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advantages of lower cost, high reliability, compatibility with CMOS technology and integration with the
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Abstract Group IV material based photodetectors, such as the Si/Ge and Si/GeSn photodetectors, have the

intercommunication; optical devices

the advance of the normal- incident/waveguide Si/Ge photodetectors, SACM avanlanche photodetectors and

waveguide devices. Therefore it can be widely applied in the photo detection systems. Our recent progress on

the Group IV material epitaxy and the device application on photodetectors is introduced. The emphasis is on
OCIS codes 040.1345; 040.5160; 230.5160; 230.7370

Key words detectors; silicon—based photoelectronics; photodetector; near infrared detection; silicon—based optical
=]

HEAY A R CR s Wy B BR o — 1T ) A R 4 il i R LA R B B R - R L R

b

Bl £ 7l 9 e 15 8 B e i I, X {5 R AR B TR A% Ak LA B G R A R R B 2 B R
& T A SR RN R A TS A R B B P BB B R T R 0 R T B A 4 R B B R B R R E

“H =

T HL 7 2 1k IR Y T R v T B A A A R B L R O 1 A e A AR B T D R AR S AR A 1
P, LB RERDOE R AR RN A RO SOt TR MR BB BT . H AT ER I 1E A 8 b T 1F I BLR

e fiifr: 2

T 5 3 3k T P IV A4 L, 4% 5 5%, AR AUBE RE 25 o BEFE IV AT BHE I #5 5 Si-CMOS T 25 3 &5 P by,
W5 A 2014-04-01; e BE ek i3 H H1: 2014-05-06; P24 1R H #: 2014-10-15

O3 R AR S
AR B, IF HL 5 T 5 ik 5 S 2 45 4 B, DAL I O Ji 6 77 TV I AF Ak 14 i A R 00 4% LA I A4 5

o M T Ge 76 15 I Be WA 58 = A9 WIS R 4, IF HL Ge RS 25 F4 FNRE AHIT (4.29%00 ik R BC ) | Fifi 25 A1 4E 15 45
P RE S BT 42 i LA K AT X A0 AE J5 85 B Wi AL, BRTE Ge HME J2 437 55 %5 T2 B 31 10° e ™™, 30 45 O Bl 45 ik ik

4T H: BK 973111 (2013CB632103)F1 E %K 863 i %1 (2012AA012202,2011AA010302)
P
AR SCHL PR (ORI P DG 253 T W www.opticsjournal.net

(1987—) L, [ A5 AR , B NS = PR SO AR I 8 77 A AF9Y . E-mail: lichong@semi.ac.cn
SR A2 BER R (1979—), 5 RIMFSE 51, 2R Si Lt B KOG s 2R 44 D7 T 1 %Y . E-mail: clxue@semi.ac.cn

110002-1



51, 110002(2014) MM EMEBIZRE www.opticsjournal.net

Ge BRI E 7 AR A B, 76 8 15 I BEAY RE L% T2 R G0 b i REJE Ge RN 2% C BN IR, 3F H. Si i Ge 5
2% A et Bk B i 2 {H Gee A1 RHHE L T InGaAs %5 III-1IV A4 ), Wik 2 800 88 /)N, OF BN RE B 25
S #1317 B[ L-band (1565~1625 nm)#l U-band (1625~1675 nm)], 33 FR 1 7 #5800 #$ 74 fig i ik — 45
. 7E Ge MR GI A Sndl 4y, ol LIEE 5 Ge ARHE 8 15 i1k B 0 W i Z2 200, 3 R Ik K o 107 S TR, DAL T 2 B3
GBI S

AR SCKE A 1 v I RE 2 B 2l SR IF 5T BT AR AR DG 1k 3k TV I & 4 4 RE AN SE i 45 B AH 6 8 14 T i B F 9, 1
IR Ge TSR0 45 I S BRLER U 2% L SACM 25 14 5 i o't Ha #R I 455 (APD) LA K GeSnot H 450 45 5 1T Y
— ORISR

