EMULATING BEHAVIOR OF A LEGACY TEST SYSTEM TECHNICAL FIELD This patent application
rela.tes genavalyotp/emeiating behavior of a legacy test system. BACKGRORUIUS20080t8nstic test
equme.nt (ATE) plays a role in the manufacture of semiconductor devices and circuit board
assem_blles. Manufacturers generally use automatic test equipment, or "testers," to verify the operation
of devices during the manufacturing process. Such devices are referred to as a "device under test"
_(DUT) or a "unit under test" (UUT). Early detection of faults eliminates costs that would otherwise be
incurred by processing defective devices, and thus reduces the overall costs of manufacturing.
Manufacturers also use ATE to grade various specifications. Devices can be tested arid binned

according to different 'erlf;flK%Qmﬁﬁiﬂr@ﬁﬁ‘f&iﬁ@fﬁ%ﬁum@%@ﬁmﬁWw be labeled and sold
according to their actual levels of performance.

TECHNICAL FIELD
This patent application relates generally to emulating behavior of a legacy test

system.

BACKGROUND

Automatic test equipment (ATE) plays a role in the manufacture of
semiconductor devices and circuit board assemblies. Manufacturers generally use
automatic test equipment, or "testers," to verify the operation of devices during the
manufacturing process. Such devices are referred to as a “device under test” (DUT) or a
“ynit under test” (UUT). Early detection of faults eliminates costs that would otherwise
be incurred by processing defective devices, and thus reduces the overall costs of
manufacturing. Manufacturers also use ATE to grade various specifications. Devices
can be tested and binned according to different levels of performance in areas, such as
speed. Devices can be labeled and sold according to their actual levels of performance.

Test programs have been developed for what is referred to herein as “legacy”, or
pre-existing, ATE. Some test programs have been developed to account for signals that
appear on inactive communication channels of the ATE. An inactive communication
channel may include a communication channel in which a driver, a detector, an active
load, and/or PMU have been turned off or have been otherwise made inactive. Although

inactive, some communication channels can still register signal levels at ATE detectors.



Test programs have been developed for what is referred to herein as "legacy”, or pre-existing, ATE.
Some test programs have been developed to account for signals that appear on inactive
communicai? ¥k %of the ATE. An inactive communication channel nfyTIRSRIYE/¢7871S
communication channel in which a driver, a detector, an active load, and/or PMU have been turned off
or have been otherwise made inactive. Although inactive, some communication channels can still
register signal levels at ATE detectors. This may be due, e.g., to leakage current from the ATE's
driver or some other unintended signals. Different types of legacy ATE typically exhibit consistent
signal levels for inactive channels. Test programs have therefore been developed to expect such

signals and te {ake $hrsaexpeciedesigns sutararsaunt Aunngdastng: foai-isb teshpiems, failure
to register an expected signal from an inactive communication channel can result in an indication that

a DUT has failadish®iestenhspesofaciatherlluypivatizatibibitsconerebnssigsillleotiafonnexpected signal
on an inactive communication channel. In recent years, many types of legacy ATEs have been
replaced withhawgive chhiglekt - Testorrogiaos Bave thoddtocigesdehetpadtaesternt hebeigmaly new
features, many of the test programs that run on these newer testers have already been written, and
depend on thedpe timtbesee gpratad tegistle sntf theolayaloyingresiingofioxsnepltssbbregtamégram may rely
on expected bias conditions of a communication channel when its driver and active load are disabled
(e.g., then tHallsomiprigaisisnen omenitdl sienhEaveInirasiiveronmEneriRT e 3P Aetdssarily have

the same performance characteristics as the legacy ATE. This ca{g afff ct how existing test programs
are used with ARiRdicHioa b QY TAnetadpshii Aggivvhen 1 i he, aﬁb‘fﬁ 6388 & ribes methods

and apparalS g o R NG Penavionof & Sdas RSk Srakem:

In recent years, many types of legacy ATEs have been replaced with newer,
higher-performance ATEs. Although such newer testers have many new features, many
of the test programs that run on these newer testers have already been written, and depend
on the performance characteristics of the legacy ATEs. For example, a test program may
rely on expected bias conditions of a communication channel when its driver and active
load are disabled (e.g., then the communication channel is inactive). However, a newer
ATE may not necessarily have the same performance characteristics as the legacy ATE.

This can affect how existing test programs are used with newer, or successor, ATE.

SUMMARY
This patent application describes methods and apparatus, including circuitry, for
emulating behavior of a legacy test system.
Described herein is a system and apparatus for use in testing a device that
includes a communication channel having a set of programmable parameters associated
therewith. The programmable parameters result in a bias condition on the

communication channel. A bias control circuit is used to affect the bias condition that



Described herein is a system and apparatus for use in testing a device that includes a communication
channel having a set of programmable parameters associated therewith. The programmable
parameters Y20H046BT4s condition on the communication channel. A biasPEFHHRAMHFOIH IS used to
affect the bias condition that results from the programmable parameters in order to emulate a desired
bias condition. Other aspects, features, and implementations are also described. The details of
one or more examples are set forth in the accompanying drawings and the description below. Further
features, aspects, and advantages will become apparent from the description, the drawings, and the
claims. DETAILED DESCRIPTION Fig. 1 is a block diagram of ATE components that may be used

to produce g.{ias FORAKIOR AR AEPNPNSAERR GhARRe | #ahaat laiesiR BBk edrdi@scondition.
Other aspects, features, and implementations are also described.
The details of one or more examples are set forth in the accompanying drawings
and the description below. Further features, aspects, and advantages will become

apparent from the description, the drawings, and the claims.

DETAILED DESCRIPTION

Fig. 1 is a block diagram of ATE components that may be used to produce a bias
condition on a communication channel that emulates a desired bias condition.

Fig. 2 is a block diagram of ATE for testing devices.

Fig. 3 is a block diagram of a tester used in the ATE.

Fig. 4 is a diagram of circuitry that may be used to emulate the behavior of legacy
ATE on an inactive communication channel between the ATE and a DUT.

Fig. 5 shows an example of a graph used to determine the bias voltage of the
inactive communication channel for a set of programmable parameters.

Like reference numerals in different figures indicate like elements.

DETAILED DESCRIPTION
Fig. 1 shows a block diagram of components that may be part of an ATE 1. ATE
1 may be a successor to legacy ATE, such as a newer model of existing ATE or a
completely new model of ATE. These components may be used in ATE 1 to emulate the
bias conditions of legacy ATE, or any other desired bias conditions. The bias conditions

may include a bias current, which may be, or include, a leakage current. The bias



Fig. 2 is a block diagram of ATE for testing devices. Fig. 3 is a block diagram of a tester used in the
ATE. Fig. 4 is a diagram of circuitry that may be used to emulate the behavior of legacy ATE on an
inactive comhUHIeUBE3 ®hannel between the ATE and a DUT Fig. 5 showsRGTE&EMBIET8T1a graph
used to determine the bias voltage of the inactive communication channel for a set of programmable
parameters. Like reference numerals in different figures indicate like elements. DETAILED
DESCRIPTION Fig. 1 shows a block diagram of components that may be part of an ATE I. ATE 1
may be a successor to legacy ATE, such as a newer model of existing ATE or a completely new model
of ATE. These components may be used in ATE Ito emulate the bias conditions of legacy ATE, or any

other desireddiasis@itionziude bias wngdhionsdmanjndusen Rids shueak whichdnay be, or
include, a leakage current. The bias
zero) voltage. Test program 2 may be designed for use with legacy ATE (not shown). In
ATE 1, test program 2 is used to perform tests on signals received from a DUT (not
shown) over communication channel 3. A control block 4, which may be executed
through a combination of software, firmware, and or hardware, controls the programming
of test parameters on ATE 1. These test parameters may include, but are not limited to,
test thresholds for detector 5 (e.g., high or Voy levels, and low or Vo levels), parameters
to control the voltage and/or current output of an active load(s), and/or parameters to
implement other functions for the other circuit elements 7.

