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Fig. 1. Hall sensors and applications: (a) Schematics
of Hall effects; (b) the current detection application
of Hall sensors; (c¢) the mechanical detection applica-
tion of Hall sensors; (d) the geomagnetism detection

application of Hall sensors.

M 19 40 70 FEAEE IR N R B LA K, R T
B ) 2 1 4 R RL ) 25 T IR <8 @ A RH 2
TR EEAR R, PRI AP A JR G AR 1 R AR AR
i, PERERCZE. M 20 tH 40 40 SEARTTF 4R, Bl L Tk
BRI ZE KR, KRB FIREE =T R W IV
T AR LR FF 46 BOCA BE JR Te A 1) 32 3t ) &
C S SRS s i 7 M o B I G RS e g S e LR
% (GaAs) PLL L4 (InAs) M A4k 47 (InSb) )
SETI-V MR RIS 0 25 4k il 7SR X B
b % B TR EE BRI B R, B R Je A
REAEH D0, X JUFI R RHER I A 1R = T 2L 42

IR T IR, FEREZRIN I JLIUME REFR AR L&A
B, WA AT o] —FhobA ) e BUAR 301 1 £ 4.
B U E RAEER > HER L, InSb B /R bF; 1M
GaAs PRHKE KoM 0 B RS e M. 20 t 4
60 FEAX G, Bl 4 A R I B R (1 246 RUAS T i 2,
ATTIZE 7 3 VR B BN B R TG A A A M LA S
MER, BRI a6 B T R B IS 5 b B i
P T IR EE /R S R L 7 . T AT R IR AR R AR
FS HL B R A I . 3 R B B HL B R TIL-V R EE
IR TCA VR Bk FL g 1 9 7. 38 JR B Al L i (21,
P2 T R T IR AR AR (1 T S U M
IS % T2 MK, B /R RIS HE 5 R
E{EL AT TR G (e AN N I L S G TG {2 g q b
TR A TR T O 5 B (R BRI B 77, A SR B
SRR, R RAE 2 A5 B3 X 13
G I BURFR . B Vi AN
55 (B) &HITER —ik R B, 540X % M 26 &t
AR I FE IR AR SR AR 1 485 RBUE (absolute
sensitivity, Sa) 2, & X4 F:
-7 (1)
it RBERR T 5B B RREAE GO, 18
55 0N 1) F R B LR RN BRI B T SR o
PR R BBRE R RE I, R B 15 3 2B R AR IR 1 H
L/ HLE A REUE (S1, Sv) 12, BR
ovg 1

Sa

SIISA/IczaiBzv (2)
oVa 1
SV—SA/VO—aiBV*d (3)

2 B IR RN ONHE 3, W] LATS B /R T
FIAR O R AR (g g 2 R 0
1

SI = qu7 (4)
w
SV = ,Ufa (5)

Hrh g AT AT E, dAMEHERE. RE (4)
A (5) 2, W R AR B m R BUE R E R o, WA 8
WIEM R R SRR TR E 0 (N d) . M B E
p A S (W /L) S8R H B A A0 TIL-V ik
IR TUM 0 Sy %178 200 V/(A-T) [,

I HEER 5T SUNEE IR AR IR 2R RS R 1) fe /N
SRR JE (resolution, Biin), FAEAE BEAS HIERIIKE
FE. HILr HER R R bR T RS, A A R
(g 7 Hl R (2781 3 i e 7 e S R R AR T L

218501-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 21 (2017) 218501

AT DL A S 1 40 o (78]

Vu Nv pPo5
Sh Sy Sy (©)
(6) I, Ny RoNE RICHFIIE R L, Sp fRER A%
PR REBUE. R4 (6) 2, an R ERAREE R
= HEE R oA, A8 B 24 EL 2% SE AR A e S H S AT
B AT R TS R oA A 3 B A R
SR, Hm s R R/ S 08
W ORI R R, E/R o1/ f s 1S
(s 5 R 5 AR R ST B8 26 S TR AR A O ok & 1781,
Wt A& Ui, AR RS Ry, DU R, [Tkl
SR R A RBUE AN R, SR E R
TCAH ) ) 2% A RE N3 A2 el B R AR A T A
IR JE 2460, fF CARIE I R EE R oY LAk
Wi FEARANBL T -V G EE R e B AR 0 HE R N
2.85 mG/Hz0% ), — 4k 7 E IR TeE 40 PR
AT LA E] 5 mG /Hz05 [0,

