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WD 2006/ 071635 PCTI US2005/ 046132 USI NG A PARAMETRI C
MENT UNI T FOR CONVERTER TESTI NG RELATED
w%%@%’@&ﬁsd\ls This application clains priority R/US2005/046132
Provi sional Application No. 60/639,150, filed 5
Decenber 23, 2004, titled "USING A PARAMETRI C
MEASUREMENT UNI T FOR CONVERTER TESTING' and is
i ncorporated herein in its entirety. TECHN CAL FI ELD

Gl R YA MR C R RO REVIERT BRIEEOR YNV ERTHR 9E3TING

converters using a paranetric neasurenent unit (PMJ).
BACKGROUND Automatic test equipnment (ATE) refers to

an aut onat ed, usual approach to
testing devices, d%%Légﬁ@%%fﬁ%ﬂéﬁxﬁﬂN§ el ectronic
circuits,  and prlnted circuit is boa d a o]
cxahpr apblicaen e AToTRE TP ESORY ARR %atwf%%@ 1500 fed
pically part of an ATE. A PMJ is used durin [
Decosther i 2060 pied U8 TG PR AT BISMEAS LR MR ahi T FOR

current, at a device pin, and to regul ate those
COMWI@ITESTIN@” BMJsamomqyatsd hereiprisgfs entitht ,  duri ng
testing, proper paraneter values are appli ed to the
devi ce-under-test (DUT). A PMJ typically includes
circuitry for forcing a voltage and/or current to the
DUT. 20 SUMVARY Converter testing is a feature for
testing of anal 0g-to- TEYIHNICADMELDer s ( ADC) and
di git to-anal og converters (DAC) by allow ng accurate

vol ' r | i o 6k rticularly, t
o i %tgfét; aglglé%ﬁéi%ﬁ rhiRs Bfetallylto WRROPBEA 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. APMU 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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nmeasured at a high repetition rate. This function has
traditionally been inplenented on separate instrunent
WP 163wever, by addi ng an accurate DAC i nsPERU§2005/046132
PMJ circuitry, the PMJcircuitry may be used for
converter testing of an ADC. By addi ng accurate
measurenent paths, the PMJ circuitry may be used for
testing of a DAC. 5 In one aspect, the invention is an

integrated circuit (I or..use in.test.i n -
e iy A EGHEPD CtfBts Bipctcrs i e JrpUlei on
channel of a paranetric neasurenent unit P ..
separgiefingjtimeant beprdse Hdovie wep hy@dding 3g jacqugaie :'Pé\(A%é{@r?oP MU circuitry,
first digital-to-analog converter (DAC) connected to
the PIMEU tirewitry otaarbeaisedbfor corsveprUestingeof Bpd HasBy afsing agryate
of accuracy of less than 1 mllivolt. 10 In another
meaafRth; piths theRidibl dienitiysmaynbé wied gordedgof dE- (1 C)
for usein testing a digital -
t 0- Rk Qgpeeh Mt @itiofl @V ArCiategrutal citoait (1) BHOBIT) tesiingan alog-
includes a first channel of a paranetric neasurenent

-d{Pid (AD SRnkl Iad heudenohint dRhee of h pAalnetric heurement unit
fo D%CDL(JT %o i ncl udi ng 1an out put port for taking

(P]\?@g%ﬁrﬁ%%ﬁttg s?n?i ffofc%tsﬁ%aﬁottﬂé ADE 28] 89t &i?ﬂé’i&blaﬁélo g converter

connected to t rst channel of the PMJ, and

PMJ neasur 1 at t

Ofaligraene FLE o G AR reRA Cliad TR ofRBbkacy of

aspects_above may include one or nore of the foll ow ng
lesstagn {midivofhe | C may i nclude a second channel of the

PMJ receiving a_sense signal, fromthe nd . . . .

