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(A Systematic Method for SPICE Simulation of Electrical
Characteristics of Poly-Si TFT-LCD Pixel)
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Abstract

In order to analyze the electrical characteristics of complicated thin film transistor-liquid crystal
display (TFT-LCD) array circuits, it is indispensible to use simulation programs such as PSPICE
and AIM-SPICE. In this paper, we present a systematic method of extracting the input parameters
of poly-Si TFT for SPICE simulations. This method was applied to two different types of poly-Si
TFTs, fabricated by excimer laser annealing and silicide mediated crystallization methods, and
vielded good fitting results to experimental data. Among the SPICE simulators, PSPICE has the
graphic user interface feature making the composition of complicated circuits easier. We added
successfully a poly-Si TFT device model to the PSPICE simulator, and analyzed easily the electrical
characteristics of pixels considering the line RC delay. The results of this work would contribute
to efficient simulations of poly-Si TFT-LCD arrays.
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Table 1. Important input parameters describing the I-V characteristics of poly-Si TFT and their

values extracted for two types of TET.

29

W Gate width m
L Gate length 10e-6 10e6 m
TOX Oxide thickness 1.629e-7 1.629e-7 m
TEMP Transistor operating temperature 27 27 T
TNOM Measurement ternperature 27 27 T
VON On voltage -15 3.19 \
AT DIBL parameter 2e-8 49e-8 m/V
ASAT Proportionality constant of Vdsat 11 0.8 -
ETA Subthreshold ideality factor 89 1556 -
MUS Subthreshold mobility parameter 400 114 cm’/Vs
MU0 High field mobility parameter 75 335 em/Vs
MU1 Low field mobility parameter 03 1.%4e-5 cm/Vs
MMU Low field mobility exponent 1.7 448 -
LKINK Kink effect constant 0 8.5%-6 m
VKINK Kink effect voltage - 422 v
10 Leakage scaling constant 133 146 A/m
BLK Leakage barrier lowering constant 0.0027 0.0047 -
DD Vds field constant 3.3e-7 4.7e-7 m
DG Vgs field constant 1.7e-7 287 m
o Qs ghozsE el o) o a9
< galsigel
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‘g’ 1e-6 :E’
= 1e-7 [ 3
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Drain-Source Voltage (V)

A&
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Fig. 2. Fitting of experimental I-V data of ELA poly-Si TFT. Varicus dots are for experimental data
and the solid lines represent the simulation results.

(875)

dlelele]n, AL A&l



30 SPICEE A% c}dd Ae)& TFT-LCD 329 714 B4 A Edo]d uhyel 343} FREARE 5
1e-4 714, C;=03-EPS-W. EPS=117-¢,
13'2 £, = 8.854214871-10" o)y

— e- ’

<

:E le-7 Coca = - Va— Vi

2 1e-8 17 exp( = Tea Vin
5 1e-9 o - Con

O 1e-10 A ETAQexp(-— st )

£ — - TETACOV, T

© 1e-11

G 1e-12 oo = WLe;/TOX , Toa = ETACO+ETACO0-V,,
1e-13 . v,
1e-14 dse [1+(Vda/Vd;m)MC]”MC olck

20 -t0 0 10 20 IV ges F3e] Bl 9t 38 CV U
Gate-Source Voltage (V) & ETACO, ETACOO®} MC9 Al 7kxjqid], C-V

2 5e-5 dlolefel]l Higt HaAFHE 53 o] A W WA

‘ . Hell sk whge ek [V i 2 Foll CV

z 2.0e-5 2 HPEE FE3lng C-V dEus 328 e
= 1505 F TOX % 71813t Wit [-V FAo] Ud=A e
g s TETel i3}t C-V slelel7} glefel ot $2l ol
5 1.0e-5 F A& zZ+3 A% poly-Si TFT C-V HeolHE &

et s S 9k 2, ) Al il B DEE 3

§ 206} & 73 CV 34E Agsld ol Ahe Fo, A

a [
0.0e+0F

: 4e-14 | n
_5 09-6 ATE TR YR TT YR TURETS FARERTR T I
0 5 10 15 es22ee . -
: 3e-14 .
Drain-Source Voltage (V) my ©
3% 3. SMC poly-Si TFT®] -V 54¢ dxAzl B
Az % A AY deldeH, A O, 4, ]
A E#elAd Afelut, : + Vg vs Cy(data)

Fig. 3. Fitting of experimental I-V data of SMC 8’ —— V,, vs Cy(fitting)

poly-Si  TFT. Various dots are for +  V,vsC_(data)

) S 1e-14 o 7 g .
experimental data and the solid lines 7 | 1 ... Vg V8 Cyy(fitting)
represent the simulation results.

2. C-V 54 selrle] 32 Oe+0 | ' '
AIM-SPICE 4| poly-Si TFT 2ol C-V A4 -5 0 5 10 15
& oklel Az sl Vgs (V)
5 — 38 4. C-V iFES 3¢ 98 AR e 3
Cp=C, +2C, [1- (e —de )] F AEL 29 Holgoln, dd 24 9
3 Wiw Vo . (10 quss AHga YA A7 Afoleh,
2 Vi , Fig. 4. Validity of C-V parameter extraction
Cu=C; +§Cgcd[1*( 7 iV )] an method. Dots are data generated for the test
dsat dse .

(876)

and the lines are the fitted results obtained
by using the extracted input values.
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kickback voltage in a single pixel without
considering RC delay in the gate pulse. (3)
For ELA and (b) for SMC poly-Si TFT.
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