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Abstract

In this paper, we describe a design of a 128bit MRAM based on a new switching architecture which is Local Field

Switching(LFS). LFS uses a local magnetic field generated by the current flowing through an MTJ. This mode reduces
the writing current since small current can induce large magnetic field because of close distance between MTJ and the
current. It also improves the cell selectivity over.using conventional MT] architecture because it doesn’t need a digit line
for writing. The MRAM has 1-Transistor 1-Magnetic Tunnel Junction (1T-1MT]) memory cell structure and uses a
bidirectional write driver, a mid-point reference cell block and a current mode sense amplifier. CMOS emulation cell is
adopted as an LFS-MTJ cell to verify the operation of the circuit without the MTJ process. The memory circuit is

fabricated using a 0.18 ym CMOS technology with six layers of metal and tested on custom board.
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Fig. 1. (a) Parallel state (b) ant-parallel state of MTJ.
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Fig. 2. Cell structure of 1T-1MTJ.
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Fig. 8 Schematic of the current mode sense amplifier.
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Fig. 11, State diagram of the designed MRAM.

=
=

A28kt Data ping input&(DIN)# output-&
DQE TE38t ALk

Lt Full chip simulation

ag 12¥ write €&& simulationd Z o]t} Row
actived] FEfolA WA reference cellE %7)3} Al7ich
ojd} ADDPIN<4>¢} ADDPIN<5>%= 742} reference
cell& Ag3t7] A3 89 AAZ chipe burst
mode® F33EE 4cycle 9 reference celldl] 2
F2ol By "ok SO E write state§] e A

(772)

T T T T T Ty TerTerTesTEST
4 B n e #n 1¥in 1 i o 18 e o e
Fine . (T}

a8
Fig.

13, Read &% simulation
13. Simulation of read operation.

ADDPIN<S:0>-& &3 0011110] ot} o] F 39
v Eo] @8l 11110] column address& decoding ¥
o] WRCD<15>7} A€ =31 burst mode’} A2
BLol 167022 WRCD<IS> 9&o2 WRCDO>,
WRCD<1>, WRCD<2>7} A e =] write driverst
Agct =8 o] W D7} 1->0->1->00]2&8 o]d] u}
2} wrdrv_H$F wrdrv_L9] ghol sl

1% 13& read B4E simulationd A2® WLO>
of Aetel Aefell A read 2139 ADDPIN<G0>& &
& 001111l Eo&rh o] F SHIEd e
1111°] column address® decoding®l®} CD<15>%
CSE<0>, CSE<3>% enable AJZIth 7)o A
readE 2] H Q3 current sowrce® A7FEHE
o7]ME  burst lengths THIA A
CD<15>¢F ## & CSE<>EwE ofe go7
A E Farkx] Asbste] CSE<0>7H4] enable Al



2008 8% M-S =EXA M A5 HUSDHEAHN 8 E 7

208 3} ADOPINCO)

15
oo 3 ADOPINC>

i3
0 3 ADDPING2>

ooy 3 ADDPINCE

FE g e
g 5 WE

15
ELE i)

: T
f

w a8 16. AM2EEEES HifR
Fig. 16. Layout of sub blocks.

T8 14, Full chip simulation el

Fig. 14, Full chip simulation waveform. chip layout& ¥o3Ft}h 208pin packaged] WA Al
o AR A RE sASHAT Tl core
blocks WAL FZ202 x-periE $S0F y-pen
2 wix8 et /O blocke x-peri $1%9] wjxst
data output Fole= Ateh buffers F7t2 HobFd
o}, C-peri blocke y-peri®iZe] wix|3] &% pino®
2H Yd4He command A1 EE Wo} decoding &
A At (17 16).

=

°] ¥ burst mode® FAsto] 2#= CD<O>, CD<1>,
CD<2>7} dedd. Cellol AFE  data’l sense
amplifiers F33to] SA, SAb7F ¥ 1 output bufferZ
AR DQE A #Hoh Read A&7t Eolzt ¥ 1
cycle Wl data7} 1= o2 CAS latency’t 19
2ﬂ 2 ;}o g 4 olt}

T 2

Do

28 14E BA celldl write 3 & read 3 full
chip simulation® HoFrh WLLO>9 CD<I5>,
CD<0>, CD<I>, CD<2>& AEste] 1->0->1->08
MFEIL e Yol HA 2zt AdE FAse A
& 8 4 vk

=

4. Hize] HAE A

Test pattern® ©]-83t A AE chipd function test
889ttt Test pattern® memory cellS A3}
address sequence$} L cellel MY E datad] FElR
29057 B =FqME Zero-one, Row bar,

Column bar, Checker board®l 7]1E-22] test pattern.

i mlm

£t Full chip layout
AAE FZ2F 1 polyd 6 metals o] & } O..l8um ‘ s
CMOS 24S ol8sted TEaad. 19 5= ful 2 function test® 8% 2#HE ¥ : t:}
2% 17€ chip& test 317] vr}?e". HHE BoEr),
Data generator (DG2020A_Tektronix)& ]%5}0% input

m

Pattern input Test outpuit Logic
generator board analyzer

I8 17, HAE BFE
Fig. 17. Test flow.

glofoto 1111 IIRERER 11011410 1101110
0j0(0(0C 1Pyt 0101610 10110 i1y ot
10040 IEREEE R IIRERE R 1101110 1101110
0101040 IIRERE R 0|1 01010 t10;7110 011101
(@ (o) (c) {d {e)

T8 18. {a) Zero (b) One (¢} Row bar {d Column bar
. {e) Checker boarde| HIAE mH
Z12! 15, Full chip #lolote Fig. 18. Test patterns of (a) Zero (b) One (o) Row bar
Fig. 15. Full chip layout. {d Column bar (e) Checker board.

