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BACKGROUND Automatic test eqU|pnent or ATE is used to test sem conductor
or ot'M@P1883k devi ces at various stages of manufact ur BCTABOMAEIY est er
generates signals, supplies the signals to a device under test or DUT, and
nonitors the responses to these signals to evaluate the fitness of the-
DUT. These signals. include DC signals, and tine varying signals such as
AC, pulsed, or other periodic signals. To provi de these signals with
precision, testers en‘gIIE{o precision tine quéy nal circuits are not

able DC c¢$%@U¥TyANQ vary i I ROVERaIT THES referred to
as pin electronics cirgui ratgn,Ci are used because the
circuits capabl e of pr:@gi | n%@ggﬁ ﬁ%%gﬁj?éﬁngb%‘?%% sion DC signals are not
capabl e of providing and neasuringyprecision high frequency signals.

‘Li kewrse, provide and neasure precision DC signals. Thus, the tester nust
be capabl e of sw tching betvi#teevemdémiptwarxi rcuits when testing a DUT.
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BACKGROUND
Automatic test equipment or ATE is used to test

semiconductor' or - Sther type dev1ces at various stages of

manufacture. An ATE tester generates signals, supplies the
10 signals to a device under test.or DUT, and monitors the

responses to these 51gnals to evaluate the fitness of the

DUT. These Slgnals 1nclude DC 51gnals and time varying

signals such as AC, pulsed or other periodic signals.

To provide these 51gnals w1th precision, testers employ

15 DC circuitry, and time varying signal circuitry sometimes
referred to as pin electronics circuitry. Separate circuits
are used because the circuits capable of providing and
measuring precision DC signals are not capable of providing
and measuring precision high frequency signals. Likewise,
’p0, prec151on time varying signal circuits are not able to
| | provide and measure precision DC signals. Thus, the tester'
must be capable of switching between these two circuits when
testing a DUT.

Further, to maintain precise time varying signal
25 characteristics, testers must be capable of performing self
ealibration.‘ Self calibration includes-eignal level

calibration as well as signal timing calibration. Thus, the



Further, to maintain precise time varying signal characteristick} A tgmﬁ,
must be capable of performng self «calibration. Self calibration includes
signal level <calibration as well as signal timng calibration. Thus, the 1
6 APR 2004143701/ 29571 PCT/ US00/ 28915 tester al so nust prPOLAISE/28hi5s
switching for calibration. Fig 1 shows a "T" switching circuit comonly
used in prior art ATE testers to performsuch switching. Relays typically
are enpl oyed to provide switching. Relay switches facilitate precision
testing by providing |ow closed resistance and | ow open capacitance. This
all ows accurate transm ssion and neasurenent of signal timng and signal ;
| evel s quaitém aliste masdvprbihi @deadcihangewdf ceiggaFokevellsbrathos,. with
appropriate relay switching the "T" switching 10 circuit is able to

“provi de | ow riSg sk at@ i | Bw S'ehpelki RAnekr FRARsAPESPBAYpHERY B&t ween t he

time varyi.n Si lrquitry, 10_an he “_Ib_g en th test/tine

varyi ngﬁs{@éﬁalalr alr}fa].ld% ;tte?sgtnéxésl rtpcﬁi erxilg anc hg‘g %f\g,g'asge;\g%; as between
the-" t1 RRMRAIMITRG e Nalp 1 Yol S Yok 2! diier dR1RK. t eRblhi MBwYBERERY

signal calibration circuitry 20_ Relays, however, have a significant

dr awbaclkadRdlizpse aerizicel dtéstaing |y preani ding bewoedosad| ure or MIBF as

conpared tq other tester conponents. One cause of the |ow. MIBF of rel ays
o bl y e HSTARES T 1o CHEFT S AHRES0 rERLY RORPUEI CCEEARCt s ar e

suscept ible 50 PRI B P Uddburement of signal timing and signal :

levels over a Qi&é bandwidth andrfange of signal levels.
Thus, with appropriate relay switching, the “T” sﬁitching

10 circuit is able to provide low resistance and low
capacitance tranémiééion paths b?twegn-the time varying
signal circuitry ;b.ahd:the'ﬁUT 30, between the DC test/time
varying signal calib;aﬁiqniqircuiﬁry 20 and the DUT 30, as
well as between thé:time vafying-signal circuitry 10 and the

15 DC test/time varying‘signal calibration circuitry 20.

Relays, however, have a significant drawback. Relays

have a relatively low mean time before failure or MTBF as
‘compared to other tester components. One cause of the low
MTBF of relays is polymér build-up on the surface of the

20 relay contacts. Contacts are susceptible to polymer build-
up when switched dry rather than under an applied current or
voltage. Such polymer build-up increases contact
resistance. Moréovef, the resistance caused by polymer
build-up varies each time the contacts are closed. This is

25 partiéularly true in relays designed for high bandwidth
applications. In such applications, relays having small

contacts to provide lower capacitance along the high



up when switched dry rather than under an applied_current or voit@g’@3 ildﬂ]
pol ymer build-up increases contact resistance. Mreover, the resist e
caused by polyner build-up varies each tinme the contacts are closed. This
is 25want2est arly true in relays designed for hi gh banBGIrais60/28915
applications. In such applications, relays having small contacts to

provi de | ower capacitance along the high "1 6 APR 2004 WD 01/ 29571

PCT/ US00/ 28915 frequency transm ssion |line also have a reduced spring
force, which facilitates resistance variations in polynerized contacts. In
testers designed to test devices 125 Miz -- 500 Mz or greater, relays

nor mal Eyehaeney doaysmissicgctliiore oflsm love resreduaned, spaandevel op sever al
ohnms of resistance. This results in each closure of the relay leading to

a di f f EPERE r WELEPa & W NRE e SHESH SHARR] IRy ¥Bnt P pr eci si on and,

conseq : reliabjld ty -qf . I : tribute to

t est erggg%gﬁ%g c%lltg‘l@é:vxdﬁ'ng Iglr &ﬁc}ﬁ%sﬁ%aeﬁg&%ﬁ%ﬁgt%%gdggﬁl%?gi ns. To

conpet £25i Mhgen sondubizobraifeateit)eredlaad Mutmaldey i k&eingr bely, a

manuf acturers regui re nore reliable test equipnent. Solid state sw tches,

oA t hefpvaheionand, agerdimalef Uss@ECeor &S deﬁvqmi%%d%rﬁlgﬁbwsl\/?éﬁ Sol i d
wever,. . are not capabl-e of sane | ow

fteg}[ gt%’lfl’\%tég %’5‘383;53615?‘&%5 TS tr'seIl(fllys“f'.“"l |é:.1°fuﬁelolrjogﬁur%tlé;gréfggonpari son of

resi st poge:i N§r 68SaCap&tictrenge relaktgher Sl , afhivl idEséate switches and

rel ays. Wiereas the product of i

: measurement precision and, consequently, the reliability of
the tester. As such, relays contribute to tester down time,

10 slowing production and reduciﬁg‘groduct margins. To compete
in semiconductor éﬁd;other elec#ronic devices markets,
manufacturers reqﬁiré ho;e réliabie-test eguipment.
| Solid state é&iﬁchéé, on the . other hand, generally have
orders of magnitudéfhigheEVMTBF."Solid state switches,

15 however, are not capable of providing the same low
resistance and capacitance as relays. Fig. 2 illustrates a
comparison of resistance verses capacitance characteristics
of solid state switches and relays. Whereas the product of
the closed resistance and open capacitance of a high

