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provided to certain sections of the pin slice circuits. If the steps of generating and
providing changes in the reference voltage levels require a large amount of time, then the
time to complete the full test session could become very long, especially if the test

25  session calls for the generation of sequences of hundreds of different reference voltage
levels. 1t is therefore very important for testers to communicate the desired reference
voltage level changes and generate new reference voltage levels quickly.

However, pin slice circuits must also generate and measure signals with a high

degree of accuracy. This is because any inaccuracy in signal levels generated or

30 measured by pin slice circuits will generally affect the accuracy of test results. In
particular, it is very important for pin slice circuits to generate stable voltage and current
levels during parametric tests. Further, pin slice circuits must generate and measure
signals at levels that are compatible with the semiconductor devices being tested.
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signals at levels that are conpatible with the sem conduct or devimﬁei ng
tested. :- 5 AUG 2003 One way of satisfying these conpeting rh‘écﬁji 1S

is to design pin slice circuits using a conbination of different conponent
technol ogi es. For exanple, pin slice circuits have been designed using a
conbi nati on of CMOS and bi pol ar conponent tecl 0 gi s Primarily because of
the | ow powep re%lfliccécerrenfts of CMOS conponents, CMOS 5 has becone the
t echnol ogy of "¢ SPUFLY FREICSOMpEERS resiremapsistosiesipd pid sivercpebits L ] ©
devi cesusipasemqbmatiby of ENVERTeRQFBPBRE! techn b t del vy -avail abl e and
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T an o o T AR i 28 mtles Seste St O apers wshmgersonic bwever
one shdleVEsHi Renssaueshi. @RS wimpouents hued gomb/idd e atMiRbRMhd Sltbak it can

|l ead tq hatd | -1 aracteri.stics., For, exanple,
e ey ater RS G AP bt Ll BB Rt lrsiBaiedevisana Lo vary

timng har act e )
from c&ﬁﬁbﬁétﬁ{ and smalier theimensionsmaf{GMES, coniponerys binardecteasddst i cs of COMOS
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causi ngompectconponents to heat-up. This increase in tenperature can 2 0

af fect pro ' u the CMOS.conponents. Generally, this
shortcoﬁi ngmﬁeb%fggkg%%cnoﬁé f}’gg%s 3% Pt jusing M QP technolagy is that ftor mance

Y of nostarisadiwpEtbimendurprediotsble titeing chsrabiedsits e FEMBnls, Githihg -1 n these

devi ceshapaeritSoabl Mesdierd FID ' i pt er,nal cl.ock. Such synchronous
i gn__technj ques are ofte?sﬁ@ggﬂ% %an gfﬁg%ﬁfiﬁ VY T CORPaRRt-to-

d
pleDJdi TEPRIEY of electronic circuits. 25 Although sone portions of pin

slice ci r cuFtrtherAlmalgsehab@tesliens COMISIcithbdhefts BhHeen BIIAS J05 1 oSTer
no e S Hilarl y

e T e O b L St bl W biOS o+ ponetare
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ot bMnérefdeOlkrebPcalidlAl thPcomponents to heat-up. This increase in temperature can
20  affect propagation delays through the CMOS components.
Generally, this shortcoming of CMOS technology does not seriously affect the
performance of most computers and electronic devices becanse CMOS circuits in these
devices are usuvally synchronized with an internal clock. Such synchronous design
techniques are often used to enhance the stability and predictability of electronic circuits.
25 Although some portions of pin slice circuits can also be synchronized with a clock
inside the tester, the timing of other portions of pin slice circuits cannot be similarly
synchronized. For example, the times at which pin slice circuits generate and measure
signals at pins of a DUT are usually determined by the DUT, not by a clock internal to
the tester.
30 Accordingly, when CMOS technology is used to implement circuitry for
generating timing signals in pin slice circuits, compensation techniques must generally be
used to improve the timing characteristics of the CMOS circuitry. Such compensation
techniques are described in US Pat. Application No. 08/510,079, assigned to
TERADYNE?®, Inc., Boston, Massachusetts, USA.
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technolQgy. For exanple, the pin slice circuits 114 include tim ng

generators 116, which may, be inplenmented using, CMOS tech-nolo gy. In this
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20 Each pin slice circuit 114 typically has portions that are implemented using either
CMOS or bipolar technology. For example, the pin stice circuits 114 include timing
generators 116, which may be implemented using CMOS technology. In this case, the
compensation techniques mentioned above are typically used to improve timing
characteristics of the CMOS circuits. The timing generators 116 produce timing signals

25  inresponse to commands from the test system controller 110 for determining times at
which driver/receiver channels 118 drive or measure digital signals at pins of the DUT
112,

The driver/receiver channels 118 in the pin slice circuits 114 are typically
implemented using bipolar technology. This ensures that the driver/receiver channels 118

30 have the capability of driving and measuring digital signals at pins of the DUT 112 at the
proper times.

Two of the pieces of information that the test system controller 110 uses to
control the pin slice circuits 114 indicate values of logical high and logical low levels to
be provided by the driver/receiver channels 118 to the DUT 112; and, values of logical



whi ch driver/receiver channel s 118 drive or neasure digital signals at
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20 120 in apin slice CII’CUlt 114 is active at one time. Accordingly, switches or relays (not

shown) are normally used to keep the driver/receiver channels 118 and the PMU’s 120
_ isolated from each other.
We have recognized that a significant part of the size and cost of a pin slice circuit
is due to the discrete analog circuitry used in the circuit. Because a tester may include
... 25  thousands of pin slice circuits, reducing the amount of discrete analog circuitry used
) could substantially affect the size and cost of the tester.
We have further recognized that another significant part of the size and cost of a
pin slice circuit is attributable to the size of IC’s used in the circuit.
It would therefore be desirable to have a tester with reduced size and cost that can
30  successfully test electronic devices or assemblies. It would also be desirable to achieve

reduced size and cost in a tester designed using pin slice architecture.
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pin slice. ci.fcuitry. The foregoing and other objects are achieved by
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of t h@rgideshioiciRuityaich pgyp dgyerdpepier gbanng! epd/erreparametis measuremeat udes
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20  circuitry for combining the multiple bit streams onto a limited number of lines.
According to another feature of the ihvention, the digital sigma delta decoder circuitry
includes circuitry for segregating the multiple bit streams from the limited number of
lines.
In another embodiment, a serial bit stream is provided to an integrated circuit
_ 25  chip. Next, circuitry on the integrated circuit chip is used to segregate the serial bit
E ) stream into a plurality of segregated bit streamns. The segregated bit streams are then used
to generate analog reference levels for driver/receiver circuitry in the integrated circuit
chip.
According to one feature, the integrated circuit chip is implemented using bipolar
30 technology. | |
In still another embodiment, a semiconductor wafer is provided with a plurality of
dies. Next, the dies are tested using driver/receiver circuitry implemented in an
integrated circuit chip, thereby identifying good dies. The good dies are then packaged.
According to one feature, the driver/receiver circuitry is provided with reference

35 levels produced from digital bit streams.
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Still further objects and advantages will become apparent from a consideration of
20 the ensuing description and drawings.



10" BRI EF DESCRI PTI ON OF THE DRAW NGS The invention will be better
understood by reference to the follow ng nore detail ed descri ptiﬁ)r‘f\%(;nm
acconpanying drawings in which FIG 1 is a block diagramof a conventi onal
tester using pin slice architecture; FIG 2A is a partial block diagram of
a pin slice circuit according to the invention; FIG 2B is a partial block
diagramof a pin slice circuit according to another enbodi nent of the
invention FIG 3A i s BR(]EF&‘DESERI\PH@@NIDFHMHDR@SNWGSM pin slice circuit

shown in FI B . vi.ew of ternative enbodi ment
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shown KhmﬂbﬁﬁeQanoﬁh&ﬂa@@numnmngdnewmgsnlwmmgranrof decoder circuitry
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in FIG 1. F1&csArndhdglaled tiew @p@rtsdﬂscegﬂed pifi Wlike Adchit bW iMPIGERA Y
replicated ?hj tP_@ﬁ{(—}ds llkel tho andsip tines in a tester
Furt her, i%??%ﬁ? 5?“& Btﬁ”mg PEY; ¢ PRNSBEI d normal 1y be
used for gener at inngpserecheneaismitiynmckidgd & the pirdslice\oiicsit slaiwramlemarz@t,e pi n of
a device un h FI G Because
ﬁf(rj 1€¥a %%tlc ﬁfﬁ%ﬁm’?gf @&%dgqrcuflt e% \cllmtglmtr}pﬁ,gg) ﬁhﬁ a tester,

the pin slice cTrcur ica 10

. there is a strong“@@bd@ﬁﬂtnlﬁﬁkﬁﬁia@dto reduce the size and cost of the pin

Jslice circupiG2id . @s 9 i of the
pin slice ci r%ur t a214lir%:ﬁégr§l% LRr(ggju('krcklesgrﬂr)E!r_l{(mg% &rauo% gé(god%gtglrg@ rsely

af fect the accuré@@w%f §rgnals gener at ed and neasured by the pin slice
circuit 214. For this reason, the pin slice circuit 214 is preferably

i npl emented using a 15 conbi nation of circuit technol ogies. In particular,
the pin slice circuit 214 includes a portion 240 inplenmented usi ng CMOS
technol ogy and a portion 242 inplenented using bipolar technol ogy.
Generally, circuitry inplenmented using CMOS technol ogy can be



made rel atively conpact, |ow cost, and |ow power. Further, circuitry

i npl ement ed using bipol ar technology general ly has superi or LI
characteristics and drive capabilities. 20 For exanple, em.tter- C@g%ﬂggﬁi

| ogi ¢ (ECL) provides the speed and drive required by nost pin slice
circuit applications. In this way, the size and cost of the pin slice
circuit 214 can be reduced while maintaining a high | evel of accuracy in
t he generated and mssmmﬁow@aﬂaJEPREhﬁRmpmcDDnﬂEmO i ncl udes sever al

copi es of a enerator,216,.. whi ch_. 25 enera roduces a timng
si gnal or @5{32 *%W& P&Héf”éb@ﬁ&tﬁ&fanwf?@ﬁé@%ﬁf%? Jf%l B?Fﬁ?@a"??fw t est
cycl e. théiprescnevengorr dhe pmplies ciofuit Hd it neantgo de neroap@anted intoleiestes e each

one can,. %ﬁfﬁgpé%%%%gtﬁgﬁ?‘é&s';‘ ?éé?etr? &Hfﬂllﬁ%{ 1(such as the test system

B

control rm ng "a specific function. For
exafpl e, oneAecordinglygdnaimslise cirewit Bt wonidrrmhhalw borepliated ahlgagener at i on of
a 30 4@ffreal dBlikelMMdRaRIOFR gﬁﬁlﬁeﬁlté&ﬁh ed to stop
the test Si gna ' eeneratlon ﬁ{esf , still ’anot C?t?%f:ﬁg&gg’nﬂerator can

be contHes flé%utt?d 4sw+én9ﬁéa lyhesed &f@weramnaamb@éasv@ag §1g@ﬁl§|an Wevele yet
anot heft 4 kéflaide Bﬂﬁraad@ﬁceqaamhestqpnﬁmoguhﬁesﬂ@D@anztsH@wﬁhﬂFPd; reasur enent .

