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Enhancing Performance of GaN/Ga,O; P-N Junction Uvc
Photodetectors via Interdigitated Structure

Ziling Cai, Xiyao He, Kaikai Wang, Xin Hou, Yang Mei, Leiying Ying, Baoping Zhang,

and Hao Long*

Ga,0;-based Ultraviolet-C photodetector (UVCPD) is considered the most
promising UVCPD at present and is divided into Metal-Semiconductor-Metal
(MSM) and PN junction types. Compared with MSM-PDs, PN-PDs exhibit
superior transient performance due to the built-in electric field. However,
current Ga,0;-based PN-PDs lack consideration for carrier collection and
electric field distribution. In this study, PN-PDs with an interdigital n-Ga,O,
layer and finger electrodes are fabricated on p-GaN/n-Ga,O; epilayers.
Ultrafast response times of 31 ps (1/e decay) and 2.76 ps (fast component)
are realized, which outperforms all Ga,0; UVC-PDs up to now. Under 0 V
self-powered, the responsivity (0.25 A W) of interdigital PD is enhanced by
the interdigital electrode structure due to increasing carriers’ collection
length. Under bias, the performances of interdigital PD with 41.7 A W~!
responsivity and 8243 selection ratios are significantly elevated by enhancing
the built-in electric field in the Ga,O; region, which is 34.76 and 39.4 times
those of traditional PDs, respectively. The intrinsic enhancing mechanism of
interdigital structure is also investigated by interdigital PDs with various
electrode spacings and perimeters. In summary, this paper not only reports a
highly performed interdigitated structure p-GaN/n-Ga,O; UVCPDs, but also
provides guidelines for structure design in Ga,0;-based PN-PDs.

1. Introduction

Solar blind Ultraviolet-C (200-280 nm) photodetectors (UVC
PDs) are widely used in flame sensing, pollution monitoring,
invisible optical communication, ozone monitoring, UV emit-
ter calibration and missile warning.['*! Traditional UVC PDs are
typically based on silicon or silicon carbide. However, their nar-
row bandgaps of 1.14 and 3.2 eV require additional filters to ab-
sorb infrared, visible and UVA-UVB photons, which increases
the cost and instability.*! To address these issues, previous stud-
ies have suggested wide-bandgap materials,>! such as AlGaN, /¢
AIN /"I diamond,!®] ZnMgO,!°! and Ga, 0,.1'*12] However, AlGaN,
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AIN, diamond and ZnMgO suffer from
poor epitaxial quality,['*'*] over bandgaps
and complex alloying processes.[>1¢] g-
Ga, 0, with a 4.85 eV (255 nm) bandgap
has emerged as a promising mate-
rial for UVC PD recently'7 1 due
to its suitable bandgap, high absorp-
tion, and mature bulk fabrication. p-
Ga,0;-based UVC PDs can be classi-
fied into PN hetero-junctions (due to a
lack of p-Ga,0;) and MSM thin film
structures.?>»] Among them, PN junc-
tion PDs with typical n-Ga,0, and other
p-type semiconductors exhibit outstand-
ing advantages, such as low dark cur-
rent, fast response speed and high re-
sponsivity due to the PN built-in elec-
tric field. The photogenerated electron-
hole pairs can be automatically separated
by the built-in electric field,'?3% ren-
dering self-powered photovoltaic sensing
with promising applications in commu-
nication and space detection.[*'*}] Con-
sequently, f-Ga,0;-based PN UVC PDs
have been widely studied in recent years.
For instance, in 2018, Guo et al. combined p-type GaN with
n-type Sn-doped p-Ga,O, to fabricate a self-powered ultravio-
let photodetector.3*) Under zero bias and 254 nm illumina-
tion, the responsivity reached 3.05 A W~1. In 2019, Li et al. re-
ported the achievement of an n-Ga,0,/p-CuSCN core-shell mi-
crowire heterojunction photodetector with a suppression ratio
(Rys4 wn/ Rags wm) ©f 1.15 X 10*, responsivity of 13.3 mA W1, and
rise/decay times of 62 ms/35 ms at 5 V bias.3°] Similarly, in
2019, Yu et al. utilized pulsed laser deposition to grow §-Ga,O,
films on 4H-SiC templates, resulting in the fabrication of a pho-
todetector with a responsivity of 10.35 mA W~! and rise/decay
times of 1 ms/19 ms.3¢] In 2023, Chen et al. reported achieving
7 ms/19 ms rise/decay times by inserting an i-Ga, O, layer into
a self-powered p-GaN/i-Ga,0; /n-Ga,0, (pin) photodetector.l®”]
However, all the above -Ga,0;-based PN UVC PDs employed
pad electrode structures with large electrode spacing and a low
electrode perimeter/area ratio, resulting in inferior carrier col-
lection efficiency at 0 V and a weak electric field at negative
bias.[*®] Interdigital cross-finger structures, whose positive and
negative electrodes are paved periodically with small spacing
(<100 um) have been widely used in piezoelectric filters (Sur-
face/Bulk Acoustic Wave Filter, etc.) and MSM-PDs.[34% Due to
its narrow electrode spacing, the electric fields could be enhanced

