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Study on photoelectric performance of ultra-small pixel pitch micro-
mesa InGaAs detector

TIAN Yu'?, YU Chun-Lei*, LI Xue’, SHAO Xju-Mei’, LITao’, YANG Bo®’, YU Xiao-Yuan'?,
CAO Jia-Shen’, GONG Hai-Mei™
(1. School of Information Science and Technology, ShanghaiTech University, Shanghai 201210, China;

2. State Key Laboratories of Transducer Technology, Shanghai Institute of Technical Physics, Chinese Academy of
Sciences, Shanghai 200083, China)

Abstract: The pursuit of ultra-small pixel pitch InGaAs detectors necessitates a meticulous approach to addressing chal-
lenges associated with crosstalk reduction and dark current minimization. By developing the fabrication process technol-
ogy of micro-mesa InGaAs detector, a test structure featuring a micro-mesa InGaAs photosensitive chip with 10 pym and
5 um pixel pitch was successfully prepared. Subsequently, a comprehensive investigation was conducted to analyze the
impact of the micro-mesa structure on crosstalk and dark current characteristics of the InGaAs detector. The obtained re-
sults revealed the efficacy of the micro-mesa structure in effectively suppressing crosstalk between adjacent pixels when
the isolation trench etches into the absorption layer. However, a noteworthy challenge emerged as the fabrication pro-
cesses induced material damage, leading to a considerable increase in recombination current and Ohmic leakage cur-
rent. This adverse effect, in turn, manifested as a dark current escalation by more than one order of magnitude. The sig-
nificance of these findings offers a novel perspective for the manufacturing of ultra-small pixel pitch InGaAs focal plane
detectors.

Key words: InGaAs, micro-mesa, crosstalk, dark-current
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Fig. 2 Micro-mesa type InGaAs detector

R T AEXS L A3 B s £ T8 245 4 RS- T B 45 48 2%
P A R AR L R TR AR A
B 5 VA RIS SR T SIN A0 5 J2 00~ T 2 A A4 1) 2 T
HEAT TS e AR 6] — R A} b R s 52 B 1 7 e
R S SR g L AR E s E - WmE 3
F7R

S % ] ADVANCED MEMS /A & 1 IBE150 25
TR Z AL A TR AR bR B VA A . 2k
FME R ZN PR Ars AR R 8 : 2X107 Pa; BT fig
1:500 eV P : 50 mA; A 50 mA . SR T AT
U1 FEE 1 B 5 Vg Al b SIN 20 b 8 JBE RN InP 7E | 3R
ZIh 25T B 20 Pl BOR AT TR AR TR 407
7 Y SiN, 1 InP Z1| T8 [ 2] ok Fof [] 719 OC 3%, SiN_H8
JESF InP () Z) e 25 L 29 4 8.

HF AR TERIE AT 10 pm PO P
WAL BLAR N 5 pom 9 F T 28 B 25 VA 4 20 0l oy 1.2
3 wm BOGEGE AR ZEH , LA 5 wm HUOHE
PHALEAR R 1.5 pum BF- B A 2R 1 pm
HYICHLE R ZE . S T RIR I FEA S D
10-5-0.1.2 3385555 FIiREEH) , 40 10-5-2275 10 wm

InGaAs n’ InGaAs i ‘

InPS.I. InP S.I.
ki EL (nBnp ERIZEEES)

E (Ee3)
u InGaAs n

%ﬂﬁﬂﬂl;ﬂm (ﬁ@ B53)

InPSI

(REREE; EE%MBI%ZI EIZ=EERS)

InGaAs g

InPS1.
HEMNERE (£B253)

InP S.I.

ZUrheatRF,
(RERENEHIEZEZRS)

K3 dihh s T2 s B

Fig. 3 Schematic diagram of device fabrication process

#Jﬁﬂiﬁﬂl’ﬂﬂ&lﬁ (FRERS) F AR

InP S.I.
FEREIERLE (ReRs)

HULBE S wm AL 2 o SRS 25 1 R A9 1565 T AS
o TB5 R g o 92Bn I, (a) S 20 b B 2 VA 1 )
SRR WA TR 2 F IR BUAL, (b) 29 FH SEM 4H
%E’JInGaAsﬂ/%ﬁ (o) S Ef F MEh F S 18]
SR BIF S R 5 V) R R 2 ER IE A VR L ok
T PR [A) TR B B A, 000 09 0.7 pm I
1.4 pm,

2 FLWHERKEITHE
2.1 AamEHEFHAGEER

KT PR 5 ERAE L B 1 254 X & P A 1
il VR, 26— i s 17 A, D5 4 2R R
Bl6fTn. HUERN 1,55 wm MO R H IE -G
J7 RO HUGE YT R i Tl
Bot EAEREGIE, I LR R A goh oG ooik
W, B J o O oT A B PSS TT RO AR i i n
JEHAR G X BRI T B E S
S H AR, T2 T PR B 1 H AR T Z SRR
JUHEZ BARSY . ad ER NS R 10 pm L
ISP T 2R LA B 5 T g 7 ) D' R I R G PR I O
PSR 5 1 25 1 o H e Al 4 1

