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Introduction

The converter board has been developed for a Spoerle (Arrow) embedded DC/DC platform. Therefore the
mechanical and electrical specification are intended to satisfy or improve the request. Signals for Power
Good and Enable are availabl e to enable sequencing, voltage scaling, diagnosis.

It operates from DC 24V +/- 15% with three Buck topology to three different ouputs:

- 12V @1A, Buck controlled by TPS40200 (current limitation 2A)

- BV@5A, Synch-Buck controlled by TPS40140 together with the 3.3V ouput (requested is 2A, actua
current limitation 5.7A);

- 3.3V@5A, Synch-Buck controlled by TPS40140 together with the 5V ouput (requested is 2A, actua
current limitation 5.7A)

Fot the 12V output (TPS40200) the switching frequency is 280kHz, for the other two outputs (TPS40140)
the switching frequency is 350kHz.

Full MatchCad sheet of the three converters are a so provided with complete cal cul ation of power stage and
control.

In the following the pictures (Top, Bottom, Side) of the realized board.
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Gates of Synch-Buck for 3.3V output (TPS40140): VgGND QL:A, (C2), VgGND Q1B, (C1)
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Switch Node and High Side M osfet Gate of the 12V output Buck (TPS40200): VAGND Q4, TP26
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2 Efficiency and Load Regulation

The efficiency diagrams are shown in the figure below for 6.5V, 9V, 12V input voltage, as a function of the
output current.
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The following table shows the measured values:

Voutl[V] loutl[mA] Vout2[V] Ilout2[mA] Vout3[V] Ilout3[mA] Pin[W]
12.23 0.000 5.04 0.000 3.35 0.000 0.655
12.23 0.256 5.03 0.511 3.35 0.529 8.366
12.23 0.504 5.03 1.004 3.34 1.027 15.803
12.23 0.775 5.02 1.513 3.34 1.546 23.550
12.22 1.006 5.02 2.016 3.34 2.054 31.525
12.23 0.000 5.04 0.000 3.35 0.000 0.562
12.24 0.256 5.04 0.516 3.33 0.520 8.210
12.24 0.504 5.03 1.017 3.34 1.028 15.738
12.24 0.755 5.02 1.495 3.34 1.530 23.201
12.23 1.006 5.01 2.013 3.35 2.051 31.028
12.23 0.000 5.04 0.000 3.35 0.000 0.770
12.23 0.256 5.03 0.511 3.35 0.529 8.498
12.23 0.504 5.03 1.021 3.34 1.032 16.104
12.23 0.755 5.02 1.504 3.34 1.541 23.668
12.23 1.006 5.02 2.012 3.34 2.052 31.453
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Efficiency Curve for each Vout =12V, 5V, 3.3V (with the other two outputs with EN to GND)
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The following table shows the measured values, of each output power measured with the other two outputs
shut-off by the Enable pin connected to Ground. The efficiency is effected however by the performance of
the linear regulator, when the 5V output is shut-off, because in this condition the regul ator provides the
supply to the TPS40140.

Vin[V]  lin[mA] Voutl[V] loutl[mA] Pin[W] Pout2[W] n%

24.44 0.013 12.23 0.000 0.318 0.000 0.0
24.41 0.117 12.22 0.205 2.856 2.505 87.7
24.37 0.220 12.22 0.405 5.361 4.949 92.3
24.35 0.326 12.22 0.604 7.938 7.381 93.0
24.32 0.433 12.22 0.807 10.531 9.862 93.6
24.32 0.540 12.22 1.006 13.133 12.293 93.6
24.24 0.648 12.22 1.200 15.708 14.664 93.4
24.26 0.758 12.22 1.399 18.389 17.096 93.0
24.22 0.868 12.22 1.598 21.023 19.528 92.9
24.21 0.981 12.22 1.798 23.750 21.972 92.5
24.43 0.029 5.04 0.000 0.708 0.000 0.0
24.40 0.139 5.03 0.514 3.392 2.585 76.2
24.39 0.248 5.03 1.025 6.049 5.156 85.2
24.36 0.359 5.02 1.534 8.745 7.701 88.1
24.34 0.475 5.02 2.068 11.562 10.381 89.8
24.26 0.699 5.01 3.075 16.958 15.406 90.8
24.20 0.917 4.99 4.028 22.191 20.100 90.6
24.13 1.147 4.98 4.999 27.677 24.895 89.9
24.44 0.032 3.35 0.000 0.770 0.000 0.0
24.42 0.104 3.35 0.511 2.540 1.712 67.4
24.41 0.174 3.34 1.000 4.247 3.340 78.6
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24.39 0.248 3.34 1.512 6.049 5.050 83.5

24.38 0.324 3.34 2.027 7.899 6.770 85.7

24.33 0.473 3.33 3.029 11.508 10.087 87.6

24.29 0.631 3.33 4.047 15.327 13.477 87.9

24.25 0.786 3.32 5.019 19.061 16.663 87.4

3 Control Loop Frequency Response

The figures below show the open loop response for Vout=12V, Vout=5V, and Vout=3.3V at full output
load and Vin=24V.
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4 Load Transients

The figure below show the response to load transients applied to each output.

The current on the Output is stepping from minimum continous mode load to full load (1A for Vout=12V
and 2A for Vout=5V and Vout=3.3V) and viceversa, with Vin=24V.
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5 Output and Input Ripple Voltage
The output ripple voltage for the different output is shown in the figures below:
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Output ripple at the V=5V ouput (C3), Switch node TP7 (C2), at | out=2A
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Utilities  Help
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v v

imebase -280n= [Trigger (A
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K= -47200ps  A¥= 99996 ps
RK1= 53786 ps 1iaX= 100.004 kHz

TI2Br2009 81912 AM

Croy i

Output ripple at the V=3.3V ouput (C3), Switch node TP8 (C2), at | out=2A

6 Start-up Waveforms

File “ertical Tim ure  Math Utilities  Help

Measure F1:fregiath) P2:ireg(Mathy P3:--- Pd--- Ph--- PE- -~
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&

status
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W= 1283ps 1A¥E 100000 kHz

G ey
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T
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Input Voltage start Start-up Waveforms: Input voltage (C2), Output Voltage 12V (C1) @1A
Output Voltage 5V (C4) @2A, output Voltage 3.3V (C3) @2A
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7 Thermal Images

The thermal images of board are taken for the Top Side and Bottom side of the board at the temperature of
T=25°C ambient, at output load Vout=12@1A Vout=5@2A Vout=3.3@2A.

In every picture the hottest spot is indicated, together with the temperature of the most significant
components.

Top Side
Output Load Vout=12V@1A, Vout=5@2A, Vout=3.3V@2A, Output Power 30W

Bottom Side
Output Load Vout=12V@1A, Vout=5@2A, Vout=3.3V @2A,0utput Power=30W
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