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USI NGA PARAMETRI C MEASUREMENT UNI T FOR CONVERTER

TESTI NG RELATEDAPPLI CATI ONS This application clains
W@rioeoTIeys t o Provi si onal Application No. 60/ 638CT/ES2005/046132

filed Decenber 23, 2004, titled "USI NG A PARAMVETRI C

MEASUREMENT UNI T FOR CONVERTER TESTING' and is

i ncorporated herein in its entirety. TECHNI CALFI ELD

This patent application relates generally to testing a

device and, nore particularly, to testing converters
USENGA BAMMMMCMMMT UNIT INEEBIEROIHS TING
Aut omatic test equi pnent (ATE) refers to an automated,
usual |y conputer-driven, approach to testing devices,

such as sem conductors, electronic circuits, and

printed circuit boRELAKERAMPIIEATHONSxanpl e.

Aparanetric neasurenment unit (PMJ) is typically part

of Bhs AppHcatnRMiink privsgdo Bruvisignatl pplivetioedivi 663150, filed
nmeasur e paraneters, such as voltage and current, at a

DedlfbbCEs. RO, tABE “USING AUt MIFTRIE NIBASURBMENT TN THAR
attenpt's to ensure that, during testing, proper

coﬁ‘g@%ﬁ 8, NS iRBRbEE Heeih NEitGVIk&R- under - t est
. %ﬁﬁ%fﬁﬁiﬁfcé fy&?ngiudeSIC|rcuitr§§for forcing
a voltage and/or current to the DUT. SUMVARY Converter

testing is a feature for testing of analog-to-digital
converters (ADC) and

TECHNICAL FIELD
This patent application relates generally to testing a device and, more particularly, to

testing converters using a parametric measurement unit (PMU).

BACKGROUND
Automatic test equipment (ATE) refers to an automated, usually computer-driven,
approach to testing devices, such as semiconductors, electronic circuits, and printed circuit
board assemblies, for example. A parametric measurement unit (PMU) is typically part of an
ATE. A PMU is used during device testing to measure parameters, such as voltage and
current, at a device pin, and to regulate those parameters. The PMU attempts to ensure that,
during testing, proper parameter values are applied to the device-under-test (DUT). APMU

typically includes circuitry for forcing a voltage and/or current to the DUT.

SUMMARY
Converter testing is a feature for testing of analog-to-digital converters (ADC) and

digit-to-analog converters (DAC) by allowing accurate voltages from separate DACs
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di git-to-anal og converters (DAC) by allow ng accurate
vol tages from separate DACsnmeasured at a high
Wo epenTtddN rate. This function has traditi onabCyURMes046132
i npl enented on separate instrument boards. However, by
addi ng an accurate DAC inside a PMJ circuitry, the PMJ
circuitry may be used for converter testing of an ADC
By addi ng accurate neasurenent paths, the PMJ
circuitry may be used for testing of a DAC. .In one
meagspdatta higheepetitiareicofhis funston hasdgpdiicaalle beep jpleppeajed on
for use in testing an anal ogto- digital (ADC
sepa8RABURIrhMEnt bbarls) Hoiwedriisleslding dnrasturetedivh |ins(if%e aPMU circuitry,
parametric neasurenent unit (PMJ) configured to send a
the lﬁﬁtpﬁrc%itﬂﬂﬁ%/ bPudeh EorAloby @l tedtifig 6fin ADGi Byladtimganairag
converter (DAC) connected to the first channel of the

mea%xler\]; HAGe PREU Rirditr) BMSIbe AbeRE1ERPYORIDAESS than 1

[ t.”I'n another aspect, the invention is an
Idlntéff rral?a %s%_gctgérl]lé '%Ughtiéﬂ Ehn firﬂégrh’é@ chrflit @€} foddsefin testing an analog-

