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Abstract

The existing parity checkers are generally constructed based on CMOS device technology, which
has problems such as high power consumption and large layout area. Spintronic devices, on the
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other hand, use electron spins to characterize information, and have the advantages of ultra-low
power consumption, radiation resistance, non-volatility, etc., which are suitable for constructing
logic circuits. In view of this, this paper constructs a three-input parity checker based on the full
spin logic device and proposes a clock control method. Compared with the parity checker con-
structed by the traditional CMOS device technology, the three-input parity checker based on the
full spin logic device uses the electron spins in the process of information processing, transmis-
sion, and storage, and does not need to attach additional hardware structures to carry out the con-
tinuous conversion between the spin information and charge information, which has the advan-
tages of simple structure, power consumption, and low power consumption. With the advantages
of simple structure and lower power consumption, it will be an important candidate in the
post-CMOS era.
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1. 518

HL T LA LR AT eI K R, (EAR B8 CMOS 33 E R AE & 3 BRI T FL 7 i A SRk A
AEFRAHRAZ R . ZBIH TSR BB E RN . DR AE IR 45 2 F AR R, X LR IEE P
U FAE B D5 T AR BRARTS o FEBGE T, AATTZ M L6 0T 7 a0 a3 3o 8 58 o 7 R i8 ZpIR S SRS 5
SRR T A RO . 56500 CMOS ZHFRAMEL, BB TR ER BT ARRERER, H
BANAREIN S B, SR B2 k™A B, il AN a4 o7 B% 2 K™= A 1 e
Hijit. 24 CMOS Z4F R R 1E— B4 /NeE, e FEL - 2 A T 75 BTN A B RO ABR PRkl 28
=, BieHTEEE BA RS FERICSIS DAL A X (E R TR SR B A BN 5B
ST, HIEHR TR R S R HENERE, X VAR VOHE AR T T B R M B R s 2L
RIS BRAEE LN E RN, B, BT 3008 5 R AR A R A O, i A\ 4%
F1L R AL S IR, IXFRAE 5 R A Bh T R44 CMOS #4143 LURLF 1) 4 B A7 B A S 40, DT R 1 4 )=
TERE, D T AR IR X, WIRTETR, X S TR e R A T S RN
Rk TR MR LIERE[L] [2] [3]-

BRI T, s B s 8 HACREARE A E T X — B R AR Z W& S . Blied
TR DAHARTIHE . 8 B IS SOA AR 3545 2Ok B2 D A8 1) TR 55 Bk, JFIUS — R 51 5 24
FitRE. 245 R1k, CARH T RERGOIHIER Bieh 734, XSeRAOBMEE4]. ARm
NIt AR [5]. H e A (6] WiuEEEE BRI AE[7] LA S 4 B i 85 454 (All Spin Logic Device ASLD) [8]
S IXESHR H e R T AR A IRIORE . SR RO TR AR, O AR T RO KR
PPk S LS. EX I, DAREYE: SR R N B B e T TR L, R R R T
e F Ty S it 19 JE R DR A e 4 42 v ) e RS AR A

T ERF RIS 2, ASLD 1T ILAE A BEE B A M (5 B B h TR B, Rtk
BaMfa . RE R R LR G R S a5, X — RS TR Z A . ik, R T4H
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JEYE R A R JE B DN 5 35 (Y LB AR X 48 O 4 B IEE B LS R I T 2 — o HAT, AT B e iE
AT S SR BT FURAR XD, QORI R S5 A B S g . S8R T]. 2nds. RS filk
. D bR AS. BUE A BERGAS . RALARAE[8]-[14], (HAENET B e H s 1 — A B BGH o —
— AR A ISR WARE . PRIE, ASCRTE T Rk T A B R R AR I =N A AR A, IR
T ASLD a3 it 5 52 B 112 4 i i LA BB

2. &F ASLD = HMAEHBRBERS
2.1 ERFE

4= E i@ 5 (All Spin Logic, ASL)HL# 516 4: 1) CMOS B A[F], JEAZEIIAEZ 56T, MK
FHE A DR Z BT M THADBEITRE, ST 0 G250, fith 1, 41 525, b
N0; XS T2 @M, SRIEHR. Bk, 7@ 0 1 5 s GF A S5k 5 806 S
RO, BB 2 BRI NN BB A . —BCRE, ATRASEEL 3 N 5 AN, 7 FIANEE
BB LZHETT, ATH Ms (My)s Ms (Mg)s My (M, ) REoR, IXEIEES I H 15
LRI EIRT, w0 =N AR AT B A R B A

