Journal of the Korean Vacuum Society
Vol. 3, No.1, March 1994, pp.59-64

(AFE=8>

ZIEA Submicron HoFE3E |8t Dielectric Overlayer2|
Passivation § 1}

AERETEE

Feoi gt Az 858t
(19944 19 31 4

The Effects of Dielectric Passivation Overlayers for
Submicron Thin Film Metallizations of ULSI Semiconductor Devices

D. I. Kim and J. Y. Kim

Department of Electronic Materials Engineering, Kwangwoon University
(Recetved January 31, 1994)

2 Qf — S} civle]~9] A Hste} tjEo] wputuilel %2 0.5um olEtA] FAEHMW
Z3% % submicron =tebE-4sbrL AgE ok MAS R HLEolxjE wlAdAFEE 7MEE
IAFYEE ql8le] electromigrationel] &3k Aghe] 47 WAt whge] ok F4ute Hed
£19) dielectric overlayer+= electromigrationol] t]&t passivation A& ¥.o FAaXA ciujo] A9
JA5FEE G B ATl Ay wpabggatel A dielectric overlayer?] passivation A&
alolr.7] $l8hod oF 3000 A2} Si0, Hed M5 ukS 1000 A S79] Al Al-1%Si, Ag, -12] 2 Cu =pabul A1
Slell Faslo] Si0, Al REwe] {FFol whE uiahulAde) s 9l AIx(e)E FHsd
ubahal Aol Ql7bE HHFUEE 1X10°A/cm?*e} 1 X107 A/em?oldtl. SiO, dielectric overlayer+ Al,
Al-1%Si, Ag, Cu utehuf Aol 4] electromigrationel]l g M Fo} ExE Holn HF4we v 3
A+A170e}. Si0, passivation &3R= Al Ag, Cu ¥t 5 Cu wpehui Aol 743k =z vhelyde). Sio,
dielectric overlayerv} 3 A= 2| ¢t-& 7% Al wppu ) g2o] 713k 71 7o g Jepygton} Si07}
HAY A9 Cu whehulde] o) 713 A epdr)

Abstract — ULSI submicron thin film metallizations of microelectronic devices have continuously
reduced the line width up to less than 0.5 um. Thin film metallizations in a microelectronic circuit
undergo a high current density, which results in a electromigration induced failures seriously. Diele-
ctric overlayers on a thin film conductor increase the lifetime of a microelectronic device showing
passivation effects on the electromigration. In this study, 3000 A SiO, dielectric overlayers were
deposited onto 1000 A Al AI-1%Si, Ag, and Cu thin film metallizations of investigate the dielectric
passivation overlayer effects. Changes of a lifetime and a reliability (o) were measured and compared
with non-passivation metal films. The current densities were 1X10° and 1X 107 A/cm?. SiO, dielect-
ric overlayers showed the passivation effects on the electromigration resulting in the increased
lifetime in all the Al, Ag, and Cu thin film metallizations. While a Al thin film showed the longest
lifetime in the non-passivated Al, Ag, Cu thin films, a Cu thin film showed the longest lifetime
in the SiO, passivated Al, Ag, Cu thin films.

1. M = et 4lel) AiAe g F& HFUEE 23y,
electromigration®} 7 Agg WPAI)= A2
ULSI t]ujo]zell gle] AFe] A&zl ztas FAHE dFA71x g, 2]

59



60 Aoy -

Fada axte] wWAdAse] dubeR de] A
£5o]2)E Al-alloye ¥& A7|IAEE 2 7|93t
Holyt Aty T owjAdEEAMe] dexs dFE
&3l glo] Wol AMEEe{A R glev, Al-alloy
whabn Aol TAFUE7}F Q7bE Aol EAEE
electromigrationel] T3} #j&to] oFsjri= 3o} sl
(3-5].

Ag, Cu, Au %9 ®ijxxl8E 7]&9 Al-alloy®r}:
dubdo g = AVIAELY 9 YL e
Aol gl o} 7istel] &t A& (adhesion force)©]
o¥a}l 1, T AlsHsurface oxidation)el] thih #d}= o]
oFgh ghAlo] it 6-9].

