o 96/81002 " ] - . PCT/ US95/ 15744 .
TI M NG GEM& FOR AUTOVATI C TEST EQUI PMENT :
OPERATI N % DATA RATES This invention rel at ePscré%sr?g’rls‘iﬁy to

automatic test 5 equi prrent and rmre s eC|f|calI to automatic test

equi prent in which %% E’F Gl tFQRESEMENT
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VLSI component. '
To test complicated electronic components, it is

20 necessary for a user to be able to preéisely specify the
signals that are applied to or expected from the DUT. One of
the parameters which must be specified is the time when a
signal should occur. Two pieces of information are usually
provided to specify the time of a signal. First, the length

25 of one cycle, or period, of the tester is specified. The
period is generally the same for all channels. Second, the
length of time after the_start of the cycle is specified for
the signal. This time, or delay, may be different in each
channel. '

30 To make the tester drive or check for a signal at the
desired time, commercially available testers contain timing
generators. The timing generator produces timing signals,
sometimes called "edges."” The input and output gperations of
‘the tester are synchronized to these'edges..:Fdr example, one

35 edge causes an output driver to start driving its output
while another edge causes the output driver to stop driving

the output. One edge signal causes a comparator to start
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FIG. 1 shows the timing generator of such a tester. The
timing generator contains two parts: global timing generator
110 and local timing generators 101. There is typically at

20 least one local timing generator for each channel of the

tester. However, it is possible to use the same timing

generator for multiple channels. ' '
Global timing éenerator 110 generates a BOC signal,

which stands for beginning of cycle. The BOC signal goes -

25 high once for each cycle the tester will execute. The BOC .
signal is routed to each channel. -

The BOC signal may be thought of as a course indication
of when a tester cycle starts. Ideally, the period can be
specified to a very high resolution, such as 10ps. Global

30 timing generator 110 does not produce a BOC signal with 10
psec resolution. Rather, the BOC signal will have a
resolution of some much higher wvalue, such as 10Onsec. To
compensate for this low resolution, global timing generator
110 also produces a signal which indicates the time

35 difference between the BOC pulse and the time which should be

the start of a tester cycle based on the programmed period.
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addition, the local timing generators compute a delay which

15 is unique to each edge in each channel. This delay
' _compensates for the different propagation length of each
channel. This value is sometimes caiied a "deskew value.*
The deskew value is also in digital form.
The residue value, the programmed delay and the deskew

20 value are combined in digital form to produce a signal which
‘indicates the amount of time the edge signal should be
generated after the BOC signal. Some of this delay may be
accomplished with aigital delay circuitry. Greater
resolution is achieved than in the global timing generator by

25 using a higher frequency clock in the local timing generator.
The digital delay might also be provided in one or more
steps, each step providing a portion of the delay. However,
the digital delay is still a course delay and does not
provide the required resolution.

30 A final fine delay is then added to the edge signal to
provide the required resolution. This delay is usually
provided by an interpolator. An interpolator is implemented
from an analog comparator. One input of the comparator is
fed with an analog ramp signal. The other input is fed by a

35 digital to analog converter (DAC). The digital wvalue
representing the required fine delay is input to the DAC and
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provide a course digital delay.
15 Each channel also includes an interpolator circuitry
" 114. There are multiple copies of interpolator circuitry 114
for each channel as there is also one interpolator for each
edge signal. Interpolator circuitry 114'provides the final
delay. The final delay is provided by a course digital delay
20 and a fine delay from an analog interpolator. _
The edges from all of the interpolator circuits in one
channel are provide@ to format circuit 116. Format circuit
116 contains the drivers and comparators needed to perform
- the required I/O operations. In addition to receiving edge -
25 signals, format circuit 116 receives format information and
data values. The information about which format is in use
is passed from timing logic 112. The format information is
programmed by the user. It is provided first to timing logic
112 because the amount of deskew needed for an edge signal
30 sometimes depends on the format being used. |
Global timing circuitry 110 and timing logic 112 are
implemented with CMOS components. CMOS is relatively
inexpensive. Cost is an important factor in implementing the
timing generation circuitry because of the large amount of
35 timing ciruitry in a tester. FIG. 1 shows that there are
multiple copies of timing logic 112. Typically, there are
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20 early in the following cycle. The time difference between

successive occurrences of the edge becomes less than one test
cycle. If the_éimq difference becomes less than 10 nsec, the
- CMOS circuitry can not provide the control information to
interpolator circuitry 114 fast enough for it to generate the
25 appropriate edges.

In addition, we have recognized that fast interpolator
circuitry 114 can be made to geherate edges at a faster rate
than the approximately 100 MHz at which CMOS components can
operate. It would be highly desirable to generate edges at a

30 rate of greater than 100MHz even though timing logic
circuitry is implemented with low cost CMOS components.

High speed architectures are also used to make testers
run fast. For example, pipelining is a widely used
technique. In pipelining, large circuits are broken into

35 stages, with the inputs and outputs of consecutive stages

separated by registers. During each cycle, each stage
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A second high speed architecture uses parallel data
15 paths in conjunction with-pipelining. For example, to run at
' 200 MHz, the tester can be divided into two parallel paths
which each run at 100 MHz. The data from the two paths are
interleaved at the end to provide a signal at a data rate
twice that of either path individually.
20 ' There is today a demand for testers which operate at
speeds of 200 MHz or higher. The same problems occur in a
200 MHz tester broken into two 100 MHz channels. Neither
channel operates, wﬁen implemented in CMOS, fast enough to
o allow edges to be programmed as required. -
25 A further problem with current timing generators is the
implementation of the analog interpolator. The analog ramp
and the output of the DAC provided to the comparator must
have precisely matching values. For example, if the analog
interpolator is to provide a prdgrammed delay of between 0
30 and 5 nsec, the ramp must change in voltage by an amount
equal to the full scale output value of the DAC in exactly
Snsec. There are two ways these values have been matched.
One way is to adjust the analog voltage which is the full
scale reference value for the DAC. A second way is to use
35 to control the slope of the analog ramp. Either of these

adjustments might be made, for example, using a second DAC.
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on the data in the registers at its input and then pl aces results in the
registers at its output. The data path bet ween the input and the output
of each stage is shorter than the data path between the input and the
output of the 5 entire circuit. As a result, there are snmaller delays in
each stage. Data can be cl ocked through the pipelined circuit at a rate
equal to the rate at which data can be cl ocked through the sl owest
stage, which is faster than data coul d be cl ocked through the entire
circuit. However, the 10 rate at which data can be cl ocked through each
stage is still limted by the operating speed.of the devices used to
make that stage. Wiere CMOS parts are used, the limtation is stil
about 100 MHz. A second high speed architecture uses parallel data
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circuitry2bdtoviBo; 8dges EAGPErBrPFERPReLe rel atively expensive and
difficult to iogl eeeat fukthepubBjeetdesi pablride a tester operating at

200 MHz using CMOS timing generation circuitry while still

15 allowing edges to be programmed.
' It is yet another object to provide an analog
interpolator which can be easily calibrated.
The foregoing and other objects are achieved in the
timing generator of a tester which includes a control
20 circuitry operating at a sloW'Speed and with low timing
resolution and faster circuitry making a high precision £inal
timing adjustment. ‘The slow circuitry and fast circuitry are
_ separated by a FIFO.
T 'According to one feature of the invention, the read -
25 control signals from the FIFO are generated by the slow speed
circuitry, but are adjusted by the faster circuitry to allow
data to be read from the FIFO at a rate which is faster than
the rate at which the slow speed circuitry operates.
In one embodiment, the slow speed circuitry includes a
30 plurality of counters, each of which generates a read control
signal for the FIFO which is adjusted by the faster circuitry
based on other control signals generated by the slow
circuitry.
In one embodiment, the timing logic is implemented using

35 CMOS technology, which is lower cost, while the timing
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interpolator is implemented using BJT technology, which
operates at a higher speed for higher cost.
In yet another embodiment, the timing generator includes
a multiplier which adjusts the digital input to the
5 interpolator based on the full scale output of a DAC in the
analog interpolator.- “



- 7- " WD 96/31002

PCT/ USO Svlbofs1002 SUMVARY OF THE pdyyod95i16M4
Wth the foregoing background in mnd, it is an object of the '
invention to provide a t ﬁ?’ﬂdﬁﬁgﬁ??fdﬁdd# B Pawrnescost., slow speed
conponents which all ows edges to be pro ranneg It is
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in the tlnlng,genenatohn 1 It is also an object to provide a
tester opSFawWipgsadn which

5 FIG. 1 is a block diagram of the timing generator of a

prior art tester; '

FIG. 2 is a timing diagram useful in understanding the
invention;

FIG. 3 is a block diagram of timing logic circuitry

10 incorporating the invention;

FIG. 4 is a block diagram'bf interpolator circuitry
incorporating the invention; and

FIG. 5 is a block diagram of an analog interpolator
according to the invention.
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100 MHz using CMOS timng generation circuitry while still al I owi ng
edges to be programed. It is a further object to provide a
t ester opROAEBHY2at 200 MHz using CMOS tim ng gener at iRGT/ESSAET4r y
while still 15 all owi ng edges to be programmed. It is yet

anot her object to provi @E@ékﬁi@im OF Tnzimmomﬁmmn be easily
cal i br at ed. The f gng%Xand ects are achieved in the

timng generatd?h6f1%VFB§P8? %ﬁl FGdE%tg Eoﬁ? 4P9 ISBEERFELI BPy
oper at i ng shown SheNeSREEE MNAFYEL hll oWDinpHovgd elemen€sochotopdingdtbast er

circuitry king a high precision fin I m Rgeadj ustment. The sl ow
circuitry oHd *é&?n€+$%u f?ysé?gn in E&gﬁpa?atédaﬁ 2°FI FO. According to
one fe&ture of Fhe.i2vshbwsna thmingadiag?&mcoﬁtsdbnalgnuhichrmighhebélFO
are gener I ujt st egh. Dy the
faster Clﬁ% ?$Q£%§9%flgmtégéég %s%ng %% ée%%m%ggn??%grﬁgé%)atgggrate
which is ftammgtmram ist@ivided antthmleﬁ@ﬂ besterecoperationsy

operates. gach cy cle 1énsH8ﬁneEPOHhGEn£ péPEo&|0¥’5p@ﬁé eimeurt £¥ni Bel udes
a 30 plura |ty counters, each whi ch generates a_read, control

si gnal fch¥?EF¥$¥%§Wh¥cﬁ ?su§ﬁ¥u§P€de¥ eyvens he ehapgpd fuFing based
on other cepér&tis&hodtl h@cbesteedabyihhehé! pyior art.ci Réweléey, in

B R s L
simplicity. ) _
FIG. 2 shows several edge signals generated by the
timing generator. EDGE 1 is generated a fixed delay after
15 the start of each tester cycle. EDGE 2 is an example of an
. .edge which is delayed a variable amount after the start of
each cycle. However, the programmed delays are such that
consecutive pulses of EDGE 2 are spaced apart by at least one
tester cycle. Both the EDGE 1 and EDGE 2 signals can be
20 generated with prior art timing generators and are shown here
for comparison.
EDGE 3 shows a signal which also has a variable _
programmed delay. In contrast to EDGE 2, some pulses in EDGE
3 are spaced apart by an amount H; which is less than a '
25 tester cycle. Prior art testers using CMOS technology could
generate such signals, but only if Hi was greater than about
10 nsec. Ten nsec is the minimum achievable spacing between
signals which could be generated by timing logic 112 (FIG. 1)
operating at 100 MHz. As will be described below, the
30 minimum achievable spacing between edge signals in a timing
generator according to the invention will be dictated by the
timing of interpolator circuitry 114. As interpolator
circuitry 114 operates at a higher frequency, the minimum
achievable time for H; will be smaller. As described herein,

35 interpolator circuitry 114 uses a 200 MHz clock. 1In a

- 11 -
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interpolator is inplenented using BJT technol ogy, which operates at a

hi gher sMe@&6/31862 hi gher cost. I n yet anot her enbodi NnERET/USI585744ni ng
generator includes a multiplier which adjusts -the digital input to the 5
i Nt er pol atpare fleasestl Gambidinfent, sied enimiutt aefhivadle Rikee for ARakeys

I nt er pol .atn%re.c.
EDGE 4 shows an edge signal in which'adjacent pulses are

delayed to produce a burst of more than two pulses at -

5 intervals which are much closer together than one period. 1In
EDGE 4, the pulses are delayed by greater than a cycle of the
tester. The amount of the delays D;, D3,...Dg successively
decrease so that the generated pulses are spaced close
together. The pulses are shown spaced apart by Hj. As for

10 EDGE 3, the minimum achievable time for Hj is dictated by the
clock frequency used in interpolator circuitry 114.

Turning now to FIG. 3, timing logic 112 (FIG. 1)
according to the invention is shown. FIG. 3 shows the
circuitry needed to generate one edge in one channel.

