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For example, a sequence of reference voltage levels may be generated and
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

25  the time to complete the full test session could become very long, especially if the test
session called for the generation of sequences of hundreds of different reference
voltage levels. It 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

30  degree of accuracy. For example, any inaccuracy in signal levels generated or
measured by pin slice circuits will affect the accuracy of test results. Further, pin slice
circuits must generate and measure signals at levels that are compatible with the
semiconductor devices being tested.

One way of satisfying these requirements is to design pin slice circuits using a

35 combination of different component technologiés. For example, pin slice circuits
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sem conductor devices being tested. One way of satisfying thege
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components increase, power requirements of the CMOS components also generally

increase, thereby causing the components to heat-up. This increase in temperature can
affect propagation delays through the CMOS components.

20 Generally, this shortcoming of CMOS technology does not seriously affect the
performance of most computers and electronic devices because CMOS circuits in
these devices are usually synchronized with an internal clock. Such synchronous
design techniques are often used to enhance the stability and predictability of

e 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, known 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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t ypiscal $ystemasontenl ker 3 nohtht meemeory righ éneiquized wsdrivg crirédetve sgals with bi pol ar
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| MPr OV emeasure signals at separate pins of a DUT 112, which might be a discrete
semiconductor device or one of a plurality of dies on a semiconductor wafer.

20 Each pin slice circuit 114 typically has portions that are impiemented using
either CMOS or bipolar technology. For example, the pin slice 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
; ) 25  timing signals in response to commands from the test system controlier 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
30 118 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
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20 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 thousands of pin slice circuits, reducing the amount of discrete analog
_ circuitry used could substantially affect the size and cost of the tester.
: ) 25 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 successfully test electronic devices or assemblies. 1t would also be desirable to

achieve reduced size and cost in a tester designed using pin slice architecture.



W have recognized that a significant part of the size andZcosAUBfagpin
slice circuit is due to the discrete analog circuitry used in the circuit.
Becausewe sbashier may include thousands of pin slice cirggiA8eod29fci ng the
anount of discrete analog circuitry used could substantially affect the
size and cost of the tester. 25 W have further recogni zed that another
significant part of the size and cost of a pin slice circuit is
attributable to the size of 1Cs used in the circuit. It would therefore be
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circuit g} he mul tltpl e bit streans fromthe |imted nunber
of Accordmg to one eature, the digital sigma delta modulator circuitry includes

20 circuitry for combining the multiple bit streams onto a limited number of lines.
According to another feature of the invention, the digital sigma delta decoder circuitry
includes circuitry for segregating the multiple bit streams from the limited number of
lines.

o 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
stream into a plurality of segregated bit streams. 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

30  bipolar 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.



lines. In another enbodinent, a serial bit streamis proviW&@dAUE 2003
integrated circuit 2 5 chip. Next, circuitry on the integrated circuit
chip i swesestn segregate the serial bit streaminto a plgg@isdoy26i4
segregated bit streanms. The segregated bit streans are then wused to
generate anal og reference levels for driver/receiver circuitry in the
integrated circuit chip. According to one feature, the integrated circuit
chip is inplenmented using 30 bipolar technology. In still another

enmbodi ment, aAs&tlieERedaé et ltes diiGerpe@ivaedcuittis providedradth t y of di es.

Next, the_.dies are tested using.driver/receiver circuitry inplenented in
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feature. e driver/ iLven i itry is provided with reference |evels
pr oducea‘)fﬁtsgﬁ?s&mﬁ C!egigr%gtfotn ag’fird?é%a‘{r'rlglgé'&i |1 further objects and advant ages
wi || becone apparent froma consideration of the ensuing description and

drawi ngs. WD 00/46610 - 5 AUG 200, 31 PCT/ USOQ 02914 BRI EF DESCRI PTI ON OF
THE DRAW NGS The invention will be better understood by reference to the
following nore detailed description and acconpanying draw ngs in which
FIG | is a block diagram of a conventional tester using pin slice
architecture; F5 FIG- 21 is a partial block diagramof a pin slice circuit
according to the invention; FiG- 3 Is a detailed view of portions of the
pin slice circuit shown in FIG 2, FIG 4 is a schematic diagram of
decoder circuitry included in the pin slice circuit shown in FIG 2; and
e 10 FIG- 5 is a timng diagramused to descri be the operation of the decoder
“Ycircuitry shown In FIG- 4~ ~ 5 AUG 2003



WO 00/ 46610 PCT/ US00/ 02914 DESCRI PTI ON OF THE PREFERRED E%?jﬁ%gﬁwg FIG 2
shows a partial block diagramof pin slice circuit.' 14 i % wth
t he pr &¥@M466venti on. The pin slice circuit 214 is neantcr/osiwo2914
incorporated into a tester using pin slice architecture, such as the
tester 100 shown in FIG | . 5 Accordingly, the pin slice circuit 214 woul d
normal ly be replicated at | east hundreds and |ikely thousands of tinmes in
a tester. Further, each replication of the pin slice circuit 214 would

normal |y be used for BiRld RESQRIBROMEHSTHEAIRAVIMNGS and |evels at a
separate pin fo%’@y de shown in
FIG 1. 10 nggllfgveeﬂtﬁﬁﬁlll#Qgﬁﬁcéﬁﬁrﬁcwt %%Pﬂ&eﬁ%}ﬁﬁgﬂlwgﬁxl cat ed many
times i detaileddaseription and accp@panygng dvayyivgsondrhieh i ncentive to reduce the size

and cost of ¥hg Pish BbtiEsia }ahi?b'lecor?éﬂn@}fal@d&?u@ﬁg@%ﬁic‘é'aﬁchu@@ﬁhﬁé’er tﬂet
e reduced in a way a

