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CAL|I BRATI ON | N AUTOVATED TEST EQUI PMENT BY Steven Haupt man 5 BACKGROUND
Automatic test equi pment or ATE is used to test sem conductor or other
type de%hi ?% vari ous stages of nmanufacture. An ATE tester generates

si gnal s, E’Zﬁ? les the 10 signals to a device under tes®PCEHUSHEEIISIN
nmonitors the responses to these signals to evaluate the fitness of the
DUT. These signals include DC signals, and tinme varying signals such as
AC, pul sed, or other periodic signals. To provide these signhals with
precision, testers enploy 15 DC. circuitry, and tinme varying signal .
circuitry sameidums aNeMRTHEH FOR AMENOVED SEETORNSScALISRATFyy Separate
circuits are used because the circuits capable of providing and mneasuring
preci sion DC signals ar lAUIONAZBPeTBST pEQUIRMENY and neasuring preci sion
hi gh frequency signals. Likew se, Z%gwecision tinme varying signal circuits
are not able to provide and neasurée precision DC signals. Thus, the tester
must be capabl e of swi tching lseeweannalestardt Wo circuits when testing a
DUT, Further, to maintain precise tinme varying signal 25 characteristics,
tesfers nust be capabl e of performng self calibration. Self calibration

I ncl udes signal |evel BACKGROUND

Automatic test equipment or ATE is used to test
semiconductor or other type devices 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 signals to evaluate the fitness of the
DUT. These signals include DC signals, and time varying
, signals such as AC, pulsed, or other periodic signals.

To provide these signals with precision, testers employ

15 DC circuitry, and time vafying signai circuitry someﬁimes
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,

20 precision 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. '

‘Furthe¥, to maintain'préciSé-timé'?aryiﬁg.sigﬁél

25 characteristics, testers must be capable of performing self
calibration. Self calibration includes signal level

calibration as well as signal timing calibration. Thus, the



calibration as well as signal timng calibration. Thus, the WO 01/ 29571
PCT/ USO0/ 28915 tester also nmust provide this switching for calibration.
Fig 1 shows a "T" switching circuit commonly used in prior art ATE testers

to perfowdginesi switching. Relays typically are enpl oyegriReddseis de
switching. Relay switches 5 facilitate precision testing by providing | ow

cl osed resistance and | ow open capacitance. This allows accurate

transm ssi on and neasurenent of signal timng and signal |evels over a
Wi de bandwi dt h and range of signal levels. Thus, with appropriate relay
switching, the "T" switching 10 circuit is able to provide | ow resistance
and | ow &Eaphertahee mysihorassiden thdshswhechera foe ¢alibratripmg si gnal

circuitry 10 apd_the 30,w-Retween . the DC test/tinme .varying,signal
calibration ci ?g%i ?r@ I shd T h&"DOTI3H SETCREF| CFE X/\éjér?cgﬁé‘ tine
varyi ng sbghek artCaTE reesikmndd pertbrRCshent i t@hmasyi i@ 1siyanal

calibration ¢ircuitry 20. _ Rel ays, however, have a si g{]i ficant drawback.
Rel ays h&VB1GaLLY a2 ¥% FP IRt en PEPE ABePBE ECRERT ur ReFRVFBR tebesconpar ed

to otfer rfsémtaeérpppéﬁéiorpﬁs&q&%eggf prBfiatly MPtlodfl ays 18 polymer

buil d-up on the surfiace of the 20 r tacts are susceptible

t o pol ynerebdstance pand elow wigerhedpdeyjtaataer This aliders aiwcapplieed current

or voltage. Such gol yner bui | d-lrjnp i ncreases contact resistance. Mbreover,
& B ¢

the resistaACE™LET ISI3ANRETeRG PE- BpIVaT | BN IR1d Fd IR contact s
are cl osedevébisotvsr 25 widd ivddawildeht bHE kangel o Ssdasignedher. high

bandw dt h

Thus, with appropriate relay switching, the “T” switching

10 circuit is able to provide low resistance and low
capacitance transmission paths between the time varying
signal circuitry 10 and the DUT 30, between the DC test/time
varying signal calibration circuitry 20 and the DUT 30, as
well as between the time varying 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 polymer 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. Moreover, the resistance caused by polymer
build-up varies each time the contacts are closed. This is

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

contacts to provide lower capacitance along the high



applications. In such applications, relays having small contacts to
provi de | ower capacitance along the high 2 WO 01129571 PCT/ US00/ 28915
frequency transm ssion line also have a reduced spring force, which
facilitatwgofmstist ance variations in polynerized cont agcgmusonspsst ers
designed to test devices 125 Miz - 500 Mz or greater, relays normally
having only a 5 fraction of an ohmresi stance, can devel op several ohns of
resistance. This results in each closure of the relay l|eading to a
different resistance value, which affects neasurenent precision and,
consequently, the reliability of the tester. As such, relays contribute to
tester doifequRBCY tUaBsBiFHtPhddfc@ElsR Baver dFARIYRED I RIIOT margi ns. To

compet e g, 38N GRAGHCERL: AL ANl dlleRGhEBN A faVI 455 4HRMKEL S,

manuf acturers require nore reliable test equi pnent. Solid state switches,
on t he ot pelyherdzedenentadlys havin testers désihomged ttmadstylevipEBF. Solid

state switches, 15 h : t I f | di th I
resi st ancézé:‘ngfhéaﬁaég\fl’gﬁﬁ% %’grf’éﬁ%salgggggﬁo?ﬂp@i%lt ! 1519ec?s m:‘ﬁ g\(l)vn of

resi s§ ance 4388 62PafR1 SRR CRe SRS cahi 86ve Dbp Stk a8l @ihmsswift ches and
rel ays. Wiereas the product of the closed resistance and gpen capacitance
of a hi gh x2@istencencyThes ayeswt Hdogachecdpaere L Chyy 1s2a%hns, the best

commer o Skl \PhEaTeLitt U URURRS IS il w15 - 4
measurement precision and, consequently, the reliability of
the tester. As such, relays contribute to tester down time,

10 slowing production and reducing product margins. To compete
in semiconductor and other electronic devices markets,
manufacturers require more reliable test equipment.

Solid state switches, on the other hand, generally have
orders of magnitude higher MTBF. 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-Ohms.

