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TPS7H4001-SP Radiation-Hardness-Assured 3-V to 7-V Input
18-A Synchronous Buck Converter
1 Features 2 Applications

Radiation performance:

— Radiation-hardness-assured up to
TID 100 krad(Si)

— SEL, SEB, and SEGR immune to
LET = 75 MeV-cm?/mg

— SET and SEFI characterized up to
LET = 75 MeV-cm?/mg

Peak efficiency: 95.5% (Vo =1V at 100 kHz)

Power rail: 3V to 7V on VIN
Flexible switching frequency options:

— 100-kHz to 1-MHz adjustable internal oscillator

— External sync capability: 100-kHz to 1-MHz
— SYNC pins can be configured as 500-kHz
clocks at 90° out of phase to parallel up to

4 devices

0.6-V +£1.5% voltage reference over temperature,
radiation, and line and load regulation for CDFP,
KGD (known good die), and HTSSOP (QMLP)

options

0.6-V £1.7% voltage reference over temperature,

radiation, and line and load regulation for HTSSOP

(SHP) option

Monotonic start-up into prebiased outputs

Adjustable slope compensation and soft-start

Adjustable input enable and power-good output for

power sequencing

VIN
PVIN PWRGD
L vin PHASE

VSENSE

TPS7H4001-SP

THERMAL PAD

Functional Diagram

PWRGD

» Space satellite point of load supply
3 Description

The TPS7H4001-SP is a radiation-hardness-assured,
7-V, 18-A synchronous buck converter with integrated
low-resistance high-side and low-side MOSFETSs.
High efficiency and reduced component count are
achieved through current mode control.

The output voltage start-up ramp is controlled by the
SS/TR pin which allows operation as either a stand
alone power supply or in tracking situations. Power
sequencing is possible by correctly configuring the
enable and the power good pins. The TPS7H4001-SP
can be configured in primary-secondary mode and
with the SYNC2 pin, four devices can be configured in
parallel without an external clock.

Cycle-by-cycle current limiting on the high-side FET
protects the device in overload situations and is
enhanced by a low-side sourcing current protection
which prevents current runaway. Thermal shutdown
disables the part when die temperature exceeds
thermal limit.

Device Information

PART NUMBER(") GRADE PACKAGE
5962-1820501VXC QmLV 34-pin ceramic
5962R1820501VXC QMLV-RHA 7.62 mm x 21.59

X X mm(2)
Engineering _ @)
TPS7H4001HKY/EM samplos Mass = 2.612 g
TPS7H4001MDDWTSHP | SHP-RHA 44-pin plastic
6.10 mm x 14.00
5962R1820502PYE QMLP-RHA mm(®)
Mass = 243.8 mg®)
QMLV-RHA
5962R1820501V9A KGD
- - Die
TPS7H4001Y/EM Engineering
samples

(1)  For additional information view the Device Options Table.
(2) Dimension values are nominal.
(3) Mass is accurate to +10%.

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. UNLESS OTHERWISE NOTED, this document contains PRODUCTION
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5 Device Options Table

Generic Part Radiation Rating® Grade(®) Package(") Orderable Part
Number Number
QMLV-RHA HKY Package CDFP | Sq6-R1820501vXC
o L (34) Ceramic
Total ionizing dose (TID) characterization up
to 100 krad(Si) and destructive single event QMLV-RHA KGD 5962R1820501V9A
effects (DSEE) freezl;p to LET =75 MeV- QMLP-RHA HTSSOP (44) Plastic | 5962R1820502PYE
cm?/mg
TPS7H4001-SP
SHP-RHA HTSSOP (44) Plastic TPS?H4§E|LMDDWT
. . HKY Package CDFP
(4)

None Engineering sample' (34) Ceramic TPS7H4001HKY/EM

None Engineering sample(*) KGD TPS7H4001Y/EM

(1)
)
@)
(4)

For all available packages, see the orderable addendum at the end of the data sheet.
Refer to the device product folder for full radiation testing results in the associated TID and SEE reports.
For additional information about part grade, view SLYB235.
These units are intended for engineering evaluation only. These samples are processed to a non-compliant flow (i.e. no burn-in, 25°C
testing only). These units are not for qualification, production, radiation testing, or flight use. Parts are not warranted for performance

over temperature or operating life.

4

Submit Document Feedback

Product Folder Links: TPS7H4001-SP

Copyright © 2023 Texas Instruments Incorporated


https://www.ti.com/lit/ml/slyb235/slyb235.pdf
https://www.ti.com/product/TPS7H4001-SP
https://www.ti.com/lit/pdf/SLVSEN7
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSEN7D&partnum=TPS7H4001-SP
https://www.ti.com/product/tps7h4001-sp?qgpn=tps7h4001-sp

i3 TEXAS

INSTRUMENTS

www.ti.com

TPS7H4001-SP

SLVSEN7D — APRIL 2019 — REVISED MAY 2023

6 Pin Configuration and Functions
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Figure 6-1. HKY Package
34-Pin CDFP
Top View
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44-Pin HTSSOP
Top View
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Table 6-1. Pin Functions

PIN
110 DESCRIPTION
NAME CDFP HTSSOP
GND 1 1,2,10,35| — |Return for control circuitry.()
EN 2 4 I |EN pin is internally pulled up allowing for the pin to be floated to enable the device.
3 5 A resistor connected between RT and GND sets the switching frequency of the converter.
The switching frequency range is 100 kHz to 1 MHz. When an external clock is used, RT
RT /o must be selected such that the set switching frequency coincides with the frequency of the
applied clock. Leaving this pin floating sets the internal switching frequency to 500 kHz
and SYNC1 and SYNC2 become output clocks at 500 kHz, with SYNC1 aligned with the
converter switching and SYNC2 90° out of phase.
VIN 4 6,7 I |Input power for the control circuitry of the switching regulator.
8 SYNCH1 is an input when an external clock is provided. The frequency of the external clock
should match the switching frequency that is set by the resistor between RT and GND.
SYNC1 /o With an external clock applied, the converter switching action is 180° out of phase with the
external clock. When RT is floating, SYNC1 serves as an output of a 500-kHz clock signal
that is in phase with the converter switching action. SYNC1 can be used in combination with
SYNC?2 in order to connect up to four devices in parallel.
6 9 SYNC?2 is used for connecting multiple devices in parallel. For the primary device, with RT
floating, SYNC2 outputs 500-kHz signal that is 90° out of phase with the SYNC1 output
SYNC2 /o clock. For the secondary devices, in which RT is populated, SYNC2 is used to configure the
phase of the input clock signal on SYNC1. When SYNC2 is connected to VIN, the internal
clock of the secondary device is in phase with clock provided at SYNC1. When SYNC2 is
connected to GND, the input clock signal at SYNC1 is internally inverted.
PVIN 7-11 11-15 I |Input power for the output stage of the switching regulator.
PGND 12-17 16-22 — | Return for low-side power MOSFET.
PH 18-28 23-34 O | Switch phase node.
29 36 Power Good fault pin. Asserts low if output voltage is low due to thermal shutdown, dropout,
PWRGD 0] h
overvoltage, or EN shutdown, or during soft-start.
RSC 30 37 I/O | A resistor to GND sets the desired slope compensation.
31 38 Soft-start and tracking. An external capacitor connected to this pin sets the internal voltage
SS/TR I/O |reference rise time. The voltage on this pin overrides the internal reference. It can be used
for tracking and sequencing.
VSENSE 32 39 I |Inverting input of the gm error amplifier.
33 40 Error amplifier output and input to the output switch current comparator. Connect frequency
COMP 110 . S
compensation to this pin.
REFCAP 34 41 O |Required 470-nF external capacitor for internal reference.
PowerPAD™ — Yes — |Used for heat sinking by soldering to GND copper on printed circuit board.
THEZ{I'\D/IAL 35 — — | Thermal pad internally connected to GND.
PGND PAD 36 — — | Return for low-side power MOSFET. Connect to PGND pins.
PH PAD 37 — O | Switch phase node. Connect to PH pins.
— 3,42-44 No connect. This pin is not internally connected. It is recommended to connect these pins
NC — |to GND to prevent charge buildup; however, these pins can also be left open or tied to any
voltage between GND and VIN.

(1) Thermal pad and package lid are internally connected to GND for CDFP option.
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Table 6-2. Bare Die Information

BOND PAD
DIE THICKNESS BACKSIDE FINISH BACKSIDE POTENTIAL METALLIZATION BOND PAD THICKNESS
COMPOSITION
15 mils Silicon with backgrind GND AlCu 1050 nm

Figure 6-3. TPS7H4001-SP Bare Die Diagram
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Table 6-3. Bond Pad Coordinates in Microns

DESCRIPTION PAD NUMBER X MIN Y MIN X MAX Y MAX
GND 1 9568.995 7185.51 1098.945 7325.46
GND 2 806.445 7185.51 946.395 7325.46

N/C 3 653.895 7185.51 793.845 7325.46
GND 4 501.345 7185.51 641.295 7325.46
GND 5 348.795 7185.51 488.745 7325.46

N/C 6 196.245 7185.51 336.195 7325.46

EN 7 64.125 6969.06 204.075 7109.01

RT 8 64.125 6265.53 204.075 6405.48
VIN 9 64.125 6080.445 204.075 6220.395
VIN 10 64.125 5927.895 204.075 6067.845
VIN 1 64.125 5775.345 204.075 5915.295
VIN 12 64.125 5622.795 204.075 5762.745

SYNCA1 13 64.125 5119.785 204.075 5259.735
SYNC2 14 68.04 4881.735 207.99 5021.685
PVIN 15 398.475 4299.39 538.425 4439.34
PVIN 16 556.425 4299.39 696.375 4439.34
PVIN 17 714.375 4299.39 854.325 4439.34
PVIN 18 872.325 4299.39 1012.275 4439.34
PVIN 19 398.475 3858.93 538.425 3998.88
PVIN 20 556.425 3858.93 696.375 3998.88
PVIN 21 714.375 3858.93 854.325 3998.88
PVIN 22 872.325 3858.93 1012.275 3998.88
PVIN 23 398.475 3698.73 538.425 3838.68
PVIN 24 556.425 3698.73 696.375 3838.68
PVIN 25 714.375 3698.73 854.325 3838.68
PVIN 26 872.325 3698.73 1012.275 3838.68
PVIN 27 398.475 3259.17 538.425 3399.12
PVIN 28 556.425 3259.17 696.375 3399.12
PVIN 29 714.375 3259.17 854.325 3399.12
PVIN 30 872.325 3259.17 1012.275 3399.12
PVIN 31 398.475 3098.97 538.425 3238.92
PVIN 32 556.425 3098.97 696.375 3238.92
PVIN 33 714.375 3098.97 854.325 3238.92
PVIN 34 872.325 3098.97 1012.275 3238.92
PVIN 35 398.475 2659.41 538.425 2799.36
PVIN 36 556.425 2659.41 696.375 2799.36
PVIN 37 714.375 2659.41 854.325 2799.36
PVIN 38 872.325 2659.41 1012.275 2799.36
PVIN 39 398.475 2499.21 538.425 2639.16
PVIN 40 556.425 2499.21 696.375 2639.16
PVIN 41 714.375 2499.21 854.325 2639.16
PVIN 42 872.325 2499.21 1012.275 2639.16
PGND 43 270.855 1643.76 410.805 1783.71
PGND 44 428.805 1643.76 568.755 1783.71
PGND 45 586.755 1643.76 726.705 1783.71

