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TPS7H410x-SP and TPS7H410x-SEP Radiation-Hardened, 3V to 7V Input, 3A per
Channel, Multichannel, Synchronous Buck Converter

1 Features

» Total ionizing dose (TID) characterized
— Radiation hardness assurance (RHA)
availability 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) = 75 MeV-cm2/mg
— Single-event functional interrupt (SEFI) and
single-event transient (SET) characterized up to
LET = 75MeV-cm?/mg
* Input voltage range from 3V to 7V
* Up to 3A of maximum output current per channel
or more when channels are paralleled
» Typical efficiency of 91.1% (typ.) at VIN = 5V, Vout
= 18V, IOUT =1A at fSW = 500kHz
* Integrated 62mQ (HS) and 55mQ (LS) MOSFETs
(typ at VIN = 5V)
* Flexible switching frequency:
— 100kHz to 1MHz, internal oscillator
— External synchronization capability
» Accurate voltage reference of 599.48mV + 1%
over line, temperature, and TID
* Monotonic start-up into pre-biased outputs
* Per channel (CHx)
— Adjustable slope compensation (RSCx)
— Adjustable soft-start (SS_TRXx)
— Power-good output monitor for undervoltage
and overvoltage (PWRGDXx)
— Input enable (ENx)
» Sequence up and reverse sequence down when
using EN_SEQ (only valid for TPS7H4104)
» Plastic packages outgas tested per ASTM E595
* Auvailable in military (-55°C to 125°C) temp range

2 Applications

» Space satellite point of load supply
» Satellite electrical power systems (EPS)
* Radiation hardened power supplies

3 Description

The TPS7H4104 and TPS7H4102 are 7V, 3A
per channel, multichannel, peak-current mode,
synchronous buck converters optimized for use
in area sensitive, space environment applications.
The device incorporates four (TPS7H4104) or two
(TPS7H4102) identical channels that can be use to
step down the power input voltage into independent
voltages up to 3A per phase or interleaved to
increment the output current up to 12A (TPS7H4104)
or 6A (TPS7H4102).

Each channel incorporate the high and low side
power MOSFETs with programmable soft-start and
slope compensation. Additionally, per channel power-
good flags and enable signals are provided. The
TPS7H4104 also incorporates an input (EN_SEQ) to
create a sequential power up and reverse sequence
down.

Various current limit mechanisms are included
for robust current limiting during fault conditions.
Thermal shutdown disables the device when the die
temperature exceeds thermal limit.

Device Information

PART NUMBER GRADE(") PACKAGE®
5962R2320801PYER) QMLP-RHA 64-pin plastic
10.00mm % 10.00mm
TPS7H4104MPAPTSEP |SEP Mass = 283mg

(1)  For additional information about part grade, view SLYB235.
(2) Dimension and mass values are nominal.
(3) Product preview.

Note: EN_SEQ is only available for TPS7H4104

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. ADVANCE INFORMATION for preproduction products; subject to change

without notice.
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4 Device Options

Table 4-1. Device Options

e [ b Radiation Rating(") Grade(® Package Orderable Part Number
Number Channels

TID of 100krad(Si) RLAT,

TPS7H4104-SP DSEE free to QMLP-RHA 5962R2320801PYE®)
75MeV-cm%/mg

TPS7H4104-SEP TID of 50krad(Si) RLAT, Space Enhanced TPS7H4104MPAPTSEP
DSEE free to Plastic
43MeV-cm2/mg

64-pin HTQFP PAP

TPS7H4102-SP TID of 100krad(Si) RLAT, |QMLP-RHA 5962R2320802PYE®)
DSEE free to
75MeV-cm?/mg

TPS7H4102-SEP TID of 50krad(Si) RLAT, Space Enhanced TPS7H4102MPAPTSEP
DSEE free to Plastic ®)
43MeV-cm2/mg

(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) Product preview.
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5 Pin Configuration and Functions

[ 64 | PVIN
[ 63 ] PVIN
[ 62 | sw1
[ 61 ] sw1
[ 60 ] sw1
[ 59 ] sw1
[ 58 ] PGND
[ 57 ] PGND
[ 56 ] PGND
[ 55 ] PGND
[ 54 | swa
[ 53 ] swa
[ 52 ] swa
[ 51 swa
[ 50 | PvIN
[49 ]

[ 64 | PVIN
[ 63 ] PN
[e2]
[e1]

[ 60 | sw1
[ 59 ] sw1
[ 58 ] PGND
[57]

| 56 | PGND
[55

[ 54 ] swa
53]
[52]
[51]

[ 50 ] pvIN
E

i
pwReDL[ T | 8 | PWRGD4 pwreD1[ 1 | e 48 | PWRGD4
eNt[ 2 | | 7 ] ENa et [ 2 ! i 7] ENa

I I
vsnsi [ 3 i i i 6 | VSNsa vsns1 [ 3 i i i 6 | VsNsa
| | ! | ' !
| =0° =180° | TR4 =0° =180° | TR4
SS_TR1| 4 ! b ! b ! 45 | SS_ SS_TR1| 4 1 b ! [ } 45 | SS_
| =
COMP1| 5 } | 44 | comp4 COMP1 | 5 } | 44 | COMP4
I I
Rct[e | o i [e3]Rsca Rct[e6 | 0 o [ 3 | Rsca
GND [ 7 ! 1 22 | RT GND [ 7 ! | 42 | RT
I | I I
VIN| 8 | | 41 | EN_SEQ VIN| 8 | | 1 | NC
REFCAP | 9 } TPS7H4104 1 40 | SYNC REFCAP | 9 } TPS7H4102 } 40 | SYNC
I | I I
GND | 10 ‘L } 9 | GND GND | 1f } } 9 | GND
RsC2 [ 11 ! ‘ 1 38 | RsC3 NC[11 ! | 38 | NC
I
comp2 [ 12 | | | 37 | comp3 ne [ 12 | | 37 | NC
ss_TR2 [ 13 ' $=90° ! $=270° | 36 | SS_TR3 NC[13 \ i 36 | NC
I | I I
I I I
vsns2 [ 14 ! ! 35 | VSNS3 Ne [14 ! } 35 | NC
I I
EN2[ 15 I 4 ] EN3 Ne[15 e [34] NC
PWRGD2 [ 16 | 33 | PWRGD3 Ne [16 33 ] NC

PVIN [ 17 |
PVIN [ 18 |
sw2 [ 19 |
sw2 [ 20 |
sw2 [ 21 |
sw2 [ 22 |
PGND [ 23 |

AEEER =EEggggc7
Figure 5-1. TPS7H4104 Figure 5-2. TPS7H4102
PAP Package PAP Package
64-Pin HTQFP 64-Pin HTQFP
Top View Top View

Table 5-1. Pin Functions

PIN
NAME TPS7H4104 | TPS7H4102

1/o(") DESCRIPTION

Power Good pin for CH # 1. This is an open drain output. Connect this pin trough a
pull-up resistor to the desired logic level (< 7V). PWRGD1 is asserted when Voyt1 is
within 6% (typ.) of its programmed value. PWRGD1 is deasserted when Vgy4 is outside
9% (typ.) of its programmed value or during a fault condition (such as thermal shutdown).

PWRGD1 1 o}

Enable # 1. Pull this pin high [> Venx RisiNG (Max)] to enable the CH # 1. Pull this pin low
EN1 2 | [< VEnx_FALLING (Min)] to disable the CH # 1. Use a voltage divider between VIN and GND
to adjust the turn-on voltage level for CH # 1 as needed.

Inverting input of the gm error amplifier for CH # 1. Connect this pin as close to the load

VSNS1 3 : as possible trough a voltage divider to program the desired output voltage for CH # 1.
Soft Start and tracking for CH # 1. Connect an external capacitor to control the rise time
SS_TR1 4 1/0 | (or inrush current) for Voyr¢ during start-up. This pin can also be used for tracking and

sequencing.

Compensation pin for CH # 1. Output of the transconductance error amplifier and input
COMP1 5 1/0 |to the inner current loop comparator of CH # 1. Connect the frequency compensation
components for CH # 1 to this pin.

Slope compensation for CH # 1 pin. A resistor from RSC1 to GND sets the slope

RSC1 6 o compensation for CH # 1.

Ground. Return for all internal control circuitry. Connect this pin to PGND for proper

GND 7,10, 39 — )
operation.

Input voltage. Power for all internal control circuitry for CH # 1 to CH # 4. It should be
VIN 8 | the same voltage as PVIN and is therefore recommended to externally connect to PVIN.
Place a de-coupling capacitor as close as possible to this pin.

Reference capacitor pin. A 470 nF external capacitor is required for the internal bandgap
REFCAP 9 O |reference. A voltage of 1.235V(typ.) will be present at this pin. Do not connect any
external circuitry to this pin.

Slope compensation for CH # 2 pin. A resistor from RSC2 to GND sets the slope

RSC2 " - VO | compensation for CH # 2.
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Table 5-1. Pin Functions (continued)

PIN

NAME

TPS7H4104 | TPS7H4102

o

DESCRIPTION

COMP2

12 —

1/10

Compensation pin for CH # 2. Output of the transconductance error amplifier and input
to the inner current loop comparator of CH # 2. Connect the frequency compensation
components for CH # 2 to this pin.

SS_TR2

13 —

1/0

Soft Start and tracking for CH # 2. Connect an external capacitor to control the rise time
(or inrush current) for Vot during start-up. This pin can also be used for tracking and
sequencing.

VSNS2

14 —

Inverting input of the gm error amplifier for CH # 2. Connect this pin as close to the load
as possible trough a voltage divider to program the desired output voltage for CH # 2.

EN2

15 —

Enable # 2. Pull this pin high [> Veny risinG (Max)] to enable the CH # 2. Pull this pin low
[< VEnx_FALLING (viny] to disable the CH # 2. Use a voltage divider between VIN and GND
to adjust the turn-on voltage level for CH # 2 as needed.

PWRGD2

16 —

Power Good pin for CH # 2. This is an open drain output. Connect this pin trough a
pull-up resistor to the desired logic level (< 7 V). PWRGD?2 is asserted when Voyr2 is
within 6% (typ.) of its programmed value. PWRGD?2 is deasserted when Vgyrs is outside
9% (typ.) of its programmed value or during a fault condition (such as thermal shutdown).

PVIN

17,18, 31, 32, 49, 50,63,
64

Power Stage input voltage for CH # 1 to CH # 4. Power for the power stages of CH # 1 to
CH # 4. Connect localized input capacitor close to each set of PVIN pins.

Sw2

19-22 —

Switching node # 2 pins . Switch phase node output for CH # 2. Connect this pins to the
LC filter for Voyro. The relative phase for SW2 is 90°.

PGND

23-26, 55-58

Power stage ground for CH # 1 to CH # 4. Return for low-side power MOSFETs of CH # 1
to CH # 4. Connect all PGND and GND together.

SW3

27-30 —

Switching node # 3 pins . Switch phase node output for CH # 3. Connect this pins to the
LC filter for Voyts. The relative phase for SW3 is 270°.

PWRGD3

33 —

Power Good pin for CH # 3. This is an open drain output. Connect this pin trough a
pull-up resistor to the desired logic level (< 7 V). PWRGD3 is asserted when Voyrs is
within 6% (typ.) of its programmed value. PWRGD3 is deasserted when VT3 is outside
9% (typ.) of its programmed value or during a fault condition (such as thermal shutdown).

EN3

34 —

Enable # 3. Pull this pin high [> Veny risinG (Max)] to enable the CH # 3. Pull this pin low
[< VEnx_FALLING (viny] to disable the CH # 3. Use a voltage divider between VIN and GND
to adjust the turn-on voltage level for CH # 3 as needed.

VSNS3

Inverting input of the gm error amplifier for CH # 3. Connect this pin as close to the load
as possible trough a voltage divider to program the desired output voltage for CH # 3.

SS_TR3

110

Soft Start and tracking for CH # 3. Connect an external capacitor to control the rise time
(or inrush current) for Vo3 during start-up. This pin can also be used for tracking and
sequencing.

COMP3

37 —

1/10

Compensation pin for CH # 3. Output of the transconductance error amplifier and input
to the inner current loop comparator of CH # 3. Connect the frequency compensation
components for CH # 3 to this pin.

RSC3

38 —

1/10

Slope compensation for CH # 3 pin. A resistor from RSC3 to GND sets the slope
compensation for CH # 3.

SYNC

SYNC is an input for an external clock. The frequency of the external clock should match
the switching frequency that is set by the resistor between RT and GND by a factor of 4.

(fsyne = 4 x fsw)

EN_SEQ

Enable Sequence. Pull this pin high [ Ven_seq RisiNG (vax)] to start a sequence up,
starting from CH # 1 to CH # 4. To start a reverse sequence down pull this pin low [<
VENfSEQiFALLING (MIN)]: starting fromCH#4to CH#1.

RT

42

1/0

A resistor connected between RT and GND sets the Switching frequency of the converter.
The Switching frequency range is 100kHz to 1MHz. When an external clock is used, RT
must be selected such that the set switching frequency coincides with the frequency of
the external applied clock. In case of a loss clock the device will switch to the internal
clock at the programmed frequency.

