: — 10V
10—26: —OV

,I\WM\}AUN\ V’W\/\
| ,nM

S T
H hl |
[ u

H'| .
W L MMWMH&

'H b
I
I

0.01 0.1 1 10
frequency (Hz)

SLFN-2000

(Ultra)Low-Noise Test System
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(Ultra)Low-Noise Test System

The SLFN-2000 is a highly cost-effective test system integrating low-frequency noise
measurement, ultra-low-frequency noise measurement, IV scanning, and transient
response measurement. It features a compact structure incorporating a micro-optical
platform, low-noise current amplifier, spectrum analyzer, and optical microscope. Core
modules utilize imported precision components to ensure exceptional measurement
accuracy, achieving a noise floor as low as 10-28A2/Hz. Supporting both two-terminal and
three-terminal testing, this system fulfills diverse testing requirements.
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Product characteristic parameters
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¢

Bias Voltage Range: +10

Current Resolution: <500fA B <1fA

Frequency Range: 0. 1Hz-100KHz or 0. 01Hz-10Hz
Signal Output Range: 0.2 V. 1 V. 5V, 10V
Current Amplification Factor: 103-10!! or
105-1013

System Noise Floor: 1028 A2/Hz(low frequency)
or 1032 A2/Hz (ultra—low frequency)

Data Averaging Modes: RMS. Vector. Peak
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Product Features

€ fA-level I-V Curve Scanning

& Noise floor:1028 A2/HzE{10-32 A2/Hz

€ Supporting both two—terminal and three-
terminal testing

@ Exceptional cost—performance ratio with
integrated probe station

& User—friendly software interface with

intuitive workflow

€ Dynamic averaging with real-time
visualization (up to 500 averages)
@ Flexible data processing and one—click

export

Changchun New Industries Optoelectronics Tech. Co., Ltd.
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Low frequency 1/f noise
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0.01

Voltage (V)

Photocurrent, dark current

Application direction

® 6 ¢ o

4

1/f Noise Testing and Analysis

RTN Testing and Characterization

DC Current Measurement (500 fA resolution)
Quantum Efficiency and Responsivity
Characterization

Optical Response Time (500 ns transient
analysis)

Reliability Non-Destructive Evaluation (NDE)
Integrated Micro—Probe Station

I-V (Current-Voltage) and I-T (Current—Time)
Scanning

Photocurrent and Dark Current Profiling
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Application Cases

Currently, the SLFN-2000 (Ultra)Low-Frequency Noise Test System has been successfully

deployed at multiple scientific institutions including: Changchun Institute of

Applied Chemistry. Changchun University of Science and Technology. Nanjing University.

Jiangnan University. Henan Normal University. Southwest University. Xiamen University.

Henan Normal University

RESEARCH ARTICLE

ADVANCED
FUNCTIONAL
MATERIALS

www.afm-journal.de

Ferroelectric-Switchable Single Photodetector Implementing

Complex Optoelectronic Logics

Yurong Jiang, Yifan Song, Yan Zhang, Leiming Yu, Suicai Zhang, Xueping Li,

Xiaohui Song, and Congxin Xia*

Optoelectronic logic gates (OELGs) are promising building blocks of edge
extraction, image recognition, and data encryption in logic circuits. However,
implementing complex OELGs based on CMOS devices needs additional

more than ten CMOS devices.!'3! The
multiple components integration inevitably
results in larger chip size, slower opera-
tion speed and increasing manufacturing
e 671

circuit configuration due to the fixed photod ion mode, which inevitabl,
makes the manufacturing process uf chip complicated and large. This work
prop a ferroel witchable photodetector (FeS-PD) in 2D

a-In,Se, [WSe, j which can impl the complex OELG
functions. The FeS-PD exhibits the ferroelectric-tunability between the

ph ltaic and ph ductive mode via the sign and amplitude of
polarization voltage, as well as accompanied by a high current phaln[dark
ratio. A , the latil bility of pk ltaic voltage (of
circuit voltage) dlstmctiveiy enables the bms one input of logics, which
enables a single device to implement the complex XOR and AND logic
functions via programming gate pulse voltage, light input, and bias.
Compared to the traditional CMOS-based logic gate, FeS-PD significantly
reduces the transistor number by 91.7% and 50% for nonlinear XOR and
linear AND logics, respectively. The research provides a simple platform for
on-chip optoelectronic-logic computing circuits.

