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1} TEXAS TPS7H4011-SP
INSTRUMENTS SNVS983 — APRIL 2024
TPS7H4011-SP and TPS7H4011-SEP 4.5V to 14V Input
12A Radiation Hardened Synchronous Buck Converter
1 Features 3 Description

Total ionizing dose (TID) characterized

— Radiation hardness assurance (RHA)
availability of up to 100krad(Si)

Single-Event Effects (SEE) characterized

— Single-event latchup (SEL), single-event
burnout (SEB), and single-event gate rupture
(SEGR) immune up to linear energy transfer
(LET) = 75MeV-cm2/mg

— Single-event functional interrupt (SEFI) and
single-event transient (SET) characterized up to
LET = 75MeV-cm?/mg

Input voltage range from 4.5V to 14V

12A maximum output current

High efficiency (typical values for VIN = 12V,

VOUT = 3.3V, fgy = 500kHz)

— 94% at 1A

— 86% at 9A

— 82% at 12A

Integrated 45mQ (HS) and 33mQ (LS) MOSFETs

(typ at 12V)

Flexible switching frequency options:

— 100kHz to 1MHz, accurate (x15% or better),
adjustable internal oscillator

— 100kHz to 1MHz external sync capability

— SYNC pins can be configured 90° out of phase
to parallel up to 4 devices

0.6V £ 0.67% voltage reference over line,

temperature, and radiation

Differential remote sensing

Selectable current limit

FAULT input pin for flexible fault management

Monotonic start-up into prebiased outputs

Adjustable slope compensation and soft-start

Adjustable input enable and power-good output for

power sequencing

Power-good output monitor for undervoltage and

overvoltage

Supports 5V to -5V inverting buck-boost topology

Plastic packages outgas tested per ASTM E595

Available in military (-55°C to 125°C) temperature

range

2 Applications

Space satellite point of load supply
Satellite electrical power systems (EPS)
Communications payload

Radar imaging payload

Radiation hardened power supplies

The TPS7H4011 is a 14V, 12A synchronous buck
converter optimized for use in a space environment.
The peak current mode converter obtains high
efficiency with good transient performance and
reduced component count.

The wide voltage range of the TPS7H4011 enables
it to be used as a point of load regulator to convert
directly from a 12V or 5V rail. The output voltage
start-up ramp is controlled by the SS_TR pin. Power
sequencing is possible with the EN and PWRGD pins.

The device can be configured with up-to four devices
in parallel without an external clock for increased

current capabilities. Additionally,

various features

are included such as differential remote sensing,
selectable current limit, a flexible fault input pin, and
configurable compensation.

Device Information

PART NUMBER(") GRADE PACKAGE®)
5962R2122101VXC QMLV-RHA 30-pin ceramic
Engineering | 7-84mm x 19.28mm
TPS7H4011HLB/EM sample Mass = 2.27g
5962R2122102PYE®) QMLP-RHA | 44-pin plastic
6.10mm x 14.00mm
TPS7H4011MDDWTSEP®) | SEP Mass = 218mg
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Product preview.
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For additional information view the Device Options Table.
Dimension and mass values are nominal.
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Simplified Schematic

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. UNLESS OTHERWISE NOTED, this document contains ADVANCE
INFORMATION for pre-production products; subject to change without notice.
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4 Device Options Table

GENERIC PART

ORDERABLE PART

DSEE free to 43MeV-cmZ/mg

(1) (2)
NOEEES RADIATION RATING GRADE PACKAGE NUNEER
TID of 100krad(Si) RLAT, QMLV-RHA 30-pin CFP HLB 5962R2122101VXC
TPS7H4011-SP DSEE free to 75MeV-cm?/mg | QMLP-RHA 44-pin HTSSOP DDW | 5962R2122102PYE®)
None Engineering model(®) 30-pin CFP HLB TPS7H4011HLB/EM
TPS7H4011-SEP TID of S0krad(Si) RLAT, Space Enhanced Plastic |44-pin HTSSOP DDW | TPS7H4011MDDWTSEP®)

(1) TID is total ionizing dose and DSEE is destructive single event effects. Additional information is available in the associated TID reports
and SEE reports for each product.
(2) For additional information about part grade, view SLYB235.
(3) These units are intended for engineering evaluation only. They are processed to a non-compliant flow (such as no burn-in and only
25°C testing). These units are not suitable for qualification, production, radiation testing, or flight use. Parts are not warranted as to
performance over temperature or operating life.

(4) Product preview.
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5 Pin Configuration and Functions

GND 1 44 REFCAP
GNDL____1] 30 REFCAP GND[_ 2] 43— Jcomp
EN 3 42 VSNS+
EN[ 2]} 129 jcomp RT__ 4 141 JVSNS-
VIN 5] 40 SS_TR
RT3 128 JVSNS+ LDOCAP[ 6 |7 39 ] RSE
SYNCM 7 38 ILIM
VINC_———2] 27 VSN Sy — 37— JFAULT
SYNC2 9 36 PWRGD
LDOCAPL 5] (26155 TR N[ 10 Thermal 35 INC
Pad
PVIN 11 34 SW
SINEML____& Thermal Pad 25— IRSC PVIN 1 (Bs"i::)m 33 sw
(Bottom Side) PVIN 13| 32 Isw
SYNC1 7 31 24 ILIM PVIN T4 45 3T Jsw
PVIN 15 30 SW
SING2L____ & 23 —IFAULT PGND 16| 23 sw
PGND 17 28 SwW
PVINL__ 9] 22 JPWRGD PGND 18 27 Isw
PGND 19 26 SW
PVINL___10] 21— sw PGND [ 20 25— Jsw
PGND 21 124 ISW
PVINL___11. 20 s PGND [ 22 2 sw
PGND 12 19 SwW Figure 5-2. DDW Package, 44-Pin HTSSOP
PGND | | Top View
PGND 13 pad | { SW Pad 18 W (Top )
| i(Bottom)
(Bottom); I
PGND[___14] 32 | 33 17— Isw
PGND 15 16 SwW
Figure 5-1. HLB Package, 30-Pin CFP
(Top View)
Table 5-1. Pin Functions
PIN
110" DESCRIPTION
NAME CFP HTSSOP
(30) (44)
GND 1 1,2 — Ground. Return for control circuitry.
Enable. Driving this pin to logic high enables the device; driving the pin to logic low
EN 2 3 disables the device. A resistor divider from VIN to GND may be used to set the device
turn-on level.
A resistor connected between RT and GND sets the switching frequency of the
converter. The switching frequency range is 100kHz to 1MHz. If the device is configured
RT 3 4 110 - . ) .
to utilize an external clock, this pin may be left floating or a resistor may be used to
provide a backup frequency if the external clock is lost.
VIN 4 5 Input voltage. Power for the control circuitry of the switching regulator. It must be the
same voltage as PVIN and is therefore recommended to externally connect VIN to PVIN.
Linear regulator output capacitor pin. A 1uF capacitor must be placed on this pin for the
LDOCAP 5 6 o internal linear regulator. The output voltage, AVDD, is nominally 5V. Do not load this pin
with any additional external circuitry (other than circuitry which is explicitly allowed and
mentioned in the data sheet).
Synchronization mode pin. Connect this pin to GND to switch at the RT programmed
frequency and output synchronization signals on SYNC1 and SYNC2. Leave this pin
SYNCM 6 7 disconnected to switch at the RT programmed frequency and not output signals on
SYNC1 and SYNC2. Connect this pin to AVDD (LDOCAP output) to use an external
input clock. See Section 8.3.7 for additional information.
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Table 5-1. Pin Functions (continued)

PIN

NAME

CFP
(30)

HTSSOP
(44)

o

DESCRIPTION

SYNCH1

/10

Synchronization pin 1. This pin is used as an output clock sync pin (to synchronize
other devices or aid in device monitoring) or an input for an external clock. SYNC1
outputs a clock signal in phase with the TPS7H4011 switching frequency when SYNCM
is grounded. SYNC1 is an external clock input to set the device switching frequency
when SYNCM is connected to AVDD. SYNC1 is unused and may be left floating or
grounded when SYNCM is disconnected. See Section 8.3.7 for additional information.

SYNC2

/10

Synchronization pin 2. This pin is used as an output clock sync pin (to synchronize other
devices or aid in device monitoring) or a device configuration pin when an external clock
is used on SYNC1. SYNC2 outputs a clock signal 90° out of phase with the TPS7H4011
switching frequency when SYNCM is grounded.

SYNC2 determines whether the input clock on SYNC1 is in phase or 180° out of

phase with the TPS7H4011 switching frequency when SYNCM is connected to AVDD.

If SYNC2 is connected to GND, the device switches 180° out of phase with the SYNC1
input frequency. If SYNC2 is connected to AVDD (LDOCAP output), the device switches
in phase with the SYNC1 input frequency. SYNC2 is unused and may be left floating or
grounded when SYNCM is disconnected. See Section 8.3.7 for additional information.

PVIN

9-11

11-15

Power stage input voltage. Power for the output stage of the switching regulator.

PGND

12-15

16-22

Power stage ground. Return for low-side power MOSFET. Connect to GND on the PCB.

Sw

16-21

23-34

Switching node pins. Switch node output. It is required to connect a Schottky diode from
SW to PGND.

PWRGD

22

36

Power Good pin. This is an open-drain pin. Use a pull-up resistor to pull this pin

up to VOUT (assuming VOUT is under 7V) or the desired logic level. PWRGD is
asserted when the output voltage is within 5% (typ) of its programmed value. PWRGD
is deasserted when the output voltages is outside 8% (typ) of its programmed value or
when there is a fault condition (such as thermal shutdown).

FAULT

23

37

Fault pin. This pin is provided for flexible fault management (such as overvoltage or
an external fault input). When the 0.6V (typ) rising threshold on this pin is exceeded,
the device will stop switching. When the 0.5V (typ) falling threshold on this pin is met,
the device will resume switching after a 31 cycle (typ) delay. This pin is internally
pulled-down and if unused may be grounded or left disconnected. See Section 8.3.5
for additional information.

ILIM

24

38

Current limit pin. The voltage on this pin as a percentage of AVDD (LDOCAP output)
determines which of four current limits will be selected for the FET high side current limit.
Connect this pin to AVDD for an 18.3A (typ) current limit. Use a resistor divider from
AVDD to GND of RiLm TOP = 49.9kQ and RiLm BOT = 100kQ (thiS sets ILIM to ~66% of
AVDD) for a 13.4A (typ) current limit. Use a resistor divider of Ry_j top = 100kQ and
RiLm_soT = 49.9KQ (this sets ILIM to ~33% of AVDD) for a 9A (typ) current limit. Connect

this pin to GND for a 5.6A (typ) current limit.

RSC

25

39

/10

Slope compensation pin. A resistor from RSC to GND sets the desired slope
compensation.

SS_TR

26

40

/10

Soft-start and tracking. An external capacitor connected between this pin and VSNS-
slows down the rise time of the internal reference. It can also be used for tracking and
sequencing.

VSNS-

27

41

Negative voltage sense. Connect this to the remote ground for differential sensing. If
differential sensing is not desired, connect this pin to local ground. See Section 8.3.3 for
additional information.

VSNS+

28

42

Positive voltage sense. This is the feedback pin that will be set to a nominal 0.6V
by selecting the appropriate resistor divider network. See Section 8.3.3 for additional
information.

COMP

29

43

/10

Compensation pin. This is the operational transconductance (OTA) error amplifier output
and input to the switch current comparator. Connect frequency compensation to this pin.

REFCAP

30

44

Reference capacitor pin. A 470nF external capacitor is required for the internal bandgap
reference. The voltage, Vgg, is nominally 1.2V. Do not connect external circuitry to this
pin.

NC

N/A

10, 35

No connect. These pins are not internally connected. It is recommended to connect
these pins to GND to prevent charge buildup; however, these pins can also be left open
or tied to any voltage between GND and VIN.
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Table 5-1. Pin Functions (continued)

PIN
1/0(") DESCRIPTION
NAME CFP HTSSOP
(30) (44)
Thermal pad internally connected to GND. Connect to a large ground plane for thermal
THERMAL PAD 31 45 — dissipation. While it is recommended to electrically connect to GND or PGND; it may be
left electrically disconnected if desired.
. Power ground pad. This pad is utilized to provide a low electrical resistance path for the
PGND PAD 32 N/A low-side power MOSFET to PGND. It must be connected to the PGND pins.
SW PAD 33 N/A o Switch node. This pad is utilized to provide a low electrical resistance path for the
switching current. It must be connected to the SW pins.
Metal lid Lid N/A — Internally connected to GND.

M

| = Input, O = Output, /O = Input or Output, — = Other
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6 Specifications

6.1 Absolute Maximum Ratings
over operating temperature (unless otherwise noted)(")

MIN MAX| UNIT
VIN, PVIN -0.3 16
Input voltage EN, FAULT, ILIM, PWRGD, SYNC1, SYNC2, SYNCM -0.3 75 \
VSNS+, VSNS- -0.3 3.6
sSw -1 16
SW, 80ns transient -3 20
Output voltage LDOCAP -0.3 7.5 \%
RSC, COMP, RT, SS_TR -0.3 3.6
REFCAP -0.3 1.9
Vdiff (GND to exposed thermal pad) -0.2 0.2 \%
S Current limit
Source current PVIN Current limit A
PGND Current limit
RT -100 100 pA
Sw Current limit
PGND Current limit A
Sink current
COMP —200 200 pA
PWRGD -0.1 5 mA
Operating junction temperature -55 150 °C
Storage temperature, Tgg —65 150 °C

(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.

