1 NETHOD AND APPARATUS FOR NONDESTRUCTI VE | NSPECTI ON AND DEFECT‘EE%EE#?&M
4 N PACKAGED | NTEGRATED CI RCUI TS This invention rel ates generally t he
i nspection of packaged integrated circuits for the purpose of det g?ﬂﬁ?ﬁ*!
defects such as del am nati on, package cracking, cracked die, material
interface failures and other defects that can occur during or after the
silicon die is packaged. Specifically, this invention relates to the use of
acoustical scanning mcroscopy technol ogy to inspect conpleted integrated
circuits for these defects. In plastic packagi ng or nol ded packagi ng for

integrated circuit m'f‘?‘uits, a
variety of materi a@@%@&@ﬁmmﬁm%@ together in a
di e cavity insi deRSPEOPION AND DEPECI'DETECTION IN PACKAGEDackage
assenbly is conpleted by nolding the pieces together. After the nol ded

package is created, the devi ce INTEGRAEED G mer. Traditionaly, the
Integrated circuit had | ong | eads extending fromit which were inserted
into a custoners PC board for insttion. Currently, ‘the nounting technol ogy
for integrapqgerahion u,{,;,\“v NBEgQwar ds surface nmount technol ogies. In
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surface nounted systens, e ntegrated circuit is placed in dose contact

to the custoners board on short gull wing or J type leads. The entire board
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package cracking, cracked die, material interface failures and other defects that
can occur during or after the silicon die is packaged. Specifically, this invention
relates to the use of acoustical scanning microscopy technology to inspect

completed integrated circuits for these defects.

'BACKGROUND OF THE INVENTION
In plastic packaging or molded backaging for integrated circuits,
and in ceramic packaging of integrated circuits, a variety of materials are used.
These materials are brought together in a die cavity inside a transfer or injection
mold machine, and the package assembly is completed by molding the pieces
together. After the molded package is created, the device is shipped to a
customer. Traditionally, the integrated circuit had long leads extending from it
which were inserted into & customers PC board for installation. Currently, the
mounting technology for integrated circuits is moving towards surface mount
technologies. In surface mounted systems, the integrated circuit is placed in
close contact to the customers board on short gull wing or J type leads. The
entire board including the integrated circuits is then processed through a solder
reflow machine such as a vapor phase reflow system, or solder reflow oven, or



During these high tenperature processes, the nmechanical tolerances within
the packaged I C may- be exceeded, resulting in thermal stress induced
package failures. Sonme of these failures include package cracking,

del ami nation at the die - encapsul ant interfaces, delam nation of die _
attach material, delam nation of the lead frane tape fromthe die surface,
and ot her defects. These defects are usually caused by the vaporization,
under high tenperatures, of noisture retained in the packaged | C. These
defects can cause significant redacti ons®in device reliability and in sone
cases can cause total device failure. Because this kind of failure happens
at a st age oty envigenmgnts whigh | expoge the cpackased cintegraterh circyits: tanhighe

final resultém%&.étg@é&the board nust be reworked and the defective part
removed, the Doard nmade ready for further processing, and another part put
into the board. The device failure may al so occur after the board is

installed in the end users system_ At this stage such failures | ad'éég
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suitable for shipping to the custaqner or, not. 3 The current destructive
sanpl i ng t dMperaREgs, dampistuneantained im the packaged IC. These defects can cause

significant reductions in device reliability and in some cases can cause total

~ device failure. Because this kind of failure happens at a stage where the part is

being mounted in the customers system, the final result is that the board must

be reworked and the defective part removed, the board made ready for further

_processing, and another part put into the board. The device failure may also

- occur after the board is installed in the end users system. At this stage such
failures lead to expensive warranty exchanges, repair and rework.

In the prior art, packaged IC’s were inspected destructively to-
detect such defects using probability and statistical analysis. Randomly sampled
devices would be stressed in an test environment in an attempt to induce a
delamination or package cracking defect. The devices would then have to be

- destructively taken apart by cross section and analyzed to see if a delamination
defect occurred. Hopefully, no defects would be found, however in that case the
test procedure has destroyed a reliable, functional device. If a defect is found,
then additional sampling is needed to determine whether the lot of devices is
suitable for shipping to the customer or not.



time, and cause the | oss of devices that "pass" the test. Therefore
nondestructive inspection nmethods have been devel oped. Typical inspection
systens enpl oy scannin acoustic m croscopy (SAM techniques. In a SAM
system acoustical energy is applied to a target device. The energy used is
typically applied by a transducer which transmts in the ultrasound
frequency range. A receiver is used to receive the signal reflections from
the target "device. The anplitude and phas® information of the received
signal may be converted into a visual display, or otherw se analyzed by
conputer or m croproc&mcmentidgsmu\m glmphpgdeatspmcedm&melmthja
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expectancy for the packabas been found that delamination or package cracking defects
can be identified using SAM analysis. Although the molded IC package is
opaque to visible light, the package material is transparent to sound energy
which is in a range suitable for imaging internal interfaces. A large fraction of
the incident sound energy is reflected at interfaces of materials, and especially at

 defects. The defects will usually include a void where one should not occur, and

the void is usually filled with air. This will cause a reflection where one should
not otherwise occur in a package without defects.