RSC4

43

110

Slope compensation for CH # 4 pin. A resistor from RSC4 to GND sets the slope
compensation for CH # 4.
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Table 5-1. Pin Functions (continued)

PIN
NAME TPS7H4104 | TPS7H4102

o™ DESCRIPTION

Compensation pin for CH # 4. Output of the transconductance error amplifier and input
COMP4 44 /0 |to the inner current loop comparator of CH # 4. Connect the frequency compensation
components for CH # 4 to this pin.

Soft Start and tracking for CH # 4. Connect an external capacitor to control the rise time

SS_TR4 45 1/0 | (or inrush current) for Voyr4 during start-up. This pin can also be used for tracking and
sequencing.
VSNS4 46 | Inverting input of the gm error amplifier for CH # 4. Connect this pin as close to the load

as possible trough a voltage divider to program the desired output voltage for CH # 4.

Enable # 4. Pull this pin high [> Veny risinG (vax)] to enable the CH # 4. Pull this pin low
EN4 47 | [< VEnx_FALLING (viny] to disable the CH # 4. Use a voltage divider between VIN and GND
to adjust the turn-on voltage level for CH # 4 as needed.

Power Good pin for CH # 4. This is an open drain output. Connect this pin trough a
pull-up resistor to the desired logic level (< 7 V). PWRGDA4 is asserted when Voyry is

PWRGD4 48 0 within 6% (typ.) of its programmed value. PWRGDA4 is deasserted when VT4 is outside
9% (typ.) of its programmed value or during a fault condition (such as thermal shutdown).
SW4 51-54 o Switching node # 4 pins . Switch phase node output for CH # 4. Connect this pins to the
LC filter for Voyr4. The relative phase for CH4 is 180°.
SWA 59-62 o Switching node # 1 pins . Switch phase node output for CH # 1. Connect this pins to the

LC filter for Voyr1. The relative phase for CH1 is 0°.

11-22 No connect. These pins are not internally connected. . It is recommended to connect
NC — 27.38 4’11 — | 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.

(1) I'=Input, O = Output, I/O = Input or Output, — = Other
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6 Specifications

6.1 Absolute Maximum Ratings
over operating temperature (unless otherwise noted)(") (2)

MIN MAX| UNIT
VIN, PVINx, ENx, PWRGDx, SYNC -0.3 7.5
Input voltage \%
RT, RSCx, COMPx, VSNSx, SS_TRx -0.3 3.6
SWx -1 7.5
Output voltage SWx, 10-ns transient -3 7.5 \%
REFCAP -0.3 2
Vdiff GND to exposed thermal pad -0.2 0.2 \
SWx Current limit
PVINX Current limit A
Source current
PGNDx Current limit
RT -200 200 MA
SWx Current limit A
PGNDx Current limit
Sink current
COMPx -220 220 pA
PWRGDx -0.1 5 mA
Operating junction temperature -55 150 oc
Storage temperature, Tgyg -65 150

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

(2) All voltages values are with respect to GND.

6.2 ESD Ratings

VALUE UNIT

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

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
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6.3 Recommended Operating Conditions
over operating temperature range (unless otherwise noted) (V)

MIN NOM MAX| UNIT
VIN, PVINX® 3 7
Input voltage ENx, PWRGDx, SYNC 0 7 v
RSCx, COMPx, RTx, SS_TRx 0 3.3
VSNSx 0 0.6 1
SWx 0 7
Output voltage SS_TRx 0 1.5 1.7 \Y
COMPx 0 2.1
HSxave 0 2.18
Output current LS¥ava 0 25 A
SWxave 0 3
RT -100 100 HA
Input current PWRGD 0 2 mA
Operating junction temperature T, -55 125 °C
(1)  All voltages values are with respect to GND.
(2)  VIN must be equal to PVIN and startup at the same time. Normally this is achieved by tying them to the same voltage rail.
6.4 Thermal Information
TPS7H4104
THERMAL METRIC(") QFP PAP UNIT
64 PINS
Resa Junction-to-ambient thermal resistance 19
Resc_top Junction-to-case (top) thermal resistance 6.2
Reyc_ot Junction-to-case (bottom) thermal resistance 0.27 -
Rays Junction-to-board thermal resistance 4.6
Wyt Junction-to-top characterization parameter 0.1
Wi Junction-to-board characterization parameter 4.5

(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 3V £ VIN = 7V, PVIN = VIN, open loop configuration, over operating temperature range Tp = -55°C to 125°C, typical
values are at Tp = 25°C, valid for all 4 phases, unless otherwise noted; includes RLAT at Tp= 25°C if sub-group number is
present for QML RHA and SEP devices.

PARAMETER TEST CONDITIONS cRouR®)|  MIN  TYP  MAX| UNIT
POWER SUPPLIES AND CURRENTS
VUVLOR VIN VIN internal UVLO rising threshold loutx = OA, Venx = 1V, PVIN =5V 1,2,3 2.63 2.7 2.83
VUVLOF_VIN VIN internal UVLO falling threshold loutx = OA, Venx = 1V, PVIN =5V 1,2,3 247 2.52 2.6 v
VUVLOR PVIN PVIN internal UVLO rising threshold | loytx = OA, Venx = 1V, VIN = 5V 1,2,3 2.39 2.44 2.58 v
VUVLOF_PVIN PVIN internal UVLO falling threshold | loytx = OA, Venx = 1V, VIN = 5V 1,2,3 1.97 2 2.11
ISHDN_VIN VIN shutdown supply current Ven = 0V 1,2,3 6 8.5
ISHDN_PVIN PVIN shutdown supply current Ven = 0V 1,2,3 23 4.3
lo vin \S/\,Ivl\ilt:h;?sgr]e)lting quiescent current (non Veny = 7V, VSNSX = 1V 1,23 6.7 15 mA
la_pvin E]\é'r:\'s‘\’,fifcrﬁii’g quiescenteurrent |y, 7y VSNSx = 1V 1,2,3 2.1 3.7
ENABLE and EN_SEQ
VENX_RISING Enable rising threshold (turn-on) PVINx = VIN = 5V 1,2,3 0.573 0.606 0.635 v
VENX_FALLING Enable falling threshold (turn-off) PVINx = VIN = 5V 1,2,3 0.473 0.5 0.532
VN SEQ_RISING (ESZZZ';SC?SSTG rising threshold | pice time = 100ns 1,2,3 71%  80%
- See Figure 8-3 x VIN
VEN_SEQ_FALLING (Eslitﬁfnsc?é’i&fi falling threshold | £ ime > 100ns 1,2,3 17%  25%
VeHx_ON Sequence UP deemed good voltage 87.4%
Ve orr Sequence DOWN deemed no-good | See Figure 8-3 15.4% * VReFx
= voltage
tENx_VIN_RISING_PD E:j?}ﬂ;?g?%%“g;gﬁ::?’ when ENx ?fi'g":]: ENxhighto SW | g0 Figure 7-2 (1,2, 3 0.85 17 ms
ENx high to SW
tENX_RISING_PD Enable propogation delay ?;SCLZ)V:?TN\%T; least See Figure 7-3  [1,2,3 50 100
1.7ms s
fENx FALLING_PD Disabled propagation delay :fn'\:)’;g’;é‘; SW high See Figure 7-4 (1,2, 3 9.5 35
lENX_LKG Enable input leakage current Venx = 7V 1,2,3 0.05 154 nA
VOLTAGE REFERENCE
VRerx gﬁiﬂ”:;‘;?l'ft‘i?f/gfre”m (including | go(2) 1,2,3 5015 59948 6035 mV
VREFCAP REFCAP voltage 1,2,3 1.2 1.235 1.248 \Y
ERROR AMPLIFIER
lvsnsx_LkG VSNSx input leakage current VSNSx = 600mV, Vcomp = 1V 1,2,3 30 nA
Ta=-55°C 11 1257 1913 2588
gMeax Error amplifier transconductance \_/102)%': z :S/OMP < 10uA, Ta=25°C 9 1153 1672 2191 us
Ta=125C 10 1029 1343 1657
EAx pc-GAIN Error amplifier DC gain(®) VSNSx = 600mV 16000 VIV
EA 1src Error amplifier source 88 137 200
— Veomp = 1V, £100mV input overdrive 1,2,3 HA
EA IsNK Error amplifier sink 87 135 200
EAx RO Error amplifier output resistance 10.8 MQ
EA Bw Error amplifier bandwidth 9.57 MHz
gMpsx Power stage transconductance Vcompx = 500mV 1,2,3 5.78 8.35 10.46 S
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6.5 Electrical Characteristics (continued)

Over 3V < VIN < 7V, PVIN = VIN, open loop configuration, over operating temperature range T = -55°C to 125°C, typical
values are at Tp = 25°C, valid for all 4 phases, 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(;JSI;’“) MIN TYP MAX| UNIT
OVERCURRENT PROTECTION
loc_Hsx mg;—;g: switch overcurrent 1,2.3 5.0 5.6 6.3 A
loc_Ls_sourciNGx rh(:\gs?glz switch overcurrent sourcing Slew rate = 25mAls 1,2,3 4.39 6 7.6 A
loc LS_SINKING {_hor\;v;gz switch overcurrent sinking 1,2,3 15 255 3.9 A
COMPXc| avp COMP voltage clamp 1,2,3 1.7 1.9 213 Vv
SOFT START AND TRACKING
Iss_TRx Soft start charge current Vss_Trx 2 90mV 1,2,3 1.4 2.28 2.83 uA
Rss_Trx DiscHARGe | Soft start discharge pull-down resistor | Vsg 1rx = 110mV 1,2,3 230 364 513 Q
SS_TRXsTART UP g/ltZEi:;)L(JAT voltage on SS before 1,23 22 50 mv
SLOPE COMPENSATION
fsw = 100kHz Rscx = 1.02MQ -0.26 Alus
Rscx = 634kQ -0.36 Alus
SCx Slope compensation fsw = 500kHz Rscx = 213kQ -1.26 Alus
Rscx = 147kQ -1.81 Alus
fsw = 1000kHz Rscx = 97.6kQ -2.8 Alus
MINIMUM ON, OFF AND DEAD TIME
10% of rising edge to VIN =3V 9,10, 1 163 260
fonx_MIN Minimum on time 32‘;/;;0‘( falling edge of ~ fy/,\ "5y 9, 10, 11 182 270| ns
lout = 400mA VIN =7V 9,10, 11 216 320
T Minimum off time 3(;;/\;& falling edge to 10% of rising edge of 216 ns
tbEADX Dead time 33 ns
SWITCHING FREQUENCY AND SYNCHRONIZATION
Rgrt = 511kQ 4,5,6 97 103 120
fsw RT programmed switching frequency |Rgr = 90.9kQ 4,5,6 446 502 564 kHz
Rgr = 37.4kQ 4,56 812 1040 1260
ViN=3V 9,10, 11 221 314
tsync pLy SYNC to SW delay VN =5V See Figure 7-5 |9, 10, 11 194 234 ns
ViN=TV 9,10, 11 184 234
Vin=3V 1,2,3 1.4
VsyNc_viH SYNC input high ViN=5V 1,2,3 1.8 \Y
Vin=T7V 1,2,3 2
VsyNe viL SYNC input low 1,2,3 0.8 Vv
fsyne SYNC input frequency range 4,5,6 400 4000 kHz
Dsvync SYNC input duty cycle range external clock duty cycle 4,5,6 40% 60%
ok 1 Intornal clock 1o external clock RT populated See Figure 8-8 |9, 10, 11 1 3| xTew
tolk 1 52::2210:;:;:2 o internal clock RT populated See Figure 8-9 |9, 10, 11 2 6| x Tsync
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6.5 Electrical Characteristics (continued)

Over 3V < VIN < 7V, PVIN = VIN, open loop configuration, over operating temperature range T = -55°C to 125°C, typical
values are at Tp = 25°C, valid for all 4 phases, unless otherwise noted; includes RLAT at Tp= 25°C if sub-group number is
present for QML RHA and SEP devices.

SUB-
PARAMETER TEST CONDITIONS GROUP( MIN TYP MAX| UNIT
POWER GOOD
PWRGDXU\/ FAULT VsensE faIIlng threshold (fault) 1,2,3 89% 91% 92%
= See Figure 8-4
PWRGDxyy goop | Vsense rising threshold (good) 1,2,3 92% 94% 96%
PWRGDxov rFauLT | Vsense rising threshold (fault) 1,2,3 107% 109% 1%
= See Figure 8-5
PWRGDxoy goop | Vsense falling threshold (good) 1,2,3 104% 106% 108%
IPWRGDx_LKG Output open high leakage Vsensex = VRerx» VPwreD = 7V 1,2,3 2 520 nA
VPWRGDx_V OL Power good output low IpwreD_ sINK € 2MA 1,2,3 310 400 mV
Minimum VIN for valid PWRGD Measured when Vpywrep < 0.5V at 100pA
VINwiN_PwRGDx output See Figure 8-6 123 06 1 v
THERMAL SHUTDOWN
Tsp_ENTER Thermal shutdown enter temperature |loytx = 0A 163
Tsp_exiT Thermal shutdown exit temperature | loyTx = 0A 134 °C
Tsp_Hys Thermal shutdown hysteresis louTx = OA 29
MOSFET
Ta =-55°C 3 54 71
PVIN = VIN = 3V, — oro
loutx = 500mA Ta=25C 1 70 88
Ta=125°C 2 89 103
Tp =-55°C 3 49 63
Ros ON Hsx High-side switch resistance PVIN = VIN = 5V, Tp=25C 1 62 80| mQ
- - IOUTx = 500mA
Ta=125°C 2 78 92
Tp =-55°C 3 47 60
PVIN = VIN =7V, — ome
lout, = 500mA Ta=25°C 1 59 76
Ta=125°C 2 74 88
Tp=-55°C 3 44 55
PVIN = VIN = 3V, _ oo
louTx = 500MA Ta=25C 1 58 68
Ta=125°C 2 75 85
Tp =-55°C 3 42 51
. . ) PVIN = VIN = 5V, oo
Rps_oN_Lsx Low-side switch resistance louty = 500mA Ta=25C 1 55 64 mQ
Ta=125°C 2 71 80
Tp =-55°C 3 41 50
PVIN = VIN =7V, — ome
louTe= 500mA Ta=25°C 1 54 63
Ta=125°C 2 69 79

(1) Subgroups are applicable for QML parts. For subgroup definitions, see the Quality Conformance Inspection table.
(2) Use this Vrgpy value to set the output voltage. Measured in a non-switching configuration as shown in Figure 7-1.
(3) Ensured by design only. Not tested in production.

