
I. INTRODUCTION
ight emitting diode (LED) technology has several
advantages compared with other lighting devices (e.g. 
incandescent and fluorescent), such as i) have longer 

lifespans, ii) lower power consumption, and iii) able to use 
in dual function (lighting purpose as well as communication 
devices). Because the LED possible to switch control from 
mode ‘on’ to mode ‘off’ or vice versa (~µs scale) quickly. 
Thus, the LED has the flexibility to be controlled its 
illumination intensity in high frequencies using controller 
device [1]. Recently, this technology can be called as 
“visible light communication” or VLC which is an optical 
communication type that uses LED as transmitter device [2]. 

LED driver design is one of the foremost consideration 
for LED to be properly functioned as a dual function. 
Because designed LED driver is not only as power supply 
converter (from the ac voltage to DC voltage) but also as 
data modulator. LED may have poor performances as 
lighting sources if it uses in VLC system. This challenge is 
an open problem for VLC research focus in analog front-
end. 

In general, the topology of the LED driver can be 
divided into two parts, i.e. linear mode and switch mode. 
The LED driver based switch mode works at dim condition 
(‘0’ logic) and bright condition (‘1’ logic). The advantages 
of switch mode are high efficiency and simple circuit 
implementation. In another hand, the LED also have 
nonlinear characteristics with the polynomial curve. To 
make LED works in the linear region, we need to use the 
linear LED driver. Typically, this mode has low efficiency 
[3]. LED driver design is one of an interesting topic in the 
VLC application. Some research has been observed, such as 
reported by [4-8]. The Bias-tee (another name called as 
Bias-T) is the popular module that has been widely used as 
VLC’s modulator due to offers the light-weight 
implementation also available on the market. 

This module has variety bandwidth from hundreds 
Hertz (Hz) till thousands. It is called “Tee” because this 
module has three ports (at the basic) that configured to be 
“T” forms, i.e. two inputs (RF and DC) and one output (RF 
+ DC) as illustrated in Fig. 1. The Bias-T can be used to 
transmit an OFDM signal with high PAPR without signal 
partition technique [9]. 

The basic principle of bias T module is to add high 
frequency of RF signal or information signal with DC signal. 
Therefore bias-T module can be used as a linear LED driver 
due to make LED not only turn ‘on’, but also transfer the 
analog/digital signal. The limitation of bias-T is too 
expensive [10-13]. Therefore, it is unsuitable for installing 
the VLC system to the commercial building with mass 
implementation although an alternative modulator for high 
bit-rate data transmission system in optical communications, 
such as VLC. 

Fig. 1. Basic configuration of commercial bias-T which is consist of 
inductor & capacitor component, and real product Aeroflex® that retrieved 
from Apitech.corp. [14]. 

In this paper, we propose LED driver design for lighting 
at the indoor environment as well as data transmitter only for 
downloading purpose in the indoor environment. The 
designed its circuit is based low-cost material and can be 
compared with Bias-T function. Since the LED driver has 
developed based general operational amplifier (Op-Amp), 
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Abstract— The LED driver design for lighting at the indoor environment, as well as data transmitter with a one-way link (for download 
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the data-rate transmissions relatively low due to the limited 
bandwidth of Op-Amp usage. The main objective of this 
paper focuses on the testing performance of our proposed 
circuit, there is no further consideration in the component 
selection of the circuit, i.e. Op-Amp. 

The discussion of this paper is divided into five parts, i.e. 
introduction, circuitry design, results and analysis, 
conclusion, and appendix. 

II. PROPOSED CIRCUITRY

Fig. 2 shows our proposed LED driver circuit which 
consists of several blocks. In total, there are seven DIP Op-
Amp, three 10 KΩ variable resistor, eleven 0.5 Watt metal-
film resistor and one 2 Watt 2Ω resistor which configured as 
current protector on the collector side of the transistor. We 
chose LM358 Op-Amp which has 1 MHz gain bandwidth 
and maximum supply of -30 VDC and 30 VDC. Besides of its 
low cost and availability as an off-the-shelf component, this 
Op-Amp also compatible with our design, i.e. needs 12 VDC 
as the minimum supply voltage.  

Fig. 2. Block diagram of proposed LED driver circuit for communication 
and illumination 

The light blue colored block is a combination of DC-
offset remover circuit for input signal characteristic with DC 
component (input-A). The yellow colored block is DC-offset 
adder circuit (input-B), if the input signal has a zero DC-
component, it can be bypassed into this circuit. This LED 
driver module needs dual supply (12VDC and -12VDC). 

