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Abstract: The copper-based leadframe is practically proateve in the thermal and reliability of a
Quad Flat No Lead (QFN) three dimension (3D) stdetie semiconductor package. Reducing the
copper thickness is understood to present vartwersrtal and reliability failure mode and mechanisms,
such as die cracking and delamination. Howeverjnadepth study has been pursued in order to
determine the capability of achieving the prodetjuirements in terms of thermal and reliabilityain
3D stacked-die package. The drive towards a Die-FHackage Cost (DFPC) reduction has led the
authors to study the used of a thin leadframe@F&l 3D stacked-die. Hence, the work presents basis
for the qualification of a thin leadframe designdaaiso to demonstrate the thermal and reliability
performance. Finally, an extensive virtual thermmalehanical prototyping has to be achieved in order
to understand the physics of materials during gseibly and reliability testing of a 3D stacked-die
package with a thin leadframe. This design rule feasd to be developed in order to prevent a die
crack occurrence between die and leadframe ingimécenductor package.
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INTRODUCTION cycling, the thermal stress due to the mismatch of

Coefficients Thermal Expansion (CTE) between

The reliability of microelectronic packages is a dissimilar materials in the package may cause the

major concern in the electronic industries. Thermaljnjtiation of crack and propagation and it may also
mechanical stress failure in packaging materialsnis  resylt to the package faillife With the decrease in

of the leading causes of the microelectronic paitiag ejectronic component volume and the increase in the
component failure and reliability issues. With the yensity of input and output connection, the testing

periodical switching on and off in the circuit atite e acqyal electronic component thermal-mechanical

variety of environmgnt temperature, the paCkagin@berformance becomes more difficult. In order tovsol
component will experience thermal cycles. Becaudse o

the Coefficient Thermal Expansion (CTE) mismatch ofthese related issues, the Finite Element Analysis\]

the constituent materials, the package undergoel%ecomes an important tool for analyzing the thermal

periodic thermal stress and stfdinEpoxy Molding mechag;g}alﬂ:ellazlllty Oft glecltrofnlc dewr(]:es snd
Compound (EMC) is widely used as encapsulatin SSEMDYY. Though a great deal of research work on

material for copper leadframe and die in electronic® Solder fatigue has been published, not so much
packaging application. This epoxy material has beestudy on the thermo-mechanical fatigue of packaging
chosen because of its superior in thermal-mechinic&0lymers has been dd_?‘@-
properties and also lower cost in production. Hoavev This study implies the results of FEA for
the leadframe and encapsulating materials are pmne Simulating the actual QFN packaging process and the
thermo-mechanical failures, which also lead toltve ~ temperature step condition in the Infra Red (IR)owe
cycle fatigue failurg. process. In addition, a study on the process-irdluce
In the semiconductor packaging assembly procesgesidual stress and the thermal stress during #ierm
a residual stress has been imposed into the packaggycling was also performed, for which this processy
The residual stress can give the impact of the ggek cause thermal-mechanical stress on the different
reliability in many aspects. During the temperatureleadframe thickness.
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MATERIALSAND METHODS Table 1: Material properties of the designated Qfakkage
Material E (GPa) Poisson’s ratio G (GPa) CTE (p@jh/°
Materials properties and constitutive behaviour: L‘:)%?(f;ame 12705700 ooir)l 5023'3%0 é6683
The material properties input of the designated QF_ other Die 28.00 0.26 8.000 361
package for the proposed FEM approach are shown ipar 1.66 0.26 0.038  17.00
Table 1. The Young's modulus properties allow theDaughter Die 28.00 0.26 8.000 3.61
prediction of material behaviour under a certaiadlo Mold compound 800 035 7000 3.0

