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4 Pin Configuration and Functions

IN [T |1
GND [
en 1]

w N

)]

11 out

411 NRFB

ouT """ 8] IN
N/C [2]1 1 [7] NiC
NRFB [3]1  I[6] NC
GND i ___1[5] EN

[ 4-1. DBV Package, 5-Pin SOT-23 (Top View) Ed 4-2. DRB Package, 8-Pin VSON With Exposed

Thermal Pad (Top View)

TAB IS GND

ey

| |
IN ‘ GND | EN

OUT NR/FB
B 4-3. DCQ Package, 6-Pin SOT-223
(Top View)
# 4-1. Pin Functions
PIN
NO. TYPE DESCRIPTION
NAME
SOT-23 | SOT-223 | VSON
IN 1 1 8 Input supply.
GND 2 3,6 4, Pad — Ground.
Driving the enable pin (EN) high turns on the regulator. Driving this pin low puts
EN 3 5 5 the regulator into shutdown mode. See the Enable Pin and Shutdown section
under Feature Description for more details. Connect EN to IN if not used.
Fixed voltage versions only—connecting an external capacitor to this pin
NR 4 4 3 — bypasses noise generated by the internal band gap, reducing output noise to
very low levels.
FB 4 4 3 | Adjustable voltage version only—this pin is the input to the control loop error
amplifier, and is used to set the output voltage of the device.
ouT 5 2 1 O Output of the regulator. There are no output capacitor requirements for stability.
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5 Specifications
5.1 Absolute Maximum Ratings

over operating junction temperature range (unless otherwise noted)("

MIN MAX UNIT
Input, Viy -0.3 6
Enable, Vgy -0.3 6
Voltage \%
Output, VOUT -0.3 5.5
Vnr: VEB -0.3 6
Current Maximum output, loyt Internally limited
Output short-circuit duration Indefinite
C.on'tlnu'ous total power Ppiss See Thermal Information
dissipation
Operating junction, T, -55 150
Temperature °c
Storage, Tgg -65 150

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

5.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(") +2000
V(Esp) Electrostatic discharge \%
Charged-device model (CDM), per JEDEC specification JESD22-C101, all pins(@) +500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

5.3 Recommended Operating Conditions

over operating junction temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VN Input supply voltage 1.7 5.5 \%
lout Output current 0 250 mA
T, Operating junction temperature —-40 125 °C

5.4 Thermal Information

TPS732 M3 new silicon
THERMAL METRIC(") DRB (VSON) DCQ (SOT-223) UNIT
8 PINS 6 PINS
Reua Junction-to-ambient thermal resistance 47.7 76 °C/W
RaJcitop) Junction-to-case (top) thermal resistance 68.9 46.6 °C/W
Ress Junction-to-board thermal resistance 20.6 18.1 °C/W
Wyt Junction-to-top characterization parameter 34 8.6 °C/W
Wi Junction-to-board characterization parameter 20.6 17.6 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance 3.5 N/A °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
note.
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5.5 Thermal Information

TPS732 Legacy silicon®)
THERMAL METRIC() @) DRB (VSON) | DCQ (SOT-223) | DBV (SOT-23) UNIT
8 PINS 6 PINS 5 PINS
Rgya Junction-to-ambient thermal resistance 58.3 53.1 205.9 °C/W
Reuc(top) Junction-to-case (top) thermal resistance 93.8 35.2 119 °C/W
Ress Junction-to-board thermal resistance 72.8 7.8 35.4 °C/W
Wyt Junction-to-top characterization parameter 2.7 29 12.7 °C/W
Wis Junction-to-board characterization parameter 25 7.7 34.5 °C/W
ReJcbot) Junction-to-case (bottom) thermal resistance 5 N/A N/A °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
note.

(2) For thermal estimates of this device based on PCB copper area, see the TI| PCB Thermal Calculator.

(3) Thermal data for the DRB, DCQ, and DBV packages are derived by thermal simulations based on JEDEC-standard methodology
as specified in the JESD51 series. The following assumptions are used in the simulations:
(a) i. DRB: The exposed pad is connected to the PCB ground layer through a 2x2 thermal via array.
ii. DCQ: The exposed pad is connected to the PCB ground layer through a 3x2 thermal via array.
iii. DBV: There is no exposed pad with the DBV package.
(b) i. DRB: The top and bottom copper layers are assumed to have a 20% thermal conductivity of copper representing a 20%
copper coverage.
ii. DCQ: Each of top and bottom copper layers has a dedicated pattern for 20% copper coverage.
iii. DBV: The top and bottom copper layers are assumed to have a 20% thermal conductivity of copper representing a 20%
copper coverage.
(c) These data were generated with only a single device at the center of a JEDEC high-K (2s2p) board with 3in x 3in copper area.
To understand the effects of the copper area on thermal performance, see the Power Dissipation section of this data sheet.
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5.6 Electrical Characteristics

Over operating temperature range (T, = —40°C to 125°C), Vin = Voutom) + 0.5V (), loyt = 10mA, Vgy = 1.7V, and Coyr =
0.1uF , unless otherwise noted. Typical values are at T; = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vin Input voltage range(") 1.7 55 \%
Internal — oo
Veg reference (TPS73201) T,=25°C 1198 1204 1210 V
Output voltage range v, 55- v
(TPS73201)@ FB Voo
Vour Nominal T,=25°C -0.5 0.5
Accuracy() () Vout + 0.5V <V < %
out * 0.5V sV = _
Vin, loyr, and T 5.5V; 10mA < loyt < 250mA 1 05 1
AVOUT(AVIN) Line regulation ™M VOUT(NOM) +0.5V<V)£55V 0.01 %IV
1mA < loyt < 250mA 0.002
AVouTaiouT) Load regulation %/mA
10mA < lgyT < 250mA 0.0005
(4) =
Voo Dropout voltage®™ (Vi lout = 250mA 40 150 mv
Voutnowm) - 0.1V)
Z0(do) Output impedance in dropout | 1.7V < V| £ Vout + Vpo 0.25 Q
leL Output current limit Vourt = 0.9 x Vout(nom) 250 425 600 mA
Isc Short-circuit current Vout =0V 300 mA
5) (-
IRey ﬁf)"erse leakage current™ (- |, < 0.5V, 0V < Vi < Vour 0.1 10| pA
lout = 10mA (lg), legacy silicon 400 550
leND Ground pin current uA
louT = 10mA (lg), new silicon, M3 suffix 400 630
lanD Ground pin current lout = 250mA 650 950 A
Ven < 0.5V, Vout < Vi < 5.5V, —40°C < T, < 100°C, legacy 0.02 1
IsHDN Shutdown current (Ignp) silicon ’ uA
Ven £ 0.5V, Vout < VN £ 5.5V, new silicon, M3 suffix 0.02 1
Feedback pin current
Ire (TPS73201) 0.1 03] pA
PSRR Power-supply rejection ratio | f= 100Hz, loyr = 250mA 58 B
(ripple rejection) f = 10kHz, loyt = 250mA 37
27 x
C = 10uF, no C|
v Output noise voltage, BW = ouT NR Vour v
N 10Hz to 100kHz 85 x HVRus
COUT = 10pF, CNR =0.01pF V
out
VEN(high) EN pln hlgh (enabled) 1.7 VIN \Y
VEN(low) EN pin low (shutdown) 0 0.5 \Y
IEN(high) Enable pin current (enabled) |Vgy = 5.5V 0.02 0.1 HA
Teo Thermal shutdown Shutdown, temperature increasing 160 °c
temperature Reset, temperature decreasing 140
T, Operating junction _40 125 c
temperature

(1) Minimum V|5 = Vout + Vpo or 1.7V, whichever is greater.