As such, although replacing RELAYl, 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



of Fig. 1 with a solid state switch could inprove MIBF, it 25 also

i mperm ssibly inpairs the capabilities of the tester. This is particularly
true in high frequency applications, where the bandwidth of the tine
varying ¥PI¥H s |inmted by 3 WO 01/29571 PCTI USO0128B4HUSRENE4paci t ance
of the tinme varying transnission channel. Furthernore, increased
resistance limts precision of DC signal neasurenent and of tine varying
signal calibration. 5 SUMVARY A preferred enbodi ment of the present
.dnvention provides a switching circuit for testing and calibration in

aut omat edt §&UagRQicRARA! oRAY¥HhAE fmb | By 1 1Gnsind ek ohOchhAREe! . a DC test
channel, and a'tine varying signal |eve cal i bration channel. The tine
varyi ng sfuptdiemismenclinkgyeagedscesbst anem coimid ss priegistianeofWE€ch

i nt er posegd. he i varyipg,_signal_circui.t end and _a device under
test ona Sitemaaaheebet; KB6LbE e Phe ntrts BisrRl s e el i <
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 | éast one solid state switch interposed along the DC test channel so as
to provide swtchable coupling betwgmagy20 DC paranmetrics circuit side of
the DC test channel and the tinme varyling signal channel. The tinme varying
signal |evel calptafzrired ehbpndiémens of the present invention

0

provides a switching circuit for testing and calibration in
automated test equipment having a time varying signal

10 channel, a DC test channel, and a time varying signal level
calibration channel. The time varying signal channel has a
series-connected solid state switch interposed between a
time varying signal circuit end and a device under test end
of the time varying signal channel.

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 a

20 DC parametrics circuit side of the DC test channel and the
time varying signal channel.

The time varying signal level calibration channel is
connected to the time varying signal 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



connected to the tine varying signal channel between the series-connected
solid state switch and the tine varying 25 signal circuit end. The signal

| evel calibration channel has at |east one solid state switch interposed
al ong t hewosiigesrh | evel calibration channel so as to prorcHusmuagdishabl e 4
WO 01/ 29571 PCT/ US00/ 28915 coupling between a DC paranetrics circuit side
of the signal Ilevel calibration channel and the tinme varying signal
channel. In nore preferred enbodi nents, the DC test channel, the. 5 signal
| evel calibration channel, or both, may have a force branch and a sense
branch each_hawvin te sw tch tfhe tine

i di | .
varyi ng si%ﬁﬁﬁ ¢ aﬁ%ﬁ%%ﬁgsazbal%%f %Eﬁ%ﬁ%ﬁﬂé%r?§g§ gg?%dég?gﬁs %ﬁﬁQ§ﬁ1, whi | e

t he DC t estevaih@aldbratiiénstHanhe] el iR ithmat vapythgndednaor both, have
10 | ow capacitance type solid state switches. Mreover, in sone

enbpdinent%@ﬁ%nﬁly preferred to have optically coupled netal oxide
sem conduct or T2l 8l beeketragsiibdiimtdCehe Bbt Bole SOMBmdY, Ay OF the
a h nneF, t he , and the

time varying sign C DC test channe si grial Teve
cal i bpat i osigrednieivell 5aBRbEEt DESCHRIENTIcAN OF BHEhDRARY NGSrd-|aG £dlrcshow a
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a relay angh sfnied et@b€ments, the time varying signal channel has a
low resistance type solid state switch, while the DC test
channel, the signal level calibration channel, or both, have
10 low capacitance type solid state switches. Moreover, in
some embodiments it is preferred to have optically coupled
metal oxide semiconductor field effect transistor switches
within some, or all, of the time varying signal channel, the
DC test channel, and the signal 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 solid
state switches.

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

present invention.



switches. FIG 3 shows a possible inplenentation enploying solid state
swtches. 25 FIG 4 shows.a preferred enbodinment of inproved ATE test and
calibration circuitry in accordance with the present invention. 5 WO

01/ 2957 1wB@1A#8300/ 28915 FIG 5 shows a preferred enbodpgemisegiseismpr oved
ATE test and calibration circuitry in accordance with the present
invention. 6 WO 01129571 PCT/ US00/ 28915 DESCRI PTI ON OF PREFERRED

EMBODI MENTS AND METHODS OF: THE PRESENT | NVENTI ON-5 Fig. 3 shows a possible
inmplenentation to inprove solid state switching.” In this inplenmentation,
two types of solid state switches are used, A type A solid state switch
having | ow r e&1&t ahc e SrsdegrafdenrPedinenfaat dmpromesnA8Fen, and a

TYPE B sobbgh siad el 0y ing ot eapachase. phen, n and high
resi stance when cl osed. Tylpe A sv?/i tcﬁgs, %S andmé'%%\/\%'?},% coupl e the
time varybngsenygnventrisyitry 10 and the DUT 30 to forma tine varying
signal channel. A type B switch SSSW2T couples the DC test and tine

varying signal calibration circuitry to the time varying signal 15
channel .



In this inplenentation, using different solid state swtch types, one
adapted to provide | ow resistance and one adapted to provide |ow

capaci tance, mitigates sone of the shortcom ngs of solid state swtching.
During tiweonvmdsmi Nng 20 signal testing, the tinme varyi ngPErgised/28s1sannel
transm ssion path resistance is provided through | ow resistance type A

swi tches SSSWL and SSSWB, while the open type B swtch SSSWT, provides

| ow capacitance along the time varying signal transm ssion path. 25 Wth
this inplenentation, however, DC signal testing of the DUT 30 is conducted.
via a high resistance type B swit Céﬁﬁ&%&% Thi s reduces precision of DC
signal testing of the 7 WD 01/2 0/ 28915 DUT 30. Further, this

al so occurs during cabrbs@tFERREY EMBODIMENESVANYiNErHODgal circuitry 10, as
the tine varying signal circuitry 10 is coupled to the calibration
circuitry 20 via high re5|%%W§EN§SEW£NT%O¢i g. 4 shows a preferred
enbodi nent of the present invention. In this enbodinent, a tine varying
signal channel 1030 connects the tine varying signal circuitry 10 to the
DUT 3. The tiEﬁgvanysngwsiqupdssﬂhannémpleﬁenhaﬁiqn wedimpsoyensedidd solid

state v e SSgutcarall e o A0 SULSIRRLERURl 1 A kel 1E YB1LA"
gg?gﬁg: ??Csrt:QtEhﬁwitgﬁeé’aéz\/é Nsed g'la|ty§EaRn§blil@3&éﬂb awitehchapliagt he DC
low resistance when closed and high capacitance when open,
and a TYPE B solid state switch having low capacitance when
10 open and high resistance when closed. Type A switches,
SSSW1T and SSSW3T, couple the time varying signal circuitry
10 and the DUT 30 to form a time varying signal channel. A
type B switch SSSW2T couples the DC test and time varying
signal calibration circuitry 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 provide low capacitance, mitigates some of the
shortcomings of solid state switching. During time varying

