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; LMNCe3eB\ @TB 1 _ Description *cooooz* Electrical circuit and nethod for
testring integrated circuits 5 The invention relates to [

circuit and to a nethod for the parallel and short-circammmummlmmmmw
testing of electrical circuits, in particular integrated cirgyidts. 10 The
production testing of integrated circuw tys constitutes a significant cost
factor when manufacturing such integrated circuits. In or ze
the costs whpgBcaiptiBgurred when production 15 testing |WWM“mmlwﬂmmmr
circuits, attenpts are frequently made to utilize the avail wﬁm

systenms in the best possible way. If the test algorithmwth ch the

i ntegrated CEﬂ.éUitﬁ:‘Scaﬂ.e ¢es¢edt | aneptimetied ffor ateistitgm ieségngrtédne, all
t he p055|b|I|t| %or 20 reducing costs are already exhausted with this
approach. A Fa FH% approach for testing integrated circuits is to test a
pluralitydof integrated circuits 25 sinultaneousl y on a single tester. For
this it isn S er. ed, %%9999% uL pped,
in partlcula?ﬁgoﬁﬂﬁﬁgkqoad 3%§%£%5§%g§% ]ﬁﬁé J%g |?8 %f

i ntegrated cheghpds. far| oaaeboaaaait%ehnd@métO%O%T%l%%ub arwa@@ @fich is
30 used in syeBtangest oand wWhiedt dicaaapakdie-afi ) di ngn onepQEt MBLBar
integrated c uits tq be tes ed. When such paraIIeI testing of integrated
circuits is &Q§?9§8t8§tcﬁﬁ§Pé s frequently the problemthat owing 35 to a
single fEulty integrated circuit all the integrated circuits of the
respective p l'le ar fied: as th

el i m nat ed. 221% g)sul Cttll#;]l yi ZCI ?tﬁ?dr eduogfed a%@y%%%a%?t c‘géf%ggor t he

f L- 2 faubpﬁﬁéétuﬁﬁégrat@d cigsikaniSicant i ncragsded. factor when

manufacturing such integrated circuits. In order to

optimize the costs which are incurred when production
15 testing integrated circuits, attempts are frequently
made to utilize the available test systems in the best
possible way. If the test algorithm with which the
integrated circuits are tested 1is optimized for a
minimum testing time, all the possibilities for
20 reducing <costs are already exhausted with this
approach. | |

A further approach for testing integraﬁed circuits is
to test a plurality of integrated circuits
25 simultaneously on a single tester. For this it is
necessary for the testers used to be correspondingly
eguipped, in particular for the 1load board to be
adapted to hold a plurality of integrated circuits. A
load board is understood here to be a base which is
30 used in such a test and which is capable of holding one

or more integrated circuits to be tested.

When such parallel testing of integrated circuits is
carried out there is frequently the problem that owing
35 to a single faulty integrated «circuit all the
integrated circuits of the respective parallel test run
are classified as faulty and therefore eliminated. As a

result, the yield is reduced and the unit costs for the



The object of the present invention is to nmake avail able a device and a

met hod in which parallel 5 testing of integrated circuits can be carried
out and with which faulty integrated circuits can be reliably distinguished
fromfaultfree integrated circuits. This object is achieved with the
subject matter of the 10 independent cla ns. Advantageous devel opnents of
the invention energe fromthe respective subclains. The invention rel ates
to an el ectrirgal t$hekt 1Gickgak e @LeChii¥8 GirkeCYink He@lsdlf,0t €cting an input
contact 15 against short-circuits. Its input is intended for connection to
a signal generator, and its output is intended for connection to an input
contact or t@ha sigpialct npatt . The epeeteheal ishemntien cuid ptot emhkee

circuit is therefq | ocat ed _on the signal th of the, 20, test citcuit. The
‘nput cont ach PELPRAENGEd 15" F8Rei VATt dbt TSN o Wini hisPe BeRarafld by
the signadd gé&mertangr,of nipbegratédr cducnéniss eaTd bel tcaged edansut oaagpl y

t hese test si I Nel r LGt .ele i q Lrecuit
protective c?’%ggi,?Nr?gckgaggg{lg%%%%%ggagg&rj%%%‘F@l dééc%ragl ::k?lég ?Egi%ﬁggt
contact fronmfikéinggiieheghifawn faslifsecedmtenrated Mircuwdfta-he el ectri cal
short-circuit protective circuit. According to a basic idea of the

i nvention, the .30 additi onal rpvision_oﬁ a.short-circuit protective
circuit for gg&ﬁ IFPRE T ot a2t ERERT ¥ FRatnen SRSttt bk chf aFBe

gener at et by ihaepkeydenttegeabetlsci rxdva st ade s ardevel dpgndretsd ed fcannet

af fect other i .contacts. Thi nsures that. only.the . ntegrated 35
circuits mhiéﬁgggél§%t§§%F§ef§5P y%gFer S gf%éaeas éaﬁﬁﬁmand el i m nat ed,
whereas the other faultfree integrated circuits are tested further and, if

they pass thepkurifgEnt £shS rd10As tRE (45! JIRE8ITAIN ERBre-ziBculsyal
way. As a result, the yield when testing is increased and at the sane tine

it is ensure®@TPRECTH Vient £4F&ed cifP&ui PECESRTBBIt e8RediBPHI t §ABEASEY. This
reduces 1he avenalskt tesfodd-H.roiidse t hecequinsent for bntbgdéast eprwhi ch
is used remains the.,same, All that is necessary is to adapt the |oad board
to hold a pl FPRPREFIGE i TiPedt ated 8 r AR HHRE 1 02FFovt bR QPYn 1S

addi ti onal shatendedcufér proneeictienci tceuiain whnpht carolmmdtpbeneid ed
cost-effectivyely. 110, am;el e j ort-Gi.r cui r.ot i ircuit
can be arranégg*gﬁre%§$§9étqi%é ?%%E?gé%%¥aé¥¥ﬁ#i%%é%ﬁgjédggékégégﬁs her e
that the siggdrcydituds viiere fore cbpss bed ednbfhehs ishorl -ratleubt phetecti ve

circuit 20 test circuit. The input contact is intended to receive

test signals which are generated by the signal
generator, in particular currents and voltages, and to
apply these test signals to an integrated circuit. The
electrical short-circuit protective circuit is capable
25 of electrically decoupling the input contact from the
region which lies wupstream of the input of the

electrical short-circuit protective circuit.

According to a basic idea of the invention, the
30 additional provision of a short-circuit protective
circuit for each input contact ensures that short-
circuits which are generated by faulty integrated
circuits which are to be tested cannot affect other
input contacts. This ensures that only the integrated
35 circuits which are actually faulty are detected as
faulty and eliminated, whereas the other faultfree
integrated circuits are tested further and, if they

pass the further tests, leave the test process in the



15 correspond very precisely to the signal values which are actually
present at the input contact. The sinplest inplenentation of such
decoupling according to the invention can be achieved by neans of 20 an
.isolation anmplifier which nust satisfy relatively stringent requirenents
in terns of the frequency response and the linearity. In this enbodi nent of
the i nvention, is not necessary to take any further neasures to decoupl e
the signal Ittetrtai AaPl WAL Ly 96sa3 ol 0BAL | JRULS Qlndh PLUCRENGY of
integrated circuits are connectéd o tHhese si gna |nputs an

tested sinul £BREEESEE, %{Sdaaﬁesfthet §8MGhi i ohEi diet apnausadi idwt nnt erns

of cost and hh%g&b@e@btcﬁ.ﬂlﬁ@.té)’ocfﬁc@édlt%tte@ asﬂ‘mtttt’ft&te&r@gﬂl mpRisOf the
i nvention, an |nput 38 tact is decoug gd onI |f the test signal present at

the input coRfSEfess OYEFI Hhadhes F@evaldé S FRart e hasos
short - crriurtheS&danenrwhnqhnp@sesedhEemEEermh&lsﬂMHt-KmICUhatptetective

circuit can ?1%0%@%9&“ i_ass acocur raeaﬁjt con&{ ol Iféjadlsgcgéd%ﬁtglégm tllg pI n_this

enbodi nent o enti o onal rofi ded
and is arran@édrﬁﬁlﬁdrmﬁnHQQGQQaﬁﬁdﬂqynﬂukﬁﬁnﬁaﬁcﬁo prmwt@mnecchonnbetmeen

the signal geaerl%tl%aandsrtaetL@pyéufentp%ttéc%ld»escenﬂe&ted th ch cuEpent
val ue which is 5 sensed by the ammeter present at the 1 nput contact

differs fronP&nl&ﬁéﬁ&eﬁéﬁédc@ﬁFF@ﬁﬁeﬁéPd@lYIn this context, a control line
is al so pgovi ded between the current control |l ed |solat|ng switch and the
amret er and an, be us d to SW.tcC e curre t controlled 10 isp]ating

swit ch. L5860 S SC thissd ?r TR e \Rﬁﬁ?%ﬁFlW%f%%t?hetCSﬁBonents
whi ch are tobbe a:esaegieaiardlbreeqtdtyecaed threciispby aa:rdntlacstcpnrie:ctledlng

i ndi vidual l'y dEg%t%%%,gﬁunhb§fcaﬁﬁé§d W |r:§?éﬂ1 aﬁ%%%enk faghéon for

all the conponents connec one aIternatrve
enbodi ment, crRasddeged cAY sHdva ci hant- ?ﬁﬁﬁ%&ﬁrv@r@t¢@£4Yeha§laﬂuL§olatrng

switch ang apdrsels tolndn PEPY | fgxeeleert@/e%ed tihd p@i@ﬁéf' vl o NEn 20
i solating switch uts of the isolating switch and of the isolation

e.in
ampl i fier arér@oﬁﬁedﬁédypgﬁﬁﬁﬁﬁﬁnéﬁ JORerRPHT, cARFaIte outputs of the
isolating switch and of the i sol ation anplrfrer are connected to an input

contact. Thi nbo Iy the avention 25 co strtut s a.,decoupling neans
f or parallelﬁﬂr”hn%put(g %% ts whien<tp &3 &8%or eClsel §U4 ﬁd cERCPRP ?ﬁB?enented

cost - ef f ect i welcpraiag ¢QMﬂhﬁrimmemtmmm cont det sckdeviea tlgstreehns of
simul tanggushy, apgdoife 2BRT A 1ALE U SRATBACHRGs ¢ TGS &5y NPeDgedlyEey any

stringent requirements 1in terms of the frequency

response and the linearity. In this embodiment of the

invention, it is not necessary to take any further

measures to decouple the signal inputs. A plurality of

25 signal inputs or a plurality of integrated circuits

which are connected to these signal inputs can be

tested simultaneously, as a result of which

considerable savings in terms of cost and time are

obtained.

30
According to a further embodiment of the invention, an
input contact is decoupled only if the test signal
present at the input contact assumes an inadmissible
value, in particular has a short-circuit.

35

For this purpose, the electrical short-circuit
protective <circuit can be embodied as a current-

controlled isolating switch. In this embodiment of the



30 additional external control lines. The isolation anplifier is active
only during the short-circuit test which is carried out at the beginning,
and is used only for decoupling the inputs. Only |ow requirenents are nade
of the frequency response, the gain and the 35 linearity of the isolation
anplifier. All that is necessary is far ghe short-circuit test voltage

whi ch is output by the signal generator to be passed on with an

appr oxi mat el y,36RYk 8he aawlamgéer:olfsh%a&pdféﬂmy ﬁroéld@aplarifd efs In one
of the enbodi nents deScri bed above, the electrical” short-circuit ﬁrotectlve

circuit can BET8NPREegiBt eB2KbAGHLRRI cAFI y2onSiGRa} nt 8BRAFRECE} r chiR€ whi ch

is to be teSE:@ﬁneEthhn\b%IHWééh atre l’s@. (a@S cjem@ratte@i aﬁaartawslelputtestl ng
i nt egrated CII’C i in partlcul ar. }énamc convert This test

appar at us coﬁBP ats | & °8H§Citr‘?]5’ut orft aSPrFSPt t5i & lf%‘ ah®
i ntegrat €6l ceeouet, by cdoh cametemre ahelctlscapre#mt @itr cahe piopective

cireui t (deserpbed, ahoued. for cgagh Junbul CONACLY EURQHEPY, 10l WhEgh

short-circuit protectlve IS conn € associ ated |nput
contact, andthisi graitegdnerat @pnfta;plgelriéwatmgaéspeszrowgiﬁai bitedens

connect ed to¢gac BuirBRi -Rlorft2® 10/e0 tid Rl sHP 1 e Uid PEIRE CaihbYEeg i OUI ¢
or circuits via one connect|n line in each case. Wth such a test 20

apparatus it apgd pEes; pie tdlsteéjst &P pIeish y e | nteEFeReacenteaited
si mul t aremushigoaad inwgt iewitdlect BN egaisb s is cembuamentn of fthet

enbodi nent, the t a tys also 25 conpris ac C ar at or
unit for eacémlvreﬁ)1 ogog?gec ecL%ﬁd’eatc?I%%%rfergtE g?"ébeﬁf? rs?clog aef g%ﬁgggtor.
This conparaten unibeis cietected topdesiisegdyt or and t hedbstpuneotethe
electrical shophyahiauhl, Prajeciiese cliguils Jhe-sEihedOfnlpp! qgeniing the

short-circuif 30 protective circuit ermnes 1 n each case er the
conpar at or ufPHUPStdaAnctrelioRr £ BAL | Hpat wMRANAHS owbpeh. Fhe
ref erences si gpahegeBar ahohafr@nigenerating a reference signal is connected

to each conparator unit by nmeans of at |east one line, in 35 particular by
means of a reference |line and by neans of a calibration line. It is
parti cul arl y Iadvemé agaaies rwarierd haimbbbiémbast stighaled ecarilee 1chek&ed-by t he
conparator uni;tg 3gainsl JN8 Lol enes shgtals adiNSng switeh ana
an isolation amplifier connected in parallel with the
20 isolating switch. The inputs of the isolating switch
and of the isolation amplifier are connected to a
signal generator, and the outputs of the isolating
switch and of the isolation amplifier are connected to
an 1input contact. This embodiment of the invention
25 constitutes a decoupling means for parallel input
contacts which operates precisely and can be
implemented cost-effectively and in which the input
contacts can be tested simultaneously and if
appropriate disconnected. There is no need for any
30 additional external <control 1lines. The isolation
amplifier is active only during the short-circuit test
which is carried out at the beginning, and is used only
for decoupling the inputs. Only low requirements are
made of the frequency response, the gain and the
35 linearity of the isolation amplifier. All that is
necessary is for the short-circuit test voltage which
is output by the signal generator to be passed on with

an approximately accurate amplitude to the isolation



- 6 conparator units can be calibrated precisely. This produces
"particularly reliable test results. Each conparator unit can be operated in
a test node in 5 which the test signal of the respective input contact is

conpared to the reference signal and in which the signal generator is

swi tched off by the conparator unit if_the test signal exceeds or drops
bel ow the reference signal. This ensures that the test signals lie within a
10 desired igpenyaliewhi ch can be set precisely. Furthernore, if a decision
logic unit is provided which is connected to the conparator units and which
can generate control signals for the precision signal 15 generator fromthe

out put signals oforidie eenpahat oremibdsmerdt® CaBBarabed UNHsvr tHRe

conpar at ors cin Qe,caalbr?%g%J népanallel befaore the start of a test cycle.
As a resul t, StRETESPLcaf N8 SSFddddd fup BRI Y20 BB HE ngC?d aPfurt her
enbodi mend - ofintkegrianeent monpliihbitadflyappar aths cobnpegsesetiwocieteience

si gnal gener%%g%%.igh%ofégske%%%%rence signal generator generates a | ower
ref erence signal” hére and t he second reference signal generator generates
an upper reference 25 signal. In this enbodi nent, each input contact has

two conpar at @heUni hoen8PERI FALH | el dftidsSt toomparalar Wby 2WisCheh s
connected to the first reference signal generator, and a second conparator
uni t, which *§S¢dRfetRPIXA IS SEGHA tPel ibnBBTEIGHART g&tier YBRTIS0 Thi s

ensures ihat ay/lve donwgrtaied, CTHLdi tesar apbashedsordompritded est skgpal s
whi ch are arranged mj%hig t he Ees% interxal ﬁhi%h hs defi ned bé ggedlomer
reference si RSl AREYhe COBHEFTr ef 8Fent8RBPGHRAPY THE t88: ShRdF238dval ues
whi ch are actdalcuitpr edent eatht heasepubneonedetsrbdtalheshaotegeateditircuits
can thus be %?BE%%E&V%OHEEQEhgg' (described above) for each input
contact, the output of which short-circuit protective
15 contact is connected to the associated input contact,
and a signal generator for generating a test signal
which is connected to each input of the electrical
short-circuit protective circuit or circuits via one
connecting line in each éase. With such a test
20 apparatus it 1s possible to test a plurality of
integrated circuits simultaneously and with protection

against short-circuits.

