CURRENT MEASURI NG METHOD, CURRENT SENSOR AND | C TESTI NG APPARATUS

USI NG THE CURRENT SENSOR TECHNI CAL FIELD 5 The present

i nvent,ion relates to a current neasuring nmet hod capabl e of providing a
wi de neasuring range through the use pf an optical nodulator, a
current sensor constructed by utilizing the current. measuri ng nethod,
and an I C (Integrated Circuit) testing apparatus that utilizes—he
current sensor. Mdre 10 particularly, the present invention pertains to an

I C testing apparatus that quickly neasures a ninute or very small
current QUBRENTMEASUR NG wapememmsdaemwh
qual ity of tiC TEY MNGABARATIS D §IRG THE Lo RENT SENSDI® '

dependi ng on whet her the neasured current val ue - falls within a nornmal
range or not. BACKGROUND ART There has heretofore been

provi ded an | @Aﬂei" 0 that neasures a current flow ng through

an | C under ; ) i nes whether. the ICis a confornming or good

article gpass . 'PSH%t bgleEEn?Fin%%ﬁ@%'ﬁ;ﬁté‘é’%c&’& %@%easﬁ?ﬂ}g” icle
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(failure ependi ng on er or not e curren W ng

through  niétho@\wips81rbY prvidialg afwide meagﬁiﬁigtﬁﬂ%é ghtsupht the a
25 prescribed range. Fig. 715 shows an exanple of the
convent i onal usesof am opticalehtwduladtor eadeuerennsdnponasonsirnicteddby age VDD

froma DC power supply 12 is supplied via a current neasuring neans 13
to utilizing the current measuring method, and an IC (Integrated
| Circuit) testing apparatus that utilizes the current sensor. More
10  particularly, the present invention pertains to an IC testing
apparatus that quickly measures a minute or very small current
flowing through a power supply terminal of an IC under test
constructed as a CMOS IC during its quiescent time and
determines the quality of the IC (whether the IC is a defective
16 article or not) depending on whether the measured current value

falls within a normal range or not.

BACKGROUND ART

There has heretofore been provided an IC testing method

20  that measures a current flowing through an IC under test and
determines whether the IC is a conforming or good article (pass
article) or the IC is a non-conforming or bad article (failure
article) depending on whether or not the current flowing through
the power supply terminal of the IC under test falls within a

25  prescribed range.

Fig. 15 shows an example of the conventional testing
method. A predetermined power supply voltage Vpp from a DC

power supply 12 is supplied via a current measuring means 13 to



-2-. 0+ a power supply termnal T[err] of an IC under test 11. The
current neasuring rreans 13 is constituted by a shunt resistor SR for
converting a current to a voltage, a differential anplifier DF for
having a potential difference produced acrpss the shunt 5 resistor SR as
a voltage value inputted thereto, and |imTer di odes D connected in
paral |l el between input termnals of the differential anplifier DF.
The vol tage signal outputted fromthe differential anplifier DF is
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and off 20 diedpscDi vehpectedrizbpatallel drstweeni grpustéfainaly ofothe For
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states respediffeseptiahamplifiemPF.r om on state to off state and the
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converted into digital form by an A/D converter 15, and the
digital output from the sample-and-hold circﬁit 14 is provided as
a result of the measured current to an arithmetic and logic unit
or operation processor 16 which determines whether the value of
16 the measured current falls within a predetermined range.

In general, the IC under test 11 is constructed as a CMOS
type circuit. As is well known, the CMOS type circuit is formed
by an n-channel FET and a p-channel FET complementarily
connected with each other, which alternately turn on and off

20  respectively, thereby to transmit signals therethrough. For this
reason, when the complementarily connected FETs change their
states respectively, that is, one from on state to off state and the
other from off state to on state, a relatively large current flows
therethrough, and when they go to stable states, the current

25  rapidly drops to a minute value (there may be a case that this
current is called leakage current). That is, the current flows just

like a pulse as shown in Fig. 16 by dotted lines.

.The peak value of a large-current pulse I, flowing in the



-3- - formof a pulse is as large as several anperes in the case of a
| arge-scale | C and 'a | eakage current I[err] that flows in the

qui escent state is about several mcroanperes. A decision as to

whet her the I C under .test 11 is def ectlesgsor defective is 5 rendered by

measuring a | eakage current I[err] flowing’in the stable state of the
FETs and checki ng whet her the | eakage current I[err] falls within a
normal range or not. Accordingly, it is required to nmeasure the
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current I[err] is flowing, the limter diodes D are held I'n tﬁg of f
state. As a fablsl withival hegmaélnrange arcnoss Aleordinigly, it isregudred toR
when the | eakage current I[err] is flow ng_ through the shunt resistor
SR is taken Bgasyrethp ageq careent ds with highraccuracypr, the vol tage
t hus taken out bei fed to the arithmetic and 25 | ogic unit (hereinafter
referred to as ALU)nl'%lmeoﬁtt gpchirequiremenbnifels s@nviantiangl Jior epnaiegtal in
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defective (Pgsd) -Since the limiter diodes D bypass the large-current pulse Ip;
flowing through the shunt resistor SR, the current flow
therethrough is limited and hence the amplitude of a voltage
signal inputted to the differential amplifier DF is also limited to
15  operate the differential ampllifier DF in its unsaturated region,
thereby to measure the leakage current I,. |
Consequently, in the eXample shown in Fig. 16, the large
current pulse Ip, flowing when the IC under test 11 changes its
operation state is bypassed by the limiter diodes D, and during
20  the leakage current I is flowing, the limiter diodes D are held in
the off state. As a result, a voltage induced across the shunt
resistor SR when the leakage current I is flowing through the
shunt resistor SR is taken out through the differential amplifier
DF, the voltage thus taken out being fed to the arithmetic and
25  logic unit (hereinafter referred to as ALU) 16 after it is
converted into a digital signal in the sample-and-hold circuit 14
and the A/D converter 15. The ALU 16 determines whether the

IC under test is defective (failure) or not defective (pass).



-4- I nci dental |y, such connection of the linter diodes Dto
the input side of the differential anplifier DF results in a new

di sadvantage as will be described. That is, in case that the limter

di odes D are connected as in the above cirguit 5 configuration, the
current inmmedi ately after the |large-current pul se I[err] does not
rapidly reduce to the | eakage current val ue due to the stored carriers
and the junction capacitance inherent i'n the diode, which results ina
phenomenon that the current cones to jts sfable, state at a target

| eakage current valuneidertally, soch @enn@icﬂilctnnrﬁifL Ehl%ltmﬁﬁen'dlﬁd@Seﬁagﬁed
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n ot her" words, no Cofrect and accurate current value tan be nmeasured

during the pulséely;| doestnderdpidBPreduce to tﬁ@rldlﬂ{dg?é eurpdfib value
conventional "testing method measurés the current T[err] flowing into
the power sudueytodhe stored/Oarofershand the j¥notidar capsicitdneédnhierens in
its quiescent state. That is, such . conventional testing nethod '
nmeasures a | takhgediadeswhichaxesults inrgphenemenon thahibe eurient

i nherently through theg I C ynder test 25 and det erm nes whet her %Ete I C
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inder 1881 | eeFlAinting duratign NS AeSLRLaRe oA TENE: AU y current or

not relies oRotPEsponding to the trailing edge of the large-current pulse Ipg

as shown in Fig. 16 (this phenomenon will hereinafter be
referred to as settling). Owing to the occurrence of this settling,
a measuring point PT cannot be set until at least the time

15 duration TS (this time duration TS will be referred to as settling
time, hereinafter) elapses from the timing T, corresponding to
the trailing edge of the large-current pulse Ip;. In other words,
no correct and accurate current value can be measured during the
settling time TS.

20 Furthermore, such conventional testing method measures
the current Is flowing into the power supply terminal Typp of the
IC under test 11 when it is in its quiescent state. That is, such
conventional testing methed measures a leakage current of a_
large value that cannot flow inherently through the IC under test

25  and determines whether the IC under test is defective or not by
checking the presence of the leakage current of a large value.
Therefore, whether a failure part in the IC under test is reflected

on the leakage of the powef supply current or not relies on the



-5- - | ogical state of the failure part. As a result, it is necessary
to change t.he'conbi nation of the logical states in the IC under test

and neasure the power supply current each time the conbination of the
| ogical states in the IC under test is changed. In order to 5 change t he

conbi nation of the logical states, it is ™quired to cause the IC
under test 11 to be actuated inversely. Since the actuation of the IC
under test 11 inevitably results in flow of the | ar ge- current pul se
I[err], to neasure the | eakage current I[err] after t he conbi nati on of
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Thus, the measurement period TES during which the
change of the combination of the logical states and the
measurement of the leakage current I are repeated is affected by
the length of the settling time TS. That is, when the settling
15 time TS is long, the period for changing the logical states in the
IC under test 11 cannot be reduced, and consequently, the
measurement period TES for the leakage current Is also becomes
long, resulting in a disadvantage that much time is needed to test
| every state of the IC under test 11. Since ICs show the tendency
20 to increase in their scale more and more, there is a drawback that
the time needed to test such ICs becomes longer.
. In addition, in the prior art, the DC power supply 12 and
the current measuring means 13 are placed near the IC under test
11, that is, placed in a part called a test head, and the output
25  signal from the differential amplifier DF is transmitted via a
cable or the like to the measuring instrument proper spaced apart
from the test head, and in the measuring instrument proper the

output signal is sampled and held, and then is converted into a



-6- - digital signal to conpare and determne in the ALU 16 as to
whet her the | C under test is defective or not. Wth such

