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A AR 2AR1 EMALH (transistor) = ARe] AsE
A e APggroaxn] JuE Aejgitt. HejE MOSFET
(metal oxide semiconductor field effect transistor)®] 1 %
7P disEAR] AR, 0] LA, Al0E (gate)ll <3l
WEE A7EE o83t A (carrier)d] L=} HEEA]
A4 (channel)®] A% (conductivity)Z A|ojsl= HS E3,
292 = 557 715S 783t 3, HDD(hard disk
drive)= tiiE=e 2] ARAPY s AR 2o 9
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o] HapErt ope} Ate] 2 B8 $| o8t A=
& A FEElE Ve gHolth 1 FeXE 588 &
I A 54 ol8st ERMALHE FAsk= Ao] =8t
Aol 2 ARt 2~ EMALE Y] 52 AEL 1990
o] Das®} Dattadl] 2J3l ARF=AIL[4], o]E FHtH= e
aloll Azl =go] T A4S Pol sxHshrledTd A
TXlo] ks HiEAdl] 7RksE 2~ EA|AEE AR
TH5). o] AFelA g A O YolrbA, W wieA] Ak
o] 5 =49 HEEE o]8st 29 EMAEHE 73
b, ol BE kel ol g71%<l zlxo] & Aot
APES o83k FHE MHERYA AXE AR
WA, @A) Axpgste] 7 Fask A2R1 MOSFETH 7
& 7Vke FEje) 24, olEut dElE ¥ MOSFETS
Y F Johd oS ggEo] s AoR o dErte, 7).
HieA] Afd2 AulEs ARk Hlole ZAIRS ol 9
o= oy 7EH olf7F Stk WEEA] WellA 3o A
F57] SJeir= 2= 4 A (spin diffusion length)7}
8] SlEEojo gt AejFexe] =3 gt A”e |55
= e} REEAOM] 2 St AgrT) 4ds] Aok
bz 0 g 37 o]9(spin relaxation)o] Fou= A= ()
Elliot-Yaffet €/, (ii) D’yakonov-Perel &7, (iii) Bir-Aronov-
Pikus &%, (iv) 2HA Z2e}R) A8 (hyperfine interaction)
S Yl 7FA 71Al(mechanism)y’} 2R8-3ctar deA] JATh(8).
AA, Elliot-Yaffet @7d-2 23 AHe(spin scattering)®] &
& Alek(momentum scattering)oll =] U= 74921
d], 2A A= 35 2-8(spin-orbit interaction)°] E55 ¥
2khe] t wWol dojdt}g]. AelFelMe AT ozt
8ol 27] Wil Elliot-Yaffet 7]#oll &gt 29 Akt oj
% Zt}. 7, D’yakonov-Perel 7]Ao] oJgt ~¥ ke
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ZAz}e] WA i A (inversion symmetry)©] 71X 0= GaAs,
InAs & EZoA F2 doldh(g). Aejd Axk= vk
WS 2 A7) wiiZel o] Z1Aled olgk ks AR
= o}, A, Bir-Aronov-Pikus &3 A9} Z(hole)z+e]
Fe2Rgol ofsl o] LleEE Zgolths]. N AEE
M Fa FF Tto] Aol ofsir dojur] wiZe] o]
BE FAE F ) Ao R AEEe i A
285 A4, o] B¢ 3 23S i A gt webA, A
gZox= dol| ot Zm|A| e FE2EE FAIE 5
pi=

et 22 A wiol HEES o8] ~HEEYA &
S Adslaat she A9t Hol B S v ot
[7,9,10]. ©] SdlX= HA Al 238 MOSFETS] A%}
& tisl 1FetA AViE dal, A ~AHEEYA F
ofoflxe] T3k S AWE & 3RS 7EF HAo] o
s 7hes] Zlssiarat gt
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AH MOSFETS| 7z S&

A2]E 23 MOSFET AZF AE(Si channel)? 3=}
A A2 (source) R =@ (drain) 2 TAAET, AlolE
(gatell 2J3) Aloj== A7 |ME 2Aloltk(Fig. 1), 229 =
diQlo] AJAZ A= Ue S AlLfshd, o] Al &
Bi= LREEQl MOSFETH 79| Sdsitt. o] aalMe o
HEAQ] MOSFETH PRERZIAIZ AlolEd| 71sliA= gl
A Ald Ado] ZEER|NE, Aol =Rl {8 F 2}
A1) Az}t kel oJEiME Ad Ade] wiskE 4= ot
gk, HLS AASEEE AE dEE 7198 5 otk el
£ 59, vl AdX71 A8 (giant magnetoresistance, GMR)
2R == BEA714 8 (tunnel magnetoresistance, TMR) 4~
Zpet FARHAl, A=) Q1] ) weko] A= 33
(parallel)o]™d A2~-E91 Alo]e] Ago] Za1, Aol =g
Qle] Az} Wgko] M= | 3 (antiparallel)o|H A2~-=d91

