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Microstructure Evolution and Properties of Silicides Prepared by dc-sputtering
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= g Ni mono-silicide’s A&e] 0.15melstll M= 7| Mge] A== PAbe] Q1 Nigk Sie] 1112 wk-g-s}7} wlFel oF
& Aejalolm o] A2} Alestn £ WE ARE BA4E 242 5 9ok mebd 0.15mF o]3 tiuje]sel] Abge] F)UEE
NiSie] Az & #5 Niwtete] $32 gyel gaie] 2o o2 NiSiel 71& S4xAE Saskgin). Ni silicides= sputter?)
Eo)d 2aubyo® Niwbehe 23F FARE At 150~ 1000C €5 Wl A=slgin}. 2 & SPM S ol8-3q z} 4)
#He) #Hx g sy n, ATEY Y24 EDSIF A3 TEM S AHesbe] S g}, 2F A2 254 444y A
718 4L 4 point probe® E4atgich. 2 dFo] A3}, SPM L vl5s) uhylo R NiSUF NiSLE HeEg=x Gag £ 9=
Evbdel TARUHTY $ydS Falshgz, 800T o)A 22 GAT Al 5 Nie] Al E 98 et A or} Po,=
LEX 10 "torr ©|8}7} Helof & ¢ 4 adslen, A71A S4UYe B2 RE & T4 A=H P NiSi—NiSi, 4uleEx
£ 700°CTT WekEgich.

Abstract Nickel mono-silicide(NiSi) shows ne increase of resistivity as the line width decreases below 0.15:m. Fur-
thermore, thin silicide can be made easily and restrain the redistribution of dopants, because NiSi is created through
the reaction of one nickel atom and one silicon atom. Therefore, we investigated the deposition condition of Ni films,
heat treatment condition and basic properties of NiSi films which are expected to be employed for sub- 0.15:m class de-
vices. The nickel silicide film was deposited on the Si wafer by using a dc- magnetron sputter, then annealed at the
temperature range of 150~10007C. Surface roughness of each specimen was measured by using a SPM (scanning
probe microscope). Microstructure and qualitative composition analysis were executed by a TEM-EDS(transmission
electron microscope- energy dispersive x-ray spectroscope). Electrical properties of the materials at each annealing
temperature were measured by a four-peint probe. As the results of our study, we may conclude that; 1. SPM can be
employed as a non-destructive process to monitor NiSi/NiSi; transformaticn. 2. For annealing temperature over 800°C,
oxygen pressure(Po.) should be kept below 1.5% 107 terr to avoid oxidation of residual Ni, 3. NiSi to NiSi, transforma-
tion temperature in our study was 700°C from the four- point probe measurement.

Key words © Ni mono- silicide, NiSi/NiSi,, transmission, scanning probe microscope{SPM), transmission electron micro-
scope-energy dispersive x-ray spectroscope{ TEM-EDS), microstructure
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Fig. 1. Schematic illustration of sputtering system.

713 $e] Nig E=spgich. S| A4-d Ni targetd]
TEE 00.9% g2, 39 Ni vehe) FE 500A )9
vh AFEE A A B &27] AFEE 1.0X107torr gl
=, Eupznlr) dA s ~nege] Al EE §114] AF
EE A0x107%orro 2 fAekel. of o g1y Adde
30W E slelz, &35l $4&= SPM(PSIA Autoprobe
CP) & A3} S5t

235 Ni/SiAlHe A2 (tube furnace) o4 150~
1000CH 252 3082t 2zt dajefste] dejabel=s&
HA Az o] dg FAR U= NoEH7|E /7|3
FEriabsts wbAlsledcl, wkgEla] ¢ 32 Nid HS0,:
H,(4:1) 4o 2 A7sloct.

2-2. 24

2-2-1. ¥H =

~He|" 2o 2 Azg 7 AlEE AL, 97| Fe
A SPM & AH23led 5um ranged scandte XH =8
ZA&}¢lc}. scanning mode+w contact-AFM modeZ &}
A3, scanners 100pm scanner® X259 ®, cantile-
vers contact ultralever® ARg3lgdch 2t A)uimic)
Epoint ¥ 57Ashey HWFE S EA3siAct.

