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BRALENE A, A RO SR PRI 2 AR . S WE T BRI A DG W AIR 2% A B RAIRASE 2T A0 5 i 12 58 48 532 (R AL
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PACS: 85.60.Gz, 81.05.ue, 85.60.—q

1 5 =

£ 5 M5 Ot HL PR I £8 (graphene photodetec-
tors, GPD) H T A &) A Vi 2 B A Fr ik i F il
BRah Ry, RN R & A R R (R T 15000
em? Vs ™) R T AR A 2 (1076 Q-cm) 55
e, AT B8 8 8B A% 40 4800 4% 00 < K PR ),
LA PRI T B T o o R R A ek 01 B 4,
GPD &) T SE i H 5 i T 23R 4%, 1X B i ff
GPD 1E )6 21 1045 S AT 45 A K ) N IV 7. Bl A
FS RS SRR EOR AWK, DAL
UL (chemical vapor deposition, CVD) i [] Al
2 UK, 4 GPD R AR T8 LS R Bk
fi%. HAT, X GPD i i e AR 2 ki, BT
SR AE AT O 23 A0 A ik B i BRI R AN
2.3% 11 (BN UG R BN 6.8 x 1077 m— 1), Bk HE
BRI 7 GPD [ RLEE. 112009 4F, Xia 45 1) il &
15— GPD DU st AR IX, SiOp NATJE,
73 2 )M B FE AL 9 0.5 mA/W; 2010 4F, Mueller
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5 D214 ) Al o AR 4R % (metal-graphene-
metal, MGM) £5#) GPD, X H MGM &5 ¥y, 54%
file o T TCUR IR A R SRR R G IR A R A i)
{H 5 3 i W32 B A4 1.5 mA/W. 9 {#IE GPD
FE ] WL 23T LT A0 XS R A i, o AU A
BRI I B, X — S A SR ARy =
Y05 P THAEREEL A (6 Ry TR DA B PR o) 25 1 11 g T
JEHLIERL GPD #F DAAS /& — AN 90K & BE 1 A 52
N IRX, B AR & e ORISR, A
A8 GPD [ I 3 EL v i o7 8 155 0 7 538 B (¥ 5 P, AF
T SR T B TR B 19100 iy G e i (10— 18]
RIS B s 18 58 (19200 28 17 vk o ik 3] 18 3 0¥ 328 S AR
Wi FE L, AT A R0 = B A R 2 1 GPD
B R B 402012 4F, Fang %5 ) & TR &
PO A K BURL RS A5 B A7 SR R T, 7R RHR AR R,
P o R T 45 8 7 A 5 1Y R ek L 3, R
JBEEETA S T 13 mA/W; 2013 4F, Gan 25 184 4 5
075 55 ek e R A, R I HL 3 WOR A SR 0 TR I
JCAEBIR T, AR N L F] T 100 mA /W, H
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) T 2B IARE, TS0 iR NG g IR
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dife /b o R i K IX — S5 S 80 e 2 A
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S 26 VIR i K 45 A0 S IO T 28 A4 T L P R
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WIR I 9m A GPD & it S W B 1 (a) P
7, B (b) N 4e SRl AR A Si0, 5 S
Fh e S AR R} IS B 1A T Y 4y 2 — K
HE# (quarter waves tacks, QWS’s) *!) ¥ it DBR
SR, BT Si04 /St HA AR i BA H7 5 28, S
SR IR E T 7 AR K Si0, /Si I UK
b0 T RERRR B A L E & B BB FH A &,
B3 A 22 1 (b) W Lo IR B K, A
LA SiOo NATIE. RIS G 58 A GPD [ 5. A
PR FLE BRI B B R bR, OGRS RIS K ]
P, PR AN AH [ A% 38 1R 06 38 2 A B8 0% R U,
BT 80 SR BE B 9K, Fob % BREAR—
ANTER R, A V8 2 AL T IR IE AT AN R A E
I, B AE AR 43 A BB K S fe /. BRI RN (7]
U T S IR Z A ROR G, i 2 s, Bl
DL H, AU 2 (0 RTS8 J5 R () AR A AR T e
AR B SR (BN 0.3 nm) 75 IR AL 1A 3
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LR S A 52 PEE PRI, 5 28 2 H R TR M 48
R GPD HI# K.

