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Abstract Strontium titanate(SrTiO,) thin film was prepared on Si substrates by RF magnetron sputter-
ing for a high capacitance density required for the next generation of LSI's. The optimum deposition con-
ditions for SrTiO, thin film were investigated by controlling the deposition parameters. The crystallinity
of films and the interface reactions between SrTiO; film and Si substrate were characterized by XRD
and AES respectively. High quality films were obtained by using the mixed gas of Ar and O for sputter-
ing. The films were deposited at various bias voltages to obtain the optimum conditions for a high quality
film. The best crystallinity was obtained at film thickness of 300nm with the sputtering gas of Ar+20%
0, and the bias voltage of 100V. The barrier layer of Pt(100nm)/Ti(50nm) was very effective in avoid-
ing the formation of SiO, layer at the interface between SrTiO; film and Si substrate.

The capacitor with Au/SrTiO./Pt/Ti/Si0,/Si structure was prepared to measure the electric and the
dielectric properties. The highest capacitance and the lowest leakage current density were obtained by
annealing at 600°C for 2hrs. The typical specific capacitance was 6.4fF/crr, the relative dielectric con-
stant was 217, and the leakage current density was about 2.0 X 107*A/cm?® at the SrTi0; film with the
thickness of 300nm.
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Fig. 1. Flow chart of experimental procedure.
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Table 1. Sputtering Conditions of the SrTiO;
Films

T = ol
Substrate temperature 420°C
[nitial pressure 2x10"*Torr
Sputtering gas Ar+(0~20%)0.
Gas pressure 5x10"*Torr
Input power 150W
Target diameter 90mm
Target-substrate dist. 120mm
Deposition rate ¥ #4nm/min
Bias voltage 0~-200V
Film thickness 100nm~300nm

£2HEE 7fA2 8 Ar 2 Ar, O, £§71
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107 °Torr 2 #28tdch. 7@} el 2feo]g
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Table 2. Sputtering Conditions of Pt/Ti Elec-
trode Deposition.

aju

T Pt Ti
film thickness 100nm 50nm
Gas Pressure 1x107*Torr | 1 %10 *Torr
Sputtering gas Ar Ar
Input power 50W 300W
Target diameter 150mm 150mm
Deposition rate 7.2nm/min | 10.2nm/min
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Fig. 2. Schematic structures of specimen for electrical
property measurement.
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Fig. 3. X-ray diffraction pattern of SrTiO; film deposit-
ed at 420C.
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Fig. 4. X-ray diffraction patterns of SrTiQ; films de-
posited at 420C.

(a) 90% Ar+10%0, (b) 85%Ar+15%0, (c) 80% Ar+
20%0.
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Fig. 5. X-ray diffraction patterns of SrTiOs films de-
posited at 420°C.
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Fig. 6. SEM micrographs of the surfaces and the cross-sectional surfaces of SrTi0; films.

(a) (b) as—deposited at 420°C,

(c) (d) annealed at 600°C, 2hr



e 254 RF b2y 28 2

b

-

g 4 qlem F4HoR 4yshals S
Adel A Fo AT 22, 3 SITO

B} A & o} Tigh Pteo] wr2-%& TEM # 3%
& o} Was] 2AHY 5 g Ao AR
A},

upebel z 4% s)@sel Awes BEs)

71 &) AES 348 #3lgdc) Fig 72 420
CollAd Fatsa, dajelsz g2 AHeE
F7 300nm<el SrTi0; ¥h=te] Auger depth
profile-$ “etd el Fig 7@l Si 7%
el 2AH F3" SITO, wetez  Hwidh
SrTi0; 2A4& el glon], Fld njg
o et4rl egdEe] g SiorlwFH SrTiO,
uhat Alwel| wbupZalmFol}l A e
Al Si0, Z0] HA = SrTO, 9 FAEA
< dAEA A= AR B o5 9l
o SrTOs dete] FHEAE AA| 7=
SIi0, &9 AL Alstr] #s] ekt bar-
rier 2] A7} A W= $pop 0 W 2P
o] S. Matsubara %2 barrier 222 RuSi,
Pt, Pt/Ti Sell g AFE Rustw Qg
2yt RuSie dA=iel o8] RuO, SiOE
A, Pt Si 7l ubs-she] PtSi g
2L HAP =g Pt/Tiv F7ke Siol
Pt/Ti 2& E#3le] SrTO, wte 2 gatgc}
T B33l gl B AFd e S0, =}
7 Si Zlg Aeloll A SiO, Z9] HAE oA
5}7] 914 barrier 228 Pt/Tig AH&3}4
on, Sie] Fig A7) 98 Pt/Tigt Si
71% Atolel 300nm FA & SiO, HAA
At

Fig. 7(b}x= Pt/Ti/SIO/SIZ FA4 " 7|89
o Za% SrTi0, #hte] Auger depth profile

K-
=

zs..g_

=)

& vield et 7Hzhe] Alde] FEle] F
B51, PUTI/SIO/SIY +25 & 4 9]
2w, Tizt SiO.¢} uh-g-3}o] <kzte] Ti Absh
Zo] Fasht SITIO 2o A7 d 14 &
Aelle F%E n X2 d+= Aoz Yzt
Pt/Tie] F7302 <l3sle SO AL
ofAe £ 9lsden], Srhi0, wute) FHEA

[

s 24 = glgddh

Fig. 8& 420Cel 4 Pt/Ti/Si0O./Si 7] %ol
229 SrTO, whehg Iy Al A
B8 x]7tell whE Auger depth profile® v}e}
Wit Fig. 8l 600°Ceoll 4 2417 o 2 &gk

= =

Heig ol 2%t SrTO, el 22 4

Atomic %

Atomic %

& 8 & 38 8

8 8

. (a)

Sputter Time(min)

(b}

fig. 7. Auger depth profiles with sputter time for films
deposited at 420°C.

(a} SrTi0s/Si (b) SrTi0,/ Pt/ Ti/SiC./Si

Aoz Si 7@ ¢lel SiO. 28 FAFe=
# Si o] Pt/Ti 222 Hisles AL oL
g ol 28y Tiv} PtE Ay SrTOs %
o2 BAR A& 4 don, At gat
2.2 Pt 9} Si0.9 Al Arbolel A <F7ke] TiO,
o] HAH AL A & 5 sluh Fig 8b)
= 700°Cel M 2217kF9r A AHeE
SrTiO; vttt Pre] AW ApoldlME TIO, &
o] A FHL, Pt #Aalsle] WA &EEx3}
a2 gleh

4194A Impedence/Grainphase Analyzer2
1kHze] Fape) 1Vl Astelld fd&S
33 F {FAHATE Aasdch Fig 9+
dxe] Txo & FHAF] WH3E e
H Aotk 4bAk E97]elA 6007C, 2417 <
el § F7 300nme] SrTi0, vtatefl A fH

& 6.4fF/imo]lx, FAA,E 2170|g, o
el 271 600CE 718 w2l §-3A

F3tel F7tstddct. o7& SEMe| whdAbw



760 BZAEHH A HM5A 63 (1995)

Atomic %

Sputter Time(min.)

(a)

Atomic %

Sputter Time(min.)

{b)

Fig. 8. Auger depth profiles with sputter time for
SrTi0y/Pt/Ti/Si0./Si films.

(a} annealed at 600°C (b) annealed at 700°C
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Fig. 9. Effective dielectric constants with annealing
temperatures for SrTi0; films.
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