Afole] Ago] =ic,
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L] ——
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Fig. 1. Schematic diagram of a spin MOSFET.
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H B AlEgolde] 2w, o9l 231 MOSFET
< ol&3st wi- BEHQ 7158 (reconfigurable) =13
22 AR 5= dH11-13]. dIE 591, 7I¥ MOSFETS2
AND, OR, XOR, NAND, NOR, XNOR, all-1, all -05 8}
9] 7158 Taske IS ARl E BF 6l Edx
El7} Zash13]. 3kA9t, 28 MOSFETe] &A13kha, 474
o] 23 MOSFETH 67112] Yyt MOSFETOE 5Y3t 7Is
o] & 7Vt 13]. BE3F, 223 MOSFETS AR FA1Z ¢
3 AEE F7E et slve s = Adoh

olgigt 2x}s A@s] fEE (i) BAVIA AZHE
APE AR 53 2719 2A1S FUE 5 dojof
(i) ¥H=A] AE ellA] 28 HARE QA &2 A WA=
5 5 dofok ka1, (i) FAIA =ziQle] delEow
FE gk 3719 208 HES 5 dofof sk, (iv) wF
A4 A HellHe 29 ARE 24 5 glojok 3}

BARA A2 HE A Ad Y= dAe] 23S F
ke ¥ 18 FidskA] gtk RiEA] Wo] At g
=5 (ballistic transport)ys WS 74-9o= HE Wl #3lo]
F8sA] ok, WiEA] Wo] APt A S (diffusive
transportye e woll= vl2 o] H{e] 5o MY =
7 AE)E Ald Aleldl 23 FEIL s 2015 2
o 53] &9} =91 Afe]e] A ES A3 S8
= APIA 22 F =R vieA] Alole] HERS A-3]
AAStoF gt

A 4 wieAo)] nig o] Fom A 2Js)A
HEh= o) 2R A} 27 P wA| = ol &
A&o]l oA (majority electron)@} A5 AK(minority
electron) 2~ Aldol] tste] 242t AE=2 Bo Q= FElE
Z A ®ohFig. 2). AAHAANE 23 eE 2Fek(spin
dependent scattering)oll ]3] TR A} A AR} A
Atolol] A}k xjo]7} UA|eE, wheA] Yellde Axpe] Auo)
THER] 7] wiZel F A} A Atelol] A7k zfo|7}
A gqetk 9], vieA] AdY] A AR 5452 A

guch ulg Zme sy o] mE AR 240 A% W

RMa) RSC

Spin-up
Spin-down
Rmin RSC

Fig. 2. Majority and minority electron channels in a ferromagnet-
semiconductor contact. R™ (R™") is the resistance of majority
(minority) electron channel of the ferromagnet, and R is the
resistance of each spin channel in Si.
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Fig. 3. Spin polarization in Si as a function of the interface resistance of a ferromagnet-insulator-Si contact.

3Pt A7F R HEE & gls BEE vvlsith o] w4
= 7] Ax= EYUX|(conductivity mismatch)= TAZ
Z deiA] e 14]. QEolxbd, 553 jiEA] Alolo] A
< AukAQl F 259 A JPEo 25 o B9 54
<z Qlnt. o] Fagel tisixe FHollA oA =9 spllt

A Tk 7] HArx BEYA] FAE WEdsl] S,
Rashba®} Fert 5 A 253 WA Alo]o]] 2ol 9
Tk AUARS Aleke WS ARISKATHIS, 16]. =3
o oJ&Esh= AR} 7P thsEA] o= AP Aek v
TA Atolol]l AAAE AtletHA A71e BE Aot 4
AHd T3 9iEA] Afolol] 23dl| Eske AMARS A
Ahs W ARAGe] WA e ARt aohd, 54
ek 208 dedor Flste] HA &xpe] Aol AR
At AoAEE vie= Flo] 7kt AluAde] viEA]
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Aol ARG AR7] 9% vl o] gho], 2¥s X
A FEelA WA R F45) 98, AR
A Zk(lower limitye] DThFig. 3). WHeA|Z] ARfe] Av
T LS FsHRRl W7 HESKE A9, 29 £
(spin accumulation) 2~¥ %] B 29 HE WA} Alol9]
Fgke] 2712 45k BI-HA] FE(non local geometry)S
olgst 23S ASsle Agole, AMAEe] o] v gt
Al gEoh 2719 SPH FESi).