(2) TPS73201 is tested at VOUT = 2.5V.

(3) Tolerance of external resistors not included in this specification.

(4)  Vpo is not measured for output versions with Voyt(nom) < 1.8V, because minimum Vg = 1.7V.
(5) Fixed-voltage versions only; refer to Application Information section for more information.

5.7 Switching Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

VOUT =3V, RL =30Q, COUT = 1HF, CNR = 001}JF

tsTR Start-up time 600 us
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5.8 Typical Characteristics
for all voltage versions at T; = 25°C, ViN = Vout(nom) * 0.5V, loyt = 10mA, Ve = 1.7V, and Coyr = 0.1uF (unless otherwise
noted)
0.5 ‘ ‘
Referred to loyt = 10 mA 0.5
0.4 i 0.4 | Referred to lour = 10mA Ty
03 ————40°C || - | — 55°C 85°C
= — 425°C 03 —— -40°C — 125°C
X 02 o 0°C — 150°C
< —— +125°C = 02 25°C
> 0.1 <
2 5 o
c O >,
[0} £ -
(%’*0-1 GE)’ 0.1 \\\
_ ] -
2 02 5 02 T~
-0.3 |
0.3
04 0.4
05 05
0 50 100 150 200 250 0 50 100 150 200 250
lout (MA) lout (MA)
Legacy silicon New silicon, M3 suffix
5-1. Load Regulation 5-2. Load Regulation
020 Referred o Vy, = Voyr + 0.5 V at | 10 mA 02
eferread to = +0. al = m, -
0.15 N o oot Referred to Viy = Vour + 0.5V at loyr = 10mA
0.15
—. 0.0 o
B \ +125°C +25°C - :
5 005 |\ < \ i
° \ \ I N £ 005 — s —
R =
o RN S S Leepobomeatec=g=-=""17 c
2 005 7 o X —+—
- 40°C g 008
— F=3
© -0.10 5 \ \
0.1
-0.15 i
-0.15| — 55°C o°C 85°C — 150°C
20.20 P -40°C 25°C — 125°C
0 05 10 15 20 25 30 35 40 45 “0 05 1 15 2 25 3 35 4 45
Vin = Vour (V) Vin - Vour (V)
Legacy silicon New silicon, M3 suffix
5-3. Line Regulation 5-4. Line Regulation
100
\ 100 ‘
TPS73225DBV T,
% — s Vour = 2.5V
go| — -40°C
+125°C 0°C
60 ‘ 25°C
S = 85°C
E - s | — s
- £ — 150°C
£ 40 =7 | 1B 8
- > 40 /
20 20 —
//
0 . /
0 50 100 150 200 250 0 50 100 150 200 250
lout (MA) lour (MA)
Legacy silicon New silicon, M3 suffix
5-5. Dropout Voltage vs Output Current B 5-6. Dropout Voltage vs Output Current
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5.8 Typical Characteristics (continued)

for all voltage versions at T = 25°C, ViN = VouTtnom) * 0.5V, loyt = 10mA, Ven = 1.7V, and Coyt = 0.1uF (unless otherwise

noted)
100
TPS73225DBV 100
80 lout =250 mA lout = 250mA
80
< 60 60
\6 // E
a — o
> 40 R
- 40
20 |
20
0 0
-50 -25 0 25 50 75 100 125 -50 25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
Legacy silicon New silicon, M3 suffix
5-7. Dropout Voltage vs Temperature 5-8. Dropout Voltage vs Temperature
% 8 I 10 mA
= our = 10m
5 loyr = 10 mA - 16 [-All Voltage Versions ———
W 14
€ 2 | E g2 [
2 2
c S 10
2 15 5
o o 8 —t
= =
8 10 S 6 m
3 5}
o o
o 4
5
2
04— I 0 ! — } ——
OCOOMNOULTOANTOTTANMITWLONDD O jelololooNoNeolelRelolooloNoNoNoNoNoNoE=]
T3955339575533383333¢2 SEFREEIINTTSNSIBERERS
|
Vour Error (%) Worst Case dV,/dT (ppm/°C)
Legacy silicon Legacy silicon
5-9. Output Voltage Accuracy Histogram 5-10. Output Voltage Drift Histogram
1000
1,000
900
900
800
800
700 3
600 B 70
< === — & 600
=~ 500 ———— ==
2 == e . 2 500
O 400 E e 5 400 |
—/’—-_ -
300 |t T |
— = 300
200 ——Vpn=55V]
— V=4V 200 Vi
100 — V=2V [ 100 —2v 55V
0 ‘ av
0
0 50 100 150 200 250 0 50 100 150 200 250
lout (MA) lour (mA)
Legacy silicon New silicon, M3 suffix
%] 5-11. Ground Pin Current vs Output Current 5-12. Ground Pin Current vs Output Current
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5.8 Typical Characteristics (continued)

for all voltage versions at T = 25°C, ViN = VouTtnom) * 0.5V, loyt = 10mA, Ven = 1.7V, and Coyt = 0.1uF (unless otherwise

noted)
800 ‘
lout =250 mA 800
700 |°UT L [ B
=" - 700
600 [—==
B A e 600
_. 500 S P -
< . __ 500 —
= 400 < 1t
z 2 400 f——
= 300 5
~ 300
200 —=Vy=55V
— V=4V [ ] 200
— V=2V V.
100 IN N
‘ ‘ 100 [~ 250mA —2v 5.5V
0 0 | v
-50  -25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
Legacy silicon New silicon, M3 suffix
5-13. Ground Pin Current vs Temperature 5-14. Ground Pin Current vs Temperature
1 ‘ ‘ i
o xEN/iB\L/E = 0;50\2_, v 0.7 l VenasLe = 0.5V, Vin = Vout + 0.5V
[~ VINT YouTr . 05 /
/ 03
< / - 02
< 0.1 y g
g 7 = 0.1 /
- / 5 007 L

/
i

-50 -25 0 25 50 75 100 125
Temperature (°C)

Legacy silicon

5-15. Ground Pin Current in Shutdown vs Temperature

0.05 /
0.03 ___________/

0.02

0.01
-50 -25 0 25 50 75 100 125
Temperature (°C)

New silicon, M3 suffix

5-16. Ground Pin Current in Shutdown vs Temperature

500

T
1
1
450 ' / oL
400 :

Output Current (mA)

TPS73233

-0.5 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Output Voltage (V)

Legacy silicon

5-17. Current Limit vs Vgyr (Foldback)

