Test Report: PMP41063

300-V to 1,000-V Input 48-W Isolated Auxiliary Power
Reference Design With Low Standby Power

Description

This reference design provides an isolated 12-V, 48-
W output power conversion with cascaded flyback
topology. The power supply can be powered from
the 300-V to 1,000-V DC (direct current) input.

This design uses valley switching fly-back controller
UCC28730 to achieve less than 70-mW low standby
power loss at 1000-V input voltage to extend the
battery lifetime.
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Features

Wide input voltage range from 300-V to 1,000-V
DC

Less than 70-mW no load power consumption at
1000-V input

Primary-side regulation design (no optocoupler)
extends product lifetime

Minimized output undershoot and overshoot during
load transient

Uniform start-up time across input voltage range
86.14% efficiency at 1,000-V input and 48-W
output

Applications

Battery energy storage system
Power conversion system (PCS)
String inverter
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1 Test Prerequisites

1.1 Voltage and Current Requirements

Table 1-1. Voltage and Current Requirements

Parameter

Specifications

Input voltage range

300-V to 1,000-V

Output Voltage, Current

12Vat4 A

Maximum power

48 W

1.2 Required Equipment

DC Source: IT-M3906D-1500-12
Chroma DC Source 62024P-600-8
Electronic load: Chroma, 6314A
Oscilloscope: Tektronix, DPO 3054
Infrared Thermal Camera: Fluke, TiS55
Ture-RMS-Multimeter: Fluke, 287C
Digital Power Meter: Yokogawa WT310

1.3 Dimensions

Board size: 173 mm x 60.7 mm x 37 mm (open frame)
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2 Testing and Results
2.1 Efficiency and Regulation Graphs

Efficiency is shown in the following figure.

Figure 2-1. Efficiency versus Input Voltage and Load

Figure 2-2. No Load Power Consumption
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Figure 2-3. Output Voltage Regulation
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Testing and Results

2.2 Efficiency Data

Efficiency data is shown in the following table.

Vin (V) Iin (A) Vour (V) lout (A) Pin (W) Pout (W) Efficiency (%)
300 0.0000581 12.14 0.000 0.0174 0 -
300 0.0453 11.94 1.000 13.59 11.94 87.86%
300 0.09201 11.99 2.000 27.6 23.98 86.87%
300 0.13955 12.01 3.000 41.87 36.03 86.06%
300 0.18645 12.05 4.000 55.94 48.2 86.17%
400 0.0000471 12.13 0.000 0.0188 0 -
400 0.0341 11.94 1.000 13.64 11.94 87.54%
400 0.06923 11.99 2.000 27.69 23.98 86.60%
400 0.10446 12.00 3.000 41.78 36.00 86.16%
400 0.1397 12.02 4.000 55.88 48.08 86.04%
600 0.0000332 12.16 0.000 0.0199 0 -
600 0.022911 11.94 1.000 13.75 11.94 86.86%
600 0.045861 11.99 2.000 27.52 23.98 87.15%
600 0.0689 12.01 3.000 41.34 36.03 87.16%
600 0.09198 12.04 4.000 55.19 48.16 87.27%
800 0.0000392 12.13 0.000 0.0314 0 -
800 0.017631 11.95 1.000 14.10 11.95 85.70%
800 0.034767 11.99 2.000 27.81 23.98 86.22%
800 0.052021 12.01 3.000 41.62 36.03 86.58%
800 0.06933 12.02 4.000 55.46 48.08 86.69%
1000 0.000068 12.10 0.000 0.0680 0 -
1000 0.014464 11.95 1.000 14.46 11.95 84.55%
1000 0.02814 11.99 2.000 28.14 23.98 85.22%
1000 0.041968 12.01 3.000 41.97 36.03 85.85%
1000 0.05591 12.04 4.000 55.91 48.16 86.14%
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2.3 Thermal Images
Table 2-1 shows the thermal images, all images were captured with 25°C ambient, after 30-minute warm up

Table 2-1. Thermal Image Data

Temperature (°C) 300 Viy 600 V) 800 V\y 1000 Vi
High-side switch Q1 61.8 56.7 54.5 55.1
Low-side switch Q2 50.1 47.5 46.3 47.5
Transformer C.)or.e: 56.8 C.)or.e: 58.2 (.Jor.e: 58.9 .Cor.e: 60.2

Winding: 64.3 Winding: 65.3 Winding: 66.2 Winding: 67.4

Snubber circuit resistor R16, R17, R18 65 64.7 65.2 67.6
Snubber circuit clamp diode D1 and D2 60.8 61.4 62.3 63.4
Snubber circuit clamp diode D1 and D2 60.8 61.4 62.3 63.4
Snubber circuit Clamp TVS D22 53.5 55.6 57.6 58.9
TVS diode D6 and D10 40.5 46.2 54.5 61.5
Secondary diode D7 77.9 78.5 78.8 79.2
uUCcC28730 40.5 40.6 40.6 40.8
UCC24650 50.3 53.4 54.5 56.3

241

115:53:01

Figure 2-4 through Figure 2-11 show the thermal image data.

