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Abstract—Low Noise Block (LNB) circuits are an essential
component of satellite receiving systems in televisions. LNB
converts high-frequency satellite signals into a lower frequency
range for transmission to the receiver. Also, LNB ensures low-
noise signal reception, enables polarization control, supports
multiple frequency bands, and amplifies signals. The LNB power
circuits provide power to the LNB. Voltage-controlled boost
converters are commonly used in these circuits; the current
limiting feature used in these circuits can be insufficient to handle
sudden current spikes, leading to feedback from end users. They
are not immune to short circuits because of installation problems
with satellite cables, which are a common failure mode that
potentially damages the LNB power or other components in the
television, resulting in a loss of satellite signal. Hence, leading
to a poor user experience and harming the manufacturer’s
reputation. Replacing a damaged LNB power circuit is also
difficult because it is often integrated into the TV’s design and
is not easily replaceable. To mitigate this problem, a parallel
resonant converter approach is introduced that limits the output
current up to a pre-defined level by frequency control, which
provides an alternative to voltage-controlled boost converters.
Parallel resonant converter circuits operate as current sources so
maximum current cannot exceed this defined operation frequency
point under any circumstances. In this study, the mathematical
equations of the proposed circuit were obtained, and then the
operating conditions were determined. The operation frequency
ranges were interpreted graphically using Matlab, and the
parallel resonant converter design was evaluated using simulation
model by using MATLAB’s Simulink Toolbox. These results show
that the parallel resonant converter approach maintaining a
stable current and reducing the risk of short circuit damage.
The proposed design is expected to reduce repair costs due to
LNB power circuits for TV manufacturers.

Keywords—Parallel resonant converter, low noise block power,
satellite systems.

I. INTRODUCTION

Television broadcasting under Digital Broadcast Satellite
(DVBS) regulations is one of the most popular consumer
applications [1]. The Low Noise Block (LNB) circuit is a com-
ponent of satellite systems and is a converter that connects to
the satellite antenna. This circuit receives very high-frequency
signals from the satellite and converts these signals to a lower
frequency [2]. Figure 1 shows that, a satellite receiver captures
the radio frequency (RF) signal that is transmitted from a
satellite antenna. The signal is then sent to the LNB Down-
converter circuitry on the antenna, which converts the signal
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to a lower frequency intermediate frequency (IF) signal [3].
The IF signal is then sent to the demodulation chip inside the
satellite receiver, which demodulates the signal and converts
it back to the original digital signal. The LNB power supply
is a crucial part of satellite communication systems and plays
a big role in TV signals are broadcast according to Digital
Broadcast Satellite (DVBS) rules. Inside satellite setups, the
Low Noise Block (LNB) circuit, which works like a converter
and connects to the satellite antenna, relies on the LNB power
supply to work properly. In simpler terms, the LNB power
supply is responsible for delivering the essential electrical
power that enables the proper functioning and operation of
the LNB circuit. The LNB power circuit usually consists of
a regular DC power supply and provides the required power
voltage to the LNB. The LNB requires 13V and 18V supply
voltages that can operate, where the 13V is used to adjust
the LNB polarization horizontally, while the 18V is used for
vertical polarization adjustment. These voltages are controlled
by the satellite receiver, which sends the appropriate voltage
to the satellite antenna. LNB power circuits are usually built
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Fig. 1: The Block Diagram of the Digital Broadcast Satellite
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with boost DC/DC converter circuits that have voltage control.
[4] The proposed LNB power circuit was designed using the
capabilities provided by parallel resonant DC/DC converters,
which offer high efficiency, low noise levels, and current
limitation up to 500mA, with the required 13V/18V operating
frequencies being determined. In this circuit, the current at
the output is calculated by considering the load changes at
the output. The calculated output current is transmitted to
the frequency control circuit, making the necessary frequency



adjustment to limit the current. The circuit is designed to
limit the current to a maximum of 500mA by using frequency
control. In this way, it is aimed to minimize the short circuit
problems experienced during the wiring problems of the TV
users.

II. PROPOSED CIRCUIT

Figure 2 shows the proposed parallel resonant converter
circuit. 2 mosfets S1 and S2 form a half-bridge converter.
The full bridge rectifier circuit consists of four diodes DI,
D2, D3, and D4. Inductor L, and capacitor C,. are used to
create an oscillation in the circuit and to ensure that this
oscillation continues at the desired frequency and waveform.
Lout and Cout are represented as output filters that minimize
fluctuations in the output voltage and current, providing the
desired smooth output voltage and current.

A. Parallel resonant Converter Operating

The parallel resonant DC/DC converter circuit is operated
at a fixed %50 duty cycle with frequency control according to
the output current. The circuit described starts with applying
a square wave voltage VAB, controlled by switches, to a
desired parallel resonant circuit. When the voltage is in the
correct polarity, it creates a magnetic field in the inductor,
storing energy in the capacitor. Once the magnetic field is
established, the circuit allows the energy to discharge from
the capacitor to the inductor, creating a sinusoidal voltage at
a resonant frequency, which is called VCB. This voltage is
rectified and filtered, resulting in a current Iout. So, when
VCB is positive, the output of the current takes a positive
value of Iout, otherwise, VCB is negative, and the output of
the current takes a negative value of Iout. The average value
of the square wave voltage of the bridge (VCB) is equal to
the output voltage, assuming that the voltage across the C,.
capacitor is sinusoidal.