Si ze and cos circuit 214 nuyst
does® not advg}éﬁF%F?Bgtbi?qg%éﬁ’r APipshegrauipeeprdingdndher ed and
nmeasured by the pumeﬁhb@e circuit 214. 15 For this reason, the pin slice

circuit 214 b i. pl enment ed in ._conbi.nat i on rcuit
t echnol ogi esﬁ(liﬁi 4@%{%%%59 Borf)‘loﬂs gﬁ Eé’g’t?a}}c&flntcmﬁ OV ﬁrﬁe? a portion
240 i npl enenFHdl 4J$|ms@;hﬂhﬁﬁi: dieg’annbfa@;zodmatirauipgrmcludc@mzmmnlsément ed using
bi pol ar technol 09Ys, &%%W 1&1*’1 .rﬁw try inplemented using CMOS technol ogy
can be made relatrv ow cost, and | ow power. Further, circuitry
20 1Gmpl ement BKG. Lﬁsismgumngdllagmmev@mtﬂ d:egyrﬂgeethepaenayomaﬁth@@peodeor tim ng -
.Characteristics aneyif}kNGveaPPlG 14 t1es. For exanple, emtter-coupled logic
(ECL) provides the speed and drive required by nost pin slice ci rcuit
)appllcatlons In this way, the size and cost of the pin slice circuit 214
- can be reduced while maintaining a high | evel of accuracy in the generated
and neasured signals. 25 The CMOS portion 240 includes several copies of a
timng generator 216, which generally produces a timng signal or "edge" a
programed anount of tinme after the start of a test cycle. There are
several copies of the timng generator 216 because each one can be
controlled by a test systemcontroller (such as the test system controller
1 10 shown in FIG 1) for performng a specific function. 30 For exanpl e,
one timng generator can be controlled to start the generation of a test
signal, while another timng generator can be controlled to stop the test
signal generation- Simlarly, still another tim ng generator can be
controlled to start the



measurenent of a received signal, while yet another tim g q@gfég@gr can be
controlled to stop the signal neasurenent. -' 5 AUG 2003

PCT/ USO¥0(234660The CMOS portion 240 al so includes di gi t alPCITURea/oziakt a

nodul ator (DF~M) circuitry 226, which is also controlled by the test
systemcontroller 1 10 and is preferably used for producing data relating
to a series of reference voltages used by the pin slice circuit 214. A
novel way of using the DEEM circuitr 76 to produce the 5 reference
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vari ati ons nm act ar uc es in erature o
Uhe pi nsiry SR FLERPIS ol B Bed B Biher e APERTER e R Mt ST

pr ocess ésbebyattaweppiate ]shlofe device under 2dst (DUT), lHooheascthe Dlﬁéltfl&mvmm ion 240
may al s IG“?' ude circuitry (not shown) that cannot be simlarly

synchroni zed with an internal test systemclock. For exanple, the timng
gentt at ors 2BEcanse ey dice gireut 2 Miismesmaliprepheried masy §Bies i a {estEs di ct at ed

by thedrdtdd s8bnk BSorlbilc itehtiR! tolrbdiRE tmi@é éﬁd%&ﬁfﬂﬂ]é\?ﬁl $M¥e theuit Nt er nal
o )test syst mclogk For th reasg}e .kno gn ensat

ues are :
pr ef er aBl § 28 8BEhia3 PPpbIe flopyeyer, °8Fts° PP SH ?WF%\/{H‘I %4 ming -
char act B¢ rsduced i0h v«tabr&ha(ﬂkzﬁles nmtradua:rtsay affbct thdkceummy of tHeesigriabd ng generators
216 and _the DI AM Ci rc‘?rleai¥ !c o Sfipe L& %gtilpe benefits of the reduced size,
v cost, aﬁ?ﬁ%ﬁerﬁn 9% p% 7 the pin slice circuit 214, '
whil% not beiFieg tise réasers ithe amfsélget endcmﬂ;ﬁl\ﬁaﬁ pretférably linplemeatad usinga
charact t%rhﬁfdaﬁén%ffmr&h?tegm & th QR rt?cql@ar the &%cbbﬁmxﬁﬁw&wd@@#ﬂ of the

pin slice circul.t I ncl udes ag rec ver . C a 218, a paranetric

measur eRFHCIAFHOH nmiﬁmn@zbsm%ﬁa’l% ‘P 05)’ a getiey 24 é‘E‘B{‘]‘ n{asy. nD)
circui tﬁs&ngzﬁaolaﬂtec}ﬁ@m Fﬂreiﬁmil@dmbc}mﬁjﬂﬁnﬁlbﬂibmgd gsing ICA08sechholdgy t he CMOS

Bg; t : 82 Zjlge arﬁe thi’\}’ély gcgmfygct,tlg\‘;f c%gti, Y& {orvfﬁc%e\f.e %uﬁﬂ&?gﬁémg}B in the bipolar
20 implemented using bipolar technology generally has superior timing characteristics
and drive capabilities. For example, emitter-coupled logic (ECL) provides the speed
and drive required by most pin slice circuit applications. In this way, the size and cost
of the pin slice circuit 214 can be reduced while maintaining a high level of accuracy
. in the generated and measured signals.
) 25 The CMOS portion 240 includes several copies of a timing generator 216,
which 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 function.
30 For example, one timing generator can be controlled to start the generation of
a 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.



30 driver/recei ver channel 218 contains driver and corrpar{,,@t50r izmtry
(see reference nunerals 352 and 354, respectively, in FI'G Mn sary
for geMP U468 and neasuring digital signals and | evel Pavussomesisof t he
DUT 112. Simlarly, the data produced by the DsolVl circuitry 226 in the
CMOS portion 240 is provided to the D7,~"D circuitry 228 in the bipolar
portion 242. As nentioned 3 5 above, this data relates to the reference
vol tages used by the pin slice circuit 214. 9 .. WD 00/46610 5 AUG 2003