0]% wAABE E3] electromigrationell thiF
grlo] B3] g Aew elAn glew, wEhA
2337 submicron B}E432 $la A7} 318
=3 ot

Ag, Cu, Au = WAzl 8ell4l& barrier metalell
)3 el Fwe] Abshibx] 3 el BEubel] it
A7t o) Fojxa glrH10-12].

£ Ao A 23233 submicron 2hehE
%38 98 ¢ 7F5d 71E9] Al Al-1%SiF Ag,

u 5o uttuj Al A gl dis) Si0, Bl REEE
3 A33}o] electromigrationol] thdt 237t Aol of
ato] ol slaial ot

2.4 #

Al, Ag, Cu uh=hul] 41o]] 41 2] electromigrationell ®i &
SiQ, "¢l ®5 1o passivation A5 A7) 4%
uhabu) A& Si(100) 71k $)oll G4kl FAHE F8he
ok 5000 A¢] Si Abstuhe AR F, JAFHel
olgj¢ Ag Cu Wuhidl 287 &4 Al A%l
100 pm&) Cr metal mask?} E-beam evaporatorg
ol-g-ato] Alatsisict. Al-1%Si wpehuiAde] AH-E 1
um4] MRC 920M sputter ¢] &3k 777} 1000
Ae) H=2 Z%3 o]Fe| RIE(Reactive lon Et-
ching) ¥l ¢]& E-beam lithography &4d& #
ajste] Aztstelch Al Al-1%Si, Ag, Cu 2o}
AE 1000 Ao] .

Al Ag, Cu et o) A&
pmels, Al-1%Si 2tehelde) A% 1um, Helx
800 pmelsich. =g vt A7} probeste] HEA 3,

100 pm, He}= 5000

PAFEsA), A3 A A 135, 1994

7{]1]0i

22]3 current concentrationd Zo17] $18ke] A%
pad B3-& =ZA Azfsielch FR Al F3d
u) A4S Eabe] A E dAsig] o oj4te] ole
utubo A #Ho| 2] | 2]Al# ). Electromigration test
Zof failure uniformity= SEM(Scanning Electron
Microscopy)S %3le] ghalslairt

Al-alloyZ A zbg wbahul A1 o x]e] HE At
st Ao g qlalo] 9y FAlo] A elohtxr| F
B Aol 9len} Ag, Cute EH A4S e & cor-
rosionoll 233 H-S& il 9lo B g o)23 FAYE
M A3dt7] sle] ookt Aol HI9 ARe gt
AF7E X&H o R o] FelA L 9rH10, 12, 14].

Tomomitsu Sataket: Al2] ¥]#3H2.8 uQem) B}
sl 2 ulAE-g zk= NiCr(108 uQcm) H) Aol
Si0, "ol BE o] A 2 ofl= NiCre] 8843}
AR(@)3ke] Al wiide] &gtz He} 2,78
A Hog Al wiile] HuegEc 1 HdrEs
7}4-& B.slg] o, Kazuo Yokoyamat= Al =}l
Aol F7) oF 3000 A2] 43}ukS encapsulation] %)
oz HAed KEulo] z‘sﬂﬂg} 2] ore Al a_}-nl-uHA«]_,]
Paag et oF 38 HFew Frhrh vhebd
B wshelei12, 15].
3} E. Hall-& Ta-Au-Ta v 41l sputter & ©]-8-%

]