20 signal testing, the time varying signal channel transmission
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



circuitry 25 to the DUT 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 time varying signal channel 1030. At |east one solid
state SYPOIHISHF SSSWB and SSSWh i s i nterposed al ong t hBCTAISA028915 channel
2530 so as to provide switchable coupling of the DC 20 paranetrics
circuitry 25 to the DUT 30. In the enbodinent of Fig. 4, it is preferred
to provide two solid state sw tches, SSSWB and SSSWb, to provide

-swi tchabl e coupling between the DC paranetrics circuit 25 and the DUT 30,
as W TR SoRcusReEnbl! PRI s Nel S ocktly a3dlhng ShANBLAMl AENGE Ce SSOVE
and SSSWb couple the DC paranetric circuit 25 t0 the I ndependent
of , and ndmei Nagyingsshghal ¢hecwidnme$0,casntcteetinei vahy SSP\WMigria WO

/ >CT/ USOO 28915 A signal | evel cal.ibrati hanpel 1025 j
connoct e TEITRY FonS, APRP AR Siuie CRmER 1030°C80RETE TOupS the DC

par amet r imighi regtibtundé tPpéhesdwae. varying signal circuitry 10. At |east
one solid state switch of SSSW and SSSWM is 5 intergosed al ong the signal
| eve? calibrafi8n éh&hA¥E aoprefexred embogisengecfwrheppeeertupl i ng of the

R e T T
swi t ches,cHaB5@2 a0d0SESkMect® oW ke suirydhabbeghll coupthngrpetoreen the DC
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series-connected solid state switch SSSW1 capable of
10 switchably coupling the time varying signal test circuitry
10 to the DUT 30.
A DC test channel 2530 is connected to the time varying
signal channel 1030 so as to couple the DC parametric
circuitry 25 to the DUT 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 SSSW3 and SSSW5 is interposed along the DC test
channel 2530 so as to provide 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 SSSW5, 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 SSSW3 and SSSW5 couple the DC parametric circuit 25 to the

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

connected switch SSSW1.



bel ow. Thus, solid state switches SSSW2 and SSSW couple the DC parametric
circuit 25 to the time varying signal circuit-10.independent of, and not
in series with, the 15 series-connected switch SSSW.. The configuration of
Fig. 4 alwoesestime varying and DC signal testing of theChuUBI@Bsel f
calibration of the time varying signal levels, as well as isolation of the
time varying circuit 10 fromthe tinme varying signal channel 1030 20 for
fault diagnosis. DUT testing using time varying signals is perfornmed via
the time varying signal channel 1030, with SSSW cl osed and SSSW2- SSSWb

2530 with Sootsoiain: el FakipFaribcReRfhe 8llEs 4 flBeGreTER 25"

Cali brati Q%@Eihb”?aﬁ?iﬁgnﬁlémﬂladhdrﬁieal S0BS periertedcotipie the chgnal
| evel calibration channel 1025, with SSSW and SSSW, cl qsed and SSSW.,
SSSVB, anw®ags®rbrdpefirouitry %M@%Hmpcﬁrmsmz%@f? RAEENHEEH this

contl guraljion. att 1b8sPOSALDLELLS ARLL gﬂl b USROSl Wasac skl e
varyi ng S|gnal channe Oon its etween SSSWL. and the DUT, by

cl osi ng SSAfkrpoked aXen@Iehet$ngnakuﬂeyeﬂonaéibnaﬁimnwdhanngﬁ 3828f the 5
et ol ol ok b0l IS0t | 0,800 8% i B Bpadiprigest el
ggg! (rjagleebl%ﬁ:lc%tl%gy\’\@ghtéhtﬁe e didWilng hbhatapalidityy 19 .pamhi cul arly
the embodiment of Fig. 4, it is preferred to provide two
solid state switches, SSSW2 and SSSW4, to provide switchable
10 coupling between the DC parametrics circuit 25 and the time
varying signal circuitry 10, as will be discussed further
below. Thus, solid state switches SSSW2 and SSSW4 couple
the DC parametric circuit 25 to the time varying signal
circuit 10 independent of, and not in series with, the
15 series-connected switch SSSWL1.

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 isolation 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
SSSW1 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 S8SW1l, SSSW2, and SSSW4 open.

25 Calibration of time varying signal levels is performed via
the signal level calibration channel 1025, with SSSW2 and
SSSW4 closed and SSSW1l, SSSW3, and SSSWH5 open.



ATE used for testing devices wth high pin counts. For 10 exanple, in ATE
adapted to test 12,000 or nore pins, isolation of the DUT side of the tine
varyi ng _sj channel 1030 is essential. In the enbodinent of Fig. 4, it
is pref e"ﬂ)gg?&fg utilize |ow resistance type A and:l ow E%'Bﬁﬁq"fzﬁﬂée type B
solid state 15 switches to provide inproved channel characteristics when
using solid state switches. A low closed resistance type A solid state
switch is serially-connected in the tinme varying signal channel 1030. Low
open capacitance type B solid state switches are interposed along the DC
test channel 2%386 “¥@thAnthisecaifitalrdtdvel, dal ibr pbssibIdatwgpedf¥m so as to
provi de sw tchabl e coupling between the DC paranetrjcs circuit 25 and the
time var yeNdtsPeRINCERANPEI th FoLmerViREY iggr PRgREE nERIBRSt P39 il testing,
the tine; wapprng; §LINBLLPESS SSsdwl QU thel DT €BLSLRNEEnS VEdsify SSSWL.. 25
Furt hernore, sw tches SSSW2- SSSWb provi de | ow capacit ance” when open during
ti me var yFiomg exiagpak . t eBis nisolat ion eslllows vemdfanbbilomepf Wie Fig. 4