) 20 frequency relay can be on the order of 0.07 pF-Ohms, the

‘ best commercially available solid state devices provide only
about 15 - 40 pF-Chms.
As such, although replacing RELAY1, RELAY2, and RELAY3,
of Fig. 1 with a solid state switch could improve MTBF, it-
25 also impermissibly impairs the capabilities of the tester.
This is particularly true in high frequency applications,

where the bandwidth of the time varying signal is limited by



the closed resistance and open capacitance of a high 20 frequency ge j@ﬁ?
be on the order 0.07 pF-Ohns, the best comercially avail able solid ‘St'at
devi ces provide only about 15 -- 40 pF-Chns. As such, although repl acing
RELAY1 WORPV¥2I nd RELAY3, of Fig. 1 with a solid state MEUS2898] d
inprove MISF, it also inpermssibly inpairs the capabilities of the
tester. This is particularly true in high -requency applications, where

t he bandwi dth of the time varying signal is limted by | 6 APR 2004 WO

01/ 29571 PCTI US00/ 28915 the capacitance of the tine varying transm ssion
channel . Furthernore, increased resistance limts precision of DC signal
measur efiBat capacétatioge ofatfiend iSiey i@ rcg BrzansnisSiunvaanne br ef erred
enbodingnt Bf t he present _inv. ntiaggggovi es g switching circuit for

‘test i ng® 3N EAMPHPat FOTEA S ST TS F 1SSt %’H&%%ﬁc%ﬁ%’ 4G e varying
signal d056hanpek sugeRentesha Rannelne apd~a dd B MY I 338l evel

cal i brati®on channel. The tinme varying signal "charinel. has a series-connected
solid state switch interposed between a tine varying signal circuit end
and a device under test end of the tinme varying signal channel. 15 The DC
tedt channel is connected to the time varying signal channel between the
series-connected solid state SUMMARY

2 preferred embodiment of the present invention
provides a switching circuit forvéesting_and calibration in
_ automated test equipment having a time varying signal
) 10 channel, a DC test channel, aﬁ@ a time varying signal level
calibration channéi;; The time.éérying signal channel has a
series-connected sﬁ;id.staté"éwiﬁéhlinterposed between a
time varying signéi??ircp;t end aﬁd a device under test end
of the time varyingféignai‘éﬁannél.

15 The DC test channel is connected to the time varying
signal channel between the series-connected solid state
switch and the device under test end. The DC test channel

. has at least one solid state switch interposed along the DC
test channel so as to provide switchable coupling between az
) 20 DC parametrics circuit side of the DC test channelrand the
' time wvarying signal channel. _ ‘
The time varying signal level calibration channel is
connected to the time varying sigmal channel between the
series-connected solid state switch and the time varying

25 signal-circuit end. The signal level calibration channel

has at least one solid state switch interposed along the

signal level calibration channel so as to provide switchable



switch and the device under test end. The DC test channel has &tg lﬁ%tz &ne
solid state switch interposed along the DC test channel so as to p ig
swi t chabl e coupling between a 20 DC paranetrics circuit side of the DC test
channevoan@937he tine varying signal channel. The tine P&RUSS281§nal | evel
calibration channel is connected to the tinme varying signal channel
between the series-connected solid state switch and the tinme varying 25 -
signal circuit end. The signal |evel calibration channel has at |east one
solid state switch interposed along the signal |level calibration channel
so as to provide switchable 1 6 APR 2004 WO 01/29571 PCT/ US00/ 28915
coupl i rgupdtinege et wdCpat PEtPITENet¥ies tckrgelibf sife sifghbe siepal
calibration channel and the ti varying signal _channel.. In nore preferred

- enbodi KENEL, c@ﬁé‘tﬁéttlé%ﬁ %F%rﬁﬁﬁ%f,al?‘ieth% SERaV2TEVBE E4PPBrati on channel |
or botpy By have a force branch and a sense branch each having a solid
state switch. |In sone enbodinents, the tinme varying signal channel has a
| ow resi st ange mopee e fiak sddhteamisvdidntswhitlee the DEsteshanokannéhe t he
signal |evel calibration channel, or both, have 10 | ow capacitance type

séli d stiapralswevelesSaNRiOn GhHANTRIe ViRl reidYi PaVe Br éPEFFed. to
have SBELERH! Kot e g i A Y AU B (ALl Bk chponst tor
test changshe ardhodiaesitgnaltHeeuelns atdbriald e prehnehannel has a

low resistance type solid state ;aitch,'while the DC test

channel, the signal level calibration channel,:or both, have
10 low capacitance type solid stépe_gwitches. Moreover, in

some embodiments it is preferreéfto have optically coupled

metal oxide semiconductor field effect transistor switches

within some, or ailﬁ:of ?he time varying signal channel, the

DC test channel, aﬁdﬂthe Eigﬁal level calibration channel.

15

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 show a prior art test and calibration relay
switching circuit.
) 20 FIG. 2 illustrates a comparison of resistance and

capacitance characteristics of a relay and solid State

switches.

FIG. 3 shows a possible implementation employing sclid

state switches.

25 FIG. 4 shows a preferred embodiment of improved ATE
test and calibration circuitry in accordance with the

present invention.



15 BRI EF DESCRI PTI ON OF _THE DRAWNGS FIG | show a prior art teqtga&@s U'
calibration relay switching circuit. O FIG 2 illustrates a conpari r? glf
resi stance and capacitance characteristics of a relay and solid state
swi t chewo of749871 3 shows a possi bl e i npl enentati on enpl oyiray/esioizdo1sst at e
switches. 5 FIG 4 shows a preferred enbodi nent of inproved ATE test and
~calibration circuitry in accordance with the present invention. 1 6 APR 2
WO 01/' 9571 PCT/ US00/ 28915 FIG 5 shows a preferred enbodi nent of inproved
ATE test and calibration circuitry in accordance with the present
invention. '1 5 APR 2001t WO 01/29571 PCT/ US00/ 28915 DESCRI PTI ON OF
PREFERRED EMB@BI, MENER oD aMp @S rdd B JARRSINT diNitdNed AT®. 3 shows a
possi bl e inplenentation to inprove solid state switching. In this
" i mpl enehesati end tad ibypsdonf asaloud trat dite agicpciReseamiitiusdie A type A
solid state switch having |ow resistance when cl osed and hi gh capacitance
vihen op@ﬁ?seﬁlﬁdlﬁv‘l”?‘géoﬁ'sol id state switch having | ow capacitance when



10 open and hi gh resistance when closed. Type A switches, SSSWT AngPR 2004
SSSWBT, couple the time varying signal circuitry 10 and the DUT 30 to form
a time varying signal channel. A type B switch SSSW2T coupl es the DC test
and t W@0128593 ng signal calibration circuitry to the tiPel/A8ME3RY si gnal

15 channel. In this inplenentation, using different solid state swtch
types, one adapted to provide |low resistance and one adapted to provide

| ow capacitance, mitigates sone of the shortcom ngs of solid state
switching. During tine varying 20 signal testing, the tinme varying signal
channel transm ssion path resistance is provided through | ow resistance
type A switches SSSW. and SSSV\BPE%RFBTFQE open type B switch SSSWT,

provi des | ow capaci i &!I&? i transm ssi on path.
25 Wth this inpl e%?ﬁ%om@f%gna P?%i‘s ing the DUT 30 is
conducted via a high resigit ange comdeair SEWRIFTOMi s reduces precision of DC
signal-testing of the 1 6 APR 2004 WD 01/29571 PCT/ US00/ 28915 DUT 30.