. PCT/ US00/ 029 The EINIOSgsorti bl 24 @l alb @i R aidy Rstabygrhd BelfY hodWhiek (10¥AMYy 226 is

referably.in e ., formof a serial bit stream This is because the CMOS
P b oot 2P B which 530 i e By et e e doptal G 1D e 1914 ar o
pr ef er apleferabiyse fdrgdodiwinpddtoraldtiigso aaadks ofeefefeavevslegegniedesy t hat t he

cost of Nl C s, be uced -by. mi.ninezing the unmber of . pins on
The. 1 & WEHH e cryAN, PEnfINGE e BT TEEMIS S DTS I he' "Bs Ao
ci r Gui t refere®® wudtages s desdyitedwn desaill belew244, t hereby requiring only one

tput pad : o ing t Lam 240 and onl
one iputpad BECNBS AR o At ik T CHERLY by HEwi] b RORERAR, 220 S1F: on. Y
Usi ng tPRetigiag hapeas\heryachipnizad wish 2 claglcinptshoniny ipgrealga thetester.nBo44, t he
DEAD  1&Qafipl& Wokl ¥hedRBink rffléﬂérﬂ% MY didrhepeaMerengey Yo hasiesiyt 0 the

driver/recéiver .channel and the PMJ 220. .The driveér/recei ver channel
218 s SECIUGF SEEWHY SRAIShgP) et gan beoparhipeeed with 3g dutenpal tegigivstem hi gh | evel s
and ol ?gﬂ@cad. DLF?_?_‘WhifSH&_EI)_ﬁ, Mm”rcgﬁnemagé amcg%omasyg bf\glecﬁilg;;mftl ciﬁ:iu]glna| s at a
pin o e . _The i r,cui try rovides nmultiple reference
_._vol tageislfa Iﬁpg?%ﬁ'a’bqtﬁen‘i‘ga 3@?#?39!!{)’2@1,3}3?%5 lf'ﬁ]ge t&I'i"'fl\geﬁ?"fifag,élisg‘éf‘roti:hannel 218
' _)Thi s | LMEacisaitshd hpsmtiminigoshacictecisii¢ vardidns may ppraskd py ifapérsaci ed in a
dual - CHARREhe IR Rk Ae U Tl fiff Bidelbuft 9127 0fihocY Bl 184RAuRAGY ded to

each channel” Fur , e pin slice circurt 2 typic y used for
t est i n@Istemrlsanacrseet bybgintglisegcai@hted using different technol ogi es,

whiish may oewaie, the GMOS FhRAGE240 ﬂhb{ dish iRheRlcilcGighqnbeelw) thde t est
system cont.r,ol Lerg&lo 2 sen%s‘giﬁgnt{?g S %ﬁ;\al S to ?Eg driver/receiver
channel“@399% BE SREaRY SypeRremised ErL o emal et sy clogky E&r erammlithe) ni gh

| evel s tamidg |gegératuirs £ binateezeatrally calledhpoditd predece edgesat tireeshdictategitgs. The PMU
220 al ﬁ'r?l?r?% : r &ﬁ% db t he
Dr~'"D ?i(l)ercwt ﬁg?%@gggﬂgﬂgeﬁﬁridgieeﬁglgggﬂgr&c anrtfge%':E g)g’lf%ﬁuse)s/ t he

r ef er e§lask. Forthis reason, known compensation techniques are preferably used in the

20  timing generators 216 to improve the timing characteristics of the CMOS circuits. In
this way, the timing generators 216 and the DZAM circuitry 226 can reap the benefits
of the reduced size, cost, and power of the CMOS portion 240 of the pin slice circuit
214, while not being seriously affected by variations in the timing characteristics of

. the CMOS portion 240.
) 25 The bipolar portion 242 of the pin slice circuit 214 includes a driver/receiver
channel 218, a parametric measurement unit (PMU) 220, and digital sigma delta
decoder (DEAD) circuitry 228.
The edges produced by the timing generators 216 in the CMOS portion 240
are provided to the driver/receiver channel 218 in the bipolar portion 242. The

30  driver/receiver channe] 218 contains driver and comparator circuitry (see reference
numerals 352 and 354, respectively, in FIG. 3) necessary for generating and
measuring digital signals and levels at a pin of the DUT 112.

Similarly, the data produced by the pZAM circuitry 226 in the CMOS portion
240 is provided to the D=AD circuitry 228 in the bipolar portion 242. As mentioned
35 above, this data relates to the reference voltages used by the pin slice circuit 214.
- 9 -



25 voltages for defining |logical high and |low |levels for, gn&'&éﬁé I gnal s,
the PMJ 220 uses the reference vol tages for producing and &03
| evel s wbD tv4piip of the DUT 112. The test system control Pen“lulshﬁmﬂllso sends

control

signals to the PMJ 220 indicating which reference voltages to use

I n produci ng and nmeasuring the required DC |evels. 30 Although FIG 2
shows outputs of the driver/receiver channel 218 and the PMJ 220 providing
signals and levels to a pin of the DUT 112 using the sane line, it should
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be easi I'J*F°H1BPE ﬂlﬁfqgﬂslgnﬁ‘l?ﬁ]}rﬁ fg?ggi leéjl ‘n in a bipolar process.

Accor di ngI y, THeiR*{Dwirceitnl 228 mnwdamektleh'tr&fqrmeofolthgthﬁ@@bm i on digital

|np?E
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ed- anal og, .reference voltages. in portion 242
of the Bi1A 18 tyipecally implgmenteddn ajdyak ghanggl Pﬁ%ﬂglatiﬁl%“"égﬁ% 12&%%%% in FIG
3, multiphe Q@rMIaeﬁé%a@hehmﬁbpmummhe pl Méeciircois 214 ys FpallFhbad i s

because
for pro

20

S

30

35

fggg%ﬁtggg; bl Syl R Rt g R WchotdEleY Ninfthr oul LTy 352
may operate in accordance with different logic levels. The test system controller 110
sends control signals to the driver/receiver chammel 218 indicating which reference
voltages to use as logical high levels and logical low levels for the different DUT
technologies.

The PMU 220 also uses selected ones of the reference voltages produced by
the D¥AD circuitry 228. Whereas the driver/receiver channel 218 uses the reference
voltages for defining logical high and low levels for digital signals, the PMU 220 uses
the reference voltages for producing and measuring DC levels at a pin of the DUT
112. The test system controller 110 also sends control signals to the PMU 220
indicating which reference voltages to use in producing and measuring the required
DC levels.

