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Electrical Properties of Nickel Polycide Gate
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Abstract

NiSi were formed from either Ni monolayer or Ni/Ti bilayer and the SADS method was

applied to fabricated PMOSFET with Ni-polycide gate electrodes. PMOSFET made from Ni

monolayer showed thermal stability upto 300~400T for 600sec.,

and excellent C-V

characteristics for long time of drive-in anneal than PMOSFET made from Ni/Ti bilayer. This

was attributed to easier decomposition and subsequent Ni diffusion to SiO: layer, probably due

to the presence of Ti unreducing process

.M B

9] FA wet AHY, A 4o FAL 1F
2+ A EAAA (liquid crystal display, LCD)7}
CRTE tiAsly F43 $&Ects s Jrtn
Aen, 53] 19853 o]F A 349 dAgHH HE
g 2 (active matrix)TFT(thin film transistor)-LCD
7t 73] M, dFsHY gk

Ag7A AL 33 HEAY H4HE TFTY 4%
FHE Hstd g dEdA AHEE9 YA(grain
boundary)u} E¥ Ael(trap state)?] ZAo] #A] o)
AFHA o 2= TFTY 4% 33 f3id
E O JIRE, 53] AolE WF vAFE ¥
= A E3 FQE.

A Az ddA HYE TFTE @A HyE
MOSFET! Hl#A olg &7t ¥, F4HF7} v
HA AaF TFTO v} ¥, off-current’t =2
7] WEol m&FEe] SFEHE AMLCDY 34 &
AA A2 ALEH7d = @A Aok oE AA
at7] s 843 2dge B4 FdE g
AolES AolE HAFE FF RC AP AlXHdelay
time)& ZAAFA kg Fr}h ole] wel AAtol=
5 TFTY A35ez2 FHL3els k8o AxHz

A3 Ay FA7e9 2R ARAE) 295

" CoSiz 5

ek,

AZoz Hesde AYAI=Z WSk, TiSh,
g8 destel=st AEHAZD o F
CoSize R HAge z2tm AN HE o=y
o] glow A3E 2¥o)Ne wEHd bridging
ANE dosx P = S5 AF FAA
< 2= FHE AR o] AE AF Agd
ol Be #Ae wuot?

X CoSipe AT 427 Z#HF Cod ¢
361(tcosi/teo) ¥l P2 Ha]E 2 Au|7} Bol e A
& ¥4 oEd A8 kA e B Wy =4
53 Q= ARtk oHY BHS By A5
Nig H-&3ld NiSiE ¥A3Act NiSis A Ao
= ¥4 257t HA B[BOCAR A5dte] e F
A @A TFT Azl 7% A APAjol=ol
o}, £ NiSie} #4o] T50CAA bsatd 9EA
o] ¢x MYZo] Yo oz 3 AL
FA g 5 dx, ALY HE JEHo] Yu}. o]
o) Ni¢] moving species®]”] @&l bridging ¥
o] Uehx @, Agatel= A4 AE &
28)7F 183 (twis/tn) M2 ol i 9 gke HE ¥
Rl = go]sit}

B Qo= oAy 4 TFTY NiSi A3
02 AAtels ¥ A Ni @d%y Ni/Ti olF

- 449 -



g AMEERE We A71H FAC-V)E vlus
Rt

2.4 3 o

B odqpoa o]&® AHL "]H3o] 1~202cn
2l n-type #o]3 9o 4 AAste PyPom 10
me Si0:2 ARA ¥ A<seE(LPCVD) W
Hdoz thaA AEETL 160m HZAARAL ©o)F A
A Nz 2R o)eFYAA L AX PMOSFETE
Azstdh. Vi adjust % o] BeE 15X
10%/cn®s) =929 40keVe AU Z FYsA T,
Ni#t Tig 47 3 AA dgrol=g FAstd
th SADSY S 3§37 g3 HErolz YA F
BF; o] €22 5X10%/cn’s] =229} 35keVe] oL
A2 o] FUAh oA Fuld AUy F&
axg Az 2o wWE AsH EAHL gopr
gttt 1% 12 oo WE Ay PP RAFY,

I N-type (100) Si wafer .I
3

10nm SiO, growth

By dry oxidation
¥

160nm poly-Si depo.
By LPCVD

Ni(20nm) depo.
By E-beam evaporator

NiSi formation
At 400°C 100sec by RTA

N/Ti(20/1.4nm) depo.
By E-beam evaporator

l Remove unreactive Ni & Ti I
BF, ion implantation
SE15 35keV 7%l
¥

Activation anneal
300~800°C 10--600sec

¥

, Analysis _]

az 1. AE Uy EAM=
Fig. 1. Flow chart of experimental

3. g2 2 ax
a9 28 Ni @¥=3 Ni/Ti ©1F%E o] &3y
Arel=E YAANZ HAS9 HAT A =&
ooty 7] Y8l RTA(rapid thermal anneal)® Ztz}
o] exoA dxg 3 Azte] G WAYY W3
ot 29 2a)e ZART AW AQ Atstre] A