Further, this also occurs during calibration of the tinme varying signal
ChT e Y 1575 IEALTE YauL0 SLangl, LRI IO souplef o the
%refyf[]%@%fgggﬁgwﬁ%gqf the PSS el rlveRlish, i d Hiyparhodigenta a tine
state switches are used. A type A solid state switch having
low resistance whén closed and hi%h capacitance when open,
and a TYPE B solid state switch having low capacitance when
10 open and high resistance when'g¥qsed. Type A switches,
S8SW1T and SSSWBT;'cbuple the time varying signal circuitry
10 and the DUT 30_£Q-erm a time ?afying signal channel. 2
type B switch SSSﬁéTécohﬁlethhe DC test and time varying
signal calibrationiéirCuiﬁr?.to the time varying signal
15 channel.
In this implementation, using different solid state
switch types, one adapted to provide low resistance and one
adapted-to prdvide'low capacitance, mitigates some of the
: shortéomings of solid state switching. ' During time varying
) 20 signal testing, the time varying signal channel trénsmission
' path resistance is provided through low resistance type A
switches SSSW1 and SSSW3, while the open type B switch
SSSW2T, provides low capacitance along the time varYing
signal transmission path.
25 With this implementation, however, DC signal testing of
the DUT 30 is conducted via a high resistance type B switch

SSSW2T. This reduces precision of DC signal testing of the



channel 1030 connects the tine varying signal circuitry 10 to the ?ﬁm
The tinme varying signal channel. 1030 has a series-connected solid stafe

switch SSSWL capabl e of 10 switchably coupling the time _varying signal test
ci rcui¥PYW29591t 0 the DUT 30. A DC test channel 2530 is 85”1&9@’8@1?0 t he
time varying signal channel 1030 so as to couple the DC paranetric
circuitry 25 to the QUT 30. The DC test channel 2530 is 15 connected to the
time varying signal channel 1030 between the solid state switch SSSW and

a DUT end of the tinme varying signal channel 1030. At |east one solid
the DC test channel

state _swi tch of S%ig? anq%SSS | S interpgsed along,

2530 s&Y3s 3 prARTdESw tRHALTESRoBPFTRG SRTLRE BRLloBTBLASReCf E&e
circuitey .2 : #%é% ) pﬁri di gen of:FLg N ferred
"to pro%ﬁﬁg ?ﬁ%ggb | 5%% c%ﬁf%c 5 ?pgssgg %%% é%ék%?a?gl%éoéﬁ ggﬁ

swi t chahkreudatyl 109 isbeiogsled heo DEhPacantbra€ioti ¢LHthi2byand he DUT 30,
ds wll be discussed further bel ow. Thus, solid state sw tches 25 SSSWB

and SSBYWghcsgsistameeDC g afEIW3E- circuit 25 to the DUT 30 independent
and not _j.n series wth series- qfnnected swtch SSSWL. 1 6 APR

f, .t
2604 WO 01/ B4571 “PERCHE0T RISTE & FMROTHURIT (o | tHRUF ETe SRAnnel 1025 | s
connec} gfehReohi. M I ARHIRY i@ maanne! 830,50, A%y t9i soapl e the DC - -

parametric circuitry 25 to the tinme varying signal circuitry
channel 1030 connects the time varying signal circuitry 10
to the‘DUT 30. The time varying‘éignalrchannel 1030 has a
series-connected solid state switch SSSW1 capable of
)10 switchably coupling the time vgrying signal test circuitry
10 to the DUT 30. : ”;

A DC test chaﬁpél;?SBO is éoﬁnééted to the time varying -
signal channel 10361§b éévto.couple the DC parametric
circuitry 25 to theﬂﬁUT 30. ' The DC test channel 2530 is

15 connected to the time varying signal channel 1030 between
the solid state switch SSSW1 and a DUT end of the time
varying signal channel 1030. At least one solid state
switch of SSSﬁB and SSSW5 is interposed along the DC test
channel 2530 so as td prbvide switchable coupling of the DC

)20 parametrics circuitry 25 to the DUT 30. In the embodiment
of Fig. 4, it is preferred to provide two solid state |
switches, SSSW3 and SSSWS5, to provide switchable coupling
between the DC parametrics circuit 25 and the DUT 30, as
will be discussed further below. Thus, solid state switches

25 SSSWﬁ and SSSW5 couple the DC parametric circuit 25 to the

DUT 30 independent of, and not in series with, the series-

connected switch SSSW1.



10. At least one solid_state switch of SSSW2 and SSSW i s inteiﬂbgﬁqequpg
the signal |evel calibration channel 1025 so as to provide sw tchabl
coupling of the DC paranetrics circuitry 25 to the tine varying signa
Circuiwpp12%711n the enbodinent of Fig. 4, it is prefePERHSIW2EDYI de t wo
solid state swi tches, SSSW2 and SSSW, to provide sw tchable 10 coupling
bet ween the DC paranetrics circuit 25 and the time varying signal circuitry
10, as will be. discussed further below Thus, solid state sw tches SSSW
and SSSW couple the DC paranetric circuit-25 to the time varying signal
circuit 10 independent of, and not in series with, the 15 series-connected
swi t ch SSSV\B STl aclo S ek acfabhbéatrpg chaaRe bws0£F S vEPYTRGEEAI tEC

_ S|gnal i.ng of the DUT. 3 f_ca [ yipg si gnal
Ievels %ﬁﬂgi ffy%ﬁﬂeﬁ%gﬁﬁ%f %%%n?in£5§6v%$y$%gég'C$%§¥ 1%ﬁ%rgglthe tinme
Vary'nﬁa%b%%%&l%h%ﬁ@%ui%%%’ﬁ@ torchautindi aPpens. sI¥al esitpgibging tinme
varying signals is performed via the tinme varying signal channel 7030,
with $8SW ACI deastamntheSSRREd S8SYEe opent cIDOEi SFRH2 tasdi $HPSWE the DUT 30

is perfornmed via the DC test chanpe| 2530, wth SSSWB . an SSWb_cl osed and
S8SWL, 1B5s¥PosgAd a3Som t&ﬁerﬁl%ajealr?‘ﬁ?]at%]r%%’fa‘ﬁ% %ﬁ%‘?‘?—.ﬁ %{%ﬁ | evel s

S oo BELTESHY ok AL GBI P SREMElpagiert iy SSOUE ano
PCT/ USQ@+-289t8y 25 to the time varying 81gnal circuitry 10. In .
the embodiment of Flg. 4, 1t is preferred to provide two
solid state switches, SSSW2 .and SSSW4, to provide switchable
10 coupling between the DC parametr%cs circuit 25 and the time
varying signal cireﬁftry 10, éS-Will be discussed further
below. Thus, solld state sw1tches ‘8S8W2 and SSSW4 couple
the DC parametric crrcult 25 to ‘the time varying signal
circuit 10 1ndependent of, and not in series with, the
15 series-connected switch SSSW1.

The configuration of Fig. 4 allows time varying and DC
signal testing of the DUT 30, self calibration of the time
varying signal levels, as well as isclation of the time .
varying circuit 10 from the time varying signal channel 1030

20 for fault diagnosis. DUT testing using time varying signals
 is performed via the time varying signal channel 1030, with:
888W1 closed and SSSW2-SSSW5 open. DC signal testing of the
DUT 30 is performed via the DC test channel 2530, with SSSW3
and SSSW5 closed and SSSW1, SSSW2, and SS8SSW4 open.

