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Abstract— The fabrication of a single-layer NIR OLED by a new 

luminescent material. Demonstrate vertically stacked device 

consisting of organic photovoltaic device (OPV) and organic 

light-emitting diode (OLED) inside a polymer dispersed liquid 

crystal (PDLC) cell. In such a device, OLED and PDLC acted as 

transmissive (T-) and reflective (R-) mode respectively, of a 

transflective display without the tradeoff of aperture ratio between 

R- and T- modes in a conventional transflective LC display. The 

characteristics of this diode is considered and investigated with 

different thicknesses. Electroluminescence is observed with the 

peak at 800 nm. Storage lifetime of OLED increased in the 

stacked device because LC material helped to prevent the water 

and oxygen attack. Driving voltage of PDLC increased due to the 

insertion of passivation layer upon the electrode which was used 

protect the OLED and OPV underneath. 

 

Index Terms— DVS, HOMO, low power design, LUMO, OPV, 

OLED, PLDC 

I. INTRODUCTION 

In recent years, OLEDs are being considered for full-color 

flat-panel displays technology ever since the initial work by 

Tang and VanSlyke [1]. Organic light-emitting diode (OLED) 

is one of the emerging display technologies, especially for 

handheld mobile displays [1]–[3]. However, contrast ratio 

(CR) of such a display decreases with increasing the ambient 

light intensity. In display technologies also organic light 

emitting diodes show great promise with low cost, small size 

and flexible flat screens[2],[3] with better resolution and 

wider viewing angles[4]. No need for backlight, also better 

resolution, higher brightness and low power consumption are 

other important advantages with respect to liquid crystals 

display [1].Organic light-emitting diodes (OLEDs) in the 

visible spectrum region have achieved significant progress 

since 1987[1]. Near-infrared (NIR) and infrared(IR) OLEDs 

have also received growing attention because of their 

applications in information processing[5] and night-vision 

readable displays[6].So far the IR and NIR organic 

light-emitting material that have been reported include 

organic ionic dyes, organic molecules, organic rare-earth 

complexes, and organic ligands and semiconductor Nano 

particles with organic substituent’s [7]-[8]. In the mean time, 

the red light-emitting materials have remained to be the 

weakest part in realizing the full color display. Low 

electroluminescence (EL) efficiency and impure EL spectrum 

due to the existence of visible light in NIR emission limit their 

practical application [7], [8]. 
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II. EXPERIMENTAL 

In this article we realized NIR OLEDs based on a new NIR 

organic dye as an emissive layer by thermal evaporation 

technique. Usual structures of OLEDs are based on 

multi-layer organic small molecules sandwiched between two 

electrodes. They are made by sublimation of organic 

molecules in vacuum. For a simple fabrication, a single-layer 

OLED is possible [5]. In a simple OLED structure, a light 

emitting layer which can be a photovoltaic (PV) device can be 

used as such a black layer [5]–[8]. When the PV device serves 

as a solar cell, the absorbed photons convert to electrical 

power for elongating the operation lifetime in a limited 

battery capacity [6]. It can also function as the ambient light 

sensor to adjust the luminance level of a display for achieving 

suitable CR at different ambient Intensities [5] from the 

lowest unoccupied orbital’s (LUMO)to the highest occupied 

molecular orbital (HOMO), produces photons with energy 

equal to the LUMO and HOMO difference. The released 

photons pass through the transparent electrode. 

 

 

 

 

 

 

 

 

 

Fig. 1. Strucure of single layer OLED and Cathode will be 

Mg and transparent anode is ITO 

As shown in Fig 1. Application of a forward bias at the diode 

terminals causes carrier injection through the organic layers 

from the electrodes. These carriers move toward each other in 

the emissive layer. A new red emission material, 

(E)-N-((E)-3-((E)-(4-iodo-phe nyl-imino) methyl) benzyl 

dine) -4-iodobenzenamine, was synthesized. Chemical 

structure and Absorption spectrum of this organic dye 

molecule shown is in Fig 2. 

