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Abstract

RuO2 thin films are prepared by RF magnetron reactive sputtering and their characteristics of crystallization,
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microstructure, surface roughness and resistivity are studied with various O2/(Ar+02) ratios and substrate

temperatures. As O2/(Ar+0O2) ratio decreases and substrate temperature increases, the preferred growing
plane of RuO2 thin films are changed from (110) to (101) plane. With increase of the O2/(Ar+0Q2) ratio
from 20 % to 50 %, the surface roughness and the resistivity of RuO2 thin films increase from 2.38 nm to
7.81 nm, and from 103.6 ¢ Q-cm to 227 x Q-cm, respectively, but the deposition rate decreases from 47

nm/min to 17 nm/min. On the other hand, as the substrate temperature increases from room temperature to
500 T, resistivity decreases from 210.5 ¢ Q-cm to 93.7 ¢ Q-cm. RuO2 thin film deposited at 300 C shows
a excellent surface roughness of 2.38 nm. As the annealing temperature increases in the range between 400

C and 650 C, the resistivity decreases because of the improvement of crystallinity. We find that RuO2 thin
film deposited at 20% of O2/(Ar+0O2) ratio and 300 C of substrate temperature shows excellent

combination of surface smoothness and low resistivity so that it is well qualified for bottom electrodes for

ferroelectric thin films.
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33 1. RuO2 2t} A2kS- 91%F RF magnetron sputter
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Fig 1. The schematic diagram of the RF magnetron
sputter system for RuO2 thin film

Table 1. Typical sputtering conditions for RuQ2 thin films
E 1. RuO2 }=}9] sputtering 271
Target Ru (99.9%)

Substrate Si02 (1200A)/Si
Gun power (RF) 125W
Base pressure < 5X10-6 Torr
Operating pressure 2 mTorr
Reactive gas mixture

20% ~ 50%
(02/Ar+02)
Substrate temp. RT ~ 500C

RuO2 utute] Az3l EA1-L X-Ray Diffractometer
(PHILIPS PW 3020, CuK o) & o]4-3te] A3}l w,
Al Al FEE SEM & o]-&-3to] ¥t RuO2 =t
9] 7l a-step surface profilometer 2} SEM & o}
3t el whete] 9 AAY] = AFM £ o] &
stod FHaEle ). w] %] §F-2 Four-point probe & |4
gto] £ WA gl RuO2 utete] FAE F3te

RuO2 uhete] wjapalsh A4
sfohg XRD & Abe-stct

o

ENEREL

20(degree)

(1o1)

@11

No heating

26(degree)
(b)

12| 2. RuO2 #}ete] XRD pattern : (a) 02/(Ar+02)
v Wl (b) 7|HEE st
Fig. 2. XRD patterns of RuO2 thin films with
various parameters

: (a) O2/(Ar+02) ratio, (b) substrate temperature
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O2/(Ar+02) 2] H]E 20, 30, 40, 50% = Bf]i]—/]
719 Z2Ajz] wbuke] XRD pattern o], Fig.
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A ®t} weba], adatom 52 mobility 7} Z7}s}

9, RuO2 upetel $-Alufak whsko] random & wt
gl (110) e, Be} AT
3tA =k

(101) Hez

a2l 3. 02/(Ar+02) 4] 2] w3}e] U-}-E} ——7‘154 RuO2
nlolol SEM A}zl : (a) 20%, (b) 50% (7)&
2% : 300C)

Fig. 3. SEM micrographs of RuO2 thin film deposited
with various O2/(Ar+02) ratio : (a) 20% and
(b) 50%, (substrate temperature : 3007T)

Fig. 3 & 7|92 5 & 300C2 13 A 7|2 O2/(Ar
+02) 9] B]E 20% o)A 50% = WAy 234
7] wtuke] SEM ARAlS vehd 7ol Fig. 2 oA
BXo], 02/(Ar+02) ¢ vl7} 20% o o, wjete
grain size & ©F 300~500A ©]|% AUE% v]wH
o 2%} ukw of 02/(Ar+02) 9 ®)7} 50% & Z7}3}
o ululo)] grain size + 9F 1000~1200A & Z7}3}
I AEE 2 FUAAVE B3z o)) 22
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s-_oﬂ uZ RuO2 ut7te] SEM A}

1, (O2/(Ar+02) : 20%) : (a) 42, (b)
2007C, (c) 400C and (d) 500C

Fig. 4. SEM micrographs of RuO2 thin film de-

posited with various substrate temperature

: (a) No heating, (b) 200TC, (c) 400TC,

and (d) 500C, (O2/(Ar+0O2) ratio : 20%)
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2o E ES doA)2 < adatom 9
mobility 7} oA o] Ee] ddstA e g kgt #}

22 oz hsAlel ANk webd dAA L oAl



3%/ RF Sputtering o2 Az 444 o wee sld34 RuO2 Bhe) B4

2=

& o7

sl ubdde] iAol FAH 7] dfFelct

RMS Roughness (nm)
AN w s B @~ ® ©

n 1

2‘0 30 40 5‘0
0,/{Ar+0,) (%)

a3 5. 02/(Ar+02) ule| ub2 RuO2 w¥hehe] i
HAA7] OB 0 3007)
Fig 5. RMS roughness of RuO?2 thin film deposited
with various O2/(Ar-+02) ratio (substrate tem-
perature : 3007C)
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Fig 6. RMS roughness of RuO2 thin film deposited

with various substrate temperature
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Fig. 7. Deposition rate and resistivity of RuO2 thin
films with various O2/(Ar+Q02) ratio (sub-
strate temperature : 3007C)
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7}gkel whel zpe]e] A4} grain boundary of $]3
8}od scattering 2 4 ©7]7] u Fol] M3} o] 5w}
Zat7] wFol={11] 7 HA o]f= SEM Azl
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Fig 8. Resistivity of RuO2 thin films with various
substrate temperature (O2/(Ar+02) : 20%)
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Fig 9. Resistivity of RuO2 thin films with various

annealing temperature (0O2/(Ar+02) : 20%,
substrate temperature : 3007T)
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