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Thermal Stability of Ta—Mo Alloy Film on Silicon Dioxide
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Abstract

The interface stability of Ta-Mo alloy film on SiO: was investigated. Ta-Mo alloy films were
formed by co-sputtering method, and the alloy composition was varied by controlling Ta and Mo
sputtering power. When the atomic composition of Ta was about 91%, the measured work function
was 4.24 eV that is suitable for NMOS gate. To identify interface stability between Ta-Mo alloy film
and SiO; C-V and XRD measurements were performed on the samples annealed with rapid thermal
processor between 600C and 900C. Even after 900°C rapid thermal annealing, excellent interface
stability and electrical properties were observed. Also, thermodynamic analysis was studied to compare

with experimental results.
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Table 1. Sputtering power conditions.

Sample Ta Sputtering | Mo Sputtering
Number Power[W] Power[W]

1 100 30

2 100 70

3 100 100

4 70 100

5 30 100

6 0 100
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Microscopy), AES(Auger Electron Spectroscopy)
€ B4 &A3E XRD 59 FHE FIA
ootz BEAE metatdo. 349 ¥3 Aol
E9 dA GAFAHE AFE -rlﬁﬂ Ar E$719A
Z+Z 600, 700, 800, 900TAAM F& 9z ¥ASL
Alds & okol BT FdEA A7E EAF
?1@ E4E& 9Ede ZAAT. 28I o]
el dostdq EMe T3 A4F Axe v
v‘i—’ﬂﬁ}‘}i‘l}.

KR
=

3. 823 ¥ uF
A 2HgE MOS A o 2HE 7 -"“—’&(damage)

< AAs7] A3 600CAAM 1027 F& DA
§ 44 ¥ 342 CV 54 F4g 29 1
vetdch 19s 4HRd Ta°ﬂ 3 Moo 49
8y Ao 374845 B4 Fdo| 9e%ow
AFRE AT ¥ 57 AT,
40
Sample Number
——1 —e—2
ny —4—3 ——4
‘s
g
S
8
g
o
O 1. 600C EA=l & MOS AHAHY C-V
54 34,
Fig. 1. C-V curves of MOS capacitors after

600C annealing.
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Table 2. The values of Vrs, EOT and work
function after 600°C annealing.

Sample Work Function
Number Ves (V) |EOT (A) eV)

1 -0.754 97.5 4.27

2 -0.788 96.4 4.24

3 ~-0.678 95.6 4.35

4 -0.527 96.7 4.50

5 -0.389 99.2 4.64

6 -0.209 97.5 4.81
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AES depth profile of the No. 2 sample.
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Table 3. Characteristics of Ta and Mo atoms.
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Fig. 3. XRD results of as-deposited Ta-Mo
alloy film [Ta(100W), Mo(70W)].
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Fig. 4. Change of EOT with annealing tem-
perature [Ta(100W), Mo(70W)].
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Fig. 5. C-V curves dependent on annealing con-
ditions [Ta(100W), Mo(70W)].
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Table 4. Tie line reactions and Gibbs free energy
at 900C for Ta, Mo-SiO; system.
Tie Line Reaction AGs (kJ/mol)
14Ta+558i0; = 2Tay0Os+5Ta:Si -212.381
37Ta+155i02 = 6Tap0s+5TasSis -7453.137
4Mo+SiOz = MoOz+MosSi 221.909
8Mo+3Si02 = 3MoOz+MosSis 642.319
3Mo+25i02 = 2MoOz+MoSiz 530.160
11Mo+35i0z = 2MoOs+3Mo3Si 880.677
TMo+35i02 = 2MoQs+MosSis 857.269
3Mo+2Si02 = 2Mo0:2+MoSiz 530.160
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