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Design of radiation hardening optical receiver chip
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Abstract : The core module of photoelectric coupler is optical receiver chip. A kind of
radiation-hardened optical receiver chip design is introduced, and the circuit is based on 0.5 pm standard
Complementary Metal Oxide Semiconductor(CMOS) technology, which consists of Transimpedance
Amplifier(TTA), reference, comparator, and so on. The circuit is hardened in radiation by circuit structure
and layout design. Results indicate that the chip performs well when the total ionizing dose attains to
200 krad(Si). The chip data transfer rate can be up to 10 MBd, and its high input current ranges from 6 mA
to 18 mA.
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Tablel Parameter comparison by total ionizing dose radiation experiment
number of chip quiescent current/mA dynamic current/mA tpry/nS tprr/ns

# before radiation 5.519 12.665 1 060 100

after radiation 5.529 12.880 1040 60

#2 before radiation 5.372 12.598 1290 40
tpLu: propagation delay time, low to high level output
tpur: propagation delay time, high to low level output

5 &g

ARICAGE T — T AR IO G B BRI R BB A X E AR G R B A A I A BT, RN — R RS TR

PSRR &1 TIA 458, fEIgHERD |, %TXHLZIKYJ*’\&iJrE?"”FHH‘J 0.5 um i CMOS T. 20, Xbs Fr AT 1 04 1 [
Wit. ML, fE TIA 45 mA A ghig %’?%J”@u%ﬁﬁizj]uﬁu/\?il%l; RV T7 T8, 58 BCER A NMOS g 4 T
P, Keieith NMOS A& 4 B e R Bt NMOS . [, 22 i Wi 141 3o 2 v S AT RE 22 M oS I B B 26, By 11 4 B3R g
TETH AR .. S Rk, /u)#E’J?;LUuJéﬁ‘é ik F 200 krad(Si), ¢ MBI ZEK

e ¥

(1]

[2]

[31]

[4]

[51]

[6]

[71

[8]

[9]

[10]

[11]

[13]

[14]

[15]

TEMS. 3T CMOS T. 2 M Hdm I G s 4 532 7 [D). AR -H F R K2, 2015. (WAN Xiaopeng. Design
of rhbd optical receiver chip based on CMOS process[D]. Chengdu,China:University of Electronic Science and Technology
of China, 2015.)

PAN Quan,WANG Yipeng,LU Yan,et al. An 18 Gb/s fully integrated optical receiver with adaptive cascaded equalizer[]J].
IEEE Journal of Selected Topics in Quantum Electronics, 2016,22(6):361-369.

DONG Yunzhi,MARTIN K W. 4 Gbps POF receiver using linear equalizer with multi-shunt-shunt feedbacks in 65 nm
CMOSJJ]. IEEE Transactions on Circuits and Systems I :Express Briefs, 2013,60(10):617-621.

CARUSONE A C,YASOTHARAN H,KAO T. CMOS technology scaling considerations for multi-Gbps optical receivers
with integrated photodetectors[J]. IEEE Journal of Solid-State Circuits, 2011,46(8):1832-1842.

LEE D,HAN J,CHANG E. An 8.5 Gb/s CMOS OEIC with on-chip photodiode for short-distance optical communications[C]//
2010 IEEE International Solid-State Circuits Conference. San Francisco,CA,USA:IEEE, 2010:362-363.

FARUK M G,WILKINS R,DWIVEDI R C.,et al. Proton and neutron radiation effects studies of MOSFET transistors for
potential deep-space mission applications[C]// 2012 IEEE Aerospace Conference. Big Sky, MT,USA:IEEE, 2012:1-13.
XA X AL SR A5 M T % NMOS 88 5 S0 i i B 2R i 2 R 0], 5 B, 2017,17(11):44-48.
(LIU Baiqing,LIU Guozhu,WU Jianwei,et al. The effect of oxide methods on TID radiation[]]. Electronic & Package, 2017,
17(11):44-48.)

JAMES R S. Radiation effects in MOS oxides[J]. IEEE Transactions on Nuclear Science, 2008,55(4):1833-1853.

ZEHGE . A AR5 S RON K BUER B E (1], BT 4R, 2006(19):138-141. (LI Zhiyuan. Radiation effect and
reinforce of radiation resistance for semiconductor device[J]. Electronic Technique, 2006(19):138-141.)

ZHANG Z,LEI Z,YANG Z.et al. Single event effects in COTS ferroeleciric RAM technologies[C]// 2015 TEEE Radiation
Effects Data Workshop(REDW). Boston,MA,USA:IEEE, 2015:167-171.

BENEDETTO J M,BOESCH H E,Mclean F B. Hole removal in thin-gate MOSFETs by tunneling[J]. IEEE Transactions on
Nuclear Science, 1985,32(6):3916-3920.

BB WX A AL R U B R I [ R I ST R (D). KRR 22 R S TR B AR R, 2017,15(2):
148-152. (YIN Qin,CAI Jieming,LIU Shiquan,et al. Research progress on the technology of total dose radlatmn hardened[]].
Journal of Terahertz Science and Electronic Information Technology, 2017,15(2):148-152.)

ARG 2 [8] 4 5 X ' LR 5 4 1F 4k BE B2 W A B ST (D). A R IR R € Tk K 2%, 2012, (HAO Na. The study on
radiation effect of optocoupler[D]. Harbin,China:Harbin Institute of Technology, 2012.)

B, TR ZE B 5. T RN 5 4 RO AR A A SRS 5 SE B TR AR [J]. MR A% R 4R TR, 2017,34(1):86-90.
(LI Zheng,YU Qingkui,LUO Lei,et al. Experimental study on displacement damage of aerospace bipolar and optocoupler
devices[J]. Spacecraft Environment Engineering, 2017,34(1):86-90.)

B 2R XA L A O HURE A A A [ R R AR R A (3 SR R IE ], SR EOL SR TR, 2014,26(8):
084001-1-084001-5. (HUANG Shaoyan,LIU Minbo,YAO Zhibin,et al. Total dose effect on optocouplers subjected to
different dose rate irradiation[J]. High Power Laser and Particle Beams, 2014,26(8):084001-1-084001-5.)

(FH:5E 535 )