15 Multiple versions of the circuitry are included in a tester.

' In a preferred embodiment, timing logic 112 is
implemented as a CMOS gate array. Multiple copies of the
circuit may be included in the gaté array. The CMOS gate
array is clocked at 100 MHz. For clarity, timing signals are

20 not expressly shown. Likewise, power connections and other
signals conventionally included in digital circuitry are not
expressly shown.

_ Timing logic 112 receives a BOC signal and RESIDUE
- signal from global timing generator 110. The programmed

25 delay is stored in memory 302 and is retrieved in response to
address information from other portions of the tester (not
shown). A deskew delay which is format dependent is included
in deskew memory 324. A'digital value representing a portion
of the deskew value is retrieved from deskew memory 324.

30 The 10 least significant bits of the programmed delay,
the RESIDUE and the value from deskew memory 324 are added in
adder 320. In a preferred embodiment, the least significant
bit of the output of adder 326 represents a time delay of 10
psec. That value represents the edge placement accuracy of

35 the timing generator.

- 12 -
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PCT/US95/I5744 _ BRI EF DESCRI PTI ON OF THE DRAW NGS
The inverwioms/3md2l be better understood by reference to REREUSSIS T ng
nmore detail ed description and acconpanyi ng drawings in which 5

FIG 1is a bl ogkedtaer aBEef sibhificdang BeBer afothel catput of adderpBior
art Lester, o concatehntea’wifn’chb™39ndiR0Lagh 2etuhe' B1ERIGLE 3RUI N the
’delay memory 302. The resulting 15 bit digital quantity is
provided to digital delay circuitry 303. The least
5 significant bit of the input to digital delay 303 représents
a delay of 10 nsec. That delay value is not important to the
invention, but preferably matches the period of the clock
applied to digital delay circuit 303.
Digital delay circuit 303 produces a match signal after
10 the time specified by the digital input to digital delay 303
has passed. As will be described below, one of two possible
match signals is produced for each digital input. Those two
signals are MCHO and MCHS5. It should be appreciated that
though only one of the signals MCHO and MCHS5 is asserted for
15 each digital input, successive digital inputs could have '
" _values such that in any one period both MCHO and MCHS.are
asserted. ' '
Digital delay circuit 303 could be.implemented with a
_ bank of counters 306. Each counter can accept the entire 15
20 bit input to digital delay 303. Which counter is loaded with
the input is determined by select circuit 304. Counters 306
are loaded with delay information for successive pulses in
*round robin" fashion.
Select circuit 304 is a state machine which generates a
25 signals on successive output lines in response to the BOC
signal. One example of a circuit which performs such a
function is a ring counter. |
FIG. 3 shows some number, N, of counters. The actual
number is not important to the invention, but 6 are used in
30 the preferred embodiment. Six counters 306 allows delays
programmed for six tester cycles to be tracked
simultaneously. In the preferred embodiment, pulses
specified within the earlier'cYcles must be programmed to
occur before any pulse in a later cycle. This requirement
35 simplifies the hardware needed to implement the invention.

- 13 -



‘FIG 3 is a block diagramof timng logic circuitry 10

i ncor pofypbigdidoRe i nvention; FIG 4 is a block dpepwsss/isiad
i nterpolator circuitry i ncorporating the invention; and

FIG 5is a bl Ckhd gnggzl:O:;Oérhggaéogné rgf\tr pxoelﬁ&er 308 associaa?&c?rdi ng

to the inventi
with 1t. One of the registers 308 is loaded with the next

most significant bit of the output of adder 320 remaining
after the two most significant bits were input to a counter

S 306. This bit represents a time interval equal to one half
of the smallest interval counted by digital delay 303. In
the example presented here if the bit has a value of 1, it
represents an additional delay of Snsec.

Counter 306 counts until the delay time has passed.

10 Counter 306 produces an output pulse. The pulse is passed
through AND gates 310 and 312. AND gates 310 and 312 ‘receive
at their second inputs the value stored in register 308. The
input to AND gate 310 connected to register 308 has an
inverted input. Thus, when the counter reaches its final

15 vwvalue, oﬁly one of the AND gates 310 and 312 will produce an

' output. | '

The value loaded into counter 306 was the most
significant bits of the digital value representing the
required delay. Thus, when counter 306 has reached its final

20 value, it signifies that the specified time for a pulse will
occur at some time after the pulse, but that the specified
time is less than the period of the clock used to clock
counter 306. Here, counter 306 is clocked at 100 MHz. Thus,

—_ - when counter 306 produces its output, it signifies that the -
25 specified time for the pulse is sometime;within the next 10
nsec. . _

The next most significant bit of the required delay
which was not loaded into:counter 306 indicates in which half
of that interval the specified time will occur.

30 Specifically, when the next most significant bit is 0, the
specified time is between 0 and 5 nsec after counter 306
produces its output. Conversely, when the next most
significant bit is 1, the specified time is between 5 nsec
and 10 nsec after counter 306 produces its output.

35 The next most significant bit is the bit which is stored
in register 308. When that bit is 0, AND gate 310 produces

- 14 -~
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PCT/ US95/ 15744 DESCRI PTI ON OF THE PREFERRED ENMBODI MENT
The i nverwooas3i@2achi eved with a timng generator as . ShRGTEGINEPEMl y in
FIG 1. Inproved el enents according to the invention are shown in FIGs.
3, 4 and 5

Soutput Whn €¢cthews 30ld Prdiudead iy Q:fut?lﬂ:r!a' wheld &hgd ght be
gener at ed S? a tester using such a timng generator. The timng diagram
i s di vi dedbift dscyel é&mosag@s?élz Broaduces, an output, o Jhus . £he RBFRY: have
ahperi gd,d &of m?ob%e '§1©alinmfcat:sprﬁ!ﬁtalﬁw a_@gdihrﬁeawiﬁmcfdraxa PABHE
change urin operation qf t tester as in e prior ardt. ver,
in FIGFn22hFh§d§%bF& e +&h hﬁq}$i¥%ﬁﬁnst elé&ﬁﬁﬁ%1§ﬁ'ANﬂ*ag%e
sinpli@ty312 indicatlelsGthatslthes specifiled ddaes ifipralas ppdisey diretHey adge

ti mng gener [-. i e fixed d fet €. the start of
each teste‘?‘%leﬁ%étﬁ"%%‘%ﬁ exa(rjr’p -é"éc?;&anagg%ggé’e%\ﬁneljéc'h I s del ayed a
vari abl e anount Ixf tedrther eMent, dthe ameunth af dtigne Hhady arust the gomtedted

del ays are G of £HPMIAF Yeltls BIGLR - okl AP URBuRAr L Y
at | east oraf?ég} tester cycl e, gddth t he E%(%BE 1 and EDGE Zéfgnal s ‘can be 20
e

gener at ed Wotilpther specifiad, Fimedior she sdoRulapvif igdven by th
10 low order 9 bits out of adder 320. When the output of AND

gate 310 goes high, those 9 bits represent a time which must
be counted from the time output of AND gate 310 went high.
When the output of AND gate 312 goes high, those 9 bits
represent a time which must be counted starting 5 nsec after
15 the output of AND gate 312 went high. As will be described
. - below, those 9 bits are stored and used to introduce the o
required delay after the output of AND gate 310 or 312 goes -
high. '
Each counter 306 is connected to its own set of AND
20 gates 310 and 312. The outputs of all the AND gates 310 are
OR-ed togethef at OR gate 314. The outputs of all the AND
gates 312 are OR-ed together at OR gate 316. The output of
OR gate 314 is a signal MATCHO. The output of OR gate 316 is
MATCHS5. MATCHS indicates that to produce the pulse at the
25 required time, the timing generator must wait 5 nsec and then
counts the delay indicated by the low order 9 bits of the
specified delay. MATCHO indicates that to produce a pulse at
thé required time, the timing generator counts the delay .
indicated by the low order 9 bits of the specified delay
30 without waiting the 5 nsec.
The low order 9 bits of the specified delay out of adder
320 are passed to compensation circuit 321, which is
explained in greater detail in conjunction with FIG. 5.
Those 9 bits make up a RES signal. That signal might
35 optionally be passed to deskew delay circuit 318. Deskew
memory 324 is programmed with deskew values which vary,
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-for conparison. EDGE 3 shows a signal which also has a variable

progr anmgd odglgd¥- | N contrast to EDGE 2, sone pul ses in EDPEI/Us9s/Bs7as €
spaced apart by an amount Hl which is Iess than a 25 tester cycle. Prior

art teste S u CMOS_¢ | , '
S‘#’e‘?gt?l%nt%egujt@vgggﬂ sec %n nsec |s%5ﬁe s&ggﬂ,_se ut only

I f HlL mas m ni mum
achi evabl eespain ngm@emzveefl deskevgparseskien redprdlrsyEraieAHVei ni ng

logic 112:6HG 1) phys, Oﬁééﬁédvn&e ;6199;:&&& $58 Wdids he €886 | arsuiel ow,

t he 30 mnlrrumac I evab paci ng between edge si t|
gener at oroficéetay n\jh%betﬂésl‘ﬂVeﬂ?‘F‘BﬁY\Aﬂl‘Fs bl |%?%’?%Si%>ﬁ? %EI m ng of
| nt er gol a&eﬁrﬁércanwfléﬂe delapt ebﬁmaﬁéraddedCbYCdbékewJ:ﬁém@pprmes at a

hi gher frequenc the mn le tinme for HL be L 1er.

As descriBél ﬁei@Fﬂ?rBB ﬁfe?ﬁo?é?ﬁr gﬁ?rﬁeﬁﬁrﬁges éé%%wl\ﬁé ock.

