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on Gate Oxide Characteristics
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Abstract

Tungsten silicide(WSix) films formed by WE, and SiH, gases have problems such as peeling of the films
and degradation of gate oxide, We have investigated the gate oxide integrity (GO with the W-polycide gate
formed by W, and SiHLCL gases.  As a results, W-polveide gate formed by Sil1LCl, gases showed more
improved characteristics such as the lower fluorine effects on gate oxide integnty, the lower cheet resistiances,
the Targer 'T,,/Qp, values under constant current stress test (CCSTH than SiH, gases.  Bul breakdown charac-
teristics with variations of source gases and poly-Si thickness not showed apparent differences,

Key Words(ZRE0{) : GOl(gate oxide integrity), MS(monosilane . WF¢-SiH,), DCS(dichiorosilane | WFg-
SiH,Cl,), CCST(constant current stress test), Ty.(time-to-breakdown), Qu(charge-to-

breakdown )
A AP E AdolA mEA A4St AWEALS f
.M B Aah7] o1 9P A 1E "Pﬁ}”‘/q'@ﬂ Al /At
ol HEyx F F Aol =(polycide) 7} 71 3l
Axke) HAEE ULSI §o& F7igol we A AR oz AAEHATE AR B Fejajo)
ZL Folxlm Mo Aol WS ZHojd mjAdxge = %‘13011 st ArARE FEE BE A Ak
Z7rebA =Hdet. webx] Fejel AelE As3AER atof] 7ha 2 AL T TR R4E 2EHA)
AREEE A A& (poly-Si)& deep Alxwho] a0 gatelgtn Basn gk B9 3
ag godd ageMe Hed F vy AAAT & A F7rAe) FEAR] AFANE EH AP it
(delay time)< 7HA™", & Bjol A 2{Q) U3H+4t AN Z A (hot electron reliability) 717, da&%
2 Q3% d pMOSFETe A = & xx22 Abstatel Al A BT gAYe) T FAHS &
{punchthrough) e} #& 2ol WA, A B0 EAte] ofg AlolE Abstelr A9 F
ole] djAPEere R Aol 22 WA FHAR 7, BEAS 9 EYE (flantband) Whel W3
Agatolrn g AREEHA HA T Ale| E Absirt/ v F i) TDDB(time dependent dielectric
breakdown) 549 dslel &2 FAHAH FHHo
* ol Boehal W 7)Y bkt Al %Xﬂif}q" defA Autt 7 ole}h o) B
Ayt @ehnt AEW shEel 72, H& 0 0693- d Zejajoln ASE HE3HE o ANELS =
1691260, Fax @ 0693-469-1260 E-mail HAatedl B2 ool Ui, AR FHML &
svi@ daebuldaebulackr) Alwrage] ojxjzb @l wels g AglAtelm
R -SAS= - O R PR FRANM B 9FE Farde FFoE A7}
1999 29 19 4 19999 49 284 4lAbekg dazieh, cdutzgoz Bl AgAlolmo] FAL

394



WF¢2 SiH, 7}=2of gdwtgol 93] o] Fojx)m g
o} o] WMo R HAE wute Ha4 gHfao] @
i, B wE AEHA WE AF
(step coverage), ~E# 29 F2A% wzz <lg
(contact) A FAHolAM LDAe= mAg E
(mlcrocrack) -2 2 Q&) ULSI 80 $#AE
AU e ¥ waA SiH, (mono-silane :
MS) 7h=9] geibel ofgl gawl Aualels F
(o3l H-Elw MS AgAtol=gln &ol halE3
© 2 SiH,Cl, (dichloro-silane : DCS) 7}2:9] iﬁ-
AT A (ol3HEE = DCS HelAlol=gtz gol M
A GdE A uesE Ao EJ_E]‘;IE}‘O
WoR QMM E MS B GHL 1gslr] ¢
3l DCS HaAlels T og HAHE wid Ae
rtojzo]l EA ek AEH A 2 2F AR B
AANAH B $E R vk Qe 1y oA
g A& FAUEe i AojE sziute 54
off thafrl= ¥ e gt
Al B =F oA WSix F3A] 4] #
ol 2 GOl(gate oxide integrity) £4¢
3HE SF3] Y8 MS AelA) S (WEF-SiH,) 9
DCS AgAbe] = (WF-SiH,Cl,) ¥ 27Fx] &4