© 2023 Wiley-VCH GmbH
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Figure 1. a) XRD phase analysis of the GaN/f-Ga,O; epilayer. b) Rocking curve of the (201) plane of f-Ga,03 on p-GaN. c) Absorption spectrum of
p-Ga, O3 film with inset Tauc plot. d) Cross-sectional SEM image of the GaN/f-Ga, O interface.

under bias, thereby improving carrier diffusion and migration.
Moreover, the high electrode perimeter/area ratio of the interdig-
ital electrode leads to superior carrier collection efficiency and
transient speed under zero bias. In this study, we fabricated the
interdigitated n-Ga, O, layer by etching Metal-Organic Chemical
Vapor Deposition (MOCVD) grown f-Ga, O, thin film and subse-
quently depositing finger electrodes to enhance carrier collection
and built-in electric field strength, rendering a highly efficient
p-Ga,0,; UVC PD. Fast-transient lifetimes (31 ps 1/e decay and
2.76 ps fast decay component) were obtained by this interdigital
structure. The responsivity and UVC selection ratio under self-
powered and bias were also enhanced. Additionally, the mecha-
nism of the interdigital structure effect was further investigated.
This work will contribute to future research on fast and efficient
solar blind detectors.

2. Results and Discussion

Figure 1a shows the X-ray diffraction (XRD) phase analysis of
the p-GaN/n-f-Ga, O, thin films. (201), (402), (603) -Ga,0,, and
(002), (004) GaN related lattice planes were observed, indicat-
ing that the §-Ga,0, grew along the [201] single crystal direc-
tion. Based on our previous work,[*!] the heteroepitaxial #-Ga,0,
film exhibited in-plane sixfold twinning polycrystalline due to
the crystal matching between hexagonal GaN and monoclinic
p-Ga,0,. Half width of 2.32° of the XRD rocking curve on the
Ga, 0, (201) plane (Figure 1b) and the non-polarized Raman spec-
trum (Figure S1, Supporting information) both confirmed the
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good material quality of our -Ga,0,/GaN epitaxial layers.[*?]
Figure 1c illustrates the absorbance of f-Ga,0, film grown on
double-polished sapphire with identical epitaxial conditions. A
bandgap of 4.74 eV was extracted from the Tauc plot of (ahv)?
v.s. hy,[¥3] which corresponded to 260 nm and was suitable for
UVC sensing. Figure 1d displays the cross-sectional scanning
electron microscopy (SEM) image of the GaN/Ga, 0O, interface.
An abrupt and clear interface was confirmed with a 510 nm thick-
ness of #-Ga,0,. Figure S2, Supporting Information presents an
atomic force microscopy (AFM) image of the Ga,0,/GaN het-
erojunction and the stepped structure of GaN/Ga, O, after ion-
coupled plasma (ICP) etching, illustrating the smooth Ga, 05 (Rq
= 1.24 nm) and clear step profile. Hall testing and C-V revealed
hole concentration of 4 X 10" cm™ for p-type GaN films and elec-
tron concentration of 1.65 X 10 cm~3 for n-type f-Ga,O, films
(Figure S3, Supporting Information), which means the depletion
region was mainly distributed in the §-Ga, O, layer.