For instance, the Young’s modulus can be used to ) o

predict the materials in QFN package that will egte Where G is the equilibrium shear modulus,and G,

under tension, or to predict the load at which ia th are the rglaxatlon time ar_1d stiffness coefficient

column will buckle under compression. Other €Orresponding to the term in the Maxwell model,

calculations should also be required with the uge of€SPectively. The temperature effect is considevitH

other material properties, such as the shear medtda 1€ assumption of having a thermorheologically $émp

density and the Poisson's ratio values. matgrlal. This situation can be _expl_alr.led using the
The behaviour of eutectic solder joints is modklle William-Landel-Ferry (WLF) equation, i.e:

as temperature dependent elastic-plastic and rate-

dependent creep. The temperature dependence of the loga, :@

Young's modulus (E) is mathematically defined by th C,+(T-To)

following equatioff':

(%)

where, T, is the reference temperature and both C
E(T)=35366- 1511 1) and G, are the material constants. For this case, the
Possion's ratio is assumed to be a constant viaéuge,
where the temperature T is in the unit of CelsR@).( 0.30". In order to complete the analysis of this study,
The solder is assumed to have an elastic-perfastipl the ANSYS’ software was then used. to simulate the
behaviour. The temperature dependent yield stkg$s ( QFN package _computatlonal analysis based on the
is described by the following expression: listed mathematical model.

Geometry and FEM mesh: For the finite element
modeling purposes, the QFN model was designed using
. a fully matrix QFN 3D stacked-die package. In this
The creep behaviok() for a given material shows study, the two same size models of QFN packages wer
a different creep mechanisms that may be operative used for the analysis. The schematic diagrams ef th
different temperatures and stress levels. In a@lgain ~ chosen QFN 3D stacked-die package are shown in Fig.
more knowledge in the time-dependent propertigh@f 1a and 2a. All QFN packages were having the package
sample materials, it is a desirable to obtain thghickness at 0.85 mm. The size of this was selected
relationship between the nanoindentation straiesrg} ~ since it can give higher performance in terms & th
and the average indentation stres§ @uring the reliability testing. However, the differences betme
holding time. The creep behaviour of a materiZQiFN  two selected models were only on the leadframe
package is mathematically defined as the followingthickness and mold cap. Fig. 1 shows the leadframe

0,(T) =49.2- 0.097T (2)

expression: thickness of 0.20 mm and the mold cap thickness of
0.65 mm. On the other hand, Fig. 2 shows the

. EN[ . (ao\T" 2 leadframe thickness of 0.15 mm and the mold cap
Scr—Cl(){Sln"(ﬂ &7 ©) thickness of 0.70 mm. Both QFN package, such as

epoxy, mother die, die attach film (DAF) and daeght

) die were fabricated from the same materials fohbot
The EMC that has been used in the QFN packagg,gframe thickness.

is assumed to have a time-temperature dependent sing ANSYS, one quarter of the structure for the

viscoelastic material. The shear modulus is alsg_p modeling was modeled. The finite element mash i

modelled with a 15 term of the Maxwell model (G,(1) presented in Fig. 1b and 2b. The boundary condition

as formulated in Eq. 4: that has been used in the FEA are based on thia orig
coordinate, i.e., z = x =y = 0, while the nodemal the

G(t)=G. +Z”: G &'t (4) symmetric axis are based on the symmetrical boyndar

i conditions.
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Fig. 1: (a) A schematic diagram of the QFN packagd-ig. 2: (&) A schematic diagram of the QFN packiage

for leadframe thickness of 0.20 mm, (b) Finite leadframe thickness of 0.15 mm, (b) Finite
element mesh of a QFN package element mesh of a QFN package
Thermal loading: In order to simplify the analysis for tp e

4
o

the simulation process, which is presented inghigly,
the thermal loading history includes only the cogli
down process from the curing procedure, reflow
soldering process and three temperature cyclede Pab

shows the temperature profile that has been peddrm

Temperature —>
—

in the entire simulatidd. The distribution of this : is

profile is illustrated in Fig. 3. The reflow prosess preneet /
important testing in industrial because the refualin .

the reflow process can been showing similar result t 25°C to Peak

. . Time —>
compared actual application.