)
X
o
X

BE AbgsiRict. 53] "l dejrpel= B e
BA4vF Atstebe 2 Sabglel uheb viERLRE e
-3 4’7‘}‘6}7] 18] SFArE AR Ae]E e 5%—’/‘1]
Hslel] wiE Aolx *Ji}”#% A g wiA g

gt Azbe} NS dobry] gEf FHiAR 4Hd]°1
:pr AR A7 FRIAIY = AXME ~EY A (con-

stant current stress test . CCST)ol 2 &
time-to-breakdown (Typ) 2+ charge-to-break-
down (Qpy) 4. AlelE 4bstebe} Byjo]ziu)y
qe G 1EEA L}

2. 4 #

Hoeded 488 8 Aol (100), A&
°] 8~10 £ - cm <! 6312 p¥ Si Aol A3}
Wk wA A5 EMA Alge] 519 2 o
2 o1H e A 8 27 AHE 5 Qi
gzoA 900 zAAtstel el T4 T5A9 Ao

E Atstebg QA zivg. ohgeg LPCVD(low
pressure chemical vapor deposition) Aol 4
6209 X2 1200A, 1500A. 1800A 0% A&
Hsplit)atd chayg He)E& FAsHACE 742y

2B TS 2= AlEEL2 cold wall LPCVD
Hl2- 2ol A MS Hzjrtol =(WF-SiH,) 9 DCS 4

395

WA AR B8 8] =2 Vol 12, No 5, May 1999,

Aol = (WF-SiH,Cly) &4 o8] 577t z}z}
150049 €l Aejrlolmg et ol
MS AelAtelr: FHe] Za2wi= 460C, DCS Al

YApole o) Faemi= 550 oL}, o)Aty
ol A ztel whuke GOI £4-8 243817 ¢t
EoupaaE o) 8t tidy A A%y
200 pm x 20() #me] vy &4 m] 1S A8 5
EejAlel =& 900TA 308 &9 N, E¢7]0A
o]l &l g JF— GOI HAEZE A3 aru ay 1e

il Py 8 =1
FYTME

K9k Aot}

3. &E dn % g

3.1 HOlE +t38t SH(Tox) 2] Big}

9 2w oA AeEe] 4 % WSix £
o] W& Aol Abglute] HA4(Tox) & C V 5=
g o] &t Aake Aol 1y 2004 Bi= wis}
¢Fe] MS(mono-silane, SiH,): WSl g &%
A5 d4dA deEe A7 1200A, 15004,
1800A 22 F74ge] wel Toxiz 92.7A. 90.24,
88.8A o tasgdu. o9 mazbH
DCS(dichlorv-silane, SiH,Cl,) & WSixg <3+
gt Aok vhaA A& FACE Frhghol e}

&} Hol- )

B

\(

=)



SiH % SIHCL 7h2ol o8] ¥48 HAd Eatojs HFo] AoE dstete] B4 ne g e, TR el

©O
s

= MS-460C e DCS-5507]

© w
(=] N

Oxide Thickness [A}
@
[+-3

86
84
82 t .
1200 1500 1800
Poly-Si Thickness {A}
a8 2. EA AT FANE g Aole A

shete] %A

. Electrical thickness of the gate
oxides as a function of polysilicon
thickness.

Toxi 87.5A, 85.1A, 84.0A2 2 ZF2atgrt o
stge) vidy HFe FAZ FAEFE Eao
o} Alo1E Abstet FAle) F7HE( Tox)ol A v
Bhtet. o= WSix & 4 Foll &2 spadl
WFeell o8 £247F WSixZ Well S48t 3%
AFHoR Qs AlolE Ashet YR #iFate §i-0
A& #1, Si-F 2% AT old Af=
A A2 S 7% R vhEAY Ao Bwyat
o el Si0, $& WEel AelE Ui A
AAI7ISL FAE F7HAI71E Wright 5179 Abs}
237 2R Avd 0 oA 29
FAZE FAEFE Bt AR AYEd AeoE
e ARl =277t o ol Badl A% 9
gol gastel o e T F748 B RoE 9
%% 4 vk E£§ DCS AelAol= $3o] MS 4
gatels ARG ¢ AL FAFHE B AeR
Hot DCS AgAtel= o) Toxoll thit 49 9
ol of 238 ¢4 Ut Bid dpel] A L
b2 MSE ARER A4 WSixTels & 107
#/em® olde &7t Ao, DCSE ¥
WSixZelli= o 10" #/em® M9 Bart i
A o« ¥ mebd DCS dejAtol= 44
B Bxol 9@ Aoe Asiute FA FrhEol
MS dzjAtol= g9 et o 42 AL w2
DCS Aertel=et o] B4 dido] MS AejAt
ol=ut o) BAFRT M4 of I7] gEoin o
M F5 EEA ke gAY dTs Fuet

3%

®
v

[=MS-460'C = DCS-550]

-~
w o

o
w

[»]
+

Sheet Resistance [ohm/square]
-

w
w

1200 1500 1800

Poly-Si Thickness [A]

17 3. 2R AYE S gE AolE A
Zeo) WA
Sheet resistance of the gate elec-
trodes as a function of polysilicon
thickness.