25 Calibration of time varying signal levels is performed via
the signal level calibration channel 1025, with SSSW2 and

S8SW4 closed and S5SW1, SS88W3, and SSSWS open.



Also with this configuration, it is possible to perform fault éi ggﬁ%@i@%f
the tinme varying signal channel 1030 on its DUT side, between SSSW and
the DUT, by closing SSSWL.. For exanple, this isolation %II %F verification
of theWOrQlR8%Mlonal ity of the terninals used to contact £l ém(f)sf 1815 ar yi ng
signal channel 1030 to the DUT 30. Faults-such as termnal shorting,.for
exanpl e, could be isolated with this enbodinent. This :capability is '
particularly desirable in ATE used for testing devices with high pin-
counts. For 10 exanple, in ATE adapted to test 12,000 or nore pins,

I solation of the DUT side of the tine.varying.signal. npel '
essentialIlﬁk%ﬁa%%%Bd?ﬁh%tcﬁﬁgl$$ﬁgg on, %E g Pé?éﬁ?%dgﬁoP%gﬁgF?i | ow
resi st ty I | : tdeBahkahe11203W tghes to
provi dggﬁl%r ﬁ%‘ﬁéﬁ%ﬁ%e‘?gvcﬁlg\?%%ﬁe?irﬁ?ﬁgﬂﬁhgﬁéﬂhsi ng solid state sw tches.
A | ow gleser esidd arilsecyqe FSSKED| axnd stbe eDUW t bl c¥oséngaBBghWdonnect ed in
the tinme varyin si gnal channel 1030, Low open,capacitance type B solid
state Fwirt cr@m irghﬂe? phRete Bl Gh @ HVHCVEELE LERRAARI ©5588%20 and t he

R S L L R L
1030. %in%ﬁ@i@:ﬁiéi Bk N0 S0 o6l theSHUT O30t heFanbes - yaeyi ag si gnal
passes through a™ ow resistance switch SSSWL.. 25 Furthernore, swtches
SSSW2- S8BWA narlo\sitder t iovg ¢ afraic i exeamn@l evherrwh@ e uk abR e devi by FR§ Ssi gnal
tEStin%hbé%f%éﬁ%?“FThﬁs*cépability is égrticuiérly desirable in

ATE used for testing devices with high pin counts. for
10 example, in ATE adapted to teé§l¥2,000 or more pins,

isolation of the DﬁTjside of théﬁtime varying signal channel

1030 is essentialjt;a;~‘ | H‘ h

In the embodiﬁé@t b%;Fig. 4, it is preferred to utilize

low resistance typéfé and 1ow capacitance type B solid state
15 switches to provide improved channel characteristics when

using solid state switches. A low closed resi;tance type A

solid state switch is serially-connected in the time varying

signal channel 1030. Low open capacitance type B solid

atate switches are interposed along the DC test channel 2530
20 and the signal level calibration channel 1025 so as to

.~ provide switchable coupling between the DC parametricé
circuit 25 and the time varying signal channel 1030.
Thus, during time.varying signal testing, the time

varying signal}passes through a low resistance switch SSSW1.

25 Furthermore, switches SSSWi—SSSWS provide low capacitance

when open during time varying signal testing. As a resulgt,

the embodiment of Fig. 4 provides a high bandwidth time

10



t he enbodi nent of Fig~ 4 provides a high bandwidth tinme 10 16 APR EI\QPR] 2004
01/ 29571 PCTI USQQ 28915 varying signal channel 1030, thus allow ng hig ‘

frequerﬁﬁl si.gnal transm ssion through the tine varyi n% si gnal channel
1030. WA128%8 " enbodi nents, preferred to | ocate the 5 sdGIP¥PERRSswi t ch

SSSWL proximate to the tine varying signal circuitry 10 to facilitate
signal transm ssion along the tine varying signal channel 1030. As such,
the sum of the output inpedance of the tinme varying signal circuit 10 and
the cl osed SSSW. appears the output inpedance which is 10 matched with the

characteristic i.npedance of .the DUT side .the ti varying signal
channel21¥3§9 E&%@gaﬁ%ﬂaé{nelln W e EmCWiRe %—‘y FOSFET or

opti cakk u OX ' or.,fiel f t I stor switch
ovi nask¥nfl el erIBEAerO it NP et iR il ©

enbodi nerd, SSSW is | ocated about 1-2 cmfromthe tine varying signal test
circuitry 10. Wth this i nplenmentation, DC signal testing of the DUT 30
and si gnal FBvEPMEarMBPRELMEREE: tiife itsi maofgryiesy ts dmeaatd £honducted vi a

"9 e e IE R B B Sk peh e B LTS i, oot o and
unaccepi @hhy cifeuceryeaUEBNEALIRAeRLS QAgndd YRR il alidhd he
the time varying signal channel ;030. As such, the sum of
the output impédahcé of the‘timev;arying signal circuit 10
and the closed SSSW1 appears the output impedance which is
)10 matched with the-characteristig;%mpedance of the DUT side of
the time varying éignal'channéi;103o. For example, in one
embodiment, an opf@Tédggled MOSFE?-6£ optically coupled
metal oxide semicéﬁﬁ?cﬁo?kfieldweffect transistor switch
having a closed reéi;tancéléf abéﬁt 2 to 3 Ohms is used. 1In
15 such an embodiment, SSSW1 is located about 1-2 cm from the
time varying signal test circuitry 10.
With this implementation, DC signal testing of the DUT
30 and signal 1evellcalibration of the time varying signal
is conducted via high resistance type B switches. 1In high
)20 end ATE testers, DC testing and signal level calibration
through high resistance type switches can unacceptably
reduce measurement precision. To overcome this, in the
embodiment of Fig. 4, it is preferred that one or both of
these channels 2530 and 1025 have a force signal path'or
25 branch and a sense signal path or branch. In the embodiment
of FPig. 4, SSSWB is provided in the force branch of the DC

“test channel 2530, while SSSWS is providéd in the sense
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enbodi ment of Fig. preferred that one or both these channels 253p [ﬁr]ﬂ:ngﬁﬁ
have a force signal path.or branch and a sense si.gnal path or branc

the enmbodinent of Fig. 4, SSSWB is provided in the force branch of the DC
test WOWRIFTI2530, while SSSWs is provided in the sensd@CTIUS28018PR 2' 004
WO 01129571 PCT/ USOQ 28915 branch of DC test channel 2530. The DC test
channel 2530 sense branch provides feedback for controlling DC current or
vol tage at the sense branch connection to the tinme varying signal channel
1030. Further, in the enbodinment of Fig. 4, 5 SSSW is provided in the
force branch of the signal level «calibration channel 2025, while SSSW i s
provi decenght D@eﬁgetbﬁhﬁmﬁeéf 26R& .si Jinsl HCe\t@Istca:lhiabnmJJ @53dhannel 1025.

As such, | evel I ti n .channel 5 sense branch provides
S eedbaan e b TR PTOHAER ERRPBRETofor) SoREAd 158 PRy aERth ot

connectd i 4hehi MENEE VEPEnshoRahnehaaRe! ci030e Furhl DA 0 S

this e parametric circuit § capa

genereﬁmgagahrwhamveal uammg sr@ﬁahekevehswsl agbeaemahi:oafambifhe;rs 22 and
15 26. In this enbodinent, a force voltage is apglled to the non-inverting
i hput SSSWhHekatnoHaldedpin fEke Dorcej Branch of the signal level

calibration channel 1025, while SSSW4 is provided in the
sense branch of the signal level callbratlon channel 1025.
As such the 51gnal level callbraélon channel 1025 sense
branch provides feedback for.controlling DC current or

10 voltage at the sense branch coﬁqggtion to the time varying
signal channel 103‘0’ ‘ 7 .

