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BREAR AARETHLBERIIGD - F 4wt 8l
B 2 B > 4 4 DRAM- ROM- =X & EEPROM# & B %t £ X + &
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ZaRaRBRILEELOFAANLTIAEEERYBHR > WA A B
A EINEHRLESH R DR B MK
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B~ HARA (3 .
parallel) R & F#H# X% 5 & B - s > MTIHE %3t A& 2

# B & R &€ A A E &M (nagnetic anisotropy) iE 4¢
HEedRYHELEEERERATARRE (FEZE EE R
WX R A Do wmsb— k0 — B NTIR % RN — B & @
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volatility): MTJ& e ey # A KA LA — T @8 F
TR R RE R |
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LA RERFAHLIBLS RS EBEBRELTE ARt
(magnetization reversal)- Stoner-WohlfarthR 3/ % &
# & (coherent rotation model)™ A 48 & # #& & #% i
MRAME fle F o9 2 R g h B k4T 4 - K B b B A > 3 535
# ¥ # (hard axis)f£ 5 # (easy axis)F @ ML N A7 3F & £
# #h & (astroid curve)st & > w B 4AF7 57 > Bl & &
e s  BHFEFERANEBEEFARFELEAEZIHNFAKRIL T
BLELAEAAE —BEEHLEBRBASDBROSESE  EXABELF
AL AaK Ly Eehe FPAEIRLLZIHE L EM
NERMSHEZAR ) KAm > EARINTHEBEERETEA A
Bl th #MH g » AT KD K - K S (aspect
ratio) R AE K E QU BR XL MBEFHFH - &
SR TAHAAZEEFEHRLAMNAE R AABRSEANT AR
T ALXEEEFHNAGUHMNALERE - HEHBRREFT X
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o 24 BB o B APl mHEMAETRIERR S G
B — AP F AL —a T TR AR AR
(grid) EF A 2R AL zMAERLEAZHEL - & —
HEAHWFAHRLRE B EH AR ZEE — 8 8B &E KA A
2 E - BBEOEERKETEIASIEBANSFORKLARALR
L P T ARESN  TREAEAELHEN LR EdEMHEHE

If P

Il

4

il I

;

bl'l n

41BMO3137TW.ptd # 10 B



200426843

7 HARA (6)
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B Rt H %R A (effective anisotropy)’ o &
B R A M (crystalline anisotropy)®Z # #% & & # (shape
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BEAEAREBEEBF T UEARLAKL LA ERE 2 I —EE
FWEF Hyy ERHAFARLABLALRBEY LBBERTELA
RAM#LRER  BAEAE - B LRMAMEH S &K -
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&~ EARA (8)
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B 3% 8 F T 1048 4 5T 4 1060

2B E 2 RBAZEHEBT R H— NTIS B 1028
# — 848 & 108 tb B b & 10889 w46 14 X 4T 3% 117A7 4%
~ o MTJ& #e 10278 &6 4% — w M B £ % (magnetically
pinned)d% = B 116- & £ ¥ > b B T R & FE R A
(antiparallel, AP)i#a &t % — & ¥ — & = & 118~ 120
H U — R & % 4 & (AP coupling layer)122¢ Fa & - & &
— | B B R 118 1208 b4 » 3 % 48 A APl:
AP2- AP1R 118s1 AP2R 120 ® it ¥ @ 14 B & » B = & 4
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-~ EARH (9)
(AFMOM # B 5 %X #% 48 4 (exchange coupling)m 4 3% /1
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Fh oo MAMRBHEMN NG ESKER bR - &1L
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L& 104 MTJ&R B 102 % &£ 38 » 1.8 5 B 108#% &
BEEHEE > BHEABaRZITHIMMNEABEHIE - L TH
1068 MTJ& B2 102F H &8 » @ ATME B2 A S R & 48 » &
LAEHR T GEEANRFAKY A > XA A G B 108 &
it 5 % > A KRE TR 1B T#E - —F9RBGKEHEMA
M B (tunnel barrier layer)126i a8 & B 108&t B = R
116F% & - BB A E 1266 b B & M B rmamk @ #l B L
(A1504)

% % i m A d B 108 APl 118y m & 3t 5 £ B — @
S bk eBT RN ETFTEARNAA—EF A B®
AHEEFANC )M EMKE (tunnel valve effect)
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A~ BHARH (10)
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b el

