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A
B

STR
A

C
T 

This thesis contains inform
ation on an experim

ent w
hich validates silver sintering paste 

m
anufacturer’s die attach processes and exam

ines feasibility for use in com
m

ercial products. 

Four silver pastes w
ere used in constructing die attach sam

ples, w
hich w

ere then void and shear 

tested. The silver sintering m
aterials that are investigated in this w

ork are com
pared w

ith 

m
anufacturer data and also w

ith data from
 conventional attaches such as conductive epoxy and 

solder. In addition, m
aterials dem

onstrating the highest shear strength w
ere dow

n-selected and 

processed to com
pare therm

al characteristics w
ith solder and conductive epoxy.  U

nder 

theoretical analysis, the characteristics of silver provide the m
ost optim

al solution as a die attach 

m
aterial for extrem

e conditions.  A
dditionally, silver sintering paste technology has been 

significantly increasing over the last decade, leading to the potential for silver sintering pastes to 

be the next standard in pow
er electronic die attaches, specifically in high tem

perature and rugged 

designs [1]. 
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I. 
IN

TR
O

D
U

C
TIO

N
 

Silver sintering paste holds m
uch prom

ise in im
proving the electrical, therm

al, and 

m
echanical characteristics of die to substrate attaches. Possessing the key characteristics of 

silver, silver sintering pastes include a high therm
al conductivity, w

hich is the m
aterial’s ability 

to conduct heat and is determ
ined by the rate of heat flow

; a high electrical conductivity, w
hich 

is the m
aterial’s ability to conduct electricity w

ith low
 im

pedance; a relatively high strength, 

w
hich in this case is the ability to form

 solid m
echanical bonds betw

een die and substrate; and an 

extrem
ely high m

elting tem
perature, w

hich is the tem
perature at w

hich the m
aterial transitions to 

its liquidus state. A
s such, it has the potential to outperform

 traditional solders using low
 

tem
perature (< 200 °C

) assem
bly processes [2,3]. The theoretical qualities exhibited could prove 

invaluable for high tem
perature and high pow

er density applications. 

This thesis explores the heat transfer potential using three-dim
ensional finite-elem

ent 

m
odeling in SolidW

orks ® by sw
eeping device size, baseplate thickness, and die attach m

ethods. 

D
ata from

 these sim
ulations dem

onstrate the validity of the theoretical perform
ance and give 

reason to m
ove forw

ard w
ith void and shear testing m

echanical devices. Silver sintering pastes 

from
 four different com

panies are used in assem
bling m

echanical test devices and are com
pared 

w
ith four other standard die attach m

aterials. M
anufacturer process instructions w

ere follow
ed 

and are specified in the report. D
ata from

 shear and void tests of silver sintering attach m
aterial is 

com
pared to the m

anufacturer perform
ance claim

s and w
ith traditional solder perform

ances as a 

control. Process optim
ization for die attach strength is considered. Finally, if shear strength for 

the silver die attach m
aterials is com

parable to conventional solders, experim
entation validating 

the therm
al conductivity of the pastes w

ill ensue to find the best alternative to solder. These final 
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results can be com
pared w

ith the initial SolidW
orks ® sim

ulations, experim
entally validating the 

theoretical perform
ance. 

 
The theoretical qualities exhibited by silver sintering pastes could prove invaluable for 

high tem
perature and high pow

er density applications.  This, along w
ith the fact that silver 

sintering paste technology has significantly increased over the last decade points tow
ard silver 

sintering pastes to be the next standard in pow
er electronic die attaches, specifically in high 

tem
perature and rugged designs.   
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TH
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L B
A

C
K

G
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U

N
D

 

A
. 

SH
EA

R
 STR

EN
G

TH
 

O
ne im

portant characteristic for a die attach m
aterial to possess for high tem

perature 

applications is a high shear strength.  This thesis uses U
nited States m

easurem
ents of shear 

strength w
hich correlate to units in kg/in

2 rather than N
/m

2 (1 kg/in
2 is equal to 15.2 kN

/m
2). 