 
Fig. 2. Absorption spectrum and molecular structure of 

the dye used 
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A new red emission material, (E)-N -((E)-3-((E)-(4-iodophe 

nyl-imino) methyl) benzyl dine) -4-iodobenzenamine, was 

synthesized. Chemical structure and Absorption spectrum of 

this organic dye molecule shown is in Fig 2. Circular devices 

with 2 mm diameter were made on 2cm x 2cm ITO slides. The 

active area of each device was 7.1 mm
2
. OLEDs are fabricated 

on a glass substrate pre-coated with indium tin oxide (ITO) 

with a sheet resistance of 20 Ω/□ and a thickness of about 100 

nm. Its work function is about 3.68 eV. The ITO substrate is 

washed and cleaned using acetone, ethanol and distilled water 

respectively. 

 
Fig. 3. Device configuration of the stack device (OPV/ 

OLED/ PLDC). 
 

The OLED and OPV devices requires 100 nm Ag cathode, 

respectively. A passivation layer with UV resin was needed to 

prevent the OLED and OPV from the attack of the LC 

material. Due to the black background of OPV in our device, 

here, a polymer dispersed liquid crystal (PDLC) was selected 

for the RLCD mode in our tandem device, which exhibited the 

advantages of polarizer-free and wide viewing angle. Besides, 

no alignment layer was needed in our PDLC. Electrical 

properties (– characteristics) of OLED and OPV device were 

nearly the same in the OPV/ OLED and OPV/ OLED /LCD 

devices, which showed that the effectiveness of the 

passivation layer upon the OLED. Besides, such a 

configuration (passivation +LC between two glass substrate) 

successfully prevented the oxygen and water at-tacking the 

OLED and OPV device, which elongate the storage lifetime 

of these two devices. However, due to the insertion of the 

passivation layer, the driving voltage (T at 50%) under 

LC-mode operation increases from 15.1 to 34.5                                                                 

III. EXCREMENTAL SETUP AND RESULTS 

The device was fabricated on a patterned indium-tin- oxide 

(ITO) glass substrate, as shown in Fig. 4(a). After oxygen 

treatment for cleaning the substrate surface and increasing 

work function of ITO, poly(3,4-ethylenedioxythiophene): 

poly(styre- nesulfonate) (PEDOT:PSS) was spun onto the 

substrate (4000 rpm for 30 sec) followed by the baking 

process at the temperature of 150  C for 10 mins with the 

thickness of 20 nm. The pattern of PEDOT: PSS was formed 

by mechanical wiping with DI water. Then, 

poly(3-hexylthiophene): methanofullerene(PHT=108) 

dissolved in toluene was spun (700 rpm and 30 sec) and baked 

(slow dried for 45 min followed by150  C for 10 min) with the 

thickness of 220 nm. CHCl was used to wipe the edge of the 

device to define the pattern of P3HT:PCBM.  PEDOT:PSS  

and  P3HT:PCBM  formed  the organic layers of OPV, as 

shown in Fig. 4(b). Then, Ca and Ag were thermally deposited 

through shadow mask with the thickness of 20 and 12.5 nm, 

respectively to form the semi- transparent electrode (OPV 

cathode), as shown in Fig. 4(c) [2]. Ag thickness connecting 

OPV and OLED must be engineered. Thin and thick film 

resulted in bad conductivity and low transmission, 

respectively, which will be discussed in the next section. The 

overlapping region between the ITO anode, OPV layers, and 

Ca/Ag cathode defined the device area (2 mm x 2 mm). The 

semitransparent Ca/Ag also served as the anode of the OLED. 

To increase the work-function of Ag surface, we used the 

SAM with the mixture of n-decanethiol (HDT). 

