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invention relates generally to automatic test equi prent and nore.
spécifically to timng generators used in automatic test equipnment. 5
Aut omatic test equipnent is widely used by nmanufacturers of

sem conduct&fo{‘ﬂgﬂénent s. The test equi pnent (nore gene'?ql"l'i?ﬂyl’u
"tester") executes a test pattern which defines i nputs to the device
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the application of the input signals. As a result, testers
15 generally include timing generators.

The timing generator performs several functions. First,
it allows timing information to be programmed by a user of
the tester. For example, digital systems operate at a
specific frequency with a characteristic period. Some timing

20 generators allow the period to be programmed so that the
tester may test parts at various frequencies.

In addition, the timing generator must ensure that
signals are synchronized when they are applied to the leads
of the DUT. For example, a typical semiconductor component

25 might have tens or even hundreds of leads to which signals
need to be applied or measured. Each lead is generally
connected to a "channel" of the tester. Each channel
contains circuitry which generates or measures the signal
applied to one lead. Different distances between the timing

30 generator and each channel lead to different delays. As a
result, signals issued by the timing generator which are
intended to reach each channel at the same often reach the
channels at different times (i.e. they are "skewed"). Skew
within the tester can lead to an improper diagnosis that the

35 DUT is faulty.
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9 The global timing generator operates from a fixed frequency

clock so that the period pulse is synchronized with this
fixed frequency clock. The length of the period is
programmed by storing a binary value which indicates the
15 number of pulses of the fixed frequency clock which are
needed to make up one period of the programmed length.

To allow the tester to operate at frequencies which are
not integer multiples of the fixed frequency (master clock)
at which the timing generator operates, the high order bits

20 of the stored binary value represent an integer number of
pulses of the fixed frequency clock which should occur in one
period. The low order bits of the binary value represent a
binary fraction of the length of one fixed frequency period
which needs to be added to the integer number of pulses to

25 make the programmed period equal the specified time. A
binary fraction represents an integer number which has been
divided by a power of 2.

In operation, the global timing generator counts the
integer number of pulses and then issues a course period

30 pulse. The course period pulse is sent to all the local
timing generators. The course period pulse does not,
however, account for the binary fractional portion of the
stored value. To account for this fractional delay, a
digital residue signal is also sent to each local timing

35 generator which indicates how long after the course period
pulse the actual period pulse should occur. The local timing



pul ses of the fixed frequency clock whi ch should occur in one period
The | ow bi ' - ry_fraction of

the length of one fixed frequency per| od whi ch-.needs to be added to the
i nt eger number of pulses to 25 make the progranmed period equal the
specified tine. A binary fraction represents an integer nunber which
has been  WQR6ESHS] by a power of 2. I n operat i FET¥NIYMbbal
ti'm ng generator counts the i nt eger number of pul ses and then issues a
course period 30 pulse. The course peri od pulse is sent to all the | ocal
ti‘m ng generators. The course eriqd does n owever, account
for the bi na??}"?rr“dttﬁr 5F&F BoPtiHY wtgﬁ%damrstt& gﬁl%l'ﬁ‘@ P38 count for
this fracti wwlsejédya;theaamoundlgﬁ ttamer specifbiesi pyakhe Higlitalseasidwe each
local tim nggimaigenerator which indicates how long after the course period

ul se the actual riqd se s uId occur, The local timn
PZ- ﬁhﬁ 3 2 725res{]ue s1gnaf is generated by thegglobal

PCT/ US95/51574ining genggatprat by arcasudabimarche frecpbémlopare délwyet he
peri.od puéééréw ramuatpafww arsnaisa?c'f-fh%dfwst%ﬂs@ baha&S'due
si-gnal . % e5| gener eocllﬁﬁ rege | obal 5
timng gener®tyi® tﬂf:cé‘fféu P&t ’f?gcr‘t"ﬁ’gai %E‘f‘f’ﬂ’nzﬂe Bé?t'gbef é %r ed
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fractional asmuide hRfrRre the dsire8dtimd@E. The third course period
10 pulse occurs three times that fractional amount; and so on.
At some point, the accumulated value exceeds one period of
the fixed frequency clock. When that happens, the global
timing generator waits ocne master clock period before issuing
the next course period pulse and reduces the accumulated
15 residue value accordingly.
This scheme has the advantage of allowing timing
information, regardless of the programmed frequency at which
the tester operates, to be sent to all of the channels at a
single frequency. The residue, as it is digital, is not
20 affected by differential delay. Any differential delay in
the course period pulse can be eliminated by synchronizing it
to the master clock. Since the master clock is a single,
fixed fregquency, it is possible to design the tester to
distribute the master clock to all the channels without skew.
25 While this type of timing generator is well suited for
testing purely digital semiconductor components, we have
found that it has some shortcomings when used to test mixed
signal components. Mixed signal components operate on
digital signals as well as analog signals. For example, an
30 analog-to-digital converter has an analog input and a digital
output. To test an analog component, the frequéncy of the
generated test signals must be controlled far more precisely
than is needed to test a digital component.
For example, to generate an analog waveform in a mixed
35 signal tester, the timing signals are used to access memory

locations. The locations contain the digital values which
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15 To solve this problem, mixed signal testers have used
separate timing generators for the analog and digital
portions of the tester. For example, a very accurate
programmable timing source can be purchased, such as a PTS
box. Such timing generators have been used for the analog
20 portion of the tester while a binary timing generator has
been used for the digital portion.
Using two timing sources creates a different problem.
To test a mixed signal part, it is often necessary that the
analog and digital portions of the tester be synchronized and
25 coherent. It is possible to synchronize the two timing
gsources at the start of a test pattern. However, unless the
sources are operating at the same frequency (i.e. are
coherent}, the sources will "drift apart" as the tester
operates. ‘
30 There is, thus, a need for a timing generator which can
obtain all the benefits of a binary digital timing generator
while providing greater control over frequency and allowing

synchronization with other sources.
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causes another sanple of the 5 waveformto be taken and ;E?@g&{ I\, TEnory.
Testing anaWBd‘% onents in this fashion requires that re uency
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15 programmed period is expressed as an integer number of
periods of a master clock plus a fractional number of
periods. The fractional portion is expressed as the ratio of
two binary integers. The global portion contains digital
storage for values representing the numerator and denominator

20 of the fraction. A residue signal, representing the
accumulated numurator of the fraction, is provided to the the
local timing generator. '

In one embodiment, the residue is converted to a binary
fraction prior to being passed to the local timing generator.

25 In another embodiment, multiple global timing generators
are used. Synchronization circuitry allows the timing
generators to be synchronized, even though they are
programmed to generate timing signals at different
frequencies.



-4 WD 96/ 28745 -
PCT/ US95/ 15712 SUMMVARY.OF THE | NVENTI ON

with the foregoing background in mnd, it is an object of the invention
‘to provide a digital timng generator which pr.oduces pul ses at a
programmabl e frequency which can be 5 specified with high_resolutian.

It is also WR%BPMEt to provide a tinming generator which FPCTUSHATY2
synchroni zed to other timng generators. It is yet another object
to provide a m xed signal tester wwth a synchronized timng for
generation of analog 10 srRIEFdDESCREPHION 0P THE DRANINGS The foregoi ng

and ot her objectg, are achi.eved.w t.h tinm ng, generator. havi ng_one or
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of the 15 pragimgesc paicRd i S expressed as an integer nunber of
periods of a nas | Qck _p ractional _ nunber of ri ods. The
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fractional portion 1s expressec era 0 ary integers.
The gl obal portion cotRoxReTar§ne afhe timipgrggperagervaf ke representing the

nuner at or and denom nidvention:
FIG. 2 is a schematic diagram of the global digital
timing generator of FIG. 1;
10 FIG. 3 is a schematic diagram of the converter circuit
' of FIG. 1;
FIG. 4 is schematic diagram of the global analog timing
generator of FIG. 1; and
FIG. 5 is a schematic diagram of the look ahead circuit
15 of FIG. 1.
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timing generator of the invention. Tester 100 has a
plurality of signal lines connected to device under test
5 (DUT) 102. DUT 102 could be a semiconductor component, such
as a chip used to make an analog to digital converter or a
digital signal processing chip.
Tester 100 generates and receives both analog and
digital signals to be used in testing DUT 102. Tester 100
10 contains a digital pattern generator 120 which generates a
digital test pattern. The test pattern specifies, for each
cycle of operation of tester 100, the digital signals that
should be provided to or are expected to be received from DUT
102.
15 The times at which each digital signal is applied or
read from the device are controlled by a timing generator.
The timing generator produces numerous timing signals, or
edges. Drive and sense operations performed by tester 100
are synchronized to these edges. Tester 100 may be
20 programmed to specify which operation is synchronized to
which edge signal. In addition, the time at which an edge
signal can occur relative to the start of each period can
also be programmed.
One or more global digital timing generators 110A and
25 110B are included in tester 100. Taking global timing
generator 110A as illustrative, global timing generator 110A
produces two timing signals. Signal Py is the course period
signal as in a conventional tester. Signal R] is a
fractional residue signal. Fractional residue signal R; is
30 applied to convert circuit 116A, where it is converted to a
binary residue signal R1', as in conventional testers.
Course period signal Pj] and binary residue signal R)'
are provided to one or more local timing generators 118, as
in conventional testers. Each local timing generator
35 produces an edge signal an appropriate amount of delay after
the course period signal Pj.



.the follow ng nore detailed description and acconpanyi ng drawi ngs in

which 5 FIG 1 is a block diagramof a mxed d signal tester

i ncorporating the tinmng generator of the ' i nventi on;

FIG 2 is a schematic diagram of the gl obal dlglta1 timng
generator of FIG 1; 10 FIG 3 is a schematic diagramof the
converter CVPE6/&74S of FIG 1; FI G RCTUSSaRARmt i c

di agram of the gl obal analog timng generator of FIG 1; and
FIG 5 is a schematic diagramof the | ook ahead circuit 15 of
FIG 1.

