Test Report: PMP23558
240W AC/DC PSU Using GaN Reference Design
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Description Features

This reference design is a transition-mode, boost » Integrated current sense emulation in PFC stage
power factor correction (PFC) and half bridge LLC (no shunt resistor required)

that accepts universal AC input and generates » Peak efficiency of 95.96%

an isolated 24V, 10A output. The design utilizes » Full load efficiency of 93.62% at 90Vac input
LMG3622 GaN module on the primary side with . .-

integrated driver and current sense emulation for Applications

improved efficiency. This design achieves a full load « Industrial AC-DC

efficiency of 93.62% at 90Vac input.

Resources

PMP23558 Design Folder

LMG3622REQR Tool Folder

UCC28056ADBVR Tool Folder

UCC256614DDBR Tool Folder

CSD18540Q58 Tool Folder

OPA2170AIDCUR Tool Folder

LM4040D25QDBZR Tool Folder
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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

90Vac to 264Vac

Input voltage frequency

47Hz to 60Hz

Output voltage

24V

Maximum total output power

240W

1.2 Required Equipment

* AC source: Chroma model 61601

* Digital power meter: Yokogawa WT310
» Electronic load: Chroma 6314A

» Oscilloscope: Tektronix, DPO3054

e Multimeter: Fluke, 287C

1.3 Dimensions
105mm x 71.825mm
1.4 Test Setup

Isolated AC power
supply

Power meter PMP23558 board

Electronic load

Figure 1-1. Test Setup
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2 Testing and Results
2.1 Efficiency and PF/THD Graphs

Efficiency is shown in Figure 2-1 and Figure 2-3.

Figure 2-1. Efficiency vs Output Power

Power factor is shown in Figure 2-2.

Figure 2-2. Power Factor vs Output Power
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Input current total harmonic distortion is shown in Figure 2-3.
Figure 2-3. THD vs Output Power
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2.2 Efficiency Data

Efficiency data is shown in Table 2-1.

Table 2-1. Efficiency Data

Vinac (Vrms) | Py (W) PF THD (%) Vour (V) lout (A) Pour (W) Efficiency (%)
89.9 27.6 0.5871 14.13 2415 0.997 24.07755 87.24%
89.8 51.8 0.8081 9.703 2415 1.997 48.22755 93.10%
89.61 77.89 0.9944 6.577 24.15 2.997 72.37755 92.92%
90.47 103.22 0.9959 6.19 24.14 3.997 96.48758 93.48%
90.33 128.54 0.9969 5.834 24.14 4.997 120.62758 93.84%
90.18 153.89 0.9918 11.98 24.14 5.997 144.76758 94.07%
90 179.54 0.9932 10.933 24.13 6.997 168.83761 94.04%
89.77 205.43 0.9941 10.14 24.13 7.997 192.96761 93.93%
89.74 231.46 0.9948 9.594 2413 8.997 217.09761 93.79%
89.58 257.68 0.9953 9.13 2413 9.997 241.22761 93.62%
116.02 28.61 0.6174 36.11 24.16 0.997 24.08752 84.19%
115.93 53.22 0.8517 21.15 24.16 1.997 48.24752 90.66%
115.76 77.41 0.9888 7.29 24.15 2.997 72.37755 93.50%
115.65 102.53 0.9925 6.829 24.15 3.997 96.52755 94.15%
115.53 127.71 0.9943 6.624 24.15 4.997 120.67755 94.49%
115.41 152.93 0.9952 6.671 24.14 5.997 144.76758 94.66%
115.29 178.2 0.9902 12.672 2414 6.997 168.90758 94.79%
115.11 203.72 0.9917 11.72 2414 7.997 193.04758 94.76%
115 229.36 0.9928 10.957 24.13 8.997 217.09761 94.65%
114.86 255.2 0.9936 10.35 24.13 9.997 241.22761 94.52%
230.44 27.87 0.5051 45477 24.16 0.997 24.08752 86.43%
230.55 52.61 0.6106 27.8 24.18 1.997 48.28746 91.78%
230.61 77.78 0.8026 23.25 24.16 2.997 72.40752 93.09%
230.05 101.2 0.9349 14.633 24.15 3.997 96.52755 95.38%
230.01 126.18 0.9581 12.427 24.15 4.997 120.67755 95.64%
229.96 151.05 0.9706 11.042 2414 5.997 144.76758 95.84%
229.9 176.05 0.9771 10.03 24.14 6.997 168.90758 95.94%
229.84 201.17 0.9813 9.476 24.14 7.997 193.04758 95.96%
229.78 226.35 0.9843 9.039 24.13 8.997 217.09761 95.91%
229.72 251.61 0.9861 8.812 24.13 9.997 241.22761 95.87%
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2.3 Thermal Images

Top side thermal image at 115Vac input, full load for 20-minute soak is shown in Figure 2-4.

Dicde Bridge - BD1 & BD2.

FC Inductor - L

| C Resonant Inductor - L3 e

Figure 2-4. 115Vac, Full Load, Top Side Thermal Image

Table 2-2 summarizes the temperature of key components on the top side of the PCB.

