Freq (Hz) Freq (Hz)
SYNCHRONIZED OPERATION
Two Units in Close Proximity
["ucis2s ucis2s |
‘ Clock (4] Clock ‘
‘ VREF ‘
‘ RT [5] RT ‘
‘ cr [6] (6] cr ‘
| Master | stave |
Generalized Synchronization
[ ucis23 ! [ uctszs |
‘ VREF ‘ ‘ ‘
‘ Clock [4] 2N2222 ! ‘
43 0.1pF
e 1 |
43 0.1uF ‘ ‘
‘ crT 43 0.1pF % | c
| S, o
= 470 Slavzrs ‘ Local LSIaVeJ
LMasterJ Local i = Ramp —
- Ramp ~
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uc1823
UC2823
UC3823

CONSTANT VOLT-SECOND CLAMP CIRCUIT

— I
VN um [ uctszs out
The circuit shown here will achieve a constant

volt-second product clamp over varying input voltages.
The ramp generator components, RT and Cr are
chosen so that the ramp at Pin 9 crosses the 1V
threshold at the same time the desired maximum
volt-second product is reached. The delay through the
inverter must be such that the ramp capacitor can be
completely discharged during the minimum deadtime.

OUTPUT SECTION
Simplified Schematic Rise/Fall Time (CL=1NF) Rise/Fall Time (CL=10NF)
uc1823 02 5
15 Vce IL (A) N IL (A)
VAN vah
13] Ve -1 02 5 2
< s A
10 \ 2 10
i
3, 3° \
Out
) °38888 °88883
P Time - (ns) Time - (ns)
G¥1v<ri Saturation Curves
3
Gnd | ]
R [ !
- $ 2 sowee]
1 ‘ —]
=
g 1 4
(2
> %\(\7
0
0 05 10 15
lout - (A)

FEED FORWARD TECHNIQUE FOR OFF-LINE VOLTAGE MODE APPLICATION

UNITRODE CORPORATION
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 FAX (603) 424-3460
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=m UNITRODE

UC1823A,B/1825A,B
UC2823A,B/2825A,B
UC3823A,B/3825A,B

application I

available

]

High Speed PWM Controller

FEATURES

Improved versions of the
UC3823/UC3825 PWMs

e Compatible with Voltage or
Current-Mode Topologies

Practical Operation at Switching
Frequencies to 1MHz

¢ 50ns Propagation Delay to Output

High Current Dual Totem Pole
Outputs (2A Peak)

e Trimmed Oscillator Discharge Current
Low 100pA Startup Current

Pulse-by-Pulse Current Limiting
Comparator

Latched Overcurrent Comparator With
Full Cycle Restart

BLOCK DIAGRAM

DESCRIPTION

The UC3823A & B and the UC3825A & B family of PWM control ICs are
improved versions of the standard UC3823 & UC3825 family. Performance
enhancements have been made to several of the circuit blocks. Error ampli-
fier gain bandwidth product is 12MHz while input offset voltage is 2mV. Cur-
rent limit threshold is guaranteed to a tolerance of 5%. Oscillator discharge
current is specified at 10mA for accurate dead time control. Frequency ac-
curacy is improved to 6%. Startup supply current, typically 100uA, is ideal
for off-line applications. The output drivers are redesigned to actively sink
current during UVLO at no expense to the startup current specification. In
addition each output is capable of 2A peak currents during transitions.

Functional improvements have also been implemented in this family. The
UC3825 shutdown comparator is now a high-speed overcurrent comparator
with a threshold of 1.2V. The overcurrent comparator sets a latch that en-
sures full discharge of the soft start capacitor before allowing a restart.
While the fault latch is set, the outputs are in the low state. In the event of
continuous faults, the soft start capacitor is fully charged before discharge
to insure that the fault frequency does not exceed the designed soft start
period. The UC3825 Clock pin has become CLK/LEB. This pin combines
the functions of clock output and leading edge blanking adjustment and has
been buffered for easier interfacing.

(continued)

COMPARATOR

CURRENT LIMIT

SOFT-START

* Note: 1823A,B Version Toggles Q and Q are always low

I
I
I
I
I
I
I
I
I
} COMPLETE pecrant |
| DELAY Cl)zsouA |
1.0V LATCH I
I
ILIM é] So |
\ 12v OVER A = }
I CURRENT
I FAULT |
I LATCH |
I 0.2v RESTART |
DELAY
vece |15 UVLO |
] B 16/10V -ql [
I A 9.2/8.4V INTERNAL I
I BIAS }
VREF av VREF GOOD
GND h 5.4V ! 12] SV
VREF

ON/OFF

UDG-95101
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DESCRIPTION (cont.)

The UC3825A,B has dual alternating outputs and the
same pin configuration of the UC3825. The UC3823A,B
outputs operate in phase with duty cycles from zero to
less than 100%. The pin configuration of the UC3823A,B
is the same as the UC3823 except pin 11 is now an out-
put pin instead of the reference pin to the current limit
comparator. “A” version parts have UVLO thresholds
identical to the original UC3823/25. The “B” versions
have UVLO thresholds of 16 and 10V, intended for ease
of use in off-line applications.

Consult Application Note U-128 for detailed technical
and applications information. Contact the factory for fur-
ther packaging and availability information.

Device UVLO Dmax
UC3823A 9.2V/8.4V < 100%
uC3823B 16V/10V < 100%
UC3825A 9.2V/8.4V <50%
UC3825B 16V/10V <50%

CONNECTION DIAGRAMS

UC1823A,B/1825A,B
UC2823A,B/2825A,B
UC3823A,B/3825A,B

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VC,VCC) ....... ...t 22V
Output Current, Source or Sink (Pins OUTA, OUTB)

DC .. 0.5A

Pulse (0.5US) . .« oo 2.2A
Power Ground (PGND). .. ... +0.2V
Analog Inputs

(INV,NLL RAMP). . ..o -0.3Vto 7V

(ILIM, SS) . oo —0.3V to 6V
Clock Output Current (CLK/LEB) . .................. —-5mA
Error Amplifier Output Current (EAOUT) .............. 5mA
Soft Start Sink Current (SS) . .. .................... 20mA
Oscillator Charging Current (RT) ................... -5mA
Power Dissipation at TA=60°C ...................... 1w
Storage Temperature Range ............. —65°C to +150°C
Junction Temperature. . ................. —55°C to +150°C
Lead Temperature (Soldering, 10sec.).............. 300°C

All currents are positive into, negative out of the specified ter-
minal. Consult Packaging Section of Databook for thermal limi-
tations and considerations of packages.

DIL-16, SOIC-16, (Top View)
J or N Package; DW Package

—

INV [ 1] 16] VREF
NI[z] [15] vee

EAOUT 3 [14] ouTs

CLK/LEB [4 [13]ve

RT [5] [12] PGND

CT (6| [11] ouTA
RAMP [7| [10] GND
SS (8] [9]Lm

PLCC-20, LCC-20, (Top View)
Q, L Packages
N/C
INV VREF
NI VCC
3 2 12019
EAOUT 4 18-0OUTB
CLK/LEB— 5 17[-VC
N/C— 6 16[-N/C
RT— 7 151-PGND
CT-8 14[-0OUTA
9 10 11 12 13
RAMP— T GND
SS ILIM
N/C

UC3825A,B; RT = 3.65k, CT = 1nF, VCC =12V, Tpo=T,

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = —55°C to +125°C for
the UC1823A,B and UC1825A,B; —40°C to +85°C for the UC2823A,B and UC2825A,B; 0°C to +70°C for the UC3823A,B and

PARAMETER TEST CONDITIONS [ min | Tvp | max | uniTs
Reference Section
Output Voltage T,=25°C, lo = 1mA 505 | 51 |515] v

Line Regulation

12 < VCC < 20V

2 15 mV

Load Regulation

1mA <lp< 10mA

5 20 mV

Total Output Variation Line, Load, Temp 5.03 5.17 Vv
Temperature Stability Twmin < Ta < Tuax (Note 1) 0.2 0.4 | mV/°C
Output Noise Voltage 10Hz < f < 10kHz (Note 1) 50 WWRMS

Long Term Stability

Ty=125°C, 1000 hours (Note 1)

5 25 mV

Short Circuit Current

VREF =0V

30 60 90 mA
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UC1823A,B/1825A,B
UC2823A,B/2825A,B
UC3823A,B/3825A,B

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = =55°C to +125°C for
the UC1823A,B and UC1825A,B; —40°C to +85°C for the UC2823A,B and UC2825A,B; 0°C to +70°C for the UC3823A,B and
UC3825A,B; RT = 3.65k, CT = 1nF, VCC = 12V, Tao=Ty.

PARAMETER \ TEST CONDITIONS | min [ TYP | mMAX [ uNITS
Oscillator Section
Initial Accuracy Ty=25°C (Note 1) 375 400 | 425 kHz
Total Variation Line, Temperature (Note 1) 350 450 kHz
Voltage Stability 12V < VCC < 20V 1 %
Temperature Stability TmiN < Ta < Tmax (Note 1) 5 %
Initial Accuracy RT = 6.6k, CT = 220pF, Ta = 25°C (Note 1) 0.9 1 1.1 MHz
Total Variation RT = 6.6k, CT = 220pF (Note 1) 0.85 1.15 MHz
Clock Out High 3.7 4 \
Clock Out Low 0 0.2 \'
Ramp Peak 2.6 2.8 3 \
Ramp Valley 0.7 1 1.25 )
Ramp Valley to Peak 1.6 1.8 2 Vv
Oscillator Discharge Current RT = Open, Vecr=2V 9 10 11 mA
Error Amplifier Section
Input Offset Voltage 2 10 mV
Input Bias Current 0.6 3 pA
Input Offset Current 0.1 1 UA
Open Loop Gain 1V <Vp< 4V 60 95 dB
CMRR 1.5V <Vpom< 5.5V 75 95 dB
PSRR 12V < VCC < 20V 85 110 dB
Output Sink Current VeaouT = 1V 1 2.5 mA
Output Source Current Veaout = 4V -05 | -1.3 mA
Output High Voltage leaouT = —0.5mA 4.5 4.7 5 Vv
Output Low Voltage leaout = TMA 0 0.5 1 \Y
Gain Bandwidth Product F = 200kHz 6 12 MHz
Slew Rate (Note 1) 6 9 V/us
PWM Comparator
RAMP Bias Current VRawvp = OV —1 -8 UA
Minimum Duty Cycle 0 %
Maximum Duty Cycle 85 %
Leading Edge Blanking R =2k, C = 470pF 300 375 | 450 ns
LEB Resistor Velk/Les = 3V 8.5 10 11.5 | kohm
EAOUT Zero D.C. Threshold Vgawmp = 0V 1.1 125 | 1.4 V
Delay to Output Veaout = 2.1V, Vgamp = 0 to 2V Step (Note 1) 50 80 ns
Current Limit/Start Sequence/Fault Section
Soft Start Charge Current Vgs=2.5V 8 14 20 UA
Full Soft Start Threshold 4.3 5 \
Restart Discharge Current Vgg = 2.5V 100 250 | 350 HA
Restart Threshold 0.3 0.5 \
ILIM Bias Current 0<Vium<2v 15 HA
Current Limit Threshold 0.95 1 1.05 \
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UC1823A,B/1825A,B
UC2823A,B/2825A,B
UC3823A,B/3825A,B

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = —55°C to +125°C for
the UC1823A,B and UC1825A,B; —40°C to +85°C for the UC2823A,B and UC2825A,B; 0°C to +70°C for the UC3823A,B and
UC3825A,B; RT = 3.65k, CT=1nF, VCC =12V, To=T,.

PARAMETER \ TEST CONDITIONS | min | TYP | MAX [ uNITS

Current Limit/Start Sequence/Fault Section (cont.)

Over Current Threshold 1.14 1.2 1.26 Vv

ILIM Delay to Output ViLm = 0 to 2V Step (Note 1) 50 80 ns
Output Section

Output Low Saturation lout = 20mA 025 | 04 Vv

louT = 200mA 1.2 2.2 \'
Output High Saturation lout = 20mA 1.9 2.9 V
louT = 200mA 2 3 \'

UVLO Output Low Saturation lo =20mA 0.8 1.2 Vv

Rise/Fall Time CL = 1nF (Note 1) 20 45 ns
UnderVoltage Lockout

Start Threshold UCX823B and X825B only 16 17 Vv

Stop Threshold UCX823B and X825B only 9 10 V

UVLO Hysteresis UCX823B and X825B only 5 6 7 \

Start Threshold UCX823A and X825A only 8.4 9.2 9.6 V

UVLO Hysteresis UCX823A and X825A only 0.4 0.8 1.2 \
Supply Current

Startup Current VC = VCC = Vyy(start) —0.5V 100 | 300 HA

Icc 28 36 mA

Note 1:Guaranteed by design. Not 100% tested in production.

APPLICATIONS INFORMATION

OSCILLATOR Oscillator

The UC3823A,B/3825A,B oscillator is a saw tooth. The
rising edge is governed by a current controlled by the RT
pin and value of capacitance at the CT pin. The falling
edge of the sawtooth sets dead time for the outputs. Se-
lection of RT should be done first, based on desired
maximum duty cycle. CT can then be chosen based on
desired frequency, RT, and Dyax. The design equations
are:

3v
RT=———————
A0mA(1- Dyax)
(1 Be DMAX)
CT="GRT.H

Recommended values for RT range from 1k to 100k.
Control of Dypjax less than 70% is not recommended. L

77777777777 UDG-95102
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APPLICATIONS INFORMATION (cont.)

UC1823A,B/1825A,B
UC2823A,B/2825A,B
UC3823A,B/3825A,B

OSCILLATOR (cont.)

