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1. INTRODUCTION 6. PS LASER SCRIBE CONDUCTIVITY MEASUREMENTS
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However it was reported that _hlgh repetition rates can lead to heat accumulationeffects [_2]. Theref_ore,elevated 0 1 2 3 4 5 6 7 8 9 10 0 200 400 600 800 1000
temperaturescancausedegradationof the absorbermaterial formation of secondaryphasesUItimately,this would lead Scribe length, mm Repetition rate, kHz

to efficiencylossesof the solardevice[3]. Theaim of the researchwas to investigatethe influence of laserrepetition

rate on the quality of the P3 scribein caseof the high-speedscribingwith high pulserepetition rate (1 MHz)laset Fig 7. P3 Type2 scribeconductivitymeasurement Laser rFei?e %r li?)%edfrr?r%rg)r?dcé);;r?r?\\//vlg\l/\elleerr?utshlsli?e,r'rrepee1tlgcr)1r(:|
repetition rate 100 kHz,scribingspeed1.7 m/s. Redline: 9 yp

& EAREIIMEE i laserwavelength1064nm (1.7 Jicn?). Greenline; 532nm  1YPe2 caseresented
(1.6 J/cn).

Tablel. Laserandopticsparametersusedin the CIGScribingexperiments

Lasemlight /. SIMULATION OF CIGS MINI-MODULE EFFICIENCY
Laser Atlantic series (Ekspla) i o
Pulse duration 13 ps ; Cds g ToestimateR S O AefhSewWadydegradationrelated to P3 scribeconductivity,simple 3-cell solarmodule simulationwas
»r conducted CIG3nini-cell parameterswere adoptedfrom [5]. Simulationwasbasedon a classicaShockleydiode equation
Repetition rate Up to 1IMHz i includingthe influenceof parallel,series,andlaserinducedconductivitiesusingPspicecircuit simulator Isolationbetween
Wavelength 1064nm/ 532 nm 1y the cellswasestablishedvialaserscribesdepictedasresistorsR.;. =
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APB:CompIete structure solar cell:

(ZnO:Al/kZnO/CdS/CIGS/Md5blasy.

Fig.2. Schematic crossection of CIGS solar cell | Djode equation for illuminated solar cell: o o4 Type2 Typel
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The P3 processis used to electrically isolate the p—— = g:g;'r:‘:’)tv\:giv;"tﬁé@:@;ﬁﬂfﬁ&ametemfor a -cell mini module 2 | 532nm §

neighboring cells and must avoid laser induced ' g 19 P3 "type 1" N
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A P3 a ¢ e Ldsscribe involvesthe removal of the sLe Siie S S : 9 "&Ee - [\ 0.95 S/m O
front-contact together with the absorber and 746 | 36.6 |H ®n%|1.38| 0.32 | 1750 21.7 = I EE———.,
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Laser affected zone aser affected zone I . ..

R . | 2on N\, Il Simulated P3 scribe parallel conductivity, S/m
P3 a ¢ e 2dSonly front-contact layer is removed \ b4 \ mini-cell | 2271 | 36.6 |H ®n'|1.38| 0.32 | 1750| 21.8 _ _ _ o
CIGSayeris consideredto be sufficiently resistive o, RUci I odule Fig 10. Simulationof the CIGS3-cell module efficiency

dependenceon the P3 sriberesistivity

to electricallyisolatethe neighboringcells e SLG
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scribes in CIGS thfim solar cell

P3 scribing speed of 50 m/s was reacﬂed
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4. LINEAR LASER SCRIBING TECHNIQUE (LLST)

LLSTechnique[4] provides information about the parallelconductivityof laserP3 scribes Techniquancludesperforming
linearlaserscribeson the sampleand measuremenbf the cell parallelconductanceScribe conductivitycanbe extracted

from the scribelength dandcellconductanceO relationshipby fitting the resultswith a simplelinearequation(2).
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0 a Q) Fig 5. Schematiccrosssection of the P3 . _ o Fine scribe quality shown by SEM,
? scriberegiontogetherwith equivalentcircuit Fig 11. NSTpolygonscannerwith scanningwidth of 170 mm | Aepg confirmedompleteremoval ofZnOlayer,
Fig 4. Experimentalsetup and fitting function for modelof a solarcell and maxmums_cnbmgspeedof 10_0 m/s [6] (left). _SEI\/Ilmage CIGS scribingpeedreach50 m/s
LLST technique for in-process measurement of and EDSanalysisof the top-contactlift-off procesgright). AAt laser repetition rateof 1 MHz
measurements parallel conductance in fully , AT T AOACEDEOBAA

functionalmini-cells

9. SUMMARY

Pulse repetition rate and scanning speed varied to maintain constant pulse OVEIFf&Q'D%Z 1. Up-scalingthe P3 processs a challengingask In caseof high pulserepetition rate scribingheat accumulationeffects

5. RESULTS

becomeshighlydominant
100 kHz 200 kHz 400 kHz 1000 kHz 2. Typel processshowed high scribe conductivity dependenceon the laser repetition rate. Highestconductivity

- 1.7 m/s 0.4 m/s 0.8 m/s —1'7 m/s reached7.9 S/mat 1 MHzrep. rate. Accordingo simulations 3-cellmini module sufferedfrom severeefficiencylosses

3. TheP3 lift-off (Type2 process)ablation showedmost promisingresults Extractedscribe conductivitywas lessthan
0.003 S/mfor 532 and 1064 nm radiation wavelengths Simulationsrevealedno efficiencylossesof CIGSnini-module
device

4. Type2: Scribingspeedof 50 m/s wasshownby exploitingpolygonscannercombinedwith 1 MHzlaser
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