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Abstract

Over the last decade, the research of magnetoresistance effect and its mechanism has been one of
the research hotspot of condensed matter physics. With the synthesis, preparation and discovery
of a variety of new materials and new structural systems which possess magnetoresistance effect,
its mechanism and the complexity of magnetoresistance system are also constantly being unfolded.
In all kinds of magnetoresistance system and magnetoresistance effect which have been found, the
research of positive magnetoresistance system and positive magnetoresistance effect, as a branch
of the magnetoresistance research system, has special research value in the magnetoresistance
system, magnetoresistance mechanism and application of new magnetoresistive devices. This pa-
per reviews the progress of positive magnetoresistance system, magnetoresistance effect and its
mechanism, shows the diversity of the positive magnetoresistance system, positive magnetoresis-
tance effect and its mechanism, and briefly points out some common problems that need to be fo-
cused in the studies of the positive magnetoresistance system.
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I JUEER, TSR FH N R HALE BT — R BRI BT AR R L —. BEE B M
KIS IR RSB RO E R FEERI, BHEAR RN R 20 AR R I R
FE CURBLI & SRRERH 4 R R RERH I, IERRRE AR R R IEREFH A SLIOBT AL, AR I BERERT S — A2 32,
FERGFAAR 2 RAFENLE A R RE R S8 LR 7 T, 39 B ARIRIIBT SAME . ASCLR T IEREFAR . IE
RERH RSN e KRN BT S e R, R T IEREFHAR R IERERHN. R AU B A, FERIERm T
IERERA A 2 BT T P 7R BOQHE A — B U A

Kigia
BB, BRI, RPERAM, BREES, SRTAE, WEERE W%k EeR

1. 518

2007 4F 10 A, JEERRE SR U1 3% /K (Albert Fert) A1 [F R} 2 5 4 75 - 8 bk DA% /K (Peter Grunberg) Al
53 AVAE R Ve 0 i MR P 1 = M 8 g v D UL 5 BEL S0 T HE [ 31645 2007 4R35 DUR Y2248, B RE
RUOSLIE T2 B T B A5 (R S R0 8 PR TR o, ORISR S B AL, RS KR R A ek
R BT 7T I H 2 — . W3 PH RS (Mgnetoresistance, MR)J2& 15 SRR SAKLE WL /6 H] T B BH A
KA, FRiELN:

_p_p(H)-p(0)
O
Hrbt p(H) I p(0) 73 5 SMINES H FIASINRE S N (R HU B2, BEARHAE MR SRR T 4K 2 L BHLZE IR 70
AN T AR . WS MR BEREIZ I EEI,  TFRIZRERE N A IERERR RS, Rz, TIRR A S
BELARIN. o i 9L 2050 7 e U JEC T 530 P FELAEL P K/ R = AR AL RO AR TR R A 439 DA R 25 255«

(1) 1E% HEPH M (Ordinary Magnetoresistance, OMR): OMR 5 S5 T Wiz %t i 1 1is e 26 11, &
B IS PR A, A8 R ARG I, SR BN AR AR RN, AT AE B BB G K OMIR
WAEAE TS IEE)E . &8 AR, P L REIE T Ee D

(2) % Ifi) 5% 4 B 2% (Anisotropic Magnetoresistance, AMR): AMR 248 S35 T B 7 1 & ) 5 P B
Bt 48 (Fe, Co, Ni KHEAS)EWIA TR, MR RERA B T 1A I Fe v i BE R 2B AR 10T
RUNIFRN AMR; 3 554 Gt — PP S R 5% m) S e G EAA R, LR 5930 P REFRAE RO, Tt — &
M T8 % T .

(3) EREFH %N (Giant Magnetoresistance, GMR): GMR {3 /& 45 1 ME AR B B ZRAE 3z i 2 AN i
BIAZ7E BRI, J@H T LUAH] 10%, % 100%Lh by ZANIET A GG, 2 RAETZ 2,
EUTEN . RO, EIELE 2 RIS B A R

(4) PEHEBH N (Colossal Magnetoresistance, CMR): CMR 3% % 4= T 4<% + & Jm AL b Bk &
o, X RAEMAR R I HLBH RSN T2 2RI, i KT GMR, BRI HR 9 BEREFH S ;. CMR 1)
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(5) BEiEREH % (Tunneling Magnetoresistive, TMR): 1T H heAH I ) BT BIBE 28 T LR AN Rl i P2 AL 1
Fb BEL SN R A BESE RERHL 08 s TMR 22 R AELERG T JZ AR RE T 2 01 2 GRS B S5k Kb, BT RERRIE 45
FBHZ i, REFE/DN, PERBLLEARE, U LB R A .

(6) WEERSPH %S (Domain Wall Magnetoresistance, DWMR): - B B fif BEL 25 S 5 147 T B % rp G e 1
H s S AR, DWMR 2 KA TS @A RMA R, T2 & B BELE M LR %, il
AN LB, A4 I B R BEL 2SS AN S Gy W LR 3, il B A A 2 BB SR A RE S, AT A5
B RS R BERGRH,  FS TI B K Y B BE Rl BH AT LA 2] 250%

(7) RIEREBH 2N (Ballistic Magnetoresistance, BMR): 24 H Jetk AL I¥ HL 7 R BR + B hedl % 1)-F3% 5 i#
2 n) DL o B ) 56 2 AR LU ADA RS, - 7E I 5 ) FRL BEL 2 TR /), 3R P SRR O BE AR 0 s BMR
ZRAETYREE A, TR AT G KB f (1 % B 1) B R DG B3

(8) ¥ if % Ifi) S 11 FEL A% S (Tunneling Anisotropic Magnetoresistance, TAMR), TAMR J& 7 8. — £k il |2
(R 2 25 46 T R AR IR BRSO, VR T B I E R G A FH SR A S FE I % m) e 1. TAMR RSS2 —Fh
BREREL AN, AT — AN BB ST B, BLAE B e F U BRI K R A & .

TA N TR, ARSI — AN 3, IR RH ASON 28 T 57 B R R 22 B L IR O . 1969
4, O.P. Katyal F1 A. N. Gerritsen {E58 Fl% - £Fsa R R I T IERLBRBS, AT Zn RN 240, B
T 5 24 AR XA 2 0 BSOS B2 [ 1] 5 [R14E, G. E. Gurgenishvifi 25 ) B RE B 78 2 45 G 24 5 1 42
RILAE NG A3 A IEREBHRN[2]; 1972, D. Kostopou 33 i K AR 1A i B S BEATRIF AL, 72 iR B ik 3
I i BN, WA B 4 I IEREFE AR [3]: J. A. Rowlandst A1 S. B. Woods 7£ %} Pd-Rh & 4> (T4
W R IEE Rh SRR, 7R R H I RGBS A8 A FORE R RS IR R [4]. Bk RT L, A g)xd
IEHEPRR N I R 2 R E G a8 @REMEMER, RETEE. SBRERPMIERHARN, K280
PAVHZE N IEE PR N (OMR) . B A28 )\ H4EACK,  BEE X IEREFHAR RO TR, R 2 B
IE B RE S LA R A2 HOR, QnAE - FAA[5]-[8] i FAR[9]-[11]. &JmME[12] [13]. F4&:[14] [15]
W AK[8] [16]. —ZEr TR R[17]-[20]. HGAK[21]-[23] LA Ko & R [AIAL S I [241 556 B HAR Z rh 2]
DA R I I fl BEL S PR A7 A

FIHATNIE, B BELEI R 2, TR RH RN B 9T 22 5 Hh T G FH 2% S (Extraordinary  magneto-
resistance, EMR). £k 141 FH %55 (Linear Magnetoresistance, LMR). F% i B BH RGN (TMR) - 3038 R BH 3B
(BMR). WEEER:FHZ N (BWMR). IE W #EFH AN (OMRY)s #A4 BHA F oK 7, 0 IEREARE RGN ) F e 2 S rh 1
EE-LRRE S MG R(WNEBBRNESE). SEBELEYERWERRELEY). hi a5 ARk
Z PERARR. BHESRAR. SBPR AR KRR _4mTR5%,

TE R BEL A8 SEAE SR i L AR AT FE ) — AN 43 3, IESZ B R SRR 2 1) 0%k, B TERERH 2R A4k
A B B 22 1S BIFE RN, WiREBHLAE A% [25] CPP ERARH SK[26]55 « AR SO AN [EI ML ) IEREFH
KL LA S AN [ A R 25 0 TE 4 BEL RS A S50 AR AN 7 THHEAT 7 RS gh, FEMZEARH 1 IERLBANLE]
W ST AN IE W B R FRR 2R Hh 55 DGR (1) — et [ L

2. JLFhIEREPHI AL
2.1. ABELBB¥RL (Extraordinary Magnetoresistance, EMR)

1998 4, Solin ZE NAIL, 37T, AR AP RMA R P 57~ SR RRL A 2R 1R R BE 2008 5
W, AR AR RN AT R B AT AR R ORHK[27]-[30] - 2000 4, Solin 5 A SURBLAE AR
P24 InSb vdP £ R — NS FN o B FHRABI S B E(A), ZFERE G IR I 7%
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K S IR IEREPH AN [31], (0] 1 FiR): 7 o = :—a = % IR r RS BRI EAE, SRR,
b
m%%005Tm%ﬁ$%}£MRﬁﬂ¢ﬁlm%;ﬁ&azﬁwuﬁﬂmsT$u4T%%%F,MR
53729 9100%F1 750000%, X F - K IEREPH RN F% A EMR (extraordinarily magnetoresistance) 2%,
TR N 5 MR R TR R A G, IR MR8t m ARR A J LRI BH AR - Solin 55 A F8 H X il e i

KRB RN Y o > o, BRERE:

O _Gsﬂ 0
1+ 4% 1+p°
oH=| TP % @)
|1+ 87 1+ B
0 0 o2
B=uH 3
Hrb g NSRRI R
E=EX+E,J 4)
J=o(H)E (5)

B (3)~(6)r %1, fEMKIA~, HIRHEE I AT THIZE, HIBEAERLT &8 Xk, 48 X
MF KT, MAESE, IAETATHRIZE, EEREETHRY, WK, ARSmESBXE, &
JEIX AT IR o Wk, BEMS RIS EIEY, RESBXER R kAEd “Hik” B
“TFER” ARME, X274 EMR )R R [32].

