OPTI CAL DRI VER, OPTI CAL OUTPUT TYPE VOLTAGE SENSOR AND | C

TESTI NG APPARATUS USI NG THEM - " TECHNICAL FIELD 5 The present
invention relates to an optical driver which is driven by an opti cal
signal to generate a vol tage signal for_ﬁhe ' application of a test
pattern signal to an I C under test, an optical out put type vol tage
sensor which outputs its detected voltage as an optical signal for

the transmi ssion of an anal og anount 10 corresponding to a nmeasured

vol tage value, and an OPTEAL PRIVER o%ﬁgmﬁ@rm”vggﬁgp
BACKGROUND ART f
conventional IC 15 te§ENEQ%aﬁ§ﬁ? ;{:L;@ﬁé f &igﬁ@@%ﬁ%&wm g(r)]n’?mna
use conprises, as depicted in Fig. 15, a test head THD, a mainfrane

M N wi tipgpEb hei vi ce proper stored therein, a cable KBL
I nt erconnecti ng ?ﬁgﬁ$ﬁggﬁggﬁpauto-handler HND for feeding an IC under

test 10 t the t cFhelisess $Hiela 4 6B 6pRES] Arivet which e

illustrated prior art” exanpl e adopts a system co I 'on erein:

an | G socket fivien BBughahueal HEnbes GIAekabE vblia geignal 9t {5t 10

is held in contact with the | C socket or electri connecti on

wi th the mai ripplieatibh ofHacest pareeranii ' isqgnal is
applied from t%g mai nfrane M Nn[d(} thebl%%%e?ﬁgg‘eﬁ?gsetr tlese’\??'gqé _eé%labl e
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cable KBL to the mainfrane N, the response signal and an™

expect ati on appticabjignal fordhegiarsmissiga iofam analog amount

10 corresponding to a measured voltage value, and an IC testing

apparatus using them.

BACKGROUND ART
Fig. 15 i]lustfates the general construction of a conventional IC
15  testing apparatus. The IC testing apparatus in common use
comprises, as depicted in Fig. 15, a test head THD, a mainframe MIN
with the testing device proper stored therein, a cable KBL
interconnecting them, and an auto-handler HND for feeding an IC
under test 10 to the test head THD on a fully automatic basis.
20 The illustrated prior art example adopts a system configuration
- wherein: an IC socket SK is mounted on the test head THD; the IC
under test 10 is held in contact with the IC socket SK for elecfrical
connection with the mainframe MIN through the cable KBL; a test
pattern signal is applied from the mainframe MIN to the IC under
25  test 10 via the cable KBL; and a response signal of the IC under test
10 is fed via the cable KBL to the mainframe MIN: the response

signal and an expectation are subjected to logical comparison in the



mai n‘frarre M N to determ ne whether the IC under test 10 is in nor nal

operation, thereby conducting i-ts quality eval uation. I n
association with the test head THD there is placed the auto- handl er
HND whi ch automatically transfers the ICunder test 10. 5 The

“aut o- handl er HND conducts fully automat i'@'operat ions of . engagi ng the
| C under-test 10 with the I C socket S, and after conpl etion of the
test, disengaging the tested IC fromthe |IC socket SK, then
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whose H and L logic are defined by the test pattern data

from the patt8Kptiyenelassifyig the tebtext ICi 30 aandohdefective ort deféctvé t he H
and L logic are defined according to timng data that 25 1is provided from
the tining geaetendingT® testecorclusions, and puttialg it in tIREStErage eabgnet ed
for each input termnal T[err] of the |IC under test 10, and is

provi dedl@i a €pacNRD KBL and a driver 12 to every input

- 3- t er m nal T[errt] of the | C under test 10. _ When t he

| C under test 10 Because ofitheneeessitynofmytomatically feedingothve I@rinden i n
each address of 't | C_under tes(tj 10 ysing the test attern signal

PGSI G and t hegStdt® 40; the test head THM by emhandieréiNBaas desexibed

termnal T[err]. Thalrciapons,e signal thus read out to the
above, the IC testing apparatus is forced to adopt a system

configuration that the test head THD is placed apart from the
- 15 mainframe MIN and electrically connected thereto by the cable KBL.
Fig. 16 depicts a general configuration of an electrical system in
the IC testing apparatus. In the mainframe MIN there are housed a
pattern generator PG, a timing generator TG, a waveform generator
FOM, a logic comparator LOG, and so forth. The pattern generator PG
20  outputs test pattern data PGDT to the waveform generator FOM. The
waveform generator FOM generates a test pattern signal PGSIG of a
waveform whose H and L logic are defined by the test pattern data
PGDT fed from the pattern generator PG and whose rise and fall
timing of the H and L logic are defined according to timing data that
25  is provided from the timing generator TG. The test pattern signal
PGSIG is generated for each input terminal Tyy of the IC under test

10, and is provided via the cable KBL and a driver 12 to every input



out p\u't termnal T[err] is decided by conparators 13A and 13B of a
vol tage conparator 13 as to whether it has a predeterm ned H | ogic
| evel and a predetermined L logic |evel, and the decision results are

sent as CP1 and CP2 to the mainfrane M I}g_vi a the cable KBL. 10 . A brief
description wll be given, with reference to Fig. 17 of oper ati ons of
the conparators 13A and 13B. Fig. 17A depicts the waveform of a
response signal V[err] of the IC under test 10 read out to tlh_e |
out put term ngdrmireAl thedrghde?test 3fH,and 13B are supplie
with a strobe pul se STE?romthe mai nframe M N which is 15 gener ated by
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10 A brief description will be given, with reference to Fig. 17 of

operations of the comparators 13A and 13B. Fig. 17A depicts the -

waveform of a response signal V. of the IC under test 10 read out

to the output terminal T,,,. The comparators 13A and 13B are

supplied vvith a strobe pulse STR from the mainframe MIN which is
15  generated by the timing genei"ator TG, and output the voltage

comparison results CP1 and CP" in synchronization with the strobe

pulse STR. | |

That is, at the conclusion of an elapsed time TDRY from the start

of outputting the response signal V,,, to the settling of its waveform,
20  the strobe pulse STR is applied to the comparators 13A and 13B to

cause it to output the comparison results CP1 and CP2. The

comparator 13A is supplied with a comparison voltage V oy that

defines the normal H logic level. The comparator 13B is supplied

with a comparison voltage Vo, that defines the normal L logic.

25  When the H logic of the response signal Vout is further positive than

the comparison voltage Voy, the comparator 13A outputs, as a test



The caorrpari son results CP1 and CP2 provided fromthe corrpa.r ators 13A

and 13B are sent via the cabl e KBL to the mai nfrane M N and are

subj ected to a |l ogical conparison with an expectation pattern NPG by
means of a |ogic conparator LOG 10 di S_Hosed in the mainframe M N, the
quality of the I C under test 10 i s'deci ded, dependi ng on whether a
msmatch is found in the logic conpar at or LOG _

Incidentally, there are connected to the output term nal Tout of 't he
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head THD and gbgparator LOG.

Incidentally, there are connected to the output terminal Tout of

the IC under test 10 a terminating resistor TMR for impedance

15 matching use and a DC power supply 14 that has a terminating
voltage value VT which is determined by the specifications of the IC
under test 10. Fig. 16 depicts the case where the IC under test 10 is
an IC of the type having its input terminals Tyy and output terminal

Tout Provided independently of each other, but cases are also often

20 met with that the input terminal and the output terminal share one
pin. On this account, as depicted in Fig. 18, the output of each driver
DR of the driver 12 and the input terminals of the comparators 13A
and 13B of the voltage comparator 13 are connected together to each
input/output terminal Tjg of the IC under test 10. In this instance, a

25  terminating resistor TMR is connected in series between the output

terminal of each driver and its common connection point of the



mai nframe M N are separated from each other and are electrically"

connected by the cable KBL. : ' Incidentally, users of IC testing
apparatus call for testing guantities of ICs in a short time. To neet
this requirenment, the auto- 15 handl efg HND and the test head THD are
forced to becone | arge-scale and bul ky, and consequently, the length
of the cable KBL is on the I ncrease. Wth an increase in
the length of the | onger the cable KBL, el ectro-magnetical ly induced
noi se_beconescopfiaratised 1340 a0l 18Bxa fhode it Whithd B3 rep56ET0F (AL Iever
the cabl e.and t'hé signal al so becones nore susceptible to a parasitic
stray capaci tgnderaedtd(pdiesest pattern sighd(dertayivritere @béreiiBlthet hi s

i nposes limtations on the transm ssion rate (frequency) of signals

that can be tdgiver isterlised to cwmtperentdtmin@tingrveoitage VEnchémaheest head
THD; that is, the 25 |lengthening of the cable leads to the di sadvant age of

setting |ini tpotential levél ohthvewveltdge signalng,,/head icutof the iQamdey

serious obstacle associated with the use of the configuration that

i nt er conrgect sgddfel O in a state in which the terminating condition of the IC test
head THD and the mainfrane M N by an el ectri cal ransnisg}on € PPHSF

Anot her pr obl gstyl 0uié sasistiedis abjered ts thertomphrisoioBy the guantities
of electronic circuit.elenents such as the drivers 12 and™ 5 t he vol t age

conpar ators Icbmparacoesd 3ixande] BB and giecongpatibon resultsSEP1hasd CPD.
And there is the recent trend that the nunber of ICs to be tested at a

ti me i ncreaseare sendin®? thednainframe MINunber of |Cs to be tested at
atime increases, the calorific value per unit space in the test head
THD i ncreases andt willdventimderstaod frons the abevethat ke ICestinegiui r es
devising a nethod for heat radiation and, . involves additional costs
thereforl0  apparatus has & configoradoniwhegeins she test hreacbTHR and thepose

an ICtesting | apparatus which permts dramatic inprovenents in the
test speed, mamﬁéameaMIbbar@éepaﬁa&ﬂ froneeach ather and areglectricallyi cal

driver that 15 are ed.to inpl nt the IC testing apparatus.