N
otice that both standard units m

easure the force applied over the area of the attach. The 

procedure for gathering die attach strength data is by shearing the electronic device from
 the 

substrate.  Special equipm
ent is needed for this test, w

hich applies increasing pressure to the side 

of the device and records the pressure data at the point at w
hich the device breaks free from

 the 

substrate.  A
 U

nited States m
ilitary standard [4] has been defined for electronic die attaches to 

ensure the integrity of the attach m
aterial under stressful conditions. This m

ilitary standard 

plateaus at 2.5 kg once the area of the attach reaches 0.0065 in
2 or about 4.2 m

m
2.  Furtherm

ore, 

this thesis includes data on only 3 m
m

 x 3 m
m

 devices and so only considers the plateau region 

defined in M
IL-STD

-883G
. 

 
A

 factor to consider is the shear strength at tem
perature.  M

any new
 pow

er devices have 

the capability of operating past conventional solder m
elting points.  W

hile still electrically 

conductive as a liquid, the solder loses all m
echanical strength and therefore is unable to m

eet 

m
ilitary strength specifications at tem

peratures exceeding its m
elting point.  Silver sintering 

paste, having a m
elting point greater than 600°C

, can theoretically w
ithstand device operating 

tem
peratures far greater than solder can w

ithstand, and continue to m
eet the shear strength 

m
ilitary specifications. B

y rem
oving the m

elting point of the die attach lim
it from

 operating 

requirem
ents, device characterization and operating conditions at high tem

peratures m
ay be 
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added to data sheets to provide m
ore com

prehensive m
odels for pushing the lim

its of 

sem
iconductor devices. 

B
. 

TH
ER

M
A

L C
O

N
D

U
C

TIV
ITY

 

Therm
al conductivity is also an extrem

ely im
portant factor in pow

er-dense, high 

tem
perature applications. U

nderstanding heat spreading through m
aterials and interfaces is 

necessary in the design of m
ultichip pow

er m
odules (M

C
PM

s) [5,6]. In pow
er m

odules, 

interfaces betw
een m

aterials contribute to the rate of heat dissipation through the m
odule and 

aw
ay from

 the pow
er die. Interfaces w

ith high therm
al conductivity coefficients increase the rate 

of heat dissipation and are preferred in high tem
perature applications. The equations (1) and (2) 

below
 relate the therm

al conductivity of tw
o m

aterials, show
ing the effect they have on the 

dissipation of heat through the m
aterials. This relation can be translated to interfaces betw

een 

m
aterials as w

ell. Figure 1 gives a graphical representation of the application of these equations. 

 
  

  
=

−

b a
a

k k
1

tan
α

 
(1) 

 
 

 

 
(
)

1
2

tan
2

L
t

L
a

a
+

⋅
⋅

=
α

 
(2) 

W
here  α

a  is the angle of therm
al spreading through m

aterial a (° angle), k
a  and k

b are the therm
al 

conductivities of the m
aterials in (W

/m
°C

), and L
1 and L

2  are the lengths of therm
al effect at 

interface one and tw
o respectively (m

). 
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A
fter perform

ing analysis by hand of the potential im
provem

ents in heat dissipation over 

traditional solder interfaces, SolidW
orks®

 w
as used to verify the calculations and give m

ore 

accurate data. A
 three-dim

ensional m
odel w

ith sim
ilar layers to the schem

atic show
n in Figure 1 

w
as constructed in SolidW

orks ®. C
onduction coefficients, m

atching the m
aterials used, w

ere 

assigned to each layer. V
ariables in the sim

ulation w
ere the die size (2x2m

m
 or 3x3m

m
), die 

attach thickness, baseplate thickness, and conductivity coefficient of the die attach layer. R
esults 

dem
onstrated, by sw

eeping all variables, that a higher therm
al conductivity of the die attach layer 

prom
ises great potential at increasing heat dissipation, thus low

ering the device tem
perature 

significantly. Figures 2 and 3 show
 the representation m

odel and therm
al analysis used in 

SolidW
orks ® for investigating the effect of sw

eeping the therm
al conductivity. 

