= & g5 A5 el
Kewwwir Jomy .ﬂrcra" ol Mawrialy Roveaoh

Yol 16, Nouo 100 (20063

FUE YA § RN ARE AeAe| e vlolaz BT WA

Fo4t- 249 -

24

AFA

GRS e AR R B
RN S o 7 S Bl G A

Micro-pinholes in Composite Cobalt Nickel Silicides

Qhsung Song', SangYeob Kim, Jangbae Jeon™ and M. J. Kim*

Department, of Materials Seience and Engineering, University of Seoul, Cheonmong-dong,
Tongdaenm, Seoul L3-743, Korea
*University of Tecas at Dallas, Eleetrical Engineering, 2601 N, Floyd Bd., Richardson, TX 75083, USA

(200613 &g 2031 W

, 200653 104 1530 A%

Vs )

Abstract We fabrieated thermal esaporated 10 nm-NLCop, =002 0.5 mnd 0.8) Apob’Bi filnws to form nono-
thick cobalt mickel compesite sabodes by a rapid thermal amealing at FO0-1100°C for 40 seoonds A field
engzion seaming elactron mimescope and a micro-Raman spactrometer were employed for miavetracture and
gilicem rezidunl stress characterization. respoctively. We observed selfalioned micre-pinheles on single eryastal
gilioem subsstrates sihicidized at 1100°PC. Raman glicon peak ghift mdicatess that the resdual tengils stram of
107 in gingle erystal silicon substrates existed after the silicide proosss, We propese thermal stress from gilicide
exothermie reaction and high temperature silicidation annealing may camse the pinholes. Thope pinholss ave
expectad to be avaided by Lavering the sbicidation tamperaturs, Our repults imply that we may use our newly
propesed composite sihcides to mduaee the appropriate stramed layer m siliceon sulxstrates.

Keywords pmheles compesite slicide. nickel ocbalt zalicide. Raman gpoctrometer thermal stress.
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Fig. 1. SEM images of pinholes in actives of 0.25 um-CMOS devices. (a) plane view and (b) cross sectional view.
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Fig. 2. SEM image of pinholes in TiSix composite silicides on
the amorphous silicon substrate after 850°C-3 hrs silicidation,

{

Fig. 3. SEM image of the nano-size pinholes in NiPtSix/
Si(100) after 1100°C-40 sec RTA silicidation.

Pt} 10 nme] Nis ¢
1100°c<>ﬂ*1 402{L

i»J U’*OIE} /\} l9] & YE= Ga’ °]22E FIB

B A GUE Q) VE =AY, <J2I
EdA= vee) BAAs BEY Lolw BT & A

th Fdd THow XHZE ZYHAYE 71l E o)
2§ WEo] A=A At} o)y
E-& 1000°C o)) a-gollA] o]xHY

=
I8 240] Agith @ E

we AR oz 44 s
QT T LEGE 900°C 0l3h B A5l o

23k AEo] FE=A Aokt
o]g) gk 9o % Ruan FY& Si(111)%1¢] CoSioll A2
7 “94 S BT, Belousov 5% (100), (111)
A 719819 CoSip, oA o] 714 e
°1 upo]| A2 A7])9) WM& AE B Sl
olglgh 7128 o] 1A Aol FAeNA e AE
Al s Aeshi, A& ofA7H] waA el of
=92 AEE 7)) tElA CoSip, NiSi B &) &
Aol Fo| deibele & FAE o A
L7F o)A dejAabel =

Wi geel st &

al

34 A BAY AelT TR ol LT o &
o) 9 A5 WA E40) Uglth. ) o)
2 718 WA ok naE vt gk

19} 78 HE5o] A T FHR] FA A A
EIERPRAT IR ELCRTRS DS PAERRM PR RV PYPY
2o] 263 FojoiAe] /)5 FRALE WA sl
29 A} Egolie] Al Axfo]r] AL 2IF
A AF F FEARE DA ExAAEY s
Ao 7= EAE 9o Aol oiE)

webA] o)g sl AJEzo] Aoty 2as Fule Uz 2
Zapel o]t $A) o] washEAle) Helo]

Laf

O\i



658 T84 - 28 -
dady whek Wk o3 Age] A Al =
& ]l SR AE e Aojske Zlo] F
L3}

£ delds dejiols e ke S
tAA AEE 73] e SEE WA KAL)

