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R~FA 0762 mmx4 mm, 48 Zr. Cr 4iF 1y
>99.99%, fNTE @5 mmx4 mm HEFFE Cu #8_F AT
B R AR, IS Ze, Cr AR EE SR B AR
FBR G m MG &M, RLB¥IE Zr 187%. Cr
HB A Ze-Cr JEB BN 0.5% 1.0%. 1.5%-
20%H 2.5% C(JRF7r %, TE) 5 f. Ar R4
=99.999%.

BB AU Si0,/Si B E T B =W, FE i
BN 25 v/min, HHEEEMRT 5x10* Paj5, Fl
FH PEAR 2 B8 TR AT B8 7 20y vk 180 s, I e b AT 4l
(B8 HEEBRTTR. BRI T2S80E 1. &
SRR i TR AT H AR A3, IR R 400~800 °C,
BAKISTEA 1 h, FHEEZENY 5 C/min, B EEA
JEHE AT 2x10™ Pa.

KA 4 (SEM, Nova Nano SEM 450) AR
2 IR RS 1) SR TR SRR AT A i, R FH RE RS AR
(EDS) X 2 e 73 134T 40 4T s K X B AT (XRD,
D8 Advance) X B K HI J& (1) REAE 24T /N A B 4 50 o
MR RAE; R DU s EREHE (RTS-5) WIEB KT A
F10) B P L2

x1 HEHEIZSH

Table 1 Process parameters for the preparation of films

Process Sputtering . Working  Deposition
Bias/V .
parameter ~ power/W pressure/Pa time/s
Setting value 90 100 0.5 600

2 HRSHE

2.1 Zr BHRXEEESER S RSN
2,11 Zr LR R A BT R TR

Bl 1 RS 4l Cu IR L AR E AR K 1 h
JE R SR TS . AT BIAAS4E Cu R T
FEARE A R T ) B R R s, R R
#, 400 CiRKJERMEIKIA R 500 CiB K5 5
R U6 H LV RN (R AR AT BR 5 AL, e a5 b 7=
A; 600 CIBKJE, R 2 n] LAWESE S 5 [ A
PR, FL AR 0 X Sk — 2Bk, FFUR I T4
KIFLIR, FFEBAAE SRR, XFERATIRAS
BRI B4 S R K IR . 700 CHF, RTHAR
WL — DR, RS AR 2, R AR &
KR, FE R LT INE . @il EDS fEil o Hrid 1
PREESELRH P1 X R FL R P2 X35, KL Pl
Xt Si FrEEm, Cu FERD, M P2 X H ) Si
TERBK, CudERS, HERNEK2, XFERZHT
Pl JEJR AR EE X SRR T Cu W A5 ™ 5, Y B %
AR, SESI TERHEHZL.

Bl 2 N Cu(1.18%Zr) & & AL TR ZS DAL AN AR
FERANGRAK 1 h JEEBERTIES . WK 2 I rE IR
BRI SUK A7 PR, Jo R ) 56k
5. 400 CiBKJg, JFEAHMBLAGOT LY, HEF R
SHRN. 500 CIRKSE, AT HPEEF RS A iy
Ky HEEHBLER 500 CiE k54l Cu I A6

1 4l Cu WSRO FR B AR KR IR TS
Fig.1 Surface morphologies of pure Cu films as-deposited (a) and vacuum annealed at the temperature of 400 ‘C (b), 500 ‘C (c), 600 C (d), and
(e) 700 'C
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#2 [ le FFRIEHLE P1. P2 B EDS DR
Table 2 EDS analysis results of marked position P1 and P2 in

Fig.1e (at%)
Position Cu Si o
Pl 16.47 63.31 20.22
P2 93.77 2.18 4.05

TR 5 FLIR LG, 8 e 1 o 249 31 B35 2% < 600 C
BAJE, AT B scER— S £, BI#A R 700 C
BT, ERKIHOR R RAF e Bt S sE, JRH
TR S BRIE = A2, A RUBHLE T M SR R 1 A
Zr JUE B AR RE BT H BH 4 1 5 S (R ik, &
700 °C ey it 18 K 5 AT ORI R 2R T TR 3 -