LET?U895/318 als¥pP643d6882the same deskew delay to format data and

H err] |slg74é°c ﬁégggiefggﬁgggtggbggﬁgﬁaltgfmg aﬁ egg ;?Pbe(v\ﬁtldlgghfor

adj acent puylses .are del ayed to produce a burst of rmre than two

PUI SGp 8l Srhlll aial il ghed aaﬁeécn ChoRes !t gughaer thes ogg period In
. the pul'ses are d] reater than a cy¢le of the tester.

The armunpassedhéodénﬁygpgﬂéﬁp}f CDFEPF-]: 114, pRich %ﬁcﬁ%@@véﬁ‘yFIG 4.

decrease pRelrR2hpihe gareErpbedtBY eercakie $paced thpbemented a8gatBall The
pul ses are shown_sp acegrapart 8% Herr]. As for 10 EDGE 3, the m ni num
achi evabl EUgtRR £&r SPE PR APIfat ed by the clock frequency used in

i nt er pol at or Cmﬂﬂdﬁbdlabb% circuit 114 Tsr clogkedwbyoaFlG0 BHzt ckbrd | ogic
112 (A G gllored as?ei¥ 9009 '2n4RemadVBal tRE LEmaN81BekFLE 18 dBaYSHLe
' timing logic 112. .CLK_100 is provided to phase locked loop
410. Phase locked loop 410 generates clocks at 200 MHi and
800 MHz, which are denoted as CLK_200 and CLK_800,
respectively. All three clocks are preferably synchronized.
20 CLK_100 clocks input registers 412 and 436 and also
provides the write clock to FIFO 438. Thus, as RES' enters
interpolator circuit 114, register 436 synchronizes it to
CLK_100. Register 436 also registers the BOC' signal and
—_ - FORMAT DATA'. . )
25 Timing information to specify an edge is generated by
global timing circuit 110 (FIG. 1) once each tester cycle.
Tester cycles could occur in the preferred embodiment at a
maximum rate of 100 MHz. . However, the tester can be
programmed to generate tester cycles at a slower rate. Thus,
30 for every cycle of CLK_100, there could be, but is not
necessarily'a new value of RES'. As global timing circuit
110 generates a BOC pulse for each cycle, it generates a BOC
signal each time it generates new timing value. Thus, the
BOC' signal indicates when RES' has taken on a new value.
35 . BOC' is connected to the write enable input of FIFO 438.
Thus, new data is clocked into FIFO 438 at a maximum rate of
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Circuitry needed to generate.one edge in one channel. 15 Nhltiple
versions of the circuitry are included in a tester.

preferred™P¥ent, timng logic 112 is i npl ement ed Egr’é’sﬁ(/ﬁg“'bat e
array. Multiple copi es of the. circuit may be included in the gate

array. The 100nAt ebut: coulal rérytézs at of keltbwir bH:MHz THeOrdstfirdIgckéd m ng
signal s arg, pre éﬁgwwh ew connections and
ot her g%% S conven |onaI i nC (Ljﬂ% os‘%l’%f%ﬁ%i'rpuitry are not
expressly shown FIFO 438, inTthe rtgréﬁgrnetllenb@é:bha@'s ha®QC dépvlal ofind
RESI DUE si fro Shdregy

@ b EyTe %a&su(},ls retrlevﬁ%&ex@?&&ﬁ% 6

delay is sto I n menor In response to | ad%'ress
i nf or me® i o )-r ofhfotRzie RAUNERES ATe HRSedstegqenfier depth e RAkew

del ay which is fgq r@imﬁ?é’%&'@é‘tféﬁ éashualyéle of thé é’@ét'f@i‘\’:[@”my 324. A
digital val ue representl n £ tjon t he deskew value_is fetrieved
fr om deske@WeRsRSeD £he &? t signifticapy 3%\75‘?5 a7k segxedatrd t he

progr gmd sisazaaa in FIFO 3 RESITAE skt tditgnsf iearit Wh ke Sk Ve e nimyd 13 4
are a e

[ adder In a preferred enbo n he, ] ea
signi fi cantcﬂlta ar%ﬁq"‘fﬁeih’en o‘lﬂ?)u?g &%a‘f@fn% cge(g?eggé’s%a) ti %s del ay of
10 10 psisscriibed \ebawe | ofhies et cotireer B feeeinest thze candioyf ats 35
%egg} g‘lggf%%q{,atﬂ ‘signifies that a pulse should Igtﬁ'/q%b%ﬁal%é&iz Reads
The two nodirom FREQ c43f are scontydbledt patoesurddhen Xie counters 306

- indicate that the next pulse should be generated.
The read clock of FIFO 438 is connected to CLOCK_200,

15 gnabling pulses'to be generated at a maximum rate of 200 MHz

' - or, alternatively, with a spacing as -small as 5 nsec. A read -
from FIFO 438 only occurs, though, when the counters 306
indicate that the next pulse should be generated. Thus, the
read enable input of FIFO 438 is derived from the signals

20 MATCﬁO and MATCHS, which indicate the next pulse should be
generated.

The signals MATCHO' and MATCHS' are latched by register
412. Register 412 serves to synchronize those signals to the
100 MHz clock used by interpolator circuitry 114.

25 The two signals are then synchronlzed to the appropriate
edge of the 200 MHz clock. MATCHO® is applled to one input
of AND gate 432. The output of AND gate 432 is connected to
register 434. Register 434 is clocked by the 200 MHz clock
such that the output of register 434 is synchronlzed to the

30 next pulse of the 200 MHz clock

As the output of reglster 412 is controlled by a 100 MH=z
clock, every time the MATCHO' signal is asserted, the output
of register 412 is asserted for two pulses of the 200 MHz
clock. To prevent the output of register 434 from being

35 asserted for two cycles of the 200 MHz clock, the output of
register 434 is inverted and applied to the second input of
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.are concatenated with the 13 nost significant bits out of del ay renory

302. The resulting 15 bit digital quantity is . provided _t | gj.L.al del ay
circui t r'Yo¥B100he | east 5 significant bit of the input topﬁﬁé‘?#g’:lgﬁél ay
303 represents a delay of 10 nsec. That delay value is not inportant to

t he | ANBNGaea, 4DRt prhter obf yenuthe MATCHRO pe?awres fong ORRItK

applied to digital i | {3 308cond output B@idal isadbseréntsai t 303

pr oduces %gﬂ%?cﬁésfgﬁg?¥gft%%gioat%ec??nﬁmédgéiE%ed byltﬁ% digital input to
di gi tal dehtyl3WBTCHO ' hmighbsckangAsagRiR- be descri bed bel ow, one of two

possi bl e MRheBus 088l 818 agﬁﬂﬂéadtéoénennb gaget al4i apata Those two
signals are MCHO and MCHS5.

\ It should b ppreci d_that ... tho only
one of5 t heegighar s4AEHEPRAY fﬁgﬁsggﬁfééF?o;£€5a% cﬁﬁ%ﬁ%ﬁ?ﬁjgggbut,
successi vgphdisgi babmbAREt Bee0dl Hohgynchronizal tike MATOHS hasigmaknto drize
period both MCHO apd > ar r . L gi Lal YACq, CUI T
303 coul d2B8 MﬁﬁlSﬂﬁﬁke&nmﬂPﬁeﬁpolgéégné§%$u%gﬁ¥t%%% %%g.éﬁﬁ%ﬁﬁégdﬁﬁ% can
accept thenenpulselto2bebgenenptiedt eadhgtime MATEH5303s apsertedunter is
| oaded wi t h SRR e3ofishepiedey BRhECEnE! REGH{valge Oounters 306
I on

are | oaded wit e ay 1nfor .for successive pulses in "round
robi 110 f askpwesents a delgy| selativeute 3ba PSCUrILBFE- nalfi ARRWREH

gener at es eZEAfr'bﬂqaa' $i88alUsRATERY¥BsOLhAY theNRESF N'vaAREROREPrésSehite HOC
si gnal . Ehe exampl e of "a circyit which pecforns _such a func&ﬁon Is a
ring counfelay relative £pca ¥iWRorsTSEFedfibfibelt *SNCCERTEGRRter T Re -

act ual theUMASCHSS Rbouldoabtaghuse thmihgvénfoematboh €oabe wead in 30

the preferred enbadi nent.  Si.x unters 306 all delays anmred for
si x test efXOPcFIE &gﬁe“FFé&kggger S nﬁf?gngggs V. %ngtﬂgeﬁréégr ed
enbodisreniequallssene pulsecofl CEX_R00hi nTohprowiteca dedaysofueneppulse

5 0 ol | Pre S Fnd iy dhsy Sutp8sTRE, BAGIELEE BAGTRE' FAUCLE. anbtRereau femen
register 418, which is also clocked by CLK_200.
A pulse at the output of either register 418 or 434
indicates that it is time to generate the next edge pulse.

20 Those outputs are combined atIOR gate 420 into one MATCH
signal. The MATCH signal is applied to the read enable
input of FIFO 438, causing it to output the timing adjustment
for the next pulse,.i.e. the next stored RES' value.

—13' The RES' value for the next pulse is provided to -

25 register 440 while the MATCH signal is provided to register
422. Both registers are clocked by CLK_200, thus
synchronizing the MATCH signal and the RES' value.

The output of register 422 is passed to register 424 and
the output of register 440 is provided to register 442.

30 Register 424 and 442 are qlocked by CLK_800, thus
synchronizing the timing information for one pulse to
CLK_800. ,

The output of register 424 is provided as a signal input
to course delay 426. The two most significant bits of the

35 RES' signal are applied as a control input to course delay
426. Course delay 426 is a digital delay which delays the
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PCT/ US95/ e ubA1002 ' Each counter 306 has a one bit regEheisIs39a
associ at ed with it. One of the regi sters 308 |s | oaded with. the next
nost significan b|t f.the out dd r the
T ot sFAFRREcaRPuBi Y EePonitbe? PR Gipgh.PurSce Spegitief bY,Fhe

r epr esent scantraop nnpatvalThqsablbckomanbaht 800 MHef shehskhhkeetchnt erval
count ed bedi Lt 3k §258Ynd0% thil ourpuc! B2 BXAIRECARIERCULRIS LRI LNE
epre

bit has a ents an a trona nsec.
Count er SOBAEGHnﬁngﬁﬂlﬁeﬂhvedebxyatPﬁBrHasdpégyed 10 Cbunter 306

producgs an out pils Byl gﬁt EﬁecBH&%% 6%193539@ 1s apthEBUQB AR 0 el

and 312. AND gates 31 312receive heir second inputs t
val ue storﬁarFﬂlFe6?§terF398 deday 428 1FnBBtaPélRﬂD4§§F€P9}9t96nWbéFBd to

register 398c€£$e§nthe seveavaehe@ lsﬂ@hﬁ.f:.Eb.ﬂ&, biienofheheoneker sigaahes
its final 15 value one eﬁg ggées 31g8and .312 wi ll produce an
output. @s & cont ?He e &B@da nt& S3EE™WER PRE2RBT:
significanﬂehais ah bbajdngtuah wdlthe Faepr 8senting t he reqU|red
delay Thus C 1 I

si gn| es t hat ?ﬁ’g g’gﬂ%ﬁ’f %%Gtéllq‘% Td%?'%ge%u sz.”'ft QI%8 132%:‘-\(??(:1%‘1 FOSRE ti e
after the ghbte43but Thet outputpedi onedshot 430i ds thel edget kignafie peri od
of the C'Oﬁﬁlﬁﬁeﬁsmﬁg%hﬁgh to t§§6 oF t%9611§eﬁﬁxccoiﬂferwﬁ26 F&uﬁkQQKEd

at 100 MHz counter oduces I,ts out put I'es that
the 25 spBBRE ¥ eMEPuto pppﬁétmns ds peséprmedebyi ERrmatherndlf ip

response to this edge signal.