A second obj &Qn%?d@ﬁ‘euﬁ r@%‘f‘eﬁ@gf%mi on is to propose an IC testing
appar atus whi ch reduyges the calorifig value in the test ad | and
hence avoids t he BIGARRLAIY.USEFS RLAC $e36ig ABRaTaRES SALlGGT testing

quantities of ICs in a short time. To meet this requirement, the auto-
15  handler HND and the test head THD are fbrced to become large-scale
and bulky, and consequently, the length of the cable KBL is on the
increase.
With an increase in the length of the longer the cable KBL,
electro-magnetically induced noise becomes more likely to get rhixed
20  in the signal transmitted over the cable and the signal also becomes
more susceptible to a parasitic stray capacitance and a parasitic
inductor of the cable KBL--this imposes limitations on the
transmission rate (frequency) of signals that can be transmitted
between the mainframe MIN and the test head THD; that is, the
25  lengthening of the cable leads to the disadvantage of setting limits
on high-speed IC testing. This is an insuperably serious obstacle

associated with the use of the configuration that interconnects the



out put type voltage sensor and an. optical driver that are used to 20

Fopl ement the | C testing apparatus. DI SCLOSURE OF THE | NVENTI ON

The present invention proposes an optical driver whi ch i nt erconnects
the test head and the mainfrane by an opélcal wavegui de and sends a
test pattern signal as an optical signal-to the test head for applying
the test pattern signal to the I C under test after conversion to an

el ectric signal, and an optical output type

under AP d I L R I, BB Bl P

~mai nfrane, anﬂnkurther proposes an | C testing apparatus u3|ng t he
optical driver and the optlcal out put type vol tage sensor. Thus,

di to th f
are i nt e connect cATBya: RIHIRM 3 ariset f585h (et uttbn thatla%ﬂl de Is
free fromthe ﬁﬁfﬁﬁi@éé bfﬁ@é&ﬁﬁ@%?eg@%tb%ﬁcﬁ’as thfurt %i‘ﬁeljZ agipe or

simlar eI ect nol se getting ereinto SI nce
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I 'nduct or even [ pt| wavegui de 1's long, the quency o the
signal that ifedtReadTHBRY Avarthidre 1@Pﬂ1e3?écent trenié (RAY tHE WEMBEK6f ICs

dramatic | eap upward as conpared with signal frequency inthe IC
testing appargl B tsted dtha tﬁh@ciﬂdr@alses to 16,t 3261 €21, OAs! tl'{é?mﬁhbé?fdﬁ e,
It is possible to realize the IC testing 15 appar atus capabl e of

hi gh- speed t eKIs 09 .be tested aBRItEndERGRA8ES CthOealoFEfioRAMEPer unit space
Fig. 1 is a connection diagramfor explaining an enbodi nent of an I C
testi ng. appar i thettest heaeisTHﬂDanmneases aiid vemperatugerglsoisése 20

present invention. Fig. 2 is a connection diagramfor explaining
an enbodlOrent remarkablyarthis neqsu;lresg devising asneﬂaodtﬁm“gheaneraxrhattmt amdl put
type vol t age sensor according to the present invention.

Fig. 3 is a pinvolvesadditiengl epstsitpereforsonfi guration and

A first object of the present-invention is to propose an IC testing

apparatus which permits dramatic improvements in the test speed,
and an optical output type voltage sensor and an optical driver that
15 are used to implement the IC testing apparatus.

A second object of the present invention is to propose an IC
testing apparatus which reduces the calorific value in the test head
and hence avoids the expenditure for heat radiation, and an optical
output type voltage sensor and an optical driver that are used to

20 implement the IC testing apparatus.

DISCLOSURE OF THE INVENTION
The present invention proposes an optical driver which
interconnects the test head and the mainframe by an optical
25  waveguide and sends a test pattern signal as an optical signal to the
test head for applying the test pattern signal to the IC under test

after conversion to an electric signal, and an optical output type



25 ‘bperation of an opti cal nDdUIator used in the enbodi nent of Fig. 2.
Firg. 4 is a waveform di agram for expl ai nirfng the operation of the

optical nodul ator depicted in Fig. 3. Fig. 5is a plan

vi ew depi cting an exanple of a concrete-7- structure of the optical
output type voltage sensor used in the enbodi nrent of Fig. 2.

Fig. 6 is a connection diagramfor explaining a nodification of 5 t he
optical output type voltage sensor according to the present i nvention
as bei ng applveltage semsof whidh convarss thesesponse signal from the JCaunder
connection diagram for explaining another nodi fication of the optical
out put type westdgeaan eptical i angl sends the apticak sigaal torthent i on as
being applied to an 1C testing apparatus. 10 Fig. 8 is a connection

di agram f or exainframe, andofiirthes proposds an IC tasting appayaitug using rthieus
depicted in Fig. 2. Fig. 9 is a waveform di agram for expl ai ning
t he operati orppticahdriver anddine Opticabeuspultype volfage sensor. Fig. 10 -

is a maVeforn1diq?ran1sinilqr to Fig. 9. 15 Fig. 11 is _a connection

di agr am i3 | ust r at Thys.aaceonsking terthe present inventions shertgsihieadiand theit
Lensor accor dralh ainechis BueRFOnheEd b B optcal Nesfiguibs’ g ptea
Cono: ment AvERuidE 508 ot e iniBiEh b A eecoenmbnbigtiabne:

ber Specti ve JBdHsed notsEoF siinita SIERRCHE Hoise gertipg mikedithteltidhe i g
w1 gor ol orFther,since B 1 ph i feAGt BEAPLIGILLIIC EabldERE R,
16 is a4 OC&%@E@Q{‘:&Q@ H‘ift‘g%é BRI WAV efhfiFe ib 1ohg, the System of

t he conventi ara
frequency of the signal that is transmitted over the optical

waveguide can make a dramatic leap upward as compared with the
signal frequency in the IC testing apparatué using the electrical
transmission line. Therefore, it is possible to realize the IC testing

15 apparatus capable of high-speed testing.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a connection diagram for explaining an embodiment of

an IC testing apparatus that uses the optical driver according to the
20  present inveﬁu'on.

Fig. 2 is a connection diagram for explaining an embodiment of
an IC testing apparatus that uses the optical output type voltage
sensor according to the present invention.

Fig. 3 is a plan view for explaining the configuration and

25  operation of an optical modulator used in the embodiment of Fig. 2.

Fig. 4 is a waveform diagram for explaining the operation of the

optical modulator depicted in Fg. 3.



-9- Fig. 17 is a waveform di agram for explaining the operation

of the Fig. 16 apparatus. ' Fig. 18 is a block diagramfor
expl ai ni ng anot her exanple of the conventional |IC testing apparatus
depicted in Fig. 16 5 BEST MODE Fgﬁ CARRYI NG QUT THE | NVENTI ON

Fig. 1 illustrates an enbodi nent of the Optical driver according to

the present invention. The enbodi nent deplcted in Fig. 1 is a
t hree-val ue driver capable of outputting the term nating voltage VI 10

the 1C under test 1> LB YTl BPRictpe BB skARORCEE pi Gt ' o,
ip of: a ai ol SQuURERX MEVBHADUGHR Bhe YRR Kehscr 52 in they or )

i n which int eppfho8Rhett!o U|des 22A, 22B and 22C can 15 be forned,
t he internal o%?#ca &%@eQU|g§s 22A, 22B and 22c fornmed in the

diel ectric substr@e @is Mﬁé@&éﬂ(‘dﬂa vvavegk?é%@ﬂ? ?%Odlﬁcaz@@qand 29¢

optically coupled t0 the internal opti

at one eng t hehe@pti¢ i‘?ﬁ?ﬁt’%‘ﬂ vfﬁl@a léhséf?g:kbggﬁ%to tExe ﬁﬁebser?tsB and

25C electrically conne to “an outp ectr

phot oconduct i jtevehdomnas beddg afsihlied to2a¢ICr RSpRY apParatus.
Incidentally, the dielectric substrate 21 is shown 10 be prOV|ded W th

an el ectrode 26 fpig. @igarmm@mﬁmtdmgraﬁﬁf@f s léﬂﬁﬁ gtdother out put
el ectrode 24 and the input electrodes 25A, 25B and 25C and a

term nating rmdifmadnmddhmdpueal\wtpumaypaeohagecsmmma@mrﬁng to

el ectrode 26 and the output electrode 24. To the internal optica
wavegui des 22#he m@sent inventionras being applied tb andC testing appatatudl
there are optically coupl ed external

-10- 10 Fig. 8 is a connection diagram for explaining a modified form of

the IC testing apparatus depicted in Fig. 2.

Fig. 9 is a waveform diagram for explaining the operation of the
modification shown in Fig. 8.

Fig. 10 is a waveform diagram similar to Fig. 9.

15 - Fig. 11 is a connection diagram illustrating an embodiment of an
IC teéting apparatus that uses both the optical driver and the optical
output type voltage sensor according to the present invention.

Fig. 12 is a connection diagram depicﬁng a modified form of the
F1g 11 embodiment. |

20 Fig. 13 is a connection diagram depicting another modification of
the Fig. 11 embodiment.

Fig. 14 is a perspective view illustrating still another
modiﬁcation of the Fig. 11 embodiment.
Fig. 15 is a diagram for explaining the general configuration of a

25  conventional IC testing apparatus.

Fig. 16 is a block diagram for explaining the general electrical

system of the conventional IC testing apparatus. .



optical wavegui des 32A, 32B and 32C formed, for exanple, by opti cal
fi-bers; and the other ends of the ‘external optical wavegui des 32A,
32B and 32C at the side of the mainframe MN are connected to an
optical signal converter 33 by which thg.test pattern signal PGSIG 5
fromthe waveform generator FOMis converted to an optical signal.

The optical signal converter 33 conprises three |ight sources 33A,

33B and 33C provided for each input term nal of the IC under test 10,
and lights the |iEgt 150iy a ssavieformdBagranB st erplaining smet@?émion of test

pattern signals, thereby selectively activating the 10 oconductive

el enent s 23AthaSFigarkb apparatus.ght that the Iight sources 33A, 33B
and 33C emt. By the sel ective conduction of the phot oconduct i ve '
el ements 23A, 23Fignd 823G blogk diagrdm for explaipiisg anothey|exarhplelofrthle and
Verr], which are provided to the Input el ectrodes 25A, 25B and 25C,
can be fed t conventionahlC testingcapparatuscdepitteddn Fig.!§,6the 15

t hree-val ued drive signal DRV can be output. Wth the
configurd&ion of the optical driver 20 according to the pr esent

i nvention, the optical driver 20 and voltage sources 31A 31B and 31C
are mount ed |BES’]3M@B& FOR LARRBINGHUT; INDGENEION 33A, 33B and 33C

are nounted in the mainfrane MN, and by 20 transmtting the test pattern
signal s as Optucéflgslglikht%mt%nmmbodunam@ﬁﬂmr@ igal [drives aceerdingd

THD over the e rnal optical es 32A,. 32B 3C,. | he
t hr ee- val ued BriigPIesRRT Iygntion. Tﬁaﬂggoa’m ?&e‘n ig. 1is a
external con ction rode 26. Fé/ the t hr.ee-vaJ ued drive
ot gnal ke Yeltis uiveE cabable of oytp BRI tertbinaing voltaee T
I nput - onIy te m nal TI N, the estQﬁattern signals can be inhput jnto

the | C dRder ds gdetermined ages Mmand Vi, #dt casionss@knt s
23A, 23B and 23C may each be forned by an el enent of Si,
GaAs, |nAs, d¢hesiGrumngder test 1Q.c Refereince mumeral 268 dehotds theeptical adi at ed
with light, exhibits phot oconductivity by car riers that are %enerat ed
by the opti c&lrivap@ccording tadhe:presgmt inviention. dhs eptical driven20 oari cal

wavegui des 22A, 5 22B _and_22C have been described tqo be formed on the
di el gct ric e made up of: a dielectric substrate 21 as of lithium niobate

(LiNbO3) in which internal optical waveguides 22A, 22B and 22C can

15  be formed; the internal optical waveguides 22A, 22B and 22c formed
in the dielectric substrate 21; photoconductive elements 23A, 23B
and 23C optically ceupled to the internal optical waveguides 22A,
22B and 22c at one end thereof, respectively; and input electrodes
25A, 25B and 25C elecﬁically connected to an output electrode 24

20 by the photoconductive elements 23A, 23B and 23C, respectively.

Incidentally, the dielectric substrate 21 is shown to be provided
with an electrode 26 for external connection use other than the
output electrode 24 and the input electrodes 25A, 25B and 25C and
a terminating resistor TMR formed between the external connection

25 electrode 26 and the output electrode 24.’