The CMOS porgion 240 al $0 i.ncl s di delta nodul ator (DRAM 35
circuitry 2268 fhp‘inss 15 S5 l?ﬂ?ﬂ%??‘%‘@@ﬁ%ﬁ%@é@?“ys%‘?%’rﬂ EE8€CFol 1 er 110
annoi s thptre iser aifving ecomoridGnafd: tmsredhd‘eohe giroshicéosgofiat pirt dicetdingitt2a4a series

r ef S h C I- rcuit ovel way .of
u5| ng ?%%%%Ea‘i%) Stéﬂ?%u*‘?é’%g‘féz% %129 aH& ?J%E’théj 1R, “‘%}@6?‘{%585 i S
descr i bslycedhindeway thabébmot Emrf@\jﬂﬂﬁcpdmacma%ﬁ tht: signals @genetetedandi gi t al

)S| gnal nRLAGESBY ﬁ\éh@@mgﬁgm@ whi ch includes a progranmmabl e digital
si gnal proc ss a read/wite rrermr 285, _and anal og to-digital
converter lﬁeamm?eq%sw@arcaﬁa émefembhctmraﬁ@e@@ sged by the

digit aborﬁb@ﬁﬁtbn @f@ﬁﬂ&&d emgmgwscen pat8ulf) ehelisle sHBIditcREH 219 iBCIudeY 4 ggg andt ]
current oau tric asur ene In e
bi pol aPorf)lc?rt | élmg ?%%91 e@l}d@? tﬁ?r:%‘ Wﬁ@ﬁoﬁ%} g‘%zemi’lﬂe@gﬁ &¥¥n wit h
t he DEWipbkr teshielogy 2@enerally,sircvitty imptentdndDCingEUMQS tet:hmleg;ycanbmri ng that
t he Pwaag&mmgue&ﬁp%k va)(:o&t:ﬁﬁ'l@w%%?l Féﬂ&r%&uxﬁ%&'frﬁﬁ@ﬁwhﬁ&%& A novel

way of_ oper at evi ce i n,‘conj unctioh, Wt D/7AM . circuitry
226 | sblaPLaatf&B%@Pglssanqrﬂ W&Pmermwg Fraraiees 2uhBots sapabilisiest he

| meent Fm}caﬁipmgvemlmrl?doﬁpleaBag:@(ﬁ@b)ép@muﬁﬂk%peemﬂmme&e@ﬁ?eﬂ BnelogB7b are
|ncludedi ClVD?Q i on 240 i tead%f p E

pin slice c:rcmt ic thI'lS 7 this Way, the size and cost of the pin sllce circuit 214 can

be reduced while maintaining a high level of accuracy in the generated and measured

signals.
The CMOS portion 240 includes several copies of a timing generator 216, which
25  generally produces a timing signal or “edge” a programmed amount of time after the start
of a test cycle. There are several copies of the timing generator 216 because each one can
be controlled by a test system controller (such' as the test system controller 110 shown in
FIG. 1) for performing a specific fanction.
For example, one timing generator can be controlled to start the generation of a
30 test signal, while another timing generator can be controlled to stop the test signal
generation. Similarly, still another timing generator can be controlled to start the
measurement of a received signal, while yet another timing generator can be controlled to
stop the signal measurement.
The CMOS portion 240 also includes digital sigma delta modulator (DEAM)
35  circuitry 226, which is also controlled by the test system controller 110 and is preferably
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15 circuitry 226 of FIG 2A This alternative way of using the digital
signal processing device 280 to control the DC |evels produced %yﬂ\lﬂ}léﬂﬁﬁw
220 is also described in detail belowin reference to FIGS, 213 and 3B.
The CMOS portion 240 may include circuitry (not shown) with sequenti al
portions that can be synchronized with a clock (not shown) internal to the
tester. For 20 exanple, the timng generators 2116, the DY-AMcircuitry
226, asad fckreprazﬂtgnrtgadatsrajmmlg 1P b caES I Rged ek ﬁﬂta@é’ﬁ@seﬂm tidlplryslicacl ude

ci rcui t h Anehr. n i ter nal test
syst erﬁg%ﬁltggg = Q/\téﬂ%ast? rgétsélgiﬂle i s 8.”?%‘8?[2?54? ch{c{\‘ge%ﬁ% PO¥Ei on 240 of
the plwltsgﬂm&d‘tﬁcrlbcd in detaikbdlewusual | y not seriously affected by variations

in the timng A astich hed mgégfeudmgﬁggﬁg&ﬁmcwﬁﬁgdw

characteristic variati ons m e cau tors sucﬁ;as Changes in
the t evipel Welvdes dpragranppble shgitebsignal pricesspn 484, aoead/maitgeniary 286e frequency

of si gﬂ@hﬁawg-&pemﬂc&aﬁoehﬂgp,%nnﬁéﬂaﬁﬁel@2&6&%&1 B, FHMENR perfolif4MOS

portl 4 O I nc cerU|try not. sho anno

sinmil & éfg‘ﬁﬁgﬁf%}???wewq exiei28P drckide W@BEOTWQ%MOM&@ yrkeuredt  exanpl e,
the tdwelsigodieeebs Taqj’aﬁarﬂétﬁc afe@s@@ﬁ@ftahitymm)lnd ;ﬂmfpelapbeﬁi&ez@dges at
byt hdt ArBrnegs ey e anbet B Glichese ek D PaM Sl e e sl
t B¢ hnitgUe€ laels, theethyr adsiyng thedthe RMU220 pmdngpsgﬂgiﬂyatabﬂsDEhﬁ)htage ahdpr ove the
S EORIGELETA RblS0lor BB ENR SR in L i g AT 1O

proce@@%@@%@%%%%cﬂwmrdé@p‘hew benefits of the reduced size, cost, and

power of t [ifardfodP eRMollidéht 3ﬂﬁxe9ﬁvernﬂ§n Rh&wr uﬂzjﬁ} 2D % 'AF@orﬁfleftExu' t 214,

\(,:\ﬂialr :%l{lag‘%lf’lg?ﬁ%mﬁg%% %Jﬁg ﬁ’@&g %ro;i‘% 0;‘8;5%?‘5 ng’lell?)n&glﬂ of the p| n

siS cecieduiteyR26 RIG.r2e). UTles akerdativeavdyrfaingahe dtghahﬁghal%l&esﬁngar ametric -

Tﬁﬁﬁ%ﬁ%‘&ﬁ Pepnsotd Pﬁé@"%f§§§°d§%e§%b§c B0 s e iR Ssco0

t he p@rQ¢anCMIQSe2BGn vBded to the dr| ver/recel ver channel 218 in
the bi pol arhdOMOSBorba 246*31% IﬁEihH@&Muﬁﬁe(n‘b?Eh &%éngant ai ne driver
ating an

s come o e e LR ol A e R s
i20 t hexaptpdd, mertadugrmdrmnm@fm@ééhﬁzmcuttgezmtaad ﬂi@dﬁgﬁml@aﬂ he DI AM
C' r CLBIE)E&QS%Q Qedile HB6 %ygg&uﬁeoarcaﬂt% ('ngt oW OV & b bt sync%opfnzecf reuitry 228
with an internal test system clock. For this reason, this cn'cmtry in the CMOS portion
240 of the pin slice circuit 214 is usually not seriously affected by variations in the timing
characteristics of CMOS circuits. These timing characteristic variations may be caused
25 by factors such as changes in the temperature of the pin slice circuit 214, or changes in
the frequency of signals processed by the pin slice circuit 214.
However, the CMOS portion 240 may also include circuitry (not shown) that
cannot be similarly synchronized with an internal test system clock. For example, the
timing generators 216 are generally called upon to produce edges at times dictated by the
30  timing of the DUT, not at times solely determined by the internal test system clock. For
this reason, compensation techniques are preferably used in the timing generators 216 to
improve the timing characteristics of the CMOS circuits. In this way, the timing
generators 216, the pZAM circuitry 226, and the digital signal processing device 280 can
reap the benefits of the reduced size, cost, and power of the CMOS portion 240 of the pin



the bipolar portion 242. As nentioned above, this data relates tohtAg[ 2003
reference voltages wused by the pin slice circuit 214. Further, the data
produced by the DI-~Mcircuitry 226 is preferably in the f or m of 15 a
serial bit stream This is because the CMOS and bi pol ar portions 240 and
242 of the pin slice circuit 214 are preferably inplenmented as custom
ICs; and, we have recognized that the cost of customI|IC s can be reduced
by i nistice ciepit Ab4.mhilzerot béingisesowty affeetdd®ysvaridons i thgkiyning he DAM

ci rcui t(fh)ﬂra%ﬁ:ﬁsf? @ﬁﬁe@késggn 4?@4@ AD circuitry 228 using a 1-bit w de

line 244 ere requirin one _out put pad (not shown) on an IC2 0

i mpl ement i nglt ‘tﬁﬂépmlﬁl@ﬂﬂ Z)ﬂfmnaﬁld:emwcylt@dé inakpdets aphd/e(/mﬂewehovm) on

anot herchhfnel D 1P| £HRILERE hdRuR ' 228
provi decs eIt| pl agﬁggf erence l\llolh{ag{g@}gtwv?ﬁﬁ@ CTEIB\%é% ﬁﬁi Stéémannel 218
and® thé’ebfwﬁ ) eweuEREa8-provi ded by the DEAM ci rcwtry 226 on the

line 244, Tr[eledydgwplloae@eeuby%e ﬁhﬂﬂglgéne?al&sw&lesn&%lmw P8 2@{)& ooe 25

f | !
Gener aETRAE o THE AU REFRA et ) Riihe Do i BSIPILA“ FEPOUT 112, The DEAD

ci r cui driye226eiperchiadas QHﬂchmaine dmélea’xﬁnmmpa@étbla@ﬁﬁntr)p(rﬁft Sh@bh)y twenty

