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Abstract— Planarization technology, which is essential to VLSI, has been developed using non-etch back Spin-
On-Glass (SOG). Process factors for 1.5 micron double metal technology are optimized by the statistical design
of experiments. Optimum conditions are found to be a process with twice SOG coating, sufficiently long hot
plate baking at 300C, and furnace curing for 40 minutes below 400T.
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otebA] contact hole(EEx via hole) ol 49} whgh
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Hato 2 Qs HEAFge] $718 $2i7) A3l
2 ATelMe A dPAdAS) 24HE o145}y
SOG 3X-& HA3sted Hr|H EA A5 E A
A7) 3R} bk
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(orthogonal array)g o]4-§ A¥e|dg A&zl
™ metal AF 15 microng! 1.2 micron double
metal CMOS FA Yol H8319c)
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2.1, A|l2H=E

27 5 QA9 (100) silicon wafere] 1.2 micron
double metal CMOS A FollA £ Alglo] P93
A E Al (Fig. D3k o] Asisigc) gt
3}s2 2k A (LPCVD) 2 & BPSG layer® 500 nm
Z 33t Fol, varian 3190 sputterell 4] 7| 600 nm¢]
dFvEE FAslgen, ARG gHer 133
gutab(Metal-1)€ Aosldck. F7hH92E 93
¢} 200 nme] PSG oxide layer& PECVD(Plasma-
enhanced chemical vapor deposition) ¥W4]o® 2
A3l o] SOGE-E spin-coatingdli wlA|ete g
PECVD oxide® %#3tir}. 53 SOG2L =t
e % Ao=a, A4 SOGE Allied Signal
Corp.2] Accuglas P-114A¢]gl o silicate typeo. &
phosphorus”} 4% 3%#% 7Zlolt}. Spin coating2
3000 rpm .2 20& “F3F #3892 single coating?]
7d-5-oll furnace curing¥¢] #H%EF SOG film FA=
Hebgl o)A e 100 nm7t H9 stepo] U F
e olir} F7$ SOG7H A Mg
HAd8l7] A%t SOGS FAE F7HA7)E ASele
e 79 coating® e Pl 2,
oA furnace curing€ "} coating wiwjc} ub
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Table 1. AgAx}le} 7+ qlzle] ¢4,
Qe 45
Azle) & Tl &
1+% | 2% | 3%

COATNO |Coating B |Single |Double |Triple
HOTEMP|Hot plate % [100C 200T 300
BKTIME |Bake A7} 60sec [90sec |120 sec
FUTEMP |Furnance 350C  |400C  [450T

curing +%
H& Aol Metal-1e 4] hillock & AYe Aslm

]

2, B} &9 hot plate bakingTHe HFE-3}gia
u}x) %} coating Fol] -2-9) furnace curingS Tt
%3319t} Hot plate baking 3ol furnaceol| 4] final
curingS AALF-27]eA 3087 23t =7}
dadntel 5745 1000 nm=Z f2138}7] 9)5}ed spin-
coating 3ol wWE SOGY F4 xjo]E mIs}e]
A3t 2] PECVD Atabubg AlSste] 23kx)7
c}.

Via holeg tapered dry etch W o2 A3 Fo)
2249tk (Metal-2) Q) 45P]5-& 1000 nm 23}
3lgic}. Sputter deposition Aol via contact *&+H&-
NAsk7] $18) sputter-etchd oF 40& 3k 3o
455 FNFLH ARA L TS A4 Metal-2
£ A3t} PECVDel 2§t silicon nitride layer

Z passivationd¥ pad® FAsteich AlRlAlzr
Aol A}4-g photomasks mMAlEX e EXS 2

¥+
413t7] 93 test patterng X3 Qlch

2.2, MEMA

AH 32 A71A EAn Axd g F=
Herst FAe] Wg FollM B AFelx FLsckn
WojzlE 7AE AAsdth & SOG coatings]
24, hot plate bake®} &%, bake A7}, 2= fur-
nace curing <% 522, o]5& SOG wu}ute) A
BEN} FRRE, 2e)7 22w Ae] A A
Z2|}7 step coverageo] WE AFE Zo & o
FE A Zlog JdEg. 2 e 35508
WA 7)7] 2 stdon 9o WSS Hel4 COA-
TNO, HOTEMP, BKTIME, FUTEMPZ 77 $]
&t 3(Table Dol A2js]o] Qdcth

Table 1614] 212} *HOTEMP' 7} 25 Fo]2he AL
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Table 2. A9, 7 alxhe) AAEe Table 10]
et oo
AFENZ 7 Qape} AyEE

wafer ¥ 3 | COATNO|HOTEMP| BKTIME | FUTEMP
1 1 1 1 1
2 1 2 9 2
3 1 3 3 3
4 2 1 ) 3
5 2 2 3 1
6 2 3 1 9
7 3 1 3 9
8 3 9 1 3
9 3 3 9 1

‘hot plate FH&%’ & 200CE g on|7}
ek AAke] F7} 40) 3 7} Q) AHE 35Fo| R
EE 7Fed 7%l tiste] Ae x8sfodof g
A¥res 25 3*=8177F "eslAgl asHq 4
A Z e d=q) TFA 7 v F(standard ortho-
gonal array)& o]&3lod A4S 9Nz 9o
3 wjge] (Table 2)ell Yeh} glci8].

