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Hercules Safety M CU Power Solution

* Input 48..60V DC

¢ Outputs
o LM5017 +12.0V @ 515mA
o TPS62160 +5.0V @ 430mA
o TLV62080 +1.2V @ 700mA
o TPS62160 +3.3V @ 620mA
o LM5017 +3.3V @ 230mA

29%x47 mm UOUT{ @
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1 LMB5017 - +12.0V @ 515mA
11 Startup

The startup waveform is shown in Figure 1. The injultage is set at 54.0V with no load on
the 12.0V output.

Channel C1: 54.0V Input voltage
10V/div, 5ms/div

Channel C2: 12.0V Output voltage
2V/div, 5ms/div

Figurel
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1.2 Shutdown

The shutdown is shown in Figure 2. The input vadteagset at 54.0V with 515mA load on the
output.

Channel C1: 54.0V Input voltage
10V/div, 20ms/div

Channel C2: 12.0V Output voltage
2V/div, 20ms/div

Figure2
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1.3 Switching Node

The drain-source voltage on the switching nodé@ in Figure 3. The image is captured
with 54V input voltage and 515mA load on the 12d@\Yput.

Channel C2: Drain-source voltage, -2.6V minimum voltage, 55.0V maximum voltage
10V/div, 2us/div

Measure
value
status

P1:min{CZ)
-2BY
v

PZmaxiCa)

L i
P3freq(C) Pd:--- P&--- PG---
297.3841 kHz

55.0Y
v

4

Figure3
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1.4 Output Ripple

The output ripple voltage is shown in Figure 4. Tyt voltage is set at 54.0V with 515mA
load on the output.

Channel C2: Output voltage @ 54.0V input, 22mV peak-peak (0.2%)
20mV/div, 5us/div, AC coupled

> |

al M K\’A.‘.m

YV

Measure
value
status

Fl:min{C2)
-19.1 my
W

P2maxiCa
26.8 my
v

P3:--- P4:--- P4i--- PG --

1.0 my
Positive]

Figure4
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15 Efficiency & Load Regulation

The efficiency and load regulation are shown irufegb and Figure 6.

PMP10189 Rev. D
Efficiency @ 12.0V DC Output
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Figure5
PMP10189 Rev. D
Load Regulation @ 12.0V DC Output
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Figure6
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2 LM5017 - +3.3V @ 230mA
21 Startup

The startup waveform is shown in Figure 7. The injmltage is set at 12.0V with no load on
the 3.3V output.

Channel C1: 12.0V Input voltage
2V/div, 5ms/div

Channel C2: 3.3V Output voltage
1V/div, 5ms/div

e —

Figure7
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2.2 Shutdown

The shutdown is shown in Figure 8. The input vadteagset at 12.0V with 230mA load on the
output.

Channel C1: 12.0V Input voltage
2V/div, 5ms/div

Channel C2: 3.3V Output voltage
1V/div, 5ms/div

Figure8
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2.3 Switching Node

The drain-source voltage on the switching nodé@ in Figure 9. The image is captured
with 12V input voltage and 230mA load on the 3.3\tpuit.

Channel C2: Drain-sourcevoltage, -1.3V minimum voltage, 14.0V maximum voltage
5V/div, 1us/div

M easure P1:min{CZ) PZmaxiCa) Pa3freq(C) Pd:--- P&--- PG---
value S1av 140 799127 kHz
status v g o

Figure9
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2.4 Output Ripple

The output ripple voltage is shown in Figure 10e Tiiput voltage is set at 12.0V with
230mA load on the output.

Channel C2: Output voltage @ 12.0V input, 6mV peak-peak (0.2%)
20mV/div, 2us/div, AC coupled
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Measure F1:min{C2) P2maxiCa Pa--- P4--- Pa--- P&---

value -9.4 my 18.6 my

status 4 v

: 2.00 psidiv] Stap 1.0 my
0.0 kS SGSs|Edae Positive
Figure 10
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2.5 Efficiency & Load Regulation

The efficiency and load regulation are shown irufégl1 and Figure 12.

