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High responsivity APD based on 0. 18 pum CMOS technology

WANG Wei,CHEN Li,BAO Xiao-yuan,CHEN Ting, XU Yuan-yuan, WANG Guan-yu,TANG Zheng-wei
(College of Electronics Engineering, Chongqing University of Posts and Telecommunications , Chongqing 400065 , China)

Abstract : A high responsivity APD based on 0. 18 pm complementary metal-oxide-semiconductor (CMOS) process is
designed. With the standard 0. 18 pm CMOS technology,two P +/N-well type pn junctions are designed to form two
avalanche regions in order to produce avalanche multiplication current,and the guard-ring structure is formed with STI
(Shallow Trench Isolation) structure on both sides of the avalanche region,which restrains the edge-breakdown effec-
tively. A deep N-well structure has been applied in the APD to absorb a large number of carriers before they spread to
the substrate , which screened the excessed noise and improved the responsivity of the device. Though theoretical anal-
ysis, the optical window area is 10 wm x 10 wm, other structure and process parameters of the CMOS-APD are also
confirmed. The simulation results show that at wavelength of 480 nm,the quantum efficiency reaches up to 90%. The
avalanche gain is about 72, the responsivity is 2. 96 A/W and 3 dB bandwidth is about 4. 8 GHz when the bias voltage
is =15 V.
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Fig. 1 The structure of a new APD
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Tab. 1 Part of the process parameters of APD

layer Doping/cm =2 Depth/ pm

P - sub 1 x10% 4

P — well 1 x10"7 2

N - well 1 x10"7 2
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Fig. 2 Current-Voltage characteristic curve of APD
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Fig. 3 Voltage-Gain characteristic curve of APD
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Fig. 4 Spectral Response of APD
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Tab.2 Comparison of CMOS-APD performance

e v i, || (A W) | (CMOS)
[1]]30%30 | 10.6 3.2G - 2.94 40 nm
[3]1]20%x20 | 9.2 300M | 36 2.61 |0.18 pm
[4]] 10x10 | 9.1 10G - 0.1 0.18 pum
[13]] 20x20 | 9.2 7G 86 0.65 |0.18 um
A3 10x10 | 15.2 4.86 | 72 2.96 |0.18 pm

4 &

ARSCBE T — R I R CMOS-APD #3F. %
LEAET BN 10 pm x 10 pum, 7€ pn 5515 R J7
HEIT — AR N BREESH, R TR N PERT P iR
2, B 730 19 R E Pt AR S IR N B
LER [R) A RO ] 5 50, 2800 I8 1]
PN AESRTT TR N TR, — e R BN 1
Goo lFOTEASREN], S ik V = - 15V
W, AT A 7 2, 5 R g s B 72, B e Ok
2.96 A/W,3 dB 47 5a#) N 4. 8 GHz,

5% 3k

[1] M Atef, et al. Avalanche double photodiode in 40 nm
standard CMOS technology[ J]. IEEE Journal of Quantum
Electronics ,2013,49(3) :350 - 356.

[2] B Ciftcioglu,et al. 3GHz silicon photodiodes integrated in
a 0. 18 um CMOS technology [ J ]. Photonics Technology
Letters IEEE,2008,20(24) 2069 -2071.

[3] T Shimotori,K Maekita, T Maruyama, et al. Characteriza-
tion of APDs fabricated by 0. 18 um CMOS process in blue
wavelength region[ C]. IEEE Opto-Electronics and Com-
munications Conference (OECC) ,2012.509 -510.

(4]

(5]

L6]

(7]

(8]

[10]

[11]

[12]

[13]

K liyama, T Shimotori,R Gyobu,et al. 10 GHz bandwidth
of Si avalanche photodiode fabricated by standard 0.
18 um CMOS process [ C]. OECC,2014 243 -244.
WANG Wei, WANG Chuan, YYAN Linshu,et al. NP type
CMOS APD with high frequency bandwidth [ J]. Infrared
and Laser Engineering,2015,44(2) :699 —704. (in Chi-
nese)

E#, E), B S, —FhiE 98 NP A4 CMOS APD
BRI LT ]. 208506 TR ,2015,44(2) :699 —704.
K liyama,H Takamatsu, T Maruyama, et al. Hole-Injec-
tion-Type and electron-Injection-Type silicon avalanche
photodiodes fabricated by standard 0. 18um CMOS
process| J|. IEEE Photonics Technology Letters,2010,22
(12).:932 -934.

M J Lee,W Y Choi,et al. Area-dependent photodetection
frequency response characterization of silicon avalanche
photo-detectors fabricated with standard CMOS technology
[J]. IEEE Transactions on Electron Devices, 2013, 60
(60) :998 —1004.

LIU Yuzhang. Photodetectors fabricated by standard sili-
con process technology [ D]. National Central University,
2007. (in Chinese)

Bl E . IR OGR4 (D]
B 7 R R B 2007.

E R Moutaye, H Tap-Beteille, et al. Integration of CMOS
avalanche photodiodes evaluation and comparison of their
global performances[ C]. IEEE Instrumentation and Meas-
urement Technology Conference,2010.1373 —1376.

K Maekita, T Shimotori, T Maruyama, et al. GHz response
of Si photodiodes fabricated with 0. 35um Si BiCMOS
technology[ C ]. IEEE 9th International Conference Group
IV Photonics ( GFP) ,2012.:267 —269.

ZHOU Xiang, XU Mingyang,ZHANG Jiuming. Design and
implementation of high sensitivity APD optical receiver
[J]. Optical Communication Technology, 2015,39 (9) :
30 -32. (in Chinese)

JEI3 PRI, 5k A 5 REUE APD SERMHLA BE T
S )] L EHR ,2015,39(9) 30 -32.

Z Y Li,F P Chou,C W Wang,et al. A new 850nm lateral
Si avalanche photodiode in standard CMOS technology
[ C]. IEEE OptoeElectronics and Communications Confer-
ence (OECC) ,2011:479 —480.

T Shimotori, K Maekita, R Gyobu, et al. Optimizing inter-
digital electrode spacing of CMOS APD for 10 Gb/s appli-
cation[ C ]. TEEE OptoElectronics and Communications
Conference held jointly with 2013 International Confer-

ence on Photonics in Switching,2013 .1 - 2.



