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The high performance of hybrid perovskite-based devices is attributed to its excellent bulk transport
properties. However, carrier dynamics, especially at the metal-perovskite interface, and their influence
on device operation are not widely understood. This work presents the dominant transport mechanisms
in methylammonium lead iodide (MAPbDI3) perovskite-based asymmetric metal electrode lateral devices.
The device operation is studied with interelectrode lengths varying from 4 um to 120 um. Device char-
acteristics indicate distinct ohmic and space-charge-limited current regimes that are controlled by the
interelectrode length and applied bias. The electric-potential mapping using Kelvin-probe microscopy
across the device indicates minimal ion-screening effects and the presence of a transport barrier at the
metal-MAPDI; junction. Furthermore, photocurrent imaging of the channel using near-field excitation-
scanning microscopy reveals dominant recombination and charge-separation zones. These lateral devices
exhibit photodetector characteristics with a responsivity of about 51 mA/W in self-powered mode and
5.2 A/W at 5 V bias in short-channel devices (4 um). The low device capacitance enables a fast

light-switching response of approximately 12 ns.
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I. INTRODUCTION

Hybrid organic-inorganic perovskites (HOIPs) have
evolved as attractive materials for optoelectronic applica-
tions. These materials have exhibited high performance
in solar cells, photodetectors, light-emitting diodes, neu-
romorphic devices, and lasing applications [1-7]. The
excellent performance of these devices is attributed to their
outstanding bulk transport properties such as long diffusion
length, extended carrier lifetimes, high absorption coef-
ficient, and mobility [8—11]. However, interfacial charge
transport dynamics, especially across the metal-perovskite
interface, are not widely understood. Despite numerous
reports related to devices based on metal-perovskite junc-
tions, the transport dynamics have not been explored in
detail [12—14]. Moreover, the study of carrier transport
in the space-charge regime is not conclusive. One of
the reasons for this discrepancy is that the experimental
studies are carried out on sandwich devices, where ionic
motion affects carrier transport, even under equilibrium
conditions. The present study demonstrates that the lateral
structure is a suitable framework to separate the effects
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of carrier transport and ionic motion. In this work, we
study the carrier transport regimes in a HOIP-based lateral
metal-semiconductor-metal (M-S-M) device as a function
of interelectrode distance and applied bias. The lateral
geometry provides access to spatially probe the transport
parameters such as the local potential and photocurrent
across the device. These spatially resolved measurements
carried out in tandem with the bulk device characteristics
provide a more comprehensive picture of the microscopic
origins of carrier transport that affect the device response.

The transport studies are carried out on lateral back-
contact M-S-M devices, with methylammonium lead
iodide, MAPbI; (MAPI) as the hybrid-perovskite semi-
conductor. Unlike the widely used sandwich device archi-
tecture, lateral devices offer unique advantages such as:
(i) reduced light-absorption losses due to the absence
of stacked layers, (ii) low dark currents, which allow
for small-signal detection, and (iii) low device capaci-
tance, which reduces the RC lifetime, thereby enabling
device operation for high-speed applications [15]. This
work primarily investigates the transport characteristics
of lateral asymmetric electrode devices with dissimilar
work function metals, i.e., aluminum (Al) and gold (Au).
The choice of metal electrode work functions, namely Al
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(¢m=4.1 V) and Au (¢,, = 5.2 eV) in conjunction with
MAPI, allows for selective extraction of the photogener-
ated electron and hole, respectively. In the latter part of
the work, we demonstrate the utility of the lateral device
for photodetector application. Transient measurements on
these devices show a high-speed response component of
approximately 12 ns. These devices also exhibit a high lin-
ear dynamic range of 118 dB, spanning close to 6 orders of
light intensity variation.