The device fabrication process and detailed information are il-
lustrated in Figure 2 and Table 1. All interdigital-PDs had con-
stant finger length of 1175 um and device sizes of 1660 pm X
1900 pm. Interdigital-PD groups were constructed with consid-
erations: 1) interdigital-PDs with different mesa finger numbers
(period) for investigating electrode perimeter effect (PD,, PD,,
PD;, and pad-PD in Table 1); and 2) interdigital-PDs with differ-
ent duty ratios and electrode spacing while keeping period num-
ber constant to study the effect of electric field (column compar-
ison in PD;y x_ 103 and PD,y x _ 1y, 4)- Different period num-
bers induced different electrode perimeters, which was proved to
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Figure 2. Process flowchart for the p-GaN/n-p-Ga,O; heterojunction photodetector fabrication.

be essential in PD performance at 0 V (shown later), while differ-
ent duty ratios induced different electric fields at negative bias,
which influenced the device performance under bias.

Figure 3a illustrates the linear current-voltage (I-V) curves
of the interdigital-PD with 11 pairs of fingers (PD, ;). It can be
observed that this interdigital-PD exhibited distinct rectification
characteristics, and the current increased due to the increased
carrier concentration by illumination. This effect is particularly
prominent under reverse bias after 254 nm illumination because
the reverse current at the PN junction is mainly induced by mi-
nority carriers. Figure 3b presents the semi-log I-V curves of
interdigital-PD. Under zero bias, the on/off ratio of 254 nm pho-

Table 1. Summary Table of Parameters for Each PD.

tocurrent to dark current (I, /I4.1) Was greater than 10°, indi-
cating excellent UVC light response characteristics. The photo-
voltaic effect is the main mechanism of PN-PDs working at 0 V.
Figure 3c displays the photovoltaic characteristics of the PD,
and pad-PD. In photovoltaic devices, short-circuit current (I ),
open-circuit voltage (V,.) and fill factor (FF) are key parameters.
I, is the current generated and collected without an external
power source.l’’1 V__is the largest voltage that could be supplied
by this PD. FF is the ratio between the I - V,_ and the largest
power. The I, V.. and FF of PD,; were 1.1 pA, 0.32 V, and
0.38, which were significantly larger than the 14 nA, 0.12 'V, and
0.24 of the pad-PD, respectively, indicating higher photovoltaic

PD, PD, PD, PD-pad
W, /Wy (um) 40/20 40/20 40/20 /
W, (um) 100 140 240 /
W,y (um) 50 (PD;.,) 20 (PD, ) 20 /
60 (PD;;) 40 (PD,,)
70 (PDy3) 70 (PD,.3)
100 (PD,.4)
L (um) 35 (PDy,) 70 (PD,.,) 120 360
30 (PD; ) 60 (PD,.,)
25 (PDy3) 45 (PD,3)
30 (PD,.4)
T (um) 140 180 280 1720
Finger pair numbers 1 9 6 1
Electrode Perimeter (cm) 3.364 2.856 2.1 0.18
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Figure 3. a) Linear |-V curves of interdigital-PD (with circuit schematic inset). b) Linear and semi-log plots of I-V characteristics of interdigital-PD under
300 uW cm™2 254 nm light sources. c) Photovoltaic characteristics of PD; ; and pad-PD under 254 nm light. d) Wavelength response curves of both PDs
at 0V bias. e) Wavelength response curves of both PDs at —5 V bias. f) Relationship between photocurrent and light intensity of both PDs at 0 V bias.

conversion efficiency and better self-powered capability of
) and detectivity ( D* =

