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Abstract

In this paper, We design the optimal power supply for LED Display board.
The power supply used in the display board provides the LED module with
5V. The proposed power supply provides the LED module with LED driving
voltage by color.

The power supply is controlled by digital control program. The initial duty
of the control program sets output voltage of buck converter to be 2.6V and
3.8V. The power supply uses control program for stable output voltage. The
proposed power supply operate in PWM(Pulse Width Modulation) control at
moderate to heavy loads, under light load condition the converter operate in
PFM(Pulse Frequency Modulation) control. The power supply can be switched
to PWM control mode when the load current is greater than 60mA, and can
be switched to PFM control mode when load current is under 60mA.
Simulation was used the EVM board and the LED module. We checked by
simulation that the PWM and PFM function of power supply work fine and
measured the efficiency of the power supply. When the load current is under
60mA, efficiency of power supply is 8% higher than.

When the LED module is operated by using the proposed power supply, the
power consumption of the proposed power supply is 40% less than before.
The proposed power supply provides the LED module with the necessary

voltage to reduce power consumption of LED module.
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7], Push-pull ¥%7] Half-Bridge ¥ 27],

Full-Bridge ¥ 3%7]7}

Heh7]= W] Al AA 71l whel A d

Table 1. Type of SMPS

R %5 5
Buck Converter Vin>Vout
Nonisolated Boost Converter Vin<Vout

Buck-Boost Converter

Vin>Vout or Vin<Vout

Isolated

Flyback Converter 200W o] s}
Forward Converter 300W o]3}
Push-pull Converter 500W o] s}
Half-Bridge Converter 1kW o] 3}
Full-Bridge Converter 2kW o] 3}

Aol glewe dquAE Fetel
Agkuk 2Ystel A A4y W]

Fig. 1. Buck converter
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(a) Buck converter
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1. Pulse Width Modulation #o] 7]
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Table 3. Compared to analog controller and digital controller
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Fig. 22. Configuration of the proposed power supply
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Fig. 23. Configuration of the proposed Buck converter
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Table 4. Devices of Buck converter

2914 27 | FDS8949(MOSFET) | IC

PWM Driver TPS28225 IC
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Fig. 27. Block diagram of LED module driver
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Fig. 28. Timing diagram of LED module driver
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Fig. 31. Simulation configuration
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Table 6. Output current as function of RED LED number

Ll =3 AF
LED 7<% i
1 22 mA
2 43 mA
3 62 mA
4 86 mA
5 108 mA
6 130 mA
7 151 mA
8 171 mA
9 192 mA
10 213 mA
11 234 mA
12 254 mA
13 273 mA
14 292 mA
15 311 mA
16 332 mA

16«16 LED E+&° LEDE /N4 &2 AA Fats 252 FSAIAZHEA 2
of e ReHAFE vud 23 LEDS 1/l A& 45 oF 20mAe FaH 77}
285E AS 4 4 dgnh. LEDE A g7 34Y A4S Fa AR/
PWM/PFM Alo9] Z7A 2 60mAS ¥ AS & 5 AATh

¥ 72 RED LEDE /¥ #a4 02 E2HA
TF3ta o] FES ol&dte] & &

o] HE Yehiy WEE oz FAFL
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Table 7. The efficiency of PWM/PFM dual mode

= W _ i
= AEW) | &9 Ad89(W &%
LED 7H£\l‘ H ( ) = ( ) _9_'5( 0)
1 0.14 0.11 78.57
2 0.273 0.215 78.75
3 0.406 0.31 76.35
4 0.5495 0.43 78.25
5 0.665 0.54 81.20
6 0.784 0.65 82.91
7 0.9065 0.755 83.29
8 1.022 0.855 83.66
9 1.141 0.96 84 .14
10 1.2572 1.065 84.71
11 1.386 1.17 84 .42
12 1.505 1.27 84.39
13 1.624 1.365 84.05
14 1.743 1.46 83.7
15 1.869 1.555 83.20
16 2.002 1.66 82.92
100
90 T i
80 .—/k’prm
70 /
E 60 &
E' 50
2
ﬁ 40
30
20
10
a

