Test Report: PMP22557
High-Voltage Buck Converter Reference Design for

E-Motorcycle BMS Applications

i3 TEXAS INSTRUMENTS

Description

This non-isolated buck converter provides a fixed output of 12 V at 400 mA for BMS applications. It operates
over an input voltage range of 50 Vpc—150 V¢ after a start-up greater than 40 V. Operating in Discontinuous
Conduction Mode (DCM), this converter utilizes the UCC28730 controller, which is referenced to the switch
node. It offers high efficiency and low cost in a compact form factor.
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Figure 1-1. Board Photos, Top and Bottom Views
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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

50V - 150V, after > 40 V start-up

Output voltage and current

12V £3%, 400 mA maximum

Switching frequency

Variable, 83 kHz max

Isolation

No

Controller features

Valley switching, frequency dithering, internal 700-V start-up switch,
overcurrent and overvoltage protection

1.2 Required Equipment

* Resistive load (resistor decade box), 5 W minimum

* Power supply, adjustable, 0 V=200 V and 0.25 A minimum

* Oscilloscope and probes
» Digital multimeter
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2 Testing and Results

2.1 Thermal Images

This thermal image shows the operating temperature of the top side of the board with 120 Vp¢ input and 12 V at
400-mA output at room temperature and no air flow.

41.9°C oC
413 °C
48.8 °C

Figure 2-1. Top-Side Thermal Image, 120-Vp¢ Input, 12 V at 400-mA Output

This thermal image shows the operating temperature of the bottom side of the board with 120-Vp¢ input and 12
V at 400-mA output at room temperature and no air flow.

Figure 2-2. Bottom-Side Thermal Image, 120-Vp¢ Input, 12 V at 400-mA Output
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2.2 Efficiency and Power Dissipation Graphs

The following figure displays the efficiency and power dissipation of the converter at input voltages of 60 V¢, 90
Vpe, 120 Vpg, and 150 Vpe.

PMP22557 Efficiency, Vout = 12V
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Figure 2-3. PMP22557 Efficiency, Voyr =12V
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2.3 Efficiency and Power Dissipation Data

Efficiency data is shown in the following tables.

Power
PMP22557 REVB Efficiency (%) Dissipation (W)
| Vin lin | Vout lout | Pout Pin | Vin1=60Vdc | Pdiss1(W)
| 60.0390 | 0.0004 | 12215 | 0.000000 | 0.000 | 0.023 0.0% 0.023
| 60.0820 | 0.0028 | 12.145 | 0.010000| 0.121 | 0.166 73.2% 0.044
60.0640 | 0.0123 | 12.150 | 0.050000| 0.608 | 0.738 82.3% 0.131
| 60.0990 | 0.0236 | 12.097 | 0.100400 | 1215 | 1.418 85.6% 0.204
| 60.0780 | 0.0347 | 12.082 | 0.149400 | 1.805 | 2.086 86.5% 0.281
| 60.0540 | 0.0469 | 12.069 | 0.201800 | 2436 | 2.817 86.5% 0.381
| 60.0320 | 0.0584 | 12.064 | 0.251700 | 3.037 | 3.505 86.6% 0.468
| 60.0100 | 0.0700 | 12.047 | 0.302700 | 3647 | 4.201 86.8% 0.554
| 60.0380 | 0.0801 | 12.051 | 0.347000| 4.182 | 4.810 86.9% 0.628
60.0140 | 0.0926 | 12.038 | 0.402200| 4.842 | 5557 87.1% 0.716
Vin lin Vout lout Pout Pin Vin2 = 90Vdc Pdiss2 (W)
| 90.1090 | 0.0003 | 12.210 |0.000000| 0.000 | 0.029 0.0% 0.029
| 90.1060 | 0.0020 | 12.142 | 0.010000 | 0.121 | 0.177 68.5% 0.056
| 90.0930 | 0.0086 | 12.145 | 0.050000| 0607 | 0.771 78.8% 0.164
90.1260 | 0.0162 | 12.095 |0.100400 | 1.214 | 1.458 83.3% 0.244
| 90.0640 | 0.0236 | 12.080 | 0.149300| 1.804 | 2127 84.8% 0.324
| 90.0480 | 0.0317 | 12.050 | 0.201400 | 2427 | 2855 85.0% 0.428
90.0330 | 0.0394 | 12.046 |0.251300| 3.027 | 3545 85.4% 0.517
90.1210 | 0.0471 | 12.032 |0.302300 | 3.637 | 4.246 85.7% 0.608
| 90.1080 | 0.0539 | 12.038 |0.346500 | 4.171 | 4.859 85.9% 0.687
| 90.0910 | 0.0624 | 12.029 | 0.401900 | 4834 | 5619 86.0% 0.785

