APPARATUS FOR DETECTI NG SEM CONDUCTOR BONDI NG DEFECT Cile"La
BAGKGROUND OF THE | NVENTI ON of the Invention
The present invention relates to an apparatus for dete §Kﬁ5 t he bondi ng
def ects of asem conductor elenent such as an I C bynonitoring the output
wavef orm of an ultrasonic oscillator of a bonder.

Descri ptiion of the Related Art In the case of -a sen1conductor
el enent having as nmany as several hundFeds of pins, is usual to
determ ne the quality of the roduct s n g ultrasonic
waves and then meadSBARMES FOR Iﬁﬁﬁ@ﬁ‘é‘@eﬁﬁ D&?L‘P&éla@@@uﬁgﬁﬁ

sem conduct or tester. However, wth this nethod even when the bonding
strength does not satisfy its

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus for detecting
the bonding defects of a semiconductor element such as an IC by monitoring
the output waveform of an ultrasomic Qscillator of a bonder.

2. Description of the Related Art

In the case of a semiconductor element having as many as
several hundreds of piﬁs, it is usual to determine the quality of the
products by bonding the pins using ultrasonic waves and then measuring
the characteristic of the product with a semiconductor tester. However,
with this method, even when the bonding.strength does not satisfy its
rated value, if the pins are only electrically'connected, no bonding
defect will be detected, and there. is a high possibility that several
bonding defects may appear after the product has been ;hipped.

Further, although there has conventionally been a bonding
defect detecting apparatus aiming at the variations of voltage waveform
and current waveform of an ultrasonic oscillator of the bonder, the
measuring method is based on the measurement of absolute values. That
is, the apparatus is used to measure the effective values of the voltage
and current during the bonding operation, setting a reference value based
on the average value thereof, and determining whether or not.the product
is qualified by setting this reference value to ge a fixed value.

However, in the case of an actual bonding for an [C, there



rated value, if the pins are only electrically connected, no bonding

detect will be detected, and there is a high possibility that several
bondi ng defects nay appear after the product has been shi pped.

Furt her, although there has conventionally been a bonding defect detecting
apparatus aimng at the variations of voltage waveform and current
waveform of an ultrasonic oscillator of the bonder, the neasuring nethod
is based on the neasurenent of absolute2values. That is, the apparatus is

used to neasure the effective values of the olta d Lrent during the
bondi ng opérﬁt‘fkfﬁ{érg%‘ielsi hY r&%%ﬁ"&?e‘f?&é‘%are&é gm"bﬁﬂ? ﬁﬁl“lé%%f&ggyl%ﬁaﬁ ge

t hereof, and, determ ni ng whether or not the product is qaa%*fled by.
setting thiod PRRAPBEHEES P41 SRRICENGHC LT 16 bewgn | Q&.1 lere' &re erensgdvidy . in

t he case of an actual honding for an IC, th
average value due to the positions of the p1ns on the frame. Therefore,

using the reference value as a fixed value is not practical because of
the gross errors produced when determination is made.

Further, even in the case of the same semiconductor element,
the effective values of the voltage and current fluctuate with time due
to the wear, and a rise in temperature, of the tool at the top end of
the bonder, and the conventional apparatus using the average values has
had the problem of being unable to cope with the fluctuation, with the
result that the criterion of determination of the quality of the product

is not kept constant.

SUMMARY OF THE INVENTION

The present invention has been made to solve the above-
mentioned problems, and its object is to provide a bonding defect
detecting apparatus that enables bonding defects to be detected
irrespective of the difference in type and the position of the pin,
without being influenced by the operation state of the bonder.