 

 

Fig. 4. Process flow for stacked device 

heptadecafluoro-l-decanethiol(FDT)(HDTFDT) by stamping 

process. Patterned polydimethyl-siloxane (PDMS) mold was 

first immersed in SAM solution for 10 sec, and then stamped 

on the Ag surface inside the glove box, which effectively 

improved the work function from 4.7 to 5.3 eV and was 

suitable for OLED anode [2], as shown in Fig 4(d). Then, 

organic layers of OLED was then thermally deposited through 

shadow mask, with the stacks of N,N-Bis 

(naphthalen-1-yl)-N-N-bis(phenyl)benzidine (NPB) and 

tris-(8- hydroxyquinoline) aluminum (Alq ), respectively, as 

the hole-transporting layer and electron-transporting layer 

(and emitting  layer as well), with the thickness both at 60 nm, 

as shown in Fig 4(e) Then, similarly, Ca (20 nm) and Ag (12.5 

nm) were thermally deposited through shadow mask to form 

the OLED cathode, as shown in Fig. 4(f), to complete the 

OLED process Another  100-nm  NPB  layer  was  deposited  

upon  Ca/Ag  to increase  transmittance  of  the  

semitransparent  electrode  and stability of the OLED [4].  
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Before the following LCD process, we spun  on  a UV-  

curable  epoxy  at  3000  rpm  (HC8903E- Cyberbond), 

followed by UV curing process for 15 s to form a passivation 

layer with a thickness ~3 to 4/m to prevent the  OPV and 

OLED from the attack of LC materials, Fig. 4(g) [3]. Another 

cover glass was used for the LCD fabrication (and 

encapsulation of OLED and OPV). The cell gap between two 

glass substrate was controlled at 8 micro meters by spacer 

powder with sides sealed by UV curable epoxy. Two small 

openings were left for LC material (E7NOA65=7:3) 

 

Fig. 5. –  characteristics of OPV -mode operation with 

different Ag cathode thicknesses under illumination from 

(a) top and (b) bottom, respectively, on the ITO-coated 

glass substrate. 

Injection, and then sealed completely. Then, U V was applied 

again (10 mW cm  for 8 mins) which resulted in phase 

separation of PDLC via polymerization Fig. 4(h). Note that all 

the processes were done in a vacuum chamber and a glove box 

(with water and oxygen less than 1 ppm), which were 

connected by a transfer chamber. Our device experienced UV 

exposure for curing epoxy (15 s) and PDLC polymerization (8 

mins) during fabrication, which may degraded the device 

performances of OLED and OPV underneath. To clarify the 

issue, we fabricated the integrated device and illuminated 

with UV light for 1 h, which showed little effect on electrical 

properties. There were some differences in optical 

characteristics due to thin film absorption and interference 

effect, as described later. That meant there was little material 

degradation of our OLED and OPV under UV light exposure, 

possible due to: (1) low power density of UV light; (2) good 

environment control inside glove box; and (3) stable 

fabrication techniques. We also fabricated some control 

devices to compare with fully tandem device (OPV/ OLED/ 

PDLC), such as OPV, OLED, PDLC, OPV/ OLED, OPV/ PD 

LC, and OLED/ PDLC. Typically, we started from ITO 

patterned glass substrate except specified. For driving and 

measuring the electrical characteristics of OLED and OPV, 

Keithley 2400 source meter was used. A spectrometer, 

Minolta CS-1000, was used for obtaining the luminance and 

electroluminescence spectra of OLED. Class A solar 

simulator provided the AM 1.5G 1-sun radiation on the OPV 

device. For –  characteristics of PDLC, a AC (1 kHz) 

electrical signal was provided through a function generator 

and a high-voltage amplifier. He–Ne laser (632.8 nm at 10 

mW) was used as the light source and the optic al intensity 

was measured by Si-photo detector. 

