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Abstract  TiN and TaN films as electrode materials of reactive sputtered Ta,0s were prepared by sputtering to com-

pare their thermal stabilities with Ta;Os. The microstructural change of Ta:Os films with annealing was also investi-

gated. As-deposited Ta,Os film on SiO, was amorphous and annealing of 800°C for 30 min made it transform to 8-

Ta0s crystalline which contains amorphous particles with the size of a few nm. Crystallization temperature of Ta,0Os

on TaN is higher than that on TiN electrode. The interface between TaN and Ta,0Os maintained stably even after vac-

uum annealing up to 800°C for 1 hr, but TiN interacted with Ta,Os and so interdiffusion between TiN and Ta.Os oc-

curred by vacuum annealing of 800°C for 1 hr, It indicates that TaN is thermally more stable with Ta.0Os than TiN.

Key words - Ta,Qs, TiN, TaN, thermal stability

T

—

7
LM = .

Ashr) g A7 AYHT ok IRANNE
A4S o)&3l=d), dry O, AAE>, kA %ﬂﬂ(UV—

DRAM (Dynamic Random Access Memory) 2] A&  O;(2%& N,O) +dry 0,79, 0, Zel=v} dxja|y® Fol

%7h FolAWA DRAM 2 2x50) 74 829 34 A

7F AR 49 AA SEZ Ao, olEE YR g3, fAEAe] FA¢ A st SAHF
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Ta,0:9 P|ATZE FEA3}7] #4381l p-type Si(100)
< d4kshet Si0,(1000A) 71# ¥l Ar+0; 7kag AHE
3lod uhg-A) A ey (reactive sputtering) &2 Ta:0s
£ 1000A F&3t3, 600°CANA 187 Atx Al
o}, Ta0s2 AR Ax2E 8007TC A 3087 2Tl 4]
Als)stgict.

TiN# TaN 9] =ty Ad$ vlaslr] ste], p-
type Si(100) & 43}t Si0,(10004) 7]FYel TaN
=& TiNE R4 258 E o438t T3, of
2 SH-AT Yol Ta.0:2 2 Ar+0; 7F2g AHgsho]
e AHEgYe R 5004 £ oS, BARAA
600°C 187 A=A 2 Bstlen, 2 Fo obA) A%
Ao 2 TaN =t TiNgehe zhz ubg A 25ejgiio
2 F3stgr)

olglg A FEE 7HAZ -GN E sl A)
HES AFEH7) (<10 Torr) A4 Z+2+ 600°C, 700°C,
800CE 14t Fe X2’ &, X-A AL (XRD,
X-Ray Diffractometry), 2AZAEA (AES, Auger
Electron Spectrometry), 223 F3}Az}ao]AEA
(TEM, Transmission Electron Microscopy) & ©]-88}
Aol A 2] whg-od 25 &alsigint. AES ZolEA (depth
profiling) & & =, FAx}Fe) ML 5kV, 23 E|8A]2]
Ard olyA= 3kV, 2988 £5+= (1204 Si0:/min)
2 3.
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3.1. Ta:0:2 DIMT=

Fig. 1@@)& Si0, 71% ol 44 ade{gyiez
1000A S22 600T, 1£7 b4 43 2% Ta,0:9 3
= (plan-view) F3AAH0A  A)opAk (bright  field
image) AFzlelch. Ta0s9) mlAlFzE 2364 BEo)
u)gels, RBS (Rutherford Backscattering Spec-
trometry) =4 A3}l =2 Ta : 02 28l & 1
3otk ojF R £HE YR FHa)o] A2 dHg
Ta 058 2487} 2 1 57} oz 4k27) o gre] 2490}
= 2 o)u) Z A gle Aottt o] § o]fre]
hstod AF2 glov} ofwl vlMF27} viAo)7] Wi
A 240 R} of g2 A2 T 5 s Ao of
d7F Az,

