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Abstract — The properties of TiN as a barrier against Cu diffusion were studied by sheet resistance meas-
urement, X-ray diffraction, scanning electron microscopy, Auger electron spectroscopy, and capacitance-
voltage(C-V) measurement. The sensitivities of the various methods were compared. Specimens with Cu/
TiN/Ti/Si0./Si structure were prepared by various deposition techniques and annealed at various tem-
peratures ranging from 500°C 10 800°C in 10%H./90%Ar ambient for 2 hours. As the effectiveness of
the barrier property of TiN against Cu diffusion was vanished, the irregular-shaped spots were observed
and outdiffused Si were detected on the surface of the Cu thin film. The C-V characteristics of the MOS
capacitors varied drastically with annealing temperatures. In C-V measurement, the inversion capacitance
decreased at annealing temperature range from 500°C to 700°C and increased remarkably at 800°C.
These variations may be due to the Cu diffusion through TiN into SiO, and Si.

metal line 7te] Ae] fao] upeE 27
HAaR s Al A5 =pale] EAof &

LM B

ESKe3| rJLo]
P=2

P 9l ’é‘il*%ﬂ A

Rre aabe)l A E} Eobel mel ofd Futs ZHgk FAE ob7]atA] =t} Metal line®] M% 9 =
o] 37T Azt Ve s TdEAY. HAIR A A Zae] wE HWRrYEe] Fvhe Al grain boun-
o] dhyel F&HFAAE nhH s W& M2 e Ve daryof A1 electromigration &A1} §-+8}o] metal line

‘1544- Ack @A vwA 7] v A el v gt o] gt & 7h& A7) A HRlom, S ddTte] T4

T o] Lolaty HE Aoy} & Al 9 Al FFo
:1'5‘1\‘%"”0 A s 2 A E A Lot g H sl o}
metal line®] ME 9 FAe] 724 wiMd Zo|o} 27},

173
[¥%3

7Ha2 913} capacitance®] Z7h=
ol gt Axjel

a& sk fletel Al il

RC time delay[2]el]
CEAE fkstA QA o)eld FAH

A0 M e
EH H ’u "i”(’)" tg oﬂ }\}"g‘



334 o548 - el -0

2 7 A Asel dF A7t 223 YT glo
o, 11 FollA Cuzb ALS: 218 7pgAdo] Thg R
A2 Azt a Qv 3)

Cu= Ald]] 1) szA-] H] 4] o] trolr RC time delay 2
Y § loen, m=Ho] ZolA electromigration Y
stress migration® th3l #3dAJo] 943 AHL 747|711
otk frefu Cuzt S5 Wi AE R AREE 7L Y
M= A v ok & FAHE B A ok 2 F 8

= Cu7t Si¢} SiOtholl A SAbET 7} e ks 79l
d[4-6] Cu7}t Sit} Si02} AA HE5A wlo] Si Y
SiO & ST Aabe] 7)1 H A4S MEpAA A
2o Aol kg FA Hrt ofo] 3t s gH o
YA Cush Si = SI0A}lo] 917417 Cus)
e olnsh We] Tek2lon ofo] wel B

04;"7__(;] olt]_

[ 0] g A el §LA}uLz] ol ALE 9 °H}\1“ oL 9)

>

i E;o] §L/\]—B]—:{] ubo 2

%Xﬁ] LAl F3Es AYd 54 9} o] A
glxjojof e}, Shabuluute] whgolu} shibub«|uks
B S WISHA ol Sk et B4 9}
AU Ao 84 2 4 s 9ls dalE o
drh. A gk te] EA4S Hrlshe Wy o
2 o]&¥ 1 JE AdegE wWEF =2AH Xy

diffraction(XRD), scanning electron microscopy(SEM),
transmission electron microscopy(TEM), Auger elec-
tron  spectroscopy(AES), Rutherford backscattering
spectroscopy(RBS), secondary ion mass spectroscopy
(SIMS), p-n junction A4l 2]3 diode leakage cur-
rent %A [7] So] 21om bias voltageo] u}
citance ] st & 24 dh=

capa-
capacitance-voltage(C-V) &
4 LRI 9 b B8 HobshE w2 A
3] sensitive 3 HQLE‘J ook ot ap Ak gk
At FHA B wyor 1 o] C-V Aol tist 2l A
o 7 olFol A4 e Aelolth. tea 1 ey
o A3z Al F& 2ol A] AlT} Si¢) interdiffusiong
Ashs gabg Ao 2 8= TiNE Cu &4
=

s *] Go 2 3}01 54 , XRD, SEM,

= ©

. wua

(6]

E}g a8l AES spectrum S o]

0
Fab) BAE 4718k 0.0 wet etching, Al eva-

St 7l-3Eks) 2], A 59, A 435, 1996

A%
ol
9l

)
oXx

porationol] &3te] MOS 1£2& A A
£ ZAslo] of& galulx|uk

_‘?:
7 I:lol—
opdl

=

=
E£A

-
)
==

4 = A

)
C-V Z%o| Cud] 42 wizkalA
g Aviug.

ik o.f..‘.