pr oW aapfhgr aspegt; theinveatien J§gn falesrated thﬁ‘é‘% 2‘%1' USh higsting a digital-

of the PMJ. The IC may include a third channel of PMJ
to-malvgh@uvettridevisendder-tes (RAGRIED) dimedCaneiwides adfet channel of 2

second digital -to-anal og converter 20 (DAC) connected
parhi@efiidendaBiredemthmir(EMDf configurBiis setitie foiCe migyalitn theldd CRUT and

fourth channel of the PMJ receiving a reference sense

| inctﬁtﬁﬁi%(aja!n Rt P52 YdrdhiAly tedREANchtS @ TRsiGgipRdIatalog deverter (DAC)
Ir

channel of the PMJ. The I C nmay include a force

coﬂghgzg(? e ﬁi:%tl 81 d#the PMIE lan& RPRNEG ne@éuréiiént pEMiionnected to the

ying t g orce signal and having a DC level of

out%&tcp%gt%)éin%fa ﬂ)@?esvei Qla:ﬂ,cﬂ'ra@/ 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 PMtI . The IC may include a third channel of
PMU configured to'send 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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-2 WD 2006/ 071635 PCT/ US2005/ 046132 The PMJ circuitry
descri bed herein provides a converter testing

WOAY7A8 ity within the same the | C as the PN§HHER005/046132
thus provides an alternative way of testing
converters. The details of one or nore exanples are
set forth in the acconpanyi ng drawi ngs and the
description below. Further features, aspects, and

d of .the | ' i 1l .
T omR B PRt Bt h ik S ES Aot BB onality within
the rawIBAC s Sk Fghesaueying Beipradve vy Ok R R brs. The

diagrammatic view of a tester. FIG 3 is a .
deta]szf onerrBipEs QxaBRes Presehorthip o acoraRAny g irRYings ppd the
(PMJ) stage with digital-to-analog converters (DACs).
destrijtinrbetosy. fothen frabires, sspeets,dinfl pdyastages phiie dnvepien Wil gecome
like el ements. 15 DETAILED DESCRI PTI ON Referring to
apphtest fidm the 8osstipiton] thefdrawings hndthealadmoi ce- under - t est
(DUT) 18 such as sem conductor devices includes a
tester 12 such as automatic test equi prent (ATE) or
other simlar testing device. To control tester 12,
system 10 i ncludes a conputer 'system 14 t hat
interfaces with tester 12 over a hardw re connection

16. Typically, mﬁﬁ}r Iﬁgmm comands to

tester 12 that iﬁnl ia elmbnge%%tl on of routines and

fu | Qns for testin 18. such..ex Ihg test

r o%]itahgés ﬁﬁﬁﬁgﬁ‘ﬁ@?‘%ﬁ‘g‘a‘?’ I‘?gg@‘ésﬁeé? gcirﬁ%ﬁlg ﬁgﬁé‘%sansm ssi on

of test ~signals to the %JT 18 and col l ecting

r esP6h2ds a fRGRTHAIDIAY NAISELs types of DUTs may be

tested by system 10. For exanple, DUTs may be i

‘senFl§b A dee fisgragunatisade s oEnpyamegipic sneasurement unit (PMU) stage wi
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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WD 2006/ 071635 PCT/ US2005/ 046132 integrated circuit
é}l C% chis{g (e.g., analog-to-digital converter,
WHiI2Y¥Y1SF0- anal og converter, etc.). To provi d&ER005/046132
signals and coll ect responses fromthe DUT, tester 12
IS connected to one or nore connector pins that
provide an interface for the internal circuitry of DUT
18. To 5 test sonme DUTs, e.g., as nmany as sixty-four

e

urposes, in this exanple sem conductor device tester
etc.k2 i s connected to one connector pin of DUT 18 by a

hardwi re connection. A conductor 20 fgm Sga he) .4 Siected to
corffreroeide test pivaloandgaliestyespertgs fignybp L} tpshl 2 18 connecic
signals (e.g., PMJ test signals, PE test signals

- oneefr enoye tannkkier pin Srahpiovisieras witenface or thefntargal ojyguitry of DUT 18. To

