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Potential Applications

for

plating on glass & fine patterning (< 5 um)






Glass Interposer

Direct pattern seed layer plating for interposer/RDL:
» Solution deposition of copper or gold seed layer to glass
substrate with via holes. Surface & inside via holes
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Silicon — GLASS interposer:

»low latency, strong insulation
»low cost, easy handling

>large area / roll to roll processing

I
4 Figure source: Prof. Tummala, GT-PRC, GIT 2011













Plating on Glass






Conventional Patterning

11. Etch

Problems

» 100 many steps

»Rough surface:
-limited resolution
-high impedance @ high frequency
-Migration risk

»>Bridging (short circuit)

»Chemicals with environmental impact & toxic effects
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Overall Process

Catalyst/ Electroless Passivation
anchor Activation seed layer Thick film Passivation  Thermal infusion film
coating plating plating treatment 350-500C remo val

Example: Copper plating
Substrate: 5x5 ecm Tempax glass

Catalyst: AHK1T-259 palladium catalyst (spin coat solution)

Curing: 200-500°C

Activation: Submersion in hypophosphite solution (50°G=2 min.)
Electroless plating: 80 nm Copper

Electroplating: 17 um Copper (acid copper @ 2.5 ASD)

Passivation: CSA spin coat

Thermal infusion: 350-500°C

Passivation film removal: Submersion in NaOH solution (50°C=2 min.)




Direct Patterning

<5 U m features
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Photo-reactive Metal Complex

uv
photo-reactive
MEtateomplex - — § o]y metal - metal oxide
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expose develop anneal

Some of the materials we have photo-patterned so far---

ComplexM = metal - oxide ComplexM =— metal - oxide ComplexM — metal * oxide
Mg 500°C MgO Ga 500°C Ga,0, Ce 500°C Ce,0,
Al 500°C Al,O, Ge 500°C GeO, Pr 500°C Pr,0O,
Si 500G SiO, N b 500G Nb,Og Sm 500°C Sm,0,
Ti 500°C TiO, Ta 500G Ta,Of Eu 500G Eu,0,
H f 500°C HfO, Pd 200G Pd Gd 500°C Gd,0,
Fe 500G Fe,O, Pd 500°C PdO Thb 500°C Tb,0,
Co 300°C Co I n 500°C I n,0, Dy 500°C Dy,O0,
Co 900G CoO I n flash lamp | n Ho 900G Ho,O,
N i 500°C NiO Sn 500G SnoO, Er 500G Er,0,
Cu 500°C CuO La 500°C La,0, Lu 500°C Lu,0,
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Two-tone Patterning

for capacitive type touch panel sensors
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REF: Nanomaterials 2012, 2, 312—328.
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REF: Langmuir 2012, 28, 13542—-13548. 22



Direct Pattern Ni Plating

Selective nickel plating
on [ETC/3-246A pattern

NONOOONANO

On display @ Semicon Japan 2012
Dec. 5-7th at Makuhari Messe
by Kivokawa Plating Industry Co. Ltd.
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Cu Catalyst Patterning

nch / hole

Copper plating on photopatterned
copper catalyst on Tempax

line ‘ bum
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Cu Catalyst Patterning
talyst (BTGC73 n 8" wafe
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Bio-compatible All-Au Plating




Cyanide Free Gold Plating: RSG

Weakly acidic, non—toxic gold plating bath

for medical & bio device fabrication
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Characteristics of RSG

»Can be designed to function without use of toxic, hazardous, or environmentally harmful
substances. No use of cyanide.

» Complexants and additives can be selected from amino acids, vitamins, minerals,
antibiotics and other pharmaceutical intermediates.

»Reduced by vitamin C.

» Compatible with direct pattern plating methods described here, UV surface modification
of resin method described by Koto Electric, with electrolytic reduction, or as immersion
gold.

> Can be used over a wide pH range (4-14).
» Still in developmental stage, so deposit characteristics are not yet fully understood.
» Autocatalytic reaction initiation by gold or palladium catalyst.

> Simple gold(I) complex synthesis via sodium tetrachloroaurate(lll). Easy isolation in a
pure form free of chloride if necessary.

»More stable than gold sulfite baths, & no relation to “lemon gold” baths.
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Summary

/] High definition photo—pattern catalyst

Direct pattern plating

/] Submicron metal structures (resolution limited by optical
equipment) With diffraction patterns; nano level

/] Dual side & 3D patterning = Simplified 2—side processes

= Stacked multi-layer structures
/] Electroless palladium—free copper & bio—compatible all-gold

/] Plating on smooth surface / smooth interfaces

e ta I e s as o transparent conductor (ITO alternative)



