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NCA: Non-Conductive Adhesive
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A.2 Technology Drivers
2.1 Environment

Environmental: 

2.3 Technology 
drivers (c.f. solder)Environmental: 

no-flux, no-Pb
No-Pb solders

-Melting temperatures
-Thermomechanical stress

Silver effects

2.2 Economics

drivers (c.f. solder)
Thermomechanical 
stress

Low process 
temperature
High compliance

Fine-pitch (area array) 
interconnect

S ll  ti l  th  
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Manufacturing
Fewer process steps
Available technologies 
(stencil/screen/dispense)

Smaller particles than 
solder
No slumping
Inter-metallic diffusion 
in solders
Electromigration
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A.3. ECA Applications
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A.4. Processing
e.g. Flip-Chip Assembly (IZM, Berlin)
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A.5. Materials

5.1 Metals
Nickel/noble metalsNickel/noble metals
Silver

Silver Oxide

5.2 Polymers
Thermoplastics - chains
Thermoset epoxies -cross-link
Thermoset/thermoplastic blends
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Thermoset/thermoplastic blends
Additives
Polyimide, silicones

5.3 Polymer Cure

Thermoset e.g. 
Diglycidyl ether 
of bisphenol-A 
(DGEBA)
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DGEBA

Polymerization (cure)
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A.5.3 Curing

5.3.1 Cure process
5.3.2 Cure modeling
5.3.3 Glass transition temperature Tg

5.3.3 Cure optimization
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A.5.3.1 Cure Process
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Cure Effects
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A.5.3.2 Cure Models

Reaction rate dα/dt = k f(α), 
where k = A exp-(E/kT)p ( / )

k = chemical rate constant, f (α) reactant concn. 
α = degree of cure

N-th order model:  f(α) = (1 - α)n

Calculate degree of cure:
1st order: dα/dt = k(1- α), ∴ α = 1-exp(-kt)
2nd order: dα/dt = k(1- α)2, α = 1 - (1 + kt)-1
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2nd order: dα/dt  k(1 α α  1 (1 + kt)

Auto-catalyzed model:
f (α) = αm (1- α)n

Linear combination: dα/dt=k f(α)=(k1+k2 αm)(1- α)n
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DSC: Directly determine degree of 
cure α and rate of cure dα/dt
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Complete Cure: DSC before & after cure
More accurate cure assessment

(Perichaud/Fremont)
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Use second DSC as measure of degree of cure ‐ ∫1HdT/(∫1HdT+∫2HdT)
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Cure Calculations:
Differential Scanning Calorimetry (DSC) Heat flow vs time
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k found for each T from 
E, A (experimental)
E, A found from DSC, 
heating rates

Find:
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A.5.3.3 Glass 
Transition 

Temperature

Compare CTEs:
Si = 4-5 ppm/°C
Ag = 20 ppm/°C

4/23/2009 14

Epoxy = 54 ppm/°C
FR4 = 36 ppm/°C
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