Table 2¢] 42, W& 79 wafer= Coatno=3,
Hotemp=1, Bktime=3, Futemp=2¢] 242702
e ik o] 52 SOG+ 3% coating3t3, hot plate
bakes= 100Co|4 120& F<F A3)5b™, furnacedl
A& 450C2 30%7r Aggche o] et 2 A
HAW 3o dlale] 234 2] waferg Algstglon A
714l 54L& waferd ob&F FHlE, electromigration
AL waferd Al Fd g, 222 SEM9] gieigate
waferd ¥ FdlE AdAse] A st

3. AEdEy ¥ o

3.1. SOG ujato| E4

Fig. 2¢] SOG uhtel TA9} 2489 Halg o
Ae] HAel wa), & =X 2%} hot plate bakeZ
1007, 2007T, 300C, 28] furnaceol| ] 450C = z}zt
dxje] & & Fo optical interference Wz =
AE 231 ellipsometer2 FHES 35l =
Al3tgdch. Spin coating 32 SOG #atell: 3
A9 solvent?} 3h3bAl Elvb Algs| A hot plate
bakev} furnace curing& Ax®A] solventr} 4=E-9)
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Fig 2. SOG2] dzele]| w2 A<t FHgo Wl

8t Si-0 Fxe 3R Wevl FH FelAA
Hw Ralx $&5c) webd FA% hot plate bake
222] Frlel] wbe} sfolA|R|ut E3] 4507C o 419] fu-
rnace curingol|4] t& wo) 7+4%g Fig 2004 <
T sich Fig.29] #4d&9] W3l ¢4 SOG e
o] CVD W o2 & PSG oxideo] 48l 7H&
HolF gk @& 2% hot plate bakeZ A+
2489 Wb Al ot 2129 furnaceol A B3]
dxe] g § Fole FHE e 146712 =k

FA 2 gtael ael §uo] a4t Axw 2 kg
stress® 7 Zol™ stresst o] adhesion %
A3} crack FAlol £ 48-E F7] wlFdl furnace
of| A9 oJa] Gxe] 2ol w stressE F# 3l
Fig. 39| EA)8lsich Stresst= dAe]&%7}t 350C
Q7R = Frhstel ot 450CelA1e] 30%-7F d e
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Fig 3. SOG¢] «dAejoll o} & stresse] w3l

b ¥ el SOGo) §H#-% phosphoruszt P-O 232
o] A stress7} FraEv] wWiEom A9l

3.2. WEs 33| 5y

Hersl FHo g FA37] $)sle] 9rA] 9] A
Px7e) dste] H713 B d@Re] AHE
Table 3¢ &3l 7 3= FHAEY] I
#tolth.

Line/space7} Z+7} 1.5 um/1.5 um3l metal-13} me-
tal-27} A8 A wsh= bridge patterng ©]&3}o
metal-2¢] line resistance® 4 &3 slslch Me-
ter-2 Metal-13} F7FHAFo] 3 A3l stepd 7}
=2 Ae] rpr] Wl Wukste] Mz wlel metal
line®] Z3} FA7} W3, o] Aggle) ulejo]
7] wjEell gt} 42 Hr)H o2 step cove-

Foll Zrasldde) ol: Si-0 TRy HA WA raged EAHE + U+ yhYolrk Bridge patterng
mA dxs skl 350C o]l de Si-09] o] &-3le] wiAlel AFEE vleh§F= electromigra-
Table 3. 971712 A¥d =z wiE 2} EXo HH Az
2z} A} F&F Metal line Mean failure Via #}3} Helst e
AN T Resistance [ohm]{ Time [hour] | [10™* ohm] (%]
Coatno | Hotemp | Bktime | Futemp
1 1 1 1 1 1217 1.95 67.0 35
2 1 2 2 2 1282 0.95 70.0 36
3 1 3 3 3 1244 0.72 69.6 42
4 2 1 2 3 1147 1.69 65.5 47
5 2 2 3 1 1196 2.10 613 54
6 2 3 1 2 1158 5.37 65.3 58
7 3 1 3 2 1104 6.03 675 71
8 3 2 1 3 1163 3.64 69.6 64
9 3 3 2 1 1120 8.35 65.7 74
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METAL-1 —h Ib
SUBSTRATE
Planarity = 1- a/b

