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A pixel circuit to compensate the threshold voltage and mobility variations
HUANG Yong, GUAN Xiaofei, ZHANG Liwen, LI Yuehua, WANG Xinlin, HE Hongyu

XHERRERD A
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[ Abstract] A voltage—programming pixel circuit suitable for low—temperature polysilicon thin film transistors is improved to obtain
the stable driving current by adjusting the timing in the data input stage. The pixel circuit consists of four switching thin film
transistors, one driving thin film transistor, two capacitors, and two control lines. Theoretical analysis shows that the circuit not
only can compensate the threshold voltage variation of the driving transistor, but also can compensate the mobility variation of the
driving transistor. The simulation results show that, the driving current variation is about 9% when the threshold voltage variation of
the driving transistor is £0.5 V, and the variation of the driving current is about 6% when the mobility variation of the driving
transistor is +30% . Thus, the present circuit can achieve the stable driving current.
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Fig. 1 The present pixel circuit and timing diagram
1.2 T{ERE
(1) #MEBT B . SCAN, F1 SCAN, ¥ & AR,
Vs BCE N F WAL, T, T, K C fif i
Vopo Ty i, Ty k., NI T), Oy WA 4 HAL T
SERZS A JURALEET BT, HE T, AUk, e, A
ML ETE, TR AR
VA:VUU_‘VTH‘a (1)
oo, Vi NURENAE T, I BI(E A R
(2) Bdfm A B Bro SCAN, REFIRHL -0 Vi
AR, FAT AR A . SCAN, H 55 M RHLF,
YEFFISE] T2 )5, A2 HF- o T, il , BE C R
BN Vipo T HITEHIEL RN -
Vie =Ve = Vi=Vy =V, (2)
TE Vs INZ BLAEAZ SRy G LA AR B ) (O S
t=t, ) AR C, M C, BYRLAT SR, A SR Az 530()
FHEC 238 e fap AR 2 0, OIS, A A SN

€, V (3)

VA(t=t0>=Vnn_ ﬁ DATA »
1 2

| Vi | +

Bt >ty B, SCAN, HEFFAEAREF, TD o5 4%
B HA T SRS A SRR BT Frsk
A T 2 )5, SCAN, A2 Jy i i~ F- 2 (G St = ¢, +
T), A grgsf; EJH3)

Vilt =ty + T) =V, -

C

C +0C,

Hop, AV, 28 A g BT BRI
) AAK(2) 15

[ Vi | +

Voura +AV,, (5)

Viae — A VF ,

(6)

Vit =t, + T) = V"‘”_CICJrlcz
HIzC(3) FI(5) ((4) FI(6) , 15
AV, =V(t=1,+T) -V (t=1,) =

Vi(t =ty) = Vy(t =1, + T), (7)
XAV, FEAT RS HT R INE
My, <t<t,+TH, T C, FC, KT, H

JIGPAT 5 g, BT R g R A

dVy,

dt

b
(€ + ) =+ 5 (Ve = |V, D7 =0, (8)

k=uCxW/L, (9)
b, w T, SRR, Cox HMRIRMZE, WA
L AR T, WAL R T
X438 (8) B, B i
dVy,

B kds
‘f<nc—\wwwz_fﬂcl+cﬁ’ (10)
2 (10) (3E %y -
Vaolt) = ——— |Vl (D)
1+ G
2(C, + Gy)
b, G s 080, L AT el 3 R AR
ii_éo
=1, fRAK(11) ,15:
Vee(t = 1) = : + [V |
k t, + G
2(¢, + ¢
(12)
K (12) 5K (4) H#HATxT L, 152 G fE, BRI
C, +C, k
G = (13)

TV 2(C, + Gy
S (13) R AR (11) 75



555 W U, AF . R (R AR AR R R 15
Vo I . SR 1.
¥ kg GrG ®1 ARBEGHEAAHNSHE
2( C Tt Cz ) 0 Cc 1 VD ATA Tab. 1 The parameters for the circuit simulation
[ Vin S fti
(14) SCAN, /V _8 ~10
=1, + THRAF(14) 15 SCAN,/V -8~ 10
1 Voara/V -5~0
V(t=t, +T) = +
‘SC ’ k r_ 6 *G v DD/V 10
2(C1 + Cz) Cl VDATA Viu/V -1.5
| Viw | (15) (W/L) p/ (um/um) 9/3
= (4) FX (S FRAK(T) 33 AV, BfH: (W/L) 7, g,/ (um/um) 3/3
Cl (W/L) T,/ (um/um) 12/3
AV, =—-——V -
. Cl + Cz b (W/L) Ty p/ (um/um) 5/16
1 C,/pF 0.6
(16) 17P
k T - C, + G Cy/pF 0.4
2(01 + CZ) Cl VDATA C()LE[)/pF 0.2