Figure 2-4. Efficiency Data for V;y =60V, 90 V
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PMP22557 REVB Efficiency (%) Dissipation (W)
. Vin lin | Vout lout1 | Pout Pin | Vin3=120Vdc | Pdiss3 (W)
| 120.1420 | 0.0003 | 12.203 | 0.000000 | 0.000 | 0.037 0.0% 0.037
120.0390 | 0.0016 | 12.158 | 0.010000 | 0.122 | 0.188 64.7% 0.066
120.0820 | 0.0066 | 12.124 | 0.049900 | 0605 | 0.792 76.4% 0.187
1 120.0170 | 0.0124 | 12,095 | 0.100400 | 1214 | 1.491 81.5% 0.276
1 120.1570 | 0.0180 | 12.076 [0.149300| 1.803 | 2.162 83.4% 0.359
120.0470 | 0.0241 | 12.050 | 0.201400 | 2427 | 2.893 83.9% 0.466
1 120.0360 | 0.0298 | 12.042 |[0.251200| 3.025 | 3.581 84.5% 0.556
| 120.0730 | 0.0357 | 12.032 | 0.302300 | 3.637 | 4.289 84.8% 0.652
1 120.0150 | 0.0408 | 12.033 [0.346400 | 4.168 | 4.900 85.1% 0.732
120.1480 | 0.0472 | 12.026 [0.401900 | 4.833 | 5673 85.2% 0.840
| Vin lin | Vout lout1 | Pout Pin | Vind=150Vdc | Pdiss4 (W)
| 150.0120 | 0.0003 | 12.199 | 0.000000 | 0.000 | 0.047 0.0% 0.047
| 150.0600 | 0.0013 | 12.130 [0.010000 | 0.121 | 0.201 60.5% 0.079
150.0520 | 0.0054 | 12.104 |0.049900 | 0.604 | 0.816 74.0% 0.212
| 150.0910 | 0.0102 | 12.094 | 0.100400 | 1214 | 1.525 79.6% 0.311
| 150.0820 | 0.0146 | 12.070 | 0.149200 | 1.801 | 2.198 81.9% 0.397
| 150.0720 | 0.0196 | 12.053 [0.201400 | 2.427 | 2.936 82.7% 0.508
150.1160 | 0.0241 | 12,037 | 0251000 3.021 | 3619 83.5% 0.598
| 150.1070 | 0.0289 | 12.035 | 0.302400 | 3639 | 4.334 84.0% 0.694
| 150.0460 | 0.0329 | 12.027 | 0.346100 | 4.163 | 4.941 84.2% 0.778
| 150.0890 | 0.0382 | 12.027 | 0.402000 | 4.835 | 5727 84.4% 0.893

Figure 2-5. Efficiency Data for Viy =120 V, 150 V
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2.4 Voltage Regulation

The following graph displays the measured output voltage at input voltages of 50 Vpc and 150 Vpc.

PMP22557 Voltage Regulation
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Figure 2-6. PMP22557 Voltage Regulation
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3 Waveforms
3.1 Start-up

The following image shows the output voltage start-up waveform (RED) after the application of 60-V input
(BLUE) with the 12-V output loaded to 400 mA.

I'l File T Vertical e Timebase [ Trigger =l Display ~# Cursors || Measure & Math |~ Analysis X Utiliies 4 Support

Timebase -150 ms
Roll  50.0 msidiv Stop 309V
10.0MS 20.0MS/s Edge Posilive

6/2/2020 8:53:50 PM

Figure 3-1. Output Voltage Start-up Waveform (V|y: 10 V/div, Voyt: 5 V/div, 50 ms/div)

-15. st 30.
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The following image shows the output voltage start-up waveform (RED) after the application of 60-V input
(BLUE) with the 12-V output loaded to 0 mA.

