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Calculation method of electrical signal delay in display array

CHEN Hong-cai” , LI Xiang

(Physics and Electronic Engineering Department , Hanshan Normal University ,
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Abstract: An equivalent circuit model for the 2T1C driver in delay array is established starting from

transmission voltage and circuit equations. Gate signal voltage function is also provided after compre-

hensively considering various parameters in gate signal transmission circuit. The dependent relation of

gate signal delay on LED display size, display resolution and gate electrode material is simulated

through numerical computation. The difficult problem of gate signal solution under complex parame-

ter environment is addressed and theoretic calculation basis is contributed for satisfying the require-

ments of LED display size, display resolution and material parameter.
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per unit length; C, is the capacitance of per unit

length; Gy is the conductance per unit length)
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Fig. 4 Jump signal waveform

X b BHAR BR AR S AT SRR A

e; (1) = EO

ﬁ¢Jﬂw%ﬁ$ﬁMﬁ®ﬂwxw%ﬁ%ﬁ%
A, g A B RS S T ARR R

V() = E§<1—eﬂ9x (2)

3.2 HEBHREHFE

S TS OLCD 3K 3y H fif X A 25 M £ 3% 10
IKZPERE , 1 500 3K Bl L X H 25 P B B 3 )
T A BRI BB 4 B2k b — S E N o,
BRI R ¢, 15 i 2k b 0 W R 5 H 30 0 Tl T 4
R

%mu) (t— D HG—1). (D

d'U(Iy\) o al(l‘yt)
B Ryi(x,t) — L, o
dix,t) Ju( Y(m
dilx,t) vlx,t
dl (Jo‘l}(l’[) 9[
WAL R A, ZEE G AT THEN—
it
Vi) = A(S)e @ + B, (4)
Tl o) — AG) o B(s) UL
I(x,s) Zc(s)e Z (s) s (5)
Hrp ACGH M BCGs) B 530 R 50 H R0 5
WAL,
L Ryt Lgys
Z.(s) Go+ Cos . 6)
}’(s) - (Ro TLL()S)(G() JF(jos)
AR AT 5 A i -

=0,V (0.5) =E()+1(0,5)Z, ().



%6

Wit IV, 25 - 7R M 2 v o £ 5 A i A 3R 0 7 1k 985

B £ B s T RS B e o — 1,2 T (L, 2 5) =0,
TEHH R LT TTRS AR B K .

/z(s)é(x)

Al = 1—p(Dp(s)e "
B(s) = A(9)p ()e 7L, (8
N Z.(s)
) = S+ 2
L Z() —Z.(s)
pi(s) = Z() +Z.() ° 9
o (5) = Z.(s) — Z.(s)

Z () +Z.(s)

E(HE(s)
1—p(sp(s)e”

‘}(1".9) -

Hp.(n+1)/2.0/2€ 72, X 5t 25 H B £
(n+1)/2=1.2.3, I, 53 5 F 7§ A H &
A S FEL R I 1 A T A 4, BV A H R U
IS IR S 5 1 1 3 i AR 4

AT WAL A, B TR RE LA AR Y
R, 35 IR R R R L =L, &b

— [er®r 4 o1 (5) eI ] = p(s) 2‘0;’%‘ (S),O% (S)E(S)e—r(.\-><21+<<z»> 7
n=0

X FAE B A AL, A Z () Z. () s
Z, (o) 43 0 Ry 3t R 07 AR 48 R 19 A5 5 ACRE
Pt M AL TP A BB, A (OB X
S BEARE 5 VR 28 FR AR 5 VR LB i A S B A0
T R 55 08 2 B T o (o) 2 0 P WA B 8 0 A )
I RE o0 (o) 2 28 ol B B B 0B B9 22 0 R
B 0 T A AN 422 AT 0] BT I TR BT B B, Z
(OFLLEETLS KW o () =1,

BT H ACHF BGHFLA (4) 75 7]
HL A% 4 1) 235 20

ntl

FY SIE IR B fe KL B R B K, AR A 2=
L, A 9 98 st e 8 Tk AR 21 (5 5 o8 2
. WA 0 () ()R =L, W 10) K 28 e
15 ML AR 5 i AR 2R3k 2K

