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1.1. Cuinterconnection &2 E3F

ARz 2o Ao Fg] wiAdE 1997 W IBM © 98] /e o]F A7t
e owjde] o w ARgE L Qltk b2 FEe 7S wiA s

Zold AFujE div] W2 WA F(Cu: 1.67 uQ-cm vs. Al: 2.66 puQ-cm)=

woly] wWEel Aadd BALE/ webAm, AA7H ol Zal]
Mol mdel AFYE EolFE el Ak TE £ R wHom

Q8 B AZerchingS  FF WA Gyol oy wEe)
S AL0] E(oxide) #Hoboll - F(lithography) A7 £4E Eal B4R Awo]
A3l S (electroplating) ©. 2 F2]E  A>  F, CMP(chemical-mechanical

polishing) +7dC® H&3} = Thvhil(damascene) Fd= F ¢
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379 HAEI A FolA WA w9 Axd  E WA A (transistor)
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1.2. WEY T vAEY &4 S5 A&

IRDS(international roadmap for devices and systems)°l] W=7 4 2028 11 o] Fof =
HA 3= scaling ©] Ao o]E FAo® detr Al # E 2] (memory)
HES 491 DRAM(dynamic random access memory)2] A4F &4 wl A7}
=o]A L vk AlIAl Hol DRAM AAARAIQL A 29 2020 E 3 7]
7% DRAM 2 AT¥ 4 tech node = 14 nm AF= deix Stk 19 1.1
Al ZAF7]1 2] DRAMeXchange oA Al a sk A dAE 3233 DRAM
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1.3 924 2AY) 71 8 F7t

HEEAl a2 ZA S 3 A JAS T A 5 W ofyE FH
gl logic F 5 olFY wmAlEs wd Pow H7)AHF 3D
A7NA = A FHS g R FER QY 0 3D #H7|AS
A gsro M o]F WA 42 719 dHlolE W% thY Z(bandwidth)E ¥

T 9ol By wE dolE weo] Jhseivh EF, 3 owjd Aol

—

AR 2HAES 29 5 9de Aol st

=28 A5 9= A] gAY Al (foundry)?] TSMC(Taiwan Semiconductor
Manufacturing Company)+= 2020 @ 3 2 2FAIt] 7] 21 CoWoS(chip on wafer
on substrate) 7]=(1H 1.3)= FAte] HEs] aAAbe] FESE Ao
e gt 0 TSMC o =™ CoWoS 7|& A8 2 Ad] th9] logic
SoC(system on chip)¥} DRAM &% 96 GB | ©]2Z+ 6 719 HBM & d4dg
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1.4. TSV A& s H7HA
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30-TSV DRAM

1 DRAM+Buffer Die
(x4)

Figure 1.2. 3D-TSV DRAM feature. SK Hynix "°.
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Circuit Board

Short Wires

CoWoS®

1. Increases bandwidth

2. Reduces power
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3. Smaller form factor

|| DRAM Stack |/

Figure 1.3. CoWoS(Chip on Wafer on Substrate). TSMC .
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2019 PRODUCT

POP Memory

P1274 Compute

P1222]0/SoC Ultra-Mobile formfactor (12x12x1mm)
2 2 - 2mW Standby
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PoP memory for small form factor

Package
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A 2 A

d 4

2.1. 78] Ad =F ALHE

dwtdow g Hdal =5 AAES Asdy A=, a2 Aol

AFE A7k 5 Qb QA THET B ATldE Te) e

F

A
=

10
i

713 38l A (virgin make-up solution, VMS)Z 1.0 M CuSO4-5H,0 (99.0%,
SAMCHUN), 0.5 M H,SO4 (95%, DAEJUNG), 1.4 mM HCI (35%, DAEJUNG)2]

2498 A AgHnh T AN =T A2 AT F A

f
S

ofo

MR 2 FE ™ TSV AgellA= TSV ol g, d7]8et B4 = g

3 ¥ A=H(rotating disk electrode, RDE)= Z}& Hd=0=2 ARE-3}SIT)