B IR JUAE W A] SE T8 AR Al = 1) R AR Ik a2 TAE
e @ VEA VT SRR, AR 2 L IR E R e E AN
KA E =M abR. 2t B RO 2 E R ot Vig-
B HZR 2R AR CFERE, AT DA 261 R 22 (linearity
error, o) & AR 1, LR PEIR 245 12 52 bRl &1
ERHEESEELHENESRE/RBEMERNH D
FASE

Bmin =

o= VH‘;I?VP? x 100%, (7)
o Vi AR SEBRI & 2 R i, Vi ARRZ A
A R ML . 2 iR 22 7 A 1 J IR 2 2 1 PH
ROz M 52 BR A H AR T ) T AT 5 4 B R B
N, A GE R R e & E iR Z4E 0.1 T KW 738
PIA AT AR FFE £10% LAY M 7217 22 SEBR B
1, 10% B 1R 22 38 A 5 i 22 =& e DL ).
B 52 H AR F 8 7R oA R DA DX — R
A, HAEAE AR T TAE.

55 e S 1 R AIE 1Y) A B IR A Ik i 1) M T B IR
FERBURAEE, — Al T R 3L (temperature coef-
ficient, yr) K e & & [1:

oo, )
(8) b S R E /R T R BUE, TR R Toht
) AR, X TAGARNT &, AR #0013
5 555 B S M FE 53 AT ny oc exp(AT). FIER
TP T i 2 ) AR AN e O U R, A% BRI EE 7R T
R R 1 52 B TAR R B R ). — i &, 7

B AR I (003 I R B TE 1000 ppn /K 72 45 17,
b b, AR O R e R JR AR,
WA RH IR PR

o e 26 1 010 S T A A RS AR W F I
TRE. FERAR RSO0 R, B AR AL IS 10 2 3R o I
BA%S T2, (ERAESRRA s b i
RIS PEAN LT R B kA bE, 2 L A7
TER. 0 b A GO AR 75 £ 1 5 o I SR 61
10 mV(LESUR LR 25 T3 V 0 F) 9. T B
MIGTE /R A R 0 S LI, T DL i it 4 T2
BT3P 25— PERT 28 Pk G R 3 kb 0,
31 A0 ¥ P P 9 £,

KR A _EFR 20, T LA 22 i 2 2 4 G
BB &R T SRR LT &I iR
2RO TV B8 O RABELAORE e 38 il
R BRI 283 25— UM P A 52 2 O 2 1
5T

1.2 AFEKHIEEREREHONE

BRIV — P R SRR, A R
LIRS AR A EHE LT 5 s

1) EE B . RAEM B2 A 80 M RHE =
T T HE RS 2 85 mT LUIE E 200000 cm? /(V-s) 191,
ST AAORL IR v B T IE R AR S THE IR TT
PR RUE, PRARE /R T R /5, kil
LIRS 3 2.

2) MR, A S EOCE R T =, B
JEEEAA 0.335 nm. ARAE (4) 2, &8 #0) JE A R
THREFE R R R B, IR T A= rHE
VSRS, TT LR B b 3 I A RS A AN T 2 e
BERE L BTt A S0 AT R R M AN JR o1 A%
RPERE. A S AR AR R LT A) bR R RO AR IR R
G T R A), N JEIAT = 4E S B B T T
REBLE | HEAl

3) Mk, SR B R IR M AN AR 1,
RERE T 52 1R 5 (W hr A AN AR, DR AT S84 S N
TRVEAL R T T8 FRR. EH
A S5 A R [0 I A R R TS i S
PRI REARF Y, SRR IR A% SRS RE A% H BT AU 132
(e

4) FRERMREAT S50, B2 — Mk S E A
KL A A A 7RI ve AU E B, R 2R
Hr. A SR IR IR R S5 M S 5L G AR 1 E
TR LR IR 2 (AR A G R A B RN R A S

218501-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 4 Acta Phys. Sin.

