Test Report: PMP31007
Isolated 12-W DCM Flyback Reference Design

Wip TEXAS INSTRUMENTS

Description Features

This general purpose reference design uses the » Functional isolation of 500 V is provided
TPS40210 as controller. The isolated output voltage » Cost-effective solution due to dual inductor from
is 24 V with 0.5-A maximum output current. The input stock and dual-layer PCB

voltage range is from 18 V to 36 V — and used an » The design is optimized for a small footprint

off-the-shelf coupled inductor just providing functional

isolation. Any 22-uH, 1:1 transformer can be used. Applications

» Fire alarm control panel (FACP)

PMP31007 Al

Top Board Photo

Bottom Board Photo
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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 18Vto 36V
Output Voltage 24V
Output Current (max) 0.5A
Isolation Here: 500 Vrys functional(")

(1)  Limited by dual inductor; Xcap allows up to 2 kV, optoisolator up to 3.75 kV

1.2 Considerations
Unless otherwise indicated, the resistor was used as load. The output current was adjusted to 0.5 A.

The circuit switches on at 20.8 V and off at 17.9 V. This individual circuit switches around 130 kHz (128 kHz on
the reference board).

The converter itself works in DCM mode. This reference design has been optimized for low size, therefore a
transformer with a small footprint was used. This small footprint results in higher heating in the inductor core.
The higher temperatures can be reduced with a larger size transformer, for example, MSD-1578-223.

1.3 Dimensions

The outline of the board is 46 mm x 49.5 mm.
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2 Testing and Results
2.1 Efficiency Graphs

Figure 2-1 shows the efficiency graph and Figure 2-2 shows the loss versus output current graph.
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Figure 2-1. Efficiency vs Output Current
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Figure 2-2. Loss vs Output Current
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2.2 Load Regulation
Figure 2-3 shows the load regulation graph.
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Figure 2-3. Load Regulation
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2.3 Line Regulation

In the line regulation graph in Figure 2-4, the output current was adjusted to 0.5 A.
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Figure 2-4. Line Regulation

With the same setup efficiency and loss were calculated as shown in Figure 2-5.
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Figure 2-5. Efficiency and Loss vs Input Voltage
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2.4 Thermal Images

In the following sections the thermal images with their hottest points are shown at different input voltages.
2.4.1 18-V Input Voltage and 500-mA Output Current

Figure 2-6. IR Photo for 18-V Input Voltage and 0.5-A Output Current

Name Temperature
L1 88.4°C
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2.4.2 24-V Input Voltage and 500-mA Output Current

—89.3

Figure 2-7. IR Photo for 24-V Input Voltage and 0.5-A Output Current

Name Temperature
L1 89.3°C

TIDT271 — APRIL 2022 Isolated 12-W DCM Flyback Reference Design 7
Submit Document Feedback
Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDT271
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDT271&partnum=PMP31007

13 TEXAS
INSTRUMENTS
Testing and Results www.ti.com

2.4.3 36-V Input Voltage and 500-mA Output Current

—93.3

Figure 2-8. IR Photo for 36-V Input Voltage and 0.5-A Output Current

Name Temperature
L1 93.3°C
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2.5 Bode Plots

Table 2-1 summarizes the results from the bode plots.