Table 2-2. 115Vac, Full Load, Top Side Component Temperature

Component Temperature (°C)
Diode Bridge BD1 and BD2 81.1°C
PFC Inductor — L4 69.7°C
PFC Diode — D22 72.8°C
LLC Resonant Inductor — L3 52.5°C
LLC Transformer — T1 87.1°C
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Bottom side thermal image at 115Vac input, full load for 20-minute soak is shown in Figure 2-5.

" PFC Controller - U23

Figure 2-5. 115Vac, Full Load, Bottom Side Thermal Image

Table 2-3 summarizes the temperature of key components on the bottom side of the PCB.

Table 2-3. 115Vac, Full Load Bottom Side Component Temperature

Component Temperature (°C)
PFC Controller — U23 58.0°C
PFC GaN - U21 and U22 64.3°C
LLC Controller — U102 67.9°C
LLC GaN — U101 and U103 66.2°C
Aux LDO FET - Q1 93.6°C
SR FET - Q101 and Q102 79.3°C
SR Controller 80.6°C
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Top side thermal image at 230Vac input, full load for 20-minute soak is shown in Figure 2-6.

Diode Bridge - BD1 & BD2
PFC Inductor - L4

LC Resonant Inductor,

Figure 2-6. 230Vac, Full Load, Top Side Thermal Image

Table 2-4 summarizes the temperature of key components on the top side of the PCB.

Table 2-4. 230Vac, full load, top side component temperature

Component Temperature (°C)
Diode Bridge BD1 & BD2 55.9°C
PFC Inductor — L4 61.1°C
PFC Diode — D22 64.4°C
LLC Resonant Inductor — L3 52.5°C
LLC Transformer — T1 87.0°C
8 240W AC/DC PSU Using GaN Reference Design SLVT228 — OCTOBER 2025
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Bottom side thermal image at 230Vac input, full load for 20-minute soak is shown in Figure 2-7.

PFC Controller - U23

PFC GaN - U21 & U22

Figure 2-7. 230Vac, Full Load, Bottom Side Thermal Image

Table 2-5 summarizes the temperature of key components on the bottom side of the PCB.

Table 2-5. 230Vac, Full Load Component Temperature

Component Temperature (°C)
PFC Controller — U23 49.5°C
PFC GaN - U21 and U22 57.5°C
LLC Controller — U102 63.9°C
LLC GaN — U101 and U103 64.0°C
Aux LDO FET - Q1 85.8°C
SR FET - Q101 and Q102 76.6°C
SR Controller 79.2°C
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2.4 Bode Plots
Bode plot of the LLC control loop is shown in Figure 2-8.
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Figure 2-8. LLC Control Loop Measurement
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2.5 EMI

Conducted EMI result of L1 at 115Vac, full load is shown in Figure 2-9.
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Figure 2-9. 115Vac, Full Load, L1
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Conducted EMI result of L2 at 115Vac, full load is shown in Figure 2-10.
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m.& _.Tr ™ %
- =
In ¥
|
[ olgs
|||||||||||||||||||||||||||||||||||||||||||| ”ﬂn:::.::::::.: el Il v | _.h_m
< afes
af=2
]
n
-l
2 |
=
-
Tt e e < B e A B -
[ 1]
.......................................... RN FRR RN R —
[ 1|
B L T I B L T T e e S B Ll LT .
[ 1|
...................................................................... | |
u
o
|||||||||||||||||||||||||||||||||||||||||||||||||| B S R =
'z
=
W
1 m
1 L4
........................................... i iy I =
Pl 1
m 1
O |
n
a L
= e M% .............
o L
2 =
n =f
W om oW =
m w o —
& < 4 of U
o TR == =
5 W - —
al l-@-m__“. ......................................... .%LIll .......
£ oW
0 RR-Chl- (R kb CETE U T -1
e P -:m-um ............. Ol lEL e =
= o = mu o =
||||||| [ [N S R U [ | RN [ N ———
Mom Ww % % s
T olz| Og o L
o|=}---E-E ] B S i e R B e e ISCREEEE
e o -
— - - r a U
W ) ---O-mu ............. JERN T U R U AP EOUR S R
= A = £
bl 0 o o o m ==
= Mmoo = =
z _|Elxc2a o . N
o rlote-w-wg------------- = T S - o e, e e LR I
o Twow m o =
o (= £ = = o
. [ [T s =] =] .
O M — | W W = = m
2 Olg 2 2 = > Mmoo -
o - R o e e T e = = M
el S|l = = =) o A5 2 5 it
b m. m hsi = T 50 R .._m
= = (=) =
ad =|® o ™ ~ =D o w0

SLVT228 — OCTOBER 2025
Submit Document Feedback

Figure 2-10. 115Vac, Full Load, L2
Copyright © 2025 Texas Instruments Incorporated

16:04:50

6.0CT.2025
240W AC/DC PSU Using GaN Reference Design

Date:

12


https://www.ti.com
https://www.ti.com/lit/pdf/SLVT228
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVT228&partnum=PMP23558

Testing and Results

Conducted EMI result of L1 at 230Vac, full load is shown in Figure 2-11.
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Figure 2-11. 230Vac, Full Load, L1
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Conducted EMI result of L1 at 230Vac, full load is shown in Figure 2-12.
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Figure 2-12. 230Vac, Full Load, L2
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3 Waveforms
3.1 Switching

The steady state input voltage, input current and PFC switch node at 115Vac input, full load is shown in Figure
3-1.