500
TPS73233
400 >
z // o
< 300
£
-
g 200 [ e
3 W
100 T,
— -55°C 0°C 85°C
— -40°C 25°C — 125°C
0

-0.5 0 05 1 15 2 25 3 35
Qutput Voltage (V)

New silicon, M3 suffix

5-18. Current Limit vs Voyr (Foldback)
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5.8 Typical Characteristics (continued)

for all voltage versions at T = 25°C, ViN = VouTtnom) * 0.5V, loyt = 10mA, Ven = 1.7V, and Coyt = 0.1uF (unless otherwise
noted)
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5-19. Current Limit vs V| 5-20. Current Limit vs V,
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5-21. Current Limit vs Temperature 5-22. Current Limit vs Temperature
90 —T T T
lour = 100 mA lour = 1 MA 90
80 - _
N Cour = Any Cout = THF| 80 P
70 N [ ™~ /\I ><\
o \ loyr =1mA //7“ 70
2 60 L NUHCoyr = 10uF=2 & oo LIS p
S 5 ﬁ \ Io =100 mA < 60 N
o loyr =1 MA Co=1nF § 50 rl
T 40 | - 2 \
@ 40 [Cour=Any \ A 2 40 ) /
o il
5 30 / 2 I } §
a [l 2 30 ouT = 1ma, Cour=0uF LI R Dl L LALE AL
X 2 4 1 =100 mA] & louT = 100mA, Couyr = OuF s ‘
‘ \( our = 20 | = lour=1ma, Cour = 1F RS
10 lour = Any _I N Cour = 10uF | — lout = 100mA, Cour = 10F \:J\-/
Vin=Vour + 1V Cour = OpF N H ‘ ‘ H 10| = louT = 1mA, Cour = 104F
0 0 louT = 100mA, Cour = 104F N LU
10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1™ 10M
Frequency (Hz) Frequency (Hz)
Legacy silicon New silicon, M3 suffix
5-23. PSRR (Ripple Rejection) vs Frequency 5-24. PSRR (Ripple Rejection) vs Frequency
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5.8 Typical Characteristics (continued)

for all voltage versions at T = 25°C, ViN = VouTtnom) * 0.5V, loyt = 10mA, Ven = 1.7V, and Coyt = 0.1uF (unless otherwise

noted)
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5-29. Noise Spectral Density Cyg = 0.01uF 5-30. Noise Spectral Density Cyg = 0.01uF
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5.8 Typical Characteristics (continued)

for all voltage versions at T = 25°C, ViN = VouTtnom) * 0.5V, loyt = 10mA, Ven = 1.7V, and Coyt = 0.1uF (unless otherwise

noted)
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5-35. TPS73233 Load Transient Response 5-36. TPS73233 Load Transient Response
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5.8 Typical Characteristics (continued)

for all voltage versions at T = 25°C, ViN = VouTtnom) * 0.5V, loyt = 10mA, Ven = 1.7V, and Coyt = 0.1uF (unless otherwise

noted)
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5-41. TPS73233 Turn-Off Response 5-42. TPS73233 Turn-Off Response

13

Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TPS732

BEHZBT T 57— F N2 (DB R CHB O &) 25

English Data Sheet: SBVS037


https://www.ti.com/jp
https://www.ti.com/product/jp/tps732?qgpn=tps732
https://www.ti.com/jp/lit/pdf/JAJS016
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJS016Q&partnum=TPS732
https://www.ti.com/product/jp/tps732?qgpn=tps732
https://www.ti.com/lit/pdf/SBVS037

TPS732
JAJS016Q — AUGUST 2003 — REVISED SEPTEMBER 2024

13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

5.8 Typical Characteristics (continued)

for all voltage versions at T = 25°C, ViN = VouTtnom) * 0.5V, loyt = 10mA, Ven = 1.7V, and Coyt = 0.1uF (unless otherwise

noted)
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5.8 Typical Characteristics (continued)

for all voltage versions at T = 25°C, ViN = VouTtnom) * 0.5V, loyt = 10mA, Ven = 1.7V, and Coyt = 0.1uF (unless otherwise

noted)
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5-53. TPS73201 Line Transient, Adjustable Version

New silicon, M3 suffix

5-54. TPS73201 Line Transient, Adjustable Version
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6 Detailed Description
6.1 Overview

The TPS732 low-dropout linear regulator operates down to an input voltage of 1.7V and supports output
voltages down to 1.2V while sourcing up to 250mA of load current. This linear regulator uses an NMOS pass
transistor with an integrated 4MHz charge pump to provide a dropout voltage of less than 150mV at full load
current. This unique architecture also permits stable regulation over a wide range of output capacitors.
Furthermore, the TPS732 does not require any output capacitor for stability. The increased insensitivity to the
output capacitor value and type makes this linear regulator designed for powering a load where the effective
capacitance is unknown.

The TPS732 also features a noise-reduction (NR) pin that allows for additional reduction of the output noise.
With a noise reduction capacitor of 0.01uF connected from the NR pin to GND, the TPS73215 typical output
noise is 12.75uVRrus. The low noise output featured by the TPS732 makes the device designed for powering
VCOs or any other noise-sensitive load.

6.2 Functional Block Diagrams

4MHz
Charge Pump

EN

Thermal
Protection

27kQ

Bandgap

|

Current
Limit

L

R, + R, = 80kQ

NR

6-1. Fixed-Voltage Version
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N Table 1. Standard 1%
Resistor Values for
Common Output Voltages

1 Vo R4 R2
4MHz
Charge Pump 1.2V Short Open

1.5V 23.2kQ 95.3kQ2
1.8V 28.0kQ 56.2kQ
2.5V 39.2kQ 36.5kQ
2.8V 44.2kQ 33.2kQ
3.0V 46.4kQ 30.9kQ
3.3V 52.3kQ 30.1kQ

ouT NOTE: VOUT = (R1 + R2)/R2 x 1.204;
R1/IRy = 19kQ for best
accuracy.

80k
R1
= FB
%Rz

Bq 6-2. Adjustable-Voltage Version

EN

Thermal
Protection

Bandgap

ik

Current
Limit

L

6.3 Feature Description
6.3.1 Output Noise

A precision band-gap reference is used to generate the internal reference voltage, Vrer. This reference is the
dominant noise source within the TPS732 and generates approximately 32uVrus (10Hz to 100kHz) at the
reference output (NR). The regulator control loop gains up the reference noise with the same gain as the
reference voltage, so that the noise voltage of the regulator is approximately given by:

R, +R2
2

V
J = 32uVRuis X VOUT

VN = 321Vrus X[
REF (1)

Because the value of Vggr is 1.2V, this relationship reduces to:

VN(1VRus ) = 27£uVRMS j *Vout (V)
V )

An internal 27kQ resistor in series with the noise-reduction pin (NR) forms a low-pass filter for the voltage
reference when an external noise-reduction capacitor, Cyg, is connected from NR to ground. For Cyr = 10nF,
the total noise in the 10Hz to 100kHz bandwidth is reduced by a factor of approximately 3.2, giving the
approximate relationship:

Vn(uVrus ) = 8-5[HVRMS j xVour(V)
Vv ®3)

for Cyr = 10nF.
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This noise-reduction effect is shown as RMS Noise Voltage vs Cygr (¥ 5-33) in the Typical Characteristics
section.