In a first embodiment, the test apparatus also
25 comprises in each case a comparator unit for each input
contact and at least one reference signal generator.
This comparator unit is connected to the input or to
the output of the electrical short-circuit protective
circuit. The method of implementing the short-circuit
30 protective circuit determines in each case whether the
comparator unit is connected here to the input or to
the output. The reference signal generator for
generating a reference signal 1is connected to each
comparator unit by means of at least one 1line, in
35 particular by means of a reference line and by means of
a calibration line. It 1is particularly advantageous
here that the test signals can be checked by the

comparator units against the reference signals and the



I n one enbodi nent of the test apparatus according to the invention which is
easy' to manufacture, each conparator unit conprises one conparator in each
case. It is particularly sinple and cost-effective if the 5 test apparatus
conprises in each case one conparator with two inputs and with one out put.
The first input of each conparator is connected to the reference |line of
the respective reference signal generator, and the second i nput of each
comparat or caBmp@ 6ReReCkads0 Lig 18.cakLbigtheldl | Beedl Lhe. feapegt | ve
reference signal generator and to the input or the output of “the electrical
short - ci r cui PIELHCESt P& tdicud@inly Tied igltlsuttestt easmiddnparator can be
connected to its calibration unit and to the precision signal generator.
The 15 svvitcgi ng pr%%erties, in,tgarticul ar the offset and the hysteresis of
t he conpar at 6f BIEHO Tt hyCHeaRe SPerRESEati it F STt URPEe ABcor di ng
to a further watiotdittent testt sdgnalerdf othei re3peeadivec ageplitwocbhBast

ifically, i } i f |.i t tqt
compar at or Uit PR 14 FPort thort 6 5FBrbe Sarord SARerl d B { EB t he
reference si giginagdeger@rartor Ry tshweirimives] @bt by otipar abwpavatorabeodt

comprises a a3l AL Wiidndi0 S UG L0ME0L LOPUL LRE PUERULAEL [he
conparator unit is respectively connected. The calibration I'ine and the
reference |i§é9&8Rd r Jiidd SRS VST dIfR tast o ske bt eSi ot hek 19 YhtRAB 3i gnal

line so 1hat delsli leles@atleri@y aha chuljaeched Gdtheraamseaxi.ernal interference.
The 30 conparator unit can al so be operated in a calibration node in which

the switching properties of the conparator unit, in particular the
of f set / devi atfluart hferowmirteh e iferao dead il candl ddiec hysier esi proesdddawheéthect -of

the test signg abhaEEDR St GhNIcRhbaaLEoSet YL 35 SRIPaAING, the,si gnal
val ues present on the calibration |li'ne"and on the reference TI'ine or the
cal i bration @enengiteh ¢entaedt heylgnals gfor Onilmg tpregisionl Bhagselerence

or as a {esulder@frahe | BEbMeNak Obulthetdi 51 ghENE SégnahdatBaphtat sy
possible for the test node to start and end at the different Tntegrated
circuits at iyl yChe aggBPREAEPReSNILS Phr HBR COMRMCEREMESt FAN PRe
rﬁspecti vel yc\aniibﬁattiem? %ndpwriﬁ$lémm7bl@f6ﬁéedtkté)dtshﬁzﬁyabfat gontkegi ¢ of
the tester. FEor_ .this purpase,, .t i nyent.ion _provides jn each case one
checki ng si gﬁé’ICllel‘nzsv\/r?i Eﬁslue%dsec eo:%eéc‘éccﬁa orﬁ?arsﬁeoerdetﬂ]iutp {}&rt%ﬁ]eer'
respective output line 10 which joins the output contact of the integrated
circuit be Jest8d. c Inal o gnduct 1 i k signal
line to %ﬁe %espect ?l\ge)%gu{hgﬁéﬁlﬁ ne, elrj!}lé%%lrtl culﬁg %lllééa% Kﬁfbggg‘ﬁ'e \?\/hlgch is
arranged dowt§SiteamaPPaufE Usut p RCTEVHEIRY aneWPs | Fakeserpere 669181t he

di gital outpyfenefra@aah.i ntegsat &d y&itf cubbrebbntbe &ligpidli cahefBoEtogi rcuit
protective circuit is enbodied as_a current-controlled 'f%ﬁé' Qgcgw tch,

the el ectri c&SEHGEScid ctRYeHr BEEEFEDEScArERAL ST DD nd

reference signal generator generates an upper reference

25 signal. In this embodiment, each input contact has two
comparator units, specifically a first comparator unit,
which is connected to the first reference signal
generator, and a second comparator wunit, which is
connected to the second reference signal generator.

30
This ensures that the integrated circuits are tested
only with test signals which are arranged within the
test interval which is defined by the lower reference
signal and the upper reference signal. The test signal

35 wvalues which are actually present at the input contacts
of the integrated <circuits <can thus be reliably
controlled.



20 operated in a short-circuit test node. In this shortcircuit test node,
“the 'current-controlled isolating swwtch is switched in such a way that the
connection between the signal generator and the input contact is closed,
and that the ammeter can detect whether the 25 current value which is
generated by the signal generator and_i s present at the input contact lies
in a defined adm ssi bl e value range. The current-controlled isolating

switch is op@ﬁedﬁ@y thsodmmBher Jff the euskendpyatauyhiachorgiggneiat ed by
t he signal %]enerat or .and is present at the input contact does not lie in

t he defined EB sePBRBEIQPUE ) &ﬁ&e 16 h&AfiYse,tq t TR A W Dsed®IDR the

rest of the temparabtorWini tt i@nicyds cmme:ucbmpesataﬁdenl tedch p@§§¢ ble to

detect fault |ntegrat d C|rcq]ts 9 isely,and ct_ 35,
TadsuscThETE AT o0

sel ecti ver.¥§uc3h am “at Nt ageous SHBrE- T eui ™™ e§t Véaanl Istgp’%e
carried dut ®esh aapraramrs cebmphosesciircurech c@®se pnet ecompaErziocuit

which is emadiades hAguksOkall 08 chidheh &%&éﬂe IR0l &t gn Affle foer whi ch
are connecte In para hi s cont ext, I'n eac case one ntro i ne
i s provi ded BREeSPNRRTEESH chSeCORBEFEBfattiongt e shREeReRAE tHidesebci at ed

conpar at or ught, QBQpEBEﬂ/@Sp@éfé!@nbé‘puglgﬁ)ﬂlaCéeﬁé‘ﬂa@@r W ighedehd such a
way that it is co necteg % t he corrg‘arat(%to unit. In the short-circuit test
mode, the shBFECBPr ERPETHPSt ECEH ETPAKGTEE £ R LMH i stk a way

that thel@0 cehhbehtdonbeliveen dhe tdiegnaksgenediseor rafidréheei nglignaedbnt act

runs only V|geh gglaghantﬁgpltgéercgﬁgtthg 'SPEQt'QQESMEtCQf'Sthe

di sconnect ed ernDre, i npuat act 'Ts swtc in such a way that
the test si gﬁéiecwm@hli §h|@rrés@ntrcaztltt per ot veortiamtulits. 1Phe opmeeted to

the conparat g Waich. dJmﬁhﬁHEHﬂ -&drf CYLT cbiinBBteBr @3N Orcd i Per { &5t
signal which is present ‘at the input contact assunes an adm ssi bl e val ue,

the isol ati n§&fhi t @R s i tEhed B?eies%ﬁé cSAFRRAt oI A2 suchhe way

t hat thel_KJOHBQ_thﬁmn@eWﬂtﬁ%ssl gl.ﬁ?|pgﬁ?§é@1@f and e sisRpunLopact runs
| short-c

via the isolati SWi, tC weve [ cui sent or if the
test 25 signEngﬁFce,ﬁlFs fr & tcoi'll‘p&llf'iaet?rr(pu?a%oh?aé?ttag?&pr‘?‘egoyarf“

i nadm ssi bl eofakhe, cehebrratliani ngiswi tch is swtched by the conparator unit
in such a way that the isolating switch is disconnected and the connection
bet ween the signal generator and the input contact runs only via 30 the

i sol ati on anmpFFPIrding| kcoralefurphensemeodinggh Pévdheofinvartiianal iny of

the testz@pp@aahusaaséwt%mmé@r ugehafaeqmg}e SherhGbreiiibnPr pigeti ve
circuits can be switched to and f tween_ the short-circuit test node,

the calibrat PBR Rode€ N%fe g rr%l enghEor £BE SHTREHATLTAdB i ¥ to the

invention whualitksS from the reference signal generator or from the
reference signal generators. Furthermore, each
comparator unit also comprises a calibration unit to

25 whose control input the output of the comparator unit
is respectively connected. The calibration line and the
reference line are routed as <closely as possible
together with the signal line so that all these lines

are subject to the same external interference. The

30 comparator unit can also be operated in a calibration
mode in which the switching properties of the
comparator unit, in particular the offset/deviation
from the zero value and the hysteresis/residual effect

of the test signal after the switching off are set by

35 comparing the signal values present on the calibration
line and on the reference line of the calibration unit

with one another.



- 10 described above can be inplenented in various ways. The different

" enbddi nents of the test apparatus according to the invention differ here

only in the partitioning or in the arrangenment of the individual elenents
of the 5 test apparatus according to the invention. Depending on the
availability of circuitry area on the_integrated circuits, individual

el ements, or even all the elenents, of the described test apparatus can be

acconmodat edowntghecd nt gk ah e QfreUifes cas Bl ST/ By 14 }QshmtS%fL dgst

circuitry. D fferent cost savings can be achieved dependin ow many
el enents of %ﬁ@l’flé%ea}?ﬁartéi%sdh%%%?%i‘%gs%%n?ﬁep?ﬁpénﬁtorﬂS(:a?noi)%lble

acconmodat edfer tdme | Beegr aiRmk Ctécwttart15aﬁdileelnm/e@tl @hneal §9ff@i:é'iﬁ€5 to an
integrated circuit §%% an el ectri cal ort-C|rc |t protec .ve circuit
h

descri bed abd¥&%8F2 GLEERt L appHt at riB G996658. EERES -t hED
short - C|r&U|brﬁemtetbivprevemmuttkusﬁheﬁﬁﬁsteappamaNBSylsvammdl|tbmealIy

| ntegrated ophAbg 29 14 %ﬁ%ﬁ%@&&arw LA OINRA b0 2ddLLT k Lo, Lhe

actual circul ed circuit possi bl ere
comon preC|§E§ﬁe§|gn%¢rg Sat BHIPOShe r%@#ae@WQQtMmmaprQNgdeal sngna

sources whi chaape é@gém@nlen &ﬁ@ckﬂﬁ?grﬁtg‘?ﬁlc' 1 gHbt swthéH S 1@8ueh Prom
solution is particularly cost-effective.” In this enbodinent it i's possible

either to poSPERoNCOMPHTRRRTshIRYE citruithepr GEEREFFE V&I r BUFPUEr £11BR t he
entire argangatrent gbinke dewcridiggputestcanpatat ust W tie 30itbegpaesdsi on

I th th h t tecti . Cl i ith th
Sional aener ot gty b e BRSELSC! pOUe Y O PRl Y 8l Tald o A T
wel |l as withthhe Kﬁkﬂﬂen@egsagnéhngenexatmesreﬁpehEiWBteyﬂaned Linepit.
However, a pyacoRduldiaufar Y S ds tﬂﬁb 883> afdidd oA chipoapeg whi ch

i s necessary is1s available. In rcular 1n the case o grated

circuits in ﬁﬁWéﬁtFﬁéchﬁcG@@quﬁﬂgi|QQHGQﬁQGﬁPQNﬂ%/¥AﬁK¢ﬁa?ﬁm@%rt@f

connect iy cepkagigitalbeudpplti ¢ theheinteglhtels caerenal.ly sufficient
chip area available. In this enbodi nent of the invention, a filter, in

particular a |owpass filter, which is capable of converting a generated
t est signal mexhede$écedlaaal@@dﬂqyuﬂrdui&ipﬂdtebomaélwuﬁﬂuﬂueﬂson t he

| oad board f8@b8§i@d‘Q¥eQ{a£Sgr8hECHBBt Igfe e&%%%%%% °'3ﬂﬁ§ﬂ§°”€ &S may
be i npl enent €d, TOr ex eanRg of STADTe Jan
t enper at ur e- edrpénd apdd lﬁmtg@pgcutﬁi S pmmtnm& ofindieitt estampplae at us

accordi ngy t Oobﬁ%a't@\ﬂerltd 08 kRokQ-Barblied! ardst Od%iiémmlhn Al dTBs Qb r £OST S,

especial Ty since it no |onger requiies any special test properties and can
be used in aCpaFtit&ul &BFY vepeat||ehaaycurrent “controlled 1501atlng

switch is switched in such a way that the connection
between the signal generator and the input contact is
closed, and that the ammeter can detect whether the
25 current value which is generated by the signal
generator and is present at the input contact lies in a
defined admissible value range. The current-controlled
isolating switch 1is opened by the ammeter if the
current value which 1is generated by the signal
30 generator and is present at the input contact does not
lie in the defined admissible value range. Otherwise,
it remains closed for the rest of the test run. With
this short-circuit test mode it 1is possible to detect
faulty integrated circuits precisely and disconnect
35 them selectively.

Such an advantageous short-circuit test mode can also

be carried out with an electrical short-circuit



The short-circuit protective circuit and test apparatus 15 according to the
“invention which are descri bed above can also be forned on a | oad board for
hol di ng at | east one needle card for testing integrated circuit and/or
having at | east one test base for testing integrated circuit and/or for
connecting a handler to a tester of 2Q iqitegrated circuits. In the process,
all the elenents of the short-circuit protective circuit or test apparatus

which are de§%ltlae@l@laovcﬁm@ewﬁgéht |:L%ne§'m19d5'di$@ headtHwai 8o188ing
Alternatlvely, n the test aratus is r.med he | oad board it is
5o 186h g

al so possi bl W& Ptk e ?Fé?nplag‘&légéﬁrm RFfer GPBREGEeEhe
tester by di gnt parsildrdl. shurcless waonheate aeceamddatesk |@acal tyntpolhe

negrated chugd! . T SUTRATALOLURT L, OLa3R cOIDAT ALAr S, 8 PPRI T Oned

on the | oad oard IS arrangéenen can confro e interna
preci si orP si gwaItCQenéﬁdt okke T&ﬁ%ome%ﬁﬁ!d esFanpa taftayr andd ,ci podi t the have

an external c¢eRbeek ivat arfRre SUHThES. c4QM bEXaNRenedN iGN a Tma? i's the
case in many m Xed 35 signal nodules. They are therefore particularly

suitabl e for thAits Sl dfi oFONAREt Ry &M | BRC alCOFDAdIadss ¥B1 k- t ddt eEheor
testing - sh&rtl—l&tlQﬁ:ﬁﬁttedtésf Ciidde ,Whitk8 haoraJiwcliit ypebtbbsiament s

f t I dat t d, I lit f

sensore. i BAFEPT anst of LEBFr chYSCERERvotT agtiet Tie. #8%t cENAF S0 HBnpr i ses
a | oad 51(boa|ccbnwle|c¢rioms lhesesebedhabedgranid gesépatori nradi ttlpyr oleptitve
Circuit or testen c‘levhﬁ?s Woh ¢ krﬁ_aa'xﬁﬁedﬁgié?%na% q.lfl%rt hAr?c%CQHEEXt

the. precision signal” generatdr and erénce signal generato
generators i $Fgdatdngandgad toh t Hes t edteponngeitethe 10uEbhpBrarer ubhhes or

conparat ors Wnphitt R @ dtrasi aRiuBhes ane Aldrangedayn e load beged, in
each case adj acent to thg i nput contacts for the intée rat ed circuits. A

tester with &% us SnhiRAE S Gr raatnge?f“?n LRRRCa AaYteah t &St
virtual ly5 any:odxmelclt@dl o nvebeompia dattoagnatied circuits in-parallel, the
test apparatus according to the invention ensuring that the test resul ts
whi ch are obtained here are reliable and only the integrated circuits which
are actual |y Iffaa tshoste cdldauirtatiedd . n@0 giesemvent | bh thgoteestaségned a

met hod for the;paral; ' e' %%%?1’&9 ke '@B%gr%ﬁgtc' ESH'tEEt HSE@um st egher
whi ch is described a I rst provided on | oad boar The | oad
board is theﬁdmlss1ble Value, the isolating sw1tch is switched by

20 the comparator unit in such a way that the connection
between the signal generator and the input contact runs

via the isolating switch.

However, 1if a short-circuit is present or if the test
25 signal which is present at the input contact assumes an

inadmissible value, the isolating switch is switched by

the comparator unit in such a way that the isolating

switch is disconnected and the connection between the

signal generator and the input contact runs only via
30 the isolation amplifier.

In order to ensure a high level of functionality of the
test apparatus, the comparator units and the short-
circuit protective circuits can be switched to and fro
35 between the short-circuit test mode, the calibration

mode and the test mode.