AR, 2% MOSFET# o] 5 Sl Ap7Agks o
317] fleiAe A= 2xdo] Hasht TP AR =
Z2(Ap) == A HshAR)E AlHAe] S71eel uh
F3le= Aol wel(Fig. 3), A=) 7o) 29} A
HRye AAgte] 718t wt Al S7isit) s
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Fig. 4. Calculated magnetoresistance response in a spin MOSFET as a function of the interface resistance of the spin contacts.
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e A7 1A ARRY BIFE] widll, AHAES 73t
A =49 = gtk 29 28 TA wjEel AuAge] =&
3Kl Zk(upper limit)e] EA)8laL, 28 EMAAE A At
=9 7] 291} A7 |AE @S B5317] S Fig.
4ol JERd ule} o], AW 0] e A 3 w2 g
Al gk Atele] F2 Y el fixjElor stoi{16]. ©] gHAl
HE2 Ade o], Ad o] 2~ i A, Ad A3
T A8 QAR o) FS vt 23 EWAAEC] A&
20} =Rl gtol|xje] et AlaAgte] wal o gA
BHA=AIE Fig. 490 A'de] Aoz} Z+2; 10, 100, 1000 nm
Q1 7Bl tiste] EABIATE. 714 A 3 e ~
Ho| gt 55 wWE wjvh 919] =07t 8ol Hil, ©E
TS e A= o9 T 0] FHEHte Aolth
A7 AMdES-AAA A HES ezl A

o] AR A=l gl olF Rt pEEkaL ZPgsal ¥

(a) \ - Tunnel barrier

i Electron spin injection

_— Schottky barrier
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metal Silicon Valence band
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Tunnel barrier
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Schottky barrler\
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Fig. 5. Schematic energy band profile of a ferromagnet-insulator-Si
contact with (a) a reverse bias and (b) a forward bias. ¢ denotes the
Schottkey barrier height, and / denotes the applied voltage bias.
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A Foy A4 A o)y hdet RdEch &X
B9 S ma o Fig 590 AEE-AAA REA|
Aol ARl oA tholol1gE YeRSIT. vieA| e}
=51l ks FAdsH, viEAl Wjo] AR} o)Es
T B9 #H2n| ouX]|(Fermi energy) %171 A= AEs}
a1, 9] FZF Hdk(space chargey’} A3 WHol| Eixsl= 2
B F(depletion region)o] EAY3ICE o] AR HHL vk
Al 2 el =3 A=) w5 Uie mEA F rlol=
Z vEHAA g § gloh =23, g5 A= b
(conduction band)®} RE=A] T w] Alo]o] ofjufx] o]
FAE=|, o5 AET7] A (Schottky barrier)°]2fal F-Et}.
o] £EF] A2 =o|(Schottky barrier heighty= Ad54:
9] & gr(work function), ¥F=A|S] HAF ZBF= (electron
affinity), A™ “JE] Y= (the density of interface states), %
3} S38l= F(charge neutrality level) 59 ]3] ZAHc}
[17].

£ET] e fieA]| Y29 Al theat 2 Al
7] EAIE o7 Igt. AA|, 230] FYEE olyA| F917t
Hl2n] ) (Fermi level) Br} H& 3ojlx ot} x17]E]
23 (magnetic tunnel junction)ellA] GHtd oz FAE=
nie} o] Bjd 23 =T (tunnel spin polarizationy= ¥
2Zn] F9Jolx HoldE sk B3 AUl IS,
19]. old wet #Hl=2vn] EYRT oF 0.5~1.0eV AE =&
el Eldigo] dojdthd Hd 23 E55 #H2v] &
HlollXe] groll s dA3] At =4, AP WEA|
U= s 2lo] AR Haddgel o8l dojubA] &
31, A} WSx(thermionic emission)ol] &3] Lot} o]d
e} 2~yo] HEEe Walo] wle- BRgh S HolA
o AR, £E7] gHe] EXE Qlel APda A Rk
A FEY Aol 235l HHQI 2R w9 2 %k
ZH| "ot olyg FAIR s, Al Ado] A7AE) 3
e A53] g AAFGES slojuA €t