8

Submit Document Feedback

Product Folder Links: TPS7H4001-SP

Copyright © 2023 Texas Instruments Incorporated


https://www.ti.com/product/TPS7H4001-SP
https://www.ti.com/lit/pdf/SLVSEN7
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSEN7D&partnum=TPS7H4001-SP
https://www.ti.com/product/tps7h4001-sp?qgpn=tps7h4001-sp

13 TEXAS
INSTRUMENTS

www.ti.com

TPS7H4001-SP
SLVSEN7D — APRIL 2019 — REVISED MAY 2023

Table 6-3. Bond Pad Coordinates in Microns (continued)

DESCRIPTION PAD NUMBER X MIN Y MIN X MAX Y MAX
PGND 46 744.705 1643.76 884.655 1783.71
PGND 47 902.655 1643.76 1042.605 1783.71
PGND 48 270.855 1492.65 410.805 1632.6
PGND 49 428.805 1492.65 568.755 1632.6
PGND 50 586.755 1492.65 726.705 1632.6
PGND 51 744.705 1492.65 884.655 1632.6
PGND 52 902.655 1492.65 1042.605 1632.6
PGND 53 270.855 1023.66 410.805 1163.61
PGND 54 428.805 1023.66 568.755 1163.61
PGND 55 586.755 1023.66 726.705 1163.61
PGND 56 744.705 1023.66 884.655 1163.61
PGND 57 902.655 1023.66 1042.605 1163.61
PGND 58 270.855 872.55 410.805 1012.5
PGND 59 428.805 872.55 568.755 1012.5
PGND 60 586.755 872.55 726.705 1012.5
PGND 61 744.705 872.55 884.655 1012.5
PGND 62 270.855 403.56 410.805 543.51
PGND 63 428.805 252.45 568.755 392.4
PGND 64 428.805 403.56 568.755 543.51
PGND 65 586.755 252.45 726.705 392.4
PGND 66 586.755 403.56 726.705 543.51
PGND 67 744.705 252.45 884.655 392.4
PGND 68 744.705 403.56 884.655 543.51
PGND 69 902.655 252.45 1042.605 392.4
PGND 70 902.655 403.56 1042.605 543.51
PGND 71 902.655 872.55 1042.605 1012.5

PH 72 1243.125 106.02 1383.075 245.97
PH 73 1243.125 543.69 1383.075 683.64
PH 74 1243.125 732.42 1383.075 872.37
PH 75 1401.075 106.02 1541.025 245.97
PH 76 1401.075 543.69 1541.025 683.64
PH 77 1559.025 106.02 1698.975 245.97
PH 78 1716.975 106.02 1856.925 245.97
PH 79 1874.925 543.69 2014.875 683.64
PH 80 1716.975 543.69 1856.925 683.64
PH 81 1559.025 543.69 1698.975 683.64
PH 82 1874.925 732.42 2014.875 872.37
PH 83 1716.975 732.42 1856.925 872.37
PH 84 1559.025 732.42 1698.975 872.37
PH 85 1401.075 732.42 1541.025 872.37
PH 86 1874.925 1163.79 2014.875 1303.74
PH 87 1716.975 1163.79 1856.925 1303.74
PH 88 1559.025 1163.79 1698.975 1303.74
PH 89 1401.075 1163.79 1541.025 1303.74
PH 90 1243.125 1163.79 1383.075 1303.74
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Table 6-3. Bond Pad Coordinates in Microns (continued)

DESCRIPTION PAD NUMBER X MIN Y MIN X MAX Y MAX
PH 91 1874.925 1352.52 2014.875 1492.47
PH 92 1716.975 1352.52 1856.925 1492.47
PH 93 1559.025 1352.52 1698.975 1492.47
PH 94 1401.075 1352.52 1541.025 1492.47
PH 95 1243.125 1352.52 1383.075 1492.47
PH 96 1874.925 1786.68 2014.875 1926.63
PH 97 1716.975 1786.68 1856.925 1926.63
PH 98 1559.025 1786.68 1698.975 1926.63
PH 99 1401.075 1786.68 1541.025 1926.63
PH 100 1243.125 1786.68 1383.075 1926.63
PH 101 1839.915 2356.245 1979.865 2496.195
PH 102 1681.965 2356.245 1821.915 2496.195
PH 103 1524.015 2356.245 1663.965 2496.195
PH 104 1366.065 2356.245 1506.015 2496.195
PH 105 1839.915 2802.375 1979.865 2942.325
PH 106 1681.965 2802.375 1821.915 2942.325
PH 107 1524.015 2802.375 1663.965 2942.325
PH 108 1366.065 2802.375 1506.015 2942.325
PH 109 1839.915 2956.005 1979.865 3095.955
PH 110 1681.965 2956.005 1821.915 3095.955
PH M 1524.015 2956.005 1663.965 3095.955
PH 112 1366.065 2956.005 1506.015 3095.955
PH 113 1839.915 3402.135 1979.865 3542.085
PH 114 1681.965 3402.135 1821.915 3542.085
PH 115 1524.015 3402.135 1663.965 3542.085
PH 116 1366.065 3402.135 1506.015 3542.085
PH 17 1839.915 3555.765 1979.865 3695.715
PH 118 1681.965 3555.765 1821.915 3695.715
PH 119 1524.015 3555.765 1663.965 3695.715
PH 120 1366.065 3555.765 1506.015 3695.715
PH 121 1839.915 4001.895 1979.865 4141.845
PH 122 1681.965 4001.895 1821.915 4141.845
PH 123 1524.015 4001.895 1663.965 4141.845
PH 124 1366.065 4001.895 1506.015 4141.845
PH 125 1839.915 4155.525 1979.865 4295.475
PH 126 1681.965 4155.525 1821.915 4295.475
PH 127 1524.015 4155.525 1663.965 4295.475
PH 128 1366.065 4155.525 1506.015 4295.475

PWRGD 129 1954.305 5335.605 2094.255 5475.555
RSC 130 1954.305 5533.56 2094.255 5673.51
SS/TR 131 1954.305 5731.515 2094.255 5871.465
VSENSE 132 1954.305 5910.615 2094.255 6050.565
COMP 133 1954.305 6116.715 2094.255 6256.665
REFCAP 134 1954.305 6948.45 2094.255 7088.4
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7 Specifications

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

MIN MAX| UNIT
VIN -0.3 75
PVIN -0.3 75
EN -0.3 75
RSC -0.3 3.3
VSENSE -0.3 3.3
Input voltage COMP -0.3 3.3 \%
PWRGD -0.3 75
SS/TR -0.3 3.3
RT -0.3 3.3
SYNC1 -0.3 75
SYNC2 -0.3 75
REFCAP -0.3 3.3
Output voltage PH -1 7.5 \
PH 10-ns transient -3 7.5
Vdiff (GND to exposed thermal pad) -0.2 0.2 \%
PH Current limit A
Source current
RT +100 HA
PH Current limit A
PVIN Current limit A
Sink current
COMP +200 HA
PWRGD -0.1 5 mA
Operating junction temperature -55 150 °C
Storage temperature, Tgtg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

7.2 ESD Ratings

VALUE UNIT

Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(") +2000
V(Esp) Electrostatic discharge \
Charged-device model (CDM), per ANSI/ESDA/JEDEC JS-002, all pins®® +1000

(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.

7.3 Recommended Operating Conditions

MIN NOM MAX UNIT
lout Maximum switching current 18 A
T, Junction operating temperature -55 125 °C
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7.4 Thermal Information

TPS7H4001-SP
THERMAL METRIC(") CDFP HTSSOP UNIT
34 PINS 44 PINS
Reua Junction-to-ambient thermal resistance 253 23.7 °C/W
Reuc(top) Junction-to-case (top) thermal resistance 9.5 12.4 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance 25 1.2 °C/W
Reur Junction-to-board thermal resistance 9.5 6.8 °C/W
() Junction-to-top characterization parameter 34 0.2 °C/W
Wi Junction-to-board characterization parameter 9.3 6.7 °C/W

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

7.5 Electrical Characteristics - All Devices
T,=-55°C to 125°C, V|y = Pyjyn = 3 V to 7 V (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ SUBGROUP(") MIN TYP MAX| UNIT
SUPPLY VOLTAGE (VIN AND PVIN PINS)
PVIN operating input voltage 1,2,3 3.0 7.0 \Y
PVIN internal UVLO threshold PVIN rising 1,2,3 2.425 2.50 2.575 \Y
PVIN internal UVLO hysteresis Load=0A 1,2,3 425 450 475 mV
VIN operating input voltage 1,2,3 3.0 7.0 \%
VIN internal UVLO threshold VIN rising 1,2,3 2.71 2.75 2.80 \%
VIN internal UVLO hysteresis 1,2,3 134 150 178 mV
VIN shutdown supply current VEn=0V 1,2,3 2.32 2.85 mA
VIN operating — non switching supply current | Vsense = Ves 1,2,3 4 6 mA
ENABLE AND UVLO (EN PIN)
Enable threshold Rising 1,2,3 1.110 1.14 1.172 v
Falling 1,2,3 1.080 1.1 1.148
Input current Ven=1.1V 1,2,3 4.8 6.1 7.6 uA
Hysteresis current Ven=13V 1,2,3 24 3.0 3.9 pA
ERROR AMPLIFIER
Error amplifier input offset voltage Vsense =0.6 V 1,2,3 -2 2.55 mV
VSENSE pin input current Vsense =0.6 V 1,2,3 -15 15 nA
Error amplifier transconductance (g) =2 pA <lcomp <2 PA, Vicomp) =1V 9,10, 11 1150 1800 2400 uS
Error amplifier DC gain(@ Vsense = 0.6 V 10000 VIV
Error amplifier source V(comp) = 1V, 100-mV input overdrive 1,2,3 100 140 190 uA
Error amplifier sink V(comp) = 1V, 100-mV input overdrive 1,2,3 100 140 190 uA
Error amplifier output resistance 7 MQ
-55°C 3 28 38 49
COMP to Iswitch gm(®) COMP =05V 25°C 1 29 40 50 S
125°C 2 30 41 52
SLOPE COMPENSATION
fsw = 100 kHz, RSC = 1.1 MQ -1.2
Slope compensation(*) fgw = 500 kHz, RSC = 196 kQ -6.0 Alus
fsw = 1000 kHz, RSC = 80.6 kQ -16.0
THERMAL SHUTDOWN
Thermal shutdown 190 °C
Thermal shutdown hysteresis 18 °C
INTERNAL SWITCHING FREQUENCY
Internally set frequency RT = Open VIN=3V 450 aad 47 o1 kHz
VIN=5V 4,5,6 449 502 560
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TJ =-55°C to 125°C, VlN = PV|N =3V

to 7 V (unless otherwise noted)