II. RESULTS AND DISCUSSION

A. Device operation

The lateral M-S-M devices are fabricated using shadow
masks, printed using a two-photon-polymerization-based
3D printer (Nanoscribe GmbH), and mask-lift-off tech-
niques developed in the laboratory. After sequen-
tial deposition of Au and Al electrodes on the
fused silica substrate, MAPI perovskite is deposited
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(approximately 200 nm) to form the back-contact lateral
device, as shown in Fig. 1(a). The absorption and PL spec-
tra of MAPI films shown in Fig. S1(a) in Ref. [16] indicates
a band gap of 1.6 eV. Additionally, the sharp XRD peaks
(Fig. S1(b) in Ref. [16]) and the morphology (Fig. S1(c)
in Ref. [16]) suggest high crystalline order in these films.
A detailed explanation of device fabrication is provided
in the experimental section of the Supplemental Mate-
rial [16]. As shown in the device schematic [Fig. 1(a)],
[ is the interelectrode channel length, d is the thickness
of the metal electrode (80—100 nm), and w is the width
of the electrode. In this work, we study device charac-
teristics as a function of interelectrode channel lengths
() in the range of 4 </<120 um. In these devices, the
electrode width, w>> 1, is in the range of 2—4 mm. The
cross-section area of these devices is w x d. Fig. S2(a) in
Ref. [16] shows the reflection-microscopy image of the
asymmetric electrode device, with /~12 um. These
devices can be implemented on to a larger area using
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(a) Schematic of the lateral asymmetric electrode device, where / is the interelectrode channel length and d is the thickness

of the metal electrode. (b) Semilog plot of J-V characteristics of the asymmetric electrode device for different values of /. (c) The plot
of the J-V characteristics, normalized to J at 5 V bias. (d) The plot of the rectification ratio as a function of channel length shows that

the rectification ratio increases for short-channel devices.
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interdigitated electrode patterns, as shown in Fig. S2(b)
[16].

Figure 1(b) shows the dark current-density—voltage
(J-V) characteristics on asymmetric M-S-M devices for
different values of the interelectrode distance, /. The mag-
nitude of the dark J at a given voltage increases for the
short-channel devices owing to the higher electric field
(V/l). Additionally, the J-V features indicate a rectifying
behavior in the regime of short-channel devices [Fig. 1(c)].
Likewise, the rectification ratio =J (5 V)/|J (=5 V)|,
shown in Fig. 1(d) shows a sharp increase for the short-
channel devices reaching up to approximately 17 for
=4 um. To understand the nature of the observed cur-
rent, we carry out a closer analysis of the nonlinear J-V
characteristics.

B. Carrier-transport regimes

Figures 2(a) and 2(b) show the log-log plots of the
J-V characteristics for devices with /=12 and 4 um,
respectively, in the positive bias sweep (to the Au elec-
trode). The J-V features are linear (ohmic) at low voltages.
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Beyond a critical voltage, the current increases as /2, sug-
gestive of space-charge-limited current (SCLC) behavior
and is described by [17,18]

VZ

9
JscLe = §M9808rl—3

O]
where uf, g¢ and ¢, represent the SCLC mobility, dielectric
permittivity and dielectric constant of the semiconduc-
tor, respectively. In the expression for the SCLC mobility,
UscLe = 1B, p corresponds to the free carrier mobility, and
0 is the reduction factor due to the carrier-trapping effects
[19]. The J-V characteristic is linear for longer-channel-
length devices (/> 12 um), as depicted in Fig. S3 [16].
However, the transition to the SCLC regime is expected to
occur at much larger voltages in agreement with the scaling
relation [Eq. (1)].