Fig. 1 (b) & 600°C, 1E7} Ak DX 27 Ta0:F g4
800°CellA 30#7 A3 dx=7 A9 TEM Axle
Ta 07} AAs o] gk, e} dubdel @A s) gha)
2717} o W nma) A YWl 2L 713 (matrix) v}eto]
2717} 4 nm 3l s}k YAFo] EEstod glow, HAAHg]
AE GHHE 4 nm 2719 2ZF (elongated) k&
7HAE QbS] X5 ok, AAZ AW 7)) 2k

ZAN - 27 Ta0, ZRART e sz dA4dAE 816

Fig. 1. Plan-view TEM images of Ta,Os film (a) annealed in
oxygen ambient at 600°C for 1 min and (b) annealed in vacuum
at 800°C for 30 min followed by annealing (a).

e JatAtelE AHEE Fig. 2904 BSo] 0.3m wHE
o}l (under-focused, Fig. 2(b)) ¢}t ¢ (over-focused,
Fig. 2(c) & 23& 2398 4 =L A 95 oa}
3L A3 B Ao Fresnel 2757 Yepd g & 4 gk
°}21¥ Fresnel £FH& JAFHE ot 299A 9} 2
< 2U3}A] oh& F7ho] EA)FtHE AL Au)Er) yio)
71718k §)zkatolof) A+ A) (phase boundary) 7} &gk}
I g 5 gl

37)4 ste] AAPo RRE Aot HAEH (se-
lected area diffraction pattern) & 3o ™ slleo] AxIg
L 2RE W AR A& £ 9} weba] AAYY
o sl dRAEe] A9} ¥kd T2E S s gE
A10e|Rz] E-2 v AW o)A} Hl 9 (hole) 7Y 4 3l
ok olRE F © AAE] AHRT) $J8ted Fig. 33 Ze
IR FHHAH ) (HRTEM) A< 9. Fig. 3
(a) & 600°C, 1&2t At 2A2F Ta 0.9 TEHS A
e 24 Fig. 1(a) o vl7}A 2 v)AlzA] o] wjA e
& ek 800CANA 3082 AT Axj)ste] AA3) =
Ta.0:¢] TE 5 FAAAHu}A A21e Bd (Fig. 3
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Fig. 2. Plan-view TEM images of Ta,0;s film annealed in vacu-
um at 800°C for 30 min (a) in- focused, (b) under—focused, and
(c) over-focused.

), A Nl e A= =3 (fringe) 7} AAHY W
2] R}l A BAE o2 F)E S B 4 e (AR
FE), ol ZAY M9 719} Rzl AE & Aol

£ AMAE BeojEn) 2@ A" 7)8-4 (tilting) & 8ho
= A WollMe Azl Z-A7 SR e AeE B
o} JRFEe] 71Xt AATFZ7) vlsd B AL ol d
£ % g Aok =23, 437 ¥ FEelEtE aF WA of
wWE o]u]A % FA=EA] dolof shd] 2R ggteng
AR ek ZAYAF gebA] EEE YAEL vAA
Adolet & 4= gk, o131 % ZAAA WiRell vl o] EA43}
o= ok £HA vl Zevt ojAe] 7] Ak o
A Al Exste v|A AN Tazt 09 FHefokgn]
(stoichiometry) 7} 22| @3 Ab4rt F 235} FHofsle A
Azt Bdo) glozlzl Brl Chang'?d) Ao A4
7} B2 310 Qe Ta0:5 2AAHA Folx o§43] A
27F H23} Hof 9lom, FEHoE AAYFHATA] Ta 05
TR A2 AR YAEL 2L I 54 2
A5tE] 2] Rt @A) He vlgAdelztz sl
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Fig. 49 (@) ¢t (b) & 27 TiN/Ta0s/TiN T3] 4]

Fig. 3. HRTEM images of Ta.Os film (a) annealed in oxygen
ambient at 600°C for 1 min and (b) annealed in vacuum at
800°C for 30 min followed by annealing (a).