File Edit Utility Help ; ) 1 Tektronix
5 v
h |

M tl'l‘i [Horizontal | [Trigger [ |Acquisition —
Rog | | 4.00ms/div ||~ 4BV | | Sample 5

200 Vidiv | 5.00 Afdiv |

100 Vidiv
1M0
200 MHz & |

M0 1MQ “ Bus | | SR:25.0 Ms/s single: 111 ‘ngof
| 20 MHz & || 20 MHz & | | | RL: 1 Mpts ) )| 15:08:43
Figure 3-1. 115Vac Input, Full Load, PFC Steady State
The PFC switch node at the peak of the line for 115Vac input, full load is shown in Figure 3-2.
File Edit utility Help Tektronix
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Figure 3-2. PFC Switch Node, 115Vac Input, Full Load
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The steady state input voltage, input current and PFC switch node at 115Vac input, full load is shown in Figure
3-3.

File Edit Utility Help E

] Tektronix

6.00 Al

-6.00 A

—_— i

[ch1 ] M H Horizontal Tngger [23 | | Acquisition -
100 V/div 200 V/div 2.00 A/div at 4.00 ms/div -148 V | | Sample
1MQ TMQ 1MQ SR:25.0 MS/s Single: 171 7 Aug 2025
200 MHz B || 20 MHz B« 20 MHz By RL: 1 Mpts J 15:09:37

Figure 3-3. 230Vac Input, Full Load, PFC Steady State

The PFC switch node at the peak of the line for 230Vac input, full load is shown in Figure 3-4.

L |

LR LN RE
‘ SRR § S— S — -iassan;; - ms] Ao - ot | 200 V
AEEEEEEREES I

B
Math Horizontal Trigger Acquisition -

100 V/div P Ref | | 2-00 ms/div ~/ -148V | | Sample

1MQ Bus SR:25.0 MS/s Single: 111 {m}

200 MHz B, RL: 1 Mpts J 15:10:08

Figure 3-4. PFC Switch Node, 230Vac Input, Full Load
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The LLC switch node at full load is shown in Figure 3-5.

File Edit Utility Help g Tektronix
e O - ¥ |

500 V|

T e R ™ P Pabdy ik : e - L —— o BBV £00 V
00 v

‘_

00 V|

100 V

100 V/div ‘.nge'ZGB v Sample w H -
1MQ ‘ Single: 1/1 8 Aug 2025
200 MHz B | J [ 10:22:32
Figure 3-5. LLC Switch Node, Full Load
3.2 Output Voltage Ripple
Output voltage ripple at no load is shown in Figure 3-6.

File Edit Utility Help [ ] Tektronix
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Figure 3-6. Output Ripple, No Load
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Output voltage ripple at full load is shown in Figure 3-7.

File Edit Utility Help : ] Telitronix

I

300 mV|

200 mV|

toRA0ps . 1 . . . . . . 100 mV]

100 mv/|

=200 mV
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10.0 ps/div ~ -2.00 mV | | Sample

SR:2.50 GS/s Single: 1/1 "8 Aug 2025
RL:1 Mpts 10:03:53

100 mV/div
L] “
20 MHz B

Figure 3-7. Output Ripple, Full Load

3.3 Load Transients

Load transient from 2.5A to 7.5A is shown in Figure 3-8.

] Tektronix
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£ Ll
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500 MHz 20 MHz & RL: 1 Mpts J 09?35;37
Figure 3-8. PMP23558 Load Transient
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3.4 Start-up Sequence
Start-up behavior with 115Vac input, no load is shown in Figure 3-9.
File __Edi Utility Help -l Tektronix
[B] [A) —
30.0 V|
[<:
500V
t ed4ms At 3040ms 1676 ms
VAt 3289Hz
2= - s e e el —y
Horizontal Trigger [2]| [ Acquisition
100 V/div 5.00 V/div 4(;’0 mstldlv l’99 000V Sar?'lplt;t -
1L :E v E/I(:)thf s 1 Acs 8 L s
Figure 3-9. Start-up With 115Vac Input, No Load
Start-up behavior with 115Vac input, full load is shown in Figure 3-10.
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Figure 3-10. Start-up With 115Vac Input, Full Load
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Start-up behavior with 230Vac input, no load is shown in Figure 3-11.
File Edit Utility Help 5 Tektronix
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E 5.00 V
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200 MHz B ‘ZT) MHz B it RL: 1 Mpts } * : ?(;:191:?:(3)25
Figure 3-11. Start-up With 230Vac Input, No Load
Start-up behavior with 115Vac input, full load is shown in Figure 3-12.
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Figure 3-12. Start-up With 230Vac Input, Full Load
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