The TPS73201 adjustable version does not have the NR pin available. However, connecting a feedback
capacitor, Cgg, from the output to the feedback pin (FB) reduces output noise and improves load transient
performance.

The TPS732 uses an internal charge pump to develop an internal supply voltage sufficient to drive the gate of
the NMOS pass transistor above Voyt. The charge pump generates approximately 250uV of switching noise at
approximately 4MHz; however, charge-pump noise contribution is negligible at the output of the regulator for
most values of Igyt and Coyr-

6.3.2 Internal Current Limit

The TPS732 internal current limit helps protect the regulator during fault conditions. Foldback current limit helps
to protect the regulator from damage during output short-circuit conditions by reducing current limit when Vgyt
drops below 0.5V. See [X| 5-17 in the Typical Characteristics section for a graph of Ioyt vs Vour-

From [X] 5-17 approximately —0.2V of Vgt results in a current limit of OmA. Therefore, if OUT is forced below —
0.2V before EN goes high, the device potentially does not start up. In applications that work with both a positive
and negative voltage supply, enable the TPS732 first.

6.3.3 Enable Pin and Shutdown

The enable pin (EN) is active high and is compatible with standard TTL-CMOS levels. A Vgy below 0.5V
(maximum) turns the regulator off and drops the GND pin current to approximately 10nA. When EN is used to
shut down the regulator, all charge is removed from the pass transistor gate. A Vg above 1.7V (minimum) turns
the regulator on and the output ramps back up to a regulated Vqoyt (see [X] 5-39).

When shutdown capability is not required, connect EN to V|y. However, the pass transistor potentially does not
discharge using this configuration, causing the pass transistor to be left on (enhanced) for a significant time after
V|n is removed. This scenario results in reverse current flow (if the IN pin is low impedance) and faster ramp
times upon power up. In addition, for V|y ramp times slower than a few milliseconds, the output potentially
overshoots upon power up.

Current limit foldback prevents device start-up under some conditions. See the Internal Current Limit section.
6.3.4 Dropout Voltage

The TPS732 uses an NMOS pass transistor to achieve extremely low dropout. When (V\y — Vout) is less than
the dropout voltage (Vpo), the NMOS pass transistor is in the linear region of operation and the input-to-output
resistance is the Rpg(on) of the NMOS pass transistor.

For large step changes in load current, the TPS732 requires a larger voltage drop from V|5 to Voyut to avoid
degraded transient response. The boundary of this transient dropout region is approximately twice the DC
dropout. Values of (V|y — VouT) above this line provide normal transient response.

Operating in the transient dropout region causes an increase in recovery time. The time required to recover from
a load transient is a function of the magnitude of the change in load current rate, the rate of change in load
current, and the available headroom (V|y to Vout voltage drop). Under worst-case conditions [full-scale
instantaneous load change with (V|y — Vour) close to DC dropout levels], the TPS732 takes a couple of hundred
microseconds to return to the specified regulation accuracy.
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6.3.5 Reverse Current

The NMOS pass transistor of the TPS732 provides inherent protection against current flow from the output of the
regulator to the input when the gate of the pass transistor is pulled low. To make sure all charge is removed from
the gate of the pass transistor, drive the EN pin low before the input voltage is removed. If this process is not
done, the pass transistor is potentially left on because of stored charge on the transistor.

After the EN pin is driven low, no bias voltage is needed on any pin for reverse current blocking. Reverse current
is specified as the current flowing out of the IN pin resulting from the voltage applied on the OUT pin. Additional
current flows into the OUT pin from the 80kQ internal resistor divider to ground (see [X| 6-1 and [X] 6-2 ).

For the TPS73201, reverse current potentially flows when Vg is more than 1V above V).

6.4 Device Functional Modes
6.4.1 Normal Operation With 1.7V < V) < 5.5V and Vgy 2 1.7V

The TPS732 requires an input voltage of at least 1.7V to function properly and attempt to maintain regulation.

When operating the device near 5.5V, suppress any transient spikes that exceed the 6V absolute maximum
voltage rating. Never operate the device at a DC voltage greater than 5.5V.
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7 Application and Implementation

-
PLTFOT7 7V r—a i, TI OGRS TN 0 TIEARL, Tl TIEFOEWHMEF-ITeets

PRAEV 2L ER A, 4 O BN T2/ O EPEIZ OV TIE, BREEROBEETHMTL T /722l
RET, BERITIAH ORGIRIELHAEL T AN 5L T, VAT AOKREZHER T DU ERHYET,

7.1 Application Information

The TPS732 LDO regulator uses an NMOS pass transistor to achieve ultra-low-dropout performance, reverse
current blockage, and freedom from output capacitor constraints. These features, combined with low noise and
an enable input, make the TPS732 designed for portable applications. This regulator offers a wide selection of
fixed-output voltage versions and an adjustable-output version. All versions have thermal and overcurrent
protection, including foldback current limit.

7.2 Typical Application

7-1 shows the basic circuit connections for the fixed-voltage models. 7-2 gives the connections for the
adjustable-voltage version (TPS73201).

Optional input capacitor. Optional output capacitor.
May improve source May improve load transient,
impedance, noise, or PSRR. noise, or PSRR.
VIN IN ouT Vout
— TPS732xx —

— EN GND NR}-- —
J_ ONJ ‘fL ?\\
OFF

Optional bypass
capacitor to reduce
output noise.

Bq 7-1. Typical Application Circuit for Fixed-Voltage Versions

Optional input capacitor. Optional output capacitor.
May improve source May improve load transient,
impedance, noise, or PSRR. noise, or PSRR.
Vin Q—%i IN ouT Vour
|

p— TPS73201

.

— J EN GND FBf—&-----
orr I ON L

(R, +R,) — Optional capacitor
Vour= ——=2 x1.204 reduces output noise
2 and improves

transient response.

B 7-2. Typical Application Circuit for Adjustable-Voltage Version
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7.2.1 Design Requirements

R4 and R, are calculated for any output voltage using the formula in [X] 7-2. Sample resistor values for common
output voltages are given in [¥] 6-2.

For best accuracy, make the parallel combination of Ry and R, approximately equal to 19kQ. This 19kQ, in
addition to the internal 8kQ resistor, presents the same impedance to the error amplifier as the 27kQ band-gap
reference output. This impedance helps compensate for leakages into the error amplifier terminals.

7.2.2 Detailed Design Procedure
7.2.2.1 Input and Output Capacitor Requirements

Although an input capacitor is not required for stability, good analog design practice is to connect a 0.1uF to 1pF,
low ESR capacitor across the input supply near the regulator. This capacitor counteracts reactive input sources
and improves transient response, noise rejection, and ripple rejection. A higher-value capacitor is necessary if
large, fast rise-time load transients are anticipated or the device is located several inches from the power source.

The TPS732 does not require an output capacitor for stability and has maximum phase margin with no capacitor.
The device is designed to be stable for all available types and values of capacitors. In applications where
multiple low ESR capacitors are in parallel, ringing potentially occurs when the product of Coyt and total ESR
drops below 50nF x Q. Total ESR includes all parasitic resistances, including capacitor ESR and board, socket,
and solder joint resistance. In most applications, the sum of capacitor ESR and trace resistance meets this
requirement.