Oscillator Frequency vs. Rt and Ct Curve

Maximum Duty Cycle vs Rt Curve

100 R

nate the pulse. Leading edge blanking (LEB) causes
the PWM comparator to be ignored for a fixed amount
of time after the start of the pulse. This allows noise in-
herent with switched mode power conversion to be re-
jected. The PWM ramp input may not require any
filtering as result of leading edge blanking.

To program a Leading Edge Blanking period, connect a
capacitor, C, to CLK/LEB. The discharge time set by C
and the internal 10k resistor will determine the blanked
interval. The 10k resistor has a 10% tolerance. For
more accuracy, an external 2k 1% resistor, R, can be
added, resulting in an equivalent resistance of 1.66k
with a tolerance of 2.4%. The design equation is:

10000 ] ———
Cuzo| aill
_ C§¢7o;~\220pp 95
N
£ 1000 S = £ 90
cg’a?nit =
§ c*4~7ni: Suil § 8
§ 100 =20 =Nl ~ [T & so
w <~ S| 75
0 70
1 10 100 1 10 100
RT @) RT (@)
UDG-95103 UDG-95104
LEADING EDGE BLANKING LEB Operational Waveforms
The UC3823A,B/3825A,B performs fixed frequency
pulse width modulation control. The UC3823AB out- oT /\ /\ /\
puts operate together at the switching frequency and ] ]
can vary from 0 to some value less than 100%. The —
UC3825A,B outputs are alternately controlled. During CLK/LEB |r |r
every other cycle, one output will be off. Each output
then, switches at one-half the oscillator frequency, vary- ]
ing in duty cycle from 0 to less than 50%. LEB
To limit maximum duty cycle, the internal clock pulse
blanks both outputs low during the discharge time of
the oscillator. On the falling edge of the clock, the ap- RAMP
propriate output(s) is driven high. The end of the pulse INPUT /\ /\; ﬂ
is controlled by the PWM comparator, current limit com-
parator, or the overcurrent comparator. BLANKED /\
’ RAMP
Normally the PWM comparator will sense a ramp TO PWM
crossing a control voltage (error amp output) and termi-

UDG-95105

tLtes=0.5¢(R1110Kk) « C.
Values of R less than 2k should not be used

Leading edge blanking is also applied to the current
limit comparator. After LEB, if the ILIM pin exceeds the
one volt threshold, the pulse is terminated. The over
current comparator, however, is not blanked. It will
catch catastrophic over current faults without a blanking
delay. Any time the ILIM pin exceeds 1.2V, the fault
latch will be set and the outputs driven low. For this rea-
son, some noise filtering may be required on the ILIM

pin.
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APPLICATIONS INFORMATION (cont.)

UC1823A,B/1825A,B
UC2823A,B/2825A,B
UC3823A,B/3825A,B

UVLO, SOFT START AND FAULT MANAGEMENT

Soft start is programmed by a capacitor on the SS pin. At
power up, SS is discharged. When SS is low, the error
amp output is also forced low. As the internal 9uA source
charges the SS pin, the error amp output follows until
closed loop regulation takes over.

Anytime ILIM exceeds 1.2V, the fault latch will be set and
the output pins will be driven low. The soft start cap is
then discharged by a 250uA current sink. No more output
pulses are allowed until soft start is fully discharged, and
ILIM is below 1.2V. At this point the fault latch will be re-
set and the chip will execute a soft start.

Should the fault latch be set during soft start, the outputs
will be immediately terminated, but the soft start cap will
not be discharged until it has been fully charged. This re-

Soft Start and Fault Waveforms

12V H---——-- ﬂiiﬁﬁ ,,,,,,,,,,,

5.0V

FAULT

Vss

1.2v
0.2v

ON

OFF —m“

sults in a controlled hiccup interval for continuous
fault conditions.

PWM

ACTIVE LOW OUTPUTS DURING UVLO

The UVLO function forces the outputs to be low and con-
siders both VCC and VREF before allowing the chip to
operate.

Simplified Schematic

Vour (V)

0 0.2 0.4 0.6 0.8 1.0
CURRENT (A)

UDG-95108

Output V and | During UVLO

gzsouA
50k

UVLO Q2
Q1 Q3
Q4 N

(]

vVcC

(]

ouT

PGND

-1

UDG-95107

PWM APPLICATIONS

Current Mode

IswITCH

{ A
o
—Cr ‘CT
|

~UDG-95109

Voltage Mode

FL! 1.25V
Hu i

CT ‘RAMP

1>

FROM E/A

UDG-95110

[l
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APPLICATIONS INFORMATION (cont.)

UC1823A,B/1825A,B
UC2823A,B/2825A,B
UC3823A,B/3825A,B

SYNCHRONIZATION

The oscillator can be synchronized by an external pulse

inserted in series with the timing capacitor. Program the

free running frequency of the oscillator to be 10 to 15%
slower than the desired synchronous frequency. The

pulse width should be greater than 10ns and less than

half the discharge time of the oscillator. The rising edge of

the CLK/LEB pin can be used to generate a synchroniz-

ing pulse for other chips. Note that, the CLK/LEB pin will
no longer accept an incoming synchronizing signal.

General Oscillator Synchronization

VsYNC |

39Q Ccr

S

50Q = |
External [
Clock

UDG-95111

Operational Waveforms

|

Vet

UDG-95112

Two Units

39pF

120Q Cr

4.7k

[
[
= = | SLAVE
[
[

\
\
\
MASTER | o
R 115RT

I L
UDG-95113

HIGH CURRENT OUTPUTS

Each totem pole output of the UC3823A,B and
UC3825A,B can deliver a 2 amp peak current into a ca-
pacitive load. The output can slew a 1000pF capacitor 15
volts in approximately 20 nanoseconds. Separate collec-
tor supply (VC) and power ground (PGND) pins help de-
couple the IC's analog circuitry from the high power gate
drive noise. The use of 3 Amp Schottky diodes (1N5120,
USD245 or equivalent) as shown in the figure from each
output to both VC and PGND are recommended. The di-
odes clamp the output swing to the supply rails, neces-
sary with any type of inductive/capacitive load, typical of a
MOSFET gate. Schottky diodes must be used because a
low forward voltage drop is required. DO NOT USE stan-
dard silicon diodes.

Although a "single ended" device, two output drivers are
available on the UC3823A,B devices. These can be “par-
alleled” by the use of a one-half ohm (noninductive) resis-
tor connected in series with each output for a combined
peak current of 4 amps.

Power MOSFET Drive Circuit
tvc

UDG-95114
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APPLICATIONS INFORMATION (cont.)

UC1823A,B/1825A,B
UC2823A,B/2825A,B
UC3823A,B/3825A,B

GROUND PLANES

Each output driver of these devices is capable of 2A
peak currents. Careful layout is essential for correct op-
eration of the chip. A ground plane must be employed.
A unique section of the ground plane must be desig-
nated for high di/dt currents associated with the output
stages. This point is the power ground to which the
PGND pin is connected. Power ground can be sepa-
rated from the rest of the ground plane and connected
at a single point, although this is not strictly necessary
if the high di/dt paths are well understood and ac-
counted for. VCC should be bypassed directly to power
ground with a good high frequency capacitor. The

| TO ANALOG
I clrcuITRY

sources of the power MOSFET should connect to
power ground as should the return connection for input
power to the system and the bulk input capacitor. The
output should be clamped with a high current Schottky
diode to both VCC and PGND. Nothing else should be
connected to power ground.

VREF should be bypassed directly to the signal portion
of the ground plane with a good high frequency capaci-
tor. Low ESR/ESL ceramic 1uF capacitors are recom-
mended for both VCC and VREF. All analog circuitry
should likewise be bypassed to the signal ground
plane.

Al

|
SIGNAL GROUND |

UDG-95115

Open Loop Test Circuit

This test fixture is useful for exercising many of the
UC3823A,B, UC3825A,B functions and measuring their
specifications. As with any wideband circuit, careful

—&

50

grounding and bypass procedures should be followed.
The use of a ground plane is highly recommended.

OUTA [11 >
ouTB [14 >
ZFNsazo (*4)

1

UDG-95116

UNITRODE CORPORATION
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * FAX (603) 424-3460
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=m UNITRODE

High Speed PWM Controller

FEATURES

e Complementary Outputs

e Practical Operation Switching Frequencies

to 1IMHz

e 50ns Propagation Delay to Output

e High Current Dual Totem Pole Outputs

(1.5A Peak)

e Wide Bandwidth Error Amplifier

e Fully Latched Logic with Double Pulse

Suppression

e Pulse-by-Pulse Current Limiting

e Soft Start / Max. Duty Cycle Control

e Under-Voltage Lockout with Hysteresis

e Low Start Up Current (1.1 mA)

e Trimmed Bandgap Reference (5.1V + 1%)

BLOCK DIAGRAM

uc1824
ucC2824
UC3824

DESCRIPTION

The UC1824 family of PWM control ICs is optimized for high fre-
quency switched mode power supply applications. Particular care
was given to minimizing propagation delays through the comparators
and logic circuitry while maximizing bandwidth and slew rate of the
error amplifier. This controller is designed for use in either cur-
rent-mode or voltage mode systems with the capability for input volt-
age feed-forward.

Protection circuitry includes a current limit comparator with a 1V
threshold, a TTL compatible shutdown port, and a soft start pin which
will double as a maximum duty cycle clamp. The logic is fully latched
to provide jitter free operation and prohibit multiple pulses at an out-
put. An under-voltage lockout section with 800mV of hysteresis as-
sures low start up current. During under-voltage lockout, the outputs
are high impedance.

These devices feature totem pole outputs designed to source and
sink high peak currents from capacitive loads, such as the gate of a
power MOSFET. The on state is designed as a high level.

Error{ NI
Amp | INV

(Set Dom
I

Wide Bancgwidth

uqhibit'

PWM Latch
(Set Dom.)
R

s

Soft Start IJE}
\
|

ILIM
CPRTR

v Shutdown
CPRTR

3] Vo

Out
INVouT
12 Pwr Gnd

"Output

[
[
Inhibit” }
\

Vce Internal
9V Bias
uvLo G i "
REF REF Good d;l

Gnd Ifcg a ¢ 16| VREF5.1V

Jj—"Vcc Good" é Gen

L - - i
UDG-92034-1
3/97 3-233




uc1824

ucC2824
UC3824
ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAMS
Supply Voltage (Pins 13,15) . .. .. ..o 30V
Output Current, Source or Sink (Pins 11, 14) DIL-16 (Top View)
DC 0.5A J Or N Package
PULSE (0.5M8) .t vttt ettt et e 2.0A \J
Analog Inputs INV [1] [16] VReF 5.1V
(PinsS 1,2, 7). oo -0.3V to 7V n[Z] 5] vee
(PiN8,9) ..t -0.3V to 6V
Clock Output Current (Pin4). ... ................... -5mA E/A out[3] [14]nvour
Error Amplifier Output Current (Pin3) ................ 5mA Clock [4] 18] ve
Soft Start Sink Current (Pin8) ..................... 20mA R[5 [2]Pwr Gnd
Oscillator Charging Current (Pin5).................. -5mA
Power DISSIPAtioN . ... ..o ee e e 1w or[e] [11]out
Storage Temperature Range. ............. -65°C to +150°C Ramp [7 | [10] @nd
Lead Temperature (Soldering, 10 seconds) .......... 300°C Soft Start[g] [9]iLim/sD
Note 1: All voltages are with respect to GND (Pin 10); all cur-
rents are positive into, negative out of part; pin numbers refer to
DIL-16 package.
Note 3: Consult Unitrode Integrated Circuit Databook for ther- PACKAGE PIN FUNCTION
mal limitations and considerations of package. PLCC-20 & LCC-20 FUNCTION PIN
(Top View) N/C 1
SOIC-16 (Top Q & L Packages :\’I\:V g
View) E/A Out 4
Clock 5
5 N/C 6
INV[ 1 16| VREF5.1V e e e e o RT 7
ng %VHEF 3 2 12019 or 8
©e 4 e 18 Ramp 9
E/A Out[3] [14] INV ouT 5 e Soft Start 10
Clock[3 lve 6 16 :\|l_/|<|\:/|/so 1;
Rr[5] [”2lPwr Gnd - 15 Gnd 13
cr[e] [1]out 8 14 Out 14
Ramp[7] l10]and 9 10 111213 ’F\’l\/ﬂand 12
Soft Start[8] [9]ILIM/SD Ve 17
INVout 18
Vce 19
VREF 5.1V 20

ELECTRICAL CHARACTERISTICS: Unless otherwise stated,these specifications apply for , RT = 3.65k, CT = 1nF, Vcc =
15V, -55°C<TA<125°C for the UC1824, —40°C<TA<85°C for the UC2824, and 0°C<TA<70°C for the UC3824, TA=T.J.

uc1824
PARAMETERS TEST CONDITIONS UC2824
MmN | Tvp [ max | min [ TYP | max |uniTs

