
Measurement of charge carrier mobilities in thin films via the space-charge 
limited current (SCLC) method; A practical example

Marzieh Rabiei a,*, Sohrab Nasiri a,b,* , Juozas Padgurskas a, Raimundas Rukuiza a

a Department of Mechanical, Energy and Biotechnology Engineering, Faculty of Engineering, Vytautas Magnus University, Akademija, LT-53361, Kauno r, Lithuania
b Faculty of Mechanical Engineering and Design, Kaunas University of Technology, Studentu Street 56, Kaunas, LT 51373, Lithuania

A R T I C L E  I N F O

Keywords:
Charge mobility
Hole-only device
Electron-only device
Mott-Gurney
SCLC

A B S T R A C T

Study of space charge limited current (SCLC) transport in charge carrier injection is presented. It is shown that 
the accurate and convenient calculation of carrier mobility, which has been neglected in many previous studies 
on transport in optical and electrical devices, is essential to obtain physically meaningful spatial carrier densities 
and field distributions. In this work, the SCLC technique to accurately determine the mobility of holes and 
electrons in organic semiconductors is investigated in detail. Recognizing the importance of balanced charge 
transport to the performance of optical and electronic devices, the fundamentals of SCLC, including Mott-Gur
ney's law, are discussed and its advantages over alternative methods are highlighted. A carbazole-based com
pound is used as a practical example, with single-carrier devices fabricated to selectively measure hole-only and 
electron-only transport. The current-voltage characteristics were analysed in the trap-free SCLC regime (slope ≈
2 in log-log plots), and yielded mobilities of μe =4.02 × 10− 5 cm2V-1s-1 and μh = 1.84 × 10–3 cm2V-1s-1. This 
study not only demonstrates a clear and reproducible method for mobility extraction, but also highlights the 
importance of SCLC measurements under device-like conditions for material selection and performance opti
mization in optoelectronic applications.

1. Introduction

The importance of the mobility of electrons and holes and even the 
realization that there might be differences, emerged in early semi
conductor physics in the mid-20th century, as researchers tried to 
explain why certain devices worked better or worse. In the 1940s-1950s, 
during the development of the first germanium and silicon transistors, 
scientists such as Shockley, Bardeen, and Brattain measured carrier drift 
and diffusion [1–3]. They found that the current-voltage behaviour 
strongly depends on how fast electrons or holes can move through the 
crystal. Mobility was initially determined using Hall effect measure
ments, in which the researchers were able to calculate the drift velocity 
per unit electric field for electrons and holes separately by applying a 
magnetic field [4]. Today, charge carrier mobility is considered a 
fundamental material property, just like the band gap or the absorption 
spectrum. It is measured in almost every semiconductor study because it 
predicts how fast charges can get to where they are needed. It de
termines the power efficiency and the reaction time. Without knowledge 
of charge carrier mobility, it is almost impossible to develop powerful 
and stable optical and electrical devices, as it is not possible to predict or 

control how charges behave inside materials [5]. The mobility of holes 
and electrons describes how easily each type of charge carrier moves 
through a material when an electric field is applied. Electron mobility 
(μₑ) is the measure of how fast electrons can drift through the conduc
tion band of a semiconductor. Furthermore, hole mobility (μₕ) is the 
measure of how fast holes (which effectively represent the absence of 
electrons in the valence band) can move through the material [6,7]. 
They are both defined as, µ= ϑd

