1/4/2016 — Matthias Ulmann

‘5 TEXAS

PMP11757 Rev. C — Test Report INSTRUMENTS
Automotive Point-of-Load Solution
* Input 6..28V DC
« Outputs LM53602A-Q1/LM536023-Q1 3.3V @ 1.6A
LMR23625C-Q1 3.3V @ 1.6A
TPS61071-Q1 5.0V @ 250mA
TLV71325-Q1 2.5V @ 140mA
TLV71310-Q1 1.0V @ 110mA

* Builton PCB PMP11757 Rev. B
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‘4‘ TEXAS
INSTRUMENTS

1 +3.3V Buck Converter — LM53602A (Adjustable)

All measurements were done with C14 = 10pF and 2)2@F output capacitance unless

otherwise described.

1.1 Switching Node

The switching node is shown in Figure 1.
The input voltage is set to 12.0V with a 1.6A load.

Channel C2: Switching node -1.0V min, 18.7V max
5V/div, 200ns/div

|
|
|
|
|
|
|
|
|
|
i
T

&

Measure F1:min{C2y P2:max{C2) FP3freq(C) P4:---
value -4949 my 18TV 2.07250 MHz
status 4 L L

Figure 1

P& - - PE:---
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1.2 Transient Response with C14 = 10pF and 2x 22uF ouipcapacitance
The response to a load step at 12.0V input volimghown in Figure 2.

Channel C2: Output voltage, -48mV undershoot (1.5%), 50mV overshoot (1.5%)
50mV/div, 1ms/div, AC coupled

Channel C1: Load current, load step 0.8A to 1.6A and vice versa
1A/div, Ims/div

&
M easure P1:min{C1) PZ:maxiC1) P3--- Pd:--- P&--- PG---
value B96 1.66Y
status v g

Figure 2

Page 3 of 35 Power Management Solutions



1/4/2016 — Matthias Ulmann i
PMP11757 Rev. C — Test Report ;‘;TEG‘QENTS

1.3 Transient Response with C14 = 33pF and 3x 22uF ouipcapacitance
The response to a load step at 12.0V input volimghown in Figure 3.

Channel C2: Output voltage, -40mV undershoot (1.2%), 45mV overshoot (1.4%)
50mV/div, 1ms/div, AC coupled

Channel C1: Load current, load step 0.8A to 1.6A and vice versa
1A/div, Ims/div

output voltage: (AC galupled
T
I Ricry

T

&

M easure P1:min{C1) PZ:maxiC1) P3--- Pd:--- P&--- PG---
value B96 1.66Y

status v g

Figure 3
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1.4 Frequency Response with C14 = 10pF and 2x 22uF outpcapacitance
Figure 4 shows the loop response at a load of 1.6A.

6.0V input
* 64 deg phase margin @ crossover frequency of 149 kH
* -19 db gain margin

12.0V input
* 64 deg phase margin @ crossover frequency of 148 kH
e -19 db gain margin

28.0V input

* 61 deg phase margin @ crossover frequency of 128 kH
e -12 dB gain margin

sl ]
[egE
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< _—T = }
L~ /??5/ \ ‘ :i!‘et
< /?’_’__/_' // Eh-‘-aaaﬁ \:‘_-—ﬁ ‘: ::L
8 ____,:_/ ™~ \\r.z-‘: ::!‘.e:
3|
1k Frequency ™™
Figure 4
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1.5 Frequency Response with C14 = 33pF and 3x 22uF outpcapacitance

Figure 5 shows the loop response at a load of 1.6A.

6.0V input
* 60 deg phase margin @ crossover frequency of 152 kH
e -24 db gain margin

12.0V input
* 60 deg phase margin @ crossover frequency of 13 kH
» -23 db gain margin

28.0V input
» 57 deg phase margin @ crossover frequency of 143 kH
e -13 dB gain margin

3 N
50 dB 150 ded
40 dB ‘12‘: :L
sy |
30 dB - < 90 deg
20dB \Q\\..\ \§\ 6‘3 :L:
10 dB - ¢¢a ‘Q\ \ 3‘ ‘

c :/a’\/_/ / TR - Qj’\‘\ ‘ ‘

©

0L~ N T \3&

-60

1 kHz
10 kHz
100 kHz|

Frequency 1™

-
=

Figure 5
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1.6 Efficiency

The efficiency and losses at 6.0V, 12.0V and 28rg)it voltage are shown in Figure 6 and
Figure7.

