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ABSTRACT 
 
This paper presents a novel high efficiency LED driver. The 
developed version of the LED driver is based on an active AC-DC 
converter with a flyback topology. A feature of the proposed circuit 
is the use of a current / voltage stabilizer on the primary side based 
on microcontroller FL7733A and a passive stabilizer on the 
secondary side. The methodology for calculating the rms current 
values is presented. An experimental sample of the LED driver was 
designed and assembled according to the proposed scheme. 
Functional tests have been carried out, which show a qualitative 
advantage in contrast to the standard circuit of the LED driver. 
Temperature tests were carried out, it can be seen from them that the 
driver elements do not experience excessive temperature loads and 
operate in normal temperature limits. 
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1. INTRODUCTION  

 
Due to the specifics of the operation of the LEDs, a voltage 
or current stabilizer is required to limit the voltage of the 
LEDs to safe values, in addition, the stabilizer must provide 
current ripples within the acceptable values of no more than 
5% in the general case. The use of linear regulators as current 
stabilizers for LEDs is possible, but not acceptable in many 
cases from the point of view of efficiency. Losses on the 
linear regulator can negate the use of expensive, yet, but 
economical LED lighting. Moreover, the gain from the use of 
LED lighting is precisely in saving on energy costs. Due to 
the large power losses on the linear stabilizer, it is necessary 
to take measures to remove heat from the linear element, 
which can lead to a rise in price, despite the apparent 
cheapness of the solution. The cheapest option for heat 
dissipation - using a radiator - affects the increase in size [1-
3].  
The most effective solution for protecting and stabilizing the 
current, and therefore stabilizing the luminous flux of the 
lighting device, is the use of pulse converters. The well-
known topologies of converters used in LED lighting can be 
either without galvanic isolation, or with galvanic isolation, 
see Figure 1. 
According to safety requirements, LED lamps must be 
galvanically isolated to minimize leakage currents and 
equalizing currents that are hazardous to human health and 
life. Electronic sources produced for industrial and office use  
 

 
are designed exclusively on the basis of topologies with 
galvanic isolation, and the most common schemes are a 
flyback converter (Figure 1., d) and a resonant LLC 
converter (Figure 1., e) [6-12]. The advantage of the flyback 
converter is the simplicity of the circuit. However, lower 
efficiency, due to which its use is justified with LEDs with 
power up to 100-150 W, when resonant LLCs are used at 
powers above 150 watts.  
 

 
Figure 1: Transformer circuit topologies are presented: without 
galvanic isolation: a) lowering-raising (buck-boost), b) lowering 
(buck), c) SEP1C. With galvanic isolation: d) flyback, e) LLC 

resonant converter 
 

 
2. SCHEMATIC SOLUTION 

 
An innovative LED driver circuit was designed (Figure 2). 
This scheme uses an innovative simplified control scheme. 
This circuit involves the use of primary current control and a 
passive linear regulator. 
Figure 2. shows the developed 60W power supply for LED 
lighting. The LED driver was designed for industrial and 
office use, for a variable network with a rated voltage of 140-
275V, and the ability to work up to 300V. The universal and 
most demanded driver model with a power of 60W and an 
output voltage of 60V was selected as far as possible. The 
most common driver models are presented near 24 to 100W 
and output voltages from 12 to 170V.  
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Figure 2: LED driver circuit 