PARAMETER TEST CONDITIONS SUBGROUP() MIN TYP MAX| UNIT
RT = 1.07 MQ (1%) VIN=3V 4,5,6 80 98 125
VIN=5V 4,5,6 80 100 125
RT = 165 kQ (19%) VIN=3V 4,5,6 455 495 535
Externally set frequency VIN=5V 4,56 475 523 615 kHz
VIN=3V 4,5,6 689 850 1011
RT = 73.2 kQ (1%) VIN=5V 4,5,6 760 986 1212
m‘ d(=S?) V. TID =100 1, 760 1145 1425
EXTERNAL SYNCHRONIZATION
S?(\)(OZI)CWSYNCZ out low-to-high rise time (10%/ Cload = 25 pF 9,10, 11 70 180 ns
1S(\)(OZI)CWSYNCZ out high-to-low fall time (90%/ Cload = 25 pF 9,10, 11 10 21 ns
SYNC2 to SYNC1 rising edge phase shift 9,10, 11 77 85 94 °
SYNC1 falling edge delay®) 9,10, 11 165 180 185 °
SYNC1/SYNC2 out high level threshold lon = 50 YA 1,2,3 VIN-0.3 \%
SYNC1/SYNC2 out low level threshold loL =50 pA 1,2,3 600 mV
PVIN=VIN =3V 800
SYNC1/SYNC2 in low level threshold PVIN=VIN=5V 1,2,3 800 mV
PVIN = VIN =7 VO 800
PVIN=VIN=3V 2.25
SYNC1/SYNC2 in high level threshold PVIN=VIN=5V 1,2,3 35 \Y
PVIN = VIN =7 V@) 4.9
SYNC1 in frequency range PVIN=VIN=5V 4,5,6 100 1000 kHz
SYNCH1 in duty cycle range Duty cycle of external clock 4,56 40 60 %
PH (PH PIN)
o o
Minimum on time ms{f;rﬁ?smgé t\(/) e v e . ns
:‘:sisgridsm 0% 10 90% of VIN, 9,10, 11 190 225
SOFT START AND TRACKING (SS/TR PIN)
SS charge current 1,2,3 1.5 25 3 uA
SS/TR to VSENSE matching(®) V(ssry= 0.3V 1,2,3 30 90 mV
POWER GOOD (PWRGD PIN)
Vsense falling (fault) 90 91
VSENSE threshold Vsens rising (good) 1,2,3 - 7] opvREF
Vsense rising (fault) 109 111
Vsense falling (good) 103 106
Output high leakage Vsense = VREF, V(PWRGD) =5V 1,2,3 30 181 nA
Output low lPwreD) = 2 MA 1,2,3 0.3 \%
Minimum VIN for valid output V(pwrep) < 0.5 V at 100 pA 1,2,3 0.6 1 \%
Minimum SS/TR voltage for PWRGD 1,2,3 1.1 \%

Conformance Inspection table.

(1)  For subgroup definitions, see Quality

(2) Ensured by design only. Not tested in production.
(3) Bench verified. Not tested in production.

4)

Compensation section.

Example values are shown in the table. Actual values are application specific and should be calculated as detailed in the Slope
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7.6 Electrical Characteristics: CDFP and KGD Options
T,=-55°C to 125°C, V|y = Pyjy = 3 V to 7 V (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘SUBGROUP(” MIN TYP MAX| UNIT
VOLTAGE REFERENCE
Internal voltage reference initial 0 A:S lout< 18 A, 0 és lout< 18 A, 1 0599 0605 0612 Vv
tolerance 25°C 25°C
-55°C 0.595 0.602 0.609
Internal voltage reference 0OA<louts18 A \Y
125°C 2 0.600 0.607 0.613
REFCAP voltage REFCAP =470 nF 1,2,3 1.191 1.209 1.226 \Y
MOSFET
-55°C 3 16 22
PVIN=VIN =3V, -
lead length = 3 mm 25C ! 22 25
125°C 2 30 34
-55°C 3 14 19
High-side switch resistance(? PVIN=VIN=5V, = o5 1 20 22| mQ
lead length = 3 mm
125°C 2 27 30
PUN=VIN=7 | 795C 3 13 18
V, lead length = 3 25°C 1 17 21
(3)
mm 125°C 2 23 28
-55°C 3 1
PVIN=VIN =3V, -
lead length = 3 mm 25°C ! 12
125°C 2 14 18
-55°C 3 10
Low-side switch resistance(® PVIN = VIN_= SV, o5 1 11| mQ
lead length = 3 mm
125°C 2 13 17
PUN=VIN=7  |7C 3 !
V, lead length = 3 25°C 1 10
(3)
mm 125°C 2 13 15
OVERCURRENT PROTECTION
High-side switch current limit threshold® |VIN = 7 V 1,2,3 25 32 A
i_horw-smeg;mtch sourcing overcurrent VIN=7V 1,23 21 29 37 A
eshold
Low-S|de(§\)N|tch sinking overcurrent VIN=7V 1,2,3 45 6 A
threshold

(1)  For subgroup definitions, see Quality Conformance Inspection table.

(2) Measured at pins

(3) Bench verified. Not tested in production.
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7.7 Electrical Characteristics: HTSSOP (SHP) Option
T,=-55°C to 125°C, V|y = Pyjy = 3 V to 7 V (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘SUBGROUP(” MIN TYP MAX| UNIT
VOLTAGE REFERENCE
niernal voltage reference inital 0ASlout< 18 A, 25°C 1 0598 0605 0613 V
Internal voltage reference 0OA<louts18 A 55°C 0594 0602 0.609 \Y
125°C 2 0.599 0.607 0.614
REFCAP voltage REFCAP = 470 nF 1,2,3 1.189  1.209 1.228 \Y
MOSFET
-55°C 3 16 18
PVIN=VIN=3V 25°C 1 19 21
125°C 2 23 27
-55°C 3 14 16
High-side switch resistance® PVIN=VIN=5V 25°C 1 17 19| mQ
125°C 2 20 23
-55°C 3 13 15
PVIN =VIN =7 V@) |25°C 1 15 18
125°C 2 19 22
-55°C 3 7 11
PVIN=VIN=3V 25°C 1 9 12
125°C 2 13 17
-55°C 3 6 10
Low-side switch resistance(@) PVIN=VIN=5V |25°C 1 9 1] mQ
125°C 2 12 15
-55°C 3 5 9
PVIN =VIN =7 V@) |25°C 1 8 10
125°C 2 11 14
OVERCURRENT PROTECTION
High-side switch current limit threshold®) |V \y =7 V 1,2,3 27 34| A
i_hor\év;igzg;/vitch sourcing overcurrent V=7V 1,2,3 25 32 A
i_h?’\év;ig;g\)/vitch sinking overcurrent V=7V 1,2,3 35 6 A

(1)  For subgroup definitions, see Quality Conformance Inspection table.
(2) Measured at pins.
(3) Bench verified. Not tested in production.
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7.8 Electrical Characteristics: HTSSOP (QMLP) Option
T,=-55°C to 125°C, V|y = Pyjy = 3 V to 7 V (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘SUBGROUP(” MIN TYP MAX| UNIT
VOLTAGE REFERENCE
niernal voltage reference inital 0ASlout< 18 A, 25°C 1 0599 0605 0612] V
Internal voltage reference 0OA<louts18 A 55°C 3 0595 0602 0609 \Y
125°C 2 0.600 0.607 0.613
REFCAP voltage REFCAP = 470 nF 1,2,3 1.189  1.209 1.228 \Y
MOSFET
-55°C 3 16 18
PVIN=VIN=3V 25°C 1 19 21
125°C 2 23 27
-55°C 3 14 16
High-side switch resistance® PVIN=VIN=5V 25°C 1 17 19| mQ
125°C 2 20 23
-55°C 3 13 15
PVIN =VIN =7 V@) |25°C 1 15 18
125°C 2 19 22
-55°C 3 7 11
PVIN=VIN=3V 25°C 1 9 12
125°C 2 13 17
-55°C 3 6 10
Low-side switch resistance(@) PVIN=VIN=5V |25°C 1 9 1] mQ
125°C 2 12 15
-55°C 3 5 9
PVIN =VIN =7 V@) |25°C 1 8 10
125°C 2 11 14
OVERCURRENT PROTECTION
High-side switch current limit threshold®) |V \y =7 V 1,2,3 27 34| A
i_hor\év;lgzg;/vltch sourcing overcurrent V=7V 1,2,3 25 32 A
i_h?’\év;ilg;g\)mtch sinking overcurrent V=7V 1,2,3 35 6 A
(1)  For subgroup definitions, see Quality Conformance Inspection table.
(2) Measured at pins.
(3) Bench verified. Not tested in production.
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7.9 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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7.10 Typical Characteristics

Typical characteristics taken with the CDFP package option. Efficiency data was collected using the
TPS7H4001EVM-CVAL with 2 inductors in parallel. For 100-kHz data, each inductor was L = 10 uyH, part
number = SER1390-103ML. For 500-kHz and 1000-kHz data, each inductor was L = 1.8 pH, part number =
SER1360-182KL.
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Figure 7-1. Internal VREF Initial Tolerance Figure 7-2. Internal VREF Variation
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Figure 7-5. Enable Hysteresis Current Variation Figure 7-6. Enable Pull-Up Current Variation
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Figure 7-11. SS/TR to VSENSE Matching Variation Figure 7-12. High-Side Current Limit Variation
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Figure 7-15. Low-Side Switch Resistance Variation