Solin ZHIX— RILGI L T2 N & @ -1 S0 1 & G5/ R 78, B AU 2 FR e L LT TR S rAl Ao
DA A R 3 0 T BEL 2807 (1 520

2.1.1. JURRTFRSAR B o 3 ot 3 ik PEL 380 Rz Y 32 i

Solin ZRILHE I EMR, 52 JUAIHERA K, thin: JURETR, Bl BZ6]. T. H. Hewett Fl
F. V. Kusmartsev A [ FERIARL, 8 08 S B LIRS IEREFHASIE N 1 i 4 N8, ]
FAA BR I0 I 7 V- A T B A5t B IR AR AR R b AR I, R I ol T 10 BEL RIS & I\ 373 5 FELAL )
i B T S E[33]. 14 2 H1(a)2y Solin FSLER K, (b)2y T.H. Hewett £ F. V. Kusmartsev i ot 2t f5 1) 5256
BICL R ABATI 5 R, v AR ot e, SR I m RSO “ a7 IR, Sodk ) g AR i KT
vdP [E 5 IERARAAE, BAVIIESS, o034 8 TR AT DA eSO 4 2 AR L BEL 28R o

Solin /NH ] Lisa M. Pugsley %5 A vdP [IFLEZ54, SO TR @ iR N [34], WAl 3 Fros, 1XFF
(1 et o] DAZEAR KRR RS 35 IERERH N, 7F o =8 um I, REFHL AT LA R 107 (&R, M A 1ZER R
(R AN AEEE R d (4B a5 (14 4), [FIRET LSRR S i@ . AL RER, & S8UE e e X
BUEDZAR, 7T DA — @ REFE B3GR IR A AN AT DAFU, 5 40 v Ia] 1 42 ) X 4 Bk 22, IR RH
RS AT e 23 B o

FH T F R A7 B B R B R AE S AR 6 R I R IR A, DR, AR A B R N EMR ) — A
R o Y AR BCE AL AN, B = 2B I FE ASOS AR AN [R) [35]-[371, Wi[37]H % b AR A B VIV AT IVVI
o34, KB VIV 504 75 30T DL B s pg B A8, R B8t 3 $ s M. Oszwaldowski 1 S.
El-Ahmar 55 A\ id % 53 & @ AL E DL il i Ar B, FiEH 2D A 3D HIZ5H4[38], anlsl 5 Fow,

@
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Figure 1. (a) The changing trend of magnetic resistance with
radius ratio and magnetic field; (b) the experiment mechanism
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Figure 2. (a) vdP disc; (b) the improved experiment device of
herringbone [33]
[ 2. (a) vdP E£; (b) BiEEEIE B AISLI R E(33]

Hosaifs Mo SRS &B X, Kt S o NS XIE, 1~4 VIAS B .

AT L 2R 2D S5 L 3D 5 A IEREFH AN B8 2 35, TR R SR 2D #5EXmT DA 7e 43 1 FH 4 F
PRI RN, X &R AR BRI AR, Bl PR AN, TS, 2D WAWEE S
MR R MR L& .

e Gk 5 4 2 T (1) e T A LA Pl R 1 4 f b L A2 52 i A 2R T L 25807 114 5 — AN LRI R [37]
Jian Sun #i1 Jurgen Kosel fi it 50 1 4 )@ 5 - S A () B2 Al T AU B R FE OS5 mm, At AT T T 7 o 4
JEE A R RE AR/, IR 2 B RAAE T 88 5 SR b, X8 2 B3 7 = 0 AR %
BOTHR, BAFHECDN: 6 Fir, (EEXECNEBMEL, K 34E), 14 6(b)h i ES A, B
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Figure 3. Replace the disk structure with square metal structure and its magnetoresistance effect
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Figure 4. Divide the square metal area into two parts and its magnetoresistance effect [34]
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Figure 5. (a) Standard 3D structure; (b) the improved 2D structure [34]
[ 5. (a) #r:HERY 3D £54; (b) BuidkRY 2D Z5#4[34]

ADHHERUET xz P, GRS, Tz 2 E RS EFE T ESKAW b, KRS FATH 5 E
HERE AN A DTk &8 5 PR A T AR, SR RS RBERRAC, 2 6(b)h &8 - ¢
SR I AR O R R, SwE)E - R (8] R4 i il >R R £ [39].

WM EE - SRR AP EER, BRI E . o 4R A T I B il R AT RT LA
TEAR KA PAERIBE R A o8, BAR ML 7 Fros)st b I EMR 458 AT D= A oK %3
MR, i Corbino £5#4 Ul m] B A fi KI5 MR
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Figure 6. The structure diagrams of metal and semiconductor (a) with different

thickness; (b) with overlapping [39]
£ 6. (a) EBSH+SFHEETRNELE; (b) EBRSFIFEFESR3Y)

@ (b)

Figure 7. (a) The Corbino geometric; (b) the EMR geometric [35]
7. (a) Corbino £5#4; (b) EMR £544[35]

2.1.2. ¥H¥s%E R 3o R R PSS Y RO 52 M

EMR (IR BE P AN 5 3 LA 2504 S AR A B A 00, 5 AR IE U AR KGR @ H T EMR
RS IR R 22 B e 8 T I ARREVE 1 S, Jorbf BRI RS 2 0 X REFH RS2 8K « Matthias Holz
&N AR IC T EFEMBAUIH S T 88 - PR A 450 T R 2 3042 i f BT T R BE 28OS 1Y)
W, UEBIIHHESN o, =7x10° Qm B, &ENHESE SR ESRME, HRE)E b e
P BT R AE— AN AR A, 332 DU r BRI R 00 R U A R 1R A 534, B IR 3
ks S BRSNS MR, (S BRI, A ST o FI3EIN, BT 1% B n i,
R, ki, BAA TR RN SRS BRI S0 EMR 8, F¢ B4 i PG, 250 LU
PERRBRAER[40]

FE, KT EMR MRS E A AT 200 1N-V EAL S, W1 InSb A1 InAs,  PINIX L &YA
BEm R TEBE. SCEB7TIH o FHRAEE K T n B InSb UTFFE GaAs |,

AR AR

n=1%mmﬂw%y=a7WMm(mOKT»Emmﬂﬁﬂ[ j @U:%%&[EJ(EU=%%%O
vdP C

0 0
I FH A 22 54 (P G B 5 o) B oA A N RIS BR LR o, o g BE o R A IR [41] o
B 1A R NV RAGEY), AR S5 SRR R R I 35 (0 IERAFH AL . Jianming
Lu, Haijing Zhang %5 NFEFLE A £ A — & EH, MECEMR 45489, W& 8 fizr, KIMAE 9T Wt
WF, M IEREPRAE FT% £ 55000% [42]
LN, @B MR T B, BB RI EAE  ARRUE I IERE R AN, SX MR
T p-n AR AR UM o AEIX AN TR IXE, A R 1) FME H 0 2 R D I B T e (RS BT,
g3, XA G XN I BIR R AR AR A, TP AR BCR RS, 78 0.07T k3 T H A BH w] ik
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F]10%, 0.2 T Fr[iA3] 100%, C&k Iy BR8P RE ZR [43]. RAAHALRIZEH, Michael P.
Delmo % N &3, 7E 0~3 T M43 1EHE P, 300 K o] LA S E] — AN 1000% IE#GFH, 76 20 K T, IE
TEPH AT i %) 10000%; 78 HL T30 T AR B AR T 102 em 3 I, 78 3~9 T s IR SHin R IE = &,
KPR FHBON, F R AEAE RIS V > 50 V XL, 1/ — AN EUN SRR OHE R MR 2 K AETE
V=25V AR50V, 49 frzR[44] [45]:

FE5T EMR [ERSHF 70H, 730 SR ) Walf [ E e Fig PRI, Walf $2 2 Sk i B S i)
AN SRR ST DA N Hall B2, AT 80 7B 2 1) 8 [46], X FRBIRY AT DUR SRR 5 A
BIE) & RN SRS M IEREF LM [31]; Solin 2542t AT PROT AR AY, I8 b B0l iR 78 &R A 45 4 o
RERAR, W UREZ BT 48 -2 SR E S 45 EMR S286 45 5471, JF Bl 2D (45 54 4 5
3D [39].

2.2. ZMEPEMIR (Linear Magnetoresistance, LMR)

2.2.1. RBERL AR R PE

Ag,Se 1 AgpTe 72— M7t B HB 241 n BT AK, =il (o) M, EfTRIRETSEK, BTimisk
T ROV A% I A8 5| AR S AN B T IE R R S, (HAEAR T — g IR (~400 KB, BS TR BNt iR 4G,
FCAAEREYE S A . G5 p MR SR R, e DS (R AETE — AN B 2 S L AR B
CAT— R R R RN, B2 T 2% B S S s LU IR G, /MR B SO — TR e AT
b, 2 5 BORE R 20N R G N [48]. Wil 10 Fiow, fEEIRAIE 55K0e IREA T, Ag,,,Se fl
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Figure 8. The EMR structure which is composed of a metal plate with single
layer graphene embedded (the yellow area is metal, while the orange area is
single layer graphene) and the corresponding magnetoresistance varies with
the magnetic field [42]

8. BEAEKRBRASBEMKN EMR £(REaXEAERE, BERX

8 RAEE) R ix R BN ERREIA R TR K FR[42]

Maganetic field (T)

Figure 9. The positive magnetoresistance effect of intrinsic silicon (i-Si)
when the temperature is 300 K [44]
[ 9. ZAAERE(i-Si) A9 IERABARIRL (T = 300 K) [44]



IEfih BELAA R AT 9 32k Jee

Ag,. ,Te I T AFHFAIRES RN, ZRHEBL AT L 200%, FFH 537 H l— AN LS5 R, 76 H = 60kOe
NAEA RS, VLS TERBAA ARG DS, X R AN AR SRR O RV REFH(LMR) [48]. IE
A2 FH TR P BEL 2O () B 1 1 0, S8 3 LA R P A SRR 88 5 T P IS P AME AR I >k, 1 FLASE FH SRR T A )
A LAE— @ FRE R ORAMUEPE B E R S7 b= A 1 2 5 B2 AR KU