 
Therefore, it seems correct to develop a power source for 
average power and output voltage, so that in the future, if 
necessary, you can make changes to the developed source to 
expand the line. In Fig. 2. the driver consists of the main 
building blocks: fuse F1, protection against high-voltage surge 
surges (lightning protection) Var1, input filter for suppressing 
high-frequency interference, diode rectifier D1, control circuit, 
regulator of voltage / current of LEDs, output filter - These are 
the main components of a modern stabilizer. High-quality 
current / voltage stabilizers that meet the requirements for 
electromagnetic compatibility, safety, reliability of the LED 
lamp, high efficiency, contain all of these structural blocks. 
The fuse Fl is required for installation and is designed to prevent 
fire in the event of a source failure, is selected with a permissible 
operating current above the current consumption of the driver 
and taking into account inrush currents. 
Varistor Var1 protects the LED driver from impulse noise on the 
input to meet the immunity requirements of the electronic device 
for interference on networks. If the maximum input AC voltage 
is 300V, then the value of the varistor voltage should be in the 
range 450-750V. At the same time, in order to meet the 
requirements of immunity to interference over networks, the fuse 
and varistor are selected so that the fuse does not blow out at a 
short-time high-voltage pulse voltage in the network when the 
varistor comes into operation, absorbing pulse energy. 
Input components: capacitance C5 (class X2), inductance LF1, 
capacitance C1 (class X2), capacitance C2 (class Y1), 
capacitance C3 (class Y1), capacitance C4 (class Y1) form an 
electromagnetic interference input filter. The input filter is 
designed to suppress electromagnetic interference generated by 
the LED source and is very effective in combating conducted (by 
wire) interference and radiated interference. 
The LED stabilizer consists of a primary MOSFET key Q1, a 
transformer T1, a rectifier diode D3 on the secondary side and a 

controller chip FL7733A. The stabilizer is designed on the basis 
of a flyback converter with galvanic isolation. The stabilizer 
controller FL7733A provides flyback operation in the regime of 
discontinuous currents, while using a signal from the auxiliary 
power winding to stabilize the output voltage. This reduces the 
number of components needed to organize feedback. 
The power semiconductor components of the transistor Q1 and 
the rectifier diode D3 of the stabilizer, are selected on the basis 
that the mode of operation does not go beyond their safe area 
specified in the specifications for the components. In addition, 
power semiconductors are selected for reasons of price and 
optimization of power losses. As a rule, semiconductor 
components selected for reasons of loss optimization under the 
existing operating conditions in the product have a sufficient 
area of safe operation, that is, the values of their permissible 
currents and voltages are sufficiently higher than the required 
minimum. The power losses in the power semiconductors of the 
pulse converter are the sum of the conductive losses (ohmic 
losses in field effect transistors or at a direct transition in diodes) 
and dynamic losses, that is, switching losses. As a rule, minimal 
losses are achieved when a semiconductor is selected for which 
the conductive and dynamic losses are equal (balanced). 

 
3. STABILIZER ANALYSIS 

 
As can be seen in the diagram on the primary side, the FL7733A 
chip was used to stabilize the current. A passive linear stabilizer 
on the secondary side before output. Consider the operation of 
the converter in more detail [13-17]. The diagram in Figure 3. 
clearly shows the time steps of the converter. In step 1: during 
(Ton) turning on the MOSFET of transistor Q1, the input voltage 
Vdl (at the input capacitor Cdl) is applied to the primary side of 
transformer T1. The current Ids of the transistor Q1 increases 
linearly with time: 
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where L1 is the inductance of the bias of the primary side of the 
transformer. During this time, energy from the network 
accumulates in the transformer T1. Let Po be the output power 
of the converter, then the average input current of the converter 
for the switching period Iin = Po / Vdl. It is not difficult to 
calculate from the charge balance that the average input current 
and peak current are related by the relation: Ton*Ipk/2=Tsw*Iin, 
where Tsw is the switching period of the main key Q1. It is not 
difficult to find from (2) the dependence determining the 
necessary time for the main key to be turned on from the load 
and circuit parameters: 
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Figure 3: Transmitter phase diagram (Flyback) 
 

In step 2: during the time Tdis, the transistor Q1 is turned off, the 
energy stored in the transformer T1 is released through the diode 
Df on the secondary side T1, charging the output capacitor Co. 
While the diode Df conducts, the sum of the output voltage Vo 
and the forward voltage Vf at the diode are applied to the 
secondary side of the transformer. The secondary current If 
decreases linearly with time from the maximum value 
Ipk*Np/Ns to zero at the end of the stage: 
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where Np and Ns respectively the number of windings on the 
primary and secondary sides, a L2: 

 

2

2 1s

p

N
L L

N
 

   
 