The acoustic probe in a conventional SAM system may be focused
at a sufficiently small spot at the depth of certain features within the IC to
resolve certain critical defect geometries and to inspect certain features. In
performing reliability analysis, the technique is far superior to destructive
testing because the test sample may be used again and again to take a variety of

- different measurements. Also, the same sample package can be subjected to
many stresses and inspected to see when the first defects occur, thereby giving
data on mean time between failures and lifetime expectancy for the package.

pd




4 FIG 1 depicts a prior art scanning acoustic mcroscope set up 10 for
inspecting | C packages. A tank 11 contains de-ionized water as a
transi m ssion nmedium Integrated circuit 13 is placed in the tank. A three
axi s positioning system15 is used to nove the transducer 17 about over the
ICin the three directions XY and Z. The three axis positioning system 15

I ncl udes notor controller software running on conputer 19, an external
stepper notor driver 18 with mcrostepping capability, and three stages
driven with individual stepper notors. Spike pulser/receiver 21 pul ses the
transducer 17 and receives the reflected energy, which is anplified and fed
to a data acquisition board within the conputer 19. Conputer 19 may include
software for control | i Fg.t hdepistoa pricarant ieanningeacoustic paisrascen fef upskom

software to gonirol and spond to the ,puls [ i very 21, . apd to
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t he package In narrow ultrasonic pulses typically less than two periods
in duration witthmiavetepping capahility, @ind1thres stages drh@qomtbemdamduabpémen at

the singl o | Pteet aanke e eeyer A1k polees fhe, BBl Ter, 1T hd TSR R
| n one convepifigad eﬁ&%wm&ms aaiplified et fadeto 4 atd seqeiitidieboédrd within

digitized using anal og digital conversion circuitry at a sanpling rate
of up the computer 19.

Computer 19 may include software for controlling the motors for
the three axm positioning system, software to control and respond to the pulser
receiver 21, and software to acquire data from the data acquisition board,
perform data reduction, and provide visual display of the data acquired.

In operation, the planar lead frame and the co-planar and almost
featureless packaging medium of the integrated circuit represent a favorable
environment for inspection using SAM. The transducer 17 is used in the pulse-
echo or C-scan mode. A focused acoustic probe signal is scanned over the plane of
the lead frame within the integrated circuit. The energy is transmitted into the
tank 11 and into the package 13 in narrow ultrasonic pulses typically less than
two periods in duration with a center frequency of 15-25 Mhz. The pulses are
repeated at a relatively low repetition rate of 10-20 k¥lz to permit echo reception
by the single transducer. De-ionized water is used as a transmission medium.

In one conventional system, the echo signal returning from the IC
is digitized using analog to digital conversion circuitry at a sampling rate of up
to 800 million samples/second. The digitized data is reduced using software
berfomﬁng a data reduction algorithm and the resulting reduced parameters are



to 800 mllion sanples/second. The digitized data is reduced using software
performng a data reduction algorithmand the resulting reduced paraneters
are 5 stored in nultiple buffers for use in devel opi ng i mages.

Typically, an inmage representing a 3 cmx 3cmfranme is scanned in |ess than
3 mnutes. The inmage is then di splayed on the display screen of the
conputer 19 for the operator or user. Defects are easily identified using
this system To understand why this is so,2a sinple description of the

mechani smfor SAMis r‘ei%ili red. The prior art SAM system for, identifying and
| ocati ng pachkensd Wepadtiple buffers &ir use ip eveloping ivages: Tweically an jmage
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transmtted side of the material to material boundary, respectively. The
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the equilibriumdensity, p, us®eror any
particul ar irefledtedisack waeils the tiadsfaéer) tlieeasiml phase may mavati This’dan/e
exam nation of Equation 1 shows that the inpedance nmismatch |
detected and displayed. A convenient model for this phenomenon is the model of
plane sound waves striking, at a normal incidence, a planar boundary between
two fluids. The reflection coefficient, R, is defined as the ratio of the amplitudes
of the reflected and incident pressure waves:

R=(Z2)/(Z,+Z) (Equationl)

The terms Z, and Z, are the characteristic acoustic impedances of
the materials on the incident and the transmitted side of the material to
material boundary, respectively. The characteristic acoustic impedance describes
the coupling between the instantaneous pressure and particle velocity, and can
be calculated from the equilibrium density, p, and plane wave speed, c. Thus for
any particular impedance characteristic Z ,

