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Abstract

Wave-vector filtering effect is explored for electrons in magnetically and electrically confined
semiconductor heterostructure, which can be realized experimentally by depositing a ferromag-
netic stripe and a Schottky metal stripe in parallel configuration on surface of GaAs/AliGaxAs he-
terostructure. Adopting improved transfer matrix method to solve Schrédinger equation, elec-
tronic transmission coefficient is calculated exactly, and then wave-vector filtering efficiency is
obtained by differentiating transmission probability over longitudinal wave-vector. An obvious
wave-vector filtering effect appears, due to an essentially two-dimensional process for motion of
electrons in magnetic nanostructure. Besides, wave-vector filtering efficiency is associated closely
with width, position and externally applied voltage of Schottky metal stripe, which makes
wave-vector filtering effect become controllable. Therefore, such a device can serve as a manipul-
able momentum filter for nanoelectronics.
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1. 518

S8 b, MBI RAE KSR, e, 437 AMNMEAE K (molecular beam epitaxy, fiijic iy MBE). 4=
J& A WLk 22 ST PTR (metal-organic chemical-vapor deposition, f&ic v MOCVD)%%, w] DA 5/ 5 B [ k4N
KEERI[1], B hn, 762 4K GaAs/AlLGay,As 7 i 25 K [ TR 2k (ferromagnetic, fA71c A FM) 2% 715 55 [2] .
TEREDNKEE R T, R AR = AN ST KRS, TR sk b 2 2 S pA) v 3 8 26 4 7/, (two-dimensional
electron gas, fijic v 2DEG)izzl. HT/INREE. (KGRI ST W5Z IR, WAANK 451 vh 2 586 0 2 1) &=
FRN[3], Bltn, Eeteib[4] [5] [6]. EREBH(GMR) [7] [8] [9]FH 7 - % (Goos-Héanchen) & [10] [11]
[12]%5 . X SE 3T B B 7 0N ] LA T2 M F 3 A AR B oK &1 a8, b, A et i€
#2[13] [14] [15]. =508 E BE4> 2 #8[16] [17] [18]. GMR 281F[19] [20] [21]%%. Rk, REANKEE K E T
LR LA O BONEERASEL. MR, 2P SRR U I AR S

VTAESR,  TEAN KL R rh i it i (wave vector filtering, &7 A WVR) RN [22]W 5] T HFF A AT 12
FE, BUNHA G BB R UL RAEF K PK LT3 2 25 (momentum filter) P B GV E R HANME . 7E
2017 4%, RN ESERBEGUK S —— @I AR R GaAs/ALGarAs 55 45 K 11 EDTREAT T B
HIREEIAAK FM i E SR B8, Lu S8 N[23]3 ST 1 IR RAH DGR iig AL S-1B 28 5, K ILHS
FHEAFRN WVF Z8, 17 HILFERE(RP WVF RER) rldid i 5-45 2= R R B B g T A R a4z,
R, BT MR, AT T — MK BT B Je e S, BiJE, 55— E Syl
KEERE[24] Je H AL EERI[25] 7 FL 1 WVF ZURL 8-15 24 RIS Ot 78,  SCHF 1 SCHR[23] It T 45 4,
BT T — NI TR E I IR . BRE A 2R SRR B [26]—— L5 Bt
1254k GaAs/ALGay,As FJifidh b TR HIMH FM 2515 5 B 553 48 (Schottky metal, f&iic SM)
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S, FCHT 1) WVF RUSRIE, RIS R nhEd B SM 4 30 T HI[27]. FIH ET
JEBAER, Liu SEN[283— 0 AT §-B41Isem, @il T — NSRRI R T A= EA . Kong 45
N[29]ta i B R 4 b WOk — MR g, R IR SO B 37 I 7 ) B TS DA RO R %G
Z PR SRS A T T WVE B, g5 RERH T — N H AR YUK o) B g SR a . T
Zhang 55 A\[3018F 78 | —ASBrar RGN oK 2548, LR P40 JFnlisid e R i sl B, MRl
A EBA T H AR E R FM 2 SCB,  RYPK T a8 N PR H T — MR el i jE s .
TR FIRBE A TAERIERD, AT T — M FEAZBR AP SR RS [31]  F T WV R, S0
b ARG GE R T LGB AR 2 SR GaAs/ALGay,As SRS RIERT L, FATHIU FM 4675 5 SM 46717
Hil% . BATEIARG AL — MR WVF 03, 1 B3 WVF 2085 SM A AiE . 565 &
I REAEVIRC R R, FeTIXMEAK AN, BA TR T — DN ek 73l B i SR 28