%
i

|
|
R

0

2. AEY

C-V &AL 93t Cu/TiNTI/SiOySi 72 & 7= vl
TAHE A on ol RS dAHd F Wy, X
Mgl dfel, ZHE A, AES spectrume] W3 E B
aFoich 8k Cu, TiN, Ti =& wet etchingsl 9]3}o] A
7ABEiL AlS gate electrode = ZZA)AA MOS 1L2&
AT Fol C-V 5EA4& B3

7ki= g}
=

4

2.1 Cu/TiN/Ti/SiO,/Si B}atA| ™ H|X}

Boron¢] doping® p-type Si <100> wafer 9]¢l ther-
mal oxidationo] €3}¢] 1000A2] SiO, =% HAA
Tk 71 9ol AMKAL2] ENDURA 5500 sputtering sys-
teme o]-§afo] Tie} TING Z#A1} Tiel &2
7] 92571 400°C, ¥l 3 mTorr, RF power7} 3
kwel zzlefA] ol FojH ou, Tig] FAE 300A0]%
v} TiNg »51}3 N.-Ar £87| A& #9350 reactive
sputtering WH O sl o, FA ANPHL 5, obE,
RF powers= 717} 400°C, 3.3 mTorr, 6.5 kW= &gt}
ZEALE WSAAN TIN whotel FAzk 22 300,
600, 900, 1200As] 4% AWE A=ta9ich TN
?]ell metal organic chemical vapor deposition(MOCVD)
Ao 2 5000A2] CuZ ZxA|7AT} Metal organic pre-
cursor®y>  Hexafluoroacetylacetonato  Copper(I) Vinyl-
tnmethylmlane ((Hfac)Cu(VTMS))S ALg3dlsgion, &

- 99.999%9] Hed £¥H7|A 2 &} bubbling system
9 o] &5} precursorZ chamber )2 Z33tgc). =

Al FatE ) 2R 5= 77k 0.5 Torr, 190°C2
atSi v},

2.2 ¥}

Chauleh ABE AT Fol tube funace Vo] A
S AUstaL 10%H/90%Ar 9171004 At @2 st
At 258 2¢7] "o H-Ar £E7)AE 500 scem
o2 EFeFHA 308 F¢b purgingdtsich 5°C/ming]
FeEEE *]fﬁ% Zhgstgion dxe 2nvh Hd

i
k-
f
k1
Bl
[\
>~
)

Lol 878 r}8 wWyA| Ak

Tl



C-vV &40

2.3 SRSt B4 BT}
Linear four point probe& o]&3a}o] t}Zutul Ald o
HAgE £438l9] 00, scanning electron microscope S
ol§ated Izl HFo AP WS Ak
A W vpeutnte] Fx waks W) 98
of X4 AR HAIEch XA 3] g4l Cu
Ko S48 AH8319 09 Xeray tubed] X*"‘ﬂ AFE
Z47F 40kVe 150 mAE YA AT 20 W)= 20
A 907 E st e 4'ming] EHE R scanmngo}oil
34 S AUk dEettte) AREEAE 9fd) Aug-
glo] AES depth profile
AAck 4 2] electron beam voltage 9}
modulation voltagew= 2z} 5kV, 4 V2 3}9] 21 sputt-
eringe] AM&%= Ar ion9] beam voltage®} ion current
density = 22} 3 kV, 360~ 380 pA/ecm’E. 3}9ich

MOS FZ& #AAF7] 98le] HA wafer HH
A Si0;, =& SiC drkx 2 Aulste] 2 ABFY )
Si0.Z #7138 Fo wet etchingol] ¢J5}ed Cu, TiN, Ti
=& AASAY. Cu etchantg®+ HNO,9} deionized
waters 11008 4 Z8HE AREE%al TNy}
Ti¢ etchant®3+ NH,OH, H;0,, deionized waterZ 1:2:
602 21 80°CE 7t EghgdS Apgaic)
Wet etching & =2 % Si0, & 9|9l evaporationol] ¢]3}
ol 270l 1 mmel Al dot é ATt oA &AM
7l MOS capacitor®] C-V £4& HP 4192A LF im-
pedance analyzerg o] g3}o] = 146} L&A A el
Hi= A% frequencyE 100kHzZ 3% o gate vol-
0.2 VisecE 1A AT

er electron spectroscope& ©]-§

2 spectrum-S-

tage 2] sweeping rate =

3. 43 ¥ 1

12

A2

A3 229} SahAeto g AMEE TiING F7of
whE WHgte] WalE Fig 19] Jebdr). TiNe| 547}
300 AJ 5ol 600°C ofste] 2mof Al FAe] Mt

& WA g YeRNTr} 700°CRE FA8H £}

@ 2 Yrhdeh. 2Rz 5 700C ol dela B
o] FAsHA £713F o]-f-+ Cu¢t Si9l interdiffusiono]
oabed A ¥ AFo] & Cu, Si, O, N9} 3}3H&o] &
AEA7) WEoE F2H TING 47} 600, 900,
1200491 7ol FAg] w0 Ao FHe) A

e AAE GE b At S]] ot} FH

o ARtk @Al e olft Cu v ERlo] 3

9Jgk Cu

b sy s} 335
025
= TiN 300A
~e - TiN 600A .
020 L | 4 TiN 900A g
v TiN'1200A
(]
=5
= 015
3 .
o
S
R
g 010 - ,
= ;
@ Vi
2 S/ before annealing
& .
0.06 - / /
T e\
3.00 1 1 i 1. I I 1

500 560 600 650 700 750 800
Annealing temperature (°C)

Fig. 1. Sheet resistance as a function of annealing tem-
perature.
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Fig. 2. X-ray diffraction patterns of Cu/TiN(6OOA)/Ti/
Si0,/Si samples annealed at various temperatures.
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