Figure 2(c) represents the device current as a function
of channel length at a bias of 5 V. The current is ohmic
(J o I7") for long-channel devices (/ > 24 um) and scales
as I3 for short-channel devices. If the transport is SCLC, J
should satisfy a scaling relation such that Jsc c=71 (V2/P).
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FIG. 2. Log-log plot of the dark J-V data shows distinct ohmic (cx ¥') and SCLC behavior (o #?) for (a) /=12 um and (b) 4 um
channel, respectively. (c) Variation of dark current density at 5 V as a function of channel length shows an ohmic behavior (o< I~!) for
the long channel length and an SCLC behavior (o< [~3) for the short channel length. (d) Plot of current density, Jscrc as a function of
V2/P for short-channel devices shows a linear dependence, confirming SCLC behavior.
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The SCLC current, Jgcc is estimated considering the
device current to be a combination of the ohmic and space-
charge limited current, such that Jyux = Johmic + JscLc
[20]. (Details related to the estimation of JgcLc are pro-
vided in Sec. 12 of the Supplemental Material [16]). Figure
2(d) is a plot of Jscrc vs V?/P, indicating a linear vari-
ation. The current density in the SCLC region is similar
for both the /=4 and 12 um samples. This confirms that
the transport in these samples is SCLC. Using Eq. (1) and
&, =60 [21,22], the SCLC mobility is determined to be
in the range uscrc ~0.07-0.15 cm?/Vs. These values are
consistent with previous observations of 4 from FET and
contact-based measurements [19,23-26]. The low lateral
mobility in this system is attributed to scattering at the
grain boundaries accompanied by carrier-trapping effects.
Additionally, the plot in Fig. S4 [16] shows the linear
J-V characteristics for positive potential sweep to the Al
electrode [negative bias sweep in Fig. 1(b)] for differ-
ent values of the channel length. It is noted that this
rectifying characteristic is not observed in the case of sym-
metric electrode devices (Fig. S5 in Ref. [16]). Therefore,
the origin of this trend is attributed to the presence of

(a) MAPI

FIG. 3.

a charge-selective transport barrier across either of the
metal-perovskite interfaces. To investigate this further, we
examine the energy levels and band-bending mechanism
across the metal-perovskite interface.

C. Spatial potential mapping

Figure 3(a) shows the band energy levels and the work
function of the metal electrodes in the absence of circuit
formation. The work function of Al and MAPI are deter-
mined to be 4.1 and 5.1 eV, respectively, using Kelvin-
probe measurements (with Au as the reference, details
in the experimental section, Supplemental Material [16]).
The higher work function of MAPI (5.1 eV) attributing a
p-type character is consistent with previous observations
[27,28], and the hole-carrier concentration is estimated to
be approximately 10'* cm™3. Upon forming a contact in
the short-circuit condition, the Fermi level equilibrates and
band bending occurs at the metal-perovskite interface, as
shown in Fig. 3(b). At the AI/MAPI interface, this results
in an electron injection barrier ¢,,=¢,, — x and a hole
injection barrier, ¢u, =1.E — ¢,,, where x and LE are the
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(a) Band alignment diagram of the asymmetric electrode M-S-M device. (b) The device in the short-circuit condition shows

an injection barrier at the metal-perovskite interface. A built-in potential, V4, is developed at the metal/MAPI interface as a result of
Fermi-level equilibration. (c) Schematic of the KPFM experimental setup used for potential mapping. The measured CPD is used to
measure the potential profile across the device. (d) A 2D surface plot of the CPD measured across the device. (¢) The CPD linescan
profile shows a significant potential drop at the AI/MAPI interface and across the bulk of the device. The potential drop across the

Au/MAPI interface is minimal.
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electron affinity and ionization energy, respectively. Sim-
ilar arguments govern the Au/MAPI interface, with an
injection barrier for the electrons and holes represented
as ¢'pn and ¢'yp, respectively. A detailed analysis for esti-
mating barrier heights at the Al/MAPI interface and the
Au/MAPI interface is elaborated in Fig. S6 [16]. This
analysis indicates the presence of a finite injection barrier
for both the carriers at the AI/MAPI interface. In contrast,
the injection barrier for the holes at Au/HOIP is minimal
(approximately 0.1 eV) and can be assumed to be negli-
gible. Additionally, a built-in potential is observed in the
perovskite [in Fig. 3(b)], represented as V}; and V'y; at the
Al/MAPI and Au/MAPI interface, respectively, that arises
as a result of band bending at the interface. In the event
of excess carrier generation, this built-in field facilitates
electron and hole extraction to the Al and Au electrode,
respectively.

