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InGaAs-MSM Photodetector with Low Dark Current

YAN Xin'?, WANG Tao', YIN Fei', NI Hai-qiao*, NIU Zhi-chuan®*, XIN Li-wei', TIAN Jin-shou'
(1 State Key Laboratory of Transient Optics and Technology s Xi'an Institute o f Optics and
Precision Mechanics of CAS, Xi'an 710119, China)
(2 Institute o f Semiconductors, Chinese Academy of Sciences, Beijing 100083, China)
(3 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; MSM ( Mental-Semiconductor-Mental ) photodetector has been widely used for its low
capacitance and high bandwidth. For example, it can be used for space communication, remote sense and
so on. But the development of MSM devices is still hindered by the dark current. In this paper, the
100 X100 ym® InGaAs-MSM photodetector is successfully fabricated. The dark current density is reduced
t0 0.6 pA/pm’ (5 V) by designing InAlGaAs/InGaAs short period superlattices and InAlAs Schottky
barrier enhancement and this improves the SNR. Parameters of the device are characterized as follows:
the 3dB bandwidth is 6. 8 GHz, the rise time is 58. 8 ps, the responsibility is 0. 55 A/W at 1550 nm and
the external quantum efficiency of the absorption region is 88%. Inhibition mechanisms of the short
period superlattices and Schottky barrier enhancement are analyzed.

Key words: Semiconductor devices; Photodetectors; MOCVD; Dark current; MSM; InGaAs;
Superlattices; Schottky barrier

OCIS Codes: 040. 30603 040.5160; 160.2100; 160. 6000

0 3= Xﬁ%ﬁaﬁ?ﬁ%*@ﬁi%/ﬁ\ﬂﬁﬁﬁE’J%i%@»Iﬁlﬁﬁ'ﬁ%}
HMCFET L2378 I & 5 T . ML T APD I

& JE-F 5 k-4 J8& ( Mental-Semiconductor-  PIN Z5#4) , MSM 45 #4) 57 45 5 il 45 = 47 56 L R T LA AF
Mental, MSM) B At 5000 4% 15 52 95 M 45 5 0w LR I P I AR I — LR 29 MISMOIG L #8900 4% (MSM-

E&TA . FHEBRPFIE4 (Nos. 61176006, 11274377) ¥ 1)
E—EER FRA988—) L W WP 5E A FEEFFEO7 16 Jy LLAMR T A% FOGHL 88 4F. Email: yanxin@opt. ac. cn
SMGERAESE) TEFA974—) 5 AIFSE 01, 4, EEWEIT I 0] Ry ot BRI 45 | 2040 R 1 G AR 1 R AR R RS B R SR
Email: wangtao@opt. ac. cn
W EE:.2015-01-20; R A HHF:2015-04-03
http : // www . photon . ac. cn

0604002-1



e F

PD) &R EZE N K. B RH ITO Al InP 45 1E 3
2R )AL KR/ Z AL R G K T MSM 2%
PR I L L AE F AT e RS R8T 9 MSM-PD %
FEL 3L 8 R AT 0 Ak A L B A HA TR A A 7 Y 200 X 200
pm’ InGaAs-MSM St AL 00 %, i & 5 VB B 3 2%
FE 25 pA/ pm® ZE A5 PR A0 AT ARG A T R B 12 A G R
PR EE M R MSM-PD () BF 53 38 5. 3 % 7] L,
W PLR LR 7 2458 25 MSM-PD (i) {5 M L . ffi i L 3%
Jis G5 48] A 3 BH R B, SR T IR O 2 A B O K
S, BT 1 R B A RO 2 A O T R AR AR 14 1 S
B EAE M, A X T InAlGaAs/InGaAs 46
A A% A1 InALAs 4 Fr 55 3 22 19 58 25 49 X 5 F O 19
THIHLEL, F T K WAL InGaAs-MSM S H £ 1
s JEXF G L SR AT T 3RAE L TR 25 0 R R
WERHER 0.6 pA/ pm’ (5 V) i3 T {F 1L,