α
a  

L
2  

L
1  

k
b  

k
a  

M
aterial 

a b 

Interface 
1  2 

ta  tb  

Figure 1. R
epresentation of heat spreading [7] 
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Figure 2. Isom

etric view
 of SolidW

orks ® m
odel. 

 
Figure 3 Therm

al sim
ulation of SolidW

orks ® m
odel. 

From
 the data in Figure 4, m

uch low
er junction to case resistances occur w

ith higher die 

attach therm
al conductivities, all other variables being the sam

e. B
y sw

eeping the therm
al 

conductivity of the die attach m
aterial and running sim

ulations at each interval, a curve relating 

the junction to case therm
al resistance m

ay be recorded to provide the data given in Figure 4.  

This low
er resistance allow

s heat to spread efficiently through the surface for transfer to a heat 
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sink, thus draw
ing the heat aw

ay from
 the device quicker than a low

er therm
al conductivity, 

w
hich w

ould translate to a higher resistance. The thickness of the die attach layer w
as also varied 

betw
een 1 m

il and 2 m
ils, represented by “tda”, to further show

 the range of variables w
hich 

affect the therm
al conductivity. A

s the therm
al conductivity increases, the effect that the 

thickness has on the therm
al resistance is greatly reduced. 

 

Figure 4. The junction to case therm
al resistance as a function of die attach therm

al conductivity. 
The junction to case therm

al resistance is significantly reduced w
hen the die attach therm

al 
conductivity is > 100 W

/m
 K

. In addition, the thickness of the attach layer has a m
uch low

er 
effect on the junction to case therm

al resistance at higher therm
al conductivities. 
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III. 
EX

PER
IM

EN
TA

L PR
O

C
ED

U
R

E 

A
fter choosing the m

aterials to be com
pared in the experim

ent, process plans m
atching 

m
aterial m

anufacturing plans w
ere created to validate m

anufacturer claim
s on die attach shear 

strength. Process techniques for each m
aterial are provided in Table 1. C

om
parison of die attach 

strength am
ong m

aterials at varying tem
perature levels provide data on w

hich m
aterial has the 

best overall m
echanical perform

ance for integration into high tem
perature applications needing 

high reliability. 

Tw
elve sam

ples of each m
aterial w

ere processed for experim
ental testing of m

echanical 

strength. N
ote that no m

aterials requiring a pressured process w
ere tested due to a lack of in- 

house, high tem
perature, pressured processing equipm

ent. B
efore shear testing the die, x-ray 

Table 1. M
aterials to be void and shear tested. 

M
aterial 

Process 

A
g Sinter A

 
R

am
p up 30 m

in to 200 °C
, dw

ell 90 m
in at 

200 °C
, in conventional oven 

A
g Sinter B

 
R

am
p up 60 m

in to 200 °C
, dw

ell 60 m
in at 

200 °C
, on H

otplate 

A
g Sinter C

 
N

/A
 

A
g Sinter D

 
R

am
p up 30 m

in to 200 °C
, dw

ell 60 m
in at 

200 °C
, in conventional oven 

A
u80Sn20 Solder Preform

 in SST 
U

se A
PEI, Inc. SST recipe 

Pb95Sn5 Solder Preform
 in SST 

U
se A

PEI, Inc. SST recipe 

C
onductive Epoxy 

U
se A

PEI, Inc. standard oven recipe 
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analysis of the die attach layer w
as perform

ed to provide insight into potential strength 

perform
ance from

 voiding [8,9]. A
fter void analysis, shear testing w

as perform
ed at tem

peratures 

of 25 °C
, 125 °C

, 225 °C
, and 325 °C

. This allow
s for three sam

ples of each m
aterial to be 

sheared at each tem
perature. R

esults of x-ray im
ages and shear tests are displayed below

. The 

use of conventional solders is for com
parison to dem

onstrate w
hether or not silver sintering paste 

exceeds current die attach m
ethods. Figure 5 and 6 display the typical voids in a sintered m

aterial 

versus a conventional solder attach respectively. 

