Test Report: PMP21683
48-V/550-W Resonant Converter Reference Design

Wi} TEXAS INSTRUMENTS

Description

This resonant converter reference design takes a 380-V to 420-V DC input and generates a 48-V up to 550-W
output. With the UCC256302 driver-integrated resonant converter controller and UCC24624, a two-channel
synchronous rectifier (SR) driver, this design can achieve 97.95% peak efficiency.

RLTI-1303

L

400UDC No

2 An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and other
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1 System Specification

1.1 Board Dimension:
3.45"x 4.95" x 1.4"

1.2 Input Characteristics

Minimum

Nominal

Maximum

380

400

420

VDC

1.3 Output Characteristics
The power supply unit should be able to supply 48V+/-5% with 550W maximum output power.
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2 Testing and Results

2.1 Board Photos
The photographs below show the top and bottom view of the PMP21683 Rev B board.

2.1.1 Top Side
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2.1.2 Bottom Side
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2.2 Efficiency
The efficiency curves of total supply are shown in the tables and graph below.
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Output power (W)
380Vin
Vin(V) lin(A) Pin(W) [Voutl(V) loutl(A) Pout(W) |Eff. (%)
379.97 1.501 570.52 48.366 11.498| 556.110 97.48%
379.98 1.436 545.48 48.369 10.998| 531.960 97.52%
379.98 1.303 495.14 48.370 9.998( 483.610 97.67%
379.98 1.171 445.15 48.371 8.999| 435.280 97.78%
379.99 1.041 395.39 48.372 7.999| 386.920 97.86%
380.00 0.910 345.64 48.374 6.999| 338.570 97.95%
380.01 0.780 296.34 48.373 5.999( 290.180 97.92%
380.01 0.650 247.14 48.373 4,999| 241.810 97.84%
380.02 0.521 198.16 48.372 3.998| 193.400 97.60%
380.02 0.393 149.36 48.371 2.998( 145.020 97.09%
380.03 0.270 102.22 48.231 1.998 96.410 94.31%
380.03 0.135 51.06 48.351 0.999 48.300 94.60%
380.04 0.067 25.55 48.368 0.499 24.140 94.51%
380.04 0.034 12.83 48.356 0.249 12.040 93.83%
380.05 0.014 5.22 48.352 0.099 4,790 91.66%
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400V,

Vin(V) lin(A) Pin(W) [Voutl(V) loutl(A) Pout(W) [Eff. (%)
400.17 1.423| 569.50 48.364 11.498| 556.090 97.65%
400.17 1.361| 544.48 48.366 10.998| 531.930 97.70%
400.17 1.236| 494.61 48.367 9.998| 483.580 97.77%
400.19 1.112| 444.85 48.372 8.999| 435.290 97.85%
400.19 0.988| 395.22 48.371 7.998| 386.890 97.89%
400.20 0.864| 345.74 48.371 6.999| 338.530 97.92%
400.21 0.740[ 296.09 48.373 5.999( 290.170 98.00%
400.22 0.619 247.58 48.373 4,999 241.800 97.67%
400.22 0.496| 198.41 48.367 3.998( 193.370 97.46%
400.23 0.384| 153.05 48.142 2.998| 144.360 94.33%
400.23 0.258| 102.69 48.226 1.998| 96.380 93.86%
400.24 0.129 51.31 48.352 0.998| 48.270 94.08%
400.24 0.064 25.51 48.368 0.499| 24.120 94.55%
400.24 0.032 12.79 48.371 0.248| 12.020 94.00%
400.25 0.013 5.16 48.373 0.098 4.750 92.02%

420V

Vin(V) lin(A) Pin(W)  [Voutl(V) loutl(A) Pout(W) [Eff. (%)
420.02 1.369| 575.05 48.329 11.498| 555.610 96.62%
420.02 1.311| 550.52 48.323 10.996| 531.440 96.53%
420.02 1.192| 500.82 48.330 9.998| 483.210 96.48%
420.04 1.074| 451.14 48.332 8.999( 434.930 96.41%
420.04 0.956| 401.33 48.336 7.999| 386.630 96.34%
420.05 0.836| 351.09 48.339 6.999( 338.330 96.37%
420.06 0.717| 300.92 48.347 5.998| 290.010 96.37%
420.06 0.597| 250.83 48.344 4.999| 241.670 96.35%
420.06 0.478 200.79 48.345 3.998| 193.290 96.27%
420.07 0.370| 154.50 48.098 2.998| 144.240 93.36%
420.08 0.247| 103.47 48.198 1.998| 96.340 93.12%
420.09 0.124 51.72 48.354 0.998| 48.270 93.33%
420.09 0.061 25.69 48.377 0.498| 24.120 93.88%
420.10 0.031 12.80 48.383 0.248 12.010 93.87%
420.09 0.012 5.15 48.392 0.098 4.760 92.43%
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2.3 Thermal Images
The thermal images below show a top view and bottom view of the board. The board is placed vertically during
the test. The ambient temperature was 25°C without forced air flow. The output was loaded with 48V/11.5A.

