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Analysis of the microstructure of reactively sputtered
Ta—-N thin films
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Abstract

Ta~N films were reactively sputter deposiled by dc magnetron spuitering from a Ta target with a

various Ar-N, gas ratio. Electrical resistivity of pure Ta film was 150 1 f2cm and decreased initially with
nitrogen addition, and then increased to a value of 220y £2-em~260 i £2-cn at 9% ~23% nitrogen partial
flow. Rutherford backscattering spectrometry (RBS) and Auger electron spectroscopy(AES) analysis show

that nitrogen content-in the film is increased with the nitrogen partial flow. The film contains 58at.%

nitrogen at 36% nitrogen partial flow. Both the phase and the microsiructure of the as-deposisted films
were investigated by x—ray diffractometry(XRD) and transmission electron microscopy(TEM) at various
nitrogen content. The phase of pure Ta film is identified as f-Ta with & 200 A ~300A grain size. The phese
of Ta film is changed to bee-Ta as small amount of nitrogen is added. Crystalline Ta,N film was deposited

at 24at.% nitrogen content. Amorphous phase is formed over a range of nitrogen content from about 33at.
% 10 35at.% while crystalline fce-TaN is observed to form at 3%at.% ~48at.% nitrogen content.
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Fig. 1. Deposition rate of TaN fims as a
function of N, partial flow rate.
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Fig. 5. Plan—view TEM micrograph of the Ta
filrm &
(&) Bright field image
{b) Selected area diffraction pattern

Table 1. Crystallography of Ta fiims

Observed A-Ta* bee-Ta®
236A 2.354 A ((202) 2.338A(110)
2244 2.241A(411)
1.65A 1653 A (200)
1.57 A 1.555 A (313) 1.350 A (211)
1.47A 1.462 A (631)

1.36 A 1.367 A (641)

a) JCPDS 25-1280
b) JCPDS 4-0788
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Table 2. Crystallography of TaiN} fims

r Observed bee-Ta? -\
2.37TA 2.338A(110)
1.684 1.653 A (200}
1.38A 1.350 A (211)
L.19A 1.1687 A (220)
1.06 A 1.0453A (310)
0.978 4 0.9543 4 (222)
0.907 A 0.8835 A (321)

a) JCPDS 4-0788
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Fig, 6. Plan—view TEM micrograph of the TalN)
fiim :
(&) Bright field image
() selected area diffraction patiern

Table 3. Crystallography of hcp—TaN films

| Observed hciy’l‘azN" T
| 244 2.457 A (002) '
! 1.39A 1.391 A (103) {
L 1214 1.228 A (004) \

a) JCPDS 26-985
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Fig, 7. Plan~view TEM micrograph of the Ta,N
filrm
{&] Bright field image
(b) selected area diffraction pattern
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Table 4. Crystallography of fec—TaN films

J _ Observed J fec—TaN” J

25A | 2503 A (111) i

J 2,158 A { 2.169 A (200) J
‘ 15134 1531 A (220)

1.297 A | 1.807 4 (311) )

ay JCPDS 32-1283
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Fig. 8. Plan—view TEM micrograph of the
amorphous film :
{a) Bright field image
(b) selected area diffraction pattern

7ro) AAAF 4334 9 fee-TaNelgleh o] =4
AAY 271 2k 30~50A A =gl

4.8 2

ohz it Are TYNAFAA BAFRTH
o W& Ta ool Aagapzss v 2
Zlele BAFHE 7l meh Ante AL Pl
w2 A Frhebdrl Aafge] o FAEA F
AFA L Fade e Bot

T ok2 EAN A Algsted 34 Ta vt
o] wzEghe 150pQcne 2 B-Ta 4o] Fity
o A =Zrlw e 2004 ~300A0%h
A7} wetel Auk Akl nhet wrabe] WA

Fig. 9. Plan~view TEM micrograph of the fce-
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(b) selected area diffraction pattern
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