6.2 ESD Ratings

VALUE UNIT

Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(") +1000
V(Esp) Electrostatic discharge \%
Charged device model (CDM), per ANSI/ESDA/JEDEC JS-002, all pins(?) +500

(1) JEDEC document JEP 155 states that 500V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250V CDM allows safe manufacturing with a standard ESD control process.
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6.3 Recommended Operating Conditions
over operating temperature range (unless otherwise noted)

MIN NOM MAX| UNIT
VIN, PVINM 4.5 14
EN, FAULT, ILIM, PWRGD, SYNCM 0 7
0 53
Input voltage SYNC1, SYNC2 @ \%
0 VIN
VSNS+ 0 0.6 1
VSNS- -0.1 0.1
SwW 0 14
Output voltage RSC, COMP, RT 0 3.3 \Y
SS_TR 0 0.6 1
SW 0 12 A
Output current e
RT -100 100 A
COMP -200 200 A
Input current
PWRGD 0 2 mA
Operating junction temperature T -55 125 °C

(1)  VIN must be equal to PVIN and startup at the same time. Normally this is achieved by tying them to the same voltage rail.
(2) The SYNC1 and SYNC2 maximum input voltage must be set to the lower of VIN and 5.3V.

6.4 Thermal Information

TPS7H4011-SP TPS7H4011-SP, -SEP
THERMAL METRIC(") CFP HLB DDW (HTSSOP) UNIT
30 PINS 44 PINS
Resa Junction-to-ambient thermal resistance 21.7 211 °C/W
RaJcitop) Junction-to-case (top) thermal resistance 4.2 8.8 °C/W
ReJcbot) Junction-to-case (bottom) thermal resistance 0.34 0.6 °C/W
Rgys Junction-to-board thermal resistance 6.5 4.4 °C/W
() Junction-to-top characterization parameter 1.1 0.1 °C/W
Wi Junction-to-board characterization parameter 6.3 4.4 °C/W

(1)  For more information about the traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics
application report (SPRA953).
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6.5 Electrical Characteristics

Over 4.5V < VIN < 14V, PVIN = VIN, VSNS- = 0V, open loop configuration, loyt = OA, over operating temperature range
(Ta =-55°C to 125°C), unless otherwise noted; includes RLAT at Tp = 25°C if sub-group number is present for QML RHA
and SEP devices(")

PARAMETER TEST CONDITIONS chooR@|  MIN  TYP  mAX| UNIT
POWER SUPPLIES AND CURRENTS
VUVLOR_PVIN PVIN internal UVLO rising threshold 1,2,3 3.2 3.4 3.6 \%
Vuvionyst pvin | PVIN internal UVLO hysteresis 1,2,3 425 450 500 mV
VUVLOR_VIN VIN internal UVLO rising threshold 1,2,3 3.4 3.6 3.8 \%
VUVLOHYST_VIN VIN internal UVLO hysteresis 1,2,3 140 155 170 mV
_ VIN = 4.5V 1,2,3 2 2.9
ISHDN_VIN VIN shutdown supply current Ve = 0V VIN = 12V 123 2 3 mA
_ PVIN = 4.5V 1,2,3 2.6 3.5
ISHDN_PVIN PVIN shutdown supply current Ven = 0V BVIN = 14V 123 35 e mA
o vin VIN op_erating quiescent current (non Ven = 7V, VSENSE = 1V 1,23 26 5 mA
— switching)
ENABLE AND FAULT
VEN(rising) Enable rising threshold (turn-on) 1,2,3 0.555 0.61 0.655 v
VEN(falling) Enable falling threshold (turn-off) 1,2,3 0.46 0.51 0.554
tEN(delay) Enable propogation delay EN high to SW high, Csg = 22nF 1,2,3 52 100 us
IEN(LKG) Enable input leakage current Ven =7V 1,2,3 2 25 nA
VEAULT rising) FAULT threshold rising (turn-off) 1,2,3 0.57 0.6 0.65 v
VEAULT falling) FAULT threshold falling (turn-on) 1,2,3 0.47 0.5 0.55
VEAULT(HYS) FAULT hysteresis voltage 1,2,3 90 100 110 mV
IFAULT(LKG) Fault input leakage current VeauLt =7V 1,2,3 3 5 uA
tFAULT(min) FAULT minimum pulse width see Figure 7-1 9,10, 11 0.4 1.4 us
tFAULT(delay) FAULT delay duration see Figure 7-1 9,10, 11 26 31 44| (ffgy) s
VOLTAGE REFERENCE AND REMOTE SENSE
Ta=-55°C 3 0.596 0.599 0.603
VRer L’ltrirr”:*]‘;‘l’i'fti‘;ff/:;ference (including | o Figure 7-2 Tp=25C 1 0.597 06 0603 Vv
Ta=125°C 2 0.596 0.599 0.603
VREF(intemal) gfrirr”:r'n‘gfl'ft;?‘fnm%r:g;e (Without |y e imtomai) = Vs_Tr — VSNS- 1,2,3 0.594 06 0606 V
Ve gg‘:"gzg ";‘i’r:t)age (voltage at the Crercap = 470nF 1,23 1.182 12 1218 Vv
lvsNs+(LKG) VSNS+ input leakage current VSNS+ =0.6V 1,2,3 10 30 nA
lvsns- VSNS- output current 1,2,3 8 10 12 HA
ERROR AMPLIFIER
Vio Error amplifier input offset voltage VSENSE = 0.6V©®) 1,2,3 -2.3 29 mV
ImEA Error amplifier transconductance —10pA < lcomp < 10pA, Veomp = 1V 9,10, 1 1000 1600 2300 uS
EApc Error amplifier DC gain VSENSE = 0.6V©®) 11500 VIV
EAisrc Error amplifier source 70 125 180
EAsnk Error amplifier sink Voow = 1V, 100mV input overdrive 2.3 70 125 180 bA
EARo Error amplifier output resistance 7 MQ
EAgw Error amplifier bandwidth 9 MHz
Ta=-55°C 3 14.4 19.4 24.8
e A e S L C R w2 s mi| s
Ta=125°C 2 16 21 27
lotrr = OA Ta =-55°C 3 9.3 13.3 16.3
Power stage transconductance, out " —
Gmps 13.4A (typ) current limit s:tx—;co)? - ‘1‘&%) Ta=25°C ! 9.6 138 75 S
- Ta=125°C 2 10.6 14 18.1
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6.5 Electrical Characteristics (continued)

Over 4.5V < VIN £ 14V, PVIN = VIN, VSNS- = 0V, open loop configuration, loyt = OA, over operating temperature range
(Tp =-55°C to 125°C), unless otherwise noted; includes RLAT at Tp = 25°C if sub-group number is present for QML RHA
and SEP devices(")

SuUB-

startup®)

PARAMETER TEST CONDITIONS GROUP®) MIN TYP MAX| UNIT
Power stage transconductance, _ _
Imps 18.3A (typ) current limit Vcomp = 0.6V, ILIM = AVDD 1,2,3 18 229 28.3 S
Power stage transconductance, Veowmp = 0.65V, Rim_Top = 49.9kQ,
Gmps 13.4A (typ) current limit RiLim_got = 100kQ 12,3 13 163 206 S
Power stage transconductance, Veowmp = 0.7V, Rium_top = 100kQ,
Gmps 9A (typ) current limit RiLm ot = 49.9kQ 12,3 8 1 1“8
Power stage transconductance, _ _
Imps 5.6A (typ) current limit Vcowmp = 0.75V, ILIM = GND 1,2,3 4.6 7.2 9.2 S
OVERCURRENT PROTECTION
ILIM = GND 1,2,3 4.3 5.6 6.5
ILIM = GND, post
TID = 100krad(Si) || 37 48 65
High-side switch current limit _ RiLm_t = 100kQ,
loc_Hs1 threshold 1) Rshort = 100mQ Rim s = 49.9kQ 1,2,3 7.2 9 10.6 A
RILIM_T =49.9kQ,
Riom 5 = 100kQ 1,2,3 11.2 13.4 16
ILIM = AvDD 1,2,3 15.8 18.3 21.8
ILIM = GND 1,2,3 5 6.6 8.1
Rim_r = 100kQ, 145 9.1 1.1 13.2
| High-side switch current limit VIN = 12V, Rium_g = 49.9kQ A
ooz threshold 2 RsHorr = 4mQ Rium 1 =49.9kQ, |, , 4 14.1 17 20.2
RILIM:B =100kQ T ' :
ILIM = AvDD 1,2,3 19.1 23.9 28.2
Ta=-55°C 3 1.6 2.3 3.1
Low-side switch sinking overcurrent — oo
loc_Ls(sink) threshold Ta=25°C 1 1.5 2.2 2.8 A
Ta=125°C 2 1.4 2 24
ILiM(kg) ILIM input leakage current ILIM =7V 1,2,3 2 25 nA
COMPsHpN COMP shutdown voltage 1,2,3 1.7 1.9 21 \%
tCOMP(deIay) COMP shutdown delay 30 Ms
SOFT START AND TRACKING
Vss Tr from 10% to Cgs = 5.6nF 9,10, 11 1.5
tss Soft start time 90%, VSNS- = GND, Css = 22nF 9,10, 11 4.7 5.8 7.3 ms
Voursen = 3.3V Css = 100nF 9, 10, 11 24.7
Rss(discharge) Soft start discharge pull-down resistor 1,2,3 200 442 700 Q
SSetartup Maximum voltage on SS before 1 20 my
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6.5 Electrical Characteristics (continued)

Over 4.5V < VIN £ 14V, PVIN = VIN, VSNS- = 0V, open loop configuration, loyt = OA, over operating temperature range
(Tp =-55°C to 125°C), unless otherwise noted; includes RLAT at Tp = 25°C if sub-group number is present for QML RHA
and SEP devices(")

SuUB-

PARAMETER TEST CONDITIONS Sl MIN TYP  MAX| UNIT
SLOPE COMPENSATION
fsw = 100kHz, _
o = AVDD Rsc = 1.1MQ -0.7
Rsc = 80.6kQ -838
fSW = 500kHz, _
Slope compensation with 18.3A (typ) |ILIM = AVDD Rsc = 196k0 42 Alus
current limit Rsc = 1.1MQ 1.2 H
Rsc = 80.6kQ -10.5
fsw = 1000kHz, -
1 = AVDD Rsc = 196kQ 5.1
sC Rsc = 1.1MQ 2.1
o fsw = 500kHz,
Slope compensation with 1344 MYP) | Ry 1op =49.9k0,  |Rsc = 196k0 32 Alps
RiLim_sot = 100kQ
o fsw = 500kHz,
f&?feemcﬁmensat'o” with 9A (typ) RiLi_Top = 100kQ, Rsc = 196kQ 24 Aus
RiLim_sot = 49.9kQ
Slope compensation with 5.6A (typ) |fsw = 500kHz, _
current limit ILIM = GND Rsc = 196kQ -18 Alps
MINIMUM ON TIME AND DEAD TIME
VIN = 4.5V 9,10, 11 210 235
. . 50% to 50% of VIN VIN =5V 9,10, 11 213 250
ton(min) Minimum on time lew = 2A ’ ns
sw = VIN = 12V 9,10, 11 199 250
VIN = 14V 9,10, 11 199 250
toff(min) Minimum off time Isw = 2A 9,10, 11 306 ns
tdead Dead time 9,10, 1 70 ns
SWITCHING FREQUENCY AND SYNCHRONIZATION
Rgr = 511kQ 4,56 85 100 115
fsw RT programmed switching frequency |Rgr = 90.9kQ 4,5,6 450 500 550 kHz
Rgr = 40.2kQ 4,56 850 1000 1150
SYNC1, SYNC2 out low-to-high rise | SYNCM = GND, Cload = 25pF,
fsyne R time (10% to 90%) see Figure 7-3 9,10, 11 10 21 ns
SYNC1, SYNC2 out high-to-low fall | SYNCM = GND, Cload = 25pF,
tsyne_F time (90% to 10%) see Figure 7-3 9,10, M 10 21 ns
SYNCpy 5 1 chz to SYNC1 rising edge phase | syncy = GND, see Figure 7-4 9,10, 11 82 90 98| °
Non-inverted SYNG1 | VIN=4.5V 9,10, 11 140 225 350
input (SYNC2 = AVDD, |5V < VIN < 14V 9,10, 11 120 210 270| o
SYNCM = AVDD), VIN= 12V
see Figure 7-5 IOUT = 12A 9,10, 11 224
Inverted SYNC1 input | /N =48V 9,10, 11 150 256 390
oo SYNGH to SW delay (SSYYNNCCI\i ; S\I/\IDDD,) 5V < VIN < 14V 9,10, 11 140 240 00| o
see Figure 7-6 VIN = 12V, 9,10, 11 246
9 IOUT = 12A 10,
VIN = 4.5V 9,10, 11 110 180 280
SYNC1 output
(SYNCM = GND), 5V < VIN < 14V 9,10, 11 920 175 250
see Figure 7-7 VIN =12V,
1OUT = 12A 9,10, 11 184
. SYNCM = GND 4.5V <VIN £ 5V 1,2,3 VIN-0.3
Vv SYNC1, SYNC2 output high ' v
SYNCX(OH) puthig low = 2mA VIN > 5V 1,2,3 45 5 5.2
VsYNex(oL) SYNC1, SYNC2 output low SYNCM = GND, o, = 2mA 1,2,3 04| Vv
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6.5 Electrical Characteristics (continued)