E , which μ is the mobility (cm2V-1s-1), ϑd is 
the drift velocity of the carrier (cms-1) and E is the applied electric field 
(Vcm-1) respectively. In most organic semiconductors, the mobilities of 
electrons and holes are not equal, often one of them is much lower, 
resulting in unbalanced transport. High mobility also means that the 
charge carriers can move quickly and with less scattering or trapping, 
which improves the efficiency of the devices [7,8]. There are two known 
techniques for measuring charge carrier mobility: 1) space charge 
limited current (SCLC) and 2) time of flight (TOF) [9,10]. Whether SCLC 
or TOF, is the better-known technique depends on the research context, 
but in modern organic electronics, e.g., light-emitting diodes (LEDs), 
organic light-emitting diodes (OLEDs), and perovskite devices, SCLC is 
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increasingly used and cited because it is easier to implement, works well 
for thin films, and requires only simple current-voltage measurements 
without specialized laser equipment [11]. While TOF, is the classic 
method in semiconductor physics and still valuable for studying thick 
films and bulk transport properties, it is less commonly used in current 
thin film device research, making SCLC the better choice today. SCLC is 
a steady-state electrical method in which a voltage is applied to a single 
carrier device, and the current-voltage (J-V) characteristics in the 
space-charge regime are analysed using Mott-Gurney's law. It is well 
suited for thin films (typically 50–500 nm) and device-like structures, 
requires only simple electrical measurements, and is commonly used in 
organic optoelectronics to extract either hole or electron mobility by 
contact matching. However, SCLC generally provides an effective 
mobility that reflects trap effects and dependencies on operating- con
ditions rather than an intrinsic transit time [12–15]. In contrast, TOF is a 
transient optical-electrical technique in which a short pulse of light 
generates charge carriers at one electrode, and their drift to the opposite 
electrode is monitored under an applied bias voltage. The transit time of 
the charge carriers is measured directly from the transient photocurrent, 
so that the mobility can be derived from the layer thickness, the applied 
voltage, and the drift time. TOF is better suited for thicker films (often 
>1 μm), can measure electron and hole mobility separately by reversing 
polarity, and provides more information about intrinsic transport, but 
requires specialized pulsed light sources and fast detection electronics 
[16,17]. In short, SCLC is simpler, instrument-friendly, and widely used 
in modern organic thin film devices, while TOF is more directly suitable 
for determining intrinsic mobility in thicker samples, but is experi
mentally more challenging. The SCLC method is experimentally 
straightforward and inexpensive, requiring only a single-carrier device 
and standard current-voltage measurements, without the need for 
complex laser setups or high-speed electronics. It is well suited for very 
thin films (tens to hundreds of nanometers), which match the active 
layer thickness of most optical devices. By using selective electrodes, it 
enables the separate measurement of hole and electron mobilities within 
the same material. In addition, SCLC determines mobility under realistic 
device-like conditions, ensuring that the extracted values are directly 
relevant to operational performance. The technique can also reveal 
trapping effects by examining deviations from the ideal Mott-Gurney 
law, providing valuable insight into material purity and defect states 
[18]. A clear explanation of the mobility calculation is essential for 
transparency, reproducibility, and accurate comparison with other 
studies, while a practical example helps to demonstrate the application 
of the method and guide the reader in obtaining reliable results. This 
study is intended as a tutorial or methodological guide, and the pre
sented findings serve as illustrative examples rather than benchmarks 
aimed at establishing new material performance records. The reported 
mobility values are presented with limited significant figures and are 
intended as illustrative examples, as a detailed analysis of measurement 
uncertainties is beyond the scope of this tutorial. In view of the lack of a 
clear explanation in the calculation of mobility and recognizing the 
importance of hole and electron mobility values for selecting materials 
in optical and electrical devices, in this study, we present an in-depth 
discussion of the SCLC technique, along with a practical example 
demonstrating the precise calculation of hole and electron mobilities.

2. Materials and instrumentation

The chemical components and solvents were provided in analytical 
grade and used without further purification. All measurements were 
performed in an air atmosphere. All measurements were performed at 
room temperature (22–25 ◦C) under ambient laboratory air, not in a 
glovebox. The relative humidity during measurements was approxi
mately 40–55 %. No inert-gas atmosphere was used because the purpose 
of this work was to demonstrate the SCLC mobility-extraction proced
ure, rather than to benchmark absolute device performance. The 
current-voltage-luminance characteristics were checked with Keithley 

2400 SourceMeter SMU, Ocean Optic Instruments and Mastech-MS6612 
Optical Meter, respectively. The film thickness was 200 nm. The phys
ical vapor deposition (PVD) deposition rate was 3 Å/s, the annealing 
temperature was 120 ◦C, THF was used as the solvent, and the device 
pixel area was 3 × 3 mm.

