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RF magnetron reactive sputtering H2Z RuO, 2=he- Azksled, O/(Ar+0,) v} 71825 w}
£ uiete] AAsr BA vATFE, w9437, A21F el-EE 2Rk Oy/(Ar+0.) Bl7E Zhaska 7
H227F Z7Hdel gl RuO: 9k (110) Hellx (101) Hez dulzhiske] wWalgir) Ox/(Ar+0y)
H7} 209% oA 50% 2 F71gell okel RuO. #Hhe] THAAYE 238 nm oA 7.8l nm &, vjA3e-
1036 £ Q-cm oA 227 pQ-cn B Zvske FAlE JehiE w6 4T 47 nm/min oA 17
nm/min £ Z43kdch 7|3 st AFeolA 500C £ Z7)ghel whel vl 2104 £ Q-cm oA 93.7 u
Q-cm 2 Faslgm, ZRAAIE 300T oM Fagh wlite] 238 nm 2 7P $esisdnl dxje) o)
400TC oA 650TC & F7Ijtell ulet B]A&E RuO, whehe] AAA ko= qls] st olF Ax=z
HE O/(Ar+0y) 8] 20%, 71%2% 300C oA F33F RuO. 9Hete] meiAalr] 9 8% SAjo] 714
Frste] A ] ST o R AMEE o] Ajghe & S sddich

Abstract

RuQy thin films are prepared by RF magnetron reactive sputtering and their characteristics of
crystallization, microstructure, surface roughness and resistivity are studied with various O/(Ar+QO2)
ratios and substrate temperatures. As O»/(Ar+QO.) ratio decreases and substrate temperature
increases, the preferred growing plane of RuO: thin films are changed from (110) to (101) plane.
With increase of the Ox/(Ar+Q») ratio from 20 % to 50 %, the surface roughness and the resistivity
of RuO: thin films increase from 2.38nm to 7.81nm, and from 103.6 ¢ Q-cm to 227 ¢ 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 C, resistivity decreases from
2105 ¢ Q-cm to 937 ZQ-cm. RuO:; thin film deposited at 300 T shows a excellent surface
roughness of 2.38 nm. As the annealing temperature increases in the range between 400 C and 650
T, the resistivity decreases because of the improvement of crystallinity. We find that RuQ; thin film
deposited at 20% of O»/(Ar+Qy) 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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A 258 ULSI DRAM 3 FRAM (Ferroelectric
RAM) ¢l $-g3leis= A7} eis] A=z gl
' aefd, silicon flell A whetg ARgs}e] o)
HAEE w7 AR A7 2R silicon
oxide o] ¥4slo} 34 B4 Az} ?)
weba] ZHA A 2k A dlme] 2l S-83l]
Heja s Aser & P F83F FAIFS shivl A
FEAL] spgelth A ZAA wiEre TS
2 7B wol o]&% 1 gl& AEE platinum (Pt) &
o, Pt &
o] 4 Yot F& dAul FAolr] uhzhe] Helx
v+ peeling Aol yehpr|e ahw, FEA
A sk S8 ARREUAll 937 hillock
o] 44l A= olel@t hillock & A=AE @
2ho] 5 gdgle] o Axle] AlFAolzhz SxielA]
- & Yoz AHHT Qo) =3 Pt = 33HH
22 w9 eH3le] ARPAIA] AlZHgA o] ofefR-
RSl ArlEz ekt wiel ruthenium oxide
(RuO2) + tetragonal rutile 7% (a = 4.4906A, ¢ =
31064A) & Zw Aol I AsHEEA] dAoR O
Al uAAde] $<p3ich = bulk Abele] B}
o] 352 pQ-em B 5 AV|FETE ehlid,
Aba=ot silicon o] HH¥F FHolxt FBAIEALE el
7] el 7R Ao R o8]l A
F3lch® . 23] RuO; & FRAM 9| spraigos
ol g3l Pt A& AMERE Aol wiste] =g aptE
fatigue B4-& viEhMEE FRAM 9] 3EdF3o=
FEakw o) RuO, b AR Ae) s
FoE o]43pr] $siA el dFT % AR
% R By o)Yelx wWAAY] (surface
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3l RuO. ®pte] AR, Atag: 2 7|8e=r}
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Z9} Adsld FAAA7 wxE ATE 2
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2 oM+ RF magnetron reactive spu-
ttering HE ©]-43ld RuO; uHhe AAksleich A
&oll A%l RF magnetron sputtering A+
target & SHfoll $IAAF1AL 7] Aol ARl
E AdAd Askeict RuO. wlehEaltel] ARgs
target & Ru metal ($£X:99.9%) olz, 7|¥e