Figure 2-4. Thermal Image 300 V|y 12 V, 4-A Load Figure 2-5. Thermal Image 300 V|y 12 V, 4-A Load
Top View Bottom View
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Figure 2-6. Thermal Image 600 V|y 12 V, 4-A Load Figure 2-7. Thermal Image 600 V|y 12 V, 4-A Load
Top View Bottom View

Figure 2-8. Thermal Image 800 V|y 12 V, 4-A Load Figure 2-9. Thermal Image 800 V|y 12 V, 4-A Load
Top View Bottom View
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Figure 2-10. Thermal Image 1000 V|y 12 V,4-A Load Figure 2-11. Thermal Image 1000 V|y 12 V, 4-A Load
Top View Bottom View
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3 Waveforms
3.1 Switching

Switching behavior is shown in the following figures. Each waveform reflects the following parameters:

* Vds_low side: drain source voltage of low-side switch Q2
+ Vsw: switching node voltage connecting to Q1 drain refer to primary ground
* Vds_high side: drain source voltage of high-side switch Q1

Tek Stop

g ® o0V & 10.0ms 50.0MS/s ® 9Hov 2023
@ v & SM points 600 Y 10: 54: 17

Figure 3-1. 300 V|y Open Load, Vds_low Side
(Purple), Vsw (Blue)

Tek Stop

® 00V & 10.0ps 2506575 ® / 9Hov 2023
@ oV & 5H points 600 Y 10: 54: 43

Figure 3-3. 300 V|y 1-A Load, Vds_low Side
(Purple), Vsw (Blue)

Tek Stop

[ S P
Figure 3-5. 300 V|\ 3-A Load, Vds_low Side

Tek Stop

4,000 2.5065/s ® 9Nov 2023
5M points 600 V 10: 54: 29

Figure 3-2. 300 V,y Open Load, Zoom of Vds_low
Side (Purple), Vsw (Blue)

E’. 2007 &
@ 0V &

Tek Stop

B R . . . .
e . JEER G By e s™)
Figure 3-4. 300 V| 2-A Load, Vds_low Side
(Purple), Vsw (Blue)
Tek Stop

B . ) . .
Figure 3-6. 300 V|y 4-A Load, Vds_low Side

(Purple), Vsw (Blue) (Purple), Vsw (Blue)
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Tek Stop

HETE | g oy s HEF J R T s
Figure 3-7. 600 V|y Open Load, Vds_low Side Figure 3-8. 600 V|y Open Load, Zoom of Vds_low
(Purple), Vsw (Blue) Side (Purple), Vsw (Blue)
Tek stop . . . . . . . .

TekStop

32 32
- R | R e e . J R G @ ™)
Figure 3-9. 600 V|y 1-A Load, Vds_low Side Figure 3-10. 600 V,\ 2-A Load, Vds_low Side
(Purple), Vsw (Blue) (Purple), Vsw (Blue)
Tek Stop - Tek Stop

o e T RO A S
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HETE | R T I JEER G @ ™
Figure 3-11. 600 V| 3-A Load, Vds_low Side Figure 3-12. 600 V,\ 4-A Load, Vds_low Side
(Purple), Vsw (Blue) (Purple), Vsw (Blue)

Tek Stop - Tek Stop
. . i i . B L . . . .
HERE | e HEE Ja e

Figure 3-13. 1000 V,y Open Load, Vds_low Side  Figure 3-14. 1000 V|y Open Load, Zoom of Vds_low
(Purple), Vsw (Blue) Side (Purple), Vsw (Blue)
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Figure 3-15. 1000 V|\ 1-A Load, Vds_low Side Figure 3-16. 1000 V|\ 2-A Load, Vds_low Side
(Purple), Vsw (Blue) (Purple), Vsw (Blue)
Telktop : . i — e : TekStop
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Figure 3-17. 1000 V|y 3-A Load, Vds_low Side Figure 3-18. 1000 V|\ 4-A Load, Vds_low Side
(Purple), Vsw (Blue) (Purple), Vsw (Blue)
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@ >0V 5H points 1.30kY 11:01: 44 5M points 736V 11: 05: 25

Figure 3-19. 1000 V|\ 4-A Load, Zoom of Vds_low Figure 3-20. 1000 V|\ 4-A Load, Vds_high Side
Side (Purple), Vsw (Blue)

Tek Stop
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Figure 3-21. 1000 V|\ 4-A Load Zoom of Vds_high Side
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3.2 Output Voltage Ripple

Output voltage ripple is shown in the following figures.

