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ARTICLE INFO ABSTRACT

Keywords: A novel technique is introduced in this research to increase the surface roughness of metal-organic frameworks
Temperature-dependent photosensitivity (MOF) to enhance the light absorption effect. To this end, porous silicon (PS) was selected as a template and
Photodetectors

zeolitic imidazolate frameworks (ZIF), a subset of MOFs, were deposited on the porous skeleton using the sol-
vothermal method. It was found that the synthesized ZIF layers followed the physical pattern of porous silicon
and developed a porous-shaped MOF thin film. The X-ray diffraction analysis proved the formation of poly-
crystalline ZIF-67 structures on the PS substrate with a dominant crystal orientation of (011). The SEM results
showed the homogeneous formation of ZIF-67 on the top of the PS walls. The porous substrate provided sufficient
nuclei for facilitating the formation of a compact and continuous ZIF top layer. Moreover, the morphology and
crystalline properties of the PS substrate remained intact after the deposition of ZIF structures. The porous-
shaped ZIF-67/PS sample exhibited an intense and sharp photoluminescence peak, reflecting its capability to
capture the incident photon and generate electron-hole pairs. Thus, it can be regarded as a suitable candidate for
light detection applications. The optoelectrical properties of the synthesized samples were further explored by
the metallization of the ZIF/PS structures to fabricate metal-semiconductor-metal photodetectors whose cur-
rent-voltage curves were measured upon exposure to different wavelengths. The photocurrent was found to be
temperature-dependent with outstanding photosensitivity to ultraviolet radiation at lower temperatures.
Therefore, porous-shaped ZIF-67 nanostructures on PS substrates can be a promising candidate for ultra-fast and
highly sensitive UV detectors at low temperatures.

Zeolitic imidazolate frameworks
Porous silicon

Solvothermal deposition
Metal-organic frameworks

1. Introduction polymers, are a group of crystalline materials. The MOFs can be regar-

ded as one, two, or three-dimensional lattice networks composed of

Photodetectors are one of the most important components of optical
integrated circuits to convert the optical signal into an electrical one.
Numerous reports can be found on the fabrication and characterization
of conventional photodetectors based on group III-V mineral semi-
conductors and silicon [1]. In the past few decades, organic semi-
conductors have received much attention for the fabrication of optical
devices [2].

The optical devices based on inorganic semiconductors exhibit faster
detection compared to those developed based on organic semi-
conductors. However, the fabrication of organic-based devices is less
expensive. Therefore, a combination of two types of semiconductors can
provide the advantage of both categories. For instance; the devices
based on the combination of organic and inorganic semiconductors may
offer faster detection at lower fabrication costs [3].

Metal-organic frameworks (MOFs), also known as coordination
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metal ions linked by organic ligands [4]. The MOFs have exhibited
interesting features such as extremely high surface area and tunable
cavity size [5]. Moreover, they play decisive roles in different fields
including gas storage and separation [6], luminescence materials [7],
catalytic [8], magnetic [9], and drug delivery [10]. Regarding their
multifunctional luminescence properties, these organic-inorganic
hybrid materials can provide a versatile platform for luminescence
generation. In MOFs, the metal-ligand charge transfer can add extra
dimension to the photoluminescence functionality [11]; providing
MOFs with the ability to generate various luminescence modes [12].
As a subset of MOFs, zeolitic imidazolate frameworks (ZIF) are
composed of four quadratic intermediate metals such as zinc, cobalt,
copper, and nickel connected to organic imidazolate binders within a
quadrilateral arrangement. Compared to other types of MOFs, ZIF
structures possess better thermal and chemical stability. The poor
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electrical conductivity and low mechanical stability of pristine ZIFs
have, however, limited their application in electronic industries. These
drawbacks could be overcome by depositing ZIFs on a substrate. The
combination of highly porous and adaptable structures due to the
excellent compatibility of ZIFs with other nanoparticles can also pro-
mote several unique properties. Therefore, the deposition of ZIFs on
different substrates can result in various optical and mechanical ad-
vantages [13].

One of the most feasible ways for deposition of ZIF thin films on a
substrate is the solvothermal method which involves crystallization of
dissolved species at high vapor pressures. In this technique, several re-
action parameters (such as temperature, time, pH, and solvent type) can
significantly influence the quality of the final product [14]. In this
method, the reaction solution is a compound mixture of primary mate-
rials. The growth process occurs at the substrate surface and sometimes
within the solution. This growth technique leads to the formation of
polycrystalline films in which the crystals are attached to the surface of
the substrate.

