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Tunnel Magnetoresistance in Magnetic Tunnel Junctions
Using a L2;-Structured CozCrGa Full-Heusler Alloy Thin Film
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We have investigated that the structural and magnetic properties of Co2CrGa full-Heusler alloy films and
researched the tunnel magnetoresistance (TMR) in magnetic tunnel junctions (MTJs) using a Co2CrGa electrode on a
MgO(100) substrate. CozCrGa films were fabricated with substrate heating (RT < 7:< 500°C) or post-annealing (RT <
T2 < 500°C) after the deposition using an ultrahigh vacuum dc magnetron sputtering system. L2;-ordered Co2CrGa
thin films were obtained at 7z > 300°C or 73 > 200°C. The maximum magnetic moment per formula unit measured at
5 K were 2.8 up and 2.6 us for 75 and 72 = 400°C, respectively, which are over 85% of the theoretical value. The
maximum TMR of 18% at RT and 42% at 5 K are obtained for the MTJ using the L2:-structured CozCrGa film as a
bottom electrode. It is expected that the TMR can be enhanced by optimizing the interface of Co2CrGa/AlOx.

Key words: half-metallic ferromagnets, full-Heusler alloy, magnetic tunnel junctions, L2: structure, tunnel
magnetoresistance
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Fig. 1 X-ray diffraction patterns of 50-nm-thick Co2CrGa films
prepared at various 73, and 73 on MgO(100) substrates. These
patterns were observed by means of (a), () © - 20 and of (b), (@
@ - 20x. CCG indicates capital letter of Co2CrGa film.
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Fig. 2 X-ray diffraction patterns with in-plane ¢ scan for
50-nm-thick Co2CrGa films fabricated at various 7%, and 73 on
MgO(100) substrates. These patterns were observed: (a), (© for
CoxCrGa (111) diffractions and (), (d for Co:CrGa (200)
diffractions.
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ERP LS5 KIZHIT 28N OERMBBEL L
A2 NP VBEREEZ Fig. 31277, BRT—A Y
FOMEIZE DI T, Th=400CTERARERD, BKTZFh
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emu/cm3) TH o7, Th S DOMEIZIEFRIES.0 pp)D 85%LL
LTH s, ZOBREKREED S ERMEBEL 7 =300C
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Fig. 3() Substrate temperature and () post-annealing
temperature dependences of saturation magnetization and

magnetic moment per formula unit at 5 K and RT for
50-nm-thick CozCrGa films.
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Fig. 4(a) Co2CrGa film thickness dependence of saturation
magnetization and magnetic moment per formula unit
prepared at 7% and 73 = 400°C and (b) Magnetization curves as
a function of an applied magnetic field for a 50-nm-thick
Co2CrGa film prepared at 7; = 400°C measured by VSM at RT.

W5, RAMPZ—)VALEIZ Ta=200CH 5RERE— A >
FOERLUTED, 3.1 HithiRE=LSIC L2 E~DE
BERW—HBZERLTVWS, £ERIMNPo—)VHLHE L=
BEDANVEVEBEPSBMRAE—A L MBERLTNHS. .
PSS EIREIC £ 5 9 0.05 nm/sec. TH D, EARMEF
JETIERER TRTIZRHBLTVS, ZRICHLTER
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Fig. 5 Surface roughness as a function of (a) the substrate
temperature and (b) annealing temperature for 50-nm-thick
CozCrGa film. Inset is the AFM images (Area: 1X 1pm? for
the Co2CrGa surface prepared at 73 and 73 = 400°C.
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Fig. 5 [CRH T 7 X 2 DFEANBLEE B L UORZ b 7 =—)Lig
A 2R T, 500°CE COERERINTREEHIBIFcH
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P-V190nm & Ra 0.07nm, P-V0.80 nm TH-7-. ZEREL
TR LT T = 400°COR ORI L LT
BLERXB.
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ConsFees DAY V3R % 50%& LT Jullidre £5)L 29
ICARAT 2 &, TEEM Co:CrGafid 2 & 2 Skl 35%
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Mn A% (MnOx) DEEICLZEDLHBELTNDS 29,
# 5T Co2CrGa ¥ 2. ) —EEH 495 K & Co:MnSi,
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AlOx NV 7REDEEBLHEZ S50, HMRFE»SE
BETHD.
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Fig. 6(a) TMR curve of a micro-fabricated MTJ with

MgO(100)/Co2CrGa/AlOx/CorsFezs/IrMn/Ta, b
temperature dependence of TMR and (¢) bias
voltage dependence of the normalized TMR. The
direction of bias voltage is defined that electrons
flow from the bottom to the top electrode in positive

bias.

X 51 Fig. 6(QIC =R TOD TMR DN 7 2 BEMRFE
ZRT. INPHRED o7~ TMR EABFEHT 211 7 X
BIE Thid 400 mV L FEEWMEIZ L EFE>TW5, Th
BEEE X ¢ DEMNNI NI 2IZMA T, TMR OREKRAEM
DFERD 5 disorder DFEWFHHIE D E W Co:CrGa KM,
2l h D CoeCrGa/AlOx REIDVER D T & T
EOERTHEIND LS RKRERIAL L HBEIBLN
irolzEZOND.

4, £&&

EEEZET T F b0 Y RSy F$EE R WT, MgO(100) #4552
By Bl b Esmini e HEHR < —BUz CoCrGa 7VikA
25— B ER L, ZOMEMEE, BEURHE, REFEM
BRNFER, LUFOMRER-E.