A. DC-Offset Remover Circuit 

This circuit contains three blocks. The first block is the 
buffer-I circuit, which has a function to keeps information in 
the input signal from effects of impedance from the next 
circuit. Then, the second block is the DC-offset adjuster 
circuit, input from 12 VDC power supply can be tuned using 
RV1 potentiometer. Next block is the differential amplifier, 
which subtracts DC signal from the information signal. 

For input signal with low Vpp characteristic, needs to be 
amplified using the amplifier. But before amplified, DC 
component of that signal needs to be removed to avoid 
amplifying of DC component. Fig. 3 shows differential 
amplifier circuit and illustration of circuit ways of working. 

(a) (b) 

Fig. 3. Circuit block for input which has DC component: (a) buffer, DC-
offset remover, differential amplifier; (b) illustration of signal 

Potentiometer RV1 which used to removes DC 
component from the input signal has to be tuned so it has 
characteristic, where: adjV = 0 VDC. This 0 VDC is a 
reference voltage, which means DC-offset on the input 
signal has been removed because it has been positioned into 
0 VDC. Then, the voltage gain (AVOL) of this differential 
amplifier has to be ensured that low level of the output 
signal (V3) can be as close as possible to the negative 
saturation voltage, i.e. -1 VDC. If minV1  = -1 VDC so that 

minV1 - adjV = -1 VDC. And R3 = R4 = Rf, then R1 = R2 = Rin, 
then if that variable inputted into the transfer function 
equation of differential circuit, the equation becomes 
equation(1), 

 
in

f
2min3 R

R*VV1V     (1) 

The voltage of V3 is 2 VDC. If we choose R1 = R2 = Rin 
= 1 kΩ, then Rf = R3 = R4 = 2 * Rin = 1 kΩ. This circuit has 
no sinusoidal input amplifier because the output signal of the 
Op-Amp LM358(3) will be processed on the next circuit, 
which is a variable non-inverting amplifier. 

B. DC-Offset Adder Circuit 

After DC component from DAC signal is removed and 
leaving a sinusoidal signal, the signal needs to be amplified 
then tuned for DC-offset to turn on the LED. Based on those 
ways of working, this DC-offset circuit consists of three 
blocks, i.e. non-inverting amplifier, DC-offset adjuster and 
summer non-inverting circuit. Fig. 4 shows the designed DC-
offset circuit. 

(a) (b) 

Fig. 4. Circuit block for input signal with zero DC component 
characteristic: (a) variable non-inverting amplifier, DC-offset adder, non-
inverting summing amplifier; (b) illustration of signal 

 We designed a non-inverting amplifier that can be flexibly 
tuned, so we can get variable controlled gain of the signal. 
On the feedback resistor (R6), we put a resistor with 10 kΩ 
and Rg consisted of the serial connected resistor (R5 with 330 
Ω resistance and RV2 with 1 kΩ resistance). Tuning of signal 
amplifier complied with the linear voltage of LED which is 
used if analog modulation is chosen. The equation(1) to 
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equation(3) of the signal which generated from the minimum 
and the maximum gain: 

Rg
Rf1 ampGain  (2) 

 times30
0  Ω 330

KΩ 101 maximum ampGain 


  (3) 

 times7.5
KΩ  1 Ω 330

KΩ 101 minimum ampGain 


 (4) 

 Based on the equation(3) and equation(4), signal gain is 
ranging from 7.5 times to 30 times. The output voltage of 
Op-Amp LM358(4) is set for around 4 VDC and -4 VDC. If 
the input signal is 0.5 VDC, then required gain is 8 times. 
Afterwards, the circuit is DC-offset adjuster to add DC 
component that can be tuned using potentiometer RV2. The 
Op-Amp LM358(5) is configured as a buffer. The next 
circuit is non-inverting summer amplifier to sum the input 
signal from LM358(5) with the LM358(4). The transfer 
function of this circuit is shown in equation(5). The purpose 
of this summing is to clip an output signal on the linear 
region of the LED. In the previous research, observation of 
the I-V characteristic of the white LED has been done [12]. 
Finally, it resulted in the conclusion that LED is the non-
linear source which can affect data communication system. 
Then, to use analog modulation, we need proper bias, so 
LED can be working in its linear region.  

 
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R111*Vref

R8R7
R8Vin

R8R7
R7V3

        (5) 

Where V3 is an output voltage of non-inverting summer 
amplifier circuit. If, R7 = R8 = R10 = 1 kΩ, then equation(5) 
can be rewritten as equation(6). 