The values of the test parameters affect the bias condition on the communication
channel. That is, different values for the test parameters can produce different bias
conditions. In one example, bias conditions produced by specific values for these
parameters on a legacy ATE communication channel are compared to bias conditions
produced for the same parameter values on successor (e.g., more modern) ATE. A bias
controller 6 (described below) affects the bias condition(s) on the communication channelA
so that bias condition(s) for the successor ATE matches that of the legacy ATE.

During operation of ATE 1, test signals may be output from ATE 1 to the DUT
over communication channel 3. The DUT responds by providing response signals over
communication channel 3. The response signals may be, e.g., produced by the DUT in
response to the test signals provided by ATE. Alternatively, signals may be provided
from the DUT to communication channel 3 that are independent of the test signals.
Alternatively, the DUT may be disconnected from the channel all together, while the test

program may expect the channel to sustain bias conditions consistently for the system test



conditions may include a bias voltage, which may be, or include, an offset (e.g., nonzero) voltage. Test
program 2 may be designed for use with legacy ATE (not shown). In ATE |, test program 2 is used to
perform tes®¥AR3MRYIZ Peceived from a DUT (not shown) over communicakiol BRHRBEI 1A control
block 4, which may be executed through a combination of software, firmware, and or hardware,
controls the programming of test parameters on ATE 1. These test parameters may include, but are
not limited to, test thresholds for detector 5 (e.g., high or VOH levels, and low or VOL levels),
parameters to control the voltage and/or current output of an active load(s), and/or parameters to
implement other functions for the other circuit elements 7. The values of the test parameters affect

the bias congitian opy the capraeRIGsHoR.chanaslecloe imaJitRen rlvpadar thretesipasameters can

produce different bias conditions. In one example, bias conditions produced by specific values for

these paramgtedsQiior peakanfel FosBroRvLlsaikD s Ghawneh dg. agmpared to bias conditions produced
for the same parameter values on successor (e.g., more modem) ATE. A bias controller 6 (described

below) affects the bigscesrgition(a}latetbeecenmord rinatiantoanmitsa ibatyp s Coaditars(s) for the
successor ATE matches that of the legacy ATE. During operation of ATE 1, test signals may be
output from tATipletaethe MeiFueaesoinimicatideashparef Getddier DRy ekyedrads by providing
response signals over communication channel 3. The response signals maybe, e.g., produced by the
DUT in responsententiad itest Riaralsinieotdedl ipglachicailiicanaacisr) iosfgruisiniedling wdirled from the
DUT to communication channel 3 that are independent of the test signals. Alternatively, the DUT may
be disconne%t@@ﬁ%?ﬁ%ﬁ@%ﬁfé@ﬁé&ﬁéﬁ%hf@ﬁ%@%@%%%’ é?(ﬁ%‘@?ﬂﬁ%ééﬁgnnel to
sustain bias conditions consistently for the s¥stem test to pass. In anﬁ case, detectora, such as

detector 5, FESARIGARS BEEST5TATESHA] 49 HOHR WHRRrSPD L tHE M [ BRE 8Re channel is

shown in Fig, I). . . .
%he)re, the comparison results are evaluated in order to determine, e.g., if the DUT has

passed for failed a particular test. It is noted that electrical connection, when used herein,
does not require a direct physical connection. An electrical connection may include
intervening components between two components. Likewise, electrical connection may
include non-wired electrical connections, such as those produced by a transformer.

Other circuitry 7, which may include active and/or passive loads, may also be
electrically connected to communication channel 3. This other circuitry may be used,
e.g., to provide one or more loading condition(s) to communication channel 3. The
loading condition(s) may include, but are not limited to, desired voltage and/or current to
the communication channel 3.

ATE 1 also includes bias controller 6. Bias controller 6 may be used to emulate,
on communication channel 3, a desired bias condition, such as the bias condition of a
communication channel of legacy ATE. Bias controller 6 may include a programmable,
bi-directional (source or sink), bias current source 8, although other types of signal
sources — both programmable and non-programmable — may be used in lieu of current

source 8. The current output by current source 8 in conjunction with currents and



Detector 5 may include one or more comparators and/or other types of hardware to implement a
measurement function. At least part of detector 5 may also be implemented in software. Detector 5 is
electrically d¥AE8¥HE ¢ommunication channel 3, and is configured to recRAEEYHEIRTR G the
communication channel, to compare those signals to one or more thresholds, and to provide
comparison results to test program 2. There, the comparison results are evaluated in order to
determine, e.g., if the DUT has passed for failed a particular test. It is noted that electrical connection,
when used herein, does not require a direct physical connection. An electrical connection may include
intervening components between two components. Likewise, electrical connection may include
non-wired glgetHeal GOMRAGLIHRATHhEUshARIRAEHIRAINRET DiYcatirmRsiaEmeas bias CHBRI0@IrcuUitry 7, which
may include active and/or passive loads, may also be electrically connected to communication channel
3. This othemaiisWimmak e rseshede Peodiovidenerebiis muaidtioading, cehdiinis)to communication
channel 3. The loading condition(s) may include, but are not limited to, desired voltage and/or current
to the comruthinatioatiohathnehd. For Addmplalsbenclpdesibias ceytaiite s, Bitageonttizdler 6 may be
used to emulate, on communication channel 3, a desired bias condition, such as the bias condition of
a communication:clratiore EbdragaothaT i iBias voentdiarbéasmeithel e Woyd heaeKpsalsie, bi-directional
(source or sink), bias current source 8, although other types of signal sources - both programmable
and non-prégrarmingasie A Risgnsbe ssate FPTERUSicatinR ARalstce 8. The current output by current source
8 in conjunction with currents and impedances already on the communication channel 3 affects the
existing bias condiBheSRTARCESTRIMTEAEA LALAETSOI S5/ BrRRIa% ﬁEWﬁi%rswfﬁ??Um% (e.g., voltage)
on the communication channel. For example, the output.current ma al%e?' thev]%{t%%e on the
communicaBBRHEKMASSIETIOR BEIRRIBHIM YHie %ﬁ%aémtﬁgi WoUTd be BXFEcEG from a legacy
ATE on the same communication channel. Bias controller, §, may include.a voltage
source/impg"‘bgwgeo&f%ﬁt@tw eigﬁo%%ac llﬁadém ap\(% acgeecgglﬁ]}c% da ngggrr%llr%ﬁb% with an impedance

circuit 9b. Voltaae, SoHGa, 92 NNnO LML ASREOANIALL iIRRINRRREREUL 9 may be a

resistor, a resistive network, a variable resistor, a capacitive element, an inductive element, a

transistor, andlon comhinations Ahens of Bie'srAdResR IR ORI SRle AERSAS NIARBEAIYH, this circuit

passes current to/from communication channel 3, thereby producing a voltage across the impedance

circuit 9b. This yrliggmswbenrombineh wHiiin vellagentiom) SoweeBepasbdiasomidigon(s) of
communication channel 3 produces a bias condition (e.g., voltage) that emulates the bias conditions
that legacy £rbks ¥euldprmdue einnicomMtisicatiagecvbameddbined with the voltage from
source 9a and bias condition(s) of communication channel 3 produces a bias condition
(e.g., voltage) that emulates the bias conditions that legacy ATE would produce on
communication channel 3.
Bias controller 6 may include a combination of programmable bias current source
8 and voltage source/impedance circuit 9. An example of a circuit that includes both of
these elements is described below with respect to Fig. 4. It is noted that bias controller 6
should have a sufficient programmable range to compensate for bias differences between
legacy ATE being emulated and successor ATE.
As described above, a test program designed for legacy ATE may expect a certain

voltage on an inactive communication channel (e.g., a communication channel that is

disabled or tri-stated). Some test programs may expect certain current or other signal