(4)  The device will not begin startup until the voltage on SS discharges below SS_TRxstart_uyp in order to ensure proper soft start

functionality.
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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
PVIN = VIN, REFCAP = 470nF, unless otherwise noted.

140% 140%
—— CHj at-55°C —— CH4 at 25°C —— CHy at 125°C —— CHj at-55°C —— CHj at 25°C —— CHj at 125°C
120% JI — CHzat-55°C —— CHy at 25°C —— CHy at 125°C 120% J| — CHz at -55°C —— CHy at 25°C —— CHy at 125°C
—— CHj at-55°C —— CHs at 25°C —— CHjz at 125°C —— CHjz at -55°C —— CHj at 25°C —— CHjs at 125°C
—— CH, at -55°C CHg at 25°C —— CHy at 125°C —— CHg at-55°C CHg at 25°C —— CHy at 125°C
100% 100%
> - > e —— — — T —
809 o 809 I
g ——— | § ™
o o
£ 60% i 60%
40% l 40% l
20% ’ 20% ’
0 0
0 0.4 0.8 1.2 1.6 2 2.4 2.8 0 0.4 0.8 1.2 1.6 2 2.4 2.8
louTx (A) louTx (A)
Figure 6-1. Efficiency vs Load at VIN = 3.3V,Voy1.=0.8V, Figure 6-2. Efficiency vs Load at VIN = 3.3V,Voyt=1.2V,
fsw=100kHZ fsw=100kHZ
160% 160%
—— CHj at-55°C —— CHj at 25°C —— CHy at 125°C —— CHj at -55°C —— CHj at 25°C —— CHy at 125°C
140% || —— CHz at-55°C —— CH; at 25°C —— CH, at 125°C 140% || —— CH at -55°C —— CH, at 25°C —— CH, at 125°C
—— CHj at-55°C —— CHj at 25°C —— CHjz at 125°C —— CHjz at -55°C —— CHj at 25°C —— CHj at 125°C
120% | —— CHg at-55°C CHy at 25°C —— CH, at 125°C 120% | —— CHg4 at-55°C CHy at 25°C —— CHg at 125°C
100% l l l l l l l 100% 7L ‘ | ‘ ‘ ‘ ‘ ‘
e P — |z |\ —
2 80% — L 80%
g |l 5wl
60% I 60% I
40% 40%
20% 20%
0 0
0 0.4 0.8 1.2 1.6 2 2.4 2.8 0 0.4 0.8 1.2 1.6 2 2.4 2.8
louTx (A) louTx (A)
Figure 6-3. Efficiency vs Load at VIN = 3.3V,Voy1x=1.5V, Figure 6-4. Efficiency vs Load at VIN = 3.3V,Vgy1x=1.8V,
fsw=100kHz fsw=100kHz
160% 140%
—— CHj at-55°C —— CH4 at 25°C —— CHy at 125°C —— CHj at-55°C — CHy at 25°C —— CH; at 125°C
140% || — CHgz at -55°C —— CH, at 25°C —— CHj at 125°C 120% | — CHz at-65°C —— CHj at 25°C — CH, at 125°C
—— CHj at -55°C —— CHj at 25°C —— CHg at 125°C — CHzat-55°C —— CHzat25°C —— CHjat 125°C
120% | — CHy at -55°C CHy at 25°C —— CH, at 125°C 100% —— CHg at-55°C CHy4 at 25°C —— CHg at 125°C
100% —— . >
g ‘%——= B I é 80% |—! ==
2 80% el
2 ° , £ 60%
Y 60%
l 40%
40% ’
20%
20% ,
0
0 0 04 08 12 16 2 24 28
0 0.4 0.8 1.2 1.6 2 2.4 2.8 louTx (A)
) N loux (A) Figure 6-6. Efficiency vs Load at VIN = 5V,Vour,=0.8V,
Figure 6-5. Efficiency vs Load at VIN = 3.3V,Vgoy14=2.5V, fsw=100kHz
fsw=100kHz
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6.7 Typical Characteristics (continued)

PVIN = VIN, REFCAP = 470nF, unless otherwise noted.

140% 160%
—— CHy at-55°C —— CHy at 25°C —— CHj at 125°C —— CHy at-55°C — CHj at 25°C — CHj at 125°C
120% I — CHzat-55°C — CH, at 25°C —— CH, at 125°C 140% j| — CHpat-55°C —— CHjat 25°C —— CH, at 125°C
—— CHzat-55°C —— CHjat 25°C —— CHj at 125°C —— CHj3at-55°C — CHjat25°C — CHz at 125°C
100% L CHa at-55°C CHg at 25°C —— CHg at 125°C 120% [| — CHg at-55°C CHg at 25°C —— CHj at 125°C
b
100%411111111
& 80% —_— & 7~
c c === Pe——
g 2 80%
£ 60% b I
we Y 0% I
40% I 40% I
20% { 20% ’
0 0
0 04 08 12 16 2 24 28 0 04 08 12 16 2 24 28
loutx (A) loutx (A)
Figure 6-7. Efficiency vs Load at VIN = 5V,Vou1,=1.2V, Figure 6-8. Efficiency vs Load at VIN = 5V,Voy1,=1.5V,
fsw=100kHz fsw=100kHz
160% 160%
— CHy at-55°C —— CHj at 25°C —— CHj at 125°C —— CHy at-55°C — CHj at 25°C — CHj at 125°C
140% {| —— CHz at-55°C —— CH at 25°C —— CH at 125°C 140% [ —— CH, at-55°C —— CHj at 25°C —— CH, at 125°C
— CHjat-55°C —— CHjat 25°C —— CHj at 125°C —— CHj3at-55°C — CHjat25°C — CHj at 125°C
120% | — CHj at-55°C CHy at 25°C —— CHy at 125°C 120% | —— CHs at-55°C CHy at 25°C —— CHg at 125°C
oo | T T T 1] o0 T T T 1]
2 80% 2 80%
5 |
60% 60% I
40% ’ 40%
20% 20%
0 0
0 04 08 12 16 2 24 28 0 04 08 12 16 2 24 28
loutx (A) loutx (A)
Figure 6-9. Efficiency vs Load at VIN = 5V,Voyr,=1.8V, Figure 6-10. Efficiency vs Load at VIN = 5V,Voyr,=2.5V,
fsw=100kHz fsw=100kHz
160% 2.93
—— CHy at-55°C —— CHy at 25°C —— CHj at 125°C 29 VUVLOR VIN
140% | — CHp at-55°C —— CH, at 25°C —— CH, at 125°C 287 — Vuvior vin
— CHjat-55°C —— CHjat 25°C —— CHj at 125°C 284
120% | = CHg4 at-55°C CHg at 25°C —— CHj at 125°C 2-81
100% |—. [ [ | 278
3 ‘ S 275
c
S 8o% é 2.72
e ’ > 269
[ S 2.66
’ > 263
40% 2.6
2.57
20% 2.54
2.51
0 2.48
0 04 08 12 16 2 24 28 2.45
loutx (A) 55 35 15 5 25 45 65 85 105 125
Figure 6-11. Efficiency vs Load at VIN = 5V,Voyr,=3.3V, _ Temperature (°C)
fsw=100kHz Figure 6-12. RISING and FALLING VIN UVLO Threshold vs

Temperature

14

Submit Document Feedback

Product Folder Links: TPS7H4104-SEP

Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com/product/TPS7H4104-SEP
https://www.ti.com/lit/pdf/SLVSH61
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSH61&partnum=TPS7H4104-SEP
https://www.ti.com/product/tps7h4104-sep?qgpn=tps7h4104-sep

I

TEXAS
INSTRUMENTS

www.ti.com

TPS7H4104-SEP
SLVSH61 — MARCH 2025

6.7 Typical Characteristics (continued)
PVIN = VIN, REFCAP = 470nF, unless otherwise noted.

Temperature (°C)

Figure 6-18. EN Rising Threshold vs Temperature

2.6 Figure 6-14. VIN Shutdown Current vs Temperature
2.55 VUVLOR_PVIN 7.5 —
25 = VUVLOF_PVIN T
2.45 ! 1 7 |
2.4 //
S 235 6.5
z 23 < |
E‘ 2.25 E s
= 22 B
> >
= 215 %' 55 //
2.1 B ]
2.05 5 |
1.95 45 =" VIN=3V
1.9 — VIN=7V
55 35 15 5 25 45 65 85 105 125 4
Temperature (°C) 55 35 15 5 25 45 65 85 105 125
Figure 6-13. RISING and FALLING PVIN UVLO vs Temperature Temperature (°C)
3.25 Figure 6-16. VIN Quiescent Current vs Temperature
9
3 — VIN=3V
- 8.5 — VIN=7V
2.75
z / ® (T
E 55 [ L
z < T ~ 75
: _ — | £
z 225 z 7
5 / —| >
2 /,I < 65
/ 6
1.75 | — VIN=3V —
— VIN=7V 5.5 —|
1.5 ' fm"
55 35 15 5 25 45 65 85 105 125 5 —
_ Temperature (°C) 55 35 15 5 25 45 65 85 105 125
Figure 6-15. PVIN Shutdown Current vs Temperature Temperature (°C)
Figure 6-17. PVIN Shutdown Current vs Temperature 636
5 632 = VEn1_RisinG at VIN=3V
—_ VIN=3V = VEN2_RIsING at VIN=(§V
4.5 —_— VIN=7V 628 = = Vena Rrising at VIN=3V
= VEN4_RisING at VIN=3V
4 ,>\ 624 — VEN17RISING at VIN=7V
E 620 = VENn2_RisiNG at VIN=7V
—~ 35 - = = VEns RisinG at VIN=7V
- Z 616 = VEen4_RisinG at VIN=7V
- / T
z 3 = 612
o w ~ T ——
Y L 08 | — r
/ // 604 e o — — —— <.‘
2 _— W —— o T 23
" — 600 T .
15 ——
| _— 596
1 55 35 15 5 25 45 65 8 105 125
55 35 15 5 25 45 65 85 105 125 Temperature (°C)
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6.7 Typical Characteristics (continued)
PVIN = VIN, REFCAP = 470nF, unless otherwise noted.

515 3
514 = VEN1_FaLLING at VIN=3V 2.8 | =™ ten1_vin_RisiNG_pD at VIN=3V
513 = Venz_FALLING at VIN=3V 2.6 | = tenz_vin_rising_ppD at VIN=3V
512 = = Vens_raLLinG at VIN=3V e tens_vIN_RIsING_pD at VIN=3V
511 = VENn4_raLLING at VIN=3V % | = tena_vin_RisiNG_PD at VIN=3V
S 510 = VEN1_FALLING at V|Nf7V E 22| == ten1_viN_RisING_PD at VIN=7V
£ 500 VENz_FALLING at VIN=7V o 2| = tenz_vin_RisiNG_pp at VIN=7V
© = = VEens_raLLinG at VIN=7V o 1.8]| == tena_viN_RisiNg_PD at VIN=7V
z gg? = VEna_FaLLING at VIN=7V Z 16| = tenavin_rising pp at VIN=7V
06 %14
x z
>5 505 ’ﬁ\. S 12 g
504 p— = —— & 1
503 . = — o
- E— — - - - -
502 [ EhRnells ot 0.6
~ T
501 ~ 0.4
500 0.2
-55 -35 -15 5 25 45 65 85 105 125 -55 -35 -15 5 25 45 65 85 105 125
Temperature (°C) Temperature (°C)
Figure 6-19. EN Falling Threshold vs Temperature Figure 6-20. EN Rising Voltage Propagation Delay when EN is
tied to VIN vs Temperature
90 36
== ten1_RISING_pD at VIN=3V === tEN1_FALLING_PD at VIN=3V
= tenz_RisING_pD at VIN=3V 32 = ten2_FALLING_PD at VIN=3V
80 = = ten3_Rising_pp at VIN=3V = = tens_FALLING_PD at VIN=3V
— tENA_RISING_PD at VIN=3V R 28 — tEN4_FALLING_PD at VIN=3V
™ = ten1_rising_pp at VIN=7V 2 = ten1_rALLING_pD at VIN=7V
2 70 = ten2_risiNG_pD at VIN=7V < 24 = ten2_FALLING_PD at VIN=7V
EI = = tens_risiNg_pp at VIN=7V o == ten3_FALLING_PD at VIN=7V
o) = teng_risinG_pD at VIN=7V 2 20 = ten4_FALLING_PD at VIN=7V
2 3
E. 60 EI 16
o — | B
ﬁ & T e r——— el |
— 12
50 ] = =
- - D axwrbest i s
T ._-_-.F =]
40 4
-55 -35 -15 5 25 45 65 85 105 125 -55 -35 -15 5 25 45 65 85 105 125
Temperature (°C) Temperature (°C)
Figure 6-21. EN Rising Voltage Propagation Delay vs Figure 6-22. EN Falling Voltage Propagation Delay vs
Temperature Temperature
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7 Parameter Measurement Information

™ 1.COMPx y VRerx
::IEI\ VSNSx
LT

e
Ll

l::l SS_TRx

Css_Trx

A. This accurate reference voltage value includes the error amplifier offset, V|ox. Use this value to set the output voltage. This
measurement is done across all four channels.