N
otice the voids in the sintered attach are extrem

ely sm
all and very few

 as com
pared 

w
ith the solder sam

ple. These results w
ere com

m
on across all m

aterials tested. V
oiding in the 

attach increases the therm
al resistance of the die attach layer because heat dissipation is im

peded 

by the voids present. W
ith less voids, a m

aterial w
ould have m

uch low
er therm

al resistance than 

it w
ould w

ith m
any voids. V

oiding can also contribute to decreased m
echanical strength as w

ell 

because of the reduced contact area of the m
aterial w

ith each surface. 

 

 
Figure 5. Typical sintered attach taken from

 A
g 

sinter batch. 

 
Figure 6. Typical solder attach taken from

 
A

u80/Sn20 solder batch. 
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A
. 

SH
EA

R
 TESTIN

G
 

A
fter x-rays for void testing, each die w

as shear tested at tem
peratures ranging from

 25 

°C
 to 325 °C

. This is to ensure a stable m
echanical attach at extrem

e tem
peratures. A

ll shear 

strength values are norm
alized to a 3m

m
 x 3m

m
 area. Figure 7 displays the data of shear strength 

in gram
s versus tem

perature. N
ote that the clusters around 25 °C

, for exam
ple, w

ere actually 

perform
ed at exactly 25 °C

 but are spread out for better data visibility. A
lso, the high and low

 for 

each m
aterial is m

arked w
ith the m

ain point being the average. Three sam
ples of the sam

e 

m
aterial per tem

perature w
ere tested. A

t 325 °C
 the solder m

aterials returned to their liquidus 

states. 

 

Figure 7. Shear strength vs. tem
perature of different die attach m

aterials for a 3 m
m

 × 3 m
m

 SiC
 

die (A
u backside). 
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O
f all the m

aterials tested, Figure 7 show
s that the A

g Sinter A
 m

aterial w
as the only one 

to rem
ain above the 2.0× specification for shear strength in M

IL-STD
-883G

 [4] in the range 

from
 25 to 325 °C

 for every device tested. R
ecall that M

IL-STD
-883 defines 2.0x specification 

at 5kg once the area of the attach has increased beyond 4.2m
m

2.  This result that A
g Sinter A

 

m
aterial rem

ained above this specification at all tem
peratures tested is significant for pushing the 

tem
perature lim

its of devices w
ith a strong attach at extrem

e tem
peratures w

hich is not only 

im
portant for pow

er devices but also high tem
perature die that are used to control the pow

er die. 

Table 2 goes on to com
pare the experim

ental results of shear testing over tem
perature w

ith the 

paste m
anufacturer claim

s. These results dem
onstrate how

 untested and potentially unreliable 

silver sintering pastes currently are in term
s of m

echanical bond strength. The A
g Sinter A

 paste 

seem
ed to be the clear w

inner in term
s of best m

anufacturer accuracy in determ
ining bond 

strength as w
ell as shear strength in general.  

Table 2. C
om

parison of m
anufacturer strength claim

s w
ith experim

ental results. The average 
results include the tests at 325 °C

 due to the theoretical operating tem
perature range of silver 

sintering pastes being around 600 °C
. 

M
aterial 

M
anufacturer C

laim
ed Shear 

Strength (3x3m
m

 die) 
Tested strength (3x3m

m
 die) 

A
g Sinter A

 
~ 26 kg on A

g plated C
u 

~ 23.5 kg on average 

(N
i/A

u plated C
u) 

A
g Sinter B

 
~ 41 kg at 25 °C

 

~ 23 kg at 260 °C
 

~ 3.5 kg on average 

A
g Sinter C

 
~ 23 kg 

~ 5.4 kg on average 

(results very scattered) 

A
g Sinter D

 
~ 18 – 27 kg 

~ 7 kg on average 
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Table 3. C
om

parison of the A
u80/Sn20 solder and A

g Sinter A
 paste characteristics [10]. 