Referring to Fig. 3, the reflow process is assumegtjg 3. The classification of the reflow profils
to have no longer than four hours to three timedesy
of the appropriate reflow conditions, as defined iNtapie 2: process Reflow of QFN packZhe

Table 2 and 3, after the removal from the tempeeatu profile Feature Pb-Free Assembly
and humidity chamber. There are optimum period $ime Average ramp-up rate (fsto Tp) 3°C/sec max.
of the reflow process that is needed to relateatttaal  Preheat

inati o - Min Temperature (Trgn) 150°C
IC package application. If the timing between the - Max Temperature (ha) 00°C

removal from the temperature and humidity chamber _ 40 s "o ts..) 60-180 sec
and the initial reflow cannot be met, then the pantist  Time maintained above:

be rebaked and resoaked. This step is intended to- Temperature (J) 217°C
remove moisture from the package so that it wiltlhe - Time (1) 60-150 sec
The moisture soak means that the packages aredpla peak/classification temperatureXT 260 +0°C

. h p g PIACme within 5 °C of actual Peak Temperatugg (t  20-40 sec

in a clean, dry, shallow container so that the pgek Ramp-down rate 6°C/sec max
bodies do not touch or overlap each other. Thesfart ~ Time 25 °C to Peak Temperature 8 min max
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Table 3: Results for IR Reflow QFN packages in ldispments used
leadframe 0.20 and 0.15 mm

Table 4: Results for IR Reflow QFN packages in Wises stress
used leadframe 0.20 and 0.15 mm

Stress distribution

Displacement of ~ Displacement of
0.20 mm leadframe 0.15 mm leadframe

Step/ Stress thickness (um) thickness (um)
Ambient temperature -1.180 -1.030
Preheat Tmin at 150°C -0.393 -0.343
Stress Free at 175°C 0.000 0.000
Preheat Tmax at 200°C 0.292 0.261
Time Maintained, 0.461 0.427
T. max at 217°C

Peak/Classification 0.985 0.865
Temperature, Jat 260°C

Finish IR Reflow at 25°C -1.180 -1.030

the etching temperature should be handled using the

Step/ Stress Stress Distribution

von Mises stress of von Mises stress of
0.20 mm leadframe 0.15 mm leadframe
thickness (GPa) thickness (GPa)

Ambient temperature 1.020 0.974
Preheat Tmin at 150°C 0.277 0.264
Stress Free at 175°C 0.003 0.025
Preheat Tmax at 200°C 0.219 0.206
Time Maintained, 0.323 0.305
T. max at 217°C

Peak/Classification 0.664 0.604
Temperature, Jat 260°C

Finish IR Reflow at 25°C 1.020 0.970

Fig. 4 and 5 shows the leadframe view on different

proper Electronic Static Discharge (ESD) proceduresstep temperature condition between leadframe tes&n

The time between reflows shall be within five mesit
at the minimum and 60 minutes at the maxirfium

RESULTSAND DISCUSSION

The IR reflow process involved with 6 steps fog th
difference thermal loading and 1 step for the stfese
process. Because of the higher curing temperatltev

of 260°C and the mismatch of the coefficients of
thermal expansion between dissimilar materials, th

residual stress in the leadframes was already adlat
the initial stages of the thermal loading. Tablsh®ws
the numerical simulation result for displacemerits.

e

0.20 mm and 0.15 mm.

Fig. 4 shows the result of the FE modelling fag th
displacement contour on QFN with the leadframe
thickness of 0.20 mm. Step 1 shows the brown counte
at the surface DAP and red counter at the leachen t
leadframe. For the Step 2, the contour colour at th
middle on the leadframe surface. Step 3 shows ltre b
contour at the leadframe that mean stress free at
leadframe. Step 4, 5 and 6 show the colour contotr
too different for the etching step. Step 7 was ldst
Step in step condition. Step 7 shows the brownazont
which is at the same contour colour as Step 1.

