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Abstract

Chemical mechanical polishing (CMP) technology for global planarization of multi-level inter—connection
structure has been widely studied for the next generation devices. CMP process has been paid attention
to planarize pre-metal dicectric (PMD), inter-layer dielectric (ILD) interconnections. Especially, shallow
trench isolation (STD) used to CMP process on essential Recently, the direct STI-CMP process without
the conventional complex reverse moat etch process has established by using shary additive with the
high selectivity between SiO; and SisNy films for the purpose of process simplification and in-situ end
pornt detection (EPD). However, STI-CIMP process has various defects such as nitrice residue, tom oxide
and damage of sllioon active region. To solve these problems, in this paper, we studied the plananization
characteristics using a high selectivity slurry (HSS). As our experimental results, it was possible to
achieve a global plananization and STIFCMP process could be dramatically simplified. Also, we estimated
the reliability through the repeated tests with the optimized process conditions in order to identify the
reproducibility of HSS STI-CMP process.

R =
CMP 23& MxA 227 o2 Wd 722 7}
A 9e mAHHE folust B Aol

ol wet ¥ PEss A AR do}, STI F

4, 283 & WM S AHEE7] 43 ug TAH
A glelde oE dATAHLE AEFn U 9
o wel AFele oS 143, 133 A Aoz
s BteA FHel iy B3R Hed 724
CMP 39 BaAo] A3 aF=T Aol
[1). ]88 CMP 34 & deep M Euto]AE 23
2o e TzE 49387 98 IMD, PMD(2],
1D% S5& Hessisd a7z g5 gl
20, £3] STI (shallow trench isolation) &% <
Tyt dexoz HE&53 Y3l CMP F

]

EgF

[o

3]
o)

Aol = Az TP HEH2LEZN A 9
grod dBsgert CMP 34 & 449 A3
2 25 B (nitride residue), ©%J(dishing), 4t3H=He]

=

T & (torn oxide), CMP XA F4 % AAE o]FA
o] &(mobile ions)% 7 Z-& U] WY 5 F

B #o HeFgE A E oA E dsor ©
FAAo] B

ofe]dt FAHE NAs7] HAM # =RdME
CMP 24 %o} wAlsl: 243 33 A4S A3}
2, Aol XA ZAV} in-situE 7SS EE sln

2l Aztepo)] Melzog wEug FAsn Ase
& Aoz Aztsie Fg o] vt
Hagsn FAd HEHE SdHANEL £ e
2A =] &8 (high selectivity slurry ; HSS)[4]

= _4:Ev-—

- 149 -



KIEEME SPRING CONFERENCE 2003

£ Jhgste] uwrebzk dAnp deulE AT A
stglen, ey geE CMP A HE&st

¢

2.4 ¥
HSS STI-CMP 33-& 337 H3llxs Fsg
23 Abslebel Auldgnizt 9% YL Folok
o] dnl § FA AYE] A YA FHE T
ol s} e FAH Fof Ak AX AL in-situ
2 HEY ¢ U F40) 1 vEAE Y 24

01‘3} ¥ AFe o g #F taA dviAlR FEA|

Y WeEe Hrlso M A pe
%Xﬂ@"“ 2% #2 i EE Agsigck & 4
ol 43 33 SA4L& TMAF (tetra methyl
ammonium fluoride), HyOs, KOH, Hy 0% & Ab&3}
o HA AAE ot d¥stHaen, A T
5zt AP (recipe)= DIW @ TMAF,: KOH :
H202 =200:70:8: 18 Azxsld ¢tAE EHE
Aok HSS #7kA W2 ofzf 425 wt%g A
sbstdeon Ase TMAF : 4.2575%, KOH
0.8668~0.9178%, H202 : 01403%§ vebyt, 29
12 ¥ ddoal 2189 STI #¥l 9olse] ==
#4& MFEFHoz vebd Fejr)