Figure 7-16. High-Side Switch Resistance Variation
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Figure 7-17. Efficiency for VIN=3.3V,VOUT =1V
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Figure 7-19. Efficiency for VIN=5V,VOUT =18V
at 100-kHz Switching Frequency
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Figure 7-20. Efficiency for VIN=5V,VOUT =25V
at 100-kHz Switching Frequency
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Figure 7-21. Efficiency for VIN=3V, VOUT =1V at
500-kHz Switching Frequency
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Figure 7-22. Efficiency for VIN=3V,VOUT =15V
at 500-kHz Switching Frequency
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Figure 7-23. Efficiency for VIN=3V,VOUT =18V
at 500-kHz Switching Frequency
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Figure 7-24. Efficiency for VIN=3V,VOUT =25V
at 500-kHz Switching Frequency
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Figure 7-25. Efficiency for VIN=5V, VOUT =1V at
500-kHz Switching Frequency
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Figure 7-26. Efficiency for VIN=5V,VOUT =15V
at 500-kHz Switching Frequency
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Figure 7-27. Efficiency for VIN=5V,VOUT =18V
at 500-kHz Switching Frequency
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Figure 7-28. Efficiency for VIN=5V,VOUT =25V
at 500-kHz Switching Frequency
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Figure 7-29. Efficiency for VIN=5V, VOUT =3.3V
at 500-kHz Switching Frequency
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Figure 7-30. Efficiency for VIN=7 V, VOUT =1V at
500-kHz Switching Frequency
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Figure 7-31. Efficiency for VIN=7 V,VOUT =15V
at 500-kHz Switching Frequency
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Figure 7-32. Efficiency for VIN=7 V,VOUT =18V
at 500-kHz Switching Frequency
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Figure 7-33. Efficiency for VIN=7 V,VOUT =25V
at 500-kHz Switching Frequency
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Figure 7-34. Efficiency for VIN=7 V,VOUT =3.3V
at 500-kHz Switching Frequency

100%
90%
80% —
. —r— |
o \\:
5 60% —
E) 0,
2 50%
W 40%
30%
20% — 55°C
10% — 25°C
— 125°C
0

0 2 4 6 8 10 12 14 16 18
Output Current (A)

Figure 7-35. Efficiency for VIN=3V, VOUT =1V at
1000-kHz Switching Frequency
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Figure 7-36. Efficiency for VIN=3V,VOUT =15V
at 1000-kHz Switching Frequency
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Figure 7-37. Efficiency for VIN=3V,VOUT =18V
at 1000-kHz Switching Frequency
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Figure 7-38. Efficiency for VIN=3V,VOUT =25V
at 1000-kHz Switching Frequency

100%
90%
80% \\\\
0% \§\\
° ]
[ ——
5z 60%
E) 0,
2 50%
W 40%
30%
20% — 55°C
10% — 25°C
— 125°C
0

0 2 4 6 8 10 12 14 16 18
Output Current (A)

Figure 7-39. Efficiency for VIN=5V, VOUT =1V at
1000-kHz Switching Frequency
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Figure 7-40. Efficiency for VIN=5V,VOUT =15V
at 1000-kHz Switching Frequency
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Figure 7-41. Efficiency for VIN=5V,VOUT =18V
at 1000-kHz Switching Frequency
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Figure 7-42. Efficiency for VIN=5V,VOUT =25V
at 1000-kHz Switching Frequency
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Figure 7-43. Efficiency for VIN=5V,VOUT =3.3V
at 1000-kHz Switching Frequency
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Figure 7-44. Efficiency for VIN=7 V,VOUT =18V
at 1000-kHz Switching Frequency
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Figure 7-45. Efficiency for VIN=7 V,VOUT =25V
at 1000-kHz Switching Frequency
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Figure 7-46. Efficiency for VIN=7 V,VOUT =3.3V
at 1000-kHz Switching Frequency
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8 Detailed Description
8.1 Overview

The device is a 7-V, 18-A synchronous step-down (buck) converter with two integrated MOSFETs; a PMOS
for the high side and a NMOS for the low side. To improve performance during line and load transients, the
device implements a constant frequency, peak current mode control, which also simplifies external frequency
compensation. The wide switching frequency, 100 kHz to 1 MHz, allows for efficiency and size optimization when
selecting the output filter components. The integrated MOSFETSs allow for high-efficiency power supply designs
with continuous output currents up to 18 A. The MOSFETs have been sized to optimize efficiency for lower duty
cycle applications.

The device is designed for safe monotonic startup into prebiased loads. The default start up is when VIN is
typically 2.75 V. The EN pin has an internal pullup current source that can be used to adjust the input voltage
UVLO with two external resistors. In addition, the EN pin can be floating for the device to operate with the
internal pullup current. The total operating current for the device is approximately 4 mA when not switching and
under no load. When the device is disabled, the supply current is typically 2.3 mA.

The device has a power-good comparator (PWRGD) with hysteresis, which monitors the output voltage through
the VSENSE pin. The PWRGD pin is an open-drain MOSFET, which is pulled low when the VSENSE pin voltage
is less than 91% or greater than 109% of the reference voltage VREF and asserts high when the VSENSE pin
voltage is 94% to 106% of the VREF.

The SS/TR (soft-start/tracking) pin is used to minimize inrush currents or provide power-supply sequencing
during power-up. A small-value capacitor or resistor divider should be coupled to the pin for soft-start or critical
power-supply sequencing requirements. If VSENSE is greater than the voltage at SS during startup, the device
will enter into a pulse-skipping mode.

The device is protected from output overvoltage, overload, and thermal fault conditions. The device minimizes
excessive output overvoltage transients by taking advantage of the overvoltage circuit power-good comparator.
When the overvoltage comparator is activated, the high-side MOSFET is turned off and prevented from turning
on until the VSENSE pin voltage is lower than 106% of the VREF. 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 the junction temperature is higher
than thermal shutdown trip point. The device is restarted under control of the soft-start circuit automatically when
the junction temperature drops 18°C (typical) 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 device allows for a variety of applications by using the VIN and PVIN pins together or separately. The VIN
pin voltage supplies the internal control circuits of the device. The PVIN pin voltage provides the input voltage to
the power converter system. Both pins have an input voltage range from 3 V to 7 V. A voltage divider connected

to the EN pin can adjust the input voltage UVLO appropriately. Adjusting the input voltage UVLO on the PVIN pin
helps to provide consistent power-up behavior.

8.3.2 Voltage Reference

The device generates an internal 1.21-V bandgap reference that is utilized throughout the various control logic
blocks. This is the voltage present on the REFCAP and SS/TR pins during steady state operation. This voltage
is divided down to 0.604 V to produce the reference for the error amplifier. The error amplifier reference is
measured at the COMP pin to account for offsets in the error amplifier and maintains regulation within £1.5%
across line, load, temperature, and TID (or +1.7% for the SHP option) as shown in the Specifications. 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.
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8.3.3 Adjusting the Output Voltage

The output voltage is set with a resistor divider from the output (VOUT) to the VSENSE pin. Tl recommends to
use 1% tolerance or better resistors. Start with a 10 kQ for Rtop and use Equation 1 to calculate Rgottom. 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 VSENSE input current are noticeable.

R __ VReF o p
BOTTOM = 5T — Vegr TOP )

where
. VREF =0.604 V
8.3.4 Safe Start-Up Into Prebiased Outputs

The device prevents the low-side MOSFET from discharging a prebiased output lower than the configured output
voltage through the VSENSE pin.

8.3.5 Error Amplifier

The device uses a transconductance error amplifier. The error amplifier compares the VSENSE pin voltage to
the lower of the SS/TR pin voltage or the internal 0.604-V voltage reference. The transconductance of the error
amplifier is 1800 pA/V during normal operation. The frequency compensation network is connected between the
COMP pin and ground. The error amplifier DC gain is typically 10,000 V/V.

8.3.6 Enable and Adjust UVLO

The EN pin provides electrical on and off control of the device. When the EN pin voltage exceeds the threshold
voltage, the device enables operation. If the EN pin voltage is pulled below the threshold voltage, the regulator
stops switching and enters low I, state. The EN pin has an internal pullup current source, allowing the user
to float the EN pin for enabling the device. If an application requires controlling the EN pin, use open-drain or
open-collector output logic to interface with the pin.

The device implements internal UVLO circuitry on the VIN pin. The device is disabled when the VIN pin voltage
falls below the internal VIN UVLO threshold. The internal VIN UVLO threshold has a hysteresis of 150-mV
typical.

If an application requires either a higher UVLO threshold on the VIN pin or a secondary UVLO on the PVIN in
split-rail applications, then the EN pin can be configured as shown in Figure 8-1, Figure 8-2, and Figure 8-3. A
ceramic capacitor in parallel with the bottom resistor R, is recommended to reduce noise on the EN pin as used
in the TPS7H4001-SP Evaluation Module. See the TPS7H4001EVM-CVAL Evaluation Module (EVM) User's
Guide (SLVUBO5) for more information.

The EN pin has a small pullup current, |,, which sets the default state of the pin to enable when no external
components are connected. The pullup current is also used to control the voltage hysteresis for the UVLO
function because it increases by |, after the EN pin crosses the enable threshold. Calculate the UVLO thresholds
with Equation 2 and Equation 3.
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Figure 8-1. Adjustable VIN UVLO
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Figure 8-2. Adjustable PVIN UVLO
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Figure 8-3. Adjustable VIN and PVIN UVLO

VENFALLING
Vstart X 57— — Vstop

R, = VENRISING
I 1— VENFALL]NG +1
P V, h
ENRISING (2)
R, = Ry X VenpaLLING
) =
Vsror — Venrauing + Ri(Ip +1y) 3)
where
e 1,=3pA
- 1,=6.1pA
* Venrising = 1.14V
* VENnFALLING = 1111V
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8.3.7 Adjustable Switching Frequency and Synchronization (SYNC)

The switching frequency of the device supports three modes of operations. The modes of operation are set by
the conditions on the RT, SYNC1, and SYNC2 pins. At a high level, these modes can be described as internal
oscillator, external synchronization, and primary-secondary operation modes.

8.3.7.1 Internal Oscillator Mode

In internal oscillator mode, a resistor is connected between the RT pin and GND to configure the switching
frequency, fsy, 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 4. Figure 8-4 shows the relationship curve between
the RT resistor value and the configurable switching frequency range. It is recommended that the SYNC2 pin be
connected to GND for this mode of operation.