Porous silicon (PS) has drawn a huge deal of interest as a promising
electronic substrate since the discovery of its dominant electrical and
optical properties. The compatibility of porous silicon with silicon-based
electronic technologies has promoted the development of different de-
vices based on the PS [15]. The morphological and structural properties
of PS nanostructures, as well as their optical and electrical performance,
have been the subject of numerous studies [16]. Porous silicon has
elevated internal surface area (~ 200-500 m? cm’3); thus showing
enhanced potential for increased adsorptive effects [17] which can be
used in optical devices. The roughness of porous silicon can promote the
adsorption of molecules and makes it a good substrate for the coating of
optical materials [18].

In the current report, the porous structure of PS is chosen as a sub-
strate to facilitate the formation of ZIF structures using the solvothermal
method. Moreover, the obtained samples provide higher stability, larger
surface-to-volume ratios, and improved optical properties. Therefore,
the optimized ZIF thin films on PS substrates can be used in highly
sensitive photodetectors.

2. Experiment

The PS structures were prepared using photoelectrochemical etching
of n-type Si (100) with an electrical resistivity of 0.4 Q cm. Before
etching, silicon substrates were cleaned chemically by RCA cleaning
technique. The resistivity of Si substrates showed a reduction to 36 mQ
cm after performing the RCA process. Gold thin film (~ 150-nm thick)
was then sputter-coated on the back of the Si wafers and heated at
200 °C for 20 min under Ar flow to facilitate etching by reducing the
resistivity to ~ 2 mQ cm. The photoelectrochemical anodization was
carried out for an etching time of 15 min under a 100 W tungsten lamp
and at a current density of 30 mA cm™2. The composition of chemical
solution used here was hydrofluoric acid (HF; 38-40% w/w) and
ethanol (CoHsOH; 96% w/w) in a volume ratio of 1:2. The etching
process was facilitated by adding Genapol-PF-10 as a surfactant at the
concentration of 0.3%(v/v).

Subsequently, ZIF-67 layers were synthesized on the porous skeleton
of the optimized PS samples using the solvothermal technique. In a
typical procedure, 291 mg cobalt (II) nitrate was dissolved in 16 mg of 2-
methylimidazole which was separately dissolved in 5 mL of methanol.
After complete dissolution of both compounds, PS substrates were
placed in the solution containing the reagents, and the reactor was
placed in an oven at 55 °C for 18 h. In order to study the impact of porous
substrate, the same method was followed to synthesze ZIF-67 on as-
cleaned monocrystalline Si substrate. Here, time of deposition was
varied and the weight of samples was measured before and after depo-
sition for obtaining the same amount of ZIF on the both substrates. A
possible mechanism during the synthesis reaction of ZIF-67 structures
involves the replacement of Co*2 metal ion sources. Here, the reaction
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Fig. 1. XRD patterns of the bare PS and ZIF-67/PS nanostructures.

took place in contact with ligand molecules of 2-methyl imidazole in the
solution at 60 °C.

Next, Au was sputtered to fabricate metal-semiconductor-metal
(MSM) devices with two Schottky back-to-back contacts on ZIF layers.
The distance between the two electrodes was minimized by applying a
paired finger pattern (width: 50 pym, length: 2.8 mm, and separation
distance:120 um) using a metal mask. The exposed area of the fabricated
devices was 0.1 cm?. The optoelectronic properties of fabricated ZIF-67/
PS-based photodetectors were measured using current-voltage charac-
teristics upon exposure to different wavelengths and the darkness. The
measurements indicated the temperature dependence of photocurrent.
To study the effect of working temperature on the optoelectrical char-
acteristics of the fabricated photodetectors, a thermoelectric cooling
element (TEC1-12704) was applied at a voltage of 5 V and a current of
3.2 A to achieve the temperature difference of 50 °C. The devices
showed better efficiency and higher sensitivity to the incident light at
low temperatures.

The morphology of the substrates was also recorded using field
emission scanning electron microscopy (FESEM, MIRA3TESCAN-XMU)
at 30 kV. The structural characteristics were extracted using X-ray
diffractometer (XRD, Phillips APD 3520) with Cu K-alpha radiation (40
keV, 30 mA). The PL analysis were performed using a spectrophotom-
eter equipped with a laser diode source (300 nm, 20 mW) for excitation.
The optoelectrical properties of the devices including their current-time
(I-t) and current-voltage (I-V) curves were recorded using a source-
measure equipment (Keithley 2400, USA) under different ambient
temperatures.