;converter-dEV|ce-under-test
T R T
AL o R L
(DAG)retnestalindhe st ¢hgangbpfthe é’ﬁjéan Tﬁxﬁmﬁsﬁ?ﬁgﬂiﬁv i géﬁtcﬁ“facy of

connected to the output port having a DC | evel of

lessabarul adljivalf. | ess than 1nV. The aspects above may
i nclude one or nore of the following features. The I1C
MayIniaR6thecspect ske Bivdntitng s me ntegrateher @M )efornssi ip desting a digital-
sense signal fromthe DUT and providing a first

to-:D8IE L BFy PRt etife-tftRr-idst ACDh@MeTheIC tnomdBMAfirsT biganh @ of a
may i ncl ude a third channel of

parametric measurement unit (PMU) configured to send a force signal to the DACDUT and

including an output port for taking measurements, a first digital-to-analog converter (DAC)
connected to the first channel of the PMU, and a PMU measurement path connected to the
output port having a DC level of accuracy of less than 1 mV.

The aspects above may include one or more of the following features. The IC may
include a second channel of the PMU receiving a sense signal from the DUT and providing a
first sensing path to the first channel of the PMU. The IC may include a third channel of
PMU configured tolsend a reference force signal and a second digital-to-analog converter
(DAC) connected to the third channel of the PMU. The IC may include a fourth channel of
the PMU receiving a reference sense signal and providing a second sensing path to the third
channel of the PMU. The IC may include a force line connected to the first channel of the

PMU supplying the force signal and having a DC level of accuracy of less than 1 mV.
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PMJ configured to send a reference force signal and a
second digital -to-anal og converter (DAC) connected to
wa b@onmiesxl channel of the PMJ. The | C may i nclRdBEUS2005/046132
fourth channel of the PMJ receiving a reference sense
signal and providing a second sensing path to the
third channel of the PMJ. The IC may include a force
line connected to the first channel of the PWMJ
suppl ying the force signal and having a DC.|e
ac dbe BMU ofrcuiy descrbgdl }PIWPIHYQGPWBO%YW{JWWE %‘E%t&n?‘lb‘é{d" ithin
herein provides a converter testing functionality
the saidenha 1@ heths RIVEU tikthiOpasidehan Snagive Wabi 9& tq@%&%’é@“% The
alternative way of testing converters. The details of
detaﬁ@ Bf e T EXANFIELHe sdtdorgein thondchmpanyiedawomspadfieng
drawi ngs and the description bel ow. Further features,

des&%ﬁgﬁ belowd el radventRg aspcets, ittendvamegdsiof thevihvdntibe edlirbecome

parent fromthe description, the drawi ngs, and the

app%rel?tﬁntlg':d% JP %%%WT IR NERSTIG 1 is a

|agrarmat|c stem for testing devices.

FIG 2 is a diagrammatic view of a tester. FIG 3 is a
di agrammatic view of a paranetric neasurenent unit
(PMJ) stage with digital-to-analog converters (DAGCs).
Li ke reference nunerals in different figures indicate

like el ts. DETAILED DESCRIPT| ing to FIG
1“5 Syetom 10 PRCRIETION o etk DRATRECS: & ' (oo

18 such as sem conduct or devices i ncl udes a tester 12
sudiGas isadipgmtnmaticasaw efpAypiernfor featite) deyicedt her

FIG. 2 is a diagrammatic view of a tester.
FIG. 3 is a diagrammatic view of a parametric measurement unit (PMU) stage with
digital-to-analog converters (DACs).

Like reference numerals in different figures indicate like elements.