Bias controller 6 may include a combination of programmable bias current source 8 and voltage
source/impedance circuit 9. An example of a circuit that includes both of these elements is described
below with re$hWOBHE3E0 4. It is noted that bias controller 6 should have a BGffitieHOBI§raMmable
range to compensate for bias differences between legacy ATE being emulated and successor ATE.
As described above, a test program designed for legacy ATE may expect a certain voltage on an
inactive communication channel (e.g., a communication channel that is disabled or tri-stated). Some
test programs may expect certain current or other signal levels on the communication channel;
however, the following describes an example in which a certain voltage is expected. This voltage is
detected viadeigeiptie andRassashiP-ARIRCERSING HeHise (R gina RbHYian exanpling test program
2. In operation, bias controller 6 may be controlled (e.g., programmed) to provide a signal (e.g., a
current) to apHRAGHIVEERIMEIIRERtMD N LS, votugh iedulistdd wbirtcconditioh {esgd turrent and/or
voltage signals) on the inactive communication channel 3 that is the same as, or substantially the
same as, the hieecongiteicthatgyauchipmerpseauting testipargiae Gommunication channel of the legacy
ATE. Test program 2 expects the bias condition, e.g., the current and/or voltage signals from legacy
ATE for which testlprogprativg, hias chasiofied msybeasulrolids 4e SopipsiepBethigattiidna performance
of the legacy ATE on inactive communication channel 3, test program 2 will receive the signals that it
expects to reigaildan,inSEtvatsraminrirs BRIt on FRrast:S radith et S BR &1S2 can be used
on non-legacy, e.g., successor or modem, ATE 1. Referring now to Fig. 2, that figure shows an
example of 8°§§1§l?@ﬁ'1(6|8'Wﬂ?ﬁ@%@‘&fﬁ&ﬁ?ﬁga&ﬁrﬂﬂ%ﬁ‘E?ﬁ%YﬁthWB}Wg Uogg eF%plemented.
Fig. 2 shows an ATE system 10 for testi device-unlglelthtgsétO LtJL-orl)x f]h8t %%%1 ety argseermconductor
device, whidRaHSINESER%A%AF FOSHBUBNHAT f8& A 2L VR R AL Iliaes A Computer system 14 that
interfaces with fester 12 over a hardwire,connection igally; ) ends
commands & t‘é‘gtlélra iflév o hita el(%%(é%nu%ar?%? r%gu%ﬁgesggcydﬁfngét)i%ﬁg E?)Br)é#é%ti%g 62}'}1&15 Such

execuing 1 Qs 0aY WG e GE0RIANGN A HLHARHIRIRAIATS! ARG DUT 18 and

collect responses fro Various types of DUTs may be tested by system 10. For example,

DUTs may be Semicopguistorfeyices sHelipsraminiesireirg Ctsislatity bipettmaiempry chip,
microprocessor,

the legacy ATE on inactive communication channel 3, test program 2 will receive the

signals that it expects to receive on inactive communication channel 3 and, as a result,

test program 2 can be used on non-legacy, e.g., successor or modern, ATE 1.

Referring now to Fig. 2, that figure shows an example of a system on which the
foregoing bias condition emulation process may be implemented. Fig. 2 shows an ATE
system 10 for testing a device-under-test (DUT) 18, such as a semiconductor device,
which includes a tester 12. To control tester 12, system 10 includes a computer system
14 that interfaces with tester 12 over a hardwire connection 16. Typically, computer
system 14 sends commands to tester 12 to initiate execution of routines and functions for
testing DUT 18. Such executing test routines may initiate the generation and
transmission of test signals to the DUT 18 and collect responses from the DUT. Various

types of DUTs may be tested by system 10. For example, DUTs may be semiconductor

devices such as an integrated circuit (IC) chip (e.g., memory chip, microprocessor,



analog-to-digital converter, digital-to-analog converter, etc.). To provide test signals and collect
responses from the DUT, tester 12 is connected to one or more connector pins that provide an
interface for'VISe2REPH@76ircuitry of DUT 18. To test some DUTS, e.g., as mBAY/HS2808) 4P or one
hundred twenty-eight connector pins (or more) may be interfaced to tester 12. For illustrative
purposes, in this example, semiconductor device tester 12 is connected to one connector pin of DUT
18 via a hardwire connection. A conductor 20 (e.g., cable) is connected to pin 22 and is used to deliver
test signals (e.g., PMU test signals, PE test signals, etc.) to the internal circuitry of DUT 18. Conductor
20 also senses signals at pin 22 in response to the test signals provided by semiconductor device

tester 12. F%aqég_lggp&?giadl\@;@ggéiqggltgrta.&w@@&{gwm)be sensed at pin 22 in response to a
test signal and sent over conductor 20 to tester 12 for analysis. Such single port tests may also be

performed on other pjnsviue/usiesi nRURID] ear ettt the IRMayspiollde ¢estsigdals to other
pins and collect associated signals reflected back over conductors (that deliver the provided signals).

By collecting,the: i&flastedsigeals, fine inpyiravide daneeréicthfopins intaydeiotitaceé AE8 along with
other single port testing quantities. In other test scenarios, a digital signal may be sent over conductor
20 to pin 221f%r StowngamidHaTvadige, onrioT a8hOntaste, IDudreidwealytséghtcessed to retrieve
and send the stored digital value over conductor 20 to tester 12. The retrieved digital value may then
be identifiectbardeter it therproperbednterfoees seoesteo2DEPE Hinstratiya SHEPOTRR Petirming
one-port measurements, a two-port test may also be performed by semiconductor device tester 12.
For examplexampls; stgrapriag oFedmyjsersst e S SRBTRIISH 30 IR DRSS RRE gf@%x e signal may
be collected from one or more other pins of DUT 18. Thi ris onse signal is By vi%ed to
semiconduc‘ft?rM%‘fé%i%‘&?d&éﬁ%@ﬁ%‘?{u@nﬁﬁ%&c%ﬁlﬁ ‘ggoﬁgfﬁt BERLE- RSSE response, and

other th roug&ggttom d%fliiégrr ?ergltesri]én%lsfi et.lgv,l.,eﬁMU test signals, PE test signals, etc.) to the internal

circuitry of DUT 18. Conductor 20 also senses signals at pin 22 in response to the test
signals provided by semiconductor device tester 12. For example, a voltage signal or a
current signal may be sensed at pin 22 in response to a test si gnal and sent over conductor
20 to tester 12 for analysis. Such single port tests may also be performed on other pins
included in DUT 18. For example, tester 12 may provide test signals to other pins and
collect associated signals reflected back over conductors (that deliver the provided
signals). By collecting the reflected signals, the input impedance of the pins may be
characterized along with other single port testing quantities. In other test scenarios, a
digital signal may be sent over conductor 20 to pin 22 for storing a digital value on DUT
18. Once stored, DUT 18 may be accessed to retrieve and send the stored digital value
over conductor 20 to tester 12. The retrieved digital value may then be identified to
determine if the proper value was stored on DUT 18.