20 h 18. Thi b th |
ci v bui Plossatty 57 St B8 b Hlea MBI Manalk B0l 15 Bisf Actn B RERIAF ddBon i ¢
tehd(10) r eﬁenrlﬁé:e lnd;lilEt Iargﬁsrcé embodimvintiefiFi@ g che ditapraiucedy theer, the pin

I 20 ,
.Snbfin%t U P A s L il S A ST IR

with difeitaplar porBgn 242 (e mentipped Qf@é’ﬁs thgssiaéﬁfﬁelfmﬁttpém mfertllt& witages control
)S| gnal ﬁseuq)ytth@pﬁfgmeroire@l@gwer channel 218 i ndi cat| ng which reference .
vol tages togu vahg and | cal Iowlevels for the

di ff erent %'Cﬁ“r%i g%?%@““?é’%t‘iﬁzoos"%% 15 prgfezplly 1y the form 6| ect ed
origs o4 sariaé bit efrearan ddisvis Ibecages ther@d OSexnhdihipdlmeporiors-24 (Zarld :Blzrdiﬂm& ry 22-8.

ot 1 ni e CRCHPR (4 R rofElant 1A Ehe *%'“ﬁﬁ“%?%ﬂi“? LB KRR 0 Lo

t he r@ﬁ@h@ﬁ%@@é’%@ﬁ@?@%ﬂ by isducadiy raindmindegs ﬁlnﬁg’l13ﬁ30fmebstlm a pin of
t he DUT’4.1Zccoklimmgly, tmpﬁé%a@mlﬁ?m 95&%&4% ealew‘a’&mﬁ%um@zrs sinp gnal s to

t he P Q. .i tin erence volta use I n-producing and
measur? ﬁv%mg ? ?4?19% Y FApPLRRg only PH%B'QW“W@%O‘Z%"M& opgndfow out puts of
t 128 drimpdemerdingi the CMO8&moeionZZ4® anddnly one input pad (not shown) on another IC"

implementing the bipolar portion.

The DZ4D circuitry 228 provides multiple reference voltages to the
driver/receiver channel 218 and the PMU 220 using the data provided by the pZAM
circuitry 226 on the line 244. The driver/receiver channel 218 uses selected ones of these

25  reference voltages as logical high levels and logical low levels when generating or
mcasuring'digital signals at a pin of the DUT 112.

The DZAD circuitry 228 provides multiple reference voltages, preferably twenty
(20), to the driver/receiver channel 218. This is b:acause the pin slice circuit 214 is
typically implemented in a dual channel configuration with ten (10) reference voltages

30  provided to each channel. Further, the pin slice circuit 214 is typically used for testing
semiconductor devices implemented using different technologies, which may operate in
accordance with different logic levels. The test system controller 110 sends control
signals to the driver/receiver channel 218 indicating which reference voltages to use as
logical high levels and logical low levels for the different DUT technologies.
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the PMJ 220 providing signals and levels to a pin of the DUT 112 sshgﬁ gﬁg
sane line, it should be understood that only one of themis active

time and there is in fact no 1-0 contention for the line. Accordingly, the
test systemcontroller | 10 preferably controls | Z1, switches or relays
(not shown) for isolating the driver/rcceiver channel 218 and the PMJU 220
fromeach other during a test. The PMJ 220 al so provides indications of the

DC | evel s i tThpPdidced alsg uspresedfictfidiaaies obthgaeferapeorelagen gratiged by 280 on | i nes

283 anghZ2§BeirduirPant Gileddas tid\@ivetMRSiveBohANE 288 iseh theGRRRERE vhRagdiput s Of
the A-to-D _channel s 286&% 28§b. respectively. The A-to-D channels 286a
and 286¥ defiemedemeal ey levels osdhimid sigpalg; ‘éF?MUf@pﬁﬁse%Wéreby al F owi ng

T [le_ pr &Q‘%ﬁ@{v%ﬁgﬁé for @ﬁﬁd_ci'tngAamtm ﬂleﬁnﬁiﬂgQDC';lé\%Im affih bR RBOT mE f’lgﬁ'é val ;Jﬁs -
is _expecte = hi -t O- onveyters 0 . in ed in the

a s DSt onhien S aes Sontiol Siain s e ML AU atins ihishon

r esol utdferandeoroltapes pnee asprodudsdandmedsumnp ithoreqtitied DC eatlses. Further, the

processor 2 t.h N| ues Wi th.desjred val ues, '

i ch ny bARRGOAPEIGE A TGN Gdai of e ihvabldcli B BbASEL s o 1oos

t hat tthe PMUR20previding m@al;etgddl@/eifsdp arpan ofitheH2Udldd 2 msthgDiE: vaheibisg, 1t hen t he

proces ' i mSleRRN L e chosen

%ﬁldzﬁéludof t%yeSt%W%%m gﬂé Bﬁﬁ&h‘é?a&ﬂee,a?tﬁﬁx flefads i&g@gt L8

enbodi ment | | " For 2S exanp e _processor may i nstruct
t He t exntanyiondos s ding o Aceprdingdy; thegestsystenm coptolen 1 10qraiezably pestalsied to the

D7, AM siitchil bF 132 GnotlshewaPior miaﬂiagiﬂi@dﬁ@r@@&emr eRamePD 14 i theghgrence
ternatively, the processor 284 may.

volta rovi-de todthe PMJ) 220.

. di rec?@‘g@ﬂte? OhREdEME AtRS. | Circuitry 226 Over a digital control bus

. 7\)299. | n t heThd Pleflhak@alse plooitierimlicatibnt bfthe M@ kvelrit plodbtds3o tiBdigial 313, -t he
proces | f3%at ha: f ' a ' the PMJ
D20 by ol it Snte 0 oiting) S8 S4EY 2o8 1o Gu AR B SR G B 0
aller rfenned toipats offtheidrtad channglsgi8barnd 2¢tacspeasivebsi Blee deoilde 280 to
cont 1 hahitds 664 SitelsHbEQAE 06k B DD endNtidng ?c?@i§Wa1I ﬁ)rrﬁ?ﬂﬁ?e%ﬁrraﬂlg%dg n nore

e

et ol Do oD capect 2 ELhe b v S FT G SA ow etaTed
21- 0. ekpectedbthAtH-PROS-toFDecobvatAdvt Giot shiwin)y in2 Rfiled fre thedeso-Muthanptle DEAM s 330.
f\f) nf( ln%% trag% Fﬁ'@? ﬁort] ?n}ifc.{%gtegggﬁoggie Suftdient ?esmifgr ﬁe%’rcgr&ls?dr 2§h %] 'y
20  monitor the DC values.
Further, the processor 284 compares the monitored DC values with desired DC
values, which may be stored in the memory 285. If the processor 284 recognizes that the
monitored DC values do not match the desired DC values, then the processor 284 may
perform corrective actions depending upon the chosen embodiment of the PMU 220. For
. 25  example, the processor 284 may instruct the test system controller 110 to modify control
. ) signals provided to the p*AM circuitry 226, thereby adjusting selected ones of the
reference voltages provided to the PMU 220. Alternatively, the processor 284 may
directly control the DEAM circuitry 226 over a digital control bus 299. In the alternate
embodiment of the invention of FIGS. 2B and 3B, the processor 284 may modify the
30 levels of drive data provided to the PMU 220 by using the D-to-A channels 287a and
287b of FIG. 2B. These alternative ways of using the digital signal processing device
280 to control the DC levels produced by the PMU 220 will be described in more detail
below with respect to FIGS. 3A through 3C.
FIG. 3A shows detailed views of the DZAM circuitry 226, the DZAD circuitry
35 228, and the PMU 220.
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i npl enented with digital circuitry and used to re-quantize high re5oAUli2io]
digital input signals, thereby representing themas |ow resol ution nunbers
at a higher sanpling rate 5 and with little loss of fidelity. One reason
why D7ANI's are used in the present invention is that they can be easily
integrated with other circuits in the CMOS portion 240 of the pin slice
circuit 214 using known techni ques. Low resol ution, high-speed

digital-to M ) tane k hasl -bit
D-to-A Q nvg?@gigl antcgkﬁ ZZBQQEEJEE 'tﬁl(gé?eglgr eat & ?‘f?e %ﬁ%’w?)l?oe °&f er ence 10
vol tagé@ wr% RPT 1 8 B/SHEEL: bighlydiearinsar ggerithmithahesnii) 220. These

D-to- Amemayxeﬁtwh&tmgnmx@aﬁtj ahcf@sea t&ﬁztémnhfb lﬂgﬂ&%luﬂ%ﬁ%?%ta?r ¢l a
rese I'on of high .

bi pol ar. xgar{oﬁstg Accordi n %’a‘? hi s w, fesolutron re

r esol utFRS:dige YaTepF‘?Fﬁﬁtt‘“%&‘ﬁ sdowresphationguumbers a4 higker samplieg ratei ent way
of aecmammgmenesmmqmtﬁ Oavirébedha Mg s are aferigIEEpint ﬁ%ﬁn b the
blpola Inthe| | ustrative

rtlon 2.0 the cLrcuit
enbodi mg %e ag{l;@m te?lrﬁ'fl{}ﬁogﬁeé Cﬂcm@‘ﬁ%é“’éﬁﬁp%w Ojof théhe DAM
ci rcumlnyh@cﬁrcuﬁﬁls’r usinghlewaustechiiguddMJ 220 is shown with driver circuitry

392 and 39 di 12. The er, rcuitr
392 pr OVI lg}\;ﬂle h&?o t?’u& Sﬁﬁ‘lﬂrﬁff% [%ZP%I‘%% %(?'nmeft%rsaf Ies\f/egfllgd I glgl CZJ
hi gh Vi ag"él aS\lﬁ@t D-gj-fxicdogy4riers.taan theni bearsed for reaieateyth@ s ltjploefetesceDC | evel s

taot hﬂroﬁh% eshibed bme &ﬁ&@‘rﬁéd&&é? cRargd] SF8 &6d 86 PLAY gga' QD w eshol d

volta Accordi.n t errultl le DIAM s 3 are used 0 produce the
refer ﬁééeffFéﬁaéléé%ea&ﬁyg%%@a\? {n m‘F’tlmgﬁEﬁﬁ‘i EVepdn abiRalatseeess-hat t he nunber of
| )Dr iA\M Ac@3flingly this IDwAlbautienidprysentafén efhigh %Sbhﬂ‘loﬂ'dl’iﬁlﬁﬂ uiﬁ.lt siphgs ence
. Jvolta ADC| cuitr DC|rCU|try