configuration, when the distance between the test head and the
measuring instrunment proper is long, the qutput signal 5 transmtting

t her ebetween is susceptible to the influefes of an el ectrostatic
capacity, a parasitic inductance and externally I nduced noi ses of the
signal transm ssion path, which results in a shortcom ng that the
measuring accuracy is deteriorated. A first object of the
present invedigitali sigmabtedampareand determine inrthegAdethdé amitoh i s
capabl e of wi deniing a current neasurjng, range, that .is, w.dening a
dynani ¢ rangavhether thgrl@émdeée%lblﬁ/d—etféﬁgNﬁl@d Bet.: | Withsush occurri ng,

and hence asuring a qui esgcent, curre in an J.C under test wihin a
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measuring accuracy even if-the dis ce etween the test head and the

neasuring i nghdueed neisesrof the s(ifnh(]?rtganéﬁﬁs%ﬁloh adn! wid chppeswltssin a
utilizing this nethod. DI SCCOSURE OF THE | NTI ON 25 The

present i nveshicotcpmivigithat thermeasuréaguacegracy isndeterdorated.i si ng t he
steps of: converting a current to be measured_ in which a pul se-like
large current of |dkdérsinpbjectiof the paagent invendienrisctq papvadeaael y

appeared in tine, into a voltage . 4 . .
PP 10 current measurlong ethod which is capable of widening a

current measuring range, that is, widening a dynamic range to
prevent the above-mentioned settling from occurring, and hence
measuring a quiescent current in an IC under test within a very
short time period immediately subsequent to the large-current
15  pulse, a current sensor using this current measuring method, and
an IC testing apparatus utilizing this current sensor.
A second object of the present invention is to provide a
current measuring method which is free from any adverse effects
due to the signal transmission path and hence hardly suffers a
20  deterioration in the measuring accuracy even if the distance
between the test head and the measuring instrument proper is

long, and an IC testing apparatus utilizing this method.

'DISCLOSURE OF THE INVENTION

25 The present invention provides a current measuring

method comprising the steps of: converting a current to be
measured in which a pulse-like large current of large amplitude

and a minute current alternately appeared in time, into a voltage



-7- - signal; supplying the voltage signal to an electric field

appl yi ng ~ el.ectrode of an optical nodulator to nodul ate |ight passing
t hrough the optical nodul ator; causing the nodulated light to

interfere with unnodul ated |ight to obtai ?]i nterference light; and 5
converting the intensity of the interferefce light into an electric

signal by a photodetector to be taken out as an electric signal
corresponding to the value of the current to be neasured. Wth
the current neasuring nethod according to the pr esent jnventi?n; t he
optical nodubignalusepplyingdhe xodtagesignaldo anrelecieia freld applyingr eat
anplitude is applied tqg,.the opti cal nodul at oy ,. and .np settl,ing occurs
even i mredi apiwtr&rf%p%aan 0ptlsafgnom@t%¢9d@@ lgﬁaﬁlgﬁtd?wm&m i t ude
has been appljed t t he tiga dul at or . Accondi ngly,
oven 11t e thissethe aptinal BapdBleliticausiie the modylated Hai

| eakage curr rl,: ' r . | C . (O e
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the present squapl ity aPpRbtdaEta8tdiCté B kakieRCout 4RPA Fleetiid Sighal (he
above-nmenti oned current” measuring met hod. The |1 C testing apparatus

accordi ng tOcUieereaelrihé to thenvghi¢ @f thdicurrentsorbs measueedage current
flow ng through a | C under test in its quiescent state of each

state when the WittDghe @ irentrmeasedting methedhaecotdimgrtat the, and
renders a 25 decision that the 1 C under test is defective or not

defective  DPregepéisvientipon theconticalimadilatosdoespfesatinata eyentide
orescr Boa"v anelestls figld Shereghamplisics SRRl ¢ thaoptical
modulator, and no settling occurs even immediately after a
pulse-like voltage signal of great amplitude has been applied to
the optical modulator.
Accordingly, even if the ratio between the large-current
15  pulse Ipy and the leakage current Is flowing through the IC under
test in the quiescent state thereof is large and even immediately
after the large-current pulse Ip; has ﬂowed, the leakage current
Is can be measured without being affected by the settling.
Moreover, the present invention provides an IC testing
20  apparatus utilizing the above-mentioned current measuring
method. The IC testing apparatus according to the present
invention, which measures the leakage current flowing through a
CMOS IC under test in its quiescent state of each state when the
CMOS IC has inverted in its state of operation, and renders a
26  decision that the IC under test is defective or not defective
depending upon whether the measured leakage current in the
quiescent state of the IC under test is larger or smaller than a

prescribed.value, is capable of measuring the leakage current



-8- - wi t hout any influence of the settling even just after the

operation . state of the IC under test has been changed, and hence

qui ckly i nverting the operation state of the I C under test to nmeasure
t he | eakage current in each inverted pperation state. 5

Accordingly, the IC testing apparatus accofding to the pr esent

I nvention has an advantage that the tinme duration needed for testing
| Cs can be reduced even if they are l'arge scale integrated circuits.

Further, according to the present jnvention, it is possi 0O to use an
optical waveWitheutsanyd enng obtheaetthag @Yﬁnh]éhﬂ a ter ¢ PRevatien
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measuri ng nmet hod according to the present i nvention and a current
sensor fier I’t@sth’l% I1Qs cantbearsiuced evdrhdflthdy are largéisgale is a pI an
view for explaining the operation of an optical nodulator for use in
the current mbsgura maltdmdsand the current sensor according to the
present invention; . 3 is a waveformdi agram f.or exg i ni ng
the operation Further, accordlng to the present invention,dt is possible

10  to use an optical waveguide for connecting between the test head
with the IC under test mounted thereon and the measuring
instrument proper which performs processings of comparison
opération of current values and so forth. There is no possibility
that the optical waveguide is adversely affected by an

15  electrostatic capacity, a parasitic inductance, externally induced
noises or the like. As a result, there is obtained an advantage
that the accuracy of measurement can be maintained high even if
the distance between the test head and the measuring instrument

proper becomes long.

20
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a plan view for explaining a current measuring
method according to the present invention and a current sensor
using this current measuring method;
25 Fig. 2 is a plan view for explaining the operation of an

optical modulator for use in the current measuring method and
the current sensor according to the present invention;

Fig. 3 is a waveform diagram for explaining the operation



of the optical nodul ator depicted in Fig. 2; 'Fig. 41is a

wavef orm di agram for expl ai ni ng the operation of the enbodi nent shown
in Fig. 1; Fig. 5is a plan viewillustrating a nodified
enbodinent 5 of the current sensor sho in Fig. 1; Fig. 6is
a plan view for explaining another exanpl™® of the ‘current measuring
met hod according to the present invention; Fig. 7is a
perspective view illustrating an exanple of the specific structure of

the optical mpdul ator for use in the current 10 sensor according to the
present inveafithe; optical modulatog depicted jn dfig«iZw for explaining an

exanple of the IC testing ap%par at ys using the current ensor acgording
to the presenkignéelft ﬂoWaV orm diagram gor explainipgeing QnETagIeM f or

o 10 19 aOBthR SRROTEReRt AMGWRNE Fitocl 1 ed formof = the

mbodi h f
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enbodi rrent S 3 is a perspective view for
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Fig. 8; l'an viewfor explaining a nodified 25
embodi ment  oguifent ﬁlémmmg ﬁD@lﬂT@d wecvrding tw the presqrieigvention;

I nventi on; Fig. 15 is a schematic diagramfor explaining an
exanpl e of thEigri7ois arperspective view illustrating an example of the
-10-

specific structure of the optical modulator for use in the current
10  sensor according to the present invention;

Fig. 8 is a plan view for explaining an example of the IC
testing apparatus using the current sensor according to the
present invention;

F1g 9 is a waveform diagram for explaining the operation

15  of the embodiment shown in Fig. 8; '

Fig. 10 is a plan view for explaining a modified form of
the embodiment shown in Fig. 8;

Fig. 11 is a waveform diagram for explaining the
operation of the modified embodiment shown in Fig. 10;

20 Fig. 12 is a plan view for explaining a modified form of
the embodiment shown in Fig. 8; '

Fig. 13 is a perspective view for explaining a still another
modification of the embodiment shown in Fig. 8; '

Fig. 14 is a plan view for explaining a modified

25  embodiment of the IC testing apparatus according to the present
invention;

Fig. 15 is a schematic diagram for explaining an example

of the prior art; and



Fig. 16 is a waveform di agram for explaining the operation of the
prior art shown.in Fig. 15. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON
5 . A description will be given, with reference to Fig. 1, of a
current neasuring nmethod according to the, present invention, the
configuration and operation of a current ‘l@hsor utilizing the current
measuring nmethod. In Fig. 1, reference nuneral 10 denotes a circuit
under measurenment which outputs a current to 10 be neasured I[err], and 20
denotes a current sensor for neasuring the val ue of the current to be
neasured |[err] byFuge 1&f is hewaveform diagram Sori exphaimiog theposed by the
present invention., . The present_ inventjon provides the current
measuring opewstian ofithe préas @réshowncin Ydg 1 be neasured I[err] by
15 applying it to a current-voltage converter 30, inputting a voltage
signal VS generated therefrominto an optical nodulator 40 to convert

t he vol tage 'f; Nt o Ant arf.ere ﬁkﬂﬁ&rfﬁ%INVEﬁT\faN} ngzghe
STY

intensity of DEEQR CARRYING UL LHE & =
Specifically, the qury . o[ s C [ n entq i tion
i s consttucted by ghéﬁ@%&vl%ﬂl% gg{’géh&’ﬁﬁ fgfe\;gﬂcaeggéﬁ 'elr’tg\rfecgo
nounted on t : | eql ; ted
on t he subst regl{ gé@ﬁ&%g&ﬁﬁhg ?Hgtlw:g %cu%?réir?ﬁ%g?ttggge)ﬁg%%@fr t1 lg?e%(lgﬁdg)%’mgt es
the voltage ¥Yandpgupaticis aadloperhtidhofvaldirrent idensot atilizimg hhemeasured

I[err], the Vol tage VS being applied to the optical nodul ator 40.