Xu RABMHI T4 R EoR, BRI AP0 RPN A & B RER IR LA S5 44 IR 35 51 RS 1 [49], M /2
o SR A VIR S 8 BT O L PR AR A I 7 AR P X 1] B AR (MIR L) ZE AR B8 A B
Bl Y ORFFLRPE[50], Bl B3R MEIG SR, JRTE60T LA N AR, RIR 1 10IE#8 2 B I i B L
Th, XA RS T2 B 2 L T8 4% [49] . Z. Ogorelect’ HYARAL 24 1 B L AR B B AL A4 1) IE 1
BELZS6 7 ) e HEHal TR % 50.1 m?/Vs [51]; B. Q. Liang# HH7E 5441 Ag,, , Te HIEH, 4AgHIS A4k %
5 <0.250F, < IR B A TE i BH RN GrRd FH 25082 1 s o 18 e [52]

EISHERB B AL AR . AR IEREFHRLN., Abrikosov #2H T & LMR £, f8H LMR &
B TAE R T ARBR M A LR R AT I TC R AR, TR B AL A rh R R AR —
AR A TR A ) — R, A

1 nH

Pa T f, (n)ecN, ©

XA LAl SR SO S 2 1k IR RARH AR, (R BEAR S 10 A P L R FELSOR 45 4R P 1 9% 2/ [5.3]-[55] -
PLAS A th m] LU R AR AL A I R MR REBEL AN, 245 PP AR I AL 5 MO LMR T e e Bt )il 1

IAESE 5 Al SO RS TE P A 4, P BE AL PR BE O R AR TR S0 HLd AT DU 5 S 45 R AT L, (HPLASEY

400 T T T T T
T=45K
300 = -
B 0 50 100 n
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Figure 10. The relationship between normalized magnetoresistance of Ag,.;Se
and magnetic field (from top to bottom, the temperature is 4.5, 30, 60, 90, 180,
270, 300 K; the illustration is the magnetoresistance when magnetic field is
between 100 Oe) [48]

[ 10. Agy.sSe I— L AITEPE S AR A R(B EZET T =425, 30, 60, 90,
180, 270, 300 K; #REIA7E 100 Oe Fii73E B M AIFARE % %) [48]
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IR TAE =4, RAREXT YN REPE AT REI[56] [57], VFvtss AXTPLERLHEAT T 440, X\ a mh Pt AT
THRET7T[49]. S.A. BulgadaevAlIF.V. Kusmartsevi ! “random droplets” #7, ta] DA SR fif B 2k 1 pe
BHAN[58] WangFlLeiff il IR 7256 HHLMRIMN iZ R 4B T H &R R Am, JEHAE—ANESHIERER T
A—NER g R FAAER2DE RS, AT H LMR oc n™ [59]6 2 14 Rl BH 2SR ) 7 2 BRI ke,
A REAR I M AR AR (Y S IR 45 R, SR 1) BV A R I 7 Bk — 2D IO 7

2.2.2. RIS IR M RERH MR

WA G R REA R R TR, NGBS ERE, R THRGE, (AR EZERN
REAAAE RN E A, HAERTERARBMNALS, REOSUWZELRENSRS. hTamEk
PUBR SR, 2RI A 32 2R RE T G5 A I 8] SO FR ORGP, AN 5) 52 B0k 2R R gk B AN 2% B A SE R . 0 4

W T B R E R I A BiySes Ml BiyTes 1[67]-[72], WEF &R, HAH BiSes 99K H IR T HIE
IRIER R FIE 10 em? Vs , G 11 fis, 16 14 T BIREA A 1.4 K (IR RE 3 IERE PR RLN @ik 400%, 1F
Fer i 300 KA L IR R BH AN ik 75%, H A WA [67].

WM S AR R LY T 5 i ME i [66] [67] [71] R 3R F 671k MO, AR b4
PR TR R FHL 0N 45 55 JE 17 IAZAE I 72 A2 1Y) 2D EE ZO8AAH 9 [70], W LLFH 2D 1) WAL IR SKAFRE . A 1 Fi 45
A e A (221) AN 4K BiySes W R I T HE T AERILRMERIBE, AR T SRR AR S R M e
ST EAEM N LMR R, B LMR 5P HEM3E[74]; Wang %5 ATE BiySes 99K A R ILEIA
6009% 1) % IR IERERE, - HAE 13 T BTG FAMIMI[65]. $HM AR E y—FegrbbRl,  FAERE P J7 10 f 1tk
JoR Ao L A TE R BELAAR SR F 7E I — AN 51N B 9 s
2.3. BEHPEMR(TMR)

BEIE R PH BN KA TRETE S, FTiB BETE 4 RN 2 B S B — AN G 2 e e i R T i = 3R
gEf, TERIHIERTT, BRI RO —FRERE AR, 1208 B BB AN, . H AT, X AN 2 K
ATERERETE 25 (MT ), B 25 2 B e 260 SR T 20 B FRT PR R S A P, IniddA ), W 22083 5 2k
W2 AL 7 ), AT XS MT f B B = AR B i

FE N IE R BEL N OB e, WA BELSON: 2 7 LA sR(L) SRS UK, T A ok T8 i BEL 250 R R L P 5 SA =

R, —R
TMR=-—"2_—" )
P
400 (b)'—1f4K ~ 10K iy
20K —30K /
_300| 50K —— 100K = )
é —200K—30cy
0 200
100}
0 Il 1 1 -
0 2 4 10 12 14
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uH(T)
Figure 11. The MR curve of topological insulator
Bi,Se; nanosheet [67]

[E 11. #AFMBZAR BiSes WK HI MR HhZk[67)
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Forfr R, AR, 232 7R WA R (RIREAL T 17 B PAT A-PAT HEB I AR RS T8 R B, 4252 SL(7) 15 2R 2 BB 1
BEASORE, 30k b BEL 8 B2 E 2 0 T 3k mT DAk BIAR K BME, R b e 17 Sk o Tl BEL 280 2 7 P - e Jok
28BS SN BT AT R A . S, Yuasa [ BAFE R BRI 25 (MT Js) b 2 0 0E 1) B 328 1 BEL 250N
HBATT IR F2 SN TE. Fe/MQO/Fe 1AIE I8 25 A e K1) I R R BHL AN [ 75]-[ 78] ELIX ol BFL R0 5 H [ 4
b2 10 BB SR FE S5 M 92 [75]: S, Yuasa 538 7E Gay, M, As/ZnSe/Gay Mn,As [ Jii 45 45 16 il v ik 1 45
R BT i 100% IEREFHALS[77]; Stuart S. P. Parkin 25 A &I LA CoFe Jy iK% ) MgO (100) % i& 45 75
IR T B8 0 i B K S B T I8 300%, RPE7E = N AT L2 B H ik 220% 1) B 18 1 B 282 [79] - J.
Mathon #2745 %38 B R BSOS () 5 sk 25 P16 [80], HAZIXANFE T LUF KA Co (001)45 K11k
TEREREL AN, AN BE FH o s B B 1 R A R P A7 (1 % T AL 887, R 1) — A3 FH T B il LR 1)
—IRARRE, EREEZHIT. HET, X TMR 807 O FEA SR8 5 B 1 75 Tk N 21 A
[81].

2.4. BEHEBM(BMR)

B L E N 22 0 R AR AE R TE 28 T, >4 R A ) HE T R BR T 1 e R % 1350 1 e AR o] DL g e
1) i FEE A B ADA ) DX SIS, P 2 I 3 i ) F BEL 2 AR PRl SR 7 A P i L 2880 I Pk g 8 Ak L 2050 7
(BMR). BMR ZLt GMR Al TMR KK 2[82]. SIEMIBHRN 2 K AEEGK mdzfi it Hrp Ni g9k
RS R EVESIRF 7T . N. Garca 2 A\ 7E FLITAR Ni-Ni 92K s e i 25 #y v &2 B 113 R ik 700% 01 =
TR ATERIPE, 3F Lz KT GMR [83]: Harsh Deep Chopra 78 Ni 42K 43 i 45 kg v WL 22 1) 253 3000961
i BMR [84], Susan Z. Hua fEF2E R Ni 9K Sl ss b &30 7 100000% 1) = i 7 18 i B [85]
Matthew R. Sullivan & A\ WIZE A BB AR Ni BE -1 348 R IR H R BMR [86]. BMR fBH AR L
UK, AR RAE 5 8 PERE TS =k S vy RGO AL I PT R T AE I N A .

25. IEEHEBN(OMR)

ARG S JE AR A7 AR A IE R REBEL SO, @, X PRRIBH RN AR T BN, B IRTEG )
Wissm . ERAERE RIS, IEF RN Ap >0 o 15 BEFHL RS KR T 807 718 80 2 Bk 7 51
MEAR25 71, WS T RN, BRI, 51RO AHUR B8, A F BT &
XFHHEBH AN, 2 RAAE B E R & & Sm SRR,

S. Honda %6 A X} Co-Bi #JE I 7T &I, 7Rk R F OMR 1 AMR [FIEff77E, HH OMR 7335 Bi
Hor EHAH, OMR RBFEE x (x 4 Co 5 Bi BIJEFELL) I KM/, 75 RA Bi 4 78 (R x=0),
HEBHALS. MR~H 2, LR [ MR £5°4 0.5%, A LLA OMR 2N RARRE[87]. OMR KL Z R IH T8 R
N, BT IZREBR N SR ARG, PR, nT DU 3N s ok 1 s ik & ) OMR. £ CofSi &
A, B Si IR AREEfE, E 50 K Bl DA B, TTLAA3E] 60%(1 OMR, 123508 4 i 5
() TR IEE, X AT e AR T A Sif e R B R AR Ak T 51 AT [88]

TE 5 WA B ABNIR T 800 T BT 52 B A2 71, 388 LR/, (E AT DU b — 6 77 2ok 488 5% 1F i BH
REE,  wny DU B I RG34 R 55 OMR [88]4%.