M
aterial 

Processing 

Tem
perature 

W
orking 

Tem
perature 

Electrical 

R
esistivity 

Therm
al 

C
onductivity 

Shear Strength 

(experim
ental) 

A
u80/Sn20 

≥ 300 °C
 

≤ 280 °C
 

16.4 x 10
-8 

Ω
·m

 
57 W

/(m
·K

) 
≤ 225°C

 →
 73.2kg 

A
t 325°C

 →
 4 kg 

A
g Sinter A

 
200 °C

 
≤ 600 °C

 
~ 5 x 10

-8 

Ω
·m

 

>120 

W
/(m

·K
) 

≤ 225°C
 →

 27.7kg 

A
t 325°C

 →
 10kg 

 Som
e m

ajor reasons to continue research on silver sintering pastes include low
er 

processing tem
peratures, m

uch higher therm
al and electrical conductivities, as w

ell as higher 

operating tem
peratures. Table 3 gives num

bers to these claim
s proving sintering pastes are at 

least tw
ice as therm

ally conductive and over three tim
es m

ore electrically conductive than the 

best perform
ing traditional solder. 

N
ow

 that the shear strength of the m
aterials have been characterized through a range of 

tem
peratures, further experim

entation to validate an im
proved therm

al conductivity of silver 

sintered m
aterial over conventional solders m

ust occur to dem
onstrate the feasibility of 

integrating silver sintering pastes into com
m

ercial products. This test w
ill induce a pow

er loss in 

the devices and m
onitor the heat dissipation through the m

aterial to the cold plate by m
easuring 

the die tem
perature w

ith an infrared cam
era.  Pow

er losses are calculated during testing by 

passing a know
n voltage and current through the device.  A

djusting the gate voltage determ
ines 

the resistance of the device and m
ay effectively be used to dissipate m

ore or less pow
er in the 

form
 of heat. 
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B
. 

TH
ER

M
A

L TESTIN
G

 

To accurately m
easure heat transfer in an experim

ent, an infrared cam
era m

ust be used 

w
ith the device under test (D

U
T) coated w

ith a paint having a know
n em

issivity. This setup used 

a m
atte black paint w

ith em
issivity of 0.96 to m

easure the m
axim

um
 tem

perature of the die, the 

tem
perature of the top of the baseplate, along w

ith the tem
perature of the top of the heat sink. 

M
easurem

ents at these points allow
 for data to be easily com

pared, determ
ining the best 

perform
ance. 

D
efining the pow

er dissipated in the device is also im
portant for therm

al m
easurem

ents. 

For this experim
ent, the voltage across the device and the current through the device w

ere 

m
easured at each recorded tem

perature, leaving the pow
er from

 conduction losses to be 

calculated. O
nce several tem

perature and pow
er m

easurem
ents have been taken for each device, 

die tem
perature as a function of pow

er loss curves can be generated from
 the data. Figure 8 

show
s an exam

ple of the therm
al im

ages taken for m
easurem

ents. The m
axim

um
 tem

perature on 

the scale is the m
ax tem

perature of the device, w
hile the tem

peratures listed on the left m
easure 

the tem
perature of the tw

o areas; area one represents the copper baseplate and area tw
o 

represents the heat sink.  Since the device dissipates the m
ost heat, the high value of the scale on 

the right represents the device tem
perature. 

W
ith all of the data for tw

o sam
ples of each m

aterial recorded, several graphs w
ere 

created to com
pare the perform

ance of the m
aterials w

ith each other. 
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Figure 8. A

n infrared picture of a sam
ple being tested. 

U
sing the m

easurem
ents of the m

axim
um

 die and baseplate tem
peratures, the relationship 

betw
een tem

perature and effective pow
er dissipation m

ay be graphed as show
n in Figures 9 and 

10 for each m
aterial. It can be seen that for the A

g Sinter B
 and D

 m
aterials, the curves seem

 to 

diverge from
 each other. B

ecause of this, a linear trend line for every sam
ple w

as created and the 

tw
o equations for each m

aterial w
ere averaged together. It should be noted that the curves for the 

A
u80/Sn20 sam

ples correlated closely to each other w
hich im

plies consistent characteristics if 

additional sam
ples w

ere m
ade. The sam

e can be said for the A
g Sinter A

 m
aterial.  A

dditionally, 

the conductive epoxy produced a strange discontinuity in Figure 9, m
ost likely as a result of an 

inherent increase of therm
al resistance past a certain tem

perature, w
hich is norm

al for this 

m
aterial. Finally, w

ith all of the data extrapolated and analyzed, the theoretical tem
peratures of the 

die and baseplate m
ay be calculated at specific pow

er dissipations.  This is done by extrapolating 

the conduction coefficient from
 the line equations of each m

aterial given by Figures 9 and 10.  