As the opticgurrentimeasufihg mbétleodhebh iFiger ereferterioce numeraldiDat or
shown in Fig. 2 may be used, for exanple. The .
denotes a circuit under measurement which outputs a current to

10  be measured Iy, and 20 denotes a current sensor for measuring
the value of the current to be measured Iy by use of the current
measuring method proposed by the present invention.

The present invention provides the current measuring
method which measures the current to be measured Iy by

15  applying it to a current-voltage converter 30, inputting a voltage
signal VS generated therefrom into an optical modulator 40 to
convert the voltage signal VS into interference light, and
converting the intensity of the interference light into an electric
signal.

20 Specifically, the current sensor 20 according to the
present invention is constructed by a substrate 21, the current-
voltage converter 30 moun’;ed on the substrate 21, and the
optical modulator 40 also mounted on the substrate 21 so that
the current-voltage converter 30 generates the voltage VS

25 corresponding to the value_ of the current to be measured Iy, the
voltage VS being applied to the optical modulator 40.

As the optical modulator 40, a branched interferometric

modulator shown in Fig. 2 may be used, for example. The



branched interferonetric nodul ator 40 conprises an optical br anchi ng

part 42 for branching an optical waveguide, an optical coupling part
43, two optical wavegui des 44A and 44B for med bet ween the opti cal
branching part 42 and the opti cal couplln? part 43, and electric field
appl yi ng el ectrodes 45, 46 and 47 ﬁed al ong both sides of each of
the two optical wavegui des 44A and 44B. The optica
branching part 42, the optical coupling part 43 ° and the optical

wavegui des 44A and 44B can be formed by 10 diffusing,, for exa
titani um or bhanthee mﬁeafarqnmtm meodulator dfscomprisesnan Op lcailt hi um

ni obat e (Li Nb@Q3 the |i | nst ance. ti cal wavegui des ,suc as
opti cal 1£| beb§a)aﬁ ipgtpart 5? f01' bf@BGbﬂ@& o %“P l}VaMSglUéQPgMQm

and an out put optlcal e 2 toaIL IVII’] 49A nda
ant en t £} QURIIngroaof3; SR PRieaLvpevaauiies At d Pe B Eermie

?églerecfjirbﬁes?éﬁ”at F ol op BB A hing Biae 42 %ﬁp‘{,?ﬁgpf %‘1%11%93%2
22 coupl @ kﬂqu Qﬁﬁé i’t{ E?el?{‘ﬂgﬁgbn g%qodﬁsmg’t 2@chfgL4y 53 such

as a pho od| qEtis ’coupl e e out put opti cal

wavegui de 23f6?ﬂf€@‘élbﬁ§;ﬁﬁth'§i%s of ea®h bfithe tWo 6Pﬁcal waveguidesThe

light source 51 is driv toits lighting state by a source
driving circyi4Ahd BdB.exanpl e shows that the |ight source 51 is
driven by a DC power supply. Accordingly, the 25 |ight source 51 emts a
fixed quantity of Mseoptigal branchihg papud2, the opticadl coupémgqmrz%3 To
t he photodetector 53 is connected a detecti ?Bg ci reui i ch

converts theang theiaptical |wgnpg¢ud95eﬁ4A and; 441 caa bet tb¥al

wave de23 an ectric sjgna
- 1\2/_ gul 1?%us1ng, or exlampig, t1tan1um or the like into a dielectric

substrate 41 made of lithium niobate (LiNbQ3) or the like, for
instance. Optical waveguides such as optical fibers are optically
coupled as an input optical waveguide 22 and an output optical
waveguide 23 to a light receiving end 49A and a light emitting

15  end 49B formed and exposed on the end surfaces of the
dielectric substrate 41, respectively, and a light source 51 such
as a laser diode is coupled to the other end of the input optical
waveguide 22 coupled to the light receiving end 49A, and a
photodetector 53 such as a photodiode is coupled to the other

20  end of the output optical waveguide 23 coupled to the light
emitting end 49B.

The light source 51 is driven to its lighting state by a light
source driving circuit 52. This example shows that the light
source 51 is driven by a DC power supply. Accordingly, the

25  light source 51 emits a fixed quantity of laser light into the input
optical waveguide 22. To the photodetector 53 is connected a
detecting circuit 54 which converts the intensity of light emitted

from the output optical waveguide 23 into an electric signal to



be taken out. The vol tage VS generated fromthe current-voltage
converter 30 is.applied to one of pairs of the electric field appl yi ng
el ectrodes 45, 46, and 47. The exanple shown in Fig. 5 1 shows the case
that the voltage VS generated fromthe cugfrent- vol tage converter 30
I's applied between the electric field -1 appl yi ng el ectrodes 45 and 46,
and the electric field applying el ectrodes 45 and 47 of the other pair
are connected in comon and no electric field is formed therebetween.
10 By applying an electric field to the one optical wavegui de

44A and no ebectakenfautl.d to the other optical wavegui de 44B as

ment i oned above, |ight passing_through the optical wavegui de 44A
applied with the eITg’tﬁ viodtage S gepna@tedrﬁagnhﬁﬁe ewaentnvoltagend | ght

PR o o0 S8 e e B B B8t e SR B LS |,
Lo AR roden S THE FHOTET Yyh UpRME RO T,
STt BN she o T RS OTEY S ey 1R GRS
el dent o \RABoRaEHEH 30 is aBBIRRY biRyRen LR S ekl |10

to the el ectp lSriiﬁgdelectroaIEBWS Neh & 46! sndethteleotridtfibdd ragppBaay ed by

Plerr], Plerr] "ahd VS, 25 respectively.” Wth a change of the applied

vol tage VS, tehectrodes dtSeanidt 47R)Ethe ofhér phir arecdonneeted tindcommion

out put optical wavegui de 23 varies along a cosine curve as depicted in

Fig. 3A anthao electubefieht iaformnad ihiargpetween. 0 (vVsS=0), Plerr]

equals to ] v _ -13- . P[enu

(Plerr] 1€ Plerr]), Bnanmsingranlecisic fisldtgtheuaneopticalqvayeguide
44 A and no electric field to the other optical waveguide 44B as
mentioned above, light passing through the optical waveguide
44 A applied with the electric field is phase modulated therein
and light passing through the optical waveguide 44B applied

15  with no electric field is not modulated. Due to the phase
modulation of light given in the optical waveguide 44B,
interference of light occurs in the optical branching part 43, and
the intensity of light emitted to the output optical waveguide 23
varies accordingly.

20 This manner will be described with reference to Figs. 2
and 3. Let the intensity of light incident to the input optical
waveguide 22, the intensity of light outputted to the output
optical waveguide 23 and the voltage applied to the electric field
appiying electrodes 45 and 46 be represented by Pj,, Poye and VS,

25  respectively. With a change of the applied voltage VS, the
intensity P,y of light which is emitted to the output optical
waveguide 23 varies along a cosine curve as depicted in Fig. 3A.

That is, when the applied voltage VS is 0 (VS=0), Py ¢quals to



the positive (+) direction or negative (-) direction, the quantity of

output light gradually decreases along the cosine curve and at a
certain voltage the quantity of output |ight goes down to zero. 5 When
the applied voltage VS is further increased therefrom the out put

light intensity P[err] gradually increase%3along'the cosi ne curve and
when it is increase to a certain voltage, the output light intensity
Plerr] goes to "1", nanely, Plerr] = Plerr] Wth the subsequent change

in the voltage VS, the output light intensity 10 Pout shows an optical
modul ation cPgf §BPLar+<Pj,), that whemahe vpltage V8 dsdgradballyevariediin 0.
Further, the optical nodulation characteristic shown in Fig. 3Ais one
obt ai ned frotheposidiee (+) diteatioheconmeigativedyrdglirestiomathe (uamtityye

t he sane -opti cal path length en one of the pptical wavegui deg 44A
and 44B 15 nafsoutgubbtgaltfagrpaunllsé@meaéﬁgearlq%ﬁﬁsrfe@sme cHEVE #Rd Yy a
quarter of the wavel engih of |ight .0pagatin Lough the one gpti cal
wavegui de, of GFEAIR FoHaegs the %@f{lgﬁﬁfg%ﬁﬂftmaﬂgéoes dooewphté)r Zgﬁg' of

t he optical equj.des 4 nd 44B Qpt&C . lsafyl

characteTi st W -eg UB? é‘iﬂéﬁ?aago %% lgi %‘!&gﬁ,r nggggda{m%égﬁﬂ%’tt ?ght

I ntensity vary I t: ' rv ] : _ ' ked

vol t age VS. #@? ulqsl? ti‘E‘%S{Q}? ?@a?{"" gr%ﬁ%ﬁ&ﬁ’ag{lgﬁe%ﬁg?gg gl?]@c S %&/s t hat

the output |icghyel ghanwheh it is iﬁh@éebeliltbaéi&_’a‘rtamwolttagegnhbi edtpet t age VS