10 100
OutPut Current (mA) =—=pywm A O
G PWIM/PFIM A O

Fig. 33. The efficiency comparison PWM mode and PWM/PFM dual mode

_40_

Collection @ jeju



% 332 71E9 PWM Aoz PWM/PFM Alojwale] &8 nludt A
olty, PWM Aol el &&3 PWM/PFM Aloj#2 ¢ §&5

PWM/PFM Alo]w2] o] A F3td77F oF 22mAcA dds]Ze] F&°] 17%
A =7 vebyth aela oF 48mAdl e E&o] 8% A E =4 uElwt 3
ARk 9k 60mA ClAE PWM Alojik2le] &&o] <k o =A e
PWM/PFM A|oju}2 o] 88 A8 oz oF 83%° 1E &S HAT}
Ate WA AAIRE AL AS A

StAFol+= PEM Aloje] &85 Holi, %2 HaAdFod = PWM Ao g

&S HAT HE FoAE dAdHIL 1E 58S HolE S d & AN

Fig. 34. Picture of the proposed power supply operation test by LED module
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Boll 28V, 36V, 36VE ¥H 3k
LED ZES T4A2E 459k 7€ dd3g=E AHgste] LED EEd 5VE
= B9 avdE e vagk slolth RED LED

GREEN, BLUE LEDE *+-

Table 8. Power consumption comparison

&2t RED RED + GREEN

LED AE(dE | A™AE AL | AggE

A | svae | agaw [ T svqe | ag e | 0T
32 3.52 1.664 52.8 7.04 4.096 41.8
64 7.04 3.172 54.9 13.915 8.026 42.3
96 10.505 4.498 57.2 21.12 11.89 43.8
128 14.08 5.798 58.8 28.435 15.218 46.5
160 17.6 6.968 60.4 35.09 18.172 48.2
192 21.12 8.06 61.8 42.185 21.194 49.8
224 24.695 8.658 64.9 49.06 23.54 52
256 28.215 9.802 65.3 56.32 26.152 53.6
s RED + BLUE RED + GREEN + BLUE
LED AEdg | Agead AEdg | AgMad

A% | svae | agaen | T svgey | aw e | B
32 7.095 4.134 41.7 10.615 6.604 37.8
64 14.135 8.204 42 21.175 13.132 38
96 21.065 12.262 41.8 31.955 18.49 42
128 28.435 15.698 44.8 42.295 25.372 40
160 35.475 19.11 46.1 53.35 30.606 42
192 42.405 21.844 48.5 63.69 35.118 44 .8
224 49.5 24.728 50 74.25 39.36 47
256 56.54 26.428 53.3 84.7 43.072 49 1
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Fig. 35. The proposed power supply comparison result

50.0% 1
40.0% 4
300% -
200% -
10.0% -

0.0% =

2

T0.0% o

(%l |n ki A

sttt RED+GREEN+BLUE LED

o]x4 LED X &°l 5VE

S
&te] LED A7 =

i

A3 2ol H

d

S

_43_

Collection @ jeju



= 2
Ach. AAH 2 UAY Aol Z2aWL AHgste] 3709 Buck WEHIE 29
2.6

il
e
v
B>
=
2
i)
o
Ay
o,
_0|L
L
—|—'
2
&)
<
=
i

[
;2
—
)
)

El
m O
>

o
;L
:L
—
)
)