Si02 (1200A)/ p-type (100) Si FFolth  FZHA 4
7|ste] Edo| & 5 e #fU1EY AAE H3t
o] TCE (trichloroethylene),
nelal DI water & o83t AHE & F Ax
N: gas & AMS3l] 7]9hs AzAgchk Ar 3 Oy
Z3M]E mass flow controller (MFC) 2 Z43}o]
Oy/(Ar+02) ¥E 20, 30, 40, 50% = *H3Ac)
Zzlo]] 225l RF power + 125W ola, 7jgh2w
= 71EE hdEH @2 ASellAE] 200, 300,
400, 500°C 7HA| WsAZ) wbahs 3R] 7)7] A9

aceton, isopropanol
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=

S =1
27| AFEE 3x10° torr ol3tE fA|AZoH, =
o e 2x107 torr 2 AP fA XAt L
F, ke AN Eekzeke] AE A8 10
7} presputtering ¥ e RuQ. #HHE F3HA)7
t}. RuO: 4hete] F2270% table 1 ] 8ofsj4 4
effigict F3E RuO; whe E9i7] A gle]
furnace oA FAAe]sled FAMr] Lo wE &
A W3tE AR

B 1. RuO: ®}2t9] sputtering 271

Table 1. Typical sputtering conditions for
RuOs thin films.

Target Ru (99.9%)

Substrate SiO: (1200A)/Si

Gun power (RF) 15W

Base pressure < 5x10™ Torr

Operating pressure Z2mTorr

Reactive gas mixture (Oy/Ar+QOz) 0% ~ 0%

Substrate temp. RT ~500C

RuQ: ®he] ZAst BAL X-Ray Diffractometer
(PHILIPS PW 3020, CuKa) & o]43le] £Ajslal
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3, 9lAFEERE SEM & o483l s RuO:
upetel EAl= g -step surface profilometer <}
SEM & eolgstel galda, et wmiARrl=
AFM & o|g3led fAIt wIAEL- Four-point
probe & |83l &4 WHdo| RuO, e +
Ag Fsked Falsich
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=
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RuO, uhete] wiabdsl AAAd-S
=8 XRD & AH&3lsit

2] g8l v

2u(degree)

a8 1. O/(Ar+Qp) Hlell w2 RuO: e XRD
pattern (7]#-2% : 300C)

Fig. 1. XRD patterns of RuO: thin films with
various Oy/(Ar+0O-) ratios (substrate tem-
perature : 3007)
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Fig. 1 < 7|g9k2%E 300C & 247 OY
(Ar+0y) 9 H]E 20, 30, 40, 50% & W3}A7|H
Z2A]7] weke] XRD pattern ©Jch EE pattern
o4l 2% Ru & 34A-e vehir] ¢ar RuO; 3
Aure] Jeh = Qog ®ol whalake] RuO, ¥hto]
Z23598-S o Utk = O/(Ar+02) o H7h
209% o4 309% AlelelldE (101) W2 RuQp 9=t
o] $AdulEksle, 40% & ‘doldd (110) Heg ¢
ek whako] wiskiic) ool 2 RuO. vhe] $-
Aullskd el Wl adatom S2] mobility o AF33]
£ 3% gl F FEkxviE sk 71AE
of|la] Agfo] z2ke AkAe] ofo] FAspH AHA R
Ago] F ofm;e] ofo] F7Ble], target SEHFE
sputtering ot 7]l =l Ak oA7} &
olx|m & 7|uAte] adatom S¢] mobility 7} F7ksk
A o) webs, Ak ofo] A TF RuO: =t
o] exulsk ¥lsko| random ¥ W) (110) HellA,

=]
E=4
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a3 2. 7192 % mE RuO; BHete] XRD pattern
(O/(Ar+Qy) © 209%)

Fig. 2. XRD patterns of RuQ thin films with
various substrate temperatures (Ou/(Ar
+002) 1 20%)

Fig. 2 & O/(Ar+Qy) 9 8]E 20% 2 31AA|7]
T, 7|HeEES AR 200, 300, 400, 500C = 3}
A7) Z3A)7) wieke] XRD pattern o]tk 7]3h-
=7b Z74tell wet (110) 9] peak + AxHo=

1.
iy

Apolzl whell, (101) peak ¥ Hah Aok F2=
nbukol A ul3EAd-2 Fig. 1 oA A2 adatom
£2] mobility o ofsiiA FFE wkerh wepy 7w
9] 257} ZRtel W} olUA7E FollER s1uAat
9] adatom E¢ mobility 7} <7 H12 RuO:
uhatel ejulgk Whgko] random ¥ Wkl (110) 9
o4, B} ¢kYEr (101) wHo= wapA =}