Conductor 20 al so senses signals at pin 22 in response
testlsBmb M TL6lg., 35 gAY a5 fiktyviotest day husdmil twendyreight capaggterpins (or
tester 12. For exanple, a voltage signal or a current
more) #AGbe fR¥-tRed toRBRL . aforiilibtdlvd purpesspdndes txangple est
stgnal and sent over conductor 20 to tester 12 for '
senﬁ&"i'lldiiﬁb devidGhter 199k SoRREitd EsHeToiRtt piPo DB UTelsf tor nenldwire
on other pins included in DUT 18. For exanple, tester
12 may proui de $est s ' | aSis B84 to deliver test
coniog A e Ch e ATk Spb e RaTh BT B0 o doli

i gna ected back over
_ conduct.qr that deliver.th [ QY ' .
sigtA E oG (e Sepab T ekt BET 0 AF Bl Bichley BOUT 15
of the pins nay be characterized al i th ot her.
Conslugtgr 20 Bisp sensposEaltyAidua e IPaRonsy 19 Uy freysighgly provided by

scenarios a digital signal may be sent over conduct.or
senfi@oniuctopdavigtesien 12 tRer prample.@ Wliegs sighal gba GRTeayeng may be
Once stored, DUT 18 nmay be accessed to retrieve and
senSeaingl pir B2 mitrespedsectogi tes kiguallang sent evercaonduaierpO todestes 12 for
tester 12. The retrieved digital 20 value may then be
analyRRNISuth ﬁﬁgkﬁoﬁ&&ﬁﬁ iy elsh be plrforpred parntheaping invhededtio PAH 18.
on DUT 18. ong with perform ng one-port
Fof&gﬁéfee%?t@} $2 ny PARiRokit stpasls i YytiRt fids Bed celief asomtaied signals
by séni conduct of “devi ce tester 12. For exanple, a test

reﬂ%ci:tgé] %ckng%%r po%dh@ﬂo?sc(ﬁﬁg deliver the provided signals). By collecting the reflected

signals, the input impedance of the pins may be characterized along with other single port
festing quantities. In o.ther test scenarios a digital signal may be sent over conductor 20 to
pin 22 for storing & 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



10

15

20

over conductor 20 into pin 22 and a response signa

may be collected fromone or nore other -4 WO
W?dé%‘?’?ﬁﬁ%ss PCT/ US2005/ 046132 pins of DUT 18.PC{YR2005/046132

response signal is provided to sem conductor device

tester 12 to determ ne such quantities as gain

response, phase response, and ot her throughput

nmeasurenent quantities. Referring also to FIG 2, to

. Ll ect ie X '
SR, ) BBl e Rt St
B

interface card 24 may transmt test signals to, e.qg.,
megspreng At AEItEoR pins and col | ect the correspondi ng
responses. Each comunication [ink to inis. .
t y pRefatring alsefte FIG L, tosens and epldash st %mlso@mﬁ FiRle qgrnector pins
test signals to a |large nunber of channels, testing
of 4 DU (os mubiplecRHTs), sasiconductopdevicetsstsr Hhipclides @ interface card 24
si mul taneously perfornmed. Along with havi ng nmany
thathrandeinfunivateanith plresbacpingalfdt, exbyplel intdrfade payd 2¢ i nhdyplransmit test
interface cards in tester 12, the overall nunber of

sigdiefon @.?.S 3b NG BABBSpins AdwedoBibt thaiédrRepondauespogsdse Fatlng

time. TA this exanple, two additional interface cards

cort n}l@? jondfhkh g gﬁfnlg ybiéa‘?lyq@ﬁf}% id AtLchbhi@l afby pRIvRIing test signals

ace car popul ate tester 12. Each 1nterface

0 ﬁg{gg_n{u%yg@c%a&q%?%ggﬁ%&%e LBGA Sl GhiH foslehiy BT P

applrcation specific I ntegr It

f f or.m ng. par t.i cul functi
sbiapesP Ay DB APt DA e s ol s . by

o &ngorm_n paranmetric nmeasur enent Ligit %PM telst.s
includingrpwltipledeterians cardsaptoster d3418¢ oyeralbpympbos gt channels increases,

respectively has a PMJ stage 32 that includes
thersby Gurither yedioing pestife timen dn tid exaamples tepadditiprl Gigéce gards 26 and

that includes circuitry for performng PE tests.
28 Addhdive caddnyonstite tah amltiple thger2Be aards 28y pegpatct¢sias|1y.