Fig. 3.

Aol gt 2 JFsE B9 4= DCS A
elAtel= EAo] MS dgAtel=9] Asxh of 2
& Aot oAy Hej&e] FA%E Al MS
Aol =9} JAle|E Afstute] DCS AejAlel=g
ARG B2l g A oF 5A FE W 4%
< ¢ 7 A

3.2 AA3 (Sheet Resistance)?l A3}

2% 3& MS % DCS Aajrtels 49 3$ o
A4 A2 ¥ & WA (Rs)Y HEHE
bl Zlolck, MS AElAlel=e] A AR dE
o] %77} 1200A, 1500A, 1800A & o} Rs #ko)
22k 7.2, 7.4. 7.7 2/a ollen DCS Agrloe]
volME= 2zt 5.8, 6.2, 6.2 /09 4338 Rs 7
< Yedidnh =% DCS Aertol=rt MS Ag
Aol Het o] e HAggRS Jehidow, MS
¢ DCS delrtol=9 Rs 39l 2H(ARs)= oF 1.2
~ 1.5 2/0 o]}k, MS FHAMH= FZLE7)
460CE ol EobMF 270 H|AA AefE &)
33 glem, DCS AEAlelzoA= 550C ¥l
A w8 FHATA FA4o] Fex|r] wFEo Ft
g3 £33 T2 AAFe] FAld EAsta Ut
W webA 900 oA 308 T HAIE & oy
Yol 2j3) MS dgArtel= Hhis DCS A Artel=
ol o et AWY T2E 2y QEoz Yte
o =g udg A2y FA) $AEFE Rs @
o] &zt Frhshe A o WSix F7E 1500



Ao® B27) wigo] g@H M FrAuste
Rs kel F7bo) & 93E vl 2w Q) getvg
1= obd g o & ok
3.3 CCST(constant current stress test) S44
Pt Sejatol= HolE Absbete) NS 2A}
st7] #1& 200 #m x 200 gm<l #El] -100

mA/cm?2] ZHAF ~E#dA(constant current

- - «
O 1200A]
[J 15004 4
wq O 1800A1]

L]
99 89.999.999.999

i
30 50 70 80

00t.01 1 ! 10

Probability (%)

F4E AolE 43
2o Ty, 54

Fig. 4(a). Time to breakdown characteris-
tics of the gate oxides with MS-
silicide.

g 5
2
o :
- 3
O 1200A ]
03 1s00a|3
50 { H : A \BonA'i
obd i gamg] Pdd i
001 OV 1 i 10 30 %0 70 K 99 99 994 999 999
Probability (%)

32 4(b). DCS HEArlol=g A Aol 413
2o Typ B4
4(b). Time to breakdown characteris-

tics of the gate oxides with
DCS-silicide.

Fig.

397

AN A 2 A 583 =82 Vol 12, No. 5, May 199,

stress)& QI7lste] Byo)anl e A7g =2X4sg
. Tgp(Time-to-breakdown)& AHlo)E A<gte
hat2w AHRPRFE A 48" AINE ooy,
Qup(Charge-to-breakdown)& Qup = J - Typoll
s AstAT. A7IH J+ AFUE[A/cmTE
vepdich 19 49 (a)9h (b)) 7hh MS 2 DOS
HejAtel o] Hejo]sighgo] Yolid mimpx|el A7)
(Typ) € cumulative 28 Z 2 Yl Rolr} 79

:
g
c o

1 O 12008

[ 1500a

4 O 180DA

001.01 1 ' 10 30 50 70 90 89 9;.999999999
Praobabitity

J8 5(a). MS Agjate]l=g HAg AolE 43l
oo} Qup B4,

Fig. 5(a). Charge to breakdown character-
istics of the gate oxides with
MS-silicide.

%
]
&

1 ! 10

30 50 /0 g0
Probability

99 99 019.999.999

8 5(b). DCS Aertol=& A3t
[1}‘9’] QBD ,';5'./\0.
Charge to breakdown character-

istics of the gate oxides with
DCS-silicide.

Aol & 2bst

Fig. 5(b).