Turning to Flg 5 1n thlS embodlmEnt the DC
parametric 01rcultry;25 lS capable of generatlng and
evaluating signal 1evels usmng operatlon amplifiers 22 and

15 26. In this embodiment, a force voltage is applied to the
non-inverting input of operatiocnal amplifier 22. High
resistance, such as 10k Ohms, is provide in the feedback
path. Thus, the operational amplifier 22 forces the voltage
at point A’ to match the voltage at point A when testing the

| )ﬂ) DUT, or forces the voltage at point A” to match the voltage
at point A when performing signal level calibfation of the
time varying signal circuitry 10. Another operational
amplifier 24 detects current flow through resistor 27 and
provides an output to an A/D converter for evaluation by a

25 digital circuitry or computer  {(not shown).

Although resistance may be provided anywhere in the

feedback path to the operational amplifier 22, in this

12



resi stance, such as 10k Ohns, is provide in the feedback path. uﬂ) Iﬂﬁ
operational anplifier 22 forces the voltage at point A to match o 2004
voltage at point A when testing the 20 DUT, or forces the voltage at point
A" to watebesrhe vol tage point A when perform ng signal Pevaisogzioidrati on of
the ime varying signal circuitry 10. Another operational anplifier 24
detects current flow through resistor 27 and provides an output to an A'D
converter for evaluation by a digital circuitry or conputer (not shown).
Al t hough resistance may be provi ded anywhere in the feedback path to the
operational anplifier 22, inthis 12 1 6 APR 2004 WD 01/ 29571

PCTI CT S@cRBES: ook hetneys r231 sands233' azxedp28vided prnovhdedehnset he sense
branches of .the DC test and the signal |evel _calibration channels 2530 and

1025, ﬁ&ﬁ&&ﬂﬁﬁuﬂﬁl the %%c%?s?na?ﬂlEheeﬁBSH?%eﬁ?ve@hga%éﬁ§étBP§nches each
| ncl ude,f %ﬁ%ﬁ@@s%@%é&% Fi’é%lﬁgég‘[?(rgl In iQ”EuSHbo%gFHRE

preferre ocate the resistor's ense branches ose the time

varyi ngmpogialerahanig sk IraschosreduEeisapaget asgebatrng: the tine
varying signal channel 1030 to inprove its high frequency performnce. 10
AS sucweSpﬁéemeon Iﬁmr@iqlé@g%yllbegg@ﬁeﬁmb@@lm@nmi nit preferredal uation

SLIFSQ g% ggﬁ%ﬁ%tors w1th1n ghe thgé ﬁ}anghegaé gégtkon of the

the time varying signal channel 1030 so as to reduce
eapacitance alehQTthe time varyi£§ signal channel 1030 to
improve iﬁs high frequency performance.

10 As such, precision DC voitage may be generated at point
A’ for evaluatlon of *DC performance of .the DUT 30, and at
point A" for callbratlon of the voltage level of the time
varying signal. Because SSSW3 and SSSW5 are located in the
force and sense branches of the DC test channel 2530, the

15 high resistance of these switches does not affect the DC
signal level at A’. Likewise, the high resistance SSSW2 and
SSSW4, located in the force and sense branches of the time
varying signal level calibration channel 1025, does not
affect signal level at A" .. Thus, the voitege at A’ and A"

20 is generated irrespective of switch resistance in fhe DC
test and time wvarying signal level calibration channels 1030
and 1025. Although the above embodiment is described with
reference to forcing voltage and meesuring current, one
skilled in the art will recognize that, alternatively, it is

25 possible to force current and measure voltage.

With the embodiment of Fig.. 5, the DC ?arametric

circuitry 25 is utilized to calibrate the time wvarying

13



varying signal. Because SSSWB and SSSWh are located in the forck farm)@qmﬁe

branches of the DC test channel 2530, the 15 high resistance of these

swi tches does not affect the DC signal level at A". Likew se, the high

resi st MEM8EB® and SSSW, located in the force and s&I&SMRBHEes of the

time varying signal |evel calibration channel 1025, does not affect

signal level at A'".. Thus, the voltage at A° and A" 20 is generated

irrespective of switch resistance in the DC test and tinme varying signal

| evel calibration channels 1030 and 1025. Although the above enbodi nent is
and asuring current, one

descri bed reference.to forcin olt

ORI RATE 25 I AR RAS - S e e T %pspz@vafsie. ble to
force HEASY o) withe DC

" par arretcér%%ﬂ%le?%try 2%%%8%% | zeéc?i%gu% b?gtgé)?ﬁgg%?%gg\%gp i r%leIB 16

APR 20@ i) W1aOadle PIST LIS W28 sigoalateied . signhs pietarked in this
enbodi nent to provide separate timng calibration circuitry 40 for
cal i br 3%.ng Bhife txmer WW%\%@%M@W‘&:@ gtay Hee t¢onpledytagtbeghdmeci rcui t

h K b | h |
citannol F0B0 A Dl 1 (st dRIREL S B 2 alfrrdra BT 0

Varl at p@ns lgaals.ucgrb%ladeevs&h@éhtheaaﬁamlrtmé:am by 2400 féxs@yléﬁytfxg I's not
critical totimng calibration as is the case insignal |evel brati on.

Thus, borigupadilkaratslcay comeEdiry £ hdts grat icdltischuse timing
calibration as is:the case in siéﬁal level calibration.
‘ Thus, build-up on a relay contact is not critical beeause
)10 the time varying signal levelzis calibrated separately by
the DC parametrics c1rcu1try 25 v1a the _signal level
calibration channel 1025 In some embodlments, the timing
calibration c1rcu1t¢$0 mey'include'a time domain
reflectometer or TDRﬁfor aetermining the path length of the
15 time varying signal.channel 1030 for use in timing
calibration.
As depicted in Fig. 5, in omne embodiment the time
varying 51gnals are supplied by pattern and tlmlng circuits
18 and 16 to an output buffer 12 for transmission along the
)20 ' time varying signal channel 1030. The time varying signal
| may be A/C, pulsed, or the like. 2An input buffer 24 7
receives signals from the time varying signal channel 1030
and provides them to the timing aﬁd.pattern circuits 16 and
18 for evaluation.
25 With the present invention, any kind of soiid state
switch appropriate for the desired test. signal frequency and

levels may be utilized for SSSW1-SSSW5. Furthermore, the
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the tine varying signal level is calibrated separately by the
paranmetrics circuitry 25 via the signal |evel calibration channglq: B:LO%DEB ZIUW“
sonme enbodi ments, the timng calibration circuit 40 may include a tine
domai WWOO¥RIELt onet er or TDR for determining the path | BO0FB5he 15 tine
varying signal channel 1030 for use in timng calibration. As depicted in
Fig. 5, in one enbodinent, the tine varying signals are supplied by
pattern and timng circuits 18 and 16 to an output buffer 12 for

transm ssion along the 20 tinme varying signal channel 1030. The tine
varying signal may he A/C, | sed, or the like. An_ input buffer 14

recei ve81ifgahrser Fumtahes: idte Wavy by 3sisgmd i heikkiof 336t Shd $F ovi des
themtog, | d r heouid s 16 . [ s\ ti 25 Wth
t he pr‘g%%%%r%%\g]e%g%ﬁ%, n%%;%kl %& (:)L];%%O ia'él gt%{%reé% %&?lgﬁ'?rd(%ri ggiberfor t he
desi r egdxh@plesi @nal o%ﬁ:@.@ﬁ&ll@?y canglebewehs 1Mk ik WericeedidciorSSSWL- SSSV5.
Furthernore, the 14 6 APR 2064 WD 01/29571 PCT/ USOQ 28915 solid state

swi t chEsedfll efifipcbe taagisigitorkiswdtohesw pdl, ddiodedisiigcdes kiordshay be

utilized in different _positions. Far xanmpl e, all opticall oupl ed net al
oki de SERF CBRUUBEORCRAPA%ef f B8t 21 FHREPEEoROSHERCHESIVE XIS o t ches,