include I C chips 36 20 and 38 that include PMJ and PE

(II:)ICr Bl indrfadey/drd RlcludePMibdi €dd inGgiamadadincar () ehipdierzy aa
application specific integrated circuit (ASIC)) for performing particular test functions. For
example, interface card 24 includes IC chip 30 for performing parametric measurement umit
(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
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vol tage or current signal to the DUT to determ ne such
guantities as input and output inpedance, current

kﬁ@h@g@ﬂ@pd ot her types of DC perforrrance
characterizations. PE testing involves sendi ndGAUS2005/046132

test signals and waveforns to a DUT (e.g., DUT 18) and
collecting -5 WD 2006/ 071635 PCTI U82005/ 046132
responses to further characterize the perfornance of
the DUT. For exanple, ICchip 30 may transmt (to the

régplinseéMo fuftBér chingbakise thé ?érer%%{r&sogglg e BUY® %‘Bloéxa?x#lg BG?:% 30 may

val ues for storing on e stored
termn i f..the carrect .
ﬂa?%%?‘ym%a LA SpudS brop R Sif %rooﬁbgf%rfﬁgmﬁ%ap@mg on
aI a I nS|t|ons he 5 .
CI r cui tdrné Ftﬂgelgég'gpggfels@ﬁceé??dtbé% 63 ’ééhea‘ff’f@f’t binary
reI tiv hi §peedjn co arlsontothe circuitry
EF%’g‘é g‘é mee Hgdal sigsals tipdsally dnchdenbrpt ¥plipga tensitions, the
nd waveforms frominterface card 24 to DUT 18, a
c’é%‘aﬁ By Pl gfage dben Whchip 3 eparated &t agelpiivelhigh speed in comparison to the

i nterface board connector 42 that allows signals to

cisuin isRMUnstagedd. of f i nterface card 24. Interface
board connector 42 is also 10 connected to a conductor

44 t Rapaisdotidd@end AC tb sipnals ALEWhAEENBTFVREREGFack @aﬂahzatto DUT
allows signals to be passed to and fromtester

I'n
18, b conewainp i@ eC4AEHABE R IP6hip 30 GLINBRERS Hodrd ébtnﬁé{;&cc?z that allows

connector 46 for bi-directional signal passing

sit@d & be%%s@ﬂ@n@h@oﬁ‘%nt&ffac@qm‘]l g herr R0 Fhad'c ﬁ]l?e%?&%a i¥'also

an interface device may be used to connect one or

c&ﬁ@é’tb’ﬁooi @onﬁﬁ&@éj_llﬁ%é§éon]1gct% toldl§ tf:Dlg%ce gﬁfubecg) %g\%aggllg\gs signals
W@ %E%W al?d"ﬁ‘&fl#s?a & i{hﬁﬂgpr %ﬁ@%‘ o557 ¥ ferdereriecy ntrtuce
0051}}3?%4@%5% g?%a? é)?ssqgg)%év&;g@%:tp? g%;areui;)qul@l}%llé‘r 18. In

In this exanple onIy conductlng trace 40 and conduct or
SORIP qrEagerpenty ) integlgpmdayicenmy 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
Vinterface board (DIB) for providing easy access to each DUT pin. In such an arrangement,
conductor 20 may be conuected 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 card 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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chip 30 and interface card 24 for delivering and

collecting signals. However, IC chip 30 20 (along

with IC chips 36 and 38) typically has nultiple pins

(eW® 200@bgbds, si xteen, etc.) that are respectlveuy

connected with nultiple conducting traces and T/US2005/046132
correspondi ng conductors for providing and collecting
signals fromthe DUT (via a DIB). Additionally, in

some arrangenents, tester 12 may connect to two or

nore DIB's for interfacing the channels -6 WO

2009814 bB BB etBCE/cligR 0ODARRA0 o @thﬁiﬁgl g&&&tlﬁd&atg z‘r

cards 24, 26, and 28 to one or evi ces Un

t est. Toinithité ial @naOthE R erﬁ)HEedtlgﬁhfeﬂ‘%?p ahc{é%ﬂgzg anX 28, tester

interface cards 24, 26, an

PMjmmﬁbsrPMUdohﬁH]&{M E trol, cirouitry 50
that provide test pacl:rla ter‘giPE O&EH lefuéig}ﬁéﬁ)gﬂgfpwdetestparameters
vel , digital