I'l File ¥ Vedical «* Timebase [ Trigger [ Display & Cursors || Measurs & Math | Analysis X Uiiliies € Support

L]
R e

50 ms

Roll  50.0 msidiv Stop 309V
= 100MS 200MS/s Edge Positive

TELEDYNE LECRDY 6/2/2020 8:55:13 PM

Figure 3-2. Output Voltage Start-up Waveform (V|y: 10 V/div, Voyt: 5 V/div, 50 ms/div)
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The following image shows the output voltage start-up waveform (RED) after the application of 150-V input
(BLUE) with the 12-V output loaded to 400 mA.

I'l File T Verlical = Timebase I Trigger [= Display # Cursors [ Measure B Math 1= Analysis X Utiites  # Support

ms/div Stop 420V
10.0MS 20.0MS/s Edge Positive

TELEDYNE LECROY 61212020 8:57:13 PM

Figure 3-3. Output Voltage Start-up Waveform (V|y: 50 V/div, Voyt: 5V/div, 50 ms/div)

The following image shows the output voltage start-up waveform (RED) after the application of 150-V input
(BLUE) with the 12-V output loaded to 0 mA.

I'l File T Vertical =+ Timebase I Trigger [=l Display # Cursors || Measure f Math |- Analysis X Utiliies 4 Support

N

msf Trigger  CRIES
msidiv Stop 420V
10.0MS 20.0MS/s Edge Posilive

61212020 8:58.46 FM

TELEDYNE LECROY

Figure 3-4. Output Voltage Start-up Waveform (V|y: 50 V/div, Voyr: 5 V/div, 50 ms/div)
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3.2 Switch Node

The following image shows the FET switch node voltage (RED) at TP3 and the input voltage (BLUE). The input
voltage is 50 V and the 12-V output is loaded to 400 mA.

Il File I Verical =+ Timebase I Trigger [=l Display # Cursors I Measure & Math |- Analysis A Ltiliies 48 Support

—

|
. - ] I

Timebase -30.0 ps
10.0 Vidiv 0 10.0 psidiv Stop 353V

-30. ofst -30.00 V ofst] 200kS 2.00GS/s Edge Posilive

X1=-200nsAX= 27.9ps

X2=27.7 ps 1/8X= 35.8 kHz

TELEDYNE LECROY 6/2/2020 :11:10 PM

Figure 3-5. FET Switch Node Voltage (Vsnode: 10 V/div, V|y: 10 V/div, 10 ps/div)

The following image (scope persistence on) shows the FET switch node voltage (RED) at TP3 and the input
voltage (BLUE). The input voltage is 50 V and the 12-V output is loaded to 400 mA. This shows the effects of
frequency dithering and valley switching on the switch node waveform.

I'l File ¥ Vedical  +* Timebase [ Trigger [=l Display | # Cursors L| Measure G Math |- Analysis A Utilities Support

———— e

se -30.0 us
10.0 ysidiv Stop B3V
200kS 200GS/s Edge Positive
X1=0.0ps AX= 30.0 ps
X2=30.0 ps 1/8X= 33.3 kHz
TELEDYNE LECRDY 6/2/2020 9:12:13 PM

Figure 3-6. FET Switch Node Voltage (Vsnode: 10 V/div, V|y: 10 V/div, 10 ps/div)
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The following image shows the FET switch node voltage (RED) at TP3 and the input voltage (BLUE). The input

voltage is 50 V and the 12-V output is loaded to 10 mA.

I'l File T Verlical = Timebase I Trigger [= Display # Cursors [ Measure B Math 1= Analysis X Utiites  # Support

18

50 us

50.0 ysidiv Stop 353V

100MS 200GS/s Edge Positive
X1=-500ns AX= 138.0ps
X2=137.5 ps 1/AX=7.25 kHz

TELEDYNE LECROY 67212020 9:09:44 PM

Figure 3-7. FET Switch Node Voltage (Vsnode: 10 V/div, V|y: 10 V/div, 50 us/div)

The following image shows the FET switch node voltage (RED) at TP3 and the input voltage (BLUE). The input

voltage is 150 V and the 12-V output is loaded to 400 mA.