The lateral device structure offers the ability to locally
probe and map the potential using Kelvin probe force
microscopy (KPFM). The KPFM technique, depicted in
Fig. 3(c), essentially consists of a conductive tip that
is in intermittent contact with the sample. As the tip is
scanned across the device, a varying dc potential with an
overriding ac bias is applied. At the point of Fermi-level
equilibration between the tip and the sample, the contact
potential difference (CPD), a parameter proportional to the
surface potential, is recorded. Figure 3(d) shows the two-
dimensional (2D) surface plot of the CPD across the device
(2D surface plots representing morphology and CPD corre-
lation are presented in Fig. S7 in Ref. [16]). In concurrence
with the metal work function, the CPD shows a higher
value for the Al electrode and a low value for the Au elec-
trode. Figure 3(e) shows the linescan profile of CPD across
the device. The difference in the CPD value corresponding
to the two electrodes is approximately 0.9 eV, which is in
close agreement with the estimated value of 1.1 eV (Fig.
S6 in Ref. [16]). As expected, we observe a sharp poten-
tial drop across the AI/MAPI interface, which indicates the
presence of a high V},; and an injection barrier at the inter-
face. In contrast, at the Au/HOIP interface, the potential
drop is minimal, suggesting a pseudo-ohmic contact for the
hole carriers. Interestingly, across the bulk of the device,
a gradual reduction of the CPD reveals the presence of
a built-in electric field, indicative of negligible screening
due to the mobile ions at the metal-perovskite interface.
Any degrading process resulting from ion accumulation at
short-circuit operation is minimal [29]. Moreover, in the
presence of low bias and low field conditions, degradation
due to ionic drifts is not significant. It is to be noted that
in our measurements on back-contact lateral devices, the
CPD corresponding to the metal surface is modified due
to the presence of a thin layer (approximately 50 nm) of
the MAPI perovskite, as depicted in Fig. 3(c). However,
the spatial profile is indicative of the potential map across
the lateral structure. This is additionally verified by

imaging the potential profile in the presence of an external
bias.

The previously illustrated transport barrier at the
AI/MAPI interface explains the observed rectifying behav-
ior in these asymmetric electrode devices. Essentially, in
the negative bias condition (positive voltage to Al), an
injection barrier is present for the holes and electrons at the
AI/MAPI and Au/MAPI interface, respectively. However,
a high forward bias current is observed in the presence of
a positive bias, with an efficient injection of holes across
the Au/MAPI interface. Therefore, the determined SCLC
mobility corresponds to the injected hole carriers. The
asymmetry in the J-V (for short-channel devices) shown
in Fig. 1(c) then arises from the fact that Al does not make
an ohmic contact with MAPI.

Previous reports on HOIP-based devices have shown
that the classic SCLC formalism is invalid for systems
with mobile ions [29-31]. The effect of ionic conduction
is especially amplified in sandwich devices with an active
layer thickness in the range of 200300 nm. This results in
a higher electric field (approximately 10° V/cm) with the
dominant voltage drop across the metal/ MAPI interface,
thereby completely screening the bulk even in short-circuit
conditions [32,33]. On the other hand, in lateral structures,
the low electric field (approximately 10? V/cm) across the
bulk of the lateral device [Fig. 3(e)] suggests the minimal
influence of ionic motion.