The edge signals are provided to format circuit 122.
Digital drive or expected receive data from digital pattern
generator 120 is also provided to format circuit 122. As in
a conventional tester, format circuit 122 drives the

5 appropriate values to DUT 102 and compares received values to
the expected value at times dictated by the timing edges.

Tester 100 is shown to contain two global digital timing
generators, each connected to one or more local timing
generators 118. All of the local timing generators 118

10 connected to one of the global timing generators 110A or 110B
produce edge signals at the same rate that the global timing
generator produces a course period signal. Though the exact
timing of each individual edge may be changed, the data rates
are all the same. Héving two or more global timing

15 generators allows sets of edges to be produced at different
rates. Such a capability is useful to perform what is known
as pseudo~asynchronous testing.

Tester 100 also has the capability to provide analog
signals to DUT 102 or to receive analog signals from DUT 102

20 and compare them tc stored reference signals.

Analog signals are produced by reading digital values
out of analog signal memory 124A or 124B and applying them as
inputs to analog instruments 125A and 125B. Based on the
outputs of analog signal memories 124A and 124B, analog

25 instruments generate the required signals for DUT 102.

Analog signal memories 124A and 124B store one period of
an analog signal. Addresses are applied to the memory in a
cyclical fashion, so that the values representing one periocd
of the waveform are repeatedly read out of the memory. The

30 rate at which the addresses are applied to the memory
dictates the frequency of the signal.

In tester 100, the addresses for analog signal memcries
124A and 124B are provided by global analog timing generators
112A and 112B, respectively. Global analog timing generators

35 112 are similar to global digital timing generators 110.
However, global analog timing generators 112 do not have to
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FLG 1 shows a mixed signal tester 100 incorporating a ti m ng generator
of -the invention. Tester 100 has a plurality of:'signal |ines connected

to device under test 5 (DUT) 102. DUT 102 coul d: ‘be a semi_conduct or
conponent, W@P628745 55 3 chip used to make an anal og to di gFEHPSTHAt er
or a di gital signal processing chip. Tester 100 generates and
recei ves both anal og and digital signals to be used in testing DUT 102.
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whi ch each di gitali ol dAdkn! Sr@RAlEPLall to adfids! haMBAIG doyice are
controlled by a timng genera M Ng generat or produces
numerous timng si og igstruments 1252 and 1258 could be as simple as

digital to analog converters. Typically, though, the
signals out of analog signal memories 124A and 124B will be
in the range of 5 MHz to 25 MHz. These signals might be
further processed after conversion to analog signals, such
as by frequency conversion or modulation.

Global digital timing generators 110A and 110B and
global analog timing generators 112A and 112B all respond
to master clock 114. Master clock 114 operates at a fixed
frequency. For current technology. a frequency on the
order of 100 MHz is suitable.

Each of the global digital timing generators 110 and global
analog timing generators are synchronized to global digital
timing generator 110A. In the case of digital timing
generator 110B, this means that the time specified by a
delay of Rz following course period pulse P2 will be the
same as a delay of R] following course period pulse P1. 1In
the case of global analog timing generators 112A and 112B,
this means that the zero crossing of the analog signals
produced in response to those timing signals will occur at
the same time as a delay of R following course period
pulse Pj.

In oxder to achieve this synchronization, R1 is
provided to each of the other global timing generators. As
shown in FIG. 1, it is provided directly to global digital
timing generator 110B. The value of R1 is passed through
adjust circuit 126 before application to global analog
timing generators 112A and 112B.

. The SYNC signal could be generated in response to an
instruction programmed into digital pattern generator 120.
Alternatively, a tester is typically connected to a
computer work station (not shown). The computer work
station serves as a user interface and also generates
commands for various
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-edges. Drive and sense operations performed by tester 100 are
synchroni zed to these edges. Tester 100 may be 20. -.programred to specify

whi ch operation is synchronized to whi ch edge signal. In addition, the
‘tinme at which an edge signal can occur relative to the start of each
period can al so be programed. One or nore gl obal i tal
timng gendY@PeREIS110A and 25 110B are included in tester%’s’lﬁgkl ng

gl obal timng generator 110A as illustrative, global tim ng generator
110A produces two timng signals. Signal Pl is the course period
signal as in a _conventional tester, nal Rlerr] is a fractional
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Tprog = N*TmMc + (I/B)*Tmc Eq.1
The values for N, I and B are all integer values. B is
selected in advance and provided from the computer work
station (not shown). Its value is arbitrary, but should be
15 relatively large so that a wide range of fractional values
(I/B) may be provided by only changing the value of I. To
simplify the circuitry, the value of B might be constrained
toc be changed only from the computer work station at the
start of a test pattern.
20 Once a value of B is selected, the values of N and I may
be simply computed to provide the required programmed period.
The values of N and I might be provided from the computer
work station (net shown). Alternatively, the values might be
provided by digital pattern generator 120. By allowing the
25 values to be provided by digital pattern generator 120, the
length of the programmed period could be changed during the
execution of a test pattern.
Turning now to FIG. 2, further details of global digital
timing generator 110 are shown. The value of N is loaded
30 into counter 200. Counter 200 is a down counter which issues
an output pulse at its output TC after it counts N pulses at
its clock input. The clock input is connected to master
clock 114. For convenience of implementation, it might be
desirable for counter 200 to produce an output after it
35 counts down past zero. In that case, the actual value loaded
into counter 200 would be N-1, rather than N.
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5 appropriate values to DUT 102 and conpares received values to t he

expected value at tines dictated hy the finng edges Tester 100
is shown to contain two global digital timng ‘generators, each
connected to one or nore local timng gener at ofs 118. Al of the |ocal
timng generators 118 10 connected to one of the gl obal rators
110A or 110W096/2878% oduce edge signals at the same rate tha#&’ﬁgs'sg'sg

timng generator produces a course period signal. Though the exact
timng of each individual edge may be changed the data rates are all
the sane. Having two or nore ener aII s of
edges to be prod®¥d Tt °8F?‘f%%efglreglsr'?'ét ﬁmée 6*"zf%a e Peye ¥s§ﬁ&sef ul to

per f or m whatDelayki2ddnis a !a-stym@elﬁdopaﬁpmhrdmus ¢lexkedgby master Tester

100 al so hag;jidg G3Rabi béiyytzqopaexag éﬁ se outpltNBlEScbenEdd g2 or to
recei ve anal og si gnal ie og 0 _and conpare themto stored

reference si %e cyc maghero§LeFintt% are produced by reading digital
val ues S out ofThensledgysdgnaipurerdr Jel@d/R10r ag2uEllhed &ppl yhdglavmdn as

i nputs to anglehd R CHOREES %éranﬁré@ﬁﬁa @%Sgﬂe Qi'httahgnputsoélﬁ puts of

anal og 5|gnal n& ries 0 I nstru erate the
required si g ﬁéfiozmqtlpgexer% gﬁ & 8?5%9'1?@% Z%gtie%ﬁf *ind 124B
store one peTrum@tn:[put pravidemitbg spyns¢ .rexdddepulse @ignappPi edthe t he '

ggm) 3(; in aoc%m?bhlgae%bg?bff&éiulpmosa?aglahél gseakum raanbeseeﬁé ng o% 20
Vv re repeate read qQu e
rate at 3fhi FPHIRE BEIF8LRY %ﬁém %BI FBE T4RYre© ?re Qoge %/ré t he

frequency ofcduntexi gmaput after it hhm best @diteledilhe %edr:éssbsCY@keanal og

S| gnf' t rrfrrvmsesnlllnAbQééﬁggoéa?%mte Ph O 68 sbiedd QRAagBAL e Geddul 10

9112 ar e A (e COUGPBLRIT R, PRLPSL F it P GRHEPR s b bhe MeegEre o) o' °

gl obal anal czladMripng sgewbich orsuts2 jdst Nt fdray sheoend of the _
15 programmed period.

The period pulse signal P is fed back to one input of OR
gate 214. The ocutput of OR gate 214 is connected to the load
input of counter 200. Thus, after a period signal has been
issued, the value for N to be used in the next cycle is

20 loaded into counter 200. The second input of OR gate 214
comes from the SYNC input. Thus, when it is desired that
timing generators 110A, 110B 112A and 112B be synchronized,
the value in counter 200 is also reloaded with a new value of
N.

25 The value of I is loaded into register 202. Register
202 is clocked by the output of AND gate 216. AND gate 216
is the logical AND of master clock 114 and the load signal
into counter 200. Thus, whenever a new N value is loaded
into counter 200, a new I value is also loaded into register

30 202. The load into register 202 is, however, synchronized to
master clock 114 by the operation of AND gate 216.

The value of B is loaded into register 206. For ease of
implementation, the 2's complement version of B is actually
loaded into register 206. This allows an adder to be used to

35 perform subtraction operations. As the value of B is not
changed during a test pattern, its 2's complement value may
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produce a course period signal. -hgy just need_t.0 produce signals which
cycle through a range of values in the time of one period. Hence, they
“produce only the residue signals, which are then used to address nenories
124. Analo I nstrunments 125A and 125B could be as sinple as digital
to anal og CHANISIE, S Typi cally, though, the signals out ’%ﬁ?ﬁ(?%’bz si gnal
menories 124A and 124B will be in the range of 5 MHz to 25 MHz. These
signals mght be further processed after conversion to anal og signals,

such as byyf on S0 r digital

timng generat% % 9% b il%ogﬁ.‘m% * Lﬁbaﬁtagﬁ‘gf’oén?? rﬁﬂf’d"’éenerators 112A
and 112B al | resmteﬁozﬁﬁs%%rakﬁ%@kcﬂﬁenmltaér débeal lsltbrager at es at a
fixed frequegrytedor resrsefput Geheohas¥ted th RAERCY P h@he O GG Of 100