S A R LH Hpatatecs Euskiepoaonsel ssine exammle, one
capacitance type switch, may be used in the DC test and
signal lével-céiibration channel§{2530 and 1025, while
another kind of solid state switch fabricated as a low

)IO resistance type switch, may bé“qsed in the time varying
signal channel 1030.}-For exampié, optically coupled metal
oxide semiconductof_fiéid effééﬁ-fréﬁsistor switches could
be used for SSSW2:S§§W5'thle‘a pin diode could be used for
SSSW1. S

15 While the preferred embodiments of the present
invenﬁion have been described in detail above, many changes
to these embodiments may be made without departing from the

. true scope and teachings of the present invention. The

present invention, therefore, is limited only as claimed -

)20 below and the equivalents thereof.
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capaci tance type switch,. may be used in the DC test _and signal § APR 5304
| evel -cali bration channels 2530 and 1025, while another kind of soli

state switch fabricated as a | ow 10 resi stance type switch, nmay be used in
the tiw®&%Tlng signal channel 1030.: For exanple, optA(@ASK2¥A5pl ed
metal oxide sem conductor field effect transistor switches could be used
for SSSW2-SSSWS while a pin diode could be used for 15 SSSWL. . Wile the
preferred enbodi nents of the present invention have been described in
detail above, nmany changes these enbodi nents nay be nade w thout departing

fromthe e ggapewandLhemchisngs of the present invention. The present
I nvention, therefore, is limted only as clained 20 below and the

equi val ents Lher edf swischisgAcOCOit2§671 tRETANSOSZBEE MHAT ME: GLAl M | S:
"R 2004 1. A swi tchi ng circuit for testing and calibration in automated
S

te%t eq%‘r“b%‘ﬁ‘fe oﬁﬁ? FAYIPEFRE FPRETVEMPRG si gnal channel having a tine
vagyl ng signal ci é_FUétt§{ag @.ggﬁ_{ngegh gng nhg [gt he tltrr{ varyi ng
efle sta e b) a DC

si gnal channel conprising a s ecte svmt
test chamnelingoshesibdeipchbe thdeaudr yi ﬁgv:.ce under test end, t:he

5 time varying signal channel comprising a series-connected
6 solid state switch;
7 b)’a~DCJtest channel cdhnecteéd to the time varying
8 signal channel between the series-connected solid state
) o9 switch and the dgvice underrtest end, the DC test channel
10 comprising at leaét.gne solidréﬁéte switch interposed along

B the DC test channel éo és to prbﬁidé“switchable coupling

12 between a DC parametrlcs c1rcu1t 51de of the DC test channel
13 and the time varylné 51gna1 channel and

14 c) a 51gnal level callbratloﬁ channel connected to
15 the time varying signal channel.between the series-connected
16 solid state switch and the time varying signal circuit end,
17 thé signal level calibration channel comprising at 1éast one
i8 solid state switch“interposed along the signal level

19 calibration channel so as to provide switchable coupling

20 between a DC parametrics circuit side of the signal level

2] calib:ation channel and the time varying signal channel.

1 _ 2. The circuit of Claim 1 wherein at least one of the
2 DC test channel and the signal level calibration channel

comprises a force branch and a sense branch, the force

w)

4 branch and the sense branch each comprising a solid state
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st gnal channel between.the series--connected solid-state smﬁtch ﬂ%kgg
devi ce under test end, the DC test channel 10 conprising at Ieas pq!‘d
state switch |nterposed along 11 the DC test channel so as to provide

swi t cHEBPE2%3Lpl i ng 12 between a DC parametrics circui t PGTHENMSThe DC t est
channel 13 and the tine varying signal-channel; and 14 c) a signal |evel
cal i bration channel connected to 15 the tine varying si gnal channel '
bet ween the series-connected 16 solid state switch and the tine varying
signal circuit end, 17 the signal |evel calibration channel conprising at
least one is solid state switch i nterposed al ong the signal |evel 19

cal i bravisfhehannel so as to provide switchable coupling 20 between a DC
paranmetrics circuit side of the signal level 21 calibration channel and
the time varying signal channel. The circuit of Caiml wherein at |east
ope of the PC tegheCharpelitand Heiw gnalhdrevel IR iDU aldnn chamiel
conprises a force branch and a sense branch, the force branch and the sense
bz anchcemphisespai §Dﬂ98ab$ahr3@ srgt @ FRrBeARR 2004 aAC) naeETising

PCTI USO0/ 28915 swi t ch. The ui t of aim rein the DC test
channe® SediirFtatea SW&FEQ bP& #ﬁ%ﬁ?%f §1§F§ﬁ2ﬁ' conprising a

sglid ééfiﬁrgﬂ&ﬁh haﬂﬂe@nhegﬁba}lts@% s Galcd Bvahngaldd af igungdhannel

conpri Ses orce ranc sense branch each conprising a solid state

Sy t Clbranch each comprising a solid state switch.
.. . - ’, :

1 4. The circuit of Claim 3 wherein the time varying

signal channel comprises a low re31stance type solid state

b

switch, and wherein the DC test channel and the signal level

(3]

4 calibration channel comprlse 1ow capac1tance type solid

5 state switches. )

I 5. The circuit of Claim 4 further comprising a signal
2 timing calibration channel switchably coupled to the time

3 varying signal channel.

1 6. The circuit of Claim 4 wherein at least one of the

time varying signal channel, the DC test channel, and the

[A8]

signal level calibration channel comprises 6ptically coupled

ol

4 metal oxide semiconductor field effect transistors.

1 7. The circuit of Claim 6 wherein all of the solid

state switches comprise optically coupled metal oxide

b

semiconductor field effect transistors.

I
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4. The circuit of claim.3 wherein the tinme varying ..signal channeh
conprises a | ow resistance type solid state swtch, and wherein t eﬁ[ﬁPRé@ﬂ
. channel, and the signal |evel calibration channel conprise | ow
capamW@rﬂé@%’fype solid state switches. 5. The circuit ofPCTYGHEOAREPIS urt her
conprising a signal timng calibration channel swtchably coupled to the
time varying signal channel. 6. The circuit of Claim4 wherein at |east
one of the tine varying signal channel, the DC test channel, and the
signal |evel calibration channel conprises optically coupled netal oxide
sem conductor field effect transistors. 7. The circuit, of Caim®6 wherein
all of the <biid The a8 QWi cREs CoamPr LsWhepeiaalthe Cdis FREME oxi de

se onductor field ffect tran5|s S P 0 / 71
bl Usdooh e et b bR &Y ROV rrel afaReRe crBRe VA 5 X na
channelgSQEN || $853 vhove 18546t 2868t ¥RE 68l tHeshat € estWichehneandnsher ei n at
I'east ene of the DC test channel and the signal |evel calibration channel
conpri sée atidreslstlearsl ¢alibapbitnanbanngpecovbrdsesaesd dwasthon@ The
circuit of Caim8 wherein bot? évhe DC test ghannel and the signal |evel
cal i br Y SRR IR eSO+ D %5?)5‘&?‘5%8 type solid state switches.