Z=pgq. (Equation 2)

An examination of Equation 1 shows that the impedance mismatch
across a boundary determines both the phase and the amplitude of the reflected
pulse. For example, when the characteristic acoustic impedance of the second
medium is less than that of the first medium, R is negative and the phase of the
reflected pulse is inverted from the incident pulse. Also, the greater the



across a boundary determ nes both the phase and the anplitude of the

yeflected pul se. For exanple, when the characteristic acoustic inpedance of
the second nmediumis less than that of the first medium R is negative and
the phase of the reflected pulse is inverted fromthe incident pulse. Al so,

the greater the 6 difference between the acoustic inpedances at the
boundary, the greater the reflectivity of the boundary , that is the val ue
for Rwill increase, so the reflected pulse wll haveagreater anpl i t ude.

Typically in a packaged | C device, the adoustic inpedance increases across
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very low relative acoustic impedance. Thus at this boundary, the reflected signal
will exhibit a phase inversion. The acoustic receiver and data acquisition board
can detect phase inversions in the reflected signal.

Experience with packaged integrated circuits has shown that the
package material/silicon interfaces will show a greater intensity difference at
delamination defect sites than at delamination defects occurring at package

" material/lead interfaces. However, if a material is present in the package that
has a lower characteristic acoustic impedance Z than the package material, this
internal interface will also cause a reflected signal phase inversion. The data
analysis software operating in computer 19 will then have to use additional data
and perform additional analysis in the temporal signal or the frequency domain
signal in order to distinguish these phase inversions from delamination defects.

By performing time-of-flight analysis on the acoustic signal echo, it
is possible in most cases to resolve the exact location of an infernal interface
within the package in three dimensions. Because the known internal interfaces
can be exactly located, additional phase inversion interface sites can be classified
as package defects.




and perform additional analysis in the tenporal signal or the frequency
domain signal in order to distinguish these phase inversions firom

del ami nati on defects. By performng tinme-of-flight analysis on the acoustic
signal echo, it is possible in nost cases to resolve the exact |ocation of
an internal interface wthin the package in three dinensions. Because the
known internal interfaces can be exactly | ocated, additional phase

i nversion interface sites can be classifi®d as package defects. 7
However, for sonme applications the conventional systemof FIG 1 is
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' collection and reduction steps too awkward to use in a GO/NO-GO or

PASS/FAIL type inspection station in a production environment. In producing
IC’s, it is desirable to have a time and cost efficient, simple to use, fast test
station so that samples can be rapidly analyzed for pass or fail. In this kind of
environment, it is not necessary to know exactly the location of a defect, so long
as the defect can be generally cdlassified. The operator of the equipment in a
production environment is typically quite familiar with the package and so does
not need to know exactly where the defect is located within the package,
typically knowledge of the package type and the type of defect (e.g. cracking,

delamination, die attach failure) will be enough information.

Finally, the conventional SAM system cannot analyze some IC
packages now in volume production. In order to provide the SAM inspection of
such packages, such as the very thin TSOP packages now in use, the existing
equipment will have to be replaced with much more expensive SAM systems.

—

Accordingly, a need thus exists for a method and an apparatus for
providing nondestructive scanning acoustical microscopy inspection for very thin



production environnent is typically quite famliar with the package and so -
does not need to know exactly where the defect is |ocated within the
package, typically know edge of the package type and the type of defect
(e.g. cracking, delamnation, die attach failure) wll be enough
Information. Finally, the conventional SAM system cannot anal yze sone |IC
packages now i n vol unme production. In order to provide the SAM i nspection
of such packages, such as the very thin TgOP packages now in use, the

exi sting equipnent will have to be replaced with much nore expensive SAM
systens. AcquCdpidiages andefos palis faibrélidbilifyotestingeThe dechmilque and rpperatus or
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is provided underneath an integrated circuit under test. By transmitting pulses
of ultrasonic energy through the integrated circuit, onto the reflective plate, back -
through the integrated circuit, and into the receiver, package delamination
defects can be detected using an inexpensive, single transducer scanning
acoustic microscope. These defects can be detected even in extremely thin
package types, which are difficult or impossible to test using the scanning
acoustic microscopy testing equipment of the prior art.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings: .

