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1.  Introduction

It is generally accepted that when choosing a light source, 
consumers tend to focus on the higher energy efficiency of 
light sources. Compared to traditional light sources, inor-
ganic LEDs demonstrate a fairly high efficiency, which at 
present can be almost twice as high as that of fluorescent 
lamps  [1]. When it comes to color quality, both inorganic 
LEDs and fluorescent lights have at least two disadvan-
tages. The first drawback is the rather low color render-
ing index (CRI)  [2], that is, a measure of the ability of  
a light source to adequately reflect the colors of illuminated 
objects, compared to a natural light source. The second 
drawback is the shift of radiation to the blue region of the 
spectrum, which to a certain extent is dangerous to human 
health  [3]. In this context, in organic light-emitting diodes, 
white radiation (WOLED) harmful blue radiation can be 
largely eliminated by design and technology approaches [4]. 
So, WOLED, as an alternative light source, demonstrates 
comparable performance and at the same time better color 
rendering quality, is definitely an extremely promising basic 
element of the latest lighting systems. Taking into account 

that one of the fundamental parameters of light sources 
as an element of a lighting system is power and luminous 
flux as a quantitative characteristic of radiation. In terms 
of shelf life, typically LT50, LT70 and LT95 are used to 
confirm the reliability of WOLED, which means a decrease 
in brightness, respectively, to 50  %, 70  % and 95  %  [5].  
It is important to constantly monitor these parameters during 
the operation of WOLED lighting systems. Thus, the object 
of research is the parameters of organic light-emitting diodes, 
namely power and luminous flux. And the aim of research 
is to develop a portable device that makes simultaneous 
measurement of power and luminous flux.

2.  Methods of research

The main essence of the technique is a certain dualism –  
it provides for the measurement of both power (PowerMeter)  
and luminous flux (Lux meter). The technique is implemen
ted as follows:

–	 measurements and standardization of the source 
spectrum are carried out;
–	 he sensor sensitivity is normalized;
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–	 the signal from the sensor is measured, including 
when the parameters of the light source are changed;
–	 the power of the source and the luminous flux created 
by the sensor are calculated (including when changing 
the parameters of the light source).
The main advantage of the technique, implemented in 

a portable device and software, is the ability to measure 
the power of a planar light source in an arbitrary band 
of the spectral visible range. Thus, it is possible to deter-
mine what power in watts the source gives in the bands, 
for example, 480÷510  nm and 630÷650  nm, knowing the 
spectrum of this source without the use of glass filters 
and the problems associated with them.

So, the purpose of the method is to determine the 
power of light radiation (in watts) or the luminous flux (in 
lumens) of the emitter (light sources) either «statically» 
(without changing the source parameters) or «dynamically» 
(with changing the source parameters).

The measurement technique can be used for a par-
ticularly «delicate» setting of the parameters of the light 
source in order to achieve the required value of the light 
radiation power (or luminous flux). That is, it is possible 
to determine what parameters of the light source should be 
set in order to achieve the required power of light radia-
tion (in watts) or luminous flux (in lumens) for certain 
scientific or economic (applied) problems.

In the case when the luminous flux is not monochro-
matic, the dependence of the quantum efficiency on the 
wavelength should be taken into account. To solve this 
problem, it is necessary to have information about:

–	 spectral distribution of the radiation source (I λ( ) –  
dependence of intensity on wavelength);
–	 dependence of the quantum efficiency of the sensor 
on the wavelength (S λ( ) – dependence of the quantum 
efficiency on the wavelength).
For this, the dependence of the quantum efficiency of 

the sensor (Hamamatsu) on the wavelength in the range 
of 340÷800 nm is taken into account.

The spectral distribution can be obtained using the avail-
able spectrometer. This section is subject to post-processing:

–	 smoothing (elimination of accidental emissions, etc.);
–	 «cleaning» the constant component;
–	 rationing.
The result is a dependence of the intensity on the 

wavelength, suitable for practical use. This allows one to 
calculate the contribution of each spectrum component 
to the total sensor response. Knowing the contribution 
of each spectrum component to the total sensor response 
and the quantum efficiency for each of these components, 
it is obvious to calculate the total normalized quantum 
efficiency for a given radiation source:

P
S

S
Wg

n

= [ ], 	 (1)

where Pg  – total power; S  – sensor feedback; Sn  – norma
lized quantum efficiency of the sensor.