3. Results and discussion

The structural properties of porous silicon substrate after and before
deposition of ZIF-67 are illustrated in Fig. 1. The peak at 20 = 69.5°
appeared in both samples can be assigned to the PS substrate with a
crystal orientation of (100) according to the ICDD powder diffraction file
with reference card no. 01-077-2109. Therefore, the crystalline struc-
ture of the PS substrate remained unchanged after the deposition of
MOF. The working temperature of the solvothermal process was not
elevated too much to destroy the crystal structure of Si walls in the PS
samples. However, a slight decrease can be observed in the intensity of
the PS peak due to the coverage of PS structures by ZIF thin films. The
full width at half maximum (FWHM) of PS peak is 0.157° and 0.150° for
PS and ZIF/PS samples, respectively. Therefore, the crystallite size of PS
was almost preserved after the synthesis of ZIF structures. Three peaks
appeared at 20 = 7.5°, 10°, and 12.5° in the XRD pattern of ZIF/PS
samples which can be related to ZIF-67 with different orientations of
(011), (002) and (122), respectively [19]. The mentioned peaks indi-
cated the formation of pristine ZIF structures on the top of the PS skel-
eton. The dominant peak at 20 = 7.5° suggests the (011) plane as the
favorable orientation of ZIF formation for the growth of ZIF structures



S. Ghafari et al.

Sensors and Actuators: A. Physical 337 (2022) 113443

Fig. 2. The planar and cross-sectional morphology of porous silicon substrate and ZIF-67/PS structure.

J——a ZIF-67

+—bPS
A 1086

) si-0-si [|Si-H

% ] cH CH 956 |0

o 3420 2926 C=N

3 A 1503

5 N-H \  — -
i 1623

2 Ja ° '

b L R
- e

7 vibrational modes of the imidazole ring.

T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

Fig. 3. The attenuated total reflectance (ATR) absorbance spectra of ZIF-67/PS
and bare PS samples.

on top of the walls of PS (100) substrate.

Fig. 2 illustrates the FESEM micrographs of the optimized PS and ZIF-
67 nanostructures on the PS substrate. For the PS substrate, a nearly
uniform distribution of pores with a pore size of ~ 800 nm can be
observed. Here, the pores were substantially wide and randomly
distributed on the entire porous substrate. The cross-sectional view of
the as-prepared PS sample shown in Fig. 2(b) indicates that the Si walls
are distinguished from the pin-shaped sharp holes with lengths of up to
20 um in the Si substrate. Fig. 2(c) shows the planar view of the ZIF/PS

sample. As seen, the ZIF-67 structures are homogeneously formed on the
porous skeleton of PS. The shape of pores for the ZIF samples followed
the morphology of porous substrate with wider pores and thicker walls.
The walls in the PS structure provide sufficient nuclei for epitaxial
growth of ZIF structures, leading to its rapid crystallization on top of the
walls and hence, the formation of porous-shaped ZIF structures. These
observations are in good agreement with XRD results which indicated
that the structural properties of PS remained intact after deposition of
ZIF layers. The cross-sectional view of the ZIF-67/PS sample (Fig. 2d)
confirmed that the entire surface of the PS sample is covered by ZIF
layers with a thickness of ~ 230 nm. Based on the planar and cross-
sectional views, the ZIF structures on the PS substrate are homoge-
neous, compact, and continuous.

Fig. 3 presents the results of attenuated total reflectance (ATR)
spectra of the PS and ZIF-67/PS samples in the wavenumber range of
4000-600 cm ™!, For the PS sample, the peak at 850 cm ' can be
attributed to Si-H termination, while the peaks at 956 em ™! and
1086 cm ™! could be assigned to the Si-O-Si symmetrical bond tension
[20]. Concerning the ZIF-67/PS sample, the absorption peaks at
650-1550 cm ! can be ascribed to the vibrational modes of the imid-
azole rings [21]; while the peaks at 2926 and 1503 cm ™" correspond to
the tensile modes of the CH3 and C=N bonds of the ring, respectively
[22]. The peak at 1623 cm ! can be attributed to the N-H stretching
vibration. The wide peak at 3420 cm ™" is attributable to the C-H aro-
matic stretching mode in ZIF structures [19]. For this sample, the
appearance of an absorption peak at 1086 cm ™! (related to the Si-O-Si
termination) is due to the PS substrate. The ATR results, thus, confirmed
the existence of ZIF-67 structures on the PS substrate. Moreover, the
optical properties of PS substrate were preserved after ZIF formation
which is in good agreement with SEM and XRD findings.