The test apparatus according to the invention which 1is



equi pped with a plurality of integrated circuits. The integrated circuits
‘are '‘connected here to the input contacts. In this context, a signal
generator as well as in each case one electrical short-circuit protective
30 circuit are provided for each integrated circuit to be tested. A test
node in which test signals are applied f@ Lhe input contacts by the signal
generator is then executed. 35 If the electrical short-circuit protective

circuit “h'CﬁebérPBQM'Q%@vescﬁﬁb%é'%%p%emehﬂéﬁﬂfﬁ'ékaﬁﬁg'Jéfﬁ; fihe | nput
contacts are decoupled during the nornmal test run. is therefore not

necessary todthfeyent emppdimants sefartdre Eﬁ%?tﬁﬁﬁﬁﬁ%QPﬁeﬁﬁCOQ¢%ﬁgest run
can be carried atle sindhivineoualiyréer halkk thely nnﬁgrtalteeoba:rtrpwé@m@l ch are

tested in parallel. .5 Lf the ele%ﬁrl sth%h protectlv circuit
which i s proUFasl HoRes3arEsTES th T e 3 1 ST ch or
as an |sdiattagtsappahamushaQQMHdmmm1umnﬁhé|xnvenﬁmpmﬂuﬁ¢pqndxngtomest IS
carried out mgﬁfeora%al rieak?ﬁtfw B%Stcn\{,\#él.\c:héﬂé' LAl SoLOoREEXT; e rsat%ééSt

det erm ned ether the test Hg present at the res Ive input
contact has GHTFHA8RY ssiHIELY i §Ledenitéul ar °& srﬁﬂetfbl rédilt . tiren,

those input goBhagts,at owhi ¢hean dje'%dr&m sydyte Vé}ip@ﬁaﬂxﬂs pagdn cuﬂ,@r a
short-circuit has bee

etected, are selectivel led, In th
enmbodi ment agcﬁo@ﬂPgéﬁF c&ﬁwﬁh?eﬂangFQF?ﬂg éﬁ%P&ﬁst %%%E/%?b%ﬁT is
then tesiced by mayﬁsTésthelzeuaﬁmgtemlﬁﬂuienttémsenbadnﬁqetdﬂhiﬂ%
| sol ati ng S‘N'aEﬁ*i‘e Lih @ éﬁé’i@ﬁ Q0 afRl,! }da[‘?we 1e e}mggteqdf b¥h”ea{‘§%€f the

conpar at or uni Ao nadm ssibt e Val Ue" o Srgnal” i S not
det ect ed her epparikkushe eespaciiinge sitgnal thsput mnwenﬂmnnﬂexhann tibe

enbodi ment  ag-RomMbHEREECBAL ERk! %ﬁtbg%%bl“&l%\éﬂutl%h this decoupling is
carried out by opening the respective isolating switch under the control of

the ammeter, and in the enbodi ment as an 30 isolating switch with isolation
anplifiersitrths caivecdiont dsopesiagekherdsamt hﬁgeg\ﬁhtéh uadesuibe

control of the arat ni, t | ipration, n_also be, cars ed out
before the 3HSfBot SPuncorebarbrb « RECERGREERR by Rrpbapetve SLfdhlt
described above or with a test apparatus described
above. Here, the short-circuit protective circuit or
the test apparatus is monolithically integrated on this
20 integrated circuit and formed in addition to the actual
circuit of the integrated circuit. It is possible here
for the common precision signal generator to be
replaced by local digital signal sources which are
formed in the integrated circuits. This on-chip
"25 solution is particularly cost-effective.

In this embodiment it is possible either to position
only the short-circuit protective circuit or else the
entire arrangement of the described test apparatus with
30 the precision signal generator, with the short-circuit
protective circuit, with the comparator unit or with
the comparator and with the calibration unit as well as
with the reference signal generators on the integrated
circuit. However, a precondition for this is that the
35 additional chip area which is necessary for this is
available. In particular in the case of integrated
circuits in which the circuitry area is limited only by

the number of connecting contacts to be applied there



The nethod according to the invention can be carried out with a test

" apparatus which is described above and - 14 wth an integrated circuit

whi ch is descri bed above and has such a test apparatus, with a | oad board
whi ch is described above and has such a test apparatus and with a tester
which is described above and has such_aj;p device. The possibilities of use
of the method according to the invention are correspondingly extrenely

varied. The iBvejd de,Of‘al_'.Sy alse@ fii kpleaeEnt e | ax%acowawabpéogrmﬂ gQikor
carrying out tpe neth r t he ﬁarallel tes%gﬁ integrated circuits.

The conput er *f SSFQﬁP (ﬁﬁﬁe& LR H3R anfi é%ldﬁ% tHethGeda
conput er sysneWFpasearEylnat,suwhlthst1setbaﬂab&a abfenbodiveebinghi gh is

descri bed ab arti ar, e Ire e 5 of t he .
short-circui proFggﬁlJ% 1£s%£%%%£, Iathe % ?r§%d§ T fs%?&? calfbration
nmode are Toneddiitédnaililly a regwiuest syrstérhanr keadi edoawd ofionm ceaphnt er
SyStem'tse'Ent@B?aQ%@“&f%c&!@gr@Hbm4é¥éféﬁ&§ 98§H5§§‘§6&JE%§9ﬁ59d

integrated circuits on an output unit, in parti cul screen’or on a
printer, as BPgiif@l Qﬂﬁﬂ$%ﬁxné§%egxé$91ﬂrabVONQQﬂSr riekgit vt $BAPRAI ch can

be gener at edahBer@nMgyRa tilr Stdungsed 10581 rBsHlL o@fsd iThis NBABHYiAERR. The

conput er pr og ranlacc ording to the invention enables inte d circuits to
be tested 25 ui Ry, e@ftf ePPPIERYUENF TN gﬁd 237 mlgﬁ’eé& 1s

appropril e, phlnéipadakllgl tpéatwment iof aepmarabftycoéteurcespsciesmyt|ng in
a 5'9”'“03”'51%886‘1'1:”91 Hoﬁgrgﬂ"eré tréémar%%n?r%eg?afhge §95b895%§°

relates to a conputer progr which 's con on a S ram in

particul ar oAnd €onpheetsgendiy doPairt igudiardst Wﬁﬁﬁiﬁ;lWEWﬁﬂy or which is

transmtted on an electrical carrier signal. The invention also relates to

a carrier ne%hu in 35 partlcular a data carrier su&ﬂ as, for exanple, a
Femt

di skette, hoFe ~ o tGuida ot ety S re by e a2EBAbat B8P
progr am Vi Cbcb&rd&&qr i hed takovenvéntion edihildh addet idescdied nyBotEON

relates to a anlgls% be formed on a load board for holding at least
one needle card for testing integrated circuit and/or

having at least one test base for testing integrated

circuit and/or for connecting a handler to a tester of

20 integrated circuits. In the process, all the elements

of the short-circuiﬁ protective «circuit or test

apparatus which are described above can be positioned

on the load board.

25 Alternatively, when the test apparatus is formed on the
load board it is also possible to replace the central
precision signal generator of the tester by digital
signal sources which are accommodated locally in the
integfated circuits. The comparator units or

30 comparators are positioned on the load board in this
arrangement and can control the internal precision
signal generators. This requires the integrated circuit
to have an external control interface such as, for
example, an I?C bus. This is the case in many mixed

35 signal modules. They are therefore particularly
suitable for this solution.

The invention also relates to a tester for testing



10 15 20 25 30 conmputer system on which such a conputer programis stored.
"Finally, the invention also relates to a downl oad nethod in which such a
conput er programis downl oaded froman el ectronic data network such as from
the Internet, for exanple, to a conputer which is connected to the data
network. The invention is illustrated-ipz2nore detail in the draw ngs by
means of an exenplary enbodi nent, in which: figure 1 shows a schematic

illustrationintegraester ae&unltbgurehZahowshasparalIeblﬁesllﬁerUbf _
di agramwththr e ALD cor%foerters arkr circuit protective

circuits,figtP8 §§W85§/§sa GurdH SHort2Ei ?Jc%??ff)réfreéqt\?eﬁﬁrcetﬁ S at%%r di ng
to a first eaermllarqbnﬂ:)y)dlorfenmeafsuirhlegl nyem$ o o8, f iigur padshowdaa fifdth

short “ci roul LuRtghest BUACLEGWLL 20001l 1.2 SEAONCLEXENPL ory erbod ment

of the invention,tfigure Sshows ort-circult ivecircuit with
two conmpar at BPardcceréfhg 19 MAeAITikeknEbave eadedi ﬁen@hwttﬁercult

i nvention, figubecbshows elEbﬁit 'kaSEéétéQH gtvibe Swhiehi ngbehayior of
the conparataors fromfigure gure 7shows a second jl|ustration of the

[

swi t chi ngbehQWSFlBth Oé’(?nparrrhtBlF St FEREFRGur &% BT an shbWRah

schematic il buaéw:atb@n osfnda t enter flaerce Theiyraler geidatbconpri ses a

control corrpg ?¥%Eem 10% which is connec{éﬁd via networ% I{:ne 103 to
nera

t he signal 6rs and asuriaﬁﬁal ﬁggr ufent §°102; ngfeEfrean o] ]ﬂ figure
1 as "rakk |n9mpam‘eht>$" umhtds t ®ra qelagarangrsabhetmoahaes eelibastiona

tester 105 via;igs aré-6 a ?{(?rf%i Whhnectilémlo% tﬂ?g%asufd nggtcﬁbl 8a§*96

there is a support surface Ich'is often also feferr to as chuck.
Sem conduct oRddaFERS (&6t §h@wanHuF|gQ@étEFtﬁntﬁorntébﬁaté@t@gréb$@s whi ch

are to be testiedu@tsd i Ategeat e G t5 Wisgh Eﬁpar@&h%adwh@eﬁn sgpar at ed
lie on this suggort surface 107. Contact is id wafers or

circuits by 8THABESForhotTY BoMFdnera B?SByV&rﬁéléallé( o= 8s ‘?L‘B%lrolﬁﬂ sai d
waf ers akbci numbbs awe anmmp:tae:dad ocarswitehi iy mErd X dll,3 the atéstst 10

!nternEd!ate F ve t%%lac JK%%%t ququéglé% evé%PiEEé nghéhird

i ntermedi ate and V|a our nt ermedi at e | Vi a
measur ement &4 memesltlsmwhmhoaefebmtea,mﬂﬂ chere previnkd e hatdi ng one

- or more integnal,ed e rGidgrdSediobi LELYEET dhednl Rl déOM Ay ehiey.
are eliminated.
20
The invention also relates to a method for the parallel

testing of integrated circuits.

Here, a tester which is described above is firstly
25 provided on a load board. The load board is then
equipped with a plurality of integrated circuits. The
integrated circuits are connected here to the input
contacts. In this context, a signal generator as well
as in each case one electrical short-circuit protective
30 circuit are provided for each integrated circuit to be
tested. ‘A test mode in which test signals are applied
to the input contacts by the signal generator is then

executed.

35 If the -electrical short-circuit protective <circuit
which is provided is embodied as an isolation
amplifier, the input contacts are decoupled during the

normal test run. It is therefore not necessary to carry



The switching matrix 113 is connected to the tester 105 and to the

"measuring instrunents 102 by neans of neasurenent data |ines 114. The

switching matrix 113 is 20 enbodied here in such a way that it can conduct
the signals of the neasuring instrunents 102 and the input data of the
tester 105 via the internediate |levels 189-- 112 to specific connecting
contacts of the needle card 108 or to specific connecting contacts of the
| oad 25 boar dutnat seatpzmaﬂeﬂ éﬂw&:ﬂaculﬁheeeenneﬁbi @ st nas odah hpel oad
board with the tester 5 ar.e S0 r ef reﬂfto as, .'tester ch nnel

Cester 105 | SSREERE, - OPfoc W HSRSSH Y oo it at EAS| niRCARERESE |
fashi on and naycbetsqwhpphdawetheepedonalpamaﬂd@lneasurlng eqU|pnent and
anal og generators. The highly sensitive neasuring instruments 102 which
operate in a highly precise fashion are arranged here in a separate
measuri ng® i nd€r ukdst 35 asdriisal atshpriperitwiti sprekectiven t @éravasuri ng

table 106 andhflt:amltéﬂeptsﬂ&édl% Jhsoded@ hisnes Lglwesp-LhRt pBasSHLI NY
i nstrunents 102 - 17 nd the connecting caontacts of the needle card 108

as wel | as ofSPHETEB4d Eﬁﬁﬁﬂ*ha%ETa fRngfh off R At mSwakteh r eWdER of
this |ong |ineolantienanshglie iadyy ccig®nshbktFesikghancassaf idechupgctyons

bet ween the 5 |n%erned| te 5%%%5& %%9 - 112, voltage drops of the nmeasuring
signal s generate “The measuri ng P&t FdNents 102 occur at the test
contactsl®f the needle card 108 and of the | oad board. 10 Figure 2 shows a

parall el tes&nckhﬁg'%o%k%&gamﬁz‘@t fbé'&é%ef%fﬁ&@nwﬁéggérztﬂe peth a

second A/ D converter 22 an Al D converter he paralle
t est CIrCUItSdQﬁ@#aWﬁEChalﬁﬂﬁ§QﬁQQ¥ZE§5§Qﬁﬁﬂe§R?@¢hY%rlQBHtl§OEF@9Fded

which is arraggedaat thedRBasYbiEY vaihévnemhs 92t§891h§ Capabherei
generating an anaI%g ra voltage. This ranp %e i s appl |ed via a test

signal |ine ¥6§8§ta i/ ng 0%%nthEPu51100PGa§ Sec@fd i WptED cofPact 221
and to a120 thiddiisspbilecordiod, 234h. petsi gy val tsage tdiotedisc appkied to
t he i nput coptact 22| nd s2 LS ,RRQC sed he first A/D converter
21, by the sgc%%d%li%écctgﬁlver &r ° SGCt yt heectoﬁjipr)&th/D converter 23. The
dlgltal out put val ues which are respectlvely generated 25 by the A/D

converters 2%y %ﬁeasexﬁbéalﬂﬁéﬁ@nég the apakag -CaRR r¥eh kaoe; 8he.P2Rged On
by out put contacts 212, 22 to a nenory area (not designated in

more detail PHitCHar &) Qﬁsqtﬁ%QQﬁﬁe+516§enTﬁ@sFﬁ§hPXuﬂﬁ%Rﬁs°§12h6221 and

231 as wed!| ammkherqutsnd B0 e¢est aaext&ozilr?entZZasaraet Zi’éolaer@uagrangeehon t he
| oad board. Thghneasuredéggégut val ues are, conpare t he ant|0|@ated

set poi nt val Ués 21t hdsP 01 GERAH; c"‘r?rsubge&&entt??/t%%lt Bt %P Hhs8Esi gnal
or a fail sigh&l ceimpelraitedi caties whet her or not the respective AID

An inadmissible value of the test signal 1is not

25 detected here until the respective signal input 1is
decoupled. In the embodiment as a current—controlled
isolating switch, this decoupling is carried out by
opening the respective isolating switch under the
control of the ammeter, and in the embodiment as an

30 isolating switch with isolation amplifier it is carried
out by opening the isolating switch under the control
of the comparator unit.

A calibration mode can also be carried out before the
35 test run or before the short~-circuit test.

The method according to the invention can be carried
out with a test apparatus which is described above and



35 converter 21 - 23 has passed the test. The parallel test circuit diagram
2 makes available a m ni mum maxi nrum cal i bration of the test signals which

- 18 are present at the input contacts 211, 221, 231. For this purpose,
the parallel test circuit diagram 2 has a first reference signal generator
401 for generating a maxi mumreference ygpltage and a second reference

signal 5 generator 411 for generating a mninmumreference voltage. A first

reference |ipetAO@nandtaghiakeld caldduriat i dd nes Asdepdbd rampibesfir st
reference si gnal gener ator 401 10 to the conparator units 501, 511 and 521,

and a secondlP&f @ | FRRC 42BPaRATESsedbid cal +BREt PR UG M iRy Lead from

the second ratecetibedsiapodle genrereiorsddh hotkhe cymaraduy amdteibRl, 511
and 521. 15 In Q%gﬁr to be able to routj%)etC{1e ref erence I'hnes 406, and 416,
e

the calibratfon 8% A Ehd H17 IR eSP%Ni%na"Y | RES408°FBspicti vel y
in paral l®l tevihe.t hridee | nposstionl atigs?2| Df 22i5e 230fas thed | msthodt he

d
compar at o ugbs.80hy S1io S2inothesgyLhoesnare,each 20.bagshadygn, t he

| oad board. e parallel test circurt diagram 2 can be 1np

currently avartasmelyeyesied.To do this the |l oad board, as shown in figure
2, sinply has to be adapted 25 to hold a plurality of A/D converters 21 -
23. A first conparator ,unit, 501 is arranged near to the first input contact

211. In eachTBgséyYe8Ed6Rd LooRparatidP NGed) HhP LCORPLHEERPATEEBr uni t
521 are BO | doat edriryibhke oditr etie wetihtd Yo the papallebntast sngd2dfand

231. The co I it 1, 51 521 can he oper in a test.nmode in
which it isnggéglbgﬁglétgo cgé:t%g%{ts%%ihﬁdicvqm&u%ﬁry %’rgrgéargﬂh%% E%ﬂ@%%flar 21 -
23 to be tespadgwhaat Harstectigne whiche cagiste sa gralpusetros i tgm otot oo

low, or whet Rgk{N&J1esiush 908kt eXeeeds0ri Al 9RS RBlRW R el fnge; si gnal .
described above. Here, in particular the method steps
15 of the short-circuit protective test mode, of the test
mode and of the calibration mode are controlled with a
computer system or carried out on a computer system
‘itself. The computer program outputs the results of the
tested integrated circuits on an output unit, in
20 particular on a screen or on a printer, as digital data
sequences or in a form of representation which can be
generated therefrom, or stores these result data in a
memory area. The computer program according to the
invention enables integrated «circuits to be tested
25 quickly, effectively and reliably and eliminated if
appropriate, the parallel treatment of a plurality of
circuits resulting in a significant speeding up of the

test run time.

