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ABSTRACT

In this paper, the authors would like to quantifg wvarpage
effect of the cure profile on a very thin carrieithwery thin
die that uses die attach film to permanently plaan the
die paddle. The quantification
mathematical computation with simulation
available in the market today and the other onebys
measuring the actual warpage as the whole curiogegs is
continuously taking place on both the snap and &nen
curing with different temperatures used as suggeistehe
Dynamic Scanning Calorimetry (DSC) degree of curing

Through the DSC, the degree of curing optimizatirere
the optimum time to cure the die attach film (DAdRd the
minimum time to cure the material will become tlesdline
of the temperature setting for the snap and boxhauee
and the lapse time requirement.

Using simulation software, the warpage of the earwith

DAF and die, in this paper is called the systencaisulated
with different cure profile using both the snap d@hd box
oven curing with different temperature settingsaggested
in the DSC characterization.

The system is then exposed to a pre-determinedeetye
and time of exposure as dictated by the DSC. Itiasled to
the Thermo-Mechanical Analyzer
guantify the warpage experienced at room tempegraitatil
the system has experienced the cooling down process

This paper brings interesting data for those desiygineers
and package development individuals dealing withrér
package as it requires very thin mold cap thateiy prone
to exposed wire at molding process if the warpafj¢he
system is not considered in the process development

1. 0 INTRODUCTION

Semiconductor packages are getting thinner and lsmal
nowadays as this is driven by the application negments
specially defined by the consumer electronics. fideo to

is both done usingpave a thinner package, most of the strategy isdace the
softwardeadframe thickness and this will be complimentgdtte

thickness reduction of the die and the mold cap.

There are several problems that will be encounterethe
process development engineers in achieving theangels
just to cater the customer requirements. One o€hvis the
wire exposure on the top of the die due to thirmeld cap.
Commonly, design engineers control the loop heggtat the
loop profile for the wires to prevent the wireshi® exposed
after molding process.

Little interest was put on controlling the warpadgeprevent
wire exposure. Warpage is contributed by the slgekof
the different materials inside the package duringd after
the heating process. As the materials have differen
Coefficient of Thermal Expansion (CTE), the materiat
elevated temperature will experience different dine
expansion and shrink again during the cooling down
process.

There is another shrinkage that will contribute ttee

(TMA) machine towarpage of the package especially for thin packagbich

is the chemical shrinkage contributed by the déffeer
polymers used inside the package with differentppses
yet very vital materials like the die attach gludibn, mold
compound and underfill. During the curing procelssse
polymers will encounter not just mechanical shrigéaut
also chemical shrinkage due to the reaction of the
components inside the polymers reacting at elevated
temperature.

In this paper also, the usual thinking that at high Understanding the mechanical and chemical shrinlafge

temperature the warpage would be higher than dutieg
cooling process is refuted and explanation to risvided
by the authors as the part of the learning.

these materials both due to the curing proceselated to
the manufacturing of these raw materials are venyoirtant
in order to know how to control the warpage of siystem.
Through this, the event of trial and error will eéminated
with time lapsed on different evaluation and cod#t e
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avoided or minimized for the new product developtresn
well as on the process improvement.

1.1 Objectives

One of the objectives in this paper, as well athefteam, is
to determine the temperature where the DAF wilftste
cure. These temperatures will be set as a tempertdwe
used for snap cure setting and for box oven cumpégature

and the results will be compared to the actualltesi the
TMA. There will be some errors due to process eelat
variability that may affect the outcome of the autp
variable under observation.

The study does not cover the modulus of the matbtia
focus only on the expansion and contraction ofrtfaerial
during the heating and cooling process of the systa the
TMA, a pre-load force is applied to the materialptevent
any slip and this may affect the material propeastythe

setting. This can be done using the Dynamic ScanniiDAF but since all samples were subjected to theesam

Calorimetry (DSC) by performing the dynamic scagnat
10°C/min ramp rate. The next action is to determine
number of minutes at these temperatures that vékerthe
DAF fully cured.