2 fE L IV RN A5 () bF 57 oF

S LA S G TR 10 7 P B K MR T A A BT A IR 20 T 42 80 4R A%, AMNTHF 4R X 854 Si
LT R RIFBIIEY, B4 B 2008 B R . Forl, SRS HOG o PR 28 2 S Ok T4 BT ST 10 B A

— PRI B8 1 1) T AR I K o K D6 (5 P B (1,31 pm A1 1.65 pm) , Ge A4 B X 12 3 BEA B9 0L,
I SiBE Gee F T 28 WA AT 4F K (0 F 2T 440 R0 S8 AT 1 T BE AR (10 HL 2% 45 B, P—T-N %5 # 1 APD 4544
2.1 P-I-N&# Si/Ge?iT%W%%

P-I-N 45 H 2 P—N 25 0 54 10 47 J , 380 3o ASAIE (3) J2 (00 VR 00 L VA0 45 8 2 B JRL X 14 B2 B AS A J2 18 i J2
EE%%%%#%E?&%@%%WFOP%Nmﬁﬁiﬁ%?fw%%mﬁ¢oP%N%W&@dﬁw
S0 Ge B RHE R WK (BT ) 3 1o Ge [X 4 J5E B8 Sk 0 45 44 00 8 14 06 7 6 OO SR B K 9 D B 45 1
AR TR B8 36 7T 4 T 1 T A S 200 0 D 5 R 28

light (a)

Al electrode

ol © a | _— @
l' diameter is 15 pm; g ok mesa diameter is 15 pm
103 r optical power is 0.5 mW 039 L
2 3
T & —V, =0V
§ 10-5 r optical responsivity E -6F ——V, =-1V
E A=1.55 ym 0.3 A/W(@-1V) g V. -3V
107 l' E OF V=5V
107 g 18.38 GHz@V,, =0 V
F , , ) , s2r 26.12 GHz@V,, =-3V
10-8 * * * : . : L
-5 -4 -3 -9 -1 0 1 .....1.(|)71 P ......I.E)O P .......ll01
Voltage /V Frequency /GHz

€1 SOLATIE Ay PIN R 2% /8 & &Y. (a) SOTHIE Ge o B A BY & A5 AR I 5 (b) ELAR R 16 pm A 2% 14 (4 O AL 141 5 32 s 1 Y
() W LU ' HL I RIS £ 1550 num 382 B2 1) I 72 LA K ()43 3 0 7 K% 3 dB Ay 5

Fig.1 Schematic of SOI-based PIN detector". (a) Section view of the normal-incident Ge on SOI photo-detector; (b) top

view of 15 pm-diameter device; (c¢) its dark current, optical current and responsivity with 1550 nm wavelength input; (d)

its frequency response and 3 dB bandwidth
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Fig.2 Two types of coupling waveguide photodetector. (a) Evanescent coupling; (b) butt coupling
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Fig.3 Structure of waveguide Ge—on-Si PIN detector. (a) Vertical material structure; (b) SEM image after Ge-layer—

epitaxy; (c) top view of the device
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Fig. 4 Characteristics of the waveguide Ge—on—Si PIN. (a) Dark current, optical current and responsivity with 1.55 pm-
wavelength monochromatic light source; (b) frequency response and 3 dB bandwidth
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Fig.5 Performance test of GeSn photodetector; (a) I-V characteristics without light, d means the diameter of the GeSn
mesa; (b) relationship between the dark current density and the size of the device; (¢c) GeSn photodetector responsivity
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Fig. 6 (a) Schematic of cross—section view of the GeSn/Ge PIN photodetector™; (b) TEM image of a Gey:Snyss film on
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characteristics at darkness and with illumination by 1310 nm light, 30 um diameter detector and different illuminate

optical powers; (d) measured multiplication gain as a function of bias
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