Test Report: PMP21318
Class 8 PoE PD Active Clamp Forward Converter

(12 V, 6 A) Reference Design

Wi} TEXAS INSTRUMENTS

Description Feature

This Tl reference design features a Type-4, Class 8, » Supports power levels for IEEE802.3bt Type 4
71-W Active Clamp Forward converter for powered * Automatic Maintain Power Signature (MPS)
devices (PD) through Power over Ethernet (PoE). » Advanced start up

The TPS2373-4 PD controller provides detection » Synchronous rectifiers for high efficiency

and classification while also powering up the
UCC2897ARGPR pulse-width modulation (PWM)
controller through its advanced start-up feature. * |IP network camera

*  WLAN, Wi-Fi® access point

Applications
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1 Test Prerequisites

1.1 Voltage and Current Requirements

1.2 Required Equipment

Table 1-1. Voltage and Current Requirements

Parameter Specifications
Input Voltage 37 V=57 V (48 V nominal)
Output Voltage 12V
Output Current 6A
Nominal Switching Frequency 200 kHz

Type 4 PoE Power Source Equipment (PSE)
Isolated DC power source, 0 V=57 V, 2-A minimum

12-V, 6-A electronic load

1.3 Considerations

All measurements were taken at approximately 25°C ambient

All measurements taken with 48-V input and 6-A load, unless noted
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Testing and Results

2 Testing and Results
2.1 Efficiency Graphs

Figure 2-1 shows the PMP21318 Rev. C efficiency curve.

Figure 2-1. PMP23278 Rev. C Efficiency Graph, PoE Diode Bridge
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2.2 Efficiency Data
Efficiency data is shown in the following table.
loutr (913) | Vour (913) | Iy (93) Vin (U3) | Efficiency Vin Efficiency | Iy (J1) Vin (J1) | Efficiency
(J3) (VDD,PGND) (CONV) (J1)

0.00 12.147 0.063 48.00 0.0% 47.60 0.0% 0.058 48.00 0.0%
0.25 12.147 0.108 48.00 58.6% 47.58 59.1% 0.104 48.00 60.8%
0.50 12.146 0.174 48.00 72.7% 47.56 73.4% 0.171 48.01 74.0%
0.75 12.146 0.245 48.00 77.5% 47.55 78.2% 0.240 48.00 79.1%
1.00 12.145 0.300 48.01 84.3% 47.54 85.2% 0.292 48.01 86.6%
1.50 12.144 0.433 48.00 87.6% 47.51 88.5% 0.425 48.00 89.3%
2.00 12.143 0.559 48.00 90.5% 47.48 91.5% 0.553 48.00 91.5%
2.50 12.142 0.690 48.00 91.7% 47.46 92.7% 0.682 48.00 92.7%
3.00 12.141 0.822 48.00 92.3% 47.44 93.4% 0.814 48.00 93.2%
3.50 12.140 0.945 48.00 93.7% 47.42 94.8% 0.941 48.00 94.1%
4.00 12.139 1.082 48.00 93.5% 47.39 94.7% 1.075 48.00 94.1%
4.50 12.138 1.218 48.00 93.4% 47.37 94.7% 1.212 48.00 93.9%
5.00 12.137 1.345 48.00 94.0% 47.35 95.3% 1.342 48.00 94.2%
5.50 12.135 1.474 48.00 94.3% 47.33 95.7% 1.473 48.00 94.4%
6.00 12.134 1.615 48.00 93.9% 47.31 95.3% 1.626 48.00 93.3%
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2.3 Thermal Images

Figure 2-2 and Figure 2-3 show the thermal images at full load and nominal line (48 V).

Figure 2-2. Top Thermal Image

Figure 2-3. Bottom Thermal Image
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2.4 Bode Plots
Figure 2-4 shows the bode plot waveform.
50 T 200
[
[
40 |
: 150
30 :
o - = s | 100
o 20 N ' <
% T r—— - ‘ N H : 2 w
g 10 J . My | 50 %
c Y 5, o
3 -
2 ol MANLL g £
£ ; O
m B \ t':\,-l
f\.D. 1 D T, : .1. —50 CIJ
Y [ S e R e [ e e e e B e e R e e T T T P %
g -20 A ; -
E By -100
30 |
[
g : A -150
I
-50 ' | - -200
100 1k 10k 100k

Frequency (Hz)

Figure 2-4. Bandwidth = 5.0 kHz, Phase Margin = 68.2 Degrees, Gain Margin = 15.3 dB
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3 Waveforms
3.1 Switching
Switching behavior is shown in the following figures.
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Figure 3-1. Voltage Drain-to-Source, Q16, 39-V Input, 6-A Load, 20 V/div, 2 pys/div, Measured 123.3 Vpeak
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Figure 3-2. Voltage Drain-to-Source, Q13, 39-V Input, 6-A Load, 10 V/div, 2 ps/div, Measured 43.0 Vpeak
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Figure 3-3. Voltage Drain-to-Source, Q15, 57-V Input, 6-A Load, 10 V/div, 2 ps/div, Measured 38.7 Vpeak

"\\ TELEDYNE LECROY

Evepywhereyoulook”

P1:max(C1) P2:- - - P3:--- P4i--- P3:--- PB:---
108.7 V

Figure 3-4. Voltage Drain-to-Source, Q16, 48-V Input, 6-A Load, 20 V/div, 2 pys/div, Measured 108.7 Vpeak

8 Class 8 PoE PD Active Clamp Forward Converter TIDT301 — SEPTEMBER 2022
(12 V, 6 A) Reference Design Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDT301
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDT301&partnum=PMP21318

13 TEXAS
INSTRUMENTS

www.ti.com

"‘ TELEDYME LECROY
\ Everywhareyoulook

_PLimax(C1) o S5 P3:---
417 V

44V

Figure 3-5. Voltage Drain-to-Source, Q13, 48-V Input, 6-A Load, 10 V/div, 2 ps/div, Measured 41.7 Vpeak
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Figure 3-6. Voltage Drain-to-Source, Q15, 48-V Input, 6-A Load, 10 V/div, 2 ps/div, Measured 31.7 Vpeak
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3.2 Voltage Ripple

Ripple measurements were taken with a 48-V input, 6-A load, and 20-MHz Bandwidth Limit (BWL).
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Figure 3-7. Output Voltage Ripple (J13), 50 mV/div, 2 ys/div, Measured 73 mVpp

Figure 3-8. Input Voltage Ripple (C68), 10 mV/div, 2 ys/div, Measured 61.3 mVpp
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3.3 Load Transients

Load transient response is shown in the following figures.

Figure 3-9. Output Load Step Response, 3.0-A to 6.0-A, 500 mV/div, 2 A/div, 200 us/div,
Slew Rate = 300 mA/ps, Measured —683 mV to +633 mV

Figure 3-10. Output Load Step Response, 600-mA to 5.4-A, 500 mV/div, 2 A/div, 200 us/div,
Slew Rate = 300 mA/us, Measured —1.02 V to +917 mV
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3.4 Start-Up Sequence
Start-up behavior is shown in the following figures.
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Figure 3-11. 6.0-A Load, 2 V/div, 2 ms/div
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Figure 3-12. 0-A Load, 2 V/div, 2 ms/div
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