30 The invention also relates to a computer program which
is contained on a storage medium, in particular on a
computer memory or in a direct access memory or which
is transmitted on an electrical carrier signal. The
invention also relates to a&a <carrier medium, in

35 particular a data carrier such as, for example, a
diskette, a zip drive, a streamer, a CD or a DVD on
which a computer program which is described above is

stored. In addition, the invention relates to a




- 19 For this purpose, feedback |lines 507, 517, 527 branch in each case
"fromthe test signal line 409 to the conparator units 501, 511, 521. In
figure 2, these 5 feedback lines 507, 517, 527 each branch off before the
short-circuit protective circuits 506, 516, 526. Alternatively to this it
is possible for these feedback |ines 50y 517, 527 to each branch off after
the shortcircuit protective circuits 506, 516, 526 and just 10 directly
before the resppatéye émémcaﬂt aefi scR1buch2la Zfohpau‘tfbﬁ opkegiaut eds back to

t he conparato unhts g 3 %% I, T th .t est |ch |s actually
present at tﬁé o189 npdENgdAvact 581, lfffn 387 ef ds 5 rehce?si gnal |
present on tHewhilpst reddrashcenl |wiel¢11®6 sugh thae damp;.ttenef pmegmamlgslal

40 h d
gener at or thE&@EBB? ?EER\W ah %&e LRI g %“% fs[al%or r‘Lﬁ% Fr c? con

reference lin e secon erence S|gna gene e 20
preci si orP si ghal feheraebr 20ar caﬁxmlﬁm t ¢tiPedaof tonbpeet| beyChhels

respective coppaeatal ¥Bi thalOdatalietndlk. For this purpose, a decision
logic unit 531 is provided which is connected to the precision signal

generator 201 by neans of a control signal line 531. 25 The short-circuit

protective crTheui isvébiodlb s 526 1hiseérafetheisi gitte paldtadnd ane tiged to
decoupl e t he uts %hat iL.s to_sa ut co 11, 22 nd 231,

from one ano?kgglnﬁﬁl K ggﬁn5r8§eﬁ¥ ?ﬁ8m§?§F§ ?Pgﬁgcﬁeﬁ r ng?r 88484
Wt hout uch short-circuit protective circuits 506, 516 and 526, an

internal shokgtz kgcgltsg%3%he 5 SUY B%% %h cui% §§%g£i3gi)gg Z}gg{ﬁeanalog

i nput cont act 1 221 mnul lead to t ort-circuit i ng
present at the other |ﬁﬁ@PPcontacts 211, 35 221, 231 of the remaining

functionall yreapgbl @ AsRoG8NVET akra13L1- @éstlrbltﬂalﬁtcaa@agtraﬁ testgr 105
woul d cl assify all theéhested D converters 21 - 23 as aulty al t hough in

reality only one of th&DERPedP /A DEONVesFFersyndRft dHitv1thres {ehegbriy. As
a resul ti®of the provisb@mcaﬁttbeosbat&velbﬁubhlpsotectlve circuits 506,

516, 526 it Ie ngu ed mhen there.is t hort-cjircuit at just
one of the .ngﬁP %o%tac §"311,%5 5%§“§ﬁﬁ 2 Oggly glies c? £ JEI%‘éulty A'D

converter 21, 22, 23 |§lébumtnat%tb0fﬁﬂélq:)ar &bl elateétlr@ém b@xwmamaed for
the other fault-free Aelpeankehtebs 2he 28vedBion,

figure 4 shows a fifth short-circuit protective
20 circuit according to a second exemplary
embodiment of the invention, |
figure 5 shows a sixth short-circuit protective
circuit with two comparators according to a
third exemplary embodiment of the invention,
25 figure 6 shows a first illustration of the switching
~ behavior of the comparators from figure 5,
and
figure 7 shows a second illustration of the switching
behavior of the comparators from figure 5.
30
Figure 1 shows a schematic illustration of a tester

setup 1.

The tester setup 1 comprises a control computer system
35 101 which is connected via a network line 103 to the
signal generators and measuring instruments 102,
referred to in figure 1 as “rack instruments’”, and to a

measuring table 106 as well as to a tester 105 via a




10 Checking signal |ines 504, 514, 524 extend fromthe conparator units

*501,’ 511, 521 to AND gates 505, 515, 525 which are respectively arranged at

the output contacts 212, 222, 232. The inputs of the AND gates 505, 515,
525 are each forned by the checking signal 15 lines 504, 514 and 524 and by
the data lines which are joined to the pgtput contacts 212, 222, 232. The
conparator units 501, 511 and 521 can each have a separate calibration unit

(not shown ipghvigdualkyei moZO bhodhe fkawhiehgl %aBrl%V'l@%d Mdhe tihe 5
calibration line 406 and with the reference |ine 4 for_ the maxi num

vol t age | evePUPRPTH FHEf€8F|BpatlUHlFPnéS4Pét§ﬁd4&ﬁﬂ1HQQ?F%%%ﬁéhé§5I|ne

2417 for the & ehoia. vcﬂémg:a:dceuﬂioranﬂaﬂ\em t(hett eHowri ghal flibheedOO) for the

anal og ramp 25_si )f e t.he start of each te cyc e ,compar at or
units 501, itI%S%l r%IBcaerl br atred”*ltr? pgrgaf el 2t nsctqn be caF??)F%‘fll of node,

t he out p@t SLghagsabedtmrcmqt@r awloi ci30 hanet saBOé.L@dsslbeeﬁmseagaa:mnuuct ed
together 10 ifig QRCieih LogbortNkhr2dlenhiohh deidwas, cou! nalaeshonal s for

t he precision signal generato rom t hese out put signals

derivation of2ifie¥afesft P&l CéirGHéF§ Py gelrseyifgenthaused mompmnentisled in

the art fromthpy32 hetaeneathea ¢08t andedaiid Waife Ratantcdocinant, and does
not need to be exELalne in nore dekall here. ,The A/ D caonverters 21 - 23

are then test@A Fhtefe £8st2 SWitChiBde MARFAF t & lext &fal F alitsSor due
to the iltf | ubnternédiheediléfreledD9si ghal apathond irstgrossiidtee flgvdhe
measuring 5 ce 0 st nd, ht ta re s_at_the A/D
converters 2 8’2§§l%3 t%%é ?ea%ﬁﬁgrﬁﬁdfé£$ <%% aﬁﬁdo%Pﬁ 23%% be
connunicatedf@@rthelné§¢@ﬁdu@5€odaﬂﬁhrki%v@m@aVﬂénmaayuxQMﬁnﬂ1d&iqnesent
at the tester;d@s. 170i.s 4 S slRnG oy dreang;of 2scpeckingasianalndfigly 10 i

generated by the conparator units 501, 5i1 and is connunlcat to the
AND gat es 508ne5P% I§%§5viﬁt?ﬁEaEﬁécFﬂﬁﬁuéﬁéndﬁiIPﬁEleGEStgfled5241 Fi gure
3 shows 1® schegatécli bivgkration of a fourth 15 short-circuit protective
circuit 3 according to a first exenplary enbodi nent of the invention.

‘Figure 3 shows in this context an enlarged detail fromthe parallel test

circuit di agThen 8wshotmingnmbitgixel23 is connected to the tester 105
and to the 'measuring instruments 102 by means of
measurement data lines 114. The switching matrix 113 is

20 embodied here in such a way that it can conduct the
sighals of the measuring instruments 102 and the input
data of the tester 105 via the intermediate levels 109
- 112 to specific connecting contacts of the needle
card 108 or to specific connecting contacts of the load

25 Dboard (not shown in figure 1). The connecting lines of
the load board with the tester 105 are also referred to
as “tester channels”.

The tester 105 1is a <cost-effective tester which

30 operates in a digital fashion and may be equipped with
optional analog measuring equipment and analog
generators. The highly sensitive measuring instruments
102 which operate in a highly precise fashion are
arranged here 1in a separate measuring instrument

35 cabinet at a specific distance from the measuring table
106 and from the tester 105.

The data lines between the measuring instruments 102



20 and conprises the first conparator unit 501, the second short-circuit
‘protective circuit 516 which is enbodied as an active first isolation
anplifier 31, the first A/D converter 21 to be tested and the first AND
gate 505. 25 If the first short-circuit protective circuit 506 is enbodied
as an active first isolation anplifier $#4,-no further measures need to be
taken during the calibration and test nobde. The short-circuit test can 30

be carried oshdSithel tesiemid Hh Oéoﬁt@&uéabft yth@f xﬁé&r@n&@faeu@sﬂas 23

whi ch ted t of th

|nLgnt?gﬁ g?&?ﬁgegﬁ Hﬁnﬁh%nLﬂ?g Egg?ﬁg Wﬁ % eqqgﬁ E§Br§3b6%§§ and of

35 the |ineakst ya ofretshid tacdfveshfd r donigsol aheonrcangd | Bher Bile edpeict al |y

since the sigp a&@'CQesisQ peeated, by {he poagL E8Hss'%%%& dgnerglor 201
rfier

has to be passed on by irst isolatron a n o an unfalsified
- 22 forim tbntﬁémﬁﬂ%‘tétel rﬂm}{elzﬁnnﬂéet 211 1&hi cﬁol%a@@sudg}m dpEecths

downstream JBgsfikia '5%|1%tn'a(1% anyddd &tetd Cop ‘h%s Andds W 1fy an

tity
el ectrical decoupling nmeans i n which the feedbaci the i nput _signal which
is 5 present TBELEFRBERERstLPplRCTHNt &% EDE |§eEFev%ﬂ?EﬂcF$on?%ff ing the

i nput cont ach6ed2k 88dd2388 hAdcent tpst 1badtbeaparallel test circuit
diagram?2 in figure 2, the first feedback line 507 in figure 3 10 therefore

does not branch off to the first conparator unit 501 until after the first
i sol ati di® anpighrer23shand di pectllyedpsteseamiofcutifte diiagstam Zpwtiwdord act

211 Figure 4500w 3 SURGBL: i3] USL{ali @nsalofal hf/bh baliards i cui t

protective circurt ing to d second exenpl ary’ enbodi ment
invention. FrBdreilhrapkbisdt 5/Repenunrenrafded detail of the parallel test
circuit diagran12 shown in figure 2: 20 In the case of the fifth

short-circuit prqtective gerU|t 4, the first short-circuit protective

circuit 506 {8 dPadaided ctfsenCidohtitol RE]TTIB| i ng &R A For

this pur]p';osesmﬁapr@@nsmw ol gengrr@tvardeamwhfcrequs ppedanigeld anc ammet er
25

202. the measuring instruments 102 and 1is capable of
generating an analog ramp voltage. This ramp voltage is
applied via a test signal line 409 to a first input
contact 211, to a second input contact 221 and to a

20 third input contact 231. This ramp voltage which is
applied to the input contacts 211, 221 and 231 is
processed by the first A/D converter 21, by the second
A/D converter 22 and by the third A/D converter 23. The
digital output values which are respectively generated

25 by the A/D converters 21 - 23 as a function of the
analog ramp voltage are passed on by output contacts
212, 222 and 232 to a memory area {not designated in
more detail in figure 2) of the tester 105. The input
contacts 211, 221 and 231 as well as the output

30 contacts 212, 222 and 232 are arranged on the load
board. The measured output values are compared with the
anticipated setpoint values by the tester 105 which
subsequently outputs a pass signal or a fail signal
which indicates whether or not the respective A/D

35 converter 21 - 23 has passed the test.

The parallel test circuit diagram 2 makes available a

minimum/maximum calibration of the test signals which



The input inpedance of the first input contact 211 is specified. It is

" ther'efore known how much current a functionally capable A/D converter 21 -

23 consunes. Before the calibration node is carried out, the input 30
contacts 211, 221, 231 of the parallel test circuit diagram2 are
successively tested for short-circuits. The test run is sequential here,
each input contact 211, 221 and 231 is i®sted here successively for a
short-circuit. At the start of the test, the current 35 controlled

i sol ati ng swh¥€hPFESeRY 2t hEhgperiict §oBLABEE. 2iHe pPeti si2dh -sikpmal
generator 204nhis pekpbeed th¥epavalitage.tekhe dildcili tCWirR ant Nty [ £d

i solating sw.tch, 41 d j
ie%?f

t he furthe short-%ircu # c%rcuits 516, - 23 and
526 which ar&*&fbo e Curi e oﬁFFSFaig&zﬁ hot8hi BERETALLEY Hn

successi vel ymgkibsed. réfiereuceentblwhigeh ainsl eutgrdorly teie psrend ssighssl gnal
gener at ors 20 sur, i np, 1 the anti cipated current. 5 If

t he measusr ed %ﬁ??%{%tggvalﬁg dzfvé:rgt e@é?g%#%{?g a%ti gqlﬁglngl v%eu%élfﬁr%%? one of
the current-€ohta6fled isolating switches 41 has closed, the respective A/D
converter 21, 22, 23 is evaluated as being defective and the
current-controlled isolating switch which is 10 assigned to this A/D
converter 213 $3rs53rpdREPRSSopdRed 8% ian¢ thef 51t v HiP i akimm node

and teit nNodep7as eadr &ddnt tﬁfe }/\Elji._lﬁgtf[béféadhbﬁ Aignean rie&rat%lra 02@152? i's
not ta into account in _the follow caljbration.and test node. n
this entidd n‘éﬂt ThE Crmnahe St e nt%’iof 8Pd RELeuPrEhi cUFROnS | ed

i sol ati ng swrethesncs parfeor Ak nd he smwener QORibFatidmi $ineasdl] an
additional c ole LN 0 j ' e.4).LSs T i f o, 4€ 20
current-cont?g%Fegrkgbﬁg%?H%agaﬁ¥€ﬁ%P%%%§H%OR%§8F§IF%gggf?gﬁd%&&'g%gn1the
i sol ati ng swrhehcespeRatarnBnéEs2691whPéh rsdaPrRanged at the precision

signal generator 201. 25 Figure 5 shows a schematic illustration of a sixth

short-circuit protective circuyit 5 according to a third exenplary
enbodi nem oint P& St et i gﬁ. %lg%r%oSrPé‘ﬁrees sTREPECRRC et deGedt Mot ai | of
the parall el ah@s#16jr ehiet cdilapramidnshawesi @107 guce 4.7 3hd tHdhecsdxt h

short-circuit,protectiive cifcuit 5 ,the.firsst co tor unit 501 is forned
by a first c%l g?gtgﬁn :f@étﬁeip?FF%Yeéﬁnﬁ&wﬁ?%§¥¥§%t£ﬁo§bﬁmﬁ S first
switch 404 ahdpwkt hcansectad €Wiltch2205 a3del las35 vasllby a8 semoncche
conparat of dddnbhRc8rSRAANL CEHLDT IO YPL! 4hdse Llhds thed ey ch 414

and with a four swWtc

20 branched on the load board.

The parallel test circuit diagram 2 can be implemented
on currently available testers. To do this the 1load
board, as shown in figure 2, simply has to be adapted
25 to hold a plurality of A/D converters 21 - 23, |

A first comparator unit 501 is arranged near to the
first input contact 211. In each <case a second
comparator unit 511 and a third comparator unit 521 are

30 located in the direct vicinity of the input contacts
221 and 231.

The comparator units 501, 511, 521 can be operated in a
test mode in which it is ©possible to detect

35 individually for each A/D converter 21 - 23 to be
tested whether the value of the test signal is too high
or too low, or whether the test signal exceeds or drops
below a reference signal.