2

d=° 2+ Hg/HgS0s (K2SOs saturated)E

HX
N

Elas]

o=

rir

TeAdE, 7l

ARSI Al A=Ee A A7) (PARSTAT 2273, Princeton  Applied
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22. 78 A3 =

al

S o] €3 TSV A&

TSV A& 94 Axs g8 sl =a AadelA #s A58 TSV
ol =2 AFg3te] WA ATE TSV o= A Fo] 5 um, 2o]7F 60 um<]
A7 FEHE 12:18 FI8E 7 TSV dHs 233 dojH e &Y
717 5 Zh(physical vapor deposition, PVD)¥ 200 nm®] Ta®} =32 714 523
600 nm2] Cu To=2 FAET T o= FE FeH=Z ddEo] 1.0 em
x 1.0 cm@ WZo] w=Fwo] ok 2300719 TSVZF E3EHE= EA4 5ot
AHgE A A 7] Aol HIRA Atol ol Al S vlastr] 9@
PEG1000, PEG10003} NHiBr, OA600°] Ztz} H7lEo] TSV Ao
APt oju] AREE HI7MAS] FXE+E PEG1000, OA600°] 100 pM,
NHBro] 200 uMo]th. TSV A2 TSV ¢lolH 5 3 gt Ao F2A]A
1000 rpm o2 3= AelelA dEOoM AF WE= 1 mA/em’E
500% &< A7FEGIH TSV A& o] F floly we F dAn A (SV-55,
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(a) Empty TSV j (b) PEG1000 (c) Br-PEG1000 Qi (d) OA600

e T YT S

i

= 15 pm

Figure 3.1. Cross-sectional images of (a) empty TSV and electrochemically filled Cu

TSV with (b) PEG1000, (c) Br” with PEG1000, and (d) OA600.
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Figure 3.2. LSV analysis for VMS, PEG1000, Br" with PEG1000, and OA600 in Cu
electrodeposition system at (a) 0 rpm and (b) 1000 rpm of the rotating speed of Cu

electrode.
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Figure 3.4. CV analysis for PEG1000, Br with PEG1000, and OA600 at (a) O rpm and

(b) 1000 rpm of the rotating speed of Cu electrode.
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Figure 3.5. Post-experimental iR-compensated LSV at 0 rpm and 1000 rpm of the

rotating speed of Cu electrode for (a) PEG1000, (b) Br with PEG1000, and (c) OA600.
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Figure 3.6. LSV with various concentrations of OA600 at (a) 0 rpm, (b) 300 rpm, and

(c) 1000 rpm of the rotating speed of Cu electrode.
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Figure 3.7. (a) Time profile of TSV filling in Cu electrodeposition system with OA600

and (b) schematic diagram of TSV filling mechanism with the behavior of the additive.
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ABSTRACT

Copper interconnect in integrated circuits was introduced in 1997 to solve the slow
signal/power transmission of aluminum interconnect, and now it has become the key
technology to try to overcome the limitations of memory process miniaturization. As the
demand for next-generation semiconductor packaging increases, the demand for TSV
(through-silicon via) technology that connects chips to chips or chips and silicon
interposers is also increasing. The copper interconnect process uses electroplating
technology, and superconformal electrodeposition, or bottom-up filling, is required to
fabricate defect-free copper TSV, and additives play an important role. Various
compounds have been studied as inhibitors and accelerators, and while commercial
additives exist, the research on levelers essential for shortening the process time of TSV
filling and removing defects is still sluggish. In this study, TSV was successfully filled
in a single-additive system using PEG600 based synthetic leveler, OA600, identified in
the developing synthetic organic levelers, and electrochemical analyses were performed
to explain the filling mechanism of OA600. Linear sweep voltammetry (LSV) analysis
showed that OA600 exhibited strong inhibition to copper plating and convection-
dependent adsorption. In addition, through cyclic voltammetry analysis, it was
confirmed that the re-adsorption of OA600 is fast in convective condition, while re-
adsorption rarely occurs in flow-free environment. When the LSV curve of OA600 is
corrected considering the drop of current and solution resistance, the curve showed an

S-shaped NDR (negative differential resistance) pattern, which proves its strong leveling
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ability in the current density region where TSV filling proceeds. Analysis under various
concentrations and convection conditions proves that OA600 induces bottom-up filling
even during the TSV filling. Therefore, strong inhibitory action and rapid re-adsorption
of OA600 in the TSV opening and weak adsorption and slow re-adsorption at the bottom

of the TSV demonstrate that OA600 induces the bottom-up filling of TSV.