Along with performing one-port measurements, a two-port test may also be
performed by semiconductor device tester 12. For example, a test signal may be injected

over conductor 20 into pin 22 and a response signal may be collected from one or more



Referring also to Fig. 3, to send and collect test signals from multiple connector pins of a DUT (or
multiple DUTSs), semiconductor device tester 12 includes an interface card 24 that can communicate
with numerd¥9 pME/otZ7example, interface card 24 may transmit test signaf6 ToUR2¢08/878783, or 128
pins and collect corresponding responses. Each communication link to a pin comprises a channel and,
by providing test signals to a large number of channels, testing time is reduced since multiple tests
may be performed simultaneously. Along with having many channels on an interface card, by including
multiple interface cards in tester 12, the overall number of channels increases, thereby further
reducing testing time. In this example, two additional interface cards 26 and 28 are shown to
demonstratg thal mulinierinterfang CRids ey dHapidl pis retel kémicondaabriateiteaesaartincludes a
dedicated integrated circuit (IC) chip (e.g., an application specific integrated circuit (ASIC)) for
performing padticuianteqlfuneionscHar eiaragendntpHase cpodseduantbaslaqighelectronics WE)
stage 34 that includes circuitry for performing PE tests. PE stage 34 also may include circuitry for
performing patsmeatiiatrgeasitiement unit (PMU) tests. Additionally, interface cards 26 and 28
respectively include PE stages 36 and 38 that comprise PE circuitry. Typically PMU testing involves
providing a (progr&efemrabie)DCoiigagctosadrredicsidsrates siendofrom aelépksifensaeRiquantities as
input and output impedance, current leakage, and other types of DC performance characterizations.
PE testing melvésggﬁdﬂ@@@ibkm%#&%@%‘%é‘%ﬁﬁmgefdE‘B‘{l}’ldféfﬁ‘. IpgsfRcPs) and
collecting responses to further characterize the performance of the DUT. For example, PE stage 34
may transnfitidP4BabeIT cRIERIcalg IR RSBt BV SX M RIPIMERSrf P&brage on the

DUT. Once these binary values have been slﬁé d,.the I%U'I'umggotg% ace Yc,sedeé)%tgster 12 to
determine iFTARSTRBASEEBRES VSIS hile Bedh RIBIERT COU9S PASEROMSC NG AT test signals from

interface card 24 to DUT 18 (Fjg. 2), a conducting trage 40,co interface board
connector @fﬁépgﬁaﬁgc%%a@{(otzb% %lgscé)éncf’ 8?1%?13%3{%1}%&[%?%2% é%&;v}:g%?%%t% a%lg %ogard connector
421s also CP””‘“’E&%&%‘? dl n%ﬁ%%%?éo{eétﬂm%%%%m&&%%% ﬁﬁﬂg&%@&@ FRPIRGS s erhich allows

signals to bé') ﬁgsse 0 rom tester 12. In this example, conductor 20 is connected to interface

connector 46 far hi-diractional sidnal passaanirinerRiicsiah 1AM 29 iATAS. In some

arrangements, an interface device may be used to connect one or more conductors from tester 12 to

the DUT. For exainpl-#he Bt maeenpastisvenliniensecct epinepierddde) bl interfaces with
an Interface Connection Adapter (ICA) that connects with the tester. The DUT (e.g., DUT 18) may be

mounted origRedeaigEHpiRReE thaardi MB)danpleyidingdditass inefcl QI poankh2uch an
arrangement, conductor 20 may be connected to the DIB for placing test signals on the appropriate
pin(s) (e.g. apinR)ofotdeniduktrate thint thidtipkaintohfacerryrdomdy pinylatatess0 l2nd conductor 44
respectively connect PE stage 34 and interface board 24 for delivering and collecting signals.

However, PE stagéagH ifatofageeittd iclutieg esloticatnd Ss81atctiscHE IO ptte. g., eight,
sixteen, etc.) that are respectively connected with multiple conducting traces and corresponding
conductors dpplisasigaisngcifiel néimatpdFsrIASIEN fepertering A aE RS in some

arrangements, tester 12 may connect to two or more DIBs for jnterfaci e .
J For example, intert);ce card 24 includes a pin electronics stagerfgl Itgat includes

circuitry for performing PE tests. PE stage 34 also may include circuitry for performing
parametric measurement unit (PMU) tests. Additionally, interface cards 26 and 28
respectively include PE stages 36 and 38 that comprise PE circuitry. Typically PMU
testing involves providing a (programmable) DC voltage or current signal to the DUT to
determine such quantities as input and output impedance, current leakage, and other types
of DC performance characterizations. PE testing involves sending DC or AC test signals,

or waveforms, to 2 DUT (e.g., DUT 18) and collecting responses to further characterize



channels provided by interface cards 24, 26, and 28 to one or multiple devices under test. To
initiate and control the testing performed by interface cards 24, 26, and 28, tester 12 includes PE
control circ N BOY¥A4t23Povide test parameters (e.g., test signal voltage leVRE FAS280§438 Cdrrent level,
digital values, etc.) for producing test signals and analyzing DUT responses. The PE control circuitry
may be implemented using one or more processing devices. Examples of processing devices include,
but are not limited to, a microprocessor, a microcontroller, programmable logic (e.g., a
field-programmable gate array), and/or combination(s) thereof. Tester 12 also includes a computer
interface 52 that allows computer system 14 to control the operations executed by tester 12 and also

allows data (e g, fest paramelers; RUT Jesnansesel.b Lo pass alaen isale DL Arsadcomputer
the é[ ormance :{)2 € . gé[é iy

system 14. omputer 14, or another processing device used on or associated with ATE 10, may

be °°”f‘9“f‘?&:t&§§&?&ﬂ§x A lestRrgramn 13 46 ata R To horsiscUnmemcAtionsRanagls with the

ATE. The test prdgram may be configured to expect a certain voltage on one or more inactive

communicatjgn ChANRRIR ACSAUE s, ALY ipelidesdaisbraietad. | Tiredirmnsidhsoftware to

generate the expected bias conditions on the inactive communication channel(s). Any type of circuitry

may be usegia-pesfeiry aisdunstiopcindtdiag, but not limited to, one or more PMUs.  An example
of a circuit that may be used to emulate the bias conditions of legacy ATE, which may be incorporated

into ATE system 19 isashbovh DCRigd A(Festeskaris|Epthéntirtit caed/ 298 BB thd gin2dlectronics or

the interface cards described above.
conducting trace 40 connects PE stage 34 to an interface board connector 42 that allows
signals to be passed on and off interface board 24. Interface board connector 42 is also
connected to a conductor 44 that is connected to an interface connector 46, which allows
signals to be passed to and from tester 12. In this example, conductor 20 is connected to
interface connector 46 for bi-directional signal passage between tester 12 and pin 22 of
DUT 18. In some arrangements, an interface device may be used to connect one or more
conductors from tester 12 to the DUT. For example, the DUT may connect to an
Interface Test Adapter (ITA) which interfaces with an Interface Connection Adapter
(ICA) that connects with the tester. The DUT (e.g., DUT 18) may be mounted onto a
device interface board (DIB) for providing access to each DUT pin. In such an
arrangement, conductor 20 may be connected to the DIB for placing test signals on the
appropriate pin(s) (e.g., pin 22) of the DUT.

In this example, only conducting trace 40 and conductor 44 respectively connect

PE stage 34 and interface board 24 for delivering and collecting signals. However, PE
stage 34 (along with PE stages 36 and 38) typically has multiple pins (e.g., eight, sixteen,
etc.) that are respectively connected with multiple conducting traces and corresponding

conductors for providing and collecting signals from the DUT (via a DIB). Additionally,

in some arrangements, tester 12 mayl connect to two or more DIBs for interfacing the
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Referring to Fig. 4, ATE 10 includes a driver 55 to output test signals to a DUT, such as DUT 18, over
communication channel 56, and a detector (or receiver) 57 to receive signals from the DUT over
communical? ¥R49HE786. Detector 57 may include one or more comparal$r$/HRHSYG#EP type of
detection circuitry. The received signals may be output results produced by the DUT in response to the
test signals provided by driver 55 or they may be signals that are provided by the DUT independently
of the signals provided by driver 55. Load 59 may be an active load that subjects communication
channel 56 to a loading condition. In this example, load 59 is controllable (e.g., programmable) to
provide one of plural load conditions to the communication channel. The active load currents may be

controlled by, prRaasIvifd BHhantdelatiiriantyalne g Acarmnuhatinge/eiiags (Meensmay be
programmable and provides a voltage for the current sources lot, and Icm to pull the channel 56 to a

particular voltage. fathefdesds hainvaydestisg P erpynival heineofkencamdidd, 26, addffer 60 may be
used to provide a load resistance from voltage source 63 (Yaw) to communication channel 56. In one

implementadieser theiibhideoP Buberr6:iraytiyes hdapprostéle toft peometsrs €éngblestigignd!58 (Rputsnabie)
controls passage of the voltage, e.g., Vcom, through buffer 60. The enable signal may be output by PE
control circwitiiagdleanl] test dignal proses simglobigitad velisis, st ddmpuedpaing Acgisignelsiabdent 61 may be
electrically connected between load 59 and communication channel 56. In this example, circuit
element 61 dsadyringdalE atspeastse e BReoriol cireyiisy mayhsaip GRe s sies 8nEREuit elements
may be used in place of, or in addition to, a resistor. Examples of circuijt elements that may be used
are describBPEHIoecHMpR &P (5 BRP sﬁﬁ%?ﬁ‘f&é‘%&%ﬁ“ﬁm&%ﬁ RIS one or more
inputs may also be electrically connected to channel qu t)??imgp emen thIE_ functions gfescrtibed herein.

