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(VC-MRAM)

In order to utilize memory devices with high error rate, we conducted a
theoretical research on voltage-controlled magnetic random access memory (VC-MRAM), focusing on
write and retention errors. The probability density function of the write error rate was derived
under the assumption of a material parameter variations. Also, characteristic time between retention

error and write error was discussed.

MRAM WER



B X C—19. F—19—1, Z—19 (@)

1. WHZERRAR YKD&

=a—J /%y MU — 7 Hdfe B @i i e £ O RS IoT 2 ~DOWfFE G|
FEBERE A i o T BURIH R E ) RIE WAL T S A ZAREENTND, L L, TERD B R
EBARDFERMBHAL L TV D Z &6 BRI S 22 W I 1 ME O HATBHFE A EFEIZ /2 0 55
b5,

B Z X DRI & > F T A DB & AR LTz, BB RBIRE -7 S e JEET 5%
EEFREFEHWEFH I AT LAORENBZT OND, HDOWIT, ERINDEE - WHEZ+57
OO T T —FIIER L CTEIfES® 2 2 & CRHERE Z kT 2 720 OIUR R KO0 2
B LIHE =X — 2 T 2 HPEORE b sh TV o,

HEEILEAR L=a— Ty NI —JIER LETPHBRET T, —HREZAALTT —F
FREL, HDETT—RE TIIHEEENEDRNWT E MR Lz, LLRRL, AEYHEF
DEEFIXIS S XIERT HEZIAAT T —RI TR, MO 5HE L2133 TH
5, o, BEIAAZ T —OMITHERERFL T —LEZ N5, [HFREFFT T —1X, A€V DOEL
MHEIZEER L, FHROMBEENE Z 5, BEBEXIAAT T — LIERRHFZ I —XFENCRR2 5T —T
HY, =a—FNRy NT—=I T TV r—a VORERERICED X 5 B E2 5.2 D, ik
FERORSE 29 & S PIRIEE B LN ATREZR DO h, — xR IEH NS DN 0 IOV TIE+
TSN E 7o TR,

2. WMHEOHM

AWFFETIE, AT R TORERFIXISSXICTERNT I EZIAALT T —OFREEFT T — N =
2—FNFy NI T TV r—2a DRI REBEE 250 EFTETHZ 28D,
RN AT Y T, ZAOFRMEZA SN T 5,

3. WHEDT ik

AEVOEEZT —L LT, LT D2 HET S, (DEZIAHLTT—  AEVFEFIZIELL
FEXIADRNWZ LTIV BRLAVERE 2D 2 L, QIR T —  EXALEELISMNC A
TV RFORENEIL LER LRVWMERE 725 2 &, AF U ILEEERED MRAM (VC-MRAM) % 48E 4
%o AAFFETIL, VC-MRAM OEMEREL |, RO EE LB ONOIMKRETHERITERT 5, #
KBEITMEEENE DS E ZRORFIC, MRAM IZB1F 5 EBEIALT T —ROIE LS & 2 HirE X
OISR D D,

4. WFFERE

FF. VC-MRAM IZEB W TRHE A A F I 7 A I ab—3 3 VATV, EXAHLT T —R LR A
JTFMEEEOBREH SN Lz, TORER, BE SVAEZE T LIZHE, EXIALT T —RT
WA BT EROBEMARBEK THEED Z b olz, RIT, A U B F-ORBKER T ERINIE
OIS TUEH DN TN D ERE L, EXIALT T —ROMEREERE 2 T8 L
oo FTo, MERBEBBOBREDE T IRMEEZHLNIC L, SOICEHEY I 2L—vat %k
T2 ZLIck | BERAAT T KON (B A T T LK) BEREGEEHOIZS
ZEAWIEIKGET A Z 2L LT,

I BT, EXIAALZ T —ROSMIRIC OV THRHMESSC /21T T < 434 DB HHRD IR DS
D EAOE (B« RE) bEOTHA, AE U HZFOEESME L WHEIED > X DMAED
B TREA RIBIR DA & 72 0155 Z b ho T,

THHORFFT 7 —IZOWTIEITIEIC L VT AR 52 6T b, HEXIRAAT T —RLEED

BT 22810k, EBXALT T —RLEFEREDT T —RTIHFWME R T DHEMA0 7%
BEICOWTCER L7 2O DORERIZHOWT, FRRE. i XHREIT> 72,

o, FBEERBZ T —ROGMGIRB AT VIR ED L S R EHZ 5D EHFH~D 20



OB I 2 —a v hFEM LT, BXIALONRE =LY | =T —BHHOENHRND
BELENRNEENRH D Z LR ST,



3 3 0 0

Arai Hiroko Hirofuchi Takahiro Imamura Hiroshi 16

Probability Distribution of the Write-Error Rate of Voltage-Controlled Magnetoresistive Random- 2021

Access Memories

Physical Review Applied 64068
DOl

10.1103/PhysRevApplied.16.064068

Hiroko Arai, Hiroshi Imamura 572

Characteristic time of transition from write error to retention error in voltage-controlled 2023

magnetoresistive random-access memory

JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 170624
DOl

10.1016/j . jmmm.2023.170624

Hiroshi Imamura, Hiroko Arai, Rie Matsumoto 563

Distribution of write error rate of spin-transfer-torque magnetoreistive random access memory 2022

caused by a distribution of junction parameters

JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 170012

DOl
10.1016/j . jmmm.2022.170012

MRAM

2021




2022