                 (5)                                             

                                                             
- bias inductance of the secondary side. From (4) it is not 
difficult to find that the discharge time is determined by the 
formula: 
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In this case, the condition of discontinuous currents should be 
satisfied when the discharge time is less than the time of the 
closed state of the Q1 switch: Tdis < Toff = Tsw – Top, or in 
another way: Ton + Tdis < Tsw. 
At stage 3: when the secondary winding current If reaches zero, 
as a result of the locking process of the diode Df, the reverse 
voltage of the diode increases, the voltage on the secondary side 
of the transformer T1 and the voltage Va on the auxiliary 
winding decrease. The voltages on the transformer windings 
begin to oscillate due to the resonance between the 
magnetization inductance of the transformer T1 and the effective 
output capacitance of the transistor Q1. 
To select the optimal components of the circuit, it is useful to 
find the current values of the currents on the primary and 
secondary side. The current values of the currents will be 
calculated by the well-known formula: 
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After simple calculations, we obtain for the effective value of the 
primary side: 
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For the effective value of the secondary side: 
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  (9)                                   

  
Knowing the current values of the currents in the circuit circuits, 
it is possible to calculate the loss of conductivity (ohmic losses, 
and losses at the direct transition in diodes) of electronic 
elements - magnetic (coil) components and semiconductors. To 
get an idea of the total losses of electronic elements 
(components) of the circuit, you need to calculate their dynamic 
losses, that is, losses on switching or magnetization reversal in 
the case of magnetic components. Choosing the best electronic 
component will come down to choosing a component with 
minimal total power loss [18-25]. 
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4. EXPERIMENTAL SAMPLE 
 
The FL7733A is an Active Power Factor Correction (PFC) 
controller used in a single-stage feedback topology or low gain 
topology (Figure 4) [23].  

 
Figure 4: Block diagram FL7733A 

Primary side control and single-stage topology reduce external 
components such as input capacitors and feedback circuits, 
minimizing cost. To improve power factor and total harmonic 
distortion (THD), continuous time control is used with an 
internal error amplifier and low bandwidth compensator. Precise 
constant control regulates the exact output current, regardless of 
the input voltage and output voltage. The operating frequency is 
proportionally varied by the output voltage to ensure intermittent 
current (DCM) operation, which ensures high efficiency and 
simple construction. FL7733A provides protection against the 
maximum voltage of LEDs with open circuit, short circuit 
current of LEDs and overheating. Figure 5 shows a typical 
FL7733A wiring diagram. The fundamental difference in the 
implementation proposed by us and the standard schemes is the 
use of a passive stabilizer on the secondary side and some 
schematic changes on the primary side. The improvements we 
have made are reflected in the comparison of the two schemes 
during functional tests. According to the LED driver diagram, 
templates were designed for the upper and lower sides of the 
PCB Figure 6 (a). The laboratory sample of the LED power 
supply (driver) was assembled and debugged, Figure 6 (b). 

 
 

Figure 5: Typical circuit using FL7733A 
 

 
 

 
a)                                         b) 

