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Development of a Post-CMP Process for Cu/Low-k Devices
by Masako KODERA, Yukiko NISHIOKA, Hidekazu NAGANO, Tatsuo INOUE, & Katsuhiko TOKUSHIGE

A post-CMP (Chemical Mechanical Planarization) cleaning process for Cu/Low-k damascene devices has been developed which

solves the problem of residues on Low-k films. Different cleaning solutions were used along with slurry to determine the optimal
cleaning performance for Low-k (SiOC and spin-on MSQ), TEOS and Cu films. By this process, the line-to-line leakage currents were
found to be sufficiently low for the production of Cu/Low-k devices, suggesting a possibility that it could be used for cleaning Cu/Low-k

LSI devices.
Keywords: CMP, Copper (Cu), Low-k, Cleaning, Hydrophobic, LSI, Leakage current, Defect, Water mark
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Fig. 1 Process flow of Cu/Low-k structure
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Table 1 Components of slurry

D%
Components
SiO R, AHERE A, BERILKFK,
FURE A A, FlK
SiO, abrasives, organic acid A, H,O,,
surfactant A, DIW
SO R F, AHEEEB, MERILAKIEK,
S PEA B, Ak
SiO, abrasives, organic acid B, H,O,,
surfactant B, DIW

pH

A5V =17V

Slurry 1 | Alkaline

AF1) =2 i34

Slurry 2 Acid

R2  PLEHEO MG & RE

Table 2 Characteristics of cleaning chemicals

i W5
p Components

Chemical-1 [i3¢3 AHEEEC, FL— MAA, FINGETERIC, #K
Acid Organic acid C, chelating agent A, surfactant C, DIW
Mtk | AEERC, L — MHIA, FUIEHAIC (i), Hik

Chemical-1’ Acid Organic acid C, chelating agent A,

¢ increased surfactant C, DIW
. Pk AR D, FEEEA D, Hik
Chemical 2 Acid Organic acid D, surfactant D, DIW

v % JEFE L 72 Spin-on MSQ IR, TIZHERILDEE & L
TR SN T2 TEOS [Si(OC.H;) , & A& L7z
Si0,] RO CuliTd b, TN SDED CMP K UL
I T X THFE DO F-REX200 TEJE L 720 AT — K
URFHOMILEFRL, 213RT. TRSOEFHICE
B SRR O ENE, Low-kBEOBiUKEE (CHy &%
&) WA U O & BUKTEIC 2 L & &, R g
MESE5ZLlHb, IR LABREHRDIZAI,
T A ) VR IR T IR & 20 20 M DL o o Bl &
Fhi L7278, R LTIERENLBI721T 2R $ . Defect
Bud Kkl (AIT-T, KLA-Tencor) T, FEH A
F VGG X Mo rEEmE (TXRF300, VA4 27) Tk
L7z0 ®IZAF 1) —1¢& Chemical-1 TOLIERE D Low-k
e oAb 4 & IR % FT-IR (Fourier Transform-
Infrared spectroscopy, ATI Mattson, Infinity) Till
5E L7zo SIOC B b T oofeful fiy i3 el fmat (A1t imAL
FH, CA-X) THlEL7,

2-2 CwLow-k ELiR 85 DE ISR

SIOCEEDH 12X, T34 ADILDH;EE LTRD 3
HWHEHE 7z, (a) BEE700 nm @ SiOC 72T (SiOC
JBEo Direct CMP), (b) #& EJEIZSICNEE100 nm ft &,
(¢) & FJBIZSICHE 100 nm it &, % 72 Spin-on MSQ
OYAE, 2-1HDOFEETHH L 72 Porous MSQ I 200
nm ® {2 Dense MSQE100 nm % 72\ &3 2 JE il i
T, MSQEEZEHECMP L7zs TN 5 O TRl —
7 B OME %47 - 720 FLHRH IZ CMP 5% & S5E05E1E
T5L) -7 EBED LA L o> THRLZOT, ZoOHll
EWZ LD CMP#IESFH O T NA AKRHEOFE G E LY E=
F$BHILENTE 5,