FIG. 1 depicts a prior art SAM test station which uses reflective
signal phase inversion;

FIG. 2 depicts a view of a SAM fest station using the apparatus
and method of the invention;

FIG. 3 is a graphical depiction of the reflected waveforms received
by the transducer of the system of FIG. 2;



package types, which are difficult or inpossible to test using the scanning
acoustic mcroscopy testing equi pnent of the prior art. In the draw ngs:.
FIG 1 depicts a prior art SAMtest station which uses reflective signal
phase inversion; FIG 2 depicts a view of a SAMtest station using the
apparatus and nmet hod of the invention; FIG 3 is a graphical depiction of
the refl ected waveforns received by the traducer of the systemof FIG 2;

9 FIG 4 depicts a TSOP integrated circui ® package in cross section; FIG 5
depicts a. flow chart diagram of the steps conprising one enbodi ment” of a
net hod using the i nvernFIGn dépicls sCTSOPiintegratedicircait prickagelimsgriosy secgjongal | y

presented to the operator when the system of the in tion of FIG, 2 is
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operator when the éystem of the invention of FIG. 2 is used to examine an

integrated circuit with defects.

Corresponding numerals and symbols in'the different figures refer
to corresponding parts unless otherwise indicated in the specification and the
figures. '

FIG. 2 depicts the use of the SAM apparatus of the invention. An
acoustic reflecting plate 29 is placed in the tank beneath the integrated circuit
31. Pulse echo energy is applied from transducer 17 and passes completely
through the integrated circuit 31 and strikes the reflective plate 29. Part of

- ultrasonic energy strikes the plate 29 and is reflected back again passing
through the integrated circuit and being received by the transducer
pulser/receiver 17. The energy or signal amplitude of the reflected signal is
directly related to the structure and properties of the IC package 31 and of
course the reflective properties of the reflective plate 29. If defects such as
delamination, package cracking, internal voids, material separation are present
within the IC package under inspection, the reflected ultrasonic signal will not



through the integrated circuit 31 and strikes the reflective plate 29. Part
of ultrasonic energy strikes the plate 29 and is reflected back again
passi ng through-the integrated circuit and being received by the transducer
pul ser/receiver 17. The energy or signal anplitude of the reflected signal
Is directly related to the structure and properties of the |IC package 31
and of course the reflective properties of the reflective plate 29. If
defects such as del am nation, package crldcking, internal voids, nateri al
separation are present within the | C package under inspection, the
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whi te di spl agrégeainmtéd shch that azpecahoylbr isidsedte dighlight: thecarpa where the
reflective signal is received and thereore a defect k’é}%ﬁnﬁ“gﬂt‘gd Igi%?B

i s a denonst reflected yltease iggiasg e Zeropke ingiaren
t he transducegg. ' tﬁﬂgﬁi'ﬁﬁﬂ't b & is5ded I hite disolaye
recei ved as %%%EW rst 1s theblé‘tgirignges?hﬁgla;&g%gn‘iﬁng fdrl?m he
top surface ¢ indieateathetorro adeplitude preds exist e ne xeflentiyesignaldstneceived

distance and in tinme-of-fljght,. i ram the internal planar |eadfrane and
die within tﬁgdti‘;ereforeade}egtismdiscazed. _ P

FIG. 8 is a demonstrative graph which indicates the typical signals
received at the transducer when an integrated circuit is inspected. Three signals
are received as reflections. The first is the strongest and is coming from the top
surface of the package under inspection. The next signal, farther in distance and
in time-offlight, is from the internal planar leadframe and die within the
package. The last signal which is typically stronger than the package internal
gsignal is the reflected signal. :

FIG. 4 depicts a cross sectional view of an integrated circuit in a
TSOP package such as typically inspected with this system. Silicon die 33 is
shown with a lead over chip or LOC leadframe 35 placed over the die. The die is
physically coupled to the leadframe 35 using nonconductive adhesive tape 37.
Bond wires, not shown, are used to couple the individual leads of the LOC
leadframe to the center placed bond pads of the silicon die 33. The entire
structure is then placed in a transfer mold press and encapsulated in mold

compound, which is shown as 39 in FIG. 4.



package. The |l ast signal which is typically stronger than the package
internal signal is the reflected signal. FIG 4 depicts a cross sectional
view of an integrated circuit in a TSOP package such as typically inspected
with this system Silicon die 33 is showmn with a | ead over chip or LCC

| eadf rane 35 placed over the die. The die is physically coupled to the

| eadf rame 35 usi ng nonconductive adhesive tape 37. Bond wires, not shown,
are used to couple the individual |eads offjthe LOC | eadfrane to the center
pl aced bond pads of the silicon die 33. The entire structure is then placed
in a transfer nold preThe packapeof FIGl 4ied TSOPpackagenysadifar mematy deviesspown

as 39 in FIG 4. The package of FIG_ 4 is TSOP _package usegd, f.or, nenory
devi ces, andand isvery thinntypd cﬁmmhqﬁm&?%ﬂﬂ}eé?éﬂg sqyRrpk infegfaces

