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Abstract Tunnel junctions with Al-N barriers fabricated by microwave-excited plasma were studied. When the
Al thickness, nitridation time, and annealing temperature were 1 nm (0.8 nm), 50 s (35 s), and 280°C (300°C),
TMR ratio and resistance-area product (RA) were 49% (34%) and 3% 10* Qum® (1.5 10* Qum?®), respectively.
In order to clarify the annealing temperature dependence of TMR ratio, the local transport properties were
measured for Ta 5 nm/Cu 20 nm/Ta 5 nm/NizgFey, 2 nm/Cu 5 nm/Mnyslrys 10 nm/CopFegg 4 nm/ Al-N junction
with Al thickness of 0.8 nm and nitridation time of 35 s at various temperatures. The increase of TMR ratio
after annealing at 300°C, where the TMR ratio of the corresponding MTJ had the maximum value of 34%,
can be well explained by the enhancement of the average barrier height (@..) and the reduction of its
fluctuation. After further annealing at 340°C, the leakage current was observed and the TMR ratio decreased

Key words Al-N barriers, TMR, Local transport

.M B

AT B3R W2 2A ZIEZ 2= MRAM
(magnetic random access memory) E{d® 27] A3}
(TMR) &35 ©]§3 tiute]2e]th” MRAMS H|32
q EH‘Q‘EE” gHE227]- 971 349] Algte] glvke &
7RA S Q7] wdell, 2 A &g Aol &
1352 nk? 324 ed g HEmThel 9

2 TMR(tunnel magnetoresistance)B]E F48}7]
AAREe 28 B58S A fAEe A
7HAe lEP” A, A flof Fak~1 nm)e] F
AR o], Ak EE}Z”} o}-g-std A

Lks) TMRH|7} &
__E X—Itﬂ-ol_

QR b do X o X o
ofj 4y 2 ) ﬂllo
o 2= Hir

te Hi rfo r>4
r
%

E)
o

=
[s)

iz
o
10 =
e
=2
a
NE
o,
03‘~

Hir o?i
tlo
—
2
=
o
AQ
L
o

7/4\ uo], Ehay

*E-Mail : magkim@cnu.ac.kr

line slot antenna)® ©] &3 nlo]a 23} of7] Zp=mnlo|
oal, 1.5nm®] AlI%-E ASAIAX g Co-Fe/Al-O/
Co-Fe 7274 ©1d% H3tolA, &F 60% A= & TMR
H7E Ao dojrle A st ok oj9f 7+
2 & TMRUI7} dojA& Q2 2A, nlo|AZ2 0 7]
zezope] vhe Hdxiere 7Qlshs FHA Y A st
, Ab2oll EFEE inert 71222 Zfolof| o]t zzk=ml
Qtolixf o} AtslEol HalE AzHE & Qr} Lk Kro
3o 93] o3r)Els YR AEA radical(O'D)o] Al
dEEEE AT A, 345 Al ZAEA e 4
ARt M ] Rfol7t HA Hol FAgE Abstuto] A H]
AT AZE GO ey 34 Al SRS A
o H22 Ayt QoA gisiM e Fo
AETL Fesid. 53], A 4489 x4
radical®] S} F45 A3taA o] HHE AojE
@elA e 7He AT wiAE # {id S, dnbE e
2 TMR 2719 2AZ= Q8 gXM o|gH T 9it AL-O
4l ALNE ARESHA, F45949) Aaragt AT
o thgh xshdel }01 9, bshE Az}Eoxe] 7}
2 A A o) ol ol F4 Al wiutel 2
statg o] Atstapgat vlasia eksiA Fsishe Aol
o /d=o], TMR &Ate] HAF o 2A Hgsitiar AYzty

L |

H fo 24 ¥
rH AN

) o 0
T

191



192 fTh2] - Masakiyo Tsunoda + Migaku Takahashi - BPHEZE - o]odg- - o] of -

o]xith. olA|7A], Co-Fe/Al-N/Co-Fedl T+%2E zZte=
MTI9 Bdd] A7 A EA7 HESS 23 AR,
el lojx el TMRHYIS HUlA = 33% BEo|X, Al-
O& o] &3 %9 50% ol’d9] =& TMRH]ol| ®]w3}
W HEox]7] g, d3 AlS o] &% ATe Bo
S YA &)’

2 dToAMe, dAFTLE ALNS AT A H

R
j=j
-

¢

29 JAYE vlolazs o] ZefRuls o] &3ty Az
3t & conductive AFM(atomic force microscope)g)%
olgdla FA WE AN BAZS FAAE 54
< Frheke
2. M¥
dAtstte} 1= Si713 #oll Ta 5nm/Cu 20 nm/Ta