2.3.1 380VDC input, Top Side

2/1/2019 2:19:29 PM °C

Measurements
Bx1 Max 60.1°C
Bx2 Max 56.2°C
Min 358°C
Average  53.8 °C
Bx3 Max 51.1°C
Min 457 °C
Average | 485 °C
Sp1 28.1°C
Alarm (Custom) °C
Custom mode: Below
Limit: 2238
Parameters
Emissivity 0.95
FLIR2056.jpg FLIR E75 78503305 Refl. temp. 20 °C
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2.3.2 380Vpc Input, Bottom Side
2/1/2019 2:19:05 PM

FLIR2055.jpg

Measurements
Bx1
Bx2

Sp1

Alarm (Custom)
Custom mode:
Limit:

—_ Parameters
232 Emissivity
FLIR E75 78503305 Refl. temp.

Average

724°C
45.6 °C
324°C
39.8°C
23.7°C

Below
15.3

0.95
20 °C

°C
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2.3.3 400Vpc Input, Top Side
2/1/2019 3:29:19 PM
Measurements
Bx1 Max 61.9°C
Bx2 Max 50.8°C
Min 38.2°C
Average  56.2 °C
Bx3 Max 529°C
Min 38.2°C
Average | 499 °C
Spi 286 °C
Alarm (Custom) °C
Custom mode: Below
Limit: 153
Parameters
Emissivity 0.95
FLIR2058.jpg FLIR E75 78503305 Refl. temp. 0°C
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2.3.4 400Vpc Input, Bottom Side
2/1/2019 3:28:53 PM

12 i'l'-h .

Measurements
Bx1
Sp1

Alarm (Custom)

Custom mode:
Limit:

21.7

Parameters
Emissivity

FLIR2057.jpg FLIR E75 78503305 Refl. temp.

67.0°C
243°C

Below
15.3

0.95
20 °C

°C
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2.3.5 420Vpc Input, Top Side
2/1/2019 3:54:51 PM
Measurements
Bx1 Max 89.1°C
Bx2 Max 70.0°C
Min 410°C
Average | 67.3 °C
Bx3 Max 79.8°C
Min 65.6°C
Average  75.0 °C
Sp1 206°C
Alarm (Custom) °C
Custom mode: Below
Limit: 15.3
_ _ Parameters
227 Emissivity 0.95
FLIR2060.jpg FLIR E75 78503305 Refl. temp. 20 °C
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2.3.6 420Vpc Input, Bottom Side

2/1/2019 3:54:27 PM

FLIR2059.jpg

Measurements
Bx1
Bx2

Bx3

Sp1

Alarm (Custom)
Custom mode:
Limit:

Parameters
23 1 Emissivity

FLIR E75 78503305 Refl. temp.

Average
Max
Min

Average

85.3°C
64.7 °C
39.7°C
53.9°C
88.7 °C
49.6 °C
70.1°C
24.1°C

Below
15.3

0.95
20 °C

°C
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2.4 Startup
The voltages at startup are shown in the images below, where C2 is the input voltage, C3 is output voltage, and
C4 is the inductor current of L100.

2.4.1 380Vin, 0.1A Load
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2
| C DC1 Timebase-15.0 ms
100 Vidiv 20.0 Vidiv 20.0 A/div, 5.00 ms/div Normal 276V
-100.0 V ofst 20.0V offset 0.0 A offset 100 kS 2MS/s Edge Positive
b | |
4 ’
2
1 I |
EREX 4 Timebase-15.0 ms|
100 Vidiv 0 Vidiv 20.0 A/div, 5.00 ms/div Normal 276V
-100.0 V ofst 20.0V offset 0.0 A offset 100 kS 2MS/s Edge Positive
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2.4.3 400Vin, 0.1A Load
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100 Vidiv 20.0 Vidiv 20.0 A/div, 5.00 ms/div Normal 276V
-100.0 V ofst 20.0 V offset 0.0 A offset 100 kS 2MS/s Edge Positive

2.4.4 400Vin, 11.5A Load

A EREED | s nebase-15.0 ms oC

100 Vidiv 20.0 Vidiv 20.0 A/div, 5.00 ms/div Normal 276V

-100.0 V ofst 20.0V offset 0.0 A offset 100 kS 2MS/s Edge Positive
TIDT105 - April 2019 48-V/550-W Resonant Converter Reference Design 13
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2.45 420Vin, 0.1A Load
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100 Vidiv 20.0 Vidiv 20.0 A/div, 5.00 ms/div Normal 276V
-100.0 V ofst 20.0 V offset 0.0 A offset 100 kS 2MS/s Edge Positive