  









Rg
1K1*Vref*0.5Vin*0.5V3

 (6) 

Suppose that peak-to-peak voltage (Vpp) of the previous 
signal input is 4VDC to -4VDC. Then, the LED voltage for the 
linear region is 8 VDC to 12 VDC, it means we only need 
single gain. But, in the equation(6), the input signal has 0.5 
of gain  (0.5 * Vin), thus the signal automatically 
reduced by half and need double gain. Therefore, the output 
signal still at 4 VDC. Other than that, DC voltage reference 
also had a 0.5 gain. So, the value of resistor R11 is 1 kΩ, as 
explained in the equation(7). 

 times1
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KΩ 1  then    times,2
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R111 
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
             (7) 

C. Voltage Follower 

The last circuit stage is Voltage follower as shown in 
Fig. 5. As has been explained on the section-2, that is 
required Op-Amp needs to be supplied with the minimum 
voltage of 12VDC and -12VDC, it is because the equation that 
we used is LED voltage equal to sum of DC component with 
the sinusoidal input signal which has been amplified as 

shown in equation(8) and equation (9). The RF transistor 
2N3866 is used, it has a typical switching frequency of 400 
MHz. This type is suitable for low, middle as well as wide 
range of VLC bandwidth.  

Suppose that VLED, which is maximum voltage to supply 
LED, is 12 VDC and Vin = 4 VDC, so Vref = 6 VDC. 

LED3 VV  (8) 
   2*Vref*0.5Vin*0.5VLED   (9) 
 Vref*1Vin*1VLED    (10) 

Fig. 5. Voltage follower at LED driver 

III. RESULTS AND ANALYSIS

A. Evaluation Procedure 

There are three scenarios that used to functional test of 
our proposed circuit. First, we use single carrier sinusoid 
signal generated by the signal generator (GW INSTEK 
GFG-8210) with 1 Vpp of amplitude without DC-offset as 
shown in Fig. 6. This scenario purpose is to observe the 
bandwidth of the LED driver circuit and also perform LED 
driver if the input signal has no DC component. 

Fig. 6. Test scenario to observe cut-off frequency of the LED driver, 
testing is done using sinusoidal input signal and output gain voltage 
calculated using equation 20*Log (Vo/Vi) 

Second is input signal with DC component as shown in 
Fig. 7. This scenario purpose is to measure LED driver 
performances for VLC based on digital processing via PC to 
PC. As the material, we use Digital to Analog Converter 
(DAC) THS5651EVM board from Analog Devices. Inc. 
The detailed system on chip design on this FPGA is 
discussed in [15]. 
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Fig. 7. Set-up of the second scenario 

The third is using audio as an input signal as shown in 
Fig. 8. In the third scenario, we use music audio file with 
MP3 format to be transmitted from the laptop to the loud 
speaker.  

Fig. 8. Set-up of the third scenario 

B. Simulation Results 

A circuit simulation has been done by using the 
MULTISIM® software tools as shown in Fig. 9, it shows 
that our proposed LED driver circuit working as have been 
designed. The LED is on and also transmit sinusoid signal. 

Fig. 9. Captured signal on the virtual oscilloscope of MULTISIM V.14, it 
shows a comparison between the input signal (without DC-offset) with 
anoda channel of the LED. The parameters used, i.e. single carrier signal = 
sinusoid form, Amplitude = 0.5 Vpp, input frequency = 100 kHz) 

C. Printed Circuit Board (PCB) Implementation 

The implemented of designed LED driver is shown in 
Fig. 10(a) for DC-offset remover circuit, and Fig. 10(b) for 
DC-offset adder and voltage follower circuit where its 
configuration is developed by Fig. 2. Due to the objective of 
this paper is for research purpose, both modules are 
fabricated in separate for easy testing with plug and play.

Therefore, we can adapt the characteristic of the input signal 
(with or without DC). Each of modules is supplied by the 
dual power supply, i.e. VCC, ground, and VEE. Then, the 
input channel has five ports, i.e. VCC, ground, VEE, data, and 
ground. The proposed LED driver is developed by Proteus

7.0 Student version software based double layers PCB. All 
of components used is discrete with inexpensive. 

Fig. 10. A Photograph of LED driver module: (a) the Tx-B module with 
specific dimension 33.32mm x 62.56mm; (b) the Tx-A module with 
specific dimension 49.96mm x 61.85mm;  

D. First Scenario 

The first step that needs to be done before doing data 
transmission is observing the frequency response of the LED 
driver circuit. The experimental procedure is shown in the 
Fig. 5., the signal transmitted from frequency generator with 
varied frequency from 1 kHz to 100 kHz, then the output of 
the Op-Amp LM358(7) probed to observe the frequency 
attenuation. Fig. 11 is a graph of AVOL (dB) relationship with 
frequency, in a logarithmic scale. It can be known that the 
cut-off frequency of the LED driver circuit is around 75 
kHz.  