Fig 4. Wetsies] Heoje} 2 guby].

tion EAE B8t A8E 200CR FA5HA
AHFUE J=2.75X10° Amp/cm?] constant current
Fejds 9o g 50%2 mean-failure-times
st} Via contact resistance= Kelvin pat-
terng o]&-3tgi.om Table 3o Jeht e 32
1.2umX12um =719 ZHeolr}k Metal-2¢] photoli-
thography %2 A& <olrr] 98, metal-19]
step 1ol @A finger 47} 1521 inter-digit pat-
terng ©]43}e] metal-22] 714 short A¥-F 3
Aslod o} B E %o 4] metallic shorty vjelL}x]
ototom, o]& stepe] bottom H-Zoll4 under-etch
¥ stringer @Ate] flsivhs 7& 9vidch
FHA 39 A7d dAd5Ae Faislr] Sk,
=% metal-13} metal-22] spike EAJBE 7A538}7)
$3ted, metal-13} metal-28 H52.2 3= 150 pmX
200 um<] capacitor pattern-g o]8-3te] 100V o]Ak¢]
Ao vleld ot RE AlROA 10pA o4 F

oy o

e

g #AHA sk

mpRjeto 2 FalHaEe] AR 7F AHe] ghHS
#aste] Febsle g ZAsedh Fole 0.75 ume]
o] aspect ratioZ} 053] stepel|Ale] Hekst F=EH
aebe] L percent planarityi= Fig 4o 7 2l=]e]
st

471x) Qxbge] 2o FAE 97ix] dYew
HE] 471219 EXo g ZHAE FAH FAHE
olgated FoqAE A AABIch s i
Q! Rod Hi B (Analysis of Variance)o]
glem(8,10] & EAdel ozt 4k #4E(ANOVA
Table) 7} Table 4oll4] Table 77}xlell Jeht 9lch
o] 2, Table 55 ¥ Coatnozl= ¢1=}7} metal-2¢]
electromigration EAdol] =LA 3¢S v AL
972%2 #EE Hin 2 £ Ucks oujelch
olzgl RAtEAMe] A3E Table 8o H3}ATh
Step coverage?] 7HH A E &l metal-29] line #3
3} planarity coating 342} bake X0} ZA =
25, via HE*3+S coating 352} furnace cu-
ring 2%.2] WH3lo| oz} ZA ¥, electromigra-
tionoll 2]3 failure time- coating 3157, bake &%
22]3 furnace LXE2YE od3g whrh

oldl 7+ FAWTE HIYFg FFOE A9t
SOG Hwt3} 7]«& A3}, 5 metal line 33}
via *13}zke #43}8}3, planarity?} electromigra-
tion? failure time2 HUZ FAld Eshes Wy

Table 4. Metal-29] line resistance EAdol of3t BARME

Source Sum-of-Square AT Mean square F-ratio p-value
COATNO 22032.89 2 11016.44 469.9 0.000
HOTEMP 5222.89 2 2611.44 1114 0.000
Residual 93.78 4 2344
Total 27349.56 8

Table 5. Metal-22] electromigration S4Jeo] 3t FARAFE

Source Sum-of-Square A% Mean square F-ratio p-value
COATNO 35.17 2 17.59 35.0 0.028
HOTEMP 10.19 2 5.09 10.2 0.090
FUTEMP 8.89 2 445 89 0.101
Residual 1.00 2 0.50
Total 55.25 8

F3AFTEEA, A1E A1E, 1992
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Table 6. Via contact resistance EAjo] thgh F-AFRA R

Source Sum-of-Square A5 Mean square F-ratio p-value
COATNO 37.69 2 18.84 311 0.004
FUTEMP 21.73 2 10.86 179 0.010
Residual 243 4 0.61
Total 61.85 8

Table 7. Percent planarity S4Jol] thgh FAMEAME

Source Sum-of-Square A Mean square F-ratio p-value
COATNO 1536.89 2 768.44 61.8 0.001
HOTEMP 93.56 2 46.78 38 0.121
Residual 49.78 4 12.44
Total 1680.23 8