7.2.2.2 Transient Response

The low open-loop output impedance provided by the NMOS pass transistor in a voltage follower configuration
allows operation without an output capacitor for many applications. As with any regulator, the addition of a
capacitor (nominal value 1uF) from the OUT pin to ground reduces undershoot magnitude but increases the
duration. In the adjustable version, the addition of a capacitor, Cgg, from the OUT pin to the FB pin also improves
transient response.

The TPS732 does not have active pulldown when the output is overvoltage. This feature allows applications that
connect higher voltage sources, such as alternate power supplies, to the output. This feature also results in an
output overshoot of several percent if the load current quickly drops to zero when a capacitor is connected to the
output. The duration of overshoot is reduced by adding a load resistor. The overshoot decays at a rate
determined by output capacitor Coyt and the internal or external load resistance. The rate of decay is given by:

(Fixed voltage versions)

dV /dt= Vour
Cout x80kQ IR oap (4)

(Adjustable voltage version)

V,
dv/dt = o
Cout x80kQ || (Ry+R5) IR oap ®)
Copyright © 2024 Texas Instruments Incorporated BRI T 57— RN 2 (ZE S B 7)) 25 21

Product Folder Links: TPS732
English Data Sheet: SBVS037


https://www.ti.com/jp
https://www.ti.com/product/jp/tps732?qgpn=tps732
https://www.ti.com/jp/lit/pdf/JAJS016
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJS016Q&partnum=TPS732
https://www.ti.com/product/jp/tps732?qgpn=tps732
https://www.ti.com/lit/pdf/SBVS037

13 TEXAS
TPS732 INSTRUMENTS

JAJS016Q — AUGUST 2003 — REVISED SEPTEMBER 2024 www.ti.com/ja-jp

7.2.3 Application Curves

R.=1kQ
Cour =0nF . Vour v
IR =200 : P z
1 V/div COUT=1“F —:— /
X : : y
R =200 - : : S /
Cor=tOWF & ; 7
] is = ; ; seind 5
>
2V = 2v
T Ven . Ven
1 Vidiv - = IRREERRREE R — Ry =1kQ, Cour = OuF
oV : : : : : ov — R, =20Q, Coyr = 1uF
s 3 —— Ry =20Q, Coyr = 10uF
— Ven
100 us/div 100ps/div
Legacy silicon New silicon, M3 suffix
7-3. TPS73233 Turn-On Response 7-4. TPS73233 Turn-On Response
V=38V Gyur = OuF
50 mV/tick r Vour ) Vour, Cour= OpA
- Cour = 11F ~ Vour), Cout|= 1uF
50 mV/tick A s Vour o
V 5 Vour, Cout T 10uR
Cour = 101F A Emva -
i outr = TWH §

50 mV/tick W a—— Vour o Viy= 3.8V
== Cour = OuF
= Cour = 1uF

250 mA 250mA —— Cour=104F

50 mA/tick lr — oot

10 mA 10mA
lour L L
10 ps/div 10us/div
Legacy silicon New silicon, M3 suffix
7-5. TPS73233 Load Transient Response 7-6. TPS73233 Load Transient Response
60
60
55 — 10kHz < Frequency < 100kHz
\\\ 55 —— Vour =25V, Cour = OuF, Ry = 39.2kQ
50 N s
45 .
E 40 N 2
=z N 2 40
~ 35 RNE =
30 Vour=2.5V \\h——-—--_ T ——
L A
Coyr = 0pF 30 T —
25 | Ry = 39.2 kQ) REE
10Hz < Frequency < 100 kHz 25
20 Ll | .
10p 100p n 10n 10p 100p 1n 10n
Ceg (F) Crs (F)
Legacy silicon New silicon, M3 suffix
7-7. TPS73201 RMS Noise Voltage vs Cgg 7-8. TPS73201 RMS Noise Voltage vs Cgg
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7.2.3 Application Curves (continued)

Ces =10 NF E
R, = 39.2 kQ . :
S : © 7 Cour=OpF |
100 mV/div {\/\/\/OLW Vour Coutl= 04F
: : : : © Coyr=10uF > N
100 mV/div i - a— Vour S Adah . . [PouT T 1007
' ' : E LAA i
""" S Cre = 10nF R, =392k
: = Cour = O0uF == lowr
..... S : = Cour = 10uF
: 250mA
ol +
L 10 mA 10mA
L il - lout
10 ps/div 10ps/div
Legacy silicon New silicon, M3 suffix
7-9. TPS73201 Load Transient, Adjustable Version 7-10. TPS73201 Load Transient, Adjustable Version

7.3 Power Supply Recommendations

This device is designed to operate from an input voltage supply range between 1.7V and 5.5V. The input voltage
range provides adequate headroom for the device to have a regulated output. Make sure this input supply is well
regulated. If the input supply is noisy, additional input capacitors with low ESR help improve output noise
performance.

7.4 Layout
7.4.1 Layout Guidelines

To improve AC performance such as PSRR, output noise, and transient response, design the PCB with ground
plane connections for V|y and Vgyt capacitors, and connect the ground plane at the GND pin of the device. In
addition, the ground connection for the bypass capacitor should connect directly to the GND pin of the device.

7.4.1.1 Thermal Considerations

Thermal protection disables the output when the junction temperature rises to approximately 160°C, allowing the
device to cool. When the junction temperature cools to approximately 140°C, the output circuitry is again
enabled. Depending on power dissipation, thermal resistance, and ambient temperature, the thermal protection
circuit potentially cycles on and off. This cycling limits the dissipation of the regulator, protecting the regulator
from damage caused by overheating.

Any tendency to activate the thermal protection circuit indicates excessive power dissipation or an inadequate
heat sink. For reliable operation, limit junction temperature to 125°C maximum. To estimate the margin of safety
in a complete design (including heat sink), increase the ambient temperature until the thermal protection is
triggered; use worst-case loads and signal conditions. For good reliability, thermal protection triggers at least
35°C above the maximum expected ambient condition of the application. This level produces a worst-case
junction temperature of 125°C at the highest expected ambient temperature and worst-case load.

The internal protection circuitry of the TPS732 is designed to protect against overload conditions. This circuitry is
not intended to replace proper heat sinking. Continuously running the TPS732 into thermal shutdown degrades
device reliability.
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7.4.1.1.1 Power Dissipation

The ability to remove heat from the die is different for each package type, presenting different considerations in
the PCB layout. The PCB area around the device that is free of other components moves the heat from the
device to the ambient air. Performance data for JEDEC low- and high-K boards are shown in the Thermal
Information table. Using heavier copper increases the effectiveness in removing heat from the device. The
addition of plated through-holes to heat-dissipating layers also improves the heat-sink effectiveness.

Power dissipation depends on input voltage and load conditions. Power dissipation (Pp) is equal to the product
of the output current times the voltage drop across the output pass transistor (Vy to Vour):

Pp = (Vin = Vout) xlout (6)
Power dissipation is minimized by using the lowest possible input voltage necessary to provide the required
output voltage.