O/(Ar+Q») 118 W3ld o2} 235 Rub:
Aube] SEM ARl @ (a) 20%, (b) 50% (7]%
L% 300T)

SEM  micrographs of RuQ; thin film
deposited with various Oy/(Ar+Q») ratio :
(a) 20% and (b) 509, (substrate temperature
1 300C)
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Fig. 3 & 7|#2=5 300C & zAHAZIZ Oy
(Ar+02) o vlE 20% oM 50% 2 WH3bA|7]H 2
ZA|Z) wbete] SEM ARA-E vjehdl Zlelch Fig. 2
i Bxol, Oy(Ar+02) o ¥7} 20% o o, et
9] grain size £ 9F 300~500A °]ix AUES 1]
A =gk "bglel] O/(Ar+0p) o Bl7} 50% =
Z7}slH vbake] grain size + ¢F 1000~ 1200A =
F7Wka AEE 2 FUAAZL EBepsizich ele)
Hsle] gl Eexvkg FAshes 71A Sl
o] ofo] AHolx|wl, Ao R Aspe] & ofEy
o 9J8] sputtering i AP} @WolX|=Z 7|uho)
Eeabe Ak flux © Z718ka, 1ol ulet A4
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a8 4.

7] o] RuQ, wehe] SEM  ARAl,
(O/(Ar+O2) 1 20%) : (a) A2 (b) 200C, (c)
400C and (d) 500C

SEM  micrographs of RuO: thin films
deposited with™ various substrate tempera-
tures . (a) No heating, (b) 200T, (¢) 4007C,
and (d) 500C, (O/(Ar+0Q») ratio : 20%)
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Fig. 4.

Fig. 4 + O/(Ar+0») 9 vl& ]
3, 7| BEEE ARRAA 500T 2 wWHEA7)e] Z34
71 uteke] SEM ARzleltl Fig. 4 ollx ®Ee] 7|
2x7b E7Fel ot ubeke] 9 morphology 7F
H3lE-S oF 4 qluk V|FEE) ARRolA] 300T B2
Z715kel web wlete] Ede] AUy A& B &
gl e v)ghewr) 400C ool =W

20% B2 J1AAF
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£34% Dif £ 8K 11
Eo mofo| mEG uZ = zv|E Ax EHA
7|7} B3zl ol 400T oAk 7lgh el
+ 2 diuyx|2 s adatom £ mobility 7}
Fobd olE0] At og Rt AelE zold 7}
A0 ARk weba] AL AA|E i 9l
2 Ate| FA1=]7] afelct

a8 5. O/(Ar+Oy) Hlel @& RuO,
AFM AH (7] : 300°C) ¢
30%, (c) 40% and (d) 50%

Fig. 5. The 3-D AFM images of RuO: thin films
deposited with various O»/(Ar+Qy) ratios :
(a) 20%, (b) 309, (c) 40%, and (d) 50%,
(substrate temperature . 300C)

wte] 3D
(a) 20%, (b)

J2 6. 7]#Ex=el thE RuO: ®He| 3-D AFM Ab
A O/ (Ar+0) 1 20%) (@) A, (b) 200T,
{c) 400°C, (d) BT

Fig. 6. The 3-D AFM images of RuQ:; thin films
deposited with various substrate tempera-
tures (a) No heating, (b) 200C, (¢) 400C
and (d) 500C, (O/(Ar+Oy) : 20%)

Hlulo.

RuO; Hhete 74524 uiete] slpasom AHgs
7] Sl RuO, sl ERARA) e $2%
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4ot} AT THAAE =9, S
o ZatE|e upo] 2 ool Hx g3} BAHE &

13p7] oA "ok w RuO: Hhehe AAl ZHRAA

sphe] SPRAFOR S, Aol FAE FHA
A ) S} ohS- gb) WEel AR W e

23] EAd| ofdds vlArh Fig. 5 & 7|HEE
300C 2 zAA7IZ O/ (Ar+02) 9 HE 20, 30,
40, 50% = W3RA7|e F2AZ] vheke] AR
£ AFM o2 AR’} 23 Jepd Zolt)h Fig. 5
4] BEo] O(Ar+02) < ®|7} 20, 30, 40, 50%
2 Zykg) dwe) wbelel ¥mAAlr] (RMS rou-
ghness) + 238nm ©l4 781 nm & Z7}sigich
o] SEM ARAlellA® BgEEe], Ox/(Ar+0) ¢ ¥
o W& grain size 2 Z7P7} wbte] AR
A FE wA Adetn A=k 53] Oy
(Ar+02) 9 vl7} 20% oA F35] ujzte] FwHA
A7) (238nm) = 71&e] =200 uwugl Auje
ulaia] 93 Aot

