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Fig. 1. Deposition rate of Ta and TaN thin films as a function of N,
gas flow.
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Fig. 2. Resistivity and RMS roughness of Ta and TaN thin films as a
function of N, gas flow.
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Fig. 3. XRD patterns of Si/Ta(TaN) thin films for various annealing
temperature: (a) Si/Ta thin films. (b) Si/TaN (N,=3.0 sccm).
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Fig. 4. MR ratio of spin valve structures as a function of N, gas flow.
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Fig. 5. H,, of spin valve structures as a function of N, gas flow.
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Fig. 6. MR ratio of spin valve structures for various N, gas flow as a
function of annealing temperature.
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Fig. 7. (a) Scratch test photograph of Ta and TaN thin films for
various N, gas flow. (b) Acoustic emission loadgraph of Ta and TaN
films for various N, gas flow.



KAF=E> 29 8B Ta 51459 Aag= Hslel 93]

We F&3] st oF 90 0e FEE S A8

Fig. 62 @A) 2% Wl & A o),
Ta 2P| MEE dA#Eo] 12.0 scem?FA] FUE TaN k&
Hws) BH, G488 37l A Ta g ZdahFHo] 0.5,
4.0 scemQ] TaN HIERS: SX|F0.82 AMEE Z~HWiB oA A}
1A= 63 % opde] ARE oo} AihFo] FrIst
9 27 ARl 24 Al 8.0, 12.0 seem &) A%
oF 3.5%A0h 28y 8428 e W Ta vl=lg TaN €
2o A9 BE AJH A |AIHIE 200°C7HA] S7V8Rs 73
ke Bk Ta vk Ao 0.5-4.0 scemZHARE 0.5 %
Ax Z71el9ar, AA#o] B 80scemd W 2.8%,
120 scemd W 1.3 % Z7FIAS 53], 12.0 scem¥d A-¢
250°C71A A7 |1A@RN7} Al ST1elRen 1 o)fol| g4
3] sk AS B 4 AUth

Fig. 7(a), (b)= Ta W=} dAago] 20, 4.0, 18]I 8.0
scem Q1 TaN BFEh} 7)gate] Hzlkele vlwslr] 93 2=
) BAE AR TJezoch, Ta ¥R} TaN BPkE- vl
3 B dago] F7IEE vhako] gRlo|| sl F3)7] A
Zsl= Aol go At e & 4 AUk Fig. 7(b)
ol B 4 %ol Ta HholM HAHe oF sNpIler
Aol 20scem@] TaN RS ok 7N}, 4.0 scemoll A=
oF 9[NJe]%lal, 8.0 scemollAl= #=Edo] <F 10[N|°Z Ta
bt oF 20 A= A3 2 vlERdTt

Iv. &

r

2 BOA Ta A5 24 sl mE SAE
H|nl, AES A9} TaN #pEF F20] 33172l Adako)
71rE FEES sl en weke] A3 =4 F7
190 W ARZE XX8] F7FHHET
Si/TaN 8PS 312004 |AIRE Bt GAelsied 7|a &)
RZ&e] A RE dolE Az} 2 A~Eko] 3.0scemC 2R
Fak x| Agks S8l 9le-S IS
A7\ 9} mBAFAEL- AaEko] 3.0 seem?HA] 6.0 %

Lol e

[«

oxo] ME A7)E B4 - HAY - A - 28 - 0B

-229-

o] T AU 2 oldolME J48] Hasidle
B, 270°C7HA] Ex7] A3} Ta 2R 200°CHE A7 1A1EH]
7} AAslr) ARl 270°ColME 4.5 %7HA] sl A
280] 4.0 scem@d 7 270°ColAM= 5.3 %7hA] TSI

7193 spAEHe] HAES SAF 29 Ta 5o B
ol SIS AL fdEe Aol vlEsl] A
& FRlsidrt.

Aol % 7A AR ogiE AEBETES AP] AT
S8 7, 3T T Al of22 7k2el| 3.0 scem FE2
s 715 EjtEK ARgElE A B4 A 9%
FA Fomix ik A, JAY el ole de

slo)et A,
ANEIRS

2 A7 Ak AT A o8 FHEs
U}, ool ZAp=suT,

m
re

a2

[1] J. M. Daughton, IEEE Trans. Magn., 28(5), 2488(1992).

[2] D. J. Monsma, J. C. Lodder, and B. Dieny, Phys. Rev. Lett.,
74(26), 5269(1995).

[3] T.Lin, C. Tsang, R. E. Fontana, and J. K. Howard, IEEE Trans.
Magn., 31(6), 2585(1995).

[4] J. K. Spong, V. S. Speriosn, R. E. Fontana, Jr., and M. M.
Dovek, IEEE Trans, Magn., 32(2), 366(1996).

[5] K. Hayashi, S. Mori, H. Yamamoto, and J. Fujikata, Jpn. J.
Appl. Phys., 36, L1161(1997).

[6] R.D.McMichael, W. F. Egelhoft, Jr., and M. M. Dovek, IEEE
Trans, Magn., 32(2), 366(1996).

[7] O.Redon, G B. Albuguerque, L. M. Rodrigues, and P. P. Fre-
itas, IEEE Trans. Magn., 34(2), 562(1998).

[8] R. D. McMichael, P. J. Chen, and W. F. Egelhoff, Jr., IEEE
Trans, Magn., 34(4), 897(1998).

[9] J. Fujikata, K. Hayashi, and M. Nakada, J. Appl. Phys., 85(8),
5021(1999).



230 - $+=121718}8] 2] Volume 15, Number 4, August 2005

Magnetic Properties of Spin Valve Ta Underlayer Depending on N, Concentration
and Annealing Temperature

Yeonbong Choi*, Jiwon Kim, and Soonchul Jo
School of Electronic Engineering, Soongsil University, 1-1, Sangdo-dong, Dongjak-gu, Seoul 156-743, Korea

Chang-Woo Lee
Dept. of Nano & Electronic Physics Kookmin University, 861-1, Chongnung-dong, Songbuk-gu, Seoul 136-702, Korea

(Received 7 August 2005, in final from 16 August 2005)

In this research, magnetic properties and annealing effects of the spin valve structures were investigated, which have Ta underlayer
deposited with Ar and N, gas mixture. Also, TaN underlayer as a diffusion barrier and the substrate were investigated. The structure of
the spin valve was Si(SiO,)/Ta(TaN)/NiFe/CoFe/Cu/CoFe/FeMn/Ta. Deposition rate was decreased and resistivity and roughness of
the TaN films were increased as the N, gas flow was increased. The XRD results after high temperature annealing showed that
Silicides were created in Si/Ta layer, but not in Si/TaN layer. Magnetoresistance ratio (MR) and exchange coupling field (H,,) were
decreased when the N, gas flow was increased over 4.0 sccm. The MR of the spin valves with Ta and TaN films deposited with up to
4.0 sccm of N gas flow was increased about 0.5 % until the annealing temperature of up to 200°C and then, decreased. TaN film
deposited with 8.0 sccm of N, gas flow showed twice the adhesion of the Ta film. The above results indicate that with 3.0 sccm of N,
gas flow during the Ta underlayer deposition, the magnetic properties of the spin valves are maintained, while the underlayer may be
used as a diffusion barrier and the adhesion between the Si substrate and the underlayer is increased.

Key words : spin valve, underlayer, TaN, diffusion barrier, adhesion