A signal sodrRecEPTRSHSINe BIAGEREPISL AR ATEIRC'S S éally SONPRERE 18 &Bmmunication

channel 56. As was the caseg.in the 5;%@&'? described above with respect to Fig. 1, signal source 62
is a prograrfiia™ i) ngf’(és e or'sink), bias current source, although other types of signal

sources - both propiamaRle, A HR0PIGAIARIMARIS.. CAMURR HARA olisal sianah sauéce 62. In this

example, signal source 62 may source or sink up to 200 microamperes (jtA) to or from the

control the operations executed by tester 12 and also allows data (e.g., test parameters,
DUT responses, etc.) to pass between tester 12 and computer system 14.

Computer 14, or another processing device used on or associated with ATE 10,
may be configured to execute a test program to test a DUT on active communication
channels with the ATE. The test program may be configured to expect a certain voltage
on one or more inactive communication channels. Accordingly, ATE 10 includes
hardware (e.g., circuitry) and/or software to generate the expected bias conditions on the
inactive communication channel(s). Any type of circuitry may be used to perform this
function including, but not limited to, one or more PMUs.

An example of a circuit that may be used to emulate the bias conditions of legacy
ATE, which may be incorporated into ATE system 10, is shown in Fig. 4. For example,
the circuit may be part of the pin electronics or the interface cards described above.

Referring to Fig. 4, ATE 10 includes a driver 55 to output test signals to a DUT,

such as DUT 18, over communication channel 56, and a detector (or receiver) 57 to
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communication channel. A processing device associated with ATE 10, such as computer 14, may be
used to program signal source 62 to generate an amount of current needed to obtain a certain current
and voltageVWR 2989¢3A3A¢unication channel 56, as described below. The pr&€d<EYMATEd may
reference a memory storing parameters, such as high and low threshold voltages and an active load
voltage, to determine programming for signal source 62. The foregoing circuit elements 60, 61, 62
are part of a bias control circuit 75 (labeled BIASSTRL Circuit in Fig. 4), which may be configured to
perform substantially the same functions as bias controller 6 of Fig. 1, as described. As described
above, a test program designed for legacy ATE may expect a certain voltage on an inactive

communicafigs (apRak @dth B0 BICasiamekiannsl Ehaidrsdispausaingeenaniads-stated or
disabled). Some test programs may expect certain current or other signal levels on the communication

channel; haygwemithe deHpaingdanardreshant grasfdiadtivhidividtupltaberis expéstgahlT his voltage is
detected via detector 57 and passed to a processing device (e.g., computer 14) executing the test
program. Indihistexanppleresidteptodicédigytindiikin feporde toctionett sigrdidvuidahitya low detection
threshold VOL, both of which are programmable to detect high and low signal levels on the
communicadiovechiaonéieT heybhaigmalsahahase browvided diethefAY banBenondsptly G thhd VOL, although

other threshold voltages may be used. ] .
signals provided by driver 55. Load 59 may be an active load that subjects

communication channel 56 to a loading condition. In this example, load 59 is
controllable (e.g., programmable) to provide one of plural load conditions to the
communication channel. The active load currents may be controlled by programming Ion
and Iy current values. A commutating voltage (Vcom) may be programmable and
provides a voltage for the current sources Ior, and Loy to pull the channel 56 to a particular
voltage. Other loads that may be used may not be programmable.

A buffer 60 may be used to provide a load resistance from voltage source 63
(Vcom) to communication channel 56. In one implementation, the input of buffer 60 may
be independent of Vecom. An enable signal 58 (Rpull_Enable) CONtrols passage of the
voltage, e.g., Vcowm, through buffer 60. The enable signal may be output by PE control
circuitry 50, and set by a processing device, such as computer 14. A circuit element 61
may be electrically connected between load 59 and communication channel 56. In this
example, circuit element 61 is a resistive element (e.g., a resistor - Rpu); however, other
type(s) of circuit elements may be used in place of, or in addition to, a resistor. Examples
of circuit elements that may be used are described above with respect to Fig. 1. Multiple
instances of buffer 60 and Rpull with one or more inputs may also be electrically

connected to channel 56 to implement the functions described herein.

12



To enable the test program for use with ATE that does not have the same performance characteristics
as legacy ATEs, signal source 62 may be controlled (e.g., programmed) to provide a signal (e.g., a
current) to MNMHBABERGMmMunication channel 56, and Rpa 61 may be actiV4iEQBIPEHEISTRY the buffer
60 to result in a current, voltage, and/or impedance for signals on the inactive communication channel
that are substantially the same as those that would be present on the inactive communication channel
of the legacy ATE. By simulating the bias conditions of the legacy ATE in this manner, test programs
designed for the legacy ATE can be used on ATE that do not have the same performance
characteristics. As shown in Fig. 4, when driver 55 and load 59 are inactive (e.g., off or disabled),
detector 57 is still gogifighlreshtoetidt €labal sigial DICTRD Gunisatio Fighdhisel&riéalithermore, the DUT
may be measuring the signal on the communication channel as well. If the DUT drives the
communicationneb@die coritmeniveténsdurcelditnAsovacthetbens théhinexsivpletassietdavior of driver 55
and the active load 59, along with the input characteristics of detector 57 (and any other detector(s)
electrically cthorectis tespaet toFiguniianrdsememPly wRresrtar@able:RidisSHARB AL YELLT voltage - on
communication channel 56 when communication channel 56 is inactive. By way %f example, when
driver 55 is diskblids ruaieat iRt erithaneh A HProabH e SR ts LSt PRAGARIBA Shannel 56.
Leakage current may also be produced via the detector, an(z/or other ciycuit elemer?ts electrically
connected tABIGARPIGSTEENBIP AR bR RFHi Ry Sh AL P SBAHERYEZ %(ggné ' A RrasHolds of the
driver and detector _may influence the amoynt of.leakage curr roduced by these elements. This
leakage curF@Hf?%?&f@%?ﬁ%fﬁé’rr & élﬁtéogr@:grﬁ%rr? %ﬁ%@ﬁgﬁﬁé f%\c;vs through the impedance
on the commypieaiian A0 AtARAHESR ALMeRE-A SAMALRGBIARAREAARp ok The

impedance SR the communication cHanne he par combination of the off state impedance of the

elements (¢ g, dilyl, aCll b rRdANd Barbibe BstP R prabloth R EIRkIRAIMalg dhe voltage of a

legacy ATE system, signal source 62 may be programmed to produce a bias current through the

impedance gpitfie,channielafeHiahdNaaageR BB edniitnibisichbipmhalsRdy @r@amMunication
channel 56, produces a voltage on communication channel 56 that is substantially the same as the

voltage on qRUNIEaHRtSRRRNRNG hay vetstihdrow mbasry prathicpathyelegasych iEhighis voltage will
be detected by detector 57, and processed by the test program. Since the voltage on the inactive
communicatiag iehathneholld vsltugeahisi expetiteddad Nudtigs! tordegeamintmdgstmesogsoproduced by the
test program will not be adversely affected for the successor, non- legacy ATE.

signal source 62.

The foregoing circuit elements 60, 61, 62 are part of a bias control circuit 75
(labeled BIAS_CTRL Circuit in Fig. 4), which may be configured to perform
substantially the same functions as bias controller 6 of Fig. 1, as described.