- 24 The first conparator 402 tests the signal value which is present at
‘the first input contact 211 to determ ne whether it exceeds the nmaxi num

ref erence value which is generated by the first reference signal generator
401, 5 and the second conparator 412 tests the signal value to determ ne
whet her it drops bel ow the m ni num ref_ngnce val ue which is generated by
the second reference signal generator 4/1. 10 The first calibration unit
403 is connected to the first conparator 402 and controls it. The first
reference line 406 leads to the first input of the first conparator 402. 15
The first cafPBrdthiich PRFROS®7 F&58823CE tiHd&bcondr i Rpdr o?r%)hlér%% Fdar at or
402. A firstiawiégth4Ghdes giromi dele divernd | yibahar elihe sexpndoi npwé of the
first conparator 402 and it _ca lefnng(ié thg ieco d input_ of .the }tllrst
conparat or 452"BPFER&P oUPhES £ i3Etr 20 Mdal i BRAEi of I uf(?? 6r toPERR test
signal |ine 468dbAckedamesswil/ich X055 i Tareastycuraich hef bubplivrof thde first
conparator 4 doi ou t he | i br on t 403.
25 The desi g%ﬁggg htrcgﬁge pe?%?‘?%n o?lficﬁté%sseco%ggconégﬁéétorygéb W th

t he smntchesAAI&raﬁal&f§Yaﬁ9\mmﬁ$thJéMRQﬁ%ﬂbkﬁni@ﬁttugs9c6¢¢@§@@hds to

t he descrlbemlde§|g07an@1WUe5@aswwl@atﬂnskaﬁéhcwﬁﬁaéf@@rOEhéh§h$t£st
conpar at or 402 with the g ches 404 anpd 40§ %s v% 30 with the
calibration GﬁFF%ég PERESFELYVEsi GhafUt Fhe 20 r ePéPentBdl i Hst 406 and
416 as vied | dirbbelgalblelfmtel Q:lhd e etA wndi it acentadt €d2 BB, C2RBLl Yy as
possi bl e tog t hat I|ne experl enc the samnme er nal
|nterference§5$ ndsq:t % 03| |onsb§f§kt he svm c%espaﬁﬁ a‘ilsl4§§%ﬂ 415
are desi gnat édlll,n5f2ﬂgure 5 by the letters "T" for test m)de and "C' for

cal i brati on node. - 25 A second isolation anplifier 52 is arranged on
t he test S|gnal | ine 409. An isolating swtch 51 is formed on a parall el
signal |ine Ifuhike f6Shs §EIprett W@élcg' 518 _eEMal WypsPreasnd tdoWhst r eam

of the segondnbsel atbamaarp! pfiner 521- of3theekestdsi gpRE | L8Ee AB9ce The
isolating switch 51 and th secc%d [ 61:5I on arré)l ifi r 52 get?er forma
conpar at or - c8APPEH Y e & 5EST rts 3 € F%res Ib%?‘rp A% o‘? bn? off2d 10

i sol ating S\be.crthre@arrelnxe':eswugmdd dunera caoMiEr ab or dr 4R ]amjovdlﬂhé)y means

OF 2,501 oL Rl St A | b HLte ). e JLog gk cat be, sgpnect o0
conparat ors 408%,amf 4de i peched” refgwench @ngtallorg@%@f]@ n“sll,hat-he
br anchi ng POkl cak s6h spghall e%eﬁéﬂ&\%r' 5@ Wi D e | @gatededovsEream of
the second isolation anplifier )
directly by the respective comparator unit 501, 511,
521. For this purpose, a decision logic unit 531 is
provided which is connected to the precision signal
generator 201 by means of a control signal line 531.
25
The short-circuit protective circuits 506, 516, 526 lie
in the signal path and are used to decouple the inputs,
that is to say the input contacts 211, 221, and 231,
from one another, which can prevent the yield from
30 being reduced. Without such short-circuit protective
circuits 506, 516 and 526, an internal short-circuit of
the supply circuit Vsgs or Vpp at a single analog input
contact 211, 221, 231 would lead to this short-circuit
also being present at the other input contacts 211,
35 221, 231 of the remaining functionally capable A/D
converters 21 - 23. In this case, the tester 105 would
classify all the tested A/D converters 21 - 23 as
faulty although in feality only one of the three A/D



20 The second isolation anplifier 52 is used to decouple the inputs, only
"l ow requirenents being nade of the frequency response, of the gain or of
the linearity of the second isolation anplifier 52. The short-circuit 25
test voltage which is output by the precision signal generator 201 nerely
has to be passed on by the second isoLa%%on anplifier 52, with essentially
accurate anplitude, to the conparators 2 and 412. 30 At the start of the

parallel testonybergaki byationomodesi sefiifstly £arrd edeQuh f opraldndhe A/D
converters 21 23. The swi tches 404, 405, 414 and 415 are in thea505|t|on

"C' here. ThRIPHEFLPBNOSF thie ShONtRGidG Wi t(RIPECE Ve et &kt Tad®6f or the
fﬁl itb[ ﬁti on poeg. s’éhse4i82 tal bgigkbanttm%cte dzrsexcailihéetd ?‘ﬁt d DhEeFnd D ens%e
a e co rators an witc eci.sely a e _same Vo, es. e
first refergﬁs8r Tﬁérﬁﬁétaﬁgztﬁgsilgﬂecg%i i%ﬁpPFn€qﬁ§?%ﬁ% %Lﬁg
connected t 022he and 281 iardyt stbé trdespleatdsitvec ofipatl oy oA /402comnelrtde second
reference Ii 4 and .t he_second. cal i brathan | ] e .connect.ed to the
i nputs of th?éeclz%n’d 203np§?ateocl(r)l. agééo&l}t ptl}‘lth%ofﬁ%ﬁglﬁégsgecsotnpgragt ol?e 402 is
connect ed t ocenthpuedr ftoxcather athen fauloBreand/Phecameniterst 2he second
conparator 432 igsconnected to the second calibration unit 413. In the
calibration node, the first calibration unit 403 10 adjusts the offset and
the hysteresis of the first conparator 402 until the latter sw tches
preci sely whehetRenygol § oSl angnklke 5eup. J11 ,ansanal @goisd f @bionzhé he

second calibration_unit 413 adjusts e qQf.f.set a t he hyst Si f the
second corr;JaFg?IIB?rﬁ%ij%uﬁjﬂllscstﬁéé 5 P?i?t e?’zz}I gfbo s&ﬁ?cﬁé‘s‘f%r €c sg’eiil en the
vol tages areSehe whireh Thies ensspestibielyi nathengedt abdethée puepatsion
signal generabapagRl i2 W bohed £ el sEly,ubend henmaivpin el er ence

vol tage of the first erence’si‘gnal generator 40 the m nT num 20
ref erence voPPage Vot helieddird ea%ler Epcmes dnal thenathacking 1sbgrat eached

The parald el 13hekt soiarcWily taxd 354 tARA B khed Qs lihdNiwhcantext, the
isolating swt¢h 51 is flrstI% 25 ogened. Durlng this short-circuit test,
only the secdfd"PEofqt L8R SHEPHEI EPNEACES £His &CEirvé32The switches 404,

405, 414 and 415 are then switched to the position "T" 30 A signal value
ol gnal gener Sear SR RS 1N & L ROR (Eaa AL 951 Renp ey S el
gener at or 20g$epkfagesherlikrativn iunitthefndét esheth byindigiguallAy in
conparaty s 49guBd Al%nich is provided with the calibration line

406 and with the reference line 407 for the maximum

voltage level, with the calibration line 416 and with

the reference line 417 for the minimum voltage level

and with the test signal line 409 for the analog ramp

25 signal.

Before the start of each test cycle, the comparator
units 501, 511, 521 are calibrated in parallel. In this
calibration mode, the output signals of the comparator
30 units 501, 511, 521 are conducted together to the
decision logic unit 531 which derives control signals
for the precision signal generator 201 from these
output signals. The derivation of these control signals
is self-evident to a person skilled in the art from the
35 information contained in this patent document and does

not need to be explained in more detail here.

The A/D converters 21 - 23 are then tested in the test



35 the comparator-controlled isolating swtch 51 remains open even during

“the following test cycle and thus di sconnects the short-circuit at first

i nput contact 21l fromthe test signal line 409 and thus fromthe - 27

ot her input contacts 221 and 231. If a short-circuit is not detected by the
conparators 402 and 412, the corrparatgr-zciogtrol | ed isolating swtch 51 is
cl osed by the conparators 402 and 412 via the control line. As a 5 result,
a direct con@gagi_on is established between the precision signal generator
201 and the tirst input contact 211. The conparator-controlled isolating
switch 51 is thus 10 closed only at those A/D converters 21 - 23 which have

passed the sbihgCibClixicclr@all Wallhew JrWds. tdtthdoseribheonyertges 21 -
23 at which thgifshort-cucwt t est has det ect e

a fﬁul t, the ,
conpar at or - cGAEEGEPBE FLIPELi RGHAR tidh i1 BRFRENEE i thEh%p@ﬁéau§%89e. 15
The actuad tesbcesde tios stthen ead il aitt sligstl i ghabGens® appksedrto the
i nput contac 2 e_regfterence . si.gnal_generator 20l .via the
test signal Ig:ﬁﬁe%k&zcu%h‘ﬁ%?%enlggoépt heggbn%g)rrat%lrl% deteer s t ké? Yﬁi\l{{‘est 20
si gnal | eave$imge wiindemwy dlasdéfo red doypnmture gatfed et etise ghas senf 10heor
preci sion si gpalsrgenarAt s 401 &pd: 4l chnikhi t t i's
termnated. In this exenplary enbodi me%%dillt litss pgg\%%%agge%p%ﬁ%hgtggggrt he
short - ci rcui £0PestThddn be €arei 8y Swans phral Idegkdna het g cohiehters 21
- 23 wh!pdnt ang Fg‘énlégtatt;%%g@::ihfaé@;hbﬁkatt@ﬁ @n&@%ugo_qulm,chsml la_ﬁg_e -
saving in tinpe is obtained., Furthernpre, e s n 0 n anplifier
is very cost*&f FEETNECaE&Ee it s‘?%ﬁeggﬁeﬁn?’@%voﬁ@eqtajt?té'%n‘éh?sta?e made
of the frequeheykiegpeigealt Adengai 50dr, thd,l iS2darity of the second

- isolation anplifier 52, The short-circuit test voltage which is output by

the precision signal generator 201 has to be passed on for only a short
tinme by the fégune 3% isdowWst i on sonsndtiier 321lwstiagaoapppbxiarafebythccurat e

anpl i t udgs t 05hRQ tCRARRBLALOLT ARL ARG 4hdc i tNEIID a1 dd LI 8 Emg@! ary
enbodi nent no external control lines are required to activate the swtches
404, 405, 4lg§emp;agg embodiment of the invention.

Figure 3 shows in this context an enlarged detail from
the parallel test circuit diagram 2 shown in figure 2
20 and comprises the first comparator unit 501, the second
short-circuit protective circuit 516 which is embodied
as an active first isolation amplifier 31, the first
A/D converter 21 to be tested and the first AND gate
505.
25
If the first short-circuit protective circuit 506 is
embodied as an active first isolation amplifier 31, no
further measures need to Dbe taken during the
calibration and test mode. The short-circuit test can
30 be carried out simultaneously for a plurality of A/D

converters 21 - 23 which are connected in parallel.

However, in this embodiment of the invention stringent
requirements are made of the frequency response and of
35 the linearity of the active, first isolation amplifier
31, especially since the signal which is generated by
the precision signal generator 201 has to be passed on

by the first isolation amplifier 31 in an unfalsified




415 a Figure 6 shows a first illustration 6 of the sw tching behavior of
"the conparators 402 and 412. 5 The horizontal axis of the illustration 6 of
the switching behavior forns the tinme axis. The voltage value U which is
present at the first input contact 211 is represented on the vertical axis.
10 A straight line which is designated Py the designation "U anp" is shown
inthe illustration 6 of the switching behavior and it represents a

gggst igt !I'K r'fajritag tffoesﬁhéihﬁﬂ_alstpfi?bidte cfginttattec pg eci %Q%h_Sij%l?ésgfdjﬁéét or 201

: e switching behavior o e first reference signal, generator

is representéarﬁﬁghﬁe‘ﬁywﬁﬁﬁm%ﬁ'riﬁ?o#ﬁﬁﬁ?&lﬁﬁgeElPﬂi§g§ﬁﬁﬁiﬁﬁ Sine, and

the , switchi agnbehauices afs the wezenchn eéteenetcailgridcqgerieirad omedidl i S

represent ed the. ti ul Lon i be 0 thi trai.ght Line. The
by M#%é@%mﬁéaéﬁgaﬁ 1 ng cbel ow, 2 éléﬁaf W i%gh i5

val ues Uranpmn an ne the voltage val ue Tarnge n be
gener at ecd byprReepted i dhresi fhast gdmamudt ororbactThel Vallsesp¥sSenhed VDD

define the 25 gAm$gbbBkengande 9hphbe3URRLYsVobhagad 9B1the first input
contact 211. The maxi num reference value which is generated by the first

reference signal generator 40l is designated by UefmaX in figure 6. The
m ni rr}Jm ref eranentalase: wi;]tb c{ahite)s p@&l&]gll%tle&él?‘t t B@réﬁ@@?ﬁii&%ﬂa&f ezvﬁﬂﬁﬁ
signal generator 411 is own, Uefmmn i i gure e _range i IS
defined by tﬁéggfﬁa%ghttﬁ?ngglﬁ%gfn?ﬁegﬁacgre#gﬁ? isgﬁcafgs £%8u§8t§oint
regi on i0 whibhrelier85 diggnahovobtragehUcep ts lthwerfittsn theparatoum
reference vo e d hi r :N)J N e tage,. |l this
range, both %%%gaégknéggg g%ggglkm%ﬂ%{%Sgnbggﬁgkgﬁg.éﬁgl€§§e$b$1the
short - ci r cui 8nfedi rechéypupsicsesn oifghak gdémetatopurorondasdt 213 .any

desired voltage in this range, for exanple to the nean value of the m ni num
and maxi num ref erence shgnal values. 5 Wth respect to the possible

short - ci rcui £49u5editst PREVFor | TR Wit wedr U tiedrierei odui 8 t 61§EBund,

that is 19 safiore-¥izcaid apiloeeictdiviecuididanitthe pPpedetor@ing! tege, athat is
to say to VDQécE%dt@%éﬂ1lgry embodiment of the invention. Figure 4
represents here an enlarged detail of the parallel test

circuit diagram 2 shown in figure 2.

20 In the case of the fifth short-circuit protective
circuit 4, the first short-circuit protective circuit
506 1is embodied as a current-controlled isolating
switch 41. For this purpose, the precision signal
generator 201 is equipped with an ammeter 202.

25
The input impedance of the first input contact 211 is
specified. It is therefore known how much current a
functionally capable A/D converter 21 - 23 consumes.
Before the calibration mode is carried out, the input

30 contacts 211, 221, 231 of the parallel test circuit
diagram 2 are successively tested for short-circuits.
The test run is sequential here, each input contact
211, 221 and 231 is tested here successively for a
short-circuit. At the start of the test, the current-

35 controlled isolating switch 41 is in the opened state
here. The precision signal generator 201 is set to a
fixed voltage. The first current-controlled isolating
switch 41 and the further short-circuit circuits 516



10 contact 211 of the first A/ID converter 21 is shortcircuited to Vss, the

"signal value lies below the mnimumreference value Urefmn. with the

result that the second conparator 412 outputs a logic zero. If the first
i nput contact is short-circuited to VDDr the test 15 voltage value |lies
above the maxi mumreference value Uefrmax, and in this case the first
conparator 402 outputs a logic zero. tn2éontrast, if a short-circuit does

not occur, botg gggparator out puts have the sane | ogi c out put val ue one, as
al ready descPPMBed?8bdVeCcho@as FRRCE ShRs W ESRUNEIM iR r b8 bat Mef t he

sw tchi ng bebayvitehesf hbhe ceonparataese492vangd 4dPosta.thenseceldrent
illustration ¢ o& t.he svx{tchi Eg Q havi or,., 25 the shoit-ci rcuit vo {) ge is
st

desi gnat ed by UGRortS FACERe ol BBy hT e h°F88Bec I R i 9%s t he
adm ssi bl e randemeastulred irstcompatedont bt thel ars: ideigiagread edubyetdni d 30
The secory i klustiati qﬁba@,‘p{]e& he,sw-L ghi ngal,_)ﬁgavi iy edi Viged i nj pgt hr ee
regions lying one next to the ot?‘uer. ['h the [eft-hand region, a
short-circui Bntécgpatird (Bl aftess)ons of| fder sterrenh-cort cehledl

rﬁgion and35i§%m1af.§h§| esv_sf@éhési{ gaal W@él ua@;é{ehog %@B frfé;g&:te[(&ii{v%{l/i[)% pest is
snown, and a sSNnort-cCcircul € Supply voltage STUCK _a L 1S
shown in t he®PPYRESRANE L E%@ gr3eg?'gn.e"‘l"“r}é‘a‘ﬁ:&(‘:he"f"rat PN % efPFRRFERE s
gi ven on theahdftthe eacfreoft-tdoesedinreee iegiavsndesoiithes thecexapgnation

cecond i m S28¢E 68 FRe BRaM M o UNA T Fdépedtrver) cRRRRBBout in
the second ceppaedt shuriky the0 flod liowe nigefda Tidemh trisgn omode tarel seesnd
| st Ornge] L3 M8 A Tond e s e alan, 17, out
which is | es€2vhaf3zerp. not taken into account in the following
calibration and test mode.
15
In this embodiment of the invention, the control of the
current-controlled isolating switches is performed by
the ammeter 202. For this reason, an additional control
line (not shown in figure 4) 1is required for each
20 current—controlled isolating switch, said control 1line
extending from the isolating switch to the ammeter 201
which 1s arranged at the precision signal generator
201.