D. Spatial photocurrent mapping

We study the spatial photocurrent map using a nar-
rowly localized excitation which is scanned across the
lateral device. These results are correlated with the KPFM
data to gain additional insight regarding photocarrier trans-
port in the background of the imaged potential landscape.
The near-field scanning photocurrent microscopy (NSPM)
technique is employed to carry out these studies. The
experimental setup, as depicted in Fig. 4(a), consists of a
tapered optical fiber tip which is integrated with a tuning
fork. Using a resonant-frequency-based feedback system,
the tuning fork and the fiber tip assembly is lowered to
be in close proximity to the device (experimental details
provided in the Supplemental Material [16]). With the
sample-to-fiber-tip distance in the near-field approxima-
tion (<Ax), beyond Abbe’s diffraction limit, spot sizes up
to approximately 100 nm can be achieved [34-36].

Figure 4(b) shows the short-circuit photocurrent (/)
profile as the excitation is scanned across the asymmetric
electrode device with /=22 um. The /,,(x) profile indi-
cates regions of low and high 7, for excitation close to
the MAPI/Al and MAPI/Au interface, respectively. The
higher 7/, close to the Au electrode can be attributed to
the efficient transport of the holes to the Au electrode. A
model for understanding the reduction of the /7, close to
the electrodes needs to be developed. It is to be noted
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(a) Schematic of NSPM setup. A tapered fiber tip in near-field excitation is scanned across the lateral device. (b) 7y (x)

profile obtained for NSPM scan across / =22 um M-S-M device shows the high I, for excitation close to the Au/MAPI interface. (c)
Normalized I, (x) profile as a function of channel length. For the short-channel-length devices, /,(x) tends to a uniform distribution

profile.

that for local excitation, the magnitude of the / is also
controlled by the dark resistance of the channel region out-
side of the illumination zone. The dark interfacial contact
resistance is expected to be relatively higher in the short-
channel devices [37]. Possible origins of the low 7, close
to the Al interface point to high recombination, presum-
ably due to the presence of interfacial traps or a complex
heterojunction.

The influence on the /p(x) profile is also studied as a
function of /, results of which are presented in a normal-
ized plot shown in Fig. 4(c) (raw data in Fig. S8, [16]). For
longer / =56 um, the nonuniformity of the 7, distribution
is skewed towards the MAPI/Au interface. However, for a
shorter channel /=13 um, we see that the /,,(x) peak is at
the center, and the profile tends to a uniform spatial distri-
bution. The dashed line for /=4 um, which is the /p,(x)
estimated using interpolation, also shows a higher degree
of spatial uniformity.

E. Bias-dependence

To understand the microscopic transport features in the
entire regime of device operation, we study the poten-
tial profiles in the presence of an applied bias. Figure
5(a) shows the KPFM images of the lateral devices, with

5 V applied alternately to the Al and Au electrodes (2D
surface plots given in Fig. S9, [16]). In the presence of 5 V
applied to the Al electrode, the measured net potential dif-
ference across the electrodes is greater than 5 V due to the
added contribution of the built-in voltage, i.e., 5 V + V.
On the other hand, when 5 V is applied to the Au elec-
trode, the net potential difference across the electrodes is
less than 5 V or 5V — V},;. Interestingly, the potential drop
across the bulk of the device indicates a gradual reduction,
suggesting a constant electric field (Fig. S10 in Ref. [16]).
In the case of negative bias (i.e., 5V to Al), we observe
a considerable potential drop across the MAPI/Al inter-
face, indicative of a transport-barrier zone. The reduced
dark J in the reverse bias can be attributed to the inability
of hole injection across this barrier. Previous works on lat-
eral devices report dominant ion-migration effects under
high electric fields over long timescales [38,39]. In our
studies, experimental measurements are performed under
conditions of low electric field (<10* V/cm) and shorter
timescales to minimize the influence of ionic motion.

