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Effects of Nitrogen Addition on Thermal Stability of Ta- Al Alloy Films

Won Ki Cho, Tae Young Kim, Nam Seuk Kang, Joo Han Kim, Dong Hun Ann

Muliti Media Lab., LG Electronics Inc.
16 Woomyeon- Dong, Seocho- Gu, Seoul 137- 140
(19973 349 254 v

%, 199793 84 224 HFFAHE S.)

= B Ar " Arg N, 29715kl A of 9j2WEE AHE Yo 2 Ta-Alg Ta-Al-N §294¢ 4 =stgch. Ta-7.9
at.% Al Ald, Ta-26.7 at.% Al A 93} Ta-455 at.% Al Aldel] Arol] g AA$2pu]2 26 % 73] A4 E Wrbebed Ta-
Al-N wtahg 34 ¥, 300~600 C 25 F7tolA dxe] d¥e T2 9 074 845} AP L Falo 2|9 A4
A& ZAI. & 9 24 242 X-Al 343} Rutherford Backscattering Spectrometry (RBS) 2 #aslgn dxiqr
442 43y (four point probe method) & o] 43 Mg W& Bl 43k &5 Tao) Alg ¥rlstd 38 AF-Ta)
TZF 293, A4 E Y7l gets+ TaN,,, TaN, E& TaN 2} v A3 o] 4502 AHold et got. Ta- Al-
N ghgwtatel A 74 At de] 0844 Jebdd A7) Hele Ta-26.7at.% Al AFe A 19~36at.% N,73te|q]
i, Ta-45.5at.% Al A2 A¢= 30~45at.% N 77bolch. Ta- Algrgbete A4v) H7bER) golx dale] &2 9 )7t
o w2} oF 10% oo wlwal 2 AhHEE o] Qg Ao] S8t A4 E Hrlstod Ta-Al-N g2 g4
A, ZEE Aol ofu]  vIHTE el A2 59 3% ol whg 2he xEHEE eluils] g 2ol HXAHSE
N2 Aol it A o] =),

Abstract Ta- Al and Ta-Al-N films were fabricated by rf magnetron sputtering using Ta- Al target with Ar and Ar/
N gas mixture, respectively. The Ta- Al-N films were deposited with a variation of No/{ Ar+ N,) flow ratio up to 26%
in Ta-7.9 at.%Al, Ta-26.7 at.% Al and Ta-45.5 at.% Al series, respectively. For the study of the thermal stability of the
films, all the deposited films were annealed in the range of 300 to 600°C. The structure, compositional and electrical
properties of the films have been investigated using X-ray diffraction, Rutherford Backscattering Spectrometry(RBS),
and four- point- probe method. The structure of Ta film was changed to the expanded bct(£-Ta) when Al was added.
The phase transition of Ta-Al-N films was from TaN.., to TaN. or the mixture of TaN. and amorphous with in-
creasing nitrogen content. In case of Ta- Al-N, the maximum thermal stability was obtained for nitrogen composition
of 19~36 at.% in Ta-26.7 at. %Al and 30~45 at.% in Ta-45.5 at.% Al series, respectively. In comparison with Ta- Al
showing its resistance change of 10%, Ta- Al-N films showed a negligible variation of resistance 3%, indicating the ex-
cellent thermal stability. These experimental results showed that the Ta- Al-N films have the potential for use in reli-
able micro- miniature resistors.
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Fig. 1. a) Scanning Electron Microscope morphology of the Al
chip (5% 5% 1mm) surface. b) X-ray diffraction pattern of the Al
chip.
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Fig. 2. Scanning Electron Microscope image of the Ta- Al alloy
films. a) Ta-26.7 % Al, b) Ta-52.6 % Al c) Ta-65.3 % Al

ol @A eoteh ol AP A Ta-No| A$=
N, &7}l e} 4= B-Taoll4 20% N,7}x|= o-Ta, 20
~30% Nyl 4= TaNy, 30~48% N, 4= TaN,.,o}
TaNy. E34o] A=A, 48~55% N,o)4l& TaN,.
283 55~65% N,ollAl= TaNget TaN,.o] £g4ao 2
H3tE 2 2d&& XRD9} TEME ¥3to] 32 u} glch.
Ta-7.9% Al Ad& Ale] dixo2 27] W&ol Ta
-N e vle@ 2AAAESS Bk 23y #99E 3
H ALeEE 57% 24 TaN 2tehechs okzh zhgic).
Ta-Al-N wtzhfel] Ea8}= (Ta+Alakel] gt Al
e w], Al (Ta+ A= Ta-26.7% Al Al 3¢ A
557 Frlsttlets AAE G, Ta-455% Al Alde] A
€ Aoyl et 3rbsk A A ey e Ta-26.7%

FEE I Ta-Al §Futte) LGPl wAE A4LHI} £ 879

Fig. 3. Proposed ternary phase diagram for the Ta-Al-N
system.
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Fig. 4. XRD patterns of the Ta-Al-N alloy films with the N,
content. .
a) Ta-45.5 % Al, b) Ta-26.7 % Al c) Ta-7.9 % Al series.
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Fig. 5. Ta- Al and (Ta-Al)osAl ., film resistivity as a function
of Al content.
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Fig. 6. Ta- Al-N and Ta-N film resistivity as a function of N,
flow ratio.
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Fig. 7. The resistance change after lhour aging as a function of
1/T.a) Ta-45.5 % Al b) Ta-26.7 % Al, c) Ta-7.9 % Al series.
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Fig. 8. The resistance change after aging at 300°C.
a) Ta-455 % Al, b) Ta-26.7 % Al, c) Ta-7.9 % Al series.
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olgles, o} Holtm YAla) L W Aol e Mg
Wbyl AA 2R o) FHastadct.

(4) 2R Ae) A, vlAaA) AANLEE HEE
# Ta-Al-N g3ubete] A =gHsg et i 244
A= Ta-26.7 % Al Ad2] 3¢ 19~36% N, F7rojgl
i, Ta-45.5% Al AlgdL 30~45% N, F3to]ic}.

(5) ¥)MFz TCRE 2HE  ohe Heol Ta-Al ¥
2ol eAAHEN #13 MRelch. Ta-Al-N ¥
TaN3} Ta-Al gfetrc} oA obgdAde] A -39,



Z2807) - QY - B - AT HFE  Ta-Al $IUSe) dALHA oA Ao £ 883

=g 2~3 A S uAFE TRV gl HA2HE
& watebuzt Ay FEEH bt oRE FAY 6.
o] At}
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