K2 Cu(1.18%Zr) & & W BEIURAS SN R B 2B K R TS
Fig.2 Surface morphologies of Cu(1.18%Zr) alloy thin films as-deposited (a) and vacuum annealed at the temperature of 400 ‘C (b), 500 C (c),
600 C (d),and 700 C (e)
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KK Cu-Si AL EWATHIE, BZILL Cu(111),
Cu(200) LA Je Cu(220)fiTht i n 3, HEARE 2
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K3 AR Zr &8 700 CHEARK 1 h FEERR TSR
Fig.3 Surface morphologies of thin films vacuum annealed at 700 ‘C for 1 h with different Zr contents: (a) 0.32%, (b) 0.75%, (c) 1.18%,

(d) 1.83%, and (¢) 2.44%

Cu(2.44%7r)

Culh
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Fig.4 XRD patterns of Cu(Zr) thin films vacuum annealed at 700 C
for 1 h with different Zr contents
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Fig.5 Variations of resistivity of pure Cu film and Cu(Zr) alloy thin
films with different Zr contents by vacuum annealing at

different temperatures for 1 h
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BRSE R A, BT BUN ISR B, 3k
BHL = A,

2 Zr FEBAK (0.32%. 0.75%) B, 23HILE 600,
700 CiB/KJE, FPHRHI TR TIPS, X EE
WT Zr HEI, FEORKEITHIEER D, A
JE DAY e A 20T SRS 2, T e /s i kL T
RestR Ay B EE, %S 2N XRD Tt Bos
DL Cu-Si AHATHE, X2 FECL S FI 0 R,
X RAHBER Ze SR TR, MR E S Bt
HHUEHED, PIREE BT Zr TR B EEAR, Hrh 35
[ Zr R AR, TRy SRR 2 A Fe e e a IR, w]

2 pm

BE S BUR ARG BN R AN Y Zr BAEREN
1.18% N, VIR M FH 2 18.33 nQ-em, HIPHZRRE
T RE B TE AN W R B, 400 C OB K JE HLFH R A
14.42 pQ-cm, 500 ‘CiBKf5 7 9.76 uQ-cm, 600 CiE -k
J&i FLPH R BN 3.53 pQ-cm, 700 ‘CiBKJg, ESRHRH
AR R 3.61 pQ-cm, {H EFHIEE LR/,
PR E M . YRR Zr B A S B A, A
Fa s Ve [RIIN SOIRAS T BRI L B 2 . 400 Cu
R K R AE T LR A SR ORI L, A E T
Cu;Si AR, B 2R Zr Ja BA S RAE i IR
KGR EAR A P2, HIEA B M F] CusSi 1.
MR IR SRie 25 R UL R 456 SCR[6] I 2 1 T Zr JTo3R
TE 400 ek 8 LTI A BT A R0 B R4 4 e B O R R
4o HBEE Zr B R BT, 700 CiBKE
JEE F P 2R ATY 8 v, A 9 A 4 L 3% 28 PR BH S 00 3 2
Ko HEMFTRER Y Zr B4 B A, 7EFFE 700 CB
KA TR Y TR 71, AL LUK & S i s
eI Zr TR, SEHEENESA T

AL, S TRLE H 800 CIB K ) Cu(1.18%Zr)
JHE IS El B R A B TF 2R 7,72 nQ-emo AN S N S o
ReCARAE THREY BRI, AR T Ve &
Yo VLEAHLLZE Cu I, SEBREEN CuZnts
MR AR A T, BV E R s, RIS &
I FL S 28 5 i — 2D A1
2.2 Cri3ZEEREM S RN
22.1 Cr#Zst4R AT 0w