To the internal optical' waveguides 22A, 22B and 22C formed in

the dielectric substrate 21 there are optically coupled external



substrat e 21, they may al so be forned by optical -fibers like the
éxternal optical waveguides 32A, 32B and 32C. In this case, the
optical fibers formng the internal optical wavegui des 22A, 22B, 22C

and the optical fibers formng the external optical waveguides 3 2A, 10
32B, 32C need to be adapted so that they are connected to and

di sconnected from each other by neans of optical connectors. Fig.
2 illustrates an enbodi nent of the I C testing apparatus that enpl oys
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oL ence Ak, BN W Bl Y e o
pere ocsor dnpchlpigapnenss oy aanchemmee el ST

the IC ' ' ) ; hGptical sig
e 1 C unger fRsin fifle Wavefdim HEmiatet FOMIS 2d ﬁphh;(%?ca\l/loﬂgnal.

nmodul ator 52 that converts the voltage Vo of the voltage si

recei ved by t The epticabsigitalrconvérter BRdothprises thraetlight SbutcaB3A,
nodul at ed and outputs interference |ight based on the quantity of 25 'light
nodul at ed; an838 ands33G@tprdvided fur eacpinpaititeeminal of the IC tiri@ptestal
nodul at or 52 conprises, as depicted in Fig. 3, an optical branching
part  52-1 for 16y amchligits thedight souness:33iAle33B and 33C in response to the
-12- formed in the dielectric substrate 52-7, an optical coupling
part 52- test, patkerapsignals, thergbyisal etpively activating the ned bet ween the
optical branching part 52-1 and the optical coupling part 52-2, and
electricl®iel P pcondumveeel@memam-l%mcg Zaﬁfgbyzhght@haﬁmheaigh‘al ong
both sides of the twg_optical vegui des 52-3A and 52- 3B. ) The
optical branchPHECERIBAB3B ﬂlﬁ:ﬁ& emit. &phesglectivesonduction ofithe he

O oo A AR89 0 LTI S, cne SRR apiles
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recei ving end 52- and li.ght emtting end 52-8B, exposed gn
ge an %\C, can be fgg to t[ﬂe extegm connectionp ectrode 26; thus, the

15 - three-valued drive signal DRV can be output.
~ With the conﬁguratipn of the optical driver 20 according to the

present invention, the optical driver 20 and voltage sources 31A,
31B and 31C are mounted in the test head THD, the light sources
33A, 33B and 33C are mounted in the mainframe MIN, and by

20  transmitting the test pattern signals as optical signals from the
mainframe MIN to the test head THD over the external optical
waveguides 32A, 32B and 33C, the three-valued drive signal DRV
can be provided to the external-connection electrode 26. By
applying the three-valued drive signal DRV to the IC under test 10,

25  in the Fig. 1 example, via an input-only terminal Ty, the test pattern

signals can be input into the IC under test 10.
In the above, the photoconductive _elements 23A, 23B and 23C



opposite end faces of the dielectric substrate 52-7; a |laser diode or
si'mlar light source 61 is coupted to the other end of the input

optical wavegui de coupled to the light receiving end 52-8A and a 15

phot odet ector 63, such as a photodi ode, 4is coupled to the other end

of the output optical wavegui de 55 coupled to the light emtting end

52- 8B 63. The light source 61 is |it be being driven by a |ight
source driving circuit 62. In this exanple, the light source is shown

to be 20  dringgnelvh HdfoRAeE by 4P blemetBIUST GaAs, IAS,| GPSihdrce 61

| aunches a fixed quantity of laser light into the I nput optical

wavegui de 54.sethiroridicwet geiteriab vhith; whent iegadlintediatigs light, exhibits
circuit 64, fromwhich the intensity of light emtted from the output

optical wavegphdtodondacteityviey casriersahizactre genaratdd byl thé\ optidadapiad
Vlerr] that is devel oped across the termnating resistor TRMiS applieéed
across one ofthedretpaiwhile irethetabave tle¢ dnsamaloeptical waveguidies 32A4,
52-5 and 5 2-6. The exanple of Fig. 3 shows the case where the

vol t age \§ er r3 2B amd @2€havedseen kkesceibed o ibeyforaned on thédieleetriti ed

across the electric field application electrodes 5 2-4 and 5 2-4 but no

el ectric fielsutbstrape2lsdheyrnxay alse bedormed fhye bptigap fiberts Hkecthet r odes
52-4 and 52-6 of the other pair which _are connected together. By 5

appl yi ng an exdernat optital waveguides:324s,i T24B and 334 dkn 3higcase; the
electric field to t_ﬁ@gt er cmﬂéﬁg,M@veg'ide_Sz-SB, l'ight is phase

modul at ed i n QPEC s toendggi e interpal sptical wavieguides 4i2A s 24Bg22C

but no optical ul ation kes place in the optical wavegui de 52- 3B
appl i ed no emcfr%ﬁ@ opdral hﬁﬂrﬁggmmsmgs@mnuﬁ%wawagt@dﬁsﬁﬁ& n

t he opti.cal guide 52-.3A,, interferenceg of JJight occurs in,the

opti cal 1 oup% &tn%%d%’ he adapied 59 %Fl%eﬁgﬁ%gomeéﬁ%qi@ and) j ght
that is emtted to th t put optical vegui de e This will be
descr i bed beldsraRpRCRes trdi eal) offier B BIAAS of biptical connectoffensi 1y of

| i ght incident ongihe i tLleal ' | |

| ight for em ssi [)Fr%ét g %ﬂ%&uﬁgﬁp@%ﬁ%ﬁﬁ%@?éﬁné ﬂb‘f)'&?b’tﬂ(s %at

employs the optical output type voltage sensor according to the

present invention. In this embodiment of Fig. 2, a voltage signal V .
15 provided from an output-only terminal T, is converted to an
optical signal and is transmitted to the mainframe MIN. In Fig. 2,
reference numeral 50 denotes the optical output type voltage sensor
according to the present invention. The optical output type voltage

sensor according to the present invention can be made up of: a
20 terminating resistor TMR which receives the voltage signal Vout
from the IC under test 10 with an appropriate impedance; an optical
modulator 52 that converts the voltage Vo of the voltage signal Vout
received by the terminating resistor TMR into the quantity of light
mo&ulated and outputs interference light based on the quantity of
25  light modulated; and a substrate 51 which supports them.
The optical modulator 52 comprises, as depicted in Fig. 3, an

optical branching part 52-1 for branching the optical waveguide



and the voltage to be applied to the electric field application
elrectrodes 5 2-4 and 5 2-5 be represented by Plerr], Plerr] and V[err],
respectively. Wth a change in the applied voltage VO, the intensity
Plerr] of light which is emtted to the_ﬂﬁyical wavegui de 55 varies 20
along a Cos curve as depicted in Fig. 4A“That is, when the applied
voltage V[err] is zero, Plerr]=Plerr]; when the applied voltage V[err] is
gradual |y varies in the + direction or - direction, the quantity of

certai n appi i Sopmed 8 SRClectEl” SEBREAR: YH-1,on O iy BRE 52
zero. Wth a 35m&apﬁ@§md\§ér§g%q 52L5a aﬁalszg%gg&a, &1 Peridih B! L o

light intensity y 1 Nncreases [N and

when a cert ai i chin _ . . - ]
voltage is reg ﬁlecgl btrﬁ‘(ral em gtpea&‘tl5|%h% alnn g%gi%uﬁleg)rl}p%%%yﬁd%z 12,’ %ﬂgt

i s, Pleledirid field aplicandie cle@Toan 24129905 dhd 52 BPRliAgY0! t a0e
Verr], the emtted light intensity Plerr] presents an optical

dul at i borh it t obti Lkwnd O.
r5m e O?’he ac‘)1|oot1|1gc al magcjiﬂleglt%ﬂrl;fécﬁ‘gréa% Eelgiagﬁ'?c‘}égnlg\g% Sﬁzﬁg%%%]%% t he

case where the opThesdptieabbradehing paresP-32-tBR@ dpHeal -
optical path |length; V\Een t he opti ca?ﬁ[l)‘at h | engt hdgﬁdi ffg@%gﬁgngartsz 2

quarter wavel andt thebptival Waveguitahs2-8pagaties 203Brcabelfirmed, for

wavegui des or when a bias voltage VBAS is applied to the electric 10 field
appl i cati on eexampleebycdififasing)titaniem or ¢heilik€iinto tAeadidléctric the
optical nodul ation characteristic becones such as shown in Fig. 4B
wherein the esttbstratei52t7 madesis of lithivan nichate (IENBOy)c Optical fibergi 6h
the change in the applied voltage V[err]. That is, the emtted |ight .
i nt ensi t30 shasiphilay opticalavavegubdes et and 55! drkoeptically] edupletk to Hlight
foll owi ng description on Fig. 6 et seq. will be given on the

receiving end 52-8A and a light emitting end 52-8B exposed on

opposite end faces of the dielectric substrate 52-7; a laser diode or
similar light sdurce 61 is coupled to the other end of the input
optical waveguide coupled to the light receiving end 52-8A, and a
15  photodetector 63, such as a photodiode, is coupled to the other end
- of the output optical waveguide 55 coupled to the light emitting end
52-8B 63.
The light source 61 is lit be being driven by a light source
driving circuit 62. In this example, the light source is shown to be
20  driven by a DC power supply. Accordingly, the light source 61
launches a fixed quantity of laser light into the input optical
waveguide 54. The photodetector 63 is connected to a detecting
circuit 64, from which the intensity of light emitted from the output

optical waveguide 55 is derived as a voltage signal V,..;. A voltage
25  Vythatis developed across the terminating resistor TRM is applied

across one of the pairs of electric field application electrodes 52-4,

52-5 and 52-6. The example of Fig. 3 shows the case where the



assunption that the optical nodulator is initialized to such a state as

depicted in Fig. 4B, by making the optical path |engths of the optical

wavegui des 5 2-3A and 5 2-3B differ by one quarter wavel ength. ,

As is evident fromthe nodul ati on charagfsristic of the optical 20

nodul at or 52 descri bed above, the optical nodul ator 52 nodul at es t he

I ncident |i-ght to an optical signal such that -.the emtted |ight

intensity Plerr] assunmes a val ue between Plerr]=P[err] and P[err]=0, that
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the applied tric 'd wmthin a certain range (whic
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'he 1 og o | REPE phelep e RId o Sl B BpralipN Bhide’s2-3A butidd
the vol tage sélgegticheld td thecdeier OptichPWavdgidle 5209B! fight is phde
decision result is good, the voltage conparison result and~an
expect ati on agpdullitedtiadthie o@d@a iwavegaide's 2N tappleed tRedleEfse fidld t he
operation of the IC under test 10 is normal or not. "I'n Fig. 2 t here

i s depicted tbatsio opticat modulation takesvplaceda wdveguide 52-here
are not shown the | ogical conparator for conparing the vol t age signa

Verr] and t hBappliedtnoelectricfield. Owinguo dthe phdse moduldgonasft kght
generator for generating the expectation, and so forth. 15

I nci dentd) | vy, inx tee apticali waveguiders2 oA | interference of lightdegtunsdm the in
Fig. 3 for detecting the voltage signal Vierr] is proportional to the

el ectrode | en@ptical ceuplinggpast S2nd, causingvasiatipns jorthecintensityt aflight
that is emitted to the output optical waveguide 55.