DETAILED DESCRIPTION
Referring to FIG. 1, a system 10 for testing a device-under-test (DUT) 18 such as

semiconductor devices includes a tester 12 such as automatic test equipment (ATE) or other

" similar testing device. 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 that initiate the 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 collecting responses from the DUT. Various types of DUTs may

be tested by system 10. For example, DUTs may be semiconductor devices such as an
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simlar testing device. To control tester 12, system
10 includes a conputer system 14 that interfaces with
W0 e®ber16312 over a hardwi re connection 16. TypiREl/U§2005/046132
conmput er system 14 sends conmands to tester 12 that
initiate the execution of routines and functions for
testing DUT 18. Such executing test routines may
initiate the generation and transni ssion of test
~ signals to the DUT 18 and collecting responses from
integrhted Blciuit (V&) ¢top .2y patoecp-dixites corypriefe digtalriocpuplpe ORI
10. For exanple, DUTs may be seniconductor devices
etc)such as anintegrated circuit (1C) chip (e.g.
anal og-to-digital converter, digital-to-anal og
COMYQKdBls teSistanhls ah@ cPllERY fedfonisestiors ilgaUs,, @stelr Ebislcemnected to
responses fromthe DUT, tester 12 is connected to one

one t%ﬁm%&mﬁ&@(f}%sotﬁa@rﬂﬁdé NptntePfaey o ehedhtetral eitdudgeof DUT 18. To

e Internal "circui'try of DUT 18. To test sonme DUTs,

test gﬂ%ﬁ%gﬁé %?.?Xs rﬁgr}?ﬁés)%ﬁ)&y-ffaﬂ for ?%e Bﬂl@r@%@ﬁ@%é%ht connector pins (or

o g connector” pi ns r nore) may
interfaced.to.tester.,1 re [ [
morp gy RERPESL U auds sk Boldes Hepg e, 1n
connected to one _connector. pin of 1. i .
somroReRT d5Hice KoEB A otagheck Pang Sommgapy &) o En b8 bE g Avire
to pin 22 and is used to deliver test iig al s e d;
confRidtjon.edtconilupter 29, (e BE celdek s soperd 1o i &2 35 o iver st
' internal circuitry of DUT 18. Conductor 20 also sense
sigidlsgBal, PMI test sigRds, P tess sjgoals.cete btottheintesagl cipyHy 0§D Is.
provi ded by sem conductor device tester 12. For
CoRNBIPL @ als@ st figealssit gital2 iomesposarto Bsttest signals pravjded dy

sensed at pin 22 in response to a test signal and sent
senfRVEuGONeNedeQssted0 2t Fot Baindle, 32 oftaye shmal ysi qureStsgnal may be

single port tests may also be perforned on other pins
senée‘?icalt BHI% ih '?es%se]@ a test signal 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 iﬁto 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 other
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For exanple, tester 12 may provide test signals into
ot her pins and coll ect associated signals reflected
whawkooes conductors (that deliver the provi dedr/us2005/046132
signals). By collecting the reflected signals, the
i nput i npedance of the pins may be characterized al ong
Wi th 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
pinsRFPUB 18.GRkie resporse¢ignpliT prayide jo sranigendusiop geyie tester o
retrieve and send the stored digital value over
detepit@isotioquadfititsas tgeitrespol®, pifdse respense AR Hirewghoyhl ue
may then be identified to deternmine if the proper
meaé@det@ni@sanstiear ed on DUT 18. Al ong with perform ng
one-port measurenments, a two-port test may al so be
perd@sHRE aRY (SEI. QoML 9id ebiivetaest bigaile frofiPmulfipte connector pins
exanpl e, "a test signal may be injected over conductor
of a49UT Q&Hnﬁkiﬁle%w,dseﬁﬁé&ﬁﬁaeﬁ@evﬁe G&sadr 10aYCIREs aflinteciedard 24
fyon1ﬁn§ or nore’otherpins of DUT 18. This response
signal is. proy j : j i
that g b RicG %@%ﬁ%ﬁ&%ﬁ?ﬂ?ﬁ JAPELARS NGRS By Kot et
. response ot,her thr.oughput 1
s t@ng-ngz%'ﬁscg e -
signals fromnultiple connector pins of . .
commuiro DTS Prde RGaBGUEoH tes P eireb iy pybHing testsignal
includes an interface card 24 that can co ni cat
to aditgh nnmherehanpiclss testing tirak piused ﬁlﬁfee‘i‘lF]é]@gngé%t? gy Ee may
transmt test signals to, e.g., 32, 64, or 128 pins
simahsheously pefortied. Adorzesitiohayimgmanysghenedson gpiggerface card, by
communi cation link to a pin is typically referred to
incRding rSi1ape ehiedind chids i @vterl12)thet @stallsivgriat of thansels mcrpeses,
nunber of channels, testing time is reduced since

thefEU{z il Blef rddfSihs td¥BYg Bfe. In this example, two additional interface cards 26 and
28 are shown to demonstrate that multiple interface cards may populate tester 12.