olefgt FAIS e Adst] flate] thdsh ol A= L
ATk A WA WHE =3 Wi (doping concentration)’} =
& AEIE AdS AREShs Aelti10]. vl o] AR
oo} vul= =g o] Aol whlsh] wheell, =
24 999 yHIE A 5y
ATH17]. k= A2 A
F THUEE 7R Ag
= 7Fsst
o =8 o] 745l 3 EEEY i 59
TAPE S A7) ot F WA e 2MdEEe] o
e sl LET] RS AASKE SOt £ET]
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e BAe 2o 23 Baws Ad B89 3 R0
FHAolch7]. Al MAZ HelE TS Aofsl] e 4
< aA7)e el Zhsslth20,21). £EF) o] ol
7t w3t 8t #9515k AW e Dol WP Wkl
W, oS So, Cs 59| BAL HelE Tl Fshw,
e} w ZH(band gap) WOl M} 3 #=HE 24
 ATH20,21]. Cs& AP 3 FRECRNE AT
oA Ag)zo go] A3 Qo] Hia) Hkx] QF=rl= #o|
o FHEJATH21].

we A5 A B4 AT, 4ET] Pug ol
=

O

III. AZ2|E2 =9 AH Felo|

ARSI AR 28 RS S
A AR el 2 ALSEITE 3 WA e Bet 4
©e ol Aol i S0l WHeR ~Ne F95)
3 ARl Fpow sug AR, BeHon sae
FJslaL W7o 2ne PEshs W) ol sigEr)

, BFER] Uje]
23 Ao olg WYL 2As)e 2N AZeE Wo|
TH24,25]. 29 25 Sske WHoze 419 SHE
AES= BIHA 23 WH (non-local spin valve) T-3[24]
e s HES FAGAS} HEAARE FAl o] 8sk=
3%AKthree terminal) T-3[10, 25, 267} T2 o]-&Hc}
B Ao R RITA|oX 2AE ASske dejel tis)
A= Jonker Tl oJ3) HhEE sA=R[220 8] A
o ot AFEE A HEA AES 53l 2~ B4 A
A2 AdFEelA RiEAZ F0shd, wisAl voll 399
n-i-p TZEONWA o] A2t Z3 AAGE uff, vheAelA
H33H (circularly polarized) o] A3} 1MI-VE: WEEA]
gold](bulk) == FA-E(quantum well) W] A=) 713
(selection rule)ol] 2J3l, Y¥HF(circular polarization)2] =7]
= 23 259 o 11t R UERdTH22]. o] W, #-
ip TEAA AstE dHES SFTeER WA Yo
29 F5EE SAHY 5 ok o9} viE AugE Ws
WA Woll datste] RisA] Woll 23 B8 FAdstaL, o]
29 55 A7 o R HaEshks T AR
Ae]Fe 7K ] 74 (indirect band gapyS 27| ol
B WpHo g ~MS ASse Ao olf& Aol o
2JElo] gt} SlARt, H BaE ulel 2], Fe/ALOs/SI/

—71 -

n-i-p WG tho]| -$-=(light emitting diode, LED) 7-%=Z ©]
43lo], A(Fe)=HE ALOS S8l Helo FYd =
el =715 2 Foll YA3 n-ip LEDOA HE3H 4,
AeFI Zol, 7 o 1HAE Ad wEA Wo] 23 53
o] 7w B3 AR HET F AH27].

7 WA o wheA|R o] AaA]] 2uEls 218l
T T5S ol8% 4 Utk Appelbaum 52 AR &
T AFel| 2= F9Jo] 7Fssh, Bgk F

i

F
rol

FEES 083 A
29 ASE o Ao s Mz £ 8-S SHE
tH9]. |58 “BIAM FL/AL0; BEEAH /AAA 2548
2 A/ AEEAYE R o]FR FAFTRE AlLfS}
ATHEER[9]19] Fig. 1 Far). dubz oz F& 9o vl