I I
Ve 4 ol ol SO U 0 | ML T o procucing et
nses. Tester 12 also includes a
SR i ik DRPIOHE s, Towen 1avdeo dentyes o compmeanictfice 52 that
ntrol, the o atlons executed by tester 12 and
a?lé’g'g af’ﬁ“B%S" &*ﬁf“gle“; ta cgntrol thegpepstipusrsterts] byDebter 12 and also allows

cdef?p(g E i etc. %ﬂ_pas& ng between tester 12 and

8 ot B3rameierss WUTRpaponsgs,iete. epasting et eto@0sasn 1fanfWhputer
st age 32 for testing a DUT 18, and in particular 10
§¥gfmdrt. t o- anal og converters (DAC) or

anal (I\)/%Ito digital converters (ADC). As shown in FIG

Gt hige tB@kidigrar eSPIMALGB3D TS 155600 5 [ :
channel 60a, PMJ channel 6Oth%BPI\/U changa(rﬁjgci:8 aﬁyglpamc“lar

B
e L LTI e
BIUFAMIBstagded0 inddhids PRE Hﬁa@ﬁg@g@f{%{lﬁﬁgﬁa@?&ﬁé’%w Shannel 60b,

(e.g., PMJ channel 60a ha

Ehﬁms]ﬂ 5 (0¢ ) chan 60c
has outngut g(r}?lta %Bﬁmgf@mﬂdhdéﬂﬁi@ } &@’é‘gﬁpﬁmﬁm 70 (e.g.,
PAC 7GRN DAE qo{gﬁfJPfeé%ng%T 18. Bach PMU includes a measure output port 62

(e.g., PMU channel 60a has output port 62a, PMU channel 60b hag output port 62b, PMU
channel 60c has output port 62¢, and PMU chanrnel 60d has output port 62d) tied to a wired
“OR?” logic circuit 90 off of chip 30 through a measurement path 92,

DAC 702 is connected to an input port 64a of PMU channe] 60a and controls PMU

channel 60 to generate a “force” signal to the DUT 18. DAC 70b is connected to an input

port 6 4c of PMU channel 60c and controls PMU 60c to generate a reference “force” signat to

the DUT 18.

DAC 70a supplies an acourate voltage for force voltage mode of tﬁe 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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"OR' logic circuit 90 off of chip 30 through a
nmeasurenent path 92. DAC 70a is connected to an input
pg{,{) 64a of PMJ channel 60a and controls PMJ channel
F'Y&itrate a "force" signal to the DUT 18. Be@{]gg@a,ﬁ%mz

Is connected to an input port 6 4c of PMJ channel 60c
and controls PMJ 60c to generate a reference "force"
signal to 20 the DUT 18. DAC 70a supplies an accurate
voltage for force voltage node of the PMJ, which is
suRgli d tgu%S I nput of the PMJ. The hi ghest accuracy
i %ﬁq@ fhs eipg rcaKFth SJinas@arors duptocthe referaresdioliage can be

ce the voltage as supplied by DAC 70a. DAC 70b

{5 fedsit isrequitsf & bnyeble with WRRE0GE BFUBBPLy voltage changes, but need
PC1/ US2005/ 046132 - vol tage for the ADC bei ng neasur ed.
Sohbevay renmatelue to the reference vol tage can be
calibrated, it is required to be stable with

t enpePATU ckanaelcs0 tpdhdés ¥ @bit 86:£t0GBR\OFerce PHEn 1 §FD throunh
be very accurate. PMJ channel 60a includes a port -6

tforeeTlthed2. PHIG Bhanfié1H08! ‘serls@®
line 726 PMJ channel GOénﬁﬁg%g%%M%g%éwégbs s &EnalfromDUT