= 0. The follow ng description w be given on thé assunption that

the optical 2pght 'ifﬂthths?itterég $66s the“ bPf hamelygVRBgyi€d,44WidhdheiB t he
optical path I'ength of one of which is longer than that of the, . ot her
by a quart er subseguentvehangehimithiei yoltages M Sgthareutput hght intensigy '
optical wavegui de, and hence |t operates wth the nodulation .,

-14- 10 ¢ 8boays am epsiewhmedwlatiopecharacteristic that itsgeesdent from

the modul ati and ﬁ%rvgrclt‘t%tlvssrtelerclsl Ogné rbe Further, the optical modulation

characteristic shown in Fig. 3A is one obtained from the case
that the optical waveguides 44A and 44B have the same optical
path length. When one of the optical waveguides 44A and 44B

15  has its optical path length longer than that of the other by a
quarter of the wavelength of light propagating through the one
optical waveguide, or when a bias electric _field is applied to
either one of the optical waveguides 44A and 44B, an optical
modulation characteristic is obtained, as shown in Fig. 3B, that

20  the output light intensity varies along the sine curve with a
change in the applied voltage VS. That is, this optical
modulation characteristic shows that the output light intensity
sharply varies about the applied voltage VS = 0. The following
description will be given on the assumption that the optical

25  modulator 40 has the optical waveguides 44A and 44B the
optical path length of one of which is longer than that of the
other by a quarter of the wavelength of light passing through the

one optical waveguide and hence it operates with the modulation



optical nodul ator 40 descri bed above, the intensity Plerr] of |ight
outputted fromthe optical nodul ator 40 is expressed by a value 5 bet ween

the state P[err] = P[err] and 0, that is, between Plerr]/Plerr]=1 and
Plerr]/P[err]=0 no matter what value an inputted electric field to the
optical nodul ator may have, and therefore',I the detecting circuit 54

shown in Fig. 1 needs only to neasure a voltage between
Plerr]/P[err]=l and P[err]/P[err]=0 to specify the value of the current to

be 10 measured ‘I [err]. In other words, when the value of the
current to beharactemssioc sHoWmrin]Fig. B8.ge, the value thereof can be

obt ai ned by counting the nunmber of tinmes that the output, light .
intensity Plerr] As is evident fromdbermadulatipa ehargetaristies: 8k the ue

eached 0. TRteabmodulaicn IPrdeheried abors e SAFNLLN B blight
Accor i ngl y. SUBVAIGrPRY the OPEiGalcpodwlathE 44 3 FRBrsa i Sl VAU age
mput U 1 onPet S (e, SEE Pow = B i, 0 (BiiciR, HELEPERTP pilEh—iceta the
[ imiter ciroben CanaipRg atter what VRIRRRA imitted 6l6utele RELDHD Y

current val ugptical p&ﬁﬂfﬁfb&eﬁié hdife,sghlll i efaeotheOde Rcting elrenit
imedi ately after the larde-current pulse I[err] has appeared as

shown in Fig54shdwn ianFifencaetds onhyte measere a[volthgeabebweermasur ed
when a mnute time interval has passed fromthe timng T[err] of the

trailing edg®o,/Pin=bfandP}aRig=0uto epecifiy the Palusyobiphe wurgentito be
current sensor to the IC testing apparatus for neasuring a | eakage
cur r ent 10hi cineasured Iy. -15- fl ows

rouah & OIS | C ol R BRST Tl giel fhe cusarbRPCBY Pere 1«
obtained an %ﬂggga?gg ItNP Eilg I%rgie%h%p\?aefjue thereof can be obtained by
counting the number of times that the output light intensity Py
reaches, for example, 0 and by measuring the value between
15 P,./Pi,=1 and P,,/Pi,=0 after it has finally reached 0. The value
of the minute current 15 can also be obtained from a value
between P,,/P;,=1 and Pyu/Pin=0. Accordingly, th.e detecting
circuit 54 is inputted with only a voltage between P,y /Pix=1 and
P,./Pin=0, no matter what value the input current to the current-
20 voltage converter 30 may have. As a result, the detecting circuit
54 cannot saturate even without any limiter circuit, and can
measure the voltage corresponding to the current value.
Consequently, no settling phenomenon occurs even immediately
after the large-current pulse Ip; has appeared as shown in Fig. 4,
25  and hence the minute current Ig can be measured when a minute
time interval has passed from the timing T, of the trailing edge
of the large-current pulse IpL. By applying this current sensor to

the IC testing apparatus for measuring a leakage current which



testing can be carried out. 5 Further, since the detecting
sensitivity of the current 'sensor 20 is proportional to the el ectrode
l engths L of the electric field applying el ectrodes 45, 46 and 47 and
I nversely proportional to the spacingﬁgetmeen adj acent el ectrodes, a
desired sensitivity can be obtained by re ing the el ectrode 10 spacing
and increasing the electrode lengths L. In addition, the detecting
sensitivity of the current sensor 20 can al so be enhanced by
increasing the intensity of light emtted fromthe i ght source 51
Mor eover , i tflicswpcahsoigh aoCMOS dC hediet ¢est ig iserpiiciscient state, of t he
current sensor by differentially applying the voltage VS to , the two
optical wavethertdsy 40Adetetrminke axhethen the EMOS IC is defectivemynog

il lustrates anqther enbodi nent :of  the current nea;ﬂéqu met hod
accor di ng t odefiectives dherenisabtained an gdvantagethatiakig aﬁpféﬁff i cal
swtch 55 is disposed at the |ight source 20 51 side, and switching

pul ses SWP atesStang ?%B%Q)ctaﬁél QWal switch 55, thereby to input

pufse 581 n accor dFAFHREE Sthce the R b Nen YRR B R o
f th ' . . ) ' I 40
< dotected YRSt 9ds praRAriART P RE AIRCOHK e gt EIF HRE) 5L CT
measur ed at electriBiEld HSIFE i EcROAYs 850 48 aRRIY addWiiVeraly

accuracy. timng point for neasuring the current
value is propoireichdleto the bpating eetafetheadyomatlevtrotdesha opti cal
pul se 56. Accordingly, the timng point for neasuring the
current desired cemsitivi¢y cdn fbd bbtairsd by ireduningtheielgctradeul se
duration or width of the optical pulse 56. Since the hot Qdet ect.or- 53

needs otdy tspesimgrandHacreasinguthe elgctrode lengths L. -Inpaddltlon, the
detecting sensitivity of the current sensor 20 can also be
enhanced by increasing the intensity of light emitted from the
light source 51.
Moreover, it is possible to double the detecting sensitivity
15  of the current sensor by differentially applying the voltage VS to
the two optical waveguides 44A and 44B as shown in Fig. 5.
Fig. 6 illustrates another embodiment of the current
measuring method according to the present invention. In this
embodiment an optical switch 55 is disposed at the light source
20 51 side, and switching pulses SWP are applied to the optical
switch 55, thereby to input light incident to the optical
modulator 40 thereinto as an optical pulse 56 in accord with a
timing of the measurement, and the amount of the optical pulse
56 transmitted through the optical modulator 40 is detected by
25  the photodetector 53. Thus, the current value to be measured at
the intended timing point can be measured with high accuracy.
That is, the timing point for measuring the current value is

determined'by the timing of the application of the optical pulse



5 light transmtted through the optical nodul ator, the value of the
current I[err] to be neasured can be nmeasured by nmeasuring an

integration voltage integrated in an integration circuit 57 provi ded
at the output side of the detecting ci rcuié 54. Therefore, no fast
response is required at the photodet ect or183 si de. Thus, 10 a measur enent
with fine resolution in neasuring timng can be carried out by
requiring only the optical switch 55 to operate at hi gh- speed and

w thout requiring fast operations for other elenents and circuits.
Fig. 7 illusfbat dsceordinghy, dhef tinhing peintti forxs measuniagothesunrgatcur r ent
sensor 20. The_substrate 21 can he forned qf a I hsul ating, materi al
such as cer avatueean he sehiwith fﬁ@eresoluhemgm@dwngt §rREISRt ed by

gié’?iiéim?% ?d&%ﬁ%%%ﬁjih'tﬂ‘gésﬁgtqpﬁpai”ﬁ < oPr oSH0661 B0 conver ter 30
I ti 20 2 and 33 ' '
f:ef’%sétl' "0 *PhashefEteelos STned. 001y doy RFAIR. 815 Totol iRy BETC"
D . M _
ecpoct 1 vol y Rt triddietdd BoRERYAY BPHETHNGIbT e Valus of the |

its si 25 0
its size cgi’gsﬁfr;gm?éfﬂaé%é’lséﬁﬁ’réﬂnc% be m@asﬁi@dcygg@srﬁais?g??graﬁ can

be constructe Ing a ectric substrate 41 g t he

optical modulaidsrftQoanvbltagdy inteshaed P dhéntegiaionodircugt 57

substrate 21 on Which the current-voltage converter 30 is forned.