2. GIIRBEIFIRIR T

AR HAZER A AR A I [32 0 KAk EmAE R 1(a)rh, X B BAAKTHALEE (M )
FM 255 AN 57 ELIAUHL IR (V) SM 2R O TAT HLDTTARAE - 248 GaAs/AlLGay.As 575 45 12 1 1-[33]
[34]; K L(b)REMLHIHER .

Z

_ /
/ 2DEG---GaAs/AlGa As /
(b) +B
| 11 i [\ \%
-D/2 Xo
-D/2-dy \l/ o D/2 D/2+de
B

Figure 1. (a) Magnetically and electrically confined semiconductor heterostructure and (b) Its structural model

E 1 (a) # BERFSFEFREDBFEM(D) EHERREE

fEE 1, SHd, Bde 200K FM &R SM O SRFIRISE B, DR Ak I K B
X, =(D+d;)/2 FoR SM AT O AL B SRR, IR FM 57 5 2DEG Pl Z AR B 1R/, KPRk
(¥ FM e P AL 10 AE T 2DEG I fifd 56 B0d & T LLRT /S S 75 T 1) 8- BR BUAR (1 22 KA A [5], B«
{B(x) =B, (x)k

BZ(X)=B[5(x+dM+D/2)—5(X+D/2)]’ 1)

X B 2 5-Mh22 RGNS, 6(X)72 Delta Bi#. >R Landauer FLVE, XM RI#ER ST LARIR
A(x)=[0,A (x),0], Irh[35]:
0, x<—(dy +D/2)
A, (x)=1Bly, —(dy, +D/2)<x<-D/2, O]
0, x>-D/2
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o £y = JnfeBy BREKEE, By #om MR . 4 2DEG APRH B & 19 B SM 455
2DEG PR AR /N, N 1 UK SM & AE 2DEG P LA, SR NETT R R
#&, U

U(x)=U,[®(x-D/2)+©(D/2+d. —x)] ®)

Forh U, R T 0 B @( ) & Heaviside BB 5.
(e T A RUREITL B IR S R T 1 Hamiltonian ST 25 -

o LA e,

H = 2m - (x)+TBZ(x), 4
K, m's mys p=(p,, p,) M1 g  HRFRET AR E. FHFE. SRAE B8R T, 6, =+1/-1
& Pauli AT z 70 F . XPRCT B el _BAEBER TR fERR IR, A£G A T s — I
FoRHET ARSI AR EAER, B Zeeman A5G T, XT GaAs #EH(m™ =0.067m, 1 g" =0.44)
ZIREAR AN, FOR o 7R A2 IR AR T 45 4 P A i M SR R T DL [36]. H T FE T AE RSN
KGRI y DT RIIE B A R, HEds Schrodinger JTFE HW (x,y)= EW (x,y) MR, ATLLE K
‘P(X,y)=t//(x)eXp(ikyy) Horrk TRy S B (RIYNABR), Wk Ey (x) il 2 T —4E(1D)
Schrodinger J5 #2:

2

" (X) Uy (KU 6 1 () = B (%), ©)
Horr, HFIERL. HSZPR - SR SR 5 g vh BB a2 21 108 Rsh N [37]:
7k, +eA, (x)
Ueﬁ(x,ky,UO,xo):[y2+J+U(x) (6)

AMAMUG WP RER, MHE SM KA K. AR k BRI, T IER K S5
HRI RS 2 AR T b — > 4E(2D) i B, BT AR G R T K WVF RUORE[22]: T AT SM 4%
IR IS AR SM ST 1R B o B AN S P H s s 1 H 52 B~ A S ot 45 R T WVIF 2808 A AT RE[27]