UC3824

Reference Section

Output Voltage TJy=25°C, lo=1mA 5.05 | 5.10 | 515 | 5.00 | 5.10 | 5.20 \'
Line Regulation 10V < Vce < 30V 2 20 2 20 mV
Load Regulation 1mA <lo<10mA 5 20 5 20 mV
Temperature Stability* TMIN < TA < TMAX 0.2 0.4 0.2 04 |mvVv/°C
Total Output Variation* Line, Load, Temperature 5.00 5.20 | 4.95 5.25 )
Output Noise Voltage* 10Hz < f < 10kHz 50 50 uv
Long Term Stability* TJ =125°C, 1000hrs. 5 25 5 25 mV
Short Circuit Current VREF = 0V -15 -50 -100 -15 -50 | -100 mA
Oscillator Section

Initial Accuracy* Ty=25oC 360 400 440 360 400 440 kHz
Voltage Stability* 10V < Vce < 30V 0.2 2 0.2 2 %
Temperature Stability* TMIN < TA < TMAX 5 5 %
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uc1824
ucC2824
uC3824

ELECTRICAL CHARACTERISTICS: Unless otherwise stated,these specifications apply for , RT = 3.65k, CT = 1nF, Vcc =
15V, -55°C<TA<125°C for the UC1824, —40°C<TA<85°C for the UC2824, and 0°C<TA<70°C for the UC3824, TA=T.J.

uc1s24 uC3824
PARAMETERS TEST CONDITIONS uc2824
MIN | TYP | MAX [ MIN | TYP | MAX [UNITS
Total Variation* Line, Temperature 340 460 340 460 kHz
Oscillator Section (cont.)
Clock Out High 3.9 4.5 3.9 4.5 \'
Clock Out Low 23 2.9 23 2.9 \'
Ramp Peak* 2.6 2.8 3.0 2.6 2.8 3.0 Vv
Ramp Valley* 0.7 1.0 1.25 0.7 1.0 1.25 Vv
Ramp Valley to Peak* 1.6 1.8 2.0 1.6 1.8 2.0 \'
Error Amplifier Section
Input Offset Voltage 10 15 mV
Input Bias Current 0.6 3 0.6 3 A
Input Offset Current 0.1 1 0.1 1 uA
Open Loop Gain 1V <Vo <4V 60 95 60 95 dB
CMRR 1.5V <Vem< 5.5V 75 95 75 95 dB
PSRR 10V < Vce < 30V 85 110 85 110 dB
Output Sink Current VPIN3 =1V 1 2.5 1 2.5 mA
Output Source Current VPIN 3 =4V -05 | 1.3 -05 | 13 mA
Output High Voltage IPIN 3 = -0.5mA 4.0 4.7 5.0 4.0 4.7 5.0 \'
Output Low Voltage IPIN3 = 1mA 0 0.5 1.0 0 0.5 1.0 \'
Unity Gain Bandwidth* 3 5.5 3 5.5 MHz
Slew Rate* 6 12 6 12 Vius
PWM Comparator Section
Pin 7 Bias Current VPIN7 =0V -1 -5 -1 -5 A
Duty Cycle Range 0 80 0 85 %
Pin 3 Zero DC Threshold VPIN7 = OV 1.1 1.25 1.1 1.25 \'
Delay to Output* 50 80 50 80 ns
Soft-Start Section
Charge Current VPIN8 = 0.5V 3 9 20 3 9 20 A
Discharge Current VePiNg =1V 1 1 mA
Current Limit / Shutdown Section
Pin 9 Bias Current 0<VPIN9 <4V 15 10 uA
Current Limit Threshold 0.9 1.0 1.1 0.9 1.0 1.1 \'
Shutdown Threshold 125 | 140 | 155 | 1.25 | 1.40 | 1.55 \'
Delay to Output 50 80 50 80 ns
Output Section
Output Low Level lout = 20mA 0.25 | 0.40 0.25 | 0.40 )
louT = 200mA 1.2 2.2 1.2 2.2 \
Output High Level louT = -20mA 13.0 | 135 13.0 | 135 \'
louT = -200mA 12.0 | 13.0 12.0 | 13.0 \'
Collector Leakage Vc =30V 100 500 10 500 uA
Rise/Fall Time* CL=1nF 30 60 30 60 ns
Under-Voltage Lockout Section
Start Threshold 8.8 9.2 9.6 8.8 9.2 9.6 )
UVLO Hysteresis 0.4 0.8 1.2 0.4 0.8 1.2 \
Supply Current Section
Start Up Current vce = 8V | L 14 | 25 | 14 ] 25 | mA

* This parameter not 100% tested in production but guaranteed by design.
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UC1824 Printed Circuit Board Layout Considerations

High speed circuits demand careful attention to layout
and component placement. To assure proper perfor-
mance of the UC1824 follow these rules: 1) Use a ground
plane. 2) Damp or clamp parasitic inductive kick energy
from the gate of driven MOSFETSs. Do not allow the out-
put pins to ring below ground. A series gate resistor or a

Error Amplifier Circuit

uc1824
ucC2824
UC3824
shunt 1 Amp Schottky diode at the output pin will serve
this purpose. 3) Bypass VCC, VC, and VREF. Use 0.1mF
monolithic ceramic capacitors with low equivalent series
inductance. Allow less than 1 cm of total lead length for
each capacitor between the bypassed pin and the ground
plane. 4) Treat the timing capacitor, CT, like a bypass ca-
pacitor.

Simplified Schematic

[ozs

INV

NON
INV

Output

Open Loop Frequency Response
100

80

60

40
Av (dB)
20

0

0
2(°)
-20 -90

N

-180
10K 100K 1M 10M 100M

FREQ (Hz)

100 1K

Unity Gain Slew Rate

5
4 '
VIN,
(V) 8 -
. /IVout |
2 — 0
Y N
1
0 0.2 04 06 0.8 1.0
TIME (ps)

Synchronized Operation

Two Units in Close Proximity

[Uctez Uote24 |

‘ Clock[4] (4] Clock ‘
‘ VREF ‘
‘ RT E RT ‘
‘ Local ‘
CT Ramp CT
LMaster ;CT = SIaveJ

Generalized Synchronization

Other




Oscillator Circuit

uc1824
ucC2824
UC3824

[ucwze

Primary Output Deadtime vs CT (3k ® RT ® 100k)
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Forward Technique for Off-Line Voltage Mode Application

uc1824
ucC2824
uC3824

Constant Volt-Second Clamp Circuit

The circuit shown here will achieve a constant
volt-second product clamp over varying input voltages.

—_— T
[ ucts2s *om B
VIN ILim ‘

0 100 200 300 400 500

Time (ns)

The ramp generator components, RT and CR are cho- Rn  Shut- T
sen so that the ramp at Pin 9 crosses the 1V threshold down 0‘” A
at the same time the desired maximum volt-second 1
product is reached. The delay through the functional e ]
nor block must be such that the ramp capacitor can be -
completely discharged during the minimum deadtime. | (
I I
Output Section
Simplified Schematic Rise/Fall Time (CL=1nF)
02
IL (A)
\ 0
15 / -0.2
% 10
s \
> 5
0
0 40 80 120 160 200
Time (ns)
Rise/Fall Time (CL=10nF) Saturation Curves
2
\ IL (A)
VA 3
15 2 5 —
- / \ = So &—F
2 10 =
3 1
= s /
0 0 Sink
0 0.5 1.0 15

lout (A)
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uc1824

ucC2824

. UC3824

Open Loop Laboratory Test Fixture

15V

15V

B> 10pF

50

= 22k

10k

3.3k

UDG-92036-2

This test fixture is useful for exercising many of the As with any wideband circuit, careful grounding and by-
UC1824’s functions and measuring their specifications.  pass procedures should be followed. The use of a
ground plane is highly recommended.

UNITRODE CORPORATION
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 FAX (603) 424-3460
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I UC1825

== UNITRODE .. Uc2825
UC3825
High Speed PWM Controller

FEATURES DESCRIPTION
e Compatible with Voltage or Current Mode  The UC1825 family of PWM control ICs is optimized for high fre-
Topologies quency switched mode power supply applications. Particular care
. . —_ . was given to minimizing propagation delays through the comparators
¢ E)r??\;;ﬁazl Operation Switching Frequencies and logic circuitry while maximizing bandwidth and slew rate of the
error amplifier. This controller is designed for use in either cur-
e 50ns Propagation Delay to Output rent-mode or voltage mode systems with the capability for input volt-

e High Current Dual Totem Pole Outputs age feed-forward.

(1.5A Peak) Protection circuitry includes a current limit comparator with a 1V
«  Wide Bandwidth Error Amplifier th_reshold, aTTL compatlble shutdown port, and a sqft §tart pin which
will double as a maximum duty cycle clamp. The logic is fully latched
e Fully Latched Logic with Double Pulse to provide jitter free operation and prohibit multiple pulses at an out-
Suppression put. An under-voltage lockout section with 800mV of hysteresis as-
o Pulse-by-Pulse Current Limiting sures Iovy start up current. During under-voltage lockout, the outputs
are high impedance.
*  Soft Start/ Max. Duty Cycle Control These devices feature totem pole outputs designed to source and
e Under-Voltage Lockout with Hysteresis sink high peak currents from capacitive loads, such as the gate of a
ower MOSFET. The on state is designed as a high level.
e Low Start Up Current (1.1mA) P 9 9

BLOCK DIAGRAM

PWM Latch
cr (Set Dom.)

R

Wide Bandwidth

Error Am
Error{ NI %:*
Amp INV \thbil'
|
|

Toggle F/F
[{ oggle 5 vo
Soft Start !ja] — LT [t out A
\ cIFI"lehﬂrn
\ Out B
v Shutdown
ILM/SD [9?— CPRTR 12l Pwr Gnd
1.4V )

|
|
\ L ‘
= Inhibit” ‘
Vce Internal ‘
oV Bias \
uUvLo G "V n
REF REF Good
Gnd 'f@ a : 16| VREF
B | t G
i — Vcc Good"| g en |

UDG-92030-2
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ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage (Pins 13,15) . .. .. ..o 30V
Output Current, Source or Sink (Pins 11, 14)

DC . 0.5A
Pulse (0.511S) .. oo v i 2.0A
Analog Inputs

(PinsS 1,2, 7). oo -0.3Vto 7V
(PiN8,9) i -0.3V to 6V
Clock Output Current (Pin4)....................... -5mA
Error Amplifier Output Current (Pin3) ................ 5mA
Soft Start Sink Current (Pin8) ..................... 20mA
Oscillator Charging Current (Pin5).................. -5mA
Power Dissipation . ......... ... . ... .. . i 1w
Storage Temperature Range. .. ........... -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) .......... 300°C

Note 1: All voltages are with respect to GND (Pin 10); all cur-
rents are positive into, negative out of part; pin numbers refer to
DIL-16 package.

Note 3: Consult Unitrode Integrated Circuit Databook for ther-
mal limitations and considerations of package.

SOIC-16 (Top
View)
INV[A] ~ [16] VReF5.1V
NI[2] 5] vee
E/A Out[8] 14]out B
Clock[4] l13] ve
RT[5] 12]Pwr Gnd
cr(e] [11lout A
Ramp[7] 10]Gnd
Soft Start[s] [9]ILIM/SD

uc1825

U

C2825

UC3825

CONNECTION DIAGRAMS

DIL-16 (Top View)
J Or N Package

——
INV[1] }EVHEF 5.1V
NI[2] [15]vee
E/A Out[3] [14]out B
Clock [Z E Ve
R[5 [12]Pwr Gnd
cr[6] [11]out A
Ramp E E Gnd
Soft Start [9]iLiM/sD

PACKAGE PIN FUNCTION
PLCC-20 & LCC-20 FUNCTION PIN
(Top View) :\"\13 12
Q & L Packages NI 3
E/A Out 4
Clock 5
N/C 6
a3 7018 ] AT 7
\_J Cr 8
4 18 Ramp 9
5 17 Soft Start 10
N/C 11
6 16 ILIM/SD 12
7 18] Gnd 13
8 14 Qut A 14
9 10 11 12 13 Pwr Gnd 15
N/C 16
Vc 17
QOut B 18
Vcc 19
VREF 5.1V 20

ELECTRICAL CHARACTERISTICS: Unless otherwise stated,these specifications apply for , RT = 3.65k, CT = 1nF, Vcc =
15V, -55 C<TA<125 C for the UC1825, —40 C<TA<85 C for the UC2825, and 0 C<TA<70 C for the UC3825, TA=TJ.

uc1825
PARAMETERS TEST CONDITIONS uC2825 ucss2s
MmN | TP [ max | min [ TYP | max |uniTs

Reference Section

Output Voltage Ty=25C,lo=1mA 5.05 | 5.10 | 5.15 [ 5.00 | 5.10 | 5.20 \'

Line Regulation 10V < Vce < 30V 2 20 2 20 mV

Load Regulation 1mA <o < 10mA 5 20 5 20 mV

Temperature Stability* TMIN < TA < TMAX 0.2 0.4 0.2 04 |mV/C

Total Output Variation* Line, Load, Temperature 5.00 5.20 4.95 5.25 \

Output Noise Voltage* 10Hz < f < 10kHz 50 50 uVv

Long Term Stability* Ty =125 C, 1000hrs. 5 25 5 25 mV

Short Circuit Current VREF = 0V -15 -50 -100 -15 -50 | -100 mA
Oscillator Section

Initial Accuracy* Tu=2C 360 400 440 360 400 440 kHz

Voltage Stability* 10V < Vce < 30V 0.2 2 0.2 2 %

Temperature Stability* TMIN < TA < TMAX 5 5 %

Total Variation* Line, Temperature 340 460 340 460 kHz
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uc1825
UC2825
UC3825

ELECTRICAL CHARACTERISTICS: Unless otherwise stated,these specifications apply for , RT = 3.65k, CT = 1nF, Vcc =
15V, -55°C<TA<125°C for the UC1825, —40°C<TA<85°C for the UC2825, and 0°C<TA<70°C for the UC3825, TA=TJ.