-17- gfrbw&idedt at theesttpuieside of3thendtteotireg @ircuit Shel Themelfprag
el ectrodes 46, 45 constituting the optical nodul ator 40 can be

el ectri cal | ynoofastresponsefisr reqauinsidat sbedphgtadetecrmr §3 side. Thus; ke.
The current sensor 20 havi ng, %,ard-l | ke shape as shown in,5. Fig. 7 1is
effecti ¥@ i na measipenaant oithofme resebationyinpsagpiing timing can be

carried out by requiring only the optical switch 55 to operate at
high-speed and without requiring fast operations for other
elements and circuits.
Fig. 7 illustrates an example of the specific structure of
15  the current sensor 20. The substrate 21 can be formed of an
insulating material such as ceramic. The current-voltage
converter 30 is constructed by depositing a resistance film 31 on
one surface of the substrate 21 a resistance film 31 which
constitutes the current-voltage converter 30, depositing
20 electrodes 32 and 33 on opposite ends of the resistance film 31
respectively, and electrically connecting one ends of the
electrodes 32 and 33 to current measuring terminals 34 and 35
respectively.
The substrate 21 can be made of a member having its size
25  of approximately 10 mm by 10 mm. The current sensor 20 can
be constructed by mounting a dielectric substrate 41 constituting
the optical modulator 40 on the blank space on the surface of the

substrate 21 on which the current-voltage converter 30 is formed.



descri bed hereinafter. Fig. 8 illustrates an exanple of the IC
testing apparatus to - whi ch the current neasuring nethod and the
current sensor 20 according to the present invention are applied. This
enbodi mrent 10 shows the IC testing appargius to which the current sensor
20 descri bed above with reference td8'Figs. 1 through 6 is applied.

A power supply voltage VDD is given froma DC power supply 12 to a
power supply terminal TVDD of an I C under test 11 and a comon
termnal T[err] thereof is connected to a common_15 _ potential point. The
current - vol t Bggweaswsheeeledrodest32,83ngnd the edectuicr Bel dsapplbying
according to the present inventiop is I nserted i hi s wer supply
path in serielectrodes 44, 4> constituting the pptical ;e uiﬂﬁ/ﬁ ﬁ G%Htsblé power
supply termn nder test 1

current - vol tSS"LC%\é‘){?\% g’I Géglg@!"%?ﬂe}?&b b&xamp %népiéf‘g];‘teg?@%igptﬁkﬁﬁeoy&mage_
app! 1 ed bet wikPr rhe RiBpt Selisor, 20, haFifH A SadrbiRe shad®ay SHEWE A5 '°
operate ghe gpbi eajg effecﬁ?f%ixf‘g?{ ﬁé?)\}igaﬁbﬁft(% Q1 T@‘{eﬁ@nglo%ep?ga’% S

nodul ation correspondi alue 0 he current e power
25 suppl y HesBrived hétkinhfidie | C under test 11. The
phot odet ect or 53 converts the Intensity of |ight outputted fromthe

output optical wavpggi @eilaﬁstfﬁt@sa@nedmhyle of the KT gestingiappdratukrto
turn, outputted as a voltage signal fromthe detectin
circuit 54. Wieiclothegruiegrtan easuyringanethod ahd the cureenttsiemsori 28ui t 54
is supplied to a sanple-and-hold circuit 14 where it i s sanpled by a
sanpl i ng pul 8ecvclingdmthe presesitninventiomhare appliag. pdikis embediment
outputted fro for e

Whi ch tHe | CSBles theskC Testing RRRATAUS to W RLIb e arEntiHensal al of ¢ he
sampl ed and Beld 9L 35ovE with reference to Figs. 1 through 6 is applied.
A power supply voltage Vpp is given from a DC power supply 12
to a power supply terminal Typp of an IC under t.est 11 and a
common terminal Tyss thereof is connected to a common
15  potential point. The current-voltage converter 30 constituting
the current sensor 20 according to the present invention is
inserted in this power supply path in series therewith so that a
current Ipp flowing to the power supply terminal Typp of the IC
under test 11 is fed to the current-voltage converter 30, thereby
20  to generate therein the voltage VS corresponding to the value of
the current Ipp. The voltage VS is applied between the electric
field applying electrodes 45 and 46 to operate the optical
modulator 40 to give to light an optical modulation
corresponding to the value of the current flow to the power
25 supply terminal Typp of the IC under test 11.
The photodetector 53 converts the intensity of light

outputted from the output optical waveguide 23 into an electric

signal which is, in turn, outputted as a voltage signal from the



converted in an A/D converter neans 15 to di gital form and the

digital signal is inputted into an ALU 16 which in turn det er m nes
whet her the value of the input digital signal falls 10 wthin a desired
vol tage range or not, thereby rendering 248 decision that the |IC under
test 11 is defective (failure) or not ~1%def ective (pass).

The pattern generator 58 applies a driving signal to the IC under test
11 to change or invert its state step by step, and.a test 15 is nmade to
determ ne whet her the value of the power supply curr I[err] in the
qui escent st deteetingneitanigndds Thetve ta@;ﬁlgn@boutputtgﬁ{%aﬁtth% a

Clppl 1 Z&m'vm“?l&egﬁa ng’ citamiy fgﬁgsmﬁlwﬁéﬁgﬁiﬁ%"' sty 14, °
éb?&;?}iﬁwhere' 1S AR IR B 3 AR1ERE P HRE TG R ey el E R L T
e " the ShbBHtg milst BEMRe BRI HdmT Yol HafRAR dpattlin
after the leratof &g hg%héﬁﬂm%%qwﬂibﬁ 1KY §C andea’ eddton] Sisein Bis

€ ; :
step, and 25gt e neasured current ue 1s conpared wth a preset value in

the ALU 16 tqudekeefit %Q%sw.eLT\Bé vdkud ofwhtesanhgsled andehetdiweltage is or not

defective. shown in Fig. 8, by using the current sensor 20
accor di ng t ocomveartedent annA¢ID icomvertebeme@niset i tog dagital aform, iand the is
possi ble to operate the current sensor 20 and_the detecting circuit 54
wi t hout sat udagite] sigmaleiemnphtted in® aniekLLbd6 which initwrar mi ttent!y
Shoan T n Fi gdetermines: Whesberoihe vakub o he inpiinbiattah gDl TAIEL T 14
5,20 gt e eh, U0 TSoke cangh BPHGE, ShirlY RAMEHS
decision that the IC under test 11 is defective (failure) or not
defective (pass). .
The pattern generator 58 applies a driving signal to the IC
under test 11 to change or invert its state step by step, and a test
15  is made to determine whether the value of the power supply
current Ipp in the quiescent state of the IC under test at each step
falls within a predetermined range or not. |
The sample-and-hold circuit 14 is supplied with the
sampling pulse TGP at a timing T;T after a slight time interval
20  has passed from the trailing edge of the large-current pulse IpL
which flows through the IC under test 11, as shown in Fig. 9. As
a result, the sample-and-hold circuit 14 measures the minute
current I in each quiescent state of the IC under test 11 after the
IC under test 11 has done its inverse operation step by step, and
25  the measured current value is compared with a preset value in
the ALU 16 to determine whether the IC under test is defective

or not defective.

As shown in Fig. 8, by using the current sensor 20



hol d, - the sanpled signal is converted into a digital signal in the A D
converter 14, and the ALU 16 determi nes whether the IC 10 under test 11

is defective or not defective on the basis of the digital signal. In
this instance, the sanple-and-hold circui5914 can sanple and hold the
current signal at a timng point just after a slight tine interval TST
has passed fromthe falling edge - of the large-current pulse I[err],
and it is possible to carry out the 15 measurenent in a short tine
period. Thus, the period TES that . the IC ugdgf test,11 is |nverteg in

i ts operati oAceprdingde Hee presemtqimseantiondimdhgel @ W&mgmp%@%,tl i s

obtai ned that the t duratj on need d to te I n est can be
short ened evb‘hpiof’*Slijire tPh‘éPPCatfh@IbF %rgteq ssqlé%‘t”é ﬂt&‘ \Fﬁe&f % H&ation
state. In 20

i nsuschti bl glrcuq #% ‘@;(tt}g?‘ﬁngga ‘Irl]’gactl?ﬁgo I msnt E%aowshée]\@n%r‘ﬁ%‘lh‘}%tn ut
Pong, the meddfH ?tgﬁé’f}f&?{w&@?sﬁ*ﬁ@ Shr8ficientohaise 15, SAvcoringly,
that thes photRAtRBdRiment SHIVACT ¥ig? Parakeet Poibledhat fiRpced apart

fromthe | C under tes ccor |ng y, ccuracy of test does not

deteriorate Qﬁg%lé—aﬁi@ﬂ(ﬁd gfiduld 14 is a@(ﬁﬂét@&uﬁ thopbmihasTshe

phot odet ect or housed t herein. Fig. 10 illust rat es another I1C

testing appaimimediatety €bllowing the large-current pulse Ipy to sample and 20-
an optical switch 55 is inserted in the input optical wave

coupl i ng bet hedd, tthe Sagiplesblrgnalsls mverﬁedpmfana 1g1tag@dgn@ﬂdm tﬂme and

t he opti cal svvltch 55 is turne n.and_qf f synchr.onji.sm
timng for t RMVGH@T s thatAldJ 16?@@&5}“%@%&&? hqre%qﬁim

pul se 56 (se 11B tic |lator. 40 i.n s ni sm
with thé0t; m“ﬁ’diqroFeﬁth 1'fs hegﬁ??léfﬁt OE\%% ﬂg%&ﬁﬁve on the basi gl‘?f%ﬁ?s case,
at the out pUtdlglfjaEi é)ifgﬁaﬁe 98 45y ﬁ?st%nc lf'ttl'ne‘r’élample-and'-hold circuit 14

can sample and hold the current signal at a timing point just

after a slight time interval Tst has passed from the falling edge
of the large-current pulse Ipy, and it is possible to carry out the

15  measurement in a short time period. Thus, the period TES that
the IC under test 11 is inverted in its operation state can be
reduced, and hence a practical benefit is obtained that the time
duration needed to test an IC under test can be shortened even if
the IC under test is tested in its every operation state. In

20  addition, since the embodiment shown in Fig. 8 is insusceptible
to external electromagnetic waves éven if the input optical
waveguide 22 and the output optical waveguide 23 are made
long, the measuring accuracy does not deteriorate even in the
case that the photodetector 53 is placed at a position greatly

25  spaced apart from the IC under test 11. Accordingly, the

~ accuracy of test does not deteriorate even if the IC testing

apparatus proper has the photodetector 53 housed therein.