3. BREBE

3-1 Cu CMP#® Defect RV CuELBIEHR

R AR AR 18 C Defect Z M€ L 72/ R 2 R21TR 7,
SIOCIEIZ DWW TIRIZIFT N TOLEMETTEOSE L XY
b Defect 7% <, Low-k O VHETH L Z L %
RLTW5b, SIOCHE I-® Defect ®31E DIW Pk D35
BIZHRICBEE TdH o 72, Spin-on MSQ RO &% L5 &,
DIW #ti4t#% @ Defect T3 & TEOSED 3fEREETH 1,
Defect DR & NI A SN o7z, FH ¥ TIITD
WC CubRRHEAMEZ AT 9 &, SIOCHE EoSA 18k
HI2 10" atoms/cm® PA b3 - 725858 Cu 75 4L AsPe 2
Lo T10" atoms/cm* B E THREZI LTV, —F
Spin-on MSQEEDMEAIZIE, FE¥ CuikEiX 10" ~ 10"
atoms/cm’® & JLHKZ D Td - 72,
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Fig. 2 Defect counts on Cu, SiOC, spin-on MSQ, and TEOS films

K3 PEKR D Low-k BERIHRTE

Table 3 Surface conditions of low-k films after chemical cleaning

TR
Cleaning Surfa?c%eE éli(;?dition *
Ve
SioOC Spin-on MSQ
A7) —1 AZ)—2 A7) —1
Slurryl Slurry2 Slurryl
LUV B B BIKE
DIW Hydrophobic Hydrophobic Hydrophilic
. BRI BRI BKLE
Chemical-1 Hydrophilic Hydrophilic Hydrophilic
. B BOKTE BOKPE
Chemical-2 Hydrophobic Hydrophobic Hydrophobic

¥PVA 7T v ikitk
After PVA brush scrubbing

3-2 #ti#1%D Low-k RIKRE

K3 HO Low-k BIREZRT. V7 7L YA
(BN OTE B4~ FV) O TEOSEIETXTO
TR (Hydrophilic) TH - 720 T, RO
WIZENET 5. SIOCHEEDOY G, REMIREIZZAFY —T
7% S PR S T o Tz — 75 Spin-on MSQ &
DA I DIWBE 2T THOBAKETH o720 M2 TR
L 7z DIW £ @ Defect $t2%, SiOCBEIZ T 147 LA
LA %o 72013, Spin-on MSQ FKHASH AN 5T
Wzl e —~HE#Ez 515, Chemical-1 THHEL 72
Spin-on MSQEIE=2 1% ) BAKMETH - 7248, Chemical-2
TOWERIIHKRETH 5720 L7dT> T Low-k fifdi %
Chemical IZ & - T, KIHIREOENDHND Z L2355
o7,

SiOC Bt & Spin-on MSQ W FT-IR Ml &4 #0513,

Spin-on MSQE X 0 3 SIOCHET A F ) (CHy) F&ERH
ANRZ MO BRI DEmAY—Z 2R L, Th5HASI0C
L AT B 2 DAL IR - 720 SIOCHEE &
Spin-on MSQEDRIEDRF UTH A2 b b3, &
D &9 7% CH KO Y — 27 H3SIOC Tl < Bl Tw
5 Z &3, SiOCH:Z Spin-on MSQIE X W 4 < @ CH,
EREIEN, TORDICKEPHENBKEZRT I L%
O LTS, &7z CMP i D Low-k i ¢ DIW
rHWTEMAEZNET 5L, 7= E8HEHTOHlE
O F¥TSIOC I 1.1 98.4°, Spin-on MSQJE T
1359.0° TH o720 T74bH Chemical IZ & % KHEIRED
EWIE, Low-kED CH B % EOBUKILIZHNET S
Chemical # O FNGE A O R RLIKEN R L 5720 F
AbNb, PIZIZRAITRT X ) ITHUEEE D SIOCE |
{2 Chemical-1 %7 F3 % & 64° 7243 Chemical-2 % % T
L7 Ti3294° TH Y, Chemical-2 THSlfASKIEIZ
KTFLTWD, Z0 &9 efefilify o RIE % 2201 G
BRI OWERYRTHHTE 5, —F, FPEWIZ105
2 L7z SIOCEEZ DIW T35) Y AL, oz AW
PRS- BICDIWERE N LCEMAZIEST S &,
Chemical-1 ([Z#EE L 723 A ICIE DIWRIE L W U 84° 12
%o 72%% Chemical-2 D IZIEDIWREH L ) K& W
fE88.7° M b7z T4 bH, Chemical-1®FHEE
FUEDIW V) ¥ A TIFTEEICHEE E 17278, Chemical-
2OFHIEEANZEIIZRE ST, AR E <
LholztEZbNb,