UC1825 UC3825
PARAMETERS TEST CONDITIONS uc2825
MmN | TYP [ max | min | TYP [ max [uniTs
Oscillator Section (cont.)
Clock Out High 3.9 4.5 3.9 4.5 \
Clock Out Low 2.3 2.9 2.3 2.9 \
Ramp Peak* 2.6 2.8 3.0 2.6 2.8 3.0 \
Ramp Valley* 0.7 1.0 125 | 0.7 1.0 1.25 \'
Ramp Valley to Peak* 1.6 1.8 2.0 1.6 1.8 2.0 Vv
Error Amplifier Section
Input Offset Voltage 10 15 mV
Input Bias Current 0.6 3 0.6 3 A
Input Offset Current 0.1 1 0.1 1 A
Open Loop Gain 1V <Vo <4V 60 95 60 95 dB
CMRR 1.5V <Vem< 5.5V 75 95 75 95 dB
PSRR 10V < Vce < 30V 85 110 85 110 dB
Output Sink Current VPIN3 =1V 1 25 1 2.5 mA
Output Source Current VPIN 3 =4V -0.5 -1.3 -0.5 -1.3 mA
Output High Voltage IPIN3 = -0.5mA 4.0 4.7 5.0 4.0 4.7 5.0 )
Output Low Voltage IPIN3 =1mA 0 0.5 1.0 0 0.5 1.0 )
Unity Gain Bandwidth* 3 5.5 3 5.5 MHz
Slew Rate* 6 12 6 12 V/us
PWM Comparator Section
Pin 7 Bias Current VPIN7 =0V -1 -5 -1 -5 A
Duty Cycle Range 0 80 0 85 %
Pin 3 Zero DC Threshold VPIN7 =0V 11 1.25 11 1.25 )
Delay to Output* 50 80 50 80 ns
Soft-Start Section
Charge Current VPIN8 = 0.5V 3 9 20 3 9 20 A
Discharge Current VrPINg =1V 1 1 mA
Current Limit / Shutdown Section
Pin 9 Bias Current 0<VPIN9 <4V 15 10 A
Current Limit Threshold 0.9 1.0 1.1 0.9 1.0 1.1 )
Shutdown Threshold 125 | 140 | 155 | 1.25 | 1.40 | 1.55 \
Delay to Output 50 80 50 80 ns
Output Section
Output Low Level lout = 20mA 0.25 | 0.40 0.25 | 0.40 )
lout = 200mA 1.2 2.2 1.2 2.2 V
Output High Level lout = -20mA 13.0 | 135 13.0 | 135 )
lout = -200mA 12.0 | 18.0 12.0 | 13.0 )
Collector Leakage Vc =30V 100 500 10 500 A
Rise/Fall Time* CL=1nF 30 60 30 60 ns
Under-Voltage Lockout Section
Start Threshold 8.8 9.2 9.6 8.8 9.2 9.6 Vv
UVLO Hysteresis 0.4 0.8 1.2 0.4 0.8 1.2 )
Supply Current Section
Start Up Current Vce = 8V 1.1 2.5 1.1 25 mA
ICC VPIN1, VPIN7, VPIN9 = 0V; VPIN2=1V 22 33 22 33 mA

* This parameter not 100% tested in production but guaranteed by design.
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Printed Circuit Board Layout Considerations

High speed circuits demand careful attention to layout
and component placement. To assure proper perfor-
mance of the UC1825 follow these rules: 1) Use a ground
plane. 2) Damp or clamp parasitic inductive kick energy
from the gate of driven MOSFETSs. Do not allow the out-
put pins to ring below ground. A series gate resistor or a
shunt 1 Amp Schottky diode at the output pin will serve

Error Amplifier Circuit

uc1825
UC2825
UC3825

this purpose. 3) Bypass Vcc, Vc, and VREF. Use 0.1uF
monolithic ceramic capacitors with low equivalent series
inductance. Allow less than 1 cm of total lead length for
each capacitor between the bypassed pin and the ground
plane. 4) Treat the timing capacitor, CT, like a bypass ca-
pacitor.

Simplified Schematic

m1825

(3] Error Amp
Output
INV
NON
INV
Open Loop Frequency Response Unity Gain Slew Rate
100 5
80
4 l
60 ViN,
V) 3 X \
40 V) e '
Av (dB) Av . . ouTt '
20 / ' \
0 o 1
P a0 0 02 04 06 08 10
-20 -90
g TIME (ps)
-180
100 1K 10K 100K 1M 10M 100M
FREQ (Hz)

PWM Applications

Conventional (Voltage Mode)
1/ ['ucszs

oT o

Ram 1. 25V

>

From E/A
Liii

‘”H ‘

Current-Mode

r01825

ISWITCH

* A small filter may be required to
suppress switch noise.
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Oscillator Circuit

uc1825
UC2825
UC3825

[ ucteas

Deadtime vs Ct (3k<RT<100k)

47 /
220 /
100

2
E o
02
010
0047
0047 10 22 47 100 2 4 10

Cr (nF)

Deadtime vs Frequency

100k

7
PN
&

160
1.0nF __——’////

140

10k

120

Rt (Ohms)

To (ns)

100

N\

470pF

80

100 1k 10k 100k 1M

FREQ (Hz)

10k 100k ™
FREQ (Hz)

Synchronized Operation

Two Units in Close Proximity

uci1825s

Generalized Synchronization

\ ucis2s |
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uc1825

uC2825
Forward Technique for Off-Line Voltage Mode Application UC3825
REF M uc1825
Ramp
CFF Clock ‘

Constant Volt-Second Clamp Circuit

_— I
The circuit shown here will achieve a constant FUC1825 OUt B
VIN Ium

volt-second product clamp over varying input voltages.
The ramp generator components, RT and CR are cho- Rr Shut- ﬁ A
sen so that the ramp at Pin 9 crosses the 1V threshold down 4
at the same time the desired maximum volt-second | A
product is reached. The delay through the functional |
nor block must be such that the ramp capacitor can be |
completely discharged during the minimum deadtime. ﬁ (
Output Section
Simplified Schematic Rise/Fall Time (CL=1nF)
0.2
IL (A)

v

15 / \ -0.2
S 1
s \
o
> 5
0
0 40 80 120 160 200
Time (ns)
Rise/Fall Time (CL=10nF) Saturation Curves
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N\ 3
0
15 \' 2 2 —
= / \ H soﬁ—,@
2 10 >
] 1
s /
o Sink
0 0 05 1.0 15
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Time (ns)
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uc1825

uC2825
Open Loop Laboratory Test Fixture UC3825
n Clock 15V
[5|RT
15V
cT 10pF
Ramp . O

ILIM

UDG-92032-2

This test fixture is useful for exercising many of the As with any wideband circuit, careful grounding and by-
UC1825’s functions and measuring their specifications.  pass procedures should be followed. The use of a
ground plane is highly recommended.

Design Example: 50W, 48V to 5V DC to DC Converter - 1.5MHz Clock Frequency

+
VN 42-56V éason
To-
= = UDG-92033-3
UNITRODE CORPORATION

7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 FAX (603) 424-3460
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=m UNITRODE
Secondary Side Averag

FEATURES
Practical Secondary Side Control of
Isolated Power Supplies
1MHz Operation

Tailored Loop Bandwidth Provides
Excellent Noise Immunity

Voltage Feedforward Provides
Superior Transient Response

Accurate Programmable Maximum
Duty Cycle

Multiple Chips Can be Synchronized
to Fastest Oscillator

Wide Gain Bandwidth Product
(70MHz, Acl>10) Current Error
Amplifier

Up to Ten Devices Can Easily Share a
Common Load

UC1826
UC2826
UC3826

e Current Mode Controller

DESCRIPTION

The UC1826 family of average current mode controllers accurately accom-
plishes secondary side average current mode control. The secondary side
output voltage is regulated by sensing the output voltage and differentially
sensing the AC switching current. The sensed output voltage drives a volt-
age error amplifier. The AC switching current, monitored by a current
sense resistor, drives a high bandwidth, low offset current error amplifier.
The output of the voltage error amplifier can be used to drive the current
amplifier which filters the measured inductor current. Fast transient re-
sponse is accomplished by utilizing voltage feedforward in generating the
PWM ramp.

The UC1826 features load share, oscillator synchronization, undervoltage
lockout, and programmable output control. Multiple chip operation can be
achieved by connecting up to ten UC1826 chips in parallel. The SHARE
bus and CLKSYN bus provide load sharing and synchronization to the fast-
est oscillator respectively. With its tailored bandwidth, the UC1826 provides
excellent noise immunity and is an ideal controller to achieve high power,
secondary side average current mode control.

CURRENT

i ERROR AMPLFIER

COMP

BLOCK DIAGRAM
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1
RAMP |21 ~ }
0sC |23 | osc ; }
RDEAD - I
' I
! E I
i = MCLK ‘
CLKSYN J o
| 10k }
CAO [10 = i
I
I
I
I
I
I
I

ILiM

VOLTAGE
ERROR AMPLIFIER

2X
AMPLIFIER

®|

KILL
LATCH

? VREF
- 8.4VjE

4.65V

2.5V

Pin Numbers refer to 24-pin packages.

UDG-95013
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VCC) . .. .. ..o 20V
Output Current Source or Sink. . .. ....... ... 0.3A
Analog Input Voltages. . . .................... -0.3Vto 7V
ILIM, KILL, SEQ, ENBL, RUN, PWRSEN, PWROK —-0.3V to 7V
CLKSYN CurrentSource . .........ooviniinnnn... 20mA
RUN Current Sink. . .. ... 20mA
SEQCurrent Sink. .. ... 20mA
RDEAD Current Sink ... ...t 20mA
RAMP Current Sink .. ... 20mA
Share Bus Voltage (voltage with respect to GND) . . 0V to 6.2V
ADJ Voltage (voltage with respectto GND). . . . .. 0.9V to 6.3V
VEE (voltage with respectto GND) ................. -1.5V

CONNECTION DIAGRAMS

UC1826

UC2826
UC3826
Storage Temperature . .. ................ —65°C to +150°C
Junction Temperature. . ................. —65°C to +150°C
Lead Temperature (Soldering, 10sec.)............. +300°C

All voltages with respect to VEE except where noted; all cur-
rents are positive into, negative out of the specified terminal.
Consult Packaging Section of Databook for thermal limitations
and considerations of packages.

RECOMMENDED OPERATING CONDITIONS

InputVoltage .. ............ ... ... .. ... ..... 8V to 20V
Sink/Source Output Current . . ... ................. 250mA
TimingResistorRy .......... ... ... ... .. ... 1k to 200k
Timing Capacitor Ct. . ... ... 75pF to 2nF

DIL-24, SOIC-24, TSSOP-24 (Top View)
J or N, DW, PW Packages
ADJ [ 1] [24] SHARE
ILIM [2 | |23] osc
VA- 3] |22] RDEAD
VA+ 4] |21] RAMP
VAO [ 5| |20] CLKSYN
PWRSEN |6 | [19] VEE
PWROK [7 | 18] GND
CA+ [8] [17] ouT
CA-[9] 6] vee
CAO [10 [15] RUN
ENBL [11 [14] VREF
SEQ [12 18] KILL

PLCC-28 (Top View)
Q Packages
ADJ
NC SHARE
ILIM osc
NC— —NC
4 3 2 1282726
VA-—{5 25[-RDEAD
VA+6 24FRAMP
VAO|7 23[-CLKSYN
PWRSEN—{8 22[-VEE
PWROK—{9 21[-GND
cA+10 20[-OUT
CA-|11 19[-vce
12 13 14 15 16 17 18
cAO—7 T RUN
ENBL NC
SEQ VREF
KILL

ELECTRICAL CHARACTERISTICS: Unless otherwise stated these specifications apply for Ta = —55°C to +125°C for
UC1826; —40°C to +85°C for UC2826; and 0°C to +70°C for UC3826; VCC = 12V, VEE = GND, Output no load, Ct = 345pF,
Rt = 4kQ, RDEAD = 10000, Cramp = 345pF, Rramp = 35.2kQ, RoLksyn = 1k, Ta =Ty

PARAMETER \ TEST CONDITIONS [ min | TYP [ mAX JuniTs
Current Error Amplifier
Ib 0.5 3 pA
Vio Ta=+25°C 0.75 3 mV
Over Temperature 5 mV
Avo 60 90 dB
GBW (Note 2) Acl =10, Ry = 1k, CC = 15pF, f = 200kHz (Note 1) | 45 70 MHz
Vol lo=1mA, Voltage above VEE 0.5 \Y
Voh lo=0mA 3.8 \'
lo=—1mA 3.5 \
Voltage Error Amplifier
Ib 0.5 3 pA
Vio 5 mV
Avo 60 90 dB
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated these specifications apply for Ta = =55°C to +125°C for
UC1826; —40°C to +85°C for UC2826; and 0°C to +70°C for UC3826; VCC = 12V, VEE = GND, Output no load, Ct = 345pF,
Rt = 4kQ, RDEAD = 10000, Cramp = 345pF, Rramp = 35.2kQ, RoLksyn = 1k, Ta =Ty.