This will be described below wﬁh reference to Figs. 3 and 4. Let,
he intensity of light incident on the input optical Waveguide 54, the
15 intensity of light for emission to the output optical waveguide 55
and the voltage to be applied to the electric field application
electrodes 52-4 and 52-5 be repfesented by Pi.n, Pouc and Vy,
respectively. With a change in the applied voltage V, the intensity
P,y Of light which is emitted to the optical waveguide 55 varies
20 along a Cos curve as depicted in Fig. 4A. That is, when the applied
voltage Vg is zero, Pgoyu=Piy; when the applied voltage V is gradually
- varies in the +direction or - direction; the quantity of light emitted
gradually decreases along the Cos curve, and at a certain applied
voltage the quantity of light emitted goes down to zero. With a
25  further increase in the applied voltage V, the emitted light intensity

Pout gradually increases along the Cos curve, and when a certain



el ect r ode spaci ng. Accordingly, the detecting sensitivity for the
vel tage signal V[err] can be enhanced by increasing the electrode 20

| ength L and decreasing the el ectrode spaci ng. The sensitivity
of the optical nodulator 52 can be doubl by differentially applying
the voltage signal V[err] fromthe I C undér test 10 to the both
pairs of- electric field application electrodes 5 2-4, 5 2- 5 and

52-4, 52-6 as depicted in Fig. 5. Another possible nethod for 25 inproving

the sensitivi %%ﬂg?reéfek i'é%_f&féaé,etﬂé]gn&iﬁeed' Hight @leeh'stf Pt N3odSto a 1, theaTtG{tsE ed

fromthe |ight ™

At any rate, Ry cqpvert,l f he response signal ,Voyt output, from t he
| C under testpﬁﬂ%awgﬁmﬁlsugwe 8QiR %Ppgﬁdaﬁgﬁage Vosthgal

Vout of the IC under test 10 as the optical signal fromthe test head
THD to the nafRitted lighty intessifyaPysyPresants apaptitalangehilationn 5  not
deteriorate even if the distance of transm ssion i s sonmewhat | ong,

for exanpl e, characteristi¢ yhatitsgoes up aned dowh betweleer 4. and 0.

addition, no electrically induced noise gets mxed into the optical

signal frbmthe olihe optical medidation eharacberistipatrsihiia Bigp4A is i ahed
parasitic inductor and so on unlike in the case of the electrical 10
transni ssi on €asewheres the aptecaliwayegujdedfat3 Ayandts 23 B tigyethe same
transm ssion. Furthernore, since.the nunber of parts handling

el ectric si gn@pticahpath leagthhwhenitbe optical pathdengtias differrby icore i n

the test head THD can be redgﬁedf This_suppresses the total anount _ of
heat gener at cdUARtehwavelength ofrile lightyw propagases over therbetht ur e

rise in the test head THD, bri ngi an advantage . that _, such an
expensi ve devVa¥egiil eéﬂ?"ﬁ?f%%sﬂ%ﬁ ﬁﬁﬁ:aﬂér\ﬂissgéﬁmlwaﬁotheelecmc Fi g.
6 illustrates_a nodified formof the optical output type vol t age
sensor 50 | nfield application electrpdes cennected as depipted in Figs. 3 and 5,
electrode 5 2-6 formng the optical nodul ator. 52 has a signal 20

transm ssi on ﬂ?@\@P@E@ﬂHé‘ﬂ@déﬂa prechagacteristicobecomas suchras showndnaFig.

and the electric field

predet erm ned, gharacteristic i, nge,. . |

appl i cation eﬁ‘gé‘f’aﬁ%@% tE§6e15‘F{$agﬁ8ﬁ§ Anfensity wardes along thesSincurnye i s

caused to pro ate therethtoygh the.vgltage signal  ,Vout that is )

out put from t‘&‘-}aﬁ} Eﬁﬁr{ﬁ@n%mﬁ& aﬁﬂgeae‘f(gﬁﬁgﬁi\gg- Adatdsothe gmiited light
intensity sharply varies about the applied voltage Vy=0. The

15  following description on Fig. 6 et seq. will be given on the
assumption that the optical modulator is initialized to such a state as
depicted in Fig. 4B, by making the optical path lengths of the optical
waveguides 52-3A and 52-3B differ by one quarter wavelength.

As is evident from the modulation characteristic of the optical

20 modulator 52 described abov_e, the optical modulator 52 modulates

the incident light to an optical signal such that the emitted light
intensity P, assumes a value between P,=P;, and P,,=0, that is,
between P,/ Pin=1 and P, t/P;,=0 in accordance with the applied
electric field within a certain range (which keeps the phase

25  modulation of light within a 360°-range). Hence, the detecting
circuit 64 shown in Fig. 2 outputs the voltage signal V,,,,..; (see Fig.



25 the vol tage source 14 which outputs the termnating voltage VT are
connected in series to the termnating end of the electric field
application electrode 5 2-6 and are connected to a common potenti al

-17- poi nt . The optiqal wavegui de 52-3B form ng the
opti cal nodul ator 52 ‘transmts light in the same direction as that of
propagati on of the vol tage signal V[err], and the |light passing

t hrough the optical 5 waveqguide 52-3B is applied the voltage V[err] of

t he vol tage sj i i 161 i el [ '
el ect r odes 522%@?%\/%12%151] ]]%'Weavefogm\glgggeﬁggletggg%g%%yﬁuﬁg’?@&g# t@{;deﬂg?her

el ectrode pai @ﬁfd equi potential and no electric field is
applied to thIeCop |é('(:12 S\X/a%/%'gui de 52-3B. The light source 61 in this

cireuit, o Shomn Thegfraddss dfter the WHIEROMghAV or s StaRTA Y, A0

i recti on as 1ameRs 1 e QREOf In@toBRERAITNE W FiRE drbaridf Batis,, .
charact o st thevoltade MR o IRikhiliea 8 £ vifaie cotlfardor ¥ 1 he
Phe  * 0" aristy s HrtRBIC VALY oy 28 B c TRl evEl Koot deke. vol  age
Vot and | hwhether teveltige sigaal has a predetgrminedogiciyaloandifng 20
T, U Ao e oo ot s Cho
e i Al Bl LA R
an e eciid o it BrpkAHRE GE ME 1 dndertepkC100s SoRRA Br fot. 1§3ge2™) Tl
I nstance, t hed{épéeﬁaaéﬁfct% tHE st utite eI voltage comparator 13,

there are not shown the iogical comparator for comparing the

voltage sighal V ;,,+.1 aind the expectation to see if they match, and
the pattern generator for generating the expectation, and so forth.

15 Incidentally, the sensitivity of the optical modulator 52 depicted
in Fig. 3 for detecting the voltage signal V, is proportional to the

electrode length L (see Fig. 3) and is inversely proportional to the -
electrode spacing. Accordingly, the detecting sensiﬁvity for the
voltage signal V. can be enhanced by increasing the electrode
20  length L and decreasing the electrode spacing.
The sensitivity of the optical modulator 52 can be doubled by
differentially applying the voltage signal V. from the IC under test

10 to the both pairs of electric field application electrodes 52-4, 52-
5 and 52-4, 52-6 as depicted in Fig. 5. Another possible method for
25  improving the sensitivity is to increase the intensity of light that is

emitted from the light source 61.



lines forned by the electric field application electrodes 5 2-5 and 5 2-
6-are set at about twi ce higher than in the case of Fig. 6, and the

resi stance value of the terminating resistor TMRis also tw ce hi gher

than in the case of Fig. 6. Wth the structure of Fig. 7 it is possible to
5 : obtain an advantage that the voltage detecting sensitivity can be
around twi ce higher than in the Fig. 6 enbodi nent. Fig. 8
illustrates a nodified formof the enbodi ment shown in Fig. 2. In the

nmbodi f Fig. i ' ' . ld.ght
source 61 side: (A Froeter Y, O Eing tHe TGRS Hinal Vout Sulsbfi 8 .
b h ' \ L : see

F g 98) and FRaCoapet, te8r a0t aROBHCAl SRR Rerifing (e voltigel 7, ca

i de 54 icfth |q¥a . . g
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that the opti bieadPHEEtP e irhaiiefianié MIN] théqldalﬁglag\mb%b&éal éig‘ﬁal pge
signal V[err] fromthe IC under test 10 reaches a Stable va uié_ y
i m ng

the appli§ati aotaletefioreintti @ain pf e dibaride bP transmissibRIR! e

of the voltage signal V[err], the pul se-shaped I nterference T1ght

that is provi teeg,fformexdmple; aEPh'OMat@I}OteﬁoBQé one hurldréd meéveesf ghence
| evel s that correspond to the and L-1o0gic values 20 of the voltage
signal V[ err] additiongnogtlectticallyeineiydeth noise gets fifixed into tH@vpiralsuch a
vol tage signal Vierr] as depicted in Fig. 9C. At the out put si de of

t he det ect i ngsignalufironstheteutside nomiseit affectectpyaa iparasitic capacitanicepa,
which integrates the output voltage signal V[err] fromthe . det ecting
circuit 64. 2parasitic inghactortands0 on unlike dinrthieacase6f the électdcal : on
circuit S .Chosen to be | arge enough for the integrated voltage
INTV to f@ac htransmission line--this sogensures high-quality opt?cal signal

-

transmission. Furthermore, since the number of parts handling
.electric signals in the test head THD is small, the heat generation in
the test head THD can be reduced. This suppresses the total amount
of heat_ generated in the test head THD and hence prevents a

15 teinperamré rise in the test head THD, bringing an advantage that
such an expensive device as a cooling system can be dispensed with.

Fig. 6 illustrates a modified form of the optical output type

voltage sensor 50. In this embodiment, the electric field application
electrode 52-6 forming the optical modulator 52 has a signal

20  transmission line structure formed by a microstrip line matched to a
predetermined characteristic impedance, and the electric field
application electrode 52-6 of the signal transmission line structure is
caused to propagate therethrough the voltage signal Vout that is
output from the IC under test 10. The terminating resistor TMR and

25  the voltage source 14 which outputs the terminating voltage VT are

connected in series to the terminating end of the electric field

application electrode 52-6 and are connected to a common potential



-19- target value within the duration of the optical pulse PPS. Wth

such a chosen tinme constant of the integration circuit 66, it is
possible to sufficiently detect the peak val ue of the voltage signal
V[err] that is output fromthe detqgcting circuit 64. The voltage
I ntegration by the 5 Integration circuit 66 to the target value allows
sufficient tine to execute the subsequent processing. Therefore, it
is possible to obtain an advantage that no fast-acting circuits are

needed at thepoint. stages followi ng the integration circuit 66.