3. Results and discussion

3.1. Mott-Gurney law

The Mott-Gurney law describes space-charge-limited current under 
trap-free conditions with constant carrier mobility, derived from Pois
son’s equation and current continuity. It was first developed by N.F. 
Mott and R.W. Gurney in the 1940s when studying electron injection in 
insulating crystals and later became a standard model for organic 
semiconductors [19–21]. The calculation of Mott-Gurney's law can be 
based on two important physical laws; the poisson equation (relates the 
electric field (E) to the charge density (ρ)) (Eq. (1)) [22]: 

dE
dx

=
ρ
ε (1) 

In this equation, ρ=qp(x) for holes (or qn(x) for electrons) and it is 
Gauss’s law in one-dimensional differential form for the electric field 
(E), where ρ is the space charge density (Cm-3), ε is the dielectric con
stant of the material and x is the position coordinate. Within the SCLC 
model, the extracted mobility is inversely proportional to εr; therefore, 
assuming a higher dielectric constant results in a proportionally lower 
calculated mobility, while a lower εr leads to a higher extracted 
mobility. Since εr typically varies within a narrow range for organic 
materials, this mainly causes a systematic scaling of mobility without 
affecting the overall transport trends. In addition, for holes in semi
conductors, ρ(x)=q p(x), where q is the elementary charge (1.602 ×
10–19C) and p(x) is the hole concentration (m-3). Furthermore, for elec
trons ρ(x)=q n(x), where n(x) is the electron concentration (m-3) [23]. If 
Gauss’s law is combined with the drift current equation to establish the 
SCLC derivation, the drift current-only equation for holes (Eq. (2)) is 
[24], 

J=qp(x)μE(x)                                                                                 (2)

Where J is the current density (Am-2), which is constant in the steady 
state, and μ is the mobility of the holes (m2V-1s-1) [25].

By inserting of p(x)= J
qμE(x) into Gauss’ law, Eq. (3) can be set up, 

dE
dx

=
q
ε

J
qμE(x)

=
J

εμE(x)
(3) 

This is the differential equation that links the spatial change of E with 
E itself in the case of pure drift current-only conduction. When inte
grating the electric field profile with multiplication of both sides and 
separation by E (x), Eq. (4) was established. 

E(x)
dE
dx

=
J
εμ (4) 

With integrate once (Eq. (5)); 
∫

E
dE
dx

dx =

∫
J
εμ dx (5) 

On the left, E dE
dx integrates to E2

2 ;
E2

2 = J
εμ x+ C

If we apply the boundary condition and assume E = 0 at x = 0, the 
result is C = 0 and thus Eq. (6); 

E2

2
=

J
εμ x (6) 

So, the Eq. (6) can be written, E =
̅̅̅̅̅
2Jx
εμ

√

Based on the definition of the electrostatic potential based on the 
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applied voltage (V), the electric field in electrostatics is also the negative 
gradient of the potential in Eq. (7); 

E(x) = −
dV
dx

(7) 

Convert to E(x) dx=− dV and integrate from x = 0 (one electrode) to 
x = d (the other): 

∫d

0

E(x)dx = −

∫V(d)

V(0)

dV = V(0) − V(d)

The applied voltage is the potential difference between the elec
trodes, Eq. (8),

V(applied)=V(0)-V(d), therefore, 

V(applied) =
∫d

0

E(x)dx (8) 

With the substitution E=
̅̅̅̅̅
2Jx
εμ

√
in Eqs. (8), Eq. (9) can be considered; 

V(applied) =
∫d

0

E(x)dx =

∫d

0

̅̅̅̅̅̅
2J
εμ

√

x1/2dx =

̅̅̅̅̅̅
2J
εμ

√
2
3

d3/2 (9) 

Solve for J:
(

3V
2

)2
= 2J

εμd
3 � J= 9

8εμV2

d3 , Mott-Gurney law Eq. (10) can be gained. 