Mz is swt?p 1sterE%E og éh e%I %Qal:%d‘ﬁ%lgt?alfgatt%?g? enerators 110 and

gl obal ana g §enerators are sync Pl§K8Ftal  tining
generat ot 1%® I‘?Fgclﬁéel-ia%M ofs @ilgiot glogked My thenewenwwr of1@BP ¢g#tes neans

that the tipesspertivs,ed hywafam axé Qf:a&é’df%bhemaalééwr&ﬁnﬁe%?d pul se P2

will be the.;sare ] follqQw n rse per pul se
Plerr]. In ﬁe calgz gygg%@%a §na %%d’sgé%?, o‘?’%"’%f? gﬁds%B

t hi s neans ’t’ﬁ%{‘t‘et%afé%t%‘?osm ng of the anal og signals produced in
response to thossultviglegesi poalis W lcbnOSﬁtHorﬁtl fbie 51@;5& uIR ipsesexlel ay of

Rierr] {o! | 90N % P Y6 pe{ aﬂ__s PULRE. EL J | ippur 45 d nnectcéﬁgr{__o h| eve

this. synchroni zation, prOV|de
timng genef Woreontxel 5% - r‘l"hIEF‘G"-hit HPW"-S igr avsertedi F'@éth-yl@cﬁrgl obal
digital ti2eagpgaeer ahervaﬂwonﬂanevsm:e i%¥pull] €6l tedSstas2ed, t hr ough

adj ust ci rcg%éagglgsgeggr&%vﬁét%a lﬁq:l n%al E%I_’g t| m ng generators

112A and 11 n response to an
i nstruction prodfhffedepheberif4 eHS b’&#t‘@rh"%ﬂeﬁat pesHREe to a

15 period pulse being issuved rather than a SYNC signal, the
value loaded is selected by multiplexer 224 in response to
the carry out output of adder 220. The second select input
of multiplexer 224 is connected to the carry out line of
adder 220. When there is a carry out of adder 220,

20 multiplexer 224 passes the output of adder 220 to register
204. When there is no carry out of adder 220, multiplexer
224 passes the output of adder 218 to register 204,

As long as there is no carry out of adder 220 and no
SYNC command, register 204 acts as an accumulator. Each time

25 a period pulse is issued, register 204 is loaded with the
output of adder 218, which is the sum of the current value in
register 204 and the value in register 202, i.e. the wvalue,
R, increases by an amount I.

Whether there is a carry out output of adder 220 also

‘30 depends on the R value in register 204. One input of adder
220 is connected to the output of R register 204. The second
input of adder 220 is derived from the output of adder 222
through pipeline register 208. Pipeline register 208 simply
passes through the output of adder 222, but appropriately

35 delays it to prevent an unstable cperating condition.
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Al'ternatively, a tester is typically connected to a conputer work station
(ﬂQL_ShQMﬂL__Ihﬂ_QQﬂnuLﬂL_MDrk st ation.serves as. a. user i_nt

generates comuands for various -9-

WO ?6/ 2874f5 ) ) PCT/ US95/ 15712

portions of the tester. The SYNC signal m ght also be rom
t he conput eWOR28™4St at i on. d obal digital timng gﬁg‘%@%’ogéi 110A
and 110B and gl obal analog timng generators 112A and 112B are 5
programabl e. Data val ues which specify the length of one . period are

provi ded to thesqugl SR 2 of Yaddh0hsh ididedlvea elhiylysgeuerFors 110A

and 110B, val ues dend ) are provid gse values relate
the desired wididhogtomps deie negacdvenealis io§dBof aihisths TcRHBRE 1140 err] .
The re|at|(”EHH buk%u&OOEaﬁddéﬂ|ZQWSrepresents I-B. The outputebf]adder The
val ues for I;J‘, and Be f‘lﬂ 4 nteger values. B is sel ected in advance
and provide 2f FAPERBST corrputer ‘wor k station (not shown). Its value is
arbitraryg, but sifhel gapey1ent rldng pfepgden23d wbllnae apsgryed; wher of
fraCt ional valdleglue of'ffﬁ Hr&sépbesaﬁeyw%sbywalwamwngrmgst hherl ue of

¥ Ui ¥ of REafl Vel W Yook DEey di® 181 1 BullNY: B cRANSLLAL R

to be changed "on er work station at
I+R. Conversely, when I+R-B is a positive value, R register

204 is loaded with the value of I+R-B. In other words, when
10 increasing the value in R register 204 by another increment

of I would cause the value of R to exceed B, the new value of

R is offset by an amount B. simultaneously, because the

carry out line of adder 220 is also connected to the select

input of multiplexer 212, the occurrence of the period pulse
15 P is delayed by one master clock pulse.

The significance of this operation can be understood by
reference to Eq. 1. When timing generator 110 is reset, it
is loaded with a value of N, representing the integer number
of master clock pulses which must be counted and a value of

20 I, representing a fractional portion. Upon reset, R register
204 should contain a value of zero. Once N master clock
pulses have been counted, counter 200 issues its output,
which is passed through multiplier 212 as the period pulse P.
This pulse has occurred before the programmed period pulse by

25 a fraction of a master clock periocd given by the fraction
I/B. The period pulse P should be delayed by a fraction of a
master clock period I/B and this value is stored as the
residue, R. Because, in the preferred embodiment, B is only
changed when timing generator 110 is reset, only the value of

30 I need be stored (i.e. only the numerator of the fraction I/B
is stored). The value of R is the residue output of global
timing generator 110. The required additional delay

- specified by residue R is added by local timing generator
118.
35 In the next cycle, N master clock pulses are again

counted and another period pulse is issued. During this

- 13 -



.start of a test pattern. 20 Once a value of B is selected, the val ues

of N and | may be sinmply conputed to provide the required progranmed
peri od. The values of N and | might be provided fromthe conputer

‘'work station (not shown). Alternatively, the values night be provi ded

by digital_pattern generator 120. By allowi ng the 25 val yes rovi ded
bg di gital ﬁz?f’lz B generator 120, the | ength of the p f”éﬁﬂ?& zgeri od
coul d be changed during the . execution of a test pattern.

Turning now to FIG 2, further details of gl obal dlgltal timng

gener at of A0 e 30Ut LISl gatl M |2PU5E Soodatbacounl or, 200

Counter 20071 s a own coun sues u t
out put TC aeshexn fZaghisnal pgiasses glock cyale GPB@R by v, fiﬁhetmrock i nput
i s connect el¥H.0 MhRiser the redidide vdftue A @iveBrenese i@f ihapbgs@tgtion, it

m ght be anéi@,grrq%ge;\?ﬁt unter 200 to produce an output after it 35
counts down past zero at case, the actual_ value |oaded into

counter 200 woul ¥ IRR°R- Sucressiste cyghen, the residue value in R
- 10 - register 20 96/ Pfcdmsed by another amount I. R register

PCT/ US95/ 15270]42 Jﬁelaccuﬁ\gbatlJA;etB_LCfggégfénaqf lpa%gl S%Prthe ggée%mgngm ed to

del ay 210. mast er
cl ock 114. R%IW%lOTEEI 5’57%"‘%W%u?Sét%LﬁmldoPecmlaZGG “ntlby one
cycle of natiedr addoel #ddanbentire péhtodledmy@dtedt rockofirdel ayngd 0 as vvell

as the llbnde.h%yeﬁi.epresentlng the numerator of a fraction, is greater
than B, representing the denominator of the fraction, the
accumulated fractional amounts have exceeded one full period.
The amount by which I+R has exceeded one period is given by
I+R-B. This is the value computed by adder 220. Adder 220,

15 because its carry out output changes when I+R exceeds B, also
signals when the accumulated fractional parts exceed one
period of master clock 114.

Once the accumulated fractional value exceeds one full
period of master clock 114, the period pulse P is delayed by

20 one master clock period at multiplexer 212. A corresponding
adjustment of one master clock period is alsoc made to the .
residue value stored in R registexr 204. 1In this way, the
required values are ggnerated for local timing generator 118
{FIG. 1) to produce an edge signal at the required time.

25 However, as described above, in the preferred
embodiment, local timing generator 118 (FIG. 1) is a
conventional digital timing generateor. It requires as an
input a binary fraction of a period of the master clock
signal. The residue value generated by global timing

30 generator 110 represents the numerator of a fraction, which
is not a binary fraction. FIG. 1 shows that the output of
global timing generator 110 is passed to convert circuit 116.
Convert circuit 116 converts the fraction inteo a binary
fraction.

35 FIG. 3 shows greater details of convert circuit 116.
Convert circuit 116 includes a digital multiplier 310 and a
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out put of counter 200 are provided to the data inputs of mul ti pl exer
212 _Miltiplexer 212 is a two_inpput oultiplexer 1ts output provides
the course period pulse signal P. The conbi natlon of delay 210 and
mul ti pl exer 212 allows the 10 course period pul se“to be the output of
counter 200 or the counter output after it has been adjusted by one
clock cycl eWO%28MS \i || be described bel ow, this adjustnmentCTES9¥RE2¢ o
ensur e that the course period pulse P is synchronized to the naster

cl ock pul se which occurs just before the end of the 15 progranned peri od.