L=l
P,S

interdigital-PD. Responsivity (R =
%) are used to characterize the photoconversion capability
of PD, where I, is the photocurrent, I, is the dark current, P, is
the optical power density, gis the elemental charge and Sis the ef-
fective illuminated area. As shown in Figure 3d, under zero bias,
PD, ; exhibited R = 0.25 A W~! @ 264 nm and D*= 3.3 x 102
Jones, which were superior to the 35 mA W~! @ 280 nm and 2.16
x 10! Jones of pad-PD. The higher responsivity of interdigital-
PD can be attributed to the longer carrier collection length (elec-
trode’s perimeter) of the cross-finger structure under the same
device size. The UVC/visible suppression ratio (Rys 1m/Raoo nm)
for interdigital-PD and pad-PD was 55 and 39, respectively.
Interdigital-PD exhibited better spectral selectivity compared
to pad-PD. The blueshift of peak wavelength and higher
UVC/visible ratio in interdigital-PD compared to pad-PD were
ascribed to the smaller exposed area of GaN, which has stronger
absorption in UVA and UVB bands.[*l Under a —5 V bias volt-
age (Figure 3e), the R of PD, ; was enhanced to 41.71 A W™ @
254 nm, compared with the 1.2 A W~! @ 246 nm of pad-PD. With

applying reverse bias, the built-in electric field in the PN junction
increased, leading to a thicker depletion width and more effective
separation of photo-generated carriers. Additionally, the barrier
height of the Ga,0,/metal contact decreased, enhancing the re-
sponsivity. It is worth noting that the enhancement effect was sig-
nificantly higher for interdigital-PD (166 times) than pad-PD (34
times) after applying —5 V bias. This is because the shrunken p/n
electrode spacing resulted in a higher electric field in PD, ;, ac-
celerating the drift velocity of carriers and effectively reducing the
carriers’ scattered probability by defects. The UVC/visible sup-
pression ratio (Ryes um/Raoo nm) ©f PD1; under —5 V was also sig-
nificantly higher (8243), which was more than 40 times higher
than that of pad-PD (209), demonstrating superior spectral selec-
tivity. The enhanced spectral selectivity after reverse bias can be
attributed to the widening depletion region. Since the hole con-
centration of p-GaN was one magnitude larger than the electron
concentration of n-Ga,0; (Figure S3, Supporting Information),
the depletion region was mainly distributed in the Ga,O; layer.
After negative bias was applied, the width of the n-Ga, O, deple-
tion region widened while the p-GaN depletion width was almost
not changed, rendering more efficient separation and collection
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Figure 4. a) Relationship between the perimeter of PDs and their responsivities and spectral selectivity at 0 and —5 V bias voltages. b) The carrier
collection diagram of the PD at 0 V. c) The internal carrier transport diagram of the PD under applied bias.

of UVC photo-generated carriers by the n-Ga, O, layer. As for pad-
PD, since the built-in electric field was smaller than the one in
interdigital-PD, the enhancement effect of the UVC/visible ratio
was also weaker. To present a more intuitive UV-visible light sup-
pression ratio, we provided wavelength response curves for the
devices in logarithmic coordinates (Figure S4, Supporting Infor-
mation). Figure 3f shows the relationship between light intensity
and photocurrent of PD, ; and pad-PD. The power-law equation
Lo = AP’ was used to fit the relationship between photocur-
rent and light intensity, where A is a constant parameter, P is the
light intensity, and 6 is the exponent of the power law.**¢] The
values of 6 for interdigital-PD and pad-PD were 1.09 and 1.08, re-
spectively, with a small deviation from unit, indicating that both
PDs had fewer scattering effects from traps and interface defects.
This also validated the high quality of our epitaxial crystals and
defect passivation in the fabrication process.