" 228 p?%l\%/ilsg% %’%gqf’mé?%‘g?ﬁp%‘? ey ‘f‘i%‘é% “t‘\}}P,Ei? St"ﬂfcgﬁfﬁ; nYeE.\/R20) in the
pr ef errﬁ:fe@newdéﬁg@em thetthpolgy p'_ﬁWDnl?*ﬂlafthleynrQsaﬁeprretﬁxeﬁabl y includes twenty
(26) DSAM gn &R0uSRaR IRANAACHAREER1R PR, A SulifipHin BARBINGNGE Of swi t ched

const t va e test syst em con ch const ant

val ue® %‘?”1‘ &tﬁsibzs vm‘i‘??“ftﬁ’eﬁ/@e'ghlﬁ dcheprngedheP M3 230 isshewpevitholiivet ti me at
t he refreuien362 vl 3§ oopbPidingVBC IS to the 013101 MR2Phagsng bﬁl&xﬁéy\@bh ‘that

cause b et M IS RBO PG £5 ol Bheonkiostes e Raiplbereentimor o ar e

t hen &uvidatbd thecdrines rc:reuhtm/cﬁ 93rbeiged BCdeeels mrtue DUT &12that conffdten 107AD
G ¢ CUbdiEdfed RERal h%ﬂQBFcQHolH %HL%& W RelorBBU el YBLIASZARL 08P OF 1 he

DYAD circuitr Each out pu Ircuirtry 228 1S ¥ed to an
assi ghsd 0 8reduget f‘e‘iegfi‘%fi*f@é@tﬁﬁ‘iﬁvatanél\fnb}er the 12

It should be understood that the number of DEAM>s 330 in the DZAM circuitry
226 equals the number of reference voltages provided by the DZAD circuitry 228.
Because the DZAD circuitry 228 provides twenty (20) reference voltages (Vy, through
) 25  Vyg) in the preferred embodiment, the DZAM circuitry 226 preferably includes twenty
(20) DEAM:g 330, |
Each DZAM 339 accepts as its input a sequence of switched constant values

provided by the test system controller 110. Each constant value corresponds with the

desired DC level over some period of time at the reference voltage output Vp,, Vp,... or
30 Vpy associated with that modulator 330. Changing the constant value at the input ofa -

DZAM 330 causes the numbers provided by the D¥AM 330 1o change. These numbers

are then decoded, converted to analog levels, and filtered in the DZAD circuitry 228,

thereby resulting in a new DC level at an output of the DZAD circuitry 228. Each output

of the DZAD circuitry 228 is wired to an assigned voltage reference input at either the
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AUG 2003 driver/receiver channel 218 or the PNIU 220~ In this wa_y5 9\05 2003
reference voltages can be specified by a tester operator during

Programm ng of the test systemcontroller 110, The sequence of constant
val ues at the input of each D'."~"M 330 |I's then sanpled and converted by
the DI""M 330 usi ng known techniques into an over-sanpl ed, noise- shaped,
pul se-densi ty-nodul ated (ONPDM out put signal, which is preferably a | -bit
wi de outipet/restiveachaahelt i@ dritieoRidhc32mf Intthie wayethesafepdnca goltdges kar{ bot shown) .
Gener al |y, ' l. pt . ~1~ M| [ erized such
that ¢ REiTef Dy eV obe B SRR AL o B ek et B cver

gi ven per i odhefsequanse of sorstamaialtes athke mpaiof each 3806 thapsdmpledt he DEAM

over thg, SaRrBE by PEAM ABg us‘}ﬁ%% ggécé%iﬁuéﬁﬁtd%rﬁgée'}dsém R:td?ﬁ?&seqr oduce

ONPDM out put signals with aver aﬁ Sﬁ)t) sities equal t e const ant

val Bies skaped Hlse-density gnodulated (ONPRMoutput signp which is argferablnkbii gh

resol Uli@odtp@i sudhny ARREREAIALY OtheovENGmAAias iIRW (B¥l hehad- 6By, r ef erence
vol t age, ?‘ﬂ’q}ﬁ QVi (iles c]an é)ger- ml,egﬁ noi se- sh%pgld | ow resol ut’ign,

di gi t a1l wepAl arodquced Bue it at's sharaperizen svch Gabagverparedensii ofy qui st
15 sanpigitabpdlsadt eRe@NPDN e nanPLtr aiestdperiod BE SrieSis bedusthei®en of the

noi se g%nerlati?ed UrLn thgrre- uanti zati on ém Iel e ¢ nt]altglg SAM-
frequefted BORRMT K e S 5 - b AYva st ST 5199 Of Bien {8€0rg ¥y 8 (See FIG
3A)0 as3ihproducpOiNFavipheput atgrals svithnaveespeaullse Asnsthesequil ohbe comstaguant | zat i on

noi se LS rally shaped into high frequencies, |ess noise appears
at thepél}gﬁal}ttgelf)?]%tﬁﬁé ?Rﬂ %%] | ow pass filters 339. This nmanner of

_._generating Humhgheschlire somplastthe high rexohusiom digita) senetestrtina of ieen noved
T 10 a NEdsRredeNittRdl-gndlsY tefrBn@ivoltige, fah8 PR a8 REEE-EHRIES HoRBTEAbe. known. as
"noi se; shageld . O\S/cgr.- slzjnpl | 2% ".In the Pr ef err ed enbadi ment. each Dl ~' M 330
pr oduc¥’ BePiHHPm-CHRR! SLF ek at U3 PIPURE' 3 BiedPdrS BN MRABTHY A Fows t he
r g essnipingdrequensy gfitht ifpug sigeaiciTdss isbetamsamoblygfiths hoike perderaéd 2. 5 MHz. | f
t he an _ e : esl | t rolls
77 SR MM AL e e TR Py B ISR
the alo pags Sltersud3 SaeriliCHd )k the pupsempls rate infncetisds axpertefdheo be
suf fi ClegfHfantifatRnNbifSov?ad §Rc@lPiHaped GRFhigh Wt ReshdigdaiRhge | evel .
As nentioned abO\fe, %}25 cost of f_i:ust,%? Ll'gl s _can bF reduced by m ni m zi ng
the rAiHBRPUTBRIS I {ie B7Iqeov Rass filtprs;3 38 LEis Tearuisr of eFErASRBBMBHSE FHIE s
geer admplutbiafcat h&aﬁﬂwﬂadﬂ\ﬂcﬁse&&@ bagrempred todatotealeairable poyioaxdithe332, whi ch
pr Oducﬁgqu%n&} %EH:HH& B!)r%)ﬁ'?oqlly known as “noise-shaped, over-sampling.”
In the preferred embodiment, each DZAM 339 produces output samples at a
sampling rate of 5 MHz, which allows the representation of signal frequencies up to a
Nyaquist limit of 2.5 MHz. If the analog low pass filters 338 are designed for a pass-band
25 that rolls off steeply after 10kHz, then the ratio of the over-sampled bandwidth to the
analog output bandwidth will be 250 to 1, which is expected to be sufficient to provide
analog output signals with the desired noise level.
As mentioned above, the cost of custom IC’s can be reduced by minimizing the
number of pins on the IC’s. For this reason, the ONPDM outputs generated by the
30 DIAMg330are provided to a multiplexor 332, which produces a time-multiplexed
sequence of the outputs from the DZAM:s 330 on the 1-bit wide line 244.
In particular, the DZAMyg 330 preferably sample the vaiues at their inputs
synchronously. Consequently, bits in the output streams produced by respective pZAM:g
330 are presented to the inputs of the multiplexor 332 in a synchronous manner. Further,
35 the inputs of the multiplexor 332 are sequentially selected by a counter 334. In this way,
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1AM's 330 on the 1-bit wide line 244. sequence of the outputs fromt Dg 2II‘DHI
In particular, the DIAMs 330 preferably sanple the values at t Hebr A 0d
synchronously. Consequently, bits in the output streans produced by_
respective D'"AMs 330 are presented to the inputs of the multiplexor 332
in a synchronous manner. Further, 35 the inputs of the nultiplexor 332 are
sequentially selected by a counter 334. In this vvay 13 - 5 AUG 20 3 the
bits in shrevt on the
1-bit vmt}y‘[ﬁtsqmlpé%%gﬁ{sﬁl%g& % tlBék/n%ljnner[g3 Oare H%acon%‘a l};\ebpb i fie DRAM
ci rcui t Hpe %lrpa@rqyﬁa%ﬂlynann@n udes twenty (20) DEAM s 330. This neans that

the multipl eQrmd3dnel sﬁ&rea&kbffm cixle@iﬂwz%ﬁﬂ%]fefa%ﬂv.haud% e?uf%@' ni ng

twenty b%%?MPDM out puts on i ne Zﬁl I nput s of
the mul >§(§|303§illsam§af§éhﬁjéli*ﬁmalthgé%?cp@&rwym%t%@mﬁ( ) igs4s fom t hi s
way, 5 bi &@nbﬂmﬂghwenwpym)m H@BHE oRRINELILDYPUDR iNERTNt 2R) i § 330 are

pI aced on 4 nner. _The test syst m control |l er
10 1 s ‘Q‘fa%ﬁ%réf?oareci?ﬂ“%ﬁuﬁﬁf%@%m%y e epuRer THe In 55 BGbinkiEr n3Ba 1 o
ens ure outpht stieems provdueed BB theaoanty 20 DBOYhs 3@ arpleke oayE: BnOPLY iphen a

new set g{la‘; a{aym&ZO) bits is available at the inputs of the nultiplexor
332. Act the clock frequency of the counter g34 must be twenty

(20) times t Ehe @awswﬁgccrlﬁmldelofmtlhemgmmé t@astrolgie >N s pae hiad ties
sanp) | Nl BseRsindite élaMﬁié € colill 3305303 3hel D 5&?{&; Jé Y Seh L7 1 he
counter 334 pre erab e CO rg eam on t he
line 2408Y %etto B¥eIRY Qﬂ)d&a ig %Yaﬁalglﬁ At the ipuRsseldhe medtiplexnr 33de dceordingdy, DEAD
.~ Ci rcui tthy cRRB freqbéncyhifiilie (fdﬁﬂtcs B84 magi’hd ts«eugegoy 9m%§ﬂ{e%ﬁ1tpﬁ W%'Pﬁe oFhPut

3t eampEmLs e LMY kA b eblerey S s WEBE e epeeey ek o

programimkﬁrﬁ:qucmnofﬁhecbﬂrmerzﬁﬂﬁlxspmfardﬂydDOMHkock signal on line 362 and a
S si gnal [ [ rticular, the
ynig g 'Flﬂ:(! néi ;ix?r %ﬂ t]gé lé&f%iét?ﬁ thenc rP?%ZCl tc! A l?ﬁ r§§|§y

frequenc% the c reg i 5f n the
line 3637#ngud ‘?éh‘ﬂéhe F’Eﬁ‘r‘!@r)f Bﬁ'o“;hlﬁﬁ)fealﬁ@r 3:36u$1t1éqd @MgreE@iﬁ thxanpl e, a