That is, once the integration circuit 66 integrates the peak value 10
V[err], it maintalThe epdcahwayeguide/s? +3Bformingathe optical tthedulator 52
vol tage conparators 13A and 13B need only to nake the conpari son of
t he i nt egr at etransmitgdightrin shetsamedirgetionaas that of pprépagation ofche

pul se STB (see Fig. 9E) at timng delayed by a tine interval [err] until

t he int egr at eBoltage-8gnakMsyb edight passirg throughdheoapticakon resul ts
CP1 and CP2 by the conparators 13A and 13B are shown in Figs. 9G and
H After 3he wavegmideddpe3Bdsmpplied theevoltagerViy of thel velrageNT QIVOD,E
Integration circuit 66 is reset by a reset pul se RSP depicted in Fig.
9F. beBiveentie aledthie field applivadivi r ugd est
10 20 with the optical pulse PPSQ% in th_ee%éngggihr?énstmloé Ialifjidgg:284 ﬁ?e‘é
vol t age eleictredey/FO-4] ad's DS @ﬁrmbaéﬂyéﬂélefcﬁ“@dé%lﬁﬂeoﬁegﬂ the

ti me- base direction. That is, the value of the voltage signal V[jerr]
within the equipotemgialednd o elécteiofidld ivthppledpoite oputapmgﬂﬁaebe
measur ed wi th accuracy; for exanple, even if the waveform of the
voltage 25 S2¢3B] Miedight soulde 6 dtint this|eadnple 49 shoven Itbrige EtdRS- as
shown in Fig. 10, final |ogical voltage values VH and VL of the

vol t age 1) gnawisg byt & DC light source driving circuit. _ ' - 20-

By making the voltage signal V,,; and the light travel at the

same velocity by making them travel in the same direction as in this
embodiment, the optical modulator operates as a traveling-wave
type optical modulator. As a result, the modulation characteristic of

15  the optical modulator 52 is made wide-band, an the pulse signal
Vout-1, Which is reproduced by the interference light in the

mainframe MIN faithfully reproduces the waveform of the voltage

signal V,,,; at the sending side. Moreover, since the voltage signal
Vour and the light travel at the same velocity, the voltage detecting
20  sensitivity also provides a high gain,

Fig. 7 depicts a modification of the Fig. 6 embodiment. This
embodiment shows é structure in which the electric field application
field electrodes 52-2 and 52-3 are connected together and each have
the signal transmission line structure with a view to differential

25  application of an electric field to the optical waveguides 52-3A and
52-3B. In this instance, the impedances of the signal transmission



can be sanpl ed by applying the optical pulse PPS at the tim ng when

t he voltage signal V[err] reaches the final |ogical voltage values VH and
V[err]. Wen the voltage signal V[err] has a fixed repeating cycle, its
waveformitsel f can be observed by sanpling the voltage signal V[err] 5
while shifting the timng for the appli€eH-i on of the optical pulse little
by little. Incidentally, while the voltage neasuring nethod using t he
optical switch 65 in the enbodi ment of Fig. 8 has been descri bed to
be applied to the enbodinent of Fig.2, it wll readily understood

that it is aphnesdorsmed hytheeatniefieldappligation ele¢trodes 62-5. and 52-
Fig. 11 illustrates the case of app|ying the present invention to an
i nput/ out put PeALR Hat ay t W@M%@%tm the aase ppig: 6y andothe

and as an output termnal of the |IC under test 10. In this case, the

test pattern E¢§stance vakpeofi thetempinatingxasistor: TVR i alseytwice higher

Lype vol t age WARIR the teg%e] thfé;sfuaéf 3&5&5@?0&&3&5&? of ﬁ?{iﬁéﬁ:@%&éﬁ o
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olect rode 26 5 tie Heli Bt Aeb15AE] Phedhght el B the i idince 61
the testjpat tfy foRveRRd Eg tHE opical $Witch 65 0 avfxarrow-}/\gdtﬂaeol?tlig%lt pulse

-21 - test 10, t wavef or m gener at or contro

sources 33A PPS (sed3fgaoB)3amdf tHdeptivhl piilse PR s pREVIAEA VIAHinpEt!

I n accordance .
optical waveguide 54 to the optical modulator 52. The timing of for

Q

applying a switch control signal SWP to the optical switch 65 is
chosen so that the optical pulse PPS is generated at the timing which

15 - the voltage signal V. from the IC under test 10 reaches a stable
value. By the application of the optical pulse PPS at the
predetermined timing of the voltage signal V,,, the pulse-shaped
interference light that is provided from the optical modulator 52 has
light interference levels that correspond to the H- and L-logic values

20  of the voltage signal V.. Accordingly, the detecting circuit 64
provides such a voltage signal Vour-1 as depicted in Fig. 9C. At the
output side of the detecting circuit 64 there is placed an integration
circuit 66, which integrates the output voltage signal V.3 from the
detecting circuit 64. |

25 The integraﬁon time constant of the integration circuit 66 is

chosen to be large enough for the integrated voltage INTV to reach a



mﬁtﬁ’test pattern data, and the light is fed via the optical wavegui des
32A, 32B and 32C to the photoconductive el enents 23A, 23B and 5 23C

placed in the test head THD, thereby driving the optical driver 20.
Wiile the test pattern signal is appliedgto the | C under test 10, t he
| i ght sources 33A and 33B are:controlled to blink. On the other hand,

in the case of outputting the voltage signal V[err] fromthe IC 10 under
test 10, the light source 33Cis it to bring the photoconductive
el enent 23C igi8ef idietwithin?ik aivativh of thecopecdl palseBPS eWetPsuch

TMR i s connectell to tﬁe common potential point via the DC power

supply 31C t hpkhedbAtifd Benbemt ofthe dnvegtaien \drcdib €6; iy is possible to
termnating the input/output termnal T[err] of the IC under test 10 in 15
a state in wyffidiént 6ficthd peakpvahins of theegoltase dignesl V..., that is Wen
the IC underh?gEFh%gﬂgtggsts thegboltage si gnal V[ggg] In theoutl
term nated st i 3 i '

Riput ﬂ%r@ef\gfig}étf%éeﬁ@gtcﬁﬁ% e tﬁﬁﬁg@@ﬁg&mﬁm by the

nodul at or 52 1 S™nodul a | tage signa

| nterferance ikﬁitiégﬁ%ﬁégg(gi*gﬂgt@é ot argRtvalie ARbWsIsiEffidehittimrogs 20

nodul ati on of Interference light Iis sent via the out put
optical wavegy«q:teotid shibsefhenititredbing, Witiegeford, it $s P@'ssﬂﬂéq@ by
t he photodetector 63 to an eggbtric signmg and the detec i ng circuit

64 outputs t hhtaahtAgadvdtageMisit ho fAksacddgeircuiitnate Yeeded atthe is-
checked by the conparators 13A and 13B to deci de whether it has 25 the

vol tages of tdtaghls fallbwirigthe ihtegiationmirauit Géanpar ed -out put s PC1l
and PC2 are fed into the logic conparator LOG (see Fig. 16) to

-22- det €Thabis,wmeenthe tihtegration eirauit 66l ntegrasesi the peale value
defective. Wiile in the enbodiment of Fig. 11 the |ight source
61 i s sH@mn Vur1.4is maintaingahe infegrated valtage thereatser,csathabiheuch a
configuration as depicted in Fig. 8 wherein the optical switch 65 is
inserted in tyeltage corpparatorsny8guarid $3B néed londirtta make thecomeparisonhe
opti cal nodul ator i s nmade pul se-shaped by the optical switch 65 and
t he of the integrated voltage INTV of the integration circuit 66 by strobe

pulse STB (see Fig. 9E) at timing delayed by a time interval + until
the integrated voltage INTV becomes settled.
15 The comparison resulté CP1 and CP2 by the comparators 13A
and 13B are shown in Figs. 9G and H. After the voltage comparison
| the integrated voltage INTV of the integration circuit 66 is reset by a
reset pulse RSP depicted in Fig. 9F. |
By sampling the voltage signal V, from the IC under test 10
20  with the optical pulse PPS as in the embodiment of Fig. 8, the voltage

signal V., can be sampled with fine resolution in the time-base

direction. That is, the value of the voltage signal V. within the

range of the pulse width of the optical pulse PPS can be measured
with accuracy; for example, even if the waveform of the voltage

25  signal V,,, is dull at the leading and trailing edges as shown in Fig.
10, final logical voltage values Vy and Vy of the voltage signal V.3



vol tage 'signal V[err] fromthe IC under test 10 is sanpled by the

optical pulse in the optical nodul ator 52. Al so the enbodi nent

of Fig. 11 may adopt such a voltage sensor 10 configuration as depicted in
Fig. 12, wherein the electric field application electrodes 5 2-5 and

5 2-6 both have the mcrostrip line -20%tructure and the vol t age si gnal
V[err] is applied to each of themto differentially apply the
electric field to the optical waveguides 5 2- 3A and 52-3B, thereby

1371 ust ot oCall RESEBIRY bl aBpuiihs PRE atdical SUBERER ot whe cining whel
. : ot . . . Fi o 13
s ract v B APRLE SEAEVE. dredched Pob Hn Al UALAT e ) dhues Vi ankd
orti on of 11 Y VGER hiESvolaaCiuEnaL Vope Fekh A fixel EeBPABRE e s
transmtted light js fed via the optical waveguide 56 into the

mai nf rane M NWaysforaitsels cans be ohseryieghby samplingithe voltage sighaledy,gr

63B and a detecting circuit 64B placed in the mai nframe M N. The
ref er enceS si gndiil&Bshifting (hier timiegg forothe applicationiofabe sptieal pylss little
provided fromthe detecting circuit 64A and at the same tine the

reference si ghylitde ilncigentally, while thegroltage measuring nuthodngsizig cui t
62 to control the |light source 61 to stabilize the

- 23 the onfidal switchgh$ int therembodiment of Fige 8chals perndeseribed
enbodi nent of Fig. 13, the intensjty of |ight . fromthe |light source
61 is control tcéh’% appligdi 10 the embodimanfuehFig:2, it will neadilyumdensyood

| i ght incident, on, the opj.ic modyl ator 52 also 5 stabiljzes, providing
i ncreased rel W@t g lsyaBB £a i%ﬁ?i g embhodimentssof Figs. 6 andr 7raswelk, in

hi ' ; ' i cal i.d - 52-9 is f d '
ad) acent [ he- opt i B Thiiiskiteshe asdi6t Afptvng the presentjnvaRsinh tone

[ | cal ' S 2-9. d .t te th f
Ponal reR, U ABeZORRHE Sepniingl o Which Sepyes pothih A ingit femamal

t hrough the opti,cal wavegui des 52- d - 3B .
19 And4s an ouﬂout term12n§IA oF‘ ?he 5[% under test 10. In this case, the

test pattern signal is input into the IC under test 10 through
utiJ_izau'on of both of the optical driver 20 and the optical output

15 type voltage sensor 50 described previously with reference to Figs. 1
and 6, respectively, and the voltage signal V. from the IC under
test 10 is converted by th_e' optical output type voltage sensor 50 to
an optical signal, which is sent to the mainframe MIN through the
output optical waveguide 55.

