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Semiconductor homojunctions such as p-n or p-i-n junctions are the building blocks of 

many semiconductor devices such as diodes, photodetectors, transistors or solar cells. The 

determination of junction properties including depletion width and doping concentration is 

crucial for the design and realization of high-performance devices. The polymer analogue of a 

conventional p-n or p-i-n junction can be created by in situ electrochemical doping in a polymer 

light-emitting electrochemical cell (LEC). As a result of doping and junction formation, the 

LECs possess some highly desirable device characteristics. The LEC junction, however, is still 

poorly understood due to the difficulties of characterizing a dynamic-junction device. Here we 

report concerted optical-beam-induced-current (OBIC) and scanning photoluminescence (PL) 

imaging studies of planar LECs that have been frozen to preserve the doping profile. By 

optimizing the cell composition, electrode work function and the turn-on conditions, we realize a 

long, straight and highly emissive p-n junction with an interelectrode spacing of 700 µm. The 

extremely broad planar cell allows for time-lapse fluorescence imaging of the in situ 

electrochemical doping process and detailed scanning of the entire cell. A total of eighteen scans 

at seven locations along the junction have been performed using a versatile, custom cryogenic 

laser scanning apparatus. The Gaussian OBIC profiles yield an average 1/e2 junction width of 

only 1.5 µm, which is the smallest ever reported in a planar LEC. The controlled dedoping of the 

frozen device via warming cycles leads to an unexpectedly narrower OBIC profile, suggesting 

the presence and disappearance of fine structures at the edges of the frozen p-n junction. The 

results reported in this work provide new insight into the nature and structure of the LEC p-n 

junction. Since only about 0.2% of the entire device area is photoactive in response to an incident 
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optical beam, the effective junction width (or volume) must be dramatically increased to realize a 

more efficient device.  
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I. INTRODUCTION 
Polymer light-emitting electrochemical cells (LECs) are two-terminal, solid-state devices 

employing a mixed ionic/electronic conductor as the active layer.1-5 Unlike the vast majority of 

organic light-emitting devices or conventional electrochemical cells, the operation of the LEC 

involves both electronic and ionic charges in the same spatial regions. Electronic charge injection 

in an LEC reduces and oxidizes the luminescent polymer at the cathode and anode, respectively. 

Subsequently, in situ electrochemical doping of the luminescent polymer occurs when the 

injected electronic charges are compensated by the insertion of counter ions from the electrolyte. 

A p-n or p-i-n junction is formed when the doping fronts make contact. Photons are emitted 

when the injected electrons and holes recombine radiatively in the junction region. In a polymer 

LEC, the electrolyte ions are analogous to the ionized donors and acceptors in a conventional 

semiconductor. The ions are responsible for the charge neutrality in the doped regions and built-

in electric field in the junction region. The ion profiles in dynamic-junction LECs, as directly 

measured using secondary ion mass spectroscopy, provided direct and conclusive evidence of 

ion motion in LECs.6, 7  

LECs are inherently complex devices due to their dual ionic and electronic nature. As a 

result, the elucidation and modeling of the LEC operating mechanism have been a significant 

theme of LEC research.8-12 LECs also possess some unique and advantageous device 

characteristics making them highly attractive candidates for potential display and lighting 

applications, and even for electrically pumped lasers.13 The versatility of LEC has been 

evidenced by the recent demonstration of light-emitting fibres and light-emitting papers.14, 15 

LECs can also be made with alternative materials such as the ionic metal complexes or low-cost 

small molecules.16-26 It has been shown that the ionic metal complex based LECs operate just 

like a polymer-based LEC.27 The LECs used in this study are polymer based that were first 

demonstrated by Pei et al. 