J =
9
8

εμ V2

d3 (10) 

3.2. SCLC technique in practical aspect

To apply the Mott-Gurney relation J= 9
8εrε0μV2

d3 , it should be first 
designing a single-carrier diode that conducts only holes or only elec
trons. This means that it can be selected by contacts that are ohmic for 
the desired charge carrier and block for the opposite type (e.g., ITO/ 
4,4′-Cyclohexylidenebis[N,N-bis(4-methylphenyl)benzenamine] 
(TAPC)/ as the connection for calculating the mobility/TAPC/Al for 
holes; ITO/ 1,3,5-Tri(m-pyridin-3-ylphenyl)benzene, 1,3,5-Tris(3-pyr
idyl-3-phenyl)benzene, (TmPyPB)/ as the connection for calculating the 
mobility /TmPyPB/LiF/Al for electrons) [26,27]. Keep the active layer 
uniform and measure its thickness d accurately. Confirm the device area, 
then record a stable J-V sweep from low to higher voltage to avoid 
transients, and plot the data as log J versus log V. At low voltage, it can 
be seen an Ohmic region with a slope of ~ 1; when the injected carriers 
dominate, the curve bends into a region with a slope of ~ 2, the trap-free 
SCLC window where Mott-Gurney applies. Use data points from this 
segment with slope ~ 2, and if material has a non-negligible built-in 
voltage Vbi, replace V with V− Vbi. Insert the dielectric constant εr (from 
literature or measured) and d, then mobility μ can be solved. It is usual to 
use the whole slope ~ 2 and not just a single point, rearrange to 
Jd3

V2 = 9
8εμ and fit a straight line versus nothing (i.e., take the mean) or 

equivalently fit J vs V with d fixed [28]. If the slope is greater than 2, it is 
a trap-limited SCLC. In this case, Mott-Gurney underestimates the 
complexity; either extract a trap-filled limiting stress to estimate the trap 
density, or use an exponential trap or Gaussian DOS model. If the slope 
varies between 1 and 2, check for contact injection barriers, leakage or 
field-dependent mobility; the classical equation assumes constant μ and 
negligible diffusion [29,14]. A few practical hints are helpful: verify 
symmetric forward/backward scans to rule out hysteresis, keep 
compliance limits high enough to reach the SCLC regime without hitting 
series resistance, and avoid Joule heating, mobility drifts with temper
ature. Finally, provide μ with the assumptions you used (trap-free vs 
trap-limited Vbi correction, εr source) so that others can reproduce your 

extraction. In SCLC analysis, plotting log J vs log V is mainly a tool to 
show the power law relationship between current and voltage in a clear, 
quantitative way. When the SCLC model is valid, the current follows a 
relationship of the form J ∝ Vm, where m is the slope in a log-log plot. 
For SCLC without traps, the theory predicts m ≈ 2 [13]. The typical 
current-voltage scaling of SCLC regions is shown in Fig. 1. If the plot J 
versus V directly on linear axes, it can see the curvature, but it is much 
harder to identify exactly where the dependence changes from ohmic (m 
≈ 1) to SCLC (m ≈ 2) or to trap-limited (m > 2). Linear plots also 
compress the low-voltage region and exaggerate the high-voltage re
gion, making the transitions less obvious. Take the logarithms of both 
axes, log J = m log V+constant, the slope m becomes a simple visual 
indicator of the conductivity range [30]. A slope of 1 indicates resistive 
conduction, 2 indicates trap-free SCLC, and higher slopes indicate 
trap-limited behaviour. This log-log approach also works over several 
orders of magnitude of current and voltage, which is common in organic 
semiconductors [31,32]. Using log-log not because the physics is loga
rithmic, the underlying law is still quadratic, but because the logarith
mic scaling makes it straightforward to pinpoint the regime and extract 
the exponent mmm without ambiguity. If the material is free of traps and 
the injected charge carriers dominate over the thermally generated 
charge carriers, the Poisson equation and the drift current Eq. (11)
combine; 

J =
9
8

εrε0μ V2

d3 (11) 

This relationship states that J is proportional to V2. If the slope is 
exactly 2, this mean that the trap-free SCLC regime can be announced. If 
the curve shows a clear kink in the trap-filled-limit (TFL) curve, it can 
treat anything above this kink as “effectively trap-free” Estimate the 
trap-filled-limit voltage from the kink; in the simplest model Eq. (12). 

