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ABSTRACT

A Study on the I-V Characteristics of KNO; Electrolyte for
ECMP Application

Han, Sang - Jun
Advisor : Prof. Lee, Woo - Sun, Ph. D.
Department of Electrical Engineering,

Graduate School of Chosun University

The chemical mechanical polishing (CMP) process has been widely used to
obtain global planarization of inter-metal dielectric (IMD) layers, inter-layer
dielectric layers (ILD), and pre-metal dielectric (PMD) layers [1, 2]. Also, the
CMP is the most commonly used planarization technique in the semiconductor
process for ultra-large-scale integrated circuit (ULSI) applications [3, 4]. As its
name indicates, the CMP process depends on the chemical interaction of the
slurry with the wafer to be polished and on the mechanical down force applied
to the wafer. Recently, the application of CMP has been especially popular in the
fabrication of copper (Cu) damascene structures and for the in the multilevel
interconnection process [5-7]. However, device structures of low-k materials at 65
nm and below, because of fragility, require low down-force mechanical polishing
to maintain the structural integrity of the underlayer during fabrication [8]. Also,
other problems faced by the Cu-CMP process are the lower removal rate due to
the low mechanical down force required by the low k dielectric, dishing, and
erosion. To overcome these problems, electrochemical mechanical polishing

(ECMP), a new planarization technology that uses electrolyte chemistry instead of



an abrasive slurry, was developed [8-11]. Current-voltage (I-V) curves were
employed, in this paper, to evaluate the effect of the electrolyte concentration on
the electrochemical surface reaction of the Cu electrode. From the I-V curves,
active, passive, and trans-passive electrochemical states could be characterized [12,
13]. Then, we investigated how this chemical electrolyte affected the process of
voltage-induced material removal in Cu-ECMP. To selectively probe the
electrochemical effect of ECMP, all these measurements were performed in the

absence of mechanical polishing.
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Fig. 2.5. Defect of STI CMP process. (a) Tom oxide defect, (b) Nitride residue,
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Polishing pad I

Passivation oxide

Metal oxide

Wet etch of _

“soft oxide” Abrasive

S alumina
particle

.|

(b)
Fig. 2.6. Schematic of metal CMP mechanisms[36].
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st 88 L)l =0 & JER A0 9= SMEOl QUCH 0l2st

SMES ofiZoll 2 = UAs BlEe =22 F20 ot 2401 881

electro migrationO| Lt stress migrationil 5 2kSH0] B &1 Off

Table 1. Resistivity of Material

Material Resistivity
Silver (Ag) 1.62 x 10°
Copper (Cu) 1.72 x 10°®

Aluminum (Al) 2.75 x 10°

Iron (Fe) 9.8 x 10°®

Tin (Sn) 11.4 x 10°®

Telz= L2010 HIGHH 60% B2 MIIME (1.7u Qem)0l ¥ 28
2

Hd250F 1050C T2 HlwWAE =0t electro migrationO| Lt stress migrationOil
et MEA0l b= &8s ItALD Uy E2 =52 JtA2 UL

fa
2

Delay Time (x 10° Sec)

0 05 1 15, 2 25 3 85
Feature Size (um)

Fig. 2.7 RC delay time as a function of feature size.
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F. Low-k Matenal

1. & Ml (Dielectric Material)

=el, 30|, SctAE 22 9439 2 2&0l S&J12 = & ALl
=0 M2 M NI S8H2 SIHEHCL 0 2WE M82Z =58 He2dlol=
Olgd =2&2& "M AMl(Dielectic Materal)cty) Gt LY.
+Q
! !
eo | i
d &3 Vo
EO
-Q
(a
+Q
! !
: / :
d 20 = Vo
E
-Q

(b)
Fig. 2.8 (a) Condenser of vacuum, (b) Condenser of an insulating material
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18 28 (0lA =&HJ[2 &0l Mot +Q °F & & A0l IHEIE X0l Vo
(BRIXHE H= FHXNE UEIHLLL Ei= & EAIOIDE B2 &I1ES

NIDI0ICE (o : &Mot2 &, e : HB0AME REE)

k gttt &8J|1SE (Capacitor)Ol Hld2HI d8E8S € = U2MH HEE
FHa+E N 2E2S ST MO0 &Yoot JHESES kOl et =&
S = USS 20IStth = k &0l 2 SES SHE MO0 &otH &I

o 10
rn
o
pal

A2 SAS Aol ®I| 20| &0HK
S0HAM k gt 12 2 S0 AKX MNEEI B 2t transistor2|

Jretoll
gate sizeJdt 2¥AGHA &I transistor switching time & &E& %
Ct.