[
4

al 1R

Gty

41BMO3137TW.ptd # 15 B



200426843

- #ARH A
zﬁ#—%&é’)iﬁi TEHRAM - BTHRAEALG KRB ET LR
* B

E
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L 7T & 0 &K AF **4nm%?éﬁﬁﬁ7€aaﬁﬁéﬁ%%&5§$zﬁém
&9 & 35 98 % (zero field frequency) i # - % 41 7T 4% &
BHRAELEEALANORS IR AR OBILESY AR > A
£ KRB E2ETHEFAERTHLELE > B 6FFF - BH LR
W AMEAGHABEZIT  BAEaTHALBTES L&
HBRIF S - 2BRE T X FARGDARTRARKRBLB £ KA
RFoA AL AL RBLAEFALRELETAEALS LKA S
ERE > mEBRBAOBALER - FEF > &N AEFATHKEL
AT R EA 2 P LIk (off-resonance)st B8 & » AT M
e R FZHERBETREZ BERARAABXLAKLERR
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e B 8l s xad BBt rEMREMRT
RBEFAKHFTHE - F— AERAETERBEENEMLTSH
BEZLAHABARMARKLE AN BEFH A LS — P EEE > R
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MM mit#s EORBEHHY W AEABEBEHELEM
LA E £ B N % (torque)i§ mE 1t 5 3 7 4% 2] 1 1 7T 35 48
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-~ BRRHA (12)
I h & & Fu B wmE®MmAEEBALTMAR - #HFRXRAERK

fo AE 10389 X R IB R A w2 F U g 104 B b T4 106
rWE R e WBREBRGAME > mMBEELFEE R B
W (flip)e WE B TUABRE Y B/ FH - B ALK
10369 2 48 2 K & T U M H ey i ) £ 4 T & 10680 i &
R AB WEHEMLEYRELTESTERREN S
& e

MET R REAE S —BREHIS FELEEAE—@ELE
B 4 € % (positive feedback circuit): M # % K €& &R
BE (tune)Z2 M H L KR\ R - THAALETUAREELE LB H
X AN EBELIBEYAEKXEGNE (effective
anisotropy)#i e £ $ B M ERLRBAERRBE - KB >
ZFELEAUABEAMLBERAIN AR RES > WA G
Bk Bkt d R &BAOHMREFMHB - ik BER
RAHE MM EETRF » PRET —BEDHEAYE LR » FR
REHF ARG KX RE (peak) EH I BERHBZ
HEREXE (LOX 5 # & % &k & B (quartz crystal
oscillators)-

AL ETROEL AXMEGMELABN2ZEREEL
BEwG 0 ML EANRHAAEFR - A RKER UREER
BERG AMBE LA THEBE  RAEKEDEL > AF
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B~ EHRARA (13)
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Wb AR (YIS s A7 BT AR I 2 ek R A

EEmEBEAEERZIEBERL LI BETEAENE > LA
%«@:&:%'w:@i%d¥¢ili$iﬁ&#lﬁ'A.%'ﬁ.* K& ¥ F kA ®
B E > BEZTAGARAFAEATHRAE B B B H 5 & Ik 4
ERHAEAZHREBRAER BhiERXAKFTEREAL Z B A
TR HEERLAB - BHFAIKRSSLEEEAFRLIEARAKR
EH > ZELRBRBEALAGFALAMLTLKLEREIBAH ARG
A B EEMEGRE > HPFAEAEFTHEN BT R HKEE
B P ARBAR AL T EAMAEA N RSB L &S K E Y
mE R —HBFKE

A~ BEAHE (3944 - FERROMAGNETIC RESONANCE SWITCHING FOR MAGNETIC
RANDOM ACCESS MEMORY)

A new method of performing the write operation
on the MRAM bit cell with improved switching
selectivity and lower write current requirements
1s achieved utilizing oscillating word write
currents at frequency near the ferromagnetic
resonance frequency of the free layer, combined
with the shift in said frequency due to the
magnetic field produced by the current in the bit

R

L &
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W PEASE (ALK BEMAREROEE ARG

A~ EXEA#HE (9 L4 : FERROMAGNETIC RESONANCE SWITCHING FOR MAGNETIC
RANDOM ACCESS MEMORY)

line. Operation is implemented in a conventional
magnetic random access memory having a plurality
of magnetoresistive cells formed by an
intersection of a grid of word and bit lines,
wherein an individual cell within the grid can be
selected and switched from one magnetic state to
another by the magnetic fields produced by the
currents in the word and bit lines.

ST 't

Y
Y
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EREA R ZBAFTHLAE ’é.?ﬁ"timﬁ
| E -

w PR EHGEBEE IEmlxaETEREEAEERLIERE
P ¥ — R A — B KF A ARB R (DC bias)ty &

B R R -

¥ FEANEBRE AL zaMtERERZER R
R E—ERBAE - BRAELABEHNTERRR -

o ¥ % E A LB E 1A/ AR EREERE
A
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