VTFL =
eNtL2

2ε (12) 

which also gives the trap density Nt and then apply Mott-Gurney only to 
the high-voltage region well above the kink, but replace V with the 
excess bias (VTFL) Eq. (13): 

J =
9
8

εrε0μ (V − VTFL)
2

d3 (13) 

From this concept, μ can be extracted exactly as in the trap-free case, 
and in this way, it is clear whether it really enters the post-TFL regime 
(the slope tends back to ~2 once the traps are filled). If the data never 
settles near 2 and instead maintains a super-quadratic slope, the culprit 
is often field-dependent mobility [33,34]. A very common description is 

Fig. 1. The typical current-voltage scaling goes from the ohmic regime with 
low bias voltage to the shallow trap SCLC regime, the SCLC with trap filled 
limit, and finally the trap-free SCLC.
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Poole-Frenkel- mobility, Eq. (14), 

μ(E) = μ0exp
(

β
̅̅̅
E

√ )
,E=

V
d

(14) 

which leads to the Murgatroyd expression for SCLC (Eq. (15)), 

J =
9
8

εrε0μ0
V2

d3 exp

(

0.891β
̅̅̅̅
V
d

√ )

(15) 

In practice, ln ( J
V2 ) is plotted against 

̅̅̅̅̅
V
d

√
. The slope gives 0.891 β, 

and the intercept gives μ0. In this way, it can specify both a zero-field 
mobility and its field activation parameter, which corresponds to real 
organic films much better than forcing a trap-free fit [35,36]. There is 
also the exponential of trap (Mark-Helfrich), in which an exponential 
trap distribution results in J∝Vm+1 with m=Tt

T . The logarithmic slope 
immediately gives m, from which the characteristic trap temperature Tt 
can be derived. Mobility extraction in this model is possible but highly 
model-dependent; most researchers still combine this with a TFL anal
ysis (for Nt) or proceed to Murgatroyd fitting to obtain μ0 robustly [37,
38]. If the slope is < 2, it is not in the classical trap-free SCLC regime, so 
the simple Mott-Gurney extraction is not valid. Either fix the cause of the 
sub-square slope and then use Mott-Gurney, or switch to a different 
model/technique.

3.3. Device structures for the application of the SCLC technique

SCLC measurements intentionally use devices that contain only holes 
or only electrons, since Mott-Gurney's law only applies to the transport 
of a single carrier. When both holes and electrons are injected, the 
measured current no longer originates from only one type of charge 
moving under space charge confinement, but recombination occurs in 
the bulk, charge balance effects and possibly different mobilities for the 
two carriers [39]. This breaks through the simple physics behind SCLC. 
It should be noted that in this technique, single-carrier devices should be 
designed since the goal is to measure only one type of carrier mobility 
(either holes or electrons) without interference from the opposite car
riers or additional recombination effects. If the device has multiple 
active layers or a blend of different materials, both electrons and holes 
might be injected and transported. This would lead to recombination, 
causing the J-V curve to deviate from the ideal SCLC model. Further
more, according to the Mott-Gurney law for trap-free SCLCs, only one 
layer of uniform material with constant permittivity ε and mobility μ can 
be considered [40]. In the previous example [ITO/
TAPC/compound/TAPC/Al], both the anode side (ITO + TAPC) and the 
cathode side (Au + TAPC) are energetically aligned with the highest 
occupied molecular orbital (HOMO) of the tested compound, enabling 
efficient hole injection from both electrodes. This ensures that no elec
trons are injected, so that the measured current originates exclusively 
from holes. In addition, the use of TAPC ensures symmetrical contacts on 
both sides, avoiding differences in injection efficiency between the two 
electrodes. If the transport layers were different, one side could limit the 
injection due to an energy barrier, which would make the current in
jection- limited rather than space charge limited. In addition, the same 
hole transport layer (TAPC) creates a uniform electric field over the 
active layer on both sides, so that the assumptions of Mott-Gurney's law 
are more valid. This also allows a fair comparison of different com
pounds under identical injection conditions. When selecting adjacent 
materials, it should be considered that the HOMO of the hole transport 
layer (HTL) should be close to (or slightly above) the HOMO of the test 
compound and close to the anode work function (ITO/MoO3, Au, etc.). 
As a rule of thumb, the barrier for the hole entry should be ≲ ~0.3 eV. In 
contrast, choose an HTL with a high LUMO (large gap) so its LUMO sits 
well above the compound’s LUMO, this suppresses electron injection 
and helps maintain a true hole-only current. A sizable LUMO offset (≥
~0.5 eV is a good target) ensures that electrons do not escape from the 