To attain the above—deécribed object, according to the
present invention, there is provided a semiconductor bonding defect
detecting apparatus which is connected to a wire bonder for performing
bonding of the pins by use of ultrasonic waves generated from an
ultrasonic oscillator and which comprises means for performing an

analog-digital conversion of a voltage waveform and current waveform of



2 are differences in reference values resulting fromthe different types

of ;appar atuses or sem conductor elenents, or there are differences in
average val ue due to the positions of the pins on the frame. Therefore,
using the reference value as a fixed value is not practical because of the
gross errors produced when determ nation is nmade. Furt her,
even in the case of the sanme sem conductor elenent, the effective val ues
of the voltage and current fluctuate wiBh tine due to the vvear and a rise
in terrperature of the tool at the top end of _the boni}g L
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bei ng unable to cope with the fluctuation, with the result that the

criterion ofeadetigenhasdsi igionoihetuld raseniic §saifl later dibdgca bondingoRracess

const ant . SUMMARY OF THE | NVENTI ON

The pr esentdiigi¢ehtsignaharobessingameansofenioadculas iagspecific data such as
frequency, phase difference between the voltage waveform and the current
waveform and impedance from the sampled data of the voltage waveform and
current waveform that are digitally converted, data accumulating means
for accumulating the digital data that has been calculated by the digital
signal processing means for each pin, and determining means for comparing
a previous average value of a plurality of digital data items that are
accumulated in the data accumulating ﬁeans with a present digital data
item fhat has been obtained by the operation of the digital signal
processi_ng means to thereby determine a bonding defect.

The previous average value of the plurality of digital' data

items in the determining means is calculated using a plurality of the

most recent data items.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram illustrating the structure of a
bonding defects detecting apparatus according to the present invention;

Fig. 2 is a flow chart illustrating a method of averaging
data accordihg to the present invention;

Fig. 3(a) through 3(d) are illustrations of numbers of pins
ICl to ICm, respectively;

Figs. 4(a) and 4(b) are an output voltage waveform diagram

and an output current waveform diagram, respectively, of an ultrasonic



menti oned problens, and its object is to provide a bonding defect

detecti ng apparatus that enabl es bonding defects to be detected
irrespective of the difference in type and the position of the pin,

wi t hout being influenced by the operation state of the bonder.

To attain the above-described object, according to the present invention,

. there is provided a sem conductor bondi gg defect detecting apparatus which
is connected to a wire bonder for perform ng bonding of the pins by use of

ultrasonic vvav«i? ﬁfn r at ed fhorgéa ultrasonic oscillator and which
conprises s #HF g@ﬂr&ﬁi %P A8 WRFERSL°Hi gital conversion of a voltage
wavef orm and current % [ £ t l
3 the ultrasonic osct}§-a?df atnh'a]t ustEation At hoverRLBtHIR BREYGTAREY 4880 a
value;
Fig. 6 isan illustration of how to obtain an average current
value;
Fig. 7 is an illustration of how to obtain a voltage
frequency;
Fig. 8 is an illustration of how to obtain a current
frequency;

Fig. 9 is an illustration of how to obtain a phase difference
when the voltage waveform is advanced relative to the current waveform;
and

Fig. 10 isanillustration of how to obtain a phase difference

when the current waveform is advanced relative to the voltage waveform.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a block diagram illustrating the structure of a
bonding defect detecting apparatus according to the present invention.
This bonding defect detecting apparatus 1 is connected to a wire bonder
2 when it is in use. The wire bonder 2 is composed of an ultrasomic
oscillator 21 and a wire bonder control device 22. The bonding defect
detecting apparatus is equipped with A/D converters 11, 12 which receive
a voltage waveform and a current waveform generated from the ultrasonic
oscillator 21 to thereby perform a digital conversion, digital signal

processing means 13 for calculating the frequency, the phase difference



real time basis fromthe ultrasonic oscillator during a bonding process,
digital signal processing neans for cal culating specific data such as
frequency, phase difference between the voltage waveform and the current
wavef orm and i npedance fromthe sanpled data of the voltage waveform and
current waveformthat are digitally converted, data accunul ating neans for
accunul ating the digital data that has heen cal culated by the digital