PARAMETER TEST CONDITIONS [ min | TYP | max [uniTs
Voltage Error Amplifier (cont.)
GBW (Note 2) f = 200kHz 7 MHz
Vol lo=175mA, Volts above VEE 0.6 Vv
Voh ILIM = 3V 2.85 3 3.15 \
Voh-ILIM Tested ILIM = 0.5V, 1.0V, 2.0V -100 100 mV
2X Amplifier and Share Amplifier
V offset (b; y = mx + b) 20 mV
GAIN (m; y =mx + b) Slope with AVoyt = 1V and 2V 1.98 2.02 \
GBW (Note 2) 100 kHZ
RsHARE VCC =0, VsHARE/ISHARE 200 kQ
Total Offset Negative supply is VEE, GND Open,VAO = GND -75 0 75 mV
Vol VAO = Voltage Amp Vol, Volts above VEE 0.2 0.45 0.6 \
Voh lo=0mA, ILIM = 3V, VAO = Voltage Amp Voh 5.7 6 6.3 \Y

lo =—1mA, ILIM = 3V, VAO = Voltage Amp Voh

5.7 6 6.3 \

Adjust Amplifier

Vio 40 60 80 mV

gm lo=—2pA to 2uA, Capy = 0.1pF -01 | 03 | mS

Vol louT=0 0.9 1 1.1 \Y
lout = 2pA 0.85 1 1.15 Vv

Voh louTt =0, VsHARE = 6.5V 5.7 6 6.3 Vv
lout = —2nA, VsHARE = 6.5V 5.7 6 6.3 \'

Oscillator
Frequency 450 500 550 kHz

Max Duty Cycle

72 76 80 %

OSC Ramp Amplitude

Ramp Saturation

lo=10mA, OSC = 0V

0.44 0.8 \

Clock Driver/SYNC (CLKSYN)

Vol

0.02 0.2 \

Voh 3.6 V
RoLksyN = 200Q 35 v

Isource 25 mA

RcLksYN VCC =0, Voiksyn/IcLKsYN 10 k

VTH 1.5

VREF Comparator
Turn-on Threshold 4.65 \'
Hysteresis 0.4 V

VCC Comparator

Turn-on Threshold

7.9 8.4 8.9 \

Hysteresis 0.4 \'
PWR Sense Comparator

Voltage Threshold 1.25 \%

Vol lo=1mA 0.3 0.4 Vv

Voh lo =—100pA 4 \
KILL Comparator

Voltage Threshold | - | v
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated these specifications apply for Ta = =55°C to +125°C for
UC1826; —40°C to +85°C for UC2826; and 0°C to +70°C for UC3826; VCC = 12V, VEE = GND, Output no load, Ct = 345pF,
Rt = 4kQ, RDEAD = 100002, Cramp = 345pF, Rramp = 35.2kQ, RoLksyn = 1k, Ta =T,

PARAMETER TEST CONDITIONS | min | Tvp [ max [uniTs
Sequence Comparator
Voltage Threshold 2.5 Vv
SEQ SAT lo = 10mA 0.25 \
Enable Comparator
Voltage Threshold 25 \
RUN SAT lo=10mA 0.2 \
Reference
VREF Ta=25°C 4.95 5 5.05 \
VCC =15V 4.9 5.1 \
Line Regulation 10<VCC <20 3 15 mV
Load Regulation 0<lp<10mA 3 15 mV
Short Circuit | VREF = 0V 30 60 90 mA
Output Stage
Rise Time CL = 100pF 10 20 ns
Fall Time CL = 100pF 10 20 ns
Voh VCC > 11V, lg ==10mA 8.0 8. 8.8 \
lo = —200mA 7.8 Y
Vol lo = 200mA 3.0 \Y
lo=10mA 0.5 v
Virtual Ground
VGND-VEE VEE is externally supplied, GND is floating 0.2 0.75 \Y
and used as Signal GND.
Icc
Icc (run) | ‘ 21 ‘ 30 | mA

Note 1: Guaranteed by design. not 100% tested in production.

Note 2: Unless otherwise specified all voltages are with respect to GND. Currents are positive into, negative out of the

specified terminal.

PIN DESCRIPTIONS

ADJ: The output of the transconductance (gm = —0.1mS)
amplifier adjusts the control voltage to maintain equal
current sharing. The chip sensing the highest output cur-
rent will have its output clamped to 1V. A resistor divider
between VREF and ADJ drives the control voltage (VA+)
for the voltage amplifier. Each slave unit's ADJ voltage
increases (to a maximum of 6V) its control voltage (VA+)
until its load current is equal to the master. The 60mV in-
put offset on the gm amplifier guarantees that the unit
sensing the highest load current is chosen as the master.
The 60mV offset is guaranteed by design to be greater
than the inherent offset of the gm amplifier and the buffer
amplifier. While the 60mV offset represents an error in
current sharing, the gain of the current and 2X amplifiers
reduces it to only 30mV. The total current sense gain is

the current amplifier gain. This pin needs a 0.1uF capaci-
tor to compensate the amplifier.

CA-, CA+: The inverting and non-inverting inputs to the
current error amplifier. This amplifier needs a capacitor
between CA— and CAO to set its dominant pole.

CAO: The output of the current error amplifier which is
internally clamped to 4V. It is internally connected to the
inverting input of the PWM comparator.

CLKSYN: The clock and synchronization pin for the os-
cillator. This is a bidirectional pin that can be used to
synchronize several chips to the fastest oscillator. Its in-
put synchronization threshold is 1.4V. The CLKSYN volt-
age is 3.6V when the oscillator capacitor Ct is being
discharged, otherwise it is OV.
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PIN DESCRIPTIONS (cont.)

ENBL: The active low input with a 2.5V threshold en-
ables the output to switch. SEQ and RUN are driven low
when ENBL is above its 2.5V threshold.

GND: The signal ground used for the voltage sense am-
plifier, current error amplifier, current error amplifier, volt-
age reference, 2X amplifier, and share amplifier. The
output sink transistor is wired directly to this pin.

KILL: The active low input with a 3.0V threshold stops
the output from switching. Once this function is activated
RUN must be cycled low by driving KILL above 3.0V and
either resetting the power to the chip (VCC) or resetting
the ENBL signal.

ILIM: A voltage on this pin programs the voltage error
amplifier's Voh clamp. The voltage error amplifier output
represents the average output current. The Voh clamp
consequently limits the output current. If ILIM is tied to
VREF, it defaults to 3.0V. A voltage less than 3.0V con-
nected to ILIM clamps the voltage error amplifier at this
voltage and consequently limits the maximum output cur-
rent.

OSC:The oscillator ramp (not to be confused with PWM
ramp) pin has a capacitor Ct to ground and two resistors
in series Rt and Rpgap to VREF. The total resistance of
Rt and Rpgap divided by VREF — Vpgc sets exponential
charge current. The oscillator charges from 1.2V to 3.4V
until the output transitions low. At this time an open col-
lector transistor is turned on and discharges the Ct ca-
pacitor through RDEAD.

The charge time is approximately Tcyarge = 2(Rt +
Rpeap) Ctwhen the Rpgap resistor is used.

The dead time is approximately TpiscHARGE =2 RbEeAD
Cr.
1

(1) Frequency
CHARGE T DISCHARGE

TcHARGE
CHARGE | DISCHARGE

(@) MaximumDuty Cycle

The Ct capacitance should be increased by approxi-
mately 40pF to account for parasitic capacitance.

OUT: The output of the PWM driver. It has an upper
clamp of 8.5V. The peak current sink and source are
250mA. All UVLO, SEQ, ENBL, and KILL logic either en-
able or disable the output driver.

PWRSEN: This pin is the input to the PWROK compara-
tor.

PWROK: The output pin from the PWROK comparator. It
has a 300pA current source output when driven high.

UC1826
UC2826
UC3826

RAMP: An open collector that can sink 20mA to dis-
charge the oscillator capacitor. An RC is tied between
VCC and GND to accomplish feedforward. The PWM
output drives this pin. When the output is high, the tran-
sistor is off enabling the charging of the RAMP capacitor.
When the output transitions low, the transistor is turned
on discharging the RAMP capacitor. The voltage at
RAMP rises from 0.2V to near 4V at maximum duty cy-
cle. Although this is an exponential ramp at high VCC
voltage the ramp appears linear.

RDEAD: The pin that programs the maximum duty cycle
by connecting a resistor between it and OSC. The maxi-
mum duty cycle is decreased by increasing this resistor
value which increases the discharge time. The dead
time, the time when the output is low, is 2 Rpgap Cr.
The Cy capacitance should be increased by approxi-
mately 40pF to account for parasitic capacitance.

RUN: This is an open collector logic output that signifies
when the chip is operational. RUN is pulled high to VREF
through an external resistor when VCC is greater than
8.4V, VREEF is greater than 4.65V, SEQ is greater than
2.5V, and KILL lower than 3.0V. RUN connected to the
VA+ pin and to a capacitor to ground adds an RC rise
time on the VA+ pin initiating a soft start.

SEQ: The sequence pin allows the sequencing of startup
for multiple units. A resistor between VREF and SEQ
and a capacitor between SEQ and GND create a unique
RC rise time for each unit which sequences the output
startup.

SHARE:The nearly DC voltage representing the average
output current. This pin is wired directly to all SHARE
pins and is the load share bus.

VA-, VA+: The inverting and non-inverting inputs to the
voltage error amplifier.

VAO: The output of the voltage error amplifier. Its Voh is
clamped with the ILIM pin.

VCC: The input voltage to the chip. The chip is opera-
tional between 8.4V and 20V.

VEE: The negative supply voltage to the chip which pow-
ers the lower voltage rail for all amplifiers. The chip is op-
erational if VEE is connected to GND or if GND is
floating. When voltage is applied externally to VEE, GND
becomes a virtual ground because of an internal diode
between VEE and GND. The GND current flows through
the forward biased diode and out VEE. GND is always
the signal ground from which the voltage reference and
all amplifier inputs are referenced.

VREF: The reference voltage equal to 5.0V.
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OSCILLATOR

E‘g CLKSYN

-
VREF
Rt
4000 }
|
RDEAD § |
1000 0s

Cpy

23
|
Ct_L |
345pF T |
|
= |

23}

RDEAD Lrl
|
|
|

- - -

UDG-95014-1

Figure 1. Oscillator Block with External Connections

CIRCUIT DESCRIPTION:

PWM Oscillator: The chip has two pins that set RC time
constants. The resistor and capacitor tied to RAMP cre-
ate the ramp used as the input to the PWM comparator.
When the output pin OUT is high, RAMP charges until it
passes the PWM comparator threshold. The output is
then driven low and RAMP is discharged. The resistors
and capacitor on the OSC pin are used to set the PWM
operating frequency and its maximum duty cycle.

The oscillator block diagram with external wiring is
shown in Figure 1. OSC has a capacitor (Cy) to ground
and two resistors in series (Rt and Rpgap) to VREF. The
total resistance of Ry and Rpgap divided by VREF -
Vosc sets the exponential charge current. The oscillator

Figure 2. Oscillator and PWM Output Waveform

charges from 1.2V to a 3.4V threshold with an RC time
delay of 2 Ct (Rpgap + Ry). After exceeding this
threshold, the RS flip-flop is set driving CLKSYN high
and RDEAD low which discharges Ct. At this time an
open collector transistor is turned on and discharges Ct
capacitor through RDEAD with a RC time delay of 2 Ct

Rpeap- The oscillator and ramp waveforms are shown
in Figure 2. Equations to attain frequency and maximum
duty cycle are listed under the OSC pin description.

As shown in Figure 3, several oscillators are synchro-
nized to the highest free running frequency by connect-
ing 100pF capacitors in series with each CLKSYN pin
and connecting the other side of the capacitors together
forming the CLKSYN bus. The CLKSYN bus is then
pulled down to ground with a resistance of approximately
10k. Referring to Figure 1, the synchronization threshold
is 1.4V. The oscillator blanks any synchronization pulse
that occurs when OSC is below 2.5V. This allows units,
once they discharge below 2.5V, to continue through the
current discharge and subsequent charge cycles
whether or not other units on the CLKSYN bus are still
synchronizing. This requires the frequency of all free run-
ning oscillators to be within 40% of each other to guaran-
tee synchronization.

Grounds, Voltage Sensing and Current Sensing: The
voltage is sensed directly at the load. Proper load shar-
ing requires the same sensed voltage for each power
supply connected in parallel. Referring to Figure 4, the
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CIRCUIT BLOCK DESCRIPTION (cont.)

CLKSYN
20}

100pF
osct 29 i€

CLKSYN
[2d}

100pF
1L
osc2 (2%

wCcw Z<0OXro

E CLKSYN

100pF
2, 1L
osc3 i

cLKsYN 100PF
E It

1T

0S8C10

=]
=

UDG-95015

Figure 3. Oscillator Synchronization Connection
Diagram

positive sense voltage (VSP) connects to the voltage er-
ror amplifier inverting terminal (VA-), the return lead for
the on-chip reference is used as the negative sense
(VSM). The current is sensed across the shunt resistor,
Rs. The voltage across the shunt resistor is level shifted
up so that the maximum voltage across Rg corresponds
to the voltage error amplifier Voh.