RT = 223260 x fgy 1> 4)
where
e RTinkQ
. fSW in kHz
1100
1000 \
900 \
800 \
700
g 600 \
£ 500
400 \\
300
200 T~
100 —
0

100 200 300 400 500 600 700 800 900 1000
Switching Frequency (kHz)

Figure 8-4. RT vs Switching Frequency

8.3.7.2 External Synchronization Mode

In external synchronization mode, a resistor is connected between the RT pin and GND corresponding to the
external clock frequency as indicated in Equation 4 and Figure 8-4. Low tolerance resistor values should be used
for this purpose as this is necessary for proper slope compensation. The SYNC1 pin requires a toggling signal
for this mode to be effective. The input signal gets internally inverted and as a result, the switching frequency of
the device is 180° out of phase with that of SYNC1 pin. During the mode of operation, the SYNC1 pin connects
to the input clock and the SYNC2 pin must be connected to either GND or VIN depending on whether it is
desired to invert the clock SYNC1 receives. When SYNC2 is connected to GND, the clock provided on SYNC1 is
inverted. When SYNC2 is connected to VIN, the input clock signal on SYNC1 does not get inverted. As a result,
external synchronization mode can be used to connect 2, 3, or 4 devices in parallel using an external clock (at
any frequency between 100 kHz and 1 MHz) as long as the clocks used for each device are in the proper out of
phase configuration. If no external clock signal is detected for 20 ps, then the TPS7H4001-SP transitions to its
internal clock and a switching frequency that is determined by the value of the RT resistor. If no external clock is
available, then the primary-secondary operation mode can also be used to connect devices in parallel.
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8.3.7.3 Primary-Secondary Operation Mode

In primary-secondary mode, the RT pin of the primary device must be left floating. This sets the internal
switching frequency of the device, fgyy to a typical 500 kHz and the SYNC1 pin becomes an output clock at the
same frequency and phase as fgyy. In addition, the SYNC2 pin becomes an output clock at the same frequency
but at 90° out of phase with respect to SYNC1. This SYNC1 and SYNC2 output clock signals, in combination
with the state of the SYNC2 pins of the secondary devices, can be used to connect 2, 3, or 4 devices in parallel
configuration. Figure 8-5 shows the SYNC1 and SYNC2 clock signals when the RT pin is floating in the primary
device and how the signals can be used to generate the 90° out of phase clocks needed to connect 4 devices
in parallel configuration (1 primary and 3 secondaries). The SYNC1b and SYNC2b indicate the clock signals
being inverted either internally or due to the state of the SYNC2 pin in the secondary devices. When SYNC2 is
connected to GND, the inverse functionality of the input clock signal in SYNC1 remains the same. When SYNC2
is connected to VIN, the input clock signal in SYNC1 does not get inverted. The RT pin of the secondary devices
must have a resistor to GND corresponding to 500 kHz as indicated in Equation 4 and Figure 8-4. Low tolerance
resistor values should be used for this purpose as this is necessary for proper slope compensation.

90°  270° 90°  270°
o o
Primary fo, | ' | | Primary fs., | L | [ | |
I | !
SYNC1 T | [ | | Secondary1fy, ] | I | L
I
SYNC2 J : | | | | |_ Secondary 2 fy, |_I_| : | | | | !
[ — !
o Secondary 3 fg, ! ,—\—’_
180° Lo
180°

Figure 8-5. SYNC1 and SYNC2 Clock Signals in Primary-Secondary Mode

Figure 8-6 shows the SYNC1 and SYNC2 output signals from the primary device as well as signals and
connections needed to operate 4 devices in parallel configuration. The fgy clock signal by each device
represents the switching frequency signal for the respective device.
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Figure 8-6. Parallel Operation With SYNC1 and SYNC2 Pins

The 3 modes previously described are summarized in Table 8-1.
Table 8-1. Switching Frequency, SYNC, and RT Pin Usage Table

MODE RT PIN SYNC1 PIN SYNC2 PIN SWITCHING FREQUENCY
Configurable using internal
. . oscillator from 100 kHz to
Internal oscillator . Floating GND 1 MHz depending on RT
Resistor to GND based resistor value
on Figure 8-4 it " hronized
. . nternally synchronized to
ynehvonization il e verted inermaly | D or VN extemal cock between 100
y y kHz to 1 MHz
Outputs 500-kHz clock in Outputs 500-kHz clock at
Primary Float phase with internal switching |90° out of phase with 500 kHz
frequency internal switching frequency
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8.3.8 Soft-Start (SS/TR)

The device uses the lower voltage of the internal voltage reference or the SS/TR pin voltage as the reference
voltage and regulates the output accordingly. A Cgg capacitor on the SS/TR pin to GND implements a soft-start
time. Equation 5 shows the equation for the nominal soft-start time, tgg. This is the time it will take VOUT to go
from 10% to 90% of the programmed voltage. The voltage reference (VREF) is 0.604 V and the soft-start charge
current (Isg) is 2.5 pA. When calculating the soft-start time tgg, it is important to take into account the variation
of the parameters Cgs, VREF and Igg as these may cause tgg to deviate from the nominal value in the actual
implementation.

0.8 x CSS (nF) X VREF (V)
Iss (nA) (5)

tgs (ms) =

When any of the following four scenarios occur the SS/TR pin is discharged:
» theinput UVLO is triggered,

* the EN pin is pulled below 1.05V,

» the high-side switch current limit threshold is exceeded, or

» athermal shutdown event occurs

With the exception of the scenario where the high-side current limit threshold is exceeded, the device will then
stop switching and enter into low current operation. At the subsequent power-up, when the shutdown condition
is removed, the device does not start switching until it has discharged its SS/TR pin to ground ensuring proper
soft-start behavior.

The device will enter into a pulse-skipping mode during startup in the event that VSENSE is greater than the
voltage at the SS/TR pin. During this period, the high-side switch will remain off and the low-side switch will
remain on until VSENSE again falls below the voltage at SS/TR.

8.3.9 Power Good (PWRGD)

The PWRGD pin is an open-drain output. When the VSENSE pin is between 94% and 106% of the internal
voltage reference, the PWRGD pin pulldown is deasserted and the pin floats. TI recommends to use a pullup
resistor between 10 kQ to 100 kQ to a voltage source that is equal to or less than VIN. The PWRGD is in a
defined state when the VIN input voltage is greater than 1 V but has reduced current sinking capability. The
PWRGD achieves full current sinking capability when the VIN input voltage is above 3 V.

The PWRGD pin is pulled low when VSENSE is lower than 91% or greater than 109% of the nominal internal
reference voltage. Also, the PWRGD is pulled low if:

» the input UVLO or thermal shutdown are asserted,

* the EN pin is pulled low, or

* the SS/TR pin is below 1.1 V.
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8.3.10 Sequencing
Many of the common power-supply sequencing methods can be implemented using the SS/TR, EN, and
PWRGD pins.

The sequential method is shown in Figure 8-7 using two TPS7H4001-SP devices. The PWRGD pin of the first
device is coupled to the EN pin of the second device, which enables the second power supply after the primary
supply reaches regulation.

TPS7H4001-SP TPS7H4001-SP
VIN
PWRGD
G EN
SS/TR SS/TR

T H g

Copyright © 2017, Texas Instruments Incorporated

Figure 8-7. Sequential Start-Up Sequence

Figure 8-8 shows the method implementing ratiometric sequencing by connecting the SS/TR pins of two devices
together. The regulator outputs ramp up and reach regulation at the same time. When calculating the soft-start
time, the pullup current source must be doubled in Equation 5 as there is only one SS/TR capacitor. A similar
situation applies if a resistor divider is used in the EN pin, that is, only one resistor divider is needed and the
factor of 2 must be taken into account when calculating the resistor values. This ratiometric connection is the one
used in primary mode as described in the Adjustable Switching Frequency and Synchronization (SYNC) section.

TPS7H4001-SP

EN

SS/TR

T PWRGD

TPS7H4001-SP

EN

SS/TR

PWRGD

Copyright © 2017, Texas Instruments Incorporated
Figure 8-8. 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 8-9) to the output of the power supply that needs to be tracked or another
voltage reference source. Using Equation 6 and Equation 7, the tracking resistors can be calculated to initiate
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the VOUT, slightly before, after, or at the same time as VOUT,. Equation 8 is the voltage difference between
VOUT, and VOUT,.

To design a ratiometric start-up in which the VOUT, voltage is slightly greater than the VOUT, voltage when
VOUT, reaches regulation, use a negative number in Equation 6 and Equation 7 for AV. Equation 8 results in
a positive number for applications where the VOUT, is slightly lower than VOUT, when VOUT, regulation is
achieved.

The AV variable is 0 V for simultaneous sequencing. To minimize the effect of the inherent SS/TR to VSENSE
offset (Vss.orrseT = 30 mV) in the soft-start circuit and the offset created by the pullup current source (lsg = 2.5
MA) and tracking resistors, the Vss.orrset and lgs are included as variables in the equations.

To ensure proper operation of the device, the calculated R4 value from Equation 6 must be greater than the
value calculated in Equation 9.

_ VOUT, + AV y Vss _OFFSET

1

VReF Iss (6)
R, = Vrer X Rg
27 VOUT, + AV — Vggr e
AV = VOUT; — VOUT, ®)
R, > 2800 x VOUT; — 180 x AV ©)
TPS7H4001-SP
EN VOUT1
SS/TR T VSENSEH1
PWRGD 1
TPS7H4001-SP
EN VOUT2
R1 1
VSENSE2
SS/TR I
R2 =
PWRGD
Copyright © 2017, Texas Instruments Incorporated
Figure 8-9. Ratiometric and Simultaneous Start-Up Sequence
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8.3.11 Output Overvoltage Protection (OVP)

The device incorporates an output OVP circuit to minimize output voltage overshoot. For example, when the
power supply output is overloaded, the error amplifier compares the actual output voltage to the internal
reference voltage. If the VSENSE 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 the overshoot by comparing the
VSENSE pin voltage to the OVP threshold. If the VSENSE pin voltage is greater than the OVP threshold, the
high-side MOSFET is turned off, preventing current from flowing to the output and minimizing output overshoot.
When the VSENSE voltage drops lower than the OVP threshold, the high-side MOSFET is allowed to turn on at
the next clock cycle.

8.3.12 Overcurrent Protection

The device is protected from overcurrent conditions with cycle-by-cycle current limiting on both the high-side and
low-side MOSFET.

8.3.12.1 High-Side MOSFET Overcurrent Protection

The device implements current mode control, which uses the COMP pin voltage to control the turn off of

the high-side MOSFET and the turn on of the low-side MOSFET on a cycle-by-cycle basis. Each cycle the

switch current and the current reference generated by the COMP pin voltage are compared, when the peak

switch current intersects the current reference, the high-side switch is turned off. In the event of an overcurrent

detection, the following sequence of events occurs:

* The SS/TR pin is discharged

*  When the voltage at SS/TR falls below VSENSE, the device will stop switching

* As VOUT decreases, VSENSE does as well. At the point when VSENSE is equal to the voltage at SS/TR, the
device will begin switching again.