1 9. The circuit of Claim 8‘where1n both the DC test

2 channel and the 51gnal level callbratlon channel comprise

3 low capacitance type solid state switches.

] 10. The c1rcu1t of Clalm 9 whereln the solid state

2 switches of the tlme varylng 51gnal channel the DC test

3 channel, and 31gnal level calibration channel all comprise

4 optically coupled metal oxlde semiconductor field effect

5 transistors.

] i1. The circuit of Claim 10 wherein the DC test

2 channel comprises a force branch and a sense branch each
3 comprising a solid state switch, and wherein the signal

4 level calibration channel comprises a force branch-and a

5 sense branch each coﬁprising a solid state switch.

1 12. The circuit of Claim 1 comprising optically

éoupled metal oxide semiconductor field effect transistors:

48]

1 13. The ciréuit,of Claim 1 comprising pin diodes.

18



10. The circuit of Aaim9 wherein the solid state sw tches of frﬁiﬁﬁﬁnﬁ
varyi ng signal channel, the DC test channel, and signal;..|evel 004
calibration channel all conprise optically coupled netal oxide

sem comgygrerri field effect transistors. The circuit of PCRAiSea/ZB915vher ei n
the DC test channel conprises a force branch and a sense branch each
conprising a solid state switch, and wherein the signal |evel calibration
channel conprises a force branch and a sense branch each conprising a
solid state switch. 12. The circuit of Claim2l conprising optically
coupl ed netal oxide sem conductor field effect transistors. 13. The circuit
off daim? aanpri gihyg quivcwditodss . ClBih ARFROOMs MG 0dpRDE6FLIPCT/ US00/ 28915
14. The circuit of Claim21 conprising optically _coupled netal oxide

s@ni conaupiled medied Pficla IFHRRANFLOT 1Hleif e fiect, FTRRSEFEPRTL wherein
the solid state switch of the tinme varying signal channel is disposed
proximate to the time varying signal circuit end of the tine varying
sijgnal channpel.. 1Gnelhs rddituids A1 dmimuhdreibherhe @gridi sgate signal
timng calibration channel switchably coupled to the tinme varying signa
channebwit@h Afckheuitimef oramugid rj-anad cdiamnek idh diPpasednat ed t est
eQU|pnent Coggélgbn%he time varying signal circuit end of the time

proxim
4 varying signal channel. -

1 16. The circuit of Claim 1 further comprising a

2 signal timing calibration channel switchably coupled to the
3 time varying signal'channel. '

] 17. ¥\ circuiﬁ;fdr;testing-énd calibration in

automated test equipment comprising:

8]

a) a time varying signal circuit adapted to

w

4 - generate and evaluate time varying sigﬁals;

5 - b) a DC parametric ciréuit adapted to generate and
6 evaluate DC signals levels and to evaluate time varying

7 signal levels;

8 c) a time varying signal channel coupled to the

9 time varying signal cirxcuit and having a device under test
10 end, the time wvarying signal channel comprising a series-

1 connected solid state switch;

&2 7 d) a DC test channel coupled to the time varying
13 signal channel between the series-connected solid state

14 switch and the device under test end, the DC test channel
15 comprising aﬁ-least one solid state switch so as to provide

19



a) a time varying signal circuit adapted generate and evaluate igrespR 2004
varying signals; b) a DC paranetric circuit adapted to generate and
evaluate DC signals levels and to evaluate tine varying__signal |evels; c)
a ti e signal channel coupled to the time varyiPhg’EOFAEMNScircuit
and having a device under test 10 end, the tinme varying signal channel
conprising a series- 11 connected solid state switch; 12 d) a DC test
channel coupled to the tine varying 13 signal channel between the
series-connected solid state 14 switch and the device under test end, the
DC test channel . 15 cogprising,at ast _one solid.state swifch so as to
by e O AP RPREHB B 1 5087 DB OBESF 380 P4 TR Cuitioh e coupl | ng
of the‘F§%§§% I.61Cj Ltian ime 17 varying signal channel; and 18 e)

' algigna evé?n%% |%%aF?§Eh%%én%gF coupled 19 the tinme varying signal
channel between t&ep aesigaalchbawett edliB@asdbndchbahelswotipl eghdd he tine
varyi ng signal circuit, the 21 signal |evel calibration channel conprising
at9 | eadthertclv® Cary§ngt siegnahi FRANESLaBetBepPotPBe SERLEENERFESGHA i ng 23

the DCRaragelil ce cLisulh 209 the LiRE ¥§%ﬂg signah 24rehgnneleneds. Th_e_

rcuit i e var

21 signal level calibration channel comprising at least one
22 solid state switch so as to provide switchable coupling of
23 the DC parametric¢ circuit and thgatimerarying signal
24 channel. -

1 18. The circuit of Claiﬁii? wherein the time varying
2 Signal'channel coﬁprisgé a low fésiéiance type solid state
3 switch, and whereiﬁ#thétyg signalfchannél and the signal

4 1evel'calibration.bﬂénnei ééhpriéé low capacitance type

5 solid state switches.

1 19. The circuit of Claim 18 wherein the DC test

2 channel comprises a force and a sense branch each comprising
3 a solid state switch, and wherein the signal level

4 calibration channel comprises a force branch and a ‘sense

5 branch each comprising a solid state switch.

1 20. The circuit of Claim 19 comprising optically

2 coupled metal oxide éemiconductor field effect transistors.
i 21. The circuit of Claim 19 further comprising a

signal timing calibration circuit switchably coupled to the

tJ
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.st gnal channel conprises a |ow resistance type solid state smﬁtc%, and
wherei n the DC signal channel and the signal |evel calibration cRaARB 2004
conprise | ow capacitance type solid state switches. 19. The circuit of

Cl ai mw@onkestei n the DC test channel conprises a forceP@EHUSW28¥Sse branch
each conprising a solid state switch, and wherein the signal |eve

cal i bration channel conprises a force branch and a sense branch each
conprising a solid state switch. 20. The circuit of C aim 19 conprising
optically coupled netal oxide sem conductor field effect transistors. 21.
The circuit of daim19 further conprising a signal timng calibration
ci3r cui tismi tvelraliing sdgpiadd ahwnnsd .20 1 6 APR 2004 WO 01/ 29571

PCT[ USOQ 28915 tinme varying signal channe 22. The circuit of Claim17
conprising optically coupled netal oxide sem conductor field effect
transistors,,23. The ciibeyiste ff Cialim k7 MY Hing Rigt taes. 24. The
circuit of aim wherein the DC test channel conprises a force and a
sense bhaplkdeaehatonpide regmnizcdiuatat dfielshiaffrctartaksiriors he si gnal
| evel calibration channel conprises a force branch and a sense branch
each conprising a solid state switch. 25. The circuit of Caim17 wherein

' flle solid stgte Tt eh 00 e e IdTR s ¥RRY Rmip8Nangt B &l i ddedll sposed

L

1 24. The_éifcﬁit of Claim 17 wherein the DC test

2 channel comprises a force and a sense branch each comprising
3 a golid state switch, and whefg;g the signal level

4 calibration channéi'¢Qmprises:a;£orgg branch and a sense

5 branch each compriéing_a solid state switch.