2 R=R L., H—" AL 2=L, KIZEN
Al LATRT A R

N 1T _ Qu—1Dx" -
(L, 1) = (1 Z} 17 (e Yexpl “SiRCLT 2L, J1,Cy DEE, , (1D
—tEF'T:R()LéC b= R<>Lg J—it':':':ea ﬂ‘jgﬁ%%ﬁ%ﬁ%ﬁ,d| ﬂ‘jéﬁ%’{gﬂ/‘]}%g,
P 2 " RL,tR"

3.3 EEHHEEMBINITE

A EEL AR A 5 2 3R ) PR 3R S B [l g v ) i B
FIHL 2R 55, O T A5, ra BE AT DL R Bl e i S 2
H B ERAY B B T TTO Ha M b R H, BE 5 A e,
e i ROSHD A R B B R B SE R 4 ¢ 3,
A FbL AR 2 B K B A EL B AT LR R A

. T
RO a Sdgalenge ’ (12)

For: o SR A FEL B 19 P BEL R 5 o, S O LA JRE B
W e A2 B P ARG 58 32

[ 6 H e 2 1 Ak B T g r 9 AR U £
LILA A FHLZS C, Al TET A8 L2 Crer
E L

C‘z' = (einznerme)/di ’ (13)

W AR S IEE

K 2 TFT s 4F L. HIRZ S
o 2 J= BTG | RS SN F AR O B I LR I
1 3 — B v 5 A R R 0 A D b R S O )
MM 2 A R TET B A Crer e T TFT
T4 38 T B AR I 2k A 22 B i AU T HL L Ay
AR RI R BE AR ), O 1 A5 & Coer =
C.. BN CEAIFRRAAHMHRE Cs RE—DIEE
AR AR BR BRI SEEE T 4 ¢ 3 I AR 2R
AR B LA AT AR R A -

4(C, + D 2C, + 2Cr +C))
i=1
S5diag

C, =

b

ad
Horpr . Cy A% 2 A dth 2 8] B #8 A L2  diag i



986 W

S RTIN

%29 &

75 5 B X AR
4 HHERTH

HEXE WFAA TFT-OLED, S8%E N -
W oo =10 pm, Wy =7 pm, ;6. 198X 10" F/
cm, dge = 250 nm,d, =300 nm,diag=38. 1 cm;
ITO #f s % A 8 09 J= B S 25 nm, 58 B K
0.3 mm, BEMGESRERN 12 V., iHHEE T,
BN 15 ps, i AMF 5 B T i E) A0 R )
T, =5 ns, A] B XN [ 53 BE 32 1 SEBR PP 25K

A b AR 2 3R 8] 5 R A E UK e, (O OV
ETEE) 0.9 E, B i i), E R A e 2 X A e
e 26 1) A it E AT 155 04 5 2 1 R R R R
28 14 £ [) FRL 25 R R JEAE T

BIS 45 T ITO MBI R H A 5X 1077
Q o, B FEL R SE SR S ] R R o3 R AR AR G
R B 5 b,y ARAR R SE SR B )R R, o A bR R
MR b 5 25 8k, 15 BRI K S R
16 = 9, REZMMIEE A 0. 625 mm. 4 IR bt
18N B A rE R 2 A TR] A Pl AR 4 14 P B
ANTE] A AR 2 B SR SR R AN TR, AR L K
JEE (1 L AR TR) R R L AN ] PR A R A 1 5
FIE IR B ] 5 FOAN [A] o A v AR S S B ] 5 B A R
VEARIICE R (@ DE: DI INTE: NIEEC &3
A 1920 B, A8 IR B R B A E A E) 12,3 ps.

R E eg(t):%tH(z‘)—%(t—tr)H(z‘—z‘,),z‘,
AR, AT E R, MHE S 2R A ]t & R
ML EEKT 1 920 B, #EIR B[R] B2 £ ik 3]

14

. /
/

£
s 8 /
=
S 6
/
Ll
O 4 /

2 /

0 1 1

480 640 960 1024 1920

Pixel values of a line

Pl 5 S H [ 8 500 43 B R 09 06 R A
Fig.5 Relation curve of delay time constant and reso-

lution

12. 3 ps, ANBEPRUE 76 36 3 B BE 9 fF TET 438 58
AT, FRES ARG R AT, &
KRG BN AR B0 B 060 % i — 4 AR
ITO # R}y H BH 2, 58038 B ICH il 26 1 9 B i
ZH .