Ln

Si0, Ml Huuhg FaEgro 24 wiale] Hprgo)
of 38u) F7te-E wEsIAC{16].
wlela], ¥ odtell 4= magnetron sputtere} E-

beam evaporatorg ©]83sle] 7]E2] Him A ul4iA)
=9l Al Al-1%Si #9F oluzl, Ag, Cu $9] whetuj
A& Al AHgE §, 7+ ubaba A o)l RF sputter& o] §-3o]
ok 300049 Si0, Mol mEue FAsldon Al
Al-1%Si, Ag, Cu vtehij e 73L& x 7t F2 Al
oA, 10* A/em?*7bR| 9] e R Fulrr) 17k AP
o] HFA 3= lattice diffusiong & Al &}=, grain boun-
dary diffusionel] ¢]&}e] WAs}= electromigration
S A7) fsted 7 whahuAde] 1X10° A/em?,
1X10" A/em®e) xAFLEE LA3HA lrleksich

upabel Ao} A|7del] up2 g} WS HAshe, 3
22| 271" sNuHopen) o2 <late] Aete] FAI
718 Hole A7l ¢ (time-to-failure) 2 2 H-€] 3
a1, ta=exp(n )& F3+ch

EF, Si0, Hd BEere] f-Fel oE wide ¢
HH3 g AI-1%Si ehl el A 7l 22 73(90~



Z3.34 Submicron ¥4 5+2 918 Dielectric Overlayer®] Passivation &3}

bC TEST HOT -7

CONSTANT i ' { %:
CURRENT STRUCTURE| STAGE RECORDER ter
SOURCK

PROBE STATION
[ I I

38| 1. Electromigration test% ¢t &x7]7) Lrg

150C )9} W s}ol] u}2 AF52m o) Ms}s Zxdsbolc

g 12 ubehel Aol el electromigration testS
A& A7) FrEolch HHFU g Keithley
228A% o|&3lgdom, 719 X & hot stage®} K-
type®] thermocoupled o]-2-8}3ic},

Eleciromigration test ol whubufalol 2] uradgh
hillock 2} voidi= SEM#} 3}a}s}ain]7-9 o] &80
FHakslo o).

-~

3. &zt 3 uF

E-beam evaporator& o]§-sto] alztgl 7+ Al Ag,
Cu whapsl Aol 1X10° A/em?e] A& G alz}at

?*54, uhebu] A 2) top layerol] SiQ, ¥ HEwhe
AT olF, FF IX10°A/cm?e] AFUEE g
7}l 73'?*01] °*-°1L” Wl Aol ok 7 gk .Lf-g
a8 2 (@), (), © epd) i

1& Si(); Aol w& garme) WalE vehy
7o)}, ol uf A}g 9 Alge] e bz 67)o)9dch

Si0; dielectric overlayer+ Al, Ag, Cu wupehel 41
o4 electromigrationel gt ¥ Euk F3HE o)
B B gaka) o)

SiOy3o]l HAs A ek Aol Al whetul
Ao Higae] oF 139417 e 8 1 A vjebt
ot zb vl Aol Si0, "ol Raute] Y A
Felli= Cu b ale) sgiprgo) 54647k 7}
dglern], Cu wiilel] Si0, Hd BIvHe Ao
24 wi4e] fomo] Zr1g-e- . M. Poate, [
ol eJste] ®a® b 9lc17, 18]

AR 12 AREE J=1X10°A/cm’e) AHUES
°F 10047k Q17Fg o) Adte] wkAlgh Cu uhu}

EE Fab patEn) 48 o) 4-sle] sk el

Cu »iahul Aol A Si0, dielectric overlayer®] ®.3
% &Z#r} 7 2 e electromigrationsl] tEh

o3

03‘«

. Asano

61
1000
B S10; pessivation
O nonpessivation
§ " ]
=
10
1 10 100
failure p %)
1000
® Si0y passivation
0O nonpassivation
N /
£
i 100
“ _B//D/D
1 10 100
ve failure p ™)
1000

®8iC; passivation
D nonpassivation

100 & 8

lifetime [ hrs ]

10

1 10 100
cumulative faihure percent (%)

28] 2. Si0, Hel 239k #Ado] wlE AL Ag, Cu 4

ahall Aol 9] lifetimeo] )&t Agturagel =
#HE (J=1X10" A/cm?). (a) Al (b) Ag, (©) Cu.

A AT Cu wiete] iz Zo)] wpx)s]o] Abala
Hell gk A4 S i ez AgEc
A}- ] é

2w Si0; 4l X3vte] gAH=A e Ag,
Cu wpehuh 4ol 1X10° A/em?e) JW‘%! L N
Aol w3 hillocks SEMO.2 3aah 7o)ch.