 

IV. RESULTS AND DISCUSSION 

In our stacked device, one key layer is the semi transparent Ag 

used as cathodes of OPV (also the anode and cathode of 

OLED and the electrode of LCD) and OLED. At first, we 

studied electrical and optical effects of Ag-cathode thickness 

to individual OPV and OLED devices on the ITO -coated 

glass substrate, as shown in Figs. 5 and 6. Fig. 6(a) and (b) 

showed the –  characteristics of OPV with different Ag 

thickness when illuminating from bottom (glass 

substrate/ITO) and top (Ag) side, respectively, and Table I 

illustrated device performances. Because the light 

transmission decreased with increasing Ag thickness, we can 

see that short circuit current (  ) decreased when the Ag 

thickness increased from 10, 12.5, to 15 nm under top 

illumination 

 
Fig. 6 (a) –  characteristics, (b) current efficiency 

(cd/A) versus  from top-emission, and (c) cd/A versus  

from bottom-emission, (d) power efficiency (lm/W) versus 

 from top- emission, and (e) power efficiency (lm/W) 

versus  from bottom-emission of OLED-mode operation 

with different Ag cathode thicknesses, respectively, on the 

ITO-coated glass substrate. 

On the other hand,  increased with increasing the Ag 

thickness due to the stronger reflection from the Ag electrode. 

One can note that for the case with Ag =100 nm,  can be 

measured only from the bottom side, because 100 nm Ag was 

measured only from the bottom side, because 100 nm Ag was 

opaque. One can also note that the c ~2x_3x higher for 

bottom illumination case, compared with the top-illumination 

one, because: (1) 
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 ITO exhibited higher transmittance than Ag (ex: 80% and 

38% for ITO and Ag=125 nm, respectively, at 550 nm) which 

resulted in higher absorption, and (2) micro-cavity effect 

coming from the semitransparent Ag for bottom illumination. 

One can also note that  and fill factor ( ) values 

increased and decreased, respectively, for the bottom 

illumination cases, compared to the top illumination ones, 

which was also related to the increase of   . Typically,  

and  can be correlated by the following equation [4]: 

 
where  and  is the reverse saturation current density of the 

device under dark condition and the i deal factor of the diode, 

respectively,  is Boltzmann’s constant,  is reverse 

saturation currents, and  is the temperature. From (1), it was 

clearly seen that the increase of  resulted in the increase of  

 . Besides, under higher illumination (bottom illumination 

case in this study), the photo generated carriers experienced 

higher re-combination rate, which reduced the shunt 

resistance and FF [5]. 

 

TABLE I 

DEVICE PERFORMANCES OF OPV MODE 

OPERATION EITH DIFFERENT AG CATHODE 

THICKNESS ON ITO COATED GLASS SUBSTRATE 

 
Fig. 6(a) showed the –  characteristics of OLED with 

different Ag-cathode thicknesses, and Table II illustrated 

device performances. We can see that there was 0.67 V 

increase at 100 mA cm  for 10 nm Ag compared with 

control device (Ag =100 nm). When Ag =125 nm, the –  

characteristics was close (0.24 V at 100 mA cm) and it was 

nearly identical when Ag =15nm. Fig. 4(b) and (c) showed the 

current efficiency (in terms of cd/A) at different current 

densities for different Ag thickness from bottom (glass 

substrate/ITO) and top-emission (Ag), respectively. Fig. 6(d) 

and (e) showed the power efficiency (in terms of lm/W) of 

devices corresponding to Fig. 6(b) and (c). OLED with 12.5 

nm Ag as the cathode showed highest efficiency from top- 

emission compared to devices with 10 and 15 nm Ag, due to 

micro cavity effect. Typically, OLED can be viewed as a 

Fabry–Pérot cavity, which can be modeled as the product of 

wide angle and multi-beam interference [6]. The former one 

described the interference between the light leaving toward 

the viewing direction and the light reflecting back from the 

other direction, which was mostly decided by the distance 

from the emission dipoles to the back surface (ITO/glass 

interface at bottom side in this case). The multi-beam 

interference meant the interference travelling back and forth 

inside the micro cavity and determined by the total thickness 

and phase shift of the micro cavity. We have fabricated the Ag 

thin film (10, 12.5, and 15 nm) on the glass substrate and 

measured the transmittance and reflectance spectra (not 

shown here). For Ag=10125 and 15 nm, the transmittances. 