si gnal processing nmeans for each pi n, afd deternining means for conparing

a previous average valge of a urallhé of d ‘Hﬁata i,tens .t hat q{e
acounul at edethesthaheyoLtagecuavst aw agd sﬁm wavefotn H}P&Pf‘%ﬁe ficqm,
itemthat has bee gqhglne g e operat of .t he dlgltaf m
processi ng tReaFANRl 8 2ebl LRt W%WQV% Wbd GUFERNL wavetorm™that areryq
previous average val ue of the plurality of dlgltal ? ite i.n t{h
det er mi ni ngl1g:bRklY §0R¥ gt datauaceuAabing BERRS 1dr TohaccHpelatiggeiie dat a
itemns. BRI EF DESCRI PTI ON OF THE DRAW NGS

digital data calculated by being calculated by the digital signal

processing means for each pin, and determining means 15 for comparing

a previous average value of a plurality of digital data items accumulated

in the data accumulating means_14 with a present digital data item

calculated by the digital signal processing means 13 to thereby determine

a bonding defect. It is to be noted that the operation of the digital

signal processing means 13 is performed through software processing that

is executed by a high speed DSP (Digital Signal Processor).

Next, the data averaging method in the data accumulating
means 14 will be explained with reference to an illustrative view of the
pin numbers of ICl to ICm shown in Fig. 3 as well as a flow chart shown
in Fig. 2.

Assuming that the number of pins to be averaged is
represented by n and the pin number is represented by P, the total (nm,
P) of an n-number of pins P measured values that run from the measured
value X (n, P) to the measured value X (n, P) regarding an n-number of
pins will be expressed by the following equation [1].

[Equation 1]

T(n,P)=zTn__l‘, P(N, P)

In this case, the average value A (n, P) will be expressed as follows.

A(n, P) =T (n, P)/ n (Fig. 2, step 100).



Fig.~1 Is a block diagramillustrating the structure of a bonding defects

detecting apparatus according to the present invention; Fig. 2
is a flowchart illustrating a nethod of averaging data according to the -
present invention; Fig. 3(a) through 3(d) are illustrations of
nunbers of pins 1d to ICm respectively; - Figs. 4(a) and 4(b)

are an output vol tage waveform di agramg and an out put current waveform
di agram respectively, of an ultrasonic

Fl 1 Gstrat on of how (B Bt (B Bibrige (e daigels papirssed bt < bigh Feed
in the following way.
Assume that measurement has been performed of the mth (m > n) order pin
(step 110). |
Assume that the measured value of the pin P be X (m, P) (step 120).
Confirm whether or not this measured value satisfies the following
formula (step 130).

A (@1, P) - a <X (m P) <A (ml, P) + a
If the measured value satisfies, it is determined that the pin is normal
(qualified) (step 140).

| When the pin is normal, the average value of an n number of
the most recent measured values is calculated as follows.

The total T (m, P) of an n numbe; of pins P measured values
of (m-n+1) number that cover from the measured value X (m-n+1, P) to the
measured value X (m, P) is expressed as follows.

T@m P)=T (w1, P) - A (w1, P) +X (m, P)

In this case, the average value A (m, P) is expressed as follows.

A(m P) =T (m P)/n (step 150).

Unless the requirement of step 150 is satisfied, it will be
determined that the product is abnormal (unqualified) (step 160).

It is then determined whether or not the IC to be measured
next will be a new IC (step 170).

If this [C is new, +! is added to the IC number, whereby the
pin number is set to be 1 (step 180)..