A FE FAske A2 w9 olHTh Appelbaum 52 FAIE
9)

o= 65‘

1 dsl7] flsied 2~ WH ERX| X (spin valve transistor)S
Ak o AREEE FF A& (vacuum bonding) WA1S &
B3FATH28,29]. ¥, HAE =S olUA] FElelN 55
Qto g U] flsl, vix] AZIEld EHA2<E](magnetic
tunnel transistor)[18, 29]°1A AF&-=& B} o] «vxAd
TE/ALO; HEFEH AMIA 54 F2E ARSSIATHIL. A
A F4 ool mAE- HAHhot electron)?] AHERS Zx}e]
2=30]] - RIZFSICH29]. LRk og v Hxk= w9 1
29 714] Zo|(spin attenuation lengthyE Ho|H, A= A}
= W F2 29 7 ol HRITH29) AR k]
553 554 "ol 5nm Fxo] o5 gk AMIAINE 5
Feieek= Ao 10 7ke & B5E5S A FUHIS,
29]. TSk, AR XL ©E 58 2] whitol], A
AE Aol dakd Ae- ol Aist 7] dxx E
Uz BAZ AT F UuH15, 16]. Aol FAE A=
AE AdS g &, vhiE: Aol FAE AgAle] o
Al AR A K9] 2 HE A= 23
T oMol 2 Ao g wAR A2t APIAE F
Hat u g A AXK(majority hot electron)it F2 5
3}l A AR AR (minority hot electron)y= AHJA| 4
2T XET] ol sl AHZITH9]. olefgt F sie] 2=
TUAZ HES ol 8oz 2~y WH EWX2EHE}
L 271" F-(magnetocurrent) 3= IS 4= o}

Appelbaum 5 A7 S48 FolA WAk 2
Wk FHoE A VIstaS W, HAe] 23 MRk
ol o8l 23e] kS AT = USS BATH9). o] A
HollA Al QA HARFe] g AA(g-factor)’t A 2¢]]
7Whe: Ao Yo, A2(60 KMo HejE el =
H F(spin lifetime)°] 500 nsZ v ZoJA, 350 um F
7ol AEF AdS FHAZ] Fol= 2| A[FE AL T

AATH30]. = AAE ol8shs e WA SRS

of
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27 FUu} AE0] 29 WB EWA2E RS AN
7] wWiZel] Mg E 23S Aofst] 2 Al|EE A
3717F wig- offHohke Zlelth o] #AIE 53] S5t
ol 7}2 FZE(lateral structure)dIM = BHs FEol] 2]k

ZAFYFZ0} 29 HE FEE A8, 7 729 A
o] FARE WA o g 23 Y3t APl ofgk =3 Alojs
AASIATH31]. SHAINE B 755 ol8st] =As 7Y
she WHE AR RS ol8sh] il HEEHE AR
o] Z77} nA oJ3tE vl ks A EAHES AY

I ITH29]. webA, o] WS o83l 23 EMAAHE

Ak AL g7 &5 AS=E dtdnt

upxjeto 2 wieA] o] A~ ZZ(spin accumulation)ol]
ok F¢S At 23 FUS FHske el s 1t
2ks] drgsialzt gt} B2 AAlee] HiAY 55 e v
SAle] 230 FYHUTHE AMS S8 flal HIEA] =
A Wy RS AMSSl 9‘{}[24 32-34]. o] WollA=,
Fig. 60l Yepd npe} o], = =€ A2t 8% AR/
eI WhEAlE UL, FUE Ak g 7
D‘rx}oﬂ/q e A7 @1} (HE T2} s, AAfEe] &
A 250 7] wiell, vhrxate] shet ZelA (chemical
potential)©] A=Hz}e] 3}s}t ¥eldRTE & AE), o]2n} &
H ZZ(spin accumulation)©] TAYSI}, o] A~ FZHo] A

= WA Wollxfe] 2 St A9 dpolw 2 k-

EF(spin diffusion-drift) W41 we} 21 FHE A
A HOlAFE 2 S29] APt A eR Lﬁ\jl"jr[%,
25]. WreF whl Zeof| RIS MYy 2~ kA
Well ar g A=yt 23 A En ofF 2
g “qoixﬂ ATHA, o] F A=, 1) Alele] H9iakE 278
slo] 23 F= FRpe] Fdol] ofal WA el FAE =
A A4S 78 ok

ARk o Z 2eAkS o] 8et WA Adel] ARE &

L.L.“l

Tunnel
Spin contact
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i 2 IR S A APSE oS AT
2 & a3} == AIAE a3 ol ) a9 =2o] ohd
71 E}(artifactyS 579317] T} RbH] BIAA] ZuiE
TR AFIAN, 1) ARlelgr ZF7E F2 525,
S Sshe AR, 1) olle AR7E A9 324
7] whitoll AfFel o3 7 aHE HAst &
HIHR) 2l E F-xo)] 9%k S o] HIZM] F<ollx]e] =
A RS osfisk=t] e A 9I0] Van Wees 5ol ©J3h
ZUﬂQOﬂJle 33], GaAs 22 WA AolX o] ¥Ho]
Al @Yol Crowell 5ol & FHEATH24].