By optimizing device structure and
adopting new materials and other methods,
high integration, and complex logic func-
tions can be achieved with the minimum
number of devices, and the process-
ing power of visual data sources can be
improved *! Especially, the emerging
2D semiconductor materials, such as
graphene, !l the transition metal dichalco-
genides (TMDs),/"'**] black phosphorus
(BP)!!6-18] et al, have attracted a lot of
attention due to their excellent physical
properties.1% The synergistic combination
of 2D materials with robust gate tunabil-
ity has promoted significant advances
in photodetectors,***! modulators,>**)
and transistors,””! enhancing the func-
tion of photoelectric logic gates based on
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Application Cases

Southwest University
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Unidirectional Bias-Switchable Dual-Mode Organic
Photodetectors Enables Secure Communication and

Gesture Simulation

Haijun Jiang, Yuanhong Hu, Haohong Jiang, Tongzhou Wei, Ke Wang, Lixiang Chen,

Qiaoming Zhang, and Yanlian Lei*

The development of dual-mode organic photodetectors (OPDs) greatly
improves its fumonallty by enablmg selmva spectral detection. This study

State-of-the-art strategies for dual-mode
OPDs typically involve the vertical stack-
ing of photosensitive layers, such as

tions or single ductor

presents a unidi dual-mode OPD that |
selective carrier extraction through the mampuimon of light field
distributions and non-equilibrium ics. This dual-mode OPD
features a simple single-layer structure, allewm! for straightforward one-sided
light incidence and without the need for voltage polarity switching. By
optimizing the blend of poly(4-butyl-phenyl-diphenyl-amine) and non-fullerene
acceptor Y6, the device achieves efficient single-band detection of ultraviolet

arrangements.| " These designs leverage
layers with distinct spectral response bands,
allowing for independent readout and en-
abling dual-mode functionality within a
single device. However, they often require
polarity changes in external voltages for
band switching, as demonstrated in our

(UV) light st low bias and dualband detection of UV and nearnfrared lightat | P'"'o"" Seorke L wiprs pholocuiient

generated in different layers under for-

high bias. This versatilty not only stre CATEEL s ward and reverse bias conditions, thereby
secure optical and 8“’-'“’9 ""k'"B increasing operational complexity. Addi-
vzluabletool for advancing organic The prop :tmagy tionally, the vertical stacking of multiple
universal applicabilif pav;ngﬁlewayfovenhanned security potoeeusibie leyees. pases -Siguificant

and functionality in digital ion systems. B WeH e
L cost-effective  solution-processing  tech-

1. Introduction

Organic photodetectors (OPDs) have attracted significant at-
tention due 1o their unique advantages, including flexibil-
ity, cost-effect and with various
substrates.|!3| Recent years have witnessed substantial advance-
ments in the performance of OPDs, particularly in terms of sen-
sitivity, response time. and spectral range* 'l However. tradi-
tional OPDs typically operate in a single mode, which restricts
their applicability in complex communication scenarios. '
The development of dual-mode operation—where a single device
can respond to multiple spectral bands—offers a promising ap-
proach to enhance the functionality of OPDs.

niques, as achieving solvent orthogonality
among materials with similar molecular
structures complicates the fabrication
process,

An alternative approach is the development of bidirectional
dual-mode OPDs, which can exhibit photoresponse in two dis-
tinct spectral bands depending on the illumination side.*2]
This design facilitates the detection of multiple bands without
the need to switch bias polarity. However, the requirement for a
transparent top electrode complicates fabrication due to issues re-
lated to spectral matching and interface contact in two-sided inci-
dent architectures.*”! Therefore, a unidirectional bias-switchable

detector with a simplified structure and one-
sided illumination is more desirable. To date, unfortunately, such
devices have been scarcely reported

In this study, we d d a unidirectional bi;
dual-mode OPD based on a simple single-layer light- absarhmg

H. Jiang, Y. Hu, H. |iang, T. Wei, K. Wang, L. Chen, Q. Zhang, Y. Lei
School of Physical Science and Technology

Chongging Key Lab of Micro and Nano Structure Optoelectronics
Southwest University

