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TMR devices fabricated with RIE etching using CO+ NHs
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Reactive Ion Etching (RIE) is the most promising
technique to realize sub-micron patterns of tunneling
magneto-resistance (TMR) junctions for Magnetic
Random Access Memory (MRAM) devices. However, it is
difficult to be applied into practical use due to
re-deposition of the etched material and corrosion by
etching gases. In order to eliminate these drawbacks,
an etching process utilizing CO + NHs gas chemistry
and Ta metal mask has been applied. Electron
microscopy observations confirmed that there is no
re-deposition or corrosion occurs. Using the same
process we have succeeded in fabricating a
high-quality TMR device that
magneto-resistance (MR) ratio of more than 60 %.
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W, PURNAVEEER (TMR) $hEERFA U TESR
PEGRAEAC A Y Magnetic Random Access Memory (MRAM)
OHERBBBEATHE 1P, TMRELL, BERNICEBEGEEE
FRMEMBCIIESA ZBBERROR, AL ANVT Y
A S TIIRRBEE L E a0 D &L EEDO ™MR FF2K
T, ZVLOTIR 10 BUEOZBHEL 25, ZOBR
Y 7Irur0¥A R, 2y F ML UTMRETF
¥WES Y. UL, ROy F U T HECRTyF
YETHARERI Iy F UV ENTEORAEBLEL
720, BFL2EI A A—TEEZTZVT 572D, R i
KF3+5. ERLICBELTE, REOETLET, B
KESEERLTCHERLE: MR B2E iz s F 7
FTRZEBRKRDOEND.

REMEETBIO Fe,Ni, Co 1%, =wFr 7 LIZK WHETH
BEEZ LTS, BER, ~N—FF 4 AT D~y FIZiE
BaNTEBEREHL, A A IV 7tk Fr
IMTEN T, T, REHETAZAAELT,
Aoy I THEBHILT v F L 7T BHFETHY, WED
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BN NESEEMETLZ Y F S TES. LL,
AF IV T T, REBROA AV RELBEET D0,
R 200 mm % 300 mm &\ o o REHEERIZAT LT, H—
Ko FUrr/4hZ LIIEETHD. £, myF LI
NEWEICHBEREECDHZEBHY, FPOAANYTE
BIBIZ OV MBI L > TR TNRBEINCEL TS, &
Sz y F U FEEMELS, BRLSPNEL, BERRS
BoNZKWEWBBERDHD. T2C, FEAS a2
THLEEDODH LS KEBERIZ LIS TE DRSS AV
T v F > ¥ (Reactive Ion Etching : RIE) IZHIREREHEH S
NTNAE S, '

RIE(Z, RIGH A& TSI A<IZBRLTAAY, ZV00
L Ly F o I E OIS, £RMOBRERZTT S WEL
FHR yF T ThD. BEMEOBER, Cl ED
NaF U HARL,C0 L N,OBEHAEBOERIERSHS.
Cl MV = RIE T, BREEIKREVH, =oF 74
Hgizan—Ya v ERETLHEVHERSHD. €O
& N, ORANAZEBVE RIE TRk, 2ua—Yark],
100 nm/min YU EOBWZ v F L IV EEEFBH LN TE
B, —J), RECEE v F 7 b BARNICEHN TS D
ELERENDS, BOBRESBOLNAIHELHD 7.
P4 bE, CONH, @D RIE IZBWTA XA EAZIZAVT,
TMRIEZ = v FL 7L, aa—Jg BRI EE
EEMETHEWE (SEM) OB RRETHEME (TEM) ok
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Fig. 1 Schematic diagram of the etching chamber.
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THRERE LTV, LI L, MIEOFRFEEDR
BRENTELT, MIFFORIRE S, MBI EDIC L
BFEFODY a— b FOBMEHEI~DF A — O BRHE T
& oTte. AEl, CONH; D RIE AV T MR FFOMITRG
BURE AT, BN L U CTHEAER R RUR 1
fliL7. 7, PEREHTOIY & RIEDMT FEIZ L
HHEE L.