If it is not a new IC, +1 is added to the pin number (step



Fig. 6 is an illustration of howto obtain an average current val ue;

Fig. 7 is an illustration of how to obtain a voltage frequency;

Fig. 8 is an illustration of how to obtain a current frequency;

Fig. 9 is an illustration of how to obtain a phase difference when the
vol tage waveformis advanced relative to the current waveform and

Fig. 10 is an illustration of how to objain aphase difference when the
current waveformis advanced relative to the voltage waveform

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fig. 1is a

bl ock di agrla%)il | ustrating the structure of a bonding defect detecting

apparatus according to the present invention. This bonding de{).ect

det ecting apparatus 1Thes averagdogceparst tomiisererasded from step 12
(Embodiment)

Figs. 4(a) and 4(b) illustrate typical examples of the output
waveform from the ultrasonic oscillator at the time of bonding a single
pin. Fig. 4(a) illustrates a voltage waveform and Fig. 4(b) illustrates
a current waveform. The envelope curve of the waveff)rm exhibits a
specific curvilinear configuration as illustrated. The fact that the
amplitude of the waveform becomes small midway in the contour thereof
is considered to indicate that at a point in time when the bonding
proceéses complete the welding of the pin, the voltage drop between the
contact points lessens. When the welding is defective, the envelope
curve of the waveform does not become a typical pattern as shown in Fig.

fgfbut becomes a distorted pattern. This waveform is thus divided into,
for example, 10 blocks and the data is measured for each block.

Fig. 5 illustrates amethod of determining an average voltage
value within the region of a measuring block. The measuring block is

divided into an n-number of parts, thereby performing sampling of the

voltage waveform. And, the average voltage value Vpyg is determined
using the respective sampled values Vj.
[Equation 2] |

VmeZ,lVal }/n

Also, the maximum value of the voltage is determined from

the maximum value among |Vi| to [Vpl.



2 when it is in use. The wire bonder 2 is conposed of an ultrasonic
oscillator 21 and a wire bonder control device 22. The bondi ng def ect
detecting apparatus is equi pped with A/D converters 11, 12 which receive a
vol tage waveform and a current waveform generated fromthe ultrasonic
oscillator 21 to thereby performa digital conversion, digital signal.
processi ng neans 13 for calculating the_frequency, the phase difference

5 between the voltage waveform and the8current waveform and i npedance from
t he sanpled data of the volt{age waveform and éurrent,maveforn1that are

digitally converted, G Atliptintas ngephodal detarsin MgdhayaiaesFurRent

digital data cal cul ated by being cal cul ated by the digital signal )

processi ng YAV iftdi nethen TR IAN BRR AeLsuting hé?%anglelgeﬁ%#rlég Knis
divided into an n number of parts, thereby performing sampling of the

current waveform. And, the average current value Ipyg is determined

using the respective sampled values Ij.
[Equation 3]
Im={4:llal }n

Also, the maximum value of the current is determined from

the maximum value among |I1] to |I4].

The impedance Imp is determined using the average voltage
value VAygE and the average value current IAyE.
Imp = VaoyE / IAVE

Fig. 7 illustrates a method of determining a voltage

frequency. The voltage frequency Vs is expressed by the equation:
Ve=1fg /N

Wherein, fg represents the sampling frequency. N represents the number

of data items that corresponds to one cyclic period and, in this case,

the number of data items that corresponds to one cyclic period is

determined.from the number of samplings that falls within one cyclic

perfod from a zero-cross point A to a zero-cross point B.

