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O ABSTRACT 0O

Photovoltage is rapidly becoming a mature industry as the performance of
photovoltaic system components and the leverage of large-scale industrial production
steadily decrease costs.

Photovoltaic devices or solar cells convert the incoming solar radiation energy into
electrical energy. Incoming photons are absorbed to photogenerate charge carriers that pass
through an external load to do electrical work. Photovoltaic device applications cover a
wider range from small consumer electronics, such as a solar cell calculator using less than
some milliwatts, to photovoltaic power generation by a central power plant (generating
some megawatts).

In this paper, we study the electrical and thermal characteristics of the photovoltaic
cell based on the VHDL-AMS modelling language; we select the silicon solar cell as a
case study.

Keywords: Photovoltaic, Solar Cells, VHDL-AMS, Modeling, Simulation,
Computer-Aided Design.
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Virrad yall guie g sl
library IEEE;
use [EEE.MATH_REAL.all;
use IEEE.electrical_systems.all;
entity v_constant is
generic (level: voltage:=1000) ; -- Constant voltage value [Volts]
port (terminal pos, neg : electrical);
end entity v_constant;
architecture ideal of v_constant is
-- Declare Branch Quantities
quantity v across i through pos to neg;
begin
v == level;
end architecture ideal;

gl 4y pSaiall L) gia g dsad
library IEEE;
use |[EEE.ELECTRICAL_SYSTEMS.all;
entity VCCS_R is
generic (gain : REAL := 1.0; -- gain
port (terminal IN1, IN2, OUTM, OUTP : ELECTRICAL);
end entity VCCS_R;
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architecture ARCH_VCCS of VCCS_R is
quantity VIN across IN1 to IN2; -- input branch
quantity VOUT across IOUT through OUTP to OUTM; -- output branch
begin
IOUT == gain * VIN;
end architecture ARCH_VCCS;
AU 7 agal
library IEEE;
use IEEE.math_real.all;
use IEEE.electrical_systems.all;
use |[EEE.fundamental_constants.all;
entity diode is
generic (Isat : current := 1.0e-14, n: real :=1.0); -- saturation current [Amps]
port (terminal p, n : electrical);
end entity diode;
architecture ideal of diode is
quantity v across i through p to n;
constant TempC:real:=27.0;-- ambient Temperature [Degrees]
constant TempK: real:=273.0 +TempC; --temperature [Kelvin]
constant vt : real:=PHYS_K*TempK/PHYS_Q; --thermal Voltage
begin -- ideal architecture
i == Isat*(exp(v/vt) - 1.0);
end architecture ideal;
dqglaal) z i
library IEEE;
use IEEE.ELECTRICAL_SYSTEMS.all;
Entity resistor is
Generic(res: real:= 1.0);
Port(Terminal p1, p2 : electrical);
End entity resistor;
Architecture ideal of resistor is
Quantity v across | through p1, p2;
Begin  -- architecture ideal
== v /res;
End architecture ideal;

‘;c Anleall dpuedl) AN Caia g ("JS" Cagw JBS LAA’J\J (_A\.ud\ CS}A.'\S\ Caay (Say AligSall o2 e\;s:w\...
:L;JR)\ ja.'\S\

library IEEE;
use IEEE.ELECTRICAL_SYSTEMS.all;
entity BENCH is
end entity BENCH;
architecture BENCH_RC of BENCH is
terminal IN1, IN2, OUT1, OUT2 : ELECTRICAL; terminal node : ELECTRICAL;
begin
Vlirrad: entity v_constant
generic map (level :=1000)
port map (pos=>IN1, neg=>IN2);
RC1: entity RC(V1)
generic map (4.0E2, 1.0E-6)
port map (A, B, ELECTRICAL_REF);
VCCV: entity VCCV
generic map (gain:=1.0)
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port map (IN1=>IN1, IN2 => IN2, OUTP=>nodel, OUTM=> OUTM);
end architecture BENCH_RC;
D1: entity diode

generic map (Isat:= 1.0e-11, n:=1.0)

port map (A, B, ELECTRICAL_REF);
D2: entity diode

generic map (Isat:= 1.0e-14, n:=2.0)

port map ( p=> node, n=> 0UT1);
end architecture BENCH_RC;
Rsh: entity resistor

generic map (res:= 100000.0 )

port map (p1=>node, p2=>0UT1);
end architecture BENCH_RC;
RS: entity resistor

generic map (res:= 1.0)

port map (p1=> node, p2=>0UT2);
end architecture BENCH_RC;
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