2. EBFE

THR BEI3, BABRLBEA & Si BRI ARy ZHIC L TR
B L, 8kOe DREIBFIZBNTI00CT=— A L7=%.
AW ER MR RO EL, BiR//Ry 7 7 —B/ 38k
M & (Pthn) / & 2 J& (CoFe/Ru/CoFe) / b v Z A3 7 J&
Al0x/7 U —f&(CoFe/NiFe) TH Y, Nuv 7 7 —BEER<KR
BEEi3% 25 nm THB. T, Ta OF v v FEEHEE
L., Ry 7 7—RBixTa #EHEEBECTHD. bk
SRY 7EALOx iE, Al % 0.8~1.2 nmiRAEH, A8
BIZL DR L. 64 U FEBRTOEBOBEEDE—4
X, 0.5% (lo) AT Ch oz,

RIE B0 % Fig. 1 IZFRT. 1P BEESF X<
BERBEL, RERHEIEL LTI A~REE=4 %%
. MAERMEL, CO L NH, H A% 1:3DEECHEAL, £
71 %1 Pa, Y—R/XT—% 10000, /34 7 ANRT—%%
4 Wentdk Lz, ZORIETE, TaRTi O o F L 7%
B, TR OERIREMREL NiFe, CoFe 2 E L0 # 10
B ZTIT, Talk~2A28 L LTAY, MRBESYx
FrITTBZENRTEDL, 2, T F U DR B ws3—
BLLCHLTalBEFACED. AlOxiE, BEEMEILD b
S BHINICL<KL, F7FX=REELHFT L TREBLR
HTCEDDOT, | mBEDAG THLZyF L TR o7
DHEHBATRETH B,

RIE DERPRFM LM T S 20121%, EFHEB) Y
VITGT74—T lun BEOEMEFLER L. $£3
Y7L RIE BORKBETH20R 7+ M) V75
TA—EFRAVWT 3unBEDEFLER L.

& (6) Q] ®
Fig. 2 Fabrication procedure using EB lithography.
(1) cell patterning (resist), (2) Ta mask etching (CF ), (3)
TMR etching (CO + NH,), (4) Ta mask removal (CF,),
(5) SiO, deposition, (6) contact hole patterning, (7)
contact hole etching, (8) upper electrode deposition.
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T, 0.5~3 umDHHAVNIHEHZEBIZTENX L. L
V2 POBER, #0.5um BREOLV X FNIBEF
RELTW, TR BOxy F 7R, CF, DH A% B
WERIEIZTV YA R AY CTallk = o F 4 L, MR
BROAZN Ry #ERILE, KRIZ, Ta 2~R2 L L
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Ta Ty Fr7BkHLNS. £D%, Si0, % 50 nn 2
Ry Z-RIZTRIEL, ¢0.5 um Dar s rh—in%
EB CHLEAHEBENRL,CHF,ORIEIZTvF o L,
EDOLIZBEBAER L. Fo /YA 3 1~2en A TH
VD, 1F 7% 20~40 BORFHFERL, TREBEIL
WL L. ZOHETCE, MREBEY-ERTFL, o
BEHILRVCAIOx IEDDRFEBR L THEBE L. £,
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APV TSI T4l RBERNFEEZTT. 74 Y VY
F74—®BHNEFER, B Y YT T 40—z, B
BICRTFHERCE D, FFOKE XX, E#3 un, &
W10 um OB THD., BRLELVIZ ML, BXH
2 um FTF—N—HFEHEL, LIRArTRZIZED MR
BExyFr 7L, Si0, % 200 nm RIS, FOHL TR b
ET7TEPMACTY Z b7 452 LIk, a7 bk
—NEFR L. ROy F o 7T, © B Y 57,
XYy BETV—BOHREID, AlOx BTl &5
2, TV 7L RIE OMITFHEIZHWTHEB L, AlOx
IEDMITHNE, EBRELTYH, P a— rRL<ET
PR CED. AF VIV YT, =vF o 7 HE4H
L, TyFUIRHEZHEILT, Alox TovF oo %
k7=, RIE TIIHARHBEARIA LT, Alox Ty F
T EIEDTE.

