Test Report: PMP22606
Universal AC Input, 390-V, 1-kW CCM Boost Power Factor

Regulator Reference Design

Wi} TEXAS INSTRUMENTS

Description Features

This reference design uses the UCC28180 continuous ¢« Continuous conduction mode boost power factor
conduction mode (CCM) power factor correction regulator

(PFC) controller to generate a 390-V, 1-kW output + 130-kHz switching frequency

from a universal AC input. Additionally, the UCC28880 + 95% peak efficiency at 120 VAC, 60 Hz
converter is used as bias supply in this design. Over + 97% peak efficiency at 230 VAC, 50 Hz

95% peak efficiency is achieved at 120-V ¢, 60-Hz » Conduction EMI test result included
input and over 97% efficiency is achieved at 230-Vac, S
50-Hz input. Applications

* Appliances: battery charger
* Industrial AC-DC

~
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1 Efficiency and Power Factor

The efficiency curves of total supply are shown in the following tables and graphs. Efficiency tests are performed
with natural airflow.
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1.1 Graph Results

Figure 1-1. 120 V¢, 60 Hz

Figure 1-2. 230 V¢, 50 Hz
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2 Thermal Images

The thermal images in this section show top and bottom views of the board. All images were taken after 20
minutes of operation.

2.1 Thermal Test With Natural Convection (120 V¢, 60 Hz, 384 V at 1.88-A Output)

Measurements 9/2812020 2:49:25 PM
Bx1 Max 737°C

Bx2 Max 86.1°C

Bx3 Max 834°C

Bx4 Max 522°%C

Sp1 232°C

Parameters

Emissivity 0.94

Refl. temp. 20°C

FLIR7113.jpg FLIRE75 78503305

Figure 2-1. Top of the Board

Measurements 9/28/2020 2:50:01 PM <
Bx1 Max 913°C 792
Min 244°C
Average 548 °C
Sp1 252°C .
Parameters
Emissivity 0.94
Refl. temp. 20 °C
232
FLIR7117 jpg FLIRE75 78503305
Figure 2-2. Bottom of the Board
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2.2 Thermal Test With Forced Air Flow (120 V¢, 60 Hz, 385 V at 2.6-A Output)

Figure 2-3. Test Setup (Around 4.5 W Electrical Power per fan, 2 fans in total)

Measurements 9/30/2020 5:43:45 PM *C
Bx1 Mex 364°C 40.3
Bx2 Max | 413°C '
B3 Max 378°C
Bx4 Max 342°C

Average 298°C
sp1 23.0°C )
Parameters g I
Emissivity 0.94 —
Refl. temp 20 °C

i 21.9
FLIR7203.jpg FLIRE75 78503305

Figure 2-4. Top of the Board
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Measurements
Bx1 Max
Bx2 Max
Bx3 Max
Sp1
Parameters
Emissivity

Refl. temp.

9/30/2020 5:45:55 PM

423°C
428°C
486°C
225°C

0.94
20 °C

FLIR7213.jpg FLIRE75

Figure 2-5. Bottom of the Board

78503305

2.3 Thermal Test With Natural Convection (230 V¢, 50 Hz, 385 V at 2.6-A output)

Measurements
Bx1 Max
Bx2 Max
Bx3 Max
Bx4 Max
Sp1
Parameters
Emissivity

Refl. temp.

9/28/2020 2:08:38 PM
59.7°C -

674°C Bx4
7370 |
444°C
236°C

0.94
20 °C

FLIR7105.jpg FLIRE75

Figure 2-6. Top of the Board

78503305
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Measurements 9/28/2020 2:09:33 PM *C
Bx1 Max | 756°C : 69.2
Min 248°C
Average 46.0°C
Sp1 256°C
Parameters
Emissivity 0.94
Refl. temp. 20 °C
232
FLIR7109.jpg FLIR E75 78503305
Figure 2-7. Bottom of the Board
TIDT213 — MARCH 2023 Universal AC Input, 390-V, 1-kW CCM Boost Power Factor Regulator 7
Submit Document Feedback Reference Design

Copyright © 2023 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDT213
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDT213&partnum=PMP22606

13 TEXAS
INSTRUMENTS
Start-up www.ti.com

3 Start-up

The voltages and current at start-up are shown at the following images. Tl recommends start-up at low load
(< 300 W) but not at no load.