AN E R, HiBERIER

MS(A, B,C,D,E)=ABC + ABD + ABE + ACD + ACE + ADE + BCD + BCE + BDE + CDE (1)

Hrb NI G D A E B 1R, TSRl A NEEE AR, HBERIA U
Ms(A,B,C,1,1)= A+B+C = ABC @)

FIFEH, O AR, L= A E, F5 G H 1, mseallUimAsidR (s,
HZHRIEAN:

M, (AB,C,D,111)= A+B+C+D=ABCD ©)

1 NEET 4 B A =S A\ A IR s T s & &, Hoh Gatel #1| Gated 2 T A\ #5012
7, Gateb Z-UMAFDIZE], Gate6 &Mz, Fiob, FikFomMRRMATT A, R XUa i k&
AR AR 5E R IAN T SRR AR DT U8, TR Al —x BT R R7n 1288 0, $8 A+ iy [ 8ni2 8 1,
AR P 1 Bz ~F~ T e B P T S B A8 = N A A B 2 1 4 aCHE R R B Y A

MM TR DZHTT, CRAFD BRI, AT LS 2 = A Ar A58 25 00 P o 4
WHRRIEAN:

Y =M, (M, (A B,C,11),M, (A B,C11),M,(AB,C,11),M,(A B,C11),111) @

= ABC + ABC + ABC + ABC = ABC + ABC + ABC + ABC

Z=Y=M, (MS(A, B.C,11),M,(A,B,C,11),M;(A,B,C,11),M, (A, E,c,1,1),1,1,1) )

= ABC + ABC + ABC + ABC = ABC + ABC + ABC + ABC
A4h, m@). G)IEHEERINE 1R,

&1 EAH, f£A, B, CH 1IN ECAhAE, %Y N1 f£A, B, CH 1MANECABENT,
ez,
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Table 1. Three-input parity checker truth table
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Figure 1. Three-input parity checker planar schematic based on full spin logic device
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2.2. BESEME TIERE

1E ASL HLER I TEH, (5 RAIERR AR T BRI S, 17 38 0 W A PR 77 Tl SRedb A7 1) o DAL
TEWRB LS AT IS R, B T R BN RS 5 4h, I ABUNHEAR T & — WG I RER 7 7). FRATTR
FHE NS O H B A B LRI NS 5, FRAE NI F % B DR 1 VR4 A

HONE O HER N 2 o, Herh g% 45 (Magnetic Tunnel Junction, MTJ) [ & )2 BEFE AR 457 ANES, T
MTJ [ HZEN ASL 2844 5 N, 8 7R SCEINTE MTY _EHE Vi BT 208 B B2 R 7
), ISR ASL e N2 0 Bl 1.

N T R N T F R V IE R 1247, FF AL MTI B LR Vi 5 ASL BT HUE Vas, % B O TAE.
o, 1E MTI [P Viwry, BRI Vas, 2F 0 Vo 16 Vi A IEBEFES T, HHZEM
Tb 5 18 8 R AR S s ABAE Vv RSB R RITEOL T, B 2 0 51 e B R — 5. 578 HE
HZHH RIS NG, ¥ Vun WE N0 V. BbiF, 758 2% o R E# il BRI Vas. 24
JEUR Vas NIEHLERS, i RS F 22 AR A 1 HRIR Vase N HLRES, % H o ARG
HEMBERE—2, AMSEEL 1B 2 B o 015 5155

VMTJ

VASL VASL

1: EER 2: BHE 3: MitinmiE  4: $Ei
5: Y8 6: = 7: BBER 8: FHRRIELE

Figure 2. ASL device with input interface
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Figure 3. Schematic diagram of a five-input selective logic gate plane
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K 3 1, Inl~In5 43 AR 5 NN, Outl FRonfiiit. A HSkFRBEH 77 m, o3 &k
FORMEF T A58, B Bk ORI T I e o BEERIZ, SR Inly In2 A In3 43 Al i N4
M5 C. B A A AHE, FREF T A INE MTY R R DT Al MTD [ 2 RE 77 SE Rl e . midmA
i Ind A IS [REAE 7 [l 1A +x Gl ), FORMINEH 1. W fERA BN EIER TAERIE, RgEH
A SEI Q)BT TN @ IhRE

TN DZ R TP I E W 4 fos .

- KN B

Inl In5
In2 Out2
In3 In6
In4 In7

Figure 4. Schematic diagram of a seven-input selective logic gate plane
4. EMANELEBETTEREE

e 4 B, Inl F In7 /8% 6 MR, 10 Out2 MR H i . SRR In5. In6 A1 In7 HIREH 5
2 +x Fl7 ), IXARER THINEE Lo @ EREA i n = ) TAERE, mTRASEIl BRI ATR It
NP Z T RE .