PMP11757 Rev. C
Efficiency - LM53602A Buck @ 3.3V Output
90.0
—
— I
85.0
—
<}
& ——6.0Vin
>
& 800 ./ —|-12.0V in
3]
5 — —&—28.0V in
= | —
i /
75.0
A/
70.0
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80
Qutput Current [A]
Figure 6
PMP11757 Rev. C
Losses - LM53602A Buck @ 3.3V Output
1.6
/‘
1.2 /
E / /. ——6.0Vin
]
p 08 /I —8-12.0V in
[%2] .
; / /l/ — —
y /
0.4 —
/
0.0 1
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80
Qutput Current [A]

Figure 7
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1.7 Load Regulation
The load regulation is shown in Figure 8.

PMP11757 Rev. C
Efficiency - LM53602A Buck @ 3.3V Output

3.300
> 3295 n— - m—
% A\\\\.\ > ——6.0Vin
5 —|-12.0V in
S ~— \. —&—28.0V in
= 3.290
e}

3.285

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80
Qutput Current [A]

Figure 8
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1.8 Output Voltage Ripple

The output ripple at 1.6A load is shown in Figure 9
The input voltage is set to 6.0V, 12.0V and 28.0V.

Channel C2: 6.0V input voltage 74mV peak-peak (Spikes!)
50mV/div, 200ns/div

Channel C2: 12.0V input voltage 85mV peak-peak (Spikes!)
50mV/div, 200ns/div

Channel C2: 28.0V input voltage 61mV peak-peak (Spikes!)
50mV/div, 200ns/div

M easure P1:pkpkih1) P2 pkpkiZ) F3pkpk{n3) Pd:--- P&--- PG---
value 73.8 my 84.5 my 60.6 my

status v g o

80,0 miidiv
200 hsidiy

Figure 9
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1.9 Startup
The startup at no load on the output is shown guifé 10.

Channel C1: 12.0V Input voltage
2V/div, 500us/div

Channel C2: 3.3V Output voltage
1V/div, 500us/div

500KS 100

Figure 10

Page 10 of 35 Power Management Solutions



1/4/2016 — Matthias Ulmann i
PMP11757 Rev. C — Test Report é‘;%&‘ﬁﬁms

1.10 Shutdown
The shutdown at 1.6A load on the output is showrigure 11.

Channel C1: 12.0V Input voltage
2V/div, 500us/div

Channel C2: 3.3V Output voltage
1V/div, 500us/div

Figure 11
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2 +3.3V Buck Converter — LM536023 (3.3V Fixed)

The transient and frequency response of this devide different, all other measurements
(switching node, efficiency etc.) are the same asrfLM53602A.

2.1 Transient Response with 2x 22uF output capacitance

The response to a load step at 12.0V input volsghown in Figure 12.
Channel C2: Output voltage, -38mV undershoot (1.2%), 37mV overshoot (1.1%)

50mV/div, 1ms/div, AC coupled

Channel C1: Load current, load step 0.8A to 1.6A and vice versa
1A/div, 1ms/div

i
Measure F1:miniC1y P2:max{C1) F3:min{C2)
value BE4 Y 1.66V =384 my
v v v

Figure 12

FPad:max{C2) P& -- FPE:---
373 my
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2.2 Transient Response with 3x 22uF output capacitance
The response to a load step at 12.0V input volimghown in Figure 3.