1S ERLYE BenReRIET4 ﬁéesg(ﬂ]?% tHe QTN Tﬂ]ag%épo:y? k‘]‘ge §CD(SF1 e31gual

line 74 based on t rce S|g

ORETAES B B b 4 R o P O, D Bl oo v st send o

rene",forc 'S to DUT18throu h reference
f‘?&? & PiRe tﬁﬁqgﬁ&hfﬁwh TB{SEPRCe rieredBae #. oVl dbgunel 604
to.receive ref er, ence "sense" signal from DUT 18
meisg APt ﬁg‘!} @rré?ﬂ’:‘@ aprgforepsp sense]’ sigaal F@npREEY1Shraupk a reference
reference "force" nal and rovides the reference
"Seps dne 78 Ib@Wﬂlontthﬁ'@ ca “@m pigoel pad pro8ifles thePdfetence “sense”
channel 60c. To test a DUT 18 that is an ADC, the DACs
sigaal drgugtobsensivg path BC to BVET clafindh6@ur acy of | ess than
1 millivolt (nV). In addition, the "force" line 72,
" sens®d tast nBUTAL8 thatrise ABCNH8MACS 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 “sense” 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 potts 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 reference "sense” line 78 have a DC level of accuracy below I 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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reference "force" line 76, reference "sense" line 78
and sense path 82 have a DC | evel of 15 accuragy
WPe’Q%“{H‘éFﬁ 1 nV. To test a DUT 18 that is a DAG WOOS/MGBZ
PMJ neasurenent path 92 from output ports - 62b and 62d
have a DC | evel of accuracy below | nV. The
measurenent path 92 will go through the wire "COR'
Logi c ports 90 neasured off chip 30. In other

B e b rngq}ﬁmecgg?geggtgggga, e

"sense" line 7 ref ence "sense ine
COmPUICDFQSTREN t9ei g%fﬁ?ﬁe BRI D ¢y gy mdhil eaabie
descri bed herein is not limted tqQ use with tE ion.of, dat
storhger diwipeer imal PEOpREAIRE BEnadderaepEipt o Yo CoRfEol %?%WL%P aa
be inplenmented in digital electronic circuitry,
promxmgmm:rarathme@warpeogrﬁmmahh@chwr,twm‘lt%rormﬂuple Computers A
conbi nations thereof. -8 WD 2006/ 071635 ]
confpaler PEdaah A B JittenTinernly dstreof agralneningrisingwaet ingludig compiled

deast in part, via a conputer program product, i.e., a
or iRBHREE TanPiA2EE, AN 1236 b dypleyaddn urylform, mnludnfgcasmmtandfalone
carrier, e.dg., in a machine-readable storage device

pro ml dta d?ﬁ?é}] %rﬁ&nﬁhﬂ BitroutrR! ootRGhnit@Ditdble f@fusé M a computing
ontro e oper lon of, data processing apparatus,

env%ﬁtpf:rgl Io [ 0 gg &%&%Qép@%ﬁ%ﬁ e?l ?% ?%%%ég%%&g on %%Eé computer or on
o B B R AR i

depl oyed in any forn1 i ncludi ng as a stand-al one
conppeyeaen#etWEka nodul e, conponent, subroutine, or

other unit suitable for use in a_conputing

erMetbnsteps 250G uilE AmpicaHRS BAd Hecatdpsyommedbpene or

executed on one conputer or on nultiple conputers at
morgogaingable ocEssarbereeutingoIme DL MPNE ¢QPPECIIITOZMy ijperform the

i nterconnected by a 10 comruni cati on network. Mt hod
funSA AR DS BRSOUTE AAHGr phit bf thep\ Fivemt berigpldneenstslibscspacipbpurpose logic

performed by one or

circuitry, ¢.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 coinputer. 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.



nor e programmbl e processors executing one or nore

conputer prograns to performthe functions of the
WRPH06/0814350r part of the ATE can be i npl enent ed@@4US2005/046132

