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Quantitative calculation and design method for the
resistance of via hole connected by ITO

ZHOU Yan, WANG Chao, CHEN Peng, ZHU Ning, JIANG Peng*, GAO Yu-jie
(Wuhan BOE Optoelectronics Technology Co., Lid., Wuhan 430040, China)

Abstract: At present, there are only some qualitative design rules for via hole connected by ITO in
TFT-LCD panel, and there is lack of quantitative calculation and design method of via hole. In this
paper, the quantitative calculation method for the resistance of this kind of wia hole is studied, and
the relationship between the resistance and the breakdown current of wia hole is explored, which pro-
vides guidance for us to design via hole reasonably to prevent the hole from burning. Firstly, by ana-
lyzing the structure of via hole, the equivalent resistance circuit diagram is abstracted and the decom-
position formulas for the resistances of via holes with various structures are obtained. The resistance
of via hole is mainly composed of the contact resistances of deep and shallow holes, and the resistance
of ITO between the deep and shallow holes. Then, by designing the contact holes between metal and
ITO in different sizes, Kelvin Four-terminal sensing method is used to measure the relationship be-

tween the contact resistances of deep and shallow holes and the hole sizes. Meanwhile, the resistance

Yrfs B #1:2021-10-26 3 1817 H #1: 2021-11-19.
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of ITO between the deep and shallow holes can be calculated by the square resistance and size of ITO

between the deep and shallow holes. Therefore, we can calculate the resistance of via hole with vari-

ous structures only according to the hole size and the square resistance of ITO. By analyzing the corre-

lation between the measured and calculated resistance values of a large number of via holes, the linear

correlation coefficient is 0.96, which proves the reliability of the calculation method. Finally, by meas-

uring the resistance values and breakdown current values of a large number of via holes, a significant

power function relationship between the resistance value and breakdown current is found, the power

index is around —1.3, and the correlation coefficient is 0.98. Thus, we have established a set of guid-

ing methods about resistance calculation and breakdown current evaluation of via hole quantitatively.

Key words: TEFT-LCD; ITO; wia hole; contact resistance; breakdown current
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Fig.1  Section schematic diagram of the via hole

connected by ITO
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Kelvin Four-terminal sensing structure. (a)

Deep hole; (b) Shallow hole.

TR AL G BB HE F1 O o T L 2Z [ A R
B L IR AL Z A ITO BRKJE .

3

Horp  Tofl Tovx 5300 GLJZ R PVX 2R R,
R AR R #e e B, 5 0 FLR SEAH 56 %A T
AR TR A, FRATR T 2% S I 2 A6 ) ik )
T FLL A A5 B B2 i B S LR SE Y
A, B3 Ry EA IR SO LA il 45 44 (14 1o
AL 42 ik ri B IE1E
22 EFEMTFLHEESF

TE S bR B T AR B3, LB 21T £ 9
%E S LA BT N AR X 3 FE DL Y Ak

S5 AL AT BELAE 53 AR
zm.ﬁ#%uﬁ

W 4 frR, FRHEFL BT R TR AL AR AL & 1
ﬁ~ﬂﬁﬁﬁ#ﬂ%%ﬁ?ﬁhwﬁ&ﬂnu,
m Fln O] LA SE W 0] DUR A 55, 3% 2 AR AL
%Ewﬂuﬁpgﬁ&ﬂmmwﬁmﬁﬁﬁmuf
4L 42 e Pl BEL T LA TE 25 5%

K4 BAHELES M ITO 1

Fig.4  Pattern of the via hole resistance connected

e e 1 L v B 1R

by ITO with single-column structure

BRI R FL . ITO M FL ., B FL 12 A
L BH TT O 3% 2 H BH R e L 2 fioh H B 22 i) 2 3 056
KFm DERALZENRIFIEC R o0 DERALZ
W IR R . FRHEFLZ5 A Y 2 £L H BH 45 2%,
EanE 5 B,

TR AR 5 19 B B HE L 45 M iy ik Ll

5 BHEFL 25 M A FL A BH 45 280 i R
Fig.5 Equivalent circuit diagram of the via hole re-

sistance with single-column structure
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Tab.1 Results of contact resistance for deep and shallow

holes of different sizes

251 LR /pm BEEETL/Q BN /Q

6X6 22.38 15.49

6X7 19.4 13.35

6.5%6.5 20.05 13.08

AL 7X7 17.71 11.82
Gate-ITO 7X8 15.57 9.97
7.5X7.5 15.82 10.22

88 14.42 8.98

8X9 12.99 7.95

8.4 8.4 21.99 11.45

8.4X9.4 18.28 9.1

8.9 8.9 17.45 9.45

L 9.4X9.4 16.61 7.78
SDITO  9.4x10.4 14.05 6.93
9.9X9.9 13.84 6.96

10.410.4 12.04 5.88
10.4X11.4 11.14 5.45

B L i A A 13 Kl 5 4 ik e L R PR LA
WAL A B BGAF] 0.99 UL b, B FLZ M AH
ZHOAF 0.98 VL LA 10 Fiow,
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Fig.10 Linear fitting curves of the contact resistance

and the hole area for deep (a) and shallow

(b) holes
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g =X
T T w/ L
pm pm pm
9 9X9 10.25 90 1
10 7TX7 10 30 1
11 8.65X6.5 10.5 30 1
12 9.38 X6 11 30 1
13 21X21 41.25 111.76 1
14 10 X7 9.5 53.6 3
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B 7 S S L I
Fig.12 EDS results of deep and shallow holes. (a) 16 8 10.25 32 2
Shallow hole center; (b) Deep hole center; 17 6 X6 10.25 25.5 2
(©) Deep hole edge; (d) Test point. 18 958 16,25 138 ;
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AR AL AL R SF M. B o = 407, GL FI
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Tab.2  Size information of the via holes connected by ITO