15 FORMAT DATA' are also applied to register 436, FIFO 438,

' reglster 440 and register 442 in the same fashion as the RES'

s1gna1. These steps synchronize the FORMAT DATA' with the
timing data represented by RES'. The FORMAT DATA' is then
passed to register 444. Register 444 is clocked by the

20 output of fine delay 428. Thus the FORMAT DATA' is clocked
into register 444 as one shot 430 is producing the. pulse to
send to format;ef'lls. The pulse initiating the input/output
event and the format and data for that event arrive at
formatter 116 together. In this way, the correct input or

25 output event occurs at the precise programmed time.

Turning now to FIG. 5, details of fine delay circuit 428
are shown. For simplicity adjustment circuit 321 is also
shown, but without intervening stages which adjust delay.

Fine delay circuit 428 is an analog interpolator. It

30 includes a comparator 512. One input of comparator 512 is
connected to digital to analog converter (DAC) 514. The
input to DAC 514 are the seven least significant bits of the
‘residue signal after they have been corrected by correction
circuit 321. |

35 The second input of comparator 512 is connected to ramp

generator 510. Ramp generator 510 is designed to generate an
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nsec. ‘ The next nost significant bit of the required del ay
whi ch wasy@eésicoaded i nto counter 306 indicates in which hapérmusesiis7ed t hat
interval the specified time will occur. 30 Specifically, when the next

most  si gn'of \;Hltt bg% Qnildie :Ln respee toed %J\.ﬁ%e' 2 thehueeRpgmand 5

nsec after unt er produces 1ts outpu Conversely, when the
next nost temnalSI g’mq‘rﬁﬁﬁﬁs giingarly fnom spae fudd scfds YHEAFERFS nsec

and 10 nseC riflefercdRicitadid pr’l‘!@(i%fdrfe%c@lmttage 3& the oubpathef nost
significant. b|t is the bit whi,ch is stored |ster 308. _Wen

that bit RGP Sl }ﬁé%ﬁfcﬁ%’(ﬁfc AEs maximum 1nput full scale
14 - 5 voltalde 3 FHWDdutput of DAC 514 when it recelves its minimum

PCT/ US95/ 1.574 ter 306 pr fRyle When
t hat Bt | To SRR, D f BELS B0 URINIRS o Bl e, YN
AND gat e :rbﬂnp ridnmzewwemtmmeﬁslﬁemmmaq redafto the ﬁmﬂl§e scaleg andhe edge

signal is Fg,_l%]sg_lﬁ QSddat th
spgm fied ")[Mféll%h pu se Int edq.'fhéNgQag%%ﬁ% %}% Ioﬁfg![t@%izcur for at ©
| east anotipptipngef the ramp. | Toitheexbantt tl'{aﬁe theo fllosogl®e t hat

mJtst tbs meféiloccuﬂ tfd sfaaeec&mw%fﬁ%&t Eﬂiee an%b%ramdttqﬁs ?n "
out pu unti SPpeCITI € or e e ven e

o or dor SRR ©F he Kamye his, Se lmrr%ss&&ﬁ Lo dssokizbedl T

goes hi ghwittipsthed dhdrmnelr wheidntis dompendated ficat us:.nd)écrm»mtdai;]devnm t he

time outp ate 310 went hi gh. When the out put of AND gate 312
goes hi gh%?%&%%l ts

In operation, DAC 514 will output some voltage in
15 proportion to the magnitude of the residue signal. This
" wvoltage acts as a trigger voltage. Comparator 512 produces
an output signal once the output of ramp generator exceeds
the trigger voltage. The amount of time it takes for the
ramp to exceed the trigger voltage is directly pfoportional
20 to magnitude of the residue signal. Thus, the delay is
proportional to the magnitude of the residue signal.
In the preferred embodiment, increasing the residue .
signal by one least significant bit should increase the delay
S - by 9.76 psec (which is sometimes referred to simply as 10 )
25 ©psec). For this relationship to hold, the ramp must decrease
from a value which equals the zero value of DAC 514 to the
full scale out of DAC 514 in a time equal to 2N+*9.76 psec, or
1.25 nsec. Here N is 7 because there are seven bits in the
input to DAC 514.
30 FIG. 5 shows a preferred method of ensuring the
appropriate relationship between the voltage ramp generator
510 and the output of DAC 514. In FIG. 5, ramp generator 510
is designed such that the ramp decreases by slightly less
than the full scale voltage of DAC 514 in 1.25 nsec. The
35 ratio of the actual decrease in the ramp in 1.25 nsec to the
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r.epresent atine whi ch nust be counted starting 5 nsec after 15 the output
of AND gate 312 went high. As will be described bel ow, those 9 bits are
st ored andV@86/@100% | ntroduce the requi red del ay after the PEINGRPS/1§H44 AND

gate 310 or 312 goes hi gh. Each counter 306 is connected to its
own set of ANI 28capatesitdeantl BAC. 517 hies ocvmppratedf afhishea®hd fjat es 310
are OR- ed together.at OR gat 4 he outputs of all the AND gat es
312 are OR-TPIT e}%e?d%l?sb?rg%%gt%% BZ%he out put of OR gate 314 is a

si gnal MATCHO. Thbeowapue stotRdgineadjestsregiswprCBBS migliEcbendi cat es
that to pr 5&* %&whgecaﬁnééelﬁg efcﬁgfhéfdlﬁé%LHESttH‘ eaeggaseekor
nsec an

must wait coun ' ay 1 ndi cated ow order 9
bi ts of 5t heAltermaeivelyd Eb#ﬁyvalpﬁtﬂbghﬁdbﬁa§€§e¥HhFe@ob$rEGEEE a pul se

at ~ the é&ﬂeaiﬁddtmassuwﬁeﬁw WItHEACERE OLeSOEPL S the geke¥r is
I ndi cated by the Iom1ord 9 bits of the_specifie

wai ting t hedesighed to be Pr°9#ﬂ@mFng8rﬂ§ §mbP?swg?t$%€ EB@CV??ESSdEfay

out of addegignals2@taafiypefiécft ftsoghannalsohaver atii éxpaddtedhivaliuesat
expl ained in greater det ai | hg con'xnctlon Wi
THE 181 8

i Those 9
P e b SeEBASh fRbE.' i, £87iES' hffaybimel) £b, Srnrrote coREatE Lo
deskewilde| ayatiuesuat 8éftaibetimes. Tordeter@rei thervgluenidd adfiustieskew

val ues whic . 2dD . WO
96/ 31002 Pe¥§£¥er 326, one channel is used asp%jff§§§7%5$&ﬁnnE1 and

dependi ng oenehchanned isrused &Ech @naNAcrhappelreqlihpetwo are certain
amount of dgskRucEeE’ EohbRerc88" thatStRe 5igndli Y8 the drive channel

passes to the receive channel.
15 The drive channel outputs a test pattern of values
" . synchronized to one of its edges, which will be referred to
as the drive edge. The receive channel compares the received
values to the pattern at times synchronized to an edge, which
will be referred to as the receive edge. Since the drive

20. edge and receive edges are not necessarily coincident,
sometimes the values in the receive channel will not match
the expected values in the pattern. The tester interprets
the failure to match as a failure and the tester is designed
to detect and count failures.

25 The timing of both the drive edge and the receive edge'
may be programmed as described above. The time of the drive
edge is programmed to be 10 nsec. This delay is selected
because it requires RESIDUE LSB (FIG. 5) input to DAC 514 to

. be zero. The timing of the receive edge is then adjusted

30 until roughly half of the values in the pattern result in
failures. This timing of the receive edge is then not
changed during the determination of the adjustmentlvalue for
the drive edge.

Then, the drive edge delay is set to 10 nsec minus 9.76

35 psec. This value is selected because it requires RESIDUE LSB
(FIG. 5) input to DAC 514 to be full scale, but should
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f ormat . Thué, deskew delay circuit 318 adds a fixed anount of del ay.

whi |l e degkspyesePry adds the variable delay. O 5 courslq:-r,ggs{ lg%_.,t he
del ay coul d be added by deskew nmenory 324, but a Il arger n{)

bi t ht ' t
d:asievn\) gePa?"%fm 3% 'él (t; u&Qe%FW&Q-‘EL%X_ly theB%é‘& a\:iﬁ p&g_% a? edagegaggbal
timng CI ﬂ@umse;c !iﬂla&FIl@ programmed. Wyth thes¢h§1mn§y§§tglng§s tellee up

a RES g@g& Ea%"!__:grn' is re eataasse@hbovamhar BRl akghst! EE%‘;EtLMBZW‘“ chis

shown in Preterably nterpol ator cifcuit i's inplenmented
as a ful | is changedsugtilcroygh é(shéﬁ fpthe, input values pgeBLEORBt or
circuid 1¥4iiimresqocked by a 100 MHz cl ock 15 denoted as CLK 100. This
may be the sang clack as,is used ogic 112. CLK 100 is

provided to phR&FeYE&RISHF2R 52/ caﬂeralsﬁgsnbyg&%‘? FeV635%410 gener at es
cl ocks at pddedireandirst £ixAgy NHe polsithoar efdehet ddiwe €8ie?2@Adand

CLIC800,  pron, @3SR0 VB » e iec! 05ko (58 UES! CLAlLY caUAENT oni Zed

|npu regi st 4127an
pr ovi des vadues tforleddes cap ke fegermined gperRB8irepfepdges at a
i nt er{@ Z.% circuit 114, register 436 synchronizes it to CLK 100.
Regi ster al so regi sters the BOC signal and FORVAT DATA'.
Ti m ng i nf or natibrPReFaian 1 eagh e‘iﬁequ resiciug yalyes is mul@:@@.eyeq, m ng

circuit 1t (dﬂeﬁvahhegrm a@j@sd ot Q@g@.%&:gt%!cbﬂé This iﬁa:tieﬁls%akfggnwl d
occur in ref erred epbodi nen m.r

However , eﬁ’é?t es c F&ﬁlrﬁdVFg%Geﬁ Dp lgégt 8P EPAfes at a
sl ower r atthe Hang decr&!&se‘s)rbw\terey efifelceivke &Kll@&albhea&ueo&hdlbe,s but
isn ece QY | g

110 giésneré’tsees?ar% &S'f pdldseye t?’or eacQJeLaer gaﬁiﬁnsg@ }:gg%geéoghg oﬁ‘r_i; ST gnal
eagh t![neqft D}éhérldt @sxdnmm mwmoaeﬁrhus Thlﬂ!esi_fild:l1-1»-°»i‘-I!1eBOC‘J-E ssingdel e
i ndi cat es ﬁ? ecte
to the wite enabl e |nput of %Si%aadlg‘ﬁlt‘ﬁ %'lu'?ﬁu There iE0%o h&_e&Of&B

new data 1s clock
i nt o FI Fomeke an adinstment £ tdye analog circuitry in ramp generatm’-'

510 or to the analog circuitry which generates a reference
20 voltage for DAC 514.

Having described one embodiment of the invention,
numerous altérnative embodiments might be constructed.
First, it should be noted that the clock frequencies and

— numbers of bits in the various signals given above are
25 intended for illustration. One of skill in the art could
design a circuit with different frequency clocks or with
signals having different numbers of bits.

