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In situ rapid thermal processing / X-ray diffraction for materials forensics
Introduction

Duration @ >600°C ~6 s

= Rapid thermal processing (RTP) : Widely used for processing
materials in the photovoltaic (PV) industry, most notably for
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metal contact formation in Si solar cells e . e i
= Ag-Si contact processing time : ~10 seconds e T — e o g E?szjszgFLSIZ%ZEZ’PE%}’ZQO’ |:|1|§) o t\‘.‘si!/el i D
= RTP parameters have evolved empirically over time TP 2. Silver can dissolve in glass fri S
o Lack of in-situ time resolved characterization facility with 4 4 SiNx+2Ag,0 _ .SiO, +4Ag+ x/2N,  (2) “’"’ ©
time resolution <1 sec. . 8_
= Several alternative mechanisms/reaction pathways proposed f:ogtact pro.ce.ssmlg Ag deposition :‘g‘ig &
mainly based on ex-situ studies aﬁ{f&%g&%‘: %j;gﬁg paste over L ;‘f dSSOS'_Ld n 9'29: Cag_geoxmize a;the Si surface: =
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" Precise mechanism/ reaction pathways uncertain " Firing @ ~ 750-800 °C 2. Aggfzormslternary quu?d allloyzs with Pb(a)nd Si which T ;‘349

0 Ramp rates > 50 °C/s separate out on cooling

RTP Setup

In-situ characterlz%gltgnqa; p§chematlc RTP Setup in Beamline 7-2 @ SSRL _ Temperature Callratlon

« Temperature measured by thermocouple F =
© Tempertature determined from Ag lattice :* [
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Ramp rate: 100 °C/s
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Frit
o Mix with A L .
1000°C synthesized Solldlfled Frit nar:)(;-vggrticlis RTP Chamber Sample:PbO-frit+SIN,+Si+Ag
' lby quenching | Crushing Ag (LLD)AG (200) 220 Ag (220)
Pb (111 ,
. _ X-ray Si(lll)\ P)b (200) \ Si (220) \

Frit Composition
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e PbO frit mixed with all combinations of Si, Frit | Active Component| Glass Network Components
SiNx, Ag nanoparticles PbO SIO, B,O,

_* Equal parts by mole ratio in all combinations 1 mol % mol % mol %
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Ag-SI cell contact formation mechanism
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Processed in Air: Heating rate 100 "C/s Summary
PbO-frit+Si+SiN,+Ag powder mixture (1:1:1:1) Effect of Processing environment: Air Vs Nitrogen N Ereh
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« Appearance of diffused scattered peak below Ag(111): Ag-Pb liquid formation Time, s Time, s AL>600 °C, PbO present n ri oxidizes and etches through

SiN,

Heating

* Ag(111) peak intensity increases on cooling with slight broadening (due to Ag

nano-crystal formation). * Ag loss in Air: Ag dissolution in frit followed by precipitation of tiny particles on cooling

* Ag deposition on Si surface and etching should be coupled for contact formation: Ag* ;.., :';..
dissolved in frit attacks the Si surface and Ag is deposited according to reaction. Cl T 1‘ - A

Ag dissolvesin frit in form of Ag+ and inmolten frit is transported to

Key Observations
= More metallic Pb upon processing in nitrogen atmosphere -reaction (1) e
. : : .. . L : L Y0 34
= Grater reduction in Ag peak intensity upon firing in nitrogen : More Ag-Pb liquid formation ’Iﬁﬁ‘_
Eﬁ% = Ag loss upon processing in Alir : Ag dissolution in frit followed by precipitation on cooling to Dissobeq Ag- Dilzes The 5l surface forming etoh pits and metelkc
COMMUNICATIONS form very small particles. g
= Ag deposition on Si surface and etching of Si should be coupled for contact formation: Ag ° 3% -::;.
ARTICLE dissolved in frit can preferentially attacks Si surface and get deposited — reaction (3) i AREES
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The formation mechanism for printed Si does not form ternary liquid with Pb and Ag. Binary Ag-Pb liquid observed.
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