——

!

>

b

y — Ui
-

. —

T—

Journal of
Applied Sciences

ISSN 1812-5654

ANSI»nez7
SCience an open access publisher
alert http://ansinet.com




Tournal of Applied Sciences 8 (9): 1676-1683, 2008
ISSN 1812-5654
© 2008 Asian Network for Scientific Information
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Abstract: This study presents a new cyclic test for the QFN package using the oxidised leadframe and good
leadframe, namely the three-point assembly fixture with a rounded contact surface test method. The fixture of
the test method is a test assembly that supports a specimen on two anvils or rollers and symmetrically loads
the specimen on the opposite surface with an anvil or roller using Micro Tester, a micro tensile tester
mcorporating a deflection measuring device shall be used to generate a controlled board deflection rate. The
validity of the mechanical test method can then be verified based on the stress analysis results and also be
obtained in the experiments. Considering the QFN package delamination, lead cracking, package body cracking
and cracking between the various lead statistically based on the experiments, it was shown during cyclic loads
and the temperature conditions for the QFN package for delamination can be observed.
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INTRODUCTION

Copper and copper alloys are widely used in
microelectronic packaging. The application of copper is in
the copper leadframe which serves primarily to support
the chip mechanically during the assembly of plastic
package and to connect the chip electrically with the
outside world. Copper alloy would be an ideal leadframe
material from an electric and thermal conductivity
standpomnt (Zheng, 2003). The relentless drive to meet the
demands of compact, lightweight products, such as in
mobile communications and Personal Digital Assistant
(PDA), has resulted m the ongoing mimaturization of
packages. Propelled by a strong desire for product
functionality yet increasing compactness, the option of
chip scale package is a clear advantage. One of such
packages, first presented by Matsushita, 1 the Quad Flat
No-Lead (QFN) which used the copper leadframe and the
QFN paclkages are especially advantageous in high-speed
applications because of the low interconnect in
inductance (Hirohata et ai., 2002; Lim ef al., 2004).

There are two different mechamsms of copper
oxidation. In aqueous environments at ambient
temperature, thin layers of dicopper oxidize (Cu,0) first
forms on the copper surface by the oxidation and
reduction partial reaction. Cu,O 18 a p-type semiconductor
with negatively charged vacancies (ASM International,

1989). The growth of the Cu,0O takes place on the top of
surface through the mass transport of the Cu” ions and
electrons in a direction normal to the swface via
vacancies (ASM International, 1989, Horvath et al., 1999).
The second stage of oxidation, the formation of the
copper oxidize (CuQ) from Cu,0 15 usually a slower
process. Tt is governed by the in-diffusion of oxygen into
the oxide.

Generally, thermal cycle tests (TCTs) are applied to
electronic packages inder development in order to prove
their reliability. Due to the large thermal expansion
coefficients mismatch between the IC die and organic
substrate, thermal stresses arise under the TCTs
(Wu et al, 1996). In QFN packages, the packages are
encapsulated by Epoxy Mold Compound (EMC) in order
to reduce the stresses. EMC makes the reliability of
QFN packages much higher. However, according to
the EMC selection, delamination may occur during
TCTs and lead to failure (Doi et al., 1995, Wang et al.,
1998, Hoang, 1998). Therefore it is important to prove
the adhesion reliability of EMC under TCTs. At the
early stage of the development, a more effective test
method 1s desirable, because the TCTs are time-
consuming. It is
fatigue of metals could be determined on the basis of
mechamcal fatigue tests carried out at constant elevated
temperatures (Flugge, 1962).

also well known that the thermal
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In thiz study, the good leadfiame and the ozidised
lead frame have different structures and compositions.
Thig leadframe iz used in Quad Flat MNo-Lead (QFM)
package. Using the oxidised leadframe presents a negative
effect on the package reliability For paclkage reliability,
cyclic tests will be performed in order to observe the
reliability of epozxy adhesiven ess between the package die
and the paclkage leadftame. Ih order to achieve the target,
the cyclic three points bending tests have been
introduced and performed on to the QFM packages wath
the oxidized leadfmme and the good leadframe.

MATERIALS AND METHODS

A typical leadframe used in QFM packageis shown
i Fig |, Fresh die-pads fom copper leadframes were
subjected to oxidation under constant temperature in an
ambient ervirorgment of 30°C70% relative humi dity (RHD
within 360 b The resulting copper omde thickness was
measured using Infinite Focus WWicrozcope (IFW) to
measure the wolwme of the sputter craters. Due to the
surfaice roughness of the copper leadftame, a thiclker
oxide samnple was required to calibrate the sputter rate
using Fh.

