Problems are to be solved using 1 Sun light intensity, 300 K, parameters from Table 1 for Si (Eg=1.1 eV), minimum surface recombination velocity in the emitter and absorber, no series resistance and large shunt resistance (unless stated otherwise). 
Table 1
	 
	emitter

n-type
	absorber
p-type

	thickness
	0.5 m
	300 m

	doping
	1019 cm-3
	1016 cm-3

	minority carrier diffusion length
	14 m
	140 m

	minority carrier lifetime
	10-6 s
	5x10-6 s


ATTN.: In the simulations a diffusion length for electrons in the absorber is labeled Le, diffusion length for holes in the emitter Lh, recombination velocity for holes at the front surface Sh and recombination velocity at the back surface (electrons) Se. Use BULK simulation mode. 
1. Investigate how the efficiency changes as a function of light intensity. Make a plot of efficiency vs light intensity and conclude on solar cell performance under concentrated light. 

2. Calculate a value of series resistance for which FF decreases by 10% of its value for Rs=0 for light intensity of 1 Sun, 2 Suns and 5 Suns. Conclude on the influence of the series resistance under concentrated light on the solar cells performance. 

3. Calculate how much the efficiency of solar cell will decrease if the cell temperature increases from 300 K to 330 K. Which of the photovoltaic parameters is responsible?
4. Determine a dependence of Voc as a function of Isc by changing the light intensity. Make a plot of ln(Isc) as a function of Voc and calculate the ideality factor for this cell using appropriate formula from Lecture 3.

5. Check at which recombination velocity at the cell front surface the cell efficiency decreases by 10% of its value corresponding to Se=min. Calculate I(V) for these two sets of parameters and list photovoltaic parameters. Using collection simulation find how much the Isc decreases then for the specific wavelengths: blue =450 nm and red =750 nm. Determine a decrease of quantum efficiency for these wavelengths and draw conclusions. Assume minimum recombination in the absorber. 
6. Using collection simulation investigate an impact of back contact recombination velocity Se on the photocurrent for long (Le=500 m) and short (Le=20 m) diffusion length of electrons in the absorber. Calculate the percent of photocurrent loss at maximum and minimum back surface recombination for these two diffusion lengths. When recombination at the back contact becomes important? Observe the changes on quantum efficiency curves and I-V parameters. Assume minimum surface and bulk recombination in the emitter. 
7. Using collection simulation to investigate an impact of diffusion length in the absorber for blue (450 nm) and red (750 nm) light. Assume low back surface recombination velocity and observe a change of Isc() as a function of Le. Determine the relative change of current for values of diffusion lengths corresponding to the Isc decrease of 1% of the max value. Observe corresponding changes in QE for blue and red light. Assume minimum recombination in the emitter in the calculations.

8. Determine impact of front surface recombination on the photocurrent depending on hole diffusion length in the emitter. Find the diffusion lengths at which the photocurrent decreases by 10% of its maximum value for large (Sh=1 cm/s) and small (Sh=106 cm/s) recombination velocity at the front surface. Observe the impact of diffusion length on quantum efficiency and on IV parameters for these extreme values of front surface recombination velocities. Assume minimal recombination in the absorber. 
Assignments:

	Group
	Problems

	1
	1,5

	2
	2,6

	3
	3,7

	4
	4,8


