©
2018 2020

ZnSe - APD

Practical development of ZnSe-based organic-inorganic hybrid UV-APD array
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The purgose of this study is development of an integration process for

ZnSe-based organic-inorganic hybrid APDs, and realization of a highly sensitive practical integrated
ultraviolet photodetector.

First, we formed a PEDOT:PSS window layer by photolithography and succeeded in obtaining dark

current characteristics equivalent to those of the conventional inkjet method. In addition, the

external quantum efficiency, sensitivity, and multiplication factor were all superior to those of
the conventional method.

Next, a uniform electrode formation method was established by providing Ti/Au external electrodes on
the surface of the PEDOT: PSS window layer, and a 15-element APD array was prototyped. As a result,
the failure rate caused by poor dark current was reduced and the yield rate was improved to 70% or

more.

ZnSe



PET

(LUAG:Pr 20 ns) PET
APD
APD APD
APD Si APD Si
3 1
150V ZnSe GaN SiC ZnO
APD
pn
Si
ZnSe ZnSe
GaAs Si
Si APD 150V GaN SiC
APD 100V ZnSe (
) APD 30V
(MBE) 1998 GaAs -
ZnSSe PIN APD ( )
APD pn APD
10-12A/mm2 ZnSSe
2008
PEDOT:PSS PIN
70 90%
APD 600
PEDOT:PSS
100 500
3 APD
APD
ZnSe APD
ZnSe APD APD
APD
Si GaN
ZnSe SiC ZnO
PEDOT:PSS
APD
PEDOT:PSS
1 APD

1: ZnSe

APD



ZnSe - APD
3
(@)) PEDOT:PSS APD
APD
0.1mm
1x 10"1'A/mm?
(2) Ti/Au APD
Ag Au PEDOT :PSS
PEDOT : PSS Ti/Au APD
31 APD
15 APD
APD
(@)) PEDOT:PSS APD
PEDOT:PSS SEM
2 2(a) PEDOT:PSS i-ZnSSe
2(b) SEM
(a)
5 PEDOT:PSS
PEDOT:PSS|S
3 0.15um
480um S
: <
i-ZnSSe =
200pm

2 PEDOT:PSS

@

30V
~1010A/mm?

PEDOT PSS/i-ZnSSe

10° ;
[
'
L e e i
€ Phatolithography —— !
£ 108]... Inkjet:Printing -+-- = i
$ : : i : :
g P o
= 10 ”””””””” J:"W"’f ”””” [ cTTTTTT :[’
S 1 : : 0
O : , ]
é -10 E . 71
e T T j
P = =l
0 10 20 30
Reverse Voltage (V)
3 ZnSe - APD 1-v



4(a) 4@ 300 440nm 50%

340nm 70% 5.4(b)
PEDOT:PSS 0.8um
0.15um
(@) 100 . - . - (b)|  [Photolithography]
< r Photolithography =—— 7 ;
s 80 | Inkjet Printing === i
g i ]
5 60 .
=
L L _
g 40 - P e N . -
% | e ) [Inkjet Printing]
& 2070 )
g
g 0 L , L ,
3 300 400
Wavelength (nm)
4 APD (@) SEM (b)
APD 5
338 nm 30.15V 6.5A/W 30.26 V
10 A/W Pr:LUAG 310 nm
30.26 V 8.4 AIW
6
He-Cd (A =325 nm)
0.3 um 90
30.83V 3100
..... M, .=3100
3026V 10° H

[EY
o
1
i
1
R N,

= VN Y S
S N 3
3 o A LCE 103 -1
gl BRI E
= WAV S V- s -
o | L. 222 sy 2
(%] =
3} S
O | T TN LNy =
________________________ 10* .
""""""""""""""" Photolithography ——
0] 300 700 200 10° . . InKJet Printing - - -~
Wavelength (nm) 26 28 30
Reverse Voltage (V)
5 6
APD ( )
(2) Ti/Au APD
APD Ti/Au 7(a)
PEDOT:PSS SuU-8 Ti/Au

7(b) 7(b)  TilAu APD 28V



=
Q
(2}

T SR — R —
< i
= 108 fies S SR S—
& |
5 109 foemeeetoeenee Jemmemnn e
© 10 : :
~ 10 .
z 0 s .
10_11"; YYVY _:v_v-v- AAL\AAAARI %v v
1. . .
10 0 10 20 3C
Reverse Voltage (V)
(b)
(b) Ti/Au APD
APD
SU-8 Ti/Au APD 15 APD
APD 8 2-3
9
100
EJ14]
IR 2 e 5 .
R : #02 —
R 107 [ et i #03 ——
i : #04 —
L 10 |ooeenmeboeananans oo Hos —
] : #06
230 11 sl VR —— e #07 —
5 ‘ 408 ——
G 10 . - #09—
Y T #10 ——
g 10 #11—
A ha—
e e e At #14 —
#15—
0 10 20
Reverse Voltage (V)
8 APD
R R
10° ¢ . . . . ; 3
a 3 #1 ——130fF
s f 1 #2 ——200f%
‘g - 1 #3 —150f%
=107} 4 #4 ——380f%
g E 3 #5 ——140f%
£ I 1 #6 —280f%
2 g 1 #12—1501%
£10° | 5 #14——=280f%
ERN: 3
=
10° (TS I ST S
18 19 20 21 22 23 24
Reverce Voltage(V)

9 APD



3 3 0 0

Y. Ichikawa, K. Tanaka, K. Nakagawa Y. Fujii. K. Yoshida, K. Nakamura, R. Miyazaki, T. Abe, H. 49

Kasada, K. Ichino, and K. Akaiwa

High-Gain Ultraviolet Avalanche Photodiodes Using a ZnSe-Based Organic-Inorganic Hybrid 2020

Structure

Journal of Electronic Materials 4589-4593
DOl

10.1007/s11664-020-07970-w

T. Abe, S. Uchida, K. Tanaka, T. Fujisawa, H. Kasada, K. Ando, K. Akaiwa, and K. Ichino a7

Degradation and Its Control of Ultraviolet Avalanche Photodiodes Using PEDOT:PSS/ZnSSe 2018

Organic?Inorganic Hybrid Structure

Journal of Electronic Materials 4385-4387
DOl

10.1007/s11664-018-6365-8

8 0 1
ZnSe - APD
2020 81
2020
ZnSe - APD
2020

2020




ZeSe - APD

2020

2020

Ichikawa Yuki Tanaka Keita Nakagawa Kazuki Fujii Yuta Yoshida Kentaro Nakamura Kaiki Miyazaki Ryuichi
Kasada Hirofumi Ichino Kunio Akaiwa Kazuaki

Abe Tomoki

High gain ultraviolet avalanche photodiodes using ZnSe based organic-inorganic hybrid structure

19th International Conference on Il1-1V Compounds and Related Materials, Zhengzhou, China, Oct. 27-31, 2019

2019

ZnSe

2019

2019

ZnSe

2019 66

2019




ZnSe APD ~ ~

2018 79

2018

K. Nakagawa, T. Kawahara, K. Tanaka, Y. Ichikawa, K.Yoshida, Y.Fujii, T. Abe, H. Kasada, K. Ando, K. Ichino, and K. Akaiwa

Development of high gain ZnSe-based organic-inorganic hybrid ultraviolet avalanche photodiodes

38

2018

(ICHINO Kunio)

(90263483) (15101)