Usang the Energy Disperaive xray (EDZX) formeasure
the surface roughness of leadframe, that will produce
gquantities information on the chemical nature of surface.
The surface to be analyzed 12 bombarded by an electron
beam and the z-ray that 1z produced 12 used to1dentify the
eletnental nature of the surface at the point of
impingement was perfonmed on a copper leadftame sanple
with an oxide layer. The good leadframe and oxidised
leadframe can be measure the tendle stress uszsing the
[nstron Universal Tester (5860 series) for observation of
the Young s modulus of different leadftame An average
of three runz was performed on each sample to measure
the thickness of the ozide,

For the study case of cyclic testing approach,
electronic packages which are the under developrnent
process are generally subjected to TCTs to prove their
reliahility,  According to the loads condition, the
delammination effect between the ENC, die and leadframe
may ocour in the TCTs It 15 unportant to evaluate the
reliability measure of the epoxy adhesion on leadfamein
the TCTs. However, the TC Tz umually require one or two
months Itis because of one cycle-time is about one hour
and 1000 cyclesare required for high-reliability packages
By using the mechanical loads instead of the thermal
loads, the testtemmn can then be shortened. If the stress
distnnbution under TCT conditions can be recogmzed by
means ofthe mechanical loads, it 1s possible to prove the

Fig. 1. Animage of the leadframe talten using the optical

tricroscope
QFN thickness Dis fhickiess
| Leadfrare thidkmess |-Epr:r Midless

Fig. 2. Bchematic diagram of a QFM package showing the
side wiew and the top wew

adhesion reliability for the short-term. The delamination
effect in the package occurs at the leadframe and also at
the corner of the diefepomy interface.

In order to obtain the stress distibution in the
leadframe, dieand eposy interface under thermal condition
for mechanical cyclic, stress analysis has been performed.
The QFM package which is shown inFig 2 wasused. The
outer houndary of the OFM size 15 7=7=0 8% mm, the die
szeis 55015 mm and the epoxy thickness between the
dieand the leadframe 12 0.0254 1. It was assumed that the
stress in the package was free at the highest ternp erature
I75°C, becauze it was almost similar to the temperature
under resin-curing, The shear and the nommal stress
distributions at 25°C and the mammum package
application 1z 260°C for QFM package, but the INETR O
Wlicro Tester 5800 series machine capability have the
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Table 1 The eyelic tests conditions used for this srudy

Temperatuie °C) Mo of cveles Fregquency Amplitude
25 1000 I Hz 20
100 1600 2 Hz 0N
175 10000 2 Hz 20N
250 1000 2 Hz 20N
Loading
Specimen (QFN)

Roller

Fig. 3: Schemahe diagram of the three point bending test

maximmum femperature is only 250°C, The mechanical load
applies lor cyelic test is negative 20 N, Cvelic tests, as the
schematic view is presented in Fig, 3. concerning surface
on the package were conducted under the [ollowing
temperature conditions: 25, 100, 175 and 250°C. Loadmg
cvelic amplitude range is 20 N. The negative (-) of load
condition mean the load is {ollowing gravity, In this
method. the shear stress range is proportional fo the
range of the load at the center. The evelic test conditions
concerning surface on the package are shown i Table 1.

RESULTS AND DISCUSSION

Surface analysis of the leadframe: Surface roughness is
the measure of the finer surface irregularities in the
surface texture, These are the results of the manufacturing
process emploved 1o creale the surface. Surface
roughness (R,) is rated as the arithmetic average deviation
of the surface vallevs and peaks expressed in micrometers,
ISO standards use the term CLA (Center Line Average).
Infinite TFocus Microscope (IFM) analysis was used to
observe the microstructure and surface roughness the
good leadframe and oxidised leadframe shown in Fig. 4
and 5. From the results, the roughness [or the good
feadframe is 4.143 pm and the roughness for the oxidised

(=)

® Measure pos.: I: 1.585 mm

) 7:-7.95 pm
10
=
b
-5
-104 ’ |
04 0.6 08 10 12 14 1.6 1.8 2 22 24 26
Path length- (mm)