As described above, a test program designed for legacy ATE may expect a certain
voltage on an inactive communication channel (¢.g., a communication channel that has its
sourcing elements tri-stated or disabled). Some test programs may expect certain current
or other signal levels on the communication channel; however, the following describes an
example in which a voltage is expected. This voltage is detected via detector 57 and
passed to a processing device (e.g., computer 14) executing the test program. In this
example, detector 57 may include a high detection threshold Vo and a low detection

threshold Vo, both of which are programmable to detect high and low signal levels on
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In this example, to produce the desired voltage on communication channel 56, signal source 62 is
programmed to produce a bias current. This bias current combines with (e.g., augments) the current
already on th&O28Medication channel (e.g., the leakage current). Enable KIS/ EBIS allow
passage of the voltage to the output of buffer 60 and to cause circuit element (Roil) 61, here a resistor,
to affect the impedance on the line while pulling the voltage on the channel towards Vcom. The
bias/leakage currents caused by the elements on channel 56 create a voltage across Rpuli to form a
voltage on the channel relative to Vcom. If signal source 62 is programmed properly, the voltage that is
produced on the communication channel corresponds to the voltage that would be present on an
inactive conyrupicalitn-shanBelrin leaacyAfEnReastes Speataciaiiis valiags vandupasses it along
a path to a processing device for use by the test program. In one example, the commutating
voltage (Vcoyg), isiicegrasmpethiaRouplisigksthay esisted. Rpun has a value of 230 KO, and the signall
source can produce a programmable current of between -40 micro-amperes (krA) and 40/tA. It is
noted, however, this thabk vidues pregsim by escawith &sT R tidacamyt hahedbersayehe used. Fig. 5
shows a graphical example for determining bias conditions based on a set of parameters for an
example depiréinsmoemdatattefisticSaciogas 70 Bho wisnhles fautedrarreheasrhed ot produced
across circuit element Rpull 61 for a particular set of programmable parameters of an example legacy
ATE. The cireeatamssisop@ide 78enalieB i@ SURFathions wasisieerupuneaithiiatrpased on values
for Roth Vcom, and the channel voltage. For curve 70, Vcam determines its X-axis intercept, and Rpua
determines #& &shReun 61 EAX/BeALE W?%@?@&R&é]éemm%&fﬁ%ﬁ%a%@td@?Il%r 57 on the

example legacy ATE's communication channel for the same set ofhgrrlgglr%mtmable parameters used to

produce cu UPRSEIRTR R0 BRI AR PRV PSSRURYL AN GRS B (& kage current on the

g P DS R4S IQGRIPS, 04 BRI A6, AU DA LR R lues for threshold
. [ p 0 w

same
voltages VOﬁu e transition from ste OCCUurs en crossing one of the two

threshold voliages YA YO} 2P (e ARGIIARAT AL 0.1 ARE R PSITETRSARY the other

threshold V € examples shown In Fig. 5, the threshold voltages are about in the middle

gf the S'Oggr%ﬁéﬁhe%%%g%mg@e@'@oﬂﬁa%gwyemmmsoammm &QvBrapesties of the
etector .

the same performance characteristics.

As shown in Fig. 4, when driver 55 and load 59 are inactive (e.g., off or disabled),
detector 57 is still configured to detect a signal on communication channel 56.
Furthermore, the DUT may be measuring the signal on the communication channel as
well. Ifthe DUT drives the communication channel with a weak source or no source,
then the inactive state behavior of driver 55 and the active load 59, along with the input
characteristics of detector 57 (and any other detector(s) electrically connected to the
communication channel) will dictate the bias conditions — e.g., voltage - on
communication channel 56 when communication channel 56 is inactive.

By way of example, when driver 55 is disabled, leakage current still passes
through driver 55 to communication channel 56. Leakage current may also be produced
via the detector and/or other circuit elements electrically connected the communication

channel including signal source 62. High and low thresholds of the driver and detector

14



The intersection of the two curves 70 and 71, namely point 74, corresponds to the bias voltage 80 that
would appear on the example legacy ATE and that the new (modem) ATE must achieve for
compatibilityV PREBEH IXTE may achieve this bias voltage 80 via bias contr8Cdifed0¢83078318escribed
above. In one example, straight line 70 represents the current going through Rpull 61 into channel 56.
Curve 71 represents the leakage current (step current) going into detector 57 for a set of thresholds.
Intersection point 74 corresponds to the point where those two currents cancel (e.g., are equal in
magnitude and opposite in direction), which is designated the equilibrium point. At this point, the
voltage on communication channel 56 floats to the voltage 80 at the equilibrium point. This is the

voltage biag,gf thadegraydesisnthal may e achieyestindio e destas. tiitsghalsegments of bias
control circuit 75. Different programmable parameters, e.g., Vog, VOL, VCOM, will produce

correspondingenaiffieveidi, oty ex-farty Onaruthtiusicstichebasndlffér8owintenadtidn point. Bias control
circuit 75 may be controlled to obtain different voltages, as described above. To summarize, the
current thraogpledbaed borésultsnmomiodtoncharheh écirahprodvetiatkoliage Yo RAFGEBY AP equilibrium
point is the voltage to which the communication channel floats when the currents are at equilibrium
(intersectioshpuint 74) Theiimpsitanes wrethasrAvwcHiar Rhaeg isthemarliarembiesbrrinforder to
determine what bias condition needs to be achieved in the "modern" ATE (and, thus, how to program
the bias cutheretf state ArpadiargPAEI SiE R (G 40 e 35HRIRBNAM Boy! ‘f‘?ﬂégrbgé) {fsed to

determine the relationship between programmabée %%é(lam s of modem ATE angztgl% equilibrium
r

point 80. TRE¥SSolAFRT AP R PUAH RS 268 RSB EAPARSETETFS Asabciated with the
bias contro] circuit 75 (Fig.4). This graph ma enerated using th m r ble parameters
associated RFiFTE ’ﬁﬁ?\ %#?ﬁ% ggaﬁwcmuﬁg??a |0H%ﬁ1§ﬁﬁe 8#%%%6@%% éerr%1 %RE %:lé%ii’raph may have
curves assogiated Wi e, SR SISIRNIRASIG LEARRATEAIIAY b5 ales associated with

whnen o h L
elements off hodemn n any case, bias control circuit 75 may be adjusted to create an equilibrium

point 80 onthe communisatirarhatnehel spetam AbGnimmtak hastolthe osasgslenlegacy ATE.

communication channel 56 that would have been produced by legacy ATE. This voltage
will be detected by detector 57, and processed by the test program. Since the voltage on
the inactive communication channel will be what is expected by the test program, the test
results produced by the test program will not be adversely affected for the successor, non-
legacy ATE.

In this example, to produce the desired voltage on communication channel 56,
signal source 62 is programmed to produce a bias current. This bias current combines
with (e.g., augments) the current already on the communication channel (e.g., the leakage
current). Enable signal 58 is set to allow passage of the voltage to the output of buffer 60
and to cause circuit element (Rpyy) 61, here a resistor, to affect the impedance on the line
while pulling the voltage on the channel towards Vcom. The bias/leakage currents caused
by the elements on channel 56 create a voltage across Ry to form a voltage on the
channel relative to Veom. If signal source 62 is programmed properly, the voltage that is

produced on the communication channel corresponds to the voltage that would be present
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It is noted that Fig. 5 shows only one way to determine how to program the bias current source. Other
ways of programming the bias current source may be used, including, but not limited to, using a
mathematicH QPO8¥E46&TAat is a function of VoH, VOL, and the load voltage. PCT/YRYMS4Y1Be an
emulation circuit of the type that performs the foregoing functions for each communication channel of
an ATE. Each such circuit may be programmed so that its corresponding channel emulates the bias
conditions (e.g., voltage and current) of an inactive communication channel of legacy ATE. If the
corresponding communication channel is an active channel, then signal source 62 may be
programmed accordingly. The bias control circuitry herein is not limited to use with the hardware

and describgd ahove; The ATE deseriRadeIdirqambe inplemeated ssingaryhardwase including a