Although FIG. 2 shows outputs of the driver/receiver channel 218 and the
PMU 220 providing signals and levels to a pin of the DUT 112 using the same line, it
should be understood that only one of them is active at a time and there is in fact no
contention for the line. Accordingly, the test system controller 110 preferably
controls switches or relays (not shown) for isolating the driver/receiver channel 218

and the PMU 220 from each other during a test.
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20 conparator circuitry 354 for neasuring signals produced q)'yALE@ezn@yT 112.
The driver circuitry 352 provides digital signals and |l evels 10 the DUT

112 thavooewdscr mto a sel ected | ogical high voltage, VRpgrasha@one! ected
| ogical |Iow voltage, V,,,. Simlarly, the conparator circuitry 3 54
provi des neasurenent outputs to the test system controller 110 that are
derived using a selected | ogical high threshold voltage, Vp,3, 25 and a
sel ected | ogical |low threshold voltage, VRg. Accordingly, the multiple

DyAM s 330 Avience: ages TR, o VR3, and
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WO 00/ 46610 . AUG PCTNS00/.02914 t he I np of a.33Q. c t he nunbers
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conver t @40 vHthapil gpelcaerit 214 andg knbwe testiniques.he DEAD circuitry 228,

t hergby resukt 1% i Al adib By Lrcuitry
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vol t age FIGfBr ish @s E-hihBup-Aneoniertey camBer b vesd/te secssare thegnaliipls 218 or t he

{YPWU 220 pegbRndeVottap@usel BY thd @ @re0Re/eY ehirRGES] CaM the PMIECRDI Glielty a tester
operat or, durin rogra ng, of .t.he test. .systemcontroller 110, The
sequenc®-BrA Geﬁéﬁﬁca@ggﬁéglya bf‘ﬁ@e‘is ij‘ﬂlm‘@%/’P YELITVER AV ‘?@Eﬁrémfdl‘?éﬁ‘i sanpl ed
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shown with driver circuitry 352 for providing test signals to the DUT 112 and
20  comparator circuitry 354 for measuring signals produced by the DUT 112. The driver
circuitry 352 provides digital signals and levels to the DUT 112 that conform to a
selected logical high voltage, Vy,, and a selected logical low voltage, Vy,. Similarly,
the comparator circuitry 354 provides measurement outputs to the test system
o controller 110 that are derived using a selected logical high threshold voltage, Vg,,
- 25  and a selected logical low threshold voltage, Vg,. Accordingly, the multiple DEAMyg
330 are used to produce the reference voltages Vy,, Vs, Vs, and Vi,.
1t should be understood that the number of DEAM’s 330 in the DZAM
circuitry 226 equals the number of reference voltages provided by the D¥Ap circuitry
228. Because the DZAD circuitry 228 provides twenty (20) reference voltages in the
30  preferred embodiment, the pZAM circuitry 226 preferably includes twenty (20)
DZAM:5 330,

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 VR1,

35  VR2... or VR20 associated with that modulator 330. Changing the constant value at
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15 tine. Accordingly, the D AMs 330 produce ONPDM outp naI wWth’
average pulse densities equal to the constant val ues af‘ %uts.
Fur t heWO @461 OEL%V 330 sanpl es the high resol ution digi t(atfusmwzeﬁent ation
of ~the desired swi tched-anal og reference voltage, and provides an
over-sanpl ed, noise- shaped, low resolution, digital bit streamat its
output at a rate that is many tines the 20 Nyqui st sanpling frequency of
the input signal. This is because nost of the noise generated during the
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f requensysean gpntroller 11830 Nyquist limt of 2.5 MHz. If the anal og | ow pass

fasers 938 a5e aalanscd oty A8 ob HcabEbmAN0 S0 plgp! v af Ler |

kHz, then the ra M e anal og out put
bandwi dsammled ancbemzmtedcbyihemﬁ o?o%u@ngém\@@tethnmesSlmoraIWV@m to provide

ana pg Q%ﬁulﬂls'@ r§il§kn Hapedld ﬁuﬁ‘setd?‘:ﬁsx@ﬁﬂoﬂﬁﬂtéaqtﬁ@ﬁw %h?utbs?x ghlNbhiepngd above, the

cost of tom | e reduce y.mnimz the nu of pins on
the | C Brefgrahlyn]- §1trvé§§8Htput ﬁéeamf»rfﬁﬂ BeAysaes© %@V%@&Wg%L (ot 12 wp
)00{ 466%@10%@332%32 \rl\dgm hwwmwlgrm Producdd By @D Wm@mmmdedmho 2 -
mul tipl gx ch, progdu gnece e outputs
't om ¢ nBlbe A Pioe s YRGS By fed B FINIDYL Jo5F S TR o e B7- Aw <
330 pr efimeabtquad sorpieemednevaiue aldle inputdfghe Di pyer tb@/mﬂmmdsnlfy -
q | /0t LS. 5 DEdM s
(I}%gr :ﬁ%%e)s&gﬁ?*%ﬁ%lgnt%gﬁl npusﬁjgo&f%atj‘%gr@N?bggﬁgggtr %“ﬂz In g%gnchronous
manner Py densttiesiaqual ta thg constant yadush at thel iBRYS. 332 are sequential |y

sel ected by Burtk@yBaerD32¥L3( mrtphas&ha\/ﬁbgh réslmnhjdcﬁgm réﬁi&eﬁt&h@ﬂbfs'f r eams
Do PRl e e sl EAOEEY, R ks bl e e bty
i ncl udeshapeds how réRition, digital bit stream at its output at a rate that is many times the
20  Nyquist sampling frequency of the input signal. This is because most of the noise
generated during the re-quantization will be contained in frequencies above the pass-
band of analog low pass filters 338 (see FIG. 3) as the output sample rate is increased.
As more of the re-quantization noise power is spectrally shaped into high frequencies,
less noise appears at the outputs of the analog low pass filters 338. This manner of
- ) 25  generating a higher rate output data stream whose noise has been moved to a more
desirable portion of the frequency spectrum is commonly known as “noise-shaped,
over-sampling.”
In the preferred embodiment, each DZAM 33, produces output samples at a
sampling rate of 5 MHz, which allows the representation of signal frequencies up to a
30  Nyquist limit of 2.5 MHz. If the analog low pass filters 338 are designed for a pass-
band 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