20 The electric field application eléctrodé 52-6 forming the optical
output type voltage sensor 50 has a signal transmission line |
structure such as a microstrip line, and the electric field application
electrode 52-6 is electrically connected at one end to the input
/output terminal Tjq of the IC under test 10 and at the other end to

25  the externally-connected electrode 26 of the optical driver 20.
In the case of applying the test pattern signal to the IC under



formng the optical nodul ator 52 vary, for exanple, due to a

tenperature change, the variation can be detected by a change in t he
reference signal, so that a variation in the voltage signal V[err]

can be corrected by detecting the changgqin the reference signal REF. 15
Moreover, an of fset component can be renoved fromthe vol t age signa
V[err] by subtracting the reference signal REF from "~ the vol tage
signal V[err]. Fig. 14 illustrates still another enbodi nent. The

embodi ment oftest 19, ﬁ@wa%fébﬁiﬂfgehaeaﬁwomtb%@fs tHeEligRt isbRirce§ 33K, 20

and the opti cal out put type“vol tage sensor 50 of the-present |nvention

to the case 33B wmrae: of ehe opticalrsighal donvedttércss t@ngmtmvaddmraﬁn@él ps

71 forned all over the surface of a sem conductor wafer 71 to test the

| Cs on tiwith testhpasterh data, zardrehe diptitais ferd vin Rhelspdedldwazeghides

usual |y formed in the formof a ring, and the probes 73 project at one

end 25 i nwar32A, 32Brahide3 26rtoi thet phdgeconduttiveesleenents 2 342 3B eand
supported at the other end on the probe card 72. The tips of the

probes 73 ar 23@platetldni the testdeeadiTHD athertelby drieingothe optical drdver

- 24- on the 1C chip 71, and the integrated circuit formed on the IC
chip 7120s operated for testlng In such an I C testing
apparatus, a substrate 80 is prepared on whi ch the optical driver 20
and the optical oMhile thgrresvmaltmm signalssrapplied tartherGnmder testt hey .

The optical driver 20 and optical output type voltage sensor 50
can be nount ddne hghﬁs@urﬁﬁs §3A and 3afsarecensrolied (o hlinke Qs the eder e.
The substrate 80.is ace on each, prohe 73. The test pattern S|gnal
is applied vikangeimy %g@asg of outpy@ing theyeltage signabMouhEaspthealC dri ver
20, and at the sane tine 10 the output_signal V[err] fromthe I1C chip 71

i s taked®but under kespAOpshe light so@rceraécw@h‘ag@ bg'l@gzthe\mh@tchmiucuve
converted by the optical output_type oItage sensor 50 t

i nt er f er ence ¢legpent 88 GisHo; @mdt&tlm and one end,ef th eatﬁﬁnuna&uwreﬁétor
t put tr id
out put - optt Ca’i‘l\/ﬁﬂ/segghn%cted to the common potential point via the DC power

supply 31C that outputs the terminating voltage V-, thereby
terminating the input/output terminal T} of the IC under test 10 in

15  a state in which it is matched to a predetermined impedance.
When the IC under test 10 outputs the voltage signal V. in the

terminated state, the phase of light passing through the optical
modulator 52 is modulated by the voltage signal V., then

interference light is generated in the coupling part due to the phase
20 modulation of light, and the interference light is sent via the output

optical waveguide 55 to the mainframe MIN, wherein it is converted

by the photodetector 63 to an electric signal, and the detecting
circuit 64 outputs the voltage signal V,..;. The voltage signal V ;.1
is checked by the comparators 13A and 13B to decide whether it has

25  the voltages of the H- and L-logic levels, and the compared outputs
PC1 and PC2 are fed into the logic comparator LOG (see Fig. 16) to



15 | NDUSTRI AL APPLI CABILITY ‘As described above, it is possible,

w:th the use of the optical driver and the optical output type
vol t age sensor according to the present invention, to transmt the
drive signal as an optical signal d the neasured signal as an
optical signal, too. The optical 20 wa¥®gui des over which to transnit the
optical signals are - conpletely free fromthe possibility of

el ectro-magnetical ly induced noi se or simlar electrical noise

ransnisei on (Reraage Wbl 18 K8 Wfider et 10 39 ogfdcfecini Bf flefecdve. |
The s gnal transmeniorid (e eHBOCBtner A Fig. 1 the gt cture B, s

appl i cati on ofo e iR sed it Y§éls6{‘ﬁg§#l§le to erfiPibF FuchUA RS RE oG R9e

sensor of the present invention to

- 25- tl%gji'tfeﬂ (735 28 Wehetdim tRE Tormééleévvi(}éhgeﬂ'is qpeei@ﬁecﬁﬁp thed to
un a

the IC er test 1 without being Subjected to an electric

di sturbange opticawaveguide 54, theishbeb e probiiéd ﬂl‘@% g and the
mai nf rame P MNis I%ng, bedause gignals gﬂe tran?ﬁitte p?ﬁ%@ebetmeen
as optical Smodulawirss rhadepulsa-shaped by throepsicalawidied aad te | C
under test 10 can be sent into the mainfrane M N w t hout

det eri or ati ngvoltage signaldWgfdrom the IC undernesddio ivsantplegebyidiee i s not
present in the signal transm ssion | i ne such conponénts as a

parasi ti c_capepiicalqailse ipattas bptical MOduRitorl§2, t he frequency of the
optical signal which propagates through the opti cal wavegui de can

al so be set high. AMsotthe exbddineént bf Fig! 1 may adbpeueRY v@lt%{@s%ﬁ?ér
t 0 be set

pattern signal to be applied to the I C under est 10 can a

at a freldencoonfigliration Ay depjoted thdfigi 12] herein tlrmekeqiicafiekl ectric
signal. This speeds up the testing of the I C under 15 test 10, providing
t he advant ageapplicasion eledtrodes S2-8sand 5 Beb thioth have thepaddro§trip ¢indC
testing apparat us. Moreover, since the optical driver 20 and the
optical out pustructurerana the velgage signal ¥g, dis appliedcatoegcl iofdihemito
active el enents t hat consunes power in quantities, the heat

QLA o sty the docmo Nk mwspciiareputr 5
mounted in t hd4 asd 52-3B, thereby providing doubled sensitivity for voltage
15  detection.
Fig. 13 illustrates a modified form of the IC testing apparatus of
the present invention depicted in Fig. 12. In the embodiment of Fig.
13, a correcting optical waveguide 52-9 is formed in the dielectric
substrate 52-7; the correcting optical waveguide 52-9 transmits a
20  portion of 1ight to be provided to the optical modulator 52, and the
transmitted light is fed via the optical waveguide 56 into the
mainframe MIN, generating a reference signal REF by a
photodetector 63B and a detecting circuit 64B placed in the
mainframe MIN. The refer_;ence signal REF is subtracted from the
25  voltage signal V1 provided from the detecting circuit 64A, and at
the same time the reference signal REF is applied to the light source

driving circuit 62 to control the light source 61 to stabilize the



head THD, the calorific value is so slight that there is no particular

heed for using a cooling device. Hence, reduction of the

manuf acturing costs of the IC testing apparatus can be expected.

-26- WHAT IS CLAIMED I S 1. An optieal driver, characterized by: a
plurality of optical waveguides; a plurality of photoconductive el enents
optically coupled to the plurality of optical wavegui des at one end
thereof, a plurality of DC voltage sources connected to the photoconductive
el ements at opfepRity 61t it@mig! put termnal connected in common to the
ot her ends of said photoconductive elenents; and a term nating resistor

formed between t haceotditig tetherahbadinremteof Biglal 3 ytlse ineaisidy efdidlitode.

2. The optical driver as clained in claiml, characterized in that said

“plurality of fpomahieclightsouces GIr ts eentraller itdstabilize, dnvb cofsequicaaBy,

sources for generating two voltages which define H and L- | ogi ¢ vol t ages
of a test patthee intengity ofdight igidead arthe dpticaldmodudator 52daksovol t age
source for generating a termnating voltage which is determ ned by the
speci fi ca i orstabilizés, providing ineseased reliabilitywofdhic opticalnpodulatpe 52.
vol tage sensor conprising an interferometric optical nodul ator, wherein
sai d i nt er f erPusthearmons, inathissembadimentthe sesrecting optieal waveguide
branchi ng part . an optical coupling part, two optica
wavegui des f o3 4=9 isSonmed aﬁﬁaeﬁmt the moglulator 22dand ight|
coupling part, and two pairs, of electric field application

el ectrodes diRp¥iBg BronghHhe sorsecting opficaliwaveg us ei3a19 WBMSEE RS,

REPLACEMENT SHEETS SO ) - ) i
generate the reference signal REF; therefore, even if the quantities of

10 light transmitted through the optical waveguides 52-3A and 52-3B
forming the optical modulator 52 vary, for example, due to a
temperature change, the variation can be detected by a change in
the reference signal, so that a variation in the voltage signal V.1
can be corrected by detecting the change in the reference signal REF.

15 Moreover, an offset component can be removed from the

voltage signal V.1 by subtracting the reference signal REF from
the voltage signal V.1
Fig. 14 illustrates still another embodiment. The embodiment of
Fig. 14 shows the application of the optical driver 20 and the optical
20  output type voltage sensor 50 of the present invention to the case
where probes 73 are held in direct contact With IC chips 71 formed
all over the surface of a semiconductor wafer 71 to test the ICs on
the.IC chips 71 for normal operation. A probe card 72 is usually
formed in the form of a ring, and the probes 73 project at one end
25 inwardly from the marginal edge of its center hole and are
“supported at the other end on the probe card 72. The tips of the

probes 73 are each held in contact with an electrode portion formed



-27 - said optical output type voltage sensor being characterized by a
configuration wherein a voltage signal to be neasured is applied to
one electric field application electrode of one of the two pairs of the
electric field application el ectrodes, 2 the other electric field
application el ectrode of said one of thé ?Mo pairs of electric field
application electrodes and one electric field application electrode of the
ot her one of the two pairs of the electric field application el ectrodes are

cectric 1ol S g catiE & Sat e ARRRtRt g Lt Rrkied on e 16 GH
the electric VileLsceioggPhté‘@%ﬂ@ee iggtrodes. is connected to the first

conbi nation of t l'ectric pplication el ectrodes to which a
reference vol t age THhSgiadtp anfrt éﬁﬁﬁ ' obt

differential type, 5 I nput |tl g tg%p%%ée@%fg?%gs%gpfé% ﬁ%i’%ﬁ@%}'ﬁa o|ot%1rt
is converted ihith the diptidd 'dieef 20 apld ' @éé%@ wth a
result of differential Conparison of the 9%%t ge sﬁgﬁgrh?gﬁ%ggﬁga red to

the ref ergncesgnbdfSO afémbihtedaogethesl THe og?#gﬂtdg‘i{'éf‘ 20 ggk!f from

said coupling part through output optical wavegui a phot odet ector, and

sai d vol t age epgital dutpht tygrs votidigiesserestro 8 0ceth b RSl a@géméﬂZSnTah
. e

result of the differential conparison by the photodetector.

optical out pusubgtratecdf abousdG oo 15 aendsqoatre. deé substeiter 80tigplagedby a
configuration wherein - 28- t he
vol tage si gnabnteadie probe.r2d Tie test patgarn signal is mpplied aliacthd probel 78
application electrode of one of the two pairs of the electrical field

appl i cati on etethedfechimd 1Hngm theloptival dgiver 20, and at the same time
10  the output signal V,, from the IC chip 71 is taken out via the probe
73. The voltage signal V ,,; is converted by the optical output type

voltage sensor 50 to interference light for application to the
mainframe through the output optical waveguide 55. |

15 INDUSTRIAL APPLICABILITY
As described above, it is possible, with the use of the optical
driver and the optical output type voltage Sensor according to the
present invention, to transmit the drive signal as an optical signal
and the measured signal as an optical signal, too. The optical
20  waveguides over which to transmit the optical signals are
completely free from the possibility of electro-magnetically induced
noise or similar electrical noise getting mixed thereinto as in the case
of an electric signal transmission line and have no components such
as a parasitic capacitante and a parasitic inductor; hence, no troﬁble
25 . occurs even if the signal transmission lines are made long.
Accordingly, by the application of the optical driver and the

optical output type voltage sensor of the present invention to the IC



vol tages of a predeterm ned duration, i nput light applied to said
‘optical branching part is made pul se- shaped having a duration shorter than
that of the voltage signal to be neasured, t he pul se-shaped input |ight
is converted by said interferometric opfcal nodul ator into pul se-shaped