3-3 BRIFMFTERER

SS1HTRFZEHEENHGONIZATY -1 L
Chemical-1 DM AEHET, TN ZDOMEEFT - 72,
¥ 3 Cuw/SIOCHEED T /34 21281 5, BLAIE0.22 um,
FL#RRT0.22 um, FCHES3 cm®d { LAY — ¥ TORL
MY — 7 BmMERK R ERBIIRT, RiEEEL LT
SIOCHEZ EH CMP § A i (a) TV — 7 WifEA &
DKW Z &2 h o7z, HEE () OWE, X HHMT

x4 SIOCH ECofisfm
Table 4 Contact angles on SiOC films

FREIZ BT 5 FYRE R R O
Heful £y (NS STpR-% 13 V]
Contact angles with Contact angles with DIW after
each chemical dipping in each chemical

Chemical-1 64° 84°

Chemical-2 294° 88.7°
K o o
DIW 98.4 84
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Fig. 3 Leakage current for the Cu/SiOC single damascene
structure

F—— 200 nm
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Fig. 4 Cross sectional TEM image of the Cu/SiOC structure
after SiOC direct CMP
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3m TH10 °~10"° A/mTH o7z, SIOCHE% B
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tron Microscope) Mif§% X412/~ F o SIOC K 125k X
FROSNT CMPEROIIRS BRAFCTH L Z L0350 h 5%,
Cu/Spin-on MSQHEIET /N A A TD, BLHRIE & Bl
SE250.20 um, FEHRES3 cm D288 — L ITBIT DB
) — 7 B 2 DIW $Eif & Chemical-1 % & THEL
L7eRRIIBWTY, 25048 5 94%LL EoF v 7 TY
— 7 BIMEIZ10 " A/mB L TR T L AR S
N7ze $7-E5I12/R73FIMSEM (Scanning Electron
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Fig. 5 (a) Top view of SEM and (b) cross sectional view of
TEM for the Spin-on MSQ/Cu structure after CMP
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Cu/Low-k 37 /4 2O CMP 70+t 212, i %
A5 — RO ZH VA LI2E Y, Low-k Rz H
¥CMP¥ 5% 7ut 2 Th, Defectld TEOSIK & [ 45
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W CE 222 HOIC L2, SThbDTHER%
LSI 8w 5 4 &, SIOCHE, Spin-on MSQ o 2 Ff4H
D LowkEZEHECMP T A2H4E4TH10 °~10 ° A/m
DT O+ KB ) — 7 BRSO b 2 &,
F7-CMPEOBERMTHEEHFTH S EER LIz, HIZ
SiOC i & Spin-on MSQ i & Tk i fk <o L% 2 D IRk
BHPRRLZEERL, TNDFETTEER O Low-k B~
DOWHEDEGIZL B EHEETE 2,
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KWge 2D 512H 720, Cu/Low-k kD EXIFEM
iz LTS o2 L 7 Pa s AT, 72X
F1) —, WAL TV A =7 KO Low-k %
AL CTTHW 2 A =D IEHOEZ KT S,
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