Channel C2: Output voltage, -39mV undershoot (1.2%), 40mV overshoot (1.2%)
50mV/div, 1ms/div, AC coupled

Channel C1: Load current, load step 0.8A to 1.6A and vice versa
1A/div, Ims/div

EDu‘tput woltage (AT coupled)

i
: _ i :
&
M easure P1:min{C1) PZ:maxiC1) F3min{C2) Fa4:maxiCZ P&--- PG---
value B96 1.66Y -38.8my 39.9 mv

status v g o v

Figure 13
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2.3 Frequency Response with 2x 22uF output capacitance
Figure 14 shows the loop response at a load of.1.6A

6.0V input

* 59 deg phase margin @ crossover frequency of 91 kHz
e -19 db gain margin

12.0V input

» 58 deg phase margin @ crossover frequency of 92 kHz
e -19 db gain margin

28.0V input

» 55 deg phase margin @ crossover frequency of 87 kHz
e -15dB gain margin

L g
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T
iy 12
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-180

-

k Frequency 1™

Figure 14
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2.4 Frequency Response with 3x 22uF output capacitance

Figure 15 shows the loop response at a load of.1.6A

6.0V input
* 66 deg phase margin @ crossover frequency of 62 kHz
* -23 db gain margin

12.0V input
* 65 deg phase margin @ crossover frequency of 63 kHz
» -23 db gain margin

28.0V input
* 64 deg phase margin @ crossover frequency of 60 kHz
e -20 dB gain margin

(@]
[P 150 ded| QO
=
4&&;\ 120 deg|
30 dB \ 90 deg
\\\ e
20 dB sy | I = 80 deg
T
>__ S ]
—
10 dB % 30 deg
0dB ,/ = 0 deg| %
/ ‘-\§=§ ~N | ‘ _E:“
-10 qa/ \ a0ded QL

\/4

-20 dB \\\ -6|O d‘eg
-

-30dB -90 de

-180

1 kHz
10 kHz

Frequency 1M

—_
P

Figure 15
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3 +3.3V Buck Converter —- LMR23625C

All measurements were done with C21 = 56pF and 42@F output capacitance unless
otherwise described.

3.1 Switching Node

The switching node is shown in Figure
The input voltage is set to 12.0V with a 1.6A load.

Channel C2: Switching nodg -0.8V min, 12.0V max
5V/div, 200ns/div

Measure F1:min{C2y P2:max{C2) FP3freq(C?) P4:--- P& -- FPE:---
value -839 my 12.0% 2.12926 MHz
status 4 L L

Figure 16
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3.2 Transient Response with C21 = 22pF and 3x 22uF ouipcapacitance
The response to a load step at 12.0V input voligsghown in Figure 17.

Channel C2: Output voltage, -120mV undershoot (3.6%), 135mV overshoot (4.1%)
100mV/div, 1ms/div, AC coupled

Channel C1: Load current, load step 0.8A to 1.6A and vice versa
1A/div, Ims/div

e s curren’c

i
: I :
&
M easure P1:min{C1) PZ:maxiC1) F3min{C2) Fa4:maxiCZ P&--- PG---
value BE4 1.66Y -119.8 mv 1358.3 mv
status v g o v
Figure 17
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3.3 Transient Response with C21 = 56pF and 4x 22uF ouipcapacitance
The response to a load step at 12.0V input voligghown in Figure 18.

Channel C2: Output voltage, -72mV undershoot (2.2%), 45mV overshoot (2.8%)
100mV/div, 1ms/div, AC coupled

Channel C1: Load current, load step 0.8A to 1.6A and vice versa
1A/div, Ims/div

output v e:AC coupled
L LR Ty ]
I

s curren’c =

i
: _ i :
&
M easure P1:min{C1) PZ:maxiC1) F3min{C2) F4:maxiCa P&--- PG---
value BE4 1.66Y SF3my 3.7 mv

status v g o v

Figure 18
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3.4 Frequency Response with C21 = 22pF and 3x 22uF outpcapacitance