PMP10189 Rev. D
Efficiency @ 3.3V DC Output
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Figure1l
PMP10189 Rev. D
Load Regulation @ 3.3V DC Output
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Figure 12
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3 TPS62160 - +5.0V @ 430mA

3.1 Startup

The startup waveform is shown in Figure 13. Thaiinpltage is set at 12.0V with no load on
the 5.0V output.

Channel C1: 12.0V Input voltage
2V/div, 5ms/div

Channel C2: 5.0V Output voltage
2V/div, 5ms/div

Figure 13
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3.2 Shutdown

The shutdown is shown in Figure 14. The input \g#tes set at 12.0V with 430mA load on
the output.

Channel C1: 12.0V Input voltage
2V/div, 5ms/div

Channel C2: 5.0V Output voltage
2V/div, 5ms/div

Figure 14
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3.3 Switching Node
The drain-source voltage on the switching nodéé@w in Figure 15. The image is captured
with 12V input voltage and 430mA load on the 5.0Mpuit.

Channel C2: Drain-sourcevoltage, -1.0V minimum voltage, 13.0V maximum voltage
2V/div, 500ns/div

4 o o f"""l

M easure P1:min{CZ) PZmaxiCa) P3freq(C) Pd:--- P&--- PG---
value -976 my 13.04 ¥ 232229 MHz
status v g o

Figure15
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3.4 Output Ripple

The output ripple voltage is shown in Figure 16e Tiiput voltage is set at 12.0V with
430mA load on the output.

Channel C2: Output voltage @ 12.0V input, 8mV peak-peak (0.2%)
20mV/div, 1us/div, AC coupled

Measure F1l:min{C2) P2maxiCa Pa--- P4--- Pa--- P&---
value -8 my 937 py
status 4 v

1.00 psidiv] Stop 1.0 my

25.0 kS dae Positive]

Figure 16
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3.5 Efficiency & Load Regulation

The efficiency and load regulation are shown irufégl7 and Figure 18.

PMP10189 Rev. D
Efficiency @ 12.0V DC Output
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PMP10189 Rev. D
Load Regulation @ 12.0V DC Output
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Figure 18
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3.6 Frequency Response

Figure 19 shows the loop response at 12.0V inpltage and 430mA load.

12V input
¢ 430mA load

80 deg phase margin, 17.1 kHz bandwi@thdB gain margin

Gain

e
Nk
%ﬁt"\ 120 deg
sc.;zs hat :\‘*\ C‘L"c

T~ ]
1.
cef @
g
-30 deg D_
™ .‘ u
\*—-\ 1
I » £ B 8
= - = = -~
100 Frequency 1M
Figure 19
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4 TLV62080 - +1.2V @ 700mA
41 Startup

The startup waveform is shown in Figure 20. Thaiinltage is set at 5.0V with no load on
the 1.2V output.

Channel C1: 5.0V Input voltage
2V/div, 5ms/div

Channel C2: 1.2V Output voltage
2V/div, 5ms/div

&

Figure20
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4.2 Shutdown

The shutdown is shown in Figure 21. The input \g#tas set at 5.0V with 700mA load on the
output.

Channel C1: 5.0V Input voltage
1V/div, 2ms/div

Channel C2: 1.2V Output voltage
500mV/div, 2ms/div

Figure2l
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4.3 Switching Node

The drain-source voltage on the switching nodéé@ in Figure 22. The image is captured

with 5V input voltage and 700mA load on the 1.2\fpou.

Channel C2: Drain-sourcevoltage, -1.0V minimum voltage, 5.0V maximum voltage

1V/div, 500ns/div

M easure P1:min{CZ) PZmaxiCa)

value S04 .07 1.81496 MHz

status v g o
Figure 22

P3freq(C) Pd:---

P&=-- P --
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4.4 Output Ripple
The output ripple voltage is shown in Figure 23e Tiiput voltage is set at 5.0V with 700mA
load on the output.

Channel C2: Output voltage @ 5.0V input, 2mV peak-peak (0.2%)
20mV/div, 1us/div, AC coupled
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Measure Fl:min{C2) P2maxiCa Pa--- P4--- Pa--- P&---
value -1.8 my 3.6 my
status 4 v
- 1.00 psit ] E op -1.8 ”'I
25.0 kS 5555 Edge Positive]
Figure 23
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45 Efficiency & Load Regulation

The efficiency and load regulation are shown iruFég24 and Figure 25.