In sandwich LECs, the junction width can be determined experimentally via junction 

capacitance measurements.28-34 A DC bias is applied to establish the junction, and a small AC 

bias is superimposed to measure the cell capacitance or complex impedance. At low DC bias, the 

cell capacitance is the geometric capacitance. Above a threshold voltage that depends on the 

conjugated polymer used, the cell capacitance and conductance increase with the applied DC 
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bias as part of the polymer film becomes doped, and a forward-biased p-n junction is formed.33 

These experiments, however, yielded widely different junction width that ranged from 3% to 

80% of the interelectrode gap. While the different operating and materials parameters are 

partially responsible for the large variation,30, 31 the impedance spectroscopic techniques are also 

sensitive to the choice of circuit models for parameter extraction.  

Because of doping, the neutral regions of an LEC are highly conductive. As a result, an 

LEC is less sensitive to the active layer thickness and the electrode work function. Strongly 

emitting planar LECs have been demonstrated with identical cathode and anode. The 

interelectrode spacing of the planar LECs ranged from about ten µm to more than 10 mm.1, 3, 35, 36 

The extremely large planar device configuration allows for time-resolved, cross-sectional view 

of the device operating process. Under ultraviolent illumination, the dynamic electrochemical 

doping processes have been visualized as heavy photoluminescence (PL) quenching of the 

polymer film.37 The in situ electrochemical doping initially occurs near the anode and cathode 

interfaces. The doped regions then expand until the doping fronts meet to form a p-n junction.  

The planar LEC configuration is ideally suited for the electrical probing the exposed and 

broad interelectrode gap. Scanning probe microscopic techniques have been employed to 

determine the electric potential distribution across biased planar LECs operated at room 

temperature.3, 38, 39 For an extremely large 10.4 mm planar cell, it was also possible to perform 

contact probing in a micro-manipulated cryogenic probe station to obtain both the potential 

profile and local current-voltage characteristics.40 These studies establish that the planar LEC is 

indeed doped, and a p-n junction is formed. Also, the level of doping and its effect on PL and 

conductivity are quite uneven.  

Since the LEC junction is a semiconductor homojunction, it possesses a built-in 

potential/field just like a conventional p-n junction. When illuminated without any external bias, 

the LEC ought to exhibit photovoltaic (PV) response that is not caused by the work function 

difference between the electrodes. To obtain a reliable and persistent PV response, however, the 

LEC junction must be cooled or chemically fixed so that the doping profiles are static.41-46 

Indeed, frozen-junction LECs exhibit pronounced PV response whose polarity is reversible.47, 48 

In planar frozen-junction cells, open-circuit voltage approaching the magnitude of the band gap 

energy has been observed despite the use of identical electrodes.49  
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For any semiconductor homojunction photonic devices, it is important to know the spatial 

extent of the junction depletion region. The depletion width plays a major role in determining the 

response time, carrier recombination and photogeneration of the device. The optical beam 

induced current (OBIC) technique is especially well suited to probe the electronic structure of a 

semiconductor junction.50 In OBIC measurement, a focused light beam is scanned across the 

device; a photocurrent is generated when photoexcitation occurs in the vicinity of the depletion 

region. In neutral p- or n-doped regions, by contrast, a null OBIC signal is expected due to the 

absence of a built-in field that can sweep the photogenerated charge carriers before they 

recombine. OBIC technique is widely used to characterize semiconductor junction structures51 

and to map the minority carrier lifetime, defects, local resistance and cell uniformity of thin film 

solar cells.52-54  

The OBIC technique was first used by Dick et al. to probe the internal structure of an LEC 

junction.55 A focused Argon laser beam was scanned across an activated planar LEC 

approximately 20 µm wide. The detection of a photovoltage peak where a sharp transition in PL 

intensity occurred confirmed the presence of a p-n junction. The width of the junction was 

estimated to be about two µm or 10% of the interelectrode gap. This first OBIC study of LECs, 

however, was not without its limitations. Since the activated device was only cooled to 250 K, 

well above the glass transition temperature of the electrolyte (about 206 K), the tested device was 

prone to dedoping. Due to the concern of junction dedoping under short-circuit conditions, the 

photocurrent was not measured. Since the I-V characteristics of a p-n junction are not linear, the 

photovoltage profile would be different from the OBIC profile in width and shape. The 

challenges of optically scanning an encapsulated, small planar LEC in a cryogenic chamber 

meant it was the only study of its kind in 15 years since its publication.  