The period puI se 5| ggf\# %f ed.hack to .one |Pg ate 214. The
out put of Ofgféts €513%s CMEEPEEYT b R'he TPBaGLOPEL |'ﬂ‘ﬂﬁf‘go pep &r 200.
Thus, after HOdsi pdovidedithapebinput or medtipliehélPal uBheoseddrido be used
in the next e oeSmaOeipnded1bngo M&he& EP&n reﬂl%téecwﬁi i nput of OR

when it .i,s.desired that

gate 214 fro t he SYN
timng generat OP?I'YGK ‘iﬁffé’%gﬁsaﬁﬁ‘l‘% BE SUTRM: d‘mlfgdls the i he val ue
in count &r 20Bidueavsiue elivrided hytB, thecvenahimatafr of tNe Phaction. The

val ue of | lx-ﬁzovJeQ%Q?dbééK\Psé Qﬁb&&&i 8921aer869fétﬁé1acwe29215§ &lpked by the
out put of AND gate 21 | ogi cal of mast er cl ock

6.
114 and t he TEEESEVEnSP 17 qﬁ%ﬁf’ﬁ c%dﬁf]é:rlpéﬁﬁr l}ése‘\/\,ﬁ@ﬁéﬁé? a & N val ue
is | oaded mulitipdicanshtis th@0invernseydf Bal whicls id stolreddén Fegistesgi ster

30 t202 TLBQZ' Zaghéﬁ]:@véﬁé}é %tfera 292cdm°putge"\§ye£he %ﬂ%ew%@% to | ‘B
mast er oc y,the aqper g value o

is Ioadgh tgjef'ga £y %8%“’“ F8 EQ% "’eéA esc?ﬁp’roeurrenFB‘FFoﬁahﬁe‘sz s

conpl ement \évesi dpadéd Rt thecsame| yime as| shdeld valkue Hegrsgest&0@06Thi s

al | ows an adgag.tg)be 'P!&ﬁéj tth35ut1D@tE fd¥ BoRVLEE aCi QR ORREAIL Al  AS the

x:: 3: g;yB | Seqrt!t?.tred b:.nary %ac&.on ngora 1%%3& 89 tJI.r(xaz_:;r ngenletrgtgr 1fsorrpl ement

Global analog timing generators 112 operate differently

15 than global digital timing generators 110. No period pulse
signal is required for the generation of'analog signals.
Also, the generated residue values do not represent time
delays directly, but represent addresses intc memory 124
(FIG. 1) where one period of a sine wave is stored. The

20 values stored in memory 124 are derived according to the
equation:

_ S = sine(2n*A/K) Eq. 2
where A is the address at which the value is stored and K is
the number of locations in memory 124 used to store signal

25 information. K is could be, but is not necessarily, a power
of 2. If addresses increasing by one are applied to this
memory synchronized to master clock 114, the frequency of the
output is 1/ {(TmcK).

To generate a sine wave at a programmed freguency,

30 global analog timing generators 112 produce a series of
addresses, which increase by a programmable amount. To
double the frequency, the address should increase by two each

- cycle. To triple the frequency, the address should increase
by three each cycle, etc. Thus, the amount, I, by which the

35 address should increase each cycle of master clock 114 is
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conputed by the conputer work station (not shown). ___ Register 204
is also a conventional digital storage register. Its output is
‘connected to the R output. The input of register 204 is connected to

the output of multiplexer 5 224. Register 204 is also clocked by the

aut put of AX@IREES 216. Thus, a new value is |oaded, SBSTEPROMI%d to
Rast er clock 114. whenever a period pulse is issued or when the SYNC
val ue i s asserted. Mul ti pl exer 224 is a conventional four input

nul tiplexer 10 with two select_ inpputs. One select input is connected to the
SYNC cont r o¥1Y¢hRY thger2tiftof r'n‘ﬂi‘&t proozammed; fgeawenay fioetéfMcK 224 passes

t he val ue oficéd@iind kol bReteduadiog:Ster 204, regardl ess of the state of
the second sel ect input. When register 204 is being | oaded in

response to a 15 period pul se being issued rather than a SYNC signal, the
val ue |l oaded is selected by nul Fopbeiet/TMeK})i i ¥esponse to teg.Garry

out output of adries aaaQesIh@em b9|@I‘6bd1nlehlog citingllgehpl sy 224 is

connected t (g d 220, _Wien.there is a carry out
of adder 815 ;%m e ngo‘géaeéré 2’%4 5aSes ﬁig Stit BATR ST AFASF B2 regi ster
204. \Wen t%iaﬁ"é‘llé%o areyeoutthef ggnerrteap @ddngss i ghawlsr not 224 passes
t he out put Dhcreliar abblet®. I afHenleter28dding I to thé\gdr@taad &dd@F&sd S NO

carry out of ‘Eﬂg C%%gs ngtr}ﬁ)we SY[}F gpmn dsqﬁ}l%r 204 acts as an
S

accurmul at or+ perio e1s |ssue reglster 204 i s | oaded
with tH® sulatmaaﬁedoffraﬁd@re mul\%l ch is the sumof the current value in

regi ster 204 andrﬁéh& \o@buetidmg Qg:leSTeGEeﬁﬂﬁallly g@dehticamltéethe R

I ncreases Al !S‘ her Lee i r.ry . put output of
adder 220 a%/% ep en d to eﬁlerﬁt F}lg,leerl r?tlrgg‘gl <t %‘aa]Z&amO;\gel nput of
adder 29behal (ﬁiﬁﬁéé@eﬁlm’é‘q igenguapex 190 -R Aegprdinglans thehe second
i nput of adéelprcudiAyi &sdarweﬂnﬁremnthglmmuham&gaﬂﬂﬁrngZ%Znerat&hrOugh

pi pel i r]_% re é%O% e P:‘?éuﬂ? ediat &f 210%1a tal tiR@Sses t hrough t he
out put déer Bu approp|yr geﬁ 39T ays ?%l?o prevgnt an unstabl e
oper at i ng ciﬁf!ﬁlté}t(ﬂ? 110.
FIG. 4 shows that global analog timing generator 112
includes register 406 storing the value of -K. An adder 422
receives the output of register 406 and also the I value from
20 register 402.
The output of adder 422 provides on input to adder 420.
The second input to adder 420 comes from the R register 404.
The carryout output of adder 420 is connected to one
select input of multiplexer 424. The second control input of
25 the multiplexer is derived from the SYNC control input.
One data input tp multiplexer 424 comes from adder 418,
which computes the sum of the R value in register 404 and the
I value in register 402. The other data input of multiplexer
424 comes from the output of adder 420.
30 As in global digital timing generator 110, the carry out
output of adder 420 controls what is stored in R register
404. As lbng as the value of R is less than K, the carry out
output of adder 420 controls multiplexer 424 to configure
register 404 as an accumulator. When the R value would
35 exceed K, R register 404 is loaded with the value of I+R-K.
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regi ster 206, whi ch stores t he negatlve value of B, and the | input.

Thus, t he out put of adder 222 represents |-B. The- out put -of adder

220 represents I+R—B 5 The carry out line of adder

asseérted wheWO%5/287¢%, 0 a) ue of 1 +R-B represents a positive éﬁ@gé"ﬂﬁ
when | +R-B is negative, Rregister 204 is |oaded with the val ue of
| +R. Cbnversely, mhen |+R-B is a positive vaIue R register 204 is

| oaded with n her i ncreasing the
value in Rr %?§¥ 6Z15y°gkﬁﬁﬁuﬂs %h ss 0t"3 SFa+°%wﬁﬁq?5@aﬂ§%° e val ue
of Rto excedddB, the new val ue of R |s of f set by an anount B.

si mul t aneously, hﬁmlkeezhhmobal Qﬂd’:)ta@uhxhirfbe geheadd8F :2126) igs al so
connected to_the sel

Iexer qurre of the
peri od pul se regIsyey %geﬁgﬁe ’mgﬁgaggg %ﬁgkpﬁgfie ter CETﬁé
si gni fi cédhcelds- tfﬁk?OOpéhatFoWP Heerantﬁ#qn<i9é be conswnﬁuaeénce to Eq. 1.
When timng geaedalolyldl ther&sfit ofl a pattekn. oadndsyvi m_- a uabue 86 N

rer esent| ndahhes 'f2008he0UERSE cne ARLIPHSes Ll i by must be

counted and a val ué“o I epresent |ona SFon. ¢ Upon
reset, R regFatkgr than)@romnhehg d’ét,l(b‘ﬁt abﬂu'a 52 bge 19Pd2'ér¥j'1t<0rk§eaﬂ mast er

cl ock shown in FIG. 2.

10 Global digital timing generators 110A and 110 B may be
synchronized to generate edge signals at the same time. For
synchronized signals to occur, global digital timing
generator 110A and 110B must be loaded with the same values
of N, I and R. When the SYNC signal is asserted, new values

15 of I and N are loaded into each. If desired the values of I
and N into global digital timing generator 110A and 110B can
be the same. Upon occurrence of the SYNC signal, a value is
loaded into R register 204 of both global timing generator
110A and 110B from the SVAL line. FIG. 1 shows that the

20 SVAL line of each global digital timing generator 110A and
110B is connected to the R output of global digital timing
generator 110A. Thus, upon occurrence of a SYNC command, all
global digital timing generators will have their values
synchronized to global digital timing generator 110A.

25 To synchronize two timing generators, it is not
necessary that both timing generators be loaded with the same
values of N and I. If different N or I values are used, the
timing generators will generate signals of different
frequencies. However, a point of synchronization is created

30 when the two timing generators are loaded with the same R
value.

Global analog timing generators 112A and 112B may also
- be synchronized to global digital timing generator 110A. An
analog timing generator is said to be synchronized to the

35 digital timing generator when the digital timing generator
produces a timing edge at the same time as the zero crossing

- 17 -



.pul ses have been counted, counter 200 issues its output, which is
passed through multiplier 212 as the period pulse P. Thi s pul se has
occurred before the programmed period pulse by 25 ‘a fraction of a master
‘¢l ock period given by the fraction | /B. The period pulse P should be
del ayed by a fraction of a master clock period I/B and_this value S
stored as tWO@9/2874% osi due, R Because, in the preferred enBSHPREAFI2R | s
only changed when timng generator 110 is reset, only the value of 30
| need be stored (i.e. only the nunerator of the fraction I/B S

d f bal
Zggtra(raa% or chQli,HesQ %ﬁ' ﬁrc?tdnggl t |)6%1% gg%?g& &ml ﬁog%f'e’éﬁt%ﬂl nggl due Ris
added by Iod’a?lluﬁl whigh qeerdsatter be loaded 1-350 R registert 484 nbxiglobsle, N

mast eg cl oclkanaubgesiminy aftietator 1D UM eeldafld:&r@td&%oﬁﬁé athePul se i s
| ssue Dur i

i
WO 96/ 28745 é?ﬁlgg &nd digital signals is computed by algaxff.}gg%? ﬁ%‘ff?"t
cycle, tfe p@6i-od pul se gets ahead of the programmed tine by anot her

fractional nastentcthékocsioh@ngeven H\pdriedf paris Gignall £Bom Tdlebalt he
resi due val taaga@aieem,f %’e%éram gﬂaaasgﬂebyewﬁ@%hgitap% Opgui 5

In each successive ue In
i ncreased byP<SEHSt ﬁé?eﬁmﬂﬂlaw oR thefrpstional portionyef yinmastieng t he

fractional packk sighdk YWOgrieeneldy R/B.pesince, ithehkr gtébahainapagt s shoul d
be accuqula“ﬁﬂdﬂgtéénerator, a master clock period represents an
increase of Ianalog: the required delay can be expressed
(R/B) *Ianalog- The zero crossing of the signal occurs when R
value in register 404 takes on a value of K. To synchronize
the zero crossing with the programmed digital edge when the
15 period pulse signal is generated, the R value in register 404
must be loaded with a value which will increase to K in the
required delay of (R/B)*Ianalog- That value is given by the
formula K-(R/B)*Ianalog- Adjust circuit 126 (FIG. 1)
computes this value and provides it to the SVAL input of
20 global analog timing generators 112.