Oledst 2HE2Z kol HE2 Co HE2 ka0l &2 =2E AI8ots A

22 low-k material2| HRIF &L D UCH

u

tXI= =IOl

L

HREete By

Ll

== Gaie Delay
(Fan out4)

= Local
{Sealed)

10 == Giobal with Repeaters

= Global wio Repeaters

Relative Delay

250 180 120 w0 03 45 32

Process Technology Node (nm)

Fig. 2.9 Delay for metal 1 and global wiring versus feature size.
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RC XNIHAS IOt A LIEFLIAI &I total signal delay timeOl &Jtot= =Xl
of et O 290l 2= A 20l iz JIES thd=22l

Al
819t (Si0))2 OI®5H04 130 nm 0I5t BFEH AXE ME & HQ, AYE

oz =2 2=20Is2 HIMEn ez &MY e =2 KREE (Dielectric
Constant, k = 4.0)2 2I5t0 RC delaylt =&3dl SItotH =0 et GI0IE
MelEEIF 2400 S0 OHE2 HIHE2 AN DEAEG NEFE S
oA = RC delayE ZlA3t6tE A0l JtE SQ0tH 0I€ fdid= M0l &
2 SHMe gl ¥2 REEE A= S EAHS0| EAol RFAECC
Table 2. Intemational Technology Roadmap for Semiconductors
Year of Near-term years Long-term years
Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
T
echnology 65 50 36 25 18
Node
DRAM 1/2
. 65 57 50 45 40 36 32 28 25 22 20 18
Pitch (nm)
MPU 1/2
68 59 52 45 40 36 32 28 25 22 20 18
Pitch
ILD effectric
dielectri 2.7~ | 2.7~ | 25~ | 25~ | 25~ | 21~ | 21~ | 21~ | 1.9~ | 1.9~ | 1.9~ | 1.9~
lelectric 30 | 30 | 28 | 28 | 28 | 24 | 24 | 24 | 22 | 22 | 22 | 22
constant
ILD bulk 1
dielectric <24 | <24 | <22 | <22 | <22 | <20 | <20 | <20 | <18 | <1.8 | <1.8 | <18
constant

L5t M AME-HE S0 U= &I A4 SZE (Chemical Vapor Deposition,
CVD) &&= 0lE8t organosilicate glass (OSG, RIIACIHOIE) HE2 =2t
2HRAL (Si, C, 0, H) ¥ SHZAH0 et RFAES =4 250

(]

A REHE = JAe A2 BNED JUCH defut Table 204 &€ = UXO0
20055 =0l 2 HE = ITRS (International Technology Roadmap for Semiconductors)

H SUHEASZES Y 2EWS 4HEH, dHaEs o

o

J

Bt
H A= 65 nmz BFEH AXOAM =A AZ0] 50 nmE 248 HL, 2
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G. ECMP2l BH&E

ECMP= JIZE2 CMPZ &0 electro BtSS FIIot JIAHAE SH&fHQl &=
SA0 &Dletet Aol 22 223 Hitols SEO0IGH =2 CMPEEE2 B
CH SEUA Z82 oAl AEENXLD JACH E8 Cu SHUHAME 0l1F o
AN A2B RC delayS zlA3H otJl fIohAE M=2 Cu2l A= S
low-k £8t HZE 0{0F L

JAU 8 MEBZHXNLL A= 65 nm 0152l Node JI=S ALEZ8H Cu i

Hdol AR0= TEB42 low-k &= AE8H 2 REES EFI| Rt &
M0l 10 J|Bs2 0= 20 2= X6 S0 XH SAgAD ol I
Z2| Metal CMPOll &8 20t US4AS| low-k 2 =4S =cif ofH ZIU
Ct. st A0t SEA =2 S22 250 £ Cu BHE0AM e Disking
o W8 BHEP2ZAMM Erosion2 |& ofULCH Cu EHUHA= 08 2119 &
Ol Bigete! Eeldy, &#Hes B0 UL