7.4.2 Layout Examples

GND PLANE

!

1
cout
|
!
TPS736xxDRB VIN
VouT
1 8
N0
) W
NC| 2 7 | NC
~N N —— |CIN
() ( ) |
NRFB 3 | e
OO
Cun ‘| s Ten )
GND PLANE
7-11. Fixed Output Voltage Option Layout (DRB Package)
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GND PLANE
!
1
cout |
|
\
VOUT ‘
TPS73601DRB VIN
1 8
T = ON0) a8
Crr — R NC | 2 7 | NC N
| S ® O T
NRFB 3 | [ 6 | NnC
— OO i
Rl 4| 5 BN )
{
GND PLANE
7-12. Adjustable Output Voltage Option Layout (DRB Package)
Vin Vout
1 5
J_ Cin Cout J_
T T
2 GND
GND
CnR J_
-
3 4
EN
7-13. Layout Example for the DBV Package Fixed Version
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— Cour

pOUTe

2D

R23S
GND PLANE

7-14. Layout Example for the DBV Package Adjustable Version

GND Plane

GND

[ + IN out GND NR EN
1 2 B3] 4 3
EN
Cour Crr
Vin Vour GND NR

7-15. Layout Example for the DCQ Package Fixed Version

GND Plane

[ + IN out GND FB EN
1 2 3 4 5
EN
Cour
.
5
Vin GND
m
Y
Crr

Bd 7-16. Layout Example for the DCQ Package Adjustable Version

26 BFHB T 57— N2 (ZE RSB EPE) #55 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TPS732
English Data Sheet: SBVS037


https://www.ti.com/product/jp/tps732?qgpn=tps732
https://www.ti.com/jp/lit/pdf/JAJS016
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJS016Q&partnum=TPS732
https://www.ti.com/product/jp/tps732?qgpn=tps732
https://www.ti.com/lit/pdf/SBVS037

13 TEXAS
INSTRUMENTS TPS732
www.ti.comlja-jp JAJS016Q — AUGUST 2003 — REVISED SEPTEMBER 2024

8 Device and Documentation Support
8.1 Device Support

8.1.1 Development Support
8.1.1.1 Evaluation Modules

An evaluation module (EVM) is available to assist in the initial circuit performance evaluation using the TPS732.
Request the TPS73201DRBEVM-518 evaluation module (and related user guide) at the Texas Instruments
website through the product folders or purchased directly from the Tl eStore.

8.1.1.2 Spice Models

Computer simulation of circuit performance using SPICE is often useful when analyzing the performance of
analog circuits and systems. A SPICE model for the TPS732 is available through the product folders under
Simulation Models.

8.1.2 Device Nomenclature

# 8-1. Device Nomenclature
PRODUCT() Vout

xx is the nominal output voltage (for example, 25 = 2.5V; 01 = Adjustable).

yyy is the package designator.

z is the tape and reel quantity (R = 3000, T = 250).

TPS732xxyyyz(M3) M3 is a suffix designator for devices that only use the latest manufacturing flow (CSO: RFB).
Devices without this suffix ship with the legacy silicon (CSO: DLN) or the new silicon (CSO:
RFB). The reel packaging label provides CSO information to distinguish which chip is being
used. Device performance for new and legacy chips is denoted throughout the document.

(1)  For the most current package and ordering information see the Package Option Addendum at the end of this document, or see the Tl
website at www.ti.com.

8.2 Documentation Support
8.2.1 Related Documentation

« Texas Instruments, Regulating Voyr Below 1.2 V Using an External Reference application note
» Texas Instruments, TPS73x01DRBEVM-518 User's Guide

8.3 RFaAY MOEMBEMERITMBAE
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DNWTE, RIS F 2 A MG FNLTOAUETEEZ Z B T2,

84YR—F-UY—-2R

TH A AL AV VALY E2E™ R =1 T3 —T AL, TV =T R A D EE LR FHICE T A M AR
— ISR EEEEDZENTEXAGITTT, BEFORIZEMBE LD, ME DEREZLIZVT5ZLT, Fit Ty
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Vo7& NTWDI T o3, HEBEICIDBROFF ) #RBMEINDILDTT, TNBIEETF A ARV LAY DA
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8.5 Trademarks

TXY R A AV A Y E2E™ is a trademark of Texas Instruments.
TRCOMEEIL, TNENOFEE IRBLET,
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9 Revision History
EERE S RBOFRFIIUGET 2R L COET, TOYGTBIRIZRGEMICEC T ET,

Changes from Revision P (December 2015) to Revision Q (September 2024) Page
o FFAPRIRIZDIZS TR, K AHA B IROTRZE TTIEZ BT 1
o FXa AR EARTISONZTVSON JIZZETE oottt et e et e te et et e et e e teeste et e s teeteeeesteeeteeseesreeneeans 1
o Changed VFB typiCal VAIUE.........cooo ittt e et e e e e et e e e e anb e e e e e enbre e e e e anreeas 6
o Added M3 ground Pin CUIMTENE SPEC. ......uuuiiiieiiiiiee ettt e ettt e ettt e e e s e bt e e e e s aate e e e e e sttt eeeeaanbeeeeeeasbeeeeesabeneeesanns 6
o Added M3 ShUtdOWN CUIMTENE SPEC.....ccci ittt e ettt e e e e hb et e e e e et et e e e sanbeeeeeeanbeeeeaeanns 6
* Added new silicon plots to Typical CRAraCteriStCS ............cuueiiiiiiiiii it 7
» Changed load current max source from 500mA to 250mA and dropout voltage from 250mV to 150mV in
(@Y . 11 8T Yor (o o SRR 16
» Changed total ESR drops below 50nQF to total ESR drops below 50nF x Q in Input and Output Capacitor
REQUIFEMENTS SECHON ...ttt e ettt e e e et e e e e e nb e e e e e e nbe e e e e ennbeeeeeanneee 21
* Added new silicon plots to Application CUIVES SECHION..........cuuiiii i 22
o Changed Layout GUIAEIINES SECHION........coi ittt et e e e e e e e e e e e anbe e e e e ennbeeeeeanneee 23
* Added DBV and DCQ layout figures to Layout EXamples SECHON.............coiiiiiiiiaiiiiiiee e 24
* Added M3 information to Device NOMENCIALUIE ..............ccccueeieieeeiiee ettt e e e e e e e e ennes 27
Changes from Revision O (August 2010) to Revision P (December 2015) Page
« [RrR )T NMOS MRuP 2B 5@ SRFEHAAZZEH, DI ZHIER 1

« [ESD E#& K., MEEEHA 1o ay, [TFARAADMRET—R ) ®r ay [TV r—a bR vriay I8
VRICEETAHERETE | v 7 ay VAT b v ay [T AL ABIORF 2 A MDY R = I7vay, [ Ah=h

o 28— B OVESCE S BT Z BN oo 1
o S 2oy a DEPIOBEEEET  NMOS MRa P % THiH I EL T2 AZEEIBR oo 1
» Changed Pin Configuration and Functions section; updated table format ...............cccoiiiiiii s 3

