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ABSTRACT

A Study on the Electrical Characteristics of Copper
Passivation Layer using NaNOs; Electrolyte

Lee, Young-Kyun
Advisor : Prof. Lee Woo-Sun, Ph. D.
Department of Electrical Engineering,

Graduate School of Chosun University

Chemical-mechanical polishing (CMP) is the most commonly used planarization
technique in the semiconductor process for ultra-large scale integrated -circuit
(ULSI) applications. As its name indicates, the CMP process depends on the
chemical interaction of the slurry with the polishing wafer and the mechanical
down force applied to the wafer. During recent year, the application of CMP has
been particularly popular in the fabrication of Cu damascene structures. However,
low-dielectric-constant (low-k) materials at 65 nm and below device structures,
because of their fragility, require low down-force mechanical polishing to
maintain the structural integrity of the underlayer during their fabrication.

According to certain recently published reports, it might be possible to achieve
low down-pressure polishing of Cu by incorporating voltage-activated
electrochemical reactions in the CMP process. This new approach is referred to
as electrochemical-mechanical polishing (ECMP). Sato et al. Proposed the ECMP
process based on the electrochemical dissolution of Cu, and reported that it could
be used to form erosion-free and scratch-free damascene Cu interconnects at a

pressure ten times lower than that used for conventional CMP technology.



Goonetilleke and Roy studied the chemical effect of additives in a
peroxide-based glycine solution by wusing cyclic voltammetry. Lee et al.
characterized electrochemical active, passive, transient, and trans-passive states
from the current-voltage (I-V) curve in order to evaluate the optimal process
parameters (operating voltage, current density, concentration of electrolyte,
operating times, etc.) for the ECMP applications. The purpose of our present
study is to focus an certain fundamental aspects of ECMP of Cu. The step of
material removal in ECMP 1is based on the utilization of voltage-activated
electrochemical reactions. This voltage is designed to control the anodic
dissolution of the surface layer of the working electrode in the form of Cu’’ or
Cu’ ions and/or as soluble complexes formed with one or more chemical solution
in the electrolyte. In this approach, we can selectively probe the voltage-activated
(not mechanically-induced) processes and examine the relative roles of the
concentration and the operating voltage used in NaNOs electrolytes.

First, the I-V curves were employed to evaluate the effect of electrolyte
concentration on the electrochemical surface reaction of the Cu electrode. From
this I-V curve, the electrochemical active, passive and trans-passive states could
be characterized.

Second, we fundamentally studied the chemical state and the element
composition of the Cu surface for variations in the concentration of the
electrolyte and the potential by wusing X-ray diffraction (XRD) and energy
dispersive spectroscopy (EDS). Finally, in this way, we monitored the oxidation
and the reduction processes of the Cu surface caused by repetitions of the anodic

and the cathodic potential in a NaNOs electrolyte.
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Fig. 1. Surface step height of before CMP process.
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2o 29 EEoE ddote &0 SE= CMP 3&0I2t sttt 18 2=
UBHEOI CMP EHIQ HHEE LEHH X 0ICH

Down force

Slurry flow rate
.
b

&)

Polishing

Fig. 2. Schematic diagram of CMP polisher.”"
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Fig. 3. Sequence of chemical reaction during polishing process.?*%!
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C. Metal CMP

Metal CMP= 228 AKX == B2l C/T (contact)y W CMP, =252t2
plug2 CMPSI= Via W CMP,'¥! J2|D Hi& TWEo mEst 2ol 220
= (Al), 72l (Cw)'® cMP 2ZROZ2 Us 4 USH, 01248 Metal CMP 2

J

(0]

Il

2 It IZ0 (Kaufman)2| Metal CMP BIALISH 2ol &HE = UCH

2 4= st2Zor®lol os MoHE Metal CMP DIZILIZSE M=oz L
Bt X2, 18 4 (a)= =cicl Wel gxrE AsHMol Clol Sde =t
(passivation) 52| &4 & A0 = HAHLISS 2 AOICH. IIIRZEHe K|
oHOl =29, B 1 HAHZ =5 2 2 A9y =2 NF 250 =
cl el gRe &EtHZ 2ol £t 501 g4, 2 HHZE =2 XS0
N ddE BESH 2 =35 D20 250 I 20 20 e A0t

o

4 (b= =22l 210t AKX B CMP HHLISS HBANO2 LIE
U 2Ho2, zefelo ASHAI0l ool FAE SSE 500 o0 HES 2%
C&I