Fig. 10 illustrates another IC testing apparatus in which



I's provided the integration circuit 57 which integrates the total 10
quantity of light received by the photodetector 53, the resulting

i ntegration voltage INTV (see Fig. 11C) is sanpled in synchronismw th
the sanpling pulse TGP (see Fig. 11D) and held in the sanpl e-and-hold
circuit 14, and the sanpled voltage -2Q- converted to a digital signal
in the A/D converter 15 to be 15 inputted into the ALU 16. The integration
voltage INTV in the integration circuit 57 is reset by the reset pul se
RSP shown in Fig. 11E upon_each conpletion of sanpl.ing. . As
descri bed abaneopticalhewitehe 55 isipseytad)ine lnp%mﬁlga?avwﬁgiuﬂdﬁhi ch
the opti cal 5u|se 56,is inputted inip the 20 tical nnduiat r 40, as

al ready di scdZseauplingreetveandhe light source ¥l and the.Qp nt timng is

Eﬁéeégﬂ; eal b@é&ﬁa&;{? ﬂ%l, °Jnc}j the-ePBfkal Twifth 35 intuffied dh SReCth ' na
. . - : . 56,
LZSLFUEJ?’;Rgg%y%hr%sﬁiﬁﬁbeﬁ;tﬁ%&%#ﬁa%?ﬁe?sa#@é%?ﬁ%%uﬁ%‘%@base can
pﬁot odet %(r:r? o?h&g%%ﬂy)éﬁs\égﬁhn%%?ﬁg%rl]? ugge;%its%gbga 'rngiBa)ng@Qhe
circuit 14 nepsieal mbaudkicy 40k f¥e syaldlrawishespitidithe timing for the

-21- the total quantity of I|ight received by the photodetector 53,
and henegirrbaY Meadureinditve fast-response characteristic. This al so
provi des an advantage that the |IC testing apparatus can be . constructed

by using el enents \hithisneasenat thpeoutputiside of the defessingrirpitedare
i nexpensi ve. Fig. 12 i]lustrates still anot her enbodj t of
‘the IC iesprowgidgdpihatiniegration Qléétllﬁwé%awthlé mfﬁ&rattyﬁgﬁ?atﬁr% a
Dy ural i of Roter SURPLY LI IaLes TPLEL o fordhak 53 el easuyie'
source 51, aqgtégle'a{i%tnegf%eﬂaégrifl\il'?V L FHY. 1181 sGfipled in
synchronism with the sampling pulse TGP (see Fig. 11D) and
held in the sample-and-hold circuit 14, and the sampled voltage
is converted to a digital signal in the A/D converter 15 to be
15 inputte‘d into the ALU 16. The integration voltage INTV in the
integration circuit 57 is reset by the reset pulse RSP shown in
Fig. 11E upon each completion of sampling.
As described above, in the case of employing the
configuration in which the optical pulse 56 is inputted into the
20  optical modulator 40, as already discussed with reference to Fig.
6, the measurement timing is determined by the timing of
application of the optical pulse 56 to the optical modulator.
Therefore, there is obtained an advantage that by reducing the
pulse duration or width of the optical pulse 56, the resolution of
25  the measurement timing in the direction of time base can be
made fine. Moreover, according to this embodiment, the
photodetector 53, the detecting circuit 54 and the sample-and-

hold circuit 14 need only to obtain the value corresponding to



sensor 20. In this enbodi nent, there are provided a plurality
of current sensors 20 the nunber of which is equal to that of the
power . supply termnals TVDD of the I C under test 11. 15 Specifically, in
t hi s ‘enbodi nent, four current sensors 20 gie provi ded, and one end of
the current-voltage converter 30 in “@ach of the four current sensors
20 is connected to the positive vol tage term nal of the DC power
supply 12, and the other end of each current-voltage converter 30 is

connected to,,an asspci ated 20 . _.power sypply,termnal T[err]. Furthernore,
t he i nput anﬁh%ﬁpﬁﬁfquantl%ﬂfchlg \{ bYZﬂ'&ﬁv‘n@%mQQﬁﬂ?@t@ﬁrﬁ%ﬁa@d to
each of the nd the

- bpes Bies el AR B ADn ISR e Rule” TR 15
!sle?ihtes-connz g 0 tivcﬁg,l l \% Oﬁﬁglﬁs gtpe hot odettect or 53 is
optically coﬁ%ﬁ? ides ar %dt tﬁeﬁ%ﬁw ?t@? §pting apparatus “v‘g{ Ssuch

. e . ) 53
cor rooponds’ ORSHAAR by Bsing Clerd 6hE YPRICH need pbfoRBMRCH Bkl °
are given togpegltad Héxecé Ate Fﬂ’é)sﬁé‘ sive. |

e :
-22- sensors 20 respecti vel en the light has passed therethrough,

and al so that quanFigy 1 illugbtateqr4 atfldreisotlter Benbodiin@dimi! oPitheEC

val ues of currents each flowing to the associ ated power supply

termnal TvD@stingoapipaphtus aseaddih ngstizsgnan BCoofishettyre hlawing at he
optical system and the sumof the values of currents flow ng t hr ough
the pluralitpleralitnef poppes supplyntermimals Tvoan bn Fig. 12etlanccdréy one
| i ght source 51, .one photodetector 53 and one .detectjng circuit 54.
Consequent | ynof shawpothe pattern gansnates 58, theudninsng: eiecuitnfor thee

values 8 SO FobhOHSE SRR IBS s cbSHRES A SaES e Bl
sensor 20.

In this embodiment, there are provided a plurality of
current sensors 20 the number of which is equal to that of the
power supply terminals Typp of the IC under test 11.

15 Specifically, in this embodiment, four current sensors 20 are
provided, and one end of the current-voltage converter 30 in
each of the four current sensors 20 is connected to the positive
voltage terminal of the DC power supply 12, and the other end of
each current-voltage converter 30 is connected to an associated

20 power supply terminal Typp. Furthermore, the input and output
optical waveguides 22 and 23 to be connected to each of the
optical modulators 40 are connected in series, and the light
source 51 is optically coupled to one end of the series-connected
optical waveguides and the photodetector 53 is optically coupled

25  to the other end thereof.

With such arrangement, the quantity of light received by
the photodetector 53 corresponds to the sum total of amounts of

optical modulations that are given to light by the four current



Fig. 13 illustrates a - nodified formof the enbodi nent shown in Fig.

12. This nodjfied enbodi nent shows the case t hat probes 63 are brought
into contact with el ectrode portions 15 of I1C chips 62 fornmed on a wafer
61 thereby directly testing the | Cs nger their chip state.
Conventional ly, the probes 63 are supporf®f by a ring- shaped probe
card 64 so as to extend toward the center thereof, and the tip of each
probe 63 is brought into contact with the 20 el ectrode portion of each

Ci'ghal ar'c. s8pBEOEY AthrespRCEAsly whemtbed1gbt het RassedtteraERUEN, t ne

P contr aet 284 AB8.ht auanBfiok Hh herrnents Jo T Bl tosal [fkthe
Cher cof, anavahiandt aPFERMEFRERTIBHRE S e BhnosiatedpaRbFelitet © "
sensor 20 1 stdir@ind] et {PARUARALABIy, an RRUDGE'mYBKSAY 08n3tiede0a By

recei ved by ctor

- 23- i tRi S t | | §f CH4S sainal
el ect rorrsagne%l??: o\/%t\}gg,l aswg%?ﬁg’ i&?geﬂfebvgﬁﬁ? ijtsﬂgé B?rl\gﬁ?ﬁ %? theeﬂt?ﬂgglg%ggal
wavegui de 23throeghetitteplufabitgfef power isupplsstéimingls Typp cadt beCs in .
chip formw thout being affected by external "5 el ectromagneti ¢ waves and
the |ike evemédsuted ryobaechHghtogoutde 51, onel phbtodetectorSi3 and one

phot odet ector, 53, the detecting circuit 54, - the sanple-and-hold
circuit 14 afeteeting rércuid MusConsequently, it igqpessiblg tiondeterminepr oper

di sposed at a ,positign spaced art fromthe position (tes ead)
where the I C €L Bae Sﬂni%fige vakugoefcurrents OWIHEFCB.HNRE’S a

Im;d: L'tg Lg?ré)%pégﬁg%gﬁﬁ%ggﬁ%sﬁryi Pegrminalsmf‘tvrf)%dfal rs]ivsvi 11{ ngdra%né)eo Pgrent
normal values or not.

Fig. 13 illustrates a modified form of the embodiment
shown in Fig. 12. This modified embodiment shows the case
that probes 63 are brought into contact with electrode portions

15 of IC chips 62 formed on a wafer 61 thereby directly testing the
ICs under their chip state. | _

Conventionally, the probes 63 are supported by a ring-
shaped probe card 64 so as to extend toward the center thereof,
and the tip of each probe 63 is brought into contact with the

20  electrode portion of each chip formed on the wafer 61. A power
supply current and a driving signal are supplied through each
probe 63, and the measurement of the power supply current is
performed at the side of the power supply 12.