Kl 6 A Cu(1.24%Cr) & 4 BT A LA R FE
THEAGRK L h EREEREES . WA 6 Hrf LA H,

Bl 6 Cu(1.24%Cr) & G MBI KA [FIRBE B 2 IR KR IR TR 3
Fig.6 Surface morphologies of Cu(1.24%Cr) alloy film as-deposited (a) and vacuum annealed at the temperature of 400 C (b), 500 C (c),

600 C (d), and 700 C (e)



© 2540 -

WA @A RS TR

5553 4%

R TS50 T8 8%, HiRKJE 6 S IFk
B HIAL Cu BRI O, HBOEL L, &
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Mrbwi 2, RePHR. 5 B) EDS Reix At i)
BT M T, EENTHYIN Cr iR & & &, XRI%E
B2 Cr e R B IB K JEHT H IS5 3 .

7 NASE Cr & &) Cu(Cry & &K 700 CH A
BKEMRIES. 5 Zr BMHE, Ed Cr B RE
9 EDS M Fr 3 MsLbrfl, BE5wIHMEA D mZE, H
BAYE . IWE 7 AT LLE H, AN Cr &8 T Cu(Cr)
H 4R 700 CIRK G RIRETESYE Cu(Zn) & &R

HE LA —F, KB 5 & T Cu(0.58%Cr) i
A /DVEHN AL S BB B, B TR R AR TR
o M Cr HEON 1.24%F, R A M YRS ROK.
MABREERESN, REHIE T8RS R FH
P B2 A R W R RH I R . i
HAIE 2445 445 B Cu(Cr) & & i 700 “CIR K 5 RE R
FREUF IR TS, Baot w0 R 4.
222 Cr#Zxt4RE I M e300

Kl 8 4l Cu i LA K AR Cr & &1 Cu(Cr) & 4 7
B2 700 CHZIRAK 1 h 5/ XRD K. HE 8 ML

ALK, 700 CIB K5 HI4E Cu JHEE % B0 8B & CusSi
AT5HI& . 145 24 5 1) Cu(Cr) & i, R4 Cu(0.58%Cr)
R I T AR EE Y CusSi T4 .

WA R BT

Bl 7 AF Cr &&= 700 CHEZAIB K 1 h JFRETES
Fig.7 Surface morphology of thin films after vacuum annealing at 700 ‘C for 1 h with different Cr contents: (a) 0.58%, (b) 1.24%, (c) 1.86%,

(d) 2.57%, and (¢) 3.13%
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CU}S“ N Cu
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20/(°)
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8 AIF Cr B Cu(Cr)#ifE 700 CH =B K 1 h J5 1 XRD
it
Fig.8 XRD patterns of Cu(Cr) thin films with different Cr contents

vacuum annealed at 700 °C for 1 h
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FETE 51X B FUNRI S 444 T Cr J5E 1 B 74
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SRR AR, MR G AT 2, BRI
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P, O 2 06 g R IR P T v RO R BRI, M Cr
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KT FSE KL T Cu(l.18%2Zr) & 4 I () v L &
3.61 pQ-cm, [FIFEHL, FIWEH T Cr o6& R0 ik 51 A
Mrih, ARG SO R R A . kAT L, Y
MFRMPIR SR K T 2T, BRERLMITN, Cr
TLRBRE NG EE B RER, BE S REE g
if, T Zr BB . N BT Cr i
] D 8] D 800 C TR MIANELYE, M Ze JRTEAR R T
A FE M A 500 'C RARE R, Hik, Cr Jfi7 G HLT
4 BT 3h 22 2 E Y, fERRERR K& R, Cr

105

1002 —=—Cu
75k —e— Cu(0.58%Cr)
70 F —a— Cu(1.24%Cr)
65L& —v— Cu(1.86%Cr)
40 L —+— Cu(2.57%Cr)