I'l File T Vertical =+ Timebase I Trigger [=l Display # Cursors || Measure f Math |- Analysis X Utiliies 4 Support

%
|

0.0 s
10.0 ysidiv Stop 355V
200kS 200GS/s Edge Posilive
X1=-100 nsAX= 25.6 s
X2=25.5 ps 1/0X=39.1 kHz

TELEDYNE LECROY 61212020 9:03:19 PM

Figure 3-8. FET Switch Node Voltage (Vsnode: 50 V/div, Viy: 50 V/div, 10 us/div)
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The following image (scope persistence on) shows the FET switch node voltage (RED) at TP3 and the input
voltage (BLUE). The input voltage is 150 V and the 12-V output is loaded to 400 mA. This shows the effects of
frequency dithering and valley switching on the switch node waveform.

Il File T verical *+ Timebase I Trigger [= Display # Cursors [ Measure B Math 1= Analysis X Utiites  # Support

is
10.0 ysidiv Stop 355V

200kS 200GS/s Edge Positive

X1=0.0ps AX= 289ps

X2= 28.9 s 1/AX= 34.6 kHz

TELEDYNE LECROY 6122020 9:04:30 PM

Figure 3-9. FET Switch Node Voltage (Vsnode: 50 V/div, V|y: 50 V/div, 10 ps/div)

The following image shows the FET switch node voltage (RED) at TP3 and the input voltage (BLUE). The input
voltage is 150 V and the 12-V output is loaded to 10 mA.

Il File T verical * Timebase I Trigger [=l Display # Cursors || Measure f Math |- Analysis X Utiliies 4 Support

18

50.0 ysidiv Stop 355V
1.00MS 2.00GS/s Edge Posilive
X1=-500ns AX= 161.0ps
X2=160.5 ps 1/AX= 6.21 kHz
TELEDYNE LECROY 6122020 9:07:53PM ¢

Figure 3-10. FET Switch Node Voltage (Vsnode: 50 V/div, V|y: 50 V/div, 50 pus/div)
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The following image shows the switching voltages on each side of C1. The waveforms show the switch node
voltage at TP3 (RED) and D1 cathode voltage (BLUE). The input voltage is 50 V and the 12-V output is loaded
to 400 mA.

I'l File T Verlical = Timebase I Trigger [= Display # Cursors [ Measure B Math 1= Analysis X Utiites  # Support
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6212020 9:14.51 PM

TELEDYNE LECROY

Figure 3-11. FET Switch Node Voltage (Vsnode: 10 V/div, D1-Cathode: 10 V/div, 10 us/div)

The following image shows the switching voltages on each side of resistor divider R1/R2. The waveforms show
the switch node voltage at TP3 (RED) and the voltage at R1 (side connected to D2) (BLUE). The input voltage is
50 V and the 12-V output is loaded to 400 mA.

I'l File T Vertical =+ Timebase I Trigger [=l Display # Cursors || Measure f Math |- Analysis X Utiliies 4 Support

V&

0.0 43
10.0 ysidiv Stop 353V
200kS 2.00GS/s Edge Posilive
6/2/2020 9:18:07 PM

Figure 3-12. Switching Voltages (Vsnode: 10 V/div, D2-Cathode: 10 V/div, 10 ps/div)
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The following image shows the switching voltages on each side of resistor divider R1/R2. The waveforms show

the switch node voltage at TP3 (RED) and the voltage at R1 (side connected to D2) (BLUE). The input voltage is
150 V and the 12-V output is loaded to 400 mA.

Il File T verical *+ Timebase I Trigger [=l Display # Cursors [/ Measure & Maih

=2 Analysis X Utiliies @ Support

?
P

Mfinan

mebase -15.0 usf Trigger CBES
5.00 psidiv Stop 355V
100 kS 2.00GS/s Edge Positive

TELEDYNE LECROY

6212020 9:19:56 PM

Figure 3-13. Switching Voltages (Vsnode: 50 V/div, D2-Cathode: 10 V/div, 5 pys/div)
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3.3 Output Voltage Ripple
The output ripple voltage (AC coupled) is shown in the following image. The input voltage is 50 V and the 12-V
output is loaded to 400 mA.