Fig. '8 illustrates a method of determining a current

frequency. The current frequency Is is expressed by the equation:
If=fs/N

Wherein, fg represents the sampling frequency. N represents the number



a previous average value of a plurality of digital data itens accumul ated
in.,the data accunul ating neans 14 with a present digital data item
calculated by the digital signal processing neans 13 to thereby determ ne
a bonding defect. It is to be noted that the operation of the digital
signal processing neans 13 is perforned through software processing that
I s executed by a high speed DSP (Digital Signal Processor).
Next, the data averaging nethod in the data accurmulating neans 14 will be
explained with reference to an illustrative view of  the pin nunbers of |10d
to |1 Cm showf dataiigems that werresponds flcoane yed i menird pRdFiig, this case,
Assumi ng that the nunber of pins to be averaged is represented by n and
the pin nurtber nusbermfesiatacttans rhat heorresapnds,to PReofyaki cn-Pelidkri of
pins P neasured values that run fromthe nmeasured value X (n, P) to the
nmeasur ed valeternined, fRm rtbganuiibey efh samplings: tbat failhs wiithinpeneexpebised by
the followi ng equation [1]. [Equation 1]
period from a zero-cross point A to a zero-cross point B.
Figs. 9 and 10 are diagrams illustrating a method of
determining a phase difference, with Fig. 9 illustrating a case where
the voltage waveform is advanced relative to the current waveform and
Fig. 10 illustrating a case where the current waveform. is advanced
relative to the voltage waveform. InFig. 9, determination is performed
on the zero-cross points Al and A2 of the voltage waveform and the
zero—-cross points Bl and B2 of the current waveform and then an operation
is performed on the phase difference of the (Bl - Al) by using the
following equation.
Phase Difference = {(Bl1 - Al) x 360° } / (B2 - Bl)
[t is to be noted that when the phase difference is more than
360° , a value that has been obtained by subtracting 360° therefrom is
set to be the phase difference.
Also, Fig. 10 illustrates a case where the current waveform
is advanced relative to the voltage waveform, and determination is
performed of the zero-cross points Al and A2 of the voltage waveform and
the zero-cross points Bl and B2 of the current waveform. An operation
is then performed on the phase difference of the (B2 - Al) by using the
following equation.
Phase Difference = {(B2 - Al) x 360° } / (B2 - Bl)

[t is to be noted that when the phase difference is more than



T(n, P)[err] P(N, P) In this case, the average value A (n, P) will be
expressed as foll ows. _ A(n, PP =T¢(n, P/ n (Fig. 2, step
100) . , 6 Fromthe (n
+ 1)th pin, the data is processed at a high speed in the follow ng way.
Assune that neasurenment has been perfornmed of the mth (m> n) order pin
(step 110). Assune that the neasured vall ue of the pin P be X (m P) (step
120). Confirm whether or not this measuroed val ue satisfies the follow ng

iofglrj lr? (Stggyl?og value that has beeﬁ\ o(br']tr}a’}r’xeciD ?Dyfsu%%;z;c!tiﬁg)gss(ﬂm Fﬂeréfﬁons rlrgl, P)
set to be the phase difference.

If there exists an abnormality in the voltage waveform or
current waveform, and as a result, the voltage or current waveform does
not become a sine wave such as that illustrated in Fig. 5 or 6, the
abnormality apparatus in at least one of the average' voltage value,
average current value, impedance, frequency, phase difference, etc., can
be expressed in the form of a numeric value, and can be distinguished
from a normal value.

Further, by obtaining the average value from an n number of
the most recent normal values, even when the effective values of the
voltage and the current have fluctuated with over time as a result of
wear, and a rise in temperatufe, of the tool at the top end of the bonder,
this averaée value becomes a determination criterion for determining
whether or not the product is qualified to cope with such fluctuations.

The present invention has the following advantages.

(1) Byhigh speed sampling of the data being performed using
the DSP (Digital Signal Processor) and the data being digitized, it has
become possible to perform a post-processing of the data.

(2) Since the oscillation waveform data of the current and
voltage is sampled, even past data regarding the frequency, phase
difference, impedance and etc. is stored for each pin. By comparing this
past data with an average value of a prescribed number of the most recent
data, it is possible to detect bonding defects irrespective of

differences in system types or the positions of the pins.



| f the neasured value satisfies, it is determned that the pin is nornal
(qualified) (step 140). When the pin is normal, the average
val ue of an n nunmber of the nobst recent neasured values is calculated as
foll ows. The total T (m P) of an n nunber of pins P neasured
values of (mn+l1l) nunber that cover fromthe nmeasured value X (mn+l, P)
to the neasured value X (m P) is expreﬁsed as follows. T (m
P =T (m1, P - A(ml1l, P) + X(m P) "1n this case, the average value A
(m P) is expressed as,faqllows. . . A P =T P), /.n.(step
150) . ol SindE St e pasicklation Sabftomb fre' wedhuedi ¢t uT)
be determ ned.bﬂgt t he product, i s abnor nal (Bngual i fjed). éstep 160).