100 M‘%ut;ﬁ.it@ﬁkan@@ﬁt)tiﬁ&dt@ thé) Bvéi@ (05 D238V m&nkﬁ@cdﬁ%lhwb& gf 3 )2- to
produce, a_bi L a nF‘f{g“Fﬁij le 244 at a L ency o Thi s nmeans
Dhat t RECERiop s {46 a4t cFSS b b PR arosrammed oo ppaobt o |
order tthe appilicationvefa glo¢iREgnddiondina362 ahd aeynadigndl weiing 362@9 the shift
20  register 337.
In particular, the frequency of the clock signal applied to the shift register 337 on
the line 362 must equal the clock frequency of the counter 334. For example, a 100 MHz
clock applied to the counter 334 causes the multiplexor 332 to produce a bit stream on the
line 244 at a frequency of 100 MHz. This means that the shift register 337 must also be
25  clocked at a 100 MHz rate in order to shift twenty (20) bits at a time into twenty (20) |
registers 336. Further, whenever a new set of twenty (20) bits is available in the registers
336, outputs of the registers 336 are enabled and twenty (20) data pulses are
simultaneously presented to twenty (20) identical synchronizing gates 339. In this way,
each gate 339 is presented with a bit stream produced by a respective DZAM 330,
30 The test system controller 110 provides each gate 339 with a window signal on
line 366. The window signal is preferably a differential signal for maximizing edge
timing accuracy. For this reason, the line 366 is shown as a 2-bit wide line. Further, the
window signal is used in conjunction with the gates 339 for controlling the width of the
data pulses, and for ensuring that the data pulses in each stream are spaced far enough
35  apart so that settling time does not affect the data pulse width.
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regi sters 336. Further, whenever a new set of twenty (20) bits is available
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filters are -not critica e 1nv tages VR
thW)ugF\e grence voltgegiodBedmyer cHeuipy39828d 398 are then provided to sel ection

circuitry 3%6r ¢>&@ipl@l&1di :ﬁ:ﬂbcﬁb{i’ cﬂMﬂtrﬁgg(J 1sTdb%%rbﬁ§dt bﬁ%@fg%w%ﬁé esllot ' ise
rogra r e se ircuitr re resenting ti
. Br oger R'lfqulrglfzg? gﬁc%’VBF'f%‘&éésg ‘?H%f cﬁ?slp\?%tfve Y “Z*U ‘ﬁ-’dtagg ). For
_ Jexanpl Eyvelshsingelrive datarpravidalibst thy d3Hel mgnaiq:m(bcre@hhgde*h@c m@um tiges 28T ence.

o \\I/\ﬁ: Eﬁggido%]%dsl H@C\(/oim etlgvélbﬁla? %Eéﬁ{dugécf &Hh&%l %? épprogch%?é’gmr e%%t 11:/3: %/ al

silghal mﬁ@é@@%@/ﬁb@ﬁs@ threggh pense mssstezsiw amiﬁ%znd FThichps 39dlandge | evel s
may be3qy eslteasuniitth, val ues approaching VRI a d V n 112 is and then

sel ectively sse sens resisters 397 and 398, and sw tches 394
and 395, ﬁBre%fﬂeJleP;’%g ‘He‘fth e Frixerireats d5band sehare thesares 234805 rcui t s

392 amaked n) ﬂle?dram:ﬂrdcbﬂe&afcnﬂryﬂl g ﬂ&Sdby d@ﬁ&ilbuhﬂg &@@ﬁﬁm\&'ﬁéiéﬁ@}eiﬂ/ er

cost - ittt QLR RRURToREL G, Wby B8 a2 S8 50 reacs ar o 20

c @fnecaoageqted toselesteddefeeshes voltagey CﬂuPIagﬁek’m(@chm as shﬂn)amﬂ V, inpuéssosshown) ,
and V., the dfiPéts 399 8nd 393 are connected to ground. This allows the drivers 392 and 393 to
produce DC voltage levels within the ranges 0 to Vy, volts, and 0 to Vy, volts,

respectively.
Further, the sense resistors 397 and 398 are preferably implemented on the IC
25  implementing the bipolar portion 242, thereby minimizing the number of pins required on
the bipolar IC and contributing to optimal efficiency in printed circuit board area and
cost.. However, the resistors 397 and 398 might alternatively be implemented “off-chip”
as discrete resistors if the area available on the bipolar IC is restricted. In addition, the
switches 394 and 395 are preferably implemented off-chip as relays or optically isolated
30 FET’s for minimizing noise.

In the alternate embodiment of FIGS. 2B and 3B, the digital signal processing
device 280 may provide drive data to the driver circuits 392 and 393 through the D-to-A
converters 287a and 287b. In this way, the device 280 can specify both the duration and
the value of the DC levels produced by the drivers 392 and 393. In particular, the

35  processor 284 may be programmed for sequentially providing specific values to the D-to-
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Wi deki gBEcPtH ﬂ@vﬁi’é bW PO cub 880k Bpthisq{as% rz‘ieshﬂléhl\é%a fﬁn{g%%%go f Fly =,

digital # ci§§s ng devi ce
2A and Tegigtor %‘PH F -pPEAIE rmq:ﬁﬁ% hasadafined ggin, ﬁwc‘@é‘!q ¢fghe he DUT
)ﬁth t hefeFH»ﬂtde 23Nagel Wi e htaabl thieh BE b&lé&éd 1) ﬂr@Mﬂ@Hlfulﬁlgéaj@%lﬁ’é—gtehou‘éﬁﬁtshﬁﬂasa”d ?
igh c ou L on es o e sense resistors
397 an?’ Véfg é“r"é‘t’ﬁ%&ﬁﬁ? BOI[S‘FS&’\?Pﬂ'éIg@% F?ai%lcqr’iﬁﬁt SHRULYGH dﬂé QWO | evel s.
101For medaifpiseneansdhag alhchcarmespaniding fitlhscatbrpover 18/¢) woldhteduabtosend®. r esi st or

3 97 mayBee l}ﬁ’@?' Lgne ghérﬁﬁegrmada%d%@@ﬂe?ggﬁﬁ‘bgﬁ%é #:E gct)nﬁ@tnté%'lé- ase.

SU|tabIe val or the sense resistor Fhe drlver
392 hadlat. T 2lseemegas that thaeorasneadine Liffecurreat evipnteovlst hergoal t9,30my. then be

Z ngfé Ieﬁ to Fl%ftﬁgﬂ g&r@tﬁ Hiclucﬁﬁglﬂﬂ: ARkt mlea]ﬂgidggéenﬁf ‘r'é's*i';;[t@is3982m fgé E S equal to
215, i ltadoniandt ¢ AR Bhe bt leuo i ¥eid RaeBlecinby tesete woul o be
eqrial tesistorrAA8 may be 40 %2, Because the drivers 392 and 393 preferably have the same
defined gains, the value of the reference voltage, Vy,, may also be selected to provide a
full-scale voltage output such as 2 volts. Accordingly, the corresponding full-scale
current output would be equal to 50 mA. This means that the corresponding full-scale
power level would be equal to 100 mW, and the corresponding LSB current output
25  (assuming a 16-bit D-to-A converter) would be equal to about 0.8 HA.
Although specific values are described above for the sense resistors 397 and 398,
it should be understood that other suitable values might also be used. For example, the
values for the sense resistors 397 and 398 might be specified not only for satisfying the
desired high and low DC current levels, but also for matching impedances of outputs of
30 the pin slice circuit 214 and corresponding pins of the DUT 112. :
The DC levels produced by the drivers 392 and 393 are then provided to the DUT
112 through the switches 394 and 395. The test system controller 110 is programmed to
control the switches 394 and 395, thereby presenting a desired DC level to a pin (not
shown) of the DUT 112.
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resistor 398 may be 40 R Because the drivers 392 and 393 preferably have

the same def waeseS@dRa thitheisWehtgnghtahDer b&fﬁfcéeﬁ&ité%fo@%mggéw% tfsmy al so

be sel elg to grovi de a fal | - Scal’e vol t age qut put such as e

Accordﬁ%]’ tage 3ad curetd ek e RArFEEiS tests. CiRs srhecaise guy nsablity be equal t o

50 mA. thehieRemmeaiBCldals hg caneieaponsicnt fostiresudGaksach ReWBNit, aysh poul d be
correspondi ng LSB.curre out put .25 (assum ng a

equal t9 1%8 rtx'vc\l6 and .t he ge l ?%

16- bi t SBSFOORIANS SPH) Presise a9 Emnstaire g atisedng Re i fliSugh speci fi c
val fies ciamstsd Fsc thibedsab theeDEonitpeleseinmoduced by teither 1B ArivsrB9398.,393i¢ shoul d
be und : | m._ght sqQ bhe .used., For exanpl e,
the v {oﬁéégﬁﬁ%piﬁgﬁég%ngfpﬂ%&?&%&@%ﬁgﬁgq%ﬁ% &Sfforgérlgi)b §¥f%ed not onl y
for sadystemyperjratiee ! 1 Qsdrpgranimehtoatiateomene tswitahes B/aidsioDtherethyso f or
mat chi dritiRe G : i ' (e ' 14 -and
corresﬁg?\éli g pi%gsvc??tfagﬁ%agve r%gﬁféze'd héﬂ%%ﬂﬁgggg 5‘3‘5‘;)2?%r l??:ggh%yg'g[%ydri vers
3922 aﬁ@%@%é?-e then provided to the DUT 112 tbrouah the switches 3 94
andh 335. ggﬁuﬂ;}ﬁd,tthSY’gISISQQOQﬁU]%dI@diﬂ’érehtial@rﬂpﬁﬁgfsqgﬁ%HH%d d9,|t\9hic{§0nt rol the(
swi t ches and. ' there rese n esire vcl to a pin (not
shown) PEFU&e %azrdssl emé/%ﬁfq%ﬁ%m?dn%& F?Sp?célv\?grcﬁn‘fﬂ’i%?qté]?ﬁ for pin
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caus ednepsured @acess el theigense msister 3 dri38fpethgtArteDydmie 286% ontlieect i ng t he