Each interface card includes a dedicated integrated circuit (IC) chip (e.g., an
application specific integrated circuit (ASIC)) for performing particular test functions. For
example, interface card 24 includes IC chip 30 for performing parametric measurement unit
(PMU) tests and Pin electronics (PE) tests. IC chip 30 respectively has a PMU stage 32 that
includes circuitry for performing PMU tests and a PE stage 34 that includes circuitry for
performing PE tests. Additionally interface cards 26 and 28 respectively include IC chips 36
and 38 that include PMU and PE circuitry. Typically PMU testing involves providing a 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 AC test signals and waveforms to a DUT (e.g., DUT 18) and collecting



10

15

20

si mul taneously performed. Al ong wi th having many
channel s on an interface card, by including multiple
WO nicenfma® cards in tester 12, the overall nunmper/usfo0s/046132
channel s increases, thereby further reducing testing
time. In this exanple, two additional interface cards
26 and 28 are shown to denonstrate that nultiple
interface cards may popul ate tester 12. Each interface
card includes a dedicated integrated circuit (JC chig
resppaseg 1o fuathenghstactesize the pspfaenance of the &t bt ¥eF e&‘?‘ine{?'r {c chip 50 may
(ASIC)) for perfopning particular test functions. For
tranendf ol the DU &v( wstesignalsdhRt4epreschiatesstar of bisppy wdues dpr storing on
perform ng parametric neasurenent unit (PMJ) tests and
the BUT. abeetstoed, @s DPE)s desdssd by Esiehl DtodBtarmapat thevetrget binary
has a PMJ stage 32 that includes circuitry for

valR€ hhRY B8R GiofMU Sieslasgindgfal PpRbBg icRde bbidibt voltakel tessitions, the
circuitry for performng PE tests. Additionally

e PRSEESHAR P FErd RTINS e ront o

. Typi.c MJ,4 esting invol ves providing a DC vol tage
m“%¥g383$®¥98§?%%al to the DUT to deternine such )

quantities. as.in and. out put i npeda .
ook B3I HHEAC: 58 Satth Biko i RAaR A 4 ELE Bhra 24 0 DUT
characterizations. PE test] [ i
15, g ogmaledna AR Bt G DO et e B atows
~collectingresponses to further characterize the .
sigpé thdppasseé oo fnd ¢ imerface Poprdda Mppeace|eardfiopnesionfys also
transmt (to the DUT) AC test signals that represent a
convietédio anfontiatardg thatlisemmneged totavrinistfacsreonhectanp, theypdlaws signals
stored, the DUT is accessed by tester 12 to determ ne
to Yefpatdee t€ Md feerh tdstenaLy Invhisteaampiwendietor 26tiocauiectSi tecigterface
digital signals typically include abrupt voltage

