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Quantitative Analysis of Bonding States in Surface Wet-etched Copper with Chemical Solution

Min-Gu Kang and Hyung—Ho Park
Dept. of Ceramic Fng., Yonsel University
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Abstract Thermally evaporated copper was chemically etched with 3.5M CuCl:+0.5M HCI+0.5M KCl
solution at room temperature. X-ray photoelectron spectroscopy was used to characterize the surface
chemical honding states after exposing the etched sample to air for 2 days. The result shows that the
surface of chemically etched copper is composed of carbon, oxygen, chlorine, and copper. Through the
quantitative comparison and bonding states analysis of the photoelectron spectra and Auger electron
spectra, the qualitative and quantitative bonding states of Cu could be characterized as Cu—Cu, Cu-Cl,
2Cu-0, Cu—2(0H), and Cu-2Cl bonds. The bonding states of Cu which could not be easily distinguished
due to their small chemical shift in photoelectron spectra, were separated quantitatively through the
qualitative and quantitative comparison of related bonding states in observed elements.
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Fig. 1. Wide scan survey of surface etched Cu with 3.
5M CuCl:+0.5M HCI+0.5M KCl solution after expo-
sure to air for 2 days.
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Fig. 2. Deconvolution of narrow scan spectra of surface etched Cu with 3.5M CuCl; + 0.5M HCI+0.5M KCI solution,

a; Cl 2p (b) Cls, {c) Ols, and (d) Cu 2p3 peak.
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Fig. 3. Narrow scan spectrum of wet-etched Cu before
air exposure.

Table 1. Surface composition(%) of wet—
etched Cu with 3.5M CuCl. t 0.5M HCI +0.5M
KC(1 solution after exposure to air for 2 days
(Ato-mic sensitivity factors : Cu 2p3=3.50, Cl
2p=0.77, 0 1s=0.71, C 1s=0.29).
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Fig. 4. Narrow scan spectrum of O 1s after argon ion
etching in XPS chamber.

A& JveldA o 28z, dbgdez Cu
o W71F &4 FE(HO)FH] whgel 9
& Cu2(OH) [Cu(OH), #3&) AgE, 4
49)e] wrgoE 2Cu-0 (CwO 33HE] AF
& golatA yAYH?. 0-2Cu 2(HO)-Cu
Agtell 97 Aae #AHz APl 2
7+ 530.2, 531.7 eVelT}'®, AAE AT E
o HaE dae A7|S4%E, peak $7
g Cu zpdabsiel 34 delE mes B
o 53024 eVel #AHA peak-& Custe] A
A (O-2Cu) ol 531.82 eVell A 9] peak& O
-C % 2(HO)Cu7} FH= EAzte A
& o 4 slth o]+ Fig. 40 vyebd XPS A
w4 argon iond A& FEH 1-2
monolayer etching ¥ A4 AgHadele] w3}
2reE gasdizc F FANAFE AR
o] 273 x%22 Cu Fdodle AA, g4 ¥
B0l eodEAT slo], 0-2Cu, 2(HO)-
u® O-C Agte]l A=A = O-C 2§
of ZzjalA =} Argon iono 2 9
Al zbe Hakpe] AgS AAsL EF
OH #Age 2l +2, F29 A8
(preferential sputtering) &E#HE FHFLR
AAEA Ao Aol ole] vhA FH Fa7F 2F
2 At Fastz AddHes Custd
Agaels Z718ke Aoz HaEd. ot
4] 531.82 eVell Ao} Agtael= O-C 2(0OH)
Cu 9% &g = Udsdeh