Over 4.5V < VIN £ 14V, PVIN = VIN, VSNS- = 0V, open loop configuration, loyt = OA, over operating temperature range
(Tp =-55°C to 125°C), unless otherwise noted; includes RLAT at Tp = 25°C if sub-group number is present for QML RHA

and SEP devices("
PARAMETER TEST CONDITIONS GRs(l)JUBI;<2) MIN TYP MAX| UNIT
VsyNC1(IH) SYNCH1 input high threshold SYNCM = AVDD 1,2,3 1.7 v
Vsynci(L) SYNC1 input low threshold SYNCM = AVDD 1,2,3 0.7
fsyne SYNC1 input frequency range SYNCM = AVDD 4,5,6 100 1000 kHz
Dsync SYNCH1 input duty cycle range SYNCM = AVDD, external clock duty cycle 4,5,6 40% 60%
ok E | Extornal clock to intemal clock SYNCM = AVDD, RT populated 9,10, 11 2 5| (1h)s
tok 1 £ Internal clock to external clock SYNCM = AVDD, RT populated 9, 10, 11 1 2| (1) s
- detection time
POWER GOOD AND THERMAL SHUTDOWN
PWRGDow F% |PWRGD falling threshold (fault), low VSENSE falling 1,2,3 90% 92% 94%
PWRGD,ow re | PWRGD rising threshold (good), low | Threshold for PWRGD | vSENSE rising 1,2,3 93% 95% 97%
= (VSENSE®) as percent
PWRGDHgH_re% | PWRGD rising threshold (fault), high | of Vger), VSNS- = 0V VSENSE rising 1,2,3 106% 108% 110%
PWRGDygH % | PWRGD falling threshold (good), high VSENSE falling 1,2,3 103%  105%  107%
IPWRGD(LKG) Output high leakage VSENSE = Vger, Vewrap = 7V 1,2,3 50 500| nA
VPWRGD (OL) Power good output low IPWRGD (siNK) = OMA to 2mA 1,2,3 250 300 mV
VINpIN_PwRGD (';"J?;Tt“m VIN for valid PWRGD Measured when Vpwgrap < 0.5V at 100pA 1,23 1 2 v
TsDienter) Thermal shutdown enter temperature 170
TsDexit) Thermal shutdown exit temperature 135 °C
Tsp(Hys) Thermal shutdown hysteresis 35
MOSFET
Ta =-55°C 3 38 53
PVIN = VIN = 4.5V Ta=25C 1 50 61
Ta=125°C 2 64 79
Ta =-55°C 3 36 50
PVIN = VIN = 5V Ta=25C 1 48 60
Ros on s Higfl—side switch resistance at Ta=125°C 2 62 73 mo
-ON s = 12A©) Ta=-55C 3 34 45
PVIN = VIN =12V Ta=25C 1 45 53
Ta=125°C 2 59 67
Ta=-55°C 3 34 45
PVIN = VIN = 14V Ta=25C 1 45 53
Ta=125°C 2 59 67
Ta =-55°C 3 25 40
PVIN = VIN = 4.5V Ta=25C 1 35 51
Ta=125°C 2 51 61
Ta =-55°C 3 23 35
PVIN = VIN = 5V Ta=25C 1 33 45
Ros oN Ls Low_—side switch resistance at Ta=125C 2 48 56 ma
N ILs = 12A®) Tp=-55C 3 23 32
PVIN = VIN =12V Ta=25C 1 33 42
Ta=125°C 2 47 55
Ta =-55°C 3 23 32
PVIN = VIN = 14V Ta=25C 1 33 42
Ta=125°C 2 47 55

(1) See the 5962R21221 SMD for additional information on the QML RHA devices and see the VID for additional information on the SEP

devices.
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(2) Subgroups are applicable for QML parts. For subgroup definitions, see the Quality Conformance Inspection table.

(3) VSENSE = (VSNS+) — (VSNS-)

(4) See Section 8.3.9.1.1 for additional information.

(5) The device will not begin startup until the voltage on SS discharges below SSg,rp, in order to ensure proper soft start functionality.
(6) Measured at pins with lead length = 3mm.
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6.6 Quality Conformance Inspection
MIL-STD-883, Method 5005 - Group A

SUBGROUP DESCRIPTION TEMP (°C)
1 Static tests at 25
2 Static tests at 125
3 Static tests at -55
4 Dynamic tests at 25
5 Dynamic tests at 125
6 Dynamic tests at -55
7 Functional tests at 25

8A Functional tests at 125
8B Functional tests at -55
9 Switching tests at 25
10 Switching tests at 125
11 Switching tests at -55
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6.7 Typical Characteristics

30-pin CFP (HLB) package, VIN = PVIN, VIN = 12V, Cgg = 22nF, Kemet MPXV1D2213L series inductor for efficiency tests,
Ta = 25°C, unless otherwise noted.

100% 100%
90% —— 90% |—~4 T
° ;-\ — ° / e
3z 80% g — 3 80% /
c c
o 70% o 70% | T —
\
~— I
60% 60%
_VOUT=3-3V VOUT=1-8V_VOUT=09V _VOUT=3-3V VOUT=1.8V_VOUT=O.9V
VOUT=2.5V Vou'r: 1.1V VOUT=2-5V VOUT= 1.1V
50% z z z z z z z z 50% z z z z z z z z z z
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Output Current (A) Output Current (A)
Lout = 15pH Loyt = 15uH
Figure 6-1. Efficiency vs Load Across VOUT at Figure 6-2. Efficiency vs Load Across VOUT at
VIN = 5V, 100kHz VIN =12V, 100kHz
100% 100%
T — / T ———
90% |-/ —— S— — 90% |—~4 m—
—
. Y
5 80% / ~ -] 5 80% ,
g ~_ S
i} 70% ’/ & 70%
o \ (
\
I
60% 60%
b— VOUT =33V VOUT =18V — VOUT =09V — VOUT =5V VOUT =25V 1
Vout =25V Vour=1.1V Vour =3.3V Vour =1.8V
50% : : : : : : : : : 50% : : : : : : : :
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Output Current (A) Output Current (A)
LOUT = 22HH LOUT = 22}JH
Figure 6-3. Efficiency vs Load Across VOUT at Figure 6-4. Efficiency vs Load Across VOUT at
VIN = 5V, 500kHz VIN =12V, 500kHz
100% 100%
f— 0,  —
90% // e — —] 0% /] 1
—
-t —
f T > 80% [
5 oo g
g g |
S W 70%
5 |
o 70% |
‘ 60% |
‘ | — Vour=5V
60% ’ Vout =3.3 V]
— Vour =33V Vour=1.8V | 50% . . . .
Vour=2.5V Vour =15V 0 2 4 6 8 10 12
50% T T T T T - - - Output Current (A)
0 2 4 6 8 10 12 Loyt = 1pH
ouT
Output Current (A) Figure 6-6. Efficiency vs Load Across VOUT at
Loyt = 1pH VIN =12V, 1MHz
Figure 6-5. Efficiency vs Load Across VOUT at
VIN =5V, 1MHz
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6.7 Typical Characteristics (continued)

30-pin CFP (HLB) package, VIN = PVIN, VIN = 12V, Cgg = 22nF, Kemet MPXV1D2213L series inductor for efficiency tests,
Ta = 25°C, unless otherwise noted.

NOILVINYOANI 3ONVAQV

100% 100%
 —
90% f = o0% |- §
~— \\ \\
I | ~—
> 80% — > 80% ™ =~
5| —~ | ~
o o i
= =
w 70% W 70%
60% — Ta=-55°C [ 60% — Ta=-55°C [
Ta=25°C Ta=25°C
— Ta=125°C ] —— Ta=125°C []
50% : : : 50% : : :
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Output Current (A) Output Current (A)
Lout = 15pH Loyt = 15uH
Figure 6-7. Efficiency vs Load Across Figure 6-8. Efficiency vs Load Across
Temperature at 100kHz, VIN = 5V, VOUT = 2.5V Temperature at 100kHz, VIN = 5V, VOUT = 1.8V
100% 100%
90% 7«/* 90% 71“
80% = 80% =
> % > %
T S
© ~— S ~—
o 70% ~~ o 70% [~
— _—
60% — Ta=-55°C H 60% — Ta=-55°C [
Ta=25°C Ta=25°C
— Ta=125°C ] —— Ta=125°C []
50% : : : 50% : : :
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Output Current (A) Output Current (A)
Loyt = 15uH Loyt = 15uH
Figure 6-9. Efficiency vs Load Across Figure 6-10. Efficiency vs Load Across
Temperature at 100kHz, VIN = 5V, VOUT = 1.1V Temperature at 100kHz, VIN = 12V, VOUT = 5V
100% 100%
o, V/ — E—— o,
90% 90%
— —~——
> 80% > 80% /// — ——
8 k5
8 ]
= =
w 70% W 70%
60% — Ta=-55°C H 60% — Ta=-55°C [
Ta=25°C Ta=25°C
— Ta=125°C ] —— Ta=125°C []
50% : : : 50% : : :
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Output Current (A) Output Current (A)
Loyt = 15pH Loyt = 15uH
Figure 6-11. Efficiency vs Load Across Temperature at 100kHz, | Figure 6-12. Efficiency vs Load Across Temperature at 100kHz,
VIN =12V, VOUT = 3.3V VIN =12V, VOUT = 1.8V
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6.7 Typical Characteristics (continued)

30-pin CFP (HLB) package, VIN = PVIN, VIN = 12V, Cgg = 22nF, Kemet MPXV1D2213L series inductor for efficiency tests,
Ta = 25°C, unless otherwise noted.

100%
e |
90% e
——] —

\\ \\
> 80% —]
o | I
Q0 J
o |
& |
o 70% h

60% — Ta=-55°C H
Ta =25°C
— Ta=125°C []
50% . . .
0 2 4 6 8 10 12
Output Current (A)
Lout =2.2puH

Figure 6-13. Efficiency vs Load Across Temperature at 500kHz,

VIN = 5V, VOUT = 2.5V

100%
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w 70%
60% — Ta=-55°C H
Ta=25°C
—— Ta=125°C [}
50% - - -
0 4 6 8 10 12
Output Current (A)
LOUT = 22HH

Figure 6-14. Efficiency vs Load Across Temperature at 500kHz,

VIN =5V, VOUT = 1.8V
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—~—
60% — Ta=-55°C H
Ta =25°C
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50% L L L
0 2 4 6 8 10 12
Output Current (A)
Lout =2.2pH

Figure 6-15. Efficiency vs Load Across Temperature at 500kHz,

100%
| —= — |
20% / —— ==
> 80%
c
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w 70%
60% — Ta=-55°C H
Ta=25°C
—— Ta=125°C [}
50% I T T
0 4 6 8 10 12
Output Current (A)
LOUT = 22}JH

Figure 6-16. Efficiency vs Load Across Temperature at 500kHz,

VIN =5V, VOUT = 1.1V

VIN =12V, VOUT = 5V

100%
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0 2 4 6 8 10 12
Output Current (A)
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Figure 6-17. Efficiency vs Load Across Temperature at 500kHz,
VIN =12V, VOUT = 3.3V

100%
90%
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w 70% /
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Ta=25°C
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50% L L L
0 4 6 8 10 12
Output Current (A)
LOUT = 22|JH

Figure 6-18. Efficiency vs Load Across Temperature at 500kHz,
VIN =12V, VOUT = 1.8V
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6.7 Typical Characteristics (continued)

30-pin CFP (HLB) package, VIN = PVIN, VIN = 12V, Cgg = 22nF, Kemet MPXV1D2213L series inductor for efficiency tests,
Ta = 25°C, unless otherwise noted.

100%
90%
S ——
> 80% —
8 —
o
2
w  70%
60% —— Ta=-55°C H
Ta=25°C
— Ta=125°C ]
50% - - -
0 2 4 6 8 10 12
Output Current (A)
Loyt = 1uH

Figure 6-19. Efficiency vs Load Across Temperature at 1MHz,
VIN = 5V, VOUT = 2.5V
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0 2 4 6 8 10 12
Output Current (A)
Loyt =1uH

Figure 6-20. Efficiency vs Load Across Temperature at 1MHz,
VIN = 5V, VOUT = 1.8V
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Figure 6-21. Efficiency vs Load Across Temperature at 1MHz,
VIN =12V, VOUT = 5V
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Figure 6-22. Efficiency vs Load Across Temperature at 1MHz,
VIN =12V, VOUT = 3.3V
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Figure 6-23. Low Current Efficiency vs Load Across
Temperature at 500kHz, VIN = 12V,
VOUT =5V
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Figure 6-24. Low Current Efficiency vs Load Across
Temperature at 500kHz, VIN = 12V,
VOUT = 2.5V
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6.7 Typical Characteristics (continued)

30-pin CFP (HLB) package, VIN = PVIN, VIN = 12V, Cgg = 22nF, Kemet MPXV1D2213L series inductor for efficiency tests,

Ta = 25°C, unless otherwise noted.
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60% — Ta=-55°C h VN = 5V ViN = 14V
Ta=25C 15
— Ta=125°C[| 55 -35 -15 5 25 45 65 85 105 125
50% Z z I Temperature (°C)
0 05 1 1.5 2 25 3 Vey = OV
Output Current (A) Figure 6-26. VIN Shutdown Current vs Temperature
LOUT = 33HH
Figure 6-25. Low Current Efficiency vs Load Across
Temperature at 500kHz, VIN = 5V,
VOUT = 1.8V
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Figure 6-29. FAULT Leakage Current vs Temperature

Ven =0V VeN = 7V, Veense = 1V
Figure 6-27. PVIN Shutdown Current vs Temperature Figure 6-28. VIN Quiescent Current (Non-switching) vs
Temperature
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Figure 6-30. VSSNS+ Leakage Current vs Temperature
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6.7 Typical Characteristics (continued)

30-pin CFP (HLB) package, VIN = PVIN, VIN = 12V, Cgg = 22nF, Kemet MPXV1D2213L series inductor for efficiency tests,

Ta = 25°C, unless otherwise noted.