Adjust circuit 126 is digital logic circuit which
performs this computation. It should be noted that convert
circuit 116A (FIG. 1) computes the value of (R/B). The value
of R/B could be computed in the same fashion as in convert

25 circuit 116A. Alternatively, it might be possible in some
instances for the output of convert circuit 116A to be used
in the computation. '

Though the circuitry needed to compute the SVAL for
global analog timing generators 112 is relatively straight

30 forward, it might require more than one clock cycle to
operate, especially if tester 100 is to operate at a high
speed. If adjust circuitry 126 introduces too much delay,
the analog timing generators 112 will not have the intended
synchronization. If the delay introduced by adjust circuit

35 126 is a fixed delay, such as might occur in a pipelined
system, then the generated analog timing signals will have
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t‘hey add up to an entire period of master clock 114. Wen 10 |+R

represepting the nunerator of a fraction is.greater _ . __than B
representing the denom nator .of the fraction, the .  accunul ated
fractional amunts have exceeded one full perlod © . The anount by which
| +R has exceeded one period is given by | +R-B. This 'SFEE ﬂ*g
conput ed byWaaeR§74320. Adder 220, 15 because its carry ou ﬁF% S @hanges
when | +R exceeds B. al so signal s when the accunul ated fractional parts
exceed one period of master clock 114. Once the accumul at ed
fractional val ue exceeds one full period of master clock 114, the

period pul sthely zers SFegshpIs @t néimgsvhich |isckbper Fterhdedarti pl exer
213 A Cﬁrasﬁmmhmﬁlglca?dtmi@w1eé Ongn fﬂﬁtsel’c:.el:ﬂﬁétdiﬁ:rel odhes al so
made to the Lo R ster 2 s _way, the
required va?ﬁle%y ar }m%%gregt eﬁ éo]ruﬁ ocaFc'tlltEne%igssa ﬁ’g?g ot %%ﬁaﬁe (FIG 1)
to produce exrexigin sihgnanaieot signadquivhiéehthase b62§cceptabllﬂ)\ﬁ@vemanﬁs

descri begsl afeyEicddidrze pref erred enmbodi mant | ocal timng generator
118 (FIG 1) is ntion i.tal s requires as
an i nput a b?ln%ermafctrlé’ft(i?éng% % ;5’9‘“085 of Q?Eﬁ O{lmk'tg si gnal .

The resi duegm{@?}@nérlﬁt saupy kg (ﬁ?&layﬁfin?ﬁba%‘()’e g‘j@né?%mt?ﬁ"-pl’fe Pépresent s
the nuner at 1owd1 éhrfdlc’t@t itdRinddederatorkS10Dtbya thienaaye fangainitopf FI G 1

shows t hat &hfy oa%cegobﬁ&? Al rcuggagi%fa&w tljr%%é fagped to

convert circul 6 converts ractlon into a
bi nary 10 M%B?Q srignzd would ke gynrhypphzed tutthe digitals HMmiBgnvert

circuit 116pulse widh&utt phakeudélakd6 i ncludes a digital nultiplier 310 and

a As another alternative, a%ok ahead circuit 128 might be

employed. Look ahead circuit 128 computes the value of R3]
some number of master clock cycles in advance. The number of

15 clock cycles would be equal to the delay introduced by adjust
circuit 126.

FIG. 5 shows a schematic of a look ahead circuit which
produces the value of R eight master clock pulses in advance.
For its operation, it requires that the value of I in global

20 digital timing generator 110 not change for eight master
clock pulses in advance of the synchronization command. A
circuit for looking ahead any number of clock pulses could be
built, but preferably that number is a power of two. This
regquirement is implemented by appropriate progrémming of

25 digital pattern generator 120.

Look ahead circuit 128 operates by multiplying the I
value in global digital timing generator 110A by 8. This is
the amount that will be added to the R value in eight cycles
of master clock 114. Multiplication by eight is simply

30 implemented by shifting each bits of the number three spaces.
FIG. 5 shows wired shift 510. Wired shift 510 is not
actually a separate component. Rather, it is achieved by
routing of individual data lines to adder 512.

The value of 8*I is added to the current value of R at

35 adder 512. This sum might exceed the value of B, but in
global digital timing generator 110A, the value of R never
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regi ster 312. The residue, R fraomgglobal tim ng_generator 110 is
provided to one input or nmultiplier 310. The second i nput of nultiplier
310 is provided fromregister 312. Convert circuit 116 produces

an output which is the 5 residue value divided by B, the denoni nator of

t he fracti oW09/28743oever, because digital dividers are relB{U8&MSMZr ge
and expensive to inplement, a multiplier is used instead. The
multiplicand is the inverse of B, which is stored in register 312. The
I-nverse of B is conputed by the conputer work 10 station (not shown)
attached to e¥seeds F30. Thypat tha|sya BSI+R musitehe| mapket dto tthousher tine as

the B val ue 18séeghasd 8 udffy a "r(dd"GeurdtiohUS. el hen® UtdidinerCopVert
circuit 116 js. the equired binary fraction for local timng generator

118. dl&o%aqpeéﬁéi‘ g timng generators 112 operate differently 15
t han gl obal di gi t Be iodi fyngbien aagy delivplemantpdr indhgudweae by signal is

requi red § or shbéCe B8R APt Lfc Y RUeSTANA Df B fréh Sthe e gepey at ed
resi due val uestgf not rﬁgr esen s direct but _represent

del |y,
] Spgpracti t”tzfrlég%ffeg\h’e'?@aéﬁgaﬁb\‘? ovo;/]tﬁ‘re a Eg‘ﬁe wave is

addr esses i nt o nendr ) )
stored. The pesulflafeshet prier |subtamstyon wbuddebdethe ateradadiedi ng to t he

aﬂuat i Zn_i Howevedr, a simpler ahnd ﬁastgr:cﬂd%ﬁ(‘:z[ﬁﬁ&ﬂ:oé A‘dslgd because cﬁf Eﬂ‘b 2
ere Is t r.ess at lchthe v el st o an , t he nunper
SnfiERy 8t MR PR i s 56 A o neh g

of locations Tn menory Se Kis
coul d bell puglyvavside Aesesthan |9B.q Fbwer a maxjhunr of {8 mydrteestionsicr easi ng

by one are appli ask tnaellBas menory synchroni zed to master clock 114, the

[reduency of 1he mmoseUuBMkabeiddl Sl bhBlines 3p prralf-030h8h8eE 310°
produce a sef ‘éélb‘fn'-”l“%drég",s%si,n%i ef ¢arly edder b9l Pr-oghddiBbl e anount .
To doubl getéiprds @BecBaN, coriphtadd bYSEdEdOBId . | NPRE ARG linpueash

cycle. T tri";'h? &é:q__}jer ?ﬁagpzyﬂ,{(tﬁ adgﬁ:m sihouquni%cerdeg__seth:@uby t hree
each cycle, etc, us, e anount, "I’ "by i.cﬁ FRe" s addr ess shoul d

i ncrease eache@iRtesofifhdt er - THIBR - 1¥8spectively.

Values of -B, -2B....-8B are loaded into registers
516(1)...516(8B), respectively. Since B is, for a matter of
convenience, established when a pattern is setup and does not

20 change during the pattern, these values can be computed on
the computer work station (not shown) connected to tester 100
(FIG. 1) and stored prior to execution of a pattern.

Adders 514(1)...514(B)., also act as comparators. The
successive adders are comparing the value of I*§ to

25 successive multiples of B, namely B, 2B,...8B. The carry out
bit of an adder will be set when I*8 is larger than the
respective multiple of B. The first of the adders
514(1)...514(8) not to have its carry out bit set indicates
that the output of the prior adder is the desired result.

30 When the carry out output of adder 516({1) is not set, it
indicates that the output of adder 512 is the desired result.
When all of the carry out bits of adders 514(1)...514(8) are
set, the output of adder 514{8) is the desired output.

The outputs of adders 514(1)...514(8) as well as the

35 output of adder 512 are provided to multiplexer 518. The
carry out outputs of adders 514(1)...514(B) are provided to
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given by the ratio of the Droqram'rpd frequency to 1/Tlerr] K .

to the equatlon Fprog/(I/T[err]K) =

Eq-3 5 The address generated by gl obal anal og tim ng generator

112 shoul d increase by an amount | for each cycle of naste 114.
However, thWORSR8MEt ed address shoul d not i ncrease above ¥ 9%enever
adding | to the generated address woul d increase it above K, t he val ue
of K should be 10 subtracted fromthe result. ~ These operations
are essentially identical to the operations used to generate t he

resi due si gnemicddem 529e EncedeshI20digi @aﬂﬂlglfrﬁlnd%éﬂe‘?’eﬁcd’rltl!@lcrl
Accordingly, Spmﬁhces the eBhtid tasﬁmt Qok n%ﬁ@lfexﬁkobﬁé afslsdggt | M ng

gener.at or resenbl es the C|r ui used to obal ital timn
generator 119 ltiplexer 51 %§ﬁﬁm§'Fh§Rp #1% timng ge%erator
112° i ncl udes ‘rleglsealercté%vahm |rreg>rl3henval (ﬂa“Io'IR)mKd Bn Khisr valpe

nge' ves g hez&%rpé'etvoafl}{ue{] ?ﬂgéﬁgi Aﬁﬁ4g§dea£§@aé hﬂo'ckvﬁulgt?eéc rlenl:%Q 2 Sgl ster
rovi des o adder

The second i fipE#*% o J&d@'fay4gﬁ ‘ﬁﬁﬁ%?’f Fﬁfﬁf‘f‘ﬁ%“ﬁerc? |ls?gun}f'ofl e The

carryout outpiming ceaharatd28.is connected to one sel ect input of

mul tipl exer 424. ghe &@%&Hn@&ﬂé}laﬂd}euace&aﬁag tede e A {hWdred®n i s derived
fromthe SYNC control FH
allows great exibility in the generation of test sxgnals

10 A very wide range of frequencies can be programmed with h;gh
resolution. Analog signals with different frequencies could
be generated by programming different values into global
analog timing generators 112A and 112B. Also, different
frequency digital signals could be generated. Alternatively,

15 these signals can be made coherent by choosing the N, I and B
to be the same for each digital timing generator or the same
values of I and K for the analog timing generator.