It is then RRSSEPHE ¥y PRAEAHePSHIMakes OThEVEE & §ebECatea #8- next will be a
new | C (step 170). If this ICis new, +1 is added to the IC
nunber, whereby the pin nunber is set to be 1 (step 180).



If it is not a new IC, +1 is added to the pin nunber (step

7 .190)- € averaging operation is repeated fromstep 120.

( Enbodi nent Figs. 4(a) and 4(b) illustrate typical exanples of
t he Omg““‘ﬂmﬂt}mlj‘rlw the ultrasonic oscillator at the tinme of bonding
a singlel® ‘'L Fiwg. s4(®&) illustrates a voltage waveformand Fig. 4(b)
illustrates a current waveform The enuel ope curve of the waveform
exhibits a specific curvilinear configuration as illustrated. The fact

that the anplitude of the waveformb X § smal |l mdway in the contour
thereof is considered to indicate th a point in tinme when the bonding

What is claimed is:

1. A semiconductor bonding defect detecting apparatus
connected to a wiré bonder for bonding pins by using ultrasonic waves
generated from an ultrasonic oscillator, comprising:

means for digitally converting a voltage waveform and a
current waveform of said ultrasonic oscillator by real-time sampling and
receiving them as inputs during a bonding process;

digital signal processing means for calculating specific
data such as frequency, phase difference between the voltage waveform
and the current waveform and impedance from the sampled data of the
digital converted voltage waveform and current waveform;

data accumulating means for accumulating the digital data
that has been calculated by the digital signal processing means for each
pin; and

determining means for comparing a previous average value of
a plurality of digital data accumulated in the data accumulating means
with a present digital datum calculated by the digital signal processing
means to thereby determine a bonding.defect.

2. A semiconductor bonding defect detecting apparatus as
set forth in claim 1, wherein the previous average value of the plurality
of digital data in the determining means is calculated using a plurality

of most recent data.



processes conplete the welding of the pin, the voltage drop between the
contact points |lessens. Wien the welding is defective, the envel ope curve
of the waveform does not beconme a typical pattern as shown in Fig. 4 but
beconmes a distorted pattern. This waveformis thus divided into, for
exanpl e, 10 bl ocks and the data is neasured for each bl ock.

Fig. Sillustrates a nmethod of determ ni{yy an average voltage value within
the region of a measuring block. The neasuring block is divided into an

n- nunber of parts, thereby perform ng sanpling of the voltage waveform

And, the average vol tage val ue VAVE i&BIJBAEFni ned using the respective
sanpl ed values V[err]. [Equation 2] V[err] = {[err]|V[err]|]|/n

Al so, the nmaxi mum value of the voltage is determ ned fromthe maxi mum val ue

among | V[err]| to ApamATU$ -FOR DETECTING SEMICONDUCTOR BONDING DEFECTS

Provided is a bonding defect detecting system that can detect
a bonding defect without being influenced by differences in device types,
the positions of the pins or the operational state of the bonder. The
system comprises means 11, 12 for perf.orming analog to digital conversion
of a voltage waveform and current waveform that are input thereto by being
sampled on a real time basis from an ultrasonic oscillator 21 during a
bonding process of a pin being bonding with ultrasonic waves, digital
signal proceséing means 13 for calculating specific data such as
f re'que.ncy, phase difference between the voltage waveform and the current
waveform and impedance from the sampled data that are digitally
converted, data accumulating means 14 for accumulating the digital data
that has been obtained by being calculated by_the digital sighal
processing means 13 for each pin, and determining means 15 fof comparing
a previdus average value of a plurality of digital data that are
accumulated in the data accuniulating means 14 with a present digital datum
that has been obtained by being calculated by the digital signal