=5 9Ea AEAA V)R 1100007 X she] A
Atol=st o] whe A& Aok ojue] dAt

o= ane) Azje] AEds WIS vjolZE Ptk £
EHERES EE RO

HEgd

2. AE Y

ot

FAsd e Aste] A4 10eme] A% A
(100) 7123 ME—% 773% 70 nm E=2]A42]E/ 200 nm
daksl AEEAeES A EE(100) T2 7)1 FH)

Gtk FHE A EdEE 7S AWe A
Aebe-s HF Zd oz Apedikelehe A ASIAL o5
GEF27IE o83t NigaCops, NigsCops, NigsC0p2®l
Nigl o] 240] v Uz I9HE FF LQAE o
83t 77t Ni &4o] & F7 10nm 9]
.OE_ }dtﬂ—«g}oiq_

dE 7 2o A, EdEE Ve Aue
HEAAY7NE g3 4027 S5EE 700, 900, 1000,
1100°Ce] 2708 derfeo|esd)t 258 HIPAPTIHA 4
Aol =S AT 30% Fakgdo] 1057 JA|
AlA He gle 2558 AASEH.

et

g Sl e B te wad, #
ST rE P 2ow AN AP,

oAl=E ZF 27

7t =4
J

9|
deplel=e] e 2R

Arfolri= AFAHA S &4 7];
Ashar FAlApdard v &

&
$51] 80,0000)9] oNE sl Ewe] BE WA 4
Fob FAE Flslrk

Micro-Raman Spectrometer(Jobin YvonAl Lab Ram
e Laser 20 9

HR model)S ARE-3l] AR

A - A

I 632.817 nme] @loA 7 AlFel PAFSI] WEALE] o] Ur
2 we) oA £4L A= 22 400~3000 cm”
A Z389

upo] AR gyt AHEYS o]g3le] dErtolt Fo
M3l 98k A 3, 53] golAe xiasaa
= Aol ] Aol W]l HazA] AEol
VFeg olgsle dElTelM e Bt HAHFT(AweyS
#3te] Eq. (ol o3 dejatol= wpet ANl o5k 4
229 2EH2()9 2EH(H 2H4E A=slt
o)A ARl G2EH A Fo] d9oF Ao H<]ly
Az o A () 2 MEFE 2 ojue] FF &
Efaste] #AE 2t

L

0=-4354w,[MPa]

—435 Aw,
E

(D

g = = 2289x107
o] 7)A Ei= dE)Ee] BAASFRE 190 GPaE Fo] 2t
2 ((DEFRE AdEAbelm FAZE wE 3 A

o AFeHe e
3. 4 #

Ao 7|3l e)ESR=AE Yolr] 99 Fig.

4o F5F2 3 glo] 1100°CeF 1200°CoA] 40%
18 Bk 1 0]3) %0
*1 ‘WB@ AFE UH_WWE Eolg Age] Buy2 &
Aol ZedeE 7ee
1200°C77}11 A& A= ?l 2 BEEA Zofr) uf
2A] dErfols g9 FUt glo] ©ed] A 7)1
o] 3 dAP|EE Ago] A S eI
Figs. 5~7°l= $hae] &4 w& 7Hzhe] A3E 1
o33 9lom, Fig. 59% 1100°Co1A Ex12]§k 10 nm
NigsCopg FaHIeto 2 0E YPYAHH Hejrfolze] <A

o
ne
L2
v
ol
o
i}
o
=]
g
S~
>,
[‘N

(b)

Fig. 4. SEM images of bare single crystal silicon wafers with rapid thermal annealing for 40 seconds at (a) 1100°C and (b)

1200°C.
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Fig. 5. SEM images of pinholes in silicides from Niy»Coqs
structure silicidized at 1100°C. (a) pinholes on single crystal
silicon, (b) enlarged pinhole image of (a), and (¢) no pinholes
on polycrystalline silicon substrates.
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Fig. 6. SEM images of pinholes in silicides from NiysCoqs
structure silicidized at 1100°C. (a) pinholes on single crystal
silicon, (b) enlarged pinhole image of (a), and (¢) no pinholes
on polycrystalline silicon substrates.
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Fig. 7. SEM images of pinholes in silicides from NiggCop2
structure silicidized at 1100°C. (a) pinholes on single crystal
silicon, (b) enlarged pinhole image of (a), and (¢) no pinholes
on polycrystalline silicon substrates.
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Fig. 8. Micro-Raman silicon main peaks of the CoNi
composite silicides with siliciation temperature and single/poly
silicon substrates formed from (a) Nig»Coqgs, (b) NigsCoqs, and
(¢) NipgCoq, film structures.
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