A2 g2 A4S g437] 98 A8E U3
249 Tig FA ¥ B geldh, Tig) FHAE
5met 1.4me) ¥ 7tAE vinE A7) 5mE F 7
2/s5q, 14me % 3Q/sq.8 DAY #FAZ 1.4me]
Tig& 3 AAE 47 5m 1Y Adidez 9
A3ro] gro] Ho] ZOENSE B # %tk ol 5
me TiE Z2 AlZFE& A% Tiol #de] 3 X
& Nio] daE &3 Wy HErel=g PA3HA
Z2H& Aog Az a9 20b)e (@) 24

¥ T L] l
(a) Ni/Ti bilayer ;
F - f . - e —0=T =14nm 300°C -
-~ : ~0—T,=1.4nm 400°C :
Cy b | —B—T,=Sum  300°C |
~ . :
< . —®—T,=Sam  400°C |
3 P
% l-:.—.x-:":’:.\./.;\./.
15 L—i. H i i L i L
0 100 200 300 400 500 600
Time ( sec.)
¥ l T
0ok ¥ : C —®— Ni monolayer 300°C |
—&— Ni monolayer 400°C
—‘; —5— NV/Ti bilayer 300°C
N e O NiTibilayer 400°C |
] : o a——-=a
~ . . X :
S : :
'g Py TRY | 4 p
?) i
=
§ 15} .
3
10 1 1 .3 i 1 1
0 100 200 300 400 500 600
Time ( sec.)
a7 2. Agatels ¥4 A AT 2xd
wg A@AFY ¥ (a) o)FHY 4
2 Ti FHd @& 93t (b) ¢d%3
o} 2 (Tr=1.4nm)e] H3}
Fig. 2. The change of the sheet resistance as

a function of silicide formation time
and temperature : (a) variation of the
titanium thickness (b) variation of the
monolayer and bilayer(Tr=1.4nm)

- 450 -



ol =3 Ni

A Tig FAE 14mzZ H L3 NY/TI
SRR gtoltt.

HEANZ A2 HWAG wz
14 &3] B 4 AR o|FHE HEA
—?—EE} ddutel Ae gey e HWAYY
222 el o] 38 9A FUEFLR ALE
€ T1°l Az YA £st4 Nio] A 23 7
U dejalel=g gAsted o HHER FAEH
= Aoz Bt}

3¥ 32 400T 100sece] AAlel= A €A
gE AR F 500CY F& dA48g & AHY Ni
gl (2d 3(a) Ni/Ti o1FHay 3Ny
C-V EAolt, o5 ZA$ Tid FA< 14mo
D}. 23 3@ vd%e £4 EXY Aol Avzd

Co(;‘éﬂ%a*) o] Eoj= Wt 19 3(b)Y

]z‘“«] AEE G #ol F7hsit 4029 ¥4 4
AgE 72 %ﬂ 33 Frtste % MOSFET &
A7t £A4HE ARE 284 29 gdge 2
7] Heg AWE e NiSidez A% FHAg
BF; ol29 #4o=z Hlud £31 AAHA G &
& Holtrt & dA= Aol F7H0R o}
AESFE Nie]l Aset Y2 353 2siete
AL &4AA G #ol ZaFAT AT ojF T
A E 40x ol F& BAMEE ¥ BY 2R
&40 1A 2yt ol 27 FE -"'f-é?— gA
ANzrel X e o oA A48 AgAlels F& A
U BF; o]2¢] tZA A& W2 &4t G @9
Z7FE Holu 40x o449 F& dAHEE AXW
Nizt BF: o]&o] ttdd A=I29 & UAE uwet
HA e 4slere] &48 we dodA H7)
wZolet Azt

I3 4 Ni 999 4 gAg X wWE
C-V w#slolth, ¥4 dXg A2 4022 3o
AN B F£ gRo] 2E7 FIHESEE G, 3o
#Hags B 5 Qo

4.3 8

92y deE e Ni @A Ni/Ti o158
o] &3l NiSiZ ¥Aste] PMOSFETS A zsts
o Tig H§42 o13%e) A% Tie] AW 89

¢ 985 A 2Ed of$ g2 NiSi & ¥4
FFth NiSi Zo] UF gkel AAMHom o] Foix
231 TRHoE YAHo] oo Fo BHE F
£ 48 & A2 FZ NiSi®] degradationo] U

oju Ni} E&E o]29] 43t Wz I Fslod A
714 &AL AsAzo. ¥ Ni “*?—J—}B.i & A
® NiSi9] Z o= g2 AFAel=E (S 36.6nm)

30 T T ~ T

ul ]

N1 monoiayer

Drive In anneal at 500°C
20 T 20sec

—*— 40sec
-~ —— 80sec
R, 15 1
2,
N
© 10 .
5 -
4
30 t t +
(b)
287 NVTi bilayer (T, =1.4nm) h
' Drive in anneal at 500°C
20 —* 10sec
——*— 30sec
: —&— 40sec
o, 15
N
Q

-10 -5 o § 10
Voltage (V)

a2 3 tEA AYE Hel NiSiE FHEAZ
2zte] FEA4 C-V EA (@) Ni &
g2t (b) NY/Ti ©l %% (Tr=1.4nm)

Fig. 3. High-frequency C-V characteristics of
PMOSFET used by NiSi on poly-St :
(a) Ni monolayer (b) Ni/Ti bilayer
(Tri=1.4nm)
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Fig. 4. High-frequency C-V characteristics
of PMOSFET used by Ni monolayer
on poly-Si
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