Keyword: synthetic leveler, TSV filling mechanism, single-additive system, Cu
electrodeposition

Student number: 2017-25357

52
A2t &



	초록..............................................................................................................................
	i
	List of Tables...............................................................................................................
	제 1 장. 서론.............................................................................................................
	1.1. Cu interconnect 최신 동향.........................................................................
	1.2. 메모리 공정 미세화의 한계 극복 시도...............................................
	1.3. 반도체 차세대 패키징 수요 증가.........................................................
	1.4. TSV 채움을 위한 첨가제……………....................................................
	1.5. 단일 첨가제 적용을 위한 합성 첨가제 개발 경향...........................
	1.6 연구 목표...................................................................................................

	제 2 장. 실험.............................................................................................................
	2.1. 구리 전해 도금 시스템...........................................................................
	2.2. 구리 전해 도금 시스템에서의 전기화학 분석……........................
	2.3. 구리 전해 도금을 이용한 TSV 채움.........................................................

	제 3 장. 결과 및 토론.............................................................................................
	3.1. 첨가제에 따른 TSV 채움 성능 차이...................................................
	3.2. 합성 첨가제의 전기화학적 거동 분석.................................................
	3.2.1. 선형전위주사법을 이용한 첨가제의 억제 작용 분석................

	3.2.2. 전극 회전속도에 따른 첨가제의 억제 작용 분석......................
	3.2.3. 순환전류전압법을 이용한 첨가제 재흡착 거동 분석................
	3.2.4. iR 보정을 통한 첨가제의 평탄제로서의 적절성 분석...............
	3.2.5. 합성 첨가제 농도에 따른 전기화학적 거동 분석......................
	3.3. 합성 첨가제의 TSV 채움 기작………..................................................

	제 4장. 결론.............................................................................................................
	참고문헌......................................................................................................................
	Abstract.......................................................................................................................


<startpage>9
초록..............................................................................................................................
i
List of Tables............................................................................................................... V
제 1 장. 서론............................................................................................................. 1
 1.1. Cu interconnect 최신 동향......................................................................... 1
 1.2. 메모리 공정 미세화의 한계 극복 시도............................................... 3
 1.3. 반도체 차세대 패키징 수요 증가......................................................... 5
 1.4. TSV 채움을 위한 첨가제…………….................................................... 7
 1.5. 단일 첨가제 적용을 위한 합성 첨가제 개발 경향........................... 11
 1.6 연구 목표................................................................................................... 14
제 2 장. 실험............................................................................................................. 19
 2.1. 구리 전해 도금 시스템........................................................................... 19
 2.2. 구리 전해 도금 시스템에서의 전기화학 분석……........................ 21
 2.3. 구리 전해 도금을 이용한 TSV 채움......................................................... 22
제 3 장. 결과 및 토론............................................................................................. 24
 3.1. 첨가제에 따른 TSV 채움 성능 차이................................................... 24
 3.2. 합성 첨가제의 전기화학적 거동 분석................................................. 27
   3.2.1. 선형전위주사법을 이용한 첨가제의 억제 작용 분석................ 27
 3.2.2. 전극 회전속도에 따른 첨가제의 억제 작용 분석...................... 30
 3.2.3. 순환전류전압법을 이용한 첨가제 재흡착 거동 분석................ 32
 3.2.4. iR 보정을 통한 첨가제의 평탄제로서의 적절성 분석............... 34
 3.2.5. 합성 첨가제 농도에 따른 전기화학적 거동 분석...................... 36
 3.3. 합성 첨가제의 TSV 채움 기작……….................................................. 38
제 4장. 결론............................................................................................................. 45
참고문헌...................................................................................................................... 47
Abstract....................................................................................................................... 51
</body>