I FH SSc ik B %5 A% 85 v (improved  transfer matrix method, f&iic >y ITMM) [6], ] LA™4& K f# 1D
Schrodinger 77#2(5). ik, HEEEANEL. HLZBR A SRR A NS X L SR, 1L V)RS ST
XV, wlE 1b)fim. £ 15 V X, BFEERER 5N w, (X)=exp(ik x)+yexp(-ik, x) Fl
vy (X)=zexp(ik,x), ik =k, =2m E/n* —k? , /v BRUTPSER B MINERE . ELEHIX, BT
BRRBUE IR A &, H:

v, (x)=C, exp(ik, x)+ D, exp(-ik, x)
Y (X) CIII eXp(Ika)-i- D||| EXp( ik m X) (7)
Y (X) v eXp(lklv X)+ Dy eXp(_iklv X)

Hop = A X MR 5588 Kk, —\/Zm E/n* - (k, +eB/h) o Ky = 2ME/R -k} AT Kk, =
2 (E=Uq ) /12 =K2 s T Cypypny 1 Dy gy RS R 3 2 P O 0 R 3 — B 9 UPE 4% I
[x=~(dy +D/2),~D/2,D/2 Fil(D/2+dg ) FELE I A, HEBIT ITMM J74[6], AT LA E]:

{- exp(ik.I X_) -exp(—ikl.x_) j(ljz " X(. exp(lka+) -exp(—lk\,.x+) J(rj -

ik, exp(ik,x_) —ik, exp(—ik,x_) )\ » ik, exp(ik,x, ) —ik, exp(—ik,x,))\0
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Hr, x =-(d, +D/2), x,=D/2+d., LA}
" :[ cos(k,d, ) —sin(k,d, )/k,,}{ cos(k,, D) —sin(k,,,D)/k”,)

ky sin(k, dy, ) cos(k, dy, ) kyy sin(k,, D) cos(k,, D)

cos(kydg)  —sin(kydg)/ky .
x ky sin(kydg)  cos(k,d) 9)

PRIk, Il AR PR R A R R IE S R O

. 2
_|k|m11_kvm22 +|(k|kvmlz +m21)|

T(E,k,, U, % )=1 : (10
( e 0) |k||mn+kvm22+|(k|kvm12_m21)|
B RBOT BRI, T AT HERAE WVF BONAERE 1 WVF 203, RI[23]:
OT (E.k,,Ugy, x
U(E,ky,uoyxo)zm (11)

ok,

3. BRE5VE

TENH T NFRER AR 18] 2(a) @R T B FIBIE ] 1 FTosfih. mis2 BR S A J3 Jf 45 40 0028 5 R AL
Kb 4S8R dy, =57.5nm . D=345nm. d. =345nm . x, =345nm . B=0.6 T flU, =1.36 meV ,
BT MRk, =-8.7 pm™  (5:28). 0.0(Z)F18.7 um™ (#£8). T HL FIERRAR S50 h i
AFT R TR, TR A R B T A IR 2% ) e T LA A BT A G B . 2 BT R i
RSB AR, ERES REUE D, ESHEIS I SR T s . EIRREX, @ L H
— ARG, S DR A H T R R S T RR I 22 G54, T BN R K ST 3 B P R
SR, RAETIGRB S . Tl BRI SR T A E ST REBE N R AR R R AT
PAMILA RO B PR AR AS B LA . Dy 17 S0 A OO 52 02 S 1 &% 1) S A2, 8 R 4 ) o
AV T BT IES RBGE N BRI EEAR, B IS R U 2.04 meV. [, XA
FEFRATAT LIS AR, T HES REGEE A BRI . XADNIREY, RATE M
Bl P SZBR A AR S LAE M B AR SR T WVF 8. R 2(b), BRATHHE 7y WVF 2%, Eh
LT NP R AIRIUC N K, = —8.7 um™  (S5£8). 0.0(KEZR)AI8.7 um™ (#£R). AR5 KI WVF XA LA
BEE], L, MR FABR K, = -8.7 um™ I, FEAGTRER E = 0.75 meV 4, WVF 2 "] iAF]-1.65
iAo