PMU. Since PMUs typically can force a programmable’current, the PMU may offer capabilities
reqired 10 AR PinsE N AN BR0L IRGYRBIES Garainiag.a Bibiammay not require additional

bias control circuitry. e ATE described herein is not limited to use with the hardware and

software describedrobiavéxaltifeNTE dasaibad hesrigcanbe) inprepraniaciusidgany Vigrdware and/or

software. For example, the ATE described herein, or portion(s) thereof, can be implemented, at least
in part, usinghéligiiatcrRGldraicaciatuttnf, 260iK @ pang the sl wane e fampmrBicsaftware, or in
combinations thereof. The ATE described herein (e.qg., the functions performed by the processing
device) canregrapteshéntet cat ¢ astvngnart) vidce compreseigrbardtPplodlids naseda computer
program tangibly embodied in an information carrier, e.g., in a one or more machine-readable media or
in a propagatevesigndiptihiesseduas Are jinep i sampisrABIGhE: A MabteHBRY BrotsSsing apparatus, e.g.,
a programmable processor, a computer, or multiple computers. A computerﬁro ram can be written in

any form of prografnineh e EehiF e Rt Rteraming hire foadiiRgs 248 UhdiSttcan be
other unit SHRHETSH R B SO ETURGTIAER. I EGhbOREr BrALTEEN bF BE Wbioye to be.
O o e Sh B SPRRPIALE B ARG Mol sicsan

programmable parameters of an example legacy ATE. The characteristics of curve 70 —

which is a line in this example — are determined based on values for Rpun, Vo, and the

channel voltage. For curve 70, Vcowm determines its X-axis intercept, and Rpyn determines

its slope.

Curve 71 shows the leakage current contribution of the detector 57 on the

example legacy ATE’s communication channel for the same set of programmable

parameters used to produce curve 70. Referring to Fig. 5, step 77 corresponds to the

quiescent leakage current on the communication channel. The X-axis locations of steps

78 and 79 are based on the values for threshold voltages Voy and Vor. The transition

from step 77 to 78 occurs when crossing one of the two threshold voltages Vog or VoL

and the transition from step 78 to 79 accurs when crossing the other threshold Voy or

Vor. In the examples shown in Fig. 5, the threshold voltages are about in the middle of

the slope of each step. The magnitude of the currents at the steps are based on properties

of the detector 57.
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Actions associated with implementing the ATE can be performed by one or more programmable
processors executing one or more computer programs to perform the functions of the ATE described
herein. All oWEHWAHE'ATE can be implemented as special purpose logic BFEREFOB/HTSEY FPGA
(field programmable gate array) and/or an ASIC (application-specific integrated circuit). Processors
suitable for the execution of a computer program include, by way of example, both general and special
purpose microprocessors, microcontrollers, and any one or more processors of any kind of digital
computer. Generally, a processor will receive instructions and data from a read-only memory or a
random access memory or both. Elements of a computer include a processor for executing

instructions and onRg O IBANR HBRVORE dRYicas dorstating instresigpment eataspondElsmhents of
different embodiments described herein may be combined to form other embodiments not specifically

set forth abgyg. a3tfage eohacimeantsppehspeaitcalngrIetgdA I ciakatalsmwitiiinodwengcope of the

following claims. What is claimed is:
ATE must achieve for compatibility. The new ATE may achieve this bias voltage 80 via
bias control circuit 75, as described above. In one example, straight line 70 represents the
current going through Rpull 61 into channel 56. Curve 71 represents the leakage current
(step current) going into detector 57 for a set of thresholds. Intersection point 74
corresponds to the point where those two currents cancel (e.g., are equal in magnitude
and opposite in direction), which is designated the equilibrium point. At this point, the
voltage on communication channel 56 floats to the voltage 80 at the equilibrium point.
This is the voltage bias of the legacy tester that may be achieved in the modern tester
through elements of bias control circuit 75. Different programmable parameters, e.g.,
Von, Vou, Veom, will produce corresponding, but different, curves for 70 and 71 and,
thus, a different intersection point. Bias control circuit 75 may be controlled to obtain
different voltages, as described above.

To summarize, the current through Ry results from Veom and the channel
voltage. The voltage 80 at the equilibrium point is the voltage to which the
communication channel floats when the currents are at equilibrium (intersection point
74). This point is the "unknown", which the graph helps to solve for, in order to
determine what bias condition needs to be achieved in the "modem" ATE (and, thus, how
to program the bias current).

A similar graphing technique to the one shown in Fig. 4 may be used to determine

the relationship between programmable parameters of modern ATE and the equilibrium

point 80. These programmable parameters include the programmable parameters
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1. An apparatus for use in testing a device, the apparatus comprising: a communication channel
having a set of programmable parameters associated therewith, the programmable parameters
resulting in ¥Bid808@neRAoN on the communication channel, the communicakiel ERBEI By an
inactive communication channel when signals are not actively driven on the communication channel;
and a bias control circuit to adjust the bias condition that results from the programmable
parameters in order to emulate a desired bias condition, the desired bias condition corresponding to a
bias condition of another inactive communication channel on a different apparatus for using in testing
the device. 2. The apparatus of claim 1, further comprising: a detector to detect signals on the

communicatig&heanathanébias control circuit 75 (Fig.4). This graph may be generated using the
same programmable parameters associated with the elements on the communication
channel of the modem ATE. The graph may have curves associated with the same
elements as the legacy ATE and may have curves associated with elements on modern
ATE. In any case, bias control circuit 75 may be adjusted to create an equilibrium point
80 on the communication channel of modem ATE to match that of the example legacy
ATE.

It is noted that Fig. 5 shows only one way to determine how to program the bias
current source. Other ways of programming the bias current source may be used,
including, but not limited to, using a mathematical process that is a function of Vou, VoL,
and the load voltage.

There may be an emulation circuit of the type that performs the foregoing
functions for each communication channel of an ATE. Each such circuit may be
programmed so that its corresponding channel emulates the bias conditions (e.g., voltage
and current) of an inactive communication channel of legacy ATE. Ifthe corresponding
communication channel is an active channel, then signal source 62 may be programmed
accordingly.

The bias control circuitry herein is not limited to use with the hardware and
described above. The ATE described herein can be implemented using any hardware
including a PMU. Since PMUs typically can force a programmable current, the PMU
may offer capabilities required to correct for bias conditions and pin electronics

containing a PMU may not require additional bias control circuitry.
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an active load to subject the communication channel to a loading condition; wherein the programmable
parameters comprise a parameter associated with at least one of the detector and with the active load.
3. The appafRARIW AN 2, wherein the programmable parameter comprisBE/ 1E3808HWEdf a
threshold voltage associated with the detector and a voltage associated with the active load. 4,
The apparatus of claim 2, wherein the programmable parameters comprise a bias control current on
the communication channel. 5. The apparatus of claim 1, wherein the different apparatus is for
executing a test program that depends on the bias conditions. 6. The apparatus of claim 1, wherein
the bias control circuit comprises

The ATE described herein is not limited to use with the hardware and software
described above. The ATE described herein can be implemented using any hardware
and/or software. For example, the ATE described herein, or portion(s) thereof, can be
implemented, at least in part, using digital electronic circuitry, or in computer hardware,
firmware, software, or in combinations thereof.

The ATE described herein (e.g., the functions performed by the processing
device) can be implemented, at least in part, via a computer program product, i.e., a
computer program tangibly embodied in an information carrier, e.g., in a one or more
machine-readable media or in a propagated signal, for execution by, or to control the
operation of, data processing apparatus, €.g., a programmable processor, a computer, or
multiple computers. A computer program can be written in any form of programming
language, including compiled or interpreted languagés, and it can be deployed in any
form, including as a stand-alone program or as a module, component, subroutine, or other
unit suitable for use in a computing environment. A computer program can be deployed
to be executed on one computer or on multiple computers at one site or distributed across
multiple sites and interconnected by a communication network.