Sit, 9 SIHCL 7hzel od) B8 W2g Feirtole dFol Aok Agate] S4o vjze G Mg R, Aol

42] (a)oll A ®i= ule} o] MS Aelatel=]l B
Ay A2 FAN FAEFE Typdkol U
EoldL ¢ 47} k. Cumulative 50%9M &
AR Ae]&e] T 1200A, 1500A. 1800A2
& A8l whal Typ7b Zh2 71, 76, 84 sec ©l
. oly thAA AeEe A FALFE Aol
E Atztato) B4 9 gake g W] dFoltt. DCS

Perceont (%)

Voits

(a) 1200 A

Sercent (%)

Percent (%)

Voits

(c) 1800 A

T2l 6. MS HEAol= g HAg AlolE Az
Heolaul® M<te] pass rate.

Fig. 6. Pass rate of breakdown voltage of
the gate oxides with MS-silicide.

degatol=e] F4<l 28 49 (b)lA = Cumula-
tive 50%1 A1 9] Typ7b 2442t 181, 144, 189 sec ©}
At

19 59 (a)9 (b)¥ charge-to-break-
down(Qpp)¥ cumulative 2ZPZE vIeld Ao
b MS Ad@Atel=e A$ FdA He2e FA7L
#7}5tel wak Qe Z42 6.3, 7.8, 8.0 C/em’

e S S e S R
18 b poly1280A-1st
poly1280A.2nd

nr

Parcent {%A)

0 T T T 7 T

s polylbhid-1st

40[ poty1$88A-2nd
g8 =
el 1 i
R 4
S 2 4
©
o 15 4

10+ 4

sk -

9 ﬂ-ﬂ 0 = 1

o 1 2 3 4 85 & 1T & % 10
Volts

(b) 1500 A

B Ppoly1S00A-1st

Percent (%)

(¢) 1800 A

T8 7. DCS AgAtel=g HAT AolE AHEe
Beelacky Hete pass rate.

Fig. 7. Pass rate of breakdown voltage of
the gate oxides with DCS-silicide.



o)™, DCS AgAle|=diME 242t 17.0. 14.5,
19.4 C/cm®® Qpp #& ‘iepdigich #wtHog
2 E vEA Ael@ T4 DCS *JEVPOI':ﬂ
MS Aejrtel=ne} Typ/Qupdt t°1 qy 2

A vt ey EA delE FAC 1500A
# 1800A %1 DCS Ae|rtolvol A= initial faile]
747} 27%, 23% AXEEZ MS Hgrtel=nt} 3
% 5L JERIIL

3.4 Hyolacky M #
GOT 543718 93 5+ ¥x H%’(sweeping)
Al -100 pASY AFAA neolacty =t 7
MV/cm 01”"] A& p ss%l Ro g Holste] pass
H sited] & WEERE kst 19 63 7o) 1}
ERU AT LVQ 4 A& 4 “r”‘“ 9 WSix F 3y
of whe} Tox7} 2t7] th27] wfFel pass9 71&o]
Hi= HeflolAahg M2 5.9 ~ 6.5 Vel ¥l 3
Fatavh 23 63 7oA Wi uhe} e} MS 4z
Atolmel DCS Algjrtels Wi vhdA Hede F
7 #3lol] whE pass rate?] R FFAHLS 2o
v, initial failel oba @Wol pass rateis Hushd
e 30% 5 94 EUct F, DCS HeElAlel=g
427 MS delatol=ro} Heolavky BAe] o
"ojxjqy= qlot AHA Sulelx Ay dejE
Aol g9l A9l Hls=gt 5A4& Bolug ULSI &z}
21t AlolE W Q8 E2A e FEg 48 b
PARUIEI o= °ﬂ -3r 4= Qv

mIo il

O

e
i
B
2

i

she v
Fol walo) W Ao Aba
Aejatels 340] DCSS 7
yegol ofs oF 5A 1 4FEE

3 e},

N

o n2

o

Oomi"—m

1s)

._‘
il
I 71—4—7-‘
I A i
—(:—‘_1,-1 o
mﬁr_r_i,m
8B ol
_°

L 12 Jo
o
[
-
= 10

inl
-

o 0

2)

N

ok
+
-}

o
1
>
[t
o
2
1o
-
il
2 ¢
ol
N
'."
"u.
i
o

c}

3) DCS HzlAtel= Aol 9] Rs gtol MS 4
Atolz ol Rs grEh of Agton MSe DCS
Mejatel= Rs #498 AHARs)E 2 1.2 ~ 15
2/ o3t

4) AAF 22 A DCS Aejrbol=g ALE
Aol Ab3bute] Ty,/Qup &0l MS H A}
olzo] ALyt WA Zlort initial faild
DCS dejrfol =l 297 o gt

