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This design was tested at 210A peak and 160A steady state output current. For 4 phases
that is 52.5A peak per phase. The TPS40428 only allows current fault threshold to be set at 50A.
To avoid faults at or near max load, the current sense gain was increased from 500uOhmes, the
standard for CSD95378B Smart Power to 700uohms to make the TPS40428 think current was
actually 30% less and avoid faults being triggered at or near peak loads.

The CSD95378B power stage is rated for up to 90A peak.

The TPS40428 controller current sense input is rated to 600mV max when operated in
Smart Power mode. At the 50A threshold with 700uohms setting, the actual peak current will be
70A which is well under the CSD95378B max rating. The voltage on the TPS40428 controller
current sense input will be this 70A times 5mV/A or 350mV, well within the 600mV limit.

For applications in which peak electrical current is 150A or less this current sense gain
change is not needed. General “best practice” is to set current limit fault threshold at 130 to 150
percent of max application current.

Testing was done on model t1, which was then shipped to customer. Control was
finalized afterwards to improve dynamic response, and tests in performance areas that could be
affected by control loop were repeated on model t3 here and are shown in this report. They
include Bode plot, step load & load dump response, output ripple and start up. Dynamic load
tester was not changed. Hence, waveforms from model t1 were used for details of step load /
load dump on pages 5 & 6.
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Efficiency and Losses: model t1: 12Vin, Vout set at 1.0V
Close in Vin & Vout senses, 12V 5” fan to give about 200 LFM or 1 M/S airflow

Vin lin A Vout lout % Effi Losses in W

Volts Volts A ciency

12.06 0.039 off

12.121 15.646 1.019 160.32 86.1 26.279
12.023 13.385 1.0183 138.84 87.9 19.547
12.05 12.61 1.018 132.04 88.5 17.534
12.035 11.37 1.0175 120.00 89.2 14.738
12.04 9.343 1.016 100.00 90.3 10.890
12.035 7.398 1.015 80.00 91.2 7.835
12.06 5.512 1.014 60.00 91.5 5.635
12.03 3.705 1.0125 40.00 90.9 4.071
12.05 1.900 1.011 20.00 88.3 2.675
12.01 1.027 1.011 10.00 82.0 2.224
12.07 0.178 1.010 0 0.0 2.148

Model t1:

307kHz dropping to 305.5kHz when running at 160A and hot
Current sense changed to 0.7mOhms from 0.5mOhms to allow >50A per phase:
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Bode plot of Voltage control loop 12Vin 1.0Vout at 60A: model t3

o
© 50 dB

180

5-Gain
Sa — L

Phase

Gain

PMP9131 model t3 12Vin 1.00Vout at 60A \

Voltage loop B ode plot: 100mV signal
R104=6.04k; C105=3300pF; C111=22pF
Crossover at 89 4kHz with 63 degrees phase margin
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Model t3 with 210nH inductors and loop adjusted to 90kHz crossover: 1.0Vout

Output caps: 10x 470uF 9mOhms plus 8x 100uF 6.3V 1210 sized ceramics

The 75A static load is an external load bank, the 135A dynamic load is on the board. See page 4
of the schematic.

Step load response from 75A to 210A, a 135A step in ~ 10usec: 30mV peak undershoot
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Load dump from 210A to 75A 12.0Vin; a 135A Dump in ~4usec 60mV overshoot
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Waveforms across resistors in dynamic load bank used to calculate step load current and
speed: There are two resistor paths from Vout; R302 and R301. Hence, the total load step
is the sum of both. Here scope ground on Vout side of resistor.

Step load across 2mOhms R302 or 65A in all in about 10usec 1.0Vout model t1
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Step load across 2mOhms R301 or 70A in all in about 10usec
17—Mar-14
16:59:51

1 LeCroy
5 ps
5B mY
' i 1 U ] ]

TTTT T T T T T T AT T T T T
¥

K\vhjrﬁw__vﬂﬂrﬁﬁrﬁﬁﬂ
pkpk©13 16T 2my
rmsi]) 96 .63 m\
risel(]) - - -
Fallil: BE.BB43 ps
5 ps BlWL Freg(l2 - - -
i 58 mv DC
2 BB m\ AC 1 G5/
3 50 mV AC s 1 00 —74my
4 5@ mv AC O STORPFED

Load strings are in parallel driven by same FET: Hence, 135A in ~10usec
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Waveforms across resistors in dynamic load bank used to calculate load dump current and
speed: There are two resistor paths from Vout; R302 and R301. Hence, the total load dump
is the sum of both. Here scope ground on Vout side of resistor.

Load dump across 2mOhms R302 or 65A in all in about 4usec
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Load dump across 2mOhms R301 or 70A in all in about 4usec
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Load strings are in parallel driven by same FET: Hence, 135A in ~4usec
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Output ripple at 12.0Vin and 139A off 1.0Vout at C128: model t3 7.2mV p-p 20MHz BW
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Start up with no pre bias: model t3 1.0Vout
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Thermal Image:

PMP9131 1.0V 160A off 12.1Vin 305.5kHz / phase model t1

Strong 5" fan 12Vin 6" away on right side of model: 200 to 400 LFM estimated
Ambient ~22 deg. C; hotspot PWB path from third Q

Q Surfaces from fan & U102: 68; 74.5; 76.4; 71.7

Inductor tops 49, 53, 55, 54

Snubbers: 60, 69, 71, 68

Controllers TPS40428s 47 & 50

Arl min 25.9 max 77.2

Ard mln 29.7 max 47.3
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PMP9131 12Vin 1.0vout 132A ~200 LFM airflow model t1: Lower current than previous page, but also
slower fan speed to approximate 200 LFM. Fan is also to the right of model.

17.5W on PCB / assy

FETs & nearby PCB 58 to 62 degrees C

Inductor tops 48 to 50

Ambient 21-23 degrees C
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Major waveforms: model t1
12vin load stepped from 45A to 180A & back. Scope trigger increased slowly to capture highest peak of

20.0V: channel 2 shown (U103 pin 6 VSW). Same 20V seen on channels 1 & 3. Channel 4 max was 19V.
18-Mar-14

20:07:44
1 LeCroy T
.1 ps F
5.0 W T
" + L
HF;; )
v P =
T
pkpk 1l 2344 W
masimumi] ] ZE.@8 YW
risel]] 2 1 ns
Falli]a 1.8 n=
1 ps minimumi] ) —2.44 Y
d .= v DOCx%
2 50 mW AC | 55/e
3 50 mVW AC I 1 0C 28.4 v
4 5O mi AC O STOPPED

12Vin: load stepped from 75Ato 210A & back. Scope trigger increased slowly to capture highest peak of

20.0V: channel 1 shown (U102 pin 6 VSW). Same 20V seen on channels 2 & 3. Channel 4 max was 19V.
18-Mar-14
ZE:17:43

LeCroy

:.
L bbbty

1
T

pkpk o1 2297 W

maximumi] ) 20 . 8E W

rise(l? 2.0 ns

Fall(l2 2.0 ns
1 ps mimimumc] —-Z2.97 W
g .5 v o
2 =1 AC 1 BS4=
3 58 mJ AC I 1 D0C 19.4 ¥
4 508 mv AC O STOPPED

Josh Mandelcorn page 10 of 10 March - August 2014



IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), 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, 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 (https:www.ti.com/legal/termsofsale.html) or other applicable terms available either
on ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's
applicable warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com