Tek Stop

100ms 5.00MS /s ® 7
2 . 5K points 564 \/ 26 0ct 2023
Value Mean Win Iax Std Dew

a
Figure 3-22. 300 V,y Open-Load Output Voltage
Ripple

J 13:30: 06
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Figure 3-23. 300 V|y 2-A Load Output Voltage
Ripple

Stop

5.00MS/s 2/

[4.00ms
2 B§

Value

SM points
Ilax

Mean Win

2 /7 | .
248mV__ Jfoe0ct 2023
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Figure 3-24. 300 V|\ 4-A Load Output Voltage
Ripple
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Figure 3-26. 600 V|\ 2-A Load Output Voltage
Ripple
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Figure 3-25. 600 V|y Open-Load Output Voltage
Ripple

Figure 3-27. 600 V|\ 4-A Load Output Voltage
Ripple
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Figure 3-28. 1000 V,y Open-Load Output Voltage Figure 3-29. 1000 V,\ 2-A Load Output Voltage
Ripple Ripple

Figure 3-30. 1000 V,\ 4-A Load Output Voltage Ripple
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3.3 Load Transients

The following images show the load transient waveforms, when performing open load to full load tests. The
open load on time was set to 400 ms to make sure the time is sufficient for output voltage settle back to normal

regulation voltage, and full load on time was set to 40 ms.

Tek Preu

5. 00MS /s ® / 26 0ct 2023
13: 40: 41

2 100ms
@ 5004 & 5M points 2.80 A

Figure 3-31. Open Load to 4-A Load Dynamic at
300 Vi, VOUT (Blue), IOUT (Green)

Tek Prevu M 100ms
e ™ e T
o i
wom Factor: 50 X Zoom Position: 1.54ms
[z

2 7 2.00ms 5. 00MS/s @ 26 0ct 2023
@ 5004 & 5M points 2.80 A 13: 41: 21

Figure 3-32. Open Load to 4-A Load Dynamic at
300 V|\, Zoom of Undershoot Vgyt (Blue), loyt

(Green)
Tek Prevfu M 100ms Tek Stop
o — n
o jon |
com Factor: 5 X i Zoom_Position: 119m:_

. -

& J
: 4

| —-1 d by h :
E¥

- 2 x T20.0m TOMSs @ 26 0o 2023 2 ; 100ms 5.00MS/s @ % 0o 2023

@ 5008 & 5h points 2.80 & 13: d1: 42 @ s0b w 5M points 2.80 & 13:42: 12

Figure 3-33. Open Load to 4-A Load Dynamic
at 300 V|, Zoom of Overshoot VoyT (Blue), loyt

Figure 3-34. Open Load to 4-A Load Dynamic at
600 V|, VOUT (Blue), IOUT (Green)

(Green)

Tek Preiu I 100ms Tek Preliu M 100ms

— e, ~ —— P -
5 A ———— ] — e ] ]
By ]'"" B ,E-,
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—2 x T80 oS @ 2600 2023 - 2 S YL .0ms SooMss @ 7 T 0o 2023
@ s & SM points 2.30 A |13 42:49 @ s0s & 5M points 2304 | 134313

Figure 3-35. Open Load to 4-A Load Dynamic at
600 V|\, Zoom of Undershoot Vgoyt (Blue), loyt
(Green)

Figure 3-36. Open Load to 4-A Load Dynamic
at 600 V|y, Zoom of Overshoot Vgyt (Blue), loyt
(Green)
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Figure 3-37. Open Load to 4-A Load Dynamic at Figure 3-38. Open Load to 4-A Load Dynamic at

1000 V|n, VouT (Blue), loyt (Green) 1000 V|, Zoom of Undershoot Voyt (Blue), lout
(Green)

Tek Prevu 14l 100ms Tek Stop
S T L]
-l - ]

oom Factor: 2.5 ¥ Zoom Position: 201ms
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Figure 3-39. Open Load to 4-A Load Dynamic at Figure 3-40. 2-A to 4-A Load Dynamic at 1000 V),