Recently, we performed several OBIC studies of planar LECs with an interelectrode 

spacing ranging from 700 µm to 4.6 mm.56-58 The extremely large gap size made it possible to 

perform OBIC scans using a variety of optical/cryogenic setups. The large planar cells were also 

easier to fabricate using shadow masking (vs. photolithographic) techniques. In all these studies 

the planar cells were activated at elevated temperatures and cooled to 200 K or below to 

completely freeze the junction. We obtained both OBIC and photovoltage profiles from the same 

cells in a micro-manipulated cryogenic probe station equipped with a scanning optical fiber.56 
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Both profiles were very broad due to the width of the fibre used (200 µm) and the jaggedness of 

the junction. The photovoltage and OBIC peaks, however, coincided precisely with the position 

of the p-n junction. The peak photovoltage signal was about 0.6 V (vs. a few tens of µV of the 

initial OBIC study), indicating a significant junction built-in potential. Subsequently, we 

switched to a scanning setup consisting of a low profile microscopy cryostat and a fluorescence 

microscope that provided a focused beam of its mercury lamp. This allowed for the simultaneous 

detection of the OBIC signal as well the PL intensity of the frozen-junction cell.57 In a most 

recent study, a He-Cd laser beam was directed to the microscope lamp port and focused down to 

about 13 µm in diameter. A 700 µm frozen planar cell was scanned to reveal a p-i-n junction 

structure with a depletion width of about 18 µm between the quasi-intrinsic region and the p 

region.58  

In the present study, we devised a new scanning setup with a 1/e2 beam size of only 1.9 

µm. The precise and versatile scanning setup is described in Section II along with other 

experimental details. A great challenge of scanning large planar LECs is to obtain a smooth 

junction during device activation. Any junction curvature in the scanned region will result in an 

apparent broadening of the OBIC profile. In this study we fabricated multiple devices to 

optimize the electrode materials, the activation temperature and the activation bias voltage to 

obtain a nearly flat, highly emitting p-n junction that was successfully frozen. We performed a 

total of 18 scans in multiple locations of the long junction and observed an average junction 

width of 1.5 µm after the beam width was subtracted. This accounted for a mere 0.21% of the 

electrode gap and was much narrower than the imaged electroluminescence profile. Upon 

partially relaxing the doping by applying several warming cycles, the junction width narrowed to 

only 0.6 µm. We discuss these highly unexpected results together with the spatial PL profile of 

the p-n junction. 

II EXPERIMENTAL DETAILS 

A. Device fabrication 

The planar LEC was fabricated via solution processing. A cyclohexanone solution of 

poly[5-(2'-ethylhexyloxy)-2-methoxy-1,4-phenylene vinylene] (MEH-PPV), polyethylene oxide 

(PEO) and potassium triflate (KTf) was prepared to have a weight ratio of MEH-PPV: PEO: 
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KTf=10:5:1.2. The LEC solution was spin cast onto a 15 mm x 15 mm x 1mm sapphire substrate 

and subsequently dried for five hours at 50 °C. After that, gold electrodes 40 nm thick were 

deposited on top of the LEC film by thermal evaporation at ~ 1.5 ×10-6 torr. The active area of 7 

mm by 700 µm was defined by the shadow mask. All the fabrication steps were done inside a 

nitrogen-filled glove-box/evaporator system except for the weighing of the solid materials used 

for the solutions.  The LEC film thickness was measured to be about 0.5 µm with an optical 

interferometer. 