Fig. 5 shows the result of the FE modelling for
displacement on QFN package with leadframe

addition, Table 4 shows the results of the von-Nlise thjckness of 0.15 mm. The colour contour exhibited

stresses for the leadframe thickness of 0.20 amhfl O.
mm. In this study, the focusing scope of the ansligs

Fig. 5 where almost similar to the colour contofithe
distribution in Fig. 4. It is because of the nuroati

more on the stress that was distributed between twgesult was seemingly similar for etch step on both

types of leadframe thickness.

In general, the semiconductor industries have a

standard procedure fore testing the reliabilityecia on

leadframe thickness.
Fig. 6 shows the displacement (um) between two
different leadframe thicknesses versus step terhpera

the IC packages. The IR reflow process has beegondition. In Fig. 6, the starting step conditisrStep 1,

recognized to be one of the reliability test praged displacements for 2 types of leadframe is negative
and it has been applied after the Moisture Seiitgitiy Which meant the leadframe was under shrinking

Level (MSL) witerion. This process flow involvedeth condition. The leadframe thickness of 0.20 mm has

di ting, the wire bonding, th di d theShow more shrink compared to the leadframe thicknes
e mounting, the wire bonding, the mo’ding an € f 0.15 mm. Step 2 shows the situation of no dffeer

singulation. The EMC elements were then deactivate§

during die attach process at 175°C and this te q N the shrinking behaviour for both Iea}dframes,tlﬂ(xﬂs
) . riypres temperature of Step 2 was approaching the reference
is a reference for the minimum stress temper&itras

) ) ) temperature. In Step 3, no displacement has basrdfo
defined by the temperature profile step in Tabl&1® yhe simulation and it was caused by the tempezat
EMC element was reactivated at molding temperature; this step was having a stress free conditiorierAf

of 175°C and it was then cooled to 25°C. It is neanapplying Step 4, the leadframes were found to lenn
that the element birth and death option can meet thexpanse and the value for the displacement became
simulation equipments. At the die mounting andpositive. It is because of the temperature in Steyere
temperature, the package components are assurbed tohigher than the reference temperature and it meain t
stress free. the leadframe absorbed more heat. In Step 5,
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sssssssssssssssssssssssssssssssssssssssssssssssssss

STEP 3: Stress Free at 175 (Tewp Reference) STEP 4: Preheat Ts max at 200C

sssssssssssssssssssss

Fig. 4: Results of the displacement contour on Qfaldkage used leadframe thickness of 0.20 mm fdr st&ps
condition

the displacement for the leadframe thickness 00 0.2um. In Step 6, the maximum displacement distritsutio
mm was 0.461 um and it was slightly higher thanwas shown and it was at the maximum temperature of
leadframe 0.15 mm for which the value was only @.42 260°C for IR Reflow. In Step 7, the temperature was
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Fig. 5: Results of the displacement contour on Qfaldkage used leadframe thickness of 0.15 mm fdr steps
condition

reducing to 25°C and this condition shown the0.20 mm has maximum expanse reduction to maximum
leadframe thickness 0.20 mm highly risks givingshrink in a short time.
package crack. It is because; the leadframe thgskne In this reflow case study and analysis, the 0.20 m
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1.504

-4 Thickness 0.20 mm
48 Thickness 0.15 mm

1.001

0.501

0.00

Displacements (ur

-0.507

-1.004

-1.50- Steps Temperature Conditions
Fig. 6: A plot of displacement for different leaalfne thickness versus the reflow stages

leadframe thickness has been found to produceverall magnitude of the tensor. It allows the drased
displacement compared to the 0.15 mm leadfram@amount of plastic deformation under triaxial loaglio
thickness. Larger displacement of the leadframe cape predicted from the results of a simple uniaxial
lead to the failure of other component in the pgeka tensile test. It is most applicable to a ductileterial
According to the simulation, the leadframe thickies analysis. The von Mises stresses can then be wsed t
0.20mm can give more risk for die crack and als® th pregict failure by ductile tearing. However, it f®t
delamination between the die and leadframe. appropriate for failure by crack propagation oigaé,