Chongging 400715, China

E-mail: yllei @swu.edu.cn
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unit. By 1 carrier extraction dynamlcs within a pa]vA
TPD: Y6 blended single-layer, comprising poly(4-butyl

dipheviylaniine) AnilA AedAdlerane s plo (Y6), we achmved
spectral-selective detection, enabling ultraviolet (UV) single-band
detection at low bias and UV/near-infrared (NIR) dual-band de-
tection at high bias. This capability allows the device to process
and separate mixed light signals. We propose an encrypted opti-
cal communication application using UV and NIR light, where
mixed information is received at high bias and key data at low
bias. The device also supports five current levels for gesture

© 2025 Wiley-VCH GmbH

ADVANCED
SCIENCE NEWS

ADVéNcED
FUNCTIONAL
MATERIALS

www.advancedsciencenews.com

www.afm-journal.de

W e ) e T ¢ o, —
(- T
10* I | sasdadosssaiiis . v WANRAE RN 18 —av
£ 1 ! su| ||
L % - oo §[ - : B
2y E ynuuunwnny E,
- o«
20 5 AEARAAARAS .
H b :
2 ! ! . \
PRI 300 450 600 750 900 1050
(d) Time ) Wavelength (nm)
% En P s v )
% g 10" — Lnear it Sope-0.90
Lo E“J E,.,a
? £ 107 £
H e i
: £ -
g puts w0 pgigih £ 2100
§  [soeaartam [ s £ -
s 10 100 1,000 gy o 100 10 10 10
b el h, Light intensity ("‘w/"“') P Light intensity (mW/em’)
(8) L (h) )
150] © teheiv 10} a1 kHz —uwvav wofete RV
g £ —u v s | |
= 04| a9 5 1 |
Em i o — 3 06 [ 24 pis l
g T os g 29 IS B 04 | ) ‘
| 8 | s
E z 02 Tpa=24 s 02 | |
1
N \
L] 100 200 300 0.0 035 05 075 10 0.0 025 05 075 10
Impedance Real (ka2) Time (ms) Time (ms)

Figure 3. Dual-mode photoresponse characteristics. ) J~V curves of the dual-band OPD in the dark and under UV (341 nm) and NIR (808 nm) illumi-

nation at an intensity of 1.6 mW cm™2, b) Current-time response curves of

the device under low and high bias conditions. <) Responsivity as a function

of wavelength d) Noise spectral density of the device at low and high bizs. Dynarmic range characteristcs unde the illumination of e) UV (365 nm) and

) NIR (808 nm) light. g) Impedance spectra of the device under white light atland 7V, T !

i) NIR light illumination.

the photocurrent. However, the low concentration of Y6 (poly-
TPD:Y6 = 8:1) limits the formation of an independent transport
channel, requiring photogenerated carriers to transfer to poly-
TPD for conduction, leading to losses through non-radiative re-
combination. Consequently, the photocurrent from NIR irradi-
ation is minimal compared to that from UV irradiation at low
bias (1-2 V). As the voltage increases, exciton dissociation and
charge transport improve, enhancing carrier collection near and
far from the interface, thus increasing the overall photocurrent.
The photocurrent ratio under UV and NIR irradiation exceeded
102 at 0 V but sharply decreased to =7 at 7 V. This enables unidi-
rectional bias-switchable dual-mode detection by leveraging the
differences in photoresponses to UV and NIR light

Figure 3b shows the steady photocurrent-time curves under
pulsed illumination at 341 nm (UV) and 808 nm (NIR), assess-
ing the output current signals produced by this device. A notable
disparity in photoresponse is observed depending on the bias
voltage for UV and NIR light. At a low bias of 1V, the device
generates clear and stable photocurrent signals when exposed to

Adv. Funct. Mater. 2024, 2419686
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under h) UY and

UV light, while the response to NIR light is minimal. In con-
trast, ata high bias of 7'V, the device effectively produces repeat-
able, high-current signals in response to both UV and NIR irra-
diation. This behavior is evident in the device's responsivity and
external quantum efficiency (EQE) (Figure 3c; Figure S5. Sup-
porting Information). At low bias (1 V), the device shows a narrow
single-band UV response due to the narrow-band UV absorption
of poly-TPD (Figure 1b), achieving a maximum responsivity of
~11.3 mA W~" with a full width at halfmaximum of 47 nm, while
the NIR photoresponse remains negligible. This limited NIR re-
sponse is attributed to the poor electron mobility and low elec-
tric field intensity, which hinder the extraction of photogenerated
carriers from Y6. As previously discussed, increasing the electric
field strength enhances the extraction efficiency of photogener-
ated carriers in both poly-TPD (under UV light) and Y6 (under
NIR light). Consequently, as bias voltage increases, both respon-
sivity and EQE improve, particularly in the NIR range, At 7 V,
the device demonstrates efficient dual-band responses, with max-
imum responsivities of 21.3 mA W+ for UV and 10.0 mA W~! for