35  the number of pins on the IC’s. For this reason, the ONPDM outputs generated by the
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10 D) 1-AM's 330. This neans that the multiplexor 332 preferably has twenty
(20) inputs for combining twenty (20) PDM outputs on the § igys 2083
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avai | ab éya lPl‘tstlﬁ‘é Qljﬁpé“t %FW%O&SE‘{M*? ne%yﬁéb}@%f%?%dg%é:@%creg' Ea?]alblsed

and t weph yhe(i26}) 244 msequérgad mangersi mul t aneously presented to twenty (20)

depd i cal Syqan g 4ak At 10 YO0LARRIACAUR AURIDEEM USG/A3014 330

In IS way, éac bit stream p[od ced by a
respect HW@ODHEAWBQWBHSPFFI&‘}@%@F C@%?Te}%“é'@ﬁflﬁsémoég p cqmplefs Gyg Yeach gate 3

39 Wi t hygeiaRdaries bﬂﬂ@ém}O{EO) Ihito & 2¥88abld Eﬁh&ﬁﬂp@%f&h@m&ltmﬂﬁob Baterably a
e 7ol T R i UL 08 bR G Bl 1 Foason
sampling rate of the DZAM>g 330. Using the preferred samplmg frequency of 5 MHz,
20 this means that the clock frequency of the counter 334 must be 100 MHz.
The combined output stream on the line 244 is then provided to a shift register
337 included in the DZAD circuitry 228. The shift register 337 is used to segregate
the output streams produced by the twenty (20) DZAM5 330 from the combined
.output stream on the line 244. Further, the test system controller 110 is programmed
25  to control the application of a clock signal on line 362 and a sync signal on line 364 to
the shift 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
30 stream on the line 244 at a frequency of 100 MHz. This means that the shift register
337 must also be 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
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t he wi ndow signal is..used in conjunction with the gates 33 for@ﬁontrol i ng
the width of the data pul ses, and for ensuring that the- 823s in
each stwWeaimate spaced Ear enough apart so that settli ng:-tmm/uigﬁs not
affect the data pulse width. Next, the gates 339 present the data streans
to respective D-to-A converters 10 335. The D-to-A converters 335 convert
the digital nunbers to noisy versions of the desired DC |evels. The anal og
outputs of the D-to-A converters 335 are then |l ow pass filtered by the
anal og B®v hah's vf/fi)d tanhsgaB3830 is peaseivyd methabingraapsprodicedisy moi se. It shoul d
be noteg é&g@ 2 gific inplementations of the |owresolution D-to-A
converter gandt e analog filters 338 are not critical to the ;

i nventi on. 1Fhaest systear eemiwllon] Hagevidereachigauid? with 2 ovipdeowsua! 8y t he

fil tershﬁ@?ﬁ@r'ﬁlé@ﬁﬂowgﬁ@él E%@'eﬂeﬁbﬁ,ﬂé @a@fefémapglg&alf(waﬁﬁﬂzin @gpded in the

driver/recel ver channel E%) stem controller I S progranmed
to dontWHNG IEUEEY £ PY Bif re@%uth@ ilpeé is shpya g By2-bi &fs%ltm%g WReror oper

r ef er enge wiglidvagpsalio ugéaﬁncébnmﬂlo%&amaﬂﬁ [0 %Qﬁﬁﬁé@h@llmggﬁé widgi exanpl e,
t he sel e I rcui tr¥ 350 is l\{l de ref erenc(’e 20 vol tages

R et B gl e ok uis SoTIhE Qhts St bl st SHEGRAET B ol & Lsr o
tim ng adaes aparosd thedsenying ieetdons net affenethatdara @ik widtle digital test signals

b d,, wi I || '
Tavel's equal NEg U galbs 139 ot Mddhus YRR Gk Bech R U £BImAIER, ' 556 1
t ha 0DUB3D01 Thedprp4Aagdnyerterh 835 e¢rwrt| tbﬁdxgntabrmmbgrs gomisysversionsof thed to -
provi deyekslfDEMEGeId PheY %zﬂ@ggﬁﬁpﬁ{s of &e@l@o X'%onrvertérQ%S:Qfm{eﬁtl&ﬁ pasft, which

conpares or peasures Si produced by t DUT 112 relative to t he )
" )ref er erddierebby ﬁtje@alogﬂ%wmqs @Fe@ﬁ%ﬂ% tl?Fé?/bYd'émoé’Hlﬁf&P%& e poige| Bgi cal high
t hr eshghduMdetige] Bade speeifiRnipenenthtagis ©fthd low-rebdlgsmdl-tb-%o0l t age equal to

,t,. Th 354 th I h
2 e SRR R MU ARIGR: TRARRATS PR 0t ot S5
t hesref er enp’ﬁlaapfdragesrowgesMr thogigh\Wh,d producriddtyt tht Gitersi 378 axe khenpr ovi ded t o
sel et 08k ot PRLEDISOInd PRLUSE difl A RM 220 %r THESt System
er woul d" t ro

control eretfore rogranmed to cont IS sel ection
ci r cui ttesf sygemspateliarillg i Preg@mm‘éfmrf@ﬂWéHEée IGeHALHEEI 3B | evel
gener atth@eb@piseriiRaihd SIoBe referdrey wbrta/gdsmo theairRMES 224hd thé 06 a2e3 V\D
SP/r gﬁ?%igﬁ fz?anhp ﬁ,&ﬁf‘f %‘émﬁxﬁggmrcuﬁry%% is con(iromt cl) 8roqr}cf3 JefTeice the Dy-,
20  voltages Vi, and V, to the driver 352, which produces digital test signals using
timing edges provided by the timing generator 216. The digital test signals may be
produced with logical high levels equal to Vy, and logical low levels equal to Vy, and
then passed through a back-match resister 356 to the DUT 112.
_ Similarly, the selection circuitry 350 is controlled to provide reference
) 25  voltages Vy, and V,,to the comparator 354, which compares or measures signals
produced by the DUT 112 relative to the reference voltages. The DUT signals may be
compared with a logical high threshold voltage equal to V,and a logical low
threshold voltage equal to Vy,. The comparator 354 then passes measurement results
to the test system controller 110 for subsequent analysis.
30 It should be noted that the reference voltages Vy, through Vg,, might be
similarly provided to selection circuitry (not shown) included in the PMU 220. The
test system controller 110 would therefore be programmed to control this selection
circuitry for presenting the proper reference voltages to DC level generation and
measurement circuitry in the PMU 220,
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the 1 00 MHz bit stream produced by the nultipl exor.332 | S %Mﬁdgﬁ $]o t he
first register 336-1 in the shift register 337 on the I|ne @

