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TLPS Processing

Suggested time-frame of focus
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Effects on Electrical Conductivity, and Structure Formation

Behavior Below Melting
Temperature of LMP

First-stage-processing category-considerations for

temperature profile design, and paste formulation
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LMP Liquid Phase Performance

Activation and
Removal of Oxides

Evaporation Kinetics
and Escape Routes

* Printability

* Contributes to
densification of
green structure

LMP: Low
Melting Particles

Links directly to the
wetting performance

Activation time
w/respect to melting
point of LMP

Activation time
w/respect to
evaporation kinetics

When to evaporate?
At what rate?

How can we control
the evaporation
routes?

Amount of liquid phase present at
a given time

Wetting performance
Liquid state diffusion kinetics

Sintering-onset
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DRT: Schematics Resistivity Curve Evolution

 STAGE I: Organic related log (ﬁ) Vs.Temperature
evaporation, capillary forces. Po
Beginning of percolation ;
STAGE | STAGE I STAGE Il

network. A

 STAGE ll: Melting of TLPS’s
Low Melting Particles (LMP).

o
Closer to eutectic melting s
point. Liquid-state diffusion. 2

e STAGE lll: Solid-state
diffusion.

Temperature ["C]

Resistivity = p(T,A(T,t), Holding Time, %LMP, %Flux, LMP Selection, Flux Selection, etc..)
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DRT: Schematics of Effects

Heating Rate

 Heating Rate: Has a major effect a I
over stage | (a). In addition, when
combining with specific flux and
LMP selection, heating rate has an
effect over stage Il (b).

A A Low Heating A Low Heating

* LMP Selection: The LMP selection Temperature ['C] Tanperavs L]
determines the temperature of

the secondary major decrease in
the resistivity curve (stage Il). LMP Selection Flux Selection

Flux Selection: Has the potential
to completely shift the resistivity
curve (stage |, Il, and Ill).

Temperature ['C] Temperature ['C]
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DRT: Regression Model, Double Sigmoid Function
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Experimental Data and Results

Resistivity Vs. Temperature & Holding Time

Zoom-In Plots
w/ Linear Scale

2102 Inc. from Min. Val. A

<107

Inc. from Min. Val.

104 E~3 = Sn||Sn —
Sn o fsé‘ g |lmlls] _—
In B Sn 2 = > 0
fA In| fC 2 In = /
Sn . £ 1 fc 1% e
2 A In \ 2 = @ In||In
10
s fA o o ial |8
‘ \ 0 20 40 60 0 20 40 60
\ Time [min] Time [min]
€ gy
S 100 Holding
= @ 300°C
%‘ Slow
= Heating
.g '
v 10 \ B o "= =~ m T o o me oo
"\ -= 1
o\ p AN 1
*g“- ‘ \\\ E
!‘ e — i :
4 \\ ] v - :
e Indium / S R e e :
Melting _ Ry . S P—— !
Tin i |
Melting | = s&eL= e ob L SRR M e e e L BT R R e g T e S S SR E e :
10-6 | 1 1 1 1 1 1 1 1 1 L 1 l [ 1 L 1 1 I
50 100 150 200 250 0 1 2 3 4 5 I 56 57 58 59 60
Temperature [°C] Time [min]
fA/B/C = Flux A/BIC wnsir
: . A.JAMES CLARK
< > SCHOOL OF ENGINEERING

==
S



5 .:. & .
4230C '5idy o

Twe A5

T . £
5 oL P 0000 T +470 =
Sl P : -
s OE o — ¢ 2
2 [ g a
2 E ; """ I ¥ o
R o B -165 €
7] B .uu.,'_',‘»‘,._‘,'."" “e ~
® 1072 ., ‘ S
Al BN - i : 8
E
F
. 107 p Sn fA p SnfB
- ~&Packing Sn fA ¥ Packing Sn fB
. ~ pinfA pInfB
E ¢ Packing In fA = Packing In fB
108 L L s . L A : 50
50 100 130 150 170 200 230 260

fA/B/C = Flux A/B/C

Temperature [°C]

o ——p
-

k - A.JAMES CLARK

E SCHOOL OF ENGINEERING
&
10 TRy AN




Stage-l Correlation to Packing Density and Flux Evaporation

EDS Data
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No Observed Significant Change in Overall Cross-Section

In flux A 150°C

fA/B/C = Flux A/B/C
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Increase in Resistivity due to Oxidation
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Experimental Control and Results

Particle Size Distribution
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Conclusions

* The resistivity curve evolution of TLPS pasts was established and mathematically modeled.
* The main contributors to the electrical resistivity of the TLPS material are:

* Pre-sintering packing density, and percolation
« Evaporation of the organics
* Melting of the LMP, their liquid-state diffusion, and attracting capillary forces

* Therapid development of electrical conductivity was demonstrated.

* Flux selection has a major effect over the curve evolution and the final resistivity of the TLPS
material.

* In-based TLPS systems show better resistance to oxidations over long sintering times than Sn-
based TLPS systems.

* This study contributes to the optimization effort of using TLPS materials in AM application in
remote locations, and power electronic applications.
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Thank You!
Any Questions?
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