2.4.6 420Vin, 11.5A Load

T - Ol S W1+ 12 [ Ui L g e

A EREED | s nebase-15.0 ms oC
100 Vidiv 20.0 Vidiv 20.0 A/div, 5.00 ms/div Normal 276V
-100.0 V ofst 20.0V offset 0.0 A offset 100 kS 2MS/s Edge Positive
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2.5 Turn Off

The voltages at turn-off are shown in the images below with 48V/11.5A load (Electronic load with CC mode),
where C2 is input voltage, C3 is output voltage, and C4 is the inductor current of L100.

g
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\
i
\
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M Timebase 10.0 ms
100 Vidiv 20.0 Vidiv 5.00 A/div 5.00 ms/div Normal 276V
-100.0 V ofst 0.0 V offset -5.00 A offset 100 kS 2MS/s Edge Negative
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2.6 Output Ripple Voltages
2 x 0.1uF/100V (0805) ceramic capacitors are applied on the ripple test board. C2 is Vin, C3 is Vout and C4 is the

output current.

2.6.1 48V output ripple at 0.1A load and 380V,

¥ A
e (gﬁ"“t-,.. T, #. e
r‘zf — e e ens f B T,
o — _— .
e e b
e R — s
———. | —— ——
2
100Vidv 2,00 Vidiv 500 mA/div 200msidv Stop  20mV
-100.0 V ofst 0.00 V offset 500 mA ofst] 100 kS 5MS/s Edge Positive

2.6.2 48V output ripple at 11.5A load and 380V,

4|
e, Pt M W ‘\-\ f*’ﬂf"’”\\ i wa’ " ﬂ W Hm\
B K Y i\t . ! Ny ﬁ’Mf . %\‘ Aﬂ z Ay A X lﬂ X
\‘}""3.- "'J‘ W, "J"""' uu VA /! b | ' VW ““‘" uq ¥ "
u \ \‘ ! W
¥
2
4 Timebase -10.0 ys|
100 V/div 200 mV/ 5.00 Aldiv 500psidiv Stop 26 mV
-100.0 V ofst 0 mV offset 5.00 A offset| 100 kS 2GS/s Edge Positive
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2.6.3 48V output ripple at 0.1A load and 400V;,

4
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N ug "b% St " »,.“"
0, " e, % ﬂ\,,,"l o
2 " K.

100 V/div 2.00 Vidiv 500 mA/div 5.00 ms/div Stop 0.00V
-100.0 V ofst 0.00 V offset 500 mA ofst 100 kS 2MS/s Edge Positive

100 V/div 200 mVidiv 5.00 A/div]

0.0 usf Trigger DC
us/div Stop 0omv
-100.0 V ofst 0 mV offset 5.00 A offset 100 kS 1GS/s Edge Positive
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2.6.5 48V output ripple at 0.1A load and 420V;,
|
54
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"\t.‘% . *h,,‘%‘ h,%% %“"“% . g
o L ""'q\h 4"’&\,“’ Py ““ﬂ "
o2 e g, N o, "t o,
[c2 ENESD| Timebase-10.0 ms
100 V/div 00 Vidiv 500ms/div Stop  0.00V
-100.0Vofst  0.00V offset 500 mA ofs 100kS  2MSis Edge Positive

2.6.6 48V output ripple at 11.5A load and 420V,

o J
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|'| ”ll‘ ”||| ”11 H;I

| C2 Timebase -10.0 ys|
100 Vidiv 5 5.0 / 5.00 ys/div Stop 0omv
-100.0 V ofst 5.00 A offs 100 kS 2GS/s Edge Positive
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2.7 Frequency Response
Frequency response is tested with 11.5A load.

2.7.1 390Vin

Q 2] ‘ Bl | |
o \
- 2 Side Bar. ‘ ‘ 1
20 a8 | [e125 Frequency iz) 120 de
‘ {-17.6¢ Gain (48)
N /./"_- ‘\ e 2:‘::: (%?B)/decade) ‘ L'
2048 \ 60 deg
a 0dB j N | 0 deg
o a N N |
2 Side Bar. ‘ ‘
B | |s8e8  Frequency (Hz) \ -60 deg
-2629m Gain (dB)
1013 Phase (deg) \ ‘ ‘
0694 Slope (20dBidecade) ™N 90 dec
O “: I -10U deg
Q| . = ‘ ‘
v
100 Frequency 100 k
2.7.2 410Vin
3 | 0 H |
1-Phase l i 1 o
1 Slide Bar:

6.668 k Frequency (Hz)

-1025  Gain (dB)
773.3m Phase (deg)
433  Slope (20dB/decade)

Gain

1 Slide Bar:

1904k Frequency (Hz)
-2201'm Gain (dB)

—

7403 Phase (deg) il
0499 Siope (20dBidecade)

-60

10 kHz

Frequency

180

Phase

-180

180

Phase

-180

TIDT105 - April 2019

48-V/550-W Resonant Converter Reference Design

Copyright © 2019, Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS

www.ti.com

2.8 Load Response
Load response is tested with 5A to 11.5A step load change. C2 is Vin, C3 is Vout and C4 is the output current.

