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Introduction

« Addresses the growth of external DC converters for
consumer products.

* Obijective:
— Modify an AC wall outlet
— Include two DC power ports:

 Eliminates the need for DC converters outside the wall
outlet or in appliances.
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Product Features

« Two DC outputs with different power levels options
« Eliminated need of additional power converter

» High efficiency

* |n-wall installation

« Simple installation process
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Rectifier
H-bridge rectifier chip

— convert 120Vac powerfrom TekRun | [ g ]  |Trigd
the wall to 108Vdc N

Efficiency: 97.37% PGP Sk o I

NG G N 3 18.04kHz

Ripple: 1.7V i

~ With capacitor bank of 1564F | . -
Wavefo rm : ............................................................ N
— Channel 1 Output Voltage

— Channel 2 Input Voltage from 50+ 0.000005 |
the Function Generator

1 ch2 Pk-Pk
33.6 V
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Linear Regulators

) DeSIg n : . e vin  Vou = —CY 2V
— Used two linear regulators ~ _i7* », T 1
T |
— Step down from 108V to 75V , : : <12V
h v 3
— Step down from 75V to 12V ™ o md=
P31
— Avoid over stressing the |
components & T
L LTI ‘ puto
B f

+ Waveform:
— Input 25 V from DC power B

1 Ch2 Mean
11.8V

supply.
— Pot adjusted to voltage.

— Range from 20V-8V tested.

T @iF 20.0v  M[10.0ps A Ch1 & 13.5V
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FLYBACK CONVERTER
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Flyback Converter

 Provides:

— galvanic isolation between the output and input
— an additional layer of surge protection

» Ratings:
— Input: 108V/3 A To Linear Regulators rgroun
— Output: 25V/8.1/ o 1T ¢ u [ CSJ_Cs Y
-§+ 'i'-—] 4 W
41— Y e, 3 € L, T T .
‘ GND

G{ho From Gate
Driver
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Flyback MOSFET Control

g D1
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VEB yoo [ ﬂévpll,mfib , | N ?;élf . cat
-+ P32 P37 ﬂﬁfilr—
T BENSE ouT |2 2 Is_ cow ps | ' e
F32 P36
L 4 mrer anp B _ler s Source
z s GND 2] ma pgs 2
= UC38a201 |
L+ PWM o Gate
&Ko Control Driver
éz TekRun | O —— ] Trigd
i

Ch2 Mean
5.13V

e \Waveform of PWM 9‘ _____ ______ _
control signal for the et
flyback converter e

@iF 0.0V M1.00us A Ch2 7 9.20V

23 Apr 2012
+v|0.00000s | 20:42:59
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kstop

 Top Waveforms: r\ ______ ; ______ _
— Noise on the switching signal _____ ______ _____

Ch1 Mean
8.43V

- Bottom Waveforms: B S o 441} Ll

S R O S S 12 e

— F|Oatingground 5\ ______ ______ ..... ,,,,,, [
* Channels: |
1. second voltage regulatoroutput £ - wefud

ChiTo0v \Chz 10.0V |400ms\ A| Chi 7 2oov\
Ch3[ 10.0vV [®iE 20.0V 25 Apr 2012

2. first voltage regulator g un L I
3. bridge rectifier output. SO S O O O O O P
4 Switching Signal (noton ...... ...... ..... ...... .

4 Ch1 Mean

d|fferent|a| probe) Iir__... ..... ﬁ—— ...... 047V

oo oo oo oo CH2 Mean
. . . . I . . . . ) 13.2V

1 Cha Mean
—4.43V

Al 1 Ch3 Mean
el 17.3V

________________________ 7§ Chd Mean
-3.79V

Chi o0V \Chz 0.0V |400ms\ A| Chi F 2oov\
Ch3[ 10.0vV [EiE 10.0V 25 Apr 2012
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ILLow Buck Converter

« Ratings:
— Input: 25V/1A
— Output: S5V/5A
— Switching Frequency 300 kHz

- 3T ]
u'irly "Jout - “ : GhC
L IO i
T |

ADJ
TLE3

il

\]
/1

[ 25

]|
/1

~

12 of 25



ECE Illinois E’H.I DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING
®

IL.ow Buck Control

« Used IC chip: TSP5450

* Included the MOSFET and controls for linear regulations
— Voltage output regulated itself to be 5V

VIN
—48— VIN

\|
/1

—1 NC

— ENA VSENSE
GND
=
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[LLow Buck

* Average Voltage: 5V

* Ripple: £ 100mV

Waveform:

— Low buck converter with an
electronic load.

— The electronic load with set |
output current of 4.75A |

— Channels:

1.Input Voltage
2.0utput Voltage
3.Output Current

Output

Tekstop | . w— : : . }
: : : f g7 f f :
—— e e e
ﬁ\ ................
A WRTN WA WA WORCH WU | VOIS VIR VAU VRN W ¢
QI:ZZIZIZZZZZZZ?ZZZZZIIZZIZZiZZIZiZIZZiZIZZ?ZIZI
Chil 20.0V  [8iE] 5.00V  M2.00us A Ch2 & 6.00V
Ch3[ 5.00AQ
i+~ [1.48000ps |

Ch1 Mean
23.8V

Ch2 Mean
5.04V

1 Ch3 Mean

4.95 A

24 Apr 2012
14:04:28
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Efficiency Curve

« Average Efficiency is 80.3%

Low Buck Efficiency Curve
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HIGH BUCK CONVERTER
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High Buck Converter

« Rating:
— Input: 25V/7.2A
— Output: 12V/15A
— Switching Frequency 115 kHz
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High Buck Control

 Original Idea:
— T1 Buck Controller (TPS40020)
— Over Current Protection mode

 Alternative Approach:

— PWM (UC3843)
— High Side Gate Driver (IR2117)
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High Buck Output

« Waveform:

— loaded with drill 25V
input from DC power
supply.

— Channels:

1. Voltage output
(unadjusted)

Gate signal
PWM output

Input Voltage load
drawing 3.5A

W

25.0V  Ch2

M[10.0ps| A Chl & 13.5V

20.0V  |eGE 10.0V

11+¥|0.00000 s

i Ch4 High

13.2V

Ch1 High
26.0V

Ch3 Freq
4 60.92kHz

1 ch3 +Duty

52.35 %

23 Apr 2012
19:22:05
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Efficiency Curve

« Average Efficiency is 88.93%

High Buck Efficiency Curve
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Wall Construction
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Overall Results

« Each PCB worked
* Problems with Flyback PCB
* 100% operational Buck Modules
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[.essons Learned

Check Circuit (signals)
Ground

Don’t plug in the circuit with power on during the
demo
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Future

Smaller Components

— Potentiometers, higher switching frequency,
inductor, PCB layout

Lower ESR Capacitors
PCB High Buck
Commercialize

The Battle Continues...
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