con%%&glséié foP B dirdcRBndl isTe@il faksing HetWEersttagel 23hd@in 2LofDUR 18. In
perates at a relatively high speed in conparison
son%eoar}‘al?lgements an interface device may be used to connect one or more conductors from
tester 12 to the DUT. For example, the DUT (e.g., DUT 18) may be mounted onto a device
interface board (DIB) for providing easy 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 IC
chip 30 and interface board 24 for delivering and collecting signals. However, IC chip 30
(along with IC chips 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 may connect to two or more DIB’s for interfacing the channels
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circuitry in PMJ stage 32. To pass both DC and AC test
signal s and waveforns frominterface card 24 to DUT
wagearisenduct i ng trace 40 connects | C chip 30PCDUSINS/046132
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
|s connected to an interface connector 46 that allows
ignals to be passed to and fron1tes{ 12. Ipn this
prO%lsi@drrbY mteEee e@;rfi@)% 20, 31l 285A qBe PYUIplS drivises wpger test.
connector 46 for bi-directional signal passing betwe
t esFeeinitite andccopirel thotestingperfonged binise s31A% éﬁe?ﬁdszg tester
an interface device may be used to connect one or nore
12 i@ondescRMEscohtrohaitcestyetS ahd Pccontrel diidWitryFdy thabpuapifietest agameters
DUT (e.g., DUT 18) may be nounted onto a device
(e.d. bR Eﬂ[%u%?_lﬁzohﬁgd’ 1dvél DeR)sighel cupreame il NdjgieA syluas eegsot producing test
each pin. In such an arrangement, conductor 20 may

mgl@dﬁs SRMSSERE BOT H’éﬁor@b@ Telter P a8b NEIdRSA cohmpmnal igtedface 52 that
appropriate pin(s) e g., pin 22) of the DUT. In

allotwté c%mﬁﬁ?egg(s?en‘? ik Yo GAB: 'oPé}a J@%ﬁeﬁ%d%%eﬁ%@%ﬁ%so‘ﬁﬂows

connect 30 and intérface board

o S5t 8. T 5 A a0 g

multiple pins (e.g., eight, sixteen, etc.) that are
sysfegs et i vel y connected with multiple condhcting traces
and _correspondi ng conductors for provi din qg
col Fiés Biipg black digeant oM Uo7 fon/testing apyp ‘%T and in particular
Additionally, in sone arrangenents, tester 12 ma
digitairnentlog cotvantersr (D) or Brapg-to-figitalicapearie H‘zs shown in FIG
channel sprovi ded by interface cards 24, 26, and 28 to
3, IVIY stgerdalihdlpdes PAEY ichemels6lde.gt BNEU channel 60a, PMU channel 60b,

PMU channel 60c, and PMU channel 60d) and digital-to-analog (DAC) converters 70 (e.g.,
DAC 70a and DAC 70b) for testing DUT 18. Each PMU includes a measure output port 62
(e.g., PMU channel 60a has output port 62a, PMU channel 60b has output port 62b, PMU
channel 60c has output port 62¢, and PMU channel 60d has output port 62d) tied to a wired
“OR” logic circuit 90 off of chip 30 through a measurement path 92.

DAC 70a is connected to an input port 62a of PMU channel 60a and controls PMU
channel 60 to generate a “force” signal to the DUT 18. DAC 70b is connected to an input
port 62c of PMU channel 60c and controls PMU 60c to generate a reference “force” signal to
the DUT 18.

DAC 70a supplies an accurate voltage for force voltage mode of the PMU, which is
supplied to the input of the PMU. The highest accuracy is required for PMU channel 60a,

which is used to force the voltage as supplied by DAC 70a. DAC 70b supplies the reference
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To initiate and control the testing perfornmed by
interface cards 24, 26, and 28, tester 12 includes PMJ
weowsoole3Ti rcuitry 48 and PE control circuitryPGOUSIN88/046132

provi de test paraneters (e.g., test signal voltage

| evel , test signal current level, digital val ues,

etc.) for producing test signals and anal yzi ng DUT

responses. Tester 12 also includes a conputer

interface 52 that allows conputer system 14 to contr
voltagrefoo herADE bamganasued dSinge st dye tp3hegsierence yolpgespa Be

data (e.g., test paraneters, DUT responses, etc.)
caliprated] in g togtimddn bt eisblerwithzempatawmandtsaprly yeltage changes, byt need

3 is a block diagram of PMJ stage 32 for testing a DUT
not B8yergnbcuratepar ti cul ar di gi tal -to-anal og converters

