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Influences of Target-to-Substrate Distance and Deposition
Temperature on a-SiO,/Indium Doped Tin Oxide Substrate as a
Liquid Crystal Alignment Layer
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Abstract We present the structural, optical, and electrical properties of amorphous silicon suboxide (a-SiO,)
films grown on indium tin oxide glass substrates with a radio frequency magnetron technique from a
polycrystalline silicon oxide target using ambient Ar. For different substrate-target distances (d =8 cm and 10
cm), the deposition temperature effects were systematically studied. For d = 8cm, oxygen content in a-SiO,
decreased with dissociation of oxygen onto the silicon oxide matrix; temperature increased due to enlargement
of kinetic energy. For d =10 cm, however, the oxygen content had a minimum between 150 °C and 200 °C.
Using simple optical measurements, we can predict a preferred orientation of liquid crystal molecules on a-
SiO, thin film. At higher oxygen content (x > 1.6), liquid crystal molecules on an inorganic liquid crystal
alignment layer of a-SiO, showed homogeneous alignment; however, in the lower case (x < 1.6), liquid crystals

showed homeotropic alignment.

Key words silicon suboxide; a-SiO,; indium tin oxide (ITO); RF-magnetron sputtering; alignment layer; liquid

crystal display.
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Fig. 1. Schematic diagram of an RF magnetron sputtering system.
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Fig. 2. The stoichiometry parameter x of a-SiO, film as a
function of the deposition temperature with the target-to-
substrate distance as a parameter (d =8 cm or 10 cm).

floll Sz SioEHEre] A S ATttt

shetxA] B4 918kl VG ScientificAl®] ESCALAB
250 X-ray photoelectron spectroscopyE ©]-&3t] 2%
o W& a-Sio, Wte] A4S AA stk AHEE Xeray
AE 7R 10kV, 715HF 20mA2] Al K radiation
(hv=1486.6 V) ©]&3ld 107 TorrellA Z431AT) A
48 Xrayyel 98 2 gL oF 0.9 cm’Je} W
o] YAl 4= 2 photoelectron detector?] Z}(take off
angle)= HFFe] WS 7|FO0 7 455 B 90%:oA AF
T FARe] ®e] M7IE RS B4 %] (concentric
hemispherical analyzer)& ©]-83} 30 eV T3 o]

oA ZAEAt XA S A4S gt ga
Is 284.6eV)E 7|02 S2re wpete] Aozl A
=] o]FS vl 3Tt

uhake] ARG E #3517 $IElA] PhilipsAke] X'Pert
Pro XA 3 £471E o]&ste] 7FEH%t 40kV, 715
AF 30mA°A Cu K, radiation (L=1.054056 A) =%
st 3]dE o] 2HERLS A2 (room temperature)o]

¢

il



RF Hi|E2 e gol S3e)sl S3emrt 271 9 wjgele] 824 o] vl 93l tig dr 523

Al dutA el theta-2thetaZd WHOE YAMZE 10=9)
AHE 80E7FA] 0.05% ©F 0.2 sec/stepe] AUER d]
o|El & FH a3t

T 248 53 a-SioHEe] SAE S-S Qs 5
AP A& W) 7 (SEM Hitachi S-4700)% o] &3ttt &3+
% vtute] 3 A (surface morphology)?t 72 7] (surface
roughness)= SeikoA}2] SPA 400 ¥A-& v (AFM)E- ©]
£-3}o] H]HZ(non-contact) FEZ =433t} el 9
gk olm| R 9] FAS HAs) a7 fs) AR HE o]
& oy vty AFS skt

2% giete] E31-82 Nikon 348 38dvd 4

45 A

Dielectric loss-voltageZ"32 HP 4294A YT~ =
715 &3l probe station$] oA Z3F T a-Si07]
Wt 34 ZRE7 HE AS E017] fl8iA direct-
current Z=HEH WHOZ 2 mm7tE 22 2F 50 nm F
Ao Avd=E rkaaE o] &ate] S stk 54 F
o small sinusoidal signal 50 mV (peak-to-peak)?} CW
frequency 1 MHz®] X5 AZol| Q7Kg ¥ IEEE
488 GPIBRIE|#H| o] 25 FallA A st

-~

X

3. dn & n#E

K

Fig. 2= ITO/glass 7]1&]oll A= a-SiOH}he] =

XPSEFIA F Si 2p9t O 1sS o|&3to] 2t upot
FHO 2QHIE ALteldith. dvrd o w2 SA% S
ol 4] Shirley-background subtractiong 3+ & z}zheo] W2
H] 9} atomic sensitivity factor (ASF)E ©]-&-3f] ZAH|E
TR T 2N xE o el 7 & Uk

O L/S, ]

* T IO/SO+ISi/Ssi ( )
AN 1%} I 2z Aae) 7o SHE 4%
Mol A71E YRR, oot Sgi Abash T4l ASF

oz AFgAE 2937 08271 AHE HYPTEO =%

Growth rate (nm/min)

e
n

0 50 100 150 200 250
Deposition temperature (°C)

300

Fig. 3. Growth rate of a-SiO, thin film as a function of the
deposition temperature for different target-to-substrate distances
(d=8cm and 10 cm).
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Fig. 4. X-ray diffraction spectra of a-SiO, film with different deposition temperatures for (a) =8 cm and (b) d=10 cm.
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Fig. 5. Surface topography of a-SiO, film; (a) 30°C (R=3.0+0.1 nm), d=8cm, (b) 300°C (R=1.8+0.1 nm), d=8 cm, (c)
30°C, (R=2.9+0.1 nm), d=10cm and (d) 300°C (R=1.5+0.1 nm), d=10cm.
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