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Investigation of Spin-Dependent Transport Mechanism in Semiconductor/Tunnel Barrier/
Ferromagnetic Metal to Enhance Performance of Spin MOSFETs
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The spin metal-oxide-semiconductor field-effect transistor (MOSFET) is a device based on a new principle. This device is expected to provide high
added value by overcoming the limits of conventional devices through the integration of both memory and transistor functions in a single device.
Increasing the magnetoresistance ratio corresponding to variations in the magnetization direction by effectively injecting spin-polarized electrons into

the semiconductor from the ferromagnetic metal is a critical issue in order to achieve the practical use of spin MOSFETS.
Toshiba has conducted studies on improving the performance of spin MOSFETSs, and clarified the spin-relaxation mechanism that causes the deteri-
oration of spin injection and detection efficiencies by measuring the dependence of the second-order differential conductance on the magnetic field and

DC bias voltage.
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Schematic diagrams of spin MOSFET
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Principle and results of Hanle effect measurements

BRIt N7 ABE
it =2 AH.
Ny 2
77~ B Aum | N
B . o IKELE o IKIEE
02 0 02 gy 10 030 g 10
BEER =/\M7ABE B Ri3B (kOe) 10° |- o AE>F@ ! - o AV HER i_oo> o
~ 1na 3 ~ 025 ! @
— s g1 A 08 2 g s L
— Ty W ®10 ) 06 & @ %% : 6 €
w | d : S i0gese® . % 2o1s e L3
" 8210 & ° 04 4 i 0.10 i.. ®e%e| 4 4
g W pefooo 00009%0000 s 02 X % 005 : 2 "
107 L ‘ °8 1o 0 ‘ L i 0

INATABIE (V)
(b) AH: DR (AE> FaDRRUES) D/NA 7 ABEKIFIE

E2. HanleRRAEEDRIBERBERER — 5K - BRI ARIKTORGRAEZIEL, £OLLRE? S ZAE EA - BINAIERZ, PllE» 5 2E
FaE T 5. AENE, A RNy T iR AL LT, Si/MgO/CoFe 6

-05 0
NAFAERE (V)

(©) AH, DR (RAE>FRRDRVEESD) D/NA T ABEKTF

0 0.5 1.0 -1.0 0.5

EHWTWS,

AE> MOSFET O gem EICmF /=864 " XIVWND 7, BH AR S RO A B AKTHEEHE QBT

65




VW TR ST o & R L 72 B AN %, 2ok
&, NI AT 2 5B IEO AR PR 5 (FUmL7-7E
& [ UM B 53 &5 2wk sy (FRmL 728 o 2 £
DR (&, ENEN B - SR AR o 1R %5
VT IF AL 2B AL Ty Y A B, R
ko AN T REEVEAREE & DS AR I B A B I, T b
LI A =3Iy 28R Y gy bR R R T
G 1M av sy sy AR 2 s ary s 5 v A 3E
INA T ABEDOZAUH LT, & LITHHRBInE =372
FThb, L, (EEEROEIKMEREISER S
B (ST TIIRRLTI T v THALLIER) BT HE, M3
(NIRRT EIINA T ABEDEIZIN U T T v TH#ALZ AL

SRR EREE
(=% \ »{ EARRBES — 1 EA L8R
7N RMBE

B2EAFRRD — 2BEWAIE IR
(a) RIEREE

i
_

| B (7 AEE

Eg

BN TABE
(b) 1 BEA I RO B ARV 2BEMA A 8O 82 ADEFRINA 7 ABEKIFHE
eI BF

R~ RIVNYT

2B

1 B
AVAIEAVA AVEIEV A

R 3. FEHMEANY MORIE—DFREIE — 8k - R 1285
A LG & AR L7 E FUIN S 5 &, HEA R W HOR 55 23 1 RSt
GAVE Y VAN, W2 E IR S 2B Ay s v AZIBIT A
RBEEDRON D,

Principle of inelastic tunneling spectroscopy

95 mV

X L el
2 1A T8 R 2
B 45
b\ 2BHMATL AT RS N
r r
g 26 mV - g

0 0.02 0.04 0.06 0.08 0.10

BN\ T ABIE (V)

R4, 1BEWPAVEIRVARO2EMA A EZIEZVAOETR /N
FABEKREYE — 1RMIavy 25 Y RE AT v TIROEALD, 21
Worary sy s AZE—=r s s,

Dependence of differential conductance and second-order differential
conductance on DC bias voltage
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Dependence of second-order differential conductance on DC bias voltage
and magnetic field
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Differences in transport mechanism depending on high- or low-bias voltage
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