several interfaces . .in r q;ﬂm'le ik RREEw
reversal in Fh&% 8 g es‘ggiscgg*%y&%#g convgﬁ‘t'#g%ia#gﬁger art SAM
station of Faged by &mﬁ&ﬁwm stationoof FIG, 1i Becausecthe whole
difficult to use the conventional SAM station of FIG igﬁ\ﬁan%‘ﬁée@ﬁgh a
package for dems&goﬁumﬁs@m@@@%&%&e\mw St -1
conpound/ | ead frajre i r f | ACRhidhSri
tape/sili con%?ﬁgjﬁ?es%gcéeﬁg%t Ay |b§§%%/@%§l ﬁkgirfépoun (%hn%élr g:oglare
cl ose toget hehe phnld eanpundiead fahes thteefacs, tise lead frametdme intbrface; lthee
structures and these phase reve;q:;&ls are very diffiicult tpo separate and
silicors e fntexface and tes EH?F@@GSAM
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interpret in : ﬁ%nd‘,qﬁqnp fRTARO . | .ose
SAM <t at | oms PSR Ry, At 1ehSctdd Vrtvds Will BE BTEREA B tidad teulitcd bild

ner packKages. n contrast to"the prior art
systens, t he {h&&dFphasecrenerssho areverlyldificdlitoneparate ahyd intbrpretiih ynormab $AMe

apparatus andplhgee_ecr{&t Qgs%egs. t\?th?ilei rr]r\lloergt (iexcl))r(]angi%e SAM systems may work on these
packages, this requires upgrading the existing SAM stations to handle thinner
packages .
In contrast to the prior art systems, the TSOP type package of FIG.
4 can be analyzed easily using the apparatus and the method of the invention as
shown in FIG. 2, without any equipment upgrades required. Because the
reflective wave passes through the integrated circuit twice, the method is called
“double through” SAM inspection. With the double through system of the
invention, phase reversal is not relied upon to analyze the structure under test.
Instead, the waves being reflected from the reflecting plate are analyzed on a
signal strength or amplitude basis only, so that the phase reversals caused by
the internal structure are not confused with defects, and also no extra resolution
or signal processing is required to distinguish the internal structures from
defects, | . |
FIG. 5 depicts a flow diagram describing a preferred method of the
invention. In FIG. 5, step 51 is to place the integrated circuit in a tank. The tank
has a reflective plate at the bottom and contains de-ionized water. In step 58, the
pulse echo transducer is used to apply ultrasonic energy to the tank. In step 55,



shown in FIG 2, w thout any equi pnent upgrades required. Because the
reflective wave passes through the integrated circuit twice, the nethod is
cal | ed "doubl e throgh" SAM inspection. Wth the double through system of
the invention, phase reversal is not relied upon to analyze the structure
under test. Instead, the waves being reflected fromthe reflecting plate
are anal yzed on a signal strength or anplitude basis only, so that the
phase reversals caused by the internal styqycture are not confused with
defects, and also no extra resolution or signal processing is required to
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integrated circuit being analyze In step 57, %@tliéeffﬁbﬁ eﬂb '
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reflective wave fromt t hese are shown_as a da or cql ored ,area
on the in'age.thqweampd}cam) @-gaxkqrycolored area on thesimage &‘i(le opera%or then

immediately make a “pass/fail” decision. Alternatively, an automatic system
could be used which could count up or measure the amount of “zeros” in the

reflective wave, and if the number of zeros exceeded a predetermined threshold,
this system could determine that defects did exist in the device.

The method of FIG. 5 and the apparatus of FIG. 2 and the
alternatives described above can also be used to look for delamination in
structures the prior art cannot be used on, such as thin film on integrated
circuits. A delamination defect area of some concern in the manufacture of
dynamic random access memories, or DRAMs, is the delamination that can occur
between the mold compound and the protective pix layer which is the top coating
on the silicon die when it is completed. The conventional pulse-echo SAM system
cannot separate the signals from other signals reflected from the package
because the layers are so thin, only a few microns thick. Experiments with the
“double through” technique of this invention show that this method and
apparatus can detect these failures using the amplitude of the reflected wave
from the reflective plate.




i medi ately nake a "pass/fail" decision. Alternatively, an automatic system
coul d be used which could count up or neasure the anmount of "zeros" in the
reflective wave, and if the nunber of zeros exceeded a predeterm ned
threshold, this systemcould determ ne that defects did exist in the

device. The nethod of FIG 5 and the apparatus of FIG 2 and the
alternatives described above can al so be used to | ook for delam nation in
structures the prior art cannot be used o such as thin filmon i nt egr at ed
circuits. A delam nation defect area of some concern in the manufacture of
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reflected fromthe pac agé because the |ayers are so thin, only a few