[ 25. The ciréﬁit ofrciéim i? wherein the solid state

2 switch of the time varying signal channel is dispose@

3 proximate to the time vérying signal circuit.

1 26. A method for testing and calibration in automated
2 test equipment comprising: |

3 a) coﬁtrolling coupling between a time varying

4 signal circui£ and a device underAtest using a series-

5 connected solid state switch; A

6 b) controlling coupling between a DC parametric

7 circuit and the device under test using at least one solid

8 state switch coupling the DC parametric circuit to the

9 device under test independent of the series-connected solid
10 ©~ state switch; and
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proximate to the time varying signal circuit. 26. A nethod for iqitiﬂgzﬁﬂg
calibration in automated test equipnent conprising: a) controllti QA
coupling between a tine varying signal circuit and a device under test

usi ng WOdBRPEL- connected solid state switch; b) controPFTAEIUBAR i ng
between a DC paranetric circuit and the deV|ce under test using at | east
one solid state switch coupling the DC paranetric circuit to the device
under test independent of the series-connected solid 10 state switch; and
21 1 6 APR 200k WD 01/29571 PCT/US00/28915 11 c¢) controlling coupling

bet ween the DC paranetrlc 12 circuit, and the tine var nal circuit
uing at |east 1% oﬁé’%‘b‘qudhs‘%%tcé’%]t% l?ﬁfd’fﬁ‘?lhgtki‘%elj%)d’%ﬁ?ﬂ ¥ifc circuit

t he ar, t ries connect ed
' sél id s%‘%%‘w%ﬂg%q{%e o%c% (rjnce:g% I%Lerlglg}lﬁ oérlfrl %Ié%g
caupl i aebebraen sthe e g na wdigalslrgglaihecmcctpatrﬂwltfﬁ@ cieyite tiwder test

conprises using a low resistance type solid state switch, and wherein
cﬁntrothEnglm@uﬁEKWGDQEEweﬁml1ﬂ¥?qn3qxﬂnﬁﬁﬂﬁﬂdﬁnﬁrQﬁuthﬁuﬁﬁxi@SdeV|ce

under test Q n Iom1 acitance type solid state switches, and
?85? 3 ?oﬁ%% g B

viHer ei i°BBRE n the DC parametric circuit and the
time varying signal C|rCU|t_conpr|ses usi ng '

1 27. The method of Claim 26 wherein controlling

2 coupllng between the time varylng 51gnal circuit and the

3 dev1ce under test comprises using a low re51stance type

4 solid state switch, and whereln controlllng coupling between

5 the DC parametrlc 01rcu1t and the dev1ce under test

6 comprises using low capacmtance type SOlld state switches,

7 and wherein controlllng coupllng betweeri the DC parametric

8 circuit and the tlme varylng 51gnal circuit comprises using

9 low capacitance type solid state switches.

1 28. The method of Claim 27 wherein controlling

2 éoupling between the DC parametric circuit and the device

3 under test and contfolling_coupling between the DC

4 parametric circuit and the time varying signal circuit

5 comprises-controlling coupling of force and sense sigﬁals.

! 29. The method of Claim 28 wherein contfolling

2 coupling between the time varying sigmal circuit and the

3 device under test, controlling coupling between the DC

4 parametric circuit and the device under test, and

5 controlling coupling between the DC parametric circuit and
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| ow capacitance type solid state swtches. 28. The nethod of C |[ﬂ1ﬁj
wherein controlling coupling between the DC paranetric circuit’a tPthﬂlt
device under test and controlling coupling between the DC paranetric

ci rcuMOex®5The tine varying signal circuit conprises RGHUSWIBIIg coupl i ng
of force and sense signals. 29. The nethod of C aim 28 wherein controlling
coupling between the tine varying signal circuit and the device under
test, controlling coupling between the DC parametric circuit and the

devi ce under test, and controlling coupling between the DC paranetric
circuit and 22 1 6 APR 2004 WO 01/29571 PCT/ US00/ 28915 the tine varying
sPgnalthereime ¥arpingeSigepdg Ceptawidl ISPMRIGHES S dLSEIhI ORBE FRel S8 ni conduct or

field effect .trapsistors. 30. .The thaod .of i e rolling
cbupl i TYB ?'\;‘e@ﬁg? eof{ilgfs vaNY éldsa:acé:n%% fglierlgu?etﬁaeﬁ% %nédle%vf%éimder
test, controlling coupling between the DC paranetric circuit. and the
devi ce under test, and controlling coupling between the DC paranetric
circuit and3othe TheemebhpingfsiCdmdm @& clnetredonprarde® lising pi n di odes.
31. The nethod of Claim26 wherein cqontrol lin coupl.in taet en the tine
VA yi RPPLIRG BPFERFE GhG FAB GEFIetumidR et et P B coupl | ng

bet m%x}ﬁ@e %ageggé%% ; ;gggkgrﬁgh%g@ggrog%gﬁﬁv e wage rthteg%tc and

tri'c circuit an

contr I'ng coupli

4 parametric circuit and the devicguunde: test, and

5 controlling coﬁ?ling,between the’bC parametric circuit and
6 the time wvarying signal circuit comprises using pin diodes.
1 31. The mefhdd'of Claimf2§ wherein controlling

2 coupling between the time vafyiné signal circuit and the

3 device under test,fdénﬁrélling coﬁbling_between the DC

4 parametric circuitiéﬁd'thé aévicé under test, and

5 controlling coupling between the DC parametric circuit and

6 the time varying signal circuit comprises using optically

f coupled metal oxide semiconductor field effect transistors.
1 32. The method of Claim 26 wherein controlling

coupling between the time varying signal circuit and the

t2

device under test, controlling coupling between the DC

W

4 parametric circuit and the device under test, and

5 controlling coupling between the DC parametric circuit and
6 the time varying signal circuit comprises using pin diodes.
1 33. The method of Claim 26 wherein controlling

couplihg between the DC parametric circuit and the device

[N}
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the tinme varying signal circuit conprises using optically couphgﬁ Fqu@gq
oxi de sem conductor field effect transistors. 32_ The nethod of alm 2
wherein controlling coupling between the tine varying signal circuit and
the QOYBS5Bhder test, controlling coupling between thRCDUSOQ@seEEL i C
circuit and the device under test, and controlling coupling between the DC
paranetric circuit and the time varying signal circuit conprises using pin
di odes. 33. The nethod of Claim 26 wherein controlling coupling between
the DC paranetric circuit and the device 23 1 5 APR 2004 WO 01/ 29571

PCT/ US00/ 28915 under_test and controlling coupling between the DC

par aneenflercresti andngontaoliliang sopnid nd gmdwe@nr &g DQonpri ses

ntrolling cou Iln of fo e.and sense na 34.. The neIhod of Cl aim 26

flirt hP=EOHBFFSEngLEe SRS Ae e S oEa ot o

cali br@&hﬁﬁs&greeheraﬂilhge CoRNgng S R L0Wpk %ﬁé@ tl m ng
calibration circuit to the tine varying signal circuit ependent from
the series connected solid state switch. 24

1 34. The method of Claim 26 further comprising

2 controlling coupling between a signal timing calibration

3 circuit and the us:Lng a switch coupllng the signal timing

4 callbratlon c.’:chu:Lt to the time varya.ng signal circuit
5 independent from the series connected solid state switch.
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