 
Figure 6: Top and bottom plans of the LED driver circuit board and a 

laboratory sample of the LED driver top and bottom view 
 
4. EXPERIMENTS 

 
Functional tests of an experimental laboratory sample of an 
innovative 60 W LED driver were carried out. The experiment 
was performed at various input voltages, in particular 160 V and 
220 V. 
As can be seen from the graphs (Figure 7) in both cases, at 160 
and 220 V, the picture is identical at the outputs. By the time the 
cycle starts, the transformer core is completely demagnetized, 
and there is no current in it. At the moment when a control signal 
is supplied from the PWM controller, the power switch Q1 opens 
and the current in the transformer begins to increase. A current 
surge occurs associated with the charge of the stray capacitance 
of the transformer. The output diode is also completely closed by 
this time. Next, the power transistor turns off, the current in it 
drops sharply from Ipk to zero, and the voltage begins to 
increase rapidly and reaches VMAX. By the next moment, the 
current in the secondary winding of the transformer completely 
stopped, and the output diode closed. Therefore, the transformer 
is “suspended in the air”, and relatively low-frequency 
oscillations occur on its primary winding caused by the 
oscillating circuit from the magnetization inductance of the 
transformer and some equivalent capacitance formed by the 
inter-turn / inter-winding capacity and the output capacity of the 
power switch. Then the power key opens and the process 
repeats. 
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On the graphs (Figure 7), all the described stages of the driver’s 
operation occur in normal mode, the maximum voltage that 
occurs when the current is turned off by the key Q1 lies within 
the limits allowed by the circuit components, i.e. does not exceed 
the permissible limit voltage on the key and diodes. In the case 
of an input voltage of 160 V, the maximum VMAX voltage 
reached 400 V, and at 220 V it reached 600 V. The components 
that are used in the circuit can operate at a voltage of 800 V, 
which allows you to not be afraid of failure when the input 
voltage drops. On the secondary side, similarly, the voltage 
drops lie within the permissible norm of the output diode. It is 
important to note that the output current measured at various 
voltages is perfectly even (Figure 7). This is achieved through 
the use of a passive stabilizer at the output of the circuit. 
Compared with the tests of the standard circuit for the FL7733A 
microcircuit (Figure 8), our circuit compares favorably with 
direct current at the output, when, as in the standard circuit, there 
are fluctuations in the current of small amplitude with the 
frequency of the input voltage, which negatively affects the 
flicker of the supplied diodes. 

 
 
 
 
 
 
 
 
 

 
 

Figure 8: Input and output voltage and current in a standard circuit with 
FL7733A 

 
 
 

          
(a) Key voltage and current on the              (b) Output diode voltage                 (c) Output voltage and current at Vin = 160 V. 

primary side at Vin = 160 V.            on the secondary side at Vin = 160 V. 
 

          
      (a) Key voltage and current on the        (b) Output diode voltage                (c) Output voltage and current at Vin = 220 V. 
             primary side at Vin = 220 V.        on the secondary side at Vin = 220 V. 
 

Figure 7: Voltage and current graphs of the LED driver 
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5. THERMAL TESTS 
 
Thermal tests were performed for an experimental laboratory 
sample of an innovative LED driver. 
During testing, the innovative driver was connected to an 
external network and at the output to the diodes so that the 
power consumed by the LEDs did not exceed 60 watts. Figure 9 
show maps of temperature conditions from above and below. 
The measurement was made on a special thermal imager after 1 
hour of driver operation, which is enough to stabilize the 
temperature in the system. Typically, the temperature of the 
circuit is stabilized within 30-40 minutes. 

 
(a) Top view 

 

 
(b) Bottom view 

 
Figure 9: Temperature map 

 
As can be seen from the measurements, the main heat sources in 
the circuit are the key Q1 on the primary side, the output 
transistor of the passive stabilizer Q3 and the output diode D3 on 
the secondary side. The heating of these elements did not exceed 
80 degrees, which lies within the permissible limits of the 
operation of these components. 
Since this is an experimental sample, due to the lack of a casing 
and other heat-scattering elements, the components of the circuit 
were heated slightly above average. After refinement of the 
circuit, its dimensions will be reduced, in particular, the 
transformer will be reduced. Heat diffusers will also be added - 
radiators and the case, more precisely it is planned to attach the 
heating elements transistors, keys and diodes to the metal case. 
This will significantly reduce the heating of these elements and 
increase the reliability and durability of the circuit. 
 
 

6. CONCLUSION 
 
A simplified control scheme has been developed - through the 
use of control on the primary side and a passive linear stabilizer. 
The proposed circuit uses a chip FL7733A. The standard circuit 
for the use of this chip is significantly inferior to that proposed 
by us. This is confirmed by functional tests. They show that at 
the output of the standard circuit there are current fluctuations at 
the input voltage frequency. They have a large effect on the 
flickering of LEDs and adversely affect their life. In the circuit 
we developed, this drawback is resolved by using a passive 
current regulator on the secondary side. 
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