The second objective of the paper is to understidued
mechanical and chemical expansion and contractictheo

condition it may become negligible to the simulatias to
evaluation.

2. 0 REVIEW OF RELATED LITERATURE

In the system, which we identify as the leadfranith wie

system, with very thin components, reactions on thattach film and die, has two type of expansion and

different curing profile that these would undergaidg the
die attach curing. This would give us a clear ustigrding
on the whole process that the system experiende vaif

contraction during the heating and cooling conditmn a
die attach film curing. One is the mechanical peltch is
contributed by the CTE of the die and the leadframe the

undergo from heating up, isothermal condition amd tother one is the chemical reaction of the DAF dyiGgaring.

cooling down by measuring it using the simulatioftware
with warpage as the output response that will bentjfied
and compared.

The third objective is to quantify the warpage loé system
using the Thermo-Mechanical Analyzer (TMA)
measuring the warpage during
contraction of the system at different cure profie set or
used in the simulation software. The data gathaiédhen

be compared to the theoretical computation to astes
error percentage compared to the actual simulation.

At the end of the paper, the authors recommendbtst

condition to get lesser warpage of the system todsal in
the qualification phase.

1.2 Boundary Conditions

The study is based on one batch of sample proviodbe
authors. There is no repeatability of this study the
different condition of the materials and with difet
properties of materials. This will also reduce tagiability
on the study as this will focus more on the effifcthe heat
to the materials and block the materials set astaohin the
whole experiment either on the simulation or on alctual
measurement.

On the mechanical expansion and contraction, #dfleme
and the die have a linear expansion when the teatperis
ramped up from
temperature setting for the DAF curing. The fagiterramp

byrate that will be set, the rate of change of lengththe
the expansion ameladframe and die will also increase. During camplithe

shrinkage of the material is dependent also onrae of

cooling down as this is dependent on the change of

temperature.

In processing the carriers like leadframe, ther e séamping
and etching process to create the leadframe topbgrdn

the stamping process, since this is a mechanigahifg

process, stress is induced on the leadframe duthdo
shearing of metals to create the leads and paddiettas

will have an impact on warpage once the materialested
to an elevated temperature.

The other expansion or shrinkage is caused bytbkencal
reaction contributed by the cross-linking of thdfedent
polymers inside the system. This type of reactien i
dependent on the formulation used for these polgraed
the reaction rate varies depending on the typecpaahtity
of accelerators and resin used. But the reactimmwél be
affected also by the other factors and other raverzs
used as these must be considered also.

The software used in the simulation is ANSYS and thThe temperature setting for the curing profile viftipact

assumptions on the material properties were baseth®
technical datasheet provided by the different deppl
except on the evaluation done on the DSC. The tresay
vary depending on these inputs in the simulatioimsoe

also the speed of reaction rate as the raw mateaat
formulation will be dependent on this setting aldde
higher the setting the faster the rate will be.témperature

room temperature to the desired
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is also impacted by the mechanical side of the msipa, it
is considered as the very significant factor onvlagpage.

3.0 EXPERIMENTAL SECTION

In this paper, the experimental section is dividigih two
parts. One is the simulation of the different DA#&ring
profile with warpage as the output response. Therobne
is the actual quantitative observation of the wgepat
different DAF cure profiles. Through this, corrédex
between the two can be made to see if there igrafisant
difference and if what is observed in actual measient
could be explained by the simulation result. Andoalit
could be determined if there is significant diffece
between the snap curing and the box oven curinfilgiia
terms of the warpage.

In the simulation process, the properties of theenms
were logged into the program and this could be deen
Table 1 showing the Elastic Modulus and Poissomigd=of
the materials. These values were given by the mnsphnd
were not taken from the batch of materials usedhim
experiments.

Table 1. Material Properties

The flow of the evaluation is illustrated in Figuzeand the
derived temperature after the DSC activities iswghan
Table 2 where snap and box oven cure temperatuees w
determined.

m Die Attach N Isolation of [N
Process : units ’
Run
#5

aE
«»

Figure 1l : TMA Experiment Flow

Loading in
TMA

After determining the minimum and the maximum
temperature requirements to cure the DAF matetighap
cure setting and in the box oven cure settinggiven time,
these temperatures were used for the TMA experiment
Since this was done already and was documentedfonly
this technical paper purposes, the determined teatyes
were set already as shown in Table Il.