Cuel A#FAehE el Fig 2(DE =2

o

o

B,
.
o
-z

1
625 628 531 534 637 540

W % e peako® EHHE & F stk
Cu= +17}2 9 stAAelel Cu 540
71 el gley core electron®] Agel iz} A
o odepg whz] ¢f7] wFol| +122 3tAel
9% peakd A+ Cu F5AHS} A
t}. whabA] 932.75 eVell A9 A= Cu
Z&ae], 2000 (Cu0 33§E) ¥ Cull
(CuCl 33819 ZAgAefe si=zd=ch 935
evel Agol A9 peake Cu® +27129
s A e 2 2.25 eVe chemical shift2 2 o
Cuz=3919l 5 7R9 Clo] A¥=e e AH
(Cu2CD 8t Cu-2(OH)Aefeoll sidget. Cud
Almele]l migo 2 qlaled Cu-O (CuO 3§
) AeE AZE 5 gleat Abael wbg e
2 g Cu 4r3hE9) gele dd Cu09
Az 2aRske? =i Cu-O A 9%
peak position& 932.75 eVel 935 eVe] F7kal
933.7 eVell $A8A =H+=d' Fig 2(d)9
peak AbElE 93275 eVel 953 eV F71A]
A el 29 peak 27} o]FolA g CuO
o] AbztEe Eastr] 4e& ¢ 7 ok Cu
o} th7)F Fiel 3 OHS ZAFA] veht
= peakd ¢x& A2 Cudl 2elE 2%
(Fig. 5), &% 4 gl & 934.6 eV 2] %]
of Cust 7159 ¢ AgAE et
U= peake] #@s weld AZFE Cust
Cle) Agabe) (Cu2C), Fig. 3 &%) peakd}
Cu®t OHete) AgAelE el peaks
A7t Ao A ste] viepdcoh whebA 935
eVel AgtAldlE Cu-2(0H)8t Cu2C18 #
FAE 7 A ole Aol ZddlA AR
2ol Cust Clo) Age 37 Aoz Cullk
(0<x<2)e A d7dzd 5 sl XPS
rAe st FA=IE Cu-Cly AAA
ol Agatels Cu-Cla Cu2C18 F 7kA 4
B2 peakd E3, HIE F IFoL2HEH
Cust Clzhe] AgAE Cu-Clf Cu-2CH¢
= stAE Belsle] Azql s do=
# CuClyoll 49 Cleres T8tz skt
Fig. 2(d)ell % vielhd wpel 3ol Cus
chlorine#] E32 Alzka] Edele Cust A
A e vk o2 Cue thekdt At (Cu
Cu, CuCl, Cu2CHE 7HAA =Hz 371 F
¥E2F Q7)F Ak, FEFHY BEow oS

Bapq Agaest Aok XPSE AR



pARe]|

FRlT s ALY o) Edlel AgaHiel e dad E4 Q7 163

I Cu2p3f2 |

- Cu-Cu, 2Cu-0 ﬂ

I ¥ ;
e .
z | Cu-2(0H) ]
$
£ '

i 1 " 1 - o A 1 A
925 930 935 940 945 950

BINDING ENERGY (eV)

Fig. 5. Narrow scan spectrum of surface contaminated
Cu in air.
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Fig. 6. Diagram of quantitative calculation for bonding
states. Blocks represent the single peak, and dotted
lines in block represent the separated bonding states
from qualitative and quantitative bonding relationship.
A~ correspond to the sequence of calculation. Pa-
rentheses represent the absolute quantity of bonds.
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Fig. 7. Cu 1uu Auger spectrum of surface etched Cu
with 3.5M CuCl.-+ 0.5M HC1 + 0.5M Kl solution.
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Table 2. The Quantltatwe Result of Several Cu Bondmg States

T | Tﬁ (CuCh [ Cu (Cu0) | Cu (CuCl) Cu™*(Ca(OH).) | A
o o 9 L 12 | 46 19 11 90
gl vlg (%) 2 L 13 51 29 12 100

jka)
{b)
{c)
/ (d)
’//k— (e)
{f)

906 912 918 924
Kinetic Energy (eV)

Fig. 8. Cu 1uv Auger %pectra of CuClx. The values of x
in CuCly are (a! zero, (b) 0.67, (©) 0.75, {d) 0.87, {e} 1.0,
and (f) 1.8, respectwely. “from W.Sesselmann and T.].
Chuang, Surface Science, 176, 32 (1986) )
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Table 3. Decomposition of the C 1s, O 1s, Cl 2p3, and Cu 2p3 Core Level] Distributions.
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S B S B Dt A I I S
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| CuCl P Y ( 13 155
Cu2p3 | 90 ' 31 I 2Cu-0O " 46 51
' \ Cu-2(OH) 3498 | 11 T 12 1
S AP B [ e 21_1
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