In contrast to the above, according to the present

25  invention, the current sensor 20 is inserted in each probe 63 at
the intermediate way thereof, and an optical signal optically
modulated by the current sensor 20 is transmitted through the

optical waveguide 23 and is received by the photodetector 53.



exclude the influence due to a drift of the quantity of |ight emtted
fromthe light source 51 and to elimnate an offset 15 vol tage of the

phot odet ect or 53. In this enbodi ment, an optical coupler 65 is
connected to t he i nput optical-mavegg%de 22 at the side of the |ight
‘source 51. The optical coupler 65 bravthes an input light into two
parts one ~of which is inputted into the optical nodul ator 40, and the
ot her 20 of which is inputted into a correcting optical wavegui de 66
fornmed adjacent to_the optical nodul ator 40. The, output |ight fromthe
correcting optical Inésiégmw,dwo,snaeémtuébanyealxeauﬁad by extesmadet ect or

e vod by SSEBEAEE SintRESH e HitSrenst halkngth Seibe i
St Y ohe "o BPelAR) ARG SRR, TherefuiTR pbbGIRE"
Vot a0 oudr it FOSIERBARE Atah Witifout beiflgMitediEd BY dkilinaicoe! ved bY
one 15 ° PR PET RS b R b T MR pbbR AP i e

vol tages pr Oﬁigiﬂdgbﬁrgbes PhthepHeddéteeifr 3T, the d%tte%(ﬁﬁgg:ircugt 5@,r cui t

54A can be renoved. Accordi ngly, the voltage sfgnal from’which
the offset the samplegasdHavkl kéeouiteidveddithe hike ubé tesused i fleei t 67
IS i nputted via the sanple-and-hold circuit 14 and the A/D

converter 15measuting mstrugmenhpriogreredisposedatsa lpasitionisproed apartt he
measur ed val ye from which, the offset voltages have been 10 renpved.

Fur t her mor e, TEQmcthe positign dteshhead )cwhrarguthel IC undegutest: hhtis! i ght
brancheg, by the ogtical coupl.er 65 passes through the correcting

opti cal vegfﬁﬂ‘é %@' fornmed adjacent to the opti cal nodul ator 40, the

light passing thr Ong. 1% sh8WE S W¥Hification of the current measuring

method. This modified embodiment is intended, for example, to
exclude the influence due to a drift of the quantity of light
emitted from the light source 51 and to éliminate an offset

16 voltage of the photodetector 53.

In this embodiment, an optical coupler 65 is connected to

the input optical waveguide 22 at the side of the light source 51.
The optical coupler 65 branches an input light into two parts one
of which is inputted into the optical modulator 40, and the other

20  of which is inputted into a correcting optical waveguide 66
formed adjacent to the optical modulator 40. The output light
from the correcting optical waveguide 66 is received by a second
photodetector 53B, and a voltage signal corresponding to the
quantity of light received by the second photodetector 53B is fed

25  back to the driving circuit 52 for the light source 51, thereby to
control the intensity of light emitted from the light source 51 to
be stabilized. The voltage signals corresponding to the -

quantities of light received by the photodetectors 53A and 53B



optical waveguide 66 is subject to the sanme influence in 15 tenperature as

that of the |ight passing through the optical nodul at or 40. Therefore,
an additional advantage is obtai ned that there is elimnated
variations in the optical nodul ation haracteristic of the optical
modul at or 40 due to tenperature varfggTons of the dielectric substrate
41. 20 | NDUSTRI AL APPLI CABI LI TY As descri bed above,
according to the current neasuring met hod according to the present

i nvention, since an el.ectric . Signal ich |s detected_in relation to a
current flowe$Peshyelyoare symhead@ A tracting pdrcue6/awhenecongeis t he

intensity P[er of light emtted.fromthe |ight source 21 and the

i nt ensi tg P% g}lHr%‘fted from the q 'rvg%lti?ys‘t‘ﬁg W@&ﬁféﬁ@@@opfg@e"goes up and
Boer MY or  YOLPERYS Brodifedd Thettd pHotodéreleor 153 a%dtla' ik otégyRls
limter ci rCHilt(:,ﬂi% Mﬁdegnaﬁetl@??g%gﬂ?“ ng circuit side. Accordi ngly,

even if a current value returns I'medi atel y after an excess

anount ¢§ current mdﬂda\tf%iy,tth@reog@gﬁigﬁal frond YhICH Ihe"eAREEON. and

hence the current imedi a reache a“target value and is stabilized

at that val ueoltigeedumrs beercyemoved inf tidgubteaetimpoitdielt 6Pds

| arge-current pulse I[err] and the mnute - current  I[err] alternately
flow is repetnputtad vigtthspsethplerand-hald circuitur4 amd therAfDcan be
measured with high accuracy and in stable condition even just_ after
the | ar ge- cuFPBYCTHEr do F{lé? thenAd W] boea@ndibence it inpassibleito, obtain

Ui tabl e 1 or T AIPASHESS PR MoBuREMCH the offSeioltagesthavs besBugh o
reacur 1 m g e Plrlfinigre, sinfy ahe Smbodimeat if e dipigndeds of “the
type that | such that light branched by the optical coupler 65 passes through
the correcting optical waveguide 66 formed adjacent to the
optical modulator 40, the light passing through the correcting
optical waveguide 66 is subject to the same influence in
15  temperature as that of the light passing through the optical
modulator 40. Therefore, an additional advantage is obtained
that there is eliminated variations in the optical modulation
characteristic of the optical modulator 40 due to temperature
variations of the dielectric substrate 41.
20
INDUSTRIAL APPLICABILITY

As described above, according to the current measuring

method according to the present invention, since an electric .
signal which is detected in relation to a current flow of excess
25  amplitude results in that the ratio between the intensity P;, of
light emitted from the light source 51 and the intensity P,,; of
light received by the photodetector 53 goes up and down only
between the state of P,,/P;,;=1 and the state of P,,,/P;,=0, no



15 renders a decision that an I C under test is defective or not
def ective dependi ng upon whether the | eakage current is within a

prescri bed range or not. Mor eover, according to the present

i nvention, the nmeasur ed val ue of cuzﬁfn detected by the current
sensor 20 is 20 transmitted through the“ltput optical waveguide 23, and
hence it is free fromthe possibility of suffering a variety of

el ectrical interferences in the output optical wavegui de 23.
Accordlngly, there, i s obtai ned an advant age that .t he .accuracy of

measuring  limiter cireniteicneeded atihsedetactingnelrcomig®ideen i f the test
head 25

each of her arlgccordln % 08n 1P i et v ale refdridt gé‘té b dm\sfﬁ};ﬁq;%gg' HXPNED
IS had

converting Al A EXCGSRAmaldy 86 G sty Wt diguery e oours ng
current - vol tf&ﬁlﬁ%ﬁﬁe Imenon, a altlglr% yg?he%u& %fé}gt iﬁﬁﬁ%fl?ﬂéﬁf fé@(fﬁ@% tted

t hrough an age’ si si ng

the phage m%f’%l?@ﬂvh!lﬁétaﬁ& 1b'"§t%'8(1ﬁz%d""atthchat value ! 'thseﬁ%htlj',seveﬁt

phase nodul ate tain I nterference |ight
converting tifethephiesicmedion lnhat Itherlfaerg@ncarfeﬂhpulsboln and themiwtet ri c
signal to specify the value of the current be neasured.

current I alternately flow is repeated at hlgh speed, the minute
current I can be measured with high accuracy and in stable
condition even just after the large-current pulse Ip; has flowed.

10 As a result, the current measuring method according to the
pfesent invention is suitable for use in measuring a leakage
current that flows through a power supply terminal of an IC
having CMOS structure, and the current measuring method is
suitably applied to an IC testing apparaius of the type that

15 renders a decision that an IC under test is defective or not
defective depending upon whether the leakage current is within a
prescribed range or not. |

Moreover, according to the present invention, the

measured value of current detected by the current sensor 20 is

20  transmitted through the ouvtput optical waveguide 23, and hence
it is free from the possibility of suffering a variety of electrical
interferences in the output optical waveguide 23. Accordingly,
there is obtained an advantage that the accuracy of measuring
the minute current can be maintained high even if the test head

25  and the measuring instrument proper are greatly distanced from

each other.
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20 2. The current neasuring nmethod as set forth in claiml,

wherein light inputted into said optical nodul aEJo‘PGSF%PUOH Paged an--oppagedl.-TT....
pul se, which is generated in synchronismwith W& Claim(s) negsged nb.to piged,.39...
and the transm ssion quantity of e oiili Rawine(d) sepaigsd i11t.@q pageadt.0;
obtain the value of 25 the current {9“be |Hasbstract. : paged..m.Ao paged CBE....
sensor conpri sing: a current-vol tage cenverter—for.converting a
current to be measured to a voltage signal;—30 a branched .

interferonetric optical_ nodul ator conprising opti cal branching
part, an opt MéﬂAfEdﬁnISi;bé!iMlﬁD IS: two opti cal lﬂ'ﬂ!ﬁﬂﬁjmﬁmlmnﬁ
bet ween sai d opti cal .branching part and sai g part,
and two pairs of electric field applying el ect rodés Bnes pair 35

bei ng formed at boie deir%f& ?ﬂgggﬁrlﬁfgﬁné{ﬁog c')m?rlsmg the é’@\f)%ggfdes to

put it between the

-sa|2(7j tvvo opti caI n&%régtf gBEfélﬁfg%aé%\gﬁég iéésj(gsi{l(% é%l%g@r lgcnt rodes,
said optical bg %Qﬁﬂlr@% W&lt&@é‘b@n%ﬂtﬁ?l coupling part, said two

optical waveg two’ pairs of electric field applying
el ectrodes being Phase rrfd?ilmihﬁ ﬁ't%@ﬁi% itfaf SRSttt thréagd Shanched
interferonetric optical nodul ator phase nmodul at i ng | i ght being
transmtted dopticglhnteddlaps byl thwedltage signal; by the vol tage signal;
15 a substrate for su%portl ng said optical modul at orand

causing the phase modulated light to interfere with light

that is not phase modulated to obtain interference light; and
converting the intensity of the interference light into an

electric signal to specify the value of the current to be measured.