t he regvewenes1®836-1 through 336-20 preferably include resprgbéy@i4 €gi sters
470 and 472. which nmay be 5 inplenmented using conventional D-flip-flops-
Further, each of the respective registers 470 are serially connected as
showmn in FIG 4. As nentioned above, the shift register 337 is preferably
clocked at a 100 MHz rate in order to shift twenty (20) bits fromthe bit
streamon th rdingly,
the 100 MHz EIQ‘CEQII@%?%@%@J&@@@{ % ﬁ[@%g |v§&?g§ :}Iﬁg’ éﬁ% on the

| i ne 362he Ff} Mikrbit Wﬁ@menreducad F@wh@r@ulmﬂe NOWSRE ys p@@)de oo the first avai | abl e in

the resp §tb1\’?36ﬁSEHﬁ%%ﬁﬁég@wrEﬁ*ﬁox%ﬂ{éqlr%'ﬂlﬁa"aa!cﬁo?%'ﬂegﬁte%‘}ﬁd“? line 364,
he twenty (20) bits I1n the respective registers 472. '

t her eby tchin

Because thraagh s&g -3¢ B¥ef?7ﬁblﬁt’1§F1‘(dEG)?SH§F§1‘ée weistes 47 @ pathf (2. Wyekawyibst o t he

regi st epfprAknad u@ml{%n%ﬂlmnﬁl@-@hp ﬂhgs SHitéhe¥,] &R lof iHe refictiosrdopstdrBe | i ne
364 at its latched in the regi sters 472 are

t hen prgg ﬁfeesrfrlf‘@y?‘?{@e%tﬁﬁésg’é‘twé’sm 4S9% whi ch may be inpl emented using a
conventi onal AsNfemy@mhed elorve) the shift registef B87 isorefeadtilpnlooked hea H}UMH;at es 339

Y D g B bABE LR ob) BLRoA REATSNOND 1B R, ot exarpl e,

FIG 5 ses on
connect swenty (2h régigets 336 &Geordfnglméh%wtésclesgﬂovﬁﬂ@d Bveﬂlﬁes of data

pul 5es LRERRIRARS ST l?l')é hn':et j@aﬁﬂrﬂfeg %%@vg'ya Wfqef()f et %f s 330.

Furt her ecause. each DAM 3 refera val ue at its input
usi ng abidy Sl Avaaple ’r"e‘&ﬁéﬁ?ﬁ%ﬁtwﬁf‘?%ﬂwmttﬁé SWFij’EIEn%f‘S aplisdpnithe Bog se on the
] I ne 47364, Shé&elsy [Rtchagsthe Avdy daoggitym the ré@bauhaﬂe Stekhd 7. VBEd»él@s@ﬂ)e: ogi c?l
"I" occurs e S a dat val ue o

L ogi cat 5o Qo b ie prffie Shk e il o SRisPn 0 fon Ll il %5 Gt
bit wi tiate theatyme sighal iogppled tb e lowcifdsat lach M@Brvate. mes 400 rl secs and 600

lsecs. FIG g, ds%?o?ﬁ?é’ﬁ chOfinthe %}sqa@'arf‘)@?ﬁ Pf‘esédt - syﬁé {1t | oned

above t he w ndow si gna 1S _pre entli s gn ccor di ngly,
FI G 4 Hfewsuethsay b Haplgwentsd uanzaﬁpﬂthl@@ah AND- g@ﬁﬁ@%ﬁ&l&ﬂ@@ thee i nputs of

each sysferg&difofIROsyndQaibé 3By RGN el istndahe BEM dG¥ra@shdvdh innProved by
pr eci s%%%& ontrolling the width and spacing of the data pul ses provi ded by
r

the re s 472. To this end, the sync gate 339 synchronizes the data on
the line 474Fmdthpln3%rﬁjsiwumagaeﬁhs ofddtdpulstd orelido6/4 (HiG. gy wdlicloni zed dat a

on 2t0he ik icgﬁ]e‘ge% tg El’xﬁlpu? l)f Qﬁeeof{tﬂg Eyrf%rg%&%@tﬁq THd sExt?gs off claltz; ]%lsés& 15
corresponds to a bit stream produced by one of the DZAM>5 330, Further, because
each DZAM 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

(f-],’

. ) data bit with a value of logical occurs between times 1 and 200 Msecs; a data bit

25  with a value of logical “0” occurs between times 200 "isecs and 400 "secs; and, a data

“I 7t

bit with a value of logical occurs between times 400 Tsecs and 600 Msecs.

FIG. 5 also shows the window signal on the line 366. As mentioned above,
the window signal is preferably a differential signal. Accordingly, FIG. 4 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. 5) are then presented to the

filter 338.
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5 AUG 201; WO 00/46610 10 PCT/ USOQ 0291 4 As shown in FIE55AUG HEEw dt h of
the data pulses on the line 476 equals the w dth of the pulses on the line
366. amndO ow#sitni ni num spaci ng bet ween adj acent data pul BETUSHN/QA4 | i ne 476
is equal to the spacing between the pulses on the line 366. Further, if
the register 472 provides the sync gate 339 Wth a data bit having a val ue
of logical "I," then the sync gate 339 provides a pulse with a fixed width
tothe filter 338. Alternatively, if the register 472 provides the sync
gate 339 w t msshdatmaintfIG. Shiheiwidtheofviad dega phlsésomi thalline @76 eqidhthehe sync gate
339 sends to t filter onvert

t hese dé(‘flgthﬁf%es?‘ﬁé% npl%cllr?lelﬁ %n%gﬁlaelrglﬁ rﬂ%&% mﬁ?setwelseﬁ\‘/a\najt%%é%g%%t ant

val ues eqlsas ont thetlhvee 4ltsis equal DE theedpasing bet wiegeh thgEIiSGVRD thlptidftP- VRon Havi ng

d b
meZﬁ{ ! b?g@égfélﬁg@%@e@mn ;51’60%%9&11% s%é gé gﬁ@ \Wth%rﬁzl%ibﬁrﬁ%ﬁg ?Zglg\é?{ﬂr gL : ?n?‘ iy