In the presence of an applied bias, the band-bending
directionality allows for photocarrier extraction to the
respective electrodes. This photocarrier extraction effi-
ciency also depends on the carrier mobility and position of
excitation from the collection electrode. Figure 5(b) shows
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(a) CPD profiles from KPFM on M-S-M devices for positive and negative bias of 5 V. Alternately, this indicates 5 V applied

to either Au or Al electrodes. The gradual potential drop indicates a uniform electric field across the device. (b) NSPM scans in
the presence of external bias show the presence of a photocurrent peak that shifts depending on the polarity of the bias. This 7y (x)
asymmetry indicates unbalanced carrier mobility. (¢) Simulation using the finite element method shows the decay of excess electrons
and holes for excitation at.x = 0, under conditions of 1D drift-diffusion transport for different z, values. (d) The normalized J, profiles,
simulated as a function of excitation position across the device, under 1 kV/cm electric field. The profiles indicate a shift in the J,n(x)
peak in the case of unbalanced carrier mobility, which explains the feature observed in (b).

the I, (x) profile obtained from the NSPM technique on the
lateral devices in the presence of both a positive and nega-
tive bias of 5 V. The profile indicates a spatial asymmetry,
where the 7, peak shifts towards the positively biased
(the electron extracting) electrode. This polarity-dependent
Iph(x) asymmetry can be attributed to the unbalanced car-
rier mobility of the hole and the electron. To understand the
microscopic picture of these bias-dependent photocurrent
profiles, we simulate the carrier and photocurrent profiles
using a simplistic one-dimensional (1D) drift-diffusion for-
malism (details of simulation in Sec. 13 of Supplemental
Material [16]). These results emphasize the dominant role
of unbalanced mobility and can be obtained from solving
the transport equation under conditions of steady-state gen-
eration at x = 0, a drift condition assuming uniform electric
field (E =1 kV/cm), and hole mobility, 1, = 100 cm?/Vs
(this represents free carrier mobility in the ohmic regime
of operation) [11]. Figure 5(c) shows the simulated

spatial distribution of the excess photogenerated electrons
and holes. The spatial dependence of excess photogener-
ated carriers can be expressed as

(WE?+°2) — nE
dn(x) = Snpexp | — X
2D

2

where, dng, E, D, and T represent the excess carrier density
at the point of generation, electric field, diffusion coeffi-
cient, and recombination lifetime, respectively. To account
for unbalanced transport, we simulate carrier density pro-
files for different values of electron mobility, ., which is
designated to be a fraction of the hole mobility. Figure
5(c) shows that the electron distribution profiles exhibit a
longer decay length for higher u.. Additionally, the direc-
tionality of hole and electron decay profiles show that holes
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drift in the direction of the electric field, and the elec-
trons drift and decay in the opposite direction. Further, to
verify the profiles observed in the bias-dependent NSPM
experiment [Fig. 5(b)], we simulate the spatial photocur-
rent density profile, J,n(x), which is given as a combination
of diffusion and drift currents

d én

Joh () = Jarite + Jditfusion = SnewkE + eD ™

3)
It is additionally noted that the observed current is a result
of net e-h recombination in the external circuit. Figure
5(d) presents the simulated normalized photocurrent den-
sity profiles for various ./, ratios. The profiles indicate
that, in the case of balanced mobility, i.e., tte=pupn, Ipn
peaks with excitation at the device center. This region of
maxima denotes a zone for the optimal collection of elec-
trons and holes at the respective electrodes. On the other
hand, for unbalanced mobility (i, < u;), the peak shifts
towards the electron-collection electrode. It is additionally

10~ —e—=122 ym
] —+—56 um
1——25um
E 12 ym
J——4m

% -4 -2 0 2 4 8

0.0

0 200 400 600
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FIG. 6.

noted that the carrier lifetime also affects the distribution
profile [as indicated in Eq. (2)]. Overall, the asymmetry
of the /,u(x) points to the lower ut product of the elec-
trons (u.7. < upTy). This interpretation is in agreement
with earlier reports [11,40].

