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Fig. 1. (a) The image of the as-fabricated 128x128 MOSFET array; (b) Topological structure of
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the array; (c) Schematic diagram of the MOSFET unit structure;

(d) Magnified view of a single pixel in the array.
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Fig. 2. (a) Schematic diagram of the detection mechanism of MOSFET solar-blind ultraviolet
detector; (b) the experimental output curves under dark conditions;
(c) the experimental output curves under 254nm UV light conditions.
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(b) Photo- response characteristics of device.

B 3 (a) RErm TR IMEROR T I E SO RAT . FEREA 10 s MR
5s JEHRMEL, I GE BT HHARELE 49 pA; HEN 5s B BUG, e RIRERVE
2 100 nA. £ PEH M2 10 e BE 845 3R W 28R A Ao 1Y) 58 2 e BRI o 181 34(b)
SR T AR . BT o @ SO B 10% ETHE 90% T 5 f B ],
TR IE] g WA HLIREAN 90% T B8 A 10% 75 (R [E]12225), pH Uk AS 3] o F1 7a 5351
209 1755 ms 1 82 ms. JEEERMINES KA HL AP AR 5 21 14 HEL R 0 ) A PR HE S
(HAEEN T BT R o AT e, BRAFIIRE IR ENAS] 49 pA S IR 1)
BT K. BIRE W, BT 30 pA X AR TR AR 3 R AETE 30
RA DAS IR B IX (A], IX B IR NGB B, 3 )3 T AR R i v
FUREE, FLRM T IR B G H T AR E R AR R HNE

BE—25, BB VRN X (¥ F P B T A DA FRARIEAT VR0, o 2 E R

R:]photo_]dark (1)

in



Horb Pi ANSDEIIRZE R P=3000 pW/ecm?, 2GR A 1800 um? I ThE ..
T R E BT HIR Lohotor IHLTE Vo=10 V/VD=10V T 254411 R N 849.6 A/W .
A TR EQE Wy (Q2)FRE,

o =&k @)

A-q
Fort RONWARLEE , b B0 ¢ NEAIGHE, A NANSEBAS, g JvIcHAT.
THEA1S EQE N 4.15%10%%, #KIF) EQE £ E AR T 2314 N 54715 5 & 11 6
T i RRN
FAF LRI DYAT H A 2 (3) KR
. R4

— L Na 3
D= 3)

Hrp R AWM, 4 NZIHA, g NICHAT, Lk NEEHEI. THHES RN
D*} 1.82x10" Jones.
AT SE BB AL BE B R R #S AR 2R E R RE K, 3R 1 AT EE T IR Ak SRk

[f] GaxOs J2 HH SRAMARIN & FE 41 (1 %3 S 2k g -
R 1AM HERIMRZS BRI REXT LE

Table 1. Performance comparison of reported Ga>0s3-based solar-blind ultraviolet photodetector arrays

Array Active Tgar/ R/ D*/ EQE/ T/ta
Structure ~ PDCR Ref.
scale Selection A (A/W)  Jones % ms

4x4 MSM No 6x107 1.94x10°!! 634.15 5.93x10" 3.1x10° — — [9]

10x10 MSM Yes 5.6x10° 2.4x10' 55 23x10% 2.7x10* 74 130 [10]

10x10  MSM No 106 1.34x101° 52,77 — 2.7x10% 720 240 [11]
16x16  MISM No >300 2x10% 2188 8.3x10'? — —  — [12]
64x64  MSM Yes 4.8x107 2.73x10°% 167 1.6x10'6  — 200 15 [13]
32x32 MOSFET Yes  3x10° 4x1010 — — — 62 89 [18]

This

128x128 MOSFET  Yes  3.7x10% 1.23x107 849.6 1.82x10'34.15x10° 1755 82 N
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(e) Current imaging result of array.
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28x128 PB-Ga203 MOSFET solar-blind ultraviolet
photodetector array”
LIU Xuyang CHEN Haifeng ' ZHANG Jia  CHEN Chunling ZHU Yahan FENG Zhenfu