Vol. 66, No. 21 (2017) 218501

FEACAE B B % R B UL P PR AR K 5% 3R T T
K nooc T2UOL TEFECHUN £ 5 M ER Tz
DXk, A SR RORL KT A SR A LI AR A
SRR AR DT [RIB, RERR B BE A5 AL A SR R
FERSRE PR BT AR T AR SR AE - AR FRL BEAh,
FEPESHUN LB 5 9 3 SR 80 oh, d T &
W IR TR BRI BE iy 454, A S AR B /R T R I P 2
T BELRE AT 0 BEL 25018 K 55 4 5 0 2 ek A ) 11
DRI Ay s 04 2 JR T A A AR ST R P R R
BRI T AL R E R T L DR, A SRR R
R BT BE i 8t A A A S A R K T R S e A P
T sE PR AR A7 (AR PR BE . 3R AL SR 1) 2 AR BT
TN BRI E L 3.

Bubbling & E

5) MMM T ILE. BARASEMASAZAE
GEAPREAE CLLE LR AL 52 PR e, BN SN A
SRR R FEAAR AL TR B, A 880 B BN
TERGERATH. X —ohEIES KR T2
20 (0 BRI R R AR AR LU I AR I R . FEEH%
A BRI IR N 7 T B, L T I S A R R N T
TR E BN R, W RIEEER A S AT — b
TZARE R 2% S 2 AR AR H 2K 7 o AR R
T, A LI REE A A A SR AR PR RER = %2
FURRTEEE B, A s b R RE IR S 2 K
YN, 52, A S E KT T T2k
WAL SR AR S RE s I L T R T2

4 Separate

H, bubble PMMA /Graphene

(d)
2D

Intensity/arb. units
(0]

1200 1600 2000 2400 2800

Raman shift/cm~!

4 — ; . .
——Section A
g 2} I J
a
S of I | ]
féo ) I
& -2y I I ]
—4 1 il 1 1
4 . —— E
—— Section B
g 2t 1 | |
a
20 WV\,MMWW\/W/V
) | |
£ 27 I I ]
_4 . Ly \ .
0 0.5 1.0 1.5 2.0

Length/pm

K2 FEBEMERSIRMEL (o) UEERARERRER 23 (b) A8EMERCERT; (o) ABBMEK AFM

TGS (d) A SR 2 R AR S

Fig. 2. The preparations and characterizations of graphene: (a) Process flow of transferring graphene by bubbling

method [23]; (b) optical image of as-transferred graphene; (c) AFM results of graphene; (d) Raman results of

graphene.
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Fig. 3. Graphene Hall elements fabricated by optical lithography methods: (a) Optical images of Hall elements;
(b) SEM of graphene Hall elements; (c) statistical result of graphene devices; (d) magnetic response of graphene
Hall elements, and the current-related sensitivity is 1200 V/(A-T).
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Fig. 4. Graphene Hall elements fabricated by EBL methods: (a) Optical images of Hall elements; (b) transfer
curves of a typical graphene device [25]; (c) statistical result of graphene devices; (d) magnetic response of
graphene Hall elements, and the current-related sensitivity is 1850 V/(A-T).
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sensors; (e) hydrogen sensing tests of graphene sensors; (f) hydrogen responses of graphene sensors under different
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SPECIAL TOPIC — Hybrid silicon/graphene and related materials and devices

High performance graphene Hall sensors”
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Abstract

The state-of-the-art graphene Hall elements and integrated circuits are reviewed. By optimizing the growth and
transfer of graphene and the micro-fabrication process of Hall sensor, graphene Hall elements and integrated circuits
outperform conventional Hall sensors in many aspects. Graphene Hall elements exhibit better sensitivities, resolutions,
linearities and temperature stabilities than commercialized Hall elements. Through developing a set of passivation pro-
cesses, the stabilities of graphene Hall elements are improved. Besides, the flexible magnetic sensing and multifunctional
detection applications based on graphene are demonstrated. In addition, graphene/silicon hybrid Hall integrated circuits
are realized. By developing a set of low temperature processes (below 180 °C), graphene Hall elements are monolithically
integrated onto the passivation layer of silicon complementary metal oxide semiconductor chip. This work demonstrates
that graphene possesses significant performance advantages in Hall magnetic sensing and potentially practical applica-

tions.
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