m crons thi ckelyahlnrhamd'mmbénalhelﬂmnm tthe @udse-echocBAM, systems of the
i nvention show th t thi paratus can detect these failures
usi ng the anB ’r"'f’f °?'ﬁ%°°ﬁ trdt@ gﬂﬁg‘avefromthe reflective plate. 13
The nethod and appar at Bgeqd, this méthy@ i faaterahafl GhE prive Grikystémbhw vidlr for
several advantages over the prior art pulse-echo SAM systemthat relies on

phase reversthe priorsart system (ﬂ@t ahngmshrﬁhsavamuﬂ intesngl stmgtures azr@m or
in very thin:|layers of materl cant ul ech
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the various internal structures present, several passes nust be_nade with
the acousti ctprgssi an isnageal Inf conizast, the present invention requires only a single

scanning pass of the acoustic probe over the device under test, and is especially
well suited for PASS/FAIL or GO/NO-GO testing in a production environment.
This allows laiger test samples and thus can greatly improve the reliability of
the results. Since the only information needed in many applications is whether
or not a defect exists, the invention is particularly advantageous over the prior
art in these applications. '

Third, the “double through” SAM sgystem can detect delamination
occurring at many different kinds of interfaces, including thin films such as
pix/mold compound. In contrast, the prior art SAM system which relies on phase
reversal to detect defects cannot distinguish some of these defects from the phase
reversals caused by interfaces which are always present in integrated circuits.

The method and apparatus of the invention provides less
information than that of the multiple pass pulse-echo mode SAM analysis of the
prior art. This is only a disadvantage in an environment where the defect is
being analyzed and studied, such as a failure analysis lab. In most applications,
the detection of the defect is all that is required, and the invention is superior to
the prior art in delamination defect detection. Further, the technique and
apparatus of the invention may immediately be used with existing conventional



different depths. The nultiple pass data nust be stored, analyzed and
correlated to get an image. In contrast, the present invention requires
only a single scanning pass of the acoustic probe over the device under
test, and is especially well suited for PASS/FAIL or GO NO- GO testing in a
production environnent. This allows |arger test sanples and thus can
greatly inprove the reliability of the results. Since the only information
needed in many applications is whether orldnot a defect exists, the
invention is particularly advantageous over the prior art in these

appl i cat i onpulddrecth SAM ¢gdiprhént, tandoag ah ®iditionst edvantage shegonventional
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pul se-echo SAM equi prrent can So be used with the invention and I n the
sl ower, nul t shtwing:the disik cparts of the leadfming 63,nthecedgecof thecpackagy 63ad. 6
and 7 are ske&lch(esI degi cli a% he typi cal display inmages .

In FIG. 7, an image is sketched which resulted when a package

was analyzed which had delamination defects intentionally created in it. The

 delamination was introduced by intentionslly soaking the LOC tape for over one

hundred hours prior to package assembly. The assembled device was exposed to

IR solder reflow three times prior to the analysis. As was verified later by cross

" sectional analysis, the LOC tape delaminated during the three IR solder reflows.

In FIG. 7, the image which appeared during the “double through” analysis is
sketched. A black or darkened area 71 appears on the image where the reflected

waves are not received, indicating the area affected by the delamination defects.

While this invention has been described with reference to
illustrative embodiments, this description is not intended to be construed in a
limiting sense. Various modifications and combinations of the illustrative
embodiments, as well as other embodiments of the invention, will be apparent to
persons skilled in the art upon reference to the description. It is therefore



which are presented to the operator of a SAM station when a non defective
and a defective integrated circuit, respectively, are analyzed in a "double
t hrough” SAM systemusing the invention. In FIG 6, an LOC TSOP package

wi t hout del am nation defects is presented. Because the reflective wave is
present everywhere, the inmge appears as an internal view of the
encapsul at ed package, showing the die 61, parts of the | eadframe 63, the
edge of the package 63 and other internalistructures. In FIG 7, an inage

i s sketched which resulted when a gackage was anal yzed whi ch had

del ani nat i oninkended sthiatt &me i appeintod celainnse cericompess Tany dwichnimnsifieationss or

i ntroduced b |ntent|ﬁgally soaking the LOC tape for over one hundred hours
prior to pacéﬂﬁ@dﬂ§§§ | y. The assenbl ed devi ce was exposed to IR sol der
reflow three times prior to the analysis. As was verified |ater by cross
sectional analysis, the LOC tape d ated during the three IR sol der refl ows.
In FIG 7, the inmage which appeared during the "double through" analysis is
sket checd. A black or darkened area 71 appears on the i nage where the

refl ected waves are not received, indicating the area affected by the

del am nation defects. Wiile this invention has been described with
reference to illustrative enbodi nents, this description is not intended to
be construed in a limting sense. Various nodifications and conbi nati ons of
the illustrative enbodi ments, as well as oth enbodinents of the invention,
wi || be apparent to persons skilled in the art upon reference to the
description. It is therefore 15 intended that the appended cl ai ns
enconpass any such nodifications or enbodi nents.