(DAC) or analog-to-digital converters (ADC). As shown

i N G chdnnePbb4 BtRAS 3pori dvaltoickesl Pibicehegme ks DB 18 through

(e.g., PMJ channel 60a, PMJ channel 60b, PMJ channel

“000€Hn AR P ShARDE0L Bichliesashribab thaécelve-aRatsey sighAGom DUT
converters 70 (e.g., DAC 70a and DAC 70b) for testing

s g DTG RITRR B By i

C nnel .
thrqggd gglﬁt?ns&f,lzaﬂgg@to%gu%%i %Oaag @UE%QMS F? ?)‘Ptpdg??c.) send a
refegence aseiy e AT d RIS TR Ho8 1o P AT Rusiieboa

~ to an input port 62a of PMJ channel 60 n ontrols
incloies aprahfel togeceivs ajefeamae esegse’ ﬁ%ﬂnéleﬁ%ﬁ)g‘ﬁlésgf oyghed 15ffrence

18. DAC 70b is connected to an input port 62c of PMJ
“sendediine 78 6@ed andhaefrense $forw) senal and paendasdhereserence “sense”
reference "force" signal to
signal through a sensing path 82 to PMU channel 60c.

To test a DUT 18 that is an ADC, the DACs 70a and 70b have a DC level of accuracy
of less than 1 millivolt (mV). In addition, the “force” line 72, “sense” line 74, sense path 80,
reference “force” line 76, reference force line 78 and sense path 82 have a DC level of
accuracy of less than 1 mV.

To test a DUT 18 that is a DAC, the PMU measurement path 92 from output ports
62b and 62d have a DC level of accuracy below 1 mV. The measurement path 92 will go
through the wire “OR” logic ports 90 measured off chip 36. In other embodiments, the PMU
measurement path 92 may include measurement circuitry on chip 30. In addition, the
“sense” line 74 and the “sense” line 78 have a DC level of accuracy below 1 mV.

The tester described herein is not limited to use with the hardware and software

described above. The tester can be implemented in digital electronic circuitry, or in computer

hardware, firmware, software, or in combinations thereof.
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the DUT 18. DAC 70a supplies an accurate voltage for
force voltage node of the PMJ, which is supplied to

wao b@oioriess of the PMJ. The hi ghest accuracy i SPCEUSI00&0H6132
for PMJ channel 60a, which is used to force the

vol tage as supplied by DAC 70a. DAC 70b supplies the

referencevol tage for the ADC bei ng neasured. Since

errors due to the reference voltage can be calibrated,

it isrequired to be stable with tenperature and .

sufih¢ iestentandpemplearrytsd, athenst indar. Yia e CHRPYET programpraduct; 1.e., 2

PMJ channel 60a includes a port 66a to send a "force”
comphigN@bgiam tBhFbly@nttodied dinart infermetion ¢arger7o.g., DV Mepki pgregadable

60b i ncludes a port 66b to receive a "sense" signa
store{g;e%w%r 38 frbp2ueh sighgnfr txddutien By} obseitrohthe legeration of, data

orce” signal and provides the "sense" signal through

procls B/ bR a8 B 8BrdePaniMbIEpaBRSS:, $6empiR ochahipel cobfuters. A

ort 66¢’ to send a reference "force" signal to

comg%r %rﬁ) g{ag{ oM v&rﬂ{e?lrig gféffd'rﬁl%rf Sfogratiifg 18ngudd) isdhadiietompiled

"6 | fudesDanort to receive a reference "sense"
interBrbed Jangual ALY " 1SRAS 85 a bihitRalbe
or “l?‘i\‘?‘féfﬁ?ﬁ%esr %1?&;‘? 8%@%6 &g g’i g%i:n e%&g na ’qrécn d(ﬁpg gsv? !élgs the
sense" signal throu a_sensi. :
oo Ga R Labr Dyt TS U070 o
DACs 70a and 70b have a DC | eve| of accuracy of | es
envirbrament. AicPMmPYST ProgrAY) can by déaleV%Cl taﬁze e iahiodt oy ri-copper or on
72, "sense" line 74, sense path 80, reference "force"
multipleeoif@ytersaft enesiteeorfdéntdated aveosy gudfine sitss sad Jagrsonscted by a
have a DC | evel of accuracy of |ess than 1 nV.
communication network.