Values at 550 nm were 41%, 38%, and 31%, respectively. 

And the reflectance values at 550 nm were 19%, 42%, and 

57%, respectively. Note that when Ag 10 and 15 nm, 

transmittance values were close (41% versus 38%) while 

there was a big difference between reflectance values (19% 

and 42%), which came from the enhanced plasmonic 

absorption of island growth of thin Ag films (10 nm) [4]. 

Considering the wide angle interference, the transmittance 

value for Ag 10 and 125 nm of the OLED cathode were 

close (41% and 38%, respectively) which resulted in similar 

effect. On the other hand, the in-creased reflectance of Ag 

=125 nm enhanced the multi-beam Interference effect and 

contributed to higher current efficiency. When further 

increasing Ag to 15 nm, the transmission was much lower and 

the reflection was much higher which yielded a much lower 

efficiency, compared to the cases with Ag=  and 12.5 nm. 

For bottom emission, current efficiency increased 

monotonically with increasing Ag thickness, due to the 

increase of Ag reflection. Higher efficiency (listed in Table II) 

from bottom emission, compared to top one in the same 

device also proved the higher reflection and absorption of the 

Ag cathode, compared to the ITO anode with high 

transmittance. From the experimental results shown above, 

the Ag thickness in our OPV and OLED devices was chosen 

as 12.5 nm to achieve sufficient electrical conductivity and 

optical transmittance. 

TABLE II 

DEVICE PERFORMANCES OF OLED MODE 

OPERATION WITH DIFFERENT AG CATHODE 

THICKNESS, ON A ITO-COATED GLASS 

SUBSTRATE 

 
*Measured at 100mA/cm2 
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Fig. 7.1 –  characteristics of OPV-mode operation in an 

individual device and tandem devices (OPV/ OLED, 

OPV/ PDLC, and OPV/ OLED/ PDLC) under 

illumination from (a) top and (b) bottom, respectively. 

 

TABLE III 

DEVICE PERFORMANCES OF OPV-MODE 

OPERATION IN AN INDIVIDUAL DEVICE AND 

TANDEM DEVICES 

 
 

 

Fig. 7.2 (a) and (b) showed the –  characteristics of 

OPV device under top - and bottom-illumination, 

respectively, for the devices of OPV, OPV/ OLED, OPV/ 

PDLC, and OPV/ OLED/ PDLC. And Table III 

illustrated device performances.  

Note that the PDLC was biased at 70 V, kept at transparent 

state, during the electrical and optical measurements of OPV 

and OLED. 

TABLE IV 

DEVICE PERFORMANCES OF OLED MODE 

OPERATION IN AN INDIVIDUAL DEVICE (OLED 

WITH AG AND ITO ANODE) AND TANDEM 

DEVICES (OPV/OLED AND OPV/OLED/PLDC) 

 
(Figs. 7 and 8) When light comes from the bottom side (ITO), 

there was little shift in –  characteristics in these four 

cases, which meant the electrical properties of OPV device 

was not affected by the SAM, OLED, and PDLC processes. 

However, one can note that  decreased when OLED, 

PDLC, and OLED/ PDLC staked upon the OPV device, 

which came from the optical effect.  For example, about 4% 

decrease at 550 nm in transmittance of passivation layer (UV 

resin) was observed, which accounted for the decrease in  

with introducing PDLC upon OPV. Optimization of micro 

cavity structure of OLED may be helpful for enhancing the 

transmittance and boosting up the OPV efficiency. Fig . 8(a) 