2-2-2. FF chH o|M7=

A~HEHE Fagjoz Azl 2 A]He] NiSixe) Sivl#
a8t AW = 2 silicides o] FAE 8rl&tr] 2519 cross
-sectional TEM (JEOL 2010, 200kV)¥-4& AAlskg
o}, AJHE HMEB g Hodgt F o 20mTARHA] Tri-
podE ol&& «dvlslz PIPS {precision ion polishing
system} 2 o] Zastich. =3 TEM#Ao F7t5
gl EDSAHIE ol4dte AlrjrlelmAibe] Nidt Sikd
Z-7)8lo] Ni dejrle|nd] F7E &star

2-2-3. ®I1H M

AT dxe) 2xo @2 HAY gre k7] e
four point probe(CMT-SR) 2 WAxg4& &4sigo). &
Als 05m/sq.~2mRsa.dx, sjeeiE 06%
Aok, 27 X W P45 A ot} HAFe] |
5 FE&sac).

3. #n g uH

3-1. EHZT

23) 26 FAEF Ni A A, sputterd AH4-35he] Az
Ni/Si(100) A|#H2] "2 2o & B4 v4+E2F
SPM o & Tk 2R ol 725 vehiigich Ay Ni A)
Az 29 vdFzE 27 3¢ dYepligdch & 1ds
o 2o Jebd AHE Y] dxe] Lo ot Sz
rms {root mean square) & Ao 2 Jepligln, E 2
e 27 3o Vel AdEe] dAe] 2R o EHE
o) Zzke] WstE bz vehgi oot

23 2% AR NI AA A AWEY R vlATES
vehlgdnr, 2% 2(a) olls 300C -5E 9AHzs)e] Ni
Sizt AAEGE o2 aEle AlHe] Fal njdFEE
2o, (ol 600C S22 Az A|He Zga]



radEYge R Az JAddesol=g] slhgTE § 24 AT 603

Fig. 2 SPM topographic images of surface with different an-
nealing temperature of residual Ni; (a) 300°C (b) 600°C (c) 850
T (d) 950°C

Table 1. Rms values of surface with residual Ni at a given
annealing temperature.

Annealing temperature('C)| 300 | 600 | 850 | 950

rms roughness(A ) 422 | 130 | 581 | 1680

Table 2. Rms values of surface without residual Ni at a
given annealing temperature.

Annealing temperature("C}; 300 | 550 | 850 | 950
rms roughness{ A ) 554 | 160 | 587 | 738

ATZ2E Rgy 4 AL NSIE ANt 29 2
{(c) 8} (d)oll= 22+ 850°C e} 950CE dxE3 A|HY
oA T2E Bz HAE A4S EF NiSLE <4,
2% 2() 9 (c) 2FH sputter = A 2F A4 AHF-
Ni A7 =, NiSi7k NiSLhE A}yl dojufs 25604
eyl ZWags G498 5 slsdz, £ Lol et
W ule) o] EAZRE Y 130A oA 581 A 2.2 oF 49 8
e &€ e glsio.

27 3¢l AF Ni AA F AW ol4T2F vie}
Wadeh 213 3(a)elli= 300C RER gAEEte] NiSiz}h
HAEAE Ao disle Ay dvdFZE 24
i, (M els 550C 2 EAHET Al TWvHTR
Bem FA% A NSIiE da=gdch 2% 39t
yell= zZhzb 850 C e 950T 2 A wgl A} ol
2 89y PA4% A4S 2% NiSi,E A4yt =8 3
(b) &} (e} | HE A NiSizh NiSi, 2 AbHej7} dojuj=
2ol R HTFE7} 2 side G018 & U, B
oo tlepl wlel 7te] 160A A B8TA o2 oF 4ufAE
Wslgs g £ ot A7) Azlel 28 NiSi.2 2
A5 FRxe el WS BEsle] iAo 2 Hatd

bz o

Fig. 3 SPM topographic images of surface with different an-
nealing temperature of active Si surface (a) 300°C (b) 5507 (¢}
8507% (d) 950°C
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Fig. 4. Cross-sectional view and EDS spectra of the specimen
heat treated at 400°C (a} TEM bright field image, (b) EDS spec-
trum from upper layer, (c) EDS spectrum from lower layer.
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Fig. 5. Cross-sectional view and EDS spectra of the specimen
heat treated at 900°C (a) TEM bright field image, {b) EDS spec-
trum from layer
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Fig. 6 microstructure and EDS spectra of NiO on specimen heat
treated at 750 (a) microstructure of NiQ; (b) EDS spectrum of
NiQ
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Fig. 7. Ellingham diagram of nickel oxide.
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Fig. 8. sheet resistance of nickel silicides manufactured by sput-
ter for each heat treatment temperature(a) sheet resistance of
nickel silicides in range 0~200%/sq. {b) sheet resistance of
nickel silicides in range 0~208/sq.
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