16 1. A nmethod for nondestructive dem on defect detection in packaged .
integrated circuits, conprising th i ng a source of

ul trasoni c energy whi ch can oper at e“mnﬂ I”f“lslH"ﬂmmjt ransmt/recei ver node;
providing a tank filled with an acousti% transntsst on nmedi um pl aced beneath
sai d source of ultrasonic energy; providing an acoustic reflector within
said tank; providing an integrated circuit under test in said tank, such

that said integrated circuit |ies betweengsaid source of ultrasonic energy
and sai d acoustic ref | ector, scanning said integrated circuit wth

ul trasoni c eWHAJ AF L8y ce by operating said source in a pulse echo
nmode whil e causi ng sald source to travel .over the area occupied by said
integrated circuit; detecting the reflected acoustic signal which travels

through said integr gﬂﬁ] gr %ﬁé dt%fdxﬂnﬁ rdéfté&ﬁ)h% patdkaged
reflects, and tra\q/‘eﬂt[ﬁ ac tﬁ‘:roug ntegrated circui and di'splaying .
t he anpl i tudm&ﬁra}ad@;ma{th%hmhﬁﬁgﬂsé stepsof;nal as a Vi sual i'mage, with the

strong areas of the reelected acqustic signal a first, col or,.and,the
weak areas of theN@Wﬂ%%@%ﬁﬂ@%%%GWl%cg cap apegatedpgt pujsgeecho

second col or , r%@“ g? %Qﬁ% esence of a delaation defect in the package.
2. The et KOG erein said step of detecting the reflected
acoustic signal f yrb¥iding ampainls dilledd@itic anngeoristicaransmission gnalieny gldced: ed
fromsaid tank; analyzing the acoustic signals using a‘time-of-flight
tenporal analbpseath egid source of ultrasonic energy; .
providing an acoustic reflector within said tank;
providing an integrated circuit under test in said tank, such that said
integrated circuit lies between said source of ultrasonic energy and said acoustic
reflector;

scanning said mtegrated circuit with ultrasonic energy from said source

by operating said source in a pulse echo mode while causing said source to travel
over the area occupied by said integrated circuit; |
detecting the reflected acoustic signal which travels through said
integrated circuit, strikes said acoustic reflector and reflects, and travels back '
through said integrated circuit; and N
displaying the amplitude of said reflected acoustic signal as a visual
image, with the strong areas of the reelected acoustic signal being a first color,
and the weak areas of the reflected acoustic signal being a second color, the
second color indicating the presence of a delamination defect in the package.

2. The method of Claim 1, wherein said step of detecting the reflected
acoustic signal further comprises:
detecting all acoustic signals reflected from said tank;
analyzing the acoustic signals using a time-of-flight temporal analysis;
and



17 identifying the reflected si als whi ch were refl ected by said acoustic
reflector and travel ed back throuaﬂlﬂlﬁ“‘ltﬂﬂﬁ'ﬂt“ﬁlﬂ circuit to the energy
source. 3. The nmethod of Cdaim1l nati on defects detected
are package cracking defects. 4. The net Hod "of "Claim 1, wherein the

del am nati on defects detected are nold conpound-to pix del am nation
defects. 5. The nethod of Claim1l, wherein the delam nation defects

detected are |eadframe tape deam nation tiefects. 6. A system for
nondestructi ve del am nati on defect detection for [ nspectl ngb pack ged

integrated ci rcumhnﬁfymarﬂlen;pﬂeatadrmgaalsc raégm‘b

Cont a1 Rgaa%eﬁwﬁmﬁeﬁh“ Aioneh qﬁ%’i"g“ﬁ&th S‘i?fg {Mﬁﬁé@

plate |ocated wit gﬁém %kdlﬁ&nli%h@féiﬂaeueldm@moﬁ dufedts etected aaeé d
ecte S|g

transducer; a ref nal detection systemcoupled to said transducer

for receivi npadleigeata idgfegtss; and an i magi ng system for di spl ayi ng the
anplitude of refl d Si % |cq e transn tted frona i ans ucer ,
through an int engt tg'ﬁ&t" Qﬁ%&‘ M@ﬁl@%ﬁ&% "?‘g é%‘f%‘?be
reflected ba%0 ﬂﬁgﬁna ' it under test and to said