1 SMEZEFIFI BB AR 45 44

K LP-MOCVD ™ (I§ J& 4 J& 43 HL AL 2% ¥5 AR U0
BOAE InPCL00) #f J§E A1 B A2 & 50 nm #Y Ing 5, Gag i
As 5 Ry 22 w2 5K /N b ORE 2 T8 B & AR S TS
L S0 R R 0 B 5 R T LA — 2D AR AN A A R Y
i B O T D /N H 7 HE FRLFN BB A AR 06 [R) L TR G AE
In, 5, Gay s As Z& 0 2 b A K (Ing 505 Al s GaAs/In, s,
Gay s As), 5 JE 1 B8 & 4% (SPSL, Ing 55 Al iy GaAs 5
nm, In, 5, Ga, s As 5 nm, n=230) ;% 1000 nm In, ;,
Gay, s As HFBHE R i BLJZE S # 73 BE 510" em 7 5 1
NZEZ FAEK 300 nm Ing s Al i GaAs Z 02 T
InGaAs 5 4 @ il 28 AR 0.2 eV, 25 E
K AL IR vh )2 2 B A K 80 nm Ing 5, Al
As BORME A 1 R e 4 22 19 5 2 5 50 10 B 0 i A5 S
FE4 T 600 nm SiO, 4k JZ. 4 4E 45 i i B2 &
(SEM) 4 & 1.

InAlGaAs 300nm
InGaAs 1000nm

SPSL 300NM

I— InGaAs 50nm

InP Sub
M1 BEAEEMmBHEEHE
Fig.1 SEM of the epitaxial layer
R A Ti/Au, J&E F 50 nm/500 nm, i §§ H #%
FFiE DL A 95 [8] BE X O 3 g A 48 B 0 11 AL 100 X
100 pm®, 4N 2.

K2 #4% MSM
Fig. 2 The MSM electrodes

S T 4 A J2 3 8 AT — S 10 R £
L LA 5 28 26 2% 6T 25 5 2 LI A0 o 3t 5 80
600 nm (Bl 1L J2 X A SO 5 . T 1 42 2 4058 1 £
W It
2 KHEBSERIE
2.1 3dBHE

K H 8703 A JEWITAF 7T ALAE 5 V i i X e
PR3 o 7 000 0 A 4% 6 ) 3dB Al 98 6.8 GHz.

B3 3dB 4 %R
Fig. 3 The 3dB bandwidth

2.2 Bki%m Rz
FREASTE 5V Al T 6 28 44 2847 Jok b meg oz 300 3,
(1550 nm) . 4 & 4.

P1rise(C1 P21req(C1 ! [Timebase 20 s Tngger
1.00 ns/div] Stop 7.6mV]|
i 400 S 40 GS/s§Edge  Positive|

2014/2/19 10:39:52

B4 koo i B
Fig.4 The impulse response
WA LT (1026-90%) g 70 ps. it LTI B 4%
1 1B o 13 I B) A 3 4 75 35 s A E S AR i R[]
DL Jok o BT b T 0 S AT L3R AE g 4 11 o 1
0604002~ 2



12 ik, 25 AR IR B R InGaAs-MSM ¢ H 350 48

BE L] DL it 2 08 o sURAE 3dB A TE L 8 H A A OE
0. 35
L stmntm

7 P AR R N 1) 14 ps G 58 25 GHz) L H i
MK FE 35 ps &4 10 GH2) L ik oh b FF9 Sps. it
FARAER) BT AT 58. 8 ps, I H 3dB Al i 3T 5N
6.0 GHz, 5 8703A SHU s 443 B AL 45 SR 45 4
2.3 MEEFMEFRE

SR PG LG 3 A ik AR R CJTF 1150-2006 J6HL
TR 25 AR X S 3% w0 07 A v R YE ) 5 4 B X Judson 24
Al AR J22-181-R75U 45 25 55 MSM ¥ i 890 25 F
AT, P45 1550 nm P B #4514 0w B, B 0. 55 A/
W, W X IR AN T 3020k 8800 L T AN 5 4 42 1 i
J2 M W AT XI5 ) A P AR 29 89 26 ~ 90 %0, AT LA
SCBETE Y 1 7 i 3 22 1 5 2 R R T i e AR B
Y # AR .
2.4 EEER