25 Figure 5 shows a schematic illustration of a sixth
short-circuit protective circuit 5 according to a third
exemplary embodiment of the invention. Figure 5
represents here an enlarged detail of the parallel test
circuit diagram 2 shown in figure 2.

30
In the sixth short-circuit protective circuit 5, the
first comparator wunit 501 is formed by a first
comparator 402 with a first calibration unit 403, with
a first switch 404 and with a second switch 405 as well

35 as by a second comparator 412 with a second calibration
unit 413, with a third switech 414 and with a fourth
switch 415.




15 In the central region, both conparators 402 and 412 out put | ogi c ones.
“In the third region, the first conparator 402 outputs a logic zero since
the difference between Urefmax and Usnort 20 is | ess than zero. - 31
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Paral | el t estisciprewsien tdisyritne 204ir £t e¢hpubn congaalt gﬁhbre¢ode262mﬁnaeter 21
First AD conuerher 32 Sgront MR aman Al ATl IWRLLRT &1L
2 t ct econ |npu

First input contact out put con contact 222
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calibration gﬁﬁgrmegeT Qﬁ%ﬁmﬂ gﬁ%ps below the minimum reference
value which i1s generated by the second reference signal

generator 411.

10 The first calibration unit 403 is connected to the
first comparator 402 and controls it. The first
reference line 406 leads to the first input of the
first comparator 402.

15 The first calibration 1line 407 leads to the second
input of the comparator 402. A first switch 404 is
provided directly before the second input of the first
comparator 402 and it can connect the second input of
the first comparator 402 either to the first

20 calibration line 407 or to the test signal line 409. A
second switch 405 is arranged at the output of the
first comparator 402 and it can connect the output to

the calibration unit 403.

25 Thé design and the mode of operation of the second
comparator 412 with the switches 414 and 415 and with
the calibration unit 413 corresponds to the described
design and the described mode of operation of the first
comparator 402 with the switches 404 and 405 as well as

30 with the calibration unit 403.

The test signal line 409, the reference lines 406 and
416 as well as the calibration lines 407 and 417 are
routed as closely as possible together so that all the
35 1lines experience the same external interference. The
switch positions of the switches 404, 405, 414 and 415
are designated in figure 5 by the letters "T" for test

mode and "C" for calibration mode.
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Pat ent ClalW%S?Eaﬁﬁnglecf?ﬁfﬁﬂtshor 3¢ircth® proPRREFIECETFRRFFO b7
protectiny ahsbhputngomwdaichadsl nean sher tswditcbied Hy tttee &@hpatatcah

short-circuitpr %L’Eﬁtk%/? &(r:w 'atnsh %{ gl t&%groolll Oﬁ‘?goé%é E)S% ihe i nput

of the el ectrl cal proteée Ve Circui

i nt ended for féenmecbion to a signal generator (201), 10 - the out put of t he
el ectrical short-circuit protective circuit (506, 516, 526) is intended for
connection to an input contact (211, 221, 231), - the input contact (211,
221, 231) cahlBe ddtouphéah frC@m the cognssteg Mt aipsheedmidchafe #0put of

the 15 el®ctahaal dhorteei redet PREdime Ci §68bhd (5QBput of the

comparators 402 and 412 in the "T" switch position also
joins that branching point of this parallel signal line
which is located downstream of the second isolation
amplifier 52.

20 _
The second isolation amplifier 52 is used to decouple
the inputs, only low requirements being made of the
frequency response, of the gain or of the linearity of
the second isolation amplifier 52. The short-circuit

25 test voltage which is output by the precision signal
generator 201 merely has to be passed on by the second
isolation amplifier 52, with essentially accurate
amplitude, to the comparators 402 and 412.

30 At the start of the parallel test, the calibration mode
is firstly carried out for all the A/D converters 21 -
23. The switches 404, 405, 414 and 415 are in the
position "C" here. The position of the isolating switch
51 1is insignificant for the calibration mode. The
35 calibration mode is carried out in order to ensure that
the comparators 402 and 412 switch precisely at the
same voltages. The first reference line 406 and the
first calibration line 407 are then connected to the



516, 526) by the electrical short-circuit protective circuit. 2. The

"electrical short-circuit protective circuit as 20 clained in claim1,

wherein the electrical short circuit protective circuit (506, 516, 526) is
arranged directly at the input contact (211, 221, 231). 3. The electrical
short-circuit protective circuit as 25 clained in claim1l or 2, wherein the
el ectrical short circuit protective crréfit (506, 516, 526) is enbodi ed as

an isolation ,anplifier (31). 4. The electrical short-circuit protective
circuit as 36ngB§?neﬂfithﬁ affrEtorcomPaReERrn 4%% | ARt &Rt agecendl, 221,
231) can be diseesneet adnfer orméd hend eghonskybhg wRStiRaMih thend nput of the
el ectrical short%dwngt J)otec%bve.cir%yit éSgg, 516; 5 62 b% t he

el ectrical sR&Ft-SVEGY %NE&G FvetOU S Ui - (568, SHENB5C8BRI IR EOF he t est
si gnal preseRheautpat mfuttleonficst (Cénpa28tpr230P dsswmEsneantedatol ssi bl e
val ue. 5.5 Theng! qatidicala ehigtde fdd CUhLe PUOLECIAS EAECULERS of BRe.
clainmed in claim4, erein the electrical shortcirctit p Otecti ve Circuit
(506, 516, 538F°rd erpo@R&Eatas a4ddrr &t - comnesitiad il atheg sefond (41),

an amet er (282)pkeiRgnaghapgadsin particular at a signal 5 generator
(201), the current-controlled isolating switch (41) being enbodied in such

a way that the connection between the signal generator (201) and the input
contact (211In22he 23ljibranibe dosiegnneet efl it acaliy et ioml weiwhieh is
sensed th er 02 nd 10 is present_at_the input _contact (211,
21 23130 i FRAVREPT of an G paTdd EiFr de UHrtieee 6 Ot eh8l chibeta
short - ci r cui coppetresrirvd 0gi pogiil ddecllaitted iswitiches Sprediesely wheontro
line is provigdedyLshglweanet ReeCWaint 160N Al LLIS0L L Dgs Sy t ohe (41)
and the ammeter (202) %and can bg qs?e to sv%tc% a?ﬁ%écurrent-lc%% rgﬁt‘]?ed
i sol ating sweEERDE4FRLIIPratHene|with i thi addretei togi rffsgtecandeter cuit
as 20 cl ai medykBegkai® 40fWhERGI NsébEn8! e6bmp&ALLSROTE12 until the
15 latter also switches precisely when the voltages are
the same. This ensures that in the test mode the
precision signal generator 201 is switched ©off
precisely when the maximum reference voltage of the
first reference signal generator 401 and the minimum
20 reference voltage of the second reference signal

generator 411 are reached.

The parallel short-circuit test is then carried out. In
this context, the isolating switch 51 1is firstly

25 opened. During this short-circuit test, only the second
isolation amplifier 52 is thus active. The switches
404, 405, 414 and 415 are then switched to the position
"T".

30 A signal value which 1lies within the admissible
interval which is defined by the precision signal
generators 401" and 411 1is then generated by the
precision signal generator 201. If a short-circuit is
then detected by one of the comparators 402 and 412,

35 the comparator-controlled isolating switch 51 remains
open even during the following test cycle and thus
disconnects the short-circuit at first input contact
211 from the test signal line 409 and thus from the



circuit protective circuit (506, 516, 526) has an isolating swtch (51) and
“an isolation anplifier (52) connected in parallel with the isolating switch
(51), the inputs of the isolating switch (51) and of the 25 isolation
anplifier (52) being intended for connection to a signal generator (201),
and the outputs of the isolating switch 951) and of the isolation anplifier
(52) being intended for connection to~af’input contact ( 211, 221, 231)

30 8. The electrical short-circuit protective circuit as clainmed in one of

claims 1 to PEPRRerBPHY IFOTERELS: %2 aord3 i riduid Phrotlecti veutt risit
(506, 5i6ﬁh586ﬁ iaetagegaatag manel i tbinpathyoes tmezina@graagﬂ,cifﬁ@it (23
35 - 23 [ .S .t e teste . JA t.est. apparat us r.testin ectrica
circuits, in%§§F§F83 §rCPH§§Sg&F§d%§O(§%Hﬂ§)?%95 t%@uﬁgrQﬁOégéag%
dynam ¢ A/ D tbrveompegatichrs t4452 appat B2 usiéd 3thd) coarined tlhime .0l Anwang
features:g - st ong; i t 211, : ' | S, | nded
for conné%tig%skg%énéﬁS?Eggg#eﬁg %??%%ét}%Zf%%£?%§%£?%x¥é§%éﬁﬁig%

short - ci r cui PXpréféen véignpéui yersomstos160526Ndas theai fibdstn brpubf
claims 1 to é&ohtsaptopinded for each input contact (211, 221, 231) , 10 - the
output of, in each case, one electrical shortcircuit protective circuit
(506, 516, 526) is connected to the associated input contact (211, 221,
231), - a si Ghal gemerstsr{&HYroMiedhisslabisgdedvittrhl55gener atigua t est

. | . ; ! e > ot .
ot ect 1 crreget’ sHLYER o GRP SRRV orl 181000 % ilaT ivere
(409) in eachRagasd. the 1ghomirecirmtitappastat without! famdd si.n At at o e

wherein a COmpar alofvetielrs( P01, - 533, 2B2%hibs RMQAVided {.0r; gach i pout
contact (211, 221, 231), which conparator unit (501, 511, 521) is connected

to the input P8f t o9¢heCHEEput? of feNd tel ecEPfcal CAMRA¥IEPFTEFREBPDIRSt i ve 25

circuit (506isblerihgdbhwitht GestemRpakaiHSthd) opeRBHI StAGeat | east one
referenciésignal generator (401, 411) which is intended to generate a
reference signal and which is connected to each conparator device (501

511, 521) byThearstofalattdssastodmeisi the406rr3@d4dit 4Mss1d)gnals
particul ar by. f ef.arenc in 4 4 a by ans_ of. a
calibration %f%gggﬁ83?qz .éﬁﬁnlﬁééﬁtggétgggar%?%é ggléléﬁﬁ% ¥rF%?ain110,
wherei n 35 e#€heE6RPEr dlgnadnigene3etors2Pl Tde) tdwn twstopergnal lina test

mode whi ch i goenbediiad die SdiEhtige VBYmbAALLLPE HESEEisIRMatOfcdde  despective

i nput cqg}act,&Zl}, 321, 23%? can be coppared to the reference signal, and
signa eaves he interval defined by the reference
signals of the precision signal generators 401 and 411.

In this case the test mode is terminated.

In this exemplary embodiment it is advantageous that
25 the short-circuit test can be carried out in parallel
for the A/D converters 21 - 23 which are to be tested
in parallel, as a result of which a large saving in
time 1is obtained. Furthermore, the second isolation
amplifier 52 is very cost-effective, especially since
30 only low requiréments are made of the frequency
response, the gain or the linearity of the second
isolation amplifier 52. The short-circuit test voltage
which is output by the precision signal generator 201
has to be passed on for only a short time by the second
35 isolation amplifier 52 with an approximately accurate
amplitude to the comparators 402 and 412. Furthermore,
in this exemplary embodiment no external control lines
are required to activate the switches 404, 405, 414,



- 37 wherein the signal generator (201) can be switched off by the

‘conparator unit (501, 511, 521) if the test signal exceeds or drops bel ow

the reference signal. 5 12. The test apparatus as clained in claim10 or
11, wherein a decision logic unit (531) is provided which is connected to
the conparator units (501, 511, 521) anggwhich is enbodied in such a way
that control signals for the signal generator (201) can be generated 10
fromthe outpgut _signals of the conparator units (501, 511, 52| ) . 13. The
test apparatus as clainmed in one of clains 10 to 12, wherein two reference
signal generators (401, 15 411) are provided, the first reference signa
gener at or (491)gulae| Bgslhmndﬁdfi@stgeﬂBlﬁtéerﬁti@M\/eB g eftRNCEw Bt &Mdhg and

t he second rﬁ rence s%gng generatg %4%&% beln%lbntended to generate an
upper ref er eRE82&FGRaPE 88N CCBRBAPEPS t 280112511, 521) being capabl e
of 20 tesiing the test signals to determ ne whether they drop bel ow the

| oner refere S h enggat by. ef grenge na
gener at or (43%% hS Hﬁé?er%?ﬁg gthggetheif§§%%%§£ %e ﬁpp@? éﬂrl%rence
si gnal \AhlchSWétSEPi@gat]%%lh%‘f/l@he foamsndthef eticvévﬁ;eazes§| gRbP gerkrager ( 411

) . 14. The ba&heanpa’mws i8S pilediciRd dth tree POfr A aidpud kdeedd Merein
the conparator .unit or its §201 511 iZl has/ have- one conparat or (402,

412) in each15a§8pr§69T§e TRE §tV85§éFS 8xi8-claimed in one of clains 10
to 14, viteerein each conparator unit (501 511, 521) has a callbratlon uni t
(403, 413), th atar uni t. (501 52 n abl e of being
operated in % %t% r%ﬁl %l%%ﬂé a P9 gﬁbégl é* g YA 9Mat t he
swi t chi ng prBEeampéslefsmbwncowpamnﬁ(nlhnaurdﬂﬂdn &ﬂdﬁ Eﬁﬁ)swamCMEnget by
the calibrat haRayabl (éﬁé fd 3}e§¥e s of thessgnal V@& 4%

calibration |ine - of the reference-
whi ch are pr &38Rt aﬁ@ﬂﬁ%%%n%grépérHﬁﬁql%¥ﬁm.SSQQalSE?Per?GOFH%ﬁ¥es

appar at uss asmbam*veﬂ¢m:cd ab@hibiowhes®i Rhe e|tks € onREFeabake( 492gn4l 2) has
t wo |nputs and

417)

nerator 401 is represented by the triangular region
lylng above this straight 1line, and the switching
behavior of the second reference signal generator 411
is represented by the triangular region lying below
20 this straight line.

The values Uramppin and Urampp.x define the voltage value
range which can be generated by the precision signal
generator 201. The values Vgg and Vpp define the

25 admissible range of the supply voltage for the first
input contact 211. The maximum reference value which is
generated by the first reference signal generator 401
is designated by Urefpx in figure 6. The minimum
reference value which is generated by the second

30 reference signal generator 411 is shown by Urefmn in
figure 6.