Ab4l 38 Ag, Cu whabujaie) top 1ayer°ﬂ RF sput-
ter-& o]-&3}e] 2F 3000 A 49 Si0, layer& 3 A%t
ol o 1X10°A/em*e] HFUEE <l7kah ububujA

ol A g hillock-s SEMog @b 7Zio]t}h

Journal of the Korean Vacuum Society Vol. 3, No. 1, 1994



o
2
e

62

H 1. Si0, passivation 3Ade) W HF
J=1x10° A/cm?)

Fege) st

Non-passivation Si0, passivation

Lifetime Reliability Lifetime Reliability
(hrs) (o) (hrs) (o)
Al 139 0.46 170 0.40
Ag 18 0.28 309 0.50
Cu 114 0.23 546 0.08

AREL 1. Cu i x19] i Aks}e]| w& corrosion area (/=
1X105A/em?) §-3}338F8w} 7 (X 500).

AHAL 28k 304 Si0, <l R.E7hE Ag Cu et
W“$Mlﬁ”%%%JMWWJ%%$ﬂ%ﬂ%€
o 7 glow, whehul A o] Hiae YRR 1

Cu vhtul 9] A9 Si0, Hed B39l 23k hxl-
lock density 747} 7} @A)EA Vet om #Hw
4 =g 71 24 #A4E%ck Tomomitsu Sa-
taket= Al ulutupade] Ao glojM: Si0, Aol

Hgal 3HAdel] 29s}e] hlllock-\—} whisker2] wFAfo]

Weol st o 2 Axe] o] FA4EHE HonE
iti12].
28 3& Al-1%Si alloy w)def 2J=gF 1X107 A/

cm?e] AFUEZE oly)sle S 7wt exE W
Al 752} S0, A Ravte) ffo wE Fl
Hah AL e rAage) Mg Jehd ojrh

23 3ol A Al-1%Si WA12] 7] He =7} 90T o

F=AFea=, 34 413, 1994

Y
23
o

AREl 2. Ag, Cu ubhulj Aol 4 9] & Z(hillocks) (J=1X
10% A/cm?). (a) Ag, (b) Cu.

A 115C, 130T 7hA] Z71& A%, B@$ee 471
A|17ZE 148417F 011417 8.2 7FAgto] vlelydel.

28 ()= 7127 150C o o AFUE J=1
X107 Afem? Z7 4 oF 3000A F72] SiO,
B5urs A Al-1%Si whdel e A el Hdd
Hatel & Al-1%Si whetejAlel g Wets
Bolx 9k

Si0; dd BEate] HAdx|A] k2 uiuhujile]
TFFHMTF)2 <F 0.114%ko)gl o}, Si0, A X
Tute] A%l uluhae 68647102 R
MTF)®] 715 ¥k

Si0, gl ¥Eule] A E

el



2438

Z1%% Submicron a3

(a)
AREL 3. SiO, el B3ut #HAE Ag, Cu 2buhul 4ol 4
$
100
& Temp N
O T
a 1o 13
10
£ ;
T / 0
e

0.1 .
1 10

cumulative failure percent (%)
3 3. A-1%Si stetel o] eel] ik A e %
130C), (b) S0, dAut & Ade] wkg Hakr]H

100

48 F. D'heurle, A. Ganglee 5o 2]sjAx ojn]
gl vl gloew 2 o] f+ Al-1%Si bt 412 ele-
4l stressmigration ¥Ale] 23}

e g »agEy 913, 19].

ctromigration ¥4}

Hojx|7] wel

4. 4 B2
Al, Al-1%Si, Ag, Cu et 4loll 4] SiO, dielectric
overlayer-= electromigrationell tH¥ 84S ol

PE5E AR

2% Dielectric Overlayer®] Passivation &3}

63

(b)
9] g E(hillock) (J=1X10%A/cm?). (a) Ag, (b) Cu.