To further study the influence of interdigital geometry on
PD’s performance, multiple interdigital-PDs with different fin-
ger numbers and duty ratios were fabricated and compared, as
shown in Table 1. We summarized the responsivities of these
interdigital-PDs in Figure 4a, and found that the perimeter was
the key parameter to determine the R at 0 V. At 0 V bias, the
R and UVC/visible ratio of the PDs solely increased with elec-
trode perimeter which induced higher carrier collection effi-
ciency. Their detailed R~4 curves are shown in Figure S5, Sup-
porting Information. It is interesting to note that in the purple
dash box of Figure 4a, both data points represent 3—4 interdigital-
PDs with the same perimeter but different duty ratio (PD,y and
PD, ). PD, x exhibited responsivity in the range of 0.22 to 0.23
AW, and PD,  fell within the range of 0.24 to 0.25 A W1, re-
sulting in an overlapping appearance in Figure 4a. To distinguish
these overlapping points with distinct features, we presented an
enlarged view of these points in Figure S6, Supporting Informa-
tion. The R and UVC/visible ratios of these PDs coincided with
each other and were solely determined by the electrode perimeter,
proving the essence of the electrode perimeter at 0 V. Based on
this, a simplified schematic of carrier collection in the PD is de-
picted in Figure 4b. At 0 V, photo-generated carriers were first dis-
sociated by a vertical built-in electric field, then horizontally dif-
fused toward electrode perimeter and been collected. Therefore,
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the perimeter was important for self-power status. After applying
reverse bias, as shown in the orange box, the R and UVCvisible
ratio of PDs with the same perimeter but different duty ratios
(thus electrode spacing) diverged. Similarly, in Figure 4c, the in-
ternal carrier transport diagram of the PD under applied bias is
illustrated. Under bias, the depletion region covered the whole
n-Ga, 0, layer, and carriers could drift more efficiently toward
electrodes by electric field. Therefore, the electric field is also
one of the determination factors under bias. With shorter elec-
trode distances (L), the responsivity of PDs increased, as shown in
Figure S5d-e, Supporting Information. In conclusion, the inter-
digital structure in PN-PDs can enhance the carriers’ collection at
0 V by having a longer perimeter and elevate the PDs’ responsiv-
ity under bias by having a larger built-in electric field. To provide
a more detailed explanation of the device’s operation, we plotted
the energy band diagram of the Ga,0,/GaN heterojunction in
Figure S7, Supporting Information.

Response speed is another important parameter in high-
frequency PDs, which determines the optical communication
bandwidth. I-T curves of PD, ; and pad-PD were measured first
by light shutter and Keithley 2450 (Figure S8, Supporting Infor-
mation). Both PDs exhibited swift responses beyond the Keithley
2450 sampling limitation of 20 ms. Therefore, an OPOTEK tun-
able wavelength pulsed laser and oscilloscope were then adopted
to measure the transient decay signal of PDs. The voltage of the
series resistor was recorded by an oscilloscope and converted
into the I-T characteristics of PDs with a sampling interval of
25 ns, as shown in Figure 5a. The transient responses of both
PDs under a 260 nm pulse laser are shown in Figure 5b, c. At0 V
bias, both PDs exhibited super-fast 1/e decay (single exponent
fitting) time of 31 us and 76 ps, confirming good crystalline
quality, high carrier mobility and optimized device structure.
The faster response speed of interdigital-PD can be attributed
to the lower series resistance, resulting in a reduced RC time
constant. After applying a reverse bias of —10 V, both PDs’ decay
time increased due to the gradual release of trapped electrons
and holes under the applied bias, which was in line with other
groups’ reports.3*#’] The response speed of interdigital-PD
under bias was still faster than pad-PD. This is because the inter-
digital electrode enhances the electric field in the photosensitive

© 2023 Wiley-VCH GmbH
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Figure 5. a) Schematic circuit configuration for testing the transient pulse photo response. b) The transient light response curves of interdigital-PD and

pad-PD under 260 nm illumination at b) zero bias; c) —10 V bias

Normalized intensity

1.00
A Bias: 0 V e
w2
g 0.3 0.750
N’
@ 0625
g
'i 0.2 - 0.500
&
2 0.375
.

0.250

0.125

(.00 0.00

260 280 300 320 340 360 380
‘Wavelength (nm)

Figure 6. Response decay process of PD; ; under pulsed laser irradiation
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decay time of the PD).