2. The current measuring method as set forth in claim 1,
wherein light inputted into said optical modulator is an optical
pulse which is generated in synchronism with a measﬁring
timing, and the transmission quantity of the optical pulse is

integrated to obtain the value of the current to be measured.

3. A current sensor comprising:

a branched interferometric optical modulator comprising
an opfical branching part, an optical coupling part, two optical
waveguides formed between said optical branching part and said
optical coupling part, and two pairs of electric field applying
electrodes one pair being formed at both sides of one of said two
optical waveguides to put it between these two electrodes, the
other pair being formed at both sides of the other of said two
optical waveguides to put it between these two electrodes, said

optical branching part, said optical coupling part, said two

is Sheet Has Been RTlaced
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said current-vol tage converter; an i nput optical wavegui
applying light into said optical nodul ator; an OUtﬂ

optical waveguide for taking out interference 20 from
said optical nodul ator; means for,gausi ng tik S d Iight
to interfere withlight that is Mt" phase ny

obtain interference |light; and means for convVerting the i ntensity
of interference 25 light into an electric signhal to specify the val ue
of : the current to be measured. . The current sensor as set
forth in cl apptizalwavsignides, and saadrt\@etpagsOQf iedgctuigyBigldoepplying
provi ded on the 30 dielectr subst.rat e on which said optical

modul at or i selectrodessbeing fgm’d?’&%érﬂntaodéﬁ estoiR SUBStESES ator, and an

el ectric signal derlved from t transmt

correcting optical? Ei‘ltd‘éo g&n[v&régﬁ@ﬁscdqgvegang a %\Wrglrgc{jor be

signal deriv tted 35 ~ through said opti cal
ﬁf’eafs’&i’@& s A Witabt AaHA! .

m)du! at or. -28- 5 An |IC
testing apparatusy aém?sgi‘a @%?%@po?tm%“éé?d‘?ptlcal moﬁhﬁ&’cd‘tgah‘?i té‘%HPWer

supply term nal of under renders a deci sion at the

| C under tesgurfent- voltag gadeavereerer not defective depending upon whet her,
the 10 current f|OWI ng to the povver supply termnal is |arger

than or smaller than imputeptideldweteguidaifordpplying liglesintwg sapgdar at us
conpri si ng:
v J optical modulator; and
an output optical waveguide for taking out interference

light emitted from said optical modulator.

4. The current sensor as set forth in claim 3, wherein a
correcting optical waveguide is provided on the dielectric
substrate on which said optical modulator is formed adjacent to
said optical modulator, and an electric signal derived from light
transmitted through said correcting optical waveguide is used to
compensate an electric signal derived from the light transmitted

through said optical modulator.

5. An IC testing apparatus which measures a current
flowing to a power supply terminal of an IC under test and
renders a decision that the IC under test is defective or not
defective depending upon whether the current flowing to the
power supply terminal is larger than or smaller than a prescribed
value, said IC testing apparatus being characterized in:

that the current flowing to the power supply terminal is
supplied to the current-voltage converter of the current sensor

defined by claim 3; -
heet Has Been Rep‘laced
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means- for supplying the current flowng to the pover - supply
termnal to the current-voltage converter of the 15 CUrTeEnt sensor
defined by claim 3; a phot odet ector for con ' sity of
interference light emtted fromthe out pu optlcal mm“m“ﬂﬂuu[“lm of the
current sensor into an electric hal L Weams ¥
conparing the electric signal with a preset . val ue to determ ne

whet her the electric signal is | arger than or smaller than the
preset value, thereby to render a decision that the I C under test

i S def ect i thabthedntdnsify ofantesfererﬁ'.e htght emittedtfirogn thepar at us
whi ch neasures a current fl ow ng power supply ternjpal of
an | C under puéput optical éﬁaVﬁgﬂddﬁSOﬁtbécﬁ%ﬂ&mtWSQhéS mm%ﬁera 8o s

def ecti ve or not, def ectlve end| on whet her the 30 current
flowing to tRAB ‘E)]cﬁﬁéi'l%t?bgp? ﬁgt?geﬁ?ﬁgb than or smaller than

means. 1 or biﬂpﬁf'yfﬁ&l%ﬁ&ﬁaﬁ%&mlq pighihis SORBAEEAH T WBRESe Ratye to

gg; im'nggl b;O CFigf%flgﬁﬁsnalh\é(%hte?gt‘ﬁec8%’&%8 'si8ha1"S Bitger thdt'dr8nalféro’

REPLACEMENT Hikh e preset va‘rlue the{ﬁby to render a declslon thatthe 1C a
first photodetector or converting e’intensity o I nterference

light emtteahddr &8t iddefevtivéd orddt deffective. wavegui de of the current
sensor into a first electric

6. An IC testing apparatus which measures a current
flowing to a power supply terminal of an IC under test and
renders a decision that the IC under test is defective or not
defective depending upon whether the current flowing to the

~ power supply terminal is larger than or smaller than a prescribed
value, said IC testing apparatus being characterized in:

that the current flowing to the power supply terminal is
supplied to the current-voltage converter of the current sensor
defined by claim 4;

that the intensity of interference light emitted from the
output optical waveguide of the current sensor is converted into
a first electric signal by a first photodetector, and the intensity
of light transmitted through the correcting optical waveguide of
the current sensor is converted into a second electric signal by a
second photodetector; | |

that said first and second electric signals are processed by
operation thereof to compensate the first electric signal; and

that the first electric signal is compared with a preset
value to determine whether the first electric signal is larger than

or smaller than the preset value, thereby to render a decision that
| cet Has Been Re‘laced
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signal, and a second photodetector for converting the 10 intensity of

light transmtted through the correcting opti1cal wavegui de of the
current sensor into a second el ectric sign l “(u ﬂm for
processing said first and second electric 3‘““"“1‘“ “ m

thereof . to conpensate the first 15 gpectrl c siyndl ; tanl means
for conparing the first electric signal with a preset value to
det er mi ne whet her thefirst el ectric signal is larger than or

smal l er than the res val ue thereby to render a decision that
the | C under the test 14efefoctine or not defestivee. 7. The IC
testi ng apparatus as set forth in claim5 or 6, wherein the IC
testing repeats at high speed the state of consum ng a Iarge

current and the st

f 25 ' h
measur ement of cur teﬁ e 1€t Stlpgeaprpﬁﬁ?@%ﬁ?r%}# ﬁi”gt rrerrhtI? 1% s?ﬂ’é. ©

when the e SReTLEREIT: thdit Best (Epeats BrHiBATLBed the stats of Mol "
the current %%'?fs%fr%i %ﬁcie‘l’%ﬁ'gié%ﬂﬁént and t geﬂeoéftc%s?ﬁﬂ?ﬁ fhg l?or e'ach

termnals of the | current 1s rrea ur e

power supplycurrent, ahdrifi fRk- mea%%reﬁientT of durreantt ithe MiRYtatSrientSRt
forth in claim5 or 6, wherein when the | C under test has a

plurality of npaimly measured.
REPLACEMENT SHEET
8. The IC testing apparatus as set forth in claim 5 or 6,
wherein when the IC under test has a plurality of power supply
terminals, the current sensor is provided for each of the power
supply terminals of the IC under test, and a current is measured

for each power supply terminal.

9. The IC testing apparatus as set forth in claim 5 or 6,
wherein when the IC under test has a plurality of power supply
terminals, the current sensor is provided for each of the power
supply terminals of the IC under test and the optical waveguides
of the current sensors are optically connected in series, and the
sum total of currents flowing to the plurality of power supply
terminals respectively is found from the quantity of optical

modulation for light.

10. The IC testing apparatus as set forth in claim 5 or 6,
wherein an optical pulse is applied to the optical modulator at
each measuring timing, and the quantity of optical modulation

for each optical pulse is detected by a photodefector, thereby to

measure the current value at each measuring timing.
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sensor i s provided for each of the power supply termnals of the IC
under test and the optical wavegui des of t ensors are
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12. The ICt appar I'n clal erein the
electric si ggﬂrticﬁ?rdffﬁﬁ 1C VRip fotm@d 0#0a semid6AdETbE S¥afér ot ebie
correcting optical wavegul de provi ded adj acent to the opti cal
nodul at or, i gogestitheé I1C chip. to a i ght source driving circuit to
stabilize the intensity of light emtted froma |ight source,

t her eby to nmeasure a current flowi ng through the I C under test.

12. The IC testing apparatus as set forth in claim 6,
wherein the electric signal, derived from the light transmitted
through the correcting optical waveguide provided adjacent to
the optical modulator, is applied to a light source driving circuit
to stabilize the intensity of light emitted from a light source,

thereby to measure a current flowing through the IC under test.
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