.’,E‘TF
Al
Ul
(=]
o

VSM

CURRENT
Te1CA* . SENSE AMP
R o
% 1 Hlea
1°RTCL |
19 cso

UDG-95016

Figure 4. Voltage and Current Sense VEE Tied to
GND

UC1826
UC2826
UC3826

Figure 4 shows one recommended voltage and current
sensing scheme when VEE is connected to GND. The
signal ground is the negative sense point for the output
voltage and the positive sense point for the output cur-
rent. VEE is the negative supply for the current sense
amplifier. When it is separated from GND, it extends the
current sense amplifier’'s common mode input voltage
range to include VEE which is approximately —0.7V be-
low ground. The resistor Rapy is used for load sharing.
The unit which is the master will force Vapy to 1.0V.
Therefore, the regulated voltage being sensed is actually

Rapy

VSP - VSM REF -V — .V

(7 ADJ) AT Ry ADJ
VSM OV,V,p, 1 master VREF 5V
vsp 4 _Faos

The voltage at ADJ on the slave chips will increase forc-
ing their load currents to increase to match the master.

The AC frequency response of the voltage error amplifier
is shown in Figure 5.

200

160

n
o

®
o

Gain (dB)

\77 Phase
40

AVO—-\
AN

0 m_ 50
10 100 1.0k 10k 100k 1.0M 10M
Frequency (Hz)

100M

Figure 5. AC Frequency Response of the Voltage
Error Amplifier

Startup and Shutdown: Isolated power up can be ac-
complished using the UCC1889. Application Note U-149
is available for additional information.

The UC1826 offers several features that enhance startup
and shutdown. Soft start is accomplished by connecting
RUN to VA+ and a capacitor to ground. The resulting RC
rise time on the VA+ pin initiates a soft start. It can also
be accomplished by connecting RUN to ILIM. When RUN
is low it will command zero load current, guaranteeing a
soft start. The undervoltage lockout (UVLO) is a logical
AND of ENBL < 2.5V, SEQ > 2.5V, VCC > 8.4V and
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CIRCUIT BLOCK DESCRIPTION (cont.)

VREF > 4.65V. The block diagram shows that the thresh-
olds are set by comparators. By placing an RC divider on
the SEQ pin, the enabling of multiple chips can be se-
quenced with different RC time constants. Similarly, dif-
ferent RC time constants on the ENBL pins can
sequence shutdown. The UVLO keeps the output from
switching; however the internal reference starts up with
VCC less than 8.4V. The KILL input shuts down the
switching of the chip. This can be used in conjunction
with an overvoltage comparator for overvoltage protec-
tion. In order to restart the chip after KILL has been initi-
ated, the chip must be powered down and then back up.
A pulse on the ENBL pin also accomplishes this without
actually removing voltage to the VCC pin.

Load Sharing: Load sharing is accomplished similarly to
the UC1907 except it has the added constraint of using
the sensed current for average current mode control.
The sensed current for the UC1826 has an AC compo-
nent that is amplified and then averaged. The voltage er-
ror amplifier represents this average current. The voltage
error amplifier output is the current command signal and
its voltage represents the average output load current.
The ILIM pin programs the upper clamp voltage of this
amplifier and consequently the maximum load current. A
gain of 2 amplifier connected between the voltage error
amplifier output and the share amplifier input increases
the current share resolution and noise margin. The aver-
age current is used as an input to a source only load
share buffer amplifier. The output of this amplifier is the
current share bus. The IC with the highest sensed cur-
rent will have the highest voltage on the current share
bus and consequently act as the master. The 60mV input
offset guarantees that the unit sensing the highest load
current is chosen as the master.

The adjust amplifier is used by the remaining (slave) ICs
to adjust their respective references high in order to bal-
ance each IC’s load current. The master’s ADJ pin will be
at its 1.0V clamp and connected back to the
non-inverting voltage error amplifier input through a high
value resistor. This requires the user to initially calculate
the control voltage with the ADJ pin at 1.0V.

VREF can be adjusted 150mV to 300mV which compen-
sates for 5% unit to unit reference mismatch and external
resistor mismatch. Rapy will typically be 10 to 30 times
larger than R1. This also attenuates the overall variation
of the ADJ clamp of 1V +100mV by a factor of 10 to 30,
contributing only a 3mV to 10mV additional delta to
VREF. Refer to the UC3907 Application Note U-130 for
further information on parallel power supply load sharing.

UC1826
UC2826
UC3826

Current Control Loop: The current error amplifier (CEA)
needs its loop compensated externally. The zero cross-
ing can be calculated with Equation 3.

1

3) Frequency(QdB) ———————
2 Ry Ceomp

Rinv is the input resistance at the inverting terminal CA—
Ccowmp is the capacitance between Ca— and CAO.

Although it is only unity gain stable for a BW of 7MHz,
the amplifier is typically configured with a differential gain
of at least 10, allowing the amplifier to operate with suffi-
cient phase margin at a GBW of 70MHz. A closed loop
gain of 10 attenuates the output by 20.8dB

208 20log 1
11

to the inverting terminal assuring stability. The amplifier's
gain fed back into the inverting terminal is less than unity
at 7MHz, where the phase margin begins to roll off. See
Figure 6 for a typical Bode plot.

200

Avo=0pen Loop Gain

n
o

o
T \r/
£ \ Phase
5 2
O \\\_‘\

40

Avc= 10 Avo- —o—>
1 m=70
0
10 100 1.0k 10k 100k 1.0M 10M 100M

Frequency (Hz)

Figure 6. Current Error Amplifier Bode Plot

The current error amplifier bandwidth is rolled off and
controlled by the voltage error amplifier output. The maxi-
mum load current is limited to approximately the maxi-
mum voltage across the shunt resistor (maximum of
200mV) divided by Rs:

VH S
(4) IMAX LOAD R
S

ILIM sets the maximum current limit by setting the Voh
clamp on the voltage error amplifier. If ILIM is not set to
limit the Voh to be equal to the maximum voltage across
Rs, VAO must be attenuated to match the maximum volt-
age VRs across the shunt resistor. By attenuating the
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CIRCUIT BLOCK DESCRIPTION (cont.)

maximum voltage at VAO to be equal to VRs, the current
control loop keeps the load from exceeding its current
limit. If the ILIM pin is connected to VREF, the Voh is set
at 3.0V. The maximum current limit clamp can be re-
duced by reducing the voltage on ILIM to less than 3.0V
as described in the ILIM pin description.

Design Example: Figure 7 is an open loop test that lets
the user test the circuit blocks discussed without having
to build an entire control loop. The pulse width can be
varied by either the Vapy or the Vigensg inputs. Figure 8
shows an isolated power supply using the UC1826 sec-
ondary side average current mode controller.

0.1pF N
— 1| Apy SHARE [24]—o %4'( +20
15k 345pF Q
L [2]|wm osc 23] I
1000
—E VA- RDEAD 2__2|——'w\'—I
10k 37k
W [4] vas RAMP |21] — W
Vaps——4&~ 10k J‘ 0.33nF =2V
—| 5| VAO CLKSYN 2o|—o I :
. P! - .
6 | PWRSEN VEE |19
= — j-:o.mF
[7] Pwrox anp [18}—— L
—E CA+ out E'—o
20k
VISENSE —\W\- 'T CA- VCC F‘
L] 20k ok L — ok
L 100pF 10| cAO RUN [15] A
- 1ok — N —
- wv———] 11| ENBL VREF [14] = 04uF
5k 10k 0
AV E SEQ KILL E A =
L == 0.14F
UDG-95017-1

Figure 7. Open Loop Circuit
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Figure 8. UC1826 Application Diagram
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=m UNITRODE

uc1827-1/-2
uC2827-1/-2
uC3827-1/-2

Buck Current/Voltage Fed Push-Pull PWM Controllers

FEATURES

o |deal for Multiple Output and/or High
Voltage Output Voltage Converters

e Up to 500kHz Operation

e High Voltage, High Current Floating
Driver for Buck Converter Stage

e UC3827-1 Current Fed Controller has
Push-Pull Drivers with Overlapping
Conduction Periods

e UC3827-2 Voltage Fed Controller has
Push-Pull Drivers with
Non-overlapping Conduction Periods

e Average Current Mode, Peak Current
Mode or Voltage Mode with Input
Voltage Feedforward Control for Buck
Power Stage

¢ Wide Bandwidth, Low Offset,
Differential Current Sense Amplifier

e Precise Short Circuit Current Control

BLOCK DIAGRAM

DESCRIPTION

The UC3827 family of controller ICs provides an integrated control solution
for cascaded buck and push-pull converters. These converters are known
as current fed or voltage fed push-pull converters and are ideally suited for
multiple output and/or high voltage output applications. In both current fed
and voltage fed modes, the push-pull switches are driven at 50% nominal
duty cycles and at one half the switching frequency of the buck stage. In
the current fed mode, the two switches are driven with a guaranteed over-
lap period to prevent ringing and voltage stress on the devices. In the volt-
age fed mode, the two switches are driven with a guaranteed gap time
between the switches to prevent shorting the transformer across the en-
ergy storage capacitor and to prohibit excessive currents flowing through
the devices.

The converter’s output voltage is regulated by pulse width modulation of
the buck switch. The UC3827 contains complete protection and PWM con-
trol functions for the buck converter. Easy control of the floating switch is
accomplished by the floating drive circuitry. The gate drive waveform is
level shifted to support an input voltage up to 72Vdc.

(continued)
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DESCRIPTION (cont.)

The UC3827 can be set up in traditional voltage mode
control using input voltage feedforward technique or in
current mode control. Using current mode control pre-
vents potential core saturation of the push-pull trans-
former due to mismatches in timing and in component
tolerances. With average current mode control, precise
control of the inductor current feeding the push-pull stage
is possible without the noise sensitivity associated with
peak current mode control. The UC3827 average current
mode loop can also be connected in parallel with the volt-
age regulation loop to assist only in fault conditions.

Other valuable features of the UC3827 include
bidirectional synchronization capability, user programma-
ble overlap time (UC3827-1), user programmable gap
time (UC3827-2), a high bandwidth differential current
sense amplifier, and soft start circuitry.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, VCC. ... ... ... . 20V
Input Voltage Range

For all pins except V+, BUCK, SRC.......... -0.3V to 5V

ForV+andBUCK. .. ....... .. ... .. oo, 90V

ForSRC ... 90V-VCC
BUCK Driver

IO Continuous. .. ... + 250mA

IOPeak. ... ... +1A
PUSH/PULL Driver

IOContinuous. .. ... +200mA

IOPeak. ... ... +0.8A
Storage Temperature . .................. —-65°C to +150°C
Junction Temperature. .. ................ -55°C to +150°C
Lead Temperature (Soldering, 10sec.). ............ +300°C

Voltages are referenced to ground. Currents are positive into,
negative out of the specified terminal. Consult Packaging
Section of Databook for thermal limitations and considerations
of packages.

TEMPERATURE AND PACKAGE
SELECTION GUIDE

uc1827-1/-2

UC2827-1/-2
UC3827-1/-2
CONNECTION DIAGRAMS
DIL-24 (Top View)
N or J, DW Packages
W/
v+ [1] |24] PusH
BUCK [ 2| |23] vee
srC [3] |22] PuLL
ss [4] |21] PanD
RAMP E E DELAY
cero [s]| [19] svne
csro [ 7] [18] cT
csar 8] [17] AT
csa- 9] [16] vea-
VvEro [10] [15] ReF
GND [11] [14] veA+
ceA+ [12] 18] cea-
PLCC-28 (Top View)
Q Package
V+
N/C PUSH
BUCK VCC
SRC*L FPULL
4 3 2 1282726
8s-|5 25[-PGND
RAMP—|6 24-N/C
CEAO-{7 23[-N/C
CSAO—8 22[-DELAY
CSA+19 21 -SYNC
CSA-—10 20[-CT
VEAO-M 19 FRT
12 13 14 15 16 17 18
GND VEA-
CEA+ N/C
CEA- REF
——VEA+
ORDERING INFORMATION
uc 1827 1]
PRODUCT OPTION

PACKAGE
TEMPERATURE RANGE

TEMPERATURE AVAILABLE
RANGE PACKAGES
uC1827-X —55°C to +125°C J
uc2827-X —40°C to +85°C N, DW, Q
uUc3827-X 0°C to +70°C N, DW, Q
PART VERSION GUIDE
PART NUMBER TOPOLOGY
UCX827-1 Current Fed Push-Pull
UCX827-2 Voltage Fed Push-Pull
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uc1827-1/-2
uc2827-1/-2
uC3827-1/-2

ELECTRICAL CHARACTERISTICS Unless otherwise specified, VCC = 15V, V+ = 14.3V, CT = 340pF, RT = 10K,
RDELAY = 24.3k, SRC = GND, BUCK, PUSH and PULL outputs no load. TJ = TA.