F. Photodetector characteristics

The light-dependent J-J characteristics on lateral
M-S-M devices are shown in Fig. 6(a) under a 532-nm-
illumination condition (26 mW/cm?). The I, increases for
the short-channel devices owing to a higher electric field at
any given voltage. It can also be seen that a short-circuit 7,
is also observed corresponding to the values at '=0. The
directionality of the /,;, confirms the electron extraction
to the Al electrode and holes to the Au electrode. Figure
6(b) shows the variation of the device responsivity with
respect to the channel length. We achieve a responsivity,
R~51 mA/W in the self-powered mode and R~ 5.2 A/W

10 100
Channel length (um)

FAMA, (=50 um, 5V
LDR=118 dB

101-;
1o°-;
1 o9
10"4{®
10 104 105 107 100 T Har A
P (mW/cm?)

(a) Voltage-dependent responsivity characteristics of the lateral devices for 532-nm illumination at 26 mW/cm?. A short-

circuit /p, is observed at 0 V. (b) Variation of the responsivity as a function of channel length under short-circuit conditions and £5 V
bias conditions. (c) Transient photocurrent measurement on lateral M-S-M devices with mixed-phase perovskite (FAMA) as the active
layer. The biexponential fit reveals a fast response time of 11.8 ns followed by a slow component of approximately 112 ns. (d) Variation
of photocurrent with respect to light intensity (A = 532 nm), shows the LDR ~ 118 dB, spanning over 6 orders of intensity variation.
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at 5 V operating voltage for the /=4 um device. This cor-
responds to quantum efficiency, QE = ncarriers/Pphotons =
1240R/). (Wnm/A) of 11.9% and 1212% at 0 and 5V,
respectively. The gain (/n/] gark) Observed in these devices
is about 10> (Fig. S11 in Ref. [16]). The performance
of these devices compares with lateral photodetectors
reported in the literature [13,41,42].

The lateral devices are characterized by low device
capacitance owing to the tiny overlap area across the
two metal electrodes. This results in a small RC value,
which reduces the overall response time of the device [43].
Ipn(f) decay measurements on HOIP-based M-S-M devices
have reported operational speeds in the range of 40-90 ns
[44]. We additionally observe a fast decay component of
11.8 ns [shown in Fig. 6(c)], using transient photocur-
rent measurements on M-S-M devices with mixed-phase
perovskite, FA(gMAg 1sPb(Iog:Bro15); (abbreviated as
FAMA, where FA = formamidium) as the active semicon-
ductor. Such fast response times allow for applications
involving high-speed detectors.

The lateral device structure is characterized by a low
dark current in comparison to the sandwich architecture.
This reduces the noise level of device operation and allows
for weak signal detection, increasing the dynamic range
in these devices. Figure 6(d) shows the linear dynamic
range (LDR) of the lateral device with the mixed-phase
perovskite in the active layer. The device maintains a linear
response over a range spanning 6 orders of intensity varia-
tion, resulting in a LDR = 20 log(Pmax/Pmin) of 118 dB,
where Pyax and Py, correspond to the maximum and min-
imum light power, respectively, which is resolved with
maintained responsivity.

ITII. CONCLUSION

The lateral asymmetric electrode M-S-M devices exhibit
distinct transport regimes as a function of applied bias
and interelectrode distance. The transport shows ohmic
behavior at low voltages and becomes space-charge lim-
ited at high voltage in the short-channel-length devices,
consistent with the SCLC scaling relation. The observed
rectifying J-V characteristic is attributed to bias-direction-
dependent SCLC behavior due to efficient hole injection
across the Au/MAPI interface. The KPFM plots across
the device indicate an electric field in bulk, both in short-
circuit and bias conditions, suggesting negligible ion-
screening effects. In the presence of an applied bias, the
spatial photocurrent profiles are understood in the context
of drift-diffusion formalism, which indicates unbalanced
carrier transport. The lateral devices exhibit photodetection
capability and demonstrate a high responsivity of approxi-
mately 5.2 A/W at 5 V operating bias in the short-channel
structures. In addition to a higher dynamic range spanning
6 orders of intensity variation, the low device capacitance
allows for high-speed applications in the gigahertz regime.
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