Figure 19 shows the loop response at a load of.1.6A

6.0V input

* 75 deg phase margin @ crossover frequency of 51 kHz
e -14 db gain margin

12.0V input

* 71 deg phase margin @ crossover frequency of 52 kHz
e -14 db gain margin

28.0V input

* 70 deg phase margin @ crossover frequency of 31 kHz
» -16 dB gain margin

Gain

B s

i
40 dB 120 deg
20dB Q§\§ ﬁ£>—§\\ 6‘3 :L.
.~ R SO L,

dB \;\\_ Ue_: [}

BN e

-10 dB ™ \ 30ded OO
20 dB \\\\ -a‘: Jec
. S

5 T E 2
1k Frequency 1™

Figure 19
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3.5 Frequency Response with C21 = 56pF and 4x 22uF outpcapacitance

Figure 20 shows the loop response at a load of.1.6A

6.0V input

70 deg phase margin @ crossover frequency of 60 kHz
-14 db gain margin

12.0V input

68 deg phase margin @ crossover frequency of 61 kHz
-14 db gain margin

28.0V input

74 deg phase margin @ crossover frequency of 35 kHz
-16 dB gain margin

Gain

s
) 1]
40 120 deq|
20 S 9‘: :L-:
20 §§§ F11 s;aéi\\ 6‘3 :L:
\\E§§ \:\\\ ‘ ‘
10 ™~ 30 deg
5%% \ ‘c :L %
BRI &
N N
-20 d \ \ -6‘2 Jec
S
1 Frequency 1™
Figure 20
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3.6 Efficiency

The efficiency and losses at 6.0V, 12.0V and 28rit voltage are shown in Figure 21 and
Figure22

PMP11757 Rev.C
Efficiency - LMR23625C Buck @ 3.3V Output

90.0
T | e
/._,_*
80.0 I
5 .
= ——6.0Vin
>
e 700 —|-12.0V in
3 — h —&—28.0V in
P /
60.0
jd
50.0
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80
Qutput Current [A]
Figure 21
PMP11757 Rev.C
Losses - LMR23625C Buck @ 3.3V Output
2.8
/‘
2.1 /
E ——6.0Vin
]
e 14 —8-12.0V in
§ / /. —&—28.0V in
‘ /.//.
0.7 —
/:;/
?j/
0.0 1
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80
Qutput Current [A]

Figure 22
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3.7 Load Regulation
The load regulation is shown in Figure 23.

PMP11757 Rev. C
Efficiency - LMR23625C Buck @ 3.3V Output

3.315

3.310

— \
3.305 \ :

A ——6.0V in

\\\ m -8-12.0V in

—A—28.0V in

3.300 \‘
\ \\.
3.295 — q
3.290 1

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80

Output Voltage [V]

Qutput Current [A]

Figure 23
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3.8 Output Voltage Ripple

The output ripple at 1.6A load is shown in Figude 2
The input voltage is set to 6.0V, 12.0V and 28.0V.

Channel C2: 6.0V input voltage 16mV peak-peak
20mV/div, 200ns/div

Channel C2: 12.0V input voltage 24mV peak-peak
20mV/div, 200ns/div

Channel C2: 28.0V input voltage 28mV peak-peak
20mV/div, 200ns/div

M easure P1:pkpkih1) P2 pkpkiZ) F3pkpk{n3) Pd:--- P&--- PG---
value 16.0 my 23.7 my 278 my
status g o

Figure 24
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3.9 Startup
The startup at no load on the output is shown guie 25.

Channel C1: 12.0V Input voltage
2V/div, 500us/div

Channel C2: 3.3V Output voltage
1V/div, 500us/div

500KS 100

Figure 25
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3.10 Shutdown
The shutdown at 1.6A load on the output is showFigure 26.

Channel C1: 12.0V Input voltage
2V/div, 500us/div

Channel C2: 3.3V Output voltage
1V/div, 500us/div

Figure 26
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4 +5.0V Boost Converter — TPS61071

4.1 Switching Node

The switching node is shown in Figure
The input voltage is set to 3.3V with a 0.25A load.

Channel C2: Switching node -0.02V min, 8.1V max
2V/div, 500ns/div

£
(&)

|
| |
| |
Iy
M easure P1:min{CZ) PZmaxiCa) P3freq(C) Pd:--- P&--- PG---
value -6 my 8.08Y 1.218387 MHz

status v g o

Figure 27
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4.2 Transient Response
The response to a load step at 12.0V input voligsghown in Figure 28.