© 2025 Wiley-VCH GrnbH
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Nanjing University

Application Cases

TR
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= ]

Yu Rong, Feng Zhou'

Fangfang Ren"', Dong Zhou

and Hai Lu

Abstract—p-GaN  Schottky-gate structure E-mode
HEMTs have great potential for irradiation applications,
yet their threshold voltage (Vty) instability is still under
investigation. In this work, by constructing an X-ray
irradiation online itoring sy with dose
and integrated peripheral bias circuit, irradiation dose- and
drain bias-dependent Vry instability are comprehensively
investigated. Under irradiation-only conditions, the device
exhibits a negative Vry shift with low-dose irradiation,
followed by a positive Vty shift with high-dose irradiation.
By performing numerical simulations, Hall measur
and C-V tests, it is revealed that the negative Vry shift is
dominated by the p-GaN activation-induced Vyy instability
mechanism, rather than 1he gate-re!ated hole injection

hani: The corr efficiency of
p-GaN increases from 1. 3% (unlrradialed device) to 1.5%
(0.11-Sv irradiation). Furthermore, acceptor-like defects
are identified as the main cause of positive Vty shift. The
low-frequency 1/f noise experimental results show that
the density of defect states at different doses is higher
than that of unirradiated devices. Moreover, under the
effect of irradi: 1 and drain bias, the device
sIIII exhibits a posiuve Vi shift, which can be explained
by the modified charge storage mechanism. These results
provide important insights into the V1y instability of p-GaN
Schottky-gate structure high el mobility t istors
(p-GaN HEMTs) under irradiation conditions.

Index Terms—Defect fi i Hall
p-GaN activation, p-GaN Schonky—gale structure high elec-
tron mobility transistor (p-GaN HEMT), V14 instability, X-ray
irradiation.

|. INTRODUGTION
-GaN Schottky-gate structure high electron mobility
Plramislors (p-GaN HEMTs) have been widely used in
consumer electronics such as fast charging in recent years,
and also have great potential in irradiation electronic appli-
cations [1], [2], [3]. A notable advantage of p-GaN HEMTs
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X-Ray Irradiation-Induced V7 Instability in
Schottky-Gate p-GaN HEMTs
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Fig. 1. (a) Transfer curve of p-GaN HEMT and (b) electron trappit
effect. (c) Drain bias-induced positive Vry shift and (d) charge storag
mechanism.

compared to MIS HEMTS is that the gate-oxide-free p-Ga
heterojunction is less susceptible to total ionizing dose (TIL
irradiation effect [4], [5]. However, the “floating p-Gal
sandwiched between the gate metal and the channel c:
cause threshold voltage (Vyu) instability [6], [7], [8], [Y
[10]. In particular, Vyy hysteresis (mainly positive shift)
the transfer characteristic [Fig. 1(a)] [7], [8], and OFF-sta
drain bias-induced positive Vry shift [Fig. 1(c)] [6]. [10] hay
been widely reported. The former is generally auributed
the electron trapping effect [i.e., trapping in depleted p-Ga
region and AlGaN/GaN interface, Fig. 1(b)] [7], [9], while t
latter is believed to be the accumulation of net negative chargs
in p-GaN due to charge storage mechanism or hole deficienc
[Fig. 1(d)] [6], [10]. Under irradiation conditions, Vyy shi
behavior of p-GaN gate HEMTSs should be more complex ar
elusive.

A key obstacle limiting research progress is that conductir
irradiation experiments is cumbersome and inconvenient [ 11
requiring  site-specific facilities such as cobalt-60 gamn
source [3] and heavy ion accelerator [12]. Consequently, tl
Vry instability of p-GaN HEMTS remains underexplored. Ve
recently, after the irradiation experiments are completed, tl
TID-induced Vyy; characteristics under dynamic bias stre:
are investigated [13], revealing the hole injection and electrc
trapping mechanisms. Earlier research on GaN materials [14
[15] found that the hole concentration () of p-GaN itse
will change under irradiation-only condition. Therefore, it
crucial to first elucidate the Vyyy instability of p-GaN structur
devices under irradiation-only conditions, and online monito
ing of Vry is preferred to improve test accuracy.
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