Output Current (A)
LOUT = 1uH, VSENSE = (VSNS+) — (VSNS-)
Figure 6-33. VSENSE vs Output Current at 1MHz
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0.598
0.597 —— Ta=-55°C — Ta=125°C
Ta=25°C 1 — Vin=5V
0.596 Vin =12V
4 5 6 7 8 9 10 11 12 13 14 0.599 ————
Input Voltage (V) 0 2 4 6 8 10 12
Figure 6-31. Vger vs Input Voltage Output Current (A)
LOUT = 2.2uH, VSENSE = (VSNS+) — (VSNS-)
Figure 6-32. VSENSE vs Output Current at 500kHz
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LOUT = 2.2puH, VSENSE = (VSNS+) — (VSNS-)
Figure 6-34. VSENSE vs Temperature at 500kHz
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Figure 6-35. Error Amplifier Transconductance (gyea) VS
Temperature
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Temperature (°C)
Vcowp = 0.6V, ILIM = AVDD
Figure 6-36. Power Stage Transconductance (gmps) VS
Temperature at loc_ns1 = 18.3A
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6.7 Typical Characteristics (continued)

30-pin CFP (HLB) package, VIN = PVIN, VIN = 12V, Cgg = 22nF, Kemet MPXV1D2213L series inductor for efficiency tests,

Ta = 25°C, unless otherwise noted.

15

14.5

-55 -35 -15 5 25 45 65 8 105 125
Temperature (°C)

Vcomp = 0.65V, Rium_top = 49.9kQ, R m_sot = 100kQ
Figure 6-37. Power Stage Transconductance (gmps) VS
Temperature at loc_psq = 13.4A
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Imps (S)

9.5

9
55 35 15 5 25 45 65 85 105 125
Temperature (°C)
Veomp = 0.7V, Rium_top = 100kQ, Ry m_sot = 49.9kQ
Figure 6-38. Power Stage Transconductance (gmps) VS
Temperature at loc_ps1 = 9A
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55 -35 -15 5 25 45 65 85 105 125
Temperature (°C)

Vcowmp = 0.75V, ILIM = GND
Figure 6-39. Power Stage Transconductance (gmps) VS
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w
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55 -35 -15 5 25 45 65 85 105 125
Temperature (°C)

RSHORT =100mQ
Figure 6-40. High-Side Current Limit Threshold 1 (loc_ns1) vs

Temperature (°C)

RshHort = 4mQ
Figure 6-41. High-Side Current Limit Threshold 2 (loc_ps2) vs
Temperature

Temperature at loc_Hs1 = 5.6A Temperature
26 3.2
24 = 3
z 2 z 2.8
< 2 £=
_,é. 18 E 2.6
3 16 3 24— =S ——
g 14 2 22 — .
3 PE G —
g 10 2
@ 8 2 1.8
Ny o
> 6 -1 16
T H
41 — loc_ps2 = 23.9A (nom) loc_ps1 = 11.1A (nom) H 1.4
2 loc Hs1 = 17A (nom) loc Hs1 = 6.6A (nom) H 55 35 15 5 25 45 65 85 105 125
0 —_——— 1 Temperature (°C)
55 -35 -15 5 25 45 65 85 105 125 Figure 6-42. Low-Side Sinking Current Limit Threshold
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6.7 Typical Characteristics (continued)

30-pin CFP (HLB) package, VIN = PVIN, VIN = 12V, Cgg = 22nF, Kemet MPXV1D2213L series inductor for efficiency tests,

Ta = 25°C, unless otherwise noted.
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Slope Compensation (A/us)

-0.64
55 -35 -15 5 25 45 65 85 105 125
Temperature (°C)

Rsc = 1.1MQ, ILIM = AVvDD
Figure 6-43. Slope Compensation vs Temperature at 100kHz
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Temperature (°C)

Rsc = 196kQ, ILIM = AVDD
Figure 6-44. Slope Compensation vs Temperature at 500kHz
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Figure 6-45. Slope Compensation vs Temperature at 1MHz
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Figure 6-46. Switching Frequency vs Input Voltage
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Figure 6-47. Switching Frequency vs Temperature
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Figure 6-48. SYNC1 to SW Delay (Non-inverted Input) vs Input
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6.7 Typical Characteristics (continued)

30-pin CFP (HLB) package, VIN = PVIN, VIN = 12V, Cgg = 22nF, Kemet MPXV1D2213L series inductor for efficiency tests,
Ta = 25°C, unless otherwise noted.

340 340
320 320
@ 300 300 \
£ ™ \
= 280 £ 280 \
2 260 3 260 -
8 240 g 240 ——
[
g 220 § 220
g 200 £ 200
< 180 9 180
[a) ]
o' 160 £ 160
z o
2 140 140
120 120
100 100
0o 1 2 3 4 5 6 7 8 9 10 11 12 4 5 6 7 8 9 10 M 12 13 14
Output Current (A) Input Voltage (V)
SYNC2 = AVDD, SYNCM = AVDD SYNC2 = GND, SYNCM = AVDD
Figure 6-49. SYNC1 to SW Delay (Non-inverted Input) vs Output Figure 6-50. SYNC1 to SW Delay (Inverted Input) vs Input
Current Voltage
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Figure 6-51. SYNC1 to SW Delay (Inverted Input) vs Output Figure 6-52. SYNC1 to SW Delay (Output) vs Input Voltage
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Figure 6-53. SYNC1 to SW Delay (Output) vs Output Current
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6.7 Typical Characteristics (continued)

30-pin CFP (HLB) package, VIN = PVIN, VIN = 12V, Cgg = 22nF, Kemet MPXV1D2213L series inductor for efficiency tests,
Ta = 25°C, unless otherwise noted.
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Figure 6-55. Minimum On Time vs Temperature Figure 6-56. Soft Start Time vs Temperature
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Figure 6-57. Power Good Leakage vs Temperature Figure 6-58. Power Good Output Low vs Temperature
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Figure 6-59. High Side FET Resistance vs Current Figure 6-60. Low Side FET Resistance vs Current
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6.7 Typical Characteristics (continued)

30-pin CFP (HLB) package, VIN = PVIN, VIN = 12V, Cgg = 22nF, Kemet MPXV1D2213L series inductor for efficiency tests,

Ta = 25°C, unless otherwise noted.
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Figure 6-61. High Side FET Resistance vs Temperature
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Figure 6-62. Low Side FET Resistance vs Temperature
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7 Parameter Measurement Information

A. The FAULT waveform is an input signal with a duty cycle that increases until the device enters fault mode (determined to occur when
SS_TR falls to 0.55V).
B. 11, t2 <trauLT(min)
C.  t32trauLT(min)
Figure 7-1. FAULT Minimum Pulse Width and Delay Duration
TPS7H4011
1.COMP Veowme
- VSNS+
L i
T 1L
Vrer
T 1 _VSNS-
SS_TR =
Lr, f CSS
A.  Vger = Vcowmp — VSNS-. This accurate reference voltage value includes the error amplifier offset, V,q. Use this value to set the output
voltage.
Figure 7-2. Reference Voltage Measurement
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Figure 7-5. SYNC1 to SW Delay: Non-inverted Sync
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Figure 7-6. SYNC1 to SW Delay: Inverted Sync
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Figure 7-7. SYNC1 to SW Delay: SYNC1 Output
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8 Detailed Description
8.1 Overview

The TPS7H4011 device is a 14V, 12A synchronous step-down (buck) converter with two integrated MOSFETs; a
PMOS for the high side and an NMOS for the low side. To improve performance during line and load transients,
the device implements a constant frequency, peak current mode control, which also simplifies external frequency
compensation. The wide switching frequency range, 100kHz to 1MHz, allows for efficiency and size optimization
when selecting the output filter components. The integrated MOSFETs allow for high-efficiency power supply
designs with continuous output currents up to 12A. The MOSFETs have been sized to optimize efficiency for
lower duty cycle applications.

8.2 Functional Block Diagram

PVIN ﬁ]

Vuvior_pvin— Shutdown
Thermal
VIN []L + Shutdown
Vuvior_vin— —ﬂ— A
EN[ }F——+ Startup PVIN -
ﬂ— Hysteretic |— -
Ven(rising™ = Control —
FAULT [:l - Power Sta e
ge & = —{ Jsw
vV ] +‘U— Deadtime :l
FALTIrising) Control Logic
PVIN —
RT RT Bias | 8
—
Comparator
SYNC1 Oscillator 1
SYNC2 SYNC -} - ¢—{ 1 penD
Control
SYNCM J

[ [] comp
LDOCAP LDO AVPD
- VSNS+
— Vtol
1.2 V Bandgap +
Generator $ J_V (A)
REF

Overload Recovery

REFCAP

and Clamp
LM HS Programrnz?ble VSNS-
Current Limit
SS_TR
RSC Slope Comp
PWRGD
VSNS+ - VSNS- h
ﬂ' ov
PWRGDygH X Veer a
GND [ PWRGD 0w X Vrer 3 —
uv
VSNS+ - VSNS- -U—
A. Vggr is a nominal 0.6V reference derived from the bandgap voltage; see Section 8.3.2.
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8.3 Feature Description
8.3.1 VIN and Power VIN Pins (VIN and PVIN)

The VIN pin provides power to internal control circuitry. The PVIN pins and PVIN pad provide the input voltage
to the internal high side FET. Both pins have an input voltage range of 4.5V to 14V. The pins must be the
same nominal voltage and they must power up and power down at the same time. Generally this is achieved by
providing them from the same voltage source.

Both VIN and PVIN have individual UVLO (undervoltage lockout) rising thresholds, Vv or vin @nd VyvLor PVIN
respectively. This is to ensure the device internal circuitry remains in a known off condition until a minimum
voltage is reached. Additionally, VIN and PVIN have individual UVLO falling thresholds, VyyioF vin and
VuvLor pviN respectively. If the voltage falls and these values are reached, the device will turn-off. -

As described in Section 8.3.4, a voltage divider connected to the EN pin can be utilized to configure the effective
device UVLO.

8.3.2 Voltage Reference

The device generates an internal nominal 1.2V bandgap reference voltage, Vgg. This is the voltage present on
the REFCAP pin during steady state operation. A 470nF capacitor to ground is required at the REFCAP pin for
proper electrical operation as well as to ensure robust SET performance of the device. This bandgap voltage is
used to derive the nominal 0.6V reference voltage for the error amplifier, Vrer(internal)-

The reference voltage that is fed into the error amplifier is utilized to set the output voltage. However, error
amplifiers have intrinsic offset, Vg, which contribute to the overall accuracy error. Therefore, the voltage that
is actually used to set the output voltage is VRer(internal) * Vio- This combined value is defined as Vrgr and is
designed to be the accurate value to set the output voltage. Vrgr is specified across line, temperature, and TID
in the Electrical Characteristics. Because Vg is measured in an open loop configuration, the effects of load on
VRer are not included in the specification.
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8.3.3 Remote Sensing and Setting VOUT

The TPS7H4011 features a VSNS+ and VSNS- pin to enable differential remote sensing. Therefore, the effective
voltage seen by the error amplifier is (VSNS+) — (VSNS-) (which is defined as VSENSE for simplicity). As shown
in Figure 8-1, this can be particularly useful when powering an FPGA due to the high currents and potentially
large parasitic resistances (indicated in blue). Ryarasiic1 represents the parasitic resistance in the high current
input voltage path powering the FPGA. This is compensated for by using a sense line from the point of load to
the top of the feedback resistor divider. Ryarasitico represents the parasitic resistance in the high current ground
path. This is accounted for by connecting a sense line from the local ground to the VSNS- pin. Some FPGAs
have sense lines that may utilized for this purpose. If there is no sense line, the VSNS- pin may be connected
near the FPGA ground pin itself.

TPS7H4011
Vin PVIN
LT
PVIN —
N FPGA Package
|_
- |._| SW Lour . Vour VCC - Rparasitm FPGA D
— Control e
Cour
PVIN ! :I: VCC_SENSE -
I:_ LI
— :l PGND
-
:——‘E comp gRFB_TOP
” VSNS+
L § Rrs_sor
VREF
T VSNS- GND_SENSE—
1 T
Css
I SS_TR —|_ Rparasitch
Figure 8-1. FPGA Remote Sense Example
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Figure 8-2 shows the more generalized case for remote sensing.

Vin PVIN IJ_I

VIN VIN
L

LDOCAP ] AVDDI |pg

PVIN
:|: — Control
L PVIN !
- &
|_

L
\ I: SW A A VOUT,ocar

Cour
PGNDioca § Rparas\tim
— i N

CLDOCAP

L PGND
]T VOUTgemore >
[] comp § R
o A FB_TOP +
parasmc SNS+
- VSNS+ Vioao ;RLOAD
7\+ VSENSE g Res_sor
Vrer
T VSNS Rparasmc SNS- PGNDgemore ®
GND
SS_TR
Lr, Rparas\ticZ

Figure 8-2. Remote Sense Diagram

During steady state operation, VSENSE will be equal to the reference voltage, Vgrgr (0.6V typical). By
appropriately setting the resistor divider for VSNS+ and by connecting VSNS- to the remote ground, the output
voltage value across the load, V pap, can be set using Equation 1. Tl recommends 1% tolerance or better
resistors. Start with a 10kQ for Rrg top and use Equation 1 to calculate Rrg ot To improve efficiency at light
loads, consider using larger value resistors. If the values are too high, the regulator is more susceptible to noise
and voltage errors.