Table II': Evaluation Runs TMA settings.

Item CTE E-Modulus Poisson Ratio
(ppm/°C) (GPa)
Die 3.0 169 0.23
Carrier 17.5 117 0.34
DAF ol=18 15 0.35
o2=95
Tg = 165°C

Run # Snap /Box Setting
1 Snap 120°C - 200°C
2 Snap 200°C
3 Box 150°C - 200°C
4 Box 200°C
5 Box 160°C
6 Box 150°C

After the simulation of the system using ANSYS waite, a
sample of the DAF material was loaded to the DSE tpa
determine the Onset Temperature and the Peak Tataper
of the curing for the purpose of determining theecorofile.
Units were assembled until die attach process aedet
units would be cured in the TMA machine. Each wvéis

For the purpose of DAF voids inspection, the unmitre
mechanically decapsulated to separate the die filoen
carrier to check the presence of voids but would @
presented in this technical paper.

loaded to the TMA machine as shown in Figure 1 with

different curing profiles determined in the DSCiw# pre-
load of 0.005N.

Figure I: TMA Set Up for this experiment.

4.0 RESULTS AND DISCUSSION

As shown in Table Il above, the minimum and the
maximum temperature setting that can be used fap sn
curing and oven curing were determined using theCDS
machine using the Dynamic Scanning at 10°C/min ramp
rate. In Figure 1V, it showed different temperatute cure
the DAF material and the percent cured at a givewe to
determine the snap and box oven setting.

In the Dynamic Scanning Result as shown in FiglreHat
the DAF Material has an Onset Temperature of 150i€Ca
peak temperature of 190°C. This means that theiosaate
of the DAF material will start to become fasted&0°C and
the reaction will be at maximum rate at 190°C.
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optimum temperatures were not determined and tbisldv
make it a trial and error evaluation.

: In the simulation modeling, as shown in Figure ¥2@0°C
A reference temperature (Tref) there is a 76um warpag
I N While at 160°C, a 59um warpage reading is prediatetiat
[ 120°C the warpage is at 42um warpage. The modeling

\ showed higher warpage result for higher zero-wagpag
| temperature or Tref. Tref is assumed close to tinéng
temperature and so the results show that the higher

oo i temperature would result in higher warpage.

& i
bipa- Tomgoratun () S

Figure 11l : Dynamic Scanning of DAF Material

In Figure IV, at 120°C and 130°C cure temperatttirgy
showed that two hours curing have never reached 5C
reaction rate. This means that at these settirgs,DIAF
material is not yet 50% cured and may create woalikab
problem in the succeeding processes especiallyraband
as this DAF may induce very low modulus during bagd
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Figure IV: DAF Material Cure Profile

The 150°C and the 160°C cure setting showed thedrit
reach 90% cured after 60minutes of curing. On t6@°C
setting at 30 minutes, the DAF material is morentB@%
cured already at this setting. In Fig. IV also,whd that at
180°C setting, the curing will be very fast andlwi¢é done
within a few minutes.

Through the DSC Data shown above, the Box Oven
Temperature setting could be set at 150-160°C for 6
minutes and the Snap Cure Oven Setting at 200D gets

to incorporate the cure time requirement of lesanth
10minutes and the material variability.

After determining the temperature settings for$map Cure
and the Box Oven Curing, these temperatures williged
in the simulation software to assess the warpagporese
from heating to cooling of the system. It will beora
difficult for the simulation and the experimentatid the
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Figure V: Warpage Comparison at different temperature

In the modeling assumption of zero-warpage tempssadt
P - - —2 |e=180} 160°C, at 200°C condition of the system the warpage
reading is at 18um as shown in the Figure VI.
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Figure VI: Modeling Results of Warpage at different
temperatures



25t ASEMEP National Technical Symposium

In the simulation results, as shown in Fig. Vigain be seen temperature setting of the cure profile is sethigher than
that at 200°C, 18um warpage is in a “smiling” mo#éle.the 160°C.

system cools down to 160°C the warpage is apprdeima
at Opm as the Tref is at 160°C. As the system @decbto
120°C, the warpage reverses to a “frowning” modeitas
increases to 18um and then increases further aeois zac
down to room temperature at 59um warpage.