and (b) showed the –  and cd/A-J characteristics of OLED, 

respectively, for the devices of OLED, OPV/ OLED, and 

OPV/ OLED/ PDLC. And Table IV illustrated device 

performances. Note that in the tandem device, the anode of 

OLED was replaced from ITO to thin Ag, and it resulted in a 

slightly increase of driving voltage (0.4 V in 100 mA cm  ), 

as shown in Fig. 7(a) besides, there was no obvious shift in – 

 characteristics in the tandem devices (OPV/ OLED and 

OPV/ OLED/ LCD). Under OLED operation, the bottom 

emission will be strongly absorbed by the OPV device. Hence 

we only focused on emission from the top side, as shown in 

Fig. 7(b) and (c) 

 
Fig. 8. Luminance of OLED measured at different time 

for OLED, OPV/ OLED, and OPV/ OLED/ PDLC. Inset 

shows the photos of lit-on OLED at different time. 
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As anode and cathode layer, respectively, which 

corresponded  to the curve, denoted by “12.5 nm” in Fig. 6(b) 

and Table II. Other devices in Table IV used thin Ag (12.5 

nm) as both the anode and cathode for the OLED. In Table IV, 

comparing the two OLED devices (Ag and ITO anode), both 

with Ag cathode, one can see that Ag -anode OLED exhibited 

a higher in efficiency than ITO-anode one (2.28 and 0.59 

cd/A, respectively). For the bottom emission OLED, the last 

row in Table II, the current efficiency was about 3.31 cd/A. 

As shown in [3], when using a thick Ag as the anode, and thin 

Ag as the cathode, the current efficiency boosted up to 10 cd 

A. When reducing the thickness of Ag anode (as shown in the 

first row of Table IV), the reflectivity from anode side 

decreases, and hence the light emission from top-side 

decreased to 2.28 cd/A. Compared to the device with ITO 

anode and Ag thin cathode, one can see that light emission 

from top side is much higher for thin Ag anode, which was 

due to the enhanced multi-beam interference. Besides, in our 

organic material system, hole mobility of NPB was much 

higher than electron mobility of Alq3 [7]. Retardation of hole 

mobility with Ag anode resulted in more balanced carriers 

which may possibly another reason to explain the high 

efficiency from top-emission of devices with Ag-anode (the 

first three rows in Table IV), compared to ones with ITO- 

anode (in Table IV) [8]. Compared with an individual OLED, 

we can see that the efficiency (cd/A) decreased (by 4.8%) in 

OPV/ OLED device because of the absorption of OPV. 

Although OPV was placed underneath, however, the OPV 

absorbed some light which may reflect back to contribute to 

top- emission under OLED operation [29]. Besides, further 

7.4% decrease in current efficiency was observed when 

stacking PDLC on OPV/ OLED, because of the reduction of 

transmission with the insertion of passivation layer. For an 

OLED and OPV device, a suitable encapsulation or 

passivation is needed because water and oxygen in ambient 

condition attacks such a device. With the increase of time, one 

can see the dark spot growth of OLED operation, as shown in 

the inset of Fig. 9 On the other hand, there is no easy method 

to observe such non-uniformity under OPV operation. Such 

OLED dark spots came from the loss of contact between 

electrode and organic materials underneath initialed from 

some defects [3]. In our integrated device (OPV/OLED) with 

OPV underneath the OLED, the ambient species (oxygen and 

moisture) would Attack the outmost metal (OLED cathode) 

first if the defects are only on the top-device (OLED). If the 

defects were on the substrate, it possibly attacks the OLED 

materials to the first (OLED cathode) and second Ag metal 

(OLED anode and OPV cathode) simultaneously. 