Fig. 7 shows the result of the finite element,yhich depends on the maximum principal stress.
modelling based on the von-Mises stress of the QFN | this case, the maximum value of the von Mises

package with 0.20 mm leadframe thickness. Step &tress was obtained with the analysis of the 0.20 m
shows the green contour at the bottom of the leat;  leadframe thickness, when compared to the 0.15 mm
that mean has medium stress at the bottom deadframe. In Fig. 9, two steps were found to hinee
leadframe. Step 2 shows the light blue contour@tegp ~maximum value of von Mises stress, i.e., Step 1 and
3 shows the blue contour at the leadframe, becdngse Step 7. The finding has been found due to the

stress has been reducing to stress free. Step 3 wédference between the reference temperature aed th
identified as a stress free on the step conditeoause ambient temperatures for which they were higherrwhe

the temperature in this step same to temperatur%Ompaer to another temperature step. It was also

observed that higher thickness of leadframe gagkdni
reference. Step 4, 5 and 6 show the colour comour 5,0 of yon-Mises stresses. However, the maximum
to different for etch step. Step 7 was the lagt stethis e of the von Mises stress is 0.974 GPa was

process and it shows the same contour as in Step 1. acceptable, as this value was still lower than the

Fig. 8 shows the result of the FEA based on theroung’s modulus of the leadframe, i.e., at E, 188G
von-Mises stress of the QFN unit with 0.15 mm  The leadframe thickness of 0.15 mm is proposed to
leadframe thickness. The colour contour in Figk8ly be a new design for a semiconductor package
similar then the colour contour in Fig. 7. It ischese, particularly for QFN package. It is seemed to bttebe
the numerical result was not to difference for estdp  quality and performance compared to the 0.20 mm
on both leadframe thickness. leadframe thickne§s!. In actual condition, the

The von Mises stress,, is the scalar function of fabrication of 0.15 mm leadframe thickness may
the stress tensor that gave an approximation fer thincurve with costs then the 0.20 mm thickness.
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Fig. 8: Results of the von-Mises contour on QFNkpae used leadframe thickness of 0.15 mm for etepss

condition
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Fig. 9: A plot of von Mises stress for differenatdrame thickness versus the reflow stages

CONCLUSION

under the IRPA grant of 03-01-01-0088-PR0075/09-08.

_ _ ~ Special thanks also conveyed to AIC Semiconductor
A study on the packaging process induced initialSdn. Bhd. for their assistance in providing experital
stress-state of a selected QFN package was prdsente facilities.

this research. The IR reflow are considered toHee t
temperature dependent elastic-plastic and rate
dependent creep behavior. The viscoelastic behaviou
of EMC during and after reflow process was1.
subsequently simulated and it was then followed by
temperature cycling simulations.

From the simulation results, it was found that a
thinner. The stress distribution that was obtaiftedhe
second leadframe design (0.15mm thickness) was
below the Young's modulus value. From the simutatio
result, it is suggested that the reliability of ®rhm and
0.20mm leadframe thickness were almost similar
compared deformation on displacement and von Misess
stress.

In order to make some modification for either by
material selection or the package dimension, it is
suggested that the selection of select a materiat e
based on Coefficients of Thermal Expansion (CTE of 3.
material. The residual stresses can also be octdue
to the mismatch between dissimilar materials dutirey
reflow soldering process. At the end of the reflow
process, the tensile stress of centre surface i€ vat
the highest level, the centre surface of leadfrésrtae
possible failure site for delamination and die-&rac
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