Channel C2: Output voltage, -79mV undershoot (2.4%), 76mV overshoot (2.3%)
100mV/div, 2ms/div, AC coupled

Channel C1: Load current, load step 0.1A to 0.25A and vice versa
100mA/div, 2ms/div

output current

;
M easure F1:min{C1) PZ:maxiC1) F3min{C2) Fa4:maxiCa P&--- PG---
value 86 mY 233 my =79 my 76 my
status v g o v

Figure 28
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4.3 Frequency Response

Figure 29 shows the loop response at a load 0#20.25

3.3V input

* 60 deg phase margin @ crossover frequency of 14 kHz

* -14 dB gain margin

© 50 dB 150 deg| QQ
‘ ~
40 dB 12‘0 de
S om— 30 de
— |
20 dB e 60 deg
—
\
10 dB T 30 deg
\\

C o 0de %
© ‘ @®
O T~ c
-10 dB 30ded OO

-20 dB ] -60 ded

-30dB \ \ -90 deg
g o
o | £ = ©
@QE ° s A\

1k Frequency 500 k

Figure 29
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4.4 Efficiency
The efficiency and losses at 3.3V input voltagesfrewn in Figure 21 and Figuee.

PMP11757 Rev. C
Efficiency - TPS61071 Boost @ 5.0V Output
92.0
4’/«’\.
90.0 N
g
>
& 880 ——3.3Vin
()
S
i
86.0 \
A3
84.0
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Qutput Current [A]
Figure 30
PMP11757 Rev. C
Losses - TPS61071 Boost @ 5.0V Output
0.3
A
0.2
2 o2 /
= 4
3 / ——33Vin
1]
o
o /
<
0.0
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Output Current [A]

Figure 31
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4.5 Load Regulation
The load regulation is shown in Figure 23.

PMP11757 Rev. C
Efficiency - TPS61071 Boost @ 5.0V Output

5.100

. ‘ \
5.060

=
- \
g
§ 5.040 \\ ——3.3Vin
5
£ 5020 haN
o \

5.000 N

4.980

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Qutput Current [A]

Figure 32
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4.6 Output Voltage Ripple

The output ripple at 0.25A load is shown in FigB8e
The input voltage is set to 3.3V.

Channel C2: 3.3V input voltage 58mV peak-peak (Spikes!)
20mV/div, 1us/div

M easure P1:min{CZ) PZmaxiCa) P3--- Pd:--- P&--- PG---
value -26.5 mY 314 my
status v g

i 3 = N

1.00 psidivl Stop -1.0 my

250 k8 5 GBIsEdge Positivel

Figure 33
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4.7 Startup
The startup at no load on the output is shown guie 34.

Channel C1: 3.3V Input voltage
2V/div, 500us/div

Channel C2: 5.0V Output voltage
1V/div, 500us/div

500KS 100

Figure 34
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4.8 Shutdown
The shutdown at 0.25A load on the output is shawRigure 35.

Channel C1: 3.3V Input voltage
2V/div, 500us/div

Channel C2: 5.0V Output voltage
1V/div, 500us/div

Figure 35
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5 Thermal Measurement — LM53602A

The thermal image (Figure 36) shows the circutraambient temperature of 21 °C with an
input voltage of 12.0V and full power on all rails.

Figure 36
Name | Temperaturg Emissivity | Background
U4 72.9°C 0.95 21.0°C
Ul 55.1°C 0.95 21.0°C
U3 48.1°C 0.95 21.0°C
U2 53.9°C 0.95 21.0°C
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6 Thermal Measurement — LMR23625C

The thermal image (Figure 37) shows the circutraambient temperature of 21 °C with an
input voltage of 12.0V and full power on all rails.

Figure 37
Name | Temperaturg Emissivity | Background
U5 90.5°C 0.95 21.0°C
Ul 61.4°C 0.95 21.0°C
U3 50.8°C 0.95 21.0°C
U2 55.9°C 0.95 21.0°C
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