opposite electrode into the HTL/compound, which would spoil the SCLC 
regime and bend the log J-log V slope away from 2 [41,42]. Taking into 
account, keep the HTL layers thin enough to avoid big series resistance 
but continuous to eliminate pinholes (often 10–30 nm works). Use the 
same HTL on both sides (e.g., ITO/TAPC/compound/TAPC/Al) so con
tacts are symmetric and the internal field is closer to uniform. Use high 
work function anodes (ITO with a thin MoO3, or Au) to minimize the 
hole barrier, and avoid low work function cathodes that could inject 
electrons. Au as the counter electrode is common in hole-only stacks 
(Fig. 2-a). Upon biasing (ITO positive, Al negative), holes are readily 
injected from ITO into TAPC and then into the compound layer. At the 
opposite contact, the TAPC/Al interface, because of energy-level 
mismatch effectively blocks electron injection and is non- ohmic for 
holes, so the device behaves essentially as hole-only. The injected holes 
drift through the compound layer, but in the absence of compensating 
electrons they partially accumulate, building a positive space- charge 
density (Fig. 2-b). This space charge distorts the internal electric field 
weakening it near the cathode and strengthening it near the anode and 
thereby limits the current itself, i.e., SCLC. If traps are present, holes are 
initially captured and the current is low (injection/ohmic regime). As 
the voltage increases, the traps become filled and the I-V slope increases 
sharply at the trap-filled limit (TFL). In fact, with applying the voltage, 5 
happens can be occurred [43–48]; 1) Starting the process (connecting 
the voltage source); ITO acts as the positive electrode (anode) and Al as 
the negative electrode (cathode), and the applied voltage shifts the en
ergy levels on both sides relative to each other. 2) Hole injection from 
the ITO into the TAPC layer; since the HOMO of the TAPC is almost 
aligned with the work function of the ITO, holes are injected without a 
significant barrier from ITO into TAPC. In addition, the holes then easily 
move from TAPC into the compound layer because their HOMO levels 
are close in energy. 3) Hole injection from the Al side; Al is typically 
good for electron injection, but the TAPC layer in front of it has a high 
LUMO that blocks electrons from entering. Instead, holes are injected 
from Al into TAPC (with a small or moderate barrier), especially when 
the applied electric field assists this process at higher voltages. 4) 
Single-carrier (hole-only) current; because the high LUMO of TAPC 
blocks electron injection, the total current is carried entirely by holes 
traveling through the compound layer when the holes are injected from 
both sides, but the anode side usually has stronger injection. 5) SCLC 
regime; at higher voltages, a large number of holes are injected into the 
compound layer, and the internal electric field is modified by the 
accumulated charges. This is the SCLC regime, where the current follows 
the Mott-Gurney law, and in this condition, the current is no longer 
injection-limited but is controlled by the charge transport capacity of the 
material.

3.4. Practical example

In this study, a carbazole-containing dye was selected as an example; 
its chemical structure is provided in Fig. 3 [49].

3.4.1. Calculation carrier mobility by SCLC technique
According to the above explanation, first of all the fabricate hole only 

and electron only devices was done by solution process for active layer 
(compound) and physical vapor deposition (PVD) to deposited Al and 
LiF/Al as well. Due to the interpretation of previous section, the devices 
structures are illustrated in Fig. 4. The impressive notice is using lithium 
fluoride (LiF), when Al is evaporated onto an ultrathin LiF layer 
(≈0.5–1.0 nm), a strong interfacial dipole (and interfacial chemistry) is 
formed at the interface, which lowers the effective work function of Al 
and drastically reduces the barrier for electron entry into the organic 
LUMO. The cathode becomes nearly ohmic to electrons, so that the 
current is governed by the space charge in the bulk rather than by in
jection across a Schottky barrier. In this state, after the traps are filled, 
the device exhibits Mott-Gurney behaviour (J α V2

