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Abstract: The effects of electrolytes and additives on the electropolishing of 50 and 20 pm diameter
copper via were investigated to flatten 3D SiP through via. The termination time was determined with
analysis of applied potential on anode and cathode to avoid excess electropolishing. Acetic acid played
a role of accelerator and glycerol played a role of inhibitor in phosphoric acid electrolytes. The overplated
copper on the through via was effectively electropolished in the phosphoric electrolytes with acetic acid
and glycerol addition. The electropolishing was terminated at the point of abrupt change of applied
potential to remove only overplated copper on the through via.
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Fig. 1. Schematic diagram of Cu electropolishing process
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Fig. 2. Cross sectional view of copper via filling with
additives and PRC(Pulse Reverse Current) electro-
plating (a) 50 um via (b) 20 pm via
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Fig. 3. Cross sectional view of copper electropolishing with (a) 5% HNO; (b) 85% H;PO,
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Fig. 4. Surface morphology (a) of electroplated Cu (b) after electropol

with 50% H;PO, and additives
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Fig. 5. The effects of additives on the electrode potential
with time
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Fig. 6. Cross sectional view of copper electropolishing with 50% H;PO, and additives
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Fig. 7. Termination time analysis of copper electropolishing

gt} EA 77t AAR ne} 44 g
& Yo dhael B4 5o sl A
BRAHsl Bue 39 ok 94e oY

s 9omz, 833 G2 AARE SR
$R42 d2ac, £ e 2 el
ehgol nhel Eeo] HEE7H S TaTw09%

Reio A9 SIS e o 3
73| F7vsHA "ok el drtE I HA &
23 FH70e) WYAE 24 AP Fig 79
7t} Fig. 79 Z# ZE B via9 273 o] Al
o] AYxte] FAZ Ao TH AAAT A
A e e B 9% Adoln FHA
S5Ae Fe30 27 s A5l 2
off A+ TaF o] A|H W =&HHA A=<
A &t %‘ﬂi A7} 58 Aztelth 50 um via
Al H 2] 739 2F 280% A, 20 um via A} H ] 73$-
o 240NN FF3 FFT AR #A T F
717F dojdrh wEtM M9 3% S ¢
Avs Al 2 Al ead FelSe AsfAntrt
HEH Aldolzt Aty AFE YA
20 um via A} ] ©H SEMAA S 53| ool ¥
Pole 298 9 & YUY A9 FAD 2
7F7F dojute AldAA A drtE FESHY
Fig. 8(a)%} 2o} overplating® =o|7}X| ¢+ Awjr}
o|Fol At Mool FAB 2717F Yolihs A%
-% 2} F4 S 0 21 A3 via WH7HR] A
=¥ CuZt 4tshE o] A A=A Fig. 8(b)y= °F
270 7HA] s dvp $ A2g daAbRlo) )

4

PRl H7He] 8% AT 49

10048

Fig. 8. Cross-sectional view of 20 pm vias electropolished
for (a) 240sec (b) 270sec

4.8 E

Cu via filling o] % A7 =5 =& A| Al
FEre A7]7] Y3 A dvtE AAE A4
HNO;E A3l 4 & AFE-§F 7% HNO;®l| &] %t grain
boundary®l| @ €| LA 3IA ™. 85% H;POE A
o 2 AR5 grain boundary®] #E 2 T4
&2 ¥t} viaB A ol @R A7 HE A
T 7F Ak th 50% HsPOll F7H 2=
acid®} glycerol S X233 A3 Y& ALESH 7
via 34} oFghe] Tzl Qo] _m:,}@r__ DS R o]
ATH A7HA 2] S ot 7] Y3l galvanostatic
NS AAE 28 FLS AFE AR ESH
acetic acidv = RS AHE EF= 7IEA=
283510 B 2 glycerol Y= TWHE AHE
=3 JAAZ Z-&-g) Cu via filling® A H 9
s ARt £33 T Abolo] BSAAE 243
o 49 TEEE Btk A7 =wH 7
Fo] B5F A= Axte} 3473 ol o
U= A1 AM 348 S5 A3} Yk o7t

S CEL RN

acetic

Al =2
2 A7e @A ee A7 AE (ERC)
AR} 7)1 A A B QA E (CEPM) (AW S R11-

2000-085-08004-0)¢] A Yo 2 F3H Aol
ol ZrAl=-H Ut

= Wb

1. M. Hirano, K. Nishikawa, 1. Toyoda, S. Aoyama, S.

Microelectronics & Packaging Society Vol. 15, No. 1 (2008)



50 ESE)

Sugitani, and K. Yamasaki, Solid-State Electro., 41
(1997) 1451

2. P. Ramm, Microelectron. Eng., 37 (1997) 39

3.S. Sheng, A. Chandrakasan, and R. W. Broderson,
IEEE Commun. Mag., 30 (1992) 64

4, K. Takahashi, T. Hiroshi, T. Yoshihiro, Y. Yasuhiro,
H. Masataka, S. Tomotoshi, M. Tadahiro, S. Masa-
hiro, and B. Manabu, Jpn. J. Appl. Phys., 40 (2001)
3032 .

5. H. Kanbach, J. Wilde, F. Kriebel, and E. Meusel, Int.
Conf. on High Density Packaging and MCMs (1999)
248 |

6. J. Hernandez, P. Wrschka, and G S. Oehrlein, J. Elec-
trochem. Soc., 148 (2001) G389

7. Y. Li and S. V. Babu, Electrochem. Solid-State Lett.,

slolZ2 A 2 A eS| 4158 A 1E (2008)

- oA &

4 (2001) G20

8. S. C. Chang, J. M. Shieh, B. T. Dai, M. S. Feng, Y.
H. Li, C. H. Shih, M. H. Tsai, S. L. Shue, R. S. Liang,
and Y. L. Wang, Electrochem. Solid-State Lett., 6
(2003) G72

9. S. H. Liu, J. M. Shieh, C. Chen, B. T. Dai, K. Hensen,
and S. S. Cheng, Electrochem. Solid-State Lett., 8
(2005) C47

10. S. H. Liu, J. M. Shieh, C. Chen, K. Hensen, and S.
S. Cheng, J. Electrochem. Soc., 153 (2006) C428

11. J. J. Kelly and A. C. West, J. Electrochem. Soc., 145
(1998) 3472

12. J. J. Kelly, C. Tian, and A. C. West, J. Electrochem.
Soc., 146 (1999) 2540



