
LASER-ASSISTED SOLAR-CELL METALLIZATION PROCESSING 
WESTINGHOUSE ELECTRIC; CORP. 

Subhadra Dutta 

Milestone Chart 

1. Conduct Litotrturo Surch On Current Stato- 
Of-Tho M Irou Yotallirrtlon Schoms 

2. Assomblo And iost Each Of Tho Followin; 
Systoms: 

2.1 Photolytic natal doposition usin# r 
focusd CW U'd I r su  

2.2 Pbotolytic metal do sitioa uslnl r 
mask and UV flood I"' l l u ~ n i ~ t i o n  

2.3 Pymlytic metal doposition using r 
focuud CW bsot 

3. Frbriecto Fifty Sohr CoIIs 

4. Chrrrctorizo Tln Cells And Dotrrmin Tho 
Effocts Of irrnsisnt Hoat On Sobr Cell 
Junctions And On Bulk Ufotima 

5. Cornpato Economics Of bur Assisted 
Procossi~ With Compotiw Tuhnologios 

Prolimi~ry Report 
F i ~ l  ROport 

6. ;upport Yootinp 

7. Prwida Doturnentation 
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B~otoOithographic Pattern Definition 

I 

Film Deposition s 
Laser-Assisted Metallization Techniques Are Essentially 

One-Step Processes: 

her-Surface Interaction 
Resulting In 

localized Film Growth 

Potential Advantages of Laser Deposition 
Techniques for Photovoitaic Systems 

High Resolution 

No Photolithography 

Clean And Contamination - Free 

InSitu Sintering 

Low Contact Resistance 



Pyrolytic Deposition (Thermal) 

Laser Chemical Vapor Deposition (LCVD) 

Laser Deposition From Solutions 

Photolytic Deposition (Non-Thermal) 

" 't Laser Photodissociation Of Vapors 

Laser Photodissociation Of Solutions 

Laser Assisted Electroplating 
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Photolytic Deposition 

bur-In6ucd Phobdocomposftbn of Gas-Phase Orga11om&llk Campounds: 

This Technique is Fundrmedally Different from Thwnully Basal 
m Prpceses 

Non-Thermal I I 
I 

Severing of Subdnte 

t 
Substrate 

Forming Plttarrwd Film 
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Experimental Setup fnr Laser-Assisted Elec::oplating 

Argon -Ion I 

Focused Spot Size =31) ~rm 

Copper Anode 

plating Solutbn 

Silkon Subdrae (Cathode) 

Dwg. 93-48 
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Laser Power Dependence of Electroplated Spot Size 

Plating Current = 1 m 
Dwell Time = 5 sac 

40 a 
3 4 5 6 

Laser Power f watts) 
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Summary of Laser-Assisted 
Electroplating Results 

Novel Technique For Greatly Enhancing Local Plating 
Rates - Yield Fine-line, Directly-Written Patterns With 
Excellent Adhesion 

Multiple Rapid Laser Scans Yield Finer. More Even Line 
And Higher Local Plating Rate Than Single Slow Scan 
(Same Total Exposure Time) 

Plated Linewidth Depends On Laser Power, Plating 
Current, And Electrolyte Level 

Laser Pyrolysis of Spun-on Metallo-Organic Film 

~ r +  
Laser Beam 

Mirrors s-ing7- 
Deposited Silver 

I i 
Spun-On Silver 
Neodecanoate Film 

c Silicon Substrate 

Sample Base Temperature 75OC 

Focussed Laser Spot Decomposes Spun-On Film 

Silver Metallizatlor, Patterns are Formed by Direct-WrRing 
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Line Width vs Laser Power and Substrate Temperature 

Room Temperature o 

H ) O C  A 

r 7 5 O C  v 

- 
I I 1 I 

Did Not Adhere 

6 8 10 
Laser Power (watts 1 
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Laser Metallization Process 

1. Make Solut ion Of Silver Neodecanoate (Obtained From 
G.M. And R.W. Vest) I n  Xylene 

2. Spin Onto Diffused, Coated Si l icon Wafers 
At 1000 rpm 

3. Decompose F i lm Locally Wi th Argon-ion Laser To 
Form Comb Metal l izat ion Patterns 

- Laser Power = 8W 
- Spot Size = 50 p m  
- Scan Speed = 20 cm/s 
- Scan Overlap (Contact Pads) = 60% 
- Deposited Silver Thickness = 400 