Fig. 4; Good leadframe (x25). (a) Microstructure view, (b)
Surface roughness graph. R, = 4.143 um
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Fig. 5: Oxidised leadframe (x25): (a) Microstructure view,
(h) Surface roughness graph. R, = 3.205 um

leadframe is 3.205 pim. The oxidised leadframe has a thin
layer of oxidation, because of that, the surface roughness
of the oxidised leadframe was lower than the surface
roughness of the good leadframe. The layer of oxidation
oives the lower adhesion strength on the epoxy and
molding compound, there are effect for delamination on
cpoxy and molding compound in the QFN package.
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Fig. 6: EDE  result for a good leadframe  (a)
Wicrostructore scannme view (500 pm), ()
spec oo view o show materal composition

v

Fig. T: ELE woult for an omidised leadftame: (a)
IWicrostructure  scanmme  wiew (500 ), ()
Spec tmm view 10 showe material composi ion

£ shownm Fig. 6 and 7, the area of the surface that
was analyzed was snaller compared fo some other
processes, bt the depth of the analysis & so great, shout
1 pra that thes technioue really produres avalysie of the
leadframe . Thas jrocess is most effectie on metallic
leadfrarnes and it iz meost corumonly used for amslyaing
partcles or phases that come o swiace (Budmski and
Budmeky, 2005, 5 ufacs analyes of leadfreme, C194usmg
the EL demonstrates the copper oxdation in the copper
interface afler under constard ferperatore m an ambient
errvmorraent of 30°CT0 BH wathin 360 b Figure 6 showrs

=
—8— (e
1he- 1

Ca oo ()
8

Fiz. & Copperoxide concentration and rate of ¢ omoson
as-a funchion of exposare tune (Horvath of al,
19997

a great amount of Cu, © and CuCiCn,0 at 0 h cormosion,
the ozidation of this ladfratne was found fo be o 100
oxidation. Figwe 7 shows the decreasing of Cu ard the
meressing of CuliCn 0 after 360 h (15 days) conosion
and the oxidabion of this ladftame = 50% oxidation. Asa
result, Fig. 6 was considered as & good kadframe and
Fiz. 7 was observed as an oxidised leadftame

Fgme 2 shows the comosion mie of copper
leadfrarme as the function of auteelave test e, Inthially
Cu hes higher percentaze than Cul, which = 59 and 41%,
resyecively However, fhe Cul conce nfrstion increases
gradually after 324 h under autocksve test At 576 kb, the
Cu coraple tely forne indo Cul), while no indication of the
Cu exstence was defected (Horvath of ol | 1999

Frorn the wmaxal tensile st method of both
leadframe type, the monotonic mechanicsl properies of
this material can then be obfained Cme of the mnportant
property that meeded o be addressed is the Vourg's
rondubus, which 13 the walue which can incBcate the level
of elasticity for metallic componentimatenials. From the
related fest vesult, the good leadframe has hicher Viomng '
modualns walus, E, at 6439 GPs and the method of
obtamang fhis valwe 1s shown as the gradent line omn the
elastie part of the stessstain curve In Fig. ¥ On the
other hand, the Young’s modubes value for the tested
oxidised leadfmme was obtamed ot the vale of 5645 Gy,
which = shownm the grph plot of Fig. 10, By comparng
these twowalnes, the oxidised leadframe has lower E walne
and this situation ocowred as the oxidation leyer provides
loer shergth o the wetalhc materials, parBioulaly for the
tested copper leadfrarne.

Cyelic analysis: The equprnent that was weed m the
cyelic estwas the INSTRON Wlicwm Tester 5200 senes, as
shown inFig. 11 The speciien which was fabricated =
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Fig. 9: A plot of material stress versus strain for a good
leadframe
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. 10: A plot of material stress versus strain for an
oxidised leadframe

ga

Fig. 11: A partly view of the microtester used for the
cyclic tests

the single die of a QFN package was supported with the
microscale of the three points supporting system. The
concentrated load was given repeatedly at the center of
the package. After the cyclic tests were performed, the
existence of the delamination was then observed using
the Scanning Acoustic Microscope (SAM). The SAM
method can be said as the established failure analysis

25°%€ 100°C

250°C

Fig. 12: C-SAM images for the good leadframe under
different temperature levels after 1000 repetition
of constant cyclic loadings have been applied on
the package

technique used in the current semiconductor packaging
industries in order to detect disbands or delaminations
between package interfaces, such as the interfaces
between the plastic resin package materials, the die, the
die paddle, the lead frame and the die attach material. For
this reason, the root causes of delamination at the lead
frame paddle and mould compound interface were mainly
contributed by the die attaches paste voids or incomplete
die attach coverage, high stress concentration and weak
adhesion strength. Two types of SAM can be applied for
the purpose of this analysis, i.e., the C-SAM for detecting
the delamination effects on surface on the package and
the through scan for detecting the delamination effect on
interface die and epoxy.