B T AT ) R S T Al 22 kR R TR A
I f30 5 T s 2 A1 TR 1 DG L RO L TR L
P —H, Ul W6 T R X HS LT B A
FL DRSS R AN TE 7 B o

Y T A P ) R S A A 22 ok e AR
T £ T A5 B9 D' R I RTIDIG R 28 22 /N 7 1 2R
PEROE R DG AL, 1 A eI 5 T 2 % e
(83 A SR A S, R X R B T O 3 wm I,
T p-n4iREE, HEILP B R, WILLR WK 8

H O EET T n
InGaAsn'- InGaAs n

ZUBNGE (RN BInPRUZSEIERS) FHER
VRR I (PRI EAVRREERS)

ﬁ‘JﬁP@w (t‘[é B53)

E
s
FHE DR

(@il]:&)\ﬂ&lﬁlﬂl GaAshiERS)

CIN el el Tl l__-_-_l§
InGaAsn'- InGaAs n° gg

=

%

InP S.I.



AN RSP SN g 2 ¢ 43 %

758
g 020
E: y=0.00935-x-0.03505
Z
5 0.15 1
G
e -
<=
2, 0.10 1
[}
o
2 0.0s /
=
S
“ 0.00 .
0 5 10 15 20 25
Etch Time/min
(a)
2.0
g 1=0.07464-x-0.0146
E 1.5-
G
o -
S 1.0
[=9
Q
=
2 0.5
£
S
= 0.0 : , . .
0 5 10 15 20 25

Etch Time/min
(b)

4 ZPhHERR SIN, A InP 221 flt T4 8 -5 221 et i ] 599 5 2%
Fig. 4 The relationship between SiN_and InP etching depth

with etching time

JIR o

BT ERER ST S pm O 15 pmd”
FBCFL 1 50 #8842 R 5 T TR A, Tk 5 T I S VA A
WERIT ML 4 pm f10. 7 pm, 58 EH 1T um, AT
E T RALGLE AT BRI R T
& 9 Fras B R ge o R 3R S AT TR .
TN 445 48 A B WO ) s i SRR 5 ) R AR
AR 5 2 20k o U R R B 4 R TIOR SR O i A B AH
TR A, 55 Jo P BIORR R R A% 132 1R R AR I 1B A7 5
ST B 25 R R A R GE T TR R RS S
34. 1 mV; il & TRV 25 44 1Y U TR R $R ke
554 0. 326 mV, ER LSS A LU T R4 F 1] 4
TR MERGE R — UL, Y b 25 1 R A
25 B TS5 A8 AT LA A5 R /IME R 2 T
2E N
2.2 WEHEHREFIREBRIREE

BT H PR M 2 A1, S0 g A I R U T

(b)

Ssoo0ow
sooo0om

K5 AR S I < (a) 3 5 4 0 BB 411 45 ) 2R 1R 35

&l 5 (b) 2 wm & &5 VAR 0 13 5 TE A InGaAs TE 3 ; (c) T A T
il Ry

Fig.5 Physical diagram of part of devices: (a) image of de-

vice morphology taken by a confocal microscope; (b) InGaAs

morphology of a 2 um isolated trench micromesa device; (c)

micromesa crosstalk test structure physical diagram

-

Ko HEililaiti .

Fig. 6 Crosstalk test structure diagram.




6 1] M5 4 B/NE RS T InGaAs 800 g8 G L REDFSY 759

103

{ —+—10-5-0-Response Signal
10°{ —+—10-5-1-Respons Signal
~=#—10-5-1-Dark Current
107{ —+—10-5-0-Dark Current

glo“’

10"

1(._B.-___..._....\V

10%

050 025  0.00 0.25 0.50
Voltage/V
@)

102

= 10-5-0-Response Signal
105{ —+—10-5-2-Response Signal
~—10-5-2-Dark Current
107{ —+—10-5-0-Dark Current

§ 10°
10!
108 ﬁ‘y’
108
050 025 000 025 050
Voltage/V
(b)
10°

_1 —+—10-5-0-Respone Signal
10°{ —+—10-5-3-Respons Signal
~=p—10-5-3-Dark Current
10-7 =i 10-5-0-Dark Current

§ 10°
10t
108 "'@1‘
10
050 025 000 025 050
Voltage/V
©

7 PR A 2 b A R WA I Gl 5 A R T 2
AR E ISR L
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vices and planar devices when isolation trenches etching does

not enter the absorption layer
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