393

A7) A7) 888 =24 Vol 12, No, 5, May 199,

5) GOI 5449 7tel A pass ratew GHAA )&
o] FAIG WSix SFA A2 7p49) %-‘r? MS
E3= DCY)A T3S BA S & F AN
=y
ojatit & AuoA DCS gaw Agjatel= =
S MS "%l dejrtom vto) nla) B4 ko]
wong@ AlolE Abghat @ izlel A o) Aty
£ o 4 2sien DCS 4ol 23 HA49 & ~H

Aejatolr 2 ULSI 2xE 3k AloJE 3 )
E2A FES A& 754 BAY. @8 DCS
FAo] MS H2d @4*?01 —o SHE Hebahe

EAME Hol7i= A9 DCS &&o] Eldst gl o
2 ARl A7) HeiAE B4 b9 wol e A
2/ 2R(SYW) vl gol me & 5yl =
A wbakbe] uniformityol] #3F A Fol Ao
oF & Zlojul,

o gs
“Effect

delay  of

1. K. C. Saraswat and . Mochammadi,

of Interconnection scaling in time
VLSI circuits”, IEEE
Devices, Vol BED-29, pp. 645-650,
20 ). Zhu, ROOA. Martin and ] Y.
“Punchthrough current  tor
MOSE
Electren

Flectron
1932,

Chen,

Trans.

submicrometer
[T s in CMOS VLSI", IEEE Trans.

Devices, Vol FED 35, No. 2, pp.

145-151, 1988,
3. ). K E Baglin, v, M. Heurle and C. S,
Petersen, “Interface effects in the formation

oxide on metal silicide layers over
Vol b4,

of silicon

silicon substrates”™, . Appl. Phys.,
No. 4, po 1849, 1983,

4. P, 1. Wnght, M. Wong and K. C.
“The offect of fluorine on gatc
propertics”, in TEDM

1-577, 1987,

Sarasat,
diclectric
Ing.,

Tech, Dec.. pp.

5. Y Shwva, S, Kawamura, [ Kobayashi, M.
Maeda and K. Yanagida, “Fffect of fluorine
in chermical vapor deposited tungsten silicide
film on clectrical breakdown of S0, film”,
J. Appl. Phys,, Vol 61, Nao, 11, p. 1, 1987,

6. V. Jain, D). Pramanik. K. Y. Chang and C.
Hu, “improved submicron CMOS device
performance due to fluorine in CVD tung-
sten silicde”, VILST Tech., Dig., p. 91, 1691,



SiH,% SIHCL 7had o F48 g Zelatole Aso) Aoy b3t

’.

D. L.
bility screens for time dependent dielectric
17th Internatonal
Rehability  Physics Symposium (IRPPS), pp.
1-8, 1979.

Y. Koyama, R.

Crook, “Method of determining relia-

breakdown”, Proc., of

1. Kudo
of tunnel

Inoue, and H.

Shibayama, “Evaluation oxide

with W-polycide electrode employing
SiH.CL/WF."., Mat. Res. Soc. Proc.. ULSI-

VI, pp. 551-556, 1992.

9. R. C. Ellwanger, K. D, Prall, D. R. Malinaric

10,

and R, W. Williams,
properties of WSix gate interconnect struc-
ture deposited via SiH.CL/WF,”, Mat. Res.
Soc, Proc., VLSI-VI, pp. 335-343, 1991.

C. I Lee, H. S, Choi, H. Y. Kwon, C. 1.
Kim and E. G. Chang, "GOI Properties of
W-Polycide Formed by DCS Processing”,

“Film and device

400

11

12,

13.

wo S0 UAE G N EE, BAE, 2017

Proceeding of International Conference on
Properties and Applications of Dielectric
Materials(ICPADM-97), pp. 356-359, 1997,
T. Hara, T. Miyamoto, H. Hagiwara, 5. [
Bromley and W. R, Harshbarger, “Surface
reaction of tungsten silicide deposition
using diclorosilane reduction of tungsten
Mat, Res. Soc. Proc, VI.SI-
V. pp. 399-405, 1990.

P. J. Wright and K, C. Saraswat,
effect

hexafluoride”,

“The

of fluorine in silicon dioxide gate

dielectrics”, IEEE Trans. Electron Devices,
Vol. ED-36, No. 5, pp. 879-889, 1983,

D. L. Brors, J. A. Fair, K. Monnig and K.
C. Saraswat. “l.ow pressurc chemical vapor
deposition of  tungsten silicide”
Semiconductor International”, pp. 82-85.

May, 1984,



