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Abstract: To protect the Cu surface from oxidation in air, a two-step plasma process using Ar and N, gases was studied
to form a copper nitride passivation as an anti-oxidant layer. The Ar plasma removes contaminants on the Cu surface
and it activates the surface to facilitate the reaction of copper and nitrogen atoms in the next N, plasma process. This
study investigated the effect of Ar plasma on the formation of copper nitride passivation on Cu surface during the two-
step plasma process through the full factorial design of experiment (DOE) method. According to XPS analysis, when
using low RF power and pressure in the Ar plasma process, the peak area of copper oxides decreased while the peak
area of copper nitrides increased. The main effect of copper nitride formation in Ar plasma process was RF power, and
there was little interaction between plasma process parameters.

Keywords: Design of experiment, full factorial, plasma treatment, passivation layer, Cu-Cu bonding

1.M B 2HE F(chipyS 72 0.2 %= 3D 28] 7 (stacking) 71&

= A7 7S AUAEd Aom A A o}

At = AEEvEA o] A ee Ao vAstE 7] Ut O ATAA A4 @ AHER A2 QO AeF T @

Hho g Whdo] o] Folg ot M3 A Zlege] 28] 2 U9F O F IUEH A O olF A3t v9 #
Al gAld tohEo Mt 30 371 (packaging) = LS AlFehd

o] 27| Y & (scaling)e] theto & e faL St 53] A 3D &EF Fx2E FAE fEA e H-F, H-elH

Corresponding author
E-mail: eunkyung@seoultech.ac.kr
© 2019, The Korean Microelectronics and Packaging Society

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http:/creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is
properly cited.

51



52 uel g - AtEre

TC >

T dojd-do]lHE F4 2= A4 3= TSV(through
Si via)¢} 5 (bonding) 71&o] B2 0| AL, XA A Z
T2 M= A X 2] Cu Bl 4 7]&o|tts) &)
A9k, Cué] A 4bshE] A 5= o] 2 slehd 54 o
ol thFAAF FAFEA A AEY =S 29 T8-S 9
A= s dalof & EAIFE0] Bol Atk Cu-Cu AW
ANA AR ko] 2 o] flsiM = - FE S
23 3 400°C o9 =& BY =7 oA
71220 2w Hekatn 2FshEH(Cu,0, CuO) B 71EF
£ (Cu(OH)y)o] A 3HA]
Hol] 8 FE Tk webA Cu 52 & THAZFE 97t
A o] BE FA o] 2iZF (ultra high vaccum) -l ] A
AP A g 75 7Sl =EEo] A E A +
gatstetS A A AY, 7 SRR Cuti s BE
sk ol the A7 ASH 08 BN QU

T. Sugax= Cu EH S & AUXA 9 Arc| 208 5=
AZIAY, o ELE, G4, Ak Fol 23 5188 o
AFAA ZHS FHY/AN T = S8 A
(SAB, Surface Activated Bonding)2 |9+ 2239 H. Ju
= @24 &9 TS40A A2 F HS0,89 223 9]
Cuit® Abslat Al A G345 A o= QJFstd k™ C.
S. Tane %™ ksl WA E 98 WY 7](-CHy)E 2=
alkane-thiol & 2 A A] & 21 =) A]Hj] o] A (passivation)= 4] A
3= A1 Z2HEEAH(SAM, Self-Assembled Monolayer)
of thet AFAxE s A. K. Panigrahy:= Cu
of Hlal A5 7t F Ti A H o] A& o] &35t 4hs)
WA 2 B A A 9] Cu YA} ke F Y
a8y o2 d AFAHES 718 WA Alxg g3 A
Hlo] A -g317] d=m 2 shek=Ed g @A ol &

ghzut A v ¢k AR uE AstE AT AN
U, Ar Zetznte] ko 7 2] dshkE o] AL
7] Tl 4ksh 2 919847t =k
ol st uj Aol A £ =2 ik DC £~ H

W oA Ar#k N, 7k 5 0]8-3F two-step Z2F=n} 33
O 2 CuHS AR E Reshe 7 dskE A
wlol A AL A Y. Two-step ZEF=nF T4 o
A, HA ArZetzet FA2 2HE F8d 2 S5
7l BA 0], o]ojA N, Eetznt 342 e A=
x| o] A& P et A o|th & A= AR
2] Y (deisgn of experiment) 5 2 8 914 A (full factorial
setup)E &3l A HA S2t=2ut A ArEetEet 34
HE7E 2] AshE Aol P P A= dFE &
A8k

Hbd

2. HEdy

i

& Aksk(thermal oxidation) 3-8 22 Si0, A =2 700
nm T2 #L3HA A7) 8JAX] AT 4ol T flo
Ti(50 nm) % Cu(1 um) B2 DC sputtering 'HO.Z &
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AHE-Eh= two-step ZEt2HF FA S A &St & AT
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H(DOE, design of experiment) 2 ©|-8-3}o] $~8) s} Tt} &
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(copper nitride) T AW o)A HAL AFFAT Ar E =uh A2 g AR AFE ALY QFEGLSIHR F
Table 1. Ar-N, plasma treatment conditions
Step Specimen Purpose Gas (sccm) RF power (W) Working Pressure (Pa) Time (s)
All Plama ignition Ar: 200 200 3.33 Instant
1 100 1 30
2 100 1 300
3 100 3 30
4 100 3 300
T e e i
7 200 3 30
8 200 3 300
A 150 2 165
B 150 2 165
Step.2 All Plama ignition Ar: 200 200 3.33 Instant
All N, plasma treatment N,: 45 200 1 300
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Fig. 1. Schematics of process flow.
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Fig. 2. XRD profiles of Cu2psp, Nls, and Ols.
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Fig. 3. Binding energy distribution of Cu2p;, peaks.
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Table 2. Deconvolution results of each profiles