U
sing these coefficients and applying 50 W

 of dissipation, Figure 11 gives a theoretical m
odel 
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based on the results of the experim
ent.  From

 Figure 11 it is can be seen that along w
ith having 

the low
est device tem

perature at 50 W
 of heat dissipation, the A

g Sinter A
 m

aterial has a higher 

therm
al conductivity than any other sam

ples tested. The tem
perature difference betw

een the die 

and the bottom
 of the baseplate is a function of the therm

al conductivity and the die attach 

m
aterial, and since the tem

perature  

 
Figure 9. C

om
piled data for m

ax die tem
perature vs. pow

er loss.  
Figure 10. C

om
piled data for baseplate tem

perature vs. pow
er loss. 
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Figure 11. Tem
perature of device at specified pow

er dissipation. Tem
perature difference 

betw
een die and baseplate is also show

n. 
 difference is the low

est for the A
g Sinter A

 paste, it has the highest therm
al conductivity. The 

conductive epoxy on the other hand, does not dissipate heat efficiently at 50 W
, w

hich causes the 

device to overheat w
hile the baseplate stays relatively cool, translating to the low

est therm
al 

conductivity of the group. 
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IV
. 

D
ISC

U
SSIO

N
 O

F R
ESU

LTS 

 
Em

ploying experim
ental validation to confirm

 m
anufacturer die attach data show

ed m
uch 

discrepancy betw
een m

anufacturer claim
s and experim

ental results.  M
aterials used w

ere 

processed per the m
anufacturer data sheet guidelines to theoretically m

atch m
anufacturer 

strength and therm
al conductivity claim

s.  O
nly A

g Sinter A
 m

et m
anufacturer specifications and 

achieved an average shear strength of four tim
es M

IL-STD
-883G

.  A
long w

ith the advertised 

shear strength, A
g Sinter A

 exceeded the standard high tem
perature solder, A

u80/Sn20, in term
s 

of therm
al conductivity.  N

o other silver sinter cam
e close to the standards set by A

g Sinter A
. 

 
O

ther than A
g Sinter A

, process optim
ization for the other m

aterials m
ay not have been 

provided by m
anufacturers, leading to the large discrepancy betw

een their claim
s and 

experim
ental results.  Im

proved pressure-less processes could lead to m
uch m

ore com
petitive 

results [11]. 

 
Pressured processes w

ere not in the scope of this experim
ent due to the lim

itation of 

equipm
ent, how

ever these results open the door to continued exploration of process optim
ization, 

such as pressurized processes or increased tem
perature processes.  Low

 process tem
perature and 

pressure requirem
ents are optim

al to reduce device stresses w
hile attaching them

 to substrates, 

though previous experim
entation has proven that devices can w

ithstand significant increases in 

tem
perature and/or pressure.  This headroom

 could potentially optim
ize silver sintered attaches 

in term
s of strength and therm

al conductivity, the lim
its of these characteristics being those of 

solid silver [12]. 
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V
. 

C
O

N
C

LU
SIO

N
 

Through theoretical analysis and m
odel sim

ulation, the m
erits of utilizing the key 

characteristics of silver in silver sintering pastes w
ere proven for high tem

perature and high 

pow
er density applications.  C

ontinuing w
ith experim

ental validation dem
onstrated that indeed, 

silver sintering paste can exceed the therm
al conductivity of A

u80/Sn20 solder and can sustain 

shear stresses exceeding m
ilitary standards over 325°C

 (A
g Sinter A

). 

 
A

s sem
iconductor device technology continues increasing, device packaging technology 

m
ust also increase to provide as few

 lim
its to device operating conditions as possible. A

s show
n 

through these experim
ents, specific silver sintering pastes provide exceptional characteristics 

beneficial to devices operating in high tem
perature and high pow

er density applications. 
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