10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGE OPTION ADDENDUM

11-Dec-2024

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (415)
(6)
TPS73201DBVR ACTIVE SOT-23 DBV 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 PJEQ
TPS73201DBVT ACTIVE SOT-23 DBV 250 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 PJEQ
TPS73201DBVTG4 ACTIVE SOT-23 DBV 250 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 PJEQ
TPS73201DCQ OBSOLETE SOT-223 DCQ TBD Call Tl Call T -40 to 125 PS73201
TPS73201DCQR ACTIVE SOT-223 DCQ 2500 RoHS & Green SN Level-2-260C-1 YEAR  -40to 125 PS73201
TPS73201DRBR ACTIVE SON DRB 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 PJEQ Samples
TPS73201DRBRG4 ACTIVE SON DRB 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 PJEQ
TPS73201DRBRM3 ACTIVE SON DRB 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 PJEQ
TPS73201DRBT OBSOLETE SON DRB TBD Call Tl Call Tl -40 to 125 PJEQ
TPS73213DBVR ACTIVE SOT-23 DBV 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 BWD
TPS73215DBVR ACTIVE SOT-23 DBV 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 T38
TPS73215DCQ OBSOLETE SOT-223 DCQ TBD Call Tl Call Tl -40 to 125 PS73215
TPS73215DCQR ACTIVE SOT-223 DCQ 2500 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 PS73215
TPS73216DBVT ACTIVE SOT-23 DBV 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 T50
TPS73216DBVTG4 ACTIVE SOT-23 DBV 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 T50
TPS73218DBVR ACTIVE SOT-23 DBV 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 T37 Samples
TPS73218DBVT OBSOLETE  SOT-23 DBV TBD Call Tl Call TI -40to 125 T37
TPS73218DCQ OBSOLETE SOT-223 DCQ TBD Call Tl Call Tl -40 to 125 PS73218
TPS73218DCQR ACTIVE SOT-223 DCQ 2500 RoHS & Green SN Level-2-260C-1 YEAR  -40to 125 PS73218
TPS73219DBVR ACTIVE SOT-23 DBV 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 CGE
TPS73219DBVT OBSOLETE  SOT-23 DBV TBD Call Tl Call T -40 to 125 CGE
TPS73225DBVR ACTIVE SOT-23 DBV 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 T36
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rderable Device tatus Package Type Package Pins Package co Plan ead finis eak Temp p Temp evice Marking amples
Orderable Devi S Pack T Pack Pi Pack Eco PI Lead finish/ MSL Peak T OpT (°C) Device Marki S |
(1) Drawing Qty %) Ball material ©) (4/5)
(6)
TPS73225DBVT ACTIVE SOT-23 DBV 5 250 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 T36
TPS73225DBVTG4 ACTIVE SOT-23 DBV 5 250 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 T36
TPS73225DCQ OBSOLETE SOT-223 DCQ 6 TBD Call Tl Call Tl -40 to 125 PS73225
TPS73225DCQR ACTIVE SOT-223 DCQ 6 2500 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 PS73225
TPS73230DBVR ACTIVE SOT-23 DBV 5 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 T39
TPS73230DBVT OBSOLETE SOT-23 DBV 5 TBD Call Tl Call Tl -40 to 125 T39
TPS73230DCQR ACTIVE SOT-223 DCQ 6 2500 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 PS73230
TPS73233DBVR ACTIVE SOT-23 DBV 5 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 T40
TPS73233DBVT ACTIVE SOT-23 DBV 5 250 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 T40
TPS73233DCQ OBSOLETE SOT-223 DCQ 6 TBD Call Tl Call Tl -40 to 125 PS73233
TPS73233DCQR ACTIVE SOT-223 DCQ 6 2500 RoOHS & Green SN Level-2-260C-1 YEAR  -40to 125 PS73233
TPS73250DBVR ACTIVE SOT-23 DBV 5 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 T41
TPS73250DBVT ACTIVE SOT-23 DBV 5 250 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 T41
TPS73250DCQR ACTIVE SOT-223 DCQ 6 2500 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 PS73250

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.
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® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
OTHER QUALIFIED VERSIONS OF TPS732 :

o Automotive : TPS732-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS

A |<— KO 4 P1—p|
olo o ol o © ¢ T
& © o|( Bo W
Rl |
L & Diameter I I
Cavity +| A0 |+
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A
W

Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

t Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE

[OXNORNORNORNORNORNONNG) Sprocket Holes

| |
Q1 i Q2 Q1 i '
Q3 : Q4 Q3 : User Direction of Feed
— |
Pocket a‘ugdrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS73201DBVR SOT-23 | DBV 5 3000 178.0 9.0 3.3 3.2 14 4.0 8.0 Q3
TPS73201DBVT SOT-23 | DBV 5 250 178.0 9.0 323 | 317 | 1.37 | 4.0 8.0 Q3
TPS73201DBVT SOT-23 DBV 5 250 179.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
TPS73201DCQR SOT-223| DCQ 6 2500 330.0 124 685 | 7.3 | 1.88 | 80 | 12.0 Q3
TPS73201DRBR SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS73213DBVR SOT-23 | DBV 5 3000 178.0 9.0 323 | 317 | 1.37 | 4.0 8.0 Q3
TPS73215DBVR SOT-23 DBV 5 3000 178.0 9.0 3.23 | 317 | 1.37 4.0 8.0 Q3
TPS73215DCQR SOT-223| DCQ 6 2500 330.0 12.4 7.1 7.45 | 1.88 8.0 12.0 Q3
TPS73216DBVT SOT-23 DBV 5 250 179.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
TPS73218DBVR SOT-23 | DBV 5 3000 178.0 9.0 323 | 317 | 1.37 | 4.0 8.0 Q3
TPS73218DCQR SOT-223( DCQ 6 2500 330.0 12.4 6.85 7.3 1.88 8.0 12.0 Q3
TPS73219DBVR SOT-23 DBV 5 3000 178.0 9.0 3.23 | 317 | 137 4.0 8.0 Q3
TPS73225DBVR SOT-23 DBV 5 3000 178.0 9.0 3.23 | 317 | 1.37 4.0 8.0 Q3
TPS73225DBVT SOT-23 | DBV 5 250 178.0 9.0 323 | 317 | 1.37 | 4.0 8.0 Q3
TPS73225DCQR SOT-223( DCQ 6 2500 330.0 12.4 7.1 7.45 | 1.88 8.0 12.0 Q3
TPS73230DBVR SOT-23 DBV 5 3000 178.0 9.0 3.23 | 317 | 1.37 4.0 8.0 Q3
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Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)