The optical properties of pristine and porous-shaped ZIF structures
were assessed through the reflectance spectra of ZIF-67 on different
substrates of PS and pristine Si as shown in Fig. 4. To this end, the
samples were exposed to UV and visible radiations followed by
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Fig. 4. The reflection spectra of ZIF-67/PS and ZIF-67/Si samples under (a) UV illumination and (b) visible light.
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Fig. 5. The photoluminescence spectra of porous-shaped ZIF-67/PS and plain
ZIF-67/Si samples.

recording their reflection spectra. Under UV illumination (Fig. 4a), a
noticeable reflectance peak can be observed in the case of the ZIF-67/Si
sample. A remarkable reduction (~ 80%) can be, however, detected in
porous-shaped ZIF samples on PS nanostructures, suggesting the
enhanced UV absorption of porous-shaped ZIF samples compared to the
plain ones. The light-capturing in porous shaped ZIF-67/PS sample
under visible illumination (Fig. 4b) is obvious in its reflection spectra as
compared with the plain ZIF-67/Si sample. A ~ 50% decrease can be
observed in the reflection spectra of the porous-shaped sample. Such a
lower reflection coefficient of this sample in the UV and visible ranges
can be assigned to the higher surface area of the porous-shaped ZIF-67/
PS sample which improved its light trapping characteristics. This sample
could be thus a proper candidate for optoelectronic devices requiring
elevated light absorption.

Fig. 5 shows the room temperature PL emission spectra of porous
shaped ZIF-67/PS and plain ZIF-67/Si samples under an excitation
wavelength of 300 nm. In MOFs, the emitted wavelength depends on the
type and concentration of metal ions, ligand structure, and temperature.
The structural properties, environmental effects, porosity, and non-
covalent interactions also play a decisive role in the luminescence of
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Fig. 6. The current-voltage curves of the MSM photodetectors based on flat
ZIF-67/Si and porous-shaped ZIF-67/PS under UV illumination with the
wavelength of 365 nm at RT.

MOFs. Linkers in MOFs are generally aromatic units that work with
carboxylate groups to coordinate metal and ligands. The emission from
aromatic units can be transferred to the visible range due to n-n* and/or
n-n* [23]. Also, molecules are enclosed in organic frameworks, allowing
charge transfer from organic ligands. In the ligands, the charge transfer
energy is inversely related to the oxidation number of the central atom.
This implies that the higher the oxidation number of the central metal,
the easier the electron transfer from the ligand [24].

For both ZIF-67 samples, the dominant PL peak at 425 nm can be
attributed to ligand-ligand charge transfer (LLCT). Because the amount
of deposited ZIF layer in the both samples is equal, the increased PL
emission in the porous-shaped ZIF-67/PS sample is related to its higher
absorption coefficient that is due to its higher surface roughness which
led to the greater rate of electron-hole generation. Therefore, the in-
tensity of the PL peak is higher for this sample compared to the plain ZIF-
67/Si. The FWHM of the PL peak of the ZIF-67/PS nanostructures and
plain ZIF-67/Si was 71 and 82 nm, respectively. The width of the PL
maximum is a suitable indicator of material quality in terms of optical
properties as the PL peak can easily be broadened by impurities or
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structural defects due to the establishment of different interbands,
causing electron transfer with different energies [25]. Accordingly, the
concentration of impurities and defects was lower in porous-shaped ZIF
structures compared to the flat ZIF sample.

To investigate the optoelectrical properties of ZIF nanostructures, the
current-voltage (I-V) characteristics of fabricated MSM UV detectors
were measured at darkness (I3) and under UV illumination (Ipy) with the
wavelength of 365 nm. Fig. 6 shows the I-V curves of the devices based
on porous-shaped and flat ZIF samples at RT. Upon exposure to photon,
the porous-shaped sample showed a tremendous response to produce
significant free carriers for enhanced current conduction. The degree of
change in current for this sample was higher than the one based on flat
ZIF-67. It indicates the enhanced sensitivity of the fabricated UV de-
tectors based on ZIF-67/PS which is due to the higher photon absorption
in this sample. Afterwards, the temperature-dependent electrical char-
acteristics of fabricated devices based on ZIF-67/PS were tested and
compared at 250 K and 300 K. Fig. 7 shows a comparison of the two
curves at different temperatures which indicates the lower dark current
at 250 K (compared to room temperature). The reason for this