 AAERe R

sHow g ?_{} 2 AH(Nehemisorbed) & 371 2] peak &=
fitting 3+ T} Ols T2 3-8 CuO, 3lo] =ZA}o] =(OH-,
Hydroxide) 271 2] peakE AHSA T FEh=A) X2 6}11
ko Al H o] 749 7= Fh(intensity)©] E A 0}7'11
530.27 eV peaks 3.H 0]'04 Cu,O peakE F713l }
RTEID B 2 3 S XPS peak 4.13 AFES
Z 23 fittingA] ol & Shirley -2 A3 W agte=
9} 7F$- A9k $H42(GL) 100% = 245131} 52 peakd]
ek Ui EFA A= Table 29+ 22t

el AAE EWE AFH g7t 52 T2 dstE
s AT w| o] A 2} 4kt ol tf gk 8}8HA 7S 53517 ¢
& ¥HS FASE Cu, N, 0 94zt gk ks
%= (atomic concentration)g— ]/‘P:G}Oﬂ o ARG-gE ofef
2o A Com Yaxol st YAEE, A= peak Bl ©], S
= Ah A 91 W75 (RSF, Relative Sensitivity Factors)Z 2]
=g

/.)\,J_.

oA M EE XPS 574 Al die] wet &y
FRARF 7 2 7] Wi 7= (counts/s)ZE EAH S 9
a5l o2 BAaC)y} 1Y WE 7|20 % Cu, N, O

o] 7% H}% 4 15.06, 1.8, 2.932 A&-3} 1 &
A s =9} 3}8FA] B2 Table 33 232
ﬂi 2 23l (chemical state)S A 324 &
4 |zl AAA o= dAy ek 2 4hslE
P E 2] AstE A o] Ad o] s}shA] o] 2+ Cuy0,
Cu,Nell 7H7k-8- A 2. 2 YERETE CuN-2 cubic anti-ReO;
7HE CusN F+29] ¥l g7k 2] 2471 3
A EeHg el A ZEZA CupNell Hlal] A7 ==

2 e

[Cu2p 3] [Cu2p ;-] [N1s] [N1s] [Ols]
Specimen CwN Cu(OH), or CuO CwuN Cu;N CuO
BE(eV) Area BE(eV) Area BE(eV) Area BE(eV) Area BE(eV) Area
1 932.53 529090 934.14 41868 397.23 13886 398.62 1663 529.69 20101
2 932.52 517285 934.10 32759 397.24 13090 398.59 1238 529.73 19419
3 932.53 447516 934.15 43255 397.25 11908 398.62 1309 529.71 21658
4 932.48 545526 934.10 46166 397.18 12957 398.77 1087 529.66 21448
5 932.44 542148 934.10 50263 397.14 12218 398.55 861 529.63 24621
6 932.55 533245 934.19 54670 397.25 10920 398.73 614 530.06 33925
7 932.57 533578 934.21 45574 397.26 11621 398.68 579 529.97 31527
8 932.53 551185 934.17 56418 397.24 11239 398.72 1218 529.91 31189
A 932.55 605766 934.20 45277 397.28 12894 398.81 1606 529.91 28967
B 932.47 617238 934.11 43880 397.18 12732 398.55 1301 529.95 33472
[Cu2p 3] [Cu2p 3] [N1s] [Ols] [Ols]
Specimen Cu® or Cu,0 CuO CuN & CusN CuO Cu,0
BE(eV) Area BE(eV) Area BE(eV) Area BE(eV) Area BE(eV) Area
N 932.29 705298 933.53 89951 X 529.82 26062 530.27 46846
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Table 3. Calculation of Stoichiometry (XPS)
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R.S.F (S) Atomic%
Specimen Chemical composition
Culp 3 Nls Ols Cu2p 3 Nls Ols
1 73.1 15.0 11.9 Cuy 390N0.9000.71
2 73.6 144 12.0 Cuy.4oN.8600.72
3 71.4 14.2 14.3 Cuy29N0.8500.86
4 74.5 13.2 12.4 Cuy 47N0.7900.74
5 73.8 12.2 14.1 Cuy.43Ng.7300.84
6 15.06 1.8 2.93 71.1 10.3 18.6 Cuy26N0.6201.12
7 71.1 11.2 17.7 Cuy27N0.6701.06
8 72.2 11.0 16.9 Cuy 33N0.6601 01
A 72.7 12.2 15.0 Cuy36N0.7300.90
B 71.7 11.5 16.8 Cuy 30No.6901.01
N 69.2 0.0 30.8 Cu,0800.92
Table 4. Minitab worksheet for full factorial design
StdOrder RunOrder CenterPt Blocks Tégne Pr?;?)lre RE (55)“1 er C[S:I%II/)ng(]) gi‘l;\]l [gulcs)]
1 1 1 1 30 1 100 12.6371 13886 20101
2 1 1 300 3 200 9.7697 11239 31189
4 3 1 1 300 3 100 11.8166 12957 21448
10 4 0 1 165 2 150 14.0665 12732 33472
6 5 1 1 300 1 200 9.7539 10920 33925
7 6 1 1 30 3 200 11.7079 11621 31527
2 7 1 1 300 1 100 15.7906 13090 19419
5 8 1 1 30 1 200 10.7862 12218 24621
9 9 0 1 165 2 150 13.3791 12894 28967
3 10 1 1 30 3 100 10.3460 11908 21658
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Fig. 4. Pareto plots of standardized effects & residual plots (by DOE): (a) Pareto plot & residual plots (Response: XPS CuyN peak area)
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