2.8.1 380Vin

Ko 5L [Ac1m] Timebase-1.00 ms
100 Vidiv : v 5.00 A/div 500 ys/div Stop 8.40A
-100.0 V ofst -1.005 .00 S 100 kS 20 MS/s Edge Positive
2.8.2 400Vin
i i
i
Wi, Wy Y\t e
4
g l

Timebase-1.00 ms

100 V/div / 500 ps/div Stop 8.40A

-100.0 V ofst -1.005 A offse! 100kS  20MS/s Edge Positive

20 48-V/550-W Resonant Converter Reference Design TIDT105 - April 2019
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2.8.3 420Vin

¥

-

&
100 Vidiv 1.000 V/div 5.00 A/div]
-100.0 V ofst -1.005V ofst 0.00 A offset

e-1.00 ms

500 ps/div Stop 8.40A
100 kS 20 MS/s Edge Positive
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2.9 Key Waveforms

2.9.1 Normal operation (380V;,, 48V/0.1A)
Cl: Vg sr2, C2: Q106_Vps, C3: Vp sra; C4: .

Wﬁ-mrwww-ﬂ-r-jﬂ———ﬁr

e

i
|
e
9

wL|DC g ;'f: mebase -7( ag
2.00 V/div 100 Vidiv . 5.00 A/div 20.0 ysidiv Stop 275V
-6.00 V offset -100.0 V ofst 0.0 V offset .00 A offs 100kS 500 MS/s Edge Positive

2.9.2 Normal operation (380V;,, 48V/11.5A)
C1: Vg sp2, C2: Q106_Vps, C3: Vp gro; C4: Ly

LN A M LN

-
]
P
i

C1_EIBEEI ZEEE s Trigger
5.00 Vidiv 100 Vidiv 5 / 5.00 Ardivi 5.00 ysidiv Stop 275V
-15.00 V ofst -100.0 V ofst 0.0V offset 5.00/ S 100 kS 2GS/s Edge Positive
22 48-V/550-W Resonant Converter Reference Design TIDT105 - April 2019
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2.9.3 Normal operation (400V;,, 48V/0.1A)
C1: Vs sr2s Cc2: Q106_VD5, C3: Vp SR2, C4: Ipri-

E }A T }_L W g VY | Vi *mm
Pt ] s
¥ 3 &g R iy a ] @
P e e e — ——— s Re——
2 \ \ L \
S T I W S

1 2 DC Timebase -17.5 uysf Trigger CBES
5.00 V/div 100 Vidiv /Idiv .00 A/div 5.00 ps/div Stop 275V

-15.00 V ofst -100.0 V ofst V offs 100 kS 2GS/s Edge Positive

2.9.4 Normal operation (400V;,, 48V/11.5A)
Cl: Vg sr2, C2: Q106_Vps, C3: Vp sra; C4: .

N A
INA NA DA DA NA LN

,,,,, - e b A R

Stop 275V
100 kS 2GS/s Edge Positive
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2.10 Normal operation (420V;,, 48V/0.1A)
C1: Vs sr2s Cc2: Q106_VD3, C3: Vp SR2, C4: Ipri-

r'-""- r—w-wh fremnee {F — [ e P—-l

. | bf'}‘ ‘ ...... ‘; . - | , L . . bv, b,w‘ - » ‘.a.u_. ‘ ;;.&‘
AN /111 A
— \/ N R | TR b B

23]

B histihicillsiehidiabuiihenadinabuhitbachoidioedlofundibonbodnbpioimbel g
S R R T S R £ RS R ) i S (R M Sh A S R A L S s
5% BEE Timebase -35.0 us
100 Vidiv 50.0 V/div 5.00 A/div] 10.0 ys/div Stop 275V
fst -100.0 V ofst 0.0 V offset 5.00 A offset 100 kS 1GS/s Edge Positive
2.11 Normal operation (420V;,, 48V/11.5A)
C1: Vg sro, C2: Q106_Vps, C3: Vp sro; C4: L.
[ | f | i
P — i——— P [— A — I— a——
: |
e | i i sl o
RIFRIFEEER
b _-_b E F §z I};[ Wi 'Is & %

500psidv Stop 275V
100 kS 2GS/s Edge Positive
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