PMP10189 Rev. D
Efficiency @ 1.2V DC Output
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PMP10189 Rev. D
Load Regulation @ 1.2V DC Output
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Figure 25
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4.6 Frequency Response

Figure 26 shows the loop response at 5.0V inputgeland 700mA load.

5V input
e 700mAload 77 deg phase margin, 28.5 kHz bandwi@thdB gain margin
e
50 dB 150 deg 2
1-Gainj—_|
sy |
4R dB ™~ 120 de
1-Phase \\ |
30dB \”\—-—~—-_ B 90 de:
20dB T~ 60 de
S
~
10 dB R L0|de
0dB \ \ O|d5 %
e
-10dB s0ded O
-20dB -60|de
30 dB I A S
= ki = - 1
100 Frequency 1™
Figure 26
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5 TPS62160 - +3.3V @ 620mA

51 Startup

The startup waveform is shown in Figure 27. Theiinltage is set at 12.0V with no load on
the 3.3V output.

Channel C1: 12.0V Input voltage
2V/div, 5ms/div

Channel C2: 3.3V Output voltage
1V/div, 5ms/div

Figure 27
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5.2 Shutdown

The shutdown is shown in Figure 28. The input \g#tes set at 12.0V with 620mA load on
the output.

Channel C1: 12.0V Input voltage
2V/div, 2ms/div

Channel C2: 3.3V Output voltage
1V/div, 2ms/div

Figure 28
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5.3 Switching Node
The drain-source voltage on the switching nodéé@ in Figure 29. The image is captured
with 12V input voltage and 620mA load on the 3.3\tpuit.

Channel C2: Drain-sourcevoltage, -1.0V minimum voltage, 13.2V maximum voltage
2V/div, 500ns/div

_P"‘” W r" r_“ _____ f‘”’“’r“ l'" P"""'"T -

i : : : |
Iy

M easure P1:min{CZ) PZmaxiCa) P3freq(C) Pd:--- P&--- PG---
value -976 my 1317V 2.38832 MHz
status v g o

Figure29
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54 Output Ripple

The output ripple voltage is shown in Figure 30e Tiiput voltage is set at 12.0V with
620mA load on the output.

Channel C2: Output voltage @ 12.0V input, 10mV peak-peak (0.3%)
20mV/div, 1us/div, AC coupled

Measure F1:min{C2) P2maxiCa Pa--- P4--- Pa--- P&---
value -9.4 my 21 my
status 4 v

i i = | T aC

1.00 psidiv] Stop 1.0 my

25.0 kS 5555 Edge Positive]

Figure 30
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5.5 Efficiency & Load Regulation

The efficiency and load regulation are shown irufég31 and Figure 32.

PMP10189 Rev. D
Efficiency @ 3.3V DC Output
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PMP10189 Rev. D
Load Regulation @ 3.3V DC Output
3.280
> 3275 /\\
o / T
[o))
8
o
> ——12Vin
H
5 3.270 ¥
o
3.265
0.00 0.20 0.40 0.60 0.80

Output Current [A]

Figure 32
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5.6 Frequency Response

Figure 33 shows the loop response at 12.0V inpiidge and 620mA load.

12V input
e 620mAload 78 deg phase margin, 25.8 kHz bandwi@thdB gain margin
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Figure 33
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6 Thermal Measurement

The thermal image (Figure 34) shows the circutraambient temperature of 21 °C with an
input voltage of 54.0V and full load on all outputs

Figure 34
Markers
[ Name | Temperature | Emissivity [ Background |
L6 64.6°C 0.95 21.0°C
U5 56.6°C 0.95 21.0°C
L2 63.4°C 0.95 21.0°C
Ul 79.1°C 0.95 21.0°C
U4 72.4°C 0.95 21.0°C
L5 73.3°C 0.95 21.0°C
U3 68.8°C 0.95 21.0°C
L3 63.9°C 0.95 21.0°C
L4 69.9°C 0.95 21.0°C
U2 53.5°C 0.95 21.0°C
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