Il File I Verical =+ Timebase [ Trigger =l Display ~# Cursors || Measure & Math |~ Analysis X Utiliies 4 Support

s

RN IENE A NN

L

WU WL U WU S W WU WU YN WU

Timebase -300 ps
100 psidiv Stop  49.0 m¥/
4.00MS 4.00GS/s Edge Posilive

4
6/2/2020 9:27:51 PM

ay
TELEDYNE LECROY

Figure 3-14. Output Voltage Ripple (AC Coupled) (Vout: 50 mV/div, 100 pus/div)

The output ripple voltage (AC coupled and scope persistence on) is shown in the following image. The input
voltage is 50 V and the 12-V output is loaded to 400 mA. This shows the effects of frequency dithering and valley

switching on the switch node waveform.

Il File T Verical ++ Timebase [ Trigger [l Display ~# Cursors [| Measure &2 Math |- Analysis X Utilties 4 Support

0.0 s
0 psidiv Stop 49.0 mv
800 kS 4.00GS/s Edge Posilive

Ay
6/2/2020 9:29:53 PM

TELEDYNE LECROY

Figure 3-15. Output Voltage Ripple (AC Coupled) (Vout: 50 mV/div, 20 ps/div)
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The output ripple voltage (AC coupled) is shown in the following image. The input voltage is 150 V and the 12-V
output is loaded to 400 mA.

I'l File T Verlical = Timebase I Trigger [= Display # Cursors [ Measure B Math 1= Analysis X Utiites  # Support

mebase -300 us
100 psidiv Stop  49.0 m¥/
400MS 400GS/s Edge Positive

ﬂ Trailing number(s) in the filename were truncated to allow auto-numbering. 6/2/2020 9:32:24 PM

Figure 3-16. Output Voltage Ripple (AC Coupled) (Voyt: 50 mV/div, 100 ps/div)
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3.4 Load Transients

The following image shows the 12-V output voltage (AC coupled) when the load current is stepped between 200

mA and 400 mA (50% load step). V,y = 50 V.

l*] File ¥ Verical  ** Timebase I Trigger [=l Display # Cursors I Measure & Math |- Analysis A Ltiliies 48 Support

ns|
1.00 msidiv Stop 310 mA
10.0MS 1.00GS/s Edge Posilive

61212020 9:45:53 PM

Figure 3-17. Load Transient, 12-V Output Voltage (AC Coupled)
(Vout: 100 mV/div, lgyt: 200 mA/div, 1 ms/div)

The following image shows the 12-V output voltage (AC coupled) when the load current is stepped between 400

mA and 200 mA (50% load step). V|y = 50 V.

I'l File I Verical «* Timebase [ Trigger [ Display & Cursors || Measure & Math | |~ Analysis A Utiliies # Support

L T I e

&

.00 msidiv Stop 310 mA
10.0MS 1.00GS/s Edge Negalive

TELEDYNE LECROY 6/2/2020 9:51:52 PM

Figure 3-18. Load Transient, 12-V Output Voltage (AC Coupled)
(VOUT: 100 mV/div, louT: 200 mA/div, 1 ms/div)
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The following image shows the 12-V output voltage (AC coupled) when the load current is stepped between 200
mA and 400 mA (50% load step). Viy = 150 V.
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Figure 3-19. Load Transient, 12-V Output Voltage (AC Coupled)
(Vout: 100 mV/div, lgyt: 200 mA/div, 1 ms/div)

The following image shows the 12-V output voltage (AC coupled) when the load current is stepped between 400
mA and 200 mA (50% load step). V|y = 150 V.
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Figure 3-20. Load Transient, 12-V Output Voltage (AC Coupled)
(Vout: 100 mV/div, loyt: 200 mA/div, 1 ms/div)
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3.5 Short-Circuit Recovery Response

The following image shows the output voltage (RED) recover from a short to ground and the output load current

(GREEN). Vjn = 100 V and Voyr is 12 V at 400 mA.
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Figure 3-21. Short-Circuit Recovery (Vout: 5 V/div, lgyt: 500 mA/div, 50 ms/div)
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