VREF 1)

R = —— xR
FB_BOT = Vour(ser) ~ VREF ~ RFB_TOP

where

* Vger = 0.6V (typ)
* Vourt(set) = Voltage set point; this is the voltage regulated across the load

When utilizing the differential sensing feature, VSNS- is connected to the remote ground, and any voltage at the
remote ground will offset the reference voltage on the non-inverting input to the error amplifier the corresponding
amount (Vea+ = VRer + PGNDgremoTe)- This offset at the error amplifier will then command a different output,
VOUT | ocaL- This output voltage will ensure the programmed voltage is seen across the load itself, V| oap.
Therefore, it should be noted that Vout Local Will likely be a higher voltage in order to regulate V| pap to the
desired value. -
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If differential sensing is not required, connect VSNS- to GND. Then Vrgg will appear on the non-inverting input
of the error amplifier. In this configuration, the behavior is the same as standard, non-differential feedback.
Therefore, only Ry4rasitic1 is accounted for, not Rparasitic2-

VSNS+ is a high impedance input with minimal leakage current. For proper operation, VSNS- outputs a
small bias current of approximately 10uA. Therefore, this current will result in a small voltage drop across
Rparasitic vsNs- @nd Rparasitico- This voltage drop adds a small error term to the VSNS- pin; however, if these
parasitic resistances are minimized, the error term is generally negligible.

This remote sensing architecture is capable of sensing offsets between the remote and local ground of £100mV.
Therefore, the difference between PGND| oca. and PGNDggpmoTe must be under 100mV.

8.3.3.1 Minimum Output Voltage

Like all current-mode control buck converters, there is a minimum configurable output voltage. First, the output
voltage can never be lower than the internal voltage reference of 0.6V (typ). Additionally, the minimum on
time, ton(min), Will limit the minimum output voltage. tonmin) is specified as 250ns (max). See the Electrical
Characteristics for more information. The minimum output voltage is approximated by Equation 2.

VOUT (min) = VIN X toN(min) X fsw (2)

In this equation:

* VOUT min) is the minimum possible output voltage

* VIN is the input voltage for the application

* ton(min) is the minimum on-time; use the maximum t,,min) value for the worst case calculation
» fgw is the switching frequency; use the maximum possible fsyy for the worst case calculation

Table 8-1 shows calculated minimum output voltages for selected values of fsyy and VIN assuming tonmin) =
250ns.

Table 8-1. Calculated Minimum Output Voltages

fsw VIN VOUT min)
5V 0.6vV()

100kHz 12V 0.6V("
14V 0.6V(")
5V 0.625V

500kHz 12V 1.5V
14V 1.75V
5V 1.25V

1MHz 12V 3V

14V 3.5V

(1) The calculated value is lower, but the minimum is limited to Vrgf
itself which is typically 0.6V.
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8.3.3.2 Maximum Output Voltage

The TPS7H4011 has a maximum output voltage due to the minimum off time, toffmin). This minimum off time
is not due to an internal charge pump like some buck regulators. Instead, the minimum off time is to ensure
switching noise and internal circuitry behavior does not cause excessive duty cycle jitter. The maximum output
voltage is approximated by Equation 2.

VOUT (max) = ViN X (1 = topF(min) X f SW) 3)

In this equation:

*  VOUT max) is the maximum possible output voltage
* VIN is the input voltage for the application

*  tof(min) is the minimum off-time

+ fsw is the switching frequency

Table 8-2 shows calculated maximum output voltages for selected values of fsy and VIN assuming toffmin) =
306ns.

Table 8-2. Calculated Maximum Output Voltages

fsw VIN VOUT max)

5V 4.85V

100kHz 12V 11.63V
14V 13.57V

5V 4.24V

500kHz 12V 10.16V
14V 11.86V

5V 3.47V

1MHz 12V 8.33V
14V 9.72V

8.3.4 Enable

When the enable pin is low, the device will enter shutdown mode and not regulate the output voltage. Normally,
an external resistor divider from VIN to GND is used to feed EN. The resistors can be appropriately sized to turn
on the device when a desired preset input voltage is reached as shown in Equation 4. This can be used to create
an adjustable UVLO to compliment the default internal UVLO voltage on the VIN and PVIN pins.

VEN(rising)
VIN (rising) = VEN(rising)

RN _Bor = X RgN_TOP 4)

where

*  VINising) = the VIN value that will cause EN to go high
* VENgrising) = 0-61V (typ)

* Rgn_Top = feedback resistor from VIN to EN

* Rgn_gor = feedback resistor from EN to GND
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The EN pin has 100mV (typ) of hysteresis. Therefore, Equation 5 can be used to calculate the VINsing) voltage.

Rpn Top+ REN BOT
VIN(falling) = VEN(falling) * = Rgy gor ©

where

* VIN(aling) = the VIN value that will cause EN to go low and turn-off the TPS7H4011
* VEN(falling) = 0-51V (typ)

Alternatively, the EN pin may be driven directly from a microcontroller or FPGA. The low voltage threshold of the
enable pin aids in support of 1.1, 1.8, 2.5, and 3.3V logic levels.

8.3.5 Fault Input (FAULT)

An input FAULT pin is provided to aid in fault management. When the applied voltage exceeds VeayLtiising)
(typically 0.6V) for longer than teayLt(min) (Maximum of 1.4ps), the device stops switching. The device remains in
this fault state until the FAULT pin voltage is reduced below Veayitsaling) (typically 0.5V). Once the fault state is
removed, the TPS7H4011 waits trauLT(gelay) S€CONS (typically 31 switching periods). This delay gives the system
time to clear the fault before resuming regulation with soft start.

Figure 8-3 shows an example of the FAULT pin being externally driven high. This can be from a system

microcontroller or monitor.
A
A
—>

HS FET

LS FET

A <—tFAU|_T(min) —trAuLT(delay) P
|_
)
-} VIHpaur oo
E “+VILaur
£5 >0V
A
----------- 0.6V
) ) >0V
Figure 8-3. FAULT Pin Waveforms From External Signal
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Figure 8-4 shows an example where FAULT is driven by a resistor divider from a monitored voltage (such as
VIN or VOUT). By appropriately selecting the resistor divider, FAULT will be triggered when a voltage value is
reached. Therefore, the FAULT pin can be configured to provide OVP (overvoltage protection).

A
|_
Ll
[T
[%)
I _‘

A
: _‘ H H
L
[N
wn
—_—

A —V 4t AuLT(min) —terut oy
= 1=
2 VFAULT(rising) ----------
E : ""VFAULT(ge;ning)

P}
>0V
A
"""""" 0.6V
95 « oy

Figure 8-4. FAULT Pin Waveforms From External Resistor Divider

8.3.6 Power Good (PWRGD)

The PWRGD pin is an open-drain output that is asserted when the output voltage reaches an appropriate range.
The PWRGD pin may be pulled-up through a resistor to VOUT or to another voltage level within the device
recommended operating conditions. Select the resistor size to keep the maximum current sunk by PWRGD to
under the recommended operating condition current maximum of 2mA. Generally a pull up resistor of 10kQ is
sufficient. Using a larger value resistor will minimize power dissipation but may allow switching noise to couple
into the PWRGD signal due to the weaker pull-up.

PWRGD will be asserted or deasserted when VOUT is within a certain percentage of its programmed value.
This is accomplished by comparing the voltage on VSENSE (VSENSE = VSNS+ — VSNS-) to (Vrer + VSNS-).
This enables the use of the same power good levels whether or not differential remote sensing is utilized. If
differential remote sensing is not utilized (which means VSNS- = GND), then it is simplified so that the voltage on
VSNS+ is compared to VRg.

For example, when VSENSE reaches PWRGD ow _ro, (typically 95%) of its final value, PWRGD is asserted.
When VSENSE falls below PWRGD ow o, (typically 92%), PWRGD is deasserted. See Figure 8-5 for these
waveforms.
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VOUT(nom) 46
VOUT oV
Vgrer + VSNS- 45
4 PWRGDyow_ps X (Vrer + VSNS-) \
VSENSE oV
PWRGD oV

------ PWRGD ow,_s% % (Vaer + VSNS-)

Figure 8-5. Power Good Low Thresholds

Power good also has a threshold if an overvoltage event occurs on VOUT. For example, when VSENSE
reaches PWRGDygH Ry (typically 108%) of its final value, PWRGD is deasserted. When VSENSE falls below
PWRGDygH_Fo (typically 105%), PWRGD is asserted. See Figure 8-6 for these waveforms.

VOUT VOUT(nom)
PWRGDhgH_pe X (Vrer + VSNS-)-# 7 R S— PWRGDhgH_¢% X (Vier + VSNS-)
VSENSE Vege + VSNS-
PWRGD
ov

Figure 8-6. Power Good High Thresholds

The PWRGD is in a defined state when the VIN input voltage is greater than 2V but has reduced current sinking
capability. The PWRGD achieves full current sinking capability by the time VIN reaches 4.5V. See VINyN_pwrcD

in the Electrical Characteristics.

In addition to the description of PWRGD above, PWRGD is deasserted during other conditions that cause

regulation to stop such as:

* VINor PVIN are in UVLO

» The device is in thermal shutdown

* The device EN pin is deasserted

* The device FAULT pin is asserted

» the COMP pin reaches the COMPsypy threshold (1.9V typical)
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8.3.7 Adjustable Switching Frequency and Synchronization

There are multiple clocking mode options to enable use of both the programmable internal clock and an
externally synchronized clock. This allows flexibility to synchronize devices to a system clock or to allow
secondary TPS7H4011 devices to be synchronized to a primary TPS7H4011 device. All modes are listed in

Table 8-3.

Table 8-3. Clock Modes

INPUT CONFIGURATION FOR CLOCK CLOCK
MODE
SYNCM INPUT | SYNC2 INPUT RT R SYNC2 OUTPUT
OUTPUT
Internal clock: With output sync | SYNCM = GND Resistor from RT| Output fsw in phase Output fsw 907 out of
N/A to GND Phase
Internal clock: No output sync SYNCM = Float No output No output
External clock: Inverted sync, Resistor from RT | Input fgyy 180° out of N/A
default fgy to GND phase
SYNC2 = GND -
External clock: Inverted sync, no Float Input fsy 180° out of N/A
default fgy phase
SYNCM = AVDD
External clock: Non-inverted Resistor from RT Inbut few in phase N/A
sync, default fgy to GND pullswinp
Ext clock: Nondinverted SYNC2 = AVDD
xternal clock: Non-inverte: .
sync, no default fsy Float Input fsyy in phase N/A

8.3.7.1 Internal Clock Mode

The TPS7H4011 is configured for internal clock mode if the mode pin, SYNCM, is connected to GND or
left floating. In internal clock mode (also sometimes called internal oscillator mode), a resistor is connected
between the RT pin and GND to configure the switching frequency, fsy, of the device. The nominal switching
frequency is adjustable from 100kHz to 1MHz depending on the RT resistor value, which can be calculated
using Equation 6. Figure 8-7 shows the relationship curve between the RT resistor value and the configurable
switching frequency range. If SYNCM is connected to GND, a clock in phase with the switching frequency will
be output on SYNC1 and a clock 90° out of phase will be output on SYNC2. This may be used for system
monitoring or synchronizing additional devices as shown in Section 8.3.7.3. If this functionality is not desired,
leave SYNCM floating (internally it will be set to an intermediate voltage), and SYNC1 and SYNC2 will not output
any signal.

RT = 86,090 x fgy ~1-104 (6)
where
« RTinkQ
. fSW in kHz
540
500
460 [}
420 H\
380 [\
g 340
2 300
= 260 -
220 N
180
140
100
60 —
20

100 200 300 400 500 600 700 800
Switching Frequency (kHz)

900 1000

Figure 8-7. Nominal RT vs Switching Frequency
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8.3.7.2 External Clock Mode

The TPS7H4011 is configured for external clock mode if the mode pin, SYNCM, is connected to AVDD (AVDD is
the output voltage of the LDOCAP pin). In this mode, a clock is input on SYNC1 and the TPS7H4011 switching
will be synchronized with the SYNC1 input. The polarity of SYNC1 is configured by SYNC2. If SYNC2 = AVDD,
the TPS7H4011 device will switch in phase with SYNC1. If SYNC2 = GND, the TPS7H4011 device will switch
180° out of phase with SYNC1.

In external clock mode, RT may be left floating as it is not required to program the switching frequency with
a resistor from RT to GND. However, a resistor from RT to GND must be configured (as shown in Section
8.3.7.1) if it is desired to have a fallback default switching frequency if the input clock is not available (such as
before the clock is provided to the TPS7H4011 device or during a clock fault). If RT is populated in this mode
and no external clock signal is detected for tc k g | (typically 2 clock cycles), the TPS7H4011 will transition to
the internal clock. This is shown in Figure 8-8. If the external clock is again provided, it will switch back to the
external clock in tc k | g (typically 1 clock cycle). This is shown in Figure 8-9. When this configuration is utilized,
program the internal clock frequency to the same nominal value as the external clock frequency.

A
= e VOUT(DC)
O
>
External sync
A 4~ stops
H H H |7
O
=2
>
n
|
A D e FeT' S 3 Switch to
/ internal clock
; H H |7
g
-

Figure 8-8. External to Internal Clock Transition
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n
-
Lo e Switch to
A /external clock
ey
|

Figure 8-9. Internal to External Clock Transition

The external clock may be provided by an oscillator, FPGA, or other suitable device. Alternatively, the external
clock may be provided by another TPS7H4011 device that is configured in internal oscillator mode. This
configuration is detailed in Section 8.3.7.3.

8.3.7.3 Primary-Secondary Synchronization

Primary-secondary device synchronization is a system level configuration that makes use of a primary device
in internal clock mode and one to three secondary devices in external synchronization mode. Therefore, this
configuration allows paralleling up to four devices in quadrature (90° out of phase with each other) in order to
obtain increased current output with minimized voltage ripple.