a CMDS |bagitdl 5h,”dheh ﬁletﬁb’p@)E@Eﬁ 3@8@[‘?‘@‘#‘3 aa'?\%ise W’Hb@ ﬁi‘ th‘iltgﬁ H&rator and

the DEA33 ﬂﬁk%ﬂbeﬁ' {fGHE Fo¥st@f 472 poviie thdEinc Eei}mlwy‘bhlalcﬁtatﬂﬁe D7A decoder
mrcwtry, t he

river r ‘channel re~in-t.he bipol ar

por t i on havigevele af AL Gt B SR BRE e 3R O SR i Sahg 58e, B pot ar
g' rCi'“ t Fiﬂaﬁl?t th@@ilfé@é’lfal&wrﬁ)@ﬂ%éﬁ datdi Hif streems fionr BDM sighds ks PCM t he Clvml gng

i polar ort|os e incl ude
i npt he qnéﬁ’m’f%l g;'p%ﬂ)da} E?h[ﬁF ?anér?g?g@ éreﬁ%e;@{%gr cl‘)‘r%glji5 LF}Eg nul tiple

bi tist r &ans u5| ng a 20 nultiplexor and a counter, and then segregating the

bit streams gﬁ\;ﬂ% %séﬁ?é& oﬁce&hl?&cﬂﬁ'ncnt':hﬁr})&%ﬁs aﬁé?hé‘tl\)é(blﬂﬂllﬂ)dﬁrﬁétﬂé be nore pins

in correspon assing.the ref erﬁ@ﬁ vol tages fromthe DEA
" Ydecoder vamatmismlghibﬂrﬁée Na@PﬂP@ itwas deserier that dkg Pf‘é‘ ’C%ﬂé%tekfasand PMJ in
the bi pglavok orﬁ%ﬁxﬁﬂﬁ@&ﬂ&hﬂmk@rt hgd, esuhd inghepestemnd amdsheDSt  and area

efficient. Furt her on _ci UI trysihn [ keceiver
channel Mf¢ 6%{01'@0}1@%@:&311%%(?@ ;S-a,orﬁﬂra “fh?ilg gr éiﬁégge\l;gf '{; l\{lﬁ'g"sﬂ‘lrgout ed

di rect | drive/retdvelrdhaanclamd tho PHAY atcom the:blrpola!r peyion| dlovdryer |ﬂ@}ﬁwa§ he D A
modul at or.s d ‘f]’iﬁé&%ﬂvé‘%&%hﬁxaa"[%e%ﬁr%h‘%%%ﬂk%t 514 B glred FUI at or s

However, eﬁffl tors use furt reduci ng 30
r esi duaﬂlmmelrowtbmkﬁeﬁ thed S 1 tté@ééfléff‘?‘é‘?s | ow pass filtering. Because

hi gher " or der gor example, the D4 decoder circuitry might be included in the CMOS
portion. This would eliminate the need for combining multiple bit streams using a

20 multiplexor and a counter, and then segregating the bit streams using a shift register.
Further, this would require more pins in corresponding IC’s for passing the reference
voltages from the DZA Jecoder circuitry in the CMOS IC to the driver/receiver
channe! and PMU in the bipolar IC, which could make the resulting system less cost
and area efficient.

25 Further, the selection circuitry in the driver/receiver channel might be removed
entirely and the reference voltages routed directly to the driver and comparator
circuitry.

In addition, the DZA modulators described herein are preferably second-order
modulators. However, higher-order modulators may be used for further reducing

30 residual noise on the reference voltages after low pass filtering. Because higher order
modulators generally require higher orders of analog filtering, the overall circuit
complexity can be expected to increase, thereby reducing the area and cost efficiency.

Therefore, the invention should be limited only by the spirit and scope of the

appended claims.
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nodul ators generally require higher orders of analog fil t@arjéng Ejlﬁl overal |
circuit conplexity can be expected to increase, thereby redu Wl I$e ar ea
and cosWOSPHeE? ency. Therefore, the invention should be Pcwitsesloxnd y by the
spirit and scope of the appended clains. 16 WO 00/ 46610 5 AUG 2003

PCT/ US00/ 02914 What is clainmed is A sem conductor chip with at |east one
out put pad, adapted for use in an automatic test system conprising: a
plurality of nodulation circuits. each nodulation circuit having a control

i nput and an Whatgsclaimedisei n each nodul ation circuit produces a respective

stream of di g4 §ephicoRiicSorathip With QtfeRdilont BMpRSEAL, BddpHEd Br \Re VPibE at its
control input; a conbining circuit having a plurality of inputs and an

d 14
out pdt, wher SURMECHEH SBHEMFOPME RO NDi ning circuit is coupled to an out put
of a3’ nodul atapdirality 6fthédaibr difubsiteat motiulatien ciedthi Rawigg ecomiblt i s '
connected to the out‘ﬁut pad apd wherein the conbining circuit fornms a
strefm of di gi tal e sangfmlop?u ‘out put fromthe respective streans of
di gi tal bits at i tveheptineath mpduletfon cipwitprodives s esspectidistteam afldigitahs reci t ed
in claim1l, wherein the.chiP. LS [ nol. agy. The
sem %onduct or chip as r%étglqk gsdbﬁtﬁh{:glggﬁ%grﬁ%%ﬂ%uc} ts"ﬁjé?‘lfﬁqr\{gﬁf ﬁﬁg‘ lglj'%rur ality of
tim Bg generator circuiand, each timng generator circuit having a control

i npug and an aQHﬁnBiﬁiné‘_@M&Lﬂgha%ix% QB%!RP@fﬁ; fits3hd @n ohhﬂﬁ, determ ned by the
val ue on the contr“gllf i.nput , andoa_\;g@egrel n the outputs of the timng generator

circlits are coupMe¥raipegiitippyt compning SIS CoNPLRck 19ran oRtmt ofrpe
semgonductor chip as mesdul®ibnicircGit ahdiht.ounfi beibe dolebipingreakiit 5 Of

>m)dﬂ ation circuits i “%h%e%te%'tg'tﬁcaéutﬁdt%%& é:ll‘l%l ta
12 wherein the combining circuit forms a stream of digital bits at its
13 output from the respective streams of digital bits at its plurality
14 of inputs.
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,
further inc}uding a plurality of timing generator circuits, each timing ‘gene.rator
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

A U B W R

of the semiconductor chip.