=i} SR

(773)



8 Local Field Switching

R s

O 19, HA Mo 0 M7|/ei]
Fig. 19. 0 writefread in all cells.

S I -
T T_T

T8 200 ®A Aol 1 AT|/2l7]
Fig. 20. 1 writefread in all cells.

‘”m

% 21. Row bar He EHAE
Fig. 21. Row bar pattern test.

g4 MRAM & OlHE 2

b‘.\'

Ll

11 [
RN
ULJJI UH_:’UJJLL,JUL’

o )(mwi\&mn) G N0F A0 biE

. ..w&,."M‘M’H..EL-.M
3 AT B RS

T i E T [iTh
: ‘J;*’IJ‘JUMUMUMH)_
t_ /NN

L LR R # Y 1]
03 47 $4L B4S

a8 22 Column bar H{E EiAE
Fig. 22, Column bar pattern test.

T TR Y
[
i
TTITI H

1 i
TTRITT

% 23, Checker board {8 HAE
Fig. 23, Checker board pattern test.

patterns FAJ8te] chipell 1783 Logic analyzer
(1671E_HP)E ol&3td A# & Estsid.

WA B celle] 0 & 12 23" A& HEI
A& AA celll 02 write/readdt=  testst 12
write/read3t= testE AT 27 19, 207 2]
2E celld) #AIglol 03} 10] write/read BT

+22 Row % Columnel FFHoz WHEs F
¥ Row bar, Column bar pattem®.2 test&t$ith 219
21, 22& test ABE HoFErh T3 I memory
cell Arol?) disturbance TARZ 2187 £3)
Checker board test® 33ttt 28 239 d3E B
et

(774)



2008 8 MXIBES ==X M 45 H SD E X 8 =

mz g

MTJE ol&3t= MRAM 7ide] &t % 3l
half select disturbance TAE 31237 ¢3 AN=ZE
293 449 LESe] AlGE A of= DL §lol MT]
A3 S ARl 98 A" =4 S
o] &3t 7|E Ao HE w2 A MErE ztet.
2 =2dAME LFSE 7oz & 128hit MRAM

2 AASISE A o] & 0.18m CMOS #4e=2 73

2 custom boardE ©] &3 HAEE

L)
o,
(@)
@,
it
2
=
rot
)
X
29
o
fd
oy
)

&

[1] S. Tehrani, J. M. Slaughter, M. Deherrera et al.,
“Magnetoresistive  Random  Access Memory
Using Magnetic Tunnel Junctions”, Proc. IEEE,
Vol. 91, No. 5, pp. 703-714, 2003.

2] Aee, A7, 3, “28H MRAM /s
A% VA Y, AAFErs|A|, A3RdE, A=,
35-43%, 20003 2¢

[3] Brad N. Engel, Nicholas D. Rizzo, Jason Janesky
et al, “The Science and Technology of
Magnetoresistive  Tunneling Memory”, IEEE
Transactions on nanotechnology, Vol. 1, No. 1,

p. 32, 2002,

[4] Injun Hwang et al, “A New Switching
Architecture for MRAM :  Local Field
Switching”, Digests of 2006 INTERMAG Asia,
pp. 845-846, 2005.

[B] S. Y. Lee et al, “A New Reference Cell for
1T-IMTJ] MRAM”, Journal of Semiconductor
Technology and Science, Vol. 4, No. 2, pp.
110-116, 2004.

[6] #3&, “DRAMSl AA" Z5343=HAL pp.
311-314, 19%.

[7) Goor, A. J. van de, “Testing semiconductor
memories : theory and practice”, ]. Wiley &
Sons, pp. 93-105, 1991.

(775)



10

of & J (s34

2006'd o] 5}of 2} oj 8kl

FEREAETH A} 4.

o} 8o 2} off 3

A A £4.

20083 ~ @A 3ol whEA)
=5

e dA, sEA>

20084

<FEA Rk

of # F(FAHY)
20074 o] 8hed 2o s
AREA 3} A} £
SEIEERE L]

; HAF 83 44 2d 3,
L <FEARer: W A, vE
A>

2008\

A =AY

19823 2¢ A goigtw
AAgEE E (AR,

| 1984 12€¥ v = University of
Texas at Austin &%
(A A}).

1990'd 5¥¢ 7= University of
Texas at Austin &%
(2.

1990 ~1994 3 LG ¥t=d &5,

19953 ~ @A olggAdigtn F 7o)}

AA-Fer g W,
<FHA RO NIEA 2xFE 2dg >

Local Field Switching %42l MRAM M|

S I |

(776)

o|&g 2|

o &

20024

SICFEE)
REEEELE

AR ENNT Al EY.
SECER L
AWENST A} 29,
84 o] shel Auy st
AAFE vt B o
A ,
DuRe AA), REA>

o] & &(Z3 )

198613 M & e

Ha-aas £9 (3hAh.

69 v = University of

California at Berkeley

4 (HAh.

1249 v|=t University of

California at Berkeley

9 (A,

199219 ~1998d #Adjd A} &5

19993 ~ & A o]t Aol gt n F g}
AAE e Fas

<FPA R R SeCS AA, 2A o d2E]>

20043

20084

19863

1993