N5

=
—>

TR L R Si0,
DBR "DBR Mg
Bl (PFIR ) 3 4% s 3 98 B GPD I 45 M m =
(a) =L HITE; (b) =i gh M Pl (7 oh e M 7 T
A GPD )
Fig. 1.
for microcavity-enhanced graphene photodetector:

(color online) Schematic illustration

(a) Three dimension structure, (b) 2D structure (nor-
mal incidence light is from air interface to GPD in this

picture).
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Fig. 2. (color online) The relationship of graphene ac-

tive layer’s effective absorbtion and thickness under

the standing wave effect.
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JEFE 4 )% B 140 nm F162 nm, FH2H K Si04/Si
W, R O 2 A A A B vk SR v R AN TR 3 I )= 2
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Fig. 3. (color online) The relationship of the device’s
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responsibility and cavity mirrors’ reflectivity under the

resonance condition.
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J2 R 2 SO B B 2 43 3l 2R 91.0% F1199.8% i,
B3 K RE 0.68 A/W. 1B 4 (b) AT 4, 4102
AR JZ SR 8 200 1 = R AN T2 Si0 /Si T B 2H ik
I, AT A5 21 S H 1 A A AR 1 S 33 26 97.0% F1199.8%,
I AR PE M N FE N 0.50 A /W, AN K FH B R s i
B R 5 Ry, 0 580, T RAERE, HFAS"
A T g 38 R RN, TR I T i A LT 4 A e L R
R =e(l — e ) /hy. I IFHE 1S, 7£850 nm
b, TCREAH LR A ma B A 0.0154 A/W.BLE
B AT R, RANEIRIE 5 oS AH L, 284 B
FERERE IR = 32 £i%.

—— 2R )2Si0,/Si
— DRI =)2S10,/Si
—— TUZRIHE-IUESI0./Si
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Fig. 4. (color online) The relationship between top
mirror and bottom mirror’s reflectivity with wave-
length under different SiO2/Si thin films condition;
figure (b) is the partial enlarged drawing of figure (a).

3.2 IERAEEK L3R ZIERE GPD
R A0S
FESGIEAE KOOGS B A BRI, St P BRI 25 i 45
e AR O L B B B A 2 v 42 B (full
width at half maximum, FWHM) & H o — I 5 22
fabr. K L) ol 284 SRS R A B AL,
117 S AH B8 AR A0 R B 43 s i 4 4 5 FWHM, ] 1

G LA T2 F I FWHM A % 2= 2 A4E H.
5 7R T 1E850 nm Ab, 28 1 Wa N & 5 LI 5¢ &R
MBI FR R A, #E L M 0—1000 nm ZE4b it fE 43 51
L =0, L=425 nm, L = 850 nm &b #& {0 B &
EER KA 0.5 A/W, X =AML E 73 58 2R
B0, 0.5 F0 1A, S8 4F0 B EEAE L N8R
K R E £ Ik B i K A A AR L R R T
BB i K G A A B G B 6 R T
TEAF LGN T BB SR KN BN RR, BTE
TN TAEASTR] L 2 AT 45 A i 7 32 o 3 A AR 40 11 5%
Z. N6 AR I, FEAS R 850 nm &b = 2k &
FHRS M2k B0 S A AL 3 02 0, 2, 4, BT B
HORE WAL VEHIR A% T A4S o S B S B B oK. B
L 3E K, il 2 79 i 1) 73 A0S 8 R K T 7
850 nm Pt 3T A AL B 3o 1 1 2k M AR Ak, RE R A
RAVE/N. B 7 A R, L 51 R R X R R
YRR A L3840 B2 FEE 850 nm 4 FWHM 1)
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Fig. 5. (color online) The relationship of the device’s

responsibility and L when the incidence light’s wave-
length is 850 nm.
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Fig. 6. (color online) The relationship of the total
phase shifting and wavelength when L differs.
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Fig. 7. (color online) The relationship of device’s re-

sponsibility and wavelength when L differs.

Ak, B L = 0, FWHM N6 nm /), fi% L
K, FWHM 34K Jf HL 78w 5 2 5 vy HH 0 00
), £ L = 0 I, PBNIHRK, 1£1052 nm &bik H I
0.6 A/W [FIRAE, FZZFNK L E N OB, R
i s 5 % 5 | S PR AR S A AE S AR RS o S A

WA R R T POR, 7B Bk F: L 425 nm
YENIERE FE K, FWHM A4 10 nm.

3.3 BMEMSHEII AT RETFE

B FARATE, X850, 1310, 1550 nm % H
S PEBA T W, e 1 g, BARER X 850 nm,
AV T B S R s 1 R B GPD A (1) 45 8 S 8L
HNds; = 62 nm, dsjo, = 140 nm, FF7 5K H =
J& 1)z SiOo /St IR B IR I T = R JE X
B8, R, = 97.0%, R, = 99.8%, & E i
K L = 425 nm, &M N EN05 A/W, H
FWHM 4 10 nm. 4325 H G R80N T 1 f R
B, 0T IR N O3 0 AR, liE s R bR
MEfLHk A =1—R—T (ARTWILE, R, T 435
I e T R I ) S S SRR B R ] SRR R i
2, T THE I AR R R KR AL B, AR
¥ A BESUERE.