-
ha

The semiconductor chip as recited in claim 1,
wherein the plurality of modulation circuits include digital sigma delta

modulators.

W N

5. An automatic test system comprising the semiconductor chip as recited in
claim 1,
further including a second semiconductor chip comprising:

at least one driver/receiver channel formed thereon, the driver/receiver channel

(ST T VS B S R

having a plurality of reference inputs;
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nodul ators. An automatic test system conprising the sem'ss:gngy@t gﬂlBChi p as
recited in claiml, further including a second sem conduct chip
conpri SYRAFY464{0 | east one driver/recei ver channel fornmed PEBUSHM9the
driver/receiver channel having a plurality of reference inputs; 17 b AUG
2003 10 11 WO 00/ 46610 PCT/ US00/ 02914 de-conbining circuitry having an
input and a plurality of outputs, the input being coupled to the output of
the conbining circuit and the outputs carrying.digital signals segregated
fronfthe strdarfoBibigingicirayiin hayingananput nd p RiureNtysit ogbwie i BRC rcui t's,
eachy having a di gidedlg ¢dtpiid t6 ARPHBSULLST iR confBihiBY cirehit hAEtideugaAdi ni ng
circuitry and an anal oggé)ul ut cglégl ed t(g a fpererence .l ngf% of the
drivBr/receiver ciaRHEE digtdl signpistageated dpmdhe sleeAm of digitph bits: pnfl ¢ ai m 5,
whergi n the sagmralindeitdonreciingirsity, eadt ledingna dibhalnmputicdouplephesent ed usi ng
\ technol ogy, and the .second ,sem conductor chip Is inplenented using

o1 o ar t echnal ooy otbit B REESOIBEHLE SRRGNS il afiBbRok PubTPLERFER of he
typet havi ng dri veeferaceinmit of ihecuiven'ecowerehanmgtur al ity of reference inputs
i npl emented on a first integrated circuit chip, conprising the steps of:
a) providing a serial_bit streamto the first integrated circuit chip; b)
usi ig chr cui fThg awiemaiic testsxstem s sxpitad dbcleim eui t chip to segregate the
serial  bit sheRAMHS Hethidordubionbhip¥s Bcite@ iy Qsiat €6k PiflebAtBRTng and c) using
each of the segr eﬁ}@g bi t ﬁﬁr eang . to %ﬁaer ate an an%léo% I eﬁ erence |evel
for Xhe driverire rte ve A3 the mecopd serpigordugtr hin i implempented 7.
whersei n the step abingrtopolah taghriggrial bit streamincludes the step of
generating the serial bit streamusing a second integrated circuit chip-:
i npl emented in CMOS technol ogy. :
7. A method of operating automatic test equipment of the type having

driver/receliver circuitry with a plurality of reference inputs implemented on a

first integrated circuit chip, comprising the steps of:

a) providing a serial bit stream to the first integrated circuit chip;

b) using circuitry on the first integrated circuit chip to segregate the serial

bit stream into a plurality of segregated bit streams; and

c) using each of the segregated bit streams to generate an analog reference

O 3 o0 ;bW

level for the driver/receiver circuitry.

8. The method as recited in claim 7,
wheretn the step of providing a serial bit stream includes the step of generating
the serial bit stream using a second integrated circuit chip implemented
in CMOS technology.

BoWw N e

The method as recited in claim 8,
wherein the first integrated circuit chip is implemented in bipolar technology.

| I
o

10. The method as recited in claim 7,
wherein the step of providing a serial bit stream includes the step of providing
the serial bit stream through a single pin of the first integrated circuit

RN

chip.

1 11 The method as recited in claim 7,
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The nmethod as recited in claim8, wherein the first integg ahﬁﬂ gq'}cwt chip
is inplenmented in bipolar technology. The nmethod as reci téd

wher ei WVQ #4661&p of providing a serial bit stream incl udesrubm/adep of
providing the serial bit streamthrough a single pin of the first
integrated circuit chip. 18 WO 00/46610 - 5 AUG 2003 PCT/ US00/ 02914
wherein the first integrated circuit chip has a plurality of

driver/receiver circuits thereon, and wherein the step of using circuitry
on the first Whereigrthe Best sitegraied cupip chip hag a gheajiy of diieerfessiedr bit stream

i ncludes the stepcg&ngsqg&%ggtdnag the serial bit streaminto a plurality of
segregat ed hi streams each driver/receiver circuit. 12. The nethod as
recited in cPaFwimt e\ﬁff@r%ﬂqﬁm@w&cg#@porbﬁle;%wtazrﬁtjd&lrgwi Faip 19t stream

i nclsudes t he stepgegtégmumeﬁalbpdweahi fmﬂuaés thié g@poﬂmgkeagaﬂﬁgm@g&ras to
generate a plur alb PZ ﬁ " &) a}m %r esenting one

ref & ence | evel Hétre%I"EtPﬁl Wi ‘{ﬁ@gfﬁE{‘}F 'ittg’}’ie Bf ¥ %streans to forma
single bit streamdrit@/receiparairesis. of manufacturing sem conductor chi ps using
the method as recited in claim?7, the process conprising the steps of:
providing a wafer having a pl urallty of dies thereon; testing the dies with
a tast Byst ehhopsthadad regtlednnitlagno the net hod of claim7 to identi fy

fungtioni ng gh&ein MPYepEhANidHg hREHAUWICIHAR iRdudis?Re stdS of using a

3 plurality of sigma delta modulators to generate a plurality of bit

4 streams, each bit stream representing one reference level, and

5 multiplexing the plurality of bits streams to form a single bit stream.

1 13 A process of manufacturing semiconductor chips using the method as recited
2 in claim 7, the process comprising the steps of:

3 a) providing a wafer having a plurality of dies thereon;

4 b) testing the dies with a test system operated according to the method of
5 claim 7 to identify functioning dies; and

6 c) packaging the functioning dies.
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