8.3.12.2 Low-Side MOSFET Overcurrent Protection

While the low-side MOSFET is turned on its conduction current is monitored by the internal circuitry. During
normal operation the low-side MOSFET sources current to the load. At the end of every clock cycle, the low-side
MOSFET sourcing current is compared to the internally set low-side sourcing current limit. If the low-side
sourcing current is exceeded, the high-side MOSFET is not turned on and the low-side MOSFET stays on for the
next cycle. The high-side MOSFET is turned on again when the low-side current is below the low-side sourcing
current limit at the start of a cycle.

The low-side MOSFET may also sink current from the load. 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 diode (the high-side MOSFET is still off at this stage).

8.3.13 Thermal Shutdown

The internal thermal shutdown circuitry forces the device to stop switching if the junction temperature exceeds
190°C (typical). The device reinitiates the power-up sequence when the junction temperature drops below 172°C

(typical).
8.3.14 Turn-On Behavior

Minimum on-time specification determines the maximum operating frequency of the design. During soft-start, if
the required duty cycle is less than the minimum controllable on-time, the device can enter into a pulse-skipping
mode. Thus, instantaneous output pulses can be higher or lower than the desired voltage. This behavior is only
evident when operating at high frequency with high bandwidth. When the minimum on-pulse is greater than the
minimum controllable on-time, the turn-on behavior is normal.
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8.3.15 Slope Compensation

The device adds a compensating ramp to the switch current signal for all duty cycles. The slope compensation
adjusts the peak current during the charging of the inductor to avoid instability of the system. As a result, the
ideal slope compensation is defined as the output voltage divided by the inductor size as shown in Equation 10.
The slope compensation, SC, can be configured with a resistor to GND connected to the RSC pin. The RSC
resistor value, in kQ, can be calculated using Equation 11, where SC is in A/us and fgy is in kHz.

di VOUT
SCideal = a = L (10)
RSC = 24000 1040 30
fow SC (1)

8.3.15.1 Slope Compensation Requirements

All the design parameters are relevant when configuring the slope compensation. The first requirement is that
the inductor peak current I ook Must be less than the compensated maximum high side FET current, I max a@s
shown in Equation 12.

ILpeak < ILmax (12)

I peak Can be calculated as shown in Equation 13, where K| relates Iy the inductor ripple current, to Io the
output current, as shown in Equation 14.

Iripple KL X IO
ILpeak =lp + 2 =lp + 2

(13)
KL _ Irii)ple
0 (14)

ILmax is defined as the difference between the high side current limit specified in the Electrical Characteristics,
and the change in current due to the ramp, Isc as shown in Equation 15. Igc can be calculated using Equation
16, where tgy is the on time for the high side FET. tgy depends on the switching frequency and is related to the
duty cycle as shown in Equation 17.

Iimax = lus_w — Isc (15)

ISC = SC X tON (16)
) D 1 VOUT
= —X = — X —

oN fsw fsw VIN 17)

The last requirement related to the slope compensation is related to the maximum value for K_ depending on the
SC value selected so that the desired I can be supported. In other words, the maximum value for K such that
I peak is less than I max. By substituting Equation 16 and Equation 17 into the combinations of Equation 13 and
Equation 15, the equation for the maximum value for K, can be derived as shown in Equation 18.

SC (VOUT
s .~ - (Come — 0-25)
- SW
Kimax < 2 -1
Io
(18)
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8.3.16 Small Signal Model for Frequency Compensation

The device uses a transconductance amplifier for the error amplifier and readily supports two of the commonly
used frequency compensation circuits shown in Figure 8-10. In Type 2A, one additional high-frequency pole is

added to attenuate high-frequency noise.

The following design guidelines are provided for advanced users who prefer to compensate using the general

method.
vouT
R1
comp Type2A  Type 2B
""" [ - ';
] |
R2 R3S,
] |
(]
]
1 =

Figure 8-10. Types of Frequency Compensation

The general design guidelines for device loop compensation are as follows:

1. Determine the crossover frequency f.,. A good starting point is one-tenth of the switching frequency, fsw.

2. Rj3can be determined by:

2T X fCO X VOUT X COUT
R3 =

gMey X VREF X gmps

(19)

where gme, is the transconductance of the error amplifier (1800 uS), gm,s is the transconductance of the

power stage (40 S) and VREEF is the reference voltage (0.604 V).

3. Place a compensation zero at the dominant pole calculated in Equation 20 using C4 and Rs.

C,4 can be determined by Equation 21.
1

f. =

p COUT X RL X 2T
Cour X Ry,

Cl = —R3

(20)

(21)

4. C,is optional. It can be used to cancel the zero from the equivalent series resistance (ESR) of the output

capacitor Coyr.

_ Cour X Rgsg

C=——"7—"-
R3

8.4 Device Functional Modes
8.4.1 Fixed-Frequency PWM Control

(22)

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 compared through
external resistors on the VSENSE pin to an internal voltage reference by an error amplifier, which drives the
COMP pin. An internal oscillator initiates the turn on of the high-side power switch. The error amplifier output
is converted into a current reference, which compares to the high-side power switch current. When the power
switch current reaches the current reference generated by the COMP voltage level, the high-side power switch is

turned off and the low-side power switch is turned on.
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9 Application and Implementation

Note

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

9.1 Application Information

The TPS7H4001-SP device is a highly-integrated synchronous step-down DC-DC converter. The device is used
to convert a higher DC-DC input voltage to a lower DC output voltage with a maximum output current of 18 A.

The TPS7H4001-SP user's guide is available on the Tl website, TPS7H4001EVM-CVAL Evaluation Module
(EVM) User's Guide (SLVUBOS). The guide highlights standard EVM test results, schematic, and BOM for
reference.

9.2 Typical Application

AAA

VIN
[} PWRGD
r ? VOnUT
PVIN PWRGD
3 VIN PHASE : _: ' I J_
EN w vsense [ |
L TPS7H4001-SP i
E: -
RSC
-
SSTR PGND
RT GND 7
COMP THERMAL PAD
- -

Figure 9-1. Typical Application Schematic
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9.2.1 Design Requirements

This example highlights a design using the TPS7H4001-SP based on its evaluation module. For more
details, please refer to the EVM user's guide, TPS7H4001EVM-CVAL Evaluation Module (EVM) User's Guide
(SLVUBOS5). A few parameters must be known in order to start the design process. These parameters are
typically determined at the system level. For this example, we start with the following known parameters:

Table 9-1. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Output voltage 1V
Maximum output current 18 A
Transient response 9-A load step AVOUT = 5%
Input voltage 5V
Output voltage ripple 20 mVp-p
Start input voltage (rising V|\) 45V
Stop input voltage (falling V y) 43V
Switching frequency 500 kHz

9.2.2 Detailed Design Procedure
9.2.2.1 Operating Frequency

The first step is to decide on a switching frequency for the regulator. There is a trade off between higher and
lower switching frequencies. Higher switching frequencies may produce smaller a solution size using lower
valued inductors and smaller output capacitors compared to a power supply that switches at a lower frequency.
However, the higher switching frequency causes extra switching losses, which hurt the converter’s efficiency
and thermal performance. In this design, a switching frequency of 500 kHz is selected. Since the regulator can
internally generate a 500-kHz switching frequency, no RT resistor is necessary but can be used if desired.

9.2.2.2 Output Inductor Selection

To calculate the value of the output inductor, use Equation 23. K| is a coefficient that represents the amount of
inductor ripple current relative to the maximum output current, lo as shown in Equation 14. The inductor ripple
current is filtered by the output capacitor, therefore, choosing high inductor ripple currents impact the selection
of the output capacitor since the output capacitor must have a ripple current rating equal to or greater than the
inductor ripple current. In general, the inductor ripple value is at the discretion of the designer depending on
specific system needs. Typical values for K| range from 0.1 to 0.5. For low output currents, the value of K, could
be increased to reduce the value of the output inductor.

| _ Vowwax — VOUT VOUT

X
Io XK, Vinmax X fsw (23)

For this design example, use K_ = 0.1 and the inductor value is calculated to be 0.9 pyH for nominal VIN =5 V.

For the output filter inductor, it is important that the RMS current and saturation current ratings not be exceeded.
The RMS and peak inductor current can be found from Equation 25 and Equation 26.

_ Viymax — VOUT VOUT

Iripple - L

X
Vinmax X fsw (24)

2
1 VOUT X% (V —Vou
Lo \/I 2 x( (Vinmax I))

Iri

_ pple

ILpeak - I0 + 2 (26)
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For this design, the RMS inductor current is 18 A and the peak inductor current is 18.9 A. To satisfy this
requirement, two Coilcraft SER1360 inductors are used in parallel. These inductors have a saturation current
rating of 17 A and a RMS current rating of 9.5 A.

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 calculated peak inductor current
level calculated previously. In transient conditions, the inductor current can increase up to the switch current limit
of the device. For this reason, the most conservative approach is to specify an inductor with a saturation current
rating equal to or greater than the switch current limit rather than the peak inductor current.

9.2.2.3 Output Capacitor Selection

There are several considerations in determining the value of the output capacitor. The selection of the output
capacitor is driven by both the desired output voltage ripple and the allowable voltage deviation due to a
large and abrupt change in load current. For space applications, the value of capacitance also has to account
for the mitigation of single event effects (SEE). The output capacitance needs to be selected based on the
more stringent of these three criteria. It is also important to note that the value of the output capacitor
directly influences the modulator pole of the converter frequency response, as shown in Small Signal Model
for Frequency Compensation.

The desired response to a large change in the load current is the first criteria. The output capacitor needs to
supply the load with current when the regulator can not. This situation would occur if there are desired hold-up
times for the regulator where the output capacitor must hold the output voltage above a certain level for a
specified amount of time after the input power is removed. The regulator is also temporarily not able to supply
sufficient output current if there is a large, fast increase in the current needs of the load such as a transition from
no load to full load. The output capacitor must be sized to supply the extra current to the load until the control
loop responds to the load change. Equation 27 shows the minimum output capacitance, from the electrical point
of view, necessary to accomplish this.

oo 2XAl
OUT " fow X AVOUT 27)

Where Alg is the change in output current, fsyy is the regulator switching frequency, and AVOUT is the allowable
change in the output voltage. For this example, the transient load response is specified as a 5% change in
VOUT for a load step of 9 A. Also in this example, Alg = 9 A and AVOUT = 0.05 x 1 = 0.05 V. Using these
numbers gives a minimum capacitance of 720 pF. This value does not take the ESR of the output capacitor
into account in the output voltage change. For ceramic capacitors, the ESR is usually small enough to ignore in
this calculation. However, for space applications and large capacitance values, tantalum capacitors are typically
used, which have a certain ESR value to take into consideration.