prov; desﬁa hi_gh bgngwi d htti me_ 10, 01/ 29571 PCT{:USOO 28915 varying
signal c RS OT8 Ot Rbis %TI%W 'Sgﬁlsfe e%ﬁeﬁS? agT’g l?ﬁ Y+ %hsni ssi on

t hrough tRgyinge sighyl NehsheeR! 163t hel ®3G- 3bN Spalesboddn®RM S, it is
preferred to locate the 5 solid state switch SSSW_proxinmate to the tine
varyi ng teirgiaplceheyting, 160 efamwnle + socald ralisetarediwkibtkisong

embodiment. This capability is particularly desirable in
ATE used for testing devices with high pin counts. For
10 example, in ATE adapted to test 12,000 or more pins,
isolation of the DUT side of the time varying signal channel
1030 is essential.
In the embodiment of Fig. 4, it is preferred to utilize
low resistance type A and low capacitance type B solid state
15 switches to provide improved channel characteristics when
using solid state switches. A low closed resistance type A
solid state switch is serially-connected in the time varying
signal channel 1030. Low open capacitance type B solid
state 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 parametrics
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 SSSW2-SSSW5 provide low capacitance
when open during time varying signal testing. As a result,

the embodiment of Fig. 4 provides a high bandwidth time

10



R —— R

the time varying signal channel 1030. As such, the sum of the out put

| npedance of the tinme varying signal circuit 10 and the closed SSSW
appears the out put inpedance which is 10 matched with the characteristic

i npedancavebdiszosbr DUT side of the tinme varying signal cREAASPY/BIB0. For
exanple, in one enbodinent, an opto-coupled MOSFET or optically coupl ed
nmet al oxi de sem conductor field effect transistor swtch having a cl osed
resi stance of about 2 to 3 Chnms is used. In 15 such an enbodi nent, SSSW i s
| ocated about 1-2 cmfromthe tinme varying signal test circuitry 10. Wth

this inpl tation, i gnal . test| f the DUT 30 i gnal | evel
cal  brat| POt Shrg SHRPPRY CPbpal s dRR0eee R oR ot FRBIEREs ot ance
type B swid£has: dradihilks28neitr&ddh tasd &itme Reriesli 89gaat shaaadl | evel

calibration through high resistance type swi tches can unacceptably reduce
measur emertO3freci sion. To overcone this, in the enbodinment of Fig. 4, it

Is preferred tr%gsg)rﬁl% Ft]nbgﬁgﬂeﬂf:s t{'@sles h r}%%%dgﬁgolgggﬁéaﬁﬁe have a force

signal path or ranc a sehse sig r bran t he
enbodsment soid FHtgated swiEOUNBSBESWDI prdxliathtien tiohehkot tme brangingf the DC
test channe] 2530, while SSSW i rovided i.n the sense, 1 1,ii" WD 01/29571
PCT/ US00/ 285l (i tey e F@sfagh%lrﬁ?éie f&@é‘?-%ﬁ‘é%‘é‘“’r%%’c%tﬁﬁrﬂﬂﬂ 2530

En°S ons SR M SRy aphal gLt i B SUEhsneTouy o4 age o
the output impedance of the time varying signal circuit 10
and the closed SSSW1 appears the output impedance which is

10 matched with the characteristic impedance of the DUT side of
the time varying signal channel 1030. For example, in one
embodiment, an opto-coupled MOSFET or optically coupled
metal oxide semiconductor field effect transistor switch
having a closed resistance of about 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 level calibration of the time varying signal
is conducted via high resistance type B switches. In 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 Fig. 4, SSSW3 is provided in the force branch of the DC

test channel 2530, while SSSW5 is provided in the sense

11



signal channel 1030. Further, in the enbodi nent of Fig. 4,
provided in the force branch-of the signal |evel calibrat
while SSSW is provided in the sense branch of the signal

5 SSSW i s
i on channel 1025,
| evel

cal i br atvoomedrannel 1025. -As such, the signal lievel cacirsew:so1s channel

1025 sense branch provides feedback for controlling DC cu
vol tage at the sense branch connection to the tinme varying

rrent or 10
si gnal channel

1030. Turning to Fig. 5, in this enbodinment, the DC paranetric circuitry

.25 is capable of generating and evaluating signal |evels
anplifieg
the non=

usi ng operation

PSR (PHGS AR GRagRstatiatal EADIPY ISP SBAR 2800, of ance,
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anplifier 22 forces the voltage at point A to match the

vol t age at point

A when teeitagetae the Bensebrapchesonhectbdn age tie dimet vVATvi®dmat ch t he

vol tage _at I nt_ A erfaqrm signal.level calilbratd
varyi ng E%%%‘? %ﬁila}%%v?%b 10. %gfﬁgf'oggrg??o%%o 161111%9:' %fl
currsent Ehowe t hg opterbvided Sfrprehe’ fatde Pranthest athed WiRpa it

%n of the tine

er ~34 3étects

Qe®@1A/ D

converter for evaluation by a 25 digital circuitry or_ conputer (not shown).

Al t houghCResPEREHRR FRAPTIRE Pi0FPi d¥l 1Ry AREVE 1 RIRYideckdBadkepath to the
operat| OQéhsé”PHrfxél?ro%gqhéan%&tggﬂ?i ll,%ey\ocgiéé@ﬁﬂorf CHaYERY/ 3394°

enbodi nent, resistors are provi
As such, the signal level calibration channel 1025 s

branch provides feedback for controlling DC current

n the sense

ense

or

10 voltage at the sense branch connection to the time varying

signal channel 1030.