Thus, to correctly measure the radiation power, it is 
necessary to calculate the effective quantum efficiency for 
each type of radiation source.

3.  Research results and discussion

3.1.  Practical implementation of the device. The main 
unit of the device circuit is the measuring chamber, the 

circuit of which is shown in Fig. 1. It is made of cylin-
drical billet aluminum. A cone is machined inside, the 
base diameter of which is such that an optical sensor of  
the S2387-1010R [6] or S7686 [7] brand (Japan) is tightly 
fixed into it. The top of the cone has a diameter slightly 
larger than the diameter of the diode, the parameters of 
which are subject to investigation.

 
Fig. 1. Diagram of the camera for measuring the LED total  

emission: A – ammeter with a measurement range of 1÷10 mA;  
PD – S2387-1010R sensor; B – aluminum block is covered  

with gold inside

The total power of the luminous flux emitted by the 
investigated LED is determined as:

P
I

S
W

SC
0 ≈ [ ], 	 (2)

where P0 – total emission; ISC – photodiode current; S  – 
photosensitivity of the silicon photodiode, based on the 
spectral response graph in the documentation for the 
S2387-1010R: S ≈ =( )0 58 930. , A W  nmλ  or for S7686: 
S ≈ =( )0 38 550. . A W  nmλ

The PD sensor is connected to the electrical circuit of 
the pre-amplifier, which has the ability to correct «zero» and 
adjust the gain (Fig.  2). The preamplifier is assembled on 
the TLC271 operational amplifier (USA)  [8]. The voltage 
at the output of the amplifier is proportional to the current 
flowing through the WOLED and fed to a voltmeter or 
other meter. In the feedback link, it is possible to switch 
between the measurement ranges by connecting resistors 
of different ratings. The VR calibrating slide resistor com-
pensates for the sensor’s dark current and sets it to zero.

 
Fig. 2. Electrical functional diagram of the preamplifier of the luminometer: 

VR – calibrating paddle resistor; IC – TLC271 operational amplifier 
microcircuit; PD – S2387 sensor (68 uA/100 lx)  

or S7686 sensor (0.45 uA/100 lx)

The use of a microcontroller (single-chip electronic 
computing machine (computer)) allows automating the  
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measurement process, carrying out the necessary calcu-
lations, saving correction constants, accumulating and 
processing the obtained data, analyzing these received 
data, exchanging data with a computer, etc. The electrical 
functional diagram of the luminometer device on based 
on the microcontroller is shown in Fig.  3.

The device consists of the following functional units: 
controller – platform «Arduino UNO» (India) [9], liquid 
crystal display, photodetector Hamamatsu S2387 (Japan), 
current amplifier with controlled gain, power supply. All 
units of the device are controlled by a microcontroller.

The microcontroller generates an analog voltage pro- 
portional to the digital code through a digital-to-ana
log converter (DAC). This voltage is amplified by a 
voltage amplifier (VA) and thus controls the operation 
of the LED under study. Further, the signal from the  
sensor (PD) is amplified by a preamplifier with a con-
trolled gain. The selection of the gain is carried out 
by keys K0÷K3, which in turn are guided by the micro
controller. The amplified analog signal is converted by 
an analog-to-digital converter (ADC), the digitized sig-
nal is processed by the microcontroller according to the 
programmed algorithm.

The operation of the device is controlled from the 
keyboard connected to the microcontroller, and information 
about the operating modes and settings is displayed on 
the display. Data exchange with the computer is carried 
out via the COM port interface.

In general, the device perfectly measures the sensor 
current. Current measurement ranges (dynamic range of 
each range – 1024 discrete levels):

–	 I1 (max) up to 100 μA;
–	 I2 (max) up to 200 μA;
–	 I3 (max) up to 500 μA;
–	 I4 (max) up to 1000 mA.
The device operation algorithm has the following  

sequence:
–	 setting the minimum gain (current measurement range 
up to 1000 mA) – the so-called test measurement;
–	 measurement of the sensor currents when the sig-
nal of the light source setting the operating para
meter changes (from 0 to 3÷15 volts, set by the user,  
250  discrete values in the specified range) using a  di
gital filter for «tuning out» from interference and  
noise. Also, the data are averaged for each parameter 
of the source;

–	 determination of the maximum signal І0(mах) of the 
sensor and, if necessary, switching to another measure-
ment range. Thus, the measurement range is selected, 
which will ensure the highest measurement accuracy. 
The dynamic range of the ADC is used optimally. Range 
selection criteria are: I Ii0 0 8( ) ( )max max ∙ .≤  – so-called work-
ing measurement;
–	 the working measurement is transferred to the PC.