Figure 7-1. Reference Voltage Measurement (Vrgry)

< time
=
w
> 3V VINSVF—-—-—————— - —— - —————— — — ———
% VUVLORfVIN 777777777777777777777777777
S > tenx_VIN_RISING_PD
1l
£
>E — 1/fsw
ov / time
— Vpvin=VIN
2
x
=
v
>
ov time

Figure 7-2. Rising Enable Propagation Delay When ENXx is Tied to PVIN = VIN (tenx_vIN_RiSING_PD)

2 3VSVIN WV
z
> >t >1.7ms
a
>
1l
Z
>
oV time’
I_|Z><_I VENK RISING 4 —— === === ————————————— —— i tenx_RISING_PD
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Figure 7-3. Rising Enable Propagation Delay When ENXx is Driven Independently From PVIN = VIN
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8 Detailed Description
8.1 Overview

The TPS7H4104 and TPS7H4102 devices are: 3V to 7V, 3A/channel, quad/dual channels, synchronous step-
down (buck) converter. Each channel have two integrated MOSFETs; a PMOS for the high side and an NMOS
for the low side. Also each channel have independent:

* Power good flag (PWRGDXx).

* Programmable slope compensation (RSCx).

* Programmable soft-start (SSx).

* Low logic compatible enable inputs (ENX).

Each channel can be used independently or interleaved to service loads greater than 3A, up to 12A for the
TPS7H4104 and 6A for the TPS7H4102. Each phase is internally operated at a relative fixed phase-shift of 90
degrees. The channels on the top and bottom both, have a 180 degrees phase shift between them for optimal
interleaving of dual/single 6A channel.

Note
For the purpose of this document the x at the end of a signal name is used to generalized all possible
values the signal can take, x can take a value from 1 to 4 (used to specify the channel in discussion).
If a signal does not contain an x or a given value (between 1 to 4) at the end, it means is a shared (or
global) signal to all channels. By example the signals: VIN, PVIN, RT, SYNC, EN_SEQ (only valid for
the TPS7H4104), GND, PGND and REFCAP are all signals common to all channels.

To improve performance during line and load transients, the device implements a constant frequency, peak
current mode (PCM) 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 (Ly & Coytx)- The MOSFETs have been sized to optimize efficiency for lower duty cycle
applications.

The device is designed for safe monotonic start-up into pre-biased loads. The default start-up is when VIN
is greater than 2.7V (typ.). Each channel incorporates an independent enable signal (ENx). This pins are
connected to the non-inverting input of a voltage comparator with hysteresis (typically 106mV ). The maximum
combined (VIN + PVIN) operating current for the TPS7H4104 is: 12mA with all channels disabled and 18.7mA
with all channels enabled and non-switching.

The device incorporates a power-good comparator (PWRGDx) with hysteresis, which monitors the output
voltage through the VSNSx (or feedback) pin. The PWRGDXx pin is an open-drain NMOS MOSFET, which is
pulled low when the VSNSx pin voltage is less than 91% (typ.) or greater than 109% (typ.) of the internal voltage
reference (Vrerx) and asserts high (trough an external pull-up) when the VSNSXx pin voltage is between 94% to
106% of Vregy (typical).

The SS_TRx (soft-start/tracking) pins are used to minimize inrush current (during start-up, when Cpoyty is
discharged) or provide power-supply sequencing during power-up. A small-value capacitor or resistor divider
should be connected to the pin for soft-start or critical power-supply sequencing requirements. During start-up, If
VSNSKx is greater than the voltage at SS_TRX, the device will enter into a pulse-skipping mode. This happen due
to the minimum on-time (tonx min = 182ns typ. at VIN = 5V).

The device is protected from output over-voltage, overload, and thermal fault conditions. The device minimizes
excessive output over-voltage transients by taking advantage of the over-voltage circuit in the power-good
comparators. When the over-voltage comparator is activated, the high-side MOSFET is turned off and prevented
from turning on until the VSNSXx pin voltage is lower than 106% of the Vrgrx. The device implements both;
high-side MOSFET overload protection and bidirectional low-side MOSFET overload protections, which help
control the inductor current and avoid current runaway. The device also shuts down if any channel junction
temperature is higher than thermal shutdown trip point typically 163°C. The device is restarted under control of
the soft-start circuit automatically when the junction temperature drops 29°C (typ.) below the thermal shutdown
trip point.
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8.2 Functional Block Diagram
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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 provide the input voltage (and power to
the loads) to all the internal half-bridge (CH # 1 to CH # 4). Both pins have an input voltage range of 3V to
7V. The pins must be at 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 (tied together).

Both VIN and PVIN have individual UVLO (under voltage lockout) rising thresholds, Vyyior vin (2-7V typ.) and
Vuvior puin ( 2.44V typ.), respectively. This is to ensure the device internal bias is sufficient for proper operation.
Additionally, VIN and PVIN have individual UVLO falling thresholds, Vyyior vin (2V typ.) and Vyvior puin (2.52V
typ.), respectively. If the voltage falls and these values are reached, the device will turn-off. As PVIN and VIN are
tied together in the application the dominant UVLO for the device (or I.C.) will be the VIN UVLO as is the higher
threshold value during a rising and falling voltage.

If desired, the user can adjust the effective UVLO by using an external resistive voltage divider, connected
between VIN and ENx. For more details refer to Section 8.3.4.1.

Note
In the TPS7H4102 the PVIN pins 17, 18, 31 and 32 do not conduct much current with a maximum of
2.27TmA. For this reason the pins do not need to be connected to a plane, rather a trace is sufficient.

8.3.2 Voltage Reference

The device generates an internal nominal 1.235V bandgap reference voltage, Vrercap. This is the voltage
present on the REFCAP pin during steady state operation. A 470-nF 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 reference voltage for the error amplifier, common to the four error
amplifier.

The reference voltage that is fed into the error amplifier is utilized to set the output voltage. However, error
amplifiers have intrinsic offset, which contribute to the overall accuracy error. Vrggx is measured with the error
amplifier in unity gain, such the measurement includes the offset error. Vregy is typically 599.48mV at 25°C and
is designed to be accurate to + 1% across line (input voltage), temperature and TID. Because VRggy is measured
in an open loop configuration, the effects of switching frequency and load are not included in the specification.
However these effects are minimal when compared to the already considered effects.

8.3.3 Setting Voyrx

The output voltage is set with a resistor voltage divider. From the output voltage node (Voyty) into the VSNSx
pin a top resistor is connected and from VSNSx to GND the bottom resistor. Refer to Figure 8-1 for connection
configuration. Tl recommends to use 0.1% tolerance resistors.

Start with a 10 kQ for R topx and use Equation 1 to calculate the bottom feedback resistors (Rr gotx). 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 from the VSNSXx input current are noticeable.

VREFx )

R = x R 1
F_BOTx (VOUTX_TARGET_VREFX F_TOPx 1)

where:
*  VRgerx= 599.48mV (typ. at 25°C) .

— For more details on the Vregy refer to VOLTAGE REFERENCE section in Section 6.5.
— If desired to minimize the output voltage error across temperature we can re-center the reference as:

VREFx(MIN) + VREFx(MAX)
2

VREFX = =597.5mV (2)
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* Voutx_TARGET is the desired nominal output voltage.
* Rf_topx is the selected top resistor for the resistive voltage divider.
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Figure 8-1. Voyrx programming with Resistive Divider

8.3.3.1 Voy1x With Error

Once the user calculates the bottom feedback resistor and the real components values for the top and bottom
feedback resistors are known, we can calculate the expected nominal output voltage using Equation 3. As the
reference and the resistors values have deviations from the nominal values (or uncertainties), the designer
can calculate the expected output voltage error using Equation 4. Equation 4 was derived using the derivative
method, and assumes the error variables are uncorrelated and both resistors (Rr topx and Rr go1x) have the
same tolerance. The real output voltage range can be calculated using Equation 5. -

Rp TOPX)
\% =(1+ 2 x vy

OUTx_NOMINAL ( RF BOTx REFx (3)

2 2 2 2 2

VREFx™ % (2 X RTQL”™ X RE_TOPx ) + (VREFX_ACC x (Rp_TOPx + RF_BOTx) )
Vourx_ERROR |V | = = 2 (4)

RF BOTx

VouTx_REAL = VouTx_NOMINAL T VOoUTx_ERROR (5)

where:

*  Rr topy is the selected top resistor for the resistive voltage divider in Ohms (Q).

* Rr gorx is the selected bottom resistor for the resistive voltage divider in Ohms (Q).

* VRerx = 599.48mV (typ. at 25°C) or 598.39mV (center across temperature).

*  VRerx acc is the reference accuracy as a numeric value (0.01). The accuracy across voltage and temperature
is + 1%, for more details refer to VOLTAGE REFERENCE in Section 6.5.

* RyoL is the resistor tolerance (same for the top and bottom resistors) as a numeric value. For example, for a
0.1% tolerance resistors, we use 0.001.
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8.3.3.2 Minimum Output Voltage

Due to internal leading edge blanking time, internal circuitry propagation delays and internal reference voltage
(VRerx), there exist a finite minimum achievable output voltage (Voyutx). The minimum output voltage is
calculated as:

VIN X tonx_MIN X fsw, if = VRgrx
VREFx Otherwise

(6)

VouTx_MIN = {

Where:

VouTx min is the minimum achievable output voltage

V/\ is the input voltage of the I.C. (same as PVIN)

tonx_min is the minimum on-time

— Refer to MINIMUM ON, OFF and DEAD TIM E section in Section 6.5 for more details.
fsw is the switching frequency

— Referto SWITCHING FREQUENCY AND SYNCHRONIZATION section in Section 6.5 for more details.

VRerx is the internal reference voltage
— Refer to VOLTAGE REFERENCE section in Section 6.5 for more details.

Table 8-1 shows the calculated minimum output voltage at selected cases of V |y and fgy.

Table 8-1. Calculated Minimum Output Voltages

fsw (kHz) Vin (V) @) Vourx_min (V)
3
1

100 i Vrerx ©
3

500 @ 5 0.761
7 1.263
3 0.983

1000 ) 5 1.701
7 2.822

(1)  The maximum switching frequency value for Rgt = 511kQ was
used for the calculation.

(2) The maximum switching frequency value for Rgt = 90.9kQ was
used for the calculation.

(3) The maximum switching frequency value for Rgt = 37.4kQ was
used for the calculation.

(4) The maximum value for the tonk min for the specified voltage
was used for the calculation.

(5) VRgerx is the internal reference voltage.

Copyright © 2025 Texas Instruments Incorporated

Submit Document Feedback
Product Folder Links: TPS7H4104-SEP

23

ADVANCE INFORMATION


https://www.ti.com
https://www.ti.com/product/TPS7H4104-SEP
https://www.ti.com/lit/pdf/SLVSH61
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSH61&partnum=TPS7H4104-SEP
https://www.ti.com/product/tps7h4104-sep?qgpn=tps7h4104-sep

NOILVINYO4ANI 3ONVAQV

13 TEXAS
TPS7H4104-SEP INSTRUMENTS
SLVSH61 — MARCH 2025 www.ti.com

8.3.3.3 Maximum Output Voltage

The TPS7H410x has a maximum output voltage due to the minimum off time, toprx M- This minimum off time is
not due to the refresh rate of the bootstrap capacitor like in NMOS/NMOS 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 7

Vours Max = ViN X (1= topr mMIN) X fsw (7)

Where:

*  VouTtx max is the maximum achievable output voltage
* V|nis the input voltage of the I.C. (same as PVIN)
*  torrx MmN is the minmum off-time

— Refer to MINIMUM ON, OFF and DEAD TIME section in Section 6.5 for more details.
» fsw is the switching frequency
— Refer to SWITCHING FREQUENCY AND SYNCHRONIZATION section in Section 6.5 for more details.

Table 8-2 shows the calculated maximum output voltage at selected cases of V|y and fgy.

Table 8-2. Calculated Maximum Output Voltages
fsw (kHz) Vin (V) @) Voutx_max (V)
3 2.922
4.870
6.819
2.635
4.391
6.147
2.184
3.639
5.095

100 M

500 @

1000 @)

Nl w | N|Oa|lw|N|Oo

(1)  The maximum switching frequency value for Rgt = 511kQ was
used for the calculation.

(2) The maximum switching frequency value for Rgt = 90.9kQ was
used for the calculation.

(3) The maximum switching frequency value for Rgt = 37.4kQ was
used for the calculation.