LRAF F1/ Lx/ w/

%= FLX B
pm pm pm
1 6.5X6.5 10.5 30 1
2 7X6 11 30 1
3 6X7 10 30 1
4 7.68X5.5 11.5 30 1
5 7.5X7.5 9.5 30 1
6 8§ X7 10 30 1
7 7TX8 9 30 1

8 9X8 16.25 48 1

WAEZ 2 AL RS R AR AL T R A
LD (O A A HE I R, M R, T
PG B FL B A BR RSP E A AT RE
BUAE . R o m 3 a0 2 5 A5 3, B 58 rpon Ak
G T ARIE AR (2O R 2 i Ly #
W RIRIIFSEH R o )5 AR 22 20 (4) B ] 45240
THE LAY B BEL(EL, 3R 3 RIER 4 BT,

K3 HEHAOME ITO EZETFALEEMELS T
#R
Tab.3 Simulated and measured results of the via hole re-

sistance connected by ITO at glass center [€9))

ot L

Ro R. Ra R, B/ S50/

CREEL— 523D

1 38.5 19.7 18.4 76.6 78 —1.4
2 110 40.3 19.8 18.5 78.6 78.8 —0.2
3 36.7 19.8 18.5 75.0 77.9 —2.9
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MY VA NG AT E
e
S N gﬁn
Ro R Ry R, S/ 290/ ~ N s A
B — Se) Ro R., R, R. @/ s/ °
B — 3 ' CBE3L — s
1 12.2 19.7 18.3 80.2  78.1 2.1
5 17.1 10.1 6.9 34.2  47.7 —13.5
5 34.8 15.7 14.0  64.6  68.6 —4.0
6 18.0 10.2 7.0 35.1  48.1 —13.0
6 36.7 15.8 14.1 66.5  68.7 —2.2
7 16.2 10.2 7.0 33.3  47.3 —14.0
7 33.0 15.8 14.1 62.8  68.2 —5.4
8 18.3 8.0 5.1 31.4  47.9 —16.5
8 37.2 13.1 10.8  61.1 63.6 —2.5
9 6.2 7.2 4.4 17.7  38.7 —21.0
9 12.5 12.1 9.4  34.0  54.6 —20.6
10 18.0 11.5 8.1 37.6  50.2 —12.6
10 36.7 17.5 16.1 70.2  73.3 —3.1
11 18.9 10.1 6.9 35.9  48.8 —12.9
11 38.5 15.7 13.9 68.2  67.4 0.8
12 19.8 10.1 6.8 36.7  49.1 —12.4
12 10.3 15.7 13.8  69.9  67.3 2.6
13 19.9 1.8 —1.7 20.1  44.2 —24.1
13 40.6 5.3 —1.3 44.6  50.5 —5.9
14 9.6 8.2 5.3 14.1 22.7 —8.6
14 19.5 13.4 11.0 27.6  30.6 —3.0
15 6.2 2.3 —0.9 6.5 13.9 —7.4
15 110 12.6 6.0 0.0 13.8  15.9 —2.1 54
16 17.3 9.0 6.0 24.8  35.9 —11.1
16 35.2 14.3 12.3  48.5  50.4 —1.9
17 21.7 15.5 11.0  35.0  45.3 —10.3
17 14,2 22.4 21.3  66.1 67.8 —1.7
18 6.4 8.0 5.1 8.2 14.8 —6.6
18 13.0 13.1 10.8 16.4 17.8 —1.4
19 19.9 1.8 —1.7 20.0  29.3 —9.3
19 10.6 5.3 —1.3 41.9  33.4 8.5
20 8.4 9.0 6.0 12.1 19.5 —7.4
20 17.1 14.3 12.3  23.8  24.5 —0.7
21 12.2 9.0 6.0 19.7  30.8 —11.1
21 24.9 14.3 12.3  38.2  45.6 —7.4
22 18.0 11.5 8.1 27.8  38.1 —10.3
22 36.7 17.5 16.1 53.4 55.1 —1.7
23 9.7 8.0 5.1 14.1 29 —14.9
23 19.8 13.1 10.8 27.8  35.6 —7.8
24 5.3 3.7 0.8 7.5 20.6 —13.1
24 10.7 7.8 3.0 16.2  26.7 —10.5
25 6.2 7.2 4.4 8.1 15.4 —7.3
25 12.5 12.1 9.4 16.1 20 —3.9
26 6.2 7.2 4.4 10.0  21.6 —11.6
26 12,5 12.1 9.4 19.7  29.3 —9.6
. Iy - o S, \ o] 2! ) & D i ’3‘_’:
F 4 WD GEE ITO M 7L IE A S S R MR 3 AIZ 4 el AR S ROV S8R 5
N =] 2 S Ly =) M 4 >
Tab.4 Simulation calculation and test results of the via {M{E@EE$I&F&%° Xﬂ‘%%ﬂﬁ%ﬂ%{ﬁ‘ﬂ{ﬁﬁﬁ*ﬁﬂé
hole resistance connected by ITO at glass edge PAr . a5 R 13, o0 IE A % B A IR 4y
qo)) B R HUE 5 S E Y (E AR/ 8 Q. hRUEZEI Y,
A E P A C R BGAE) 096, IE T EiR Ak
e . . DL B e Wy il FE
Ro Rw Ry R, M/ s/ . N
M-zl 33 AESGHEETFLEE
1 18.9 13.3 9.4 41.6  53.4 —11.8 B — B OR [R]85 4 0 e LB, ik Bk B
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