I nterference output |light corresponding to the result of differenti al
conpari son of the voltage value of said voltage signal to be neasured to
the reference voltage, sai d pul se-shaped output light is sent through
out put opt i caestingeapparatus, the telsd pattert signalacah be applied toothed€ si gnal
to be measured is reproduced fromthe pul se-shaped output |ight by the

phot odet ect otuinder test b withouttbeizng subjected ytocan clectyicaladisturbamnee i si ng
an interferonetric optical nodul ator wherein said interferonetric
optical nodulexew iftthe distance between the testihead FHD anichthe amainframe

an optical coupling part, ) two optical wavegui des forned between
the optical MBNJdsileggpbecausa Sﬁmalsparezgxamtte iebetween as opticak wo
pairs of electric field application electrqodes_disposed along opposite,

si des of 5t he sigmalspt Furthexmerg,ithesvoltage signal Vignit fr@uncth@lg@ unges testt age
sensor being _characterizedq b - . . ... - 29 -
confi gurat i od-UhGaRdpe sent mg%éﬁgfmﬁ%ﬁ@m%tMIN withoptgdsteriaragngdtect r odes.
of one of said t airs of electric field application el ectrodes and one
of the el ect W&v¢ CE'E’G application electrodes of the other electrode pair

B i L
R iy e
115, 230, SSRREATRDS) b Fh Gl SRRy bTBRORAGARAL i tRe ot o2

optical waveguide can also be set high. As the result of this, the

-y

frequency of the test pattern signal to be applied to the IC under
test 10 can also be set at a frequency sufficiéntly higher than in the
case of an electric signal. This speeds up the testing of the IC under

15 test 10, providing the advantage of dramatically increasing the test
speed of the IC testing apparatus.

Moreover, since the optical driver 20 and the optical output
type voltage sensor 50 do not use any electronic active elements
that consumes power in quantities, the heat generation is close to

20  zero. Accordingly, even if large numbers of optical drivers 20 and
the optical output type voltage sensors 50 are mounted in the test
head THD, the calorific value is so slight that there is no particular
need for using a cooling device. Hence, reduction of the

manufacturing costs of the IC testing apparatus can be expected.



to éach ot her, mhereby'said vol tage sensor acts as a differential type,
-a-vol tage 'signal to be neasured is applied between the-first conbination of
the electric field application el ectrodes connected toqgiher and a common

potential, a reference voltage of apgredetermni ned t Has Beay Replared
between the second conbination of the electric field apdl j' H rodes
connected together and the conmmopn potenti al, I nput I to

the optical branching part is converted by said interferonmetric optical

nodul at or i n YWHATISECLMMERISesult of differential conparison of the
vol tage signal to be neasured to the reference voltage into interference

output |ight whicll.iAn eptcdlirveh, charatteeiiad bly: wapREAEIRS 6Poptical
phot odet ect or, and said voltage signal to be nméasured”i s reproduced
cor r espondi ngwaveguidess al plurfalityeofiphioctoeohdaktiverelements bpticatly

phot odet ect or . 6. The optical output type voltage sensor acting as
a coupled to the plurality of opticatwvavegtidesat ane gnd therebf aed
in claim4, ch?ractergéed by_a configuration wherein one of the
electric fiel® te of LXnvoltage: sourcest comaedtedsto the photaiconduictiect ri ¢

bl octrodes of ClaTBeBtR Gt e en derrataanaiRuG femninal connestad fpp! | cat i on
P heTt e o Cofi 3RS Thé RARER dnd S of ShG Bidthebpitith eletBents and Ayai r o
Second. convi iR for toitheAdSenitEn IRAGRERS: ogRing abd A O °
Pl st fon crdrly B e d e g™ "L O Lo The: connect ton of
the electric field, abiel 6pACAPArRIAChS Mined OCEA'Y, thafhc@RfyatPifblar

conbi nations therewith 1's provided In a manner WO optic

wavegui des arsaidi pleradity of DC volthgedsorridesalRCéadls priovidéd with: two DC
voltage sources for 'generating two voltages which define H- and L-

=]
O

logic voltages of a test pattern signal to be applied to an IC ur'1der'
test; and a voltage source for generating a terminating voltage which
is determined by the specifications of the IC under test.

3. An optical output type voltage sensor, characterized by a
configuration which comprises an optical branching part, an optical
coupling part, two optical waveguides formed between the optical
branching part and the optical coupling part, and an interferometric
optical modulator provided with two pairs of electric field
applicéﬁon electrodes disposed along opposite sides of the two
optical waveguides, and wherein a measured voltage signal is
applied to the electric field application electrodes of one of the two
pairs of the interferometric optical modulator, the electrical field
application electrodes of the other pair are connected together, light
output from said coupling part is made interference light and is sent

over the optical waveguide concerned, and said measured voltage
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7. The optical output type voltage sensor acting as a differential type as
claimed in claim5, characterized by a configurati onwheretn_____ _each of
said electric field application el ectrodes connected.n&QQQB er to formthe
first conbination therewith has a signal27-transm ssion edof a
predet er mi ned i npedance and the voltage signal to be W m S
applied to and transmtted along each said electric f on

el ectrode and |ight passing through each said optical wavegui de propagate
in the same signal is reproduced. -31- direction. .
The optical output type voltage sensor acting as a differential type as

claimed in clai mé, Atheptivad outpdititype voltaigeusensom chiagaeterized byeach of
said electric field application el ectrodes connected together to formthe
first combi naconfiguration which<omprrises an optical batanchingepart, arx optical a
predeterm ned i npedance and the voltage signal to be measured which is -
appl i ed to aneouplingpartedwg opticakavaeguidestanmedsbetweengheaptical

"1 hesans. obraBthuts Bart nd B Apdaiessng i and Ao Boniatit
vet et o s BOACE s BoF Rl ESb S B UGB, 021, cr1 o
charact or1 zeqRBpucafishy elpcridts bifbolst, A6E ohibostfs BAdF OB S, c1 i m
test pattern CPaea WalEAR St ahaRd A molifed Rltaes sigmdle T oma
vavef or m geneaghfiecPhd PR a@cﬁi@ﬁ'élaray@%%e}fﬁoﬁr&l&%ékgs 618neRit v tid Ve

and an etectrical test pattern generated by actuation wth

the optical tpairsef tlee intérfepbnidteit bpeicabimedulstor) the ictecfti¢dlcleld the

| C under test.
application electrodes of the other pair are connected together, light

to be applied to said optical branching part is made pulse-shaped,

-~ the pulse-shaped light is used as interference light co_rresponding to
the voltage value of said measured voltage signal and is sent over
the optical waveguide concerned, and said measured voltage signal
is reproduced. _

5. The optical output type voltage sensor as claimed in claim 3,
characterized by a configuration wherein one of the electric field
application electrodes of one of said two pairs of electric field
application electrodes and one of the electric field application
electrodes of the other electrode pair are connected together, the
measured voltage is applied across the electric field app]icaﬁon
electrodes connected together and the other electric field application
electrodes to differentially appiy electric fields to said two optical
waveguides.

6. The opu'cal output tyi::e voltage sensor as claimed in claim 4,

characterized by a configuration wherein one of the electric field
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10. An | C testing apparatus which applies a test pattern signal
-32- to an I C under test and nekes | ogi cal conparison between a response

signal fromthe IC under test and an expected patt ermisSh Been Replaced ri ne
whet her said | C under test is nondefective or def ectiH ‘ “!u ut ized by a
ace

configuration wherein: the optical 28t put type v of any
one of clains 3 to 8 acting as a differential type is p In a test head
near said | C under test and applied with the response signal fromthe IC

under test; Jnarroww dt h_pul se-shaped, | i ght generated by a |ight
source is traRBRlicAtON glactEodes gmes@ﬁwc,ltmpameOF tricatield wi dt h

S o TS Bl S A ek B o
[ I : [ [ [
R T Bt o SR, B

et 2T SR LA SAENBATARY the SRRYAE APkt ation
subjected 0 gidaghdal HAMRELA M SACHEYAEL AR HilaSiSitation

11. An IC testing appara applries a test pattern signal

under test angieptides 96! differRiRAlY SDIDEIRBACTICIRSRPSAR] FBNGbticaP™ L he
| C under test and an expecte patte“JrIn S?S(:F‘lal toqéeterm ne et he#) sg'})d I C
under test iswagiegafidlelsi ve or defective, characterized by a configuration
wher ei n: the optical driver of claim1 or 2 is placed in a test head
near 7. The optical output type voltage sensor as claimed in claim 5,

characterized by a configuration wherein said electric field
application electrodes connected together each have a signal
transmission line structure of a predetermined impedance and a
voltage signal applied to this electric field application electrode and
light passing through said optical waveguide propagate in the same
direction.

8. The optical output type voltage sensor as claimed in claim 6,
characterized by a configuration wherein said electric field
application electrodes connected together each have a signal
transmission line structure of a predetermined impedance and a
voltage signal applied to this electric field application electrode and
light passing through said optical waveguide propagate in the same
direction. ' | '

9. An IC testing apparatus which applies a test pattern signal to
an IC under test and makes logical comparison between a response
signal from the IC under test and an expected pattern to determine
whether said IC under test is nondefective or defective,
characterized by a configuration wherein:

the optical driver of claim 1 or 2 is placed near said IC under

NN




-33 - said I C under test; said optical driver is driven by an optical
test pattern signal which is converted from a test TRadH.&HAs BdelRPlacENEr at ed
by a waveform generator placed in a mainfranme apart head and
transmitted to said optical driver to gmgerate an ej’nﬂﬂumnwmﬂkttern
signal near the |IC under test; the electric te r i'ghal is
applied to the I C under test; an optical output type voltage sensor
conprising an interferonetric optical nodulator is placed in the test head
and to which tdst; an: eal eéstr%éttémmighal,lc@nv@iftedtmiast@mpaﬂém

i nput |ight generated by a light source is transmtted to the voltage
sensor ; siginad fortputefrony ix wavefosnv génegator,tib applied tocths gptical r om
said I C under test, which is output fromthe optical output type voltage
sensor, is sedriver amghanreleatrical tgsti pattemsignali generateddiyotkeect or
placed in the mainfrane and is converted by the photodetector to an

el ectric si gragtuadien of the ppticabdyiveris applied to thgd& undertgsbeted to a

| ogi cal conpari son.w.th_sai d ,expected patter.n, sign t o det erm ne whet her
g np 1@ 8

I
the | C under testTOsAﬁb desH Bargwiswhich applies a test pagtern signal ng
whi ch ' : ' havi N dth '

SRt ern genertd BRI Unglesdest and faskes I0§KAl CoRaparisay eewgéﬁfég[‘t orn

[ | b ' & { t est [t t t put
Fromthe. partoior sl b 1T hfer RRE ALY Ao BGied FArnords) P

' f y i f e .