Equation 28 calculates the minimum output capacitance needed to meet the output voltage ripple specification.
Where fgyy is the switching frequency, VOUT ;, is the maximum allowable output voltage ripple, and lyippe is the
inductor ripple current. In this case, the maximum output voltage ripple is 20 mV and the inductor ripple current is
1.8 A. Under these conditions, Equation 28 yields 22.5 pyF.

1 Iripple

Cour >
O 7 8 x fow ~ VOUT,ippie (28)

Additional capacitance de-ratings for aging, temperature and DC bias should be factored in, which increases this
minimum value. Capacitors generally have limits to the amount of ripple current they can handle without failing or
producing excess heat. An output capacitor that can support the inductor ripple current must be specified. Some
capacitor data sheets specify the RMS (Root Mean Square) value of the maximum ripple current. Equation 25
can be used to calculate the RMS ripple current the output capacitor needs to support. For this application,
Equation 25 yields 519 mA.

Equation 29 calculates the maximum ESR an output capacitor can have to meet the output voltage ripple
specification. Equation 29 indicates the ESR should be less than 11.11 mQ.
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VOUT,,
pple
RESR < I—
ripple (29)

For this specific design, taking into consideration the stringent requirements for space applications, a total output
capacitance of 2 mF with an equivalent ESR of approximately 2 mQ has been selected.

9.2.2.4 Input Capacitor Selection

The TPS7H4001-SP requires a high quality ceramic, type X5R or X7R, input decoupling capacitor of at least 4.7
WF of effective capacitance on the PVIN input voltage pins, and 4.7 yF on the VIN input voltage pin. In some
applications additional bulk capacitance may also be required for the PVIN input. The effective capacitance
includes any DC bias effects. The voltage rating of the input capacitor must be greater than the maximum input
voltage. The capacitor must also have a ripple current rating greater than the maximum input current ripple of the
TPS7H4001-SP. The input ripple current can be calculated using Equation 30.

VOUT (VIN MIN — VOUT)
ICINrms = IO X\/ X =

V] V]
IN_MIN IN_MIN (30)

The value of a ceramic capacitor varies significantly over temperature and the amount of DC bias applied to
the capacitor. The capacitance variations due to temperature can be minimized by selecting a dielectric material
that is stable over temperature. X5R and X7R ceramic dielectrics are usually selected for power regulator
capacitors because they have a high capacitance to volume ratio and are fairly stable over temperature. The
output capacitor must also be selected with the DC bias taken into account. The capacitance value of a capacitor
decreases as the DC bias across a capacitor increases. For this example design, a ceramic capacitor with at
least a 25-V voltage rating is required to support the maximum input voltage. For this example, six 22-uF and
two 470-uF 25-V capacitors in parallel have been selected as the VIN and PVIN inputs are tied together so
the TPS7H4001-SP may operate from a single supply. The input capacitance value determines the input ripple
voltage of the regulator. The input voltage ripple can be calculated using Equation 31. Using the design example
values, Iomax = 18 A, Ciy = 1.072 mF, fsy = 500 kHz, yields an input voltage ripple of 8.4 mV and a RMS input
ripple current of 7.2 A.

Tomax X 0.25

AVIN =
Cin X fsw (31)

9.2.2.5 Soft-Start Capacitor Selection

The soft-start capacitor Cgg, determines the minimum amount of time it takes for the output voltage to reach
its nominal programmed value during power up. This is useful if a load requires a controlled voltage slew rate.
This is also used if the output capacitance is very large and would require large amounts of current to quickly
charge the capacitor to the output voltage level. The large currents necessary to charge the capacitor may make
the TPS7H4001-SP reach the current limit or excessive current draw from the input power supply may cause
the input voltage rail to sag. Limiting the output voltage slew rate solves both of these problems. The soft-start
capacitor value can be calculated using Equation 5. The example circuit has the soft-start time set to an arbitrary
value of about 2 ms, which requires a 10-nF capacitor. In TPS7H4001-SP, Igg is 2.5-yA typical, and Vggg is
0.604 V.
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9.2.2.6 Undervoltage Lockout (UVLO) Set Point

The UVLO can be adjusted using the external voltage divider network formed by Ry and R,. R4 is connected
between VIN and the EN pin of the TPS7H4001-SP and R, is connected between EN and GND. The UVLO has
two thresholds, one for power up when the input voltage is rising and one for power down or brown outs when
the input voltage is falling. For the example design, the supply should turn on and start switching once the input
voltage increases above selected voltage (UVLO start or enable). After the regulator starts switching, it should
continue to do so until the input voltage falls below (UVLO stop or disable) voltage. Equation 2 and Equation 3
can be used to calculate the values for the upper and lower resistor values. For the stop voltages specified in
Table 9-1, the nearest standard resistor value for R¢ is 10 kQ and for R, is 3.4 kQ.

9.2.2.7 Output Voltage Feedback Resistor Selection

The resistor divider network Rtop and RgottoMm IS Used to set the output voltage. For the example design, 10 kQ
was selected for Rtgp. Using Equation 1, RgorTroMm is calculated as 15.32 kQ. The nearest standard 1% resistor
is 15.4 kQ.

9.2.2.7.1 Minimum Output Voltage

Due to the internal design of the TPS7H4001-SP, there is a minimum output voltage limit for any given input
voltage. The output voltage can never be lower than the internal voltage reference of 0.604 V. Above 0.604 V,
the output voltage may be limited by the minimum controllable on time. The minimum output voltage in this case
is given by Equation 32.

Vourmin = Vinmin X ton min X fow (32)

In this equation:

*  Voutmin is the minimum output voltage

*  Vinwmin is the minimum input voltage for the application

*  ton,min is the minimum on-time for the device, for which the maximum specification is 235 ns
» fsw is the switching frequency of the application.

9.2.2.8 Compensation Component Selection

There are several industry techniques used to compensate DC-DC regulators. For this design, type 2B
compensation is used as shown in the Small Signal Model for Frequency Compensation section.

A good starting rule of thumb is to set the crossover frequency to one-tenth of the switching frequency. This will
generally provide good transient response and ensure that the modulator poles do not degrade phase margin.

The compensation components can be calculated using Equation 19 and Equation 21. The values calculated for
R3 and C4 are 8.66 kQ and 12 nF, respectively.

An additional high frequency pole can be used if necessary by adding a capacitor in parallel with the series
combination of R3 and C4. The pole frequency is given by Equation 33.

1
fp=o—c—r
2T X R3 X Cz (33)
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9.2.3 Parallel Operation

The TPS7H4001-SP can be configured in primary-secondary mode to provide up to 72-A output current. For
more details, please refer to the EVM user's guide, TPS7H4001QEVM-CVAL Evaluation Module (EVM) User's
Guide (SLVUBW?7). Figure 9-2 shows a parallel configuration that can be used to provide 36-A output.

VIN
PVIN
L1 VIN

1EN

PWRGD
PHASE

vseNske L

TPS7H4001-SP
(Primary)

L.,
l

Y VSENSE |

REFCAP
RSC

PGND
GND
THERMAL PAD

RSC

VIN
PVIN
1 VIN

EN—TJ EN
SYNC1
SYNC2
SSTR SSTR
RT
COmP COMP

RT

PWRGD
PHASE

vsensk L

TPS7H4001-SP
(Secondary)

ICOUT

}—— VSENSE

REFCAP
RSC

PGND
GND
THERMAL PAD

RSC

-

Rrop

Rsorrom

=470 nF

=F470 nF

uT

[

Figure 9-2. Parallel Configuration Showing Primary and Secondary

The design procedure to configure the primary-secondary operation using the internal oscillator is as follows:

The RT pin of the primary device must be left floating. This achieves two purposes, to set the frequency to
500 kHz (typical) using the internal oscillator and to configure the SYNC1 and SYNC2 pins of the primary
device as output pins with a 500-kHz clock, in-phase and 90° out of phase, respectively to the internal
oscillator of the primary device. For more details, see Adjustable Switching Frequency and Synchronization
(SYNC) section.

The RT pin on secondary device should be connected to a resistor such that the frequency of the secondary
device matches the primary's frequency, 500 kHz in this case. See Figure 8-4 for reference.

SYNC1 and/or SYNC2 pin of the primary device must be connected to the SYNC1 pin of the secondary

a4
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Only a single feedback network is connected to the VSENSE pin of the primary device. Therefore, all
VSENSE pins must be connected.

Only a single compensation network is needed connected to the COMP pin of the primary device. Therefore
all COMP pins must be connected.

Only a single soft-start capacitor is needed connected to the SS pin of the primary device. Therefore all SS
pins must be connected.

Only a single enable signal (or resistor divider) is needed connected to the EN pin of the primary device.
Therefore all EN pins must be connected.

Since the primary device controls the compensation, soft-start and enable networks, the factor of n must be
taken into account when calculating the components associated with these pins, where n is the number of
devices in parallel.

The primary-secondary mode can also be implemented using an external clock. In such case, a different
frequency other than 500 kHz can be used. When using an external clock, the RT and SYNC pin configurations
vary as follows:

RT pins of both primary and secondary device must be connected to a resistor matching the frequency of the
external clock being used. See Figure 8-4 for reference.

The external clock is connected to the SYNC1 pin of the primary device. A 10-kQ resistor to GND should be
connected to the SYNC1 pin as well.

For two devices in parallel, an inverted clock (180° out of phase respect to the primary device) must be
connected to the SYNC1 pin of the secondary device. A 10-kQ resistor to GND should be connected to the
SYNC1 pin as well. The SYNC2 pins of the primary and secondary devices should be connected to VIN.
Another option for two devices in parallel is to use a single clock connected to the SYNC1 pins of both
devices, with the SYNC2 pin of the primary device connected to VIN and the SYNC2 pin of the secondary
device connected to GND.

For four devices in parallel, the SYNC1 pin of each device can be supplied with a separate clock, each phase
shifted 90° with respect to the other. In this configuration, all SYNC2 pins should be connected to VIN. There
is also an option where two clocks can be used, where the second clock is phase shifted 90° with respect to
the first. In this instance, the table below details how the SYNC1 and SYNC2 pins of each device should be
configured.