Turning to Fig. 5, in this embodiment, the DC
parametric circuitry 25 is capable of generating and
evaluating signal levels using operation amplifiers

15 26. In this embodiment, a force voltage is applied

22 and

to the

non-inverting input of operational 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

20 DUT, or forces the voltage at point A” to match the voltage

at point A when performing signal level calibration 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



branches of the DC test and the signal |evel calibration channels 2530 and
1025, respectively. As such, in this enbodinent, the sense branches each

i ncl ude feedback 5 resistance. Furthernore, in sone enbodinments, it

p_ref errecdyvobmosmcate the resistors within the sense br a®CHasSo¥28t5e to the
time varying signal channel 1030 so as to reduce capacitance along the
time varying signal channel 1030 to inprove its high frequency
performance. 10 As such, precision DC voltage may be generated at point A
for evaluation of DC performance of the DUT 30, and at point A" for

calibration_of .the volt I of t J | | . S
nd S5OV SHBHERE s FRLCRES 14 ccenith ceAcs BrareRes b YHe RIS °0

channel 253Qndhe 4% Bhehpresést are tife henalstevehesaXitemuian af f ect the
DC signal level at A . Likew se, the high_resistance SSSW and SSSW,
IOFaLed i rchanaeflsr 2563Anand ehles hrEgfRRS- ielyne £PFnBURarip .8 gnal | evel
calibratiaon,c 1 , [ Sk ". Thus, the
vol t age atenﬁotéag'ﬁ‘%%k" %él %%%%e%ﬁrlecﬁ% %%%Se%g?%d%?%vﬁ kA\r esi stance in
the DE tasdsidtcrdene raryhegmsignaln lsewel eshbiibment®n idhamedexre@30 and
1025. Al though the above epbodi nent .is described with, reference to forcing
vol tage ark® £ FHScHPPEREOTH I T HPE) SPREE HRY 2R TPSH |19 CFE%%ﬁhize t hat ,
al ternati ugly/ ¢ ide b3r92nB0SSiRAE ditariICE 086N E8NAs 2Rl FEBAsd e Vol tage. Wth
t he enbodi nent of Fig: 5, the DC paranetric circuitry 25 is utilized to
cal i br at e ddpadiitmmcear}png thg time varying signal channel 1030 to

improve its high frequency performance.

10 As such, precision DC voltage may be generated at point
A’ for evaluation of DC performance of the DUT 30, and at
point A” for calibration 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 voltage at A’ and A"

20 is generated irrespective of switch resistance in the DC
test and time varying signal level calibration channels 1030
and 1025. Although the above embodiment is described with
reference to forcing voltage and measuring 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 parametric

circuitry 25 is utilized to calibrate the time varying

13



WO 01/ 29571 PCTIUSOO 28915 signal level. It is preferred in this

enbodi ment to provide separate timng calibration circuitry 40 fFr . "
cal i braty timng characteristics of the tinme var i anal circui
10. The inéhggfibration circuit may be coupled to the *#ﬂgmévggﬁylng
signal channel 1030 via switch SWs, such as a relay or a solid state
switch. Variations in signal level at the timng calibration circuitry 40
is not critical to timng .calibration as is the case in signal |evel
calibration. Thus, build-up on a relay contact i's‘not critical because 10
the tinme signslngesiednal Ikeis| prefertedriat e:&i%l&&b@ﬁghﬁnb}’tot%ﬁoéﬁ?e o5 |
parametrics circuitry 25 via the, signal level calibration channe 025. In
sone embSHRRERE ttlﬁ'én?i ﬁ?hgbrﬁ%l“?rbr%ﬂﬁ%ﬁté‘iyr &8 £oxochhPrakingcthe ti me

domai n  refierf @MRkektteki SDR-E 06t dete Wi RAAABPEE Bnk eNgi Pe@is the 15 tine
varying sigﬁgﬁichannel 1830 for use in tining&acglibggtlon. As depicted in

Fig. 5, i¥ -on&hentidaieneatibrabion npirauityimiy degreabipladets upipd i eimdy

tt .1 i.hCUl 8 6 to.an,o ut buffer 12 for
Pransn s oy 8 Mol Lhblined 100 o ae BB erchoss & Rty e
varyi ng simgralsolisy shatd/ Swipsohsedamiatiked iilke sifRal NP PULf a4

receives signals fromthe time varying signal channel 1030 and provides
themto t GicRd IRRathart e RCei F30i4% iBe nesderibicat evatiminmn. 25 Wth

the pr esenin iii@ibros 8 ckingatl SP1dibiN"18ves LLEN,ARPLGPY i ate for the

desired test signal frequency an
Thus, build-up on a relay contact is not critical because

10 the time varying signal level is calibrated separately by
the DC parametrics circuitry 25 via the signal level
calibration channel 1025. In some embodiments, the timing
calibration circuit 40 may include a time domain
reflectometer or TDR for determining the path length of the

15 time varying signal channel 1030 for use in timing
calibration. ‘

As depicted in Fig. 5, in one embodiment, the time
varying signals are supplied by pattern and timing 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. An input buffer 14
receives signals from the time varying signal channel 1030
and provides them to the timing and pattern circuits 16 and
18 for evaluation.

25 With the present invention, any kind of solid state
switch appropriate for the desired test signal frequency and

levels may be utilized for SSSW1-SSSW5. Furthermore, the

14



| evel s may be utilized for SSSWL-SSSWs. Furthernore, the 14 WO 01/29571
PCT/ USOQ 28915 solid state switches all may be a.single kind of switch, or
different kinds nmay be utilized in different positions. For exanple, all
optical | weeumsed netal oxi de sem conductor field effeagicTiusaosssss or
switches, pin diode switches, or the 5 like may be utilized. As a further
non-excl usi ve exanple, one kind of solid state switch fabricated as a | ow
capaci tance type switch, nay be used in the DC test and signal |evel
calibration channels 2530 and 1025, while another kind of solid state

swtchfabrlcated as a low 10 r |sta ce t wtch sed in the
time varyiSRgidsFEREE BWH sfbl maYo e e?aégﬁ"%fe olb’[rfq: gllearmet al

oxi de Sem\ﬁ.‘ﬂ@%herkih&ﬁ dngf fise tudinanILS LAr asvEéLdias ItCionfée ugeg for
SSSW2- SSS 'e a pin diode could be used for SSS 15 Wil e the

pref erred exaipdereal 3 opticelly exompled mecali onide semaonddesori bed in
depart | ng PR ERBSS T HERSehe R T ERaR e or it mPEdRES, B RBE. mhe
present inveat may behetelvied. | Ad ianfuedhenl yonsext biginek 26ampllew and t he
cautval ent S RIRa 6E solid' state switeh Fabricated as a low | Vo GAIMIS
capacitance type switch, may be used in the DC test and
signal level calibration channels 2530 and 1025, while
another kind of solid state switch fabricated as a low
10 resistance type switch, may be used in the time varying
signal channel 1030. For example, optically coupled metal
oxide semiconductor field effect transistor switches could
be used for SSSW2-SSSW5 while a pin diode could be used for
SSSWl1.
15 While the preferred embodiments of the present
invention 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.