1 CoCrGa 5%

D T=300°C, T=200°CLLEH5 L2iEENRLNT.

Q7T, T=400°CIiBNWTHST—A Y MIEBITHERERD,
5KiIZB\WTENZN 2.8 pe/fu., 2.6 ppfu.TH DT,
IS OEITERBED 85%LL L2 5.

B)VEE S 7 2 RFFEME, FR M7 =—)VHIZ 500°C
FTOLBERBCREFRPIEEEHERFL, R Ta=
400°CIZ 54\ Ra0.07 nm, PV 080 nm & /NI o7=.

2 Co,CrGa SWiE#& FAL /= MTJ ORESIRINZHR

(DL2: #1ED Co2CrGa WE%E THEMRICH W MTJ %
e L, BAZEIET 18%, 5 KT 42%D TMR Lt H5
Y

@EBICHIT 2 TMR DN 7 ZkAFEME L D TA 1 400
mV U T ENE L, E/- TMR LLOBEREMESKRE D
S b5, disorder DWW Co2CrGa REH DIERK,
Co2CrGa/AlOx REiZBELT 52 & T TMR (R E
VHABR)DEMARBEFINS.

HiEE AMEEITSICH =0 CREST-JST /MAIERK,
HHEEKIZ V2 ICB LT, BBLEI AT AN E RIS
MHHEEICETZ2EERIHERZHVWE., FERIEREEE
AT AR E O =53 F B, BRI K IC SQUID
HETTHAWEE W, REBARHFTO—EBIZERAEE
IE 5 SHBOWESRXD IT yurs > h, EBHE
A(15206074) 72 & TN IZ Bl 1 30 & # B & %5 8 SR T X
(14076202 L biThh /=,

References
1) S. Datta and B. Das: Appl Phys. Lett., 56, 665 (1990).
2) G. E. W. Bauer, A. Brataas, Y. Tserkovnyak, and B. J. van
Wees: Appl Phys. Lett., 82, 3928 (2003).
3) S. Sugahara and M.Tanaka: Appl Phys. Lett., 84, 2307
(2004).
4) G. Schmidt, D. Ferrand, L. W. Molenkamp, A. T. Fillip, and B.
J. van Wees: Phys. Rev. B, 62, R4790 (2000).

5) R.A. de Groot, F. M. Mueller, P. G. van Engen, and K. H. J.
Buschow: Phys. Rev: Lett., 50, 2024 (1983)

6) Z. Zhang, and Sashi Satpathy: Phys. Rev. B, 44, 13319 (1991).

7) S. Ishida, S. Fujii, S. Kashiwagi, and S. Asano: J. Phys. Soc.
Jpn., 64, 2152 (1995)

8) W. Pickett and D. Singh: Phys. Rev. B, 53, 1146 (1996).

9) S. Lewis, aaa: Phys. Rev. B, 55, 10253 (1997).

10)H. Akinaga, T. Manago, and M. Shirai: Jpn. J. Apl Phys.,
Part2 39, L1118 (2000)

11) K. Inomata, S. Okamura, R. Goto, and N. Tezuka: Jpn. J.
Appl. Phys., 42, 1.419 (2003)

12) H. Kubota, J. Nakata, M. Oogane, Y. Ando, A. Sakuma, and
T. Miyazaki: Jpn. J. Apl. Phys., 43, 1984 (2004)

13) T. Marukame, T. Ishikawa, K. Matsuda, T. Uemura, M.
Yamamoto: The 29t Annual Conference on Magnetics in
Japan 2005, 20pF-1.

14) Y. Sakuraba, J. Nakata, M. Oogane, H. Kubota, Y. Ando, A.
Sakuma, and T. Miyazaki: Jpn. J. Appl Phys., 44, L1100
(2005)

15) S. Kammerer, A. Thomas, A. Hutten, and G. Reiss: Appl
Phys. Lett, 85, 79 (2004).

16) S. Okamura, A. Miyazaki, N. Tezuka, S. Sugimoto, K.
Inomata, Y. Takahashi, K. Hono: J Magn. Soc. Jpn.
(submitted).

17) K. Kobayashi, R. Y. Umetsu, R. Kainuma K. Ishida, T.
Oyamada, A. Fujita, and K. Fukamichi: Appl Phys. Lett.,
85, 4684 (2004).

18) R. Y. Umetsu, K. Kobayashi, R. Kainuma, A. Fuijta, K.
Fukamichi, K. Ishida, and A. Sakuma: Appl. Phys. Lett., 85,
2011 (2004).

19) M. Kikuchi, T. Masaki, N. Tezuka, S. Sugimoto, and K.
Inomata: J. Magn. Soc. Jpn., 29, 455 (2005) (in Japanese).

20) K. Kobayashi, private communication.

21) Y. Miura, K. Nagao, and M. Shirai: Phys. Rev. B, 69, 144413
(2004).

22) J. G. Simmons: J. Appl. Phys., 34, 1828 (1963).

23) M. Julliére: Phys. Lett., 54A, 225 (1975).

24) J. Schmalhorst, S. Kimmerer, M. Sacher, G. Reiss, A.
Hitten and A. Scholl: Phys. Rev. B, 70, 024426 (2004).

20054F128AEE, 200645585 19 B HkER

458 Journal of the Magnetics Society of Japan Vol. 30, No. 4, 2006

NI | -El ectronic Library Service