phenomenon is the intermolecular process of charge transfer in organic
semiconductors which takes place from ligand to ligand and in defects
and irregularities of the network or potential wells. Thus, the heat-
induced vibration of the network will enhance the electron transfer
from one molecule to the adjacent ones and consequently increase the
dark current. At both temperatures, the photocurrent increased by
declining the incident wavelength. However, the difference between
photocurrent and dark-current is more significant at lower temperatures
(250 K). This observation demonstrates the potential of ZIF/PS struc-
tures to detect UV illumination at lower temperatures. Here, the porous
skeleton of PS substrate which was followed by the ZIF top layer served
as a light-trapping layer and enhanced the rate of electron-hole pair
generation, thus improving the performance of the fabricated device.

The effect of temperature on the optoelectrical performance of
fabricated photodetectors was further explored by varying the temper-
ature from 250 to 300 K and measuring the current gain (Ipp/14) of de-
vices as summarized in Fig. 8 which shows the temperature-dependent
behavior of the fabricated photodetector under different wavelengths.
At all wavelengths, the current gain significantly increased with
decreasing the temperature. At higher temperatures, the difference be-
tween Ipy and 14 was negligible. For instance, under UV radiation (1 =

365 nm), the ratio of photocurrent to the dark current was 4.5 and 0.15
at 250 and 300 K, respectively. However, the fabricated device showed
minimum response to the higher wavelengths (i.e., 525 nm). The in-
fluence of temperature variation was not significant under larger
wavelengths of the visible range.

The charge transfer in organic semiconductors occurs through two
mechanisms; band-to-band transition under illumination and ligand-to-
ligand transition in the darkness. At lower temperatures, the molecular
transitions are reduced, hence, the dark current is decreased. Here, the
only mechanism for charge transfer was band-to-band transition which
was facilitated under illumination at lower wavelengths. At elevated
temperatures, the molecular transitions reduced the band-to-band
transitions and decreased the electron-hole pair generation. Thus,
photocurrent and dark-current were nearly similar at high temperatures.
The mobility of band transfer in organic semiconductors is reversely
proportional to the absolute temperature which can be obtained through
the following equation [26].

uxT"n=1,23 (@)

In the above equation, n shows the dimension of organic nano-
structures. At lower temperatures, the mobility of band transitions is
increased, while the molecular transitions show a decline leading to an
enhancement in light sensitivity at lower temperatures.
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One of the most important parameters in the performance of a
photodetector is its photoresponse. The responsivity of a photodetector
can be determined by [27];

R=1Ip/PxA (2)

where P is the power of incident photon, A denotes the exposed area of
sensor and R represents the responsivity. For the incident power of
0.23 mW and wavelength of 365 nm, the obtained responsivity is
20 mA W ! at RT.

To assess the influence of temperature on the responsivity, the
voltage responsivity (Ry) was defined as the changes in voltage drop per
incident power unit across the sensor. At low incident powers, it can be
expressed by the following equation;

Ry =RxV/L 3)

where R shows the value of responsivity and V is the voltage across the
device [28]. The Ry value of the fabricated photodetector was 3 and
0.5 MV W! at 250 and 300 K, respectively. The temperature depen-
dence of voltage responsivity is plotted in Fig. 9. As seen, the voltage
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drop per unit of incident power was increased in ZIF-67/PS photode-
tector by reducing the temperature.

The noise equivalent power (NEP) can be defined as the lowest op-
tical power required for an output signal-to-noise ratio (Ipp/I4) for the
ZIF-67/PS photodetector according to the following equation:

NEP = +/2el, / R (C))

where R is the responsivity, e represents the quantum of charge, and Iy
stands for the dark current [29]. The temperature dependence of NEP
values is illustrated in Fig. 9. The NEP showed an exponential increment
by the temperature elevation. Therefore, the reduced noise values at
lower temperatures indicate the better performance of the fabricated
devices at lower temperatures.

The detection capability (D*) refers to the ability of the detector to
detect the smallest optical signal. D* can be derived from NEP using the
following equation:

D =VA / NEP 5)

where A is the exposed area of the photodetector [30]. Fig. 10 shows an
increase in the D* value by temperature decrement. The maximum value
of D* (160 x 10'* cm Hz!/2 W) was achieved at 250 K.