d3 ), from which the 
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electron mobility can be reliably derived [50]. Without LiF, Al often 
injects the electrons poorly into typical organic materials, the injection 
is contact-limited, the logJ-logV, slope deviates from ~2 (even after the 
trap-filled limit), and any mobility derived from this is not trustworthy, 
since the probing concerns the barrier, and not the bulk transport. It is 
worth mentioning that, LiF is not suitable for hole-only SCLC. At the 
LiF/Al contact, it lowers the work function and enhances electron in
jection, while providing a non-ohmic contact for holes. The current 
becomes injection-limited and bipolar, the J α V2 regime is distorted, 
and the extracted hole mobility (μh) is unreliable [24,12,51]. The 
current-voltage characteristics of the electron-only and hole-only de
vices are shown in Fig. 5-a and b, respectively. Following the standard 
SCLC procedure, both axes were transformed using natural logarithms 
(Ln J versus Ln V), as presented in Fig. 6. The voltage region exhibiting a 

slope of approximately 2 was identified (Fig. 7), and linear fits were 
applied to this region (Fig. 8). The corresponding linear equations for 
the slope-2 region are reported in Fig. 9 as Ln J = 2.05 Ln V − 6.51 for 
the electron-only device and Ln J = 2.11 Ln V − 2.69 for the hole-only 
device, with slopes close to the ideal SCLC value of 2. Using these in
tercepts (− 6.51 and − 2.69) together with Eq. (11), the carrier mobilities 
were subsequently extracted. 

J =
9
8

εrε0μ V2

d3 or J =
9
8

εrε0

d3 μ V2 

as 9
8

εrε0
d3 and d = 200 nm = 2 × 10–5 cm, also εr~3 (εr~3 is a widely 

accepted and literature-supported value for π-conjugated organic com
pounds such as carbazole derivatives, and is commonly used in SCLC 
benchmarking studies [52–54]), and ε0=8.854 × 10–14 F/cm, therefore,

J = 37.33 μV2 with using Ln in both side, Ln J= Ln 37.33+ Ln μ + Ln 
V2 �

Ln J= Ln 37.33+ Ln μ + 2 Ln V � Ln J = 2 Ln V + (Ln μ + Ln 37.33), 
therefore, the slope is 2 and intercept is (Ln μ + Ln 37.33), taking into 
account Fig. 9, (Ln μ + Ln 37.33) = − 6.51 for electron device and (Ln μ 
+ Ln 37.33) = − 2.69 for hole device respectively.

For electron device; (Ln μe + Ln 37.33) = − 6.51 � (Ln μe + 3.61) =
− 6.51 � Ln μe= − 10.12, with using exp; 

με = exp(− 10.12)⇒με = 4.02 × 10− 5cm2v− 1s− 1 

and
For hole device; (Ln μh + Ln 37.33) = − 2.69 � (Ln μh + 3.61) =

− 2.69 � Ln μh= − 6.30, with using exp; 

μh = exp(− 6.30)⇒μh = 1.84 × 10− 3cm2v− 1s− 1 

4. Conclusions

In this study, hole-only and electron-only devices based on a 
carbazole-containing compound were fabricated, enabling direct mea
surement of single-carrier transport under SCLC conditions. The exper
imental J-V characteristics revealed clear trap-free SCLC behavior (slope 

Fig. 2. (a) Schematic structure of the device and (b) representation of the small and large electric field.

Fig. 3. The considered structure of compound.

Fig. 4. The devices structures of (a) hole only and (b) electron only.

M. Rabiei et al.                                                                                                                                                                                                                                  Nano Trends 13 (2026) 100178 

5 



≈ 2), yielding mobilities of μₑ = 4.02 × 10–5 cm2 V-1 s-1 and μₕ = 1.84 ×
10–3 cm2 V-1 s-1, confirming strongly unbalanced charge transport in this 
material. These values are consistent with typical ranges reported for 
π-conjugated organic semiconductors and demonstrate the relevance of 
SCLC evaluation for assessing device-like transport performance. This 
work highlights the practical usefulness of SCLC for mobility extraction 
using simple device structures; however, it also acknowledges limita
tions such as the assumption of a constant dielectric, sensitivity to 
contact quality, and the requirement for well-defined single-carrier in
jection. Future work should include controlled-atmosphere 

measurements, repeated device batches, and comparison with comple
mentary techniques such as TOF to further validate the mobility values.
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