4. Electroplate Selectvely Onto Patterns 
- Plated Silver Thickness = 8 prn 

5. Define Mesas To Iso late Cells And Characterize Cells 
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Lighted I-V Data for Unsintered Laser-Metallized Cells 

h s r r  1.2 
httt 1-3 
hsrr  1-6 
h s r r  1-7 
laser 1-8 
h s r r  1-9 
h s t r  1-10 
h s r r  1-11 
h s t r  1-12 
h s r r  1-14 
httt 1-15 
h u r  5-7 
h~tt 5-10 
h s r r  5-11 
hsar 5-14 
h s u  5-15 

Short-circuit 
Current 

Jsc (mN 

23.1 
22.8 
23.7 
23.7 
23.7 
24.2 
24.2 
23.8 
24.2 
24.6 
24.5 
24.3 
24.7 
24.7 
24.6 
25.1 

Open-Cinuit 
Voltr#r 
v, (V) 

0.557 
0.558 
0.557 
0.556 
0.559 
0.560 
0.558 
0.553 
0.558 
0.558 
0.562 
0.562 
0.562 
0.566 
0.567 
0.570 

Fill 
Factor - 
0.761 
0.755 
0.776 
0.770 
0.764 
0.764 
0.772 
0.774 
0.773 
0.769 
0.755 
0.734 
0.650 
0.751 
0.762 
0.776 

Eff ic i rnq 
(W - 
9.8 
9.6 
10.3 
10.1 
10.1 
10.3 
10.4 
10.2 
10.4 
10.5 
10.4 
10.0 
9.0 
10.5 
A0.6 
11.1 
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Lighted I-V Data for Unsintered Baseline Cells 

hll 1.0. - 
RSC 1-2 
RSC 1-3 
RSC 1-5 
RSC 1 6  
RSC 1-7 
RSC 1-8 
RSC 1-9 
RSC 1-10 
RSC 1-11 
RSC 1-12 
RSC 1-14 
RSC 1-15 
RSC 2-2 
RSC 2-3 
RSC 2-5 
RSC 2-6 
RSC 2-7 
RSC 2-8 
RSC 2-9 
RSC 2-10 
RSC 2-14 
RSC 2-15 

Short-circuit 
Current 

Jsc (mA) 

23.4 
23.2 
23.4 
25.0 
25.0 
24.6 
23.5 
25.4 
25.6 
25.9 
26.1 
25.9 
25.8 
26.1 
26.3 
25.9 
25.8 
25.6 
25.6 
25.9 
26.1 
26.0 

Fill 
Futor - 
0.772 
0.68 1 
9.762 
0.746 
0.718 
0.734 
0.751 
0.768 
0.734 
0.710 
0.716 
0.608 
0.764 
0.746 
0.719 
0.759 
0.753 
0.735 
0.722 
0.749 
0.702 
0.636 

Ef f  iciency 
(5) - 
10.4 
8.9 

11.0 
10.6 
10.2 
10.3 
10.0 
11.1 
10.7 
10.5 
10.6 
8.9 

11.2 
11.1 
10.8 
11.1 
11.0 
10.7 
105 

-11.0 
10.4 
9.4 

Comparison of Laser-Metallized and Baseline 
Cells Lighted I-V Data 

Cell 1.0. 

laser ? -14 
Baseline 2-9 

laser 5-1 1 
Baseline 1-12 

&su 5-14 
Baseline 1-6 

Irsor 5-15 
Basolina 2-3 

Short-circuit Open-Circuit 
Current J Voltage VoC Fill Ron-AR-Cortod 
( m ~ / c n i )  (v) Factor all Efficiency(%) 
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Lighted I-V Characteristics of Laser-Metallized Solar Cell 

Dark I-V Data for Baseline Cells 

RSC 1-3 k t m  Sintoring 
Attcr Siduing 

RSC 1-9 h Sintwin( 
After Siltwing 

RSC 1-10 k f w o  tiatwing 
A* Sirtwin# 

RU: 1-15 kfon sirtrrill# 
A n u  sirtrring 

Rsc 2.2 k f m  SinMq 
After- 

RSC 2-3 ktm Sbtoriw 
After swq 

RSC 242kfonUl(wrcy 
Altw SMadq 

Rsc 2-15 kfonLlrtwlr( 
After UWq 
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Conclusions 

High Quality Solar Cells Obtained By laser 
Metallization Technique 

- Non-AR-Coated Cell Efficiency = 11.1% 

In-Sitb Sin.wing Occurs During laser W~it ing Process 
- Ser ks i .  zsistance Of her-Metallized Cells 

CtSJ(rH 

Finer Linen Should Yield Higher Efficiencies 
- Laser-Written Linewidths = 50 pm 
-- Baseline Linewidths = 25 pm 
- Cornpat able Eff iciencies Despite Greater Cell 

Shadowing In Laser-Metallized 011s 