B. Device Scanning 

The planar LEC was mounted into a Cryo-Industries microscopy cryostat fitted with a 

hollow copper cold finger without exposing to air. The cryostat was then sealed and taken out of 

the glove box and mounted on top of x-y translation stages on an optical table, as shown in 

Figure 1. During the scanning optical measurement, the cryostat was constantly evacuated with a 

turbomolecular pump to maintain a vacuum ~ 10-5 torrs. A motorized translation stage was used 

to scan the focused laser beam across the planar LEC with a one µm step size. Two quartz optical 

windows (OW) at the top and bottom of the cryostat provide optical access to the device under 

test (DUT).  A Nikon fluorescence microscope fitted with a CCD camera was used to image the 

DUT. A Keithely-237 source measurement unit was used to supply the voltage bias and 

simultaneously measure the device current. A blue diode laser (473 nm) was used as the optical 

excitation source for both OBIC and PL scans. The beam was guided and coupled into a single 

mode fibre (SMF) using mirrors (M1, M2) and a coupler lens. The output beam from the fiber 

was collimated, expanded and directed into a beam splitter cube mounted just above the 

microscope objective. This avoided passing the laser beam through the lamp port and optics of 

the microscope. The resulting beam had a higher quality and could be tightly focused with a 

high-powered objective (50X). The setup retained the ability to simultaneously record the PL 

intensity. The luminance of the device was measured using a silicon photodiode fixed under the 

bottom OW of the cryostat. A low pass filter (LPF) with a cut-off wavelength of 500 nm was 

fixed at the input window of the photodiode to block the excitation light. A mercury lamp was 

used to illuminate the planar LEC during the activation process. A 10X objective lens was used 

to capture the cell images with a field of view of 1.2mm x 0.9mm. In the scanning 

measurements, the beam was focused onto the DUT using a 50X objective. The 2D beam profile 

is shown in Figure 1. The Gaussian beam was captured using the CCD camera and had a 1/e2 
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width of 1.9 µm. A flexible transfer line was used to supply liquid nitrogen into the cryostat. The 

device temperature was maintained to within ±0.1 K of the set temperature via a Cryo-con 32B 

temperature controller. Labview programs were used to interface the various instruments for 

automated temperature and motion control as well as for data collection.  

III RESULTS 
The planar cell was activated at 360 K with a 20 V DC bias. Under these conditions, the in 

situ doping process occurred rapidly but was captured with a frame rate of 3 seconds/image. 

Selected time-lapse fluorescence images during the first 51 seconds are shown in the lower part 

of Figure 2. Initially (t=0 s, without bias) the LEC film displayed the uniform orange PL of 

MEH-PPV. At t=3 s, most of the polymer film was already doped to either p-type on the anode 

(+) side or n-type on the cathode (-) side, as shown by the significant quenching of the MEH-

PPV PL. At t=9 s, a continuous light-emitting p-n junction had formed. The p-n junction was 

initially very uneven and mirrored the shape of the n-doping front, but became much straighter 

with time. Meanwhile, the partially quenched n-doped region grew darker, indicating an increase 

in the level of doping after junction formation. The level of p-doping should have also increased, 

but the effect was not visible due to the p-doping’s very dark appearance. The increased doping 

level caused a rapid increase in cell current, to more than five mA at t~50 s. Since the junction 

was about 7 mm long and the polymer film was 500 nm thick, the peak in-plane current density 

was close to 150 A/cm2. At this point the liquid nitrogen flow was switched on to commence 

cooling toward a preset temperature. The cooling process lasted about 1,000 s until the 

temperature reached 170 K. The applied voltage bias was then removed. The time evolution of 

the cell current and temperature is shown in the top panel of Figure 2.  

