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Fabrication of MRAM-type Structure and Their Magnetic Properties

Caroline A. Rosst, Susumu Haratanitt, Fernando J. Casranot

Bernhard VoceLit and Shigekazu Sumrratt

Abstract

The characteristic points of MRAM are compared with those of DRAM, Flash memory,
SRAM, and FeRAM. The differences in PSV-MRAM and MTJ-MRAM are discussed in terms
of the directions of sense current, CIP or CPP, and connections of CMOS with MR elements.
An MRAM-type structure was accomplished with three layers of PSV element, NiFe soft layer
(6nm) /Cu non-magnetic layer (3-6nm)/Co hard magnetic layer (4nm) on Si-wafer. Each PSV
element of 80nm X 150nm was sandwiched by a sense line and a word line at the intersection of
these lines. Furthermore, switching phenomena, which were observed in magnetic hysteresis
loop by using PSV thin films, are also discussed along with the size limitation of PSV dots.
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Table 1 Comparison of MRAM with other memories

MRAM DRAM Flash SRAM FeRAM
Non-Volatile 4 OK NG OK NG OK
Re-Writing Speed 10-50nsec 50nsec 20psec © 10nsec  100-130nsec
Reading Speed 10-50nsec 50nsec  20-110nsec 10nsec  100-130nsec
Area of Cell ® >1 1 0.8 4 1.3
Read/Write Time 1015 1015 108 1018 1012

Power Consumption 10-400mW 400mW 100mW 1100mW 2mW

A) OK: Non-Volatile NG: Volatile
B) Relative values when the area of DRAM equals one.
) Writing speed only.
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Figure 1 Comparison of MTJ (TMR) and PSV (GMR). Sense current of MTJ passes perpendicular
to the plane (CPP), while that of PSV does in plane (CIP).
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Figure 2 Principle of MRAM read/write method. For
simplicity only a word line is illustrated. In
a real MRAM sample, an MRAM element is
located at each intersection of a word line
and a sense line.

TR

BT BHEE &>, £ LB T>ORRE DAL A
T (0" DIREE) Th B, TITHED LS KBHEICKHD
HENCERERT < Lk DRI OWASFEAEL, LolE
MBS s L, Bbom X aRPET (17 0RE)
LB, EBITIE, V- FEE RV RBICH L BREERS
REIGAFE S Y, COWBIRIAEIN TRb LML OR%E x
y#ie Licssicflivrnd 727 o4 PGB TSR
Shd, DED, EYREET - FEICEBHRERLIES,
FHORBICMET 2L EBRTFOAPLKEIc L 7 — 9 %20
BT 20, CORELATEAFHORICOALBHRLFEN TV S
tebiz, REERBBHI/NE L F— 2 OB ZAADTHOALB L, T
O, x &y HAIOBRICX > ToL 6 AL, Hk 28
FHRAR LT B &L,

HkZ/'fi — HXZ/S -+ HyZ/S (1)

THZoh5, TTT, REEOHEMELEMs, —#ittOm
SEAMIRAF-FKuET S &,

He = 2K./M. (@)

ThHb, B8PSV OIS, EEIoREN N ~FE (Co) i
BXIAAZTY, EHEAIOoNE WY 7 1E (NiFe) DR E Y
EREESETHAMNT. —H MTJ TROES>OHIEBO X &
VEEE (Fv=vy) LTBE, v 7 MBI EXxAD,
HoT, AR LOBIRAE VRKIEEIAETH 5,

F— 5 0FEAHLE, BSETO L Z0BRIEDN, OF
ToZznLo d/hEsVWCEEFIHLT, 00 & 17 &%
BB, COYEESEII PSV OIS, LHEETOYILKR
VIIRELTWAZ E, MTI DEAETR N VXA VETO I Y
Sy vANAE VICERLTVWE T Ltk HE N3 4
MTJ 2BV, 52> 0MBEEO A Y v 3B 4E P, Padd
3&, #0 TMR %E13,

TMR = ZPAPB/ (l_PAPB> (3)

THHILEPBHONTWVWS, BHEFHO 3d EFid, BERH
57 v OFAT Ty ) OFUREICHES R, BEXHICS
BLTWa, Jhiz@BIEYhTombiro.” #lZi, CoFe
AELD LI PENISEFOESE, QRO TMR F66%TRE
ThHd, T, NSBHMEEOS ET, 7= IEEAICE
WETOAN YA VCEEGT 354, EREE LT AT
% 5,9 EBE, CoFe 521515 TMR EEHE49% A% 5
NTW3B® s MTJ 3ERST W HIT, NSRRABL
BRT, LOREBWHEANBELNE VS FEALD 5,

3. MRAM B#EED(ESR

3.1, PN S — DR S EEEE

ERrGiwLEE o, EBI MRAM BIBE£2ERT 2
kwiTid, fd SiER i PSV © MTJ 0RERFEE5HE
EEMEHBL LB TNEE S0, 2B EHL, X3
(a) IRTMITD Y. HaoZED Xy — v x 7 4 7{EBIA IR -
T EEENTH B, Step 1 T, 44 ¥ F D Si-wafer Lic
ARC (Anti Reflection Coating) %2> b, Zod LT Si0,
ft\W T NPR (Negative Photo Resist) S 3, Zh% IL
(Interference Lithography)®® %% ZHWTE NI E BT

FlE kS (2001F12H)