Cu(3.13%Cr)

Resistivity/puQ-cm
W
(9]

0 O 160 260 360 460 500 660 760 860
Annealing Temperature/'C
19 4l Cu #ESFE Cr &8 Cu(Cr)& S IRTEA R 5
AR 1 h HLHERAR Y,
Fig.9 Variations of film resistivity of pure Cu film and Cu(Cr) alloy
thin films with different Cr contents after vacuum annealing at

different temperatures for 1 h
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Fig.10 Surface morphologies of Cu(0.51%Zr0.63%Cr) thin films after vacuum annealing at 700 ‘C for 1 h: (a) as-deposited, (b) 400 C,

(¢) 500 °C, (d) 600 °C, and (e) 700 C
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Fig.11 Surface morphologies of thin films with different ZrCr co-doping contents after vacuum annealing at 700 C for 1 h: (a) Cu(0.28%Zr0.47%Cr),
(b) Cu(0.51%Zr0.63%Cr), (c) Cu(0.45%Zr0.86%Cr), (d) Cu(0.84%Zr0.55%Cr), and (e) Cu(0.33%Zr1.17%Cr)
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Fig.12 Surface morphologies of pure Cu (a), Cu(1.18%Zr) (b), Cu(1.24%Cr) (c) and Cu(0.51%Z10.63%Cr) (d) thin films vacuum annealed at 800 C for 1 h
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Fig.13 XRD patterns of ZrCr co-doping Cu(ZrCr) thins film with

different ZrCr contents vacuum annealed at 700 ‘C for 1 h
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Fig.14 XRD patterns of Cw/SiO»/Si, Cu(1.18%Zr)/SiO»/Si, Cu(1.24%Cr)/
Si0,/Si and Cu(0.51%Zr0.63%Cr)/SiO,/Si thin films vacuum
annealed at 800 C for 1 h
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Fig.15 Variations of resistivity of pure Cu film and Cu(ZrCr) alloy
thin films with different ZrCr co-doping contents vacuum

annealed at different temperatures for 1 h
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Effect of Zr and Cr Doping on the Structure and Properties of Copper Interconnection
Thin Films

Yin Zhendong'?, Lin Songsheng', Fu Zhigiang®, Su Yifan'
(1. Guangdong Provincial Key Laboratory of Modern Surface Engineering Technology, National Engineering Laboratory of Modern Materials
Surface Engineering Technology, Institute of New Materials, Guangdong Academy of Sciences, Guangzhou 510651, China)

(2. School of Engineering and Technology, China University of Geosciences (Beijing), Beijing 100083, China)

Abstract: The effects of zirconium (Zr) and chromium (Cr) elements doping on the structure and properties of copper (Cu) interconnection thin
films were investigated. Cu, Cu(Zr), Cu(Cr), and Cu(ZrCr) interconnection films were deposited on SiO,/Si substrates by direct current magnetron
sputtering technique, and the films were annealed under vacuum condition at the temperature of 400-800 °C for 1 h. The surface morphologies,
microstructure, and electrical properties of the films were tested and analyzed by SEM, XRD, and four probes method. The results show that single
element doping of Zr or Cr improves the thermal stability of Cu interconnect films. The precipitation of Zr or Cr elements prevents mutual
diffusion between Cu film and Si substrate, and suppresses the growth and aggregation of the grains, which make the films maintain good
properties. After vacuum annealing at 700 °C, the resistivity of the Cu(Zr) or Cu(Cr) film is less than 10 pQ-cm (that of pure Cu film is
74.70 nQ-cm). The co-doping of Zr and Cr elements further improves the thermal stability of Cu interconnection films while maintaining low
resistivity and interconnect reliability. Especially after vacuum annealing at 800 °C, the resistivity of Cu(ZrCr) film is as low as 3.23 pQ-cm (that
of pure Cu film is 103.50 pQ-cm).
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