P-type epi silicon
Baron doped, <100~
Resistivity = 1 1~15Q.cm

. Nitade 2000 A
$i0, 150 A
Silicon substrate
APCYVD 8000 A —
e [

\-‘-I:’inell oxidation 2}0_/\_—/
W -

STICMP

a9 1. STI 9E glelsd Az #A
Fig. 1. Fabrication sequence of STI ' pattern
sample wafer.

drlgl siEl goivlel ¥ FHE We Pe 4
et AGGE0mx50m), BHE = ’33?‘31‘ A4
(10mx12mm), W& 2E x5 (80um=x250um), 181
Edxd o3 =P STIZ £ 29 F& 2

A (12mx12um)ell A 2b2r S8 Aot CMP dot
Al [PEC Avanti 472 99718 ALg38lg e,
CMP ¥4 ¥ A3 & #3l SC-1 Chemical—»DHF(2
¥)—Rinse—Spin Rinsé Dry(SRD) #3 & 483}
Aok =3, astet 9 dzier FAE A7 98
Nano Metrics M8000X 9} Rudolph Ellipsometer FE
VI A28 ARgatgict

= . = L ]

7Z|Eol e B AYH3DE Ze @U}% e %

W Bof Hgst alvli YE(reverse moat) &

2gg Fitd gl a2y & MY g

izl ML sty HFS HUua RE

& A4% P go] direct STI-CMPE 283
24 339 BEHE o & 9.

2% 28 dut A e 2 ge Ahae 29
A ©atE B4 Aot 2Pl & F X
o] x| A 6027k CMPell o8] Ewe] hxjs}
F43] AAHUL, 60FA 8027A = Bate ®
37t A gle S84 Hesbyh AYHAG 2T
He AogoAe 80 o)FRE, auln §& A9
A E 1002 o] FolAMEE oAl dA7t 284 A
o}& wolm ZrlstgEdl, ol RS MR A A
g oo gk,

8000

NZ‘-‘

S‘i

n?L ok W o%i
lo oX rir mo

—e—l.arge Field Area —=— Dense Field Area

5000 {

4000 ¢

Step Height(A)

2000 L

0 20 40 B0 80 100 120 140
Polish Time(sec)

g 2. @ol Azt we 7 "eE At Ao
Aol @ |
Fig. 2. Analysis of step heights in the each

area as a function of polish time.

CMP % Bersto] 1‘]%3 olF A9 FFE
agsty) H& ﬂﬂ‘— of W dnt AEe &%
% oad 38 A ‘Zh%%l 2o} A4 37tA &

