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Characterization of RuQ. Thin Films Deposited by Rf Magnetron Reactive Sputtering
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£ 8 Rfsladef 94 2HEHGEE o &se] Si SO/S el HEA RuO, weoe
TS, FHEFTL 2HE Aoe] S4ol v e e nashAdch gpe FHRAN 7
A4 Fzel D4 RuO, ko] Fasgon], YauaEe] ERlol Rl B2 GejelA (101)
SA o] BAHUL, e dofol i (200) FUMFHol BFHU F2EAc] G worel
SAMgy Hshe et AgTash Ao woHslch AREE 350CAA FAH e x

Wstn Eulol Yubshed, wix el W0uQ-on HEE Wold 4AE whete] HIEAD o] fatv|
of Agtakgich 450°C ol4e) JlBeEelA FHE Yot 464 0om ARE B FE WYL 7
Ak Elo] A}

Abstract  Conducting RuO. thin films were depositied on Si, SiO./Si substrates by rf-magnetron reac-
tive sputtering using Ru target, and effects of deposilion parameters on the physical properties of the
thin films were investigated. Most of the films deposited at various deposition conditions were single—
phase RuO. with columnar microstructure. These films deposited at the condition of a low adatom mobili-
ty showed the (101) preferred orientation, while those at high adatom mobility had the (200) preferred
orientation. Such a change in preferred orientation was discussed with respect to crystallographic struc-
ture of RuO, films. Since RuO, thin films deposited at 350°C had a dense, smooth surface and a
resistivity of 90 # Q—cm, they could be applicable to bottom electrodes of high dielectric materials. RuQO.
thin films deposited at 450°C had a lower resistivity of 46 x Q-cm but showed a rougher surface.
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Table 1. Typical sputtering condition for RuQ,
films

Target
Substrate

 Ru (99.9%)
| Si. SIO.(2000A) /i

‘Substrate Temp. () | RT.~550%¢ o
Base Pressure < ax10 7 ’I‘orf -
Sputtering Pressure 5 mTorr

Sputtering gas (O Ar+0.) | 30, 40, 50% O.
75~150 W
Target-substrate distnace 11cem

RF power
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Fig. 1€ Oy (Ar+0,)nr]7} 30%e]lx, rf gl
st ge] 125Wed of 7|#2=E wEgr]7w
A Si 7lE el 22 RuO. wtehe] XRD 3
A #eleltt F% Ruej e vehtz
2 RuO.ell &7t 3™ Aube] Hitglw e
2 Ho} wralate] RuOMtzte] 33 7L
& g gloh ol#ld AFE Si0/Si 7] Hhel A
= AR fabEgon] FHZ N o
ububo]l - MdufekA wis) g S92 Si0./Si
718 el A FAE A%E Eoch
Ao M Fahgk ubute] Afoln ofx A
AA3}7} ol fold ZxE of$ Fx]uk RuO.
2l (101) =" Ade] elvl7] Alzpsta, 7]
227k 350C oldeoE Eolxlw AA A o)
gkl s P AErt Frbstddcl 7la
257} 350C Afols g (101) 3AA
2 okgE (110), (211) A o] &A viehd
2uk 7@ x 7} 450°CR Frhsbd (200) wb

gog AwjskAdo] wslgich ojeizE 7]
HALE F7te] w2 ubebe] S adulskAl g
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Fig. 1 XRD patterns of RuO; films deposited on Si at 5
mTorr, 125W and 30% O; in the variation of substrate
temperatures: (a) RT., (b) 3507, (c¢) 450 and (d)

550°C.
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Fig. 2 XRD patterns of RuO; films deposited on Si at 5
mTorr, 30% O, and 350°C, in the variation of rf pow-
ers: (a) 75W (b) 100W and (c) 125W.
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Fig. 3 XRD pattens of RuQ: films deposited on Si at 5
mTorr, 125W and 450°%C, in the variation of oxygen

concentrations: (a) 30% O, (b) 40% O, and (c) 50%
O..
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Fig. 4 XRD patterns of RuQ: films deposited on St at 5
mTorr, 125W and 350°C, in the variation of oxygen
concentrations: (a) 30% O, (b) 40% O: and (c) 50%
O..
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Table 2. The atomic densities of Ru and O
atoms on a basal lattice plane of RuO.
structrure.

crystal plane atoﬁcnslty atomic density
of RulA ) of OCA %)
(110) 0.0936 0.0936
(101) 0.0739 0
(211) ! 0.0493 0.0493
(2000 0.0662 0
(00200445 00891
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Fig. 5 SEM micrographs of RuQ. films deposited at 5
mTorr, 125W, and 30% O: in the variation of substrate
temperatures: (a) 350°C, (b) 450°C and (c) 550°C
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Fig. 6 Variation of resistivity of the 300 nm thick RuO,
films deposited on Si at 5 mTorr, 100W, and 40% O,,
as a function of substrate temperature.
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Fig. 7 Varation of resistivity of RuQ: films deposited
on Si at 5 mTorr, 40% O, 100 W, and 450¢C, as a
function of film thickness.
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Fig. 8 Variation of resistivity of the 330 nm RuQ, thick
films deposited on Si at 5 mTorr, 40% O, 100W, and
room temperature, as a function of annealing tempera-
ture.
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Fig. 9 Variation of resistivity of RuQ; films of 250-350
nm thick deposited on Si at 5 mTorr, 350°C, as a func-
tion of oxygen concentration.
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