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Process Optimization of the Contact Formation for High Efficiency Solar Cells
Using Neural Networks and Genetic Algorithms
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ABSTRACT

This paper presents modeling and optimization techniques for high efficiency solar cell process on single-crystalline float zone (FZ) wafers.
Among a sequence of multiple steps of fabrication, the followings are the most sensitive steps for the contact formation: 1) Emitter formation
by diffusion; 2) Anti-reflection-coating (ARC) with silicon nitride using plasma-enhanced chemical vapor deposition (PECVD); 3)
Screen-printing for front and back metalization; and 4) Contact formation by firing. In order to increase the performance of solar cells in terms
of efficiency, the contact formation process is modeled and optimized using neural networks and genetic algorithms, respectively. This paper
utilizes the design of experiments (DOE) in contact formation to reduce process time and fabrication costs. The experiments were designed by
using central composite design which consists of 24 factorial design augmented by 8 axial points with three center points. After contact
formation process, the efficiency of the fabricated solar cell is modeled using neural networks. Established efficiency model is then used for
the analysis of the process characteristics and process optimization for more efficient solar cell fabrication.
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Fig. 1/ Solar cell fabrication process.
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Fig. 2. Front contact in contact formation process.
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Table. 1 Selection of neural network structure

number (i]f lrA:leurons
in each layer o, a, P

input hidden output

4 5 1 1.88 9.13 837.10

4 8 1 2.03 9.77 958.65

4 4-4 1 0.33 1.69 28.67

4 5-3 1 1.78 5.34 288.32
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Fig. 3. Neural network structure.
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Fig. 4. Neuro-genetic optimization process.
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Table. 2 Experiments design using CCD.

o o] Fol A= L= 577C (AlSi §5 9l §& 2%)°]
T, ANAT Ag FErol &g E o eSS 71 vFH F

Fo] o] FojR = £ 5= 830 C(AgSi T2 §8 LK)
7+ 9]

Run Zone 1 Zone 2 Zone3  Belt speed 3} 2] 9t belt furnace 1Y zone 1,2,32] & 1= 9} belt speed 2]
2 : - - ; =RERMENELRELEECE R L REEE
1 1 1 -1
3 1 1 1 1 AE o/t s kA "rH10]. 23 o] Fr 2 Aol 2
3 i 1 1 1 U 92 Aetuiee] B 9 A - FU AR eE 27
5 1 -1 1 1 . — e .
p 1 1 1 1 £ 7)1& 2 2 15T 9} belt speed 4 %= 2.5 inch/min & 2 3
7 1 1 1 1 32 Fo) 1 49} 2] 2R
) 1 -1 1 1
9 1 1 1 1 o
10 -1 1 1 1 I 4 MEAE AMEE 3H ni2lo|H,
1 -1 1 -1 1 Table. 4 Process parameter in DOE.
12 -1 1 -1 -1
13 1 1 1 1 zone 1 Temperature(T) A=15
14 -1 1 1 -1 2 -1 0 1 2
15 -1 -1 -1 1 545 560 575 590 605
i: -21 ; 01 '(: zone 2 Temperature('C) A=15
18 2 0 0 0 2 1 ¢ 1 2
m 0 3 0 0 800 815 830 845 860
20 0 2 ' o 0 zone 3 Temperature(T) A=15
21 0 0 2 0 2 1 0 1 7
2 0 0 2 0 830 845 860 875 890
23 0 0 0 2
24 0 0 0 -2 belt speed (inch/min) A=2.5
25 0 0 0 0 2 -1 0 1 2
26 0 0 0 0 110 1125 115 1175 120
27 0 0 0 0
28 1 1 1 2
» 0 1 1 2 AGAY| Y B FARAYNN 238 202
= 2 2 . : AA APE +HE 20T 2] L8 (efficiency)ol
32 1 1 1 2 th5le] & 1014 P19 gho] 714 2t 22 AAE A
% (neural network) 7129} ¥ 59] HevjE & o] -3t
E 3 Fing 3HAE 34 AE, Ay g siat 62 FdYo] TR AH T &5 2
Table. 3 Number of the firing process experiments. )2 RMSES Ueh)o, ¥ 78 A8 A}29 24 5ia}
Number of g el 4 E ek
Structure Experiments run
Fu]l.facto.ria] (24) 16 1-16 £ 5 Alzge mjajole
Axial point (8) 8 1724 Table. 5 Parameters of the neural network
Center point (1x3) 3 25-27 ) .
Random point (5) 5 28-32 Training Data : Test Data 7:3
Sum 3 2 Structure 4-44-1
Training Tolerance 0.05
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Table. 6 Training/Test RMSE (Root Mean Sauare Error)

Training RMSE Test RMSE
0.33 1.69
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Table. 7 Range of input parameters

. input parameter range
input parameter - -

high middle low

zone 1 605 575 545

zone 2 860 830 800

zone 3 875 860 830

belt speed 120 115 110
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T high @75T)gkeN A E&o) A Yee $FHE &
T AN

Efficiency

1% 6. zone 22 belt speedE U2 1Mt
12l response surface plot
Fig. 6. Response surface plot with fixed zone 2 and
the belt speed to middle values.
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Fig. 7. Response surface plot with fixed zone 1 and
zone 2 to middle values.
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Table. 8 Parameters of genetic algorithm.

Weights 1.0
Desired 20
Population 100

Max Generation 400
Minimum Error 0.05
Probability of Crossover 0.65
Probability of Mutation 0.01

SRR gpZo2 Ao Aol UYL S A= T
A sebn) e 27 (recipe) & ¥ 99} 72t}

E 9 RN gualE (GAE ol 835tod 73 X
33 mf2folg =A.
Table. 9 Optimal recipes using genetic algorithm.

zonel | zone2 | zone3 belt speed efficiency
557.243 | 821.454 | 846.524 117.613 15.813
560.055 | 821.455 | 846.126 116.040 15.805
V.2 E
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