Table 2-1. Summary of the Bode Plots

VN 18V 24V 32V
Bandwidth (Hz) 3000 2500 2200
Phase Margin 80° 90° 80°
Slope (20 dB/decade) -1.0 -1.0 -1.0
Gain Margin (dB) 18 16 20
Slope (20 dB/decade) -1.0 -1.0 -1.0
Freq (kHz) 20 20 23
2.5.1 18-V Input Voltage
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Figure 2-9. Bode Plot for 18-V Input Voltage
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2.5.2 24-V Input Voltage
3 i
5048 1-Phase isr |de| <
40dB ™~ 120 de:
[1-Gainf—~ ma il
30d8 TR 1 ] e|c |de|
TN~ ™~
20dB \\ E|D Lig
] ™ [
10dB I 30 deg
c T 1] 8
a 0dB — 0 de 3]
O — \\\\\ \_ -3|0 Lf i
20dB A/\ | E|O |d |
2 N e
-30dB J |9|0 Ll
—\
-40dB N \/‘ \IIL/\ LZL |de|
M y s [ 1]
50dB - -150degl ©
(=4 £ T B T = 0
3|: : 2 : - 5 i
1 Frequency 1M
Figure 2-10. Bode Plot for 24-V Input Voltage
2.5.3 32-V Input Voltage
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Figure 2-11. Bode Plot for 32-V Input Voltage
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3 Waveforms

3.1 Switching
Switching behavior is shown in the following figures.
3.1.1 Transistor Q1 Drain-GND

3.1.1.1 18-V Input Voltage

_Stopped SingleSeq  lhees 08 Mar 21 14:11:54 20V / div
20-MHz bandwidth
2 us / div
e e e s
A Ch1l ~ 00OY
Figure 3-1. Switchnode Q1 at 18-V Input Voltage
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3.1.1.2 24-V Input Voltage

Stopped

Ch1 2008 % Bw

624hees 08 Mar 21 14:10:48

W 2.0ps 2565k 400psipt
A& Ch1 ~ 00V

20V / div
20-MHz bandwidth
2 us / div

Figure 3-2. Switchnode Q1 at 24-V Input Voltage
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3.1.2 Transistor Q1 Gate-Source

3.1.2.1 18-V Input Voltage

Stopped Single Seq oy 1Acgs _ o il Tv'l_ar 2111:01:14 5V / div
full bandwidth
2 us / div
St siaE el ielEeE e
A Ch1 ~ 00V
Figure 3-3. Q1 Gate at 18-V Input Voltage
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3.1.2.2 24-V Input Voltage
Stopped _  BAees 11 Mar 21 11:01:45 5V /div
: full bandwidth
2 us / div
Lo davon | eom doneolvon il o | s L
A Ch1 ~ 00V
Figure 3-4. Q1 Gate at 24-V Input Voltage
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3.2 Output Voltage Ripple
3.2.1 18-V Input Voltage

Run Sa_mplg‘_ 499 Acgs 09 Mar 2114:13:33 1 00 mV / dIV

20-MHz bandwidth

Ch1 100mY % Bw M 4 Ops 1.25GSks 800ps/ht
A Ch1 ~ -6.0mY

Figure 3-5. Output Voltage at 18-V Input Voltage

3.2.2 24-V Input Voltage

Run Sample_ : 422 Acgs : 09 :Vl_ar 2114:15:27 _‘ 50 mv / div

20 MHz bandwidth
4 us / div

|

Il

i e VR B
1
Ch1 S00mY 1 Bw ’ MAUusVT 25GSfs - 800psipt
A Ch1 ~ G.0mY
Figure 3-6. Output Voltage at 24-V Input Voltage
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3.3 Input Voltage Ripple
3.3.1 18-V Input Voltage

3.3.1.1 Input Terminal J2

www.ti.com

Stopped Single !‘Byeq 1 Acgs 09 Mar 21 15_:2813‘3 10 mV div
20-MHz bandwidth
4 us / div
Ch1 10.0mY % Bw .Mduus 250MSis : 4 Onsipt
A Ch1 » Z2.0mY
Figure 3-7. Input Ripple Voltage (18-V Input Voltage)
3.3.1.2 Power Stage Input
Stopped 3187 Acgs 11 Mar 217109:87 100 mV / div

Ch1 100mY % Bw

M 4 Dps 250MS/s

4 Onssn
A Chl A 20mYy

20-MHz bandwidth
4 us / div

16

Figure 3-8. Input Ripple Voltage Behind Filter (18-V Input Voltage)
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3.3.2 24-V Input Voltage