The SAM images of the leadframe and die interface
after the cyclic test (after 1000 repetition of constant
cyclic loadings) are shown in Fig. 12 and 13. The through
scan images which were obtained of the leadframe and
epoxy interface after the cyclic test (after 1000 cycles) are
shown in Fig. 14 and 15. The results obtained from the
cyclic test indicate that the delamination effect were
caused due to the cycle loads and the parts failure
coincide with those in the case of mechanical cyclic tests.

The delamination propagation along the die-pad and
mold compound interface of QFN package used the
C-SAM method. The QFN package using the oxidised
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L75*C 250°C

Fig 13: C-BAM images for the oxidised leadframe under
different temperature levels after 1000 repetition
of constant cyclic loadings have been applied on
the package
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Fig 14: Through scan images for the good leadframe
under different temperature levels after 1000
repetition of constant cyclic loadings have been
applied on the package

175°C 250C

Fig 15: Through scan images for the oxidised leadframe
under different temperature lewels after 1000
repetition of constant cyclic loadings have been
applied on the package

leadframe showed that the delamination effect started
when thetest iz under 25°C and position in the cornel die.
However, the package wath good leadframme showed a
small size of delamination occurring under 175°0C after
1000 eycles of given loads Thus, it can be suggested that
the delammunation effect has been increased wath the
increment of the testing temperature The delaminati on
occurred because shear stress has a force tends to cause
deformation of a material that through slippage along a
plane or planes parallel to the imposed stress. A fier 1000
cycles of repeated load wath the ternp erature condition of
25070, the QFM paclage with the good leadframe has no
delamination effect between the leadframe and the epoxy
interface Mo effect hasz been observed as the adhesive on
leadfatne and die was stronger compared to oxidised
leadframe.  The images of these findings can he in
Fig 14 and 15

The OQFM with omdised leadffame hasz many
delaminations on leadframe and epoxy it is because the
nzidised leadfrarme has oxide layer on leadframe surface
That layer gives low strength adhesive between leadframe
and epoxy. The oxidised leadframe can give lowest
reliability in QFM package Figure 16 and 17 show the
cross sectional images taken frotn the three-dimensional
Heray machine, showang the sgnificant 1mages for the

1681



J. Applied Sci., 8 (9): 1676-1683, 2008

Good leadirame

Fig. 16: Cross sectional image focusing at the die attach
interface and package using the good leadframe
with no cvelic loading applied. No effect of
delamination and crack occurrence can be seen in
this package

Crack propagation
¥ Delamination

Foi

L il

Fig. 17: Cross sectional image focusing al the die attach
interface and package using oxidised leadframe.

In this image, the occurrence between
delamination and package internal crack can be
clearly observed

OFN package with the good leadframe and the similar
package afier cvehie tests. respectively. In Fig. 17, it can
be seen that the ocewrrence of the crack propagation
between the die attach interface and leadframe which was
caused by the cyelic loading. For this case. the package
is said to be failed under constant loading amplitude
fatigue condition. This analvsis 15 very useful for the
aspect of package reliability under extreme condition.
particularly the combination between the repeated loads
and elevated temperature.

CONCLUSIONS

The surface of leadframe oxidation under constant
lemperature in an ambient environment of 30°C/70% RH
is mainly composed of Cu.0) with very thin CuO. Not only
severe oxidation but also lesser oxidation may cause poor
adhesion between leadframe. epoxy and molding
compound interface. In this study. a cvelic test method for
the QFN packages. namely the three points bend test
method, was proposed. In terms of the stress simulation
and the test results, the validity of the cyelic test method
can be verified,

Considering the delamination effect of the surface
die and leadframe and interface die/epoxy statistically
based on the assumption of the probability process. it
sgems that the delamination probability during cycles
load can be estimated. This will
delamination or cracking afier mechanical cyclic lests
under difference temperature in 1000 cycles. Process
control nowadays is brying lo suppress oxide growth as
much as possible. But extremely low oxidation may cause
poor adhesion. so oxidation to some degree must be
considered in case of low pin count packages. The failure
mechanism of delamination sesms o be related to the
weakenmg effect caused by internal vord growth along
material interface.

result in easy
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