Akita University

46 Fra54y A BRJHE T2 AF YR J ARSI e N—un—F 744« (FHEFD
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Photoresist
Si02
Step 1 ARC
Silicon Wafer Sio2
ARC
Expose and develop in IL system Silicon
Wafer
Negative
Photoresist
SiO2
ARC
Step 2
L Silicon Wafer
Coor
NiFe
Sio2
ARC ARC
Silicon Wafer Silicon
Step 3
St€p o Wafer
l Evaporate Co or NiFe
Co or NiFe
Si02
ARC
_S__t_e_g_i Silicon Wafer

L RIE Lift Off ARC

(b)

Figure 3. (a) Fabrication of Co or NiFe dots on Si-wafer. (b) Magnified SEM of Co or NiFe dots.
These photomicrographs show the step 3 and 4 in Fig. 3 (a).
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Figure 4. Scanning-electron micrographs in which (a) two
gratings are subsequently exposed and etched
20nm into a 60nm thick silica layer, (b) eventu-
allycreatingthestripe-patternstructure. (¢c) Upon
etching another 50nm into the interlayer and
using the ARC as an etch stop, an array of silica
dots is generated. (d) The sample after etching
150nm into the ARC. The planar ARC surface
allows pattern transfer into the W hard mask
without over-etching the ARC-layer. (e) Uni-
formly shaped, rectangular PSV elements of vir-
tually any aspect ratio can be fabricated.
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PSV-MRAM B4l s # 2 onicid, 7 — gL+
YABORHRITIBP LS PSVIEEETFARBERIES
HRIEELEV, R5iE, ALY v 727y (W) #%
HO Ty REEFERL, %0 Fiz NiFe/Cu/Co 12 & b HERR
SN 5 PSV ZFZAFRIR, BAMEIC T — FEEEIERLL 72 EM
ERLTOVBSHARO L Y RAF LA T — FEEICED

Figure 5. MRAM structure of horizontal word lines and
vertical sense lines on Si-wafer. The MR ele-
ments of NiFe/Cu/Co are located at all the
intersections sandwiched by word lines and
sense lines.
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(b)
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LA EELFETH 5, K 8T Si-Si0; (1Im) wafer/NiFe
v 7 MRS (6nm)/Cu FEHMEE (3-6nm)/Co /~— KM
(4nm)/Cu 7w 77 FE (4nm) THRKE N7 PSV EEO b

Upper: Si-SiO, Wf/ NiFe (60 AY Cu (60 AY Co (40 A)/ Cu {40 A)

300nm Bottom: Si-Si0, W/ NiFe (60 A)/ Cu (30 AY Co (40 AY Cu (40 A)
1.2 +
BSOS e Y
Figure 6. (a) Plan view of MRAM-type structure with 08 L T w/;;’w
horizontal word- & vertical sense lines. (b) L /./ ra w’“ﬁf /
Magnified plan view of MRAM-type structure. 04+ s _;;;ff’ j;n’ |
: - . ” | e ( |
The period of sense lines and word lines are s j g I i
. £ 00 . ; ~ ,
300nm and 400nm, respectively. = I | f’j £ el
04 - | Al
0.4 o 17
L ,’”ﬁa o /
08k o~ T | —— paraliel to appiied field
e —e— perpendicular to applied field
12 R R T P R R
-60 -40 -20 0 20 40 60
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i o ] R
0.8 - i | W
L /' ,,f/‘/a /
04 N ~
. A
2 0.0 ! “J 7
S ' o ) s’j o‘j ._—-1
A
04 L y ]
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12 1 1 £ 1 2 ' [ ! 1 I '
60 -40 -20 0 20 40 60
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xXS0000

Figure 8. Hysteresis loops of unpatterned PSV thin film.
Figure 7. Improved MRAM structure. All the sense lines Co layer switches at 45 (Oe), NiFe at 10 (Qe)
and word lines are nearly straight. in the upper data.
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BEID 5-10 (Qe) DAA » F ¥ 23V 7 FED NiFe OBMLK
%, —JF, MIlD40-45 (Oe) B3 ~— FETH 3 Co DAL
REEZTRTAA v F VI THbB, BHAICKE ETF 2057 -
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BRI EILEY, R v F v TOEFELESE S T TR
THDHIEBFEIL LI, ¢85, PSVERICBVWT, v 7
FEEN- FBOWLRERIZE S 24 v F v V7 HESBHES
ﬂt’&@% MRAM @ PSV g&fg% T & LT, NiFe/Cu/

FREENILPSV R FOBEMTH 3 Shlmsh b,

-%LMRki%Ekﬂ%WﬁﬂMKbnt&§®ﬁﬁ§

HY
= o NiFe reversal
) - Co reversal
1.0
50
Fo!d (O(.:)
o 4nm
e nv Cu 4nm
NiFe 6nm
’10 nm
Figure 9. Hysteresis loop of 210nmX 90nm PSV rectangles
and an SEM image of the sample. The layer
structure is NiFe (6nm)/Cu (4nm)/Co (4nm)/
Cu (4nm). The top layer of Cu is for protection
against oxidization.
T T T T T T T M T T 0025 m
(0]
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L b 3
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o NiFe +— % A Y SRS Gaussian fitting °
. M ad 4 A (=3
PSP Fe’s AT 0‘000g
P TR L P TN E
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Field (Oe)
Figure 10. Major and Minor magnetic hysteresis loop and
magnetization remenance derivative curve of
100nm X 700nm patterned PSV film of NiFe (6
nm)/Cu (3nm)/Co (4nm) on Si-wafer.
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