The primary device is configured in internal oscillator mode by setting SYNCM = GND and the desired frequency
programmed by using the RT pin as described in Section 8.3.7.1. The secondary devices are configured by
setting SYNCM = AVDD. Therefore, the primary SYNC1 and SYNC2 output clock signals, in combination with
the secondary device SYNC2 states, can be used to connect two, three, or four devices in parallel. Under this
configuration, two devices can be programed 180° out of phase or four devices can be programmed 90° out of
phase (three devices will result in two device pairs 90° out of phase and one device pair 180° out of phase).

Figure 8-10 shows the output of SYNC1 and SYNC2 of the primary device. The SYNC1 to SW delay (tsync p) is
not shown. This delay is generally not critical when secondary devices are synchronized to the primary device as
they all have similar input and output delays.
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Figure 8-10. SYNC1 and SYNC2 Output in Primary Device (Without SYNC1 to SW Delay Shown)

The SYNC1 and SYNC2 output are connected to the secondary devices to provide proper synchronization.
Figure 8-11 shows the configuration and waveforms for four devices in parallel.

Device #1 (primary)
SYNCM SYNC1 A
|
RT SYNC2 —
R % 3
RT &
— — T
i |
AVDD Device #2 i | :
L SYNCM SYNC1 o :90 |
~ |
AVDD ~ |
RT syne2 — 3 |
& |
Rgr |
|
t >
— | |
- | 180° |
- A | |
AVDD Device #3 | |
L SYNCM SYNC1 32
£
iy
RT SYNC2
Rer j >
L2700
— A | !
| |
N |
AVDD Device #4 <
L] SYNCM SYNCL 3
&

RT SYNC2 i
Rerr

Figure 8-11. Parallel Operation With Four Devices

Figure 8-12 shows the configuration and waveforms for three devices in parallel.
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Device #1 (primary)
SYNCM SYNCL A
|
RT SYNC2 —
R % 2
RT &
— — T
i |
AVDD Device #2 i | :
i 190°
SYNCM SYNC1 !
~ |
AVDD ~ |
RT sync2 [— 2 |
& |
Rer |
|
| -
— | |
A 1807
AVDD Device #3 | |
L SYNCM SYNC1 [42]
s
&
RT SYNC2
Rer 1

Figure 8-12. Parallel Operation With Three Devices

Figure 8-13 shows the configuration and waveforms for two devices in parallel.

Device #1 (primary)
SYNCM SYNC1 A
|
RT SYNC2 —
Rer 2
R{ “
N N |
- | |
AVDD Device #2 A : 180° :
L SYNCM SYNC1
o~
£
RT SYNC2 j o
Rer

Figure 8-13. Parallel Operation With Two Devices

Figure 8-14 shows a simplified schematic of two devices in parallel. Tie together the signals colored blue for
parallel operation.
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Figure 8-14. Simplified Parallel Schematic
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8.3.8 Turn-On Behavior

The device will enter into a pulse-skipping mode (hysteretic mode) during startup in the event that VSENSE
is greater than the voltage at the SS_TR pin. During this period, the high-side switch will remain off and the
low-side switch will remain on until VSENSE again falls below the voltage at SS_TR. This is because a lower
output voltage is needed than that supported by the minimum on time.

Thus, instantaneous output pulses can be higher or lower than the desired voltage. This behavior is evident
when operating at high frequency with high bandwidth or with high VIN to VOUT ratios. When the minimum
on-pulse is greater than the minimum controllable on-time, the pulse-skipping behavior is not observed at
startup.

8.3.8.1 Soft-Start (SS_TR)

A capacitor at the SS_TR pin is utilized in order to slow the rise of the internal reference voltage, Vrer(internal)-
By slowing the rise of the reference voltage during startup, the output voltage slew rate will be controlled. This is
useful to prevent excessive inrush current.

Measured soft start time for the SS_TR voltage to rise from 10% to 90% of its value are detailed in the Electrical
Characteristics. Generally a 22nF or larger ceramic Cgg capacitor is recommended; however, values down to
5.6nF are shown if a faster startup is desired. Additionally, Equation 7 can be used to approximate startup
equations for arbitrary capacitor values.

tss = 0.25 x Cgg (7)

where

* tgsinms
* CgsinnF

Note that the SS_TR pin follows that of an RC charging circuit curve. Therefore, the output voltage follows a
similar curve.

When any of the following scenarios occur, the SS_TR pin is discharged through the internal Rss(discharge)
pull-down resistor (typically 442Q):

» theinput UVLO is triggered,

+ the EN pin is pulled below Vepgtaliing) (0.51V typical)

* the FAULT pin is pulled above VEayLtrising) (0-6V typical)

» the COMP pin reaches the COMPsypy threshold (1.9V typical)

» athermal shutdown event occurs

When the SS_TR pin is discharged, the device cannot restart again until it has discharged to below SSgiatyp
(typically 20mV) in order to ensure proper soft-start behavior.

8.3.8.2 Safe Start-Up Into Prebiased Outputs
The device prevents the low-side MOSFET from continuously discharging a prebiased output.
8.3.8.3 Tracking and Sequencing

Many of the common power-supply sequencing methods can be implemented using the SS TR, EN, and
PWRGD pins.

The sequential method is shown in Figure 8-15 using two TPS7H4011 devices. The PWRGD pin of the first
device is coupled to the EN pin of the second device, which enables the second power supply after the primary
supply reaches regulation. If a further delay is desired between sequencing the first and second device, an
optional Cpywrgp capacitor may be included on PWRGD as well. This will cause an RC delay based on the value
of the power good pull-up resistor and capacitor utilized.
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Figure 8-15. Sequential Start-Up Sequence

Figure 8-16 shows the method implementing ratiometric sequencing by connecting the SS_TR pins of two
devices together. The regulator outputs ramp up and reach regulation at the same time. Note that in this
configuration, the SS_TR voltage tends towards the average of the two parts since SS_TR is the internal voltage
reference of the device. This will cause some additional voltage error on the outputs of each device. This is
because the precise Vrer utilized for the control loop takes into account the offset of each individual devices
error amplifier only when operating with its own SS_TR.

sS_TR

TPS7H4011 .
EN W A~ VOUT1
LCOUT
T SS_TR :l: Reg
Css
} VSNS- PWRGD
TPS7H4011
Lour VOUT2

Css
VSNS-

W

Figure 8-16. Ratiometric Start-Up Sequence
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8.3.9 Protection Modes

The following protection modes are detailed in the following sections:
» Overcurrent Protection: Section 8.3.9.1
— High-Side 1 Overcurrent Protection (HS1): Section 8.3.9.1.1
— High-Side 2 Overcurrent Protection (HS2): Section 8.3.9.1.2
— COMP Shutdown: Section 8.3.9.1.3
— Low-Side Overcurrent Sinking Protection: Section 8.3.9.1.4
« Output Overvoltage Protection (OVP): Section 8.3.9.2
* Thermal Shutdown: Section 8.3.9.3

8.3.9.1 Overcurrent Protection

The TPS7H4011 device employs multiple overcurrent protection mechanisms. The device is primarily protected
from overcurrent conditions with cycle-by-cycle current limiting for the high-side MOSFET. This current limit
is termed high side 1 overrcurrent protection (HS1), and its value is selectable between four distinct current
limits by utilizing the ILIM pin. Additional secondary protection is provided through high side 2 overcurrent
protection (HS2). Finally, tertiary protection is provided through COMP shutdown. In addition to the various
high-side current limit protections, a low-side sinking overcurrent protection mechanism is also provided by the
TPS7H4011. These current protection mechanisms are detailed in the subsequent sections

8.3.9.1.1 High-Side 1 Overcurrent Protection (HS1)

The device implements current mode control, which uses the COMP pin voltage to control the turn-off of the
high-side MOSFET and the turn-on of the low-side MOSFET on a cycle-by-cycle basis. Each cycle the switch
current and the current reference generated by the COMP pin voltage are compared. When the peak switch
current intersects the programmed high side current, loc ns1, the high-side switch is immediately turned off
(although the high side will be on for at least the minimum on time, toy).

HS1 is implemented utilizing the COMP voltage. As the device approaches loc Hs1, COMP increases which
causes the g Of the device to approach zero. Therefore, at high enough values of COMP, the output current is
essentially clamped to the selected value. This functionality is shown in the simplified waveforms of Figure 8-17.
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Figure 8-17. High-Side 1 Overcurrent Protection

The high side 1 overcurrent protection (HS1) threshold value is selectable between four distinct current limits by
utilizing the ILIM pin. By limiting the current to a specific value, an inductor may be appropriately sized to handle
the maximum current.

The overcurrent limit is programmed by the voltage on the ILIM pin as a percentage of AVDD (LDOCAP output).
Therefore, a resistor divider from AVDD to GND should feed ILIM. Table 8-4 shows suggested resistor divider
values. Other values using the same ratio are also acceptable. Table 8-4 also shows suggested maximum DC
output currents for a selected current limit (though the precise amount of output current supported depends on
the ripple current for a given configuration).

Table 8-4. ILIM Connections

out loc_ns1 R R
(MAX SUGGESTED DC) (TYP) 'L('Q"ﬁ;m’ 'L("“("ﬁ?W
(A) (A)
3 5.6 © 0
6 9 100 49.9
9 134 49.9 100
12 18.3 0 eo

8.3.9.1.2 High-Side 2 Overcurrent Protection (HS2)

Sometimes, the HS1 current limit is not sufficient to protect the device. For example, a short circuit may be so
aggressive that even if the high side is only on for the minimum on time, toy, the current would continue to rise.
To mitigate this risk, the TPS7H4011 implements a secondary overcurrent protection in the form of high-side
overcurrent protection 2 (HS2).
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The HS2 current limit is reached when the current through the high side MOSFET meets or exceeds loc_Hs2-
To prevent sustained current increase, the next four high-side cycles are skipped while the low side MOSFET
remains on in order to discharge the inductor. The simplified waveforms of this operation are shown in Figure
8-18.

SwW

A

= =

o D

g 8 Short/\ \
Applied Short

Removed

\j

A

---------------------------- loc sz

([ ISHTET s s SRR -

IL

1/fsw
>

Regulation HS1 Overcurrent Limit HS2 Overcurrent Limit Regulation

Figure 8-18. High-Side 2 Overcurrent Protection

Just as the voltage on the ILIM pin sets the high-side 1 current limit, it also sets the high-side 2 current limit.
Table 8-5 shows the resulting high-side 2 current limit values that result from utilizing the same suggested
resistor divider values as the high-side 1 current limit in Table 8-4.

Table 8-5. ILIM Connections

out loc_Hs2 R R
(MAX SUGGESTED DC) (TYP) 'L('Q"ﬁ;m’ 'L('ﬁ"ﬁ?m
(A) (A)
3 6.6 w 0
6 1.1 100 49.9
9 17 49.9 100
12 23.9 0 %

8.3.9.1.3 COMP Shutdown

Since the voltage on the COMP pin is proportional to the device output current, by clamping the COMP voltage,
another method is achieved to protect the device from overcurrent events. Specifically, if COMP rises above
COMPgpn (typically 1.9V), the part will shutdown after a small delay time, tcomp(delay)-

This feature is a complement to the HS1 and HS2 current limits. Since the slew rate of COMP is limited by
the overall loop bandwidth and by the drive strength of the error amplifier, the time it takes COMP to reach
COMPsgppn during a fault depends on the loop compensation and specific type of fault. During most faults HS1
will be reached before COMP reaches COMPgypn. HS2 may trigger before or after COMP reaches COMPgpn.
Consequently, COMPgpn can be thought of as a type of fail-safe.
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After COMP reaches COMPgypN, the device immediately stops switching and begins discharging the SS_TR
pin through a pull-down resistance, Rssdischarge) (typically 442Q). The part will not attempt a restart until SS_TR
has discharged to SStayp (typically 20mV). This provides a cool down period for the TPS7H4011. Note that this
discharge time is directly dependent upon the value of the soft start capacitor, Csg. An example of the COMP
shutdown functionality is shown in the simplified waveforms of Figure 8-17.

=
wm
A
=
o D
9 Q Short_—7
Applied

T

ii loc_Hs2
e i< N\
on(min \

tss_nscrre
< >

COMPgypy oo » %

IL

Y

1/fow

SStartup-ceszie-d 3

—
Regulation HS1 Overcurrent Limit HS2 Overcurrent Limit SS_TR Startup
Discharge

Figure 8-19. COMP Shutdown Protection

Additionally, COMP may reach COMPgpy if an aggressive load step is applied to the output load and a high
loop bandwidth is utilized. This is because in this situation, COMP can slew higher faster than the load can
respond. This can be avoided through a compensation network that is appropriately designed for the worse case
load step.

8.3.9.1.4 Low-Side Overcurrent Sinking Protection

It is possible for the low-side MOSFET to sink current from the load (such as during light load operation). In
certain situations (such as a high current load being suddenly removed or VOUT being raised above the set
point), the low-side sink current can become excessive. Therefore, low-side overcurrent sinking protection is
provided.

If the low-side sinking current limit is exceeded, the low-side MOSFET is turned off immediately for the rest
of that clock cycle. In this scenario, both MOSFETs are off until the start of the next cycle. When the low-side
MOSFET turns off, the switch node voltage increases and forward biases the high-side MOSFET parallel body
diode (the high-side MOSFET is still off at this stage).