(4)  The typical value for the torryx_min = 220ns was used for the
calculation
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8.3.4 Enable and EN_SEQ
8.3.4.1 ENx and External UVLO

The ENx pins provide an electrical on/off control for each of the CHx (or Voyty).- The ENx pin are connected
to the non-inverting of a comparator with hysteresis (106mV typ.). When the enable pin is low [Vgnyx <
VENx_FALLING (MiN); the device enters in shutdown mode and do not regulate the output voltage (Voytx) for
the selected channel (x). To turn on a given channel the enable pin needs to be forced to a logic high [Veny >

VENx_RISING (MAX)l- Each ENXx pin is independent and controls only the specified CHx (or Voyry)

If desired, the user can adjust the individual turn on voltages for each channel by connecting a resistive divider
between VIN and GND feed into the ENx pin as presented on Figure 8-2. The resistors can be appropriately

sized to turn on the device when a desired preset input voltage is reached.

Note
The user can program the rising voltage UVLO, the falling voltage is dictated by the comparator
hysteresis. The selected rising voltage UVLO needs to be greater than the maximum Vyyior viN
specification of 2.83V.

To program a external UVLO for the desired channel (CHx), follow the following steps:
1. Select the desired rising voltage UVLO (VyyLo cHx TARGET)
2. Select the top resistor value for the resistive voltage divider (Renx_ToP)-
» A good starting value is 10kQ. Greater values can be used on the application to minimize power
consumption. However this comes at the expense of greater susceptibility to noise, also the error
associated with the ENx leakage (lenx_Lkc) becomes more noticeable

3. Calculate the bottom resistor for the resistive voltage divider (Renx_goT) using Equation 8.
4. Select the closest value to minimize error.
5. Calculate the nominal rising and falling UVLO for the desired channel using Equation 9 and Equation 10
R _ < VENx_RISING ) % R 8)
ENx_BOT_CALCULATED ~ \ Vyy[0_CHx TARGET — VENx_RISING ENx_TOP
VUVLO_CHx_RISING = (1 + M) X VENx_RISING 9)
-LHX RENx_BOT X
\% = (1 + M) XV (10)
UVLO_CHx_FALLING RENx_BOT ENx_FALLING
where:

* Renx_BoT caLcuLaTeD is the calculated bottom resistor to set the external UVLO at VyyLo cHx_TARGET-
* VuvLo_cHx_RisING is the nominal externally programmed rising input voltage UVLO.

* Venx_Rrising = 0.606V (typ.)

* VuvLo_cHx_FALLING IS the nominal externally programmed falling input voltage UVLO.

* VEnx_FaLLing = 0.5V (typ.)

* Rgnx_Top is the selected top resistor value connected from VIN to ENx

* Rgnx_or is the selected bottom resistor value connected from ENx to GND

Alternatively, the ENx pin can be driven directly from a microcontroller or FPGA. The low voltage threshold of the

enable pin aids in support of 1.1V, 1.8V, 2.5V, and 3.3V logic levels.

If needed a small capacitor can be placed in parallel with ENx and GND as shown in Figure 8-2. This capacitor

can be used to:

* Minimize Noise in the ENx voltage.

» Filter fast transients that otherwise can turn on/off the channel.
+ Delay the turn-on of the channel (CHXx).
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If desired, the designer can use Equation 11 to calculate the necessary capacitor to delay the turn-on of a given
channel (x).

tpELAY(S)

CEN_DELAY | F | = Vi (11)
RTH<Q> X 1n<— TH = )
VENx_RISING — VTH(V)

where:

* tpgLay is the desired delay time in seconds (s)

* Ry is the Theévenin equivalent resistance. In this case the parallel between Reny top and Reny_got in ohms
(Q).

RENx TOP() X RENx BOT(®)
- R Q)= - 12
™ ( > ReNx_ToP(®) + RENx_BOT(?) (12)

* V14 is the Thévenin equivalent voltage. In this case the voltage at Vgyny during steady state operation in volts
(V).

- Yy <v) = ( Renx_got(?) ) x vm(v) (13)

Renx_TOP (@) + RENx_BOT(2)

*  VEnx RisiNG is the rising ENx threshold to enable the device.

VIN o gVIN
PVIN

§ Renx_top

X ENx = Internal
TVENX_RISING T ‘ .
- Logic
¢ VENX_FALLING
PGND/GND/Thermal Pad

!

Figure 8-2. External UVLO using ENx with Resistive Divider

— — Cenx_pELAY § RENX_BOT
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8.3.4.2 Sequence UP/DOWN (EN_SEQ)

In multichannel regulators systems is often needed to sequence up and reverse sequence down the
channels .The TPS7H4104 includes a sequence up (from CH1 to CH4) and reverse sequence down (CH4
to CH1) with fix turn on/off thresholds, for ease of use. The sequence up and down is only valid when the used
channels are operated independently. This means the channels cannot be interleaved for proper sequence up
and down.

Note
The TPS7H4102 does not offer the sequence up/down feature.

The on threshold is typically 87.4% of Vrerx (524mV in VSNSx), while the off threshold is typically 15.4%of
VREFx (92.28mV in VSNSx).

Note
We refer the turn on/off voltages as a percentage (or ratio) of Vregx, however Voyty is @ scale up
version of Vrepx When the feedback loop is closed. For this reason is equivalent to refer the ratios as
a percent of Voyrx.

A typical sequence up/down when all channels (ENx=logic high) is shown in Figure 8-3. During sequence up/
down channels with ENXx logic low are skipped. As the internal sequence up/down logic uses the logical voltage
level at ENx to determine if the channel is used during the sequencing, is important to have an stable logic value
in these pins before sending the logical sequence command in the EN_SEQ pin. The logic levels for EN_SEQ
are a function of the input voltage (VIN) as:

* Ven_seq_RisinG (V) >80% x VIN (V)
* Ven_sea_rALLING (V) <17% x VIN (V)
» Open = No Sequencing
— In this scenario the CHx turn on/off , follows the individual ENXx logic levels.

The logical truth table for SEQ_EN is shown in Table 8-3.

Note
The VeN seqrise time and fall time must be greater or equal to 100ns for proper operation.

The sequencer logic is not synchronize to local faults. We can classify the faults as:
1. Local: faults or signals that affect only an specific channel (x), such as:

* ENXx

» over-current

* over-voltage

* under-voltage
2. Global: faults that affect all channels simultaneously, such as:

* Thermal shutdown

+ PVINUVLO

* VINUVLO

When a local fault is detected in a given channel (x), the channel reacts accordingly without affecting any other
channel. By example in a scenario where, after a complete sequence up, a hard-short (or overcurrent event) is
detected in channel # 1, Voyt¢ drops out of regulation, once the short is removed the voltage is regulated back
accordingly. This behavior is not coupled to any other channel.

During a global fault all channels are disabled and the switch nodes are put into a high impedance mode. Once
the fault is clear and assuming EN_SEQ and all desired ENx are in a logical high, the device starts the sequence

up.
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VEn_seq_RisiNG
EN_SEQ

VEN_SEQ_FALLING

89%

Vour

12.4%

89%

Vour2

12.4%

89%

Vours

12.4%

89%

Voura

12.4%

Figure 8-3. Sequence UP/DOWN

A. Inthis plot is assumed all ENx are logic high (Venx > VEnx_RISING(MAX)) before sending the EN_SEQ logic command.

Table 8-3. EN_SEQ truth table

Case# | EN_SEQ" EN1® EN2 EN3 ? EN4 ® Sequence up order Sequence down order

1 OPEN® Local Local Local Local None None

2 19 0 0 1 1 3-4 4-3

3 1, 9¢ 0 1 0 1 24 452

4 19" 0 1 1 0 2-3 32

5 1 @® 0 1 1 1 2-3-4 4-3-2
6 1 @® 1 0 0 1 14 4-1

7 1 @® 1 0 1 0 1-3 31

8 119 1 0 1 1 13-4 431

9 19 1 1 0 0 1-2 21

10 19 1 1 0 1 1524 421
1 19 1 1 1 0 1523 321
12 19 1 1 1 1 15234 4321

(1) 0=Ven_sea < Ven_sea_FaLLingMing 1= VEN_seq > VEN_SEQ_RISING(MAX)

(2)  0=Venx < Venx_FaLLINGMINY T = VENx > VENX_RISING(MAX)

(3) When EN_SEQ is high impedance, all channels turn on/off accordingly to the local ENx logical input voltage.

(4) Is recommended to have stable logic value in ENx before sending the logical sequence command in the EN_SEQ pin, for proper
operation.

(5) The rise and fall time for Vsgq gy are specified as = 100ns.
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8.3.5 Power Good (PWRGDXx)

The PWRGDx pin is an open-drain output that is asserted when the output voltage (Voyty) reaches an
appropriate range. This is achieved by comparing the voltage at the VSNSx pin with the internal reference
voltage (Vrerx). The PWRGDx pins are externally pulled-up through a resistor to a voltage source with the
desired logic level (typically Voytx). The maximum voltage the PWRGDXx pins can be pulled-up is 7V. Select
the pull-up resistor value to keep the maximum current sink by PWRGDx 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 can allow switching noise to couple into the PWRGDXx signal due a "weaker"

pull-up.

The PWRGDx signals logical states are:

1. Asserted (high impedance or logic high): when the Vgt voltage in percent of it final (nominal) value is:
+ Between 92% to 96% during a rising voltage (from an under-voltage or power-up condition).
* Between 104% to 108% during a falling voltage (from an over-voltage condition).

2. Deasserted (low impedance or logic low) when the Voyty Voltage in percent of it final (nominal) value is:
» Between 89% to 92% during a falling voltage (or an under-voltage condition).
+ Between 107% to 111% during a rising voltage (or over-voltage condition).

The response of PWRGDx to the UV_GOOD and UV_FAULT are shown in Figure 8-4, while the OV_FAULT and
OV_GOOD is presented on Figure 8-5. The PWRGDx is in a defined state when the VIN input voltage is greater
than 1-V but has reduced current sinking capability (See Figure 8-6). The PWRGD achieves full current sinking
capability by the time VIN reaches 3V. For more details on the VINyiN_pwrapx refer to POWER GOOD section in
Section 6.5.

In addition to the description of PWRGDx above, PWRGDx is deasserted (forced low) during other conditions
that cause regulation to stop such as:
* VIN UVLO.
+ PVINUVLO
* The device is in thermal shutdown.
» The device ENx pin is logic low (or disabled).
*  The COMPXx pin reaches the COMPx¢ amp threshold voltage (1.9V typical).
— COMPxcamp force a re-start of Voyry

E VouTx_NOMINAL

x

=

[e]
>

oV time

P VRerx 5
= PWRGDxuy_oop X Vaerx \

= PWRGDxuy_pautrx Veerx [~~~ 777777 T T T T T AT T T T T T oo oo e T
(%]
=
(%]
>
. ov time
= VpwReDx_PULL_UP

X
()
O
o
E Vpwrabx_voL

oV time

A. In this plot is assumed that VIN is in a valid range between 3V to 7V, and a valid rising edge (1) voltage is provided in the ENXx.

Figure 8-4. PWRGDx Undervoltage (UV) Tresholds
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ov time
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A. In this plot is assumed that VIN is in a valid range between 3V to 7V.

Figure 8-5. PWRGDx Overvoltage (OV) Tresholds
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Figure 8-6. PWRGDXx in Valid States after VIN > VINyNy_pwreDx
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8.3.6 Adjustable Switching Frequency, Synchronization (SYNC) and Relative Phase Shift

There are two clocking mode options available on the TPS7H410x:

1. Internal clock
2. External clock

The RT and SYNC conditions for both modes is described on Table 8-4.
Table 8-4. Clock Modes

e CLOCK INPUT CONFIGURATION FOR CLOCK
SYNC INPUT RT
Internal clock No Clock (or High Impedance)
i i Resistor from RT to GND
External clock Clock with frequen_cy as 4 times the fgy
(fsync= 4 X fsw)

Note
If the RT resistor is not connected the device will stop switching.

8.3.6.1 Internal Clock Mode

In internal clock mode (also called internal oscillator mode), the RT resistor is connected between the RT pin and
GND to configure the switching frequency, fgy, of the device. The switching frequency is adjustable from 100
kHz to 1 MHz depending on the RT resistor value, which can be calculated using Equation 14. Figure 8-7 shows
the relationship curve between the RT resistor value and the configurable switching frequency range.

RT (kQ) = 54,462(%‘/\/(#@) —17 (14)

where:

« RTisinkQ
o fgwin kHz

550
500 \
450 \
400 \

\\
300

g \
=3
¥ 250 \
200 \
150 \\
100 —
\-\
50
0
100 200 300 400 500 600 700 800 900 1000
fsw (kHz)
Figure 8-7. Nominal RT vs Switching Frequency
Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 31

Product Folder Links: TPS7H4104-SEP

ADVANCE INFORMATION


https://www.ti.com
https://www.ti.com/product/TPS7H4104-SEP
https://www.ti.com/lit/pdf/SLVSH61
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSH61&partnum=TPS7H4104-SEP
https://www.ti.com/product/tps7h4104-sep?qgpn=tps7h4104-sep

NOILVINYO4ANI 3ONVAQV

13 TEXAS
TPS7H4104-SEP INSTRUMENTS
SLVSH61 — MARCH 2025 www.ti.com

8.3.6.2 External Clock Mode and Switch-Over

In external clock mode (also called external oscillator mode), a resistor is connected between the RT pin and
GND corresponding to the desired switching frquency the resistor can be calcuklated using Equation 14. The
SYNC input requires a toggling (CLK) signal with a duty cycle between 40% and 60% and a frequency equal to 4
times the programmed switching frequency by RT (fsync = 4 X fsw).