Kl 6 i AR 2 R oty 1 024, HifF
e ZE 3R B ] B R TTO bRk e B 0 56 2 L iy &
AL LB R 0=110X10 *Q « m, MK (Y 4E
WHBN 12.5 ps, B 7 J& 60 FH B 05 25 800
Modbus SIM X2 (11), (12) . (13) {5 3 . 15 2 %L
2 5 T FH E 05 B AR Multisim 0 29 25 3,
7 FREAAE S R DB S S TR Y
AL

35

2 /
20 /
- /
10 /

/

5 10 50 500
Resistivity/(10% Qm)

Grid delay/ps

P 6 HE SR B ] BORT TTO 1ok BH 3R 1 56 R
Fig. 6 Relation of delay time constant and ITO

material resistivity

12.50
[ [ oF—7F—"F—
L T p=5x10%Qm
Ll S
10.00 =
r T p=5x107Qm
[ ~l i
7.500 [
> i T p=1x10"Qm
= f
5.000 J‘
i / i N p=sx10¢0m
2.500 E/
08%00 2.500 5.000 7.500 10.00 12.50
t/us

7 MRS IR A TTO bk e BH #0056 R
Fig. 7 Relation of output signal waveform and

ITO material resistivity

A OLED 38 3h iy 2T1C BIG5Hy, @57 T
AL R TR R O R b S T M e A g
RCHR LR, A 25 2 TR S 4 L BE LB S R A



%6 Wit IV, 25 - 7R M 2 v o £ 5 A i A 3R 0 7 1k 987

SAMZEREUL TFT FHRBERFEFESH P B0 PR LG 5 B AR B OB5C &
LR L Sr TR AR AR S R B R CRIR TS AR SCEESL B T R A AE S R K S TR TET-
Fealo D5 HATHR TS S R XS B 5t R OLED R bR i B 52 Btk 4

£ % X #:

(1] F&.xi.F8%.17.8 cm B AMOLED WS B B[] ]. % & 5 27,2012,27(3) :347-352,
Yin S,Jiang B,Li X F. Driving module for 17. 8cm AMOLED []J]. Chinese Journal of Liquid Crystals and Dis-
play2012,27(3) :347-352. (in Chinese)
[2] x4, L. LOLED gt MEREA ML R M HI[T ). " &5 2 57.2012,28(1):132-137.
Liu J, Xie W F. Integrated optoelectronic performance test system for OLEDs [J 1. Chinese Journal of Liquid
Crystals and Display.2012,28(1):132-137. (in Chinese)
[3] 4, FERHFEF. T Linux F# OLED B RS ]. & d 5 %5,2012,27(1):103-107.
Li X, Zheng X F,Chen Y. Design of OLED display module based on S3C2440 [J7. Chinese Journal o f Liquid Crys-
tals and Display»2012,27(1):103-107. (in Chinese)
[4] Cantatore,Geuns T C T,Gelinck G H,etal. A 13.56 MHz RFID system based on organic transponders [J]. Journal
of Solid-State Circuits ,2007, 42 (1) 84-92.
[5] Mpyny K, Steudel S, Vicca P. Plastic circuits and tags for 13. 56 MHz radio-frequency communication [J]. Solid-
State Electronics 2009, 53(12), 1220-1226.
[6] LiM]J, Yan B L, Zhu Y F. Simulation of gate delay for inverted staggered a-Si TFT AMLCD [J]. Chinese Journal
of Liquid Crystals and Displays 2007, 14 (2); 122-126.
[7] Tosshihisa T. TFT / LCD Addressed by a Thin Film Transistor Liquid Crystal Display [ M]. Beijing: Machinery
Industry Press, 2012.:24-27.
(8] #hayik, A, B2 we, ¥ . TFT-LCD * mi i N R A HLERBF 52T ], ik & 5 27 ,2013,28(4) : 561-571.
Lin H T,Wang M C, Yao Z X, et al. Mechanism research about flicker in TET-LCD []J]. Chinese Journal of Liquid
Crystals and Display,2013,28(4):561-571. (in Chinese)
(9] s ATAk 3, & 0. LK OLED U R4 RGBT S LB ). ik dh b B 7.2012,27(5) :633-637.
Ran F,He L Q,Ji Y. Design and implementation of wireless OLED microdisplay system [J]. Chinese Journal of
Liquid Crystals and Display,2012,27(5) :633-637. (in Chinese)
[10] =AE,.B# 4, 36 &% 3T PICISF2550 #y OIED WX R A MBI SLHMI]. " &5 B F,2010,2506 ):
858-862.
Yun L J, ShiJ S, Guo ] H. Design and implementation of OLED test system based on PIC18F2550 [J]. Chinese
Journal of Liquid Crystals and Display,2010,25(6) :858-862. (in Chinese)
[11] Dietz P, Leigh D. Diamond touch: a multi-user touch technology [CJ. Proceedings of ACM UIST 01, Orlando
FL, November 2001:118-124.
(121 #h4  AR A R FA R TTO Z A0 A B 9 BT[], #& dh b5 27 .2010.25(4) :551-553.
Sun Y, Zhang Y D, Zhu Y L. Design of single layer ITO capacitive touch panel [J]. Chinese Journal of Liquid
Crystals and Display,2010,25(4):551-553. (in Chinese)
[13] Sharad K, David E. A Fast Integral Equation Solver for Ef ficient Program 3-Dimensional Extraction [ M].
Proctor ICCAD,1997:448-455.
[14] &4, % ER, T4 X T DSP [ OLED /R % il ¢4 it KB ). & dh 5 27 ,2008,23(2) :209-213.
Jin Y, Zheng X F, Ding T F. Hardware and software design and implementation of OLED display based on DSP
(7. Chinese Journal of Liquid Crystals and Display »2008,23(2):209-213. (in Chinese)
[15] Yang Z Z, Wang Z Y. A visual 3-D multiple accelerated extractor for VLSI parasitic interconnect capacitance [ J].
Anta Electronic Silica ,2000,28(11) :131-136.



988 W5 Bos %20 %

[16] Mido T, Hiroshi I, Kumara A. Test structure for characterizing capacitance matrix of multi-layer interconnects in
VLSI [J1. IEICE Transactions on Electron ,1999.,82(4) ;570-575.

[17] Sakurai T. Closed-form expressions for interconnection delay, coupling and crosstalk in VLSI’s [J]. IEEE Trans-
actions on Electron Devices ,1993, 40(1):118-124.

YEE R BRI (1967 —), 5, R0 82, T E N F il TR Jo 5 B AL B FHWF5E . E-mail: czhsche@126. com
QT BLoml R, EENFERAEER. oM RE, O BES M. Email: XL_HUSE®@
126. com

EEMEXEFRLF

FURE G H BSZ T 2012 4F 10 A S b bV T BOUR A4 L X R 3 [R) 388 9% A0 b v Tl s 3 2% 7l
F|ATH., AaLETH/AARST AMOLED &R 5= — 0 s HE AR L., —W# 5 8% 60
ACNR LB HF 2012 48 11 AR+ 3h T, Bi3E 2014 4548 DU 25 B8 JF 4G 41t & A= 7=, 8 s 85 ik [ N
Bk A I e VB R RSB AR 4L 5 ARIKTR 2 Al i (LTPS) AMOLED 2 7= £k, R e fE AMOLED

i LA U A S
2014Q4
BEERSR
12/2013
REBA

HE
L BT
1/2013

W EERES
1/2013

=R,
11/2012

AL
1072012

BASL
7/2012

5/2013

REEHE)
4/2012

HERS
BRABPAFHEHRLIA EZBEHNRT S 44%

Mot . BT 4 X JUT B 1568 &
HB 4 : 201506

HL i 138-168-40495 (T %)

HE 4 : barry516(@163. com