HRARCS] 2354, 3-1983 PIN., T # Ot HL — #% 45 5
L B DU 7 ) A5 25 1 B R AN B S T

500

(@Y

Saavs =

400

<
=
=
§ 300
/
= 200
<
] /
100 /
L~
0 0 5 10 15 20 25 30
Bias/V
H5 0~30V{mE 8o
Fig.5 I-V curve at bias at 0~30 V
7 o . gN, .,
WG HRIE 20 VAR BT AR Vi = 125 e

TR R E Vi A 3.5 Void Lol s
[BJHE, N, AN 2B 28w . 88 5 V i B AE m A1
B AR HL S A I FL U %% B2l 0.6 pA/ pm®  AH LK H
IR SE 25 14 WG RO 2% B B AIS T M B 4.
3 RERIAS MR

MSM 244 5 il ji < T B 2% 2 o A 1 el 30 4 M A
25 HR W 6 B 2 4 45 45 08 i £ 2 2 TH 25 5 51 A ik
o6 0 2% I3, Ao A5 A1 E 4 e} 1) J5 2 A 2 [) B 2% 1T 2 R Y
BT 22y HORL - 3 3 2 S B0 T R A I R 1 R
WK, R T REAL InGaAs-MSM #£ I 25 1) 1% FiL U 2%
LR ST T Ing 5o Al GaAs/Ing 5, Ga, s As % &
TR A% AT Ing 5o Al o As R 5 35 2 19 00 25 0 1Y 4R
5.

3.1 InAlGaAs/InGaAs SPSL ##) # 1 B

PRI 28 A0 HE 25 7 1 152 1 (Ing 50 Al 7 GaAs/Ing 5,
Ga, s As), 48 B ] 48 & #% (SPSL. InAlGaAs 5 nm,
InGaAs 5 nm, n=30), 5K 5| A M &M% 0K XT L,

7 AR AR R AR T 48 1 A4 I HL R L A ] 6.
1000F

100F /

Without SPSL

Dark current/nA
\

o WithSPSL

//
0 | .1 | I2 Bi;lS/V‘:; | :1 | >

H6 mEAMARENDH

Fig. 6 Effects of short period superlattices

XoF B T o A 1 W I L T B AR Y g A
e I P UL R AR T S B 4 R T AR R AR R L.
¥ F InAlGaAs/InGaAs EH W B AN S . HE2EE
JE R S B b i A B IR ST B ZORE AR RS S T K
A B R — A AR T A BB AT 1R R T Y A
B 25 K T LD /N AP AE 25 2 BB T R AR R L 5 1R 19
e WC AL HE LA K S o 45 B 1D R4 F, ey R AR RE A AR I ()
R T LAY D i PF 00 AR R A A2 Tl H R A AT A R
(10 O T AT R i R I
3.2 InAlAs B ERL2EEENER

HME B AN R 25 M Y Tng 5, Al s As BERHE N H
PR A 2 (30 nm A1 80 nm) , i@ i 5 AR A H L
B 2 I IR 4 LB, 45 R R InAlAs 5] ARER T
InGaAs-MSM FRIM 5 (1) i HL U

PR A5 1E 5 AR I Sz i 205 3% 22 1y 2 02 52 v 4 L 5
RGBT EBEHEE R T IR BRI, —
P 38 R A A A I M R TR A A i RS A X L
1% VC L A B4 RE InGaAs il InAlAs FEEA 55

(InGaAs 7 0.2 eV, InAlAs i 1. 47 eV R
SCBEIE T Ing oo Al g As S5 F9VE Ry 35 22 19 5 12, JF X 4%
- 5 PR AT LA, I BT T OROR.

10000g Without InAlAs
1000k
é 30nm InAlAs
2 100
o
=)
3
= 10
5 80nm InAlAs
a
1
01 1 1 1 1 1 1
0 1 2 . 3 4 5
Bias/V

B7 HEEHLEEENDWH

Fig. 7 Effects of Schottky barrier enhancement
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