Even where noncoherent signals are generated, they can
be synchronized at some programmable time. Thereafter, the

20 values of the signals will drift apart because the signals
have different frequencies. However, because the signals are
synchronized, they will drift apart in a repeatable manner.
This feature is useful to implement “pséudo asynchronous
testing”. When a DUT is tested with input signals of two

25 different frequencies, the test result should be the same for
every part tested.

In addition, the analog and digital timing signals can
be synchronized. Even if the analog frequency is slightly
different than the digital freguency, the analog and digital

30 timing generators can be synchronized during the execution of
a test pattern. The synchronization can occur at multiple
times for greater accuracy. This feature is very useful for
mixed signal testing.

Having described one embodiment, numerous alternative

35 embodiments or variations might be made. For example,
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‘One data input to nultiplexer 424 cones from adder 418. whi ch comput es

the sumof the Rvalue_in register 404 and the_ ___| value in register 402.
The other data input of nultiplexer 424 cones fromthe output of adder
420. 30 As in global digital timng generator 110, the carry out

out put of adder 420 controls what is stored in Rregister 404. As | ong
as the val uWO9243 s | ess than K, the carry out out put FPEFUSHIST2420
controls multiplexer 424 to configure regi ster 404 as an accumul at or.
Wien the R value would 35 exceed K, Rregister 404 is |oaded with the

val ue of | +R- K - 16 -

WO 96/ 28745 It was described as part of the synchiR@f/23839h15712

The R val ue ie,QieliBHt tRSe tAR) 3AdLRISa0di Ak 98i 8k WlerREREYare 124
Unlike in gli)b di gi alhtlgn n gergerat or 1&0, R, reqi ster 404 | oads a
new val ue on %%“\/Wgﬁ sE%f r?’@gt"‘ r SEPBgLobs L Hioive L FiMipg pevgnaker n
regi ster 402A3@.comberRi vethe gould bhadeyeived| fram dmhe oft &he bimimgpattern.
Thus, the | ddHusarhes. Al@&%rti%aﬁgoewawgmh@om om0 RHGH doffe® !

regi ster 402 rather than frqomthe vaIug about o be |oaded into_ it as

shown in FI EXterngy source q Jf, 1sypgF 3t 3ihy nfegetrsaddet t1bAiehdli10 B
may be Aagilrednk iming weymratare begoagiednwi sh athe sameaRevaluwe. For

For synchronization, it is only necessary that there be some
deterministic relationship between the R values.

10 As a further alternative, it was described that during
the synchronization operation that a value of R was lcaded
from one timing generator to others in a "master slave*
arrangement. The value of N might be loaded into the *slave"
timing generator as well. Rather than having each timing

15 generator produce a pulse its programmed time after the
synchronization time, the slave timing generator will produce
its next timing pulse at the same time as the master.

It was described that the values loaded into analog
signal memories 124A and 124B are sine waves. Any periodic

20 signals could be generated. It was also described that
memories 124A and 124B are loaded into the memory for
generating analog signals. Alternatively, those memories
could be used to store samples of received analog signals.

FIG. 1 shows two global digital timing generators and

25 two global analog timing generators. Any number of either
type of timing generators might be used. Also, FIG. 1
suggests that all timing generators are synchronized to one
digital timing generator. Any subset of the timing
generators might be synchronized to any reference point.

30 Also, it was described that an analog timing generator
is synchronized by having the zero crossing of the generated
signal be coincident with a digital timing pulse.
Synchronization could be achieved by having any known point
on the analog signal coincident with the pulse.

35 Also, it should be appreciated that the preferred
embodiment was described in terms of discrete functional
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synchroni zed signals to occur, global digital timng generator 110A and
110B nust be |l oaded with the sane_values. ..of N | and R \en the SYNC
srgnal 1s asserted, new values 15 of | and N are | oaded into each. If
desired the val ues of | and N into global digital timng generator 110A
and 110B can be the sane. Upon occurrence of the SYNC signal ¥\ val ue
IS | oaWQI96/28048 R r egi ster 204 of both gl obal timng geﬁgﬂgg%"lls 2 110A
and 110B fromthe SVAL line. . FIG 1 shows that the 20 SVAL |ine of each
gl obal digital timng generator 110A and 110B is connected to the R
out put of global digital timng enerator 110A. Thus, .upon occurrence
of a SYNC cehements.al It is aitdisipagpdi that tihesggedereita oidlwPPl have their
¥al ues SMPrdiditieaedst padt Qkfab.ndhgh_t'a's_ddﬂﬁalﬁgageélﬁc'ﬁis(ﬂonﬂ.i:@écuﬂﬁb )

o synchronize two ti enerators, is n ot
tining gene?’ét%?%gm%gge‘gmﬁ 1 “the s}a‘t%r%ua%' l%éfﬂg%é%i%ﬁs %ﬁé f’g?}?f

di fferent Niepending gostheeimpl@mentpsion of jYHengegbnet HamterwilPP- generate
signal s 501; ﬂiéé,erfmtsﬁouldf b& ERd €hat HONE \epjacid ipOhddwaires pleents zat i on
is created 30 en t tiyin engr at.or I i R
val ue. dfed" eoﬁ’aol% %ﬁgl Y ie%eg'ﬁng%?\"g?% o%s?%ﬁg%jg%fﬁ ltlt%Bb?rg‘fg?‘s?o

be synchronthedreqrigleghirngt¥intsal ti m ng generator 110A. An anal og

timng generatorrds inijlémeRtei sy Ronveniance | cHdoadbe off g tals tining
Fpner ot VAERaLPEES oL I FBIEEA Se xelEEF S 3 gn e 21
- 10 patteyn96/Thdpsgonstraint allows various values to be
PCT/U895/155§3computed and dispenses with the need for hardware to
compute the required values in real time. Where greater
flexibility is needed, those values could be made variable.
As another example of a variation which might be made,
15 it was described that the timing values produced by global

analog timing generators 112A and 112B are used to generate

analog signals. Those values might also be used to control
the timing of samples of an analog signal.
Therefore, the invention should be limited only by the
20 spirit and scope of the appended claims.
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of Lhe signal produced by the anal °2oilllllllﬁllﬂmmlmHMLT';S“:S. B AGEDLY at o

112 in order to synchronize the analog tand dYgital* si gmats—is COTTPULtE
by adjustnent circuit 5 126. At the occurrence of a period pulse
signal from gl obal digital timng generator 110A, the re&ql red di gl t al
edge will WORMI4S after a delay of the fractional portionP

clock signal 114 given by R/'B. Since, in the global analog 10 tim ng
generator, a master clock period represents an i ncrease of lanalog, the
required deI ay can be expressed (R/B)*lanal og. The zero crossing of the

signal occurs wheWh®& is clslimedi isregi ster 404 takes on a value of K. To

synchroni ze 1, thec&gedr qrm&amggvutdm;hg eéaafﬁafedc@hngﬂ@ingedge when the
15 peri og pul se S gnal engrat ed ue in reg. nmust

v
be | oaded“with a %4l ue® c Wi f“ll ?n%erneegawfogﬁv’r?ﬁ theé?t ngr%’cﬂﬂardled del ay
of (R/ B)*Banal og. That inettue 4 digiteh inputhend a timimg signédR/Bitpudnal og.

Adj ust cigcuit 126 (Fl&aid)timingCoiPhdEoutbus Yadweriaiydapeevigas it to the

SVAL input of 20 glob I nerat 1
circuit 126 is digital @* 0%5 smgr %%n%% %Pf Qlﬁoe"} 1torc'r%s': %tcﬁ%'ujt"g%l on.
It shoul d®be noted thab¥Yc dligital mputyit 116A (FIG 1) corrput es the -

val ue of {R/' B). Thg vahuU§lobal afimFh® g:awzdcbe BPOOMIL 9 aNtifind FTRynlaashi on

as in conyert 25 Ci rey JE“% (])ét@,s #g{ﬂatsil X ééu{n%?‘%&bﬁ OtZaS.LI ble in

sone | nstances for conve circul used I n
t he conmpu®ation. Slgna‘lih&?g'ﬁngh% ‘t*}]f“&ulﬁﬁﬁ Heanid fiastovplne (BHe SVAL
for gbobal anal og &hding generators 112 is relatively straight 30
forward, ;it mght_gequir a c y te,
especi al ﬁg | f testcsar 1 Og?'gp%r%l%g szﬂﬁt lth'E 8 &L%r;p%t caug%ea% g‘te
circuitry2126 int roducé’sr%'bdhm}&ﬁ deignpl and FH@M%&WP#‘F%Q"‘Q@#@( ators
élz \élm I I'1@ot have the @pgirdliednput 6F Y QBkadt t Diind fgehbeatlet aysdidt r oduced
y adjust,circuit 35 t C |na
pi peline . system %ﬁg%dfr%‘{ig era‘?ﬂeﬂ'dx Ha?’ggp%??s’n‘anrf @ r’?\%l ésln"vvl"'ll have