K 5 @R T —ANET ASL 28 4F 1 =5 N AR IR 25 1 = 4S5 M 1B . WA 2 — o ] A 7KF 7 [
JR A R REARAG R, BInAR  l DA S A 42 [15]. VIR E B B A B B ey B K 4R Bk
SRR, BIAR . 55, AR, REANA BRA[16] [17] [18] [19]. JEH, ML e PR AR BRI 4 JE T
=, PladRFeR, Am. AT RIEE SEAm I R R A S IR S, RSB0 T — B4
ZHMEHI

M 6 JEoR s B g, FRATRT LOBEER], T Sl =M N TR R Y, MU TR E RS
T B R AR 5. I I R A B R AR B R A . FEA SO, BATE R LR A B L MTY [
5E J2 HIREHE 7 ) SR SR L 068 B R0 S AR B AN, AT G0 T8 AT MR AL, ARCOR T4k T L% 11
g5 BARMERIEDT R, WMRRNG S RIOARERR, MmN D1 € 2R 218 m)-x s
MW NG T ZIOARER, 450 N4 ) ] 2085 N 248 10 +x il

A T () LS P R, JRATT AT DAVLSR B =S N A AR IR B2 1 4 MR ZET]. 1 A~
N DB TS LA AR . {E Gatel H, AL B. C #/2 LLFEA R ST, R
7E A By C il MTJ [ 2 2 (R FE AR 2 5 10 —x Flif 77 ). XFT Gate2, A & UURIGE R N2I,
M By CNEMUREERFNEI. FHit, 5 Am&Esn MTJ [E € 2 RRGE 2 9 m-x #if7m, ms B
AT C i ERE MTI [ 22 2 AR U 2 A 1) +x Bl 77 A) . 7€ Gate3 Y, B 2 LU= EI, 1A
AC R BRI T2, FHit, 5 B uEsE MTJ [ & 2 R 5 m—x S, s A F
C Uty ZEFE I MTJ [ 2 2 I RERE U & A g +x G0 7 Al £F Gated 1, C LAJFURAR R 2D, 1T A F1B
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Figure 5. Overall layout of a three-input parity checker based on an all-spin logic device
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Figure 6. Three-input parity checker circuit schematic
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3. &T ASLD M=\ FHBRUE AR AR S Hl R 2

MTJ B HJZ R 0 3 8] DA S ASL 015 5 AR A AR B 8] — A g AD 9 - MT 1 AR U — M/
F 1V, i ASL I TAEHRE— o= R . P, Ut @) (E, J& EBRA MBS SRS 5 1Rk
4 2ns, HI7E MTI _ERHLEIRE A 0.1V, HNfE ASL 834 i s R IR 10 mV.

EALAMEAR IR AL IEH TAE, O FHES BB L& M iishlE S, KNG SR TIERE 50T
WE 7 . EH07 R BAARLT

7E 0~2 ns #AlW], 7E A, B, CutRiEHMIANG S E, WEMmAZHE 0, MHBEA-01V, WH
FINEEE L, WHEEN 0L V. (HLEBBINE, 750~2ns HE, AL B, C i MK EKILA 8 Fhdl
G, AERET R 3 AT 8 PG, AEHBLERRMATREZ-01 VA0L VH
P IE D)o [, IN7E ASL LM TAEHIR Ve B Vo #8%, I8 TR SO A A LA

fE 2~4 ns WA, R TIESHEA, ik A, B, Cui ERHEAN O V, #45 MTI B HERE T 1A
{RAFAAS . TS S Vorkas Vouke FTHEEAE )y 10 mV, I Gatel~ Gated JF4A8 TAE, Sel B A$E/D
BHIIEE, MRS S Veks 2l Ve N, Gateb Al Gate6 A TAE.

7 4~6 ns JIA], AL B. C 3 b (1) LR ARSRARFF N O V, T IHE0E 5 Verke AT Verks (R BB N 10 mV,
B0 (S5 Verkas Voke N, HEH Gatel~ Gated fl Gate6 A~ T./E, Gates JF44 TAE, Szl T AR5 I6 % .

1F 6~8 ns H], A B. C i [ L EAR SRR N OV, I 41E 5 Vo Al Verke NE, BEH Gatel~ Gate5
ATAE, MHEMES Veiks A1 Ve IR E N 10 mV, I Gate6 JF4R TAE, 28l TR K% H

3
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Figure 7. Input signal and operating voltage waveform
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