Before the optical scans, the frozen cell was imaged under UV illumination and biased to 

verify the cell was functioning properly. Figure 3 shows a portion of the p-n junction with and 

without bias. The p-doped region below the light-emitting junction is much darker than the n-

doped region above. Also, the n-doped region just above (by approx. 50 to 100 µm) the junction 

is slightly darker than the rest of the n-doped region. During the turn-on process shown in Figure 

2, the interaction of the doping fronts caused the shifting and straightening of the p-n junction, 

and the doping type in some area near the junction had been reversed. Since the dark MEH-PPV 

p-doping has been known to be partially irreversible even when the polarity of the cell voltage is 
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reversed,36 this can lead to a darkened region when the p-doping is reversed by the propagating 

n-doping front. The downward motion of the p-n junction is clearly visible by comparing the last 

two images of Figure 2. Between this “compensation-doped” n region and the dark p-doped 

region is a thin, bright line. The higher local PL in this region seems to suggest an intrinsic 

region and hence, a p-i-n junction structure. Quantitative PL data (below), however, do not 

support this possibility. The homojunction junction of this activated frozen cell is therefore 

considered a p-n junction. As will be shown, however, the as-formed p-n junction can relax into 

a p-i-n junction when subjected to warming cycles. The arrows and letters in Figure 3 indicate 

the direction and locations of the OBIC scans across the p-n junction. These regions were chosen 

due to their flatness. The bottom image shows the frozen p-n junction under an applied voltage 

of 20 V. The EL is bright, uniform and continuous along the junction, indicating a high-quality 

device.  

The OBIC and PL scans were carried out at the seven locations marked in Figure 3. The 

top panel of Figure 4 shows the OBIC and PL profiles of a full (electrode-to-electrode) scan 

going through position E. For convenience the OBIC peak is assigned a beam position of zero 

µm. The PL profile consists of an n-doped region to the left of higher overall intensities and a 

darker, p-doped region to the right of the OBIC peak. There is a notable drop in PL intensity 

between 0 and -45 µm that is consistent with the aforementioned dark remnant of a previously p-

doped region. Also, a small local PL peak just to the left of the OBIC peak can be attributed to 

the thin bright line observed in the PL image of Figure 3. The intensity of this local PL peak, 

however, is about 10% lower than the peak PL intensity of the n-doped region. This is in marked 

contrast to the PL profile of a real p-i-n junction.58 The PL intensity of the p-doped region to the 

right is lower, as expected, but still at a significant level despite its dark appearance under UV 

illumination. The sensitivity of the PL scan is evident in the detection of a PL “transition zone” 

on the p side of the junction, between 0 and +30 µm. In this zone, the PL intensity dropped from 

the level on the n-side to the near constant level of p-side. The large variation in PL intensity is 

also visible near both electrode interfaces. This variation indicates a large doping gradient, and 

the level of doping is the highest just inside the electrode edges, for both p and n-doping. This 

observation is consistent with the results of the contact probing measurements when the film is 

found to be the most conductive near the electrode edges.40  
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The OBIC profile in the top panel of Figure 4 is extremely narrow. An expanded view of 

the OBIC profile is shown in the lower panel of Figure 4. This graph includes all data points 

from a total of four scans across location E. The data of the individual scans were shifted so that 

their peak positions coincide to eliminate the offset due to the mechanical hysteresis of the 

scanning stage. The data are fitted to a Gaussian function with a 1/e2 width of 3.1 µm fitted the 

data points from the four scans.  Results from all 18 scans are tabulated in Table 1. The data 

show some variations from location to location, with the smallest 1/e2 OBIC width of 2.1 µm at 

location F and the largest width of 3.1 µm at location E. An average of all 18 scans gives an 

OBIC width of 2.53 µm with a standard deviation of 0.45 µm. We also note that all 18 scans 

yielded an OBIC width larger than the excitation beam diameter of 1.9 µm. The scanning beam 

and the measured OBIC signal are Gaussian functions. Hence deconvolution will also result in a 

Guassian with a width given by 𝑊!"#$! −𝑊!"#$!  , where W is the 1/e2 Gaussian width. Using 

this relation, an average junction width of 1.5 µm is determined from all of the 18 scans.An 

average junction width of 1.5 µm is determined from all 18 scans by a quadratic subtraction of 

the beam width. The average OBIC signal is 292 ± 40 pA for an excitation beam intensity of 2 

µW.  