PhB Sllinee@s8. BethbbeliBe sdnlé rdsibidts BORIAN398 RiveRbedifbd fdfed fie cQL{}Qﬂﬁced by
ed to the digital signal processing

ei ther, the driver 392 or 3 IS rovid

devi cdS8OPRAUs ALY ‘gséiﬂ"ﬁ(ég’%?&flﬂégé cap Reegsgy detegpined fomptherpgaseed 110 i s

pr ogr dnwditage lacdlslat e one of the switches 394 and 395, thereby presenting
t he DC vol tpge, | Lther the i 92 or 393 to the A
to-D. charisBes iyl 280 a2 fon HER bl the BFusdBe e Bl a

anpl i flines 38Band 2%k repectively.dnto digitel foren.t Fiwthen|thapmeeson2ds ishe sense

r 8§i stp%%ammdaaqeaa%ﬁm Esieatd el \vonag@@ev@{%?&?titehnﬁemmed vol tages to

a multjple 390Q.._The test. system control O1s programmed to emt a
sel ectdngFrﬁry?%? wa%ﬁérwﬁvﬁrﬂ%i@rfwe@ Dhaltags anst exeest ﬁ?‘{@'gst he DC vol t age
| evel For example, FIG. 3A shows the case where the processor 284 monitors and

controls DC levels produced by the driver 392. Accordingly, test system controller 110

emits a control signal to actuate the switch 394. Because only one of the DC levels

) 25  produced by the drivers 392 and 393 may appear on the line 283 at one time, the switch

395 is shown in the “open” position. Consequently, the DC level produced by the driver
392 is provided to the A-to-D channe! 286a on the line 283.
Further, the test system controller 110 emits a select signal to the multiplexor 390,
thereby causing the level measured by the differential amplifier 391 to be placed on the
30 line 288. Consequently, this measured level is provided to the A-to-D channel 286b on
the line 288.
Next, the A-to-D channels 286a and 286b convert the DC levels into digital form
and the processor 284 reads in the converted levels. The processor 284 can therefore
either directly monitor the DC voltage level produced by the driver 392 on the line 283,
35  or calculate the DC current level produced by the driver 392 using the measured voltage
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measured across either the sense resistor 397 or 398 to the A-to-D channel
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“Iby the Z%IféeegéSf 2@9&&&&9%&1% %é%&%&/&lcwgﬁﬂ%?drﬁzeélﬁz?agﬁgseafo1}, (On the

i ne t{: en corpares ése Tevels wth
desi re’@a‘x‘r‘Bl %%lrsﬁiv\@fs &IIFPrtB%PTOFe“\?@l 4 agfustsiha PE levels byl changingtheenory 285

at1g hereﬁdrézﬁde \Qﬂitagé @els68), ah@ V). OThe ;ﬁb&&ora&; a{wef% ARLW thl €est @;gs%emher e the

processor rs and_contr .ol e é rodu the driver
o2 Apraiics KO PebBhgs, 21 Rr QR e udnies L fhes Pl Yegeadl st o ¢ ne
swi t chinB4, of tdpenodidatoss\B 3cdss@a&ed atl thnteference eblages 3/ gand Vi, puntilithe
mul ti S f I lifier 391 to
be pl g&gg@& le¥e a}é‘f’éhlé‘v%g tﬁ'lg'ﬁla;ﬁ lifl@&'i?]t?l S@HFP;% régs%igedyv 01% 28%rgﬂtsure% £ the
dri vertBatibe PN 239 grme%@qultgdstglge DC voltage and current levels. Alternatxvely,
20  the processor 284 could directly control the sequences of switched constant values
described by the modulators 330 by issuing appropriate commands over the control bus

299.
It should be noted that the reference voltages Vy, through V,, might be similarly

provided to selection circuitry (not shown) included in the driver/receiver circuitry 218.

) 25  The test system controller 110 would therefore be programmed to control this selection

circuitry for presenting the proper reference voltages to drivers (not shown) and
comparators (not shown) in the driver/receiver circuitry 218.
FIGS. 2B and 3B show an alterate embodiment of the invention where the digital
- signal processing device 280 provides drive data to the drivers 392 and 393 on the lines
30 281 and 282, respectively. Accordingly, if the processor 284 concludes based on the

prior comparisons that the DC levels produced by the drivers 392 and 393 do not match
the desired levels, then the processor 284 adjusts the DC Jevels by changing the
magnitude of values it presents to the D-to-A channels 287a and 287b, thereby changing
the levels of the drive data on the lines 281 and 282 until the desired levels are achieved.
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10 sel ected ones of the references voltages provided by the D5-'~'D
circuitry 228. For exanple, the input of the driver 392 myy BodUgog@(3ed to
the reference voltage, V1,1li and the input of the driver 393 maybe coupl ed
to the reference voltage, V. Accordingly, if the processor 284 concl udes
that the DC | evel s produced by the drivers 392 and 393 do not nmatch the
desired |l evels, then the processor 284 adjusts the DC IeveI s by changi ng

the 15 ref FRNGE Hohlsauenb@Ml ddfm Gk M AT cBRO°RS &% A gdienel ore
as a roprla , the

directs, t test syste cont r ol I 10 to c

sequenlcspé)'sl{}g%<Z bt gt ’teé%éﬂ Og]‘bcr?éﬁ’é(ﬁt‘e Wﬁl@?ﬂ‘oéﬁﬁt ﬁé’fo‘fl ﬂosﬂ‘l@ﬁr -‘tt megistotidd@t or s 330
associ ainetle mlftheglbm 58T en eRameval! BaasoMhg reg]@ﬁ&s Y36- mﬁfd ht3*3% 2¢Aesi red

| evel s nal eSS|ng devi ce 280

e.achi In.this.
ensur 8¢ H@f mfﬁ’ge PRBCSHS rﬁ?‘&ﬁ{fygg aﬂgfﬁ#rqi’}é‘ g1y 9 am Wt%da’@%“%nd current
| egel sonpértionalddiflipifiops. EOrthdreeaph of tesespedtBa registett 49i0re6 béyalgont rol the

seque%ﬁﬁecggdag\ghgmqug@nﬁant val ues descri bed by the nodul ators 330 by
i ssui ng appropriate comands over the control bus 299. It should be noted

that the refenentianedaborgdhe sif ragintadgh 15\4116fe2ablyrclghkedm asl0fi Matd y  provi ded
to seksgtih Qﬂle?iors%‘& ft\wntg 90) bR B the Bl pgsﬂ ﬁghet mi 445 ﬁ{:‘%&%}; er

circuitry 218. he tesf system control eretore
progr & Sg‘f"@”@@ﬁt rAACoFHng! Ys’éP aB9 Mz clesk wpreviged t@rthfpl’@B@Q’imeng t he pr oper

r eb er egigeisal7) @gabe tife 962, VRirthef n;ﬂien&h;@%)awas@ﬂoﬁ%%f (Qb%ﬁs {snQhiisewn) in

the dci ver/receiver ow an alternate

enmbodt tre@Fth‘f?eregﬁfF %J(li) %ﬂ@? é‘gf’ﬂés ﬁ??ﬂﬁeg an ﬂ%‘? J@‘?‘Pﬁ 4y thsgelaslatfingyi ce 280
. provi testweniyu@0)ibitssintthe tdspedtive veisters 922 aBecadSsthe Rets b t\lvé:rﬁf? $20)H1ts281 and

282, ssor 284 cancl.udes based on the
pri orEu% rrpQ%Ir'a{l oérll}sgclffﬁjclfl %tﬂ%?%@f?réég éthap]r(gf &d oty PEREPERS 25 Gnd 393 do
not nif'®K lineRe4 gesp MHzrevel s, then the processor 284 adjusts the DC | evel s
bys changi ngatiet ofT’BﬁQlaTtéHéﬁ ni)fhe\fé’élé{@é 4’7."9, afy tﬁé@?ﬁe? il e %ﬁ‘{)%é%schannel S

287a 87b, t ereb ha n evel s o e drive on the lines
281 ag'géj 2’32“%‘?}’ eﬂ’ﬁ@ F‘-‘wdgrtﬁlqggé%ﬁ@lﬂgﬂﬁma LtNPegrsRiconfRumiom di® FI G 3C
showsopersitdresfihe syrii fagesedBOQhayt hreddstiiad Gising Uhd ﬁffu 2Bagrath #RMi RUHIEy . the
100 bit stream produced by the nultiplexor 332 is provided to the first

register 336- 1 in the shift register 337 on the Iine 244. Each of the
regi st ers Boexpmpls, diligh4 sBBv0serios of datapilyes andinedty 4r(EHPeRC), wehiclei st ers 470

B AhnciBl EalBpul\St SRIMENNE SaSs 1) ProQRUCH d0GiR EA&eQB&L&}PS-
urt her beach of ducedrbes nethItlYeeD ]St ers Y apgonnect ed as
showrt |an lf:q;t@amg)@o y one o s 330. Further, because.each D 330
preferably samples the value at its input using a sampling frequency of 5 MHz, the width
of each data pulse on the line 474 is 200 Msecs. Accordingly, a data bit with a value of
logical “1” occurs between times 1 and 200 Msecs; a data bit with a value of logical “0”
25  occurs between times 200 Msecs and 400 Msecs; and, a data bit with a value of logical “1”
occurs between times 400 "secs and 600 Msecs.
_ FIG. 4 also shows the window signal on the line 366. As mentioned above, the
window signal is preferably a differential signal. Accordingly, FIG. 3A shows the line
366 as a 2-bit wide line connected to two inputs of each sync gate 339.
30 We have recognized that accuracy can be improved by precisely controlling the
width and spacing of the data pulses provided by the registers 472. To this end, the sync
gate 339 synchronizes the data on the line 474 with the window signal on the line 366.
The synchronized data on the line 476 (FIG. 4) is then presented to the filter 338.
As shown in FIG. 4, the width of the data pulses on the line 476 equals the width

35  of the pulses on the line 366; and, the minimum spacing between adjacent data pulses on
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As nentioned above, the shift register 337 is preferably clogﬁi l@%ZﬁW§OO
MHz rate in order to shift twenty (20) bits fromthe bit sﬂrelﬁ

line 244 into the twenty (20) registers 336. Accordingly,_ the 100 Mz
clock is provided to the respective 10 registers 470 on the line 362.
Further, whenever a new set of twenty (20) bits is available in the
respective registers 470, the sync signal is applied on the |ine 364,

t her ebyh¢ hee#T6ig equsldo theesphying BBjwdeh tlse pulsdshe the HRESE6 VBRG] s s 472.