3.3.2.1 Input Terminal J2

_ Stopped I 1. 1 DA Mar 2115:20:00

chl 100mv % 8w M40ps250MSk  40nskt
A Chl ~ 2.0mY

10 mV / div
20-MHz bandwidth
4 us / div

Figure 3-9. Input Ripple Voltage (24-V Input Voltage)

3.3.2.2 Power Stage Input

. Stopped 2661 Aees

11 Mar 211121857

ch1  100mY % Bw ) M40ps 250MSH 4 .0nsk
A Ch1 v 20mY

100 mV / div
20-MHz bandwidth
4 us / div

Figure 3-10. Input Ripple Voltage Behind Filter (24-V Input Voltage)
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3.4 Load Transients

Load transient response is shown in the following figures.
3.4.1 18-V Input Voltage

Sopped 2o 09 Mar 21 14:14:05 Stopped Single Seq 1 Asgs 09 Mar 21 14:14:28

| | ‘ 100 mV / div
| Ny 20-MHz bandwidth
| : 3 400 ps / div

chl  100mv 4 Sw M400ps 125MS/  80.0nsipt Ch1 100mY 4 Bw M400ps 125MS/s  80.0nsit
& Chi \ 820mY AChT  -104mY

Figure 3-11. Load Transient With 18-V Input Voltage
3.4.2 24-V Input Voltage

Stopped 93 Ao 09 Mar 21 14:04:44 Stopped 84 Aogs

09 Mar 21 14:04:06

50 mV / div
20-MHz bandwidth

1 ms/div

p '
Ch1  500mY % EBw M 1.0rms SO.OMSSs  20.0nsipt
A Ch1 ~\ -65.0mY

o SO0mY 4 Bw M 1.0ms SOOMSS  20.0nsipt
A Ch1 \ 108mY

Figure 3-12. Load Transient With 24-V Input Voltage
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3.5 Start-Up Sequence

3.5.1 18-V Input Voltage

_Run _ Sample  1Acgs 08 Mar 21 14:17:51 Ch2 = input voltage
pe_ - e PRRMRSS L L K111 | -
' 10 V / div

Ch3 = output voltage
10 V / div
20 ms / div

chz  100v  M200ms 250kSk 40psht
Ch3 100V ACh2 s 74Y

Figure 3-13. Start-Up With 18-V Input Voltage
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3.5.2 24-V Input Voltage

_Run ___Sample 1 Acgs 03 Mar 21 13:58:33

R DDA

Ch3 10.0v A4 Chz - 98Y

 M10OmsSOMSs  200nsht

Ch2 = input voltage
10 V/ div

Ch3 = output voltage
10 V/ div

10 ms / div

Figure 3-14. Start-Up With 24-V Input Voltage
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3.6 Shutdown Sequence

3.6.1 18-V Input Voltage

Run Sample 1 Acgs 09 Mar 21 14:25:31
A
2+ ......................... -,..5--
| : “—
TS T e él:ioﬁs}'p{ Ly
Ch3 10.0v A Ch3 ~ 7.4Y

Ch2 = input voltage
10 V / div

Ch3 = output voltage
10 V / div

4ms / div

Figure 3-15. Shutdown With 18-V Input Voltage

TIDT271 — APRIL 2022
Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated

Isolated 12-W DCM Flyback Reference Design 21


https://www.ti.com
https://www.ti.com/lit/pdf/TIDT271
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDT271&partnum=PMP31007

13 TEXAS
INSTRUMENTS

www.ti.com

Waveforms

3.6.2 24-V Input Voltage

_Run  Sample  TAcgs 09 Mar2113:5939 |Ch2 = input voltage

10 V / div
Ch3 = output voltage
10 V / div

2 ms/div

Ch3 10.0Y A Ch3 ~ 98Y

Figure 3-16. Shutdown With 24-V Input Voltage
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