% B BERL 2 R SR R T A T, LT A ROA S S5 SM 2% IS BUE VIR [Z WA (6)]
P T RAF TR O SM 2 1 R B P AR IR B AR (U )« LB (%o ) B8 FE(d g ) 3RS B WV 2081
o N TR SM KA IEER, NI AT e T A AR E Yk, = 0.0 pm ™, BB LT IE
NSO &5, 8 SM R 5E BEAI A B 15 €l de =34.5nm Fl x, =345 nm (K FM %775 SM
AR D =34.5nm), KEFFUHOINAE SM 2645 £/ 01 LU ( -V, )72 2DEG N7 A= [ H 22 R B2 (U )X
WVF RS20 o £E 1] 3(a), FATER T HAEE AN E =034 meV  (5£48). 1.02 meV (kKEZk) 1 1.70
meV I HL T 1 WVF 20 XA RS R, HL T ERE A2 PR SR 52 BT 450 1) WVF R0 5 24 o
SM 2% ERIR I U B UIME G . —fbeth, &8, BT WVF RN, 1mH »-E #hZkim &g
Tik¥sl. Frel, BATH LUEE S ENE SM 2t R BERGURRIRAS, g, 2R SRR
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SER LT WVF RN RS, IR RN 7 IA BOA R T SM 44 BRI R, 1HiH, BT WVF
RONENT H 22 BE (AR, ST IONSTRER A OC, HRA27E 1.02 meV % 3.06 meV [HIREEEHE N A
B, N T TEIE A SR e 2 R (N, ELEEVE U, IRREERA TS T s WVF R%, il 3(b)
Fir, B THAEREE=1.02meV (S2£;). 2.04 meV (B4:)H1 3.06 meV (AL k. XMEIMK=%
ek, FERR(KEER 1.02 meV IR, #UTE MM 71 WVF 2GR SM 477 18 iR =4
(22 R ZUH AL . X AR 0K SEIRATE R RO B2 PR SR R RS M, T DA BT B AT
TEIEIERE, HadERCERATE L SM 47 bt i i e s 3k AT R T

10—
-
s (@ 0B . 00
2 = £
8 5 £
¢ =
g g 306}
A c
505 §% 8
g é’ E=2.04meV : 12l
c s s
g 002 0 25 E
| ol ST Wave vector ky(pm”)
00— = L . 18 . .
0.00 1.36 2.72 4.08 0.00 1.36 2.72 4.08
Incident energy E(meV) Incident energy E(meV)

Figure 2. (a) Transmission Coefficient and (b) WVF efficiency
& 2. (a) EHZEF(D) WVF 3

00
S =
g 5 -04f
c c
) )
S- S
5 % o8}
A12H g ]
; 1 E=3.06meV (b)
0.00 1.02 2.04 3.06 4.08 0.0 0.8 1.6 24 32
Incident energy E(meV) Electric-barrier height U (meV)

Figure 3. WVF efficiency varies with (a) Incident energy and (b) SM electric-barrier height, respectively
& 3. WVF %(&pE(a) NSTREEF(b) SM BEZZFE T

NG, PRSI HUE (-, ) B 22 B (U, )NV, HEInU =1.36 meV , o438 SM SR IR E (X, ) 2 FE
(dg)s HHRZ SM 4% RS0 LT WVF RN 3% . 7RI 4 Fh, SM 20 98 BE R [l e d g = 34.5nm
PAVEIR T SM 265 AL BT L WVF RS 5ema, FrR ] 445 1 3 MR SERE d. =23.0 nm (52
28). 28.75 nm (KME£k) A1 34.5 nm (SRS LTI WVF REJERCE . MIXEEihsk, FRA1E 2 WVF ZeRbE
EH TS RIRS A, R, MAEEAE 1.02 meV £ 5.1 meV JEHE N E ARIZL . B E K,
2 SM SR I BRI, R T WVF R AR . ATER], 2x 8400, B SM 2%
TG, RAZ IR R R S O, WVE ZER B R, 1 H p-E 2 mIREeT g3, SM %
AL B WVF RS gEm, AT DAL 4(b) EEIF NG, KO EERR T WVF JEERE SM 2%
WAL B AR, HrP T RINS e BN E =2.04 meV  (52£8). 3.06 meV (KE£R)A1 4.08 meV (H£R).
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I, SM 2600 R GEH FL T WV RONA BRSEm, 1 SIS R AR RIR R, JUHE
FERER E =3.06 meV M. #e52, FRATAT OB 35T SM i fEmd . ris2BRAE SiR s gk b