(b)
Fig 2.11 Defect of metal CMP process. (a) Short , (b) Tom Metal defect

_22_



Oldst 2HE =505tJ| |IotH JIE2 CMPH MI|EHQ QAE 20|
ol E= LEUAME Cu CMPE & = U ZIULCH E£8t ECMP= AHD
SEAN ZE2 2dE2Z 25t low-k =&AS EHFUALH £t =e2del
CHAIOI MoHHES AMEE22 26t =e2iell R840 A XIF &
Jl =20 HEH ZE0] 2, OHKYez 10t =2{elE AEGHAl &0
A8 EZ SsUE B/UL
H. Damascene Law, Erosion and Dishing

Contact hole
A
S0 / \ @ el 2l
Hoiot g4
® contact hole
B or AXt open
cvp 3
OIEELE- ¥
J-L_J-L%M
CMP BEHS
Fig. 2.12 Damascene's Law.

2 21200 201 2Heto Aso HHdl ots29 Hid=E HZ6H)| <ol
3 (contact hole) & Aot 1 &F0 tHd MESIt He= IHYUS S
st =0l 2 o] 222 252 CMPOl 2o A HIHSHCE Ol Damascene &
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Fig. 2.13 Schematic diagram of Erosion and dishing.
J8 213 M8 e 22 &g JiZ20Idt: =2 A0t IHES sdlt =
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@ 2454 CELER
Fig. 2.14 Schematic diagram of cell voltage measure system
Mo BLHUA &= MR/AE SHoOHHE F e d32 AMESIH S & At
012 MRAE =TSO0 &tCt. SFot=e 8=2 &Y™ (working electrode)

Olct StCh o101 THE &£ otLtel == HZollN HAXE

off OF &t OIE <ol &&=
otO{0F ot=dl, Ol &2 8FE i=0 0l ZH otJl

_CTZ

J| & & 2 (reference electrode)Ol 2t &HCH Ol A &YX =W JIET A0S &
o =
T =
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2. AFSZ2 041

ZctZ eIl (polarography)=  Hot==2& =(dropping  mercury  electrode,
P

DME)E XAE=22 AIEolM dF-8% =6d= =Fot0 disdots YE2
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Fig. 2.15 A standard two-electrode glass and three-electrode of polarography

measure circuit
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Fig. 2.16 Relationship of Oxidation/Reduction electrode
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Fig. 2.18 Example if a cyclic voltammogram for a single oxidation and reduction
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_w _ ]
D= i T= 1D (2-11)
W,; weight loss (mg)
D; density of sample (g/cm?)
A; sample area (inch?)
T; thickness
?19 2-112/Al= Culll EE6tH st 2Ch
1.35 1.35
OJIM Cull LE= 8.94 [giem’], Cull Z&F 135 [g], CuSl HEZ2 4 [cm?
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c. dJ| N& =SHY
HE MEHQ MI| ME2 Otell 2134122 HAIEICH
V
R=— (2-13)
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fig. 2.23 (a) full Tafel and (b) detailed Tafel curve of a KNOj; electrolyte with
different concentrations : () active, (Il) passive, (Ill) transient, and (IV)

trans-passive
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fig. 2.24 Cyclic voltammograms of the Cu electrode ad a function of the KNO;
electrolyte concentrations: (a) 5 wt% (b) 10 wt% and (c) 20 wt%
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Fig. 2.25. Electric resistance of KNOs electrolyte with different concentration and

operating time. (a) -1V, (b) 0.4V and (c) 1.3V.
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Fig. 2.26 (a) Net Cu removal thickness for various operating time and electrolyte
concentrations, (b) Evaluation of the Cu removal rate according to
the slopes of the copper removal thickness vs. operating time and

electrolyte concentration curves.
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Fig. 2.27 Oxygen and copper contents obtained from metallurgical compositions

of Cu in KNO; electrolyte by using an EDS analysis.
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