Also, FIG. 3 shows that register 308 stores a one bit
value. One bit is used to generate one of two match signals

30 when the clock rate in interpolator circuitry 114 is twice as
fast as the clock rate in timing logic 112. In the more
general case, the ratio of the clock rate in interpolator
circuit 114 to the clock rate of counters 306 may be
expressed as 21, Register 308 then must store n bits and 21

35 match signals are generated. AND gates 310 and 312 are
really acting as a one bit decoder which is enabled by the

- 22 -



- 16 = ) WO 96/ 31002

PCT/ US95/ 15744 100 MHz, but could enter at a slower rate., The data
clocked WO%EB4%2 £O 438 is the RES' and the FORMAT DATA . FCTUSISASH4- o
438, in the preferred enbodi mrent has a depth of ei ght. The depth

depends omutpunuobecouhtenud@érs IA6LHE| {ors Qyneralnoasecoantarbiare
used, a gr§gggﬁegegigh énrggggﬁedﬁnaF ulésb% data for each cycle
eas

of the te gﬁ ate si gni |cant ‘bits are segregat ed
and st ored AhSP) FGea8y. C¥ﬁ§u#§s§°§|eﬁlﬁhéaﬁtt9lb§ dmpdementednyith

data are S&Qﬁfdraﬂleyeoefaabﬁ &8uAters 306.(Firffe 3hmelsfElcrdesaniabpd

above, when counter 306 reaches the, end of its coynt, it signifies

that a puI%%h§ﬂ3ﬁ¢deEthHeFaVEHerRe83§h °nefPSnWPFFCFQSBcaPQnESntroIIed to

occur whencihgusiesnéenfiedféd to eadhC&bﬁntbﬁt t fhenesunpuiatuehashiabe
generated ck of. EO 438 i.s _coennec ed to C&gCK 200

ehabl | HhEpPecLorden. SBErcFBRL goipeiamnes, SiErtAs B
aIternatlvptgdumethnaoupputnguase-whahlthe Bonsnter cAunEed up tponhEtFO 438

only occur houg S d ul se
shoul d be g%%%?ategucﬁﬂus Egﬁaﬁﬁgﬂéggdoggggﬁe |%ph?@%§tépé %3§1E8§%e I ved
from tlife sogﬁacguaberNhQCHtmenEMWRiQﬂs eysnts. asi dong ashaldeghepul se
shoul d be evenﬂ@néiﬁéﬁdbxlghe countBe argnekteMoACEd tan¢nW LGha are

| at ched by regi ster Regi ster 412 serves to synchroni ze those
si gnal s t oSERELING PEnHy Epscﬁxaeeaebylﬁneeeﬁe|arermeiﬁeeﬂery geg 1ps

The two signehsniel,t 820 tlheceage signblst ferappeoperibd coulddpe efimehe

200 Mz cl ock, . MATCHO' i s ggﬁlled to one input of AND gate 432. The
out put of Dtﬁﬁt335§2 CPURESAnect ed to

15 Also, it is shown that FORMAT DATA' is stored in FIFO
" 438. Such an arrangement is optional. Format data might be
passed directly to format circuit 116 as shown in FIG. 1. In
that instance, care ﬁnét-be taken in the design of the tester
to associate the format data with the édges out of

20 interpolator 114.

Further, it was described that ramp generator 510
produces a ramp that decreases in value. While a decreasing
ramp is customarily used in a timing interpolator, an
increasing ramp could be used as well.

25 Various features customarily found in digital circuits
might be included. For example, during many tester cycles,
many edges will not be active. Enable signals might be
incorporated into the circuitry disclosed here so that it
takes no action when an edge is inactive.

30 As another example, FIG. 4 shows that a FIFO is used to
store timing values about successive edge pulses. This type
of storing means requires that the timing values be read out
in the order in which they are applied. This requirement
implies that the user must program successive pulses in an

35 edge signal in successive periods so that pulses specified in

later periods always occur after pulses specified in earlier
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regi ster 434. Register 434 is clocked by the 200 MHz cl ock such t hat

the outp regi ster 434 is synchronized to the 30 next f..1he 200
VHz cl cho&f{smﬁ? As the output of register 412 is contro ij@s’é&s!{}‘loo

VHz clock, every time the MATCHO' signal is asserted, the output of
regi ster #EXiodsssdiowesieR.orlh ihFesaduss inferpasion, were gtosed 1o a
prevent t hanihp Wt rRicthag Sl Zoudld bebeahdodly asteiskrd hok eencvd es
of the 200 MHz cl ock, the output of . re |.s%er 43%. I S |,nvert.%d ar&i _
appl i ed t Fheh EWURESTF | twe&?e associated with one location, it wowld .
WO 96/ 3102 possible to allow pulses in the edge sRGhalStw bwéhd at AND

gate 432. . ' t : Puls t . eqister
130 2Ssc B TR el A HE AP Hersadf Ui Gpton THY
again.” were sp@AdH®dis also applied to an AND gate 414 and a 5
register 416 copfdgurfd {4 ken NP SRtergt3s %t{.%ﬁs‘iﬁn&%-rezqoistgie%%s
MATCHS 0 Mz c

el ements serve to synchronize the si,gnal to the v 1 ock
in interpéng ulGirkien 322 anmpaed 49 spldkrpte ingerpaliaden gigeuit
gener at ed =Y. [1 Ecﬁm’%%T%jl ld‘allg.%&%fﬂi% techniqéxels-rhﬁ.gﬁ'ﬂlﬁ-rgﬂ'o tiieg_'ih%ledt .

i ndi cates tha e val] ue 10 . represents, a delay relative to its
occurilénce. | R Iaggntion “E’r@‘?vﬁ‘%%?e iigh Aot wikh athetres

val ue reprragniiinres usetdlwy naletd tEdho speedmt iminge gemleraitar.s For
oourTeNcenckie mipd Y T LR LB DL LA 00 (O be
equal s ondemige tEclBLIQESD. I qgouwid ddse de msed asnpapt of a tester
CLK_200, tif Hidi icind S SIS sHed 1Rl tQ 3WVide operation at a
15 higher.' data rate.
. Further, it was suggested that all channels have
identical local timing generators. Such an arrangement is

not necessary. It might be desirable to construct a tester
having a some "fast® channels with timing geﬂé;;tors

20 according to the invention. Alternatively, all channels
might use timing generators according to the invention, but
the depth of the FIFOs and number of counters 306 in some
channels could be increased. These channels could be used to

- - generate long bursts of very high frequency signals. -

25 It is also described that timing logic 112 is
implemented as a CMOS gate array. CMOS is breferred because -
of its low cost, but other technologies could be used. For
example, silicon'bipolar:“GaAs or BiCMOS technologies could
be used. )

30 It was also described that various increments of delay
were added to timing signals in stages. The amount of delay
added in each stage as well as the number of stages could be
altered.

It is felt therefore that the invention should be’
35 limited only by the spirit and scope of the appended claims.
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I-egi ster 4_153, which is also cl oﬂlﬂ!“ﬂ"m &ull ' A pul se at the
out put of wiy édrabod €9i ster 418 or’y L es that it | $cirhi¥8s/i$aa
generate the next edge pulse. 20 Those outputs are conbined at OR gate 420
i nto one MATCH si.gnal,...T JTCH signal is applied to the read enabl e
I nput of FIFO 4&@?%&%5%&531“{2% owéo'ut put the tim ng adjustnent for the
next pdl sel.i.eAutionatdx tssdy etRESents wemprising: The RES' val ue for
t he ne pul se .5 pr dgded fé’r%n S r ' t JCH. Si S
provi d)e% to regiagt er q.ﬂ/é L 422, ot% reféﬁtaefpgﬂgﬁeﬂ&. oc{g%%k_ , . thus
synchr éni zi ng the MVATOHILGRfHNT ARE (FXCHESDT \aperation of the mteomabie of
registef 422 is passqdt écﬂﬂigﬁﬁéﬁt,‘l%&,ndfor seléCr&igiisds, r&£UpgLEat40
is provided to register, 442. 30, Re |st§$ 424 and 442 are cl.ocked by
CLK_80& thus sy FReTHEYHRT (2 ASAY ASFIRATRR (B ER Rk se to
CLK 80 Thaxsé put of register 424 is provided as a signal input
to counfe delay, 426. The two nng% %i ni f.i cant bitf of the 35. RES signal
are applied as &’cont’?‘?ﬂ‘nfhpﬁ?u? ) ?S%h%e;p%gps Or SRS HRE %‘é}sﬁ 7126
is a digyital delay whoh gehewatimg an output signal associated with - 18
- WD 96/ 3100 ' . . / 15744
i gnal T nput by t he e SStecred e after & Fizst portion df Bhe
i nput .10rhi s cl ock rurdelay soosogsiatedcwlthathatpulse fiaspassed2s ns. The
out puly pf cour sgdel deditd tor | Sorindd Gl stamety ot s by avaniese

5} pplled t ay

del ay. The output of course delay 426 1s a o fine de
12 associated with selécted successive cycles, the
i3 signals representing a second portion of the delay
14 associated with the pulse for that cycle; and
15' _ d) means for retrieving the digital values from the _
16 storing means upon occurrence of the output signal )
17 and producing a delayed output ‘signa'l after the
18 second portion of the delay has passed.

2. The automatic test equipment of claim 1 wherein the
means for storing comprises a FIFO memory.

1 3. The -automatic test equipment of claim 2 wherein

2 a) the FIFO has a write control and a read control;

3 b) the write control of the FIFO is coupled to the

4 means for generating a plurality of pulses; and

5 c) the read control of the FIFO is coupled to the

6_ means for generating an output signal.

1 4. The automatic test equipment of claim 3 wherein:

2 a) the delay associated with each selected pulse has a
3 third portion distinct from the first and second

4 portions; '
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circuit 428. Fine del ay 428 is |ﬂ|lll1r“ﬂ ! ﬂi!l I ator whi ch recei ves
t he seven Igeast significant bit . r|al as _a cont rlol I nput .
Fi ne del¥Q %3825 shown in greater _ detal | in iconjuncti SGTHOHIFHE 5.
10 The output of fine delay circuit 428 is prOV|ded_to one ~shot
430. %he out pub) of bthe mkanhs480ri genbratilng sngoatput sidmah genapateed to
the fgrmatter 116 (BhG of)a ADErASIHYTEE oupphfPlloRir0 haUaORR BhioN 15
FORMAT DATA' are al gelasppfeaheothégdspertu% of| e 4 lay. apdgi ster 440
-and L g8yl stertﬁé?Fl NehBR sAggghéaltsﬁu?awsyt e EE@WE ?1&1%@' 1sTct§§§§;6é&eRE§
synchroni ze the crm% Wi i mMmng data represente

The FERMVAT DATA' i sP¥heR am°“5’és§’e’apf’5t+%3?%t%? ﬁ’aﬂ VREYP s?%rthuthsrd

C: ocked by the 20 opbﬁ»u‘:‘mﬁi1 Zzl aneddémay488fgigausttbgd&ﬁw ?Eéa_ptllzés :

cl oc into register S is producing the pulse to
send§ﬁo formatter %8 E ﬁ8nﬁﬁ?$ °? EP ?#E *t he i nput/out put event and
the format and data for that event arrive at formatter 116 together. In
L o 4251 1° G8LT BGEahREYE DheOecBiihithe 24P TLOEEL Slrdliy, PLCI o0
circut 428 a)aretbhomﬁansofoglQﬁn¢€ﬂtyn§d?uslnﬁﬂlltyrQﬁlpuB@Qs|s al so

showng but without b@h@&&%@énﬁuiéége§1ﬂﬂ'Shmﬁﬂiﬂﬁﬁ €5k ?ydlfference &Ene
. del ay CII‘CUIt 428 i S an analog Interpolator. It 30 iIncludes conpar at or
512. éne input of cBnbargtovadyei;s connected to digital to anal og
convest er (DAGb)514théhfeans 569Ufetei%§lﬂeef5e¢ré§ Se¥E8ss PRet
significant bits of the jgnal ,after been corrected

residue.sig a
by coPrection fiF'gﬂltF:lB?Tfu?g ith aT’H%“%‘BB’Bn% %%%gg?r%ﬂ?)a? tdr 512
is coflnected to rarrpecondgvaéuetwh:.GIhOJ.sFhmalgeneth&nrtﬁéOfissde@amd to
generat'e an 19
1 6. The automatic test equipment of claim 5 wherein the

2 second value is one half of the first value.

i 7. The automatic test equipment of claim 6 wherein the

2 first value is 10 nanoseconds.
1 8. The automatic test equipment of claim 5 wherein the
- _ 2 means for generating a plurality of pulses is a digital -

' logic circuit implemented with CMOS- technology.