Fig. 11. LED driver bandwidth, frequency is ranging from 1 kHz to 100 
kHz 

According to Fig. 6, that signal input is tuned with null 
offset (no DC component). We use the input frequency with 
10 kHz and amplitude of 1 Vpp, which is the minimum 
voltage for LED to be turned on. Fig. 12(a) shows the 
measured signal of the input of LED driver circuit (indicated 
by the blue signal) against an output signal of the variable 
non-inverting amplifier stage with 10 times gain (indicated 
by the yellow signal). Fig. 12(b) shows the measured output 
signal of Op-Amp LM358(4) that indicated by the blue 
signal against VLED that indicated by yellow signal.  

The results shows that variable non-inverting is working 
correctly. The non-inverting summer amplifier sums the DC 
signal with the output signal of Op-Amp LM358(4) as well 
as amplifying the signal 2 times after attenuated in half. 
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(a) (b) 

Fig. 12. Osciloscope measured output signal of LED driver in the first 
scenario 

E. Second Scenario 

We perform the second scenario based on Fig. 7. Then, 
Fig. 13(a) shows the measured signal of the LED driver 
input from DAC THS5651EVM module that indicated by 
the blue signal) against the output signal of Op-Amp
LM358(3) that indicated by the yellow signal. It shows that 
blue signal as input has a DC component then rejected, 
finally it shown that output (indicated by the yellow signal) 
has no DC. Then Fig. 13(b) shows the measured signal of 
the output of Op-Amp LM358(4) with VLED (indicated by the 
blue signal).  

These results show that DC-offset remover can remove 
the DC component from the signal output of DAC 
THS5651EVM module, and non-inverting summer amplifier 
can tune the DC-offset to turn on the LED in the linear 
region. 

(a) (b) 

Fig. 13. Signal measured by the oscilloscope from the output of the LED 
driver for the second scenario 

F. Third Scenario 

As stated before, we tested LED driver to transmit an 
audio signal from PC. The audio signal is an analog signal 
with a low-frequency characteristic which is suitable for the 
testing input signal. Besides that, the transmission is one-
channel only so it can be processed using the designed 
system. It different than video signal with two-channel 
communication (audio and video channel) so it needs two 
transceivers. The measurement scenario is refer to Fig. 8. 

The required components are audio jack output for PC, 
audio jack cable, photodiode, Op-Amp receiver circuit and 
loud speaker to produce the output signal. The testing 
method is by playing music audio on the PC then the output 
signal processed by the analog transmitter circuit and 
converted into the visible light. Then, on the receiver side, 
photodiode captured the signal to be processed by the AFE 
circuit and then outputted in the loud speaker. The 
laboratory tested is shown in Fig. 14.  

The experiment of audio transfer experiment is explored 
and described in [16-17]. 

Fig. 14. Measured signal of LED driver in the third scenario 

(a) (b) 

Fig. 15. Measured signal of LED driver in the third 

We compare the signal output from non-inverting 
variable pre-amp (indicated by the blue signal) and LED 
(indicated by the yellow signal) as shown in Fig. 15(a). 
Comparison of the signal between LED and TIA’s circuit 
output is shown in Fig. 15(b). These results show that audio 
signal can be transmitted and outputted from the loud 
speaker with good quality with distances of the sensor is less 
than 50 cm and elevation degree of 0o.  

IV. CONCLUSION

Recently, the LED beside can be used for room 
illumination also can be used for data transmission. In this 
paper, we propose a LED driver circuit design for indoor 
lighting as well as for data transmission. We consider the 
LED main function, as the lighting device. Therefore special 
consideration was implemented in circuit design.  

The proposed LED driver circuit consists of several 
blocks, i.e. buffer circuit I, DC-offset remover, differential 
amplifier, non-inverting amplifier, buffer circuit II, DC–
offset adder, non-inverting summer amplifier and voltage 
follower. Using this circuit, LED which usually used for 
lighting can have added value, because it can also be used to 
transmit data.  

According to evaluation, we conclude that our proposed 
LED driver can be used for signal input with and without 
DC and also audio signal broadcasting. The lighting product 
is without flicker, has bandwidth up to 50 kHz, and the 
circuit can work properly to be replaced the Bias-T 
performance with low-cost material. Our proposed circuit 
has a linear LED driver typical, thus it also can be used to 
transmit OFDM signal. However, it must be a low-frequency 
since the Op-Amp has limited bandwidth.  

The limitation in this design is only for low-rate data 
transfers. For larger bandwidth, this design needs a higher 
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specification of Op-Amp. For example specific purpose Op-
Amp with high-bandwidth.  
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