processing means 13, to thereby determine a bonding defect.
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8 ) Fig. 6 illustrates a nethod of determ ning an average
current Vvalue within the region of a measuring bl ock. The nmeasuring bl ock
is divided into an n nunber of parts, thereby perform ng sanpling of the
current waveform And, the average current value I[err] is determ ned
using the respective sanpled values I[err]. [Equation 3] I[err] =
{[err]|l[err]|}/n Al so, the maxi num val ue of the current is
determ ned fromthe maxi mum val ue anongly7[err]| to |I[err]]|.

The inpedance Inp is determ ned using the average vol tage val ue VAVE and

the average value current I[err]. Imp = V[err] [/ IJerr]
Fig. 7 illustrates a nethod of determni a voltage frequency. The voltage
frequency V[err] is expressed by the %?,i dn: Vlerr] = f[err]

r :
I |
i wire bonder wire bonder _—22 }
; 21 control device :
I |
i Z, e —17
i osmllad_:mnl i
| |ultrasonic wave start signal output i
i oscillator 1-pin signal of the result i
i i
. NP L S J
.......... |
N = N = result | i
! determi- L—~15 o
! capturing of data nation 1 :
5 1
. 12 |
1IL a0 A/D ,/ bonding defects :
converter |converter|  detecting apparatus :
14 .
. ) |
| software processing i
! . o
digital signal processor means added Hat%igggﬁTuéez;g;eTeans




Wherein, f[err] represents the sanpling frequency. N represents the nunber
of .data itens that corresponds to one cyclic period and, in this case, the
nunber of data itens that corresponds to one cyclic period is determ ned
fromthe nunber of sanplings that falls within one cyclic period froma

zero-cross point Ato a zero-cross point B. Fig. 8
illustrates a nmethod of determ ning a cymrent frequency. The current
frequency If is expressed by the equation: I[err] = f[err] / N

Wherein, f[err] represemts the sanp™\ng frequency. N represents the nunber
9 of data itens that cofrespghgstto ope cyclic period and, in this case,
the nunber of data ite that corresponds to one cpgxic period is

s wth

determ ned fromthe nunber of panp I ngs that fall n one cyclic

A

after start, calculate total
and average values of N number
in units of a pin.
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period froma zero-cross point Ato a
Fi gs.
di f f erence,

In Fig. 9, determnation is perforned

9 and 10 are diagrans illustrating a nethod of
with Fig. 9 illustrating a case where

advanced relative to the current waveformand Fig.
where the current waveformis advanced

rf or ned th
atibﬁ—/rgn\

zero-cross point B.
determ ning a phase
t he vol tage waveformis
10 illustrating a case
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@Y7t he zero-cross points Al and A2
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phase difference of the
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wavef or m and Hgs n ope |on IS EE
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t he phase difference is nore than

obt ai ned by subtracting 360 theref
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perfofned of the zero-cross points Al and A2 of the voltage waveform and
the.zero-cross points Bl and B2 of the current waveform An operation 1is
then performed on the phase difference of the (B2 - Al) by using the

foll ow ng equati on. Phase Difference = {(B2 - Al) x 360[err]}
/ (B2 - B1) It is to be noted that when the phase difference
IS nore than a/7 10 360[err] , a
val ue that has been obtained by subtracting 360[err] therefromis set to
be the phase difference. If&lrggeggxists an abnormality in the
vol tage waveformor current waveform and result, the voltage or

current wavef orm does not becone a sine wave such as that illustrated in
Fig. 5 or 6, the
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(@) | Wmm