The features of the proposed LNB power circuit design are
as follows:

o The proposed circuit limits the current and prevents short
circuits that may occur in satellite cable installations.
« Working in high-frequency ranges can reduce electromag-
netic interference problems.
o Working with limited switching frequency control can
bring high efficiency.
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Fig. 2: Parallel Resonant DC/DC Converter Circuit

B. Converter Analysis

A square wave voltage with a magnitude of Vpc between
—Vpe/2 and Vpe /2 is generated at the frequency determined
by the switching operation and applied to the L,.-C'. network.
Assuming sinusoidal voltage across capacitor C,., the analysis
of the parallel DC-DC converter can be undertaken, with
consideration given to the only fundamental frequencies of
the square wave voltage input and square wave current [5].
This assumption allows the converter to be modeled as a
simple voltage source with a series resistor and inductor, which
simplifies the analysis and design of the converter. Hence, AC
analysis can be used to calculate the voltages of the equivalent
circuit shown in Figure 3. The L,-C, network is designed
to filter out all harmonic voltage components except for the
fundamental component that exists in voltage VAB. The AC
resistance, R, is included in the AC equivalent circuit to
represent the non-linear characteristics of the rectifier. The
reactances of L, and C, are indicated by XL, and XC,
respectively. To put it simply, the L,,C, network is a filter
that only allows the fundamental voltage component to pass
through, while the AC resistance and reactances of L, and C,
are used to account for the non-linearities in the rectifier.
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Fig. 3: Equivalent AC circuit

Equation (1) can be used for solving VCB voltage of the
equivalent circuit in Figure 2.

Ven 1
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Vab

VCB represents the amplitude of the fundamental frequency
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Fig. 4: R, Equivalent Circuit

component of the input voltage waveform, also Ib refers to
the amplitude fundamental frequency component of the square



wave current waveform. So, R,. can be shown equivalent
circuit is Figure 4 and calculated by Equation (2).
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where Vo is the average value of the full-wave rectified voltage
waveform at the output of the bridge as defined in Equation

(3).
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The resonant frequency, defined as f, in Equation (4) is the
point at which the circuit exhibits its highest response, and it
is the most efficient operating point of the converter.
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The output voltage is a final expression as given in Equation
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III. CALCULATIONS OF CIRCUIT PARAMETERS

The designed LNB power circuit is based on the principle of
frequency control that varies with load changes and operates
with a %50 duty cycle. In order to determine the operating
frequencies of the circuit, the transfer function of the circuit
has been calculated in terms of frequency using equations.
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where f; is the switching frequency as defined in Equation
9).
ws = 2 fs ©))

Equations (7) and (8) are substituted and the resulting expres-
sion can be simplified as in Equation (10).
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When the equation is rearranged into a two-variable equa-
tion format, the final form of the function is obtained as given
in Equation (11).
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Later, the discriminant method can be used to calculate the
two root switching frequency values of the equation: one that
is greater and one that is smaller than the resonant frequency.

3¢, 2 64V3 _,L2C2
_( Lr )2 Ly )4_4LTCT Do lrCr
\/ ( Rac +2L">Cr+ ( Rac Rac + VC‘)2 w4

fowr = 8LZCZrA
(12)
L, \2 L. \4 4L3C,? 64V3 L2C2
~(fm) om0y () - 2507 VBt
fswz = 8L2C271
(13)

The switching frequency in the designed circuit is fgy1
frequency selected which is to be higher than the resonant
frequency to improve better stability of circuit behavior.

A. Proposed Circuit Calculations

Vour should be 13V for vertical polarization and 18V for
horizontal polarization respectively. In this circuit, Vpc has
been chosen as 12V, the current limits have been defined
to vary within the range of 1mA-500mA and the resonant
frequency has been determined to be 300kHz. The calculations
for V,,+ = 13V are as follows:

o Vour =13V, Vpe=12V, 1,=500mA;

V. 13V
out = — = = 2652 14
Rout = 77 = Sooma — % (1
R, can be calculated using Equation 2.
2
Ry = §26 = 32.07Q (15)
o Vour =13V, Vpe=12V, I,=1mA,;
Vs 13V
Rout = T " ImA 13k (16)
72
R, = —13k = 16.038kX2 a7

8
When the values of R,.,V,, and Vpc are substituted
into the switching frequency equation in Equation (12) for
both maximum current and minimum current, the operating
frequency range (Af) can be decided.
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The calculations for V,,; = 18V are as follows:
o Vour =18V, Vpe=12V, I,=500mA;
V. 18V

Bout = 7= 5o0ma = % 0)

R, can be calculated using Equation 2.
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o Vour =18V, Vpe=12V, I,=1mA;

vV, 18V

Rout = T =Tmd= 18kQ (22)
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Rye = 18k = 22.206kQ) (23)
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B. Selection L, and C, values

The L, and C). components are obtained from Eqn 5.