MR B, (EFF RS T 1) WVEF 0N 5o, MMBEH e 7 sh B jgds . BR, SM &t s Bt WVF
RO RIE, T TR RGBSR R (U )0 SM 2R EL (X, I

(a) 001 (b)
00—
= .04t
> >
1) (1)
c c
2 9
S S -08}
% 00} £
§ X,=23.00nm LEL 12— E=2.04meV
<<<<<< x,=34.50nm 1ell E=4.08meV
1.8 L L ) L L L L
0.0 17 3.4 5.1 20 30 40 50

Incident energy E(meV) SM-stripe position x (nm)

Figure 4. WVF efficiency varies with (a) Incident energy and (b) SM-stripe position, respectively
[E 4. WVF 2%pRE(a) N5TEEEM(b) SM-FHMET K

F b, BT RA AR TR TALE, Hiks SM 25 I 9 B A 0%, DRIk 9 B 6T B 1) WV 2808
WA F RIS, fa, 7255 AT m TE 1 Posig. B R SRR e WVF 2R
HHFASREERKR, BRRATEE T 3 MHEAMARN SM F4 %% do =23.0nm (SE4k). 345 nm (K
£8)F1 46.0 nm.

0.5 - , .
0.0 —— ........ .

= b , .

z

c -05 : : E 1

[

) =09

510} g

w 212r

E : —d=23.0nm
-15} I§-1.5 L i

0.00 28.75 5750  |..... _ A

20 SM-stripe width d_(nm) d_=46.0upm
0.0 17 37 =

Incident energy E(meV)

Figure 5. WVF efficiency changes with incident energy and SM-stripe width (in the inset), respectively
5. WVF RN EEE & SM-557 5% B (FEE) M ki

MIZANEL, FRATATELEER], SM 2% ) 98 FE X R G b BT 1 WVF RN A — D ECRIISENE . 2 SM
ST REAR TEINY, T WVF RCRBOR RS2 17, T HL B o RE R AL it 2k IR R o i 22 4%
Zfjo SM 2T K98 BEXT A G0 L7 ) WIVIF RN FRISENI, S INT 28 M Se R AE 1] 5 O3 B v, 3 3L
WVF 05 (n ) BHAF 9 SM 25715 S0 BE(dg )RR Bl 550, P i P NS REBAE SN E =34 meV (T
U T I SOKBES) . HhSE, BT TERE. 2RSSR R SH(S I 1) 2 1A B3 DT FE(6)]
5 SM ZA 198 EEF DIAHSG, DRIk WV ZCREE SM 2% (1 8 BE R ZU Atk . SM 2% 98 X Ha 1 WV
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OSSN T, BATR AT DLUE 538 SM 26 (96 B2, SRR R e b Ly~ WVF RN A%, Blseit
AR T AR e RS .

4, gEip

B, ARSCMER ERTFC T AR AR SRR A TR WVE RN, R TR
TEEMERS. . IR, TEEAE GaAs/AlLGay,As R EE IR L, AT iR
Z0K FM A1 SM 25 (R SE88 EAIR. T P AERROOR G5 M) P s s AR i g — A e RE (S IRk
AK), BIIZRE, HAZERAPE SRR R R L T — AU WVE 208, TH, BTirERgF
BRZBIA RS SM KA F VIS, FrLlB i3 SM 26 IOALE . T8 R R tin i ik (L 22 g, T
CLH2 2R 48 LT 10 WVF SRR/, AT ZRK 2 B AF I S Rl i vl 7 s B s

E&WH
WA BE TR S S (S . 18C1290) B B PR A .
S 3k
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