15



1 1. Aswitching circuit for testing and calibration in 2 automated test
equi pnent conprising: 3 a) a tinme varying signal channel having a tine 4
varying signal circuit end and a device under test end, the 5 tine varying
si gnal obaomms7iconpri sing ‘a series-connected 6 sofid stEITEUSKHRENH;, 7 b) a
DC test channel connected to the tine varying 8 signal channel between the
series-connected solid state 9 swtch and the device under test end, the DC
test channel 10 conprising at |least one solid state switch interposed
along 11 the DC test channel so as to provide sw tchable coupling 12
“between a DC paran®Er CCBIMI I8uit side of the DC test channel 13 and the
time_varying signal channel; and 14 c)_a signal |evel calibration, channel
connketed to M5 t ReSPAREDYESFRECRHGIEAT HFRTES BRfuERRIPRRCION in

serigs- caifieiA@a t8ssobhdiphahe SMpd:Lisiard the tine varying signal circuit
end, 17 the signal level calibration channel conprising at |east one 18
soli @ state switcha)nBekposecvanybrg 2ienali ghannedybpvinggcal ¥brati on channel
so ag to i de L tch upl k n 0 ee a ri circuit

Si de§of t‘ﬁ"{el%}sl]ingznélsls'L %@e?gkgﬁggaﬁ%r%ﬁ gan %h%\r%%eﬂngﬁg% Eg{:tlggrr%’ v%??/i ng

si gnal chaiwelvaryikg Ehgnallr eHahnel ddnprisingher eeriak-toaséce® of the 2
DC test channel and the signal |evel calibration channel 3 conprises a
forcé brafRthihfFates&dEhBranch, the force 4 branch and the sense branch

each;conprising a gl ikdpst 8bgt dRadidl idbddddled kbl thél tihd Idrying

8 signal channel between the series-connected solid state
9 switch and the device under test end, the DC test channel
10 comprising at least one solid state switch interposed along

11 the DC test channel so as to provide switchable coupling

12 between a DC parametrics circuit side of the DC test channel
13 and the time varying signal channel; and

14 ¢) a signal level calibration channel connected to
15 the time varying signal channel between the series-connected
i6 solid state switch and the time varying signal circuit end,
17 the signal level calibration channel comprising at least one
18 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

21 calibration channel and the time varying signal channel.

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

o

comprises a force branch and a sense branch, the force

4 branch and the sense branch each comprising a solid state

16
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WO 01/ 29571 PCT/ USOCQO 28915 5 switch. 1 3. The circuit of Claim2 wherein
the DC test channel 2 conprises a force branch and a sense branch each
conprising 3 a solid state switch, and wherein the signal |evel 4

cal i brati woothesihel conprises a force branch and a sensepchusmwasmb each
conprising a solid state switch. 1 4. The circuit of Caim3 wherein the
time varying 2 signal channel conprises a |low resistance type solid state
3 switch, and wherein the DC test channel and the signal |evel 4
calibration channel conprise | ow capacitance type solid 5 state switches. 1
5. Thg ci rscgli Il of Claim4 further conprising a signal 2 timng calibration®
channel sWi't g‘hzli"bl y coupled to the tinme 3 varying signal channel. 1 6. The
circuit of daim4 wherein at |east one of the 2 tinme varying signal
channel, the DC test channel, and the 3 si %nal level calibration channel
conprises opti @al | yTESuptEauiy QfetGlaigyi2duhesnin ofler RO rtagteIdhammedct

transj st orgmok-ibes! B€ £6LEE UbtaRdn il ) RWRE! R o) (T pgql ,d. 2 state
sSwi t ches cor%ngrilsgsopt Fca%%y c%up e(f?dmat aIe oxigeg?ﬁiléePFrii&E:on‘gﬁntorgl§11 el d
ef fecy transcdtidr staté7switei] lard WHereliln, thel bi¢gnhdl |lex®O 01/ 29571
PCTIQ§CIY%23£%ration channel comprises a force branch and a sense

5 branch each comprising a solid state switch.

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

2 signal channel comprises a low resistance type solid state

3 switch, and wherein the DC test channel and the signal level
4 calibration channel comprise low capacitance type solid

5 state switches.

1 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
2 time varying signal channel, the DC test channel, and the

3 signal level calibration channel comprises optically coupled
4 metal oxide semiconductor field effect transistors.

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

2 state switches comprise optically coupled metal oxide

semiconductor field effect transistors.

L3
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1 8 The circuit of aim1l wherein the tine varying 2 signal channel
conprises a low resistance type solid state 3 swtch, and wherein at | east
one of the DC test channel and 4 the signal |evel calibration channel
conpri s¥O829Hast one 5 | ow capacitance type solid stREHEUSHH284H. 1 9. The
.circuit of Claim8 wherein both the DC test 2 channel and the signal |evel
cal i bration channel conprise 3 |ow capacitance type solid state sw tches.
| 10. The circuit of Aaim9 wherein the solid state 2 switches of the
.time varying signal channel, the DC test 3 channel, and signal |evel

cal i pration channeknal LiceapEi S crh Pl %!ér&ao'eageélﬁ@taér %
sem conductor field effect 5 transistors. 11. The circuit of aim 10
wherzi n tsigndl t:bsnnglchamneise@rq)rlqyesr@mﬁmebtapehsa?hddasts@se branch

h, 3 lid wh 41 |
ool 1 br ot o teanAne uBSEpfe k€ Ledit ik T ninRCtaet (Sndb iR and LoV
CONp4i Si Nhed s59iad Skeb? ¥ ikFat dorl ThatliReI1Cidompiri sek &t al&ade cewri si ng

optically 2 coupled netal oxide sem conductor field effect transistors. 1
13. The diaw apagitengentyPeofptidisipts wwitedes. 18 lol 1) JIJI

LIplitlitiliii MS WO 01/29571 PCT/USOQ 28915 1 14. The circuit of Caim1l
conprising optically 2 coupled netal oxide sem conductor field effect
transi stors. 9. The circuit of Claim 8 wherein both the DC test

2 channel and the signal level calibration channel comprise

3 low capacitance type solid state switches.