M1 >0, + THE BB TR, C, Wy ES
YERFTE Vo (1 =1y + T) AR KEZE

(3) KB Bt SCAN, 28 h = H V-, SCAN, {4
BT, Vi 22N EWAL, T, T, f1 Ty #0Uk, T, T
i, T, TAETEMANIX 8K 5l OLED k5%, it OLED
Wb F SR AS . ISR -

k
Lowp =7( Vse = ‘VTH‘)Z s (17)

TE SCAN, AR A2 g o L 1 (8], T, K
1k, BEZ, TR €, MismpT L Ve AR
BUEVYR N Vo (t =1 + T) HEK(6) FLAK(17),
2.

k ¢
Loy = ?( - m

FE BB (18) 55 Yao TR BN T AV, T,
I H T A SO A BT BRI PP AT T R

a8 (16) KA A V, BEARAK(18)

Voam — A VM)Z , (18)

L =21 & : C o+ G, 2. (19)
R YO (02 v)
WE(19) AL, & IR 11 B0 40 F 4 B
T (9) BT b S TERS K o FTHER G K,
H(19) BEAMLT R R

2 FE&XR

AR T R R H B AT SPICE {5 B4
o JFEE R R OLED MR &l — 1 P
% T()LEI) %ug/l\%g C()LEI) j{F E%*@ﬁko 'fjj EHTJ- ’ JEHQJ

4 Viurn == 2 VI, Ve (Vi Vg T gy BRI E] £
AN 2 R AE(2) BllEs ABBE 15 ¢ = ¢ (Y
e,V I, Ve EFFe Mt <t <ty + TH,V, &
Wi LTt Ve BN Xt > 0 + THE,V, H1 Vg, 1
HAERF A . 7E(3) ROLH B, OLED 4b T 53 IR
&M A OLED R o B3R VeV Vo T oy BE
I AR A RS B BE e ST AR AT .

Wp — —fl— —=- [

3
> =
2 B
= 2

I R

]

0 = T
2 t, 11
- (! 11
4t o) o), 3)
L ' L 1 0
20 40 60 80 100
N [ /us

B2 & Vo =-2VH,V Vi Vs Lo pp BERTEIHIZE(L
Fig. 2 V.,V,,Vs; and I, p;, change over time when V), =
-2V

2 Vi ZEAEIY  WKE R Lo BERCHE FRL Vi
HZZACINIE 3 fir s o LA, [V, [FE R, Lo 1Y
Ko 4 Vg BE+0.5 V B, Lo AL R 9% 3=
AL B REAMEE T BO(EH A AL o