B o=RoA AtE AL RE old® Ao7|7) oy tAd Aoj s E A}
g3t Y Ha2 AYIRE ~90HS vk d2E AP o 58S P
217171 18ke] PWM Alo] 712k PEM A1} 71 ¥ L& AFg-8t 3tk PWM Aloj & A
olZz 1ol PWM AojF&lo] 98] F2aw PWM Aol =S 9138k PI Al
ol == AAsA. 71EAgT, ADCHlE, K, K, HEHEHE AHE-3Ho
9 dx9 =& AAIA Ak K, K, dEE e e 7371 skl Matlab
& o]&3te] K, K9 #ol wE $H&EE HAE 39t K, K, I EHE
HAE A3 F 7b & $HE5E2 Holk: K,=30 Ki=0.12 24389t PFM
Aoj= Aojzzage] PEM Alo]F®lol ol& s2gttt. PFM Alo]F 812 ADC

HlolH & F2Askel A% 7EHRy o xS 002 wao] A=
5 =94 shA &, e vEgE o daFo] Hugl daE A G
AYIRE 29" 2 FAEAY. EVMEEE AL&3te] o, =3 dstgtol

Collection @ jeju



weh PWM Alol71 3 PFM Alol71 el £&& 54, vlmste] PWM¥ PFM
Aol Z=2 s AAS BaAET 60mAY A2 ARSI Aotd A3
2 60mAS AAE BAE7F 60mAc])stY Ao PEM Aol el <3
odl= PWM AlojF€e] 93] s2eth, EVMAE =9} LED

off
N
N,
off
Ol
=
o
N
2l
S
A
o

I 9F 43mA° A= FEo] 8% AL =A uebgth A v PWM Ao} PFM
Aoi7k Walehs 60mA A HolA 7Ee] AYs R g8 27 E=A ey

At HYIZE AFddol] AL FF dBHo= 5Ve] WS FHshe

_45_

Collection @ jeju



(1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]
[10]

F47H, “LED 2%7l¢ 3% 4F3 $¥7, 1858 LED 7I< AV,
2009, page(s):61-95
&, H¥E, “1EE& 7k d¥ LED

2009 A= =24, 2009

FN
i
N
)
3.
<
@
]
=
(e
’§

W 21740 83

i

AN, =47, (945 &S 3 PEM/PWM 4SS AF-1
= DC-DC Boost ®$H7]" 20081 th gk #}sct3] stAF 3 et=h3] Al
214 Al 1% page(s):599-600

HEE7] AA" harE 4183 =14 10-11 Vol.35 No.11 page(s):1667-1675
Wan-Rone Liou, Mei-Ling Yeh, Yueh Lung Kuo, “High Efficiency
Dual-Mode Buck Converter IC For Portable Applications” Power
Electronics, IEEE Transactions on, Volume 23, Issue 2, March 2008
Page(s):667-677

Zhuo Bi, Wenbin Xia, "Modeling and Simulation of Dual-Mode DC/DC
Buck Converter” 2010 Second International Conference on Computer
modeling and Simulation, page(s):371-375

Jeongin Cheon, Changwoo Ha, "PWM/PFM Dual Mode SMPS
Controller IC for Active Forward Clamp and LLC Resonant
Converters” Journal Of Semiconductor Technology And Science,
VOL.7, NO.2, JUNE, 2007, page(s):94-97

Zhuo Bi , Wenbin Xia, "A PWM/PFM Switch Technique of
Dual-Mode Buck Converter”. Wireless Mobile and Computing
(CCWMC 2009), page(s):357 - 360

HeE, “ReA =R M Eeteo]”, 4, 1993

HeE, 29 A 712 AAT, At 2010

_46_

Collection @ jeju



[11]

[12]

[13]

[14]

[15]

[16]

[17]

A 11% 2011, page(s):2049-2055

84 (Youn Seo Kim), % 2.(Oh Yang), “DSPZ o] &3 73 DC-DC
A o] dAA”, vt HA ], dAby s =2 A -SC, A404 A3
T (7 A291 &) 2003.5, page(s):116-122

T. W. Martin, S.S. Ang, “Digital Control for Switching Converters”,
Industrial Electronics IEEE, Vol. 2, 1995, page(s): 480-484