1 10. The circuit of Claim 9 wherein the solid state

2 switches of the time varying signal channel, the DC test

3 channel, and signal level calibration channel all comprise

4 optically coupled metal oxide semiconductor field effect

5 transistors.

1 il. 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 comprising a solid state switch.

1 12. The circuit of Claim 1 comprising optically

2 coupled metal oxide semiconductor field effect transistors.

1 13. The circuit of Claim 1 comprising pin diodes.

18
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1 15. The circuit of Cdaim1 wherein the solid state 2 switch of the tine
varyi ng signal channel is disposed 3 proximate 10 the tine varying signal
circuit end of the tine 4 varying signal channel. 1 16. The circuit of

Caim1l fwadesszeonprising a 2 signal
coupled to the 3 tine varying signal channel.
and calibration in

ti mng calibrati onpClyaseseisw t chabl y
1 17. Acircuit for testing
2 automated test equi pnent conprising: 3 a) atine

varying signal circuit adapted to 4 generate and evaluate tine varying
5 b) a DC paranetric circuit adapted to generate and 6 evaluate
varying 7 sl nal levels; 8 ¢c) atinm’

si gnal s;
DC signals | evel s angito evalu te tlgE

varyi ng

si gnal thanndiPe §dprLd t8ftﬂ

Al L jqam

PHGORF§Fa#L¥%i rcui t and

having a deMiSfed Mial @5didel Qeffdondlerds N 1 )é'f@QcE Ilgfahsfgml

conprising a series-

channel

seri eg- connect eg sol 'ﬁeStciESu}t

DC test
provi de

4

10
11
12

14

15

11 connected solid state swi tch;

a DC test

coupled to the tinme varying 13 signal channel betmeen t he

channel™™ 15 conp a?FAeas

LR s evige yades

one SO | gt%

test end, the

D as to

1&wvitdi |df Idhed hhhblv&%yingﬂéigﬂdlIdHahnﬁlleqdisp&!é@1/29571
PCT/USOO/28915
proximate to the time varying signal circuit end of the time

varying signal channel.

16. The circuit of Claim 1 further comprising a

signal timing calibration channel switchably coupled to the

time varying signal channel.

17. A circuit for testing and calibration in

automated test equipment comprising:

a) a time varying signal circuit adapted to

generate and evaluate time varying signals;

b) a DC parametric circuit adapted to generate and

evaluate DC signals levels and to evaluate time varying

signal levels;

c) a time varying signal channel coupled to the

time varying signal circuit and having a device under test

end, the time varying signal channel comprising a series-

connected solid state switch;

d) a DC test channel coupled to the time varying

signal channel between the series-connected solid state

switch and the device under test end, the DC test channel

comprising at least one solid state switch so as to provide

19
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16 switchable coupling of the DC paranmetric. circuit and time 17 varying
signal channel; and 18 e) a signal |evel calibration channel coupled to 19
the ti r’rew%/)%?{%sglg si gnal channel between the series-connected 20 solid
state swtch and the tinme varying signal circuit, the BETUSHRENS eyel

cal i brati on channel conprising at |east one 22 solid state switch so as to
provi de swi tchabl e coupling of 23 the DC paranetric circuit and the tinme
varying signal 24 channel...1 18. The circuit of Cl.aim 17 wherein the tine
varying 2 signal channel conprises a |ow resistance type solid state 3
swi tieh, aswl sdtenaien dot@1BGgs bEnehe Chenpetamaitd-ith e ivicanal addl evgb

cal i bration channel cqnprise |ow capacitance type 5 solid state sw tches.
1 197 The'3E¥iAY signad) ghareglahdrdin the DC test 2 channel conprises a

forqg and a sense Rhanchieach §9BE! Shithydt ARl drahate,pibcp, and
wherein the signal |evel cal 1 bration channel conprisSes a forcé branch and
a sdfse WBrdrtdmsh veanhingosponsilnghansel ibktstemtre thei selried-20nndbeegi rcui t

of aiml9 c ri.sing.optically. 2 coupled netal ,oxide sem ¢conductor field
effgét tr%%sliés){ggcrast.e s%'l%fth il gp?cﬁ?“[‘go‘far@f‘ﬁgmsf@nla r CREFUEBmpERRing a 2

si gmal tigidigCaldviaidagnpehtesht chdhbED dlopaMIRedrt 2ehle og0 Il 111 CL
M S WO 01/ 29571 PCT/ USQ0/ 28915

22 solid state switch so as to provide switchable coupling of

23 the DC parametric circuit and the time varying signal

24 channel.

1 18. The circuit of Claim 17 wherein the time varying

2 signal channel comprises a low resistance type solid state

3 switch, and wherein the DC signal channel and the signal

4 level calibration channel comprise 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 semiconductor field effect transistors.

1 21. The circuit of Claim 19 further comprising a

t9

signal timing calibration circuit switchably coupled to the

20
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3 tinme varying signal channel. 1 22. The circuit of Caim 17 conprising
optically 2 coupled netal oxide sem conductor f-ield effect transistors. 1
23. The circuit of Claim17 conprising pin diodes. 1 24. The circuit of

Cl ai m 17 woeoedsyit he DC test 2 channel conprises a forcepemisezsmsse branch
each conmprising 3 a solid state switch, and wherein the signal level 4

cal i bration channel conprises a force branch and a sense 5 branch each
conprising a solid state switch. 1 25. The circuit of Caim1l7 wherein the
solid state 2 switch of the time varying signal channel is disposed 3
proximate to the tinre varying g\iﬂna]ll circuit. 1 26. A nethod for testing
and cdlibr fT%hV?¥V¥ﬁﬁ(ﬁﬁ§ﬁ? CI3PBEL - equi pent conprising: 3 a) controlling
coupling between a tine varying 4 signal circuit and a device under test
using a series 5 connected solid state switch; 6 b) controlling coupling
bet wedn a DC patémet (e cirepisuPf Ghim K’ RemprdsingePPEésaligi ng at | east
one sglid 4t GauplLik W [l i | L. e 9

devi cg und(é'gu?ieég q‘lleﬁ:\(ljgelpg% g%t B%Pgtgﬁ%&g%%%?l cetfgi'ﬁtee(":ftE %5Esé?giaél%€oé%'at e
switch; and 21 11111111111 oocrrererrrrererrrrrr Mg WO 01/ 29571

PCT/U?CI728915 23. The circuit of Claim 17 comprising pin diodes.