15 digital signal divided by the flrst va ue,

1 2. The tester of claim 1 wherein the global timing

2 generator comprises:

3 a) a first register having an input and an output, the
4 output being coupled to the first digital signal

5 output of the global timing generator:;

6 b) a first adder having an input coupled to the output
7 of the first register and a second input coupled to
] a second value {I) and an output:

9 c) means for producing a control signal when the

10 output of the first adder will exceed the first

11 value; and
12 d) means for selecting between at least the output of
13 the first adder when the control signal indicates
14 that the output of the first adder will not exceed
15 the first value and a third value when the control
16 signal indicates that the output of the adder will
17 exceed the first value, said means for selecting

18 being connected to the input of the first register.
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del ay after the digital timng pulse. “In‘thts 'tircurtst gnce, REWlACED :

delay introduced by adjust circuit 126 appears as a phase e+
anal og signal, which may be acceptable for many 5 applicatig
Al ternati veIV‘”FR@"@ut puts of global digital tining gendy réﬁl[ﬁ’gnf»ﬂb

coul d be del ayed relative to the outputs of gl obal analog timng
generators 112 by the sanme anount of del ay introduced by adjust circuit
126. In this gase, apal n d be synchronized to the
digital t:im n3§ T}L'J]%e;ger ﬁé‘ %1%1 age‘9 %{\%H As anot her

al ternati e, | ook ae?head‘-"’(i’l Fears @ESFWPQHFUB@ a congxpl ogignal serrzhsad

circuit 138 conputes tha wehiubmedidRcakehit confgingughersu Jdmghar cl ock

el ay 1 i foduced by agare. in e 2iFeliEedtieh VRH!fh i Uilyq Bou

schemati cSof a | ook ahd®® Bpgebive W &he firsy otioes amd val ue of R ei ght
master cl @ck pul sag inthdvapiehmetic Eakchi6 amfzatsleana ¢dryeucr esghlat the

val ue of 1, in ol obal 20,qigl 4l dddPrad ARDST ALcokbl:DRlohAN0 for el ght

mast er clock pulses in a e sync rontzati on cormand. A
circuit f8r |ooki ng ah@®fgagayenific CG-F’-'EI ‘B‘é‘k sheradsbeinrg Fhse contrpli |t

but prefesably that numighals a power of two. This requi renent is

| npl ement ed by appropriate progranm ng of 25 digital pattern generator 120.

1 4. The tester of claim 3 wherein the third value selected
2 by the means for selecting is the sum computed by the
3 arithmetic circuit.
1 5. A method of oberating a testér having:
2 a) a clock; and
3 b) a plurality of programmable global timing
4 generators, each producing a digital timing value
5 indicating a fraction of the period of the clock;
6 the method comprising the steps of:
7 i) running a test program; and
8 ii) during the execution of the test program, executing
9 a synchronization command which causes a timing
10 value to be loaded from a first of the global
11 timing generators to a second of the global timing
12 generators.
1 6. The method of claim S wherein:
2 a}l each of the globél timing generators includes an
3 accumulator which is increased by a programmable
4 amount on each cycle of the clock and stores a
5 digital value indicative of the fraction of the
~ 6 period of the clock; and
7 b) the synchronization command causes the value in the
8

accumulator of the first timing generator to be
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added to the R value in eight cycles* ¢ of raster *cl ock| 114. REPLACED
Mul tiplication by eight is sinply 30 inplenmented by shifting each pbftsof

t he nunber three spaces. FIG 5 shows wired shift 510. Wred shift 510
i s not WOAMY a separate conponent. Rather, it is acRCEYSHNAFI2
routing of individual data |lines to adder 512. . The val ue of 8*l is
added to the current value of R at 35 adder 512. This sum m ght exceed the
value of B, but in gl obal digital timng generator 110A, the value of R
never 9 loaded into the accumuljkpx of the second tiAming/ 28745
PCT/ US95{a5712 gatmaadsrB. Thus, the sum 8*IR nust be mapped to a
nunber | ess than B usi ng a "nod" function, i.e. the remai nder of

di vi de operatlon he nmod function can be inplenmented in _hardware

by 5 succedsiverhe Wéc?fnﬁl‘?% Svérgehey @rrdfingethptges+RE: unti |
one subtracti on repsul tedngn caenemiuaaet\iﬁhﬂ@ valhee of oh€Saff tenaf the prior

subtractl-pn woul d be t‘;}ebgrr%m%gggrtiming ;gdrs e J’ﬁ%engq A ster

circuit can be used because o al n on t 9and R
The sum8 IR wi Il 10 SiImHis be ?@é%rqlhéﬁeQ‘B“mgTMfsdlalkalWéF 8e

subtracti®ns wi | | deldvdedednder test; and
6 b) using the dlgltal timing value of a different one
7 of the programmable timing generators to produce
8 analog signals at a device under test.
1 8. The method of claim 7 wherein the step of using the
2 digital timing value to produce analog signals comprises
3 applying the digital timing value as an address to a
4 memory storing samples of a periodic signal.

1 9, The method of claim 8 wherein the step of executing a

2 synchronizatién command comprises:

3 a) obtaining a digital timing value from the global

4 timing generator controlling the timing of digital
5 signals at the device under test;

6 b) adjusting the digital timing value so that the next
7 digital timing value produced by the global timing
8 generator controlling the production of analog

9 signals generates an address which corresponds to a
10 predetermined point on the periodic signal; and
11 c) loading the adjusted value into the second global
12 timing generator.

1 10. The method of claim 9 wherein the predetermined point on
2 the periodic signal is a zero crossing of the signal.

1 11. The method of claim 9 wherein the step of adjusting the
2 digital timing value comprises:
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These subtractions are performed in par ut wm 514(1)...514(8).
One_input of each adder 514(1)...514(8) ﬁ"'m , m ,ﬂm §] - I
adder 512. The second input of 15 each 6f the adderfs 514(fl) RE@M@ 'S
connected to the registers 516(1)...516(8), respectively

Val ues of -B, -2B....-8B are | oaded |nto registers = 516(
respecti vel 9”0959F"H§e Bis, for a matter of conveni ence, ﬂ%@'?sggh%

when a pattern is setup and does not 20 change during the pattern, these
val ues can be computed on t he corrput er work station (not shown)

connected_to tester 100 Fl G and stored r tqQ_executiqn. of a
pattern. ° dde’?‘ém?ll&’(‘ff thglql’(%‘)taiaFé‘Bué tvaglé‘ecgﬁﬁﬁr HR% 1% obfte
successi v& adders are tiowpwr igegeratoy atangrofiling the XEmipgcebsdigical

nul tipl ess of B, nanel ys&na by ngalJé1Q'eB§E§¥n@£ﬁg the Bukbef @fn adder will
be set wh I*8|slar c{tha B eaﬁgect ve, nul ti Ee of Theflrst
of the ad ers 514(%.??%f2f(§ 1A% Hh% HigeER trs“%’:ﬂgryg vig ‘b?

i ndi cat es? t hat t heoxnfyng aphlotiesignads audeeases tehshdeswlecpa:esdl;t. 30
When the garry out outgg of adder 516(1) is not set, it i ndi cat es t hat

t he out put of adde 512 .is the de red '8 pf the carry
(he outpuf of addgy S12s NS 0B L LSRILE: eng pliSBigtLeohy e oot Y
is the dB¥®ired output.the total nufther mf pddsessesdderthesngnaly usegdits) as

well as iphe 35 out putsmr@cgi%lég%gr@,eoggﬁg@gh tfigralti pl exer 518. The
carry out outputs of adders 514(1).. 514(8) are provided to

- 20 - WO 96/ 28745

PCT/ US95/15712. The method of claim 9 wherein the step of executing a

2 synchronization command comprises:

a) obtaining a digital timing value from the first
global timing generator at a first clock cycle;

b) computing from the obtained value the value of the
digital timing value will have after a set number
of clock periods; and

c) using the projected value to for computation of the

W 00 N o & W

adjusted value.

13. A method of operating a tester comprising:

a) providing a clock signal;

b) counting a predetermined number of clock periods
and generating an intermdiate timing signal which
is coupled to an output timing signal;

c) for each clock periecd, increasing tha value in an
accumulator by an amount representing the numerator
of a non-binary fraction;

W O ~N A U s W N

d) determining whether increasing the value in the
accumulator causes it to increase above a value

e
O

representing the denominator of the non-binary

[
8]

fraction; and

.
H
W

e) when increaging the value in the accumulator causes

-
-3

the value in the accumulator to increase above the

-
(Y]

denominator, reducing the accumulated value by the

[
)]

value of the denominator and delaying the next
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encoder 520. Encoder 520 is a di glttﬂnmmlﬂnlmmjum]\/\hl ch produces the
control input for nultiplexer 518, i A | ex§T- g Ie@El\f e
appropri ate val ue. ‘The sel eétel val e repr esent JHE%QEP%A%% :
This value 5 is the value which Rw Il have eight clock puls 5 he
future. It may be used to synchronize all of the gl obal timn
generators. WO96/28745 Use of timing generators according to l’ﬁ@"?"ﬁag’ﬂ?i on
allows great flexibility in the generation of test signals. 10 A very w de
range of frequencies can be programred wi th high resol uti on. Anal og

si.gnals with different frequencies could be generated by progranm ng
di fferent7?val ues i nt o gersiralted intgraledgatée ntiningesdonebriy oeApaniod 12B. .

