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Design and Implementation of PWM Driver IC

Sudent: Deng-Yuan Guo Advisor: Yu-Cherng Hung, PhD

Institute of Electronic Engineering

National Chin-Yi University of Technology

Abstract

With the technology development of light emitting diode (LED), the brightness
of LED has been enhanced significantly and its cost has been reduced. Various
applications of LED such as backlight of liquid crystal display (LCD), decorative
lights, advertising displays, traffic lights, automotive lighting, and general lighting are
visible everywhere today. The color shift problem of LED brightness can be avoided
by using pulse-width modulation (PWM) control, and the PWM technique has
capability of linear dimming. In this thesis, we propose three new digita PWM
circuits to control LED dimming. The PWM type | circuit is designed as the
complementary operation to reduce the number of delay elements and circuit
complexity. Measured results show that the power consumption of the chip is 0.79
MW@10 MHz and with capability of linear dimming control. The PWM type Il has
advantage of multiple outputs by using the hardware sharing techniques. The circuit is
with three outputs and 3-bit resolution each. The number of transistor in type Il is
reduced to 50.4 % of conventional design. The design of PWM type Ill, is a
high-precision duty cycle control by using the delay match network and pulse width
correction techniques. In type 11, the double-edge- triggered flip-flop is also adopted
to double the output frequency. Simulation results show that the error time shifting of
output pulse width isranged of 0.2 ns- 0.4 ns. Finally, a prototyping system for LEDs

touching lamp is achieved to verify the functionality of our experimental chip.

Keywords. PWM, LED, Color Shift
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[13] 7 5% > v b ik Poad PR B BAR B B R AT o A G 2RE
Mt e T B & J w8 (Delay Ling)& § 1 B(MUX)#7
* o el 11 (@7 o mELAhd w ik~ it (Delay Cell)Ad 4 2"t &z
Lo rgd J1 REHT - wB L RSEF BE § (Reset)p
B o g el A 3 0 oWl 1L (D)H o 0t B E AR b fR
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FRLEEBRAFRREARY 4of]l L2@TRFHFETT c TRHE

EEAE A RART B K 0 S E R E R R 2 RS

20
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EH B Qo ~ Qs F5d X W(AND)EE 44| RS 1 F

B E
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1
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Qo Q: Q; Qs ent[1:0] "

n.-bit
counter
(a?=b)

a[1:0]  out

b[1:0] (a=b) —|
n.-bit

counter 2 |_ Reset R Vv

cnt[1:0] (a7=b) >

——alt:0] out ] Set
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3¢ LED 2R d L3 d - 5242 T3 HmPWM | T8 @ % 2
& ﬁa,f‘#&%.%i’ﬂiﬁﬂ:m TRk F PWM @?Jﬂ:’f% TEEERE X #

L - SVE. PAR 51@:—]33 B AT o

41 IHF;TEH (Typel)

B 13 5 2% #H D% - 3] 3bit 3N EZREFETADE
(Complementary DPWM, CDPWM) R Bt » T E- 41 & & =3 < 30
Ao F - e 5 R 3 E 8 (Reset) # s i 4 3 #ic B (Johnson
Counter) » * ugisﬁjﬂnwﬁf g A (3 k) F oA A 5J:':
% (Output Stage) > o #i » ;5L Co » Co4id] 7 1 F(MUX) - E 3%

GEE I T d Coi gl 3 % 2R (XOR)E % 2T 3 A
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I Johnson Counter II
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B 14 ¢ V18 Vg~ 9 5 65 3 %% (Output Stage) &7 Pﬂhﬂ KT
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BEAPEINV) B di#-5 4p D=1U8 § =ik @ 3 4 4 D =7/8 iy

25



NE EEW AR 14 ¢ Ve T o Bl 0 A TERFHET T4

N LA N = = P = 2 -1 N - 7, ! '1.
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ko AT RRREF - FRIES - BT RAA(Q~Q) g A
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?SEIBB JTL}EJ%%'°

26



W 15 IS PWM . AR
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42 % J.‘_", PWM & ¥ (Type?2)

Amv @t AR R HITE Y — 5 4 2 #icE (Johnson Counter)

i)