2.6. BEEERLPH(DWMR)

Mt T B 4 SR AT T TT Uy, 0 il 4 a8 11 W B ) P R S5 P F 9 52 BBROR R 22 1R 963 .
TR SR BE I S5 R R, WL RN o — LU RIS M BT AR B BN EE 3, anws BEREFH AN . A
Ty HRIX —HE, M. Viret £ I 982 AMR S8 2 BRSO, £E Co AT Ni fR L T IX 26 5510 4F
T EE RGBS, FFE T Larmor #E S FEE ) 2= 248 B AR S 03047 @ FR[89); BJS, Levy A1 Zhang X
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Viret PRI EAT St , 3 B R 2 B0t T N B3 BT R B & T 025 A (LZ model) [90]. A. Radulescu &5
K Co Hl Ni gRoK L6 (W5 BERL PR BEATHI 7E, 4558 oK, Ni IWEBEREFHLL Co M ZE/N— AN EEH[91]: R.F.
Sabirianov ¢ AXFEkfE Co 4K MEAVMIS TEBBEAT T A IOTH B, SRR, Wh B fl PH b 25 i
T FEE AR KT S/, B R RO PR T AT A B 250% [92]. UEJL4E, R.G.S. Sofin 5 A7 Fe;04(110)
S TTANE 5 UL 5E 3 TE (4 SORE S s BERE BE S AR ST (APB) 2 IRAE S T AN AE A KT A v B L R £
BReFE, MR 7 RSFAT L1010 77 e, BAPRRER), XA RERNAL T APB BRI (1R AC e 4 B 9k
/NI TR R 3 P B0 [93] 0 X WEBEREFH AN BT A A IR %, B2 808 THascinmt 77w, B
TE A T B IR BB 7 AR 2D, G e iy B g BELAA R ) E R ST R SR HE ) L HT 2 H B2 A0 R e o 14
I

3. e R EREPE M
3.1. &BFhIE

1982 4F, H. Hoffmann % A7E Pt W5 & LA 1) 7 4 R IE M PHL AR [94]: 1984 4F, R. S. Markiewicz
A1 C. J. Rollins 7£ Pb 8 # IR &I 17 1t . 538 BEAH DG IERERH AN, 31X b TERE BH 8N 1R 7= AR 5
LR I R U 7 AR I SR N A R[95]): [RIAE Allice E. White 55 AR I T S K IEREPHIL R, 1
0.1~10 K MRS N, (%37 T o] LA %2 31 H 1F i BH X008 ) G708 B A0S 5% A8 [96] . H. Akinaga %5 A [
Fdk7s MnSh RIURLIE [F) R B AT EUOR B IERERH AR, 22 ) e R A P H s v T B U, IR K23
A2 1000%, e FIXAERT, MnSh UL AT LU SRAE N REBEIFSC BIATRHO7T. o < Ja UKL RO BE 9 SR
M 368 <5 B ORI i B IEREPH AN, AN “ B EERI A T 2 B AR 22 I E R SR AR < it
LB (1) IERERH I RS 1), 3B 2002 R it Fe P R I, DA RO R AE W N YR 8 4k, A REAR
U b f R 4 e ORI 1) L R BEL 2350

32. &€

A4 A7 AE IEREPH RS . 1980 4F, Abhijit Mookerjee i B 7T [ He B 5 & 4 AuFe KB, [ el
WAL AR AuFe. AuCr. AgCr. AgMn I CuMn #FE A IEREFHN . BeAk, A TR F] A B hesk s
Edwards-Anderson #5%¢, ELLL Boltzmann 7572, 153 1% H B & 4 HRE L RN MBS R, (H2A
JEZAAET, AR B IERE BE AN To vk FZ AR T i B[ 15]; 2009 4, J. M. Barandiaran %6 A7 Ni-Mn-Ga
Al Ni-Fe-Ga Hflih &4, 765 IRARFE AR, RERE AT DL BIWAE, X & AR i 237 W B R 52 5 R
Wy Je A0 P A 0 (R 45 5 2 T [ 98]

3.3. HMERAEHMEESE

G. Schmidt % NI FE AR, K L7 e A LI AR A A E N ARREYE - Ak, SR 72— F
WU IE MR RONE,  SEg6p ] AP 31 25% ) IERERE RGN, SRR SR A e S e K2 W K, IE
RGP N FRR AR ATIE 100% [99]; AEARRANE o -SLHE: T AR TERS i A7 AE 2R R IR R B AN, R AE = I AN
3% N IX PP B SN 1 w] LLIA B 10% [100]0 AMLARRENE S BAT IEREFH AN, AE—SBpiiE Sk B
A AR R IERE BN, a0 MnGey - Ml - T R 5 LM 2% 0T ELHAH 5 B IERE B AR [101] 5 FeShy,
R T R AR, SLREE PR RIS TR R S el “ Kondo” 4414 FeSi, HIT FeSh, e @bt
PUIE EME P RN [102] o WP ANARMEPE AR IEREPEL I BT OB 7E AT BN, JerhARmE e 24k, n-1v
Bl S Ad, ORI R 2 SR 4L R [103] . M. Foygel S AFF 50 1 (1 F IEHE SCHU, SRARREREME
P PARLEANR] S T 7 A T 14 REL 2SO AT 47 B PEL RS 4 iR AT [104] - AR R AN A 1 BRI AR 7R mT DA SR AR RE R
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P2 SAR RGN 25 44 o 1 B RGBSR [105]; M. El-Hilo FH S35 i A28 ] DL J0 300 R P Sk P i 5 9 P
O[] (1) 5% £ [106] 6

34. ¥&R

YEENTERESESEZE, E5ESBIERNEERNBFATHR, NESEBERNEENH
THSZAR, A PRSI [ BEE R ) T, o — el R E R (I B ) ) TR R S5 A R AR
P, S R E I (B i) ) BT B BT S M S I A AR B Sk, 2 4 R I B A R e B R
T, B&EESRBEEMNAES BRI . 480 ORI T 4 S B B A mik 100%00 3 igtkitse, Hit
o R RHE — A AR I R T RE 1 B e FEL T A BH 1071

X @ RGP SR G VR 2, Kai Liu 5 AWHIE 7248 Bi 99K 21 IEMZFH AR [108], D. X. Li
ExPaE GdX (X = P, As, Sh, Bi)H.a 1 L FAIS KT THFFT, 4R EoR, TE(RIR TR mmipe
p(H)oc H?, 78 10T (B FA A% R M IEREBR RS, 4 1 gl th T A48 i i 5 50 JE /R IR,
P A REBHZE[109] .

A4 Jm YPBI At E AT IR LI IR RABH SN, 3 il L A5 %) AR it 28 T P RE A AR BBURK, IR 3R
RIS L BB — AN B R, XMAEHE S N SR E M B 2 —[110]. A1 840K E
R RE—FLER, AR FHESE o R 4ER55RAT RN, M &7 A SRR, 1 2435
JEikE] 60 K B, HBEBHARONIEE, HHIH SR o SR ERIT LA R[111]. 78 &I A 5
i, fET=45K, H=8.15T i, MR =69400%, Xj&— 2 M RN, i HAEAR B8 (iR B Y6 Bl A
KA R -G T, XM SHEATE R A C[112]. MR TIEB R SR &8 8
WO IEREBA AN, S. Ishiwata 25 N K I % JZ 14 )& B-CuAgSe I H 1 35 I 1E 4 BH 2% S A Shubnikov de
Haas #&%, AKIR AORAPHBEIT A 2 MR s, 52 Ni J5 o] LLgl AP RHRAL 2 T8 7 Fl A 67, 1
— R PR IR R ER S, S0 FIE R R AT T e A I 5 A 2 A A 55 [113]

P JmMEME N — MR B0 B e AR, FIR KB AT, HE S E M R S s
SZARTH LT I REMAECR, (1345 5 f AL SR AR MR v B I SR A, TR < JR A R E T BEL 28O 77 TH I
RAEAF RN T R S5 R
3.5. SREEHHY

R RL— B LASRER AR 9T i — AN 5. 2000 4F, N. Manyala 2558 i 2k 4 (it 52 R 30 1
RT3 RO 51 R Y IERERE AR s AIGIR N TE M58 7 R A ELAE S, AT <T W, Fe, Co Si#&
SR EIE o R ESI N, I BRI A S M 3G, o AMUAE T, M m, 7

Table 1. Lattice constant, Neel temperature, residual resistance ratio, carrier concentration, size dimension, preparation me-
thod of different semimetal [109]

=1L TRYERNSEEESR, BREE, RKEMEER, SRFRE, RIXD, H&HFEF[109]

sample  a(A) T, (K)  p(T—>0)(u@-cm) RRR MRR(T=17K) n(cm®  Size(mm?’) Preparing method®

GdP 5.709 15.9 85 10.0 0.8 3x5x%x5 M
GdAs 5.864 18.7 5.2 16.7 8 5x6x8 M
Gdsh 6.219 234 0.7 85.0 125° 21x10°  $14x15 B
GdBi 6.295 25.8 0.6 53.3 23° 42x10®° 2x2x3 B
ns-GdP  5.717 14.4 46 24 0.25 5x5x5 M
ns-GdAs  5.895 17.2 54 2.1 0.06 6x8x8 M
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T < T, A X SR B it se B0 B % [114] . JavierGuevara [115]#1 M. K. Chattopadhyay [116] #5251
Fe, ,Co,Si & T I IERABLAN, Horh M. K. Chattopadhyay 7 Feq s5C00.45Si 1A I 109 ] IE % B AN .
A. T. Burkov % A JUFE (Y,_,Gd, ) Co, &<t R B BRI IEREBL RN, TEFF 45 H41) (Y,_, Gd, ) Co, <z /2 Hh 1Y
S FINGRG T Y Co, FIBRREME GdCop K, 1ZMRTET < T, Bz B AR & K I IEREPHRI[117] 0 R
R CAE MEMS LI PH 3 P2 T 7 A% Jas A B R AT [118]

3.6. WHEIE

W 2 SRR R AN B R, 0 InP. GaN. GaAs. ZnO %%, i BB i A RHIN Fe.
Co. Ni %L HAEYNZ AN EA SR, 15 SAM BRI A 2 ARG HHEE. Sk
ArLLE I b p BEEE n BB A, NS REE, R R DU I 8 N ST I R A SR IR T
féPE. 7F GaAs. GaN. InP. ZnO %53 ki3 4 51 Nk 48 (8 - & 8) S ik & 1, t TRt 7
52 SR T o HL T ) B BESSHe A H (sp-dexchange) LA Rz i I <6 & 25 1 2 1] ) H e 52 454 HI (d-dexchange) ,
A SRR A R X P a3 o B AR R B 1T P AR R PR S AR RGP R R, RLAR
oy “RRHET o EHBENE R o AR AR FE B 1 BT TR B — S L AR, R RS
W, BAERZ MR AT Z R

