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Digital driving method for AM OLED with pixel circuit of 2T1C
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Abstract: In order to improve the uniform brightness of Active Matrix Organic Light Emitting Display
(AM OLED) caused by the difference characteristic of TFTs’ among pixels, digital driving methods
of Address While Display (AWD) based on accumulated lighting using 11 equal weight subfields and
order dither to realize 256 gray scales was investigated and implemented on AM OLED module of 5.5
inches with pixel circuit of 2T1C. The experimental results of gray scales (0~255) show that digital
driving is insensitive to gray scales and the maximum value of non-uniform brightness is 28 %. It is in-
creased as gray scale increasing and the maximum value reaches to 133% by using analog driving. The
uniform of displayed image using digital driving is superior to that using analog driving and easy to be
implemented based on pixel circuit of 2T1C. The complexity to pixel circuit and processing cost will be

decreased.

Wi BEH:2014-12-17 ;11T H #3: 2015-02-06.
BEEWHE: HK B KRB RS (No. 61372018)
* JBAEBE R A, E-mail: znn@mail. xjtu. edu. cn



656 W5 BoR

%30 &

Key words: AM OLED; pixel circuit; digital driving; FPGA

uu\4

1 7]

HHL& G R R (OLED, Organic Light Emit-
ting Display) B A 4% 3 | 58 90 f1 L AR T #E L N 4
JE PR L el A B R R, MR IR
75 X1 AR [H . OLED 1] 4y o8 J6 ¥ 45 B (PM
OLED) #1454 M (AM OLED) B #t ., AM
OLED i fif R R R i B il 2 > B IF R T RE 1Y
WA R CTET) M1 A A7 HL A (9 L 25 (O
AR ARG TET F1 C AR , AT A5 2 H % A
9 2T1CHY, AM OLED A9 3K 3l 75 1 7] 43 4 #5548
DR Bl FIECF IR Bl R, 3K Bl 1C 1 G A 137 R i 40 ]
HL I — B 4 AR W) — BB B A 1. AM
OLED #48L8K 5 J5 vk v, il i 3 ] TFT Mk f &
ok 42 Wl 9 3 AR 2 & BT Y HRL R AT S BT
MK EG R . B TFAFBERAE TFTs FetE S
BOARME 58 4 — 20, e A R A B (5 5 R T
B R IGE T LI RN A, X 2 J 3R] — K
JERAE SRR B BRI EARS, N T
PRAZ IR, ] 75 AR R HL B TP B A i TET AN
HL 2% 2 BCRR A E BT L A, R T DLl . AM
OLED 7R Bt (9 40350 Fi, fif X 0408 15 5 2647 40 55
FEA A P BRI BRI 45 b RN A2 fL I 1 AF
TEMGIN 7 L2 B AR TR R oo i i
I T A A BRI T AR A3 B R

AM OLED £ 3K 3 J7 2 A [ T B 480 5K 50 )5
P BT RS B B 1R S i R HOBOR A B R
iR S5 /N FELUR I AN A, AE X AN LR R AN
()45 32 T 1 P, 3 DT I s T R 5 O 1Y) 22 S AR
AN T AR F s R A AR ) — Btk . b BT
B Bl J5 ¥R SR R B I X S PR BEOR ORI, 18
LHERALOKEIE)ZN 14 em(5.5 in2T1IC R
L . 720 <1280 43 HER Y AM OLED £ 81 3K )
WH F R IF LT 5 8k B8 (Address
While Display, AWD) 80759 8l ik, 3 g
T BT IR Bl R 8L 5K B 1 R 5 R R AN TR
IREEG T AR 21 25 R R B F I sh 355
PEOT AL T ALK B, vT A TR 2T1IC R R
HLJH . T8O IR 2 -0k kB 2 TR LK B
PR 1 ) FE 18