TPS73230DCQR SOT-223| DCQ 6 2500 330.0 12.4 7.1 7.45 | 1.88 8.0 12.0 Q3
TPS73233DBVR SOT-23 DBV 5 3000 178.0 9.0 323 | 317 | 1.37 4.0 8.0 Q3
TPS73233DBVT SOT-23 DBV 5 250 178.0 9.0 3.23 | 317 | 1.37 4.0 8.0 Q3
TPS73233DCQR SOT-223| DCQ 6 2500 330.0 12.4 6.85 7.3 1.88 8.0 12.0 Q3
TPS73250DBVR SOT-23 DBV 5 3000 178.0 9.0 323 | 3.17 | 1.37 4.0 8.0 Q3
TPS73250DBVT SOT-23 DBV 5 250 178.0 9.0 323 | 317 | 1.37 4.0 8.0 Q3
TPS73250DCQR SOT-223| DCQ 6 2500 330.0 12.4 7.1 7.45 | 1.88 8.0 12.0 Q3
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS73201DBVR SOT-23 DBV 5 3000 180.0 180.0 18.0
TPS73201DBVT SOT-23 DBV 5 250 180.0 180.0 18.0
TPS73201DBVT SOT-23 DBV 5 250 200.0 183.0 25.0
TPS73201DCQR SOT-223 DCQ 6 2500 356.0 356.0 36.0
TPS73201DRBR SON DRB 8 3000 367.0 367.0 35.0
TPS73213DBVR SOT-23 DBV 5 3000 180.0 180.0 18.0
TPS73215DBVR SOT-23 DBV 5 3000 180.0 180.0 18.0
TPS73215DCQR SOT-223 DCQ 6 2500 346.0 346.0 41.0
TPS73216DBVT SOT-23 DBV 5 250 213.0 191.0 35.0
TPS73218DBVR SOT-23 DBV 5 3000 180.0 180.0 18.0
TPS73218DCQR SOT-223 DCQ 6 2500 356.0 356.0 36.0
TPS73219DBVR SOT-23 DBV 5 3000 180.0 180.0 18.0
TPS73225DBVR SOT-23 DBV 5 3000 180.0 180.0 18.0
TPS73225DBVT SOT-23 DBV 5 250 180.0 180.0 18.0
TPS73225DCQR SOT-223 DCQ 6 2500 346.0 346.0 41.0
TPS73230DBVR SOT-23 DBV 5 3000 180.0 180.0 18.0
TPS73230DCQR SOT-223 DCQ 6 2500 346.0 346.0 41.0
TPS73233DBVR SOT-23 DBV 5 3000 180.0 180.0 18.0
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS73233DBVT SOT-23 DBV 5 250 180.0 180.0 18.0
TPS73233DCQR SOT-223 DCQ 6 2500 356.0 356.0 36.0
TPS73250DBVR SOT-23 DBV 5 3000 180.0 180.0 18.0
TPS73250DBVT SOT-23 DBV 5 250 180.0 180.0 18.0
TPS73250DCQR SOT-223 DCQ 6 2500 346.0 346.0 41.0
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GENERIC PACKAGE VIEW
DRB 8 VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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DRBO0008B

PACKAGE OUTLINE
VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA— |-

EXPOSED r+— 1.651£0.05 —=
THERMAL PAD

ANANANA

‘ ©

2.4+0.05

— 8X

0.35
0.25

PIN 11D
(OPTIONAL) 8X

0.1® |C|A|B
& 0.054) |C

ﬁ (0.2) TYP

4218876/A 12/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
DRB0008B VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

8X (0.6) — S\ELMM
+ 1 s | N
| é C;:j 8
8X (0.3) j | |
-— - T 2.4)
‘ [ij (0.95)
6X (o 65) | | l
|
/D} - i
(R0.05) TYP |
(0. 575) |
%% g.z) VIA 2.8)

LAND PATTERN EXAMPLE
SCALE:20X

0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
P ~

\
|
|

\ /
SOLDER 'V'ASK/ METAL METAL UNDERJ \—SOLDER MASK

OPENING SOLDER MASK OPENING
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4218876/A 12/2017

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.

INSTRUMENTS
www.ti.com



EXAMPLE STENCIL DESIGN
DRB0008B VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

8X (0.6) SQ"M METAL
1 s % Ca N

8X (0.3)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD

81% PRINTED SOLDER COVERAGE BY AREA
SCALE:25X

4218876/A 12/2017

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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PACKAGE OUTLINE
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PIN 1—]
INDEX AREA

4
0.3
\ { 0.15
0.2 [c|AB] NOTE 5 4X0°-15° = @D = =00 "YP
1.45
0.90

GAGE PLANE

f

g’ &/* L \ 1
. TYP 0.6
0 — o3 TYP SEATING PLANE

4214839/K 08/2024

NOTES:

[N

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. Refernce JEDEC MO-178.

. Body dimensions do not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.25 mm per side.

. Support pin may differ or may not be present.

AOWN

)]
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EXAMPLE BOARD LAYOUT
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

—= BX(11) =

f

5X (0.6)

f
T

2X (0.95)

(R0.05) TYP

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \‘ SOLDER MASK‘\
|
/
EXPOSED METAL— |
J L 0.07 MAX JL 0.07 MIN

EXPOSED METAL

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214839/K 08/2024

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PKG
—= BX(L1) = ¢

1 1l % | |
5
oo
ﬁ [ I
— ‘ L SYMM
[ Tt

‘ |
T
L7(2-5)4’

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

(RO.05) TYP

4214839/K 08/2024

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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PACKAGE OUTLINE
DCQO006A SOT - 1.8 mm max height

¢

PLASTIC SMALL OUTLINE

7.26
6.86
3.6
[ ]o.08] o B
\ PIN 1 NOTE 3
S INDEX AREA ,
E[ 1
TYP
| I e 6.6
6.4
NOTE 3
\ [5.08] ] 6
3.05 |
i 2.95
-—-t—-r @ [01@]c]A]B]
5
L 0.51 J‘
0.10 e 16) - %X 0.41
0.02 ' & [01@ [c|A[B]
18 MAX |=—
GAGEPLANE [/, — 1\ 77777777777777777777777777 I[ — E \[ 0.24
| 114 \—SEATING PLANE - f
0.91

4214845/C 11/2021

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.
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EXAMPLE BOARD LAYOUT
DCQO006A SOT - 1.8 mm max height

PLASTIC SMALL OUTLINE

@02 TYP

|

|

|

|
| ‘ |

SYMM ‘ i

[ e e I e
(R0.05) TYP | | |
T | |
! |

|

|

|

K

L——L— (0.775) TYP

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

,,,,,,,,,,

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING‘\ SOLDER MASKX /OPENING
)
\
EXPOSED METAL

\
*1 Lﬁ 0.07 MAX 4 EXPOSED METAL

0.07 MIN
ALL AROUND ALL AROUND

SOLDER MASK DETAILS

4214845/C 11/2021

NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.

5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

6. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
DCQO006A SOT - 1.8 mm max height

PLASTIC SMALL OUTLINE

(== ‘
L - | |
(A .272 TYP ! ‘F'ﬁ (0.56) TYP
. | | 1 (0.755)
I i ,Ti 4 —
SYMM |
¢ — e e = > Rl #7
e N B
(R0.05) TYP ! o 4X(1.31) \
L] o ;
| |
+ | \ 4X (0.92)
5X (0.65) [ i ] |
| |

" -
5X (2.05) S\{LM'\"

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4214845/C 11/2021

NOTES: (continued)

7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
8. Board assembly site may have different recommendations for stencil design.
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