2. 54 30 5(Qo~ Qq) > 7 Hf *e iy 1 5 (Output Stage) <51 7 ¥ # =
5 AR I A4 R 2 PWM B disusie Ml 17 5 5 = 8 422 3-bit f2 4

—=

B2 PWM R - i P A2 2 Biple f245 & 7 PWM i 15
Bonadl % FzFd LED2Z AR HE 77 7 (343 £/ %
% gty

ek ALTAHS PWM RR A SbitfEl R TR Y £ 3 By g
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148 222 296 370
Z_ BT % L ]
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TR R | -37.8% - 50.4 % -56.7% | -60.5%

421 I PWM T KRS *
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BT s R e 110
1R R 1.8V
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T iag4e e X 0.4 mMW@100 MHz
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B 19 i = 51:"] 343 PWM 7 B 1% < (Core) i A -t (Post
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43 BHFER PWM §B% 3 (Typed)

N IS TR ERAR AT AR T AR E B %
ApF Ty, =20, o Ft s A FRIE AR R
# % (Johnson Counter) . % 78 #> 1148 & — 15 ) I B BEAR 5 (fo) 28 72 1
= L F g PO (fa) o T B 4e b 4 B T e e B (Delay Match)

3 F PWM B iAo Al 20 B R 2 A T e T B A

BRI o

( [l o Na A\ |\ \
| I
| CLK Johnson Counter (DETx16) |
|

| Q0| Q1 Qus Qs :
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| Ih I, Ls /] |
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| Match I
: —(C T
. S Y N Olltpllt |
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W 20 Sbit EHAE B s R
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431 R4 T (DET)

e Bt B4 8% (Double-Edge-Triggered, DET) &+ £ %% 3+ -
Ko W 16 BREEIRIEE YT 2 B2 FEfRT AR 0 4oB 211
FRILATT o RS B AF 5 4 2 E (Johnson Counter) 2 #
16 5 (Qo ~ Quo) 17 5 By 212 R4 308 £ # L C[4: 0]
Fdl i1 B(MUX)E 3 % & B (XOR))4 A& 4 #72F ﬁiﬂ NFEEH o B

217 Vo 88 Voo A 6] 5 #5 » 205 C [4:0] =[00000] C [4:0] = [10000]
|
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|12 1516 _
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B 22 (@£ (b)~ %] = & L H % ff % (Single-Edge-Triggered, SET)
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L
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CLK CLK CLK
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432 #iETRPE

=7 #& % PWM ﬁi%]t'i’?‘ﬁ B pE R o VI RTH] 4 B T e e R R 3
4o@) 20 ¢ Delay Match = #5757 » 11 7™ fie |, 27 X F]20 5L at & B 42 A
FeirAd 4 2 384 o A~ @ % PTL (Pass-Transistor Logic) > 3% 2k 3+ %
I BMUX)ZE > Bl 23 5 41 51 BatE7 fede b o KB 23 TR
v 'fg’ﬁfr’b'%pﬁi%lﬂ'. JJ_FK/E &5 23F NMOS 7 & %8 » 71t A 41
51 BFERT Qs EArt 23E NMOS 7 S8 1F 5t 87 o 3 g2 U T
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Z 6 5 TELGu T fek 18 F & g (Post Layout Simulation)
By A uEE T B (D=1/32) - ¥ %(D=16/32) - 25+ (D=3132)
EREHBERELFL AP A H T g A AT B FL
B P 3:E294% P R AEAFRF S Inse L kp(DFET A

ERERA R (L A TUHBFLADLY R -

e T fie (fclk_ 200 MHZ)
ToiE B Bt % WA
29.6 %
0 0
1/32 3.125 % 2.2% (err = 0.7 1)
0,
16/32 50 % 48.75 % 2 &
(err=1ns)
0
31/32 96.875 % 97. % 0%
(err=0.1n9)

433 HRIRLIBETHET

dardeg At Am TR EFE L F LAY D
BEG hMERIERTI AT N2 A o 3L A L’REVH?(XOR)%?]
Mbded - B RS SIS R ERLFAL S Rl
24 ¢ DET-DFF = si#rm o ] 25 5 & (D=132)# ! =& H 2 1
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%' ¥ B AEAPFRFELTT 04ns HELAEFTERY 2 ARG