100
® SiO; passivation
O non passivation
10 -
)
s
£
=
0.1 E/G/EE
0.01

1 10
cumulative fallure percent (%)
k14 é‘ir (J=1X107 A/em?). (a) 719b2- 5 7712} wsH90, 115,
150C ).

100

SiO, passivation E¥= Cu wiebuj Aol 713
274 vebgrl SiO, dielectric overlayer?} 341 =) %]
B 75 Al wpuhuldle] pe] sk 7 Reow "]r
et ot Si0 7 fAd%l 94 Cu whdufale] 4

ol 7 #HA ekt

BT 1993% g
ohol] 2]ato] o] Fof

shod A w) (kA
ofeff ZFAR=Iu )

zi 0
A

Journal of the Korean Vacuum Society Vol 3, No. 1, 1994



64

10.

A -

FHoEs

. Yoshinobu Arita, Tungsten and other refractory

metals for VLSI/ULSI application V, edited by S.
Simon Wong., Mat. Res. Soc., pp. 335-344 (1990).

. A. Isobe, M. Sakamoto, Increase in EM resisrance

by planarizing dielectric film over Al wiring, IEEE-
VMIC, pp. 161-167 (1989).

. Janet M. Towner, Electromigration induced short

circuit failure, IEEE Reliability Physics Symposium,
pp. 81-86 (1985).

. Harry A. Schafft, Tammy C. Grant, Electromigra-

tion and the current density dependence, IEEE Re-
liability Physics Symposium, pp. 93-99 (1985).

. I. Ames, Reduction of electromigration in Al film

by Cu doping, IBM ] Res. Dev. 14, 461 (1970).

. Y. Ushiku, H. Ono, Planrized silver interconnect

technology with a Ti self-passivation technique for
deep sub-micron ULSIs, Symposium on VLSI tech-
nology, KYTO, pp. 121-122 (1993).

. R. E. Hummel, Activation energy for EM in thin

Ag, Au films, Thin Solid Film, 25, 335 (1975).

. R. E. Hummel, On the direction of EM in thin Ag,

Au, Cu films, Appl. Phys. Lett. 18, 3733 (1971).

. Birendra N. Agarwala, Electromigration failure in

Au thin film conductors IEEE Reliability Physics
Symposium, pp. 107-112 (1975).

Tetsuya Homma, Yukinobu Murao, A new interla-
yer dielectric film formation technology using room
temperature flow CVD, IEEE-VMIC, pp. 71-77

A==, A34A 215, 1994

k!

11

12.

13.

14.

15.

16.

17.

18.

19.

(1993).

H. H. Hoang, R. A. Coy, Barrier metal effects on
EM of layered Al metallization, IEEE-VMIC, pp.
133-141 (1990).

Tomomitsu satake, Kazuo Yokoyama, Electromigra-
tion failure in NiCr thin film stripes, Appl Phys.
Lett. 23, 9 (1973).

M. Hassel Shearer, F. Quadri, Reliability analysis
of several conductor at high current density for
use in bubble memories, IEEE Reliability Physics
Symposium, pp. 95-100 (1980).

ol &, He]& A& FA74, thedAl Chap. 4,
p. 419 (1990).

Tomomitsu Satake, Kazuo Yokoyama, Electromig-
ration in Al film stripes coated with Anodic Al
oxide films, jap. J. Appl. Phys. 12, 518 (1973).

E. Hall, E. Philofsky, A. Gonzales, Electromigration
of Al-2% Cu thin film, [ Electron. Mater. 2, 333
(1972).

J. M. Poate, K. N. U, J. W. Mayer, Thin film-inter-
diffusion and reaction. A wiely-interscience publi-
cation, pp. 292-293 (1978).

H. K. Kang, 1. Asano, Grain structure and electro-
migration properties of CVD Cu metallization,
IEEE-VMIC, pp. 223-229 (1993).

F. D'Heurle, A. Ganglee, V. Ranieri, Thin film inte-
rdiffusion and reaction, Chap. 8, p. 292, edited by
J. M. Poate, K. N. Tu, J. W. Mayer, A wiley-inters-
cience publication (1978).