- 150 -



2003 SR BIIM XY R EE FASEU S 2003.5.16-17

ZH9 e 54o & CMP dvt & AAE A Ad 39 A7 AY FLE AvbFAE dehd
o}z A & (removal rate), ¥ %J,&(nonwunlfonmty), o} AMAAE $5EA
A e s (selectivity) & vhro} A4 g Ho)ch, oM 2888 o83 STI-CMPe oA d
Aguls APCVD 4rstete) et A7 g (/R 3R AWY) A8 3R A4 FIeta
Aztete] dobgz UE geolv, dnt AAEL stAch AR Tl 2 FH WFd i A
CMP d¢] $7elA CMP ¥¢ FAE ¥ ¢ o 4ol grEolor gy WA folHz NHHE B
ot Alte g v ez Adstsith A7dA 3 7b87] 918 CMP 2R "‘tsgzs}ﬂ Aol HE g o)
B Heof FHo uet Ao Avpg g Hime) Ao A Hrisna st AN EAe 2Hs I
® Suba IV AEolAE o}F @& AALS Y dAdE FA vl 2FAAM Eda Zolrt 3BO0A
fedl, ole FARe] dul AIZHE 87 & Fojr} ol 8 golHE 632 5 TUsA Antsgch
ICI1000 H=olA Aol AAELE M 2 F& B o] AnlE YojHE olLstd H4F TAHL 235
Aoy, A=yt vlmd wgktk gy JR11ID 9 = A=Aste] CMP 24 439 ¢lvf E4L W7}
2 Aol HdEpE Fodd Ay duig® #oh. CMP ¥49] RE HaEE o] FHYvit) 34
TA Eob v AHHY BFE HERAAT ¥E dolHE 13 Alestgon B Ade a7 Ao
dE Hrke 7% oJHE EF AoHgion, wE g4 AE oy Ny YEHow YT
AYE B8 2 Aol7t flsE ¥ F AU 3 :
st} %‘:]_5]‘?-}'9*] }\‘ﬂgi‘j] %?‘ioﬂ)‘} IR }YS JRI11 ‘i‘l goce D Dense Area . DLarge Area
Suba IVl M 15:12 2 48] @& 28 F AN cs0
ot A%, Suba IVl & AAge] $omz Ay g }
9u)7h 203 SHe s moat R EE A g A
NE ge Aot A7e 278 Ane #e A E | B B
o] £75E @A CMP FANME i BE
e & 4 Atk ' P o | oo |
' 1C1000/1C 1000 1C1000/0R 11
- 10000, ] TIC1600AC1 500 @ICI600/M 111 OIC1000/5uba IV Wafer ID ¢
" R/R [M/min} NU [
¢ e a9 4. HE FhHel W dvtd T4 A3t
P Fig. 4. Polished thickness as a function of different
z pad.
&
2 [ S o |
Satectvity P Wm sa00
Characteristics of Pads %v’““ it M\""/‘\'-H < 1 o0
e _ - g 0 k‘\ 3000
a9 3.4 A= 540 @& CMP | 23 E’m M AT
Flg. 3. CMP polishing result as a function of 1503 ;i : E‘ E[ EI gl 2‘ ]Elgljlgl ]glg]gl{““
characteristics of 3-different pads. 1080 1' 2 s 4 5 . 1 L e 1o
Run Wafer Number '
19 4% 27 [C10003} JRI1L Aol HES AL g I™ 5. F§2 AHAMe 9ol Run Fol A
# 2% Run A 5ol Be FL Y= A9 Y dsterst Ass T 2A
& e AgejMe vt FAE JERE Felth Fig.5. Run wafer number vs. oxide
ICI000 HAE+E 350049 STIE Hubg o, thickness and nitride thickness
JRIIIS  5000A¢ STIE <vte  AFolrh in the dense area.

IC1000/IC1000 s} =9} ICI000/JR111 Sl= 25 A

- 151 -



KIEEME SPRING CONFERENCE 2003

— . | —1 _— [ —}
" pe Sttty woler TS Yoy o n Tek2 [, Tem3 000

4 1500

1800

71 500

Thickness [A)

£
2
£~
z

1] o 500

1 21 1 4000
1 E) 10 145

RunWafer Number

a9 6. 015 Run ol tigh Abs}ete] &
Aot v TUEe] BA

Fig. 6. Run wafer number vs. oxide thickness
and non-uniformity.

3% 5% CMP dvte] w2 T Mg ##E3)
7] 98 A4S Hug, deprt g solH Fo
gk Abstubn daiate] F4 W E UeRd 3o
o} dukzh g ek AHA AL FAL
oFZt FUlste AEES BYL, FHYE U A
e g Jehd o, S8 %2 EF 400A
Wz o} st AoEe AP4E B
ko] Tl A ARG AAEY FFLE @
@gth 22y EPD{end point detection) Al &€&
Heg A%, o deiw e 5S4 Wae o
Pol 2d F glo] Bt 4L T KA} 7 E
Rez Azrdo.