The TPS7H410x have and internal clock detector, the device will transition to external clock after the clock is
detected for tc k | g (typically 1 clock cycles of the internal oscillator). In the event of a loss of the SYNC clock
the device will transition to the internal clock after the to x g | (typically 2 clock cycles of the external oscillator).
This can be observed on Figure 8-8 and Figure 8-9. The minimum high level voltage of the SYNC clock is a
function of the input VIN voltage as described on the Vgyne vin parameter on the SWITCHING FREQUENCY
AND SYNCHRONIZATION section in Section 6.5. For the low level voltage of the external clock any voltage
< 0.8V will be appropriately interpreted. The external clock may be provided by an oscillator, FPGA, or other
suitable device.

<
'_
S VOUTX_NOMIN AL A NN e\ e\ e L
> /) tow 1k
4 N
oV time
External sync
starts ~

O
=z
>—
n

oV time

Switch to
/external clock

=
wn

oV time

Figure 8-8. Internal to External Clock Transition
32 Submit Document Feedback Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: TPS7H4104-SEP


https://www.ti.com/product/TPS7H4104-SEP
https://www.ti.com/lit/pdf/SLVSH61
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSH61&partnum=TPS7H4104-SEP
https://www.ti.com/product/tps7h4104-sep?qgpn=tps7h4104-sep

13 TEXAS

INSTRUMENTS TPS7H4104-SEP
www.ti.com SLVSH61 — MARCH 2025
SV
3 OUTX_NOMINAL  -feazmr ez cazzom R NN
>
oV time
External sync
4 stops
@)
=
>
(V]
ovi .
1 g > Switch to time
internal clock
g .
ov' ) L

time
Figure 8-9. External to Internal Clock Transition

8.3.6.3 Relative Phase Shift

The TPS7H410x creates internally a relative phase shift of 90° for each channel (or SWx). This facilitates the
interleaving of all four phases to create a single 12A channels. The top (SW1 and SW4) and bottom (SW2 and
SW3) channels, have a relative 180° phase shift, to facilitate the interleaving of those channels, for dual 6A
channels. Another advantage of having the SWx been 90° out-of-phase is a reduced input capacitance (or rms
input current) for a given total load current (3 loyTtyx)-

The phase shift for each channels is:

1. Channel # 1: at a relative phase shift (®) of 0°.
2. Channel # 2: at a relative phase shift (®) of 90°.
3. Channel # 3: at a relative phase shift (®) of 270°.
4. Channel # 4: at a relative phase shift (®) of 180°.

The phase shift for each channel is also presented on Pin Configuration and Functions
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8.3.7 Turn-On Behavior

8.3.7.1 Pulse Skipping During Start-up

The device enters into a pulse-skipping mode (hysteretic mode) during start-up in the event that VSNSx is
greater than the voltage at the SS_TRx pin (VSNSx > Vgs 1rx). During this period, the high-side switch remains
off and the low-side switch remains on until VSNSx again falls below the voltage at SS_TR (VSNSx < Vgg TRry)

This is because a lower output voltage is needed than that supported by the minimum on time (tonx_min)- Thus,
instantaneous output pulses can be higher or lower than the desired voltage. This behavior is evident when
operating at high frequency and high VIN. For more details refer to SLVA866.

When the minimum on-pulse is greater than the minimum controllable on-time, the pulse-skipping behavior is
generally not observed at startup.

8.3.7.2 Soft-Start (SS_TRXx)

The device use the the Vgg TRy as the tracking reference, during start-up. A Css Trx Capacitor on the SS_TRx
pin to GND implements a soft-start time, by providing a "slow" ramp traking reference. Equation 15 shows
the equation for the nominal soft-start time, tss TrRx NoMminaL- This is the time it will take Voyty to reach the
programmed voltage. The voltage reference (Vrery) is 599.48mV (typ. at 25 °C) and the soft-start charge current
(Iss Trx) is typically 2.28uA. When calculating the soft-start time tgg TRy, it is important to take into account the
variation of the parameters Css Trx, Vrerx @nd lss Trx @s these may cause tss trx NominaL tO deviate from the
nominal value in the actual implementation. The error (or deviation) from the nominal can be calculated using
Equation 16. The range of the soft start time can be calculated using Equation 17.

V) V) x C nF
tSS_TRx_NOMlNAL<mS> = REFX(Isg TRX?ﬁ‘AT)RX( ) (15)
Css_Tsz(nF) X VREFXZ(V) X (CSS_TRX_TOLZ +Is5_TRx_ACC™+ VREFx_ACCZ)
tsS_TRx_ERROR| WS | = * gy (16)
tss_TRx(MS) = tss_TRx_NoMINAL(MS) % tss TRx ERROR(MS) (17)

where:

* Css_trx_ToL is the Css 1Ry Capacitor tolerance in numeric value. For example a 10% tolerance capacitor is
0.1.

* Iss TrRx Acc is the soft start current accuracy, for more details refer to SOFT START AND TRACKING in
Section 6.5

*  VRerx_Acc is the reference accuracy. Use 0.01 as the reference is 1% accurate.

During start-up when the output capacitor bank is discharge, a large in-rush current is required to quickly charge
the bank. If this current is not controlled below the sourcing current limit, non-linearities will be observed due to
the protection feature of the device. To select the soft-start capacitor for a given output capacitor the designer
can use Equation 18 and Equation 19.

c (F)
tSS_TRx_NOMlNAL(S) = m x Voutx (V) (18)

Where:

*  Couryx is the output capacitor in Farads (F).

* 4.39A is the minimum value from the sourcing current limits in this case is the minimum from the
loc_Ls_SOURCINGx.

* louTx is the maximum expected load for a given channel in Amps (A). The maximum possible load (or upper
bound) for a single channel is 3A.

*  Vourxis the nominal output voltage in Volts (V)
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tSS TRx_ NOMINAL(mS) X Iss TRy (1A
CSS_TRx_NOMINAL<nF> i e ) R (1) (19)
Where:

* 135 TRx NOMINAL is the nominal soft-start time in mili-seconds (ms).
. ISS:TRX_(2.28UA) is the nominal soft-start current in micro-amps (pA).
— For more details on the Igg Try refer to SOFT START AND TRACKING section in Section 6.5.
— If desired to minimize the soft-start capacitor error across temperature we can re-center the current as:

I I
Igs TRy = SS_TRX(MIN)-IZ- SS_TRX(MAX) _ ., 14c WA (20)

* loytx is the maximum expected load for a given channel in Amps (A). The maximum possible load (or upper
bound) for a single channel is 3A.
*  Vourxis the nominal output voltage in Volts (V)

When any of the following four scenarios occur the SS_TRx pin is discharged through the internal
Rss_TRx_piscHARGE pull-down resistor (typically 364Q):

* The input UVLO is triggered (VIN < VyyLoF viN)-

+ The ENXx pin voltage is a logic low (Venx < VENx FALLING)-

+ The CHx is turn off by the internal EN_SEQ logic during sequence down.

*  The COMPXx pin reaches the COMPx¢| apmp threshold.

* A thermal shutdown event occurs.

When the SS_TR pin is discharged, the device cannot restart again until it has discharged to below
SS_TRxstarT UP (typically 22mV) in order to ensure proper soft-start behavior

8.3.7.3 Safe Start-Up Into Prebiased Outputs

The device prevents the low-side MOSFET from continuously discharging a pre-biased output voltage. This is
achieved by guarantying the device always start switching by turning on the high side (PMOS) in conjunction
with an pulse-skipping (hysterestic) mode control during start-up.

8.3.7.4 Tracking and Sequencing (SS_TRx)

In addition to the internal sequence up/down (using EN_SEQ), typical sequence up methodologies as describe
below can be implemented using the SS_TRx, ENx, and PWRGDx pins.

Note
The sequencing methodologies describe below offer upwards control, however it does not offer
reverse sequence down, needed in many applications. For sequencial up and reverse sequence down
use the EN_SEQ input as described on the Sequence UP/DOWN (EN_SEQ) section. For a more
comprehensive sequence control the designers can use the TPS7H3014 a 3V to 14V space-grade
sequencer.

The sequential method is shown in Figure 8-10. In this case channel # 1 and #2 of TPS7H4104 are used.
As with any methodology discussed here, we can be expanded to any CHx (or from another point of load
converter), however for simplicity we shown only 2 channels (in this case CH1 and CH2). The PWRGD1 pin
of the first channel is coupled to the EN2 pin of the second channel, which enables the second power supply
after the primary supply reaches regulation (typically 94% during a rising Voyryx voltage) . If a further delay is
desired between sequencing of the first and second channel an optional Cpyrgp1 Capacitor may be included on
PWRGD1 as well. This will cause an RC delay based on the value of the power good pull-up resistor and the
capacitor utilized.
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Figure 8-10. Sequential Start-Up Sequence

Figure 8-11 shows the method implementing ratiometric sequencing by connecting the SS_TR1 and SS_TR2
pins of two channels together (in this case channels # 1 and 2). The regulator outputs (Vout1 and Voyte) ramp
up and reach regulation at the same time.

TPS7H4104
CH#1 SW1

EN Signal (> EN1

SS_TR1 I ReuLL_upt

kss«
} GND :iJVRGDl
TPS7H4104

L 1EN2 CH#2 Sw2

SS_TR2 —— ReuLL_urz2
Css2 =

I B

Figure 8-11. Ratiometric Start-Up Sequence

Ratiometric and simultaneous power-supply sequencing can be implemented by connecting the resistor network
of Ry and R, (shown in Figure Ratiometric and Simultaneous Start-Up Sequence) to the output of the power
supply that needs to be tracked or another voltage reference source. Using Equation 21 and Equation 22 , the
tracking resistors can be calculated to initiate the Voyto slightly before, after, or at the same time as Vgoyr.
Equation 23 is the voltage difference between Voyt1 and Voyto.

To design a ratiometric start-up in which the Vgyr2 voltage is slightly greater than the Voyt1 voltage when Vgoyto
reaches regulation, use a negative number in Equation 21 and Equation 22 for AV. Equation 23 results in a
positive number for applications where the Vg2 is slightly lower than Vo114 when Vgyto regulation is achieved.

The AV variable is 0 V for simultaneous sequencing. To minimize the effect of the inherent SS_TRx to VSNSx
offset (SS_TRxstarT UP = 22mMV typ.) in the soft-start circuit and the offset created by the pullup current source
(Iss_TRx = 2.28uA typ.) and tracking resistors, the SS_TRxstarT up and Iss trx are included as variables in the
equations.
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To ensure proper operation of the device, the calculated R, value from Equation 21 must be greater than the
value calculated in Equation 24.

Ry = VouTz + AV SS_TRXSTART_UP
1= X

VREFx ISS_TRx (21)
VREFx X Rq
Ry = 22
2~ Voutz + AV—VREFx (22)
AV =Voyr1 — Vour2 (23)
Ry > (2800 x Voyr1) — (180 x AV) (24)
TPS7H4104
EN Signal > EN1 CH#1 Swi »<_1Voun
SS_TR1
Css1 -
GND PWRGD1
TPS7H4104 Vo
Eno CH#2 SW2
Rq
S5_TR2 PWRGD2
R, ’J
GND J :1
Figure 8-12. Ratiometric and Simultaneous Start-Up Sequence
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8.3.8 Protection Modes

The following protection modes are detailed in the following sections:
» Overcurrent Protection: Section 8.3.8.1
— High-Side Overcurrent Protection: High-Side Cycle by Cycle Overcurrent Protection (loc Hsx)
— Low-Side Overcurrent Sourcing and Sinking Protection: Low-Side Overcurrent Sourcing and Sinking
Protection
« Output Overvoltage Protection (OVP): Section 8.3.8.2
* Thermal Shutdown: Section 8.3.8.3

8.3.8.1 Overcurrent Protection

The TPS7H410x device employs multiple overcurrent protection mechanisms. The device is primarily protected
from overcurrent conditions by means of the following:

1. High-Side cycle by cycle current limit (loc Hsx) -

2. Low-Side sourcing current limit (loc Ls SOURCINGx)

3. COMPXCLAMP shutdown. -

4. Low-Side sinking current limit.

These current protection mechanisms are detailed in the subsequent sections.
8.3.8.1.1 High-Side Cycle by Cycle Overcurrent Protection (loc_psx)

The device implements current mode control, which uses the COMPXx 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 COMPx pin voltage are compared. When the peak switch
current intersects the programmed high side current, Igc Hsx, the high-side switch is immediately turned off
(although the high side will be on for at least the minimum on time, tonx mIN)

loc_Hsx is implemented utilizing the COMPx voltage. As the device approaches loc_nsyx, COMPX increases which
causes the gmpgy of the device to approach zero. Therefore, at high enough values of COMPx, the output
current is essentially clamped to the internal limit. This functionality is shown in the simplified waveforms of
Figure 8-13.