B LTHI00 unBOD Au DRy FERERL, PO
FHEEAVTETOBEREREBETRAE L. X4 72 EBE
iX, 10mV & U, RBEB% -1000 ~ 1000 Oe |2 X4, K
DT EZRE L. HEAEA R, RHEDOL T2
OEBEFRFERE LT, JEER L EHEOME L. R
HE, UTOLS5CEBLE.

resist
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electrode

Fig. 3 Fabrication procedure using photo-lithography.
(1) cell patterning (resist), (2) TMR etching (stopped at AlOx
layer), (3) SiO, deposition, (4) lift-off, (5) upper electrode
deposition.
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MR (%) = 100X (Rmax — Rmin) / Ruin. 1) vF T LEEFOMRBEZ R L. R, IV
Rmax (TR AR FIRGUE, RMin 3B/PRETFEHFETHS. 7T 61%, RIE TH 61%BRELNT-.
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Nz ot IBERD Ta DT —/3— A3, 80° LAEHY,

TMR IBSE LI RE BN . MBS EDIIMESh
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3.2BBYYYTS I —FIZEYBRLE-RFORSYE

64 LFDOSi BARIZHEE L 2om D AL #F T H AL
TR RAARY T L Ui THR IR AR L 7=, R CEERE Y ®)
FOHLEF 7T, RETMRERZEB-yF 7L
7-EF L, AlOx Ty F U TRy, BTy ~1000 -500 H ?06) 500 1000
FuoFLghr o BT EER LK. Fig. 5 IZENRETNO MR
gh A 77T, MR Hoid, AlOx Lk Oy F L 7 Tik 22%iC
ML, BBy FLrITRB%BRELNTE. £, RAR ©
FH5E 100~200 kQ pw® THY, ERLERFOEDL
SEGEENTH-T. 2By F 7L Th, R HBE

~75 ~50 -25 0 25 50 75

T, MLELEhoT. H (Oe)

Al OFEE 0. 9nm @ TMR TIX, FFHA XOEFHELF Fig. 5 Magneto-resistance curves for full-stack etched
L. o1l um ¢3 um 0.7x2.1 um, 1x2 um, 1x3 1 and partially etched cells.
m 3x10 um OAELIIHBARTFEIER L. £O R I
L RA DT T ERUKTFSS Fig. 6 IR L. EHENAEL

(R(HjRuninj/ Rmin x 100 (%}
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10 J

(R(H)Rumin) / Rmin x 100 (%)

(a) partially etched cell: MR ratio=22%, RA=100 k Qum?

F2oTh MR L RA BMEF 45 2 & idedofe. o1 um (b) full-stack etched cell: MR ratio=25%, RA=130 k Q um?
L 1x3 umDOFEFIF, R RIBRAICTH . (c) minor loop of full-stack etched cell.
Fig. 7 {2 RIE THIL L 7= # T OB L T Y.
IMEE&R 2 IEMEE, 1.8V EOBETIE, HHEHA 0.7x2.1pm
At TL, Ya—FrLE $1lp mi L 113um 3)110um
20 = m 2000
3.3 MIAEDLE L
RUIE#ED MRS, RIE IV V220 KT 15 § 1500 “E
~ . 3
=
TMR = o 8 .
a/TM! = 10 8—— 1000 S
= o o o
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Fig. 6 The cell area dependence of magneto-resistance MR

®) ratio and resistance area product RA.

Fig. 4 SEM images of a TMR cell with diameter of 1.0pm
prepared using RIE
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Fig. 7 Breakdown voltage characteristic.
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Fig. 8 Magneto-resistance curves for TMR cells
fabricated with different etching methods.
(a) Ton-milling (b) RIE
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