The range which is defined by the straight lines Urefpi,
and Uref,,x indicates the setpoint region in which the
35 signal voltage Uramp is lower than the maximum
reference voltage and higher than the minimum reference
voltage. In this range, both comparators 404 and 414

output a logic one.




output, the first input of each conparator (402, 412) being connected to
"the reference line (407, 417) of the respective reference signal generator
(401, 411), the second input of each conparator (402, 412) being 10 capabl e
of being connected to the calibration |ine (406, 416) of the respective
reference signal generator (401, 411) _apd to the input or to the output of
the electrical short-circuit protective circuit (506, 516, 526), the out put
of each conpaiat orgiei ngneapabl 8cal £ 15tekNg qapnect L1 b4 S, s_%ghQ'iat' on
unit (403, 413) and to fhe signal generator (201), "and_the sw tching
properties offSREEQL bt ati diF upft (H0321Y Fediasy ¥apapse oM bEhA§ set by

nmeans of the reomRgr @y {4kl th2Gndadn JABué 5t eRPahahusumSaghai med
in one of claing 9 ta ,._Wherei.n iagneaa(c}h case an output contact (212, 222,
232) whi ch i £FATETHESF T hredi%m Yo U6T ‘out put of an i nt egrat ed
circuit, and which is connected to an 25 output line, is provided for each
i nput contact;.(2l 1, 31 . o T pp tus .al med iLn one
of clains 9 :wé'(t%? ﬁﬁ%&&cﬁ ing%acéﬁgasgg%%gféﬁgckﬁ%% .gcﬁ‘zrlc J‘:’%:nsé 30%(504,
514, 524) | e&dsSHaaHOY esheBrdgebotrpen la rendrtoraiszwhl cobpagadonduni t
(501, 511, 52Zhht 195 The tesy apparAlusa@e o aidedd2igReief ¢hai gRe9 to
18, wherein the electrlcgg short-circyit protective 35 circuit or circuits
(5) is/are eMb6didddS WLGaRRy | hhahelst tQ a3a% ot Yow, Lthetls eépPpEal
short-cit@ui tcopteicact Ve @iff Cthé @ir®t CH/DS ddnvdigidly gapaky espbrbei ng
operated in a.short-cjrcuit test de i.n ich - 39, the
current-controlled isol atin t s e su wa at the
2t &8 é{tS%w e (z?bgﬁ\gg WL S, d%ilﬁs RR18%way Ehat th
connect i on betiwdemn hee§egaategerdnat oVré201) anidht hehenmeswlont abkt (211,
221, 231) is §lose o aNd-MheL £l Dot t 4! i,bl.e .for, J. Ahmet er 02) to
det ect whet her, et he .courrenétm\?/aﬁjgo%/\hi‘l%% ?g%gg%r :;étlt thfgtnl:}:et%ee Sl g%gl tééner at or
(201) and is fredentnmitt tFeNEapuUt 1eofbast-C2xruiped, t23Mpoi i BB hegtdef i ned
adni ssi bl & valdie ag@ngealasd 1k svhhpBvEheHdr h8RE mGRANtFHd Rehdsokat 1Y
switch (41) can j:be opened 10 b%/lpthe anmet er if the current value

(202)
which is gend&fesrby 2ffe IPgnBligene?3t orthD0D tatd CEMBRESERE afOfhe
i nput cont actoutlits 2211033¢) daes. Nt kbatirAsthe idefa neHoadrtsschlie val ue
range. 15 20. e t r at as_cl aj in_Q f ¢lains 9 to_19,
wherein the éjlo-egc%t rljli(ggl °§§§?f-$%r%é‘ui?&%‘?%$%‘g ?vguggflgﬁi ?’aé're cti’l?ecuf'?réle(S)
i s/ are enbodiledigs cit@iutedalmecicgien As @ lomadwlddsard desi rdporeovi ded
bet ween,ofn each case, an isolating switch (51) and the associated 20
conparator unit (501, 511, 521), the _in]t_)ut contact_ (211, 221, 231) being
capabl e of b&lFFr&n’t FHAYS i stRFPRE whll ihkEation s7 cohnkleedwibehhiag
conpar at or umidhati®l, Fllkhd2Zmpdhedrests mppaiatau (2) bei ng capabl e of
being operated in a short-circuit test node having the 25 foll ow ng
features: - the short-circuit protective circuit (5 is switched in such a
way t hat t he Ioorrhectserorbtinelons tiet somgnal ofjenee aswitEROAY hadatrheri nput

contact $211.¢pR2lgn A e TS O Ld b e dSA Ald iy 3%, Rl i fign (R2)
test voltage which respectively lies in the admissible
range at the first input contact 211 is designated by

Unig»

30 The second illustration 7 of the switching behavior is

divided into three regions lying one next to the other.

In the left-hand region, a short-circuit to ground
(stuck at Vgs) is illustrated, in the central region an
35 admissible test signal value during the short-circuit
test 1is shown, and a short-circuit to the supply
voltage Vpp (stuck at Vpp) 1s shown in the right-hand



- the input contact (211, 221, 231) is swtched in such a way that the test
"signal which is present at the input contact (211, 221, 231) is connected
to the conparator unit (501, 511, 521), 35 - the isolating switch can
either be switched by the conparator unit (501, 511, 521) in such a way
that the connection between the signal ggnerat or (201) and the input
contact (211, 221, 231) runs via the - 40 isolating switch (51) if the
test signal whygRni s present at the input contact (211, 221, 231) assunes
an adm ssi bl e val ue, and/or can be switched in such a way that the
connection between 5 the signal generator (201) and the input contact (211,
221, 231) runBeOnhytivérmat i€al Seledti omh2em! iifsi e§i¢dR) onf the test signal
which is presen% apftgg inp contact, (211, 221, 231) .assunes, an

i nadni ssi bl e85 Ut 16721 TRE SFest S AbPAT atlfECELPEF AT FHPBHRBIOR ai ns 9
to 21, wherewhithe iconparated ookt ior the t §1¢501 combhrabadt) 40ed tded
short-circui ro LVE: CLrcyl LLgcui 6..5 526) can_be
switched to gﬁ% ffr%gé%&gle%\e%%%ng{ sﬁ%%@ cclié?%%%?b sesflzgrémd%}fgr%réa%h?rf‘ bration
nmode and t hewhésh mide. rEspatleiveky appuraeds avtcl dimedlian ovecaddcl ai ns
9 to 21, whegghBat-heoteatrapparatus (2) is nonolithically 20 integrated on

an integrated circuit (21 - 23). 25 30 35 23. A load board for hol ding at
| east one needle card for testing integrated circuits and/or having at

| east orko tesh hasge lfed@t-hesid Medidred At ddddid Si BN ©OFaf¥n CPNBECting a
handl er to a éest%r. f .i.ntegra ed.circuitseS t he | oad board having ﬁ€
electrical sh8Ft ciPe¢liE Pt &S Firr cdift® (5HEOHEd 6, CHBRATHOL| af hed i n

one of clai meutputs7 2orlgitesieappaiatestha) dafferannedbetwere efnglai N5 9
to 22. 24. Aqhgshgbslol /i8IbsNG LALGA! hadnCilClils Rauhng pLurality of
instrunents or data stréans and a sensors, in particul ar- for
15 In the central region, both comparators 402 and 412
output logic ones.

In the third region, the first comparator 402 outputs a
logic zero since the difference between Urefnax and Ughort

20 is less than zero.



a |l oad board which is provided for holding at | east one needle card the
followng features: - the tester (105 has a for generating signals
plurality of measuring currents and voltages, - the tester (105) has - 41
(108) for testing integrated circuits (21 - 23) and/or for connecting a
handler to a tester of integrated circuggs-(21 - 23), and/or which is

equi pped with at | east one test base for testing 5 integrated circuits (21
- 23), - thertiestef ¢2@trechas anmekeetrical short-circuit protective
circuit (506, 516, 526) as clainmed in one of clainms 1 to 7 or a test
apparatus {2) as clained in one of clains 9 to 22, the signal 10 generator
(201) and thé ref&eehee segnal generators (401, 411) being formed on the

tester (105)1Ogndc%§g§892?§§gﬁg%éu?k%tgﬁeunits (501, 511, 521) with the

calibration units _ ] ctrical short-circuit protective
circuit 15 (508, ¥e¢ssus2By hBassgumep&fged on the |oad board, adjacent to
the input conbgct Retddik 224e 231) for the integrated circuits (21 - 23).
25. A method_f or éhe arallel testing of electrical 20 circuits, in
particul ar iﬁpggr PB§ Sﬁr 4'fs, having the follow ng steps: a) provision of
a tester (10%p5w rhsaekoad board which is provided for holding a plurality

of needle ca ( t hng integrated circuits 25 (21 - 23) and/or
for connecti%g%a Hggénghgoggbggster (105) of integrated circuits (21 -

23), and/or WA7chShepeyti ppedadeth a plurality of test bases for testing
integrated chpgui §8el2d wa2d). b) equipping the |oad board with a plurality
of 30 integrated circuits (21 - 23), the_integrated circuits (21 - 23)
bei ng connect8d t 8itRE LRpEEMESAREEt devell, 221, 231), and a signal

generator (201p bgkrgnpr evikdededasateellkvas in each case one el ectrica
short-circui rorective circuit (506, 35 516, 526) for each integrated
orreuit (o1 138 pBkn’ Sokpifatate ey

112 Fourth intermediate level
113 Switching matrix

114 Measurement data line

2 Parallel test circuit diagram
201 Precision signal generator
202 Ammeter

21 First A/D converter

22 Second A/D converter

23 Third A/D converter

211 First input contact

212 First output contact

221 Second input contact

222 Second output contact

231 Third input contact

232 Third output contact

401 First reference signal generator
402 First comparator

403 First calibration unit

404 First switch

405 Second switch

406 First reference line

407 First calibration line

409 Test signal line

411 Second reference signal generator



c) execution of a test node in which test signals are applied to the input

‘contacts (211, 221, 231) by - 42 the signal generator (201). 26. The

nmet hod as claimed in claim?25, wherein in step ¢) the input contacts (211,
221, 231) are decoupled by 5 neans of the electrical short-circuit

protective circuits (506, 516, 526). 2732The nethod as clained in claim26,
wherein the electrical short-circuit protective circuit (506, 516, 10 526)
whi ch i s madelavaidedidnel idorndaaatde)r i s enbodi ed as clained in one of clains

| to 3. 28. T, thod as cl.ainmed in claim25, wherein, before the nethod
step c), a sr?roir%t %ercgtﬂc?ctaéﬁ%ﬁ%lgé} ™ out 15 in which first it is

det ect ed whetdidr (Thd ndestwidianal which is present at the respective input
contact (211,41221p has i nadm ssi ble value, in particular a
short-circuit and in )hiCh m‘taét}ler this those input contacts (211, 221, 231)
at which an i4d&dniSesiasce cefapange liimearticul ar a short-circuit, has been

detected, are13el ecdomr] dacytiesh yigeans of the el ectrical
short-circuit protective circuits (506, 516, 526) . 25 29. The nethod as

claimed in cP&im 78X Shh&BRR 4B i cal short-circuit protective
circuit (50650216 Fixrdd) oMupilt isSigrede Javad | able in step b) is enbodi ed as

clainmed in o of £l ai 4 .tq9.6, .the . step of detecting whether the
el ectri cal s%&%-(ﬁééﬁﬂ %ﬂ%ﬁ%&nﬁﬁﬂ?%ﬁr%ﬁﬂ% 30 (506, 516, 526) has an

i nadni ssi bl e S04l udidst pdhadkiviarsigrehorlting rcuit, being carried out by
means of the syyEretgr, 204%0p the step of selectively decoupling the
electrical short-circuit protective circuit (506, 516, 526) being carried
out by openi Y35 st ot 1rd cobitte PRt ctiitferc kit iidont rol  of the

amet er (20207 tHiesamMmmeiibdd02)imdet ects an i nadmi ssible value, in
particul ar astirgfckL&Pit, of the eleq}rical short-circuit protective

circuit (508, comparator uni
512 Third output signal line
513 Fourth output signal line
514 Second checking signal line
515 Second AND gate
516 Second short-circuit protective circuit
517 Second feedback line
521 Third comparator unit
522 Fifth output signal line
523 Sixth output signal line
524 Third checking signal line
525 Third AND gate
526 Third short-circuit protective circuit
527 Third feedback line
531 Decision logic unit
532 Control signal line
3 Fourth short-circuit protective circuit
31 ‘First isolation amplifier
4 Fifth short-circuit protective circuit
41 Current-controlled isolating switch
5 Sixth short-circuit protective circuit
51 Comparator-controlled isolating switch
52 Second isolation amplifier
53 Comparator-controlled isolating circuit

6 First illustration of switching behavior




516, 526) . 30. The nethod as clained in claim28, wherein the electrical

"short-circuit protective circuit (506, 516, 5 526) which is nade avail abl e

in step b) is enbodied as clainmed in claim7, the step of detecting whether
the electrical short-circuit protective circuit (506, 516, 526) has an

i nadm ssi ble value, in particular a shokgkcircuit, being carried out by
nmeans of the conparator 10 unit (501, 5II, 521), and the step of

sel ectively gecoupbiRgqt B8 18l@chtli6Rl FNLLTENIGY bdlaRLRGL I Ve Circuit
(506, 516, 526) being carried out by opening the’ solating switch (51)
under the control of the conparator unit (501, 511, 521) if the conparator
unit 15 (501, 511, 521) detects an inadm ssible value, in particular a
short-circuit, of the electrical shortcircuit protective circuit (506, 516,
526). 31. The nmethod as clainmed in one of clains 25 to 30, 20 wherein the
met hod steps are carried out with a test apparatus as clainmed in one of
claims 9 to 22, with a |oad board as clained in claim23 or with a tester
(1) as clainmed in claim24. 25 32. A conputer programfor carrying out a
met hod for the parallel testing of integrated circuits, which nethod is
enbodied in such a way that the nethod step c¢) can be carried out as
claimed in one of clains 25 to 31. 30 33. The conputer program as cl ai ned
in claim32, which is contained on a nenory nmedium in particular in a
conputer menory or in a direct access nenory. 35 34. The conputer program
as claimed in claim32, which is transmtted on an electrical carrier
signal. 35. A data carrier having a conputer program as - 44 clained in
claim32. 36. A nethod in which a conputer programas clained in claim 32

i s downl oaded froman electronic data network 5 such as fromthe Internet,
for exanple, to a conputer which is connected to the data network.
.A@. A3a, y. A9;

y. AFy. AF( R AFa@ A3, . A3u. A9af . A&uf . Auyy. A3u, . A3, . A3aSy. A&uf . Ay. Auf . A. A9yy. A
& A9aR. A&uf . A&u. A&UR. A9y. A&u. A&u. A&ye. ALa. A& An@ A
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L;?L;fi;fi;f%&?g%g]&c?da%g%r&;ﬂ] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca
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Y} xsnid_Z]]ca] ca] @b‘%%]c‘% Lealg gcgg]tca(]gfg G?)%C@J cﬂ@)a] gﬂ \a} %185‘] gg%ca} cajc

a)J ca] ca] ca] ca] ca] a] caj ca cajc caj calcalc
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ajcal3a o - the out ut of the electrical short-circui

enles e el b ST LIS cocn

t 9@ 10%++&' () - bopn@@dib&%&o( N 'inpud@rch@HR& (Q1-1," 22@)y ®B)I,& () -

"@ 10%& () - puF 0% () ILI 0% ! %R ( 0% () -
| 9S8! 10%& ()-l}%lelhd)g’é‘ (‘%gé tag ‘5\5%1 By 531}9 @%ﬁ?‘ YatodSTEd
T1109& () - Y109&' ( Erpin0ddie( )nealmv/&s(:)nqvlmtlmamzof the input of the

15 electrical short-circuit protective circuit (506,

516, 526) by the electrical short-circuit

protective circuit.

2. The electrical short-circuit protective circuit as
20 claimed in <claim 1, wherein the electrical short-

circuit protective circuit (506, 516, 526) is arranged

directly.at the input contact (211, 221, 231).

3. The electrical short-circuit protective circuit as
25 claimed in claim 1 or 2, wherein the electrical short-
circuit protective circuit (506, 516, 526) is embodied

as an isolation amplifier (31).

4. The electrical short-circuit protective circuit as
30 claimed in claim 1 or 2, wherein the input contact
(211, 221, 231) can be disconnected from the region
lying upstream of the input of the electrical short-
circuit protective circuit (506, 516, 526) by the
electrical short-circuit protective circuit (506, 516,
35 526) if the test signal present at the input contact

(211, 221, 231) assumes an inadmissible wvalue.

5. The electrical short-circuit protective circuit as
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10" 9Y! 10%& (k1hYmedY' 1783&akh ' BYY! JREFE 80 () eid 0% £ e FLOGE (ARordl
circuit protective circuit (506, 516, 526) is embodied

as a current-controlled isolating switch (41), an

ammeter (202) being arranged in particular at a signal

5 generator (201), the current-controlled isolating

switch (41) being embodied in such a way that the

connection between the signal generator (201) and the

input contact (211, 221, 231) can be disconnected if a

current value which is sensed by the ammeter (202) and

10 is present at the input contact (211, 221, 231) differs

from an anticipated current wvalue.

6. The electrical short-circuit protective circuit as
claimed in claim 5, wherein a control line is provided
15 Dbetween the current-controlled isoclating switch (41)
and the ammeter (202) and can be used to switch the

current-controlled isolating switch (41).

7. The electrical short~circuit protective circuit as

20 claimed in claim 4, wherein the electrical short-
circuit protective circuit (506, 516, 526) has an
isolating switch (51) and an isclation amplifier - (52)
connected in parallel with the isolating switch (51),
the inputs of the isolating switch (51) and of the

25 isolation amplifier (52) being intended for connection
to a signal generator (201), and the outputs of the
isolating switch (51) and of the isoclation amplifier
(52) being intended for connection to an input contact
(211, 221, 231).

30
8. The electrical short-circuit protective circuit as
claimed in one of claims 1 to 7, wherein the electrical
short-circuit protective circuit (506, 516, 526) is
integrated monolithically on the integrated circuit (21
35 - 23) which is to be tested.

9. A test apparatus for testing electrical circuits,

in particular integrated circuits, in particular of
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/'30363} oP1! y10%& g%'3%g%%égfcaﬂi)short—circuit protective circuit

(506, 516, 526) as claimed in one of claims 1 to 7
is provided for each input contact (211, 221,
231),

- the output of, in each case, one electrical short-
circuit protective circuit (506, 516, 526) is
connected to the associated input contact (211,
221, 231),

- a signal generator (201), which is intended to
generate a test signal and which is connected to
each input of the electrical short-~circuit
protective circuit or circuits (506, 516, 526) via

one connecting line (409) in each case.