1 \2
1. = (57 )

After selecting resonant frequency f, as 300kHz, is expressed
as

(26)

L,.C,=2814-10"1 27)

When L, value is written as an equation in terms of C,., the
Af (fsw,1ma — fsw,500ma) graph can be plotted as a function
of the C). values for output voltages of 13V and 18V.
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Fig. 5: Operating frequency differences (Af) for V4, =13V at f,=300kHz
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Fig. 6: Operating frequency differences (Af) for V4,,+=18V at f,=300kHz

As seen in Figure 5 and Figure 6, the slope of the curves
changes after a certain point, because there is an imaginary
part at the fso0ma switching frequency. When considering
only the real parts and taking the capacitance value as a readily
obtainable parameter, a capacitance value of 47nF has been
selected as the maximum value for the Af. So, L, can be
calculated by Equation (28).

_28.14-107M
" 471079
When the equations are substituted in order, the switching
frequencies are found in Table I.

= 6uH (29)

TABLE I: Maximum and minimum switching frequencies

Horizontal/Vertical Minimum f,, Maximum fs,,
f(sw,SOO'mA) (kHz) f(sw,lmA) (kHz)

13V 311.18 351.29

18V 309.18 337.70

Approximate operating frequency ranges are

Af— {28kHz,Vout — 18V o)

40kHz,V oot = 13V

Therefore, the circuit’s operating frequency range has been
designed between 309 kHz and 351 kHz.

C. Selection of Lo and Co

To ensure that the average value of current and voltage
ripple does not exceed 10%, and to prevent any interference
from the switching frequency, a 10uH inductor and a 100uF'
capacitor have been selected, with a cut-off frequency lower
than 300 kHz.

IV. SIMULATION RESULTS

The proposed LNB power circuit has been simulated using
Matlab Simulink, which is a parallel resonant converter cir-
cuit designed with PI feedback, as shown in Figure 7. The
required switching frequencies for minimum and maximum
currents for 18V output voltage are shown in Figures 8 and
Figure 9. Similarly, the required frequencies for minimum
and maximum currents for 13V output voltage are shown in
Figure 10 and Figure 11. In simulation studies, diodes and
MOSFETs are considered ideal. The circuit is designed to
have a maximum output current of 500m A, and the current is
limited by using a PI controller to maintain the current within
the calculated frequency range without exceeding 500mA.
In the proposed circuit, an overdamped PI control has been
designed to provide the output voltage stabilized to the desired
value and simultaneously minimize undesired overshoots. As
shown in Figure 12, the circuit’s maximum output current
within the specified frequency range (309 kHz-351 kHz) has
been simulated when the output resistance is nearly zero, as
in the case of a short circuit. In Figure 13, it is noted that the
maximum output current has been measured as 13.2A when
the output voltage of an LNB IC has been short-circuited.
However, it has been shown by simulation that current peaks



can not occur in short-circuit conditions in the operating
frequency range, thanks to the use of the parallel resonant
converter circuit.

A PI control circuit was designed to create a control loop
that predicts output changes by adjusting to the frequency
range. In the design, the output current was set to 1mA,
and a MOSFET operating with a 500ms period was used.
A parallel resistor was connected to the MOSFET’s output.
With these settings, the output current was increased from
ImA to S00mA as demonstrated in Figure 14(a), and changes
in the circuit’s output were observed. The suitability of the
Proportional (P) and Integral (I) parameters of the PI control
circuit was evaluated through this simulation process. As seen
more clearly in Figure 14(b), the proposed circuit has been
reached steady state point roughly 0.05 second.

Fig. 11: Simulation results for V,, = 13V and I, = 1mA

Fig. 12: Simulation results for Short Circuit V, = 0V and R,yu+ = 0.01R
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Fig. 9: Simulation results for V, = 18V and [, = 1mA Fig. 13: LNB Power IC peak current measurement during Short Circuit Test Condition
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Fig. 14: Simulating the steady-state performance of the designed circuit

V. CONCLUSION

This study focuses on the new design of a LNB Power
circuit using a parallel resonant DC/DC converter. The prin-
ciple of frequency control operation was used to provide up
to 500mA current according to load changes. To design the
circuit, the necessary currents and frequencies were calculated,
taking into account the 13V (Horizontal)/18V (Vertical) load

variations required for the LNB Power circuit. The circuit
uses a parallel resonant converter DC/DC converter has a
constant current source, which limits the current up to 500mA
with frequency control. This feature helps to avoid installation
problems with satellite cables, which is a common issue with
voltage-controlled boost converter DC/DC converters used in
LNB Power circuits. Furthermore, the converter was selected
for its ability to prevent short-circuit problems during wiring.
This study presents a new approach to the design of the LNB
Power circuit using a parallel resonant converter DC/DC con-
verter with frequency control. This design can help improve
the performance and reliability of satellite receiving systems.
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