38 Submit Document Feedback Copyright © 2025 Texas Instruments Incorporated
Product Folder Links: TPS7H4104-SEP


https://www.ti.com/product/TPS7H4104-SEP
https://www.ti.com/lit/pdf/SLVSH61
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSH61&partnum=TPS7H4104-SEP
https://www.ti.com/product/tps7h4104-sep?qgpn=tps7h4104-sep

13 TEXAS

INSTRUMENTS TPS7H4104-SEP
www.ti.com SLVSH61 — MARCH 2025
A
X
=
wv

-
-

Vourx
Rourx

\/

[
Short / \ [‘—\j
Applied Removed
A
loc_Hsx

\/

1/ fSW

\/

Regulation loc_nsx Overcurrent Limit Regulation

Figure 8-13. High-Side Cycle by Cycle Overcurrent Protection (loc_Hsx)

8.3.8.1.2 Low-Side Sourcing Overcurrent Protection (loc 1 s _sourcinGx)

Sometimes, the |gc Hsy 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 (tonx min) the current would continue to
rise. To mitigate this risk, the TPS7H410x implements a secondary overcurrent protection in the form of low-side
sourcing current limit (Ioc Ls sourcingx)- The loc Ls sourcingx current limit is reached when the current through
the low side MOSFET meets or exceeds loc s sourciNGk TO prevent sustained current increase, the high-side
is prevented from turn-on until the current trough the low-side FET falls below the loc s sourcinex threshold.
The simplified waveforms of this operation are shown in Figure 8-14. -
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Figure 8-14. Low-Side Sourcing Overcurrent Protection (loc s _sourcinx)

8.3.8.1.3 COMPx Clamp Shutdown (COMPxcamp)

Since the voltage on the COMPx pin is proportional to the device output current, by clamping the COMPXx
voltage, another method is achieved to protect the device from overcurrent events. Specifically, if COMPx
rises above COMPxc amp (typically 1.9V), the part will shutdown. This feature is a complement to the loc Hsy
and loc Ls sourciNGgx current limits. Since the slew rate of COMPx is limited by the overall loop bandwidth
and by the drive strength of the error amplifier, the time it takes COMPx to reach COMPx¢c amp during
a fault depends on the loop compensation and specific type of fault. During most faults, loc Hsx Will be
reached before COMPx reaches COMPx¢ amp- loc Ls sourcinex Will often be reached before COMPx reaches
COMPxc avp; however depending on the fault type, COMPx may reach COMPx¢c avp and disable the part
before loc s sourcingx iS reached. Consequently, COMPx¢c amp can be thought of as a type of fail-safe. After
COMPx reaches COMPxc amp, the device stops switching and begins discharging the SS_TRx pin through a
pull-down resistance, Rss Trx piscHARrcE (typically 364Q). The part will not attempt a restart until SS_TRx has
discharged to SS_TRxgtarT up Startup (typically 22mV). This provides a cool down period for the TPS7H410x.
Note that this discharge time is directly dependent upon the value of the soft start capacitor, Cgg Trx. AN
example of the COMP shutdown functionality is shown in the simplified waveforms of Figure 8-15. -
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Figure 8-15. COMPx Clamp Shutdown (COMPx¢c_amp)

Additionally, COMPx may reach COMPx¢ avp if an aggressive load step is applied to the output load and a high
loop bandwidth is utilized. This is because in this situation, COMPx 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.

8.3.8.1.4 Low-Side Overcurrent Sourcing and Sinking Protection

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 MOSFETSs 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).

8.3.8.2 Output Overvoltage Protection (OVP)

The device incorporates an output overvoltage protection (OVP) circuit to minimize output voltage overshoot.
The OVP circuit engages when VSNSx = (PWRGDxoy rauLt% * VRerx )- Typically, this means the OVP circuitry
engages when VouTy rises above 109% of its nominal value. When OVP is active, the high-side FET stays off
and the low-side FET stays on to quickly discharge VoyTy-

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 internal
reference voltage. If the VSNSx pin voltage is lower than the internal 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.
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If the VSNSXx 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 VSNSx voltage drops lower than
the OVP threshold, the high-side MOSFET is allowed to turn on at the next clock cycle.

8.3.8.3 Thermal Shutdown

The internal thermal shutdown circuitry forces the device to stop switching if the junction temperature exceeds
163°C (typical). The device re-initiates the power-up sequence when the junction temperature drops below
134°C (typical). The low thermal shutdown voltage and large hysteresis aims to keep the device as cool as
possible during this fault condition.

8.3.9 Error Amplifier and Loop Response

Figure 8-16 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 %SWX ,—YL-% . Vour
8Mpsx
ESR«
§ Rr_torx Courx Roumx

o VSNSx
COMPx x EMenc x
+
EA« ro VRerx g Re_sorx
——Cpx

T L

&
1

Figure 8-16. Simplified Small Signal Model For Loop Response

8.3.9.1 Error Amplifier

The TPS7H410x device utilizes a transconductance error amplifier. The error amplifier compares the VSNSx
voltage to the internal Vrggy voltage reference. The transconductance of the error amplifier is 1,672 uS (typ).
The frequency compensation network is connected between the COMPXx pin and ground. The error amplifier DC
gain is typically 16,000 V/V (or 84dB).The error amplifier output resistance is 9.57MQ (typ).

8.3.9.2 Power Stage Transconductance

The power stage transconductance of the TPS7H410x (gmpsy) is 8.75S (or A/V). For more details refer to the
ERROR AMPLIFIER section in Section 6.5.

8.3.9.3 Slope Compensation

The desired slope compensation, SCx, can be configured with a resistor from the RSCx pin to GND. The
TPS7H410x device adds a compensating ramp to the switch current signal for all duty cycles. Various typical
values of RSCx and the resulting slope compensation are shown in the SLOPE COMPESATION section in the
Section 6.5. Equation 25 is provided to approximate the value of RSCx needed to achieve a desired slope
compensation (SCx).

- _ . 1 1
RSCx (kQ) = — 20245 fSW(kHZ)+4285CX( %) 51.1 (25)
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where:

* RSCx is the suggested value of the resistanc in kQ to achieve the desired slope compesation (SCx) in A/ys.

+ fsw is the switching frequency in kHz.

» SCx is the desired slope compesation (absolute value) in A/us. (note that the SLOPE COMPESATION in
Section 6.5 gives this value as a negative unit)

A commonly suggested value for slope compesation is defined as the output voltage divided by the inductor
value as presented on Equation 26.

Vout
SCipEAL = —T_ = (26)

8.3.9.4 Frequency Compensation

External frequency compensation is required for the TPS7H410x. There are several industry techniques used to
compensate DC-DC regulators. For the TPS7H410x, type 2A compensation is most often recommended though
other approaches are acceptable. See Section 9.2.2.9 in the application section for a specific example.

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 VSNSx is compared to an internal voltage reference by an error amplifier, which
drives the COMPx 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 COMPx 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, as well as validating and testing their design
implementation to confirm system functionality.

9.1 Application Information

The TPS7H410x 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 3A/channel. It can be used over an input voltage
range of 3V to 7V.

9.2 Typical Application

Vin .
L.

Renx_sot

10kQ

PVIN
VIN

PWRGDx VouTx

SWx

ENx
EN_SEQ
SYNC

- IEEFCAP VaNSx
SS TR RF somx
COMPXx — X -
_470nF RSCX —
e —_— THERMAL PAD Rox -
T G%D PGND
. . _l_ ° o
GND
Figure 9-1. Typical Application Schematic
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9.2.1 Design Requirements

Table 9-1. Design Parameters

DESIGN PARAMETER E)\(Iﬁ:\_nLTIIE-E
Input voltage 5V £10%
Nominal output voltage for channel # 1 (Vout1) 0.8v
Nominal output voltage for channel # 2 (Vourt2) 1.2v
Nominal output voltage for channel # 3 (Vours) 1.5V
Nominal output voltage for channel # 4 (Vourta) 1.8V
Maximum output current (per channel) 3A
Transient response for a full-load (3A) load step AVoytxs 3.5%
Output voltage ripple 5%8% of
OUTx
Start input voltage (rising V) 3V
Switching frequency (fsw) 500kHz

Note
Calculated values shown in this section are rounded up to 3 decimal points.

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 efficiency and
thermal performance. In this design, a switching frequency of 500kHz is selected. Using Equation 14, and RT
resistor of 92.42 kQ is calculated. The selected component for this example is 90.9kQ.

9.2.2.2 Output Inductor Selection

To calculate the value of the output inductor, use Equation 27. K 4 is a coefficient that represents the amount
of inductor ripple current relative to the maximum output current, Ioytx @s shown in Equation 28. 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.

VIN_MAX — VOUTX) ( VouTx )
L> = X
= ( IouTx X Kix VIN_MAX X fsw (27)
Ay
Ky = 2
Lx = Toure (28)

For this design example, use K, = 40% and V|y_umax = 5.5V (5V + 10%). Once the inductor value is known (or
selected) the actual ripple current (Ai ), RMS and peak current can be calculated, using Equation 29, Equation
30 and Equation 31, respectively. The inductor design details are presented in Table 9-2.
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. VIN_MAX — VOUTX) ( VouTx )
Aij,, = = X 29
Lx ( Lx VIN_MAX X fsw (29)
Z
i = 24 1o (Yours X (ViN_max ~VouTy) (30)
L_RMSx — OUTx 12 VIN_MAX X Lx X fSW
. Alpy
iL_peak = loutx + —— (31)

Table 9-2. Inductor Design Calculations

Voutx (v) Calculated Inductor | Selected Inductor Inductor Ripple Inductor RMS Inductor Peak
Value (uH) Value (pH) Current (A) Current (A) Current (A)
0.8 1.14 1.8 0.76 3.01 3.38
1.2 1.56 1.8 1.04 3.02 3.52
1.5 1.82 1.8 1.21 3.02 3.61
1.8 2.02 2.2 1.10 3.02 3.55

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 maximum switch current limit, rather than the peak inductor current.

For the TPS7H410x the maximum value for the current limit is dominated by the loc (s sourcinex at 7.6A. The
selected inductor model, saturation current, and the RMS are shown in Table 9-2.

Table 9-3. Selected Inductor Details

Inductor Value (puH)

Inductor Part #

Inductor Isat Rating (A)

Inductor Igys Rating (A)

1.8

XGL6030-182MEC

9.4

9.5

22

XGL6030-222MEC

8.7

8.5

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:

1. The desired output voltage ripple, driven by the natural switching action of the power stage.

2. The allowable voltage deviation due to a large, abrupt change in load current (load step).

The output capacitance needs to be selected based on the more stringent of these two criteria (refer to Equation
32).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.
Courx(F) = max(Couyrx_roap_steP(F), Courx_rippLE(F)) (32)

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 due to dynamic loads such as processors.
The output capacitor must be sized to supply the extra current to the load until the control loop responds to the
load change. Equation 33 shows the minimum output capacitance, from the electrical point of view, necessary to
accomplish this. This is a first order approximation and does not take into condideration the ESR and ESL of the
ourput capacitor. 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.
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2 x AlgyTx(A)
fsw(Hz) x AVoyTx_LoaD_sTEP(V)

Coutx_Loap_step(F) = (33)

Where:

* Alpytx is the worst case change in load current (load step) in the application in Amps (A). In this case we are
designing for a full-load step of 3A/phase.

» fsw is the switching frequency of the converter in Hertz. In this case the selected switching frequency is
500kHz.

* AVoutx_Loap_sTep is the allowed change in the output voltage due to the load step. In this case the target is
to stay below a 3.5% change in the nominal output voltage.

The next criteria is to calculate the required capacitance to meet the output voltage ripple requirements using
Equation 34. In this design, the maximum desired output voltage ripple is less than 0.8% of Voyty-

A iLX(A)
8 x fsw(Hz) x AVourx_RiPPLE(V)

Coutx_rippLE(F) = (34)

Where:

1. Aiy is the ripple current in Amps (A). Refer to Table 9-3 for the values for each channel.

2. fsw is the switching frequency of the converter in Hertz. In this case the selected switching frequency is
500kHz.

3. AVourx rippLE is the target output voltage ripple due to the switching nature of the converter. In this design
the target is to be less than 0.8% of the nominal output voltage.

Finally, the ESR of the capacitor must be considered when meeting the output voltage ripple. The upper bound
for the ESR can be calculated using Equation 35. The results for each channel are shown in Output Capacitor
Design Calculations.

e < 2VOUTe RiPPLE() (35)
Table 9-4. Output Capacitor Design Calculations
Vourx (V) Courtx_LoAD_sTep (MF) Coutx_RIPPLE (MF) Maximum ESR (mQ)
0.8 428.57 29.67 8.43
12 285.71 27.15 9.21
15 228.57 25.25 9.90
18 190.48 19.11 13.08

Additional capacitance deratings for aging, temperature, and DC bias should be factored in, which increases
the minimum required output capacitance value.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 using Equation 29. For the selected inductor and nominal output voltage the ripple
current for each case is shown on Table 9-2.