PARAMETER \ TEST CONDITIONS | min | TYP [ mAX uNiTs
Supply
VCC UVLO, Turn-On 8.3 8.8 9.5 Vv
Hysteresis 0.9 1.2 1.5 )
Ivce Start VCC =8V 1000 HA
lvcc Run 32 45 mA
V+ UVLO, Turn-On 71 7.5 8.3 \'
V+ Hysteresis 0.2 0.4 0.9 \
lv+ Buck High 0.2 1 2 mA
Voltage Error Amplifier
B 0.5 3 pA
VIO 10 mV
AVOL 80 95 dB
GBW (Note 7) 1 4 MHz
VOL lveao = OpA (No Load) 0.3 0.5 Vv
VOH lveao = OuA (No Load) 285 | 3 | 320 Vv

Current Sense Amplifier

B -1 -5 uA
VIO 5 mV
AVOL 80 110 dB
GBW (Note 7) 15 29 MHz
VOL Iceao = OpA (No Load) 0.25 0.5 Vv
VOH IceEaO = OLLA (NO Load) 3 3.3 Vv
Common Mode Range (Note 7) 0 2 Vv
Current Error Amplifier
B -1 -5 HA
VIO 10 mV
AVOL 80 110 dB
GBW At 100kHz, Measure Gain 2 4.5 MHz
VOL Iceao = OpA (No Load) 0.25 0.5 Vv
VOH Iceao = OpA (No Load) 3.3 3.5 Vv
Common Mode Range (Note 7) 0 5 \

Oscillator Section

Frequency

180 220 250 kHz

CT Discharge Current 3.5V at CT when CT removed 5 mA
PWM Comparator
Minimum Duty Cycle 200kHz 0 %
Maximum Duty Cycle 200kHz 85 91 95 %
Buck Output Stage
Rise Time 1nF Load, (Note 3) 40 100 ns
Fall Time 1nF, Load 30 80 ns
VOH IBuck = —15mA , V+ —-BUCK (Note 4) 1.5 25 \
IBuck = —=150mA, V+ — BUCK (Note 4) 2 25 \
VOL IBuck = 15mA (Note 5) 0.2 0.4 \Y
IBuck = 150mA (Note 5) 0.7 1.2 \

3-259



uc1827-1/-2
uc2827-1/-2
uC3827-1/-2

ELECTRICAL CHARACTERISTICS Unless otherwise specified, VCC = 15V, V+ = 14.3V, CT = 340pF, RT = 10K,
RDELAY = 24.3k, SRC = GND, BUCK, PUSH and PULL outputs no load. TJ = TA.

PARAMETER TEST CONDITIONS | min | TYP [ mAX uniTs
Push/Pull Output Stages
Rise Time 1nF Load 50 100 ns
Fall Time 1nF Load 35 100 ns
Overlap Time, -1 Only 1nF loads (Note 1) 100 250 400 ns
Non-Overlapping Time, -2 Only (Note 2) 100 250 500 ns
VOH IPUSH/PULL = —10mA, VCC — PUSH (Note 6) 2 3 \'
IPUSH/PULL = =100mA, VCC — PUSH (Note 6) 25 3 )
VOL IPUsH/PULL = 10mA (Note 6) 0.2 0.8 \
IPUSH/PULL = 100mA (Note 6) 0.6 1.2 Vv
Reference
REF Voltage 4.8 5 5.2 )
Short Circuit Current REF = 0V -35 -50 —65 mA
Line Regulation 9.5V < VCC < 20V 5 20 mV
Load Regulation 0mA < 10 < 10mA 8 20 mV
Soft Start
VOL, Saturation VCC =7V 250 500 mV
Iss -5 -12 -25 LA

Note 1: The overlap time is measured from the point at which the rising edge of PUSH/PULL crosses 5V until the falling edge of

PULL/PUSH crosses 5V.

Note 2: The non-overlap time is measured from the point at which the falling edge of PUSH/PULL crosses 5V until the rising edge

of PULL/PUSH crosses 5V.

Note 3: Measure the rise time from when BUCK crosses 1V until it crosses 9V.

Note 4: To force BUCK high, force CSAO=2.5V, CEAO = 2.5V, a 25k pulldown resistor form RAMP to ground, and CT = 0.5V.
Note 5: To force BUCK low, force CSAO = 2.5V, CEAO = 2.5V, a 10k pulldown resistor from RAMP to ground, and CT = 3.5V.
Note 6: To toggle PUSH or PULL into a desired state, pulse CT from 0.5V to 3.5V. PUSH and PULL toggle on the rising edge of

CT.
Note 7: Guaranteed by design. Not 100% tested in production.

PIN DESCRIPTIONS

BUCK: Output of the buck PWM controller. The BUCK
output is a floating driver, optimized for controlling the
gate of an N-channel MOSFET. The peak sink and
source currents are 1A. Any undervoltage faults will dis-
able BUCK to an off condition (low).

CEA+: The non-inverting input of the current error ampli-
fier.

CEA-: The inverting input of the current error amplifier.

CEAO: The output of the current error amplifier and the
inverting input of the PWM comparator of the buck con-
verter.

CSA+: The noninverting input of the current sense ampli-
fier.

CSA-: The inverting input of the current sense amplifier.

CSAO: The output of the current sense amplifier and the
noninverting input of the current limit comparator. When
the signal level on this pin exceeds the 3V threshold of
the current limit comparator, the buck gate drive pulse is
terminated. This feature is useful to implement cy-
cle-by-cycle current limiting for the buck converter.

CT: This pin is provided for the timing capacitor which is
connected between CT and GND. The oscillator fre-
quency is set by CT and a resistor RT, connected be-
tween pin RT and GND. The CT discharge current is
approximately 40X the bias current through the resistor
connected to RT. A practical maximum value for the dis-
charge current is 20mA. The frequency of the oscillator is
given by:
0.77

fOSC=_—""_
RT«CT
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PIN DESCRIPTIONS (cont.)

DELAY: A resistor to GND programs the overlap time of
the PUSH and PULL outputs of the UC3827-1 and the
dead time of the PUSH and PULL outputs of the
UC3827-2. The minimum value of the resistor, RDELAY,
is 18kQ. The delay or overlap time is given by:

RDELAY | 10-9sec.

TDELAY =
GND: This pin is the ground reference for all sensitive
setup components not related to driving the outputs.
They include all timing, voltage sense, current sense,
and bypass components.

PGND: Ground connection for the PUSH and PULL out-
puts. PGND must be connected to GND at a single point
on the printed circuit board. This is imperative to prevent
large, high frequency switching currents flowing through
the ground metalization inside the IC.

PULL: Ground referenced output to drive an N-channel
MOSFET. The PULL and the PUSH outputs are driving
the two switches of the push-pull converter with comple-
mentary signals at close to a 50% duty cycle. Any
undervoltage faults will disable PULL to an off condition
(low).

PUSH: Ground referenced output to drive an N-channel
MOSFET. The PULL and the PUSH outputs are driving
the two switches of the push-pull converter with comple-
mentary signals at close to a 50% duty cycle. Any
undervoltage faults will disable PUSH to an off condition
(low).

RAMP: The RAMP voltage, after a 700mV internal level
shift, is fed to the noninverting input of the buck PWM
comparator. A resistor to Vin and a capacitor to GND
provide an input voltage feedforward signal for the buck
controller in voltage mode control. In peak current mode
control, the RAMP pin receives the current signal of the
buck converter. In an average current mode setup, the
RAMP pin has a linearly increasing ramp signal. This
waveform may be generated either by connecting RAMP
directly to CT, or by connecting both a resistor from VCC
to RAMP and a capacitor from RAMP to GND.

REF: The output of the +5V on board reference. Bypass
this pin with a capacitor to GND. The reference is off
when the chip is in undervoltage lockout mode.

RT: A resistor to GND programs the charge current of
the timing capacitor connected to CT. The charge current
approximately equals:

uc1827-1/-2
uc2827-1/-2
uC3827-1/-2

REF
2+RT

The charge current should be less than 500uA to keep
CT’s discharge peak current less than 20mA, which is
CT’s maximum practical discharge value. The discharge
time, which sets the maximum duty cycle, is set internally
and is influenced by the charge current.

SRC: The source connection for the floating buck switch.
The voltage on the SRC pin can exceed VCC but must
be lower than 90V-VCC. Also, during turn-off transients
of the buck switch, the voltage at SRC can go to —2V.

SS: The soft start pin requires a capacitor to GND. Dur-
ing soft start the output of the voltage error amplifier is
clamped to the soft start capacitor voltage which is slowly
charged by an internal current source. In UVLO, SS is
held low.

SYNC: SYNC is a bidirectional pin for the oscillator. This
pin can be used to synchronize several chips to the fast-
est oscillator. Its input synchronization threshold is 1.4V.
The SYNC voltage is 3.6V when the oscillator capacitor,
CT, is discharged. Otherwise it is OV. If the recom-
mended synchronization circuit is not used, a 1k or lower
value resistor from SYNC to GND may be needed to in-
crease the fall time of the signal at SYNC.

VCC: A voltage source connected to this pin supplies the
power for the UC3827. It is recommended to bypass this
pin to both GND and PGND ground connections with
good quality high frequency capacitors.

VEA+: The non-inverting input of the voltage error ampli-
fier.

VEA-: The inverting input of the voltage error amplifier.
VEAO: The output of the voltage error amplifier.

V+: Supply voltage for the buck output. The floating
driver of the UC3827 uses the bootstrap technique which
requires a reservoir capacitor to store the required en-
ergy for the on time of the buck switch. A diode must be
connected from VCC to V+ to charge the reservoir ca-
pacitor. This diode must be able to withstand Vin. The
reservoir capacitor must be connected between V+ and
SRC and its voltage is monitored directly by the
undervoltage lockout circuitry of the buck driver.
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APPLICATION INFORMATION

uc1827-1/-2
uc2827-1/-2
uC3827-1/-2

25V 2
RT >
+
L 1.4V

2.5V

REF

|
|
|
|
10k |
|
|
|

- | UDG-99086

Figure 1. Oscillator block with external connections.

CIRCUIT BLOCK DESCRIPTION

PWM Oscillator. The oscillator block diagram with exter-
nal connections is shown in Fig. 1. A resistor (Rt) con-
nected to pin RT sets the linear charge current:

| 2.5V
AT =R,

The timing capacitor (Ct) is linearly charged with the
charge current forcing the OSC pin to charge to a 3.4V
threshold. After exceeding this threshold, the RS flip-flop
is set driving CLKSYN high and RDEAD low which dis-
charges Ct. CT continues to discharge until it reaches a
0.5V threshold and resets the RS flip-flop which repeats
the charging sequence as shown in Fig. 2.

As shown in Fig. 3, several oscillators are synchronized to
the highest free running frequency by connecting 100pF
capacitors in series with each CLKSYN pin and connect-
ing the other side of the capacitors together forming the
CLKSYN bus. The CLKSYN bus is then pulled down to
ground with a resistance of approximately 10k. Referring
to Fig. 1, the synchronization threshold is 1.4V. The oscil-
lator blanks any synchronization pulse that occurs when
OSC is below 2.5V. This allows units, once they dis-
charge below 2.5V, to continue through the current dis-
charge and subsequent charge cycles whether or not
other units on the CLKSYN bus are still synchronizing.
This requires the frequency of all free running oscillators
to be within 17% of each other to guarantee synchroniza-
tion.

UNITRODE CORPORATION

7 CONTINENTAL BLVD.  MERRIMACK, NH 03054
TEL. (603) 424-2410 » FAX (603) 424-3460

VAO CURRENT
COMMAND

2.9V

0.5V

3.6V

1.4v

THRESHOLD |

osc

| CLKSYN

8.5V

ov

ouT
UDG-99087

Figure 2. Oscillator and PWM output waveform.

SYNC
05C10 [:]444444{

100pF

100pF

100pF

CLKSYN BUS

100pF

im(
- UDG-99085

Figure 3. Oscillator synchronization connection

diagram.
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=m UNITRODE
5-Bit Microprocessor Power Supply Controller

FEATURES
o 5-Bit Digital-to-Analog Converter

(DAC)

e Supports 4-Bit and 5-Bit
Microprocessor VID Codes

e Combined DAC/Voltage Monitor

and PWM Functions
e 1% DAC/Reference

e Current Sharing
e 100kHz, 200kHz, 400kHz

Oscillator Frequency Options

¢ Foldback Current Limiting

¢ Overvoltage and Undervoltage

Fault Windows

¢ Undervoltage Lockout

e 4Q Totem Pole Output

e Chip Disable Function

BLOCK DIAGRAM

UCC3830-4/-5/-6

DESCRIPTION

The UCC3830-4/-5/-6 is a fully integrated single chip solution ideal for power-
ing high performance microprocessors. The chip includes an average current
mode PWM controller, has a fully integrated 5-Bit DAC, and includes an
on-board precision reference and voltage monitor circuitry. The UCC3830-x
converts 5VDC to an adjustable output, ranging from 3.5VDC down to 1.8VDC
with 1% DC system accuracy (see Table 1(%. The UCC3830-x fully supports
Intel’s 4-bit Pentium® Pro and 5-bit Pentium® Il VID codes.

The accuracy of the DAC/reference combination is 1%. The overvoltage and
undervoltage comparators monitor the system output voltage and indicate
when it rises above or falls below its programmed value by more than 8.5%. A
second overvoltage protection comparator pulls the current amplifier output
voltage low to force zero duty cycle when the system output voltage exceeds
its designed value by more than 17.5%. This comparator also terminates the
cycle. Undervoltage lockout circuitry assures the correct logic states at the
outputs during powerup and powerdown. The gate output can be disabled by
bringing the CAO/ENBL pin to below 0.8V.