Method steps 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. 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, 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 one or more memory devices for storing

instructions and data.



To test a DUT 18 that is a DAC, the PMJ neasurenent

path 92 from out put ports 62b and 62d have a DC | evel
wo@RooaoTtwsacy bel ow 1 nV. The nmeasurenment path BRI/WE1005/046132

go through the wire "OR' logic ports 90 nmeasured off

chip 30. In other enbodinents, the PMJ neasurenent

path 92 may i nclude neasurenent circuitry on chip 30.

In addition, the "sense" line 74 and the "sense" |ine

78 have a DC | evel of accuracy beIom;lcay. The, tﬁster 1

dedbe clyewitonsmet Hmitsd fothe ppagi ficsaramplen dgscipehhqrpig. For example,

hardware and software descri bed above. The tester can
whilbehi distlesentlextribes aiicgittyavithdh eetpmeti¢ tesiciquipment.yhe grcujty

conputer hardware, firmwvare, software, or in .
desc&iBBD hérain Iansbd Used andny Hhreuit estimnmeatreharingpdrsiesnt iegfingat

| east in part, via a conputer program product, i.e., a
COMh&fis B REERRN dndd@inknys @Rtiktidedreimman be nérobimed tocform other
carrier, e.g., in a machi ne-readabl e storage device or

embioﬁi@enP{r‘fb‘? RS 5dMGHth a8, BURE HinbedimBitts nf spetifically described
control the operation of, data-processing apparatus,

e.g.,,a.pLogra | @ .or [ 1.8, Conput er, or
hB“W%%FﬁEPéﬁggﬁgﬁtersf)R&ggﬁgﬁﬁgfh%@%gran1can be witten

in .farm af. programm ng | anguage, incl uding
coﬁgﬂ%éﬂaﬁwxﬁﬁ?erpreted | anguages, and it can be

depl oyed in any form including as a stand-al one
programor as a nodul e, conponent, subroutine, or
other unit suitable for use in a conputing

envi ronnent. A conputer program can be depl oyed to be
executed on one conputer or on nultiple conmputers at
one site or distributed across nultiple sites and

i nterconnected by a conmuni cati on network. Method
steps associated with inplenenting the ATE can be
performed by one or
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nor e programmabl e processors executing one or nore
conputer prograns to performthe functions of the ATE
wa\edosoriepmrt of the ATE can be inpl enented as,PGpES1085/046132
purpose logic circuitry, e.g., an FPGA (field
programmabl e gate array) and/or an ASIC
(applicationspecific integrated circuit). Processors
suitable for the execution of a conputer program
i nclude, by way of exanple, both general and speci al
pur pose i cropr ocessors, an&léﬂyﬁgne or nore
processors of any kind of digital conputer. Cenerally,
a processor will receive instructions and data from a
read-only nmenory or a random access nenory or both.
El emetistepfatedl ahiomip (03 foriuse inugting qorapelogdodigital converter,
executing instructions and one or nore nenory devices
combRginst Oring instructions and data. The circuitry is not
imted to the specific exanpl es descri bed herein. For
exXamki@natyl by ﬁfﬂérﬁetﬁb Sfch QR Hh&ht 48R ¢PIVIDR Sostigueed forsynd a force
within automatic test equi pnent, the circuitry
. described herein may be used in any circuit
Sighg e?ionnent requiring converter testing. Elenents of

di ff ., enbodi i hed h i i
o B BEAT ST LA CORREf 4T SEp I REPMU.

above. O her enbodi ments npot efitﬁxﬁﬂly descri bed
the R&Cehaying =D levs! of 395143CY H@e%*ég%b BRI £ ol | owi ng
claims. What is clainmed is:CLAIM5S 1. An integrated
circuit (1C for use in testing an analog-to digital
converter, conpri sing: ..
2. The IC of claim 1, further comprising a second channel of the PMU receiving a

sense‘signal and providing a first sensing path to the first channel of the PMU.