Table 8. AL Mo AHY 7 EAX e F= 80
A2z 90% olAte] Fas
5 4 Faaz 707
Metal-2 =& Coating 3, bake &% &0
Via H&F=3} Coating 34, furnace &%
Planarity Coating 314~ bake 2%
Electro-migration Coating 315, bake &% 501
furnane &%
40- VIA RESISTANCE
[ x 2 mili ohm]
W& ARSTA ek o] Wl BE AAE $EE 3]
Hoks) ol shpe] AR} ofe] 7hx] BAel v A e ———— .
o ko] Aol UFHo]x] &5}7] ujedlo) B trade- 201 LINE RESISTANCE
oft7} o]0} o} Tek. o|F $5ko] Table 324-H (x50 ohm]
7 odse) 4EEE SARES BAE Figsdd O]
Fig. 89 plot 3lsiz}. o
SOG coating 37} Welx|Al =9 Fig 5o+ 1 1 2 3
CQATING NUMBER

0] planarity9} line resistance®} mean-failure-time
(MFT)7} 2% Folalth. a2zl via H&FXI3@L
33] coatingll Ay &7k}, dHbH 22 non-etch
back 7)€l A+ via contact A& SOGY FA7}
AA =9 via poisoning #A wWdll FrlEr] 4
2o, =% SOGE PSG oxide?] etch rate®] xjolz
al3}ed via hole?] profilee] smooth &%) %317 ¥ ]
holeol| 41 2] metal-2 coverage”} #eFd 4= glth. Coa-
ting A7t FHolw webas SOG F7|7F ¢F 200 nm
Arl 7Sl Hrizl FAo] ¥ A¥elM AHEF
etch ¥ metal deposition F37|&3 & 237} 5

Fig 5. SOG coating # ol u}& EAe] w3}

7] W&o 2 Azgict ndztA planarity, metal line
A%}, via contact *&-2 18}8l3L coatingdl] WEE
Av) &g 2#3le] SOG coating B4+ 2371 F
Holele AE-E WA =gl

Hot plate bake &%+ Fig 64]4 2w 300Cd
7} BE SA4E FAss AR vepde) Jey
bake time-& Table 89l 4] 2} Fig. 70| 4] ®-5o] a5
B ¥ 432 3 A i} wEbA hot
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Fig. 7. Hot plate bake A)7bell =& 5Ae| Wzt

plate bake: 300Cellx %3] 3t F= HALE
s}gdr}. tHg-2 2 furnace curing A& F3171 98l
Fig. 8¢ R9 furnace 25+ metal line #3gtdll=

g FE3 A, A 1A A1E, 1992
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Fig. 8. Furnace curing &%) w2 £4e

ES

Fig. 9. #4324 o2 Justgd 4xte] SEM dH=

Table 8ol M3 & J&& FA F&& & + 3
o via &3]3z} MFT$} planarity 54 257}
YR 2& 450TolHe yUmiAls Aoz vephdoh
o] 350C A= curingollAl SOGS topology7}
olu] AAEY =& 2x¢ curing2 FTIR data-t
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244 deledA BEe] SOG film2] internal ¥
At W] B} & JIg Fr] dEoR 4
ztEic) 450C o A= #2722 conversion o2 1%t
H,0u} CO, 728 713)9] outgassing &3 ol 4] metalo]
contamination® 1}, 450C 9] ¥ XA metal-
19] quality7} #Hefsil o] f2 FFo] gt ulely
furnace L%+ 400C o]3tol|4] SOG curingg& %13Y
b= Zo] Frle AES B AYEAEZHH YE #
Atk

olAle] EolE ZE3lslo] W coating e 23,
baket> 300Cel 4] 233 7A17ke g2 AsPsly fur-
nace curinge 400C7} WA @& LX) 4087
Z18)sA == electromigration, step coverage, via
P& T EAo] £ HAE dA € Holrh
o] 27 AHgsled AAR Alzgh Axe] dHEs}
Fig. 9¢ vleht alch

4.4 £

Double metal technologyol412] 7}# F438 EA
E9l step coverage®} via contact *13} 9 electromi-
gration& JRAdshs dlell Al Heist vleg
SOGE o]&sled st o] 7€ T8 F
A 471%], & SOG coating 3157, hot plate bake
2%} |7}, 283 furnace curing %o & o
g ATl ol AEAT dYE o]§3Fe
AgTE IR F94 APt

A el BARNE FEsld FIHFE
E&3lx 21 W49 458 optimization technique-g
o]-&-3te] A 33lodc). Coating A5+ 23], bake:
300Cel A &83] 71 A|7ke.2 #188hy] furnace cur-
ingL 400C7} {2 o XA, 4087 A8gsia
electromigration, step coverage, via resistance 52

I

EAol & AMNE @ € ZHo® wojHr)

£ dFe Hel BE A5l AT g
A Toe &dls BA o S8H08 AgS
P& = gle APdAYEe A3 48 B
F9l.2.9, o]% double metal interconnection tech-
nology-& $13%F SOG Z&7Nwkel] 2g3led 1 B A
£ 2o F9irh
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