M.Smyey, A.Cheriti, "Fuzzy Logic Controller For a DC to DC
Controller”, Electrical and Computer Engineering IEEE, Vol. 2, 1999.
page(s):1020-1023

Lam HXK, Lee T.H, Leung F HF, Tam P.K.S, "Fuzzy control of
DC-DC switching converters : Stability and Robustness Analysis”,
Industrial Elextronics Society, IECON, Vol. 2, 2001, page(s):899-902
Alvarez-Ramires J, Cervantes I, Espinosa-Perez G, Maya P, Morales
A, "A Stable Design og PI Control For DC-DC Converters with an
RHS Zero”, IEEE Transactions, Vol. 48, 2001, page(s):103-106
mpo] 2 o] | “AXY &eA A ti HE Thol=", AAFFE 2008

d 129 &, page(s):80-84

_47_

Collection @ jeju



W

guel

1

2 HHAA” 2010

&l

s

d

7

d

Nl

LED

=)

H

, “ DSP A|o]7]

ol

A

—

o

job

B T

=2 AA7, 2011

A

%

d

, “ DSP PWM Alo]7]® & €83 LED

ol

4

oF

ToR

PFM Ao 7]1%”,

vl
=

£33 PWM

=
=

A3 2 A

4

Ry

B

3) °lA
2011

_48_

Collection @ jeju



AA e 2

Hom o H oW TEX oy P o
= < = 9 HOR Lol -
T oo oW % p R R il
—, - N T oW X K
Comom N o O B T
FEL N & HgZE B
cCRNF R %0 g -
w S P LT S RIT AR 9
Mo AR T R 5 z
"B R o) AR o R .
woeewH b Ty Be
M%NH% T g O X
o ook R R R S o
= ~ OE < =
Lt _ui o XE ﬂ% E ﬂD ‘WE LT < Eo
= cal < = o
ooy Wog TN op B
I M%u oA dw =0 ok
0 _ No 5 E! bl = 5 op T
e Mﬁ ) 7 B o o] = o
= ¥ nok Ywe® oM T
N . Nd N 50 @o I MH i Aa
_— - 0 N0 =~ @O o 4
T s ey F N ETEEL
w m o AR 3R Q= mm B
A T 5 E R Mm o w
~ — ) i iy
2 % o v W T oo A
A S A - O
~ < T T - o}/ < —_
cﬂ A %vL N R N-om o
O ﬂAl ,.LL Ot %T mo - PO ﬂm O#E ,mﬂ ﬂ
& DO o T A oo = T
T e ey  FEa PR
T E D Wodw m oM o o o
=7 Ao T o A M mR T

al

T

in g
=

o]

8

Eoos
W Eok npm

o0

=]

& A A

S

3

==
.

o)
=
(e}

T=!

o

o

!

sl goht st

]

LY

!

=

S

=

wwl} QA

o]

g

gl E7h4] 7hAH B -] |
=

Ir

-
_49_

Hx 7}

1

A=
c 2P FellM 2 fo] HolE

[e)

3

i

o},
2
%>

x| go 2 9%

Collection @ jeju



	Abstract 
	Ⅰ. 서론 
	Ⅱ. SMPS(Switching Mode Power Supply) 
	1. SMPS의 기본 원리 
	2. 전류 연속 모드와 전류 불연속 모드 

	Ⅲ. PWM/PFM 제어기법 
	1. Pulse Width Modulation 제어 
	2. Pulse Frequency Modulation 제어 

	Ⅳ. 디지털 제어 기반 LED 전광판 전원회로 설계 
	1. PWM/PFM 제어기법 기반 Buck 변환기 
	2. LED 전광판 전원회로 설계 

	Ⅴ. 실험 및 결과 
	1. 실험 환경 
	2. 실험 방식 
	3. 실험결과 및 분석 

	Ⅵ. 결론 
	참고문헌 


