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Development of Cu CMP process for Cu-to-Cu wafer stacking
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Abstract: Wafer stacking technology becomes more important for the next generation IC technology. It requires new
process development such as TSV, wafer bonding, and wafer thinning and also needs to resolve wafer warpage, power
delivery, and thermo-mechanical reliability for high volume manufacturing. In this study, Cu CMP which is the key process
for wafer bonding has been studied using Cu CMP and oxide CMP processes. Wafer samples were fabricated on 8” Si
wafer using a damascene process. Cu dishing after Cu CMP and oxide CMP was 180A in average and the total height
from wafer surface to bump surface was approximately 2000A.
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Table 1. CMP process conditions.

Parameters Conditions
Lo . Platen: 73 rpm
Polishing Velocity
Head: 67 rpm

Wafer: 17.3 kPa

Polishing Pressure .
R-Ring: 20.7 kPa

Slurry Flow Rate 200 ml/min
Cu Slurry Selectivity (Cu/SiO,) 2200 : 1
Oxide Slurry Selectivity (Cu/SiO,) 1:20
pH 7.16

Not available due to non-

Chemical Composition of Slurry disclosure

Cu bump dishing

Oxide

Si Wafer

Cu bump height

After Cu CMP Afteroxide CMP

Fig. 1. Definition for Cu bump height and Cu dishing.
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Fig. 2. Measured die positions in a wafer.
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(1) Center die
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Fig. 3. Optical microscope images after Cu CMP.

ZHeluteh 1471 2] thol(die)E S8 sHAth 2 A3 Al
HL Cu-oxide hybrid 9 38l A5 +2= A%}
A2, Cu CMP &7 7} oxide CMPE 2 1 3 3
st WA 2 A AHEE EelEe] 7 F
Ao gt A3 A++= half-factorial®] DOE (design of
experiment) " O ® ZPstom, 4719 JHMS
(platen %=, head &=, o8, dlold ¢4, & gEh= &
28t th B Ao A& Cu dishing®] W32 ¢lo]H
removal rate®] Y 3g FHS e st Cu HE A|H 9
CMP ¥4 & xdstom ¢o)s #¥ Cu-to-Cu 29E
913 Cu CMP 34 9] 54E& A9 2Tt Cu CMPEH
= Al e E Figure 390 ol 2 JeRA AT

3.4

n#

o

Z3} g

2 AT A Cu dishingS E°]7] 913 YHOZ Cu
CMP 34 o] %9l oxide CMP &% S Z13] 3} t}. Figure
404 H50] oxide CMP34 -2 Cu CMP &7 Foll Z1A|
WA Sk Cu dishingS €320 2 ot =88 Tk
Oxide CMP <£&]2] 7} Cudl] thgk Aein] 7} &2 Cu
dishing& =o]=d| t% 232 olgt szl ©]= oxide
CMP 37 &<t oxide ¥ o} 2} Cu dishing®l] €] 7}
S| E T} ThA Foldl B L edge F-H-2] CuEs 70| A|A
gt &= 917] wjEo]th(Figure 1 #%). Oxide CMP 3% ¥
ol Cu ¥ Z9} oxide?d] o] 207} Bo] =37, Cu HEZ

HZA ) H] Cu dishing®] 2 A LAY &t Cu dishingS =74
31717} 013 7] W) &l (Figure 4 %), oxide CMP &4 3
o BOE clean®. % oxide £°]& 27 W& & Cu H2E9
dishingS =74 319 th. BOE clean Cu-oxide hybrid #9
Al Cu M ZH T} oxidez o] & A% W57 9l8A] 24 4
el o)y AT 2 AL A7 = s
dnkzo g wjd 2ele] F(width)o] #AEFE Cu
dishing Z78t=d,® 29 F02 AL85E Cu H=
= AFA o v glE o Aol =7t A7) W&ol Cu
dishing®] =LA Yebt= 7 &Fe] At} Figure 5014 B9
Cu dishing®] Cu CMP3F o] %= °F 500~2000A78 &=
2 YEE A, oxide CMP 37 o] 5ol &= Wl B2 edge
thol & A ¢]shd H+t oF 180A¢] Cu dishingS YERAS]
ot A v A= 10 um 2FS1 Zo)l 300~600A A =
] Cu dishing ¥ 2] £ A}l o7 5 U719
50 um =712] ¥ Z oA ~180A2] Cu dishing 33| =
2 Azt B ARk A3 Aol A4 Cu dishingo] oF
1000A2] Cu HEE 23t A3} o] A9 2] &9
S 2 F AU, void 1 dloly @ Bdo] Hiw
oF 100A ©]3}9] Cu dishing®] B R3S & = AU &
3}, Cu dishing & Z°]7] 918141 & oxide CMP3-4 4] Cu
o th&k Aefu) 7} Lo oxide 218 2 AHE S Ao] 4
ol BY qualityE ¥ole=t T3 2471 HAth
Cue Hw A ot AFS 7EA L o] <F 400°C,
890 kPa®] & UZHI R oM = FEro] AA o] Fo A A] &%
7] wZol| o]y @l Cu Eoll A dlo]s M) Hek
T 49s 8% 40|t o)y AA ] HErE
A7) QlEiA] B S Cu M2 FHF =0l o)y
FHAAFE A =ol= S48, Figure 601 LHE}
W 2th. Center-to-edge Thol2] M X 2 F Eo| xfo]= U
2F 2000A°]™, Cu CMP 3% 2} oxide CMP 378 $-9]
within-wafer ¥ 2 2% =0]9] profile2 XA AFAA ¥
st AR, HF Eolx ALl AR Fdth o=

within-wafer ¥ 3 %% £9°]9] profile2 Cu CMP &%l

After Cu CMP After Oxide CMP After BOE Etch
400 400 1000
200 200 800
5 0 \ / — g Uu"!\\ \/\/pmﬂ\ s ﬂ.\r,-‘ g 600 R—M’q‘
200 \ | £-200 £ w0 | \
2 100 400 @ 200
e \ | o = I
-600 -600 O} —
800 N 800 200
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
Length (um) Length (um) Length (um)

Fig. 4. Cu bump dishing measurement using 3D profiler'?.
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Fig. 5. Measured Cu dishing.
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Fig. 6. Measured Cu bump height.
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