Fig. 6 & O/(Ar+0y) 9] v]E 20% 2 A A7
NS ARRolA] 500C 2 W3kAFIY F3HA
whake] WA AY)E AFM 22 2ARE AnE
el Zlolc}h g} Ak2ollA 300C 7IX v
ute] ¥ ARl (RMS roughness) 7} 3.25nm ol
A 238nm o2 zh4slden 400C, 500C 7t H
m A7} 22; 448 nm, 4.74nm E 71815
c}. ol Fig. 4 o vield SEM ARglellxe] dw=
- dxght
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a3 7. O/(Ar+Qy) Hlel ®-& RuO; ¥Hte] S2HE%
A (7]Hx 1 3007)

The Deposition rate and the resistivity of
RuQ: thin film with variou OY(Ar+Q)
ratios (substrate temperature : 300C)

Fig. 7.

Fig. 7 ol 7|3h2EE 300C 2 2AA7z OY
(Ar+02) 9 wl& 20, 30, 40, 50% & WH3A7IH

RF Magnetron Reactive Sputtering % ©]43 RuO, 2+29] Alatst EAlo| #3 A7

(622)

Z75te) wle} 47 nm/min o4 17 nm/min 22
Zslgdnh Akne] ofe] kS| wel SAEEC
7tehe AL ZekErhie] Abaefo] zhadhel wiet 4
gHog Aeko] Z of=To) o] FolxA target
of FE3h= o2 FHoUR|7} FUIslr] wlEelch
RuO: uhete] w|AEke O/(Ar+0y) 9] |7} 20%
o4 50% 2 74t wet 103.6 ¢ Q-cm I 227
¢ Q-cm & Z7psich o]l Wigt Qe =ZA ¢
R 2 AYEled, A= OJ/(Ar+02) & »l7t &
7}l wheb 3}ej2] A&7} grain boundary ol $1%]
alo] scattering & do7)7] wEel] A3l olF s}
7haslr] wiEolm ) = M o]4E SEM ARl
A HoEEe] Oy/(Ar+0p) 9 v|7} Z715ke| wet ¥}
aro) XUy} Wejx|7) w2 AzhEch

£
A7 whte) WA 2AEEE dehhdish 3
ALw = O/(Ar+02) 9] HIZF 20% <X 50% =
3 %

220 ————

200 -\
180
160

140

Resistivity (£ & -cm)

100

80 N [ I I N 1 L
0. 100 200 300 400 500

Substrate temperature (T)

a2 8. 7|#2xe wE RuO: ¥tee] wlHE (O
(Ar+Qn) @ 20%)
Fig. 8. The Resistivity of RuQO; thin film with

various substrate temperatures (Oy/(Ar+Qy)
 209)

Fig. 8 & O/(Ar+02 & H|E 20% & IAHAF]
3, 71w E ARl 500C B #HEA)FIE 300
nm FAR F3A7] ubete] wizEle] wskE viepd
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Zolet. Ab2ellr] S whete] wlAEke 2104 4 Q
~em 2 i ssheh Z]EErb ARRellA 300C 7
Ae 71EEd wet uxe] 3] Fhasigl ot
300C olde] Zlgd:ellr] el wxgkel 2had
A7t gwisiedem) 500TC oM AR whake] wlx{3}
< 937 p Q-cm oIt e]9h o] s@EEr} o}
ol o} uiHe] sk L ubute] Al
7] wEeleba Ao

110 N —
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Annealing Temperature (C)
12 9. Amnealing %o} @& RuQ, uhute] x|
3 (O/(Ar+Oy) 1 20%, 71925 1 300T)
The Resistivity of RuQ: thin film as
afunction of annealing temperature (Oy/(Ar
+02) 1 A%, substrate temperature : 300C)

Fig. 9.

Fig. 9 &= O/(Ar+02) 9 ®lE 20%, 71HexE
300C = 3] FAAZ vk B9)7] Al glo]
furnace ©ll4 304 F<F FAAw] IS o FAH
2] £Eeof W& w3k WEE Jehd Zlotl Fig.
9 oA BFe] 300T olr FajE uhte] w|xF}-
1036 1 Q-cn °olglevt, 650C o FAdxe 3 F
H)A gL 618 1 Q-em B FFasiodch FdAE] 2w
7t F7KRkel wet, wixEe] FRadhe A2 uheke] 2
A el Z]Qlshs AoE A7EIch

V.28

RF magnetron reactive sputtering #H-2.2 RuO:
wteko Alksled Oy/(Ar+02) H]8} 7|Zewel W&

(623)
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