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Abstract-A bidirectional optical wireless communication module 
can be used as a portable information terminal to 
simultaneously display and transmit data/image in an indoor 
environment and its effectiveness is demonstrated in a 
transmission experiment of 8bit data. 

The structure of proposed module and its bidirectional 
communications method are shown in Fig. 1. It consists of two 
component submodules. On the transmitter part, an OLED display 
is used to display sending or receiving information realtimely, and 
to transmit user messages to host through a light receiver based on 
the reflectivity modulation communications technique [5].   
 I. INTRODUCTION 
 

Wireless communication has become a ubiquitous part of human 
life. Communications using optical carriers is not only popular the 
world over, but is also indispensable in specific applications. For 
example, for indoor and wireless local-area networks of near 
distance, however, spatial optical communication is an attractive, 
safe possibility [1-3]. In the previous works, we have proposed an 
idea for bidirectional optical wireless communications terminal and 
investigated its feasibility [4]. 
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ETL: Electron Transfer Layer, EML: E-Missive Layer
HTL: Hole Transfer Layer, ITO: Indium Tin Oxide 

 
 
 
 
 
 
 
 

In this paper, an actual new module to transmit data 
bidirectionally using an OLED (organic light emitting diode) 
display module and an infrared light IC (integrated circuit) receiver 
is developed based on the above idea, and their effectiveness is 
demonstrated in a wireless communications experiment of 8bit 
data. 
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II. STRUCTURE OF MODULE  
 Fig.2 The device structure of the OLED used in this module. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. Schematic structure of bidirectional optical wireless 
communications module. USB: universal serial bus, UART: 
universal asynchronous receiver transmitter, FFC: flexible flat 
cable. 
 

Figure 2 shows a device structure of the OLED and its 
operation principle. The emit light occurs in ~800nm thick layer of 
aluminato-tris-8-hydroxyquinolate (Alq3) material, which has 
wavelength bandwidth of 450-700nm sandwiched between an 
electron transfer layer (ETL) and a hole transfer layer (HTL). 
When an electric field is applied between a cathode and an indium 
tin oxide (ITO), the electrons in the ETL and holes in the HTL are 
transferred into the EML and becoming electron-hole pairs. These 
recombination electron-hole pairs result in radiations, as shown in 
Fig. 2. The driving method and active area for the OLED device 
used in this work is passive matrix and 256×64dot, respectively. 
When the operational voltage is 7-12V, the average luminous 
intensity of the OLED device is 90cd/m2 in all on state. 

As a portable communications and display device, the 
attractive features of the OLED are low power consumption 
because it is un-exothermic almost, and good vision acuity because 
it is self-luminous [6-8]. An OLED controller with a peripheral 
interface controller (PIC) chip is employed to program and drive 
the OLED panel via a FFC to modulate its radiation intensities for 
data transmission in different sending frequency, and to show the 
corresponding contents. 

On the receiver part, a reader/writer is used to read data from 
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the host via a RS232C or USB cable and write data to an infrared 
LED projector. The infrared ray from the project is used as the 
medium of data transmission, and the data signals are received by a 
light IC receiver. The received data contents are display on the 
OLED display module through a UART cable. In this module, 
every communication packet is 10byte, which consists of a 1byte 
binary start code (02h), 8byte ASCII data code, and a 1byte binary 
end code (04h). The baud rate of data transmission is 9600bps. 
 

III. SENDING METHOD OF MODULE 
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(b) 
Fig. 3 An example of data sending: (a) transmitter submodule and 
(b) the waveform of sending signals. 
 
