Korean Chem. Eng. Res., 54(6), 723-733 (2016)
http://dx.doi.org/10.9713/kcer.2016.54.6.723
PISSN 0304-128X, EISSN 2233-9558

= M
o =

T2| ol =52 0|8et 42| A4S |0t M= SH

[

7
o}
(2016 82 319 A=, 2016 99 219 S H:, 20164 9F 22 A1)

Through-Silicon-Via Filling Process Using Cu Electrodeposition

Hoe Chul Kim and Jae Jeong Kim'

School of Chemical and Biological Engineering, Institute of Chemical Process, Seoul National University, 1, Gwanak-ro,
Gwanak-gu, Seoul, 08826, Korea
(Received 31 August 2016; Received in revised form 21 September 2016; accepted 22 September 2016)

o OF
pei =

HEA] vl mlAglel] o5 siAlE S5ak] flEl AElE #HE vlok(through silicon via, TSVYE AHE-SF 229] 32k
o Aol thgt Av7F A ok TSV Wi Al Sl Tel= Aen, axke] AEdE dRsh] fls)
ek = TSVE] Aol etk TSV 1o} ¥dellr= 2] e ojAlstaL, TSV uigeld ez o -2
e Fishs v 2k 55 Fal AT Aol 7hssitt. del| emoell E3E= 7] H7HAIE TSV f1A]ef|
et A o® ] A SEE sl FAT e 7hssAl @tk TSV Al viAYSES H7HAIe] Al 7]
Riete] qirgdE B H7HAS) 543S ofsshs A 7E AddE ook itk & Fdel= Y] Agv1AE v o R
She vet e AU, TSV e &8 7iAdsk] 13 FekAle] ds) 334704 Al2wlell X o) A, 7kl 2
3719 mw el S B Al 5499 el i s iR

Abstract — Intensive researches have been focused on the 3-dimensional packaging technology using through silicon
via (TSV) to overcome the limitation in Cu interconnection scaling. Void-free filling of TSV by the Cu electrodeposi-
tion is required for the fabrication of reliable electronic devices. It is generally known that sufficient inhibition on the top
and the sidewall of TSV, accompanying the selective Cu deposition on the bottom, enables the void-free bottom-up fill-
ing. Organic additives contained in the electrolyte locally determine the deposition rate of Cu inside the TSV. Investi-
gation on the additive chemistry is essential for understanding the filling mechanisms of TSV based on the effects of
additives in the Cu electrodeposition process. In this review, we introduce various filling mechanisms suggested by ana-
lyzing the additives effect, research on the three-additive system containing new levelers synthesized to increase effi-
ciency of the filling process, and methods to improve the filling performance by modifying the functional groups of the
additives or deposition mode.
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Fig. 1. Schematic diagram of stacked chips using TSV technology.

O 7 sl 2]

v wlAslel] gk SIS S5sk] Q1 kel b 33k
A o7 AFehs A7 2P Qlvk 7P AL Ol AT EE
2}o]of = (wire bonding) 2} A 2] ¥HF 1] oKthrough silicon via)S
o] &gt 7]&o] gt} gfolo] £ F(Aw) B THE T4H
sjo]oj 5 Ag-ato] H(chip) -5 Adsh= 71w R, dolo] B4
< 93t o T3] ety Al A Ay Aol dHAlE 2
TH3]L. TSV A o] (wafer)E #Ha3sto] A H o]
©F 50 pm ©]%2] Blok(via)=, Fig. 10 WEk 9l50] A5 3=
(integrated circuit)2} 25 3|25 A7 4], 2] X—?P_E A4 gt}
TSVE AHsto] i Ale] Als ddo] 7FsslEE sjojo] 4

o nlal} 52 4d5-e] &7k 3717 (packagingye THE T+ ATH3]

TSV 23 7]%8 12908 Ak 35% o3 22 2171, 40% ©13}]
] 9, 45% o] ©b A3k, e AL gl o] o] thelH

(bandwidthyg 7H2l A1 0% ol iEth2]

TSV Fig. 20 YR} Q= 385 %3]'01] Az, e 4l
o] o] AFz (lithography)@} DRIE (deep reactive-ion etching) 5782
A A7 4= pm, 2101 50 pm A58 Blo}E gt o] 5 e}
A2 do|H 2 GAaksh= A& W] 918l 4bA] S (diffusion
barrier layer)yS 343t Asl) T3S A8s7] 98k 24 Mok

-7 =
(seed layeryS FAPIA|Z Qo] =xb4 o 7 A s}, shabdA| 3}

Via formation

1

Barrier/Seed layer

1

TSV filling

CMP/Wafer thinning
Fig. 2. Fabrication process flow for TSV.