JIA Yifan

(Key Laboratory of Advanced Semiconductor Devices and Materials, School of Electronic
Engineering,Xi’an University of Posts and Telecommunications, Xi’an 710121, China)

Abstract
Large-scale Ga,O; solar-blind ultraviolet photodetector arrays are
essential for achieving high-resolution imaging. In this paper, a 128x128
nMOSFET array with a row-column addressing topology is fabricated on
B-Ga,0; grown by atomic layer deposition technology. The array has an
area of 25.6 x 25.6 mm?, with a single pixel size of 170 x 200 um?.The
MOSFET within a single pixel features an effective channel length of 30

um, a channel width of 90 um, a 25-nm-thick Al,Os insulating laver, a 90-

nm-thick B- Ga>O; active region, and a source-to-gate spacing of 10 um.

Under conditions of dark and 254 nm solar-blind UV illumination with
a power density of 3000 uW/cm?, MOSFETs are measured using a BIS05A
semiconductor parameter analyzer. The device exhibits the typical

nMOSFET output characteristics, with dark current Ipg showing a transition

from the linear region to the saturation region, and the current value being

in the range of several tens of nA. Under the saturation region of Vp=Vs=

10 Vi, the device displays a large photocurrent /p, of over 40 pA. The rising

12



response time 7, and falling response time z¢ of device are 1755 ms and 82
ms respectively. The long 7, is attributed to the large photocurrent which
depends on the accumulation of photogenerated -electrons. The
accumulation of high concentration of generated electrons in the channel
and their transport process within the channel result in the prolongation of
the rising process.

Further, a representative area sampling method i1s adopted to evaluate

the current consistency performance of the 128 X128 array. One 10X10

pixel sub-region is selected from each of the four corner areas, the four edge

center areas, and the center area of the array, respectively, and defined as
regions Al to A9. Ipgand Ip, of these 900 MOSFET pixels are sampled from
thes nine uniformly distributed regions across the array. The results

demonstrate the uniform photo and dark current distribution. At Vg =10V,
the average Ipq in the linear region of Vp=2V is 41.5 nA, while the average
In, 1s 13.6 pA, yielding a photo-to-dark current ratio (PDCR) of
approximately 3.28x10°. In the saturation region of V»= 10V, the average
Ipg 1s 123.7 nA and the average Ip, 1s 46 pA, corresponding to a PDCR of
about 3.73x10°. The device characteristics are uniform across the entire
array. In the saturation region, the responsivity (R), specific detectivity (D*),
and external quantum efficiency (EQFE) of the device are 849.6 A/W,
1.82x10" Jones, and 4.15x10°%, respectively. Ultraviolet projection
imaging tests using a hollow-letter mask show that the array can clearly
reproduce the pattern of the ‘XUPT’ letters, indicating good uniformity and
excellent solar-blind UV imaging capability.

This work demonstrates a 128x128 -Ga,O3; MOSFET solar-blind UV
detector array fabricated through collaborative process optimization,

achieving large-area integration with high  responsivity and large

photocurrent. However, the device exhibits a relatively long response time

under current fabrication conditions, limiting its applicability to static or

low-frequency imaging. Ongoing optimization efforts target three key

parameters of material crystallinity, process uniformity, and device

structure to systematically reduce the response time. This work should be

helpful for the development of large-scale, high-pixel-count Ga,0Os
MOSFET image sensors.

13



25.6mm |

;
B 5
3 9 e | s o S J K
e
D.L.L_L_‘L_L =
oy g gy 7y T4 upry
¥4 4 e o —1e]
128x128 2 PR
- B | O :
g _ : -
bt b il L2 H
oy oo o4y oy T4y uy
I
B b B B[R b
Column

40 50 70 80

Column

10 20 30 60

Keywords: B- Ga,03, MOSFET, Solar-blind ultraviolet detection, Detector array

* Project supported by the National Natural Science Foundation of China (Grant No. 62204203 ), and
the Natural Science Basic Research Program of Shaanxi Province of China (Grant No. 2023-JC-YB-
574).

# These authors contributed equally.

T Corresponding author.E-mail: chenhaifeng@xupt.edu.cn
The first author.E-mail: 1xy233798@163.com

14