2 AM OLED # 53K % 7 %

2.1 AM OLED #F Kz iERIE

B 0K B 1k R R G R O X SE BUOR
[F] F1 R BBE 2 o BV« BT B ] PN 8 5 B ) R G, o 28
PR R, N HR RN 1 5 B Ry . 3R S 3 7 X
R Wi ER S N LA T 5, IR R B s (5 5
ERHENMBEEGN T RS LU Bt 54
A R R IKE %9 . AM OLED n] i 5 %07
Wzh ik EEA WA F 05 B8 4E (Address
Display Separate, ADS) J5 ¥ fil AWD P4 F,
ADS 3R 8lh 75 ik v, B AT 35 09 Bir A 47K ik
TR A AT 30k 2 G . &5 % — T k1T
Ro XFAWD 73R UL BA TSR —1T S
hEd 5 S RUIF R 2Ot o, HEF —F 5 S
HEJE A U B RRAS

B 1 e BT IR ) AM OLED #
M HEAE AWD ke, Hd B 1) B
R B E AL . 2T1C 15 K o I R B, 52 K
FERRMIIEMEB Y, BB A 425 R.G.B #B
B0 RO I Tk R G B [R5k, B
R TAEJR B . F4k5 5 GATE ffi T1 T3, 5
%% SOURCE Jim#% 2] T2 0 M B 4% &l 9 i
OLED (M HLR, LA R K EZE K THE CH
T BHE 55 SOURCE ¥R £5 46 T2 A M B
FF — W F k. X T HCF IR, RS S
SOURCE H e K Fl fe /N AN A, 43 3 i T2 T
YE#E TFT ¥ B e 1 ih 42 09 8 1k X Aot Fn X, B
TAEFERDS 07 ARRE ‘17, T 2TICHKERR
% AM OLED #5220 3% A F T #82 B 9 9 4 Fia .
BRI R SRS RO H R T hE T, B, B
—F Mk EK ERE T T — & T4k 8]k 1
B[]

T 1) BEH TAETE K BoR Bl T .
i — A7 0 P O 1139 ps, HAT 2B 1 280
TR Bt E] 1. 458 ms, XF T 60 Hz M350, &
Zu Lo 11 A Fh. WARRH ADS 3880 i
P — 3 WOR S ) KA K2 0.6 ms, B #
SR URT WANS RS 78 & b1 | BTN 1 TN o R 6
5 B () AR 22, 3 B0 R 2 R AR . )



Bal

B0 4 20 TIC L EHR R AM OLED ¥R 8 7 ot 657

f . ADS 8K 3 i, 42 B[R] i Ot s8R K 2
OLED i HL It ) 98 42 75 5 3 B0 It ob il L 48
IR )

W2RR T AWD 19807 38 3l 7 it 7R i [E]
A ALL ARSI A 24, [ It 5 1 42 B () B & 't al
SRR, A 1Cb) B, O 1l 45 il i R g7 R, T
LUl AWD 213 (AU M A 84> 1 3 19 R
WFE] R 1. 458 ms. S T 3K B3 B 8l 4 58 4
A4 B R T SR AR G B ok 552 BAS [R) K B2 4% i ik
PEH BB ERAE 11 AT i & O T LS
B 12 A WL G, HE AN RE EL% W 1K B 9k
ARSI Tk S

AM OLED  720x1280

Subpixel Structure Timing Diagram

SOURCE POWER @
E ATE  720Data
C

E T Y
Gray
720Data
T2
OLED

CATHODE =

R/G/B_EN ‘R/G/B_EN’
Gate Driver \

Ca) BT TR Bl R FH B 21 B AR 3R o
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Fig. 1 AM OLED module and principle of AWD method
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Fig. 2 Hardware structure of OLED driving circuit
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Fig. 4 Uniformity of displayed image between ana-

log and digital driving methods
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Tab. 1

Non-uniformity of different grays between

analog and digital driving methods
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32 133 17 101 15
64 126 19 69 28
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Comparison of power consumption between ana-

log and digital driving methods(unit: W)
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BilRzh 5. 231 1.272 3. 959
155 -
Bk 6.478 1. 980 4. 498
BEIaKsh 4,379 1. 344 3.034
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BFIRE 5,975 2.135 3.83
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