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A Study on the Diffusion Barrier Properties of Pt/Ti and
N#¥/Ti for Cu Metallization
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Abstract
New Pt/Ti and Ni/Ti double-metal structures have been investigated for the application of a

diffusion barrier between Cu and Si in deep submicron integrated circuits. Pt/Ti and Ni/Ti were
deposited using E-beam evaporator at room temperature. The performance of Pt/Ti and Ni/Ti
structures as diffusion barrier against Cu diffusion was examined by charge pumping method, gate
leakage current, junction leakage current, and SIMS(secondary ion mass spectroscopy). These
evaluation indicated that Pt/Ti(200A/100A) film is a good barrier against Cu diffusion up to 450C.
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Fig. 1. Cross section of sample.
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Fig. 3. Breakdown characteristics of MOS ca-
pacitor with and without diffusion
barrier metals.
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Fig. 5. Charge pumping current of NMOSFET
with and without Cu diffusion barrier
before and after 450°C annealing.
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Fig. 6. Copper profile of MOS Capacitors
(WSiy/poly-Si/SiO»/Si) with a va-
rious barrier metal after annealing
at 450 as measured by SIMS.

Adlep_max #& o]&sled AW =Ed 9% (Dit)
& ot A 8] ol T £ don, oly A9
A By vtel Zo]l dlep_max’t 42 Ditg:
At olelg ANZRE T 0F 27} B e
F% AW E{Y Wwr Frisio, MOSFETS &
B MY % 249 28 A7y EA e ws)
g & 7 UvH2L 59 e s g7 AR
A Alep_maxZF 3 & A3 PY/TI(200A/100A)E &
A ATt AMEE AREIZF B Z2AS9
] JEg EHE B

Ay (o P
Aq - Ds

q:16 x 10, f: 3954 A : MOSFET 7],
4¥s : WA (band bending) 2}

D; =

I¥ 68 Yl 2 FzeM FHAeo] glo]
WEg AzE NEE 450TAM 247 dH8 @
¥ SIMS A g 98 [POAst e 4783 A o)
E A=A dE7A Azte Agd g e
Uael BXE FHstd welFa v st
WSix/Poly-Si AWelA 2 5o 9lge & 5 9
T AClE Abstehl 9 AEZulol A gk Hhxw
FRol wek telel $E Aoyt g8 g



A8 E7t & Cu &
2 BEAE HAF T gt}

4. 38 E

P/Ti 2 N/TiE 72 &4 $xgog A&3
o 40T EA8F F AR HE 74 AF,
ASlE ¥4 AF, charge pumping AFF o2 7}
2 B4 WaE zAstgch. 48 A3 PYTI(200
A/100A)YE &4 WA gte s e A R(E)NA
Vg F2 Cu 4 34 548 Yed. o
A3 DRAM A& AzodA T8 34£& Aa3
22 ZF&ste] DRAM IFATAE deHAA A
Z 97t 4748 £+ dE PUTIE Cu #4 W
Aeto 2 ALE 7MEeg R

#Ate 2

2 = d7d 8@ Ag AFd &3 Ay
AHg& S FA selda Ntea] wWEy dF
A9 2¥FAYEE AND Lab.o] FAL=HY
EF B =E2 20024 FEUdu dedT 2
el APl ezt AFEHAFUT

#n 28

{1} D. Edelstein, J. Heidenreich, R. Goldblatt,
W. Cote, C. Uzoh, N. Lustig, P. Roper, T.
McDevitt, A. Simon, J. Dukovic, R.
Wachnik, H. Rathore, R. Schulz, L. Su, S.
Luce, and J. Slattery, "Full Copper Wiring
in a sub~0.25¢m CMOS ULSI Technology”,
IEDM Tech. Dig., p. 773, 1997.

[2]1 M. Inohara, H. Sakurai, T. Yamaguchi, H.
Tomita, T. Iijima, H. Oyamatsu, T.
Nakayama, and Y. Toyoshima, “Copper
contamination Induced Degradation of
MOSFET Charateristics and Reliability”,
Symp. on VLSI Tech. Dig., p. 26, 2000.

[3]1 A%z, =93, A3, &4F, 143 “Cu
o} Si Atolell A #at wAHo R A g8 9]
@ TiN/Zr(N)/TiN th&9ee] A7, A7 d
24 7 EE=EFA, 121, 8%, p. 663, 1999

(4] A&, 334, {5, FYTF, “NO7M2R

101

A7) A A 588 3=F=], Vol 16, No. 2, February 2003.

A4EEAZ oxynitride™ 8] BALT, A7l AAA
BE3 =82, 74, 1%, p. 25, 1994,

[5] ol &<], #¥A, A3, AFY, 26y, A9
T, NO7F22 d43E AoE At §
A" ANARA8R A=A, 67, 3F, p
269, 1993.

[6] H S. Choe and M. Danek, “MOCVD TiN
diffusion barrier for copper interconnection”,
IEEE Interconnect Technology Conference,
p. 62, 1999.

[7} A. Paranjpe, R. Bubber, L. Velo, G. Shang,
S. Gopinath, ]J. Dalton, and M. Moslehi, *
CVD T.N barrier for copper metallization
and DRAM bottom electrode”, IEEE
Interconnect- Technology Conference, p. 119,
1999,

[8] G. Groeseneken, H. E. Maes, N. Beltran,
and R. F. Dekeersmaec-Ker, “A reliable
approach to chargepumping measurements
in MOS transistors”, IEEE Electron
Device, Vol. ED-31, No. 1, p. 42, 1984.