R AFEART B F A S H P REM T

Table 1. Optimized parameters and performance analysis of different wavelengths.

WRBK /am - dgi/nm dsio,/nm R¢/%  R,/%  L/nm  WRE/A-W-1 FWHM/nm
850 62 140 97.0 99.8 425 0.5 10
1310 96 215 85.5 99.8 655 0.96 30
1550 113 255 95.0 99.8 775 1.12 20

w

68 Ik ST I I O R M 4 R 2 A B A
PN 58 PR S R IAABE 7R o IR 4% A 7 R R i 7 85
TIFEREAT T HUE ST, S5 RAERH, TN T A A
075 VR TR A 28R AT 2R L R e A L I s B
T RT A, IR A R LN R B R
5 2 B R G A AR — IR IKLEAE RS, TR
FRFS (AR AL B 1 A o 7 B2 % 42 1) FWHML 18
o IR R s G U R P S A 5 S S A N A U8
K=FZ PR R, WS RA B E .
Wt T TR SO R A Ry, IR
f e Lo U 4R i 48 5 2 GPD i B RE [ B2, 45
HH B R s 1 5 1Y GPD #8H7E A 54 N B ) e
2 K 2 8 % M B VR Al LR AT XK 850 nim
NS, B SR B IA £ 0.5 A/W, FWHM
10 nm, I H &R LA . AR S BRRH H

4 %

RT3 IR A0 s 1) 7 3K, IR T RS
R, 7 AR B 2 e AT, AT B e L fHL
H T S0 5 P AW A A PR ol ) e e K L BEL A BELA
TN R, RS R E SR
22, PR A SR FH A0 i s 7 2R 765 368 i e KN AT
eI, B TR, 8 ISR AN Ot
BRAIAERE A, K2 AT S =, W]
58 GPD R &3 HIMHA.
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Abstract

There is an increasing interest in grapheme photodetector for its applications, because graphene has rich optical
and electronic properties, including zero band gap, high mobility and special optical absorption properties. A design of
microcavity-enhanced photodetector based on ultra-thin graphene is proposed in this paper: detector absorption can be
effectively improved by confining the light field in the microcavity. Through studying the light field resonant condition in
the microcavity and enhanced mechanism of detector responsivity under resonant mode, the light absorption model of a
microcavity-enhanced graphene photodetector under standing wave effect is established; it is analyzed that the influences
of microcavity mirror reflectivity and length on detector performance are increased by light field. Further the optimal
structure parameters and performance evaluations of microcavity-enhanced graphene photodetector at different incident
wavelengths are demonstrated. Theoretical analysis shows that under the standing wave effect the effective absorption
coefficient of monolayer graphene at the antinode is one multiple enlargement compared with no cavity; the microcavity
length and topbottom mirror reflectivity directly affect the optical total phase during light folding back at one time in the
microcavity, and the shift of the total optical phase changes the full width at half maximum (FWHM) of the responsivity
of the microcavity-enhanced graphene photodetector. Through coordinating the relations among the microcavity length
and reflectivities of two mirrors and the incident wavelength, it can be realized that the photodetector has a good
characteristic of wavelength selectivity. At a nominal operating wavelength of 850 nm, the presented microcavity-
enhanced graphene photodetector can reach a responsivity of 0.5 A/W, 32-fold increase compared with monolayer
graphene photodetector with no cavity and FWHM can reach 10 nm, indicating that the designed photodetector has a
high responsivity and a good charactoristic of narrowband. As for the application in the practical engineering, through
adopting bias on the two sides of graphene in the cavity to speed up the migration velocity of the photon-generated
carrier, more photon-generated carriers are produced to increase the photodetector responsivity. However, the increased
level of photodetector responsivity will be impeded acctually on account of the high contact resistance between graphene
and electrode, and the measured value will not equal the theoretical value, so the quantitative analysis on the value of
the bias should be carried out. Through combining the microcavity with graphene the incident light can be confined to
reflect multiple times between two mirrors in the microcavity to improve the graphene absorption, and then make the
microcavity-enhanced graphene photodetector responsivity improved. Our approach can be used to improve the optical
response of graphene photodetector, and provides a way to solve the trade-off between photodetector responsivity and

response speed.
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