B f bI | ack. to th

Coq ot S P2 froblact B RAR 9T # BiiE oG Hatuspifibetel o Oa 11 ne

364 at the Rgater@O@rovidss puwse weth acﬁxetll\«‘tflsltli mtthélﬁﬂen 33& h@ltdrﬁzﬁhfaﬂ ip 472 are
£

then pﬁl?esr%gisﬁ';‘ilflt?@ I’J‘ﬁ‘d&%ﬂ\?s @?%?c:_a \A\l@llaﬁhal 1%218 u?ﬁg tEd !‘" Lng a

convent | ong %gue configuration. opera ates 339
may® be fdd ?Flﬁ@cﬂa 13¥pendena pulse tp tbﬁﬁgpaai&hﬁmlly,nha:ﬁmers@:as Eonwm(arrpl e,

FIG 4 tnbouanitshehdS o mmlijt]§§3spm lifits G obhdebie ViR eq kSR S 2

connected t e_sync gates e serl
pul ses %S&epg%(g&f‘é@g?eovojtag?stnssﬁ 48R Yroduced by one of the DIAM s 330.

Further, bethuing desaibeDoné Mn338imeak, efuﬁ{ea@&syalﬁ:mbeénibhhuféaﬁ alt Its i nﬁut
usi ng fre n of 5 eac ata, pul se on the
line 474 ?a%ﬂ%@%g&eg%% %éF W&%Q?%?%Pé%ﬁman Slgeareyit hag agi cal " 1"
ockdr sCh@SvEeﬁlonanég bijdardJoimm msd,cﬂaat thediailﬁg Qeﬁeratbi ﬁhcﬁthmﬁfe of logical
"o 2 [ Ll s ._and data bit with

a val (L)I(f | ogl ca occurs Olsecs. FI G
4 als %W\R%CQWECWW%W%I@WMU@W tlhTéle IhlméalaﬁﬁtlomsHWnertthwad)ove t he

wi ndowneretyan 1ll|u§tréif\@fe%xﬁﬁiey Thediih El%eed?fchﬁ' h%@éo eBGREY Vgiu!i‘g et & SA

shows the. .t ‘wde line co necte I np u ot each
sync gar# Sté’é‘&?‘sgbﬁxﬁéﬁﬁ’%ﬂ#g&f@]m PEHORhat accuracy can be i nproved by

pﬁém sely cortexamplenthetiived dmdditshmﬁmﬁltrﬁ Beghtte 1ﬁ$l§%éghem(1ﬁé E:I\@@JS %@,ﬁlcg{] ov |d ded by
the r t £ s a synchropj zes the data on
the | ?%h§&’%m ééﬁﬂ?%ghew&r? ggvptgq%l%a ng(% nlglmeeg[f fﬁ?a@é@s BTBURIPIRF 8Rd zed dat a
on t heé* 9ouRteT.And then segregptingthethitstigams eninga shift tdyestdri |mmheaaﬂs w%&lds hown in
FI G 4eq111ﬂﬂn&teqﬁﬁ*s i‘ﬁfcoh‘gﬂadﬁéfr% T ﬁﬁ%a%%n{h% rbfefGcé z&tﬁ@ E\A dth 35

Gt o gFetied Bty 1 e GRS 7 e diardposreenobennsd n mmﬁg’ Pl Ses

0R0t hdC] whizh3661d rﬁakettheresu]ti‘ngtsljrﬁtemr legl Giseindiatda EXflRinfles the sync gate 339
L0 8 o R XA L e i b DB
reference voltages routed directly to the driver and differential amplifier c1rcmtry
In addition, in an alternative embodiment of the invention, the circuit including
the differential amplifier 391, the sense resistor 397, the switch 394, and the driver 392
25  (see FIG. 3A) might be duplicated on the IC implementing the bipolar portion 242, with
the exception that a larger value is used for the sense resistor. The cutput of the
differential amplifier in this duplicated circuit would then be multiplexed with the outputs
of the other differential amplifiers 391 and 399. Accordingly, an additional nput and
control line would be required for the multiplexor 390.
30 For example, the value of the sense resistor in the duplicated circuit might be
equal to 25 k2 while the value of the sense resistor 397 in the original circuit is equal to 1
k2. Sucha larger sense resistor value would generally allow greater resolution for
smaller current levels.
Further, the drivers in both the original circuit and the duplicated circuit may use
35 the same reference voltage level (e.g., Vi,). This is because respective switches in the
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the register 472 provides the sync gate 339 with a data bit having a val ue
of logical "0," 5 then the sync gate 339 sends no pulse to the Ei; &ﬁﬁf.
Finally, the filters 338 convert these data bit streans fromP éﬁ%

to PCMsignals with constant values equal to the desired DC reference

vol tages VRL t hrough VR20_ Havi ng descri bed one enbodi nent, nunerous
alternative engodinents of, varjations mght be nmade. For exanple, it was
descr i BEEHEED eh ety 3|r9'(‘:1e""’8F]|d iconirgledsso that elrang el the sHcwtrdsa bi pol ar
por t i onsedanaltindeh@fhis BabbdimengwoelddeakpsciAicusehe ifdower AR6IutaA D-toCAr CUI T Ty
are in_the CNCS.gortichyhiI§¥the decoder circuitry, the

dri ver TR 8F BRARIE S WIHE VB -are in the bi pol ar portion. However,
this was neradditian thd D& tmatiaters desmibed hefbireampiprefatablyesecondsstider m ght  be

f ' | b GHi i bi pol tions.
8 Bror bt MLl BBher SUESHuRORAEY bW TN i e s
por t i owpise onrthg refetenge epltagen after lowgasehlering: Besabiertiighyr onder inpddaldtors st r eans
usi ng @n&‘dh% %r&id??&_q{i%ﬁé?%rd&s SPMC%{ f?]lit(g{s }%, B‘{%ﬁﬂef‘aﬁ%ﬁgﬁgbﬁl leetxgﬁ rc]:gﬁ Ii)en streans

using a shi register. Further, require no
cor r es§FBRAFhY inereass drerehysretvgng s arerandaesieflisienayes from the DLA decoder
circuitry iThetdforeCleSnbéntion shbaldBeilivEitdd GPbY e sphanmalscddhd) in the
bi pol ar 0 Ifr whi ch coul d make the resulting system | ess cost and area
efPi ci¥BRIICEGHAMS,  the selection circuitry in the PMU 220 ni ght be renoved
entirely and the reference voltages routed directly to the driver and
differential anplifier circuitry. In addition, in an alternative enbodi nent
... of the invention, the circuit including the differential anplifier 391,
{u)the sense resistor 397, the switch 394, and the driver 392 25 (see FIG
3A) might be duplicated on the IC inplenenting the bipolar portion 242,
with the exception that a |arger value is used for the sense resistor. The
output of the differential anplifier in this duplicated circuit would then
be multiplexed with the outputs of the other differential anplifiers 391
and 399. Accordingly, an additional input and control |ine would be
required for the multiplexor 390. 30 For exanple, the value of the sense
resistor in the duplicated circuit mght be equal to 25 k~2 while the
val ue of the sense resistor 397 in the original circuit is equal to 1 O.
Such a | arger sense resistor value would generally allow greater resol ution
for smaller current levels. Further, the drivers in both the original
circuit and the duplicated circuit may use 3 5 the sane reference voltage
| evel (e.g 27, - ., VRLl). This is because respective switches in the
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20 5 AUG 2003 circuits, such as the switch 394, would be controlled so thagt
only one of the circuits is used at a tine. This enbodi nent wout & #elb 200
especially useful if lower resolution Dto-A converters are incorporated
into the invention. In addition, the P2~ nodul ators described herein are
preferably second-order 5 nodul ators. However, higher-order nodul ators may
be used for further reducing residual noise on the reference voltages
after low pass filtering. Because higher order nodul ators generally

requi re MMehiSClym@dns of anal og filtering, the overall circuit conplexity
can be expected to increase, thereby reducing the area and cost
efficiency. Therefore, the invention should be limted only by the spirit
and scopg. of Afsemu:’c@ndapuoenldpddapmdrmuséin &n AlBn24id3et 2yMbat, cbmpﬁéiag med is:

1 A sem conduct or adapted f e.in.an automatic t
Somor o1 ot TR B tempu iR ARYRY 5 poBrenRd s eyl cont r ol

i nput 5and an out pUgormeeRANBCAEutbt Bad %Mr@l&era@en&ictérhﬁré%%aam&ﬁ&f chip,

the nodulation circuit producing a stream of ital ts at 1ts output
for subsequent coweeit giroduding @ sirgam <if ctmtaléntelatbl}s outpthifor pukseguedt t he

value at the  conPaMeRREL IR RO BYbChy ity Byite R, SGERGMCIS ' ©
programabl e di gi tahip, thesteapt @C% N gitsl @eingerebfssentztive Wfi H galedat the
controlling the first DC |evel e digital signal processing device

including an A-to qgntf@HﬁMéﬁ”lﬁiﬁﬁ@%‘?@w ¢igulAandnput pad of the seni conduct or
chipggthe A té’g@g r&AREB dl@ F@Hata mﬁ%\’lﬁégorﬁgéﬁfb?lﬂg Eﬂ:cbﬁff&hn ppl i ed

to the i nput I nto he“secon orti onal
to the first DC JtﬁerfeahE]Q lewble the digita’nslgdamrbeéssmggdmdlcmnoiudmg|amg°\-¢tem ceis

_programmed for det eyiations, of 't i.t al tafr S|y ed
ot a otored in morfgPgnaa peried ke Fat Preot e Sseitdeult fupc BRAG D mpu
of the nodul ati on ¢hahRélibeiriguseditd icBhvest 4 BecoheMDd@tdvenappliebes teVing@iphd 1 1 st
DC | evel is controlled.
into digital data, the second DC level being proportional to the first DC
15 level,
wherein the digital signal processing device is programmed for determining
deviations of the digital data from desired data stored in memory and for
controlling the value at the control input of the modulation circuit to
minimize the deviations, whereby said first DC level is controlled.
20
2. The semiconductor chip as recited in claim 1,

Wherein the chip is implemented using CMOS technology.

3. The semiconductor chip as recited in claim 1,

25 further including a plurality of timing generator circuits, each timing generator
circuit having a control input and an output having a signal thereon at a
time determined by the value on the control input, and

wherein the outputs of the timing generator circuits are coupled to output pads of
the semiconductor chip.

30

4. The semiconductor chip as recited in claim 1,

wherein the modulation circuit is a digital sigma delta modulator.