Actions associated with implementing the ATE can be performed by one or more
programmable processors executing one or more computer programs to perform the
functions of the ATE described herein. All or part of the ATE can be implemented as
special purpose logic circuitry, e.g., an FPGA (field programmable gate array) and/or an
ASIC (application-specific integrated circuit).

Processors suitable for the execution of a computer program include, by way of

example, both general and special purpose microprocessors, microcontrollers, and any
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a current source that is controllable to provide first bias current on the communication channel, the first
bias current combining with a second current on the communication channel that is present when the
communicaN? ¥R4H s inactive. 7. The apparatus of claim 6, whereiRGICOYAUIBATIHN of the first
and second bias currents corresponds to a bias current that would be produced by test equipment if
the test equipment were electrically connected to the communication channel. 8. The apparatus of
claim 1, further comprising: a detector to detect test signals on the communication channel; a
processing device to execute a test program using the test signals; wherein the test program is
configured to expect a voltage from the communication channel when the communication channel is

inactive; andywhaergine b bissm aostttakaiisyis fgcpaligympdite. affattr g, whtagessor will
receive instructions and data from a read-only memory or a random access memory or
both. Elements of a computer include a processor for executing instructions and one or
more memory devices for storing instructions and data.
Elements of different embodiments described herein may be combined to form
other embodiments not specifically set forth above. Other embodiments not specifically
described herein are also within the scope of the following claims.

What is claimed is:
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9. The apparatus of claim 1, wherein the bias control circuit comprises: a circuit element electrically
connected between a voltage source and the communication channel, the circuit element to pass current
relative to the voltage source and the communication channel to produce the bias condition. 10. The
apparatus of claim 1, wherein bias control circuit comprises a parametric measurement unit (PMU). 11.
Automatic test equipment (ATE) for testing a device, the ATE comprising: communication channels
between the ATE and the device; a processing device to execute a test program to test the device on
active communication channels, the test program being configured to expect a first bias condition on an
inactive communication channel, the active communication channels having signals actively driven
thereon and the inactive serapparatoatiorushimrtasngot dendegtisigippisaastisehpdsivgn thereon; and

a communication channel having a set of programmable parameters associated
therewith, the programmable parameters resulting in a bias condition on the
communication channel, the communication channel being an inactive
communication channel when signals are not actively driven on the communication
channel; and

a bias control circuit to adjust the bias condition that results from the
programmable parameters in order to emulate a desired bias condition, the desired
bias condition corresponding to a bias condition of another inactive communication

channel on a different apparatus for using in testing the device.

2. The apparatus of claim 1, further comprising:

a detector to detect signals on the communication channel; and

an active load to subject the communication channel to a loading condition;
wherein the programmable parameters comprise a parameter associated with

at least one of the detector and with the active load.

3. The apparatus of claim 2, wherein the programmable parameter comprise at
least one of a threshold voltage associated with the detector and a voltage associated

with the active load.

4. The apparatus of claim 2, wherein the programmable parameters comprise a
bias control current on the communication channel.
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a bias controller to produce a second bias condition on the inactive communication channel in order to
emulate the first bias condition, the second bias condition on the inactive communication channel being a
result of programmable parameters associated with the communication channel. 12. The ATE of
claim 11, further comprising: a detector to detect signals on a communication channel; wherein the
programmable parameters comprise parameters associated with the detector. 13. The ATE of claim 12,
further comprising: an active load to subject the communication channel to a loading condition;

5. The apparatus of claim 1, wherein the different apparatus is for executing a

test program that depends on the bias conditions.

6. The apparatus of claim 1, wherein the bias control circuit comprises
a current source that is controllable to provide first bias current on the
communication channel, the first bias current combining with a second current on the

communication channel that is present when the communication channel is inactive.

7. The apparatus of claim 6, wherein a combination of the first and second bias
currents corresponds to a bias current that would be produced by test equipment if the

test equipment were electrically connected to the communication channel.

8. The apparatus of claim 1, further comprising:

a detector to detect test signals on the communication channel;

a processing device to execute a test program using the test signals;

wherein the test program is configured to expect a voltage from the
communication channel when the communication channel is inactive; and

wherein the bias control circuit is configured to affect the voltage.

9. The apparatus of claim 1, wherein the bias control circuit comprises:
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wherein the programmable parameters comprise parameters associated with the active load. 14. The
ATE of claim 13, wherein the programmable parameters comprise threshold voltages associated with a
detector. 15. The ATE of claim 12, wherein the programmable parameters correspond to a bias
control current on the communication channel. 16. The ATE of claim 11, wherein the bias controller
comprises:  a prografifgidbedemerniegieciberthatonfecirsiatitech batagersewichardufsut to an inactive

communication eBamRcHIBPEARHEIT Bl GRTIPENRE WIS RS SIRERIIVERS 81 Uomdgactive

communication channel to affect the second bias conditjon. 17. The ATE of claim 11, wherein the bias
controller compr?Q@gze and the communication channel to produce the bias condition.

10. The apparatus of claim 1, wherein bias control circuit comprises a

parametric measurement unit (PMU).

11. Automatic test equipment (ATE) for testing a device, the ATE comprising:

communication channels between the ATE and the device;

a processing device to execute a test program to test the device on active
communication channels, the test program being configured to expect a first bias
condition on an inactive communication channel, the active communication channels
having signals actively driven thereon and the inactive communication channel not
having signals actively driven thereon; and

a bias controller to produce a second bias condition on the inactive
communication channel in order to emulate the first bias condition, the second bias
condition on the inactive communication channel being a result of programmable

parameters associated with the communication channel.

12. The ATE of claim 11, further comprising:
a detector to detect signals on a communication channel;
wherein the programmable parameters comprise parameters associated with

the detector.

13. The ATE of claim 12, further comprising:

an active load to subject the communication channel to a loading condition;
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a circuit element for use in generating the second bias condition using current on the inactive
communication channel. 18. The ATE of claim 11, wherein the bias controller comprises: a
programmable current generator to generate a bias current for output to the inactive communication
channel, the bias current combining with an existing current on the inactive communication channel; and
a circuit element for use in adjusting the second bias condition using the bias current and the existing
current. 19. The ATE of claim 18, wherein the circuit element has a resistance, wherein a combination
of the existing current and the bias current E&sses through the resistance to produce a first voltage, the

second bias condition Wgﬁ{ﬁ'%g@e%%am@% %ﬁa@@_rs comprise parameters associated with

the active load.

14. The ATE of claim 13, wherein the programmable parameters comprise

threshold voltages associated with a detector.

15. The ATE of claim 12, wherein the programmable parameters correspond

to a bias control current on the communication channel.

16. The ATE of claim 11, wherein the bias controller comprises:
a programmable current generator to generate a bias current for output to an
inactive communication channel, the bias current combining with an existing current

on the inactive communication channel to affect the second bias condition.

17. The ATE of claim 11, wherein the bias controller comprises:
a circuit element for use in generating the second bias condition using current

on the inactive communication channel.

18. The ATE of claim 11, wherein the bias controller comprises:
a programmable current generator to generate a bias current for output to the
inactive communication channel, the bias current combining with an existing current

on the inactive communication channel; and
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20. The ATE of claim 19, further comprising: a voltage source for providing a second voltage, wherein
the second bias condition is based on the first voltage and the second voltage. 21. The ATE of claim
11, wherein the bias controller comprises a parametric measurement unit (PMU).

a circuit element for use in adjusting the second bias condition using the bias

current and the existing current.

19. The ATE of claim 18, wherein the circuit element has a resistance,
wherein a combination of the existing current and the bias current passes through the
resistance to produce a first voltage, the second bias condition being based on the first

voltage.

20. The ATE of claim 19, further comprising:
a voltage source for providing a second voltage, wherein the second bias

condition is based on the first voltage and the second voltage.

21. The ATE of claim 11, wherein the bias controller comprises a parametric

measurement unit (PMU).
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