Y. Fukuma %5 A\ HlSHZ0K Co #5441 ZnO SRR B4 b, FRTE ik R RO T im 26t 1)
IR IERAPH AL [119]; Wenjie Liang 28 NYEXT Co #5241 ZnO Fifil 1= SARGK LR A 78 it R BL T IERE
BN, SX P IERE RN, B R AETEARIA T, s-d ACHAE 51 S 00 55 [ @ 20 24 mT B2 7 A 1% E W BHLSOBE
(1 EZJFE R [120]; Qingyu Xu 55 ABFFL T BT s-d A2 E AP~ A (1 IERERH AL, 45 3R B IE R FHL AR S T ik
F 124% [121]; Y. F. Tian 55 NTEFI 20 T HAME 777 % 1) Co 5 4% ZnO MIAMEE,  [RIRE 52 1) 1 f4BH
RENE, X RREON 5 T BRI E IR K IR R [122]; EEJRB 24 Tio MkHMA R, 4 Co B4R
TiO, MRl a] 2 SR N AR, H HAE 2K IR R EBLHIT 60%H) IEREBHAN, XA TiO, ThAER RN
R T — AN [123]

3.7. BRARY

SNIAERINL AR ASRZ G & I & BRIKE R IS ST AT 14 A0E B 1)
BERE, KT R R L BN 0 R 32 KT . TEERZEI R HIBA 7L 768 - iE SR
BEFA RN [124]-[127]: Co, —C,, EAMEBIHERIAET < B < 8T) F ISR 2k 1 5% R 10 IEREFA RN,
XFHHEBHANAE 8T HIRGSH FAMEAN[124]; Ni, —-C,, EAEMEMEZEIR FRIE 44.1%M IERIBHN, #%
MEFH 5137 1)< 2T AR IR MR oc B™, oAt n BT Ni (R BERIIERE[125]. Al ATT%FF I PLD (pulsed
laser deposition) /7 Vil % 1IE EMAPH AN IR B SRS ERIBE SR C & HiE 14 F][128]-[130]. Fi4h,
TETCIT BIBRANK AR [131] B 2% (1 B 2 BRK T [132]« BRANKAET [133] LA S A B9 1 [134) 5 Hh A A 5% 3]
TAEH R IERIFHRS . BbRH I ST S H i N, BT BRI ERE,  WilRa K& & Rk )
HZAVERT . 0 R AR, BRI R RRGUKE A G B35 WL REPE IR BT s (HE AR R A R B IERE P AL
EERAFT V2 B R AT AR 2 I R A Al vk, R ORIE EEEAT 3 2 BORIT AT

38. RRGE_HMHFS

TR AR TR LAIE i W E A S, MRS gk B BRGNS, BRI Z SN
(a0 MOSFET JHEMT) TAE (&R, 4S5 G 15 7l S 45 M 3k . 5 4411 GaAs/AlGay . As
Sds, BABRKIEN SEIE, ExRASPaSERE SR TS XMRTE AT P A
IERERHN, Wh3 T — W B ey PR S, W3 T i B EHESIR-> 7 Hubbard 5 S 4E5, X2
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PEAE IEREBH AN (I JR A [19] . V. Renard 25 A TE AlGaAs/GaAs i 45 4 fi TS A 3L 1 535 HEZ i E
MRS, A IERERHALS Apyy ~ B IR KR, Hit o = 0.9~1.2 [20]; D. G. Polyakov I AY 0] L)
8 PR AR B S B0 45 B, AR R TR AR M A R 12 IS BEL KOS T i 4119 [135] . Scott Dietrich A1 Sergey
Vitkalov 55 N 0 7t & T 55 E AL T I & 48l 730 GaAs &= 1B, RIAE LS R [ IERERE R [18],
X RN AT B A BT IERE R  = T (F) PEIZ 3 5 RS R [136] . AATTHE & A Mm% B TR
Si-MOSFET &5ttt 3 1 IERERH ZS2[17] o

39. BRI

Carlos Diaz-Pinto 55 N\ FH B 1 NVEAE A1 58 2 J2 R 8 Nl ik 5+, BRI NFERECT, SLins R
INB AT 58 2 E T v DO 2 B IEREFH R8T 7E 544 a5 v] A S22 SO EBR AR, BT N R 5 1
FEAARAL, S T I XG5 [137]. J. J. H. M. Schoonus %5 AZERB 24 1 Si-Si0,-Al 454 h &% B
T ik 10000% IEREBH RN [138]. fEZ 2 LaMn,Ge, 1 Fes04/SrTiOs/Lag 7S sMnO; F 5 Jii 45 4 iy v,
[FFEALEE 2 7 IEREBARI[139] [140]. B. L. Johnson £ T %X} Fe/Cr 2 2 BRI 2% 5 7= A2 1) [ e AH G
BT R %% 2 H0E TR Z AR R TEAS U, AR B A R IEU RS Cr EH ™, GMR A
SRR R B EU OSFR S Cr Z2H &, T GMR 2 2Rk, BBk mT L, Hria) 28 440 R Bk
SO RIBCE IR BN, BB IR R S AN 1K /N [141]

FEIRGE AR 2 HUE T R 2RISR, RS g SR IERE R R R AE i AR, B
S S R A S R G SN AR 3%, B0 ZnO/Lag 7St sMn0; )i 45, H = 0.5T i MR =53.9%, H =
0.3T B MR = 36.4% [142]. 7E GaAs/AlGayAs FI R 4545, MRS GaAs EH 2 E R A% EAH XK
(1) IERE PR AL RE[143] 0 7E (LagsBaysMnOs/LaNiOg)o i fri i (1 41 AL S A0 S I3 45 s ] AW 381 T i B 288 2
[144]0 XoF 5 03 25 () IE R FHE A0 AN BR T2 m e W 7, 10 H OB, a2 2 B e MOSFET 45
T E R T B e 48 S A 7 808 S AR B [145]

4. BEFRE

WA R R 2 20, AR KRG - FRURE SR, SRFBLEGYER. Kb
GRIER. FRBERSE, £ R T HRIH LR F W IERERN . 124, B AU R TR
BLIHARMBTTE A R R, X IEREFEAR &R IERERE RN K HAL L A B B SO A AN 2, BRI H AT
DNIEIE AT B A LR G (0 BV R AR RIARE K 25 U P AR B SERE PR o e Hh ) 2 M
WA BEE PEEE B AR R — P el — R IEMEFE AR R b I IEREPAE BT . IEREPE M R . TERERE RS B AL FR ) 3
WHTFT, &2 HA L EMNGH ST R, R RGHH 5 OB R IEMEE A R 45
AL, VAN, AT AR S EE Y R S IR R T 1A B R I DR TR St S EE A P AT
EAVER IERE PR, DS IR ZH IR A R, S SO LR O 7E -5 SRR T 7 18 AR A FE o

E&TH
AR T AR B 5 1 288 42 (Grant Nos. 11174265) (95, LK e B RHEOR 22 81 1 i 4 0 536 5 2 T
GESLIEE

S E3Hk (References)

[1] Katyalt, O.P. and Gerritsen, A.N. (1969) Investigation of hall resistivity and magnetoresistance of cadmium and cad-
mium-zinc crystals. Physical Review, 178, 1037-1042.

[2] Gurgenishvifi, G.E., Kharadze, G.A. and Nersesian, A.A. (1969) On the theory of low-temperature magnetoresistance



IRCASREE T TR Ei

(3]
(4]

(5]
(6]
[7]
(8]

[°]

[10]
[11]

[12]
[13]
[14]
[15]
[16]
[17]
(18]

[19]

[20]
[21]
[22]
[23]

[24]

[25]
[26]

[27]

of metals with paramagnefic impurities. Journal of Low Temperature Physics, 1, 633-639.
Kostopoul, D. (1972) Magnetoresistance of magnetite. Physica Status Solidi (a), 9, 523-527.

Rowlands, J.A. and Woods, S.B. (1972) Low-field magnetoresistance of palladium alloys. Physical Review B, 6, 1162-
1168.

Khosla, B.P. and Fischer, J.R. (1970) Magnetoresistance in degenerate CdS: Localized magnetic moments. Physical
Review B, 2, 4084-4097.

Schmidt, D.R., Petukhov, A.G., Foygel, M., Ibbetson, J.P. and Allen, S.J. (1999) Fluctuation controlled hopping of
bound magnetic polarons in ErAs:GaAs nanocomposites. Physical Review Letters, 82, 823-826.

Lee, M., Rosenbaum, T.F., Saboungi, M.L. and Schnyders, H.S. (2002) Band-gap tuning and linear magnetoresistance
in the silver chalcogenides. Physical Review Letters, 88, Article ID: 066602.

Hu, R.W., Thomas, K.J.,, Lee, Y., Vogt, T., Choi, E.S., Mitrovi¢, V.F., Hermann, R.P., Grandjean, F., Canfield, P.C.,
Kim, J.W., Goldman, A.l. and Petrovic, C. (2008) Colossal positive magnetoresistance in a doped nearly magnetic
semiconductor. Physical Review B, 77, Article ID: 085212.

Palstra, T.T.M., Menovsky, A.A. and Mydosh, J.A. (1986) Anisotropic electrical resistivity of the magnetic heavy-
fermion superconductor URu,Si,. Physical Review B, 33, 6527-6530.

TR, KA (2009) —FfIE ELRE HEBH 52 & DU REM BEARL K i 4 7%, [E A CN 101481244A.

Coleridge, P.T. (1987) Magnetoresistance and growth of the coherent state in CeCug. Journal of Physics F: Metal
Physics, 17, L79-L85.

Markiewicz, R.S. and Rollins, C.J. (1984) Localization and electron-interaction effects in a two-dimensional metal
with strong spin-orbit scattering: Pd films. Physical Review B, 29, 735-747.

Ji, W.J., Xu, J., Jiao, L., Wang, J.F., Gu, Z.B., Chen, Y.B., Zhou, J., Yao, S.H. and Zhang, S.T. (2013) The structures
and positive magnetoresistance of metallic Sr,CrWOjg epitaxial thin film. Ceramics International, 39, 9305-9308.

Ruvalds, J. and Sheng, Q.G. (1988) Magnetoresistance in heavy-fermion alloys. Physical Review B, 37, 1959-1968.
Mookerjee, A. (1980) Magnetoresistance of spin-glass alloys. Journal of Physics F: Metal Physics, 10, 1559-1566.

Liu, X.C., Chen, Z.Z., Shi, E.W., Liao, D.Q. and Zhou, K.J. (2011) Room-temperature anomalous Hall effect and
magnetroresistance in (Ga, Co)-codoped ZnO diluted magnetic semiconductor films. Chinese Physics B, 20, Article ID:
037501.

Shlimak, A.B., Golosov, D.lI., Friedl, K.J. and Kravchenko, S.V. (2012) Influence of spin polarization on resistivity of
a two-dimensional electron gas in Si MOSFET at metallic densities. EPL, 97, Article ID: 37002.