B3t TaN/Ta.0s/TaN ¥ A)HE 313 (<107° Torr)
A4 1 A7t 448 st s o el AHstE 2oFe
X-A HEA Aot} 7t 228 7o v AR
TS Ta0s7F T2 Axeol] 3f AP A] (ortho-
rhormbic, a=6.198A, b=40.20A, ¢=3.888A) F2&
7Hl f-Ta0s QA0 FHe A& o 5 k. 28y, A
o] TiN<al 299 Ta.0:9] dAs =& 700°C el v
o, T e] TaNgl A-49) Ta0:2 FA3} 2=+ 800C
oldct. T, 800°C dA2j7hA] AW k3ol 2% A=
Ao} "9 =7} TN TaN FF B R4 Bolz] ¢
Sl

TiN/Ta0s/TiN F2¢] A5 800°C I A=) 3t9d& 73
$-2} AES #4273 Asing (Fig. 5(b)), 800C |4
2jol} 2siA TIN Ta0:9 o] w3k = W3}rl Alwed)
A gakstA Jelde e E 5 ey oj= TiNG
Ta,0s Abolol} Az EAte] dofdris A 9uigic}. of7)
A, Ta:0s42 Wje] Ta : O u)7} d2j=] ] 216904 @
el Fol o 2152 A ofEnjo] FZHE, oA
& Ta0s e} 2235} 427} TINS R B4t gtels A
ojejgic}, w3}, 4o oFA4E 23] A3 d, TN what
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Fig. 4. XRD patterns of (a) TiN(500A )/ Ta.0s(500 A )/ TiN(500
A) structure and (b) TaN(500A)/Ta.0s(5004)/TaN(500A)
structure,
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Fig. 5. AES profiles of TiN(500A)/Ta,0s(500A )/ TiN(500 &)
structure (a) befqre and (b) after 800°C vacuum annealing.
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Fig. 6. AES profiles of TaN(500A )/ Ta:0s(500A )/ TaN(5004 )
structure (a) before and (b) after 800°C vacuum annealing.

A RA GatEE o2 AR} Ishibashi'® ol 2]}
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7} TINZLE TiNe ZAJAE Fsf 4 (out-diffu-
sion) BT} T 3y e, Lee'” = CVD-TiN (TiCl,+NH3) /
CVD-Tas /SiNy/poly-Si& AFdAejste} 2t A}
¥ 95dz Busigch 28y 0)Fe A7 AR
TiNS WFq Y Atk o] S EEXE S48} gFgkr] W&
o ¥ A% Ao} iAoty ¥ S $lo, Chang”
F% Ta®} 07} §4o) TiNZo 2 Zasizicty 3h3ich
£, Ta0s% W29 Tio 423 ¥ Nof gato]
dojvhedl, Tad) #Als 28 Tio) ke N9 &g
A E ¥e o By

Fig. 62 (b} & TaN/Ta0s/TaN T2 A|H& 800TC
QA2 FHE A5 AES ¥4 AFAZA TiING 7A¢9
22 800C AFTLEAY Fol= Ae] A A=
slew, Ta0s o] Ak T8 e wito] glsicth. oj9} 2
< A AFHEEAY BT AF-E ol Ti A
Z Tals Atel2) Ab4: 84tel gk gabyaiete 24 TiN
3 TaN$ ¥|Z3le TaNe] TiNEc} &abdbz|at EXo]
o] $-F3lth= Chang'® §-9) Aalels e,

714, AF AR afe} 4b o) FAAFo] B Ho B
58 TiN AFe) 49 Ta0s 2AH3 57 TaN A=
AR Ao AAE 2R 9UY o8B ARE 4
UE Aelnt. F, TING HIFE AT A$oll= TaOs
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Fig. 7. Cross-sectional TEM images of TiN/Ta.0s/TiN (a) be-
fore and (b) after 800°C vacuum annealing.