US oscillation

waveform (current)i(j(f’ﬁm,mfﬂ
(b)
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abnormality apparatus in at |east one of the average voltage val ue,
average current val ue, inpedance, frequency, phase difference, etc., can
be expressed in the formof a nuneric value, and can be distinguished from
a normal val ue. Further, by obtaining the average value from
an n nunber of the nost recent normal val ues, even when the effective

val ues of the voltage and the current hsgpge fluctuated with over time as a
result of wear, and a rise in tenperature,_qf.the tool at the top end of

t he bonder, this average val ue becones a d%ﬁé}; ation criterion for
determning whether or not the product is qualified to cope with such
fluctuations. The present invention has the follow ng

advant ages. method of ddtermiBnhgi gh speed sanpling of the databeing
perfornmed usi ngyg|tthgeDpledddedivhple Si gnal Processor) and the data being
digitized, it to performa post-processing of the

dat a. (2) Since the oscillation waveformdata of the current
and voltage is sanpled, evenipast data regarding the freguency, .phase

ey A A
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method of determining
current average value

Y
o
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<———measuring block ————
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di fference, inpedance and etc. is stored for each pin. By conparing this
past data with an average val ue of a prescribed nunber of the nobst recent

data, it is possible to detect bonding defects irrespective of
differences in systemtypes or the positions of the pins.
11 (3) Since of the oscillation waveforns are neasured, it is

possible to performestimtes on even a ggjicate bonding.
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current frequency
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connected to a wire bonder for

1. A sem conductor bonding

CLAIMS What is clained is:
generated froman ultrasonic oscillator,

def ect detecting apparatus

data such as

bondi ng pins by

means for digitally converting a voltage waveform

usi ng ul trasoni c waves
current waveformof said ultrasonic oscillator by real-tinme sanpling

and

si gnal

method
phase

conpri si ng:
receiving themas inputs during a bondi ng process;

veform and the current

and a
di gital signal processing neans for calcﬁféting specific
phase difference between the vdltégé
,pﬁe digital converted
data accunul ati ng neans

advanced relative to
current waveform . voltage
: § k/// current
f rd

<——measuring block ——=>

of determining

difference FIG. 10

when current waveform is
advanced relative to
voltage waveform

frequency,
wavef orm and i npedance fromthe sanpl ed dat
vol t age wavef or r rm
for accunul ati ngﬂ‘g !1|eibocgrﬁ$:[ggier§‘ait{gﬁ t hat has been cal cul ated by the digital
processin i, and ]
when voltage waveform is

current

S
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determ ni ng neans for conparing a previous average val ue oﬁ}@'smwala)ty of

digital. data accurmul ated in the data accunul ating nmeans with sent
digital datumcalculated by the digital signal processing nean 0 t hereby
determ ne a bondi ng defect. Substitete sheatucl 0Sdpdanibey @I 2ct

detecting apparatus as set forth in claim1l1l, wherein the previous average
value of the plurality of digital data im3the determ ning neans is
calculated using a plurality of nost recent data.

ABSTRACT

APPARATUS FOR DETECTING SEMICONDUCTOR BONDING DEFECTS

Provided is a bonding defect detecting system that can detect
a bonding defect without being influenced by differences in device types,
the posit.ions of the pins or the operational state of the bonder. The
system comprises means 11, 12 for performing analog to digital conversion
of a voltage waveform and current waveform that are input thereto by being
sampled on a real time basis from an ultrasonic oscillator 21 during a
bonding process of a pin being bonding with ultrasonic waves, digital
signal processing means 13 for cé.lculating specific data such as
f re.quency, phase difference between the voltage wavefo rm and the current
waveform and impedance from the sampled data that are digitally
converted, data accumulating means 14 for accumulating the digital data
that has been obtained by being calculated by the digital signal
processing means 13 for each pin, and determining means 15 fo'f comparing
a previous average value of a plurality of digital data that are
accumulated in the ciata accumulating means 14 with a present digital datum
that has been obtained by being calculated by the digital signal
processing means 13, to thereby determine a bonding defect.

(Figure 1)
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