Dietrich, S., Vitkalov, S., Dmitriev, D.V. and Bykov, A.A. (2012) Quantum lifetime of two-dimensional electrons in a
magnetic field. Physical Review B, 85, Article ID: 115312.

Shlimak, I., Khondaker, S.1., Pepper, M. and Ritchie, D.A. (2000) Influence of parallel magnetic fields on a sin-
gle-layer two-dimensional electron system with a hopping mechanism of conductivity. Physical Review B, 61, 7253-
7256.

Renard, V., Kvon, Z.D., Gusev, G.M. and Portal, J.C. (2004) Large positive magnetoresistance in a high-mobility
two-dimensional electron gas: Interplay of short- and long-range disorder. Physical Review B, 70, Article 1D: 033303.
Wau, J., Peng, J.L., Hamilton, J.J. and Greene, R.L. (1994) Variable-range hopping and positive magnetoresistance in
insulating Y.,Pr,Ba,Cu;0; crystals. Physical Review B, 49, 690-693.

Syzranov, S.V., Moor, A. and Efetov, K.B. (2012) Strong quantum interference in strongly disordered bosonic insula-
tors. Physical Review Letters, 108, Article ID: 256601.

Nguyen, H.Q., Hollen, S.M., Stewart, M.D., Shainline, J., Yin, AJ., Xu, J.M. and Valles, J.M. (2009) Observation of
giant positive magnetoresistance in a cooper pair insulator. Physical Review Letters, 103, Article ID: 157001.
Jammalamadaka, S.N., Mohapatra, N., Das, S.D. and Sampathkumaran, E.V. (2009) Enhancement of positive magne-

toresistance following a magnetic-field-induced ferromagnetic transition in the intermetallic compound TbsSis. Physi-
cal Review B, 79, Article ID: 060403.

Leng, Q., Kaiser, C., Guo, Y.M., Pakala, M. and Mao, S.N. (2009) Magnetoresistive sensors having an improved free
layer. US8498084 B1.

Saito, M., Nishiyama, Y., Ide, Y., Umetsu, E., Hasegawa, N. and Hayakawa, Y. (2010) CPP GMR head with antifer-
romagetic layer disposed at rear of ferromagnetic pinned layer. US7800867 B2.

Solin, S.A., Thio, T., Hines, D.R., Kawano, M., Oda, N. and Sano, M. (1999) Large enhancement of the giant magne-
toresistance in inhomogeneous semiconductors: Dependence on magnetic field direction. Journal of Applied Physics,

85, 5789.



Efih BELAA R AT 5 32k Jie

[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]

[41]
[42]

[43]
[44]
[45]
[46]

[47]

[48]
[49]
[50]
[51]
[52]

[53]

Thio, T., Solin, S.A., Bennett, J.W., Hines, D.R., Kawano, M., Oda, N. and Sano, M. (1998) Giant magnetoresistance
in zero-band-gap Hg,.,Cd,Te. Physical Review B, 57, Article ID: 12239.

Thio, T., Solin, S.A., Bennett, J.W., Hines, D.R., Kawano, M., Oda, N. and Sano, M. (1998) Giant magnetoresistance
in Hg,.,Cd, Te and applications for high density magnetic recording. Journal of Crystal Growth, 184, 1293-1296.

Thio, T. and Solin, S.A. (1998) Giant magnetoresistance enhancement in inhomogeneous semiconductors. Applied
Physics Letters, 72, 3497-3499.

Solin, S.A., Thio, T., Hines, D.R. and Heremans, J.J. (2000) Enhanced room-temperature geometric magnetoresistance
in inhomogeneous narrow-gap semiconductors. Science, 289, 1530-1532.

Solin, S.A., Thio, T. and Hines, D.R. (2000) Controlled GMR enhancement from conducting inhomogeneities in
non-magnetic semiconductors. Physica B, 279, 37-40.

Hewett, T.H. and Kusmartsev, F.V. (2010) Geometrically enhanced extraordinary magnetoresistance in semiconduc-
tor-metal hybrids. Physical Review B, 82, Article ID: 212404,

Pugsley, L.M., Ram-Mohan, L.R. and Solin, S.A. (2013) Extraordinary magnetoresistance in two and three dimensions:
Geometrical optimization. Journal of Applied Physics, 113, Article ID: 064505.

Rowe, A.C.H. and Solin, S.A. (2005) Importance of interface sampling for extraordinary resistance effects in metal
semiconductor hybrids. Physical Review B, 71, Article ID: 235323.

Branford, W.R., Husmann, A., Solin, S.A., Clowes, S.K. and Zhang, T. (2005) Geometric manipulation of the
high-field linear magnetoresistance in InSb epilayers on GaAs (001). Applied Physics Letters, 86, Article ID: 202116.

Holz, M., Kronenwerth, O. and Grundler, D. (2005) Enhanced sensitivity due to current redistribution in the Hall effect
of semiconductor-metal hybrid structures. Applied Physics Letters, 86, Article ID: 072513.

Oszwaldowski, M., EI-Ahmar, S. and Jankowski, J. (2012) Extraordinary magnetoresistace in planar configuration.
Journal of Physics D: Applied Physics, 45, Article ID: 145002.

Sun, J. and Kosel, J. (2013) Influence of semiconductor/metal interface geometry in an EMR sensor. IEEE Sensors
Journal, 13, 664-669.

Holz, M., Kronenwerth, O. and Grundler, D. (2003) Magnetoresistance of semiconductor-metal hybrid structures: The
effects of material parameters and contact resistance. Physical Review B, 67, Article ID: 195312.

TEIPE (1999) Bh-HH R AW AR RE R 2K A AL i S AL IO V5. P &R CN 1235276A.

Lu, J.M., Zhang, H.J., Shi, W., Wang, Z., Zheng, Y., Zhang, T., Wang, N., Tang, Z.K. and Sheng, P. (2011) Graphene
magnetoresistance device in van der Pauw geometry. Nano Letters, 11, 2973-2977.

Wan, C.H., Zhang, X.Z., Gao, X.L., Wang, J.M. and Tan, X.Y. (2011) Geometrical enhancement of low-field magne-
toresistance in silicon. Nature, 477, 304-307.

Delmo, M.P., Yamamoto, S., Kasai, S., Ono, T. and Kobayashi, K. (2009) Large positive magnetoresistive effect in
silicon induced by the space-charge effect. Nature, 457, 1112-1115.

Delmo, M.P., Kasali, S., Kobayashi, K. and Ono, T. (2009) Space-charge-effect-induced large magnetoresistance in sil-
icon. Journal of Physics: Conference: Conference Series, 193, Article 1D: 012001.

Wolfe, C.M., Stillman, G.E. and Ross, J.A. (1972) High apparent mobility in inhomogeneous semiconductors. Journal
of the Electrochemical Society, 119, 250-255.

Moussa, J., Ram-Mohan, L.R., Sullivan, J., Zhou, T., Hines, D.R. and Solin, S.A. (2001) Finite-element modeling of ex-
traordinary magnetoresistance in thin film semiconductors with metallic inclusions. Physical Review B, 64, Article ID:
184410.

Xu, R., Husmann, A., Rosenbaum, T.F., Saboungi, M.L., Enderby, J.E. and Littlewood, P.B. (1997) Large magnetore-
sistance in non-magnetic silver chalcogenides. Nature, 390, 57-60.

Jie, X.U. and Zhang, D.X. (2011) Longitudinal magnetoresistance and “Chiral” coupling in silver chalcogenides.
Communications in Theoretical Physics, 55, 532-536.

Yang, F.X., Xiong, S.T., Xia, Z.C., Liu, F.X., Han, C. and Zhang, D.M. (2012) Two-step synthesis of silver selenide
semiconductor with a linear magnetoresistance effect. Semiconductor Science and Technology, 27, Article ID: 125017.

Ogorelec, Z., Hamzic, A. and Basletic, M. (1999) On the optimization of the large magnetoresistance of Ag,Se. Euro-
physics Letters, 46, 56-61.

Liang, B.Q., Chen, X., Wang, Y.J. and Tang, Y.J. (2000) Abnormal magnetoresistance effect in self-doped Ag,.sTe
thin films (6 < 0.25). Physical Review B, 61, 3239-3242.

Abrikosov, A.A. (2003) Quantum linear magnetoresistance solution of an old Mystery. Journal of Physics A: Mathe-

matical and General, 36, 9119-9131.



IRCASREE T TR Ei

[54]
[55]
[56]

[57]
[58]
[59]

[60]
[61]
[62]
[63]

[64]
[65]
[66]
[67]
[68]
[69]
[70]

[71]

[72]
[73]
[74]
[75]

[76]

[77]
[78]
[79]

(80]

Abrikosov, A.A. (2000) Quantum linear magnetoresistance. Europhysics Letters, 49, 789-793.
Abrikosov, A.A. (1998) Quantum magnetoresistance. Physical Review B, 58, 2788-2794.

Parish, M.M. and Littlewood, P.B. (2003) Non-saturating magnetoresistance in heavily disordered semiconductors.
Nature, 426, 162-165.

Parish, M.M. and Littlewood, P.B. (2005) Classical magnetotransport of inhomogeneous conductors. Physical Review
B, 72, Article ID: 094417.

Bulgadaev, S.A. and Kusmartsev, F.V. (2005) Large linear magnetoresistivity in strongly inhomogeneous planar and
layered systems. Physics Letters A, 342, 188-195.

Wang, C.M. and Lei, X.L. (2012) Linear magnetoresistance on the topological surface. Physical Review B, 86, Article
1D: 035442,

BATR, BRIE, eI (2012) RibEZAIRTSN. WHS TR, 1, 7-18.
BF, okig, MorE, EEE, BB (2013) IRINRZAR BiySe; HRKMIBI LR, HELEHRA, 6, 7-12.
ZefE, SUEHE, XETE (2012) IRINELGIR T HEGUKREER SR . WEIE 4R, 10, 2423-2435,

Zhang, W., Yu, R., Feng, W.X., Yao, Y.G., Weng, H.M., Dai, X. and Fang, Z. (2011) Topological aspect and quantum
magnetoresistance of -Ag,Te. Physical Review Letters, 106, Article ID: 156808.

He, H.T., Liu, H.C,, Li, B.K,, Guo, X., Xu, Z.J., Xie, M.H. and Wang, J.N. (2013) Disorder-induced linear magnetore-
sistance in (221) topological insulatorBi,Se; films. Applied Physics Letters, 103, Article ID: 031606.