1000 V\, Zoom of Overshoot Vgyr (Blue), loyt Vour (Blue), loyt (Green)

(Green)

Tek Prevu M 20.0ms Tek Prebiu I 20.0ms
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Figure 3-41. 2-A to 4-A Load Dynamic at 1000 V|5, Figure 3-42. 2-A to 4-A Load Dynamic at 1000 Vy,
Zoom of Undershoot Vgt (Blue), loyt (Green) Zoom of Overshoot Vgoyr (Blue), oyt (Green)
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3.4 Start-Up Sequence

Figure 3-43 through Figure 3-49 show the output voltage start-up and power-down waveforms.

Table 3-1. Start-Up Sequence Timing

Start-Up Time (ms) 300 Vy 600 V) 1000 Viy
Open load 578 550 542
Full load 610 586 583
Tek Stop Tek Stop

® 0V v @2 200ms 2.50M3 75 @ 7 2600t 2023
@ coa & SM points 4.80 A 10: 50: 57

@ 0V % @2 200ms 2.50M5/s @ 7 2600t 2023
@ c00h & 5M points 4.80 A 10: 52: 52

Figure 3-43. 300 V,y Start Up, Open Load V,y (CH1),

Figure 3-44. 300 V,y Start Up, 4-A Load V,y (CH1),
Vout (CH2), Ioyt (CH4)

Vourt (CH2), loyt (CH4)

Tek Stop

Tek Stop

@ 0V v @2 200ms 2.50M3 /s 2 / 26 0ct 2023 @ o0V % @2 200ms
@ cos & 5M points @ co0h &

2.50MS/s 2 / 26 (ot 2023
5.50 Y 10:55: 14

5M points 5.50 ¥ ][10:56:46 ]

Figure 3-46. 600 V,\ Start Up, 4-A Load V|5 (CH1),
Vout (CH2), Ioyt (CH4)

Figure 3-45. 600 V|\ Start Up, Open Load V|5 (CH1),
Vout (CH2), Ioyt (CH4)

Tek Prevu Tek Stop
By
(iR
@ 0V % @2 200ms 2.50M3 /75 2 / 2600t 2023 @ o0V s @2 200ms 2.50M5/5 2 / 26 0ot 2023
@ s & SM points 5.50 Y 10: 58: 03 @ 200h & 5M points 5.50 ¥ 10: 58: 54

Figure 3-47. 1000 V,\ Start Up, Open Load V|y

Figure 3-48. 1000 V,\ Start Up, 4-A Load V|y (CH1),
(CH1), Vout (CH2), oyt (CH4)

Vout (CH2), loyt (CH4)
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200 5 2 40.0ms 12.5M5/45 2 26 0ct 2023
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2.00 5 5M points 5.40 11: 01: 23
A M p W

Figure 3-49. 1000 V,y Power Down, 4-A Load V|5 (CH1), Vout (CH2), oyt (CH4)

3.5 Overcurrent Protection (OCP)

Overcurrent protection (OCP) was performed at the electrical load side, Table 3-2 shows OCP at different input
voltage.

Table 3-2. OCP at Various Input Voltages
Parameter 300 V\y 600 V) 1000 Vy
OCP (A) 4.307 4.338 4.417
Tek Stop Tek Prevu

{i v ; S.004 & }[LOOS ggﬂl);%\/nsts 270\A }[ﬁ:o::;: 142023J {i o ; S.004 & }{1'003 g’(\)/?;i{;ts 270\/1\ Jﬁ?:%:osmzaJ
Figure 3-50. OCP at 300 Vi Figure 3-51. OCP at 600 V,
Tek Stop

[
@ SV By 2 1.00s S00kS/s : @ 26 0ct 2023
[_ @ so0b  w ]{ 5 points 2.70 A ][11:37: 49 }
Figure 3-52. OCP at 1000 V/y
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3.6 Short-Circuit Protection
Figure 3-53 through Figure 3-55 show the short-circuit protection (SCP) tests performed at the PCB end.
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Figure 3-53. SCP at 300 V|y Figure 3-54. SCP at 600 V|
Tek Stop.

@ 0V v @2 400ms 1.25MS/s @ 260ct 2023
5.00 W 5M points 270 11:42: 43
& M A

Figure 3-55. SCP at 1000 V|5
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