speci al purpose logic circuitry, e.g., an FPGA (field

programmabl e gate array) and/or an ASIC (application

15 specific integrated circuit). Processors suitable

for the execution of a conmputer programinclude, by

f. le,. b d i al .
e T N L e R R
e e e BT o P b PSSR

menory or a random access nmenpry or both. El enents .of
deseyibed bpreinmap be pyedinaey @rqyilsaREQPpeT SRAUEESORY FifT tosting.
instructions and one or nore nenory devices for
st dilemgnts pfidifferent ¢robasiiments described ergimnmRydts qombéapd to form other
PCT/ US2005/ 046132 The circuitry is not limted to the
emlsid@aérfts fotapeuifidally seteforth abed. [QtheiemboRimendszntgpesificatly [dgscribed
this disclosure describes circuitry within automatic
herdif® 8te SRR Me scbitCofthd Blliotving clgiescr i bed herein may be
used in any circuit environment requiring converter
t esgii nts of different enbodi nents descri bed
heﬁgFﬂgﬁgeﬁggﬂ%onbined to formother 5 enbodi nents not
specifically set forth above. O her enbodi nents not
specifically described herein are also within the
scope of the following clains. Wiat is clained is: -10
CLAIMS 1. An integrated circuit (I1C for use in
testing an anal og-to digital converter, conprising: a
first channel of a parametric neasurenent unit (PMJ)
configured to send a force

-10-
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5 signal; and a first digital-to-anal og converter
(DAC) connected to the first channel of the PMJ, the
DAC having a DC | evel of accuracy of less than 1
mllivolt a second channel of the PMJ receiving a
sense signal and providing a first sensing path to the
first channel of the PMJ. 10 2. The IC of claim1,

further conprising: a thi I%M@nnel of PMJ confi gured
to send a reference force—srgﬂal to a device-under-
test (DUT); and a second digital-to-anal og converter

LN L e R R -
CQaﬁ'f@?!:haﬁflelttﬁea gMalm%ﬁﬁ YdsBRnfent BhE éﬂgﬁﬁ &%ﬂ%&e&'tg Igéllld a force

fromthe DUT an prov I'ng a secon singpath t
signakhed t hi rd channel of the PMJ. 20 4. The IC of cI ai ml

f ne co nec

£ et BB E e DS G ARG tho Hes cbiishpf the PMU,
the DAUChaviigvd DO 18vdPef h&iBlcy Qf 136 %qcﬂulﬁ(roﬂ £8&ohd @ﬁ‘arﬂiemf the PMU

5. An integrated circuit (IC) for use in testing

receiviigyp sensetsigiahandgrovisings fiest-sdesing path 25 thn et chmmel of the PMU.
(DACDUT), conprising: a first channel of a paranetric
measurenent unit (PMJ) configured to send a force

2. siTysal ofioidinh NClugkBen@nipiisigt put port for taking
measurenents; a first dIC?I tal -t o-anal o% converter
0

( Aldyd ehsnpelaf EMY sophgured fostend papiseince forehaigmiity a dgyige-under-
test (DUE); and
a second digital-to-analog converter (DAC) connected to the third channel of the

PMUL

3. The IC of claim 2, 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.

4, The IC of claim 1, further comprising:
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.

5. An integrated circuit (IC) for use in testing a digital-to-analog-converter-device-
under-test (DACDUT), comprising:

a first channel of a parametric measurement unit (PMU) configured to send a force

. signal and including an output port for taking measurements;

a first digital-to-analog converter (DAC) connected to the first channel of the PMU;

and
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a PMJ neasurenent path connected to the output port
having a DC | evel of accuracy of less than 1 nV a
second channel of the PMJ receiving a sense signal f
through a sense |ine and providing a first sensing
path to the first channel of the PMJ 5 6. The IC of
claimb5, further conprising: a third channel of PMJ

C [ f f hanal .t
oD P BUS0GR B GR T el gt s
of less dhdrh® niViiarsdcaidachaahel @if thhEMRMkbceividh 4 senb&idnal Othrough a sense
. claim, further comprising: a fourth channel of the
line apgprovising %F‘ﬁ% sepspgrnapdtedac g@ﬁ%@”@‘?@f@e BMY.provi ding a
second sensing path to the third channel of the PMJ
8. The IC of claim5 wherein the sense line has a DC
6. | &hellCof clate Gy Aictheofonhessngt han 1 15 nV. -12

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,

7. The IC of claim 6, further comprising:
a fourth channel of the PMU receiving a reference sense signal and providing a

second sensing path to the third channel of the PMU.

8. The IC of claim 5 wherein the sense line has a DC level of accuracy of less than 1
mV.
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