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 45

Product Folder Links: TPS7H4001-SP


https://www.ti.com
https://www.ti.com/product/TPS7H4001-SP
https://www.ti.com/lit/pdf/SLVSEN7
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSEN7D&partnum=TPS7H4001-SP
https://www.ti.com/product/tps7h4001-sp?qgpn=tps7h4001-sp

13 TEXAS

TPS7H4001-SP INSTRUMENTS
SLVSEN7D — APRIL 2019 — REVISED MAY 2023 www.ti.com
VIN
PVIN PWRGD L vouT
{1 vin PHASE T
COUT
= Ry I Rrop
EN + [—vsense |
G NP VSENSE Reorron
TPS7H4001-SP
Ra (Primary) -
EXT. SYNC

SYNC1 REFCAP

SYNC2 RSC
=470 nF

SS/TR PGND
RSC
RT GND

COomP THERMAL PAD

Css

PVIN PWRGD

VIN PHASE

ICOuT

<
=z
|
o+
L,

- vsense [1—— VSENSE
EN—T]EN
TPS7H4001-SP
(Secondary)
{1 sync1 REFCAP
i SYNC2 RSC
=470 nF

SSMR SS/TR PGND
RSC

RT GND

COMP CoMP THERMAL PAD

RT

-

Figure 9-3. Parallel Configuration With External Sync

Table 9-2. Pin Connections for Four Parallel Devices Using External Sync and Two Clocks

Device SYNC1 Pin SYNC2 Pin
1 Clock 1 VIN
2 Clock 2 VIN
3 Clock 1 GND
4 Clock 2 GND

The operation of multiple devices in parallel has an impact on some of the component calculations. For instance,
since the enable pins are all connected together, the UVLO calculation as presented in the Enable and Adjust
UVLO section will be modified according to the following equations, in which n is the number of paralleled
devices:
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VENFALLING
Vstart X 7 e VSTOP
Rl =
\Y
nxI (1_ ENFALLING )+ nxI
P VENRISING (1) (34)
R Ry X VEnFALLING

2" Vsror — Venrarumg + (0 X R, +1Ip) (35)

Also, since all SS/TR pins will be connected for the paralleled devices, the soft-start calculation presented in the
Soft-Start (SS/TR) section will be modified according to the following equation:

0.8 x CSS (I’IF) X VREF (V)
n X Iss (nA) (36)

tss (ms) =
The compensation design is detailed in the Small Signal Model for Frequency Compensation section. The
equation for R3 changes when the COMP pins of the devices in parallel are connected:

R. = 2T X fco X VOUT X% COUT _ 2T X fco X VOUT x COUT
3 T nxgme, X Vggr X 0 X gmps  n% X gme, X VRgp X gmyg

(37)

Note that for parallel operation, the equations for the other compensation components, C1 and C2, will remain
unchanged and still be calculated as shown in Equation 21 and Equation 22 due to the updated R3 calculation.
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9.2.4 Application Curve

The evaluation module for the TPS7H4001-SP was used to capture a load step response of the device. The
testing conditions were:

* VIN=PVIN=5V

« VOUT=1V

* Loadstep=9Ato18A

» Switching frequency = 500 kHz

'-"d-rv-{'."'r\|arp:Lp‘|;.'u:r-n\'&r-'-'.'\'*'-'-mq‘ VOUTL
I ; LN J

. |‘1 . ! .
Lo : oy
My u;l.ﬂqfﬂ'-ﬁr-'fﬂﬂ‘ ’ il

iy

| RETTEEET N | r‘-ﬁ—w«-.u-«— e | l,‘,.A-\\.-.» s FQL,,,L 4

Figure 9-5. Switch Node Waveform (PH) and Output Voltage Ripple for 500-kHz Switching Operation
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9.3 Power Supply Recommendations

The TPS7H4001-SP is designed to operate from an input voltage supply range between 3 V and 7 V. This
supply voltage must be well regulated. Power supplies must be well bypassed for proper electrical performance.
This includes a minimum of one 4.7 yF (after de-rating) ceramic capacitor, type X5R or better from PVIN to
GND, and from VIN to GND. Additional local ceramic bypass capacitance may be required in systems with small
input ripple specifications, as well as additional bulk capacitance if the TPS7H4001-SP 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 will improve the response to radiation induced transients. The TPS7H4001-
SP Evaluation Module uses 6 x 22-uF capacitors in addition to 2 x 470-uyF capacitors in parallel on the PVIN
input. In systems with an auxiliary power rail available, the power stage input, PVIN, and the analog power input,
VIN, may operate from separate input supplies.

9.4 Layout
9.4.1 Layout Guidelines

» Layout is a critical portion of good power supply design. See the Layout Example section 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 layer(s) using vias at the input bypass capacitor, the output filter capacitor,
and directly under the TPS7H4001-SP device to provide a thermal path from the exposed thermal pad land to
ground. For operation at full rated load, the top side ground area together with the internal ground plane must
provide adequate heat dissipating area.

* The GND pin should be tied directly to the thermal pad under the IC.

» There are several signals paths that conduct fast changing currents or voltages that can interact with stray
inductance or parasitic capacitance to generate noise or degrade the power supplies performance. To help
eliminate these problems, the PVIN pin should be bypassed to ground with a low ESR ceramic bypass
capacitor with X5R or 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 X5R or X7R dielectric.
Make sure to connect this capacitor to the quieter analog ground trace rather than the power ground trace of
the PVIN bypass capacitor.

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

» The output filter capacitor ground should use the same power ground trace 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, phase (PH) 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 VSENSE voltage as close to the device pin as possible in order to
reduce noise pickup.

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

* 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, however this layout has
been shown to produce good results and is meant as a guideline.
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9.4.2 Layout Example
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Figure 9-6. PCB Layout Example for CDFP package
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Figure 9-7. PCB Layout Example for HTSSOP Package
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10 Device and Documentation Support
10.1 Documentation Support
10.1.1 Related Documentation

For related documentation see the following:

* Texas Instruments, TPS7H4001EVM-CVAL Evaluation Module (EVM) user's guide

+ Texas Instruments, TPS7H4001QEVM-CVAL Evaluation Module User's Guide user's guide

» Texas Instruments, TPS7H4001-SP Single-Event Effects Test Report radiation report

» Texas Instruments, TPS7H4001-SP Total lonizing Dose (TID) radiation report

» Texas Instruments, TPS7H4001-SP Neutron Displacement Damage Characterization radiation report

» Texas Instruments, TPS7H4001-SP Model user's guide

» Texas Instruments, Texas Instruments Engineering Evaluation Units versus MIL-PRF-38535 QML Class V
Processing brochure

10.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates 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
A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘Si. \ 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.
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11 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
PowerPAD™ TSSOP - 1.2 mm max height
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NOTES:

PowerPAD is a trademark of Texas Instruments.

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

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

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed 0.15 mm per side.
4. Features may differ or may not be present.
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EXAMPLE BOARD LAYOUT
DDWO0044F PowerPAD ™ TSSOP - 1.2 mm max height
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NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.

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

7. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMAO002 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).

8. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
DDWO0044F PowerPAD ™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE
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NOTES: (continued)

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

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

rderable Device tatus ackage e Package Pins Package co Plan ead finis eak Tem em evice Markin amples
Orderable Devi S Package Type Package Pi Packag Eco PI Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Sampl
@ Drawing Qty @ Ball material ® (415)
(6)
5962-1820501VXC ACTIVE CFP HKY 34 1 RoOHS & Green AU N/ A for Pkg Type -55to 125 5962-1820501VXC
TPS7H4001MHKYV
5962R1820501V9A ACTIVE XCEPT KGD 0 25 ROHS & Green Call Tl N / A for Pkg Type -55 to 125
5962R1820501VXC ACTIVE CFP HKY 34 1 RoOHS & Green AU N/ A for Pkg Type -55to 125 5962R1820501VXC
TPS7H4001MHKYV
TPS7H4001HKY/EM ACTIVE CFP HKY 34 1 ROHS & Green AU N/ A for Pkg Type 25to0 25 TPS7H4001HKY/EM
TPS7H4001MDDWTSHP ACTIVE HTSSOP DDW 44 250 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -55 to 125 7H4001SHP
TPS7H4001Y/EM ACTIVE XCEPT KGD 0 5 RoHS & Green Call Tl N/ A for Pkg Type 25to0 25

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

© | ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.
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Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and 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.
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
5962-1820501VXC HKY CFP 34 1 506.98 32.77 9910 NA
5962R1820501VXC HKY CFP 34 1 506.98 32.77 9910 NA
TPS7H4001HKY/EM HKY CFP 34 1 506.98 32.77 9910 NA
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PACKAGE OUTLINE
CFP - 2.55 mm max height
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NOTES:

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

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

3. This package is hermetically sealed with a metal lid. The lid is connected to Pin 1.

4. The leads are gold plated.
5. Metal lid is connected to backside pad metallization
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EXAMPLE BOARD LAYOUT
CFP - 2.55 mm max height
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GENERIC PACKAGE VIEW
DDW 44 PowerPAD TSSOP - 1.2 mm max height

6.1 x 14, 0.635 mm pitch PLASTIC SMALL OUTLINE

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224876/A
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PACKAGE OUTLINE
PowerPAD™ TSSOP - 1.2 mm max height
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions i
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions,
exceed 0.15 mm per side.

4. Features may differ or may not be present.

PowerPAD is a trademark of Texas Instruments.

n parenthesis are for reference only. Dimensioning and tolerancing

or gate burrs. Mold flash, protrusions, or gate burrs shall not
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EXAMPLE BOARD LAYOUT
DDWO0044F PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

(5.2)
NOTE 8 SOLDER MASK
e (2.94) —= />DEFINED PAD
44X (1.45) T——‘ S\&LIVIM /SEE DETAILS
j1 I VA
) ) T‘L O O 44

%
9
9
-
-
9

r
i

(14)
NOTE 8

.

<
o
oG- —O
o
<

o
+

|
2]
i
— |
=
e
-
<
T

J :

(7.96)

o
9

o
9

o
9

Sl

ﬂ
gt

i

LAND PATTERN EXAMPLE
SCALE:6X

SOLDER MASK METAL UNDER
SOLDER MASK
OPENING \ METAL OPENING‘\ / SOLDER MASK
| |
4L 0.05 MAX 4 0.05 MIN

AROUND AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS
NOT TO SCALE

4228322/A 12/2021

NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.

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

7. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMAO02 (www.ti.com/lit/sima002) and SLMAO004 (www.ti.com/lit/sima004).

8. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE
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NOTES: (continued)

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

design recommendations.

10. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

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

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

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

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

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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated
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