HEA 29 We Tz g2 2HES A4 o o]
WHE o838t 23 FAd] 93k MY A gEo]
Hanle = Ao 2R HixA Adze] 29 FUS o

S A ER1E 4= Qlt}24, 33]. Hanle &35, 23
Aol oJalf wiwAl] A= FYPE HdApe] 2Ho] o] 27
gkl FAR1 271l sl Make-= 3faL, o] Alxke-sll
u‘,}g]_ 23 zx—]o] b _,_o]__ ay= Uit} u],quﬂ 23] Wy
%LZ~ o83l 4ttt SAMeIME 23 FYol| ol8EH<=

W}(I)@r AR S0l ol8HE AFEAH) Alele]

J-IJ

05 N

7%3]7} 2~ Ak AT Yol lojoF & Hanle AlZE 7|oigt
F Ao} 2AEH ] 7= /\1_ A&l AEEE AR}

(7)h 2 AR vk e wolal Bl Alole)
4S8 2o 29+ 3lok bW A1 2710 o
£ 2uEae) gavh T uARie) A9 s e 2
o] e 28 S At 5 pm AR g

wzol] HlEA 2l PEE UEY] EiME TR ¥
7k Balfs-g 714 2)E 185 (lithography)S o|-85leiof Sk,

Z&, Van't Erve, Suzuki 5°] ©] BHS o]838le] HzjFEo
2o 29 ¢ B Sl 43 vt T35, 36].

e elEeah SolaA) g A9ele viel wap
23 RS TVG & oH2s,26]. o] WHS
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Fig. 6. Schematic diagram of a lateral geometry for non-local MR observation. A, denotes the spin accumulation, # the thickness of the Si
channel, and L the length between the spin injection and spin detection contacts.
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tunnel barrier [10].
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Fig. 8. Electrical injection and detection of a large spin accumulation
in n-type Si at 300 K, by courtesy of Ron Jansen [10]. (a) Hanle
effect, producing a decay of the net spin accumulation, Ap, due to
spin precession in a magnetic field, B, perpendicular to the electron
spins (s) in the Si [10]. At constant current, a voltage change, AV,
across the junction results [10]. (b) Detected AV across an n-Si-Al,Os-
NigoFeyo (5 nm)-Co (20 nm) tunnel junction at 300 K, as a function of
magnetic field perpendicular to the interface [10]. Data are taken with
a constant source current of 734 nA, corresponding to V'=+172 mV
at B=0 [10]. The solid line is a Lorentzian fit with a spin life time
1=142ps [10]. (c) Detected AV for various temperatures, as
indicated, for the same junction [10]. Also shown (black symbols) is
data at 10 K for a control device with 2 nm of Yb inserted between
the ALL,O; and the NiggFey in an otherwise identical junction [10].
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Fig. 9. Device layout and diagrams of electric field effect on spins in a Si 2DEG [20] (a) Device layout, showing the Si 2DEG the oxide insulator
and the metallic gate electrode. The arrows represent the electric field into the Si 2DEG owing to the voltage ¥ applied to the metal with the Si
substrate at ground [20]. (b) Energy band profile of the junction, showing the tunnel barrier, the Fermi levels (dotted lines), the Si conduction (CB)
and valence (VB) band and the Si 2DEG (yellow) [20]. (c) Diagrams of electrical field modification of spin polarization in a Si 2DEG[20]. Shown
is the position of the bottom of a 2DEG subband (with Zeeman spin splitting) relative to the Fermi level Ej; g in the 2DEG, for two different
electric fields (V> 0) corresponding to 100% and 0% spin polarization at Er;s; [20]. Note that the electric field can be supplied by any metal

electrode, including a non-magnetic one [20].
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Silicon Spintronics
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Korea Institute of Science and Technology, Seoul 136-791, Korea
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Semiconductor spintronics is an emerging interdisciplinary technology based on the electron spin degree of freedom, combining the
magnetic materials and semiconductors. The spin transistor represents a novel semiconductor device, in which the electron spin is
injected, manipulated, and detected, and thereby a memory function and data processing function are enabled in one device.
Particularly, the spin transistor based on Silicon, the mainstream semiconductor, might have a significant impact on information
technology. This review introduces the major progresses of Silicon spintronics in recent years, and describes the technical issues for
the future.

Keywords : semiconductor spintronics, spin transistor, silicon, spin injection
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