O non: o8 ARAS Y Stk ald Rvrfer fediiShohiRiodihl Fdgtective,
whet her the l&m b'ysa ) ﬁ wH ective; and a test

head pl aced apart from the”mainframe and provi ed with an | C socket for
contact with the tHe opiival GitputatyPperobbiageeseryorof amy SHeBf ARiMie3 ¢bN:
the optical driver of "claiml1 or Is placed in said tést head;

8 is placed near said IC under test; an optical test pattern signal is

converted by said optical output type voltage sensor to interference
light; the interference light is transmitted over an optical waveguide
and is converted by'the target photodetector to an electric signal;
and the electric signal is subjected to a logical comparison with said
expected pattern.

11. An IC testing apparatus which applies a test pattern signal
to an IC under test and makes logical comparison between a
response sighal from the IC under test and an expected pattern to
determine whethei' said IC under test is nondefective or defective,
characterized by a configuration wherein: '

the optical driver of claim 1 or 2 is placed near said IC under
test; said optical driver is driven by a test pattern signal sent as an
optical signal to generate an electric test pattern signal near the IC
under test; the electric test pattern signal is applied to the IC under
test; the optical output type voltage sensor of any one of claims 3 to

8 is placed near said IC under test; interference light corresponding

AT



an optical signal converter for converting the test pattern_signal from
sai d waveform generator to an optical test pattern signal is placed in said

mai nf rane; the optical test pattern signal db® t ad Bap Replacedpt i cal
signal converter is sent to the test heag through u" “ ﬂal |
I

wavegui de forned between said mainfrane and the t sai d
optical driver is driven by the optical test pattern signal; and an
el ectric test pattern signal available fromthe optical driver is applied

to the | C undgy tﬁé%sggg etﬁ%gtrlé?frtﬁ'i‘l éﬁd mﬂﬁ@eﬁ% ARy @ﬁ%ﬁ?ﬁéﬁes:

a mai nframe having ho n a pattern genera , a wavefo gener at or

for generati o&ﬁfc‘al %ﬁ_{ ' Q?l] S0P lis 8 ritver t est
based on tes?ﬂ%gt ern 3%% -ngguét] rtodrﬁ_ét Egnpat’tlgrn g}ce)(?lera?gré?ﬁgﬁ a logic
conpar ator f ogygl defah@ds C¥nviated by ah etseRietectteto Gmom the 1C
under test with an expected pattern avdilable fromsaid pattern generator

to detern ne gleethiersighal;l dhd ttercomseértesl alurteicesipnad iosulpéedd vea and
a test head placed apart fromthe nmainframe and provided with an |IC socket
for contact wiggicalheompanistn withtsaid expected pattern to determine whether -
35 - characterized by a configuration wherein: the optically output
type vol t age tmiCrundentgsbissnondsafaectivedor defeetdiveng as a differenti al
type is placed in_said test head and supplied with an input narrow w dth
pul se-shaped | i ghl2. An ICigstingsappasatus;which comnprises: @ maiaframa whi ch

p e shapuhaFle il sl Ui Bt b oo

sai ¢ mai ot rarlP a@rgea%uaa%g@&.gam%r%ig%? aptilled Ta AL IGHRdel TSt ot

EBBF gg?te SCE grﬁg%‘g\(@ ﬂ%ﬂ%@nﬁ%ﬁ%ﬁg f tﬁﬁ 5%@%@ %iré?{egﬁéﬂgl ﬁ% iac

cormar at or  + JOHE SO YorRiiing s 15pRAF REPaASbR ' rRsPhiie O
signal from the IC under test with an expected pattern available

from said pattern generator to determine whether the IC under test
is nondefective or defective; and a test head placed apart from the
mainframe and provided with an IC socket for contact with the IC
under test, characterized by a configuration wherein:

the optical driver of claim 1 or 2 is placed in said test head; an
optical signal converter for converting the test pattern signal from
said waveform generator to an optical signal is placed in said
mainframe; an optical test pattern signal converted by the optical
signal converter is sent to the test head through an optical
waveguide formed between said mainframe and the test head; said
optical driver is driven by the optical test pattern signal; and an
electric test pattern signal available from the optical driver is
applied to the- IC under test. |

13. An IC testing apparatus which comprises: a mainframe

having housed therein a pattern generator, a waveform generator
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| C under test is nondefective or defective. 14. An [ C testing
appar at us whi ch conpri ses: a mai nframe havi ng housed therein a
pattern generator, a waveform generator for gendéi28cpldias lacesht t er n
signal to be applied to an I C under tesigqbased I I data out put
fromthe pattern generator, and a | ogi c conpar at a | ogi cal

conpari son of a response signal fromthe IC under test with an expected
pattern signal available.fromsaid pattern generator to determ ne whet her

the I C under fasgeneradnged eest paterndsigeal tvbe applied to aﬁl@%ﬁ}dﬁafbst
pl aced apart fromthe nmainfranme and provided with” "an | C socket tor contact

with the | C ubdsedtorstest pattern data output from the pattern Fene,raﬁfr, and a
characterized by a configuration wherein: the optical driver of claim

1 or 2 is pl aegicicomparatorsforrmaking a loginabpoinparisogofla cespenser f or
converting the test pattern signal from said waveform generator to an
optical signatignal fresethedCsundendest with an expested pattetn availablet er n

hrough an | M50 GAA GATRED EANTATPB ialEIoEmiBeWhatherdhe IGmndeTitasts
Sianal " isPORGRARVE B detectve; aridadess Head plated apark dront foe) |
sensor compr AT Ead mrtiAfer #3 ands sAckeP fof fondactulay e 127 4™°
sai d opti cal BAASEeRGAAI3EEHERE by A RaRkfrafiot Rer i | © " Ehe™
wevegui de formed Wt GDLsAIS QU trpE Tltake s sar (T Uy orkE0f ERImY 3 1 oo
to an electri® giigriﬂhcédmgﬁi@t@égqtm@rﬂﬁ f\@ﬁsbﬂgb gmbﬁgmlgnd

the electric signal is conpared by sai d | ogi ¢ “conpar xpect ed

pattern signainder deseisrconventsddy $aid opticaliouthasitype venrdgt aensve o
def ecti ve. :

an optical signal; the optical signal is sent to said mainframe through

an optical waveguide formed between said test head and the
mainframe and is converted to an electric signal by é photodetector
placed in the mainframe; and the electric signal is subjected to a
logical comparison with an expected pattern in said logic comparator
to determine whether the IC under test is nondefective or defective.
14. An IC testing apparatus which comprises: a mainframe
having housed therein a pattern generator, a waveform generator
for generating a test pattern signal to be applied to an IC under test’
- based on test pattern data output from the pattern generator, and a
logic compérator for making a logical comparison of a response
signal from the IC uﬁder test with an expected pattern available
from said pattern generator to determine whether the IC under test
is nondefective or defective; and a test head placed apart from the
mainframe and provided with an IC socket for contact with the IC

under test, characterized by a configuration wherein:
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15. #T'he | C testing apparatus as clainmed in claim 14, characterized by a
configuration wherein: a correcting optical waveguide i s formed
adj acent an optical nodulator form ng said opti CHiis Shdétplis Beiy R@plav&dl t age

sensor; _ _ _3%__ -37- ting
optical waveguide transmts a portion of Tight to aid
optical nodul ator; . the light transmtted throug e cor I ng
optical waveguide is sent to said nainfrane and is converted there to a

G gnal gener at ed LS QRACE AERRACAEElAN 1 0r 22is PR Yl 1ot BoAd) an®
vol t age " sensoppndlisighdkeBnguI lSforEoh9BPAABIRS B pARRF' dBphFEHOHE"

test. 6. The | C testing apparatus as~c ( _

char act eri zedshid wvaaafordt géneratvh Ol optical signPid npfddé&ﬁiﬁ?@hi&?'

wavegui de is formed adjacent an optical mbdulator forning said optical

out put type vohdiadranseram optival test pattern signalatonverred By ﬂi@b%ﬁ'c’aﬁ a
portion of light to be applied to sald optical nodulator; the Iight
transmtted tsignajhcomeerterrissentgoothe test headghirdaghs ancoptical sai d

mai nfrane and is converted there to a reference signal; t he refgrence
signal is fedwameguideformednigetweeni saidomainfirame and thectdstrhead;ssziidn of
light to said optical ,output type voltage sensor to stabilize the_ output
intensity of opsical dvesds crivendy the omuea}mm@emmmal;mll _ cg_
under test is_ taken out. . L1l The | C testing gpparatus as clainmed in
claim 14, chigScPareragsigpal aé’&%é&&@r P%M@P@ﬁ& driver is;-applgd nthei s
mounted in sajd jegh @8&? ‘the optical output type voltage sensor of any one of

claims 3 to 8 is placed in said test head; the response signal from
said IC under test is converted by said optical output type voltage
_sensor to an optical signal; the optical signal is sent to said
mainframe through an optical waveguide formed between said test
head and the mainframe and is converted to an electric signal by a
photodetector mounted in the mainframe; and the electric signal is
compared by said logic comparator with an expected pattern to
determine whether the IC under test is nondefective or defective.
15. The IC testing apparatus as claimed in claim 14, |
characterized by a configuration wherein: a correcting optical
waveguide is formed adjacent an optical modulator forming said
optical outpﬁt type voltage sensor; the correcting optical waveguide
transmits a portion of light to be applied to said optical modulator;
the light transmitted through the correcting optical waveguide is
sent to said main frame and is converted there to a referencé signal;
the reference signal is computed with an electric signal generated by
the optical signal from said optical output type voltage sensor and is

taken out as the response signal from the IC undér test.
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-38 - ~said optical driver and said optical output type voltage.sensor _
are. nmounted on each probe projecting out fromthe probe card but supported
at one end thereto; -and sai d probes are each held inT® as\een(Replaced
termnal portion of an IC chip formed agza sem conduct or maﬂ ﬁﬂ I “e

| C chip. 18. The optical output type voltage sensor f

claimb5, characterized by a configuration wherein the voltage signal to
be neasured which is applied between the first conbination of the electric.

field application 6] ThieleieesinEngRAtHS 3R HRimRelin gHIOM pot ent i al , has

H gh- and Low | ogic voltages .of "a"predeterm ned duration, i nput |ight
appl i ed to satkiiarterizeddbyr bonfighaationrswirdeinyhxorretdngoparany a
duration shorter than that of the voltage signal to be neasured, t he

pul se- shaped wapeguidgts fosmed adjaeenbanepticahnmdslator formingtsaidl

nodul at or into pul se-shaped interference output |ight corresponding to the

result of di foptieat outpubtypeiwaltage sensovpthe gorvetting apticdldvaveguide

signal to be neasured to the reference voltage, sai d_ pul se-shaped

output |ight Wanssaits enpetgencet ightdpibe @p%m/@@lsam opiiealemodulator;

POt 00et o0t O s cvamiapee aAeeR oS ol Srveg S
sent to said main frame and is converted there to a réference signal;
the reference signal is fed back to a driving circuit for a light source
for emission of light to said optical output type voltage sensor to
stabilize the dutput intensity of the light source; and the response
signal from the IC under test is taken out.

17. The IC testing apparatus as claimed in claini 14,
characten‘zed by a configuration wherein: a probe card is mounted in
said test head: said optical driver and said optical output type
voltage sensor are mounted on each probe projecting out from the
probe card but supported at one end thereto; and said probes are
each héld in contact with a terminal portion of an IC chip formed on

a semiconductor wafer to test the IC chip,
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