Mol e
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I I
| CLK— Johnson Counter (DETx16) |
I
| Q| Q: Qu  [Qus :
( T )
| I I, Lis /] |

C[3:0] % 16 : 1 MUX / Delay
I Match I
' EA L o |
I I
I DFF——e oo
| Cl4] ﬁ/D-Y—DETDFF——l>— SV, :
¥ 24 3 ¥rPWM £
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7 FALULHERE

#4181 R E(fac= 200 MHz)
oy PHE | ERER FA
1/32 3.125% 2.2% | 29.6% (0.7 ns)
i 16/32 50% | 48.75%| 25 % (1 ng
31/32 96.875 % 97 % | 0.13 % (0.1 ns)
1/32 3125%| 2.713%| 13%(0.3n9)
NI 16/32 50 % 49.5 % 1% (0.4 ns)
31/32 96.875 % 96.5% | 0.4% (0.3 ns)

434 = ﬁi..?] 3 SET &2 DET » &

APt AME ZPIRT - BEG =g Sbit 2iTAR 2 =
§ LED# %78 ¥ &2 3131 31(29,791)fd ¢ £ %1 » 4oB] 26

BHerF o 4 8 AAAF %4 T # % SET-DFF #2 DET-DFF 2 T & #
Bo o P A S S IR B BT A M 200 MHZ
Tt v DET R B8 400 16 %% S M #icsr 64%3 & i) 42 fe 3 4o

B R B (f) ©
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CLEK— Johnson Counter (DET-DFFx16)
A QI15:0]
V' A v
Crl4:0] Output Celd:01 Output Cal4:0] Output
Stage (R) Stage (G) Stage (B)
1 Vr 1 Ve 1 Vs
W 26 B KHrm= j 31 PWM 3 4
% 8 SET & DET #’f#_b"ﬁ
r—g #fﬁ:‘. ﬁ;?] A —‘;5 5-bit ?_, ﬁ-’/‘_f»(fdk =200 MHZ)
TRME | ToeFie | ERE
SET 426 0.75 mwW 6.25 MHz
DET 494 1.23 mwW 12.5 MHz
DET vs. SET +16 % + 64 % + 100 %
435 BHRERTENESS*

AIE L IEATR Y PR IRR 5 & fF T & TSMC 0.18 mm
CMOS Mixed-Signa RF 1P6M 1.8/3.3 V @Az % = » frkdcfd 3
HSPICE > % 4c %8 = Caibre- B] 27 5 & = ﬁi%] dver 5-bit f3247 & 9%
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F LT AN PWM #5241 1C 2+ (Core) i 5 Bl #5044 5 280 x 52.5
MM’ &% % 404377 Sl THEF CrR[4:01-Co[4:0]~ ¢
Cel[4:0]= fdzdliusl > #%F A2 Vr~ Ve~ Vg = 2 PWM ! -

418V 1 FERT Tt & 1.37 mMW@200 MHz » % 9 %

wrl §°7S

W 27 #HFEPWM £ 0 5 W

3 9 B ¥ PWM LKL

R TSMC 0.18 nm
oo TR G 280 % 52.5 mm’
FRAT 2 1 ) e 5-bit / 3.
BT S W 494
1R R 1.8V
iy~ [y A 200 MHz / 12.5 MHz
SE=b I P 1.37 mMW@200 MHz
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Vi ]\ /\ D =1/32 /\
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T op MR K 90
1 FR R 33V
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B 325 T APWME 2 233VERTH L BRIEE H P 5 -
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512 Z#H PWM & % RS

B 345 %3 = f 2 3bitiadr & 2 3 4 S PWM S i B > 5
d 54 F 4 TSMC 0.18 nm CMOS Mixed-Signal RF 1P6M 1.8/3.3
VElfeTmE v L &Y e 4 50502 x 0502 mm* (% 1/0PAD) » £
i % 1103 % S fBc o % ¥ £ 4 164 #&%# 3 VDD ~ GND ~ CLK ~
RET ~ Cr[2: 0]~ Cg[2: 0] - Cg[2: 0] VR~ Vo~ V= ffij 30 5L -

% 115 = "] 'PWM &y B 43 -

w® 34 Eﬁﬂi e A )
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2011 R0 ER
RS TSMC 0.18 nm
& 5o 0.502 x 0.502 mm?
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