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Effect of Si grinding on electrical properties of sputtered tin oxide thin films
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Abstract: Recently, technologies for integrating various devices such as a flexible device, a transparent device, and a
MEMS device have been developed. The key processes of heterogeneous device manufacturing technology are chip or
wafer-level bonding process, substrate grinding process, and thin substrate handling process. In this study, the effect of
Si substrate grinding process on the electrical properties of tin oxide thin films applied as transparent thin film transistor
or flexible electrode material was investigated. As the Si substrate thickness became thinner, the Si d-spacing decreased
and strains occurred in the Si lattice. Also, as the Si substrate thickness became thinner, the electric conductivity of tin
oxide thin film decreased due to the lower carrier concentration. In the case of the thinner tin oxide thin film, the electrical
conductivity was lower than that of the thicker tin oxide thin film and did not change much by the thickness of Si substrate.
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o] F 7HA] Z-& 7HIth n¥ SnO, B} 3}5hA o 2 <k
Aolal 3.6eVe] W M= 7] YA E 7HA| AL o, p
% SnO vpe 818k 0 2 FQbYstar, M= 7] A=
2.7eVolX 34eVE TG0 webA thekstA vepdt )
E Aol A= Sn/Sn0 &5 Pl 2 23 E] F(sputtering)
2E W5 o] &8t AbstaA ubukg A %3k 5 Si 7|
S A2 Si 7] At A ko R A
A2k(coarse grinding), PIAl A2}H(fine grinding), ~12] 3L
7H(polishing)®] 3THA] T8 & o] Fo] Xt Azl
A A DA Si 7)o AR A it H]Al
A2F A A A A AT v A g A Sl A
(defec) 52 ol A Hr}. o]g st 4 &AFelvt A
< Si 719 ol & (stress)S 2 3HA = 7] W&ol
29 A2 E A vpA 2 Ant GAE R st of it
H vl o 2= 7] A4 AvrK(mechanical polishing),
S22} 2] ZH(plasma etching), 2] 212}, 18] 3 3184
71 A% A vk(chemical mechanical polishing, CMP)7} 31 t}.1
W& Aol M= 71414 Ants o] gst e, 71414 o
nhe 4] A7F Wy o) vlaste] 9 72 7] (roughness)
#hol A 3] Yol CMP Arke} vkl A= 7HA o] A
Hatths o] Atk
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oF 671 pm F7A12] 6212 Si Y°]¥=E 2 cm x2cm 7]
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Table 1. Deposition conditions of tin oxide thin films

Substrate Silicon
Target material Sn+SnO (20 mol% Sn)
Base pressure 3~7X107 Torr
Working pressure SmTorr
Sputtering gas Ar
RF Power 35W
Substrate temp. 100°C

AL, 34 4 SmTorr, 718 &%+ 100°C, 2] 3L RF
powert 35W=2 1A &) A49S X i
SnO 22 100 nm e} 200 nm F 7FA| 2 A 25} H o1,
3D profiler(Dektak 150, Veeco)Z =7 3}5t}. ghete] 5
Z &= oF 0.4A/seco] A TF. SnO vhuke] 25 S

(X-ray photoelectron spectrometer, XPS)2. 2 %1 3] 3}3] T},
SnO Hpeto] Z2+H Si 7] -2 StruersAt2] Target Mater
micropolisher FH] & ©]§3to] A2k (grinding)?F vt
(polishing)E Z1YsAth. A2t Anp 272 Table 29
A3l AL, A3 =M & Fig. 19] =243}t YeR| ]
t}. Si 7128 9F 59 um FA7FA A2k, AnlEtd 1, Si 7
I FAE A2F Al in-situ®2 TargetMater micropolisher®l]
A S8kt

A2 Sn0 Wt & g3 S Al &Hl(Hall effect
measurement system, HMS-3000)2- ]85} Aol A 7|
2]©] &%= (carrier concentration), ] %= (mobility), Z2] 3L
2 713 =% (electrical conductivity)E =7 3%t} van der
Pauw Hall 42 93t A2 2= 500 nm F712] Sne
AH&-39 A, Sn A= SnO A1 9] 2.5 (ohmic) HEHS

HAE F F a3 SAHS Ik 2 A2 103
T 23 SAES AP F Hago 2 BT SnO

shors) si 7% Ade] Uehte TaE BALe AR
o] ¥ (ion milling) & A A W& F3 A=} v 7 (FE-
TEM, Field Emission transmission electron microscopy,
JEM-2100F HR)< ©]-&-3}o] 183t th.
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Fig. 2(a) XRD Aol ¢Jst¥ S2H€ SnO Bhete v
A (polycrystalline) “3 & ¢+ H] 74 & (amorphous) 3 o] &
gto 2 Ho|m FE 32O F nanocrystalline phaseS 714
3ok WS kS A A = oA R, AR A S|
AA W2 SnO [101] peak W&o 2 LpelLTE SnO B}
9t ] nanocrystalline phase= Fig. 3¢] TEM &4]of| 4] &
018k 4= glt}. 28 3 Fig. 2(b) XPS #2J9l 2|5 Sn3ds,
peak®] A3} ol U X (binding energy)”} 2F 485.9 eVollA] L}
EFst o™, peak deconvolution®l] 2]8FH ZF2HE SnO B}
2 Sn**9} Sn** chemical state”} Tha SR H el & 714
= A0 Btk w3l oF 484.6 eV A oA YER}