Fig. 11 depicts the consecutive current curves of the fabricated
photodetector in response to the pulsed UV illumination. The fabricated
photodetectors were exposed to radiation for a specific duration and
allowed to stabilize. The photocurrent was rised to a saturation value
under radiation followed by a decline upon switching the UV source off.
The rise time was determined as the time taken for the device to achieve
90% of its saturation current; while the recovery time defines as the time
taken for the device to reduce its current from maximum to 10% of its
saturation current. The rise time at 250 and 300 K were 90 and 250 ms,
respectively, while the recovery time was found to be 90 and 160 ms at
250 and 300 K, respectively. Therefore, the detection speed of the ZIF-
67/PS-based photodetector was enhanced at lower temperatures, lead-
ing to faster photosensitivity.
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Table 1
The optoelectrical characteristics of fabricated photodetector based on porous-shaped ZIF-67/PS structures at different temperatures.
Temperature (K) Current Gain Ry (MV W) NEP (fW Hz 1/?) D* (cm Hz'/2W™1) Rise time (ms) Recovery time (ms) BW (Hz)
300 0.8 0.5 70 4.5 250 160 1.4
250 4.6 3 2 160 90 90 3.9

The detector bandwidth (BW) is proportional to the speed of detec-
tion and is reversely proportional to the rise time [31];

BW(Hz) = 0.349/1, (6)

The bandwidth of the fabricated photodetector was 3.9 and 1.4 Hz at
250 and 300 K, respectively. Table 1 lists the electrical characteristics of
the ZIF-67/PS-based photodetector under UV illumination (365 nm) at
different temperatures. The elevated band-to-band mobility of charge
carriers in organic semiconductors at lower temperatures increased the
speed of detection and bandwidth of fabricated photodetectors based on
ZIF-67/PS nanostructures. Moreover, deposition of ZIF thin film on
porous silicon substrate may improve the stability of PS nanostructures.
Theoretically, complete coverage of PS surface by ZIF layers may hinder
its exposure to oxygen molecules and prevent the deviation of surface
terminations over time. However, this concept should be proved by
further experiments.

4. Conclusion

In summary, uniform and high-porosity PS samples were synthesized
using electrochemical etching by incorporating Genapol-PF-10 (0.3%v/
v) as a surfactant into the electrolyte. The optimized PS sample was
chosen as a suitable substrate for the growth of ZIF-67 nanostructures
using a solvothermal deposition method. The ZIF-67 structures were
homogeneously formed on the porous skeleton of PS. The shape of pores
for the ZIF samples appeared to follow the morphology of porous sub-
strate with wider pores and thicker walls. The XRD patterns indicated
that the crystalline structure of PS substrate remained intact after
deposition of ZIF. The appearance of three peaks at 20 = 7.5°, 10°, and
12.5° indicated the formation of pristine ZIF-67 structures on the top of
PS skeleton. The dominant peak at 20 = 7.5° showed (011) as the
favorable orientation for ZIF formation on top of the walls of the PS
substrate. The optical properties were explored via PL spectroscopy and
reflectometry. The intensity of the PL peak for the porous-shaped ZIF-67
on PS substrate was higher than the plane sample on Si which can be due
to its higher surface roughness and greater photon absorption. More-
over, the width of PL peak was lower in ZIF-67/PS nanostructures
compared to ZIF-67/Si which was due to its uniformity and improved
structural quality. This suggests a decline in the concentration of im-
purities and defects in porous-shaped ZIF structures. Therefore, this
sample could be a promising candidate for photodetection applications.
The temperature dependence of the photoresponse properties of fabri-
cated photodetectors was systematically examined to assess the opto-
electrical performance of the ZIF-67 structures. A significant
improvement was achieved in the performance of the photodetector by
cooling the device to lower temperatures due to the charge transfer
mechanisms in the organic semiconductors. In the case of the porous-
shaped ZIF-67/PS, the noise equivalent power and detectivity values
at 250 K were 2 fW Hz!/2 and 160 cm Hz'/2 W™, respectively. The rise
and recovery time under pulsed UV illumination were measured and
compared at 250 and 300 K. The findings revealed the high-speed
performance of ZIF-67/PS photodetectors at lower temperatures. The
calculated bandwidth for the device at 300 and 250 K was 1.4 and
3.9 Hz, respectively, reflecting an improvement in the performance of
the photodetector at lower temperatures. Although the findings of this
research indicated a promising future for MOF-based photodetectors,
further developments are possible through structural engineering of ZIFs
and optimization of device configurations.
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