10. The test apparatus as claimed in claim 9, wherein
a comparator unit (501, 511, 521) is provided for each
input contact (211, 221, 231), which comparator unit
(501, 511, 521) is connected to the input or to the
output of the electrical short-circuit protective
circuit (506, 516, 526), the test apparatus (2)

comprising at least one reference signal generator

(401, 411) which is intended to generate a reference
signal and which is connected to each comparator device
(501, 511, 521) by means of at least one line (406,
407, 416, 417), in particular by means of a reference
line (406, 416) and by means of a calibration line
(407, 417).

11. The test apparatus as claimed in claim 10, wherein
each comparator unit (501, 511, 521) can be operated in
a test mode which is embodied in such a way that the
test signal of the respective input contact (211, 221,
231) can Dbe compared to the reference signal, and
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()-M10 10 yherein a decision logic unit (531) is provided which
is connected to the comparator units (501, 511, 521)
and which 1is embodied in such a way that control
signals for the signal generator (201) can be generated

10 from the output signals of the comparator units (501,
511, 521).

13. The test apparatus as claimed in one of claims 10
to 12, wherein two reference signal generators (401,
15 411) are provided, the first reference signal generator
(401) being intended to generate a lower reference
signal, and the second reference signal generator (411)
being intended to generate an upper reference signal,
each comparator unit (501, 511, 521) being capable of
20 testing the test signals to determine whether they drop
below the lower reference signal which is generated by
the first reference signal generator (401), and to
determine whether they exceed the upper reference
signal which is generated by the ' second reference
25 signal generator (411).

14, The test apparatus as claimed in one of claims 10
to 13, wherein the comparator.uhit or-units (501, 511,
521) has/have one comparator (402, 412) in each case.
30 |
15. The test apparatus as claimed in one of claims 10
to 14, wherein each comparator unit (501, 511, 521) has
a calibration unit (403, 413), the comparator unit
(501, 511, 521) also being capable of being operated in
35 a calibration mode which is embodied in such a way that
the switching properties of the comparator unit (501,
511, 521) can be set by the calibration unit (403, 413)

by means of the signal values of the calibration line
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&'1310% & () @k 10000 dr v rode f 1R Eebtive circuit (506, 516,

526), the output of each comparator being capable of

15 Dbeing connected to its calibration unit (403, 413) and
to the signal generator (201), and the switching
properties of the calibration wunit (403, 413) being
capable of being set by means of the comparator (402,
412) .

20 _

17. The test apparatus as claimed in one of claims 9
to 16, wherein in each case an output contact (212,
222, 232) which is intended for connection to an output
of an integrated circuit, and which is connected to an

25 output line, is provided for each input contact (211,

221, 231).

18. The test apparatus as claimed in one of claims 9
to 17, wherein in each case one checking signal line

30 (504, 514, 524) leads to the respective output 1line
from each comparator unit (501, 511, 521).

19. The test apparatus as claimed in one of claims 9
to 18, wherein the electrical short-circuit protective
35 circuit or circuits (5) is/are embodied as claimed in
one of claims 4 to 6, the electrical short-circuit
protective circuit or circuits (5) being capable of

being operated in a short-circuit test mode in which



& X 1108 & ()- } 108 & ()- '10%8 & ()- & 1110 & ()-z
“T1110% & () -zpp4dgi gj gkgl gsgqBrvU4! F: 1109 & ()- & MLO% & ()-10! 10! 10! &f;
GO & ()- s .10 & ()- ~.'10%B & ()- Brrsttuv|[:vU4!l 1108 & ()-s&
P10 & ()-s 110 & ()-s & 10U & ()-s 1108 & ()- F 1109 & () -
VWXXXXXXTyvU4!l M 109 & ()- &ML0% & () -1Gl1Q! 10! &9Z10% & ()-S & ! 10%& ()-s
1108 & () -siyyzz{ ||]|[: VU4I FB 108 & ()-& & s!10%& ()- s!10%W & () -
0% ( )() 'twg{i&fgg%rg £-Voh¥odablr | | Xhbl¥ern O%sgmch 96! 0% & - S&

1 S 1 !
& F98 109& () -SWiThssh1n ‘&9‘!' 16%"&3’( )t%a(t) IYI& %@fk%?%*}lgn oPebypeathe-
9'10@6'f&f()sﬁ@dﬂﬁﬂ@dhdﬁaﬂdﬁ]{ﬂ@lﬂ éHQZBhélﬂyput}ceﬁt &GW%Zy& , (p2&,
| 9s*"10% u ) s*" u& ? Y& 91 109 &

9! 10%i! U&! (3923(1 | (BR41D fg!g? 2ok ie ?}8/1 G dise PyERFPLe SidHeE FBe() .-
YM 109 & B) - arendit®s & 402)1050 ydate gt @(ﬂl?thaﬂ.Oth&ypﬁlﬁ%& riue&whicdd &' ()-
%13‘(';({(?-?08{‘} (&) Oxs . gyln Q%t‘%d()by & B! 19%11‘?%9 gerﬁgé 058 & ((2)01 | bAg10! 1@ 9Y
' ' present at the input contact (211, 221, 231) lies in a

defined admissible value range, and in which the
current-controlled isolating switch (41) can be opened
10 by the ammeter (202) if the current value which is
generated by the signal generator (201) and is present
at the input contact (211, 221, 231) does not lie in

the defined admissible value range.

15 20. The test apparatus as claimed in one of claims 9
to 19, wherein the electrical short-circuit protective
circuit or circuits (5) is/are embodied as claimed in
claim 7, a control line being provided between, in each
case, an 1isolating switch (51) and the associated

20 comparator unit (501, 511, 521), the input contact
(211, 221, 231) being capable of being switched in such
a way that it is connected to the comparator unit (501,
511, 521), the test apparatus (2) being capable of
being operated in a short-circuit test mode having the

25 following features:

- the short-circuit protective <circuit (5) is
switched in such a way that the connection between
the signal generator (201) and the input contact
(211, 221, 231) runs only via the isolation

30 amplifier (52),

- the input contact (211, 221, 231) is switched in
such a way that the test signal which is present
at the input'contact (211, 221, 231) is connected
to the comparator unit (501, 511, 521),

35 - the isoclating switch can either be switched by the

comparator unit (501, 511, 521) in such a way that
the connection between the signal generator (201)
and the input contact (211, 221, 231) runs via the
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t10%8 & ()- &Bo 21, wherein the comparator unit or units (501, 511,
521) and the short-circuit protective circuit or

circuits (506, 516, 526) can be switched to and fro
15 between the short-circuit test mode, the calibration

mode and the test mode.

22. The test apparatus as claimed in one of claims 9
to 21, wherein the test apparatus (2) is monolithically
20 integrated on an integrated circuit (21 - 23).

23. A load board for holding at least one needle card
for testing integrated circuits and/or having at least
one test base for testing integrated circuits and/or
25 for connecting a handler to a tester of integrated
circuits, the load board having an electrical short-
circuit protective circuit (506, 516, 526) as claimed
in one of claims 1 to 7 or a test apparatus (2) as

claimed in one of claims 9 to 22.

30
24. A tester for testing integrated circuits having
the following features:
- the tester (105) has a plurality of instruments
for generating signals or data streams and a
35 plurality of measuring sensors, in particular for

currents and voltages,
- the tester (105) has a load board which 1is
provided for holding at least one needle card



Y10% & ()-S &Y-10% & ()- &y:10% & ()-10~! ~10~! ~| [ : A410~! ~ x" &$! 10% & () -
&S 109 & () - &$I 10U & ()- & &s!10%W & ()- &s!10% & ()- &&

109 & ()-RvU410 & s109%! & ()- & mlO%! & ()- &MLO%! & ()- 10! 10! 10!

"8l 4110%8 & ()- & 41109 & ()-|[:vU410 & &L' 1 109! & ()- & &y#Z10%! & ()- S& &L
"109%! & ()- " Ly!109%x!]1& ()- Ly!10%8xy$&-()- Ly!10%x!]& ()- r}~| obu410
&ML0% & () - 10bx! b10bx! b10bx! b& | * LI 4! 109Bx! b& ()- LI 41 109%! & ()

| L&O! 10%bx! b& () - $10lg)! 1804 X!de&tlikg | {2 0&YAE & 9'chG%di& (213 2103 & () - &

&3 109 & 3 10% 10% & &Y109% & ().~ WKYZa] vU4 10988 ()-2 &
10988 () - (é@/umsn(*? %li@ﬂ(ﬁo tfdb%&a()ha’@%%%ﬁg )]*§%8EF fo()
& “100& ()-28 &  10%efrE)reds &1rtOURS() (2l &= 109K, ()arm/aor 169R&N() i 8

& " 109%& 2* Vh & YR () - 1098 () -
& 10%& 8 2 & Hl(?ﬂ%kﬁjl%?’%?&& E%@/%&(%]}e%gtl fl’:tl)eg febt 888 1006 lletng
& *13109ME: () - 43109 aCRU SIOBNE'S( ) (243 T0ORNE () - 4

&SL109M& () - 10$1Q$1| <&é’f§-@§§‘ (105 has an electrical short-circui

#3(+W 3109%VE () - 43T0%VNR' () - 4310%VIVE, 4310%IVE, A#3(+W (). 9|410$&
#3109 () - 4#3( +PEPERANEVE) - q%ﬂ@@még)ﬂﬁd%nv@ég?uefo%mrqeﬂ 415< >Bl _?
I410§5& . 0one of claims 10 to 7 or aotest apparaotus R
#L0MME () - 43L0WRE. () 6w 1 0onnE: (-Azlooane () Az 0w (1 aloznew 2
#310%VVE1 ) - 4310 %0ulelfi o(r)a-t431 09D 1)) - 4#a3(d+vxalﬂwv& 3 £48406MVKR' E)lgdulx| DI 41
0$&

#3109 () - 4310%%@?5“4?3?0%&/?\& 0y 2231 o030 e vBooihk: £5S EE <1 4108&
#3( +WB1090ME! () - 43 1G%IVE, %@v@%aMO%m ?35 uBBtsW 2P 4108&

#31090M& () - 4#3(+\6611W6\Met1(1)%OM&Ht%AOWs()M@iOW\&() énal 410$&
#3109NVE! () - 431008/VE! () - 4#3( tVBTOUME () - 431090MK! ()4 g}

,_?1410$& the “‘electrica ort-circuit p otectlve clrcuit
#318?¢|vm5)-4310%«|\m6(,) -SBA09BAE) (bed#3( AVRROUNNR o) - A3 0LAAE bpadd459?MN_C
| 410$&

#31000MVB! () - 431090 303 TN (A1 RAME 153 4%%%%\3%%@3%3 ARBsZj kI |
<l 410%& the integrated circuits (21 -

#3(+WB10%VE' ()-4) 310%WR' () - 43109, () - 4310%w& () A#3(+W pv_?1 410$&
#3109WWE' () - 4#3( +VWB10%VME' () - 43109VVE' () - 4310%WNE () - 43109WE' () -4 2?1 410$&
#31090MVE () - #31:0980vErme § b ag3Eaxs 10bfVR AR UBLOUMARE LRI 4 PHOIVRABCEY1233) 410$&
#31090MVE2 @ ) - 43 HQWIVE, ()i ILDOAMMBA (A r 4¢3 YW OOAMEL £ 3 #8d DUBMEL h gy - 4h @ 4105&

gzlowv& ()- @%Jﬂowmg()stzé%lowv& () - 43109WE' () - 4#3( +VBLOYWE' () - 4) * +d@ 410

#H#3( +WBLOYVMVE) () - 43HOANEST( ) o£3 1990 {r 43 10%NEI { ) b 443 ( A\Weic5 EEGKxal 410$&

#3100V () - 4#3( +VBIQYMVE ) A3TAMAE (143190, () 243 100N, () 4Kl | p_?

| 410$&
#3100WMVE () - 43109808 (Le AB(ANBITOAIVEE ¢ - 18I0VMIEL 1 F e B DOMNEL EFuAps?| 410$&

#31090MVES § ) - 431090\’ () - H3HOURNEY () - Af%%(w\%w%@ng) -A3RQNNME, () él Pl 410$&
#3109ME' () - 43109ME' () - 431Q%R' () - 4310%VIVE/ FVBLOMVE ( 5\8|410$#

3(+VBL0%WE' () - 43F60aneE (148109 %teﬁffémv&ce)m&%ewﬁ%i 4r0$%§ +\W\B10%vM
ol 410853 109! () ASTOIMNE (. ‘i#é(%‘%?% AR () A ALOMME ) AZLOSE () - 4
' 0 + 0 0 ! -

'5679@ 2! 410$#31%?9W§ Of)% CA’#%( %%ﬂ\?@(') - 4310%WVE.

' () - 4Yabek _Cio410$#310%pNEIo ) wmo%vm ()ooasmloww&h()mspmww&l(cy 483( +\WB10%

MVE 444 81 410$#3 (xR L09B/NE 431 43} 4#3 +vv
DI 41(()}$#3%QV\310‘WV%(112% 4#3(%%}%%0‘@ Ef ) 9%? 3%%9%%?%% (
4{ _?1 410$#3109%N& L ABTFANEL () 4%43] +m}@wv&br(r)e%q@m t(f)e 4ABDOYRNVE, () 4

#*+. 51 _7 410$#310°@6&&a(c)t-s431@w1\/&2(2)1 4321331/NV&aﬁé1 %#%fmp‘%%e&t@lowm
()- 41 JKNUow' @410$§ﬁ£}3%ﬂ% 43100 % ? ()-43109 %) 4#3( +WB10
WMV () - 4wz  <| 410FHA3( + 109FMESLY - 25109MEBA LYY - 939 BORIE! () A#3
(+W obUS##3( +WLOMALRNEANM 1l 1@%&&éir¢ult protectlve circuit (506,
MLO%VVE! 10MW1 0 09 3 1 .9F 1.10%
| 0% ()ége 9F 11 M(?& %& %Bﬁf& %“[telg t%&c(’)’fc 1“0%# ?ﬁg ? | obUs#
j 9 110%1& () - 9b'6109$t©d, e 9110%,& ()-) 9 '10%& ()- 5 9F '10%& ()- "9F
c) execution of a test mode in which test signals are
applied to the input contacts (211, 221, 231) by
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28. The method as claimed in claim 25, wherein, before
the method step c), a short-circuit test is carried out
in which first it is detected whether the test signal
which is present at the respective input contact (211,
221, 231) has an inadmissible wvalue, in particular a
short-circuit and in which after this those input
contacts (211, 221, 231) at which an inadmissible
value, in particular a short-circuit, has .been
detected, are selectively decoupled by means of the
electrical short-circuit protective circuits (506, 516,
526) .
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29. The method as claimed in claim 28, wherein the

electrical short-circuit protective circuit (506, 516,
526) which is made available in step b) is embodied as
claimed inh one of claims 4 to 6, the step of detecting
whether the electrical short-circuit protective circuit
(506, 516, 526) has an inadmissible wvalue, in
particular a short-circuit, being carried out by means
of the ammeter (202), and the step of selectively
decoupling the electrical short-circuit protective
circuit (506, 516, 526) being carried out by opening
the isolating switch (41) wunder the control of the
ammeter (202) if the ammeter {(202) detects an
inadmissible wvalue, in particular a short-circuit, of

the electrical short-circuit protective circuit (506,
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"VX d 5 526) which is made available in step b) is embodied as
claimed in claim 7, the step of detecting whether the
electrical short-circuit protective circuit (506, 516,
526) has an inadmissible value, in particular a short-
circuit, being carried out by means of the comparator

10 unit (501, 511, 521), and the step of selectively
decoupling the electrical short-circuit protective
circuit (506, 516, 526) being carried out by opening
the isolating switch (51) wunder the control of the
comparator unit (501, 511, 521) if the comparator unit

15 (501, 511, 521) detects an inadmissible value, in
particular a short-circuit, of the electrical short-
circuit protective circuit (506, 516, 526).

31. The method as claimed in one of claims 25 to 30,
20 wherein the method steps are carried out with a test
apparatus as claimed in one of claims 9 to 22, with a
load board as claimed in claim 23 or with a tester (1)

as claimed in claim 24.

25 32. A computer program for carrying out a method for
the parallel testing of integrated circuits, which
method is embodied in such a way that the method step
c) can be carried out as claimed in one of claims 25 to
31. | |

30
33. The computer program as claimed in claim 32, which
is contained on a memory medium, in particular in a

computer memory or in a direct access memory.

35 34. The computer program as claimed in claim 32, which
is transmitted on an electrical carrier signal.

35. A data carrier having a computer program as
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claimed in claim 32.

36. A method in which a cbmputer program as claimed in
claim 32 is downloaded from an electronic data network

5 such as from the Internet, for example, to a computer
which 1s connected to the data network.