1. Si Wafer Dicing

2. SnO Deposition

3. Si grinding after SnO deposition

Fig. 1. Schematics of Si sample polishing process steps (a) X-ray diffraction (XRD) (b) X-ray photoelectron spectroscopy (XPS).
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Table 2. Si polishing conditions
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Step Force (N)  Wheel Rotational Speed (rpm) Holder Rotational Speed (rpm) Polishing Paper Material
Grinding 30/20/10 300/200/100 20 SiC paper (Grid P800, P1200)
Polishing 10 150 20 Woven fabric

1000
Sn+Sn0O(20mol% Sn) —0,=0% Sn+SnO(20mol% Sn) —0,=0%
800
3 5
S L Sn 3d,, Sn 3dg,
2 /\/\ 35wl 2
g g"“ 35W
200
0

20 30 40 50 60 70
Degree (20)

(a) X-ray diffraction (XRD)

Fig. 2. Structural analysis of SnO thin films [partial data from 13].

Nano-crystalized
phase of SnO

Fig. 3. TEM images of SnO/Si stack after grinding/polishing.

Ao A= Sn’ peak o2 ~HEFH ¥ Al Sn/SnO
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A8k Ao R BRIt

Si 7|#& A2 & TEM =74 2] SAED(selected area
electron diffraction) pattern= ©]-8-8}<] Si d-spacing®] A4t
3L, Table 39 % 2] 3 o}, SAED pattern®] <l = Fig.
49 e St} d-spacing> SAED pattern®] reciprocal
spacel| A ring HEA] &-(R)S -3+ & 1/RZ WHE sl ALk
kATt Si 71 FA 7 2F 671 pmol A 2F 59 umS 2
A2E S wf [111] W3] Si d-spacingS 3.67A A
323A0 2 A TE Sn02] &3 A 4(coefficient of
thermal expansion, CTE)= ~4 ppm/"C o™ ¥ Sio] Az
A= ~2.6 ppm/°C o]t} B8k SnO2] A} 73 (molecular
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Table 3. Estimation of d-spacing from SAED patterns
Tin Oxide

Si substrate

d Si THK 59 um

3.23A

d i THK 75 pm

3.29A

d Si THK 671 um

3.67A

d tin oxide

2.99A

500 498 496 494 492 490 488 486 484 482 480
Binding energy (eV)

(b) X-ray photoelectron spectroscopy (XPS)

(C)Si THK = ~§9[!g! :

volume)= 20.88 cm*/mol®| ™, Si¢] #2} ¥-3]= 12.06 cm®/
mololT}. Si 719 BT} CTEZ} 27, B2} 237} 2 $n0
ulole S0 gi 7| Fhe] =259 Si 7|} Spo what
Al ol 017 S-H(tensile stress)°] HAY A = A 7+
2~2 79l (interfacial strain)®] k7] €T}, o] 2 215} bare
Si 71¥3} vl ste] SnO vFero] F2kE Si 7)) d-
spacing F7F S7FatAl ®rt. sk, Si 7]3e] FA 7}
gt wEhA A 7F 2289l o] 7&5\—0}_’ U= S
2 (compressive stress) WF O & 3 o] W3}slr] wfjo|
SnO BFeta Si AlH oA Si d-spacinge THA] 7
T} 28] 3 Fig. 30141 B0l Si 7|9 FA Aadars
SnO vt} Si Al oA Sie] DA} v o] Bt atA W
RS HED AL Si G0l HERHORE of TR
o] w] X (dark contrast 1mage)§‘—% &  Ade=d o]
Si Al 229 lo] A the o] m & 7FIt}. Short
range order= /3 ¥ nanocrystaline phaseE ©]-83}] SnO
ubako] d-spacing S A4S AL, 1 7ES 2.985AF JCPDS
No. 00-006-0395¢] SnO (101) €] d-spacing ZH(2.989A)
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Fig. 4. SAED patterns of SnO/Si (Si THK = 75 pum)
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Fig. 5. Electrical conductivity of SnO thin films after grinding/
polishing of Si substrate.
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FE7t 74 8F= o]+ tin vacancyY excess oxygen A}
27F S8 2Eg ] oM ~EH Ao R FSHr
o] F=(wel A= Wkt A9 gl Si 713 A
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o] 2 QIgt scattering®] F7Fste] mm| s} oF7F F 7}
O]'t‘ FAE BAY. 28] 2 SnO #Here]l F7A1E 100 nm
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Fig. 6. Mobility of SnO thin films after grinding/polishing of Si

substrate.
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Fig. 7. Carrier concentration of SnO thin films after grinding/
polishing of Si substrate of Si substrate.
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