Wang, X.L., Du, Y., Dou, S.X. and Zhang, C. (2012) Room temperature giant and linear magnetoresistance in topo-
logical insulator Bi,Te; nanosheets. Physical Review Letters, 108, Article ID: 266806.

Tang, H., Liang, D., Qiu, R.L. and Gao, X.P. (2011) Two-dimensional transport-induced linear magneto-resistance in
topological insulator Bi,Se; nanoribbons. ACS Nano, 5, 7510-7516.

Yan, Y., Wang, L.X., Yu, D.P. and Liao, Z.M. (2013) Large magnetoresistance in high mobility topological insulator
Bi,Se;. Applied Physics Letters, 103, Article ID: 033106.

Zhang, H.B., Yu, H.L., Bao, D.H., Li, S.W., Wang, C.X. and Yang, G.W. (2012) Weak localization bulk state in a to-
pological insulator Bi,Tes film. Physical Review B, 86, Article ID: 075102.

Hor, Y.S., Qu, D., Pong, N. and Cava, R.J. (2010) Low temperature magnetothermoelectric effect and magnetoresis-
tance in Te vapor annealed Bi,Tez. Journal of Physics: Condensed Matter, 22, Article ID: 375801.

Chiu, S.P. and Lin, J.J. (2013) Weak antilocalization in topological insulator Bi,Te; microflakes. Physical Review B,
87, Article ID: 035122.

Hamlin, J.J., Jeffries, J.R., Butch, N.P., Syers, P., Zocco, D.A., Weir, S.T., Vohra, Y.K., Paglione, J. and Maple, M.B.
(2012) High pressure transport properties of the topological insulator Bi,Ses. Journal of Physics: Condensed Matter, 24,
Article ID: 035602.

Kastl, C., Guan, T., He, X.Y., Wu, K.H., Li, Y.Q. and Holleitner, A.W. (2012) Local photocurrent generation in thin
films of the topological insulator Bi,Sez. Applied Physics Letters, 101, Article ID: 251110.

Wang, C.M. and Lei, X.L. (2012) Linear magnetoresistance on the topological surface. Physical Review B, 86, Article
ID: 035442.

He, H.T., Liu, H.C,, Li, B.K,, Guo, X. and Xu, Z.J. (2013) Disorder-induced linear magnetoresistance in (221) topo-
logical insulatorBi,Se; films. Applied Physics Letters, 103, Article ID: 031606.

Yuasa, S., Nagahama, T., Fukushima, A., Suzuki, Y. and Ando, K. (2004) Giant room-temperature magnetoresistance
in single-crystal Fe/MgQO/Fe magnetic tunnel junctions. Nature Materials, 3, 868-871.

Nagahama, T., Yuasa, S., Tamura, E. and Suzuki, Y. (2005) Spin-dependent tunneling in magnetic tunnel junctions
with a layered antiferromagnetic Cr(001) spacer: Role of band structure and interface scattering. Physical Review Let-
ters, 95, Article ID: 086602.

Saito, H., Yuasa, S. and Ando, K. (2005) Origin of the tunnel anisotropic magnetoresistance in Ga; ,Mn,As/ZnSe/
Ga,.,Mn,As magnetic tunnel junctions of I1-VI/111-V heterostructures. Physical Review Letters, 95, Article ID: 086604.

Saito, H., Yamamoto, A., Yuasa, S. and Ando, K. (2008) High tunneling magnetoresistance in Fe/GaO,/Ga;.,Mn,As
with metal/insulator/semiconductor structure. Applied Physics Letters, 93, Article ID: 172515.

Parkin, S.S.P., Kaiser, C., Panchula, A., Ricei, P.M., Hughes, B., Samant, M. and Yang, S.H. (2004) Giant tunnelling
magnetoresistance at room temperature with MgO (100) tunnel barriers. Nature Materials, 3, 862-867.

Mathon, J. (1997) Tight-binding theory of tunneling giant magnetoresistance. Physical Review B, 56, Article 1D:
11810.

O,



Efih BELAA R AT 5 32k Jie

[81] Yuan, L., Shen, J.X., Anderson, G.W. and Christopher, N.G. (2011) Method to improve reader stability and writer
overwrite by patterned wafer annealing. US 20110102949 Al.

[82] Chung, S.H., Munoz, M., Garcia, N., Egelhoff, W.F. and Gomez, R.D. (2002) Universal scaling of ballistic magnetore-
sistance in magnetic nanocontacts. Physical Review Letters, 89, Article ID: 287203.

[83] Garca, N., Mufioz, M., Qian, G.G., Rohrer, H., Saveliev, I.G. and Zhao, Y.W. (2001) Ballistic magnetoresistance in a
magnetic nanometer sized contact: An effective gate for spintronics. Applied Physics Letters, 79, 4550-4552.

[84] Chopra, H.D. and Hua, S.Z. (2002) Ballistic magnetoresistance over 3000% in Ni nanocontacts at room temperature.
Physical Review B, 66, Article ID: 020403.

[85] Hua, S.Z. and Chopra, H.D. (2003) 100,000 % ballistic magnetoresistance in stable Ni nanocontacts at room tempera-
ture. Physical Review B, 67, Article ID: 060401(R).

[86] Sullivan, M.R., Boehm, D.A., Ateya, D.A., Hua, S.Z. and Chopra, H.D. (2005) Ballistic magnetoresistance in nickel
single-atom conductors without magnetostriction. Physical Review B, 71, Article ID: 024412.

[87] Honda, S. and Nagata, Y. (2003) Magnetic and transport properties of alternately deposited Co-Bi films. Journal of
Applied Physics, 93, 5538.

[88] Honda, S., Ishikawa, T., Takai, K., Mitarai, Y. and Harada, H. (2004) Enhanced ordinary magnetoresistance in Co/Si
systems. Journal of Applied Physics, 96, 5915.

[89] Viret, M., Vignoles, D., Cole, D. and Coey, J.M.D. (1996) Spin scattering in ferromagnetic thin films. Physical Review
B, 53, 8464-8468.

[90] Levy, P.M. and Zhang, S. (1997) Resistivity due to domain wall scattering. Physical Review Letters, 79, 5110-5113.

[91] Radulescu, A., Ebels, U., Henry, Y., Ounadjela, K., Duvail, J.L. and Piraux, L. (2000) Magnetoresistance of a single
domain wall in Co and Ni nanowires. IEEE Transactions on Magnetics, 36, 3062-3064.

[92] Sabirianov, R.F., Solanki, A.K., Burton, J.D., Jaswaland, S.S. and Tsymbal, E.Y. (2005) Domain-wall magnetoresis-
tance of Co nanowires. Physical Review B, 72, Article ID: 054443.

[93] Sofin, R.G.S., Arora, S.K. and Shvets, 1.VV. (2011) Positive antiphase boundary domain wall magnetoresistance in
Fe;0,4 (110) heteroepitaxial films. Physical Review B, 83, Article ID: 134436.

[94] Hoffmann, H., Hofmann, F. and Schoepe, W. (1982) Magnetoresistance and non-ohmic conductivity of thin platinum
films at low temperatures. Physical Review B, 25, 5563-5565.

[95] Markiewicz, R.S. and Rollins, C.J. (1984) Localization and electron-interaction effects in a two-dimensional metal
with strong spin-orbit scattering: Pd films. Physical Review B, 29, 735-747.

[96] White, A.E., Dynes, R.C. and Garno, J.P. (1984) Low-temperature magnetoresistance in two-dimensional magnesium
films. Physical Review B, 29, 3694-3696.

[97] Akinaga, H., Mizuguchi, M., Ono, K. and Oshima, M. (2000) Room-temperature thousand fold magnetoresistance
change in MnSb granular films: Magnetoresistive switch effect. Applied Physics Letters, 76, 357-359.

[98] Barandiaran, J.M., Chernenko, V.A., Lazpita, P., Gutiérrez, J. and Feuchtwanger, J. (2009) Effect of martensitic trans-
formation and magnetic field on transport properties of Ni-Mn-Ga and Ni-Fe-Ga Heusler alloys. Physical Review B, 80,
Article ID: 104404.

[99] Schmidt, G., Richter, G., Grabs, P., Gould, C., Ferrand, D. and Molenkamp, L.W. (2001) Large magnetoresistance ef-
fect due to spin injection into a nonmagnetic semiconductor. Physical Review Letters, 87, Article ID: 227203.

[100] Mermer, O., Veeraraghavan, G., Francis, T.L., Sheng, Y., Nguyen, D.T., Wohlgenannt, M., Kéhler, A., Al-Suti, M.K.
and Khan, M.S. (2005) Large magnetoresistance in nonmagnetic z-conjugated semiconductor thin film devices. Phys-
ical Review B, 72, Article ID: 205202.

[101] Li, A.P., Zeng, C., Benthem, K.V., Chisholm, M.F., Shen, J., Nageswara Rao, S.V.S., Dixit, S.K., Feldman, L.C., Pe-
tukhov, A.G., Foygel, M. and Weitering, H.H. (2007) Dopant segregation and giant magnetoresistance in manga-
nese-doped germanium. Physical Review B, 75, Article ID: 201201.

[102] Hu, R.W., Thomas, K.J., Lee, Y., Vogt, T., Choi, E.S., Mitrovi¢, V.F., Hermann, R.P., Grandjean, F., Canfield, P.C.,

Kim, J.W., Goldman, A.l. and Petrovic, C. (2008) Colossal positive magnetoresistance in a doped nearly magnetic
semiconductor. Physical Review B, 77, Article ID: 085212.

[103] L- AT, Gl KA (2004) E-mitEiER: 2 2 SR A, FE L F): CN 1509413A.

[104] Foygel, M., Niggemann, J. and Petukhov, A.G. (2007) Atomic spin scattering and giant magnetoresistancein magnetic
semiconductors. IEEE Transactions on Magnetics, 43, 3040-3042.

[105] Petukhov, A.G. and Foygel, M. (2000) Bound magnetic polaron hopping and giant magnetoresistance in magnetic
semiconductors and nanostructures. Physical Review B, 62, 520.

O,



IRCASREE T TR Ei

[106] El-Hilo, M., Chantrell, R.W. and O’Grady, K. (1998) A model of interaction effects in granular magnetic solids. Jour-
nal of Applied Physics, 84, 5114-5122.
[L07] Erwidh, sk, #HH (2004) P& @mBLARL. 228 RE, 4, 381-397.