IV DISCUSSION 
The results presented above represent the first time the depletion width of a frozen LEC p-

n junction has been resolved. Since the OBIC and PL scans were performed simultaneously, the 

various profile features and their relative positions provide important information about the p-n 

junction. The peak OBIC signal occurred about six µm to the right of the thin bright line in the 

PL profile. The OBIC peak marks the location of the metallurgical p-n junction where the built-

in field is the largest. To the right of the OBIC peak, the drop-off in PL intensity must have 

occurred on the p-side of the junction.  

The most striking feature of the OBIC profile is its peak width, in both absolute and 

relative terms. We note that the average junction width of 1.5 µm is the smallest ever measured 

in a planar LEC, regardless of the interelectrode spacing. Since the exciton diffusion length of 

MEH-PPV is on the order of nm, the OBIC junction width should represent the spatial extent of 

the junction depletion region. The junction width is only 0.21% of the interelectrode gap, which 

is the lowest value among all LECs. The OBIC junction width is also much smaller than the 
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width of the EL zone (~10 µm) and the PL transition zone (~ 30 µm). The small junction width 

obtained attests to the high resolution of the scans.  

Also, there is an intriguing possibility that the apparently straight junction in Figure 2 still 

had some rough features on the sub-micrometer scale that were not resolved in the optical 

images or optical scans. An as-formed frozen planar junction, including the one in this study, 

often exhibits linear, symmetric I-V characteristics that can be attributed to a tunnelling leakage 

current due to the presence of sharp protrusions along the junction. Briefly heating the junction 

causes dedoping that eliminates the sharp features (visible in some devices) and increased open-

circuit voltage due to the much-suppressed leakage current.49  

In the present study, the planar cell was partially dedoped after the 18 scans by warming it 

to 260 K and back to 170K. A total of four dedoping cycles were carried out as shown in Figure 

S1 in Supplemental Information. After each dedoping cycle, the IV curve of the cell was 

measured and shown in Figure S2. The effect of dedoping on cell conductivity is immediately 

obvious. The cell current decreased after each dedoping cycle, and the I-V curves become more 

non-linear and less symmetric. Multiple OBIC scans were performed after each dedoping cycle 

along position E. As the cell became more resistive, the input optical power was increased to 

obtain a measurable OBIC signal. Figure 5 compare the normalized OBIC profiles without 

dedoping and after the final dedoping cycle at position E. The measured OBIC profile narrowed 

to ~2 µm after dedoping. After subtracting the beam width, the junction width is only 0.6 µm 

compared to 2.4 µm before dedoping. The OBIC and PL profiles of the device after four 

dedoping cycles are shown together in Figure 6. A very prominent PL peak appeared to the left 

of the OBIC peak which is distinct from the thin bright region observed in the as-formed 

junction. The PL of the new peak is much higher than the rest of the device. Also, the PL peak 

has a width of about 15 µm, about half of initial PL peak. These results strongly suggest that the 

junction has relaxed into a p-i-n junction with an “intrinsic” region formed between the p- and n-

doped regions.  

Due to dedoping, we expect the peak OBIC and PL profiles to broaden as the doping level 

decreases and the p-n junction relaxes into a p-i-n junction. Instead, the opposite trend has been 

observed. These results strongly suggest that the as-formed, optically smooth p-n junction is not 

a sharp junction due to the presence of fine structures. These fine structures are most likely sub-
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micrometer p- and/or n-doped protrusions formed when p- and n-doping fronts are driven into 

contact. When the applied voltage bias is removed, these sharp doping protrusions disappeared 

along with their broadening effect. The resulting p-i-n junction had sharp boundaries between the 

differently doped regions. Indeed, the PL transition region between the “i” region and the p 

region has narrowed to about three µm from nearly 30 µm in the as-formed p-n junction. The 

more abrupt PL transition is consistent with a narrowed OBIC profile and a reduced junction 

width.  