9. The automatic test equipment of claim 8 wherein the
means for storing and the means for retrieving are
‘digital logic circuitry implemented with a technology
having a maximum data rate in excess of 100 MHz.

10. The automatic test equipment of claim 9 wherein the
means for storing and the means for retrieving are
digital logic circuitry implemented with bipolar
technology.

[ I VI R N R % - VO S R
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lvV\gI ?gggl\aﬁ?cg{% response ““lm mm“m Iu" l“lll | NPUTPCT/ :JS?;/ mﬁgﬁgﬁ;gegm

Il?early'$' ! full scale Vblﬂagé td * a reference vol tage. The
reference voltage is the output of -‘DAC 514 when it receives its maxi mum
i nput . 1Thel¥ul | Aseathog QGIPBBEaFénghQ“BﬂT%E%C oFeBRCETIHPRRRA it recei ves
its n}anun1 cbﬁ?ﬁi?ll? prackteps bE:is often not possible to nmake the
ranp | i near over its fu range,so t t he_full e d nce
val ues3r epr esen®) theg§P§FFtéﬁg AR % ?ﬁg FP%@EFaEEgkpgg |onglu?géﬁg§ranp
Tolthe4extent that t b€ byblescaﬁetk@terabperecéans at sone tine after the
pul se triggering,the LAt I epke ay
assoc!éted g?th Fﬁ % g%hhgﬁapgqggﬁ%ghgégg : tb Eglﬁga%%o%ﬁgggskew
t echni gues. . pl:l.lecqser @pmlsmg 51 gopree el %#é%#ﬁ&@ér ARd15

proporgion to the ”ag.”'ggﬂﬂ?xgofadglﬁ%t&tfeﬂtd%lﬁwn&hth Ehbscours\éokibaﬂ@' acts
as a trigger voltage nparator 512 produce an out t Si g%ganonce t he

out put 8of ranp gener FEPreEENEdRg an &&Eﬁbee"oPFaEQ t of
time itg takes for thQ,]_ock I att(.ir@(@ﬁfi tfh_e-sttr |ﬂ@quem&t age is directly

proporti onal magni,t u e resi due nal T

pr oporid onal toct he r?é%ﬁ-'l S"b(?f f%"ﬁ{f nz tion H¥ earé% ‘?:?)cﬁ.% 'S
pref e;lrled entl;odl mﬁnt l,fc?xﬂ(ar Qﬁrm tdfe timws daqmal tcsltglealcolw'smdelleafst
signifilcant DIt ou | iCL eas %Sl Sé;ﬁ&ﬁlg,

sonet iifes ref er Fed td"%ﬁ ? éfge ea}séieecaytil)él rﬁ%s rel tlonsl‘rlil ed
hol d, e ramp nust mmamlockfm¢MMM|m%£r§mcﬂeW@%
of DAG pl14 to the or id lﬂlflg%altﬂlaﬁytﬁ% A6 0 W ddhehdy, T En the

2[err]™®. 76 psec, nsec e Nis_ 7 because_there .are seven
bits i¥p _t he i nputstep MIC Eixieying incindes msindthe WIS ed net hod
of ensyging the ° agjustment delay information to select the cycle of - -
17 the second clock during which to retrieve the fine I
18 delay :Lnformat:.on, and
19 e) generating a timing signal based on the f:Lne delay
20 information.
1 12. The method of claim 11 wherein the step of storing
2 includes storii.ng fine delay information for one cycle
3 while time delay information for an earlier cycle is
4 already stored.
5
1 13. The method of claim 11 wherein the generated timing
2 signal contains a burst of pulses having a frequency
3 greater than the first clock frequency.

14. The method of claim 11 wherein the generated timing
signal contains a burst of pulses having spacings which

are smaller than the cycle of tester operation.
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aoPhel g 2accesi! orae s HAILA ﬂﬁﬂﬁlﬂa”" S dese {sgf,iﬁﬁﬁ”?hta?e

%22 ranp QP Rzes by slightly | ess tRan"the full scale vo tage of DAC
in 1.25 nsec. The 35 ratio of the, ac I

nsec 1o t¥p A tester hav:.ng a pluralltytgta clga?r?riee Sewl'lx:'pcﬁ he, rarrpV\DI n1.25
96/ 31902 generate a plurality of timing edd¥’Tdidnadhid Sikldeach full

scal e_voltage of DAC 514 is conputed. This ratio i-s stored in adjust
regi sber 326. © armél, e %@g3tored in adj ust register 326 ni ght be
det er gi ned by apnneglbhgleziminglcinstibngnhQVingthe oetpetr; 5

Al ter atlvely hat a iﬂ to cﬁﬁhﬁéﬂ%negagﬂ B ing 1ocg9 ﬁﬁfﬁg
RLifafi &' o o

measufenent s hi >t e tester gned to progr amed
to deberni ne mhethe¢1:nélvaYue§1§h the. %Pgﬂhl§l§%nﬁn916ﬁ%15FY|%% e&8hnel s

have .gn expected vatHgndkl havingeh! marawey bE é&gé' £ OmPhG O DPBRILE D
generate certain 10 values at  certain tipe egtermne the value in

adj us® regi st er ©398, 648 Eh@ﬁﬂgl°F§°B%Ed°8§951FéB%rve channel and
Onetﬁb?nPﬁl i's USFdlﬁstﬁaﬂghgetﬁﬂﬁﬂﬂ@ht For hveepténg a ddghealedigngdt her
SO a e signal in i ve _channe a h | .
15 10 ~The drive chann &&Ppat? X é&F ggtg?ﬁg %geg %géggSIVS cnanne
synclhoni zed to one of i timidgedelalyi;ch mnll be referred to as the
drlvggedge The recgiye %h%ﬂ%&%lqgﬁpﬁgegoh%ﬁeEﬁceb&@ﬂ of thdl BBanterkhe

patté&fn at times synchroni
having inputs connected to the most
14_ significant bits of the digital input, and
15 each of the counters having independent load
16. ' enable inputs, and each of the counters having
17 an independent output;
18 iii) a plurality of registers, each associated with
19 one of the counters and each having a load
20 ' enable input coupled to the load enable input
21 of its associated counter, said registers
22 having an input coupled to selected bits of
23 the digital input; )

- 24 iv) a plurality of decoder circuits, each -
25 o associated with one of the counters and each
26 ' having a data input coupled to the output of a
27 register and an output enable input coupled to
28 the output of its associated counter;

29 v) a plurality of combinatorial logic circuits,
30 . each circuit having as inputs an output of
31 each of the deéoders, and each circuit having
32 an output;
33 vi) a second combinational logic circuit having a
34 plurality 6f inputs and one output;
35 vii) a plurality of signal paths between the
36 outputs of the plurality of combinational
-~ 28 - I —
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SN _'be'rgf‘erred to as the recﬂlm‘!ﬂmﬂlﬂﬁujﬁm he drive 20 edge and
recei ve gdge e not necessaril¥ YA+ someti nmes in
Sel1R0z" pEifsYS418F

'EI_Ee recei | will not natch t he expected values 1n ﬁ?e pattern.
e tester interprets the failure to tgch as a failure and .the.tester
i s dédi gned to det ectloHE GHAL¥R |§5{$sti1925mputs ete[fer FHPH bot h

tBe drg ¥ﬁ edge an](ctl tEe (rjwnb& hetighal logie el oy anrsech asighes) rpdotetal
above. e tine of the drive e | S _nrogr ed to be.10 nsec. This

del a3 s sel ected belRERY & r%%‘ﬁ??reesrﬂl?% LSB (FIG 5) input to DAC
514 |t4co hIbe ﬁero. vililie d iIRTIRQ hefvire aredeipnt expwlies thwetheljleast 30
until, roughly half of the v ' t!&g: bi_ 4 : i S

Thi s 4% mi ng of the recei vsel. dl"é%'scl:s en él%%ﬁ A %kﬁéa;%ité%i%%lzhré ‘t?%eégﬁ 2

det era nation of the adj wxifentenable input coumlkedrtqtheeutput of

‘Then,,4 he drive edge del & SgFsbai Or ki 'z?%if@n@&z?-gﬁd% &5&Cenadhé s

val ue43fs sel ected becausg_&}llt%requ?res RESI DUE LSB Fl G{: 523 xilgput to
DAC 54 to be full scal e, inpit ¢phed to the output of ‘the seco -

21 - WO 96/ 3100Z%ombinational logic circuit, said FIFO also
PCT/ US95/ 15744 otherwise , result in virtually the sane tine delay as

when 46 10 nsec del ay i RAVIRG B RUEPYF t PR R ese timing settings, the
test gattern i s repeaisxyd. a heogrameable ad¢lay ekegnsherh8@ing ai sighahged

unt i I4%oughl y half the in @‘h‘\éaif‘g‘?\,é%ééswt%‘g oé%%@%'gfeéh? ?econd Recei ve

edges®Tan be calibrated b rocedure: Tirs I XI ng the
positd®dn of the drive edgeombimational logic circuit and a contro
50 - , input coupled to the output of the FIFO, said
51 programmable delay also having an output
52 ' representing a timing edge signal. o -
1 16. The timing generator of claim 15 wherein the FIFO also
2 includes a read clock and a write clock, the read clock
3 having a frequency which is at least twice that of the
4 write clock.
5
1 17. The timing genérator of claim 16 wherein the write clock
2 is in excess of 60 MHz.

18. The timing generator of claim 15 wherein the plurality

2 of counters comprises at least 4.

1 19. The timing generator of claim 18 wherein the FIFO
2 comprises a FIFO with a depth of at least 6.