Korean Chem. Eng. Res., Vol. 54, No. 6, December, 2016

F(physical vapor deposition)H-=
g B9 9T Ps

=

Al AtE 3L ek, el g el Algsks 1At glel, 71

2 oA SHAA7} 4TS XﬂgéPL AAE 45 o] 2o W}

AP © 7 glE= A oot 8| mes o] 85t HW

A 71l TS AR 5 ol S A ol vlEl =

WA RS 2 B Go] Rselrhy, FA8 Egos
H}-

&8 FHE (Co) T2 FAPIA S-S 400 °C2] ©]'d & (annealing)

ol Fale] Bhate gItA o 7 Wx|El[5], Tl A ol ule}
HIR S Ae) el YA E S o M S SleHe)

Tel A AN FA
§19] TSVl ol el
eIoI ool o ik
HOKS 390] 7Ps Sl

i=2=1 [¢)
HA TS AdellA] # 3§ O]‘—(all-wet process) AT7} 7135

ar
T QTHIL B MHES BT TSV o] ¥ Eele] Ax3k

3— X‘j?;-ﬂ:‘—— ;(.]EE

AFE QUFehs 72 sl Eg o= TSV UiT-E
Y2 Aot 2] A S FRsl] flete] M3 Sl
Aggle] TSVE e 2ol et 71 Al e o] % 318H
71414 Avk(chemical mechanical polishing) J‘Xq_i Az
& AAS HFH O =2 o] thinningS EEH A S
frelatal, TSVE] Zdaktel ahckitol] A4 525 Adslo] :
wﬂﬂ4ﬁﬂHAHMMQJVWVEaAﬂqa@E@@%
el v AR 2 FHn TSV—E‘AP%U °] &
TSV E3n1 8] S7tell whet A3t = Aus flst
7k, Ak gl Ae-g flste] 7 daf =a 7] 7t
Alell gk zlo] Qli= olsi7} A aiE] ofof ghrt. I T ol A= vheksh
H7HAE o83t TSV Al Ao} A% WA (mechanism)el]
thell A7lsket, F3H] TSV Alles 18 3-3471HA] A 28 el A €]
HT AT FFS AR, TSV Zo] Wk 2o fx]of ulE
7HA1E] AT 7 Alol€] 4 AHE-S 7IREC.E TSV A% v
AFel theh =& st gk, AL 54 7] flet
A7HAe] 7 gl =g R o] el thgh A5 Qhigit

Lo
—u=

_1}1_, ofht
ofji
o
i)

2. 72| Mol === OIESt TSV M2} AMZF HAHLIE
2-1. F7HIE AR2St 2| Mol =&
%ﬂ A3 Sof|A] ARZ A Fste] AwA] ] T
TE)= FAA 7= dolth. el Kokt 438 TSV
1] A0 7 AbgataL, e Aol B84 AT A
07 Apg3le] 7 A mrole] AA|ek 3 At Fo A
= Q7ksbd TSV 7]sdel A 1] 3-do] ATt 19} EA o
oy zjioﬂxﬁb FE] Abs), TE Y 2B 213} ukg- So)
HATH10]. EFNe T o] &L

=10
=TT

E
[e)
+s

%
A=

A
4
O

=

l’ﬂrﬁo>:lﬂl§‘.=i£

3] =i Algatr] glet e ek,
i o] ?ﬂ?ﬂ~ W37 g A A A o= HYE, §713
7HAE] FEE 357 $l8l 4] s} o] ko] VA 0 Tgde]
2EETTHI0] Y34 o2 32 (CuS0,) 9t 3H4HH,S0,)0] 2
ZF 2] SET QAN LR ARSI gk WEEEAL
(methanesulfonic acid)> ZHtel] WI3)| 2] 313HE2] $ale7) =2
ANA AN A2, 55 Fg) o] & o]-&3k TSV A& &
Troll A-8=] 3L QAT 11].

pdS

Lol o
a7 =



T2 dal ees ol 8% el WE vlof AE 3 725

(b)

BEE

Fig. 3. Three types of deposition profile during the TSV filling. (a)
Subconformal, (b) conformal, (¢) superconformal deposition.
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Fig. 4. Cross-section images of TSV after the Cu electrodeposition
by adding (a) 0 ppm and (b) 1.5 ppm of SDDACC. Repro-
duced with permission from J. Electrochem. Soc., 158, D715
(2011). Copyright 2011, The Electrochemical Society.
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Fig. 5. Cross-section images of TSV after the Cu electrodeposition
by adding 10 uM of Tetronic 701. Reproduced with permis-
sion from J. Electrochem. Soc., 159, D208 (2012). Copyright
2012, The Electrochemical Society.
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