1 24. The circuit of Claim 17 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 25. The circuit of Claim 17 wherein the solid state
2 switch of the time varying signal channel is disposed
3 proximate to the time varying signal circuit.
1 26. - A method for testing and calibration in automated
2 test equipment comprising:
3 a) controlling coupling between a time varying
4 signal circuit and a device under test using a series-
5 connected solid state switch; '
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
21
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11 c) controlling coupling between the DC paranetric 12 circuit and the
time varying signal circuit using at 1east 13 one solid state switch
couplin parametric circuit to 14 the time varying signal circuit
indepengghpﬁﬁﬁéihe series- 15 connected solid state smﬁ?@ﬂVmT%§?§ The

met hod of Claim 26 wherein controlling 2 coupling between the tinme varying
signal circuit and the 3 device under test conprises using a | ow

resi stance type 4 solid state switch, and wherein.controlling coupling
between 5 the DC paranetric circuit and the device under test 6 conprises
usi ng | ow capacit argoecbypeoiding ShdkirmgVdetheen thBeand pheswétrLontrol ling
coupling between the DC paranetric 8 circuit and the time varying signa
cirddit RIS dndsthg tImeoVREERE iSianed ©jFeuds| raisgaat keRshes. 1 28.
The (get h fo iy : 2] [ j t

par altﬁt r?%légisrogt}?lt @gﬁge\t”ﬁgﬁggei%se{%%ﬂéné%% f% gg? Hg%l‘*&’ggﬁg‘?r%ﬁ%%g}?fﬁ I ng
bet uéen tihe DEMé paryiegr Bigual ceixcwitd independentacyi tige ssepieds-circuit 5
co gises controlli&g. ouElkng of, f.orce and sense signals. 1 29. The

met Hod of “EFEGHEss SRtd e PR2EBnEHTS % ng 2 coupling between the time varying
signal circuit and the 3 device under test, controlling coupling between
the DC 4 paranetric circuit and the device under test, and 5 controlling
coupling bet w@&n t h&heCmghhadedf | Cladin A6 whemginpgontrglling WD 01/ 29571

PCT/pSOOQ%ﬁ&hing between the time varying signal circuit and the

3 device under test comprises using a low resistance type

4 solid state switch, and wherein controlling coupling between
5 the DC parametric circuit and the device under test

6 comprises using low capacitance type solid state switches,

7 and wherein controlling coupling between the DC parametric

o0

circuit and the time varying signal circuit comprises using

9 low capacitance type solid state switches.

1 28. The method of Claim 27 wherein controlling

2 coupling between the DC parametric circuit and the device

3 under test and controlling coupling between the DC

4 parametric circuit and the time varying signal circuit

5 comprises controlling coupling of force and sense signals.

1 29. The method of Claim 28 wherein controlling

2 coupling between the time varying signal 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
22
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6 the time varying signal circuit conprises using optically 7 coupled
met al oxi de sem conductor field effect transistors. 1 30. The nethod of
Claim 28 wherein controlling 2 coupling between the tinme varying signal
circuit awd@nes713 devi ce under test, controlling couplipgr/isioesns the DC 4
paranetric circuit and the device under test, and 5 controlling coupling
between the DC paranetric circuit and 6 the tinme varying signal circuit
conprises using pin diodes. 1 31. The nethod of C aim 26 wherein
controlling 2 coupling between the time varying signal circuit and the 3

devi ce under test., contirolli.n oupling between the DC 4 para ric circuit
and e devied IISPIATE SAHS CHRTTET |STIPTAGeH PRI BePRETE L% DO
par angt ri CesipXad tmetad ofkitBesbniBoN@idtdd SicldakbfEebeUttafOIPEdSLS USI Ng

optically 7 coupled netal oxide sem conductor field effect transistors. 1
32. The nethod of Cl aim 26 wherein controlling 2 coupling between the tine

varyi ng signal £ rcuid, a ' 25 I ng coupling
bet Weén t he DCéA:fd'par gthmeet Pllgghglarggigf%%ﬁ?%e é'\’ﬂt*g’er’ﬁﬁgg?ig‘lé%, and 5
contrel | i neowslipig g tiveene ehet him®Grapay anptgignadi céuctianand 6chde ti ne

arying signal circuit conprises | n i n di,odes. 1 33.. The nethod of
éla?h?gGI ?N%ﬁ?“ Ir5@??29E?“EB%E*F%ﬁe%Eﬁaééﬁ Eﬁ&wﬁﬁpp%?%ﬁ%?ric circuit
and the deyiffmetd3d Iditlchiit! bhé! tnd | dddidd hindel! thkt! 4ndl S ttc

5 controlling coupling between the DC parametric circuit and

6 the time varying signal circuit comprises using pin diodes.
1 31. The method of Claim 26 wherein controlling

2 coupling between the time varying signal 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

6 the time varying signal circuit comprises using optically

7 coupled metal oxide semiconductor field effect transistors.

1 32. The method of Claim 26 wherein controlling

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

2 coupling between the DC parametric circuit and the device
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WO 01/ 29571 PCT/ US00/ 28915 3 under test and controlling coupling between
the DC 4 parametric circuit and the tinme varying signal circuit 5 conprises
controlling coupling of force and sense signals. 1 34. The nethod of Caim
26 furtM@oEwsTIrising 2 controlling coupling between a migosvb2ésnsn ng
calibration 3 circuit and the using a swtch coupling the signal timng 4
calibration circuit to the tine varying signal circuit 5 i ndependent from
the series connected solid state switch. LI ELEE DL EEEE teerr reeer o el
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3 under test and controlling coupling between the DC
4 parametric circuit and the time varying signal circuit
5 comprises controlling coupling of force and sense signals.
1 34. The method of Claim 26 further comprising
2 controlling coupling between a signal timing calibration
3 circuit and the using a switch coupling the signal timing
4 calibration circuit to the time varying signal circuit
5 independent from the series connected solid state switch.

LT

24