1 20. The timing generator of claim 15 wherein the

2 programmable delay element comprises a digital delay
3 connected in series with an analog interpolator.
- 29 -

This Sheet Has Been Replaced

A

4
i



then -adj ust | ng the receive edge. H“I“Ll MLEIIMHI IMJ .ust ment val ues for
edges Cagogsgfbker M ned one pair tine. pcrrus9si1dzde
operation, each set of residue values i's nultlplled by the value in

adj us I st &l 326 Thi |tJ i cation tlve duces the full
scal eival of ?mg%bﬁa‘fl 1ag t%eé‘errﬁﬁ?rde q%é 3’[%% fective full
scal e2val ue i rgén@Satiés nieing osjgmad slovttivh das r&ﬂia}&chtre)‘lm;ﬁim tetaveen

t he oyt puts Qtege Qimiﬁﬁﬁ._r ment i s made
enti rgly by man] pu’fa I ng énglr}%él val ues rcelséll%dnob%rehgf%lﬁl make an :

adj usénent to tieingasbgnal reemerisingy anp generator 510 or to the
anal og circuitgy méﬁhaﬁﬁﬂéé%&ﬁpéréﬁfrmécht Vﬁéﬁget@}&rlﬁﬁﬁs';%d
Havi ng descri bed one enbodi nent of the inventlon, numerous al ternative
embodPnent s mi ght b8ncBHEPREC ed. First, it should be noted that the

. cl ock7frequenchpes aadramp @Meoﬁfmimiathim&wl&@ven
above_are 25 inten or il o% @al on. One of skill in the art could

desi gﬁ acircuit w ?1 ﬁ f +BPRht e?n%tgp%’f%%% or with . signals having
di ffepent nunbeys oé& &n.gstal to analdg sonverxier’ hanoisg tdmatoutprtst er 308

stor a one bit [ t ch
Si gngps 30 when the C?s(; ign;?éﬁ erpﬁ?p‘ée g%??%%l??& %iﬁé?{é%‘gﬁée as
fast1as the cl ock rdtlgltnlti-nphg logic 112. In the nore general case,

the ggtio of the cl Qcﬁlﬁéksl'ﬂulﬂiﬁipé‘i-%é’hn aﬁ'é&ﬁ’%ﬁt 1déndéctde €bock

rate_of counters 30 é expressed éﬁe’ﬁ%i eqgi ster 308 then nust
stor&3n bits and Z[EFP] Sgltﬁﬁtbﬂp‘éﬁ:gﬂﬁlgh%r@ FeFPNaleP gates 310 and

312 age real |y aehvagtag anangtbléasecedsrinpued, iwithadl eirdy t he
i 2215 input connected to at least a portion of the bits
16 ' in a digital timing signal; and
17 e) a register connected to the second input of the
18 digital multiplier.
1 22. The method of operating automatic test equipment of the
2 type having a programmable timing generator which
3 produces a timing sigﬁal with a period controlled by an
4 input digital word, comprising the steps of
- -5 a) generating a-signal with predetermined data values-
6 o synchronized with a timing signal generated by the
7 timing generator; '
8 ' b) comparing the generated signal to a second signal
9 having the predetermined data values synchronized
10 with a a second timing signal;
11 c) computing a timing correction value based on the
12 comparison; and
13 d) multiplying at least a portion of the bits of
i4 subsequent input digital words by the timing
15 . correction values.
- 30 -
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.'\(;\f.l)t gﬁ{ 3(}52;%)3@#0? 306. Int he‘ mummmwmsl ‘Ume énpgfgytsgigé)%g;i%%: Wi th

an outp € woul d be used. Al so, delay circult I's shown
to be inplenented with. a plurality of down counters 306., The sang
effect cRBd UEhe mewrhedcaf \PREXRPing UFhe raLtRma-hd it RAERMIHe i Yence

ci T cupt s connegi g7t 92 CAREr SDHNERS . pIPEL GOUE 12 USL W Wshsistd heh tiee
Ooade

into the coingidence cipcuit and it.woul roduce an out put
pul se3when t hel@BupF ?chhﬁﬁeﬁguﬁh?ol??ﬁﬁ dlglEéhtﬂ?ré;u:h an arrangenent
of fers the advantage of allow ng 10 one counter to tinme nultiple events, as
| ong as th t Set L ITES . 0 rgﬂgﬁ&m t samne
starti ng%p%l nt&?o?egégﬁpﬁg,aﬁg?gé?%h%% %u%‘?‘f‘a?{egeé geésa I érgtc annel ,
all tRBe edge schaims2Bovheneipethedtiwmimg piona neratgd thie Ehere counter.
L 3 NS0 chhihg §EAMLtERIIE r&AA i Sorsd éeshidl RAFQRne  438.
Such an arrangenent 1S optional. FOormat data m ght be . passed directly
to fodmat circhestercand thewherang glognal | js generaked Jithin acare nust
be ta§en in thgadgaloshahnbicoteehal testet® associate the format data with
t he edges out of 20 interpolator 114. Further, it was described
that Aanp generator 510 produces a ranp that decreases in value. Wile
a decreasing ranp is customarily used in a timng interpolator, an
i ncreasing ranp could be used as well. 25 Various features
customarily found in digital circuits m ght be included. For exanple,
during many tester cycles, many edges wll not be active. Enable
signals m ght be incorporated into the circuitry disclosed here so that
it takes no action when an edge is inactive. 30 As anot her
exanple, FIG 4 shows that a FIFO.is used to store timng val ues about
successi ve edge pul ses. This type of storing neans requires that the
timng val ues be read out '

- 31 -
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in the ordef in which they are applied. This requirenent _inplies that

the userwybs ogram successi ve pulses in an 35 edge si gnaj | essi ve
2z (_11
peri ods so th’é@f pul ses specified in ¢{/5later periods always @S}jgé‘f'ter

pul ses specified in earlier - 23 -

WD 96/ 31002 PCT/ US95/ 15744 ,
periods. However, if the r€sidue informati o™ were stored in a Eenory
structure which could be r&ndomy accessed nd each of t he counjers 306

in the edge signal to ocC@ at 5 arbitrarydd mes w thout concer r the
e specified. Also, it is sijomd in FIG

6 and rmult1plfier 322 are uge Al i brate
Convent ifo calfi bration techni I
nvention|m ght bqg used in conj

make a hig eq timng genertcn,-_,‘,_
used]accer t¢=$rampard

were associated with oneg I®cation, it vvoul#cﬁ be possible to all @v pul ses

period in which they, ,
5 that adjustnent rdggister
interpolator circuitf o= 42
al so be used. 10 Jhis

ot her techni queg u
exanpl e, pipeliningpco b
t echni ques. Itdpeu(€ a b els
are interleaved to fr of? &e
Further, it wa@ suggdested t ifmin
generators. Sueh an hbl e
to construct a tester
generators 20 accordjp
m ght use timng geney gl
_ll 1] f
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.the depth 'of the FIFGCs and nunber of counters 306 in sone channel s

could -b%Y' ﬁ)ﬁ%ed' These channel s coul d be used to ' EPETAS /1504y
bursts of Vvery high frequency signals. 2? is al so described that
timng logic 112 is i mpl ement ed as2 CMOoS gate array. CMOS is preferred
because of its Iow cost, but other technol ogies could be used. For
exanpl e, silicon bipolar; GaAs or Bi CMOS technol ogi es could be used. 30
It was al so described that various increnents of delay . wer e added to
timng signals in stages. The anount of del ay -added in each stage as
wel | as the nunber of stages could be al tered. It is felt
therefore that the invention should be 35 Ilimted only by the spirit and
scope of the appended claims. - 24 -
What is clained is 1 1. Atester for testlng printed circuit boards and
VLSI 2 devi ces, conprising nmeans (110) for generating a 3
plurality of pul ses and a phpralityedf first digegal 4 val ues,
wherei n each pul se i pdi cat dsd one cyaLe of 5 L operation of the tester
and each first dlgltg val & -4 . 2 o
t 1Y} Cowl :
- O
[ L J [ ] ® ‘J—
L J L [ ] L J
o ® L ] L ]
- "4
—J |
p— i -
_—
cson
— o
- - - - o
i =]
1 e — |
s g
1 & | ] S
: <
N
_ - fii : a -
- .s |15+ |
f R
¥ ' N
n S ' S e
# | i | - .
- B
{ o
| - '
il )
Q“




-6 . specifies a p-rograrmed del ay associated with a 7 sel ected

pul se, ‘an (112, 114, 116), coupled to 8 t he |
gener at P%‘S’??gﬁgis and first digital 9 val ues, for gréﬁg,r%g |IInsg£4an
out put signal associated 10 W t3sgach selected pulse after a first
portion of the 11 programmed del ay _has passed, characterized by: 12
storing neans (110% 438) for storing a pl'ﬁ’rality 13 of s nd
di gital val ues, ei n eacly second di gi tg 14 val ug speci T a
second portion o%e pr ogramed 15 = delay, 16 wy ‘xi:: 8
retrieving neans (212, 438) Tor retrievi one 17 o&t he ﬁlcal [:=Y
of second digital V\al ues fr&{the 18 st ori ng means(Jupon occurjrgnce
of the output signgl, 19 and 20 produdi ng neans (426,
428) for ptoducing a 21 del ayed o ut signal after the second
portion of |the 22 pr ogr ammed G%ng as passed. 1 2. The tester} of
claiml, 2 wherein the SE& means conprises a FIFO 3
menory. | 3. The tester of claizid wherein the FIF
menory hasja wite control and 3 ﬂ Oread control, 4
wherein th¢_ wite control of the FIF® eIy ic 5§ coupled to
nmeans for generating pulses and first 6 digital val ujs, and 7
wherein thg-read—Tgnhttol—oT The FTFO enmorly is 8~ ~ ~  koug ed to thg rfeans
for generagin put signal. % |
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1 4. The tester of claim 3, 2 wherein the programred del ay

associ at ] 3 each sel ected pul se has a t higdReEA LR
di sti nct&’%rsgﬁtl&z 4 the first and second porti ons, EA
wherein the nmeans for generating an out 6 si gnal generates
one of a plurality of output signals 7 based on a val ue of the
third portion of the 8 pr ogr ammed| del ay, and 9
wherein each of the plurality of oorpor=srgriats % i s del ayed
by an anount proportional to®@he|val ue of 11 y rd portijon of
t he programmed del ay before i S 2 . coupled tofjthe read control
of the FIFO nenory. 1 w 4 The t¥ster of j : 2
wherein the neans for generatgng pul ses and 3 S B f]rst digeeal
val ues generates pulses wtha_nlni mim 4 A [t d fferencgof a
first value, andge . 5 whefjein the Rtr} ewsg ans refgi eves
second 6 — \digigl vallues @th]la mini nueot i me & ft rencBa 7
second val ue, the sgconstrvalue bﬁ - Sreer thg\ﬁ the first
val ue. 1 6. &he testdr BEDlafm5 22 <Mherein the
second value is equal to one half of 3 o thelf]rst g_i»ue.
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1. 7.~.The tester of claim®é6, 2 ] wherein the first

val ue j..glfoe%hmto 10 3 nanoseconds. 1 pcrros9sfszedhe
tester crarmbs, - 2 wherein the nmeans for generating

pul ses and 3 first digital gyglues is a digital logic circuit

4 i npl enented with CMOS t echnol ogy. 1 9. The
tester of claimS8, 2 wherein the storing neans and the
retrieving 3 nmeans are digital logic circuits inplenented with a
4 t echnol ogy having a maxi mum data rate in excess of 100 5

MHz . 1 10. The tester of claim9, 2 wher ei n
the storing neans and the retrieving 3 nmeans are digital |ogic
circuits inplenented with 4 bi pol ar technol ogy. 1 11.
A nmet hod of operating a tester conprising the steps of: 2

(a) generating tinme delay information for a

OUTPUT
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3 : plurality aétion of the tester; 4 .