8.3.9.2 Output Overvoltage Protection (OVP)

The device incorporates an output overvoltage protection (OVP) circuit to minimize output voltage overshoot.
The OVP circuit engages when VSENSE 2 [PWRGDygH_r% * (Vrer + VSNS-)]. Typically, this means the OVP

Copyright © 2024 Texas Instruments Incorporated Submit Document Feedback 49
Product Folder Links: TPS7H4011-SP

ADVANCE INFORMATION


https://www.ti.com
https://www.ti.com/product/TPS7H4011-SP
https://www.ti.com/lit/pdf/SNVS983
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVS983&partnum=TPS7H4011-SP
https://www.ti.com/product/tps7h4011-sp?qgpn=tps7h4011-sp

NOILVINYOANI 3ONVAQV

13 TEXAS
TPS7H4011-SP INSTRUMENTS
SNVS983 — APRIL 2024 www.ti.com

circuitry engages when VOUT rises above 108% of its nominal value. When OVP is active, the high-side FET
stays off and the low-side FET stays on to quickly discharge VOUT.

An example that could cause an overvoltage condition is when the power supply output is overloaded for a
sustained period of time. Therefore, the error amplifier compares the actual output voltage to the reference
voltage. If the VSENSE pin voltage is lower than the reference voltage for a considerable time, the output of
the error amplifier demands maximum output current. After the condition is removed, the regulator output rises
and the error amplifier output transitions to the steady-state voltage. In some applications with small output
capacitance, the power supply output voltage can respond faster than the error amplifier. This leads to the
possibility of an output overshoot. The OVP feature minimizes this overshoot.

If the VSENSE pin voltage is greater than the OVP threshold, the high-side MOSFET is turned off, preventing
current from flowing to the output and minimizing output overshoot. When the VSENSE voltage drops lower than
the OVP threshold, the high-side MOSFET is allowed to turn on at the next clock cycle.

8.3.9.3 Thermal Shutdown

The internal thermal shutdown circuitry forces the device to stop switching if the junction temperature exceeds
170°C (typical). The device re-initiates the power-up sequence when the junction temperature drops below
135°C (typical). The thermal shutdown protection aims to keep the device as cool as possible during
overtemperature conditions.

8.3.10 Error Amplifier and Loop Response

Figure 8-20 shows a simplified model for the device control loop. It can be utilized to aid in determining the
frequency response and transient response of the buck regulator system. The simplified model is composed
of an operational transconductance error amplifier (OTA), the power stage, external feedback, and external
compensation. The effects of slope compensation are not shown in this model. More information on the
error amplifier and power stage are shown in the subsequent sections (Section 8.3.10.1 and Section 8.3.10.2
respectively).

Power Stage SW Lour . VOUT
8mps
Resr
§RFBJOP Ruiomo
Cour
z 1 VSNS+
L

j_‘ 8mEA p—

+ e -

EArg EAco Rrs_sor

Vrer
I:H VSNS-

Figure 8-20. Simplified Small Signal Model For Loop Response

8.3.10.1 Error Ampilifier

The TPS7H4011 device utilizes a transconductance error amplifier. The error amplifier compares the VSNS+
voltage to the internal Vrgr voltage reference. If differential remote sensing is utilized, this creates an offset on
VRrer of VSNS-. In effect, (VSNS+ - VSNS-) is compared to VRrgr.

The transconductance of the error amplifier is typically 1,600uS (uA/V). The frequency compensation network
is connected between the COMP pin and GND. The error amplifier DC gain is typically 11,500V/V. The error
amplifier output resistance is 7MQ (typ).
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8.3.10.2 Power Stage Transconductance

To optimize the overall device behavior at different current levels, the TPS7H4011 is designed to have a power
stage transconductance, gnps, that depends upon the configured current limit. The current limit is configured
utilizing ILIM as described in Section 8.3.9.1.1. Table 8-6 shows the resulting g,ps at various values of ILIM
for a nominal value of Veomp (ranging from 0.6V to 0.75V depending on the configured ILIM). The Electrical
Characteristics table shows additional values of g,,ps for various conditions.

Table 8-6. ILIM Connections and Resulting g,ps

lout gmps R R
(MAX SUGGESTED) (TYP) "z'l'(“ﬁ;m’ 'L('I':'ﬁ';m
(A) (S)
3 72 © 0
6 1 100 49.9
9 16.3 49.9 100
12 22.9 0 o

8.3.10.3 Slope Compensation

The desired slope compensation, SC, can be configured with a resistor from the RSC pin to GND. The
TPS7H4011 device adds a compensating ramp to the switch current signal for all duty cycles. Various values of
RSC and the resulting slope compensation are shown in the Electrical Characteristics. Equation 8 is provided to
approximate the value of RSC needed to achieve a desired slope compensation.

RSC = 0.208 X gpps X SC™ 5 x fopy ©)

where

* Rgc is the suggested value of RSC to achieve the desired slope compensation in kQ

*  Omps is the power stage gain in S (select the nominal value for the utilized current limit)

» SCis the positive desired value of slope compensation in A/us (note that the Electrical Characteristics gives
this value as a negative unit)

» fsw is the switching frequency in kHz

For additional guidance on selecting slope compensation values, see Section 9.2.2.8 in the application section.
8.3.10.4 Frequency Compensation

External frequency compensation is required for the TPS7H4011. There are several industry techniques used to
compensate DC-DC regulators. For the TPS7H4011, type 2A compensation is most often recommended though
other approaches are acceptable. See Section 9.2.2.9 in the application section for specific examples.

8.4 Device Functional Modes

The device uses fixed frequency, peak current mode control. As a synchronous buck converter, the device
normally operates in continuous current mode under all load conditions. The output voltage is divided down
through external resistors and VSENSE is compared to an internal voltage reference by an error amplifier, which
drives the COMP pin. An internal oscillator initiates the turn on of the high-side power switch. The error amplifier
output is converted into a current reference, which is compared to the high-side power switch current. When the
power switch current reaches the current reference generated by the COMP voltage level, the high-side power
switch is turned off and the low-side power switch is turned on.
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9 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification, and
Tl does not warrant its accuracy or completeness. TI’s customers are responsible for determining
suitability of components for their purposes. Customers should validate and test their design
implementation to confirm system functionality.

9.1 Application Information

The TPS7H4011 is a radiation hardened synchronous buck converter. The device is utilized to convert a higher
DC input voltage to a lower DC output voltage at a maximum of 12A. It can be used over an input voltage range
of 4.5V to 14V.

9.2 Typical Application

TPS7H4011
fout VOUT
L 4 PVIN SW ‘I *
R Cour
EN_TOP I Res_top
— VIN VSNS+ —| - g R
i i PG
Reveor L ey ss_TR
- g Rre_sot
= FAULT VSNS- ——Css
. AVDD_1 | pocap PWRGD —| PWRGD

ILIM COMP
Rium_top RT RSC

%RCOMP

J—e}
— SYNCM REFCAP HF
——Cuoo Rium_sot Coour
§ Rrsc
§ Rer SYNC1 PGND e
—— Crer
SYNC2 GND
Figure 9-1. Typical Application Schematic
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9.2.1 Design Requirements

Table 9-1. Design Parameters

DESIGN PARAMETER DESIGN VALUE
Input voltage 12V £ 5%
Output voltage 3.3VE1%
Maximum output current 12A
Transient response 12A load step AVOUT = 2.5%
Output voltage ripple 20mVpp
Start input voltage (rising V|\) 10V
Switching frequency 500kHz

9.2.2 Detailed Design Procedure
9.2.2.1 Operating Frequency

The first step is to decide on a switching frequency for the regulator. There is a trade off between higher and
lower switching frequencies. Higher switching frequencies may produce smaller a solution size using lower
valued inductors and smaller output capacitors compared to a power supply that switches at a lower frequency.
However, the higher switching frequency causes extra switching losses, which hurt the converter’s efficiency
and thermal performance. In this design, a switching frequency of 500kHz is selected. Using Equation 6, an RT
resistor of 90.9kQ is selected.

9.2.2.2 Output Inductor Selection

To calculate the value of the output inductor, use Equation 10. K| is a coefficient that represents the amount of
inductor ripple current relative to the maximum output current, Igyt as shown in Equation 9. Since the output
capacitors must have a ripple current rating greater than or equal to the inductor ripple current, choosing a
high inductor ripple current impacts output capacitors selection. In general, the inductor ripple value is at the
discretion of the designer depending on specific system needs. Typical values for K_ range from 10% to 50%.
For low output currents, the value of K| could be increased to reduce the value of the output inductor.

Iripple
— _nppte 9
L TouT 9)

_ VIN(max) —VOUT .~ your
Ioyr X K|, VIN (max) X fsw

(10)

For this design example, use K. = 18% and VIN(may) = 12.6V (12V + 5%). The calculated inductor value is
2.26pH and the closest available inductor of 2.2uH is selected. The resulting ripple current can be calculated
using Equation 11. It is found to be 2.2A for this design.

_ VIN(max) ~ VOUT vouT
Al = L ><V”V(max)XfSW (1)

For the output filter inductor, it is important that the RMS current and saturation current ratings not be exceeded.
The RMS current can be found from Equation 12 and peak inductor current can be found from Equation 13.

2
; o2 1 (Yourx (VIN (max) — VOUT) (12)
L(rms) ouT * 712 VIN (max) X L X fsw
I (ripple)
IL(peak) =Ipyr + 2 (13)
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For this design, the RMS inductor current is 12A, and the peak inductor current is 13.11A. To satisfy this
requirement, a Kemet MPX1D1250L2R2 inductor is selected. This inductor has a saturation current rating of
28.5A and an RMS current rating of 21A.

The current flowing through the inductor is the inductor ripple current plus the output current. During power
up, faults, or transient load conditions, the inductor current can increase above the previously calculated peak
inductor current level. In transient conditions, the inductor current can increase up to the switch current limit of
the device. For this reason, the most conservative approach is to specify an inductor with a saturation current
rating equal to or greater than the switch current limit, rather than the peak inductor current.

It is suggested to set the current limit 20% higher than the peak inductor current to ensure sufficient margin
before the current limit is engaged. This would result in a minimum suggested current limit of 15.73A. Selecting
the maximum current limit results in a high-side 1 current limit of 18.3A (typ) and 15.8A (min). Connect ILIM to
AVDD to use the maximum current limit as described in Section 8.3.9.1.1. This current limit results in a nominal
9mps Of 22.9S when Vcopp = 0.6V and a gmps of 20.4A when oyt = 12A.

9.2.2.3 Output Capacitor Selection

There are several considerations in determining the value of the output capacitor. The selection of the output
capacitor is driven by both the desired output voltage ripple, and the allowable voltage deviation due to a large,
abrupt change in load current (load step). For space applications, the value of capacitance also has to account
for the mitigation of single event effects (SEE). The output capacitance needs to be selected based on the more
stringent of these three criteria. When selecting the capacitors, care should be taken to select capacitors with a
sufficient voltage rating, temperature rating, and consideration of any effective capacitance changes due to DC
bias effects. It is also important to note that the value of the output capacitor directly influences the modulator
pole of the converter frequency response, as described in Section 9.2.2.9.

The first criteria to consider is the desired response to a load step. This generally occurs when the regulator
is temporarily not able to supply sufficient output current during a large, fast increase in the current needs of
the load. This may occur during a transition from no load to full load, or when powering an FPGA with large
current swings. The output capacitor must be sized to supply the extra current to the load until the control loop
responds to the load change. Equation 14 shows the minimum output capacitance, from the electrical point of
view, necessary to accomplish this.

- 2x Algyr
Cout 2 7oy < AVOUT

(14)
Where Algyt is the change in output current, fgy is the regulator switching frequency, and AVOUT is the
allowable change in the output voltage. For this example, the transient load response is specified as a 2.5%
change in VOUT for a load step of 12A. This results in a minimum capacitance of 582uF. This value does not
take the ESR of the output capacitor into account in the output voltage change. For ceramic capacitors, the
ESR is usually small enough to ignore in this calculation. However, for space applications and large capacitance
values, tantalum capacitors are typically used, which have a certain ESR value to take into consideration.

The next criteria is to calculate the required capacitance to meet the output voltage ripple requirements using
Equation 15 where VOUT jypie(desired) iS the maximum allowable output voltage ripple, and Al is the inductor
ripple current. In this case, the maximum desired output voltage ripple is 20mV, and the inductor ripple current is
2.2A. Under these conditions, a minimum capacitance value of 28uF is calculated.

c S Alp
OUT = X sy X VOUTyipple(desired)

(15)

Finally, the ESR of the capacitor must be considered when meeting the output voltage ripple requirements using
Equation 16. It is determined that an ESR value of 9mQ or less is required.

VOUTripple(desired)

ESR < AT,

(16)
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Additional capacitance deratings for aging, temperature, and DC bias should be factored in, which increases the
minimum required output capacitance value. Additionally, capacitors generally have limits to the amount of ripple
current they can handle without failing or producing excess heat. The selected bank of output capacitors must
handle the ripple current calculated in Equation 11.

For this specific design, taking into consideration all of the above requirements, 3x330uF T530 Tantalum
capacitors are selected with a resulting combined ESR of 1.9mQ at the 500kHz switching frequency. Additionally,
a 22uF and 1pF ceramic capacitor are added in parallel for high frequency filtering. This results in a total
capacitance of 1.013mF.

Equation 17 can be used as an approximation to calculate the resulting output voltage ripple when considering
both the capacitance and ESR. For this design, the resulting output ripple estimation is 4.7mV.

Alj,

VOUT”pple ~8x fsw *Cour

+ESRX Al (17)

9.2.2.4 Input Capacitor Selection

The input supply to the TPS7H4011-SP must be well regulated with sufficient capacitor bypassing for proper
electrical performance. While a minimum ceramic capacitor of at least 4.7uF effective capacitance near the PVIN
and VIN inputs is required, additional bulk capacitance is generally required to handle the high input currents.
Similar to the output capacitor selection, when selecting the input capacitors, care should be taken to select
capacitors with a sufficient voltage rating, temperature rating, and consideration of any effective capacitance
changes due to DC bias effects. The capacitor must also have a ripple current rating greater than the maximum
input current ripple as calculated using Equation 18. For this design, Icinms is calculated to be 5.4A.