Arglalzl A glut Alelo) & MEHE e
g #shAs 34 FE 4% vy 23 F8
3 adolmz a9 69 Ao £2i8 A
2 gAY Aoz Axg v, 4Y F¢ FYI
W o R wE AYste FriAe AHAYE Boret
grh 97l AbEEE H@EY delse EWRA FHol
7} '3500A Q1 STI = ol 234 49 §¢ §
g 498 B R, dol AZE 6328 224
AHES] TS J-E’?WP‘T S FAsA TPty
P AF gelHs o FHA dFES W)
e dojngld), 3 HAEE £33 & A,
Astet A B39 A5 G2E 30 AF deln g
w3 wad v gs JEhdS 4 UAdTh
HlTUE ERME HAE 30 A4 S5 A
& vehaich

3

i

4.8 &

aAEy gele AUk T8 HAgE gy
+ o]l24 : TMAF : KOH : H202 =200 : 70 : 8 :
1812 Azt g 2478 A "'HE“H]
el & STI-CMP & a4 H&sd dnl 5
Yo} B Au, F& AYo] HE APEG o
dAvisglon, ¢ B4 AAE §e Fe At
Ado e 80 olFHH oA AV Ve
o, & gE AYeME 1002 ol FHH vy
of HAHACL ol RE Wke Aol 23 o
2 B £ o geps, g8 o): Ag MYgHE
g4 3%y RE 227 98 RELERYH A
! o of] 4] 2] :2571 el dojiirl A
o drl& MOP e o AU

Hr FH B E CM B4 wa d8dAe
#ehe] debg g Mg ¢, Suba IV = of
e AAES JEGAT, o AARte] vt
T & Fel:, ICI000 H oA M &
_ﬁlb} Agu) 2dolAE JRI1L H=7t o
A%g YR, vEdE Hoke 7%
Holslolon, e HEs Z3 & A
t 8l o % Ao A=ulE JRIITE Suba
IVOM 7t we e 9¢ £ At sA,
Suba VAN E W& AA & VeElER MY
vz} Agn st s JRINI Bt o 58 3
2 #udr

Y Aoz dvlg WYg 494 5
HHor QHM W ZE S Geldley, 749 &

5 400A o ME olF $-3A AdHE AR

& Rij oF7tel FA e &RA 2}28—2—91

o U8 X do

bS < | GY J

2

r-?: )
£ oo do Y

L

tlo

O

5 o
N

mf°mto
mlo —{ﬂ

e

1aﬂquL444—ﬂmﬁﬂ*'ﬂ““ &
% %01 g2l A" A SA7 5T Ao
Aztee,

dAtel 2

o] BEE 2002dE R EAG FHAT
9 X]%(KRF -2002-041-D00235)° &)sle] AP
AE.

B

0

- 152 ~



20039 s SIS MI|IMAN &S EAES0l3 2003.5.16-17

ozd
(11 248, A&3, HHY, o4, HIFY,
Z+9] 5, “Chemical mechanical polishing(CMP)
4L o]8% multilevel metal 7z #4
Hershe] #/3 A, @FAHNAAARE I

=&, A114Y, 123, pp. 1084-1090, 1998.

[21Y J Seo, S. Y. Kim W. S Lee,
“Optimization of pre-metal dielectric(PMD)
materials”, Journal of Materials Science
Materials in Electronics, Kluwer Academic
Publishers, Vol. 12, No. 9, pp. 551-554, 2001.

[31S. Y Kim, Y. J Seo, "Correlation analysis
between pattern and non-pattern wafer for
characterization of shallow trench isolation-
chemical mechanical polishing (STI-CMP)
process”, Microelectronic Engineering,
Elsevier Science, Vol. 60, Issue. 3-4, pp.
357-364, 2002.

[4] T. C. Tseng, L. J. Yang, C. P. Hoy, C. Y.
Fu, SM. Jang, C. H Yu and M. S. Liang,
“Shallow trench isolation chemical mechanical
planarization process with high-selectivity
slurry”, Proceedings of CMP-MIC-2002,
Santa Clara, CA. USA, pp. 287-290, 2002.

- 153 -