[108] Liu, K., Chien, C.L. and Searson, P.C. (1998) Finite-size effects in bismuth nanowires. Physical Review B, 58, 14681-
14684.

[109] Li, D.X., Haga, Y., Shida, H., Suzuki, T. and Kwon, Y.S. (1996) Electrical transport properties of semimetallic GdX
single crystals (X=P, As, Sh, and Bi). Physical Review B, 54, 10483-10491.

[110] Butch, N.P., Syers, P., Kirshenbaum, K., Hope, A.P. and Paglione, J. (2011) Superconductivity in the topological se-
mimetal YPtBI. Physical Review B, 84, Article ID: 220504.

[111] Song, S.N., Wang, X.K., Chang, R.P.H. and Ketterson, J.B. (1994) Electronic properties of graphite nanotubules from
galvanomagnetic effects. Physical Review Letters, 72, 697-700.

[112] Wang, Z.M., Xing, D.Y., Zhang, S.Y., Xu, Q.Y., Van Beal, M. and Du, Y.W. (2007) Magnetic-field-induced semimet-
al-insulator-like transition in highly oriented pyrolitic graphite. Chinese Physics Letters, 24, 199-202.

[113] Ishiwata, S., Shiomi, Y., Lee, J.S., Bahramy, M.S., Suzuki, T., Uchida, M., Arita, R., Taguchi, Y. and Tokura, Y. (2013)
Extremely high electron mobility in a phonon-glass semimetal. Nature Materials, 12, 512-517.

[114] Manyala, N., Sidis, Y., Di Tusa, J.F., Aeppli, G., Young, D.P. and Fisk, Z. (2000) Magnetoresistance from quantum
interference effects in ferromagnets. Nature, 404, 581-584.

[115] Guevara, J., Vildosola, V., Milano, J. and Llois, A. (2004) Half-metallic character and electronic properties of inverse
magnetoresistant Fe; ,Co,Si alloys. Physical Review B, 69, Article ID: 184422.

[116] Chattopadhyay, M.K., Roy, S.B., Chaudhary, S., Singh, K.J. and Nigam, A.K. (2002) Magnetic response of Fe,,Co,Si
alloys: A detailed study of magnetization and magnetoresistance. Physical Review B, 66, Article ID: 174421.

[117] Burkov, A.T., Zyuzin, A.Y., Nakama, T. and Yagasaki, K. (2004) Anomalous magnetotransport in (Y1.,Gd,)Co, alloys:
Interplay of disorder and itinerant metamagnetism. Physical Review B, 69, Article ID: 1444009.

[118] ZEF#E, XFESC, XL, Ph8ISC (2012) MEMS EfBH 2 2 R S11E848%. " [E%F): CN 202853815 U.

[119] Fukuma, Y., Odawara, F., Asada, H. and Koyanagi, T. (2008) Effects of annealing and chemical doping on magnetic
properties in Co-doped ZnO films. Physical Review B, 78, Article ID: 104417.

[120] Liang, W.J., Yuhas, B.D. and Yang, P.D. (2009) Magnetotransport in Co-Doped ZnO nanowires. Nano Letters, 9, 892-
896.

[121] Xu, Q.Y., Hartmann, L. and Schmidt, H. (2007) S-d exchange interaction induced magnetoresistance in magnetic ZnO.
Physical Review B, 76, Article ID: 134417.

[122] Tian, Y.F., Yan, S.S., Cao, Q., Deng, J.X., Chen, Y.X., Liu, G.L., Mei, L.M. and Qiang, Y. (2009) Origin of large pos-
itive magnetoresistance in the hard-gap regime of epitaxial Co-doped ZnO ferromagnetic semiconductors. Physical
Review B, 79, Article 1D: 115209.

[123] Matsumoto, Y., Murakami, M., Shono, T., Hasegawa, T., Fukumura, T., Kawasaki, M., Ahmet, P., Chikyow, T., Ko-
shihara, S. and Koinuma, H. (2001) Room-temperature ferromagnetism in transparent transition metal-doped titanium
dioxide. Science, 291, 854-856.

[124] Xue, Q.Z., Zhang, X. and Zhu, D.D. (2003) Room-temperature positive magnetoresistance in micro-sized Co,-Cy4
composites. Physica B, 334, 216-220.

[125] Xue, Q.Z. and Zhang, X. (2003) Positive magnetoresistance in micro-sized granular Ni,-C;_, composites. Physics Let-
ters A, 313, 461-466.

[126] Xue, Q.Z., Zhang, X. and Zhu, D.D. (2004) Positive linear magnetoresistance in Fe,-C,., composites. Journal of Mag-
netism and Magnetic Materials, 270, 397-402.

[127] Zhang, X., Xue, Q.Z. and Zhu, D.D. (2004) Positive and negative linear magnetoresistance of graphite. Physics Letters
A, 320, 471-477.

[128] TierR, EEPRIE, FME (2004) H PLD vk 4% B 500 1E B E 0N AR AT kL. R [E 5 F): CN1487115A.
[129] TmerR, ERPRIE, RJHSF (2003) F PLD J7 i) 4 HAA 1IE ERERH RN BB i A4 L. A [E % F): CN 1421941A.
[130] FE AR, Z&PHPE, BEPIE (2003) HH PLD J5ikifil & A IE ERGFR SN e i st £l F B L F): CN 1412572,

[131] Poumirol, J.M., Cresti, A., Roche, S., Escoffier, W., Goiran, M., Wang, X., Li, X.L., Dai, H.J. and Raquet, B. (2010)
Edge magnetotransport fingerprints in disordered graphene nanoribbons. Physical Review B, 82, Article ID: 041413.

[132] Vavro, J., Kikkawa, J.M. and Fischer, J.E. (2005) Metal-insulator transition in doped single-wall carbon nanotubes.
Physical Review B, 71, Article ID: 155410.

®



I L A Z/ A 9T 3 e

[133] Suzuura, H. and Ando, T. (2002) Phonons and electron-phonon scattering in carbon nanotubes. Physical Review B, 65,
Article ID: 235412.

[134] Weevelt, R.V., Mortet, V., Haen, J., Ruttens, B., Haesendonck, C.V., Partoens, B., Peeters, F.M. and Wagner, P. (2011)
Study on the giant positive magnetoresistance and Hall effect in ultrathin graphite flakes. Physica Status Solidi A—
Applications and Materials Science, 208, 1252-1258.

[135] Polyakov, D.G., Evers, F., Mirlin, A.D. and Wolfle, P. (2001) Quasiclassical magnetotransport in a random array of
antidots. Physical Review B, 64, Article ID: 205306.

[136] Vavilov, M.G., Dmitriev, I.A., Aleiner, I.L., Mirlin, A.D. and Polyakov, D.G. (2004) Compressibility of a two-dimensional
electron gas under microwave radiation. Physical Review B, 70, Article ID: 161306.

[137] Diaz-Pinto, C., Wang, X.M., Lee, S., Hadjiev, V.G, De, D., Chu, W.K. and Peng, H.B. (2011) Tunable magnetoresis-
tance behavior in suspended graphitic multilayers through ion implantation. Physical Review B, 83, Article ID: 235410.

[138] Schoonus, J.J.H.M., Bloom, F.L., Wagemans, W., Swagten, H.J.M. and Koopmans, B. (2008) Extremely large magne-
toresistance in boron-doped silicon. Physical Review Letters, 100, Article ID: 127202.

[139] Mallik, R., Sampathkumaran, E.V. and Paulose, P.L. (1997) Large positive magnetoresistance at low temperatures in a
ferromagnetic natural multilayer, LaMn,Ge,. Applied Physics Letters, 71, 2385-2387.

[140] Ghosh, K., Ogale, S.B., Pai, S.P., Robson, M., Li, E., Jin, I., Dong, Z.W., Greene, R.L., Ramesh, R., Venkatesan, T.
and Johnson, M. (1999) Positive giant magnetoresistance in a Fe;04/SrTiOs/La o,Sro3sMnQOj3 heterostructure. Applied
Physics Letters, 73, 689-691.

[141] Johnson, B.L. and Camley, R.E. (1991) Theory of giant magnetoresistance effects in Fe/Cr multilayers: Spin-dependent
scattering from impurities. Physical Review B, 44, 9997-10002.

[142] Jin, K.X., Zhao, S.G., Chen, C.L., Wang, J.Y. and Luo, B.C. (2008) Positive colossal magnetoresistance effect in
Zn0/Lagy 7Sry 3MnO5 heterostructure. Applied Physics Letters, 92, Article ID: 112512.

[143] Heisz, J.M. and Zaremba, E. (1996) Transverse magnetoresistance of GaAs/Al,Ga;.As heterojunctions in the presence
of parallel magnetic fields. Physical Review B, 53, 13594-13604.

[144] Nikolaev, K.R., Dobin, A.Y., Krivorotov, I.N., Cooley, W.K., Bhattacharya, A., Kobrinskii, A.L., Glazman, L.I.,
Wentzovitch, R.M., Dan Dahlberg, E. and Goldman, A.M. (2000) Oscillatory exchange coupling and positive magne-
toresistance in epitaxial oxide heterostructures. Physical Review Letters, 85, 3728-3723.

[145] S5REAFAE, #21LDEAT, JEOEB] (2008) H e /m A Y- SR BON S 4. P E L H): CN 101140952A.



	Research Progress in Positive Magnetoresistance System
	Abstract
	Keywords
	正磁阻体系研究进展
	摘  要
	关键词
	1. 引言
	2. 几种正磁阻效应
	2.1. 超磁阻效应(Extraordinary Magnetoresistance, EMR)
	2.1.1. 几何形状的改变对超磁阻效应的影响
	2.1.2. 材料选用对超磁阻效应的影响

	2.2. 线性磁阻效应(Linear Magnetoresistance, LMR)
	2.2.1. 银硫属化合物的线性磁阻效应
	2.2.2. 拓扑绝缘体的线性磁阻效应

	2.3. 隧道磁阻效应(TMR)
	2.4. 弹道磁阻效应(BMR)
	2.5. 正常磁阻效应(OMR)
	2.6. 畴壁磁阻(DWMR)

	3. 其它材料体系的正磁阻效应
	3.1. 金属颗粒膜
	3.2. 合金
	3.3. 磁性及非磁性半导体
	3.4. 半金属
	3.5. 铁磁材料
	3.6. 稀磁半导体
	3.7. 碳材料
	3.8. 异质结二维电子气
	3.9. 多层膜

	4. 总结和展望
	基金项目
	参考文献 (References)