In order to demonstrate the effectiveness of the proposed module, a 
data-sending experiment is performed using a test data stream of 
“SendData”. Figure 3(a) is an actual structure of proposed 
transmitter submodule. A microcomputer board with the 
MDSPIC2010 is chosen because it is a programmable chip, thus an 
application program can be written to allow users to obtain 
necessary information and services. On the other hand, to send and 
display data information at the same time, we divide the OLED 
panel making it a two channels access device, thus making the data 
display and transmission in different channel to obviate inter-signal 
interference. The right sub-block of the OLED panel is employed 
to transmit data and its transient image of the light intensities 
modulation when the message is being sent as shown in Fig. 3(a), 
and the left sub-block is used to display the message corresponds to 
the sending signal of the right sub-block. The intensity of the 
OLED panel is modulated by dark (code “0”) and bright (code “1”) 
images and the maximum modulation frequency is 1kHz. To 

investigate the quality of communications, the waveform of the 
transmitted signal is displayed on the oscilloscope as shown in Fig. 
3(b). In this experiment, the distance from the OLED to the light 
receiver is 40cm. We can see that the signal has good rectangle 
waveform, thus making the BER (bit error rate) low when data are 
transmitted. 
 

IV. RECEIVING METHOD OF MODULE 
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(c) 
Fig. 4 An example of data receiving: (a) receiver submodule, (b) 
receiving image on a control computer, and (c) the waveform of 
receiving signals. 
 
Figure 4 is the proposed receiver submodule and data-receiving 
result. An actual receiver submodule with a LED projector and a 
light IC receiver is shown in Fig. 4(a). LED projector is a light 
source that is modulated by data signal from the host. Figure 4(b) is 
a control image for host data transmission. When an 8byte data 
stream is inputted, by touching the “Sent” button, this data will be 
transmitted into the reader/writer driver to modulate the light signal. 
The light IC receiver receives this data modulation signal by its 
photocells, stores it by its intra-chip, and transmits it via a UART 
communications cable. The baud rate of data transmission is more 
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than 9600bps. To obviate the cross-talk among transmission signals, 
we have chosen different wavelength for LED projector, which is 
880nm and for light IC receiver, which is 780nm, respectively. The 
data-receiving result is display on the OLED panel, as shown in Fig. 
3(a). Figure 4(c) is the waveform of receiving signals. In this 
experiment, the test data stream is “ReceData”. The distance from 
the LED projector to the light IC receiver is about 60mm. We can 
see that no waveform distortion is suffered almost in this test 
period. 
 

V. LIGHT INTENSITIES MODULATION OF MODULE 
To investigate the possible area for data transmission, the 
dependences of the light modulation intensities on communication 
distances and rotation angles are measured. Figure 5 is schematic 
diagram of the measurement system. The light intensities from the 
OLED panel are detected by an optical power meter through a 
photodetector. In the experiment, a bright (code “1”)-dark (code 
“0”) image signal stream is written into the OLED module. The 
change time, i.e. the modulation rate from bright image to dark 
image is 0.1s. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Schematic diagram of experimental setup used to measure 
the communications area of the OLED display module. 
 

First, to obtain the dependence of the light modulation 
intensities on distances, the distance between the OLED panel and 
the photodetector is changed from 10cm to 90cm. Each modulation 
intensity corresponding to a different transmission distance is 
obtained by the photodetector. Measurement results are plotted in 
Fig. 6 (a). We can see when the distance is about 45cm, the 
normalized modulation intensity V/Vmax is reduced by -3dB to 0.71 
of the maximum value. This result indicates that the active work 
distance of the OELD module used in this experiment is less than 

45cm. 
Next, to investigate the angle area of the OLED module, the 

OLED panel is rotated within the possible range for the light 
received of the photodetector. The distance from the OLED panel 
to the photodetector is 30cm. Measurement results are shown in Fig. 
6 (b). We can see that the normalized modulation intensities V/Vmax 
decrease with increase in the value of rotation angles, the angle 
range is about ±50˚ when the normalized modulation intensity is 
reduced to 0.71 of the maximum value. Thus, this OLED module 
can be used as the communications device in the area of about 
±50˚. 
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Fig. 6 Dependences of the normalized modulation intensities 
V/Vmax on (a) communication distances and (b) rotation angles. 
 

VI. CONCLUSIONS 
We have described a bidirectional optical wireless communications 
module for portable low-power-consumption information terminal 
using the OLED display module and the infrared light IC receiver. 
The bidirectional data communications have been achieved by 
using this module.  

For low power consumption, solar cells should be conducted 
to replace ordinary batteries, and to more far communications 
distance, a highly efficient photoresponsive OLED [9, 10] should 
be considered and use to the data transmission device for further 
study and development. 
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