3.2.  Software. Final calculations of the radiation power 
and brightness are carried out on a computer in the cor-
responding software developed (Fig. 4). In general, software 
consists of the following components:

–	 the controller software is implemented using The Ar-
duino Integrated Development Environment – «Arduino  
Software (IDE)»  [10];
–	 software (for PC) for communication with a micro
controller and calculation of effective quantum effi-
ciency  – environment «Visual Basic Microsoft Visual 
Studio Community 2019»  [11].

Fig. 4. Appearance of the interface of the program  
of interaction with the device

 

Power [W]

[Lm]Bright

The software component can generally be broken down 
into three parts.

 
Fig. 3. Electrical functional diagram of the luminometer device:  

PD – photodiode; OA – operational amplifier; R0÷R3 – OA feedback supports (for changing the gain); K0÷K3 – OA feedback resistance switches;  
ADC – analog-to-digital converter; DAC – digital-to-analog converter; VA – voltage amplifier; PC – personal computer; the power supply is not reflected



INDUSTRIAL AND TECHNOLOGY SYSTEMS:
ELECTRICAL ENGINEERING AND INDUSTRIAL ELECTRONICS

33TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 1/1(57), 2021

ISSN 2664-9969

Part 1. Power measurement.
–	 (A) The device measures the photocurrent induced 
by the light source.
–	 (B) The spectrometer measures the dependence of 
the intensity of this source on the wavelength.
–	 (C) The dependence of the quantum yield of photo
diodes on the wavelength is known from the docu-
mentation for the device (certified).
–	 Knowing the dependence of the distribution B and C,  
the contribution of each spectrum component to the 
total power of the light source is calculated and the 
total power of the light source is listed.
Part 2. Measurement of luminous flux.
–	 (A) The device measures the photocurrent induced 
by the light source.
–	 (B) The spectrometer measures the dependence of 
the intensity of this source on the wavelength.
–	 (C) The dependence of the quantum yield of photo
diodes on the wavelength is known from the docu-
mentation for the device (certified).
–	 Knowing the dependences of the B and C distribution 
and taking into account the recommendations of the 
CIE (International Commission of Illumination), the 
contribution of each spectrum component to the total 
luminous flux created by the light source is calculated 
and the luminous flux created by the light source is 
calculated.
Part 3. Measurement of power in an arbitrary spectral 

range.
–	 (A) The device measures the photocurrent induced 
by the light source.
–	 (B) The spectrometer measures the dependence of 
the intensity of this source on the wavelength.
–	 (C) The dependence of the quantum yield of photo
diodes on the wavelength is known from the docu-
mentation for the device (certified).
–	 Knowing the dependences of the distribution of B 
and C and taking into account the desired spectral 
range (the contribution of unnecessary sections is mul-
tiplied by zero), the contribution of each spectrum 
component to the total power of the light source is 
calculated and the power of the light source in the 
required spectral range is listed.

4.  Conclusions

The proposed technique, implemented in a portable 
device, allows simultaneous measurement of power and lu-
minous flux with the ability to measure the source power 
in an arbitrary band of the spectral visible range. A device 
for dynamic and static brightness measurement WOLED and 
software have been developed using the proposed technique, 
the advantage of which is that it is enough to measure the 
typical spectrum of a certain type of light source once. All 
measurements are carried out automatically.

A portable device with software can be used to mea-
sure the parameters of both point and plane light sources 
with different luminescence brightness and with different 
widths of the visible radiation spectrum, both for scien

tific and economic purposes. The results of studies of the 
parameters of organic light-emitting diodes obtained us-
ing the proposed device will be used in the subsequent 
development of new and improvement of existing organic 
structures. The device can also be used in production for 
control and sorting by parameters of light-emitting radio-
elements before their installation into products.
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