2w ARAEI  JRBIHIR Loy HDR2E A AL
F Vi WZEALINIET 4 FroR. 4 T, WIER AR
+30% I}, KB IR AL 6% o FRWIASH BEREAD
AT, TSR



16 £ A 3 R N /RS T (A | F9%
2 600 F —— AV, =05 | 100 % )
2200 :' = AP0 380 - S
[ ™ 103 760 [1] NAM W J, LEE J H, KIM C Y, et al. High- aperture pixel
ﬁ 150 E""__hﬂh—.—‘-——--:"-—‘\ _-40 § design employing Vpp, line elimination for active matrix organic
% 1 400 ;'- ﬂ H"“‘-h __20 1::; light emitting diode display [ J]. Japanese Journal of Applied
= NS - ""—1\\ =l ® Physics, 2006, 45(4) ; 2433-2436.
B 1000 -_ﬁ J \\ -20 § [2] JUNG S H, NAM W J, HAN M K. A new voltage —modulated
- ‘}{ 7 -40 AMOED pixel design compensating for threshold voltage variation
600 \ -60 in Poly—Si TFTs [J]. IEEE Electron Device Letters, 2004, 33
200 F J-80 (10) : 690-692.
1] S— [ I . I PR . -100 [3] DAWSONR M A , SHEN Z , FURST D A , et al. The impact
-5 -4 ﬁ%&% I /\'/2 -1 0 of the transient response of organic light emitting diodes on the
design of active matrix OLED displays [ C] // International
B3 IR IOLED~Eaifl""--ia-%%ﬁlﬁﬁﬁﬁEE-E Voara mEK Electron Devices Meeting. San Francisco, USA: IEDM, 1998
Fig. 3 The driving current I,,;,, and the current error rate 32.6.1-32.6.4.
varies with V,,p, [4] LEEJH , NAM W J, JUNG S H , et al. A new current scaling
pixel circuit for AMOLED [ J]. IEEE Electron Device Letters,
> 400 F +Au=+30%~$80 2004, 25(5) ; 280-282.
=== Ap=-30% :27;8 [5] PARK Y J, JUNG M H, PARK S H, et al. Voltage -
2 000 1 programming — based pixel circuit to compensate for threshold
1 voltage and mobility using natural capacitance of organic light —
< ey 1 § emitting diode [ J]. Japanese Journal of Applied Physics, 2010,
% | 200 150 % 49(3) ; 03CDO1-1-03CDO1-5.
= fé [6] ONOYAMA Y, YAMASHITA J, KITAGAWA H, et al. 0.5-
= g0 -E[\S inch XGA Micro—OLED display on a silicon backplane with high—
definition technologies [ J]. Sid Symposium Digest of Technical
400 Papers, 2012, 43(1) ; 950-953.
o : : : [7] KANG C K, CHOI B D. A pixel circuit for AMOLED displays
-5 -4 -3 ) = compensating for threshold voltage and mobility variation [C] //
A International Display Workshops 2013. Sapporo, Japan: IDW,
4 BRRERMBEBIERE Vo HEL 2013 :433-436.
Fig. 4 The current error rate varies with Vy,p, [8] SONG S J, NAM H. In pixel mobility compensation scheme for
AMOLED npixel circuits [ J]. Journal of Display Technology,
AL B R BT AN S i, 2 300 R vl A A 2015, 11(2) : 209-213.
%%{ U &ﬁfﬁu g)jzo p iy @Hﬁ EIEEI MK/‘:E& ( T] \Tz T, [9] KIM Y, KANICKI J, LEE H. An a-InGaZnO TFT pixel circuit
e ~ compensating threshold voltage and mobility variations in
Ty )AEN BEev, n AUEBLAR R ( T) AT T3 BT AMOLEDs [J]. Journal of Display Technology, 2014, 10(5):
Tio KK IIE R OLED X1, 402-406.
B - [P [10]JLIAO Zhigiang, LIN Hesheng, LIU Binjie, et al. Mobility

&5

KRG EREBRE
Fig. 5 The layout design of the pixel circuit

3 HRIF

AR SO R i A BE, 38 50 WL B e A 7 9
B R T — o L g A R R R, BEIE BT 1A
2 B FL T RIEE 3% AR AL Y S B, 7 LSRRG SR 3%
WY, A FL B RE AT 200k B (L L T R AR R 9 A2 1, 38
F TR E MBI AIRCR .

[11

12

[13

variation and threshold voltage shift immunized amorphous —
indium - gallium - zinc — oxide pixel circuit [ C] // IEEE
International Conference on Electron Devices and Solid — State
Circuits. HongKong, China: EDSSC, 2016, 255-258.

1YI Shuiping, WU Jixiang, LIAO Congwei, et al. An a-1GZO
TFT AMOLED pixel circuit to compensate threshold voltage and
mobility variations [ C] // International Workshop on Active —
Matrix Flat Panel Displays and Devices 2018. Kyoto, Japan:
IEEE, 2018 1-4.

JLIN C L, HUNG C C, CHEN P S, et al. New voltage —
programmed AMOLED pixel circuit to compensate for nonuniform
electrical characteristics of LTPS TFTs and voltage drop in power
line [J]. IEEE Transactions on Electron Devices, 2014, 61(7) :
2454-2458.

1YAMAMOTO T,YAMASHITA J,YUMOTO A et al. Novel pixel
circuit and driving method of AM—-OLED for mobile application

pixel circuit for threshold voltage and mobility compensation with

(RHe5 24 10)