C1= VINs c2= VOUT! C3 =15-V Bias, C4 = ]
Figure 3-1. 120 V¢, 60 Hz — Full Load on J100

C1= VIN! c2= VOUT: C3 =15V Bias, C4= IIN
Figure 3-2. 230 V¢, 50 Hz — Full Load on J100

8 Universal AC Input, 390-V, 1-kW CCM Boost Power Factor Regulator TIDT213 — MARCH 2023
Reference Design Submit Document Feedback

Copyright © 2023 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDT213
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDT213&partnum=PMP22606

i3 TEXAS
INSTRUMENTS
www.ti.com Turn-off

4 Turn-off

The voltage and current at turn-off are illustrated in the following images.

bAoA

NI.‘" ‘lluql“\ﬁ' I} !l;.l,'z {ﬁl
C"”!,i,.“ d!ifg] I,&,:'.i!.,i',al.l |

kf‘v’l;'uuf‘v‘\,,'
U |

200/div 100 Vidiv 5 v 10.0 Afdiv
-200.0 V ofst -100.0 V ofst -5 5 -10.00 A ofst

C1= VN, C2= Vours C3 =15-V Bias, C4 = ]

Figure 4-1. 120 V¢, 60 Hz — Full Load on J100

1.0 Mt

500 kS

200 vidiv 100 Vidiv 5 y 10.0 Afdiv
-200.0 V ofst -100.0 V ofst -5 5 -10.00 A ofst

C1= V|N, c2= VOUT: C3 =15-V Bias, C4 = IIN
Figure 4-2. 230 V¢, 50 Hz — Full Load on J100

1.0 Mt

500 kS
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5 Output Voltage Ripple
This section illustrates the AC-coupled output voltage ripple waveforms for C103.
i
-20 EIVCW-‘Q'; 500 kS er
C1= VIN! C3= VOUT: C4 = IIN
Figure 5-1. 120 V¢, 60 Hz — Full Load on J100
[ | ] 4
=l ' |
Al |
J | |
C1= V|N, C3= VOUT: C4= IIN
Figure 5-2. 230 V¢, 50 Hz — Full Load on J100
10 Universal AC Input, 390-V, 1-kW CCM Boost Power Factor Regulator TIDT213 — MARCH 2023

Reference Design Submit Document Feedback

Copyright © 2023 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDT213
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDT213&partnum=PMP22606

1} TEXAS
INSTRUMENTS
www.ti.com Transient Response

6 Transient Response

The following waveforms illustrate the transient response for this reference design.

C1=Vour, C4 = lout
Figure 6-1. 120 V¢, 60 Hz — 1.1-A to 2.1-A Load Transient

C1=Vour, C4 = lout

Figure 6-2. 230 V¢, 50 Hz — 1.1-A to 2.1-A Load Transient
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7 Key Waveform
The following images illustrate the key waveforms for this reference design.
5,00 Afdiv
0.00 A offset
C1= VIN! C4 = IlN
Figure 7-1. 120 V¢, 60 Hz, 1000 W
C1= V|N, C4= IIN
Figure 7-2. 230 V¢, 50 Hz, 1000 W
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Figure 7-3. Q100 at 1000 W From J100, 120 V¢, 60 Hz

C1= VDS’ C4= I|N

|

i
i

1
3 =
]

I

C1= VDS’ C4= IIN
Figure 7-4. Q100 at 1000 W From J100, 230 V¢, 50 Hz
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C1=D108 Voltage

C1 = D108 Voltage

Figure 7-6. D108 at 1000 W From J100, 230 V¢, 50 Hz
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8 Conducted Emission

The conducted emission graphs are illustrated in the following images.

Figure 8-1. 120 V¢, 60-Hz Input at Around 0.85-A Output, Line (Trace 1 = Quasi-Peak, Trace 2 = Average)

Figure 8-2. 120 V¢, 60-Hz Input at Around 0.85 A-Output, Neutral (Trace 1 = Quasi-Peak, Trace 2 =
Average)
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Figure 8-3. 230 V¢, 50-Hz Input at Around 0.85-A Output, Line (Trace 1 = Quasi-Peak, Trace 2 = Average)

Figure 8-4. 230 V¢, 50-Hz Input at Around 0.85-A Output, Neutral (Trace 1 = Quasi-Peak, Trace 2 =
Average)

16 Universal AC Input, 390-V, 1-kW CCM Boost Power Factor Regulator TIDT213 — MARCH 2023
Reference Design Submit Document Feedback

Copyright © 2023 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDT213
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDT213&partnum=PMP22606

IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

	Description
	Features
	Applications
	1 Efficiency and Power Factor
	1.1 Graph Results

	2 Thermal Images
	2.1 Thermal Test With Natural Convection (120 VAC, 60 Hz, 384 V at 1.88-A Output)
	2.2 Thermal Test With Forced Air Flow (120 VAC, 60 Hz, 385 V at 2.6-A Output)
	2.3 Thermal Test With Natural Convection (230 VAC, 50 Hz, 385 V at 2.6-A output)

	3 Start-up
	4 Turn-off
	5 Output Voltage Ripple
	6 Transient Response
	7 Key Waveform
	8 Conducted Emission