Direct probing of sub-micron or nanometer sized features requires a much higher beam 

resolution that might be achieved with a focused electron beam. Even without dedoping, the 

average junction width (in seven locations) of 1.5 µm accounts for only 0.21 % of the entire 

device area. Since only the p-n junction is photoactive, this tiny junction width severely limits 

the conversion efficiency of the device if used as a photovoltaic cell. A highly effective approach 

to improve both the light-emitting and photovoltaic efficiencies of a large planar LEC is to form 

more junctions via the introduction of metallic particles.59, 60 The realization of a “bulk 

homojunction” in sandwich cells may lead to even more efficient devices than the current 

sandwich LECs.   

V CONCLUSIONS 
In this study, we carried out concerted OBIC and PL scans of planar LEC that has been 

activated and subsequently frozen. By optimizing the cell composition, electrodes and the turn-

on conditions, we realized a long, high-quality p-n junction in a planar LEC with an 

interelectrode spacing of 700 µm. The extremely wide planar configuration allows for time-lapse 

fluorescence imaging of the turn on process and detailed scanning of not only the junction region 

but also the neutral regions. A total of 18 scans in seven locations were performed using a 

custom cryogenic scanning apparatus. The beam-induced spatial PL data confirm the main 

features of the PL images. The PL profile also revealed variations in PL intensity not resolved in 

the PL images. The Gaussian OBIC profiles reveal an average 1/e2 junction width of only 1.5 

µm, which is the smallest ever reported in a planar LEC in both absolute values and as a fraction 

of the interelectrode spacing of the cell. The same OBIC scans that were carried out on a planar 

LEC before and after dedoping, however, suggest the p-n junction may have fuzzy edges. 

Controlled dedoping of an as-formed planar frozen p-n junction led to a more compact junction 
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by removing the fine structures of the junction on its edges. The results reported in this work 

provide new insight into the nature and structure of the LEC p-n junction.  

 

SUPPLEMENTARY MATERIAL  

Figure S1 shows the warming/hold/cooling cycles applied to the frozen-junction LEC to dedope 

the cell. Figure S2 shows the effect of dedoping on the current vs. voltage characteristics of the 

frozen-junction LEC.  
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Figure 1 (Top) Experimental setup for scanning OBIC and PL imaging of frozen planar LECs. 
(Bottom) 2D beam profile and Gaussian fit of the focused excitation beam.  
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Figure 2 Device activation process. (Top) Time evoluation of cell current and cell temperature 
during the activation process. A DC voltage bias of 20 V was applied. The inset shows a 
schematic of the planar LEC. (Bottom) Time-lapse fluorescence images of the planar LEC durng 
the activation processs. Only a section of the entire cell is shown. The bright line formed after 
t=9 s is due to electroluminescence of the cell.  
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Figure 3 Photoluminescent images of the planar LEC at 170 K after activation. The upper panel 
shows the portion of the cell through which the optical scans were performed. The letters and 
arrows indicate the location of and direction of the scans. The lower panel shows the same region 
of the frozen planar LEC with an applied voltage bias of 20 V. Uniform electroluminescence 
along the horizontal p-n junction can be seen.  
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Figure 4 OBIC and PL profiles of frozen planar LEC along position E. (a) full OBIC and PL 

scans of the planar LEC across the entire planar LEC along position E. The cathode is located at 

-230 µm and the anode is located at 470 µm. (b) OBIC scan data of four scans along position E 

and Gaussian fit to the data near the OBIC peak.  
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Table 1 OBIC scan data in all seven locations. The OBIC peak widths were determined from 

Gaussian fits. The average OBIC peak widths were calculated by fitting all data together for each 

location. The junction widths were determined by quadratically subtracting the beam width of 

1.9 µm from the average OBIC width. 
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Figure 5 Normalized OBIC scans at position E before and after dedoping. The excitation laser 

power used was 2 µW (red) before dedoping and 50 µW (blue) after four dedoping cycles.  
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Figure 6 (a) OBIC and PL profiles of a relaxed p-n junction at position E after four dedoping 

cycles. (b) An expanded view of the same data near the OBIC and PL peaks.  
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