0Lt OI2OIH 2o BE

st OI20&E =S HNetolt= 2EO0ICH 8, Metal CMPOI UM =cicle
Lot HION 2lof =5 280 FSEHIF S5, AGHA &2 =58 2 2
AQl = As 2XNE BRIt AKX SAIN S0 HUHAS AD X
Of 28t AFceiXIel S AMotY == HOl B&s 2 = U 0 &
HA &=l =2l £401 0L oHOF ot Ol 22N 2sst =
g5 2= =+ UL Metal CMPS 0l HEXNQ G AHEH CMP of 2H2tH 0
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[ Passivating Film

Formation of passivating
«——  Film by chemical oxidation

Insulator of metal surface
(D) Removal of passivating film
by mechanical action/abrasive

Dissolution of

€| abraded species

2) Wet etch of unprotected metal by
chemical action; passivating film reforms

. Metal passivation
1— %
Film reforms

Planarization by repetitive cycles of (1) and (2)

(a)

Passivation oxide

Metal oxide

_Wet etch of
“soft oxide”

(b)

Fig. 4. Schematics of metal CMP mechanisms.***’
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D. ECMP (Electrochemical-Mechanical polishing)

1990E 0 ZL2H BHEX MHUHA A45HZ X HE2 Al WE CHAIGH
H =2 d=sh dIJIH dX0Is0 et MEgd0l f=+=8t Cull AFEED
UCH. Cull BE&= (~1-3 GPa) SAHI Y L20IsZ X MO JA2BH, W &
Ct OI20ot)] &) LROIsLEC 22 AQQEez %2 5= UCH. kX J|
&£ CMP Jl=2 Culll HE5t0 H0IE oIS M ClBloIAS] 22X S4
£ RAGH| 2o =2 LH2=2 st H2 Cu SFYUAM U dishing 4Dt
erosion® R &0t BEX FAOIHRAL low-k 20U =42 S0 Oet HE
ctel |8 &S Zeig U, Cull SOl islandsE HH=2M HH
282 HAHGHK Rstlle HES JIXD UM, o Host Mgg2s 84
otJl 2ol cull s&tE=0l JIAHA H0F OlM0 E4+=HoZ 0|20 MOotste
ZHE0l LML

Oldst ZH&ES

O JHZE 230l, ECMP (Electrochemical Mechanical
Polishing) J7|=0ICt. 08 5= ECMP H&TZE LIEIH Zd0ICH JHESFZOfl A
B0l A 20l ECMP Jl=2 =dcltial MHHES ArESHH f0IHE A0t
ot= JI=0ICk.

1. ECMP Mechanism

ECMP SEUN A2 XHHEQ o2 =530 &l £=8 S8t A0 LU
P

(mechanlsm) S&0| Ootllet MIIgtsrd =Zoll (dissolution) & J|HE ItE

A8 S8 H0F HAHUSO0I ECMP SE0UA OISO &CH. ECMP Jls2 &
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Fig. 11. Schematic diagram of the I-V measurement system with two-electrode cell.
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Fig. 12. HITACHI S-4800 scanning electron microscope.

Fig. 13. PANalytical X'Pert PRO x-ray diffraction equipment.
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Fig. 14. 1-V curve of NaNO; electrolyte with different concentration.
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(¢) passive state; 0.4 V (d) trans-passive state; 1.3 V

Fig. 17. SEM surface photographs at different operating voltage in 0.1 wt%
NaNOs electrolyte.
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%25.0k SE(M)

(a) active state; -1.0 V

(c) trans-passive state; 1.3 V

Fig. 18. SEM surface photographs at different operating voltage in 0.5 wt%
NaNOs electrolyte.
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(a) active state; -1.0 V (b) passive state; 0.4 V

(¢) trans-passive state; 1.3 V

Fig. 19. SEM surface photographs at different operating voltage in 1 wt% NaNOs;

electrolyte.
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(a) active state; -1.0 V (b) passive state; 0.4 V

(c) trans-passive state; 1.3 V

Fig. 20. SEM surface photographs at different operating voltage in 5 wt% NaNOs;

electrolyte.
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(c) trans-passive state; 1.3 V

Fig. 21. SEM surface photographs at different operating voltage in 10 wt%
NaNO; electrolyte.

_37_



3

3

15.0kV 15.4mm x25.0k SE(M)

Fig.

(a) active state; -1.0 V (b) passive state; 0.4 V

15.0kV 15.2mm #2506 SE(M)

(c) trans-passive state; 1.3 V

22. SEM surface photographs at different operating voltage in 20
NaNO; electrolyte.
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Fig. 23. Oxygen and copper contents obtained from metallurgical compositions of
Cu by EDS analysis as functions of applied voltages in the NaNO;

electrolyte.
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