For this specific design, taking into consideration all of the above requirements, a 470uF T55 Tantalum
capacitors is selected for each channel. The selected capacitor have a max ESR of 7mQ, and a maximum
RMS current rating of 5.66A. Additionally, a 0.1uF ceramic capacitor is added in parallel for high frequency
filtering. This results in a total capacitance of 470.1uF. Using Equation 36 we can calcuate the expected ripple
voltage at each channel, the results are shown in Table 9-5

Aipx(A)
8 x fsyw(Hz) x CoyTx(F)

AVouTx_RIPPLE = + [ESR(Q) x Airy(A)] (36)
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Table 9-5. Expected Output Voltage Ripple
Vourtx (V) AVoytx_rippLE (MV) AVouytx_rippLE in % of Voutx

0.8 5.72 0.72
1.2 7.85 0.65
1.5 9.13 0.61
1.8 8.29 0.46

9.2.2.4 Input Capacitor Selection

The input supply to the TPS7H410x 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 37.

iCIN_RMSx( A) - ( A) y \/(VOUTX (v) x [vin_min(V) - VOUTX(V)]) (37)

ViN_miN (V)

The minimum input capacitance can then be calculated by using Equation 38 and selecting a maximum desired
input ripple voltage, AViy rippLe- For this design an input ripple voltage of < 0.1% of the minimum VIN (4.5V)
voltage is selected (AV|N_rippLE = 4.5mV) .

0.25 x Igyx(A)
38
AViN rippLE(V) X fsw(Hz) (%9)

Cing(F) 2

The input capacitor design calculations are shown in Table 9-6.
Table 9-6. Input Capacitor Design Calculations

Vourx (V) iciN_Rmsx (A) Lower Bound for Ciny (HF)
0.8 2.43
1.2 2.81
333.33
1.5 3.00
1.8 3.12

Note, however, that Equation 38 does not include the effects of ESR on the input ripple voltage. Therefore,
additional capacitance is utilized. Specifically, 330uF Tantalum capacitors are used along with a 22uF and
a 0.1uyF ceramic capacitors are selected for a total input capacitance of 352.1uF. This is the selected input
capacitor for each phase (or channel). Each set of capacitor is placed near the PVIN pins of each phase.

9.2.2.5 Soft-Start Capacitor Selection

The soft-start capacitor Css Trx, determines the 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 TPS7H410x reach the current limit, draw excessive
current from the input power supply, or cause the input voltage rail to sag. Limiting the output voltage slew rate
solves these problems. The soft-start capacitor value can be calculated using Equation 18 and Equation 19, the
calculated value are shown in Table 9-7, along with the selected values. The center across temperature and
voltage was used for Vrery and Iss Try for the calculations as: Equation 2, Equation 20, respectively.
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Table 9-7. Soft-Start Capacitor Design Calculations

Voutx (V) tss_TRx_NOMINAL (MS) Css_Trx_NomiNAL (NF) Css_trx_seLECTED (NF)
0.8 0.27 0.96 1.2
1.2 0.41 1.44 1.8
1.5 0.51 1.8 2.2
1.8 0.61 2.15 2.7

9.2.2.6 Undervoltage Lockout (UVLO) Set Point

An external resistor divider from VIN to GND is used to enable the TPS7H410x when a desired preset input
voltage is reached. In effect, this acts as an adjustable UVLO. First, 3V is selected as the desired turn-on voltage
(MuviLo chx TARGET)- Next, Renx Top of 10kQ is selected as a reasonable trade-off between a large enough
resistor to minimize power dissipation, but low enough to prevent excessive noise coupling to a high impedance
node. Equation 8 is then used to calculate an Rgny goT Of 2.53kQ. The selected value is 2.61kQ. Using Equation
9 and Equation 10 we can calculate the actual rising and falling UVLO, respectively. The VyyLo chx RISING IS
calculated as, 2.93V and the VUVLO_CHX_FALLING as 2.42V. -

9.2.2.7 Output Voltage Feedback Resistor Selection

The resistor divider network Rrg topx and Rrg gotx is used to set the output voltage. For this design, 10kQ
was selected for Rrg 1opx. Additionally, a 20Q resistor was placed in series with Rrg topx t0 aid in measuring
the control loop. Using the combined value of 10.02kQ and using Equation 1 the ideal bottom resistors are
calculated. The real (or selected) resistors were chosen, using the closest value to the ideal (using 0.1%
tolerance). To minimize the error due to the reference voltage (Vrerx), the center across temperature, rather than
the typical value is used for the calculations as presented on Equation 2.

Using the real (or selected) values the expected nominal and error are calculated using Equation 3 and Equation
4. The results are presented on Table 9-8.

Table 9-8. Feedback Resistors and Expected Voytx With Error

VOUTXx (V) Calculated Rrg gotx (kQ) | Selected Reg_potx (kQ) Vourx Real (V) Vourx Error (mV)
0.8 29.57 294 0.802 8.02
1.2 9.94 9.88 1.204 12.07
1.5 6.63 6.57 1.509 15.15
1.8 4.98 4.93 1.812 18.2

Lifetime drift data could similarly be added. Group C data may be used to aid in this calculation. For this
example, it is assumed the lifetime drift is minimal compared to the other sources of error and it is therefore not
added.

9.2.2.8 Slope Compesation 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 26. Once the ideal slope compensation is calculated the necessary RSC resistor can be calculated

using Equation 25.

Table 9-9. Slope Compensation Design Calculations

VOUTx (V) SCipear (Alps) RSC CALCULATED (kQ) RSC Selected (kQ)
0.8 0.4 871.41 499
1.2 0.67 550.41 360
15 0.83 422.01 294
1.8 0.82 431.52 294

Copyright © 2025 Texas Instruments Incorporated

Product Folder Links:

TPS7H4104-SEP

Submit Document Feedback 49

ADVANCE INFORMATION


https://www.ti.com
https://www.ti.com/product/TPS7H4104-SEP
https://www.ti.com/lit/pdf/SLVSH61
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSH61&partnum=TPS7H4104-SEP
https://www.ti.com/product/tps7h4104-sep?qgpn=tps7h4104-sep

NOILVINYO4ANI 3ONVAQV

TPS7H4104-SEP
SLVSH61 — MARCH 2025

13 TEXAS

In this specific application example, it was decided to have more slope compensation than suggested which
provided additional margin and suitability of testing different configurations, hence the discrepancy between

calculated and selected RSC resistors

9.2.2.9 Compensation Component Selection

The control loop of the TPS7H410x is described in Section 8.3.9. 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.

COUTx

dl x VSNSx
COMPx X Emea
VREFx

+ § — =
EA« ro Re_sorx
j— W

Power Stage %SWX A2 o Voun
8Mpsx
ESR«
§ Re_topx Roum

&
1

Figure 9-2. Type Il Compensation With Simplified Loop

Determine the desired (or target) crossover frequency, fcox TarceT- A good starting rule of thumb is to set
the crossover frequency between 10% (1/10) and 20% (1/5) of the switching frequency. This will generally
provide a good transient response and ensure that the modulator poles do not degrade the phase margin.
For this design, 25kHz was the selected target crossover frequency.

Determine the required gain from the compensated error amplifier using Equation 39:

2m X fcOx_TARGET X CoUuTx
Aymx = Empsy (39)

where gmpsy is the power stage transconductance. (8.35S typ at 25°C)
Rsx can be determined by Equation 40:

A

~ 8mpax © VREFx

where gmgay is the transconductance of the error amplifier (1672uS typical at 25°C) and VRge is the
reference voltage (0.597.5V as shown onEquation 2).
Calculate the power stage dominant pole determined by Equation 41:

_ TouTx
fP_PSX— 2n X Coyrx X VOUTX (41)

Place a compensation zero at the dominant pole by selecting Cgy as determined by Equation 42:

_ 1
Csx = 2mXTp_psx X Rox (42)

Calculate the ESR zero from the output capacitor bank by Equation 43:

-1
f7_ESRx = 77X ESRx % CoUTx )
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7. Cpy is used to cancel the zero from the equivalent series resistance (ESR) of the output capacitor Coyr. It is
calculated using Equation 44:

1

c

Px = Rgy X 2m X f7_EsRx

(44)

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 44.

Table 9-10. Compesation Components Calculation

Vourx (V) Aymix (VIV) Rsx (kQ) fp_psx(Hz) Csx (nF) fz_esrx (kHz) Csx (pF)
0.8 7.08 3.81 464.67
1.2 10.62 2.54 309.78

8.84 5.9 48.37
1.5 13.28 2.03 247.83
1.8 15.93 1.69 206.52
Table 9-11. Selected Compesation Components
Vourtx (v) Rsx (kQ) Csx(nF) Cpx (PF)
0.8 6.98 470
1.2 10.5 330
18
1.5 13.3 220
1.8 16.2 220

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

The evaluation module for the TPS7H410x was used to capture the shown waveforms below. The testing

conditions were:

* VIN=PVIN=5V
» Switching frequency (fsyy) = 500 kHz

* Vout1 =0.8V, Voute = 1.2V, Vouts = 1.5V and Vouts = 1.8V

* loutx=3A

VOUT1
1 e L s

MW*W%W\WM*\WMMMNW

1Jul 2024

VOUT1
r T J'M“‘Wﬁmw
A RS AR R o . :

ps \

VOouT2

1 Mwiwmmﬁwmhm‘ﬁwa\'\W‘H‘\w‘-\.&mm
\Ws&*\’\m‘M R

1Jul 2024)

VOUT2
e PaseeettW i Ly L TRV TIPIRIYY
IR

]

D YO AR AR A AR AY
\mmw.uwm«flmmw\wmmwaxwwv

1Jul 2024

Figure 9-7. Rising Full Load Step in Voyr3

]

VOUT3
MM A AR

1 w\émrvnvvw&wwm‘wmmwmwmwnv‘

1 Jul 2024)

Figure 9-8. Falling Full Load Step in Voyrs
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Figure 9-9. Rising Full Load Step in Voyts
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Figure 9-10. Falling Full Load Step in Voyt4
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Figure 9-11. Complete Loop Bode Plot for Vgoyr4
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Figure 9-12. Complete Loop Bode Plot for Voyr2
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Figure 9-13. Complete Loop Bode Plot for Voyr3
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Figure 9-14. Complete Loop Bode Plot for Voyt1s

Figure 9-15. Output Voltage Ripple for Voyrx
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9.3 Power Supply Recommendations

The TPS7H410x is designed to operate from an input voltage supply range between 3V and 7V. 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 (one across each pair of PVIN pin, next to each SWx), 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 TPS7H410x 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.

9.3.1 Layout
9.3.1.1 Layout Guidelines

» Layout is a critical portion of good power supply design. See Section 9.3.1.2 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 TPS7H410x 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 TPS7H410x 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 (if utilized) 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 VSNSx 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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9.3.1.2 Layout Example
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Figure 9-16. PCB Layout Example-Top Layer
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Figure 9-18. PCB Layout Example-Internal Layer 2
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Figure 9-20. PCB Layout Example-Internal Layer 4
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Figure 9-21. PCB Layout Example-Bottom Layer
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10 Device and Documentation Support
10.1 Documentation Support
10.1.1 Related Documentation

» Texas Instruments, TPS7H4104 Evaluation Module (EVM) user's guide
» Texas Instruments, TPS7H4104-SEP Lookahead Total loninzing Dose (TID) Report

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.

DATE REVISION NOTES
March 2025 * Initial Release

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
PAP0064R T PowerPAD™ TQFP - 1.2 mm max height
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All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. This dimension does not include mold flash, protrusions, or gate burrs.
4. Strap features may not be present.
5. Reference JEDEC registration MS-026.
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EXAMPLE BOARD LAYOUT
PAPO0064R PowerPAD™ TQFP - 1.2 mm max height
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NOTES: (continued)

6. Publication IPC-7351 may have altemate designs.
7. Solder mask tolerances between and around signal pads can vary basad on board fabrication site.
8. This package is designed to be soldered to a thermal pad on the board. See technical brief, Powerpad thermally enhanced package,
Texas Instruments Literature No. SLMADD2 (www.ti.com/it'sima002) and SLMADO4 (www_ti.com/lit'sima004).
9. Vias are optional depending on application. refer to device data sheet. It is recommended that vias under paste be filled,
plugged or tented.
10. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
PowerPAD™ TQFP - 1.2 mm max height

PLASTIC QUAD FLATPACK
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11
84X (0.3) j_

(R0.05) TYP —
==

SYMM

80X (0.5) —T_

16
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SEE TABLE FOR
DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES

————

=

1
I
|
|
=

-—1]]6479)—-
BASED OND.125
THICK STENCIL
SYMM
¢
64
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|
= =i — —— %
. 1
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=
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1
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I

100% PRINTED SOLDER COVERAGE BY AREA

(11.4)

SOLDER PASTE EXAMPLE

EXPOSED PAD
SCALE®X

STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 7.50 X750
0.125 8.79 X 8.79 (SHOWN)
0.15 6.20 X 6.20
0.175 574 X574
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NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded comers may offer better paste release. IPC-7525 may have alternate

design recommendations.

12. Board assembly site may have different recommendations for stencil design.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
PTPS7H4104PAPTSEP Active  Preproduction  HTQFP (PAP) | 64 250 | SMALL T&R - Call TI Call Tl -55to 125
PTPS7H4104PAPTSEP.A Active  Preproduction HTQFP (PAP) | 64 250 | SMALL T&R - Call TI Call Tl -55t0 125

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer: The information provided on this page represents TI'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. TI 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 Tl 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.

Addendum-Page 1


https://www.ti.com/product/TPS7H4104-SEP/part-details/PTPS7H4104PAPTSEP
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088

GENERIC PACKAGE VIEW
PAP 64 HTQFP - 1.2 mm max height

10 x 10, 0.5 mm pitch QUAD FLATPACK

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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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
Tl 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 © 2025, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com
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