Ga, 0, region, leading to an increase in carrier velocity. In some
literature, double-exponential fitting was utilized to extract the
fast and slow processes. The fast process reflected the variation
of carrier concentration after the light was off, which reflects car-
rier mobility. The slow process was attributed to the capture and
release of carriers by defects.[*®] In this study, double-exponential
fitting was also conducted to analyze the transient response of
PD, ; at zero bias, as shown in Figure 5b. The fast and slow
decay times were only 2.76 and 31 ps, respectively, which were
superior to the-state-of-the-art results.[343749-51]

Figure 6 shows the contour plot of PD, ;s response decay pro-
cess under varied excitation wavelengths. The orange line repre-

Small Methods 2023, 2301148

2301148 (6 of 9)

sents the PD, ;s 1/e decay time. Across the entire 240-380 nm
wavelength range, the PD’s response speed remained in the or-
der of tens of microseconds, showcasing its exceptionally fast
response characteristics. This highlights the outstanding perfor-
mance of the PD and its suitability for various detection applica-
tions. Excited by photons with wavelengths shorter than 260 nm,
PD showed a longer decay time (150 ps at 240 nm), which was in-
duced by the carriers’ relaxation process from higher conduction
band energy levels to the band edge. The PD exhibited the fastest
response speed under 260 nm light illumination, corresponding
to the coherent excitation of Ga, 0, (4.74 eV by absorption spec-
trum), eliminating the carrier relaxation time.

Table 2 and Figure 7 summarize and compare performances of
Ga,0;-based heterojunction PDs. Both the 1/e decay time of 31
us and fast decay time of 2.76 ps of our devices showed at least 1-
2 orders superior to the past reported of Ga,0;-based PDs. This
ultra-fast response merit can be explained by good material qual-
ity and an optimized interdigital structure. The responsivity and
response time are located in the left-up corner of Figure 7, show-
ing that our interdigital PDs overcame the trade-off between re-
sponse time and responsivity in the Ga,0;-based UVCPD com-
munity. In the future, by employing techniques such as trans-
parent electrodes, optimizing active layer thickness and doping
concentration and enhancing crystal quality, it is possible to fur-
ther improve the device’s responsivity.

The response speeds of multiple sets of PDs are compared in
Figure S9, Supporting Information. Consistent with the impact
of the electrode structure on responsivity, at 0 V bias, the response
time of PDs solely decreased with electrode perimeter. The faster
transient time with a longer perimeter was due to the smaller
resistance, which has been confirmed by the higher photocurrent
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Table 2. Comparison of the performances of Ga,05-based self-powered heterojunction ultraviolet photodetectors to date.

Heterojunction Method of deposition Responsivity [A W] Decay time [ms] Ref
Graphene/vertical Thermal oxidation of GaN 1.85% 1072 @5V 8w [52]
nanowires
Ga,0; nanowire
-Ga,0,/Zn0 PLD 35x 107 @5V 670/9020 ## [49]
f-Ga, 0, /GaN nanowire cvD 2.75x 102 @—10V 0.23% 53]
f-Ga, 0, /SiC MBE 1.8x 102 @—10V 1730/15 220 ## 5]
Ga, 0, /Sb,Se; thin film MBE 9.28 x 107 @0V 0.822%% [54]
Zn0O/Ga,0; core-shell CvD 9.7x 107 @0V 0.9%% [55]
microwire
PEDOTs/Ga,0; cvD 26 @0V 3 [56]
GaN/Sn: Ga,0; p-n PLD 3.05 @0V 18/148 ## 34]
thin film
p-Ga,05/GaN thin films Gallium evaporative in 0.18 @0V @35 [57]
oxygen plasma
GaN/Ga, O, thin films PLD 0.0284 @0 V 70%5 58]
n-Ga, 0, /p-GaN PLD 0.014 @OV 0.318/5.9## 137]
n-Ga, 0, /i-Ga,0, /p-GaN PLD 0.072 @0V 0.19/2.4## 37]
NGr/Ga,0;/GaN Oxidation of gallium 0.0081 @0V 0.02/3.49## [50]
n-Ga,0;/p-GaN MOCVD 0.25 @0V 0.031** @0V This work
416 @5V 0.00276/0.032 ## @0 V
0.105 ** @—5V

D s Single-exponential decay time; ) e Double-exponential decay time.