o] 23} A4} TINOE &abs) ridA AAF=E7)
Hell Ta 07t Aokl & o 77k 24& 713
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HAel TAE A ik o B Si 7]F el 25
BHgyjo® Az TaOs= oF 700C A=A HAH7}
doft=d)'? (8ie TalsS FHYAIA Ta0s/Si AdelA
Si0, 2 ¥AFT}), Atanassovas Si 7)1F $ef 23 Eisl
He 2 348 Ta,07F 900C EA 7 iz ZAA5
2] ekofvln R 3Ekgdnh. BRolA 2 o) f-E FAHLR
A A8 = kot Alul, o2 AFAE ThE Hol AFT-AH
g dialel] At d A E Foke 7wl glernz, dAE
7o) A Talsell AbAr} FE3hs o AAE2 27} Fob3l
& AR QAR F, A5 o R AHE Ta0:9] 2
Ay Axd] F 2T L A 7o g B

Fig. 7& TiN/Ta,0s/TIN 729 7t Z#3 A3 (Fig.
7)) AFAA 8007TC, 1417 dx3g A)H (Fig. 7
(b)) 9] &9 FaAdxny Alzle 24, HFo] TaNal
73$-¢} w)isled (Fig. 8(b)) Ta.0s 2AHYN ¥1HA o
259 =77} "R Agieh o7& AESEA Aol o
TS o] x5 Ak} TN R #alkste] Ta,0; W 4k
2 2357t 297 dEo2 Y4}, £, AH Z
2} (delamination) ©] A71HA Ta.0:9 ZAAJYA A=
AA YA ¥ (grain boundary grooving) ¢] A= o,
Ta:0:%2 FA7} &F 10% 7+ 3l=d), Ishibashil8) & A
o Ae BEo] Ta0:% Tad} 02 &4k (out-diffu-
sion) ¢] Ta;0s2.22] Ti2 in-diffusion®Ec} HA dejrt
7] WEo 2 o AR,

Fig. 8. Cross-sectional TEM images of TaN/Ta.0s/TaN (a) be-
fore and (b) after 800°C vacuum annealing.

Fig. 82 TaN/Ta;0;/TaN 7= 7t 224 A9 (Fig.
8(a)) s AFlA 8007C, 1A dx=F A)1H (Fig. 8
()9 9 FHAARHEN A Apzlg BEch ZAgss
Ta:0s9l Si0; 7)¥ ¢l ZA3" Ta.0s(Fig. 1 (b))
o} wiA7FAE el & nm AT 37)9) viAA datEo)
BExsie, AAYANE F o 2 YA S48, 29
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Hell4 TaNe| TiNED} Ta0s0 o A Az U&
& 4 den, TaN€ Ta0:8 RFARE AHEEH 12
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7} k715 A & Aoz JdE 4 o).
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b ~AHE o8 2357 600°ColAH 187 Ak4
GH )T Ta0:9) Ao B} v)ATZ s 45
2, o]#g Ta0s0ll N AIAIEA Anjelgdyjes F
2hgk TiINF TaN$ 600°C, 700°C, 28l 800 ClA 7+
Z+ 1 A1ZF A st AHuEAdS v 2t A3 o33 72
L ZAEE A9t

1) dbe4 ~sEEyges SE3txn 600CANAM 187
dH 2§ Ta,0:9 vAFZE v]AHAelw, 0/Tad
HlE ek 30 2 Aty E3 o glgich. 800°C ol A4
0R7r AT dxjele] sl AA3AZE A9, 2HH
Wil APAA 22 £-Ta0s Z28A 713 (matrix)
off eF 4= nm A7]¢] v]AA IRV} 23 AAQ AN
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2) Xl A& Ta.0:9] AYFIFLEE TaNS HF
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Ta0s9 AT AWE FAs+Hc. 28y A28}
TiNQl A$ele TiING=H WRE Tash 44r} Selz
Ta:0s5 22 Ti7} Habshe Aagare] doftel. maja,
AW A4 WA TaNe] TiNEr} Ta 00 o st
RAF AR
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