(continued)

|
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|
|
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|
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CAM CAO/ENBL
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|
OVP (+17.5%) |
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DESCRIPTION (cont.)

The voltage and current amplifiers have a 3MHz gain
bandwidth product to satisfy high performance system
requirements. The internal current sense amplifier per-
mits the use of a low value current sense resistor, mini-
mizing power loss. The oscillator frequency is fixed
internally at 100kHz, 200kHz, or 400kHz, depending
upon the option selected. The foldback circuit reduces
the converter short circuit current limit to 50% of its nomi-
nal value when the converter is short circuited. The gate
driver is a 4Q totem pole output stage capable of driving
an external MOSFET.

This device is available in 20-pin dual in-line and surface
mount packages. The UCC3830-x is specified for opera-
tion from 0°C to 70°C.

Pentium® Pro and Pentium® Pro Il are registered trademarks of
Intel Corporation.

ABSOLUTE MAXIMUM RATING

Input Supply Voltage VIN ... ... ... it 15V
Do, D1, D2, D3, D4, VSENSE, VFB, IS+, IS—, CAM Inputs
Maximum Forced Voltage . . .. ............ —-0.3V to 5.3V
PWRGOOD Output Maximum Voltage. .. ............. 5.5V
COMMAND Ouput Maximum Current .. . ... Internally Limited
Reference Output Current . .............. Internally Limited
Storage Temperature .. ................. —65°C to +150°C
Junction Temperature. . ................. -55°C to +150°C
Lead Temperature (Soldering, 10sec.). ............ +300°C

Currents are positive into negative out of the specified terminal.
Pulse is defined as a less than 10% duty cycle with a maximum
duration of 500 us. Consult Packaging Section of Databook for
thermal limitations and considerations of packages.

UCC3830-4/-5/-6

CONNECTION DIAGRAM

SOIC-20 (Top View)
DW Package
GND [1] ~ Do
VSENSE [2] D1
PWRGOOD [3] D2
CAM [4] [17] D3
CAO/ENBL [5] COMMAND
D4 [e] [5] VREF
VIN [7] [14] VFB
GATE [8] COMP
PGND [o] [12] 1S+
ISOUT [to] [*1] 1S~
ORDERING INFORMATION
ucc3830[ -]
t SEE FREQUENCY TABLE

PACKAGE

Note: Consult factory for temperature range or package op-
tions not shown.

FREQUENCY TABLE Frequency
100kHz | 200kHz | 400kHz
UCC3830-4 X
UCC3830-5 X
UCC3830-6 X

ELECTRICAL CHARACTERISTICS: Unless otherwise specified, VIN = 12V, VSENSE = 3.5V, VDO = VD1 = VD2 = VD3 =

VD4 =0V, 0°C < TA<70°C, Tpo=T,.

PARAMETER TEST CONDITIONS [ min | TYP | MAX [uniTs

Undervoltage Lockout

VIN UVLO Turn-on Threshold 10.5 | 10.8 \'

VIN UVLO Turn-off Threshold 9.5 10 \

UVLO Threshold Hysteresis 200 500 700 mV
Supply Current

I DO through D4 = Open | | 75 | 135 | mA
DAC/Reference

COMMAND Voltage Accuracy 10.8V < VIN < 13.2V, lyger = OmA, 0°C < TA < 70°C -1 1 %

D0-D4 Voltage High DX Pin Floating 4 5 5.2 \

DO0-D4 Input Bias Current DX Pin Tied to GND -100 | =70 =20 A
OVP Comparator

Trip Point % Over COMMAND Voltage (Note 1), DO = D1 = D2 = D4 10 17.5 25 %

= Open, D3 = GND
Hysteresis 20 30 mV
VSENSE Input Bias Current QV, OVP, UV Combined -0.5 | -0.1 0.5 A
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UCC3830-4/-5/-6

ELECTRICAL CHARACTERISTICS: Unless otherwise specified, VIN = 12V, VSENSE = 3.5V, VD0 = VD1 = VD2 = VD3 =

VD4 =0V, 0°C<TA<70°C, Tao=T,.

PARAMETER TEST CONDITIONS | min | Tvp [ max [uniTs
OV Comparator
Trip Point % Over COMMAND Voltage (Note 1), D0=D1=D2=D4| 5 | 85 | 12 | %
= Open, D3 = GND
Hysteresis 20 30 mV

PWRGOOD Equivalent Resistance

VSENSE = 2.0V

470 Q

UV Comparator

Trip Point

= Open, D3 = GND

% Over COMMAND Voltage (Note 1), DO = D1 = D2 = D4

-12 | -8.5 -5 %

Hysteresis

20 30 mV

Voltage Error Amplifier

Input Bias Current Vcm = 3.0V -05 | -0.02| 05 HA
Open Loop Gain 1.5V < Vcomp < 2.5V, D4 = D3 =D2 = D1 = GND, DO = 80 dB
Open
Power Supply Rejection Ratio 10.8V < VIN < 15V 85 dB
Output Sourcing Current VVFB = 2V, VCOMMAND = VCcOomMP = 2.5V -0.5 | 0.3 mA
Output Sinking Current VvFB = 3V, VCOMMAND = Vcomp = 2.5V 0.5 1 mA
Current Sense Amplifier
Gain 14.25 1525 | VIV
Input Resistance 3 kQ
Common Mode Rejection Ratio 0V <VcMm < 4.5V 60 dB
Power Supply Rejection Ratio 10.8V < VIN < 15V 80 dB
Output Sourcing Current Vis— =2V, VisouT = Vis+ = 2.5V -0.5 | -0.3 mA
Output Sinking Current Vis- = 3V, VisouT = Vis+ = 2.5V 5 8 mA
Current Amplifier

Input Offset Voltage Vcm = 3.0V =12 12 mV
Input Bias Current Vcm = 3.0V -0.1 A
Open Loop Gain 1V < VCAO/ENBL < 2.5V 80 dB
Output Voltage High Vcowmp = 3V, Vcam = 2.5V 3.2 Vv

Power Supply Rejection Ratio 10.8V < VIN < 15V 80 dB
Output Sourcing Current Vcam = 2V, VCAO/ENBL = VCoMP = 2.5V -1 -0.5 mA
Output Sinking Current Vcam = 3V, VCAO/ENBL = VComp = 2.5V 3 5 mA

Oscillator

Frequency (-4)

85 100 115 kHz

Frequency (-5)

170 200 230 kHz

Frequency (-6)

340 400 460 kHz

Frequency Change With Voltage

10.8V < VIN < 15V

Output Section

Maximum Duty Cycle

90 95 99 %

Output Low Voltage IGATE = —100mA 0.2 )
Output High Voltage IGATE = 100mA 11.8 )
Rise Time CGATE = 3.3nF 20 70 ns
Fall Time CGATE = 3.3nF 15 70 ns
Foldback Current Limit
Clamp Level Measured at Voltage EA Output; 4.28 \
VSENSE = VCOMMAND = 3V
VCOMMAND = 3V, VSENSE = 0 3.64 \'

Note 1: This percentage is measured with respect to the ideal COMMAND voltage programmed by the DO - D4 pins.




PIN DESCRIPTIONS

CAM (Current Amplifier Inverting Input): The average
load current feedback from ISOUT is applied through a
resistor to this pin. The current loop compensation
network is also connected to this pin (see CAO/ENBL
below).

CAO/ENBL (Current Amplifier Output/Chip Enable):
The current loop compensation network is connected
between this pin and CAM. The voltage on this pin is the
input to the PWM comparator and regulates the output
voltage of the system. The GATE output is disabled
(held low) unless the voltage on this pin exceeds 1V,
allowing the PWM to force zero duty cycle when
necessary. The PWM forces maximum duty cycle when
the voltage on CAO/ENBL exceeds the oscillator peak
voltage (3V). A 3.2V clamp circuit prevents the
CAO/ENBL voltage from rising excessively past the
oscillator peak voltage for excellent transient response.
The user can force this pin below 0.8V externally with an
open collector, disabling the GATE drive.

COMMAND (Digital-to-Analog Converter Output
Voltage): This pin is the output of the 5-bit
digital-to-analog converter (DAC) and the noninverting
input of the voltage amplifier. The voltage on this pin sets
the switching regulator output voltage. This voltage
ranges from 1.8V to 3.5V as programmed by the 5-bit
DAC according to Table 1. The GATE output is disabled
when all 1s or illegal codes are presented at the 5 Bit
DAC. The COMMAND source impedance is typically
1.2kQ and must therefore drive only high impedance
inputs if accuracy is to be maintained. Bypass
COMMAND with a 0.01uF, low ESR, low ESL capacitor
for best circuit noise immunity.

COMP (Voltage Amplifier Output): The system voltage
compensation network is applied between COMP and
VFB.

DO - D4 (DAC Digital Input Control Codes): These are
the DAC digital input control codes, with DO representing
the least significant bit (LSB) and D4, the most significant
bit (MSB) as shown in Table 1. A bit is set low by being
connected to GND. A bit is set high by floating it, or
connecting it to a 5V source. Each control pin is pulled
up to approximately 5V by an internal 70uA current
source.

GATE (PWM Output, MOSFET Driver): This output
provides a 4Q totem pole driver. Use a series resistor

between this pin and the gate of the external MOSFET to
prevent excessive overshoot.

UCC3830-4/-5/-6

GND (Signal Ground): All voltages are measured with
respect to GND. Bypass capacitors on the VCC and
VREF pins should be connected directly to the ground
plane near the GND pin.

IS— (Current Sense Amplifier Inverting Input): This pin
is the inverting input to the current sense amplifier and is
connected to the low side of the average current sense
resistor.

IS+ (Current Sense Amplifier Noninverting Input):
This pin is the noninverting input to the current sense
amplifier and is connected to the high side of the
average current sense resistor.

ISOUT (Current Sense Amplifier Output): This pin is
the output of the current sense amplifier. The voltage on
this pin is (COMMAND + GCSA ¢ | * RSENSE), where
COMMAND is the voltage on the COMMAND pin, GCSA
is the fixed gain of the current sense amplifier, equal to
15, | is the current through the sense resistor, and
RseENSE is the value of the average current sensing
resistor.

PGND (Power Ground): This pin provides a dedicated
ground for the output gate driver. The GND and PGND
pins should be connected externally using a short printed
circuit board trace close to the IC. Decouple VIN to
PGND with a low ESR capacitor < 0.10uF.

PWRGOOD (Undervoltage/Lower Overvoltage
Output): This pin is an open drain output which is driven
low to reset the microprocessor when VSENSE rises
above or falls below its nominal value by 8.5%. The on
resistance of the open drain switch will be no higher than
470Q. The OV and UV comparators’ hysteresis is fixed
at 20mV independent of the COMMAND voltage.

VIN (Positive Supply Voltage): This pin supplies power
to the chip. Connect VIN to a stable voltage source of at
least 10.8V. The GATE and PWRGOOD outputs will be
held low until VCC exceeds the upper undervoltage
lockout threshold. This pin should be bypassed directly
to the GND pin.

VFB (Voltage Amplifier Inverting Input): This input is
connected to COMP through a feedback network and to
the power supply output through a resistor or a divider
network.

VREF (Voltage Reference Output): This pin provides
an accurate 5V reference and is internally short circuit
current limited. VREF powers the D/A converter and also
provides a threshold voltage for the UVLO comparator.
For best reference stability, bypass VREF directly to
GND with a low ESR, low ESL capacitor of at least
0.01uF.
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PIN DESCRIPTIONS (cont.)

VSENSE (Output Voltage Sensing Input): This pin is
connected to the system output voltage through a low
pass filter. When the voltage on VSENSE rises above or
falls below the COMMAND voltage by 8.5%, the
PWRGOOD output is driven low to reset the

TYPICAL PERFORMANCE CURVES

The curves shown in Figures 1 and 2 depict the typical
high gain-bandwidth products for the UCC3830-x Volt-
age Amplifier, Current Amplifier and Current Sense Am-

UCC3830-4/-5/-6

microprocessor. When the voltage on VSENSE rises
above the COMMAND voltage by 17.5%, the OVP
comparator pulls the current amplifier output voltage
below the oscillator valley voltage to force zero duty
cycle at the GATE output. This pin is also used by the
foldback current limiting circuitry.

plifiers. These high gain-bandwidth devices help achieve
an excellent transient response to load and line changes.
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Figure 1. Open loop gain for UCC3830 voltage and
current amplifier.

APPLICATION INFORMATION
Short Circuit Current Limit

The short circuit current limit, ISC, is set according to:

1.28V

SC=—— ——————
RSENSE ¢ GCSA

where RSENSE is the average current sense resistor and
GcCsA is the current sense amplifier gain. GCSA equals
15.

Example: Choose RSENSE to set the short circuit limit at
17A using the UCC3830-5
1.28V
17A 15

RSENSE = =0.005Q.

A lower resistance value may be needed if the AC ripple
current in the inductor is more than 20% of the load cur-
rent.

Figure 2. Current sense amplifier gain vs frequency.
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Figure 3. Short circuit foldback reduces stress on
circuit components by reducing short circuit current.

3-267



APPLICATION INFORMATION (cont.