3. The IC of claim 2, further comprising:

a third channel of PMU configured to send a reference force signal to a device-under-

test (DUT); and

a second digital-to-analog converter (DAC) connected to the third channel of the

PMU.

4. The IC of claim 3, further comprising:

a fourth channel of the PMU receiving a reference sense signal from the DUT and
providing a second sensing path to the third channel of the PMU.

5. The IC of claim 1, further comprising:

-11-
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a first channel of a paranetric neasurenment unit (PMJ)
configured to send a force signal; and a first
waele@shzal633 o- anal og converter (DAC) connected tRCT/H82005/046132

first channel of the PMJ, the DAC having a DC | evel of
accuracy of less than 1 mllivolt. 2. The IC of claim
1, further conprising a second channel of the PMJ
receiving a sense signal and providing a first sensi ng
path to the first channel of the PMJ. _3. ,e C.of .
c| aiforee ling gpnnigsied s e iy |Ch=§melaoftth? PMLE%’H dne the fgg signal and
configured to send a reference force signal to a

havihg@\ai € {avebefd dcewncy &S thaanidm . second di gi t al -t o- anal og
converter (DAC) connected to the third channel of the
PMJ. 4. The IC of claim3, further conprising: a
fourth channel of the PMJ receiving a reference sense

si gnady, famtbd eI ey tditinga dighelcormabgrehvgter-device-
path to téhkzathlrd channel of the PMJ. 5. The |IC of

Clﬁg hempaoppri sing:a force line connected to
umﬁ% g$ﬁ%t c anne O?Bthe PMJ supplying the force

> In%nfa frst &%ﬁna %;((hgr 2 egcé rlléaagﬁjemgﬁ lﬂﬁ?tc(rmcoﬁfi ghi88 %o deh@A force

Ircult use In testlng

sigr(abg@%\g?@ll e anﬁ%\?ﬁ%& ?or\{a?q&ge&lee% me%%nder - test

a first digital-to-analog converter (DAC) connected to the first channel of the PMU;
and
a PMU measurement path connected to the output port having a DC level of accuracy

of less than 1 mV.

7. The IC of claim 6, further comprising a second channel of the PMU receiving a
sense signal f through a sense line and providing a first sensing path to the first channel of the

PMU.

8. The IC of claim 7, further comprising:

a third channel of PMU configured to send a reference force signal to a device-under-
test (DUT); and

a second DAC connected to the third channel of the PMU.

9. The IC of claim 8, further comprising:

-12-



a first channel of a paranetric neasurenment unit (PMJ)

configured to send a force signal and including an
wouiophtiepdrt for taking nmeasurements; a first PCT/US2005/046132

digital -to-anal og converter (DAC) connected to the

first channel of the PMJ and a PMJ neasurenent path

connected to the output port having a DC | evel of

accuracy of less than 1nV. 7. The IC of claim®6,

further conprising a second channel of the PMJ .

r e aefovitinghaamelenfdlee BYIghapeiting pFLerGACCSCREgNA] piPrgrding 2

providing a first sensing path to the first channel of
secdriiesefihg p8h torthe thi@ dbnud] af e PMBur t her conprising: a

third channel of PMJ configured to send a reference

force signal to a device-undertest (DUT); and a second

DAC connected to the third channel of the PMJ. 9. The

| C @f 18leatrdrBiaith Urieesin @RMBAJeIIn8 Gaoa DALIETH of havnreel obfess than

the PMJ receiving a reference sense signal and
lnR;oviding a second sensing path to the third channe

of the PMJ. 10. The IC of claim7 wherein the sense

line has a DC | evel of accuracy of less than | nmv.
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