Vour X (VIN(min) - VOUT)
VIN(min)

IcINrms = 10UT><\/ (18)

The minimum input capacitance can then be calculated by using Equation 19 and selecting a maximum desired
input ripple voltage, AVINgesireq- FOr this design, a 20mV input voltage ripple maximum is used, resulting in a
minimum input capacitance of 300uF.

IoyT %X 0.25
AVINgesired X fsw

CIN = (19)

Note, however, that Equation 19 does not include the effects of ESR on the input ripple voltage. Therefore,
additional capacitance is utilized. Specifically, 7x100uF Tantalum capacitors are used along with 2x22uF,
1x10uF, 1x4.7uF, and 3x0.1uF ceramic capacitors are selected for a total input capacitance of 759uF.

9.2.2.5 Soft-Start Capacitor Selection

The soft-start capacitor Cgg, determines the minimum amount of time it takes for the output voltage to reach
its nominal programmed value during power up. This is useful if a load requires a controlled voltage slew rate.
This is also used if the output capacitance is large (as is typical with space grade buck converters), which would
require a large amount of current to quickly charge the capacitor to the output voltage level. The large currents
necessary to charge the capacitor may make the TPS7H4011 reach the current limit, draw current from the input
power supply, or cause the input voltage rail to sag. Limiting the output voltage slew rate solves all of these
problems. The soft-start capacitor value can be calculated using Equation 7.

A reasonable soft start time for many space grade buck regulators is 5.8ms, which results in a Cgg capacitor of
22nF.

9.2.2.6 Rising VIN Set Point (Configurable UVLO)

An external resistor divider from VIN to GND is used to enable the TPS7H4011 when a desired preset input
voltage is reached. In effect, this acts as an adjustable UVLO. First, 10V is selected as the desired turn-on
voltage (VINising))- Next, Ren top of 54.2kQ) is selected as a reasonable tradeoff between a large enough
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resistor to minimize power dissipation, but low enough to prevent excessive noise coupling to a high impedance
node. Equation 4 is then used to calculate an Rgy_got of 3.52kQ.

Since the enable pin has hysteresis, the resulting turn-off voltage can be calculated using Equation 5. It is found
that the VINg,)ing is 9.3V. This means that once the regulator starts switching after rising above 10V (VINising)), it
will continue switching until falling below 9.3V.

9.2.2.7 Output Voltage Feedback Resistor Selection

The resistor divider network Rrg top @and Reg got is used to set the output voltage. For this design, 10kQ was
selected for Ryop. Additionally, a 50Q resistor was placed in series with Rgg _top to aid in measuring the control
loop. Using the combined value of 10.05kQ and Equation 1, Rgotrom is calculated as 2.233kQ. The nearest
standard 0.1% resistor of 2.23kQ was selected.

9.2.2.8 Slope Compensation Requirements

While one may chose different values of slope compensation for different applications, a commonly suggested
ideal value for slope compensation is defined as the output voltage divided by the inductor size as shown in
Equation 20.

di _ Al _ vour
SCsuggested dt ~ Dtgrrp ~ L (20)

For this design, the suggested value is 1.5A/us. Using Equation 8, the suggested value of Rgc is calculated to
be 1.155MQ. However, in this specific application example, it was decided to have more slope compensation
than suggested for additional margin and for suitability of testing different configurations. Therefore, a value of
511kQ is used which results in 2.6A/us.

9.2.2.9 Compensation Component Selection

The control loop of the TPS7H4011 is described in Section 8.3.10. The component selection for compensating
this device is as shown below. Other industry standard approaches for compensating a peak current mode

control buck regulator are also acceptable.
Power Stage H:l SW Lot . VOUT
gmps
ESR
Rrs ToP Ruomo

COUT

I_—I

COMP -
L

L

ngA

—

_| VSNS+

EAro EAco RFB?BOT

Reowmp Vrer
__c¢C
" VSNS-
—Ii%% -

Figure 9-2. Type Il Compensation With Simplified Loop

1. Determine the desired crossover frequency, fcoesired)- A good starting rule of thumb is to set the crossover
frequency to one-fifth to one-tenth of the switching frequency. This will generally provide good a transient
response and ensure that the modulator poles do not degrade the phase margin. For this design, 40kHz was
the selected target crossover frequency.
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2. Determine the required gain from the compensated error amplifier using Equation 21:
_ 2mX fco(desired) X CouT
Ayy = Tmps (21)
where gmps is the power stage transconductance for the selected current limit. For this design with fcodesired)
= 40kHz, Coyt = 1.013mF, gmps = 22.9S, a value for Ayy of 15.6V/V is obtained.
3. Rcowmp can be determined by Equation 22:
R _ 4vm _ vour 22
COMP = ‘gmEa ~ VREF (22)
where gmg, is the transconductance of the error amplifier (1600uS typ) and Vrgr is the reference voltage
(0.6V typ). A value of 42.9kQ is calculated and a nearby standard resistor of 43.2kQ was selected.
4. Calculate the power stage dominate pole determined by Equation 23:
loyt
fP,PS = 2% Coyr X VOUT (23)
For this design, the dominate pole is calculated to be at 0.57kHz.
5. Place a compensation zero at the dominant pole by selecting Cconmp as determined by Equation 24
Ccomp = 1 (24)
COMP = 21x fp,ps X Rcomp
For this design, Ccomp is calculated to be 6.45nF and a nearby standard capacitor value of 5.6nF was
selected.
6. Calculate the ESR zero from the output capacitor bank by Equation 23:
1
f1,ESR = X ESR% CoyT (25)
For this design, the ESR zero is calculated to be at 83.6kHz.
7. Cyr is used to cancel the zero from the equivalent series resistance (ESR) of the output capacitor Coyr. Itis

calculated using Equation 26:

1
Cup =
HE = Rcomp X 2m X f7,ESR (26)

Note that if the ESR zero is higher than half the switching frequency, use half the switching frequency
instead of the ESR zero in Equation 26. For this design, Cyf is calculated to be 44pF and a nearby standard
capacitor value of 56pF was selected.

Note that the components selected using these equations are often only starting values in a design.
Optimizations can be made after lab testing to further improve the frequency response and ensure a closer
match to the desired crossover frequency.
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9.2.3 Application Curve
Typical plots are shown for the following conditions:
*+ VIN=PVIN =12V
+ VOUT =3.3V
« IOUT =12A
» Switching frequency = 500kHz
100 T 200
80 160
60 = 120
N 40 = b 80
£ & 20 L =3 0 9
& = g g N 4
< 55 0 = X o s
5 > O 20 ) 40 2
= -40 \ 80 =
60 H -120
-l —— Trace 1: Gain: Magnitude (dB)
-80 [| — Trace 2: Gain: Phase (°) -160
_ R -100 I L L L TITIT I L L L TTTTT I I -200
% Time (2 ps/div) 25 100 1k Frequéggy - 100k ™M
Figure 9-3. Switch Node V\_’aveform and Output Crossover Frequency = 27kHz, Phase Margin = 60°, Gain
Voltage Ripple Margin = 23dB
Figure 9-4. Bode Plot
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9.3 Power Supply Recommendations

The TPS7H4011 is designed to operate from an input voltage supply range between 4.5V and 14V. This supply
voltage must be well regulated. Power supplies must be well bypassed for proper electrical performance. This
includes a minimum of one 4.7uF (after derating) ceramic capacitor, type X7R or better from PVIN to GND,
and from VIN to GND. PVIN and VIN must be the same voltage, and it is recommended to externally connect
PVIN and VIN. Additional local ceramic bypass capacitance may be required in systems with small input ripple
specifications, as well as additional bulk capacitance if the TPS7H4011 device is located more than a few inches
away from its input power supply. Bypass capacitors should be placed as close as possible to the input pins, and
have a low impedance path to GND.

Larger values of bypass capacitance at the output will improve the response to radiation induced transients.

9.4 Layout
9.4.1 Layout Guidelines

» Layout is a critical portion of good power supply design. See Layout Example for a PCB layout example.

* |tis recommended to include a large topside area filled with ground. This top layer ground area should be
connected to the internal ground layers using vias at the input bypass capacitor, the output filter capacitor,
and directly under the TPS7H4011 device in order to provide a thermal path from the exposed thermal pad
to ground. The topside ground area together with the internal ground plane must provide adequate heat
dissipating area.

* |tis recommended that the thermal pad under the TPS7H4011 is tied to GND on internal ground layers
utilizing vias. The thermal pad does not need to directly connect to ground on the top layer in order to provide
noise isolation between the thermal pad ground and the topside PGND, which may be noisy.

* There are several signal paths that conduct fast changing currents or voltages that can interact with stray
inductance or parasitic capacitance to generate noise or degrade the power supply's performance. To help
eliminate these problems, the PVIN pin should be bypassed to ground with a low ESR ceramic bypass
capacitor with an X7R dielectric.

» Care should be taken to minimize the loop area formed by the bypass capacitor connections, the PVIN pins,
and the ground connections.

* The VIN pin must also be bypassed to ground using a low ESR ceramic capacitor with an X7R dielectric.
Make sure to connect this capacitor to the quieter analog ground trace rather than the power ground trace of
the PVIN bypass capacitor.

» Since the SW connection is the switching node, the output inductor should be located close to the SW pins
and the PCB conductor area minimized to prevent excessive capacitive coupling.

» The output filter capacitor ground should use the same power ground as the PVIN input bypass capacitor. Try
to minimize this conductor length while maintaining adequate width.

» ltis critical to keep the feedback trace away from inductor EMI and other noise sources. Run the feedback
trace as far from the inductor, switch (SW) node, and noisy power traces as possible. Avoid routing this trace
directly under the output inductor if possible. If not possible, ensure that the trace is routed on another layer
with a ground layer separating the trace and inductor.

» Keep the resistive divider used to generate the VSNS+ voltage as close to the device pin as possible in order
to reduce noise pickup.

* The RT and COMP pins are sensitive to noise, so components around these pins should be located as close
as possible to the IC and routed with minimal trace lengths.

* Make all of the power (high current) traces as short, direct, and thick as possible.

* It may be possible to obtain acceptable performance with alternate PCB layouts.
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9.4.2 Layout Example

GND 1 30 REFCAP
EN 2 29 COMP
RT 3
Keep trace
VINC 4 (27 JVSNs- away from
switching
LDOCAP[ 5| 26 SS_TR node
SYNCM 6 Thermal Pad 25 RSC
(Bottom Side)
SYNC1 7 31 24 ILIM
Cn close to
device SYNC2[ 8| 23 JFAULT

22 PWRGD

L
(

\

Keep loop
as small as C
possible out
Figure 9-5. Simplified Layout Example
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10 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

10.1 Documentation Support

10.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES

OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

10.1.2 Related Documentation

* TPS7H4011-SP total ionizing dose (TID) radiation report
 TPS7H4011EVM-CVAL evaluation module user's guide (ceramic package)

10.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Notifications to register and receive a weekly digest of any product information that has changed. For change
details, review the revision history included in any revised document.

10.3 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

10.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
10.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘Q \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

10.6 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

11 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Table 11-1.
DATE REVISION NOTES
April 2024 * Initial Release
Copyright © 2024 Texas Instruments Incorporated Submit Document Feedback 61

Product Folder Links: TPS7H4011-SP

ADVANCE INFORMATION


https://www.ti.com/lit/pdf/SNVK008
https://www.ti.com/lit/pdf/SLVUCK1
https://www.ti.com
https://e2e.ti.com
https://www.ti.com/corp/docs/legal/termsofuse.shtml
https://www.ti.com/lit/pdf/SLYZ022
https://www.ti.com
https://www.ti.com/product/TPS7H4011-SP
https://www.ti.com/lit/pdf/SNVS983
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVS983&partnum=TPS7H4011-SP
https://www.ti.com/product/tps7h4011-sp?qgpn=tps7h4011-sp

NOILVINYOANI 3ONVAQV

13 TEXAS
TPS7H4011-SP INSTRUMENTS
SNVS983 — APRIL 2024 www.ti.com

12 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 OUTLINE

HLB0030A CFP - 2.605 mm max height
CERAMIC DUAL FLATPACK
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, PIN 11D / 26177
30
] — | e R B
B ==
———————— / O —
———————— O —
———————— O —
———————— O —
———————— O —
e —— @8
———————— O —
———————— O —
———————— O —
———————— O —
———————— O —
———————— O — *
P ————————— R —
e} 30x 048
f=— (6.61) —= 0.38
/METAL LID ‘{B ‘0_2@ ‘C‘A@ ‘B@ ‘
! c
2,605 [— i [c]
2.073 ] (| Y
* 4 2X (1.588) L 1.04
| (5124 0.84
(5.124) RE
75 0.10
265
2X (1.588) —=| (1.949)
X(2.31) — s HEATSINK
\ 5 & \
| |
(1.45) 5 ;
(16.983)
(13.22)
]| [C
T
5.124
PIN 11D (5.124) 4228537/A 03/2022

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 package is hermetically sealed with a metal lid.
4. The terminals are gold plated.

5. Falls within MIL-STD-1835 CDFP-F11A.
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EXAMPLE BOARD LAYOUT
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i3 TEXAS PACKAGE OPTION ADDENDUM
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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 ® (415)
(6)
PTPS7H4011HLB/EM ACTIVE CFP HLB 30 1 TBD Call Tl Call T 25t0 25

@ 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.

® 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 a line 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.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated
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