t ransducer ere

anplitude of the é&&&é&%%ﬁh&%wﬁ Gefects cﬁfqltggfbg;‘l}e?e
plate " leadframe tape delamination defects.
6. A system for nondestructive delamination defect detection for
inspecting packaged integrated circuits, comprising:
a transducer which can supply ultrasonic energy in a pulse-echo
mode;
: a tank located beneath said transducer and containing a medium
for transmitting ultrasonic energy;
an acoustic reflector plate located within said tank for reflecting
ultrasonic energy from said transducer; |
a reflected signal detection system coupled to said transducer for
receiving reflected signals; and '
an imaging system for displaying the amplitude of reflected signals
which are transmitted from said transducer through an integrated circuit under
test to said acoustic reflector plate, reflected back through said integrated circuit
under test and to said transducer;
whereby a visual inspection of the imaging system display of the
amplitude of the reflected signals reflected from said acoustic reflector plate
indicates where the amphtu.de of the reflected signal is weak, thereby identifying
the presence of a delaminaﬁon defect in the integrated circuit under test



i ndi cates where the anplitude of the reflected sjignal is weak, thereby

jdentifying the presence of a del ﬁm Hl"ﬂ“ﬂiﬂlﬁﬂ“'l n the integrated circuit
under test 18 7. A nmet hod of I'# Chig) Mlintegrated circuits,
conprising the steps of: providing a silicon die'with a specified circuit

I npl ement ed upon it and having bond pads for coupling the circuit to
external circuitry; providing a lead frane with a plurality of conductive

| eads; providing |ead frane tape; securind said |ead franme to said silicon
die using said lead frane tape; attaching bond wires to the bond pads of

sai d silicon7di e Anflefhpdafmeaactirt érdateprated dircuitsfcdmprisingdhe stapseoft he

bond pads to the |eads;, placing the |eadfrape and silicon die.,assenbly in a
transfer nold preprovidingsssuicon; 4%%@%191@3’ qne%eéi‘@%ge%ﬁb‘?y

in plastic | d. ¢ nds I ckaged j atedocircuit; exposing
sai d package a?"rﬂ%%dsﬁ?m °9rr‘§"|‘f :@%gg%1 ¢h coul d cause
del am nati-on def e?&&d&lﬂﬁﬁl&aﬂ%&n@ﬂﬁﬂﬁﬂ?&d&ﬂtﬁﬁf&i@cﬁ%k&&:' and

e

perform ng nondesiructive del am nation ect detection in said packaged
integrated circui prowdingldedameltapecti on further “conprising the steps of:

provi ding a source of .ultr.asoni nerqy. ‘ ratd .| ~echo
transnit/recei ver SHOHERE W@@Fﬁ#ﬁ@gﬁf @Wgﬁm&gﬁx@%&ﬁfﬁé‘m,
transmi ssion nedi wideharebokb s to thé Bosdpadeotdaid silicondtié andtergyociated
provi ding an_acoustic_reflector within said ta&sk' r véégﬁng an integrated
circuit undereadssof said legd frame to thehend pa ﬁf&@g? dcircuit lies

between sai d sour Gq,Gheth i@i@ine 88 sfiioA ¥k assembly in a transfer mold press;
encapsulating the leadframe and silicon die assembly in plastic mold
compound to create a packaged integrated circuit;
exposing said packaged integrated circuit to thermal stresses which could
cause delamination defects within said packaged integrated circuit; and
pexforming nondestructive delamination defect detection in said packaged
integrated circuit, said defect detection further comprising the steps of:
providing & source of ultrasonic energy which can operate in a
pulse-echo transmit/receiver mode;
providing a tank filled with an acoustic transmission medium
placed beneath said source of ultrasonic energy;
- providing an acoustic reflector within said tank;
providing an integrated circuit under test in said tank, such that
said integrated circuit lies between said source of ultrasonic energy and
said acoustic reflector;
scanning said integrated circuit with ultrasonic energy from said

N

source by operating said source in a pulse echo mode while causing said
source to travel over the area occupied by said integrated circuit;



said acoustic reflector, scanning said integrated circuit with ultrasonic
energy from said source by operati i ﬂu _lnlja pul se echo node whil e
causing said source to travel over ﬂm‘w l“ﬂ:lm‘u by said integrated
circuit; 19 detecting the refllect®edacéusti c®si'gnal which travels
through said integrated circuit, strikes said acoustic reflector and
reflects, and travel s back through said integrated circuit; and displ ayi ng

t he arrplltude of said reflected acoustic signal as a visual image, with the
strong areas of the reflected acoustic S|g]nggll being a first color, and the

weak areas of the refl edetedting she reflected) aodustie' dignal wbhﬁnd-avellsdhroﬁgle said
second col or i ndi catl ng t(liue pres nce of ,a del am nation defe in the
pac kage_ trﬁ‘e acoustic reflector an ects and travels
bad:ﬂnnughsmddnugnuadcwmﬂtand
displaying the smplitude of said reflected acoustic signal as a
visual image, with the strong areas of the reflected acoustic signal beinga
first color, and the weak areas of the reflected acoustic signal being a
second color, the second color indicating the presence of a delaminatien

defect in the package.