5 nm/NiyFeys 2nm/Cu 5 nm/Mnyslrys 10 nm/Coq Feyg
4 nm/AI(0.8, 1, 1.5nm)-N/Co;,Feyg 4 nm/NisgFeyq
20nm/Ta 5nm® EId® HE Tsukishima Kikai Co.
LidolA A=et 208 AR5 ol§ste] ti7isoel 7
ke A glo] A% A= 4Rl DC magnetron
sputterd -2 o] &3t o, vhg A &E F Ar+N,, Kr+
N, 7F2=8-9]7]9lA4] RLSA(radial line slot antenna)S ©|
£33 245 GHz9 vlolARy} of7] Zejznlels o435}
of Al B thste], A3AIZE 155~120s, 3H A <F
I Torr, BA7E: $% 5%, FUAHELE 11 Wem®] &

Ao Zekarl Asie Ysiant Heds Zehxcl 3

60

gL
spde] MF=E 3X 107 Torr ©]3k5ith AZH-E photo-

lithography &3-S o]&31o3, 25~2500 um® =718} H§
o2 yhEslgth HEe, 1k0ed] AHAIE <7lshaA zt
2zoM dAHEE PT -, A2oAA 4-point probeE At
&3t TMR 54 9 upojo]X gk &4 & S48t
Aok T3, FAAEEY H7HE Y] Ta 5nm/Cu
20 nm/Ta S nm/NizgFesn 2 nm/Cu S nm/Mnyslrys 10 nm/
CoyFess 4 nm/Al(0.8 nm)-N9 E2® HES Ar+N,
7y 897101 35s etz AskE AAe & A9
AW 2HE AFM HW(JEOL, JSPM-420002 =31,
5X10%Torr ©]8}e] AFoA =HA cantilever(Mikro-
Masch, Ultrasharp CSCI12/PY15)E AH&-ste] &4 8ith
gdalgE 5X10°%Torr o5k AWFEANA 1kOe] A
S ol713bdA 300°CSF 340°Col| Al 1A17F B2t AEts)

CAAE Y ANE @) Aty =Za AR-ASY
I-V)yZAA Al82] a0l cantileverE 1438t 243}
of =3, Ul ARl disiA 1] AR 1V &
S Hoem, 2712 Simmons 222 HAste] A
e JRE 7319

il

—~

of oxl ¥R

I

3. #2344

Fig. 12 o8] 7kA] z43sllA #|ztek A3k MTJ &
2ke] TMRHE], AZFXHTAH(RA), AHEo|(barrier
height), 57 (barrier width)e] EA ¢ 25 =4S
YUERATH Inert 722 Ar @ Krg ©] 83 4& 25,

L
o il
[e]

3

—— ALO.Bnm, nitridation time: 35 sec, AreN,
—O— Al; 1nm, nitridation time: 50 sec, Ar+N, ‘\—‘\‘
—A— Al:1.5n0m, nitridation time:120 sec, Ar+N, :'—’L_ét EZ A
50 [--w— Ak0.8am, nitridation time: 15 sec, Kr+N, A 3 o §E
—8— Al 1nm, nitridation time: 70 sec, KrN, Ny
—4&— Al:1.50m, nitridation time:100 sec, Kr+| v | |
;\3 40 + 1 %\ 2 F v N ]
< 2 \v4
Q -—
2 =
T 301 4 D2
ot ]
DEC I
=
0]
20| 4 2t N
a
10} 4
0 0 t 1 '
107 2
L v VT v——y
10° E E \
) _ v
“ 15
£ ol 4+ £
<
€ g
& 0 =
10 F q A
2 L A %
% o V> 7
g
WL ® e —~— = e
10° L L L L L

100 200 300

Annealing temperature (°C)

400

1
100 200 300 400

Annealing temperature (°C)

Fig. 1. Annealing temperature dependence of TMR ratio, resistance-area product (RA), barrier height, and barrier width for the
MTJs with various nitridation condition and metal Al layer thickness of 0.8 nm (inverse triangle), 1 nm (square), and 1.5 nm
(triangle). Ar+N, (open symbols) and Kr+N, (closed symbols) plasma are used to nitride the junctions.
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Fig. 2. Typical topographical and electrical images measured simultaneously for Ta 5 nm/Cu 20 nm/Ta 5 nm/NiyFey, 2 nm/Cu
5 nm/Mnyslrys 10 nm/CoqFeyg 4 nm/Al(0.8 nm)-N junction annealed at various temperatures. The nitridation time and scanning

area are 35 s and 300 X300 nm?, respectively.
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