40|

In the TMA evaluation of the system, with the mauim
temperature setting of 200°C for snap curing an dgen
curing showed high warpage after the curing anadhea
the room temperature as shown in Fig. VII. For #in it
shows that the warpage at 24°C is at 58um whileuor#2
the warpage is at 51um. For box oven curing witlximam
temperature of 200°C, for run #3, the warpage iS@tm -
and run #4 is at 56.31um. These data includindptixeoven 204 e
at lower temperature are tabulated in Table IlI.

204

181.08°C
6.486Um
199.99°C
2.846um

Dimension Change (um)

196.98°C
-1.679um

20 E) ) 80 100
Time (min)

Figure VIl : Warpage Result of Box Oven curing with
maximum temperature of 150°C, 160° and 200°C.

=

For easy comparison between the different runssettahgs,
the results of the TMA evaluation are tabulated atble IIl.
Since the maximum temperature setting for eacldifiers,
it is better to compare the warpage at room tentperafter
the curing process of the system to get the cosede of
the system.

Dimension Change (um)

181.08°C
6.486um,

199.99°C
2.846um

Table Il : Runs of TMA Evaluations and Results

° P e ” ” Run Snap Setting RT Warpage
/Box (Lm)

Figure VIl : Warpage Result of Snap Cure and Box Oven 1 Snap 120°C - 200°C 58.71um
curing with maximum temperature of 200°C. 2 Shap 200°C 50.87 pm
3 Box 150°C - 200°C 56.08 um

The other evaluation is to compare the warpage ubutp [ 4 Box 200°C 56.83 pm
response of box oven with different temperaturéregtThe 5 Box 160°C 112 ym
result as shown in Fig. VIII shows that with maximu 6 Box 150°C 9.36 um

temperature setting of 200°C, the system will hhigher
warpage reading compared to box oven curing withelo
temperature setting of 150°C and 160°C. The graplhsns
while curing profile setting at 200°C as shown ig.RVII,
showed at run # 3, warpage is at 56pum while runhag
51um. Comparing it to those runs with curing peofitith
temperatures 150°C and 160°C, system has negligi
warpage readings and almost flat surface after DiAd-
curing.

In the study, it shows that at room temperaturesysem
has initial state of warpage already contributed thg
processing of the raw material. The raw materigfseeially
the carrier, like leadframe, has a stamping prodess
reates initial stress or deformation on the dirwns
ring the temperature ramp up as experienced by th
system during the curing process, the system igaliyi
shrinking as this makes all of the components endystem
to expand and normalize. After the curing the pssoghere
the temperature starts to cool down, the graph stibat the
warpage also increases and even greater thanitia¢ state
of the system when the ramp up of the temperatae h
started.

As assumed in the simulation, the zero-warpage ¢eatpre
was set at 160°C. It has correlated to the TMAltesbat at
150°C and 160°C maximum curing temperature profiliis
have approximately zero warpage at these tempestnd
will also have almost zero warpage as the systelinbei
cooled down to room temperature. The data also shbat

- ; In this study also, the temperature at which theFDA
regardless of the method of curing as long as tagimum ! uay peratu whi

material starts to cure coincides with the tempeeatvhere
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the warpage is very minimal as shown in the sinmaand
on the TMA evaluations. For this material combioafithe The authors are also grateful to the members of the
minimal warpage in order to prevent any wire expesar a STMicroelectronics Corporate Packaging Automatiomow
thin package is achieved and eliminated with than one way or another provided some additional laglg to
optimization of the cure temperature and settiredus the the Assembly Manufacturing Team for providing us
die attach. samples for the Material Characterization Teamnalyze

at different settings.
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