(b) splitting the .tﬂ muﬂ ﬂmt_i on into at 5 - | east three

pi eces conprising a , & fine 6 delay, and a timng
7 .

adj ust nent del ay, wherein the . N coarse delay represents an

I nt eger nunber of periods 8 of a clock operating at a first

frequency; . 9 1ai . (c) storing the fine delay information for

each Mpat 1s < a}&eg 8r a period of time equal to the coarse del ay;
11 1 1. A (wBstegt fogvirgtihe B htefelciyciatobpatdsnand VLSRR :
synchropi zed Wi tdea dOCle0Pes 85h Inddnd ﬁ%qn%r&ﬁenexatm&réquency t hat
I's higher than the first fregu_gnc, . 14i ] erein the, step of
retrievitng incl lﬁr)hé‘tzat}s’itﬁfg ofhgulses and a P'“rtailﬁ'itﬁg°5d(]?bgﬁﬁeﬁg’cf€r]ay

i nf or ma#i on t o sellesis,awherkedén eacHfpulse inddikcatke emeoavield axdk during
which tgq retriey, NN 1 | i Lop.; 18
(e) gengr ating a&iél{n%\'etﬁgnsi%ggngpebgg%t %ﬁﬁg#%ng?[—g{;”?gg?Eﬂ %d’éﬁ ay

i nf or mafi on. specifies aTpEogseme slelavapgseriated with a wher ei n
]Ehe step of | st orddl@dved piesest 8@ Ngeans (112, ]}14,fine) dedaypled Ctrdlrat i on
or onegcycle whj,l e ti a 4, i_nformation for.an earlier
cycle i g al rea\é\{yﬂs (’)nre(?%% qu‘ ¥e;n'eramlngr ﬁls‘?ﬁeaﬁ‘gﬁtﬁsgféﬁ’aﬁ% 11, 2

wher ei n9t he ti mvigdusisgnAlergganenating ras oapas) signal associated

10 - with each selected pulse after a first portior of the
Y 11 programmed delay has passed, characterized by:
12 storing means (110, 438) for storing a pluralitcy
13 of second digital values, wherein each second digital
14 value spec‘ifies a second portion of the programmed
15 delay,
16 . retrieving means (112, 438) for retrieving one
17 of the plurality of second digital values from the
is8 storing means upon occurrence of the output signal,
19 and
20 producing means (426, 428) for producing a
21 delayed output signal after the second portion of the
22 programmed delay has passed. '
; 1 2. The tester of claim 1,
~ 2 wherein the storing means comprises a FIFO
3 memory. |
1 3. The tester of claim 2,
2 wherein the FIFO memory has a write control and
3 a read control,
4 wherein the write contr_cl of the FIFC memory is
S coupled to the means for generating pulses-and first
6 digital values, and
7 wherein the read control c¢f the FIFC memory is
g coupled to the means for generating an output signal.
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NIV, P RAZEMQ/OED Krgswijho P LB-10-UG 2 2004 . - Pil/7+31 70 3403016:4% 4

80T -15° 96 (Wdht A a burst of pul ses having a .frequency that is. 4 P. 008
greatet than the first frequency. * 1 14. The nethod of claim 11, 2
wherein.the tim ed in step (e) 3 contai ns a burst
of pul ses havi ngmllulml@“mﬂmanﬁ*“e4 smal l er than the cycle of
operation of the tesfer® ™" s WO 96/ 31002 :

PCT/ US95/ 15744 37 logic circuits and the inputs of the
second 38 conbi national logic circuit, each signal path 39
havi ng ? di%fefr?é‘t:&e.]&ybfdfglaim 3, viii)a FIFO having an input coupled
to the [east 41 . significant portion of tae digital input
and a 42 wherejn the.REBEEFReR I IasFocd otR Uﬁ'f}gut of 43

the gl oBal tin ngadH rsdlidotedapdiserkas £ratilrd brtion distinct from nput
coupled,to the | 45 . conbi national |ogic
circui tf; sai d Fl ;#is?%f%%ga §888HQ_ PértwnsHavj ng an output; and 47

i X) a pBogrammabl e defhsredtetigt MraNsnforn genpRAtisg an OutPuF . i nput
coupl edgt 0 the ogfddl PerehBteB8COAE P a plurality of cutg@Ebiiiidnnal |ogic
circuit_and a cqnt re%{ 50 1 £ ’fﬁ?@g%m coupl gd 0 the output of
the FIFO, said 5@sed on a value of the & &*§&PRy 4| §8%havi ng an out put
52 8 proguespredsdedarg andi ni ng edge signal . 1 16. The timing
generatgr of clai m 15nkieliel Bakheokl £k PRAA ity of blebUdesigndtad clock

and a wite cl ock, e read cl ock .
10 ) ;% Aglayé% gy an amount proportional to the value of

v 11 the third portion of the programmed delay before it is
12 coupled to the read control of the FIFO memory.
1 5. The tester of claim 1,
2 wherein the means for generating pulses and
3 first digital values generates pulses with-a minimum
4 time difference of a first value, and
S wherein the retrieving means retrieves second
6 digital values with a minimum time difference of a
7 second value, the second value being smaller than the
8 first value,
- 1 s. The tester of claim 5, )
U 2 - wherein the second value is equal to one half of
3 the first value,
12 7. The tester of claim G,‘
2 wherein the first value is equal ta 10
3 nanoseconds.
1 8. The tester of claim 5,
2 wherein the means for generating pulses and
3 first digital values is a digital logic c¢ircuit
4

implemented with CMQS technology.
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INTY. EPA/ERPOAOED Rijswijk HEPETE NUPS ¥ 2 b § T I . — Lt/ 4330 TO BLOSBOL6G: »
&CT. -15" 96 AR A§ @ frequency which is at least twice that of the 4 P. 009
wite ¢lock. 51 17. Thetlmnﬁ"ﬁzelnerator of claim 16 wherein the wite

cl ock 2 is in ex ll n ”II 1 18. The tining generator of
clai m15 wherein the

of counters conprises at |east 4.

1 19. The timng generator ‘of "cl & m 18 wherein the FIFO 2 conpri ses
a FIFOwth a depth of at |east 6. 1 20. The timng generator of claim
15 whergi n g¢.han2 tesne*poﬁgd:hauimtﬂ,e del ay el ement conprises a digital delay

3 g zeonnected N geres whiNs Al ARA Ak HP eha! Pherieving
PCT/ US9%/ 15744 weans] areAdp@brhnitrbic alpihgsgénelarerted Wik ype which 2

gener at gs ti m ngevngiddbgyWhacingre metiaed daehakbye in éxdess of 10&f erence -
time bysan am)u%{zs.peci fled by a digital 4 timng signal conprising:

1 10. The tester of claim 9,

2 wherein the storing means and the retrieving
3 means are digital logic circuits impiemented with
4 bipolar technology.

L i 11. A method of operating a tester comprising the steps of:

2 (2} generating time delay informatian for a

3 plurality of cycles of operation of the tester;

4 {(b) splitting the time delay information into at
5 least three pieces comprising a coarse delay, a fine
6 . delay, and a timing adjustment delay, wherein the

7 coarse deslay represents-an integer number of periods
8 of a clock operating at a first frequency:

9 (¢} storing the fine delay. information for each
10 cycle for a period of time equal to the coarse delay;
11 (4} rétrieving the fire delay information
12 synchronized with & clock operating at a second

- .13 frequency that is ‘higher than the first freguency, )
L 14 wherein the step of retrieving includes using the

15 timing adjustment delay information to select a cycle
16 of the second clock during which to retrieve the fine
17 delay information:; and
18 (e) generating a timing signal based on the Eine
19 lay information. :

1 12. The method of claim 11,

2 wherein the step of storing includes storing

3 fine delay information for one cycle while time delay
4 informacion_for an earxlier cycle is already stored.

¢
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T, -15 %E)LE) lar%nal og conparator having at .l east two inputs and 6 P. 010

‘an out put ;, aranp generator havi ng an out put connected to a 8
first |nput of t a digital to anal og converter
having an out IOUt Eﬂmmlmm““m‘mect ed to.a second input of the

conpar at or and digital input; 12 d) a digital

mul tiplier havi ng an out put connected to 13 the digital input of

the digital1x.0 thieameghdd of clalm 11,converter and at least two inputs, with
a first,15 wh nn t rgio e bits 16
inadgital tinng & %FE’ %,nglg 5%"%%‘1 TR0 8081 Lh OB {%d to the
second #nput of a}&s a burst of wfises bayiemppi EFequency xhat fife net hod
of operating aulp@Riiet thah CRYI PIENY fiequlecy. type having a
programuabl e tim ng generator which 3 produces a timng signal with a
period controlled by an 4 i nput digital word, conprising the steps of
5 1a) 14.g&her mekthgdacti gkmdm lilt,h predet ernm ned data val ues- 6

synchr ogi Zed with a wh@r@qnsmaak Hﬁﬂfrﬁtg%(llb)éehﬁﬁaZed in step (e)timng

gener at or; arl rated si to_a second signal 9
havi ng T he pr edé‘PE‘Fﬁ‘Fﬁ?dad ’ésF/a %f%ﬁ EFXHFEeﬁPgﬁmgS that ar{iin a a
second 4i m ng sisgwallerithan the Wycle@mfpobengtioni of ngheoresssr.on val ue
based on the 12 conparison; and 13 d) mul tiplying at

| east a portion of the bits of 14 subsequent input digital
words by the timng 15 correction val ues. -
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PCT/ US95/ 15744 1 23. The method.of opéfating the automatic test

equi pment of 2 claim.22 wherein the portion of the bits consists of
the 3 | ow order bits of the input digital word. 1 24. The nethod
of operating the automatic test equipnent of 2 claim 23 wherein the
timng signal generated by the timn enerator is generated in one
channgl o? theg4 test%ﬁSQQﬁETiﬂg E%Edﬁﬁgggb is generated within a 5
second channel dfutddmattiestest équipment with a programmable timing

generator. In the timing generator, the required delay is
split into a course délay, a frequency adjustment delay,
5 and a fine delay. The fine delays for successive cycles

are temporarily stored. As the course delays pass, the
fine delays are retrieved and used to generate edge
signals. The frequency adjustment delay is used to offset
the time at which the fine delay is retrieved by a fraction

10 of a the resolution of the course delay. This arrangement
allows the fine delay values to be retrieved at a higher
rate than the rate at which the signals representing the
required delays were generated. With this arrangement, the
edges can be generated in a high frequency burst mode even

15 though much of the ciming generator is implemented with
circuitry that has a lower operating frequency. A
significant cost savings results by providing high
frecuency operation with less expensive components of lower
operating frequency.
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Automatic test equipment with a programmable timing generator. In the timing generator, the required delay is split into a course
delay, a frequency adjustment delay, and a fine delay. The fine delays for successive cycles are temporarily stored. As the course delays
pass, the fine delays are retricved and used to generate edge signals. The frequency adjustment delay is used to offset the time at which
the fine delay is retrieved by a fraction of the resolution of the course delay. This arrangement allows the fine delay values to be retrieved
at a higher rate than the rate at which the signals representing the required delays were generated. With this arrangement, the edges can
be generated in a high frequency burst mode even though much of the timing generator is implemented with circuitry that has a lower
operating frequency. A significant cost savings results by providing high-frequency operation with less expensive components of lower