20 The sem conductor chip as recited in claim1, Werein the chi pméf qﬁ 200!
I npl emrent ed usi ng CMOS technol ogy. 3. The sem conductor chip as recit '
claiml1, 25 further including a plurality of timng generator circuits,
each timng generator circuit having23 control input and an output having
a signal thereon at a tine determ ned by the value on the control input,
and wherein the outputs of the timng generator circuits are coupl ed to

out put pads of the sem conductor chip. 30 The senmi conductor chip

recited Pn cl éﬂﬁUPm%?éﬁﬁlsﬂs?ﬁbc%ﬁﬂﬁ"&’ﬁhﬁﬁem@%’GP?’w{%h'léaalf%q'tﬁﬁl'" §|ﬁﬁfr‘ra del ta
nmodul at or . ing the

sem conduct OH@JE&@er&@&e@ﬁg?&%@ﬁ& %ﬁ%ﬁ&ulﬁ%%er | ng’Fudi ng a second

sem conduct or a phigmettopreasinegent upibfoamed thezeore aprm'amatrimneasdremeaﬂ

th , th t .h | it f f
nput s, and- an out gt FEOTEER BHAID Siere s b e dsaibeiekEor ohi p
of clgiml for apﬁhﬁhﬂ'&d&%é%ﬁi&@ndl%ﬂcfPﬁfﬁéfcléirﬂdl %r §ﬁﬂy|ﬁ{;$hé’§bc‘bhﬂcu' t

having a digital EUt coupl ed to the output pad Sem conductor chip
of claim1 and an BRdewy angt put coupled to a reference i nput of the

Crarm s, whor e Ehaon skl iny B BB ried fhe BURMBMRLIBC Y Ui ng

CMOS technol ogy, sumictiiicieehipbfsti¥ncioardian afaledotpuscduplideaent ed usi ng
bi pol ar technol ogy. .15 7., A net hod of operating automatic test equi pnment of

the type having a refﬁrewﬁﬂlﬂmfmwamﬂwwrem?%ws. ng device

i npl ggented on a first integrated circuit chip and parametric neasurenent
circurtry inplenmented on a second integrated circuit chip, conprising the
st eps off. The automatic test system as recited in claim 5,

wherein the semiconductor chip of claim 1 is implemented using CMOS

technology, and the second semiconductor chip is implemented using

bipolar technology.
15
7. A method of operating automatic test equipment of the type having a
programmable digital signal processing device implemented on a first integrated
circuit chip and parametric measurement circuitry implemented on a second
infegrated circuit chip, comprising the steps of.
20 )] genereting drive data using circuit means implemented on the first
integrated circuit;
(b) providing the drive data to the second integrated circuit;
(c) generating a DC level proportional to the drive data using the parametric
measurement circuitry;
25 (d) providing the DC level to the first integrated circuit;
(e) determining any deviation between the generated DC level and a desired
DC level using the digital signal processing device; and
() if a deviation is determined in step (e), modifying the drive data using the
digital signal processing device to minimize the deviation.
30

8. The method as recited in claim 7,
wherein the first integrated circuit is implemented in CMOS technology and the

second integrated circuit is implemented in bipolar technology.



20 (a) generating drive data using circuit nmeans inplenmented on th irst
integrated circuit; (b) providing the drive data to the second~int iﬂ&j
circuit; (c) generating a DC | evel proportional to the drive data using the
paranetric neasurenment circuitry; 2524d) providing the DC level to the
first integrated circuit; (e) determ ning any devi ation between the
generated DC |l evel and a desired DC |level using the digital signal

processing deyjce; and (f) if a deviation is determned in step (e),
modi fyi n§- t he THeMahehaaresdedh i) I 7.di gi t al si gnal processi ng device to

mi ni ni ze the gewidat iAot JRARLINS dAR 45 idiiiel Befbmlifg 4 sehhigfiel n the
first int egra%ére??{rcw?&lefs |mgéf{§gent ed In CII\/DS teeg’ﬁnol 0"3%/ gﬁd tr|1e second
i ntegrated circuitstregamnpl enented in bipolar technology. 5 AUG 2003 24 The

met hod as recited in claim7, wherein the step of generating the drive data
i ncludes generating a serial bit stream 10. The nethod as recited in

cl ai mg9, 1@her ghé nidifocbaLirechéd Prapimd ng the drive data includes providing
the serial bit streamthrough a si ng{[e cgqitn of the first integrated
Mg

circuit. 11. whereifethesiere prevdingdhe arinclydes providing therseridditudi ng st eps
f i i it I : i Jite t te th
of using circui ﬂ%%ﬂﬁ”g‘ﬁ@fg?ﬁ@@'@? bf]ﬁws%ﬁﬁrﬁg%%eﬁ%{ut. 0 segregate e

serial bit streami segrega 't sStreans, and
provi ding the segregated bit streans to the parametric measurenent
ecited in claim 10, wherein the step of

;Ir E)S:Jhlt %ﬁ ﬁ%ﬁ%mﬁijo@sﬁr&gﬁé@fggﬁlgﬁc Qudes the steps of using a plurality of
si gmypdel ta %ﬁHé@iﬁ&U&inb%téb%rtﬁr ate a plurality of bit streans,
using circuit means on the second integrated circuit to segregate the
serial bit stream into a plurality of segregated bit streams, and
providing the segregated bit streams to the parametric measurement
circuitry.
15
12.  The method as recited in claim 10,
wherein the step of providing the serial bit stream includes the steps of using a
plurality of sigma delta modulators to generate a plurality of bit streams,
each bit stream representing one reference level, and multiplexing the

20 plurality of bits streams to form a single bit stream.

13. A process of manufacturing semiconductor chips using the method as recited in
claim 7, the process comprising the steps of:
a) providing a wafer having a plurality of dies thereon;
25 b) testing the dies with a test system operated according to the method of
claim 7 to identify functioning dies; and

C) packaging the functioning dies.

14. A semiconductor chip adapted for use in an automatic test system, comprising:
30 a programmable digital signal processing device including at least one D-to-A
channel and at least one A-to-D channel, an output of the D-to-A channel

being connected to an output pad of the semiconductor chip, and an



each bit streamrepresenting one reference |level, and nultiplexing the
plurality of bits streans to forma single bit stream 13. A procdsAUF 2003
manuf act uri ng sem conduct or chi ps using the nethod as recited in claim?7,
the process conprising the steps of: provi ding a wafer having a
plurality of dies thereon; testing the dies with a test system operated
according to the nethod of claim7 to identify functioning dies; and

packagi ng the functiopi dies. . 14. A seni conductor chip.adapted for use in
P auomati ¢ test Ot Bhihe diErD siagner BG CHIEHEHRHHE Iohib et ok fgma
processi ng device kdipicAditdordhig east one D-to-A channel and at |east one

A-to-D channel, an output of the D-to-A channel being connected to an
out put pad of the whaiejviheU{wA chianpel canerisrdigitahdsazeoerats within the20 i nput

of the A-to-D channel bgi nect . n i nput f, the, .sem copduct or
chi p, wherein the Dto-i’g@%asﬁgﬁ‘%l Bﬁ%ﬁ%ﬂb@é‘g&%{'}ﬁaﬁ 'ﬁgttd%edg%eg@él%edowy in the
di gi t &l signal processidigtheeD-toeA idhaand, fihe FirstDOC &3l baingt BebsauBrlly of

the D-to-A channel, the first DC | evel being subsequently  provided by the
test systemto a devi cePravded by tha testfysient 19 a devioe undepteshannel converts a

d DC | | at o =t 0o It di
i gital data and prhoCHLTeYHES chbiifelfohird SRENT DO BUO AR ARARRT V.
signal processing devithe AtdE® stenoetinRCcorespondingrdigital adata and pabdvides t he

first DC level, and rein the digital sjgnal processing device is
programed for deter mﬁ? anO’EeﬁBO'anQ@ é{-'g'{?hga% ?? htge a‘?‘%‘ﬁ aﬁ‘&?fit%fo?ess'"g
corregponding to the sf&RRdHLCskeNR DO @%ﬂﬁéih?%ﬂoﬁ@\iéneﬂttertﬁé first pyeyTory
and for controlling the digital data provided to the D-to-A channel to

m ni ni ze the devi ati ongével, and
wherein the digital signal processing device is programmed for

determining the deviations of the digital data corresponding to the
second DC level from desired data stored in memory and for controlling
15 the digital data provided to the D-to-A channel to minimize the deviations.

15.  The semiconductor chip as recited in claim 14,
wherein the second DC level is proportional to current flowing out of or into a
load connected to the first DC level.
20
16.  The semiconductor chip as recited in claim 14,

wherein the chip is implemented using CMOS technology.

17.  The semiconductor chip as recited in claim 14,

25 further including a plurality of timing geherator circuits, each timing generator
circuit having a control input and an output having a signal thereon at a
time determined by the value on the control input, and

wherein the outputs of the timing generator circuits are coupled to output pads of
the semiconductor chip.

30

18.  An automatic test system comprising the semiconductor chip as recited in claim
14,

further including a second semiconductor chip comprising:



15. The sem conductor chip as recited in claim 14, wherein the sgxm
| evel is proportional to current flowing out of or into a |oad-c 803
to the first DC level. 16. The sem conductor chip as recited in claim 14,
wherein the chip is inplenented using2MOS technol ogy. 17. The

sem conductor chip as recited in claim14, 25 further including a plurality
of timng generator circuits, each timng generator circuit having a

control input and an .output having.,a signal thereon at a tine determ ned
by the val e BRAHRCEGMASHEMEN LNt Meenedirrenh 16 BaGRSSR DEBRUEREN | mi ng
generator circuit sygfRaiyR bRFaliPodideticelAgkits @hd af RasEHE sgpstuct or  chi p.

30 18, An automatic test systemconprising the sem conductor chip as
recited in clai m wherenueneefthe referemica inputsis conpled émtheautiud pad ot tep
conprising: 5 AUG 2003 gG a Rcﬁlgic@lqe [ G JBa rerTgnt unit fornmed thereon, the
paramnetri c measurenent AP ?r?&"paopq?ﬂma |’f"9 of reference inputs and at

| east 50ne out put, whbeireths odffit of thelhRirdraétEE enRSutdhistt finit & cupRidead the t he
out put pad of the sem conductor chi f claim 14, and wherein the output of

p O : ] :
the paranetric measur eniBRvt Rag of the sempigandicterchimef claimpis fopaeplyng thee
sem conductor chip of Cééléoﬂh%fbf%l applying the second DC |level. 19. The
automatic test system as reci te(? ' claim18, 10 wherein the sem conductor
chip of claiml is inplenmented using CMOS technol ogy, and the second

sem condyct or_chip is_.inplemented usjn i polar technol ogy. 20. The
semi cond tOrT%p@og@tlp%tf;\gﬁeqn@sd'pghqq@,c%ﬁ herein the second DC level is
]Lolr ?g?@t[)'colnglle\rlﬁergzgﬁhé@bnﬁddh%&gr@hlb oPElalf 1iidihiblémenteddsimguobed to the

' technology, and the second semiconductor chip is implemented using

bipolar technoiogy.
20.  The semiconductor chip as recited in claim 1,

15 wherein the second DC level is proportional to current flowing out of orinto a

load connected to the first DC level.

20