10000

Fast Speed &
g High Responsivity W24
g 1000 &

o [36]
= *  thi k
& o is wor
= ] m[2s]
‘®
= [41]m ml37]
& H [25] m W |44]
7 10 m42] [39] 88 [23]
[~
1 l aal ol

10° 102 10 10° 10! 10* 10° 10¢
Response time (ms)

Figure 7. Performance comparison of the responsivity and fast compo-
nent response time between this study and other reported Ga,0O; pho-
todetectors.

at 0 V (Figure S10, Supporting Information). When a reverse bias
is applied, the introduction of electric field modulation leads to
a faster migration of carriers with smaller electrode spacing. As
a result, the perimeter was no longer the sole influencing factor
for the response time, and the response time of the photodetector
also decreased with the electrode spacing.
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3. Conclusion

In conclusion, interdigital structures were applied to p-GaN/n-
Ga,0; hetero-junction UVCPDs. Fast transient properties with
2.76 ps fast component and 31 ps 1/e time, high responsivity
with 0.25 A W'@0 V and 41.6 A W~! @-5 V and high UVC
selection ratio of 8.2 x 10° were obtained. The longer electrode
perimeter and narrow electrode spacing of the interdigital struc-
ture not only enhanced the carrier collection efficiency at 0 V, but
also increased the built-in electric field at negative bias, render-
ing a significant improvement in PDs’ performance. Under 0 V
self-powered mode, electrode perimeter is the sole factor deter-
mining static and transient properties, while electrode spacing is
another essential factor under negative bias. This work not only
presented a super-fast and highly performed solar blind PD, but
also investigated the key parameters in designing gallium oxide-
based PN-PDs.

4. Experimental Section

A2 um [0001]-oriented p-GaN layer and a 2 um unintended doped GaN
layer were first epitaxially grown on c-sapphire by MOCVD. Triethylgallium
(TEGa) and oxygen were then used as gallium and oxygen sources to de-
posit 510 nm n-type f-Ga,O5 thin films on a p-GaN template. The growth
of p-Ga, O3 was performed at 800 °C and 40 Torr. The crystalline quality,
carrier concentration and absorption coefficient of these thin films were
characterized using XRD, Raman spectrum, SEM, Hall measurement and
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UV spectrophotometer, respectively. In the fabrication of the interdigital
PN junction photodetector (interdigital-PD), the n-Ga,O5 layer was first
etched by ICP etcher to form the interdigitated mesa structure. f-Ga, 05
mesa structures with various finger pair numbers (6-11 pairs), electrode
spacing (25-70 pm) and mesa width (100-240 um) were designed. Ti/Au
(70 nm/100 nm) metal electrodes were then sputtered on the f-Ga,O;
finger mesa, followed by rapid annealing at 470 °C in nitrogen for 30 s.
Subsequently, Ni/Au (20 nm/100 nm) electrode fingers were deposited on
the exposed p-GaN fingers, followed by rapid annealing at 700 °C in nitro-
gen for 1 min. For comparison, bench-mark PN photodetectors with pad
electrode structures (pad-PD) were also fabricated. The ICP etching depth,
metal thickness and processes were all identical with those of interdigital-
PD, except the mesa design of f-Ga,0O; and metal pattern. The PD re-
sponse properties were measured using the Zolix DSR600 spectrometer
and the Keithley 2450. The transient response curve was recorded using
OPOTEK wavelength tunable (200-1100 nm) pulsed lasers with 20 Hz, a
6 ns pulse width and an oscilloscope.

Supporting Information

Supporting Information is available from the Wiley Online Library or from
the author.
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