 

Fig. 9. V-T Characteristics of PDLC- mode operation in 

an individual device (PDLC and PDLC with UV resin) 

and tandem devices (OLED/ PDLC, and OPV/ OLED/ 

PDLC) 

So we would see the failure region was close for OLED and 

OPV operation, if the non-uniformity of OPV operation in the 

integrated device was measurable, considering the 

metal-induced degradation. Besides, considering the 

degradation of OPV itself, it is also an merging research topic 

from material and devices [4]–[8] As shown in Fig. 7, we 

performed the storage lifetime test for our OLED operation in 

different devices. Here, we stored the devices under ambient 

condition and lit on the OLED every 24 hours with constant 

current density driving of 96 mA cm  and measured the 

luminance for OLED, OPV/ OLED, and OPV/ OLED/ PDLC 

devices. One can see that stacking OPV and OLED did not 

affect the storage lifetime of OLED operation. It is reasonable 

because storage lifetime is determined by encapsulation 

process. Besides, when LC material was injected into the 

cavity between two glass substrate, it helped to repel the 

oxygen and water attacking OLED, and hence the operation 

lifetime increase. Note that we investigated the storage 

lifetime which was mainly affected by the ambient. Fig. 9 

showed the -  characteristics of PDLC operation in 

different devices. For an individual PDLC, 15.1 V was 

needed to achieve 50% of the normalized transmittance. 

However, with the insertion of UV resin on the top of the ITO, 

it resulted in a serious voltage drop and increased the voltage 

to 34.5 V. On the other hand, the thickness of OLED and OPV 

were quite thin (100–300 nm) which had little effect on 

driving voltage. An electrode on the top of passivation layer 

may solve this problem. But it may increase the complexity of 

the fabrication. One possible solution is to use the ultra-thin 

passivation layer (exhibiting suitable dielectric constant) 

upon the OLED, via the fabrication techniques such as atomic 

layer deposition (60 nm ZnO) or chemical vapor deposition 

(100 nm SiNx), to replace the thick epoxy layer (  in 

thickness), and to reduce the driving  -voltage [4], [5]. Other 

kinds of LCD mode (such as reversed -mode polymer 

stabilized cholesteric texture) or incorporation of 

nano-particle inside the LC matrix can be Employed to reduce 

the driving voltage as well [6], [7]. Be-sides, the total 

transmission of the whole device was degraded to 16.7%, due 

to the high reflection of thin Ag and the absorption of OPV. 

For display application, PDLC should operate as the 

reflective mode, which means a black (low reflection) 

back-ground is needed. Replacement of OPV anode to 

opaque anode, together with suitable micro cavity design of 

OPV and OLED will boost up the optical performances of 

OLED, OPV, and especially PDLC. Besides, in some cases 

(ex: PDLC device), use ITO rather than thin Ag as electrodes 

is an alternative to increase the contrast ratio. 

V.  CONCLUSION 

The possibility to integrate OLED, OPV and LCD together 

with two glass  substrate. Here, OPV was placed at the bottom 

acting as the black background and generating photon current. 

Thin (12.5 nm) Ag electrode was used to connect OPV and 

OLED, while SAM was applied on Ag to match the electrode 

work function. A passivation layer is applied on the top of 

OLED to avoid the attack of PDLC to OLED. In such a 

device, electrical properties of OLED and 

OPV are nearly identical to the 

individual device.  
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Optical properties of OLED and OPV degrades a little and 

suitable cavity design will be needed. Storage lifetime of 

OLED-mode extended with PDLC insertion. Driving voltage 

of PDLC increases a lot, due to the insertion of passivation 

layer( 3–4 m) upon the PDLC electrode. A separate 

electrode on the top of the passivation will be needed to 

reduce the driving voltage. Use of thinner passivation layer 

and/or other LCD mode may be helpful as well. Replacing 

some electrodes from thin Ag to ITO may be helpful to the 

optical design for improving the optical characteristics 

(absorption of OPV, efficiency of OLED, and contrast ratio of 

PDLC). a new NIR dye has been synthesized for OLED 

applications. Single layer light-emitting diode has been 

fabricated by using a thermal evaporation technique. The 

device emitted a NIR light with a max at 800 nm. The turn-on 

voltages and the peak intensity in this OLED increased with 

thickness. 
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