Al'so, difgerent freOUeRC 18401 4 Rinadi BOAbSe GAUIId BEuFEAENRY efle

Al ter natﬁ/ely, 15 theset Si gréal s _can be_made coherent by choosing the N, |
and B to be the satERYSr "% fi*¢PRAr timing generator or the sane
values of | and K for the anal og tim ng generator. Even where

noncoherent s$hgnatise M H@RAINSEAL Elim (1RCYAE A onal 1RE cOMPELE Y .zed at some
progra le tine. Therea}__fitner e_si.gnal s cdrift

the 20 values of t g AR
apart bechuse the?ksi grfatsne tﬁ%v%“?ﬁ“ftfg?“@h‘fgfsrlgdﬁgngf“gs&%v\ﬁg‘fgr’,mbecause
the signals are syhshreesumudateihaponi Fhe drgduranser o£ | phey quspett abl e
manner. 4 This feat Wigray ¥sehUbldr1iieP! SFEdtrcult8UERr SSYHEIR @ROUS
testing"..Wien a DUT igs ttesrt.ed &/ith i nput signals of two 25 different
frequenci%s, the test Teault SRoul d be the same for every part tested.
In addi ti®n, the Bhal ctprbrpldiggt tire thiming of gkrfts e¥gnts ingdesynchroni zed.
Even if the anal og freguenQytySos! ¢idi¥s to &bddrea@nthéheding he digital
frequency, the anal og and .di.gi,tal 30 tinin ener.at or n he.synchroni zed
during the execution o?pecz’cll" o Byt eatotcg}’ﬁfagﬁ%e°n§f2'€h?§ﬁ§‘§%tﬁ%“r’f§%an occur
at nultip?e ti nes $iomagr pdusra fel@vaeguainte vheafgretien very useful for

m xed siggal testing. representedHpyidie da¥Géi hedtmNacetialhtenNdivide®@r ous
alternatjye 35  embodigers, Qh1NE" & eYeRe Thg Und adifiEnacEor xanml e.

15. The method of claim 14 wherein the step of routing
comprises first dividing the value in the accumulator by
the value of the denominator to produce a binary

B W N =

fraction.

16. The method of claim 15 wherein the step of dividing
comprises:
a) computing in advance the reciprocal of the value
representing the denominator; and
b) multiplying the value in the accumulator by the
compuated reciprocal.

~N o N R W N

17. The method of claim 13 additionally comprising the step
of., during the execution of a test program, locading a
value into a counter indicating the predetermined number
of clock periods and loading into a register a value
representing the numerator of the non-binary fraction.

wos W N
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synchroni zati on operation that all global“digital timng generators are
| gaded with the R value from gl obal digital timng:generator 110A. The

R val ue could be derived fromany of the tinming 5igenerators.

Al ternativel YWO%%874% val ue could come fromsone external PSRt s

not actually required that all gl obal digital. tim ng generators be

| oaded with the sane R val ue. For synchronization, it is only necessary
that there be sone determnistic relatiof/4 p between the R val ues. 10

As a further alternative, & was described that duri ng t he

synchroni zati on operation ffhat p val ue of Rjwas | oaded fromone timng

generator to others in a "nystef slava arrangenent. The value of N

m ght be | oaded into the "sl L nglgenerator as well. Rather than

havi ng each timing 15 generator wdjficelalpul se its programred tine_after

t he synchroni zati on t §e, e sl aye firning generator will produg

its next timng pul se at #he s timp ap the master. It wa

descri bed that the val ues Q‘oar dlintalan si gnal menpries 12 and
124B are sine waves. Any pew-4di c 20 ignal s coul d be gengrated. t. was

al so described that es §4A nd 124B_arle.lpade t menory
for generating anemals%Nt rnati vl t hpse could
be used to store sanpllds of r¢cei %ed al og si géﬁ
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FIG 1 shows two global digital timng generators and 25 two gl obal anal og
‘timng generators. Any nunber of either .. type of tining generators o —
m ght be used. Also, FIG 1 suggests that all timng generators are
-synchr oni zed to one digital timng generator. Any subset of the timng
generators m ght be synchronized to any reference point. 3 so, it
was describ@ﬂgﬁﬁﬁ?ﬁan anal og timng generator i S synchggﬂr§gﬂl havi ng
t.-he zero crossing of the generated signal be coincident with a digital
timng pul se. Synchroni zati on coul d be achi eved by havi ng any known
poi nt on the anal og signal coincident A% h the pulse. 35 a—A-44p it
shoul d be appreciated fhat the rerred enbodi.nent was scribed in
terns of discrete funcyi onal 266L~\\ TC 2? 2
WD 96/ 28745 N-1 05/NR71
elenments. It is anticipated that thede eIeNents Wi | : iﬂp ed as
part of an ASIC, such @s a semcustomcircuit ﬂr ammabl eYgdat e
array. Actual inplenenfation can vary, P Benci g ont in&le tati?p
of the rest of tester 100. 5 Also, it sg e [not h tjhM1s
har dwar e el enents sed are not the ereht i ch goul dfjbe used to
n
a

provi de t he requir @gdrftHett+otrss Fo
conveni ence, the val ue}of 2144oYsst r ai ned
execution of a test 10 pp rn. Nhis igpstraint
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preconput ed and di spenses with the need for har dware to conput e the
required values jn real tinmne. \Ah.e.r_e_.g.:.e.arpr flexibility is needed

those val ues coul d be nade vari abl e. As anot her exanple of a
var4 ati on which m ght be nmade, 15 it was described that the timng val ues

produced by al anal og timng generators 112A and 1 dto
generate vﬂ?;\?ﬁ?ﬂ SI gnal s. Those val ues m ght al so be use 95’5#?

the timng of sanples of an anal og signal. Therefore, the
i nvention should be limted only by the 20 spirit and scope of the appended

cl ai ms. 3/4 - -
R . \/
| F X R' IN_BINARY FRACTION

\__,, FIG.3
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What is claimed is 1 1. Atester for testing an el ectronic device,

cogprising at .2 | east _one.global tinmng generator (110A, 110B)
coupled 3 to at |least one local timng generator (118), 4
characterized in that; 5 the at |east one global timng
generator has a 6 first output for producing a coarse period signal
(Plerr], 7 WO92874porr]1), and a second output for produci RETHSIVISH] onal
8 residue signal (Rlefr], Rerr]), wherein the fractional 9
residue signal is a digital signal having a value that 10 is |less
than a first value (B), 11 : at | east one convert circuit (116A,
116B) has an 12 i nput coupled to the second output of the at |east
one 13 gl obal timng generator, and gout put for producing a 14
bi nary residue signal (R err], Rerr]'), whefein the binary 15
residue signal is a digital signal having a value that 16 IS
proportional to the value of the fractional residue 17 si gnal
di vided by the first value, and 18 the at | east one | oca
timng generator has a 19 first input coupled to the first output of
the at 20 | east one global timng generator, a sgcond input 21
coupled to the output of the at |east one_convert 22 & circuit, and an
out put for producing an edge signal, ZSGD wher ei n She edge si gnal
occurs after the coarse period 24 0 punt of tine
deternined by the value of 25 fhd Hi ¢ signal. 1 2. The
tester for testing an el ectronic dgyi ¢e—a claim 3
wherein the fractional residue sig@il represents t he nunerat®¥ of
a non-binary fraction (I/Eas D O

= -
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1 %CT :iﬂﬁeQGt(g%lJt)eFOf4gr testing an el ectronic device accord| n P. 007

gl)ﬁ{);nl ies\/\/nerel n the at |east one.global tining 3‘““““““&‘““"3“““

a first register (204) having an input and an 5 “out pu “wherein the
outFut of the first reglster 1S -6 coupled to the second out put of the
at | east one l,obagl .timng generator, 8 ' a first adder
(218) haV|ndm%F?|ﬁ§n9ﬁ%ﬁﬁﬁa tBupled 9 to the output of the first

regi ster 1 a becorkkstwuifofOtesting fagr electronhy devdias .t sempriming al/i ng a

second vaglue 11 ast oﬁ-;'e) glaﬁdlaﬁnﬁ neé&tor (110a, 110BRNScGpRA for
produci ng a eomr? lﬂgo% sum.p rodu%g)at t he out put of

the firs® adder 1% at ea@fcc@@ﬁsll‘?‘ﬁg' ftllf"é‘f‘gvgfﬁ%r ¢ means
(224) fod sel ectichpdestveedretdhin dthggut of 16 the first adder and a
third vague (1+R-B). tlig Qil BUbsd Tons globdh EiRihy’sbndkiteir bghng sel ected
when the control f1 Ef (H tes that t first
adder is%19 R °E"|’1"R Ok RFEANGEh 8 ??ﬂ?e\%ﬁﬁéﬁjgﬁ %e Hird 20
val ue belng sel e@g@d whdnatémecashouspusi fonl prodlicages fractionak hat the
output ofg'the firgl adder Ly gr@ltpehz} Naghhddin’the fractiédalt value, the

nmeans for sel ecti ng avl n

9 residue szgnal is a digital sigmnal having a value that
10 " is less than a first value (B).

11 at least cne convert circuit (116A, 116B) has an
12 input coupléd to the second output of the at least one
13 global timing generator, and an ocutput for producing a
14 binary residue signal (R,’. R;’), wherein the binary
15 - residue signal is a digital signal having a value that |
16 is proportional to the value of the fractional residue
17 - signal divided by the first value, and

18 the at least one local timing generator has a

18 first input coupled to the first output of the at

20 least one global timing generator, a second input
21 coupled to the ocutput of the at least one convert

22 circuit, and an output for producing an edge sigmnal,
z wherein the edge signal occurs after the coarse pericd
24 signal by an amount of time determined by the value of
25 the binary residue signal.

1 2. The tester for testing an electronic device according to
2 clainm 1,

3 wherein the fractional residue signal represe.ﬁts
4 the numerator of a non-binary fraction (I/B).

1 3. The tester for testing an electronic device according to
2 claim 1, wherein the at least one global timing

3 generator comprises '

- 24 -
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OCT 03 %c(c')rg[rj\)eclgec? to the input of the first reg |ster 1 4. The testeﬁ2 008

for testing an el ectronic device according to 2 ”IIMHMM“'M”“'
wherein the neans for producing a control signal 4 second
adder, 5 wherein the second adder has a first output *for

- produci ng the control signal ~and a second output for 7 produ0|ng a

digital gnal having a yal ual to thjrd valye, 9

wher ei n ?’he third val L%él 5 qﬁﬁ "?Be% %%Pm ?‘al"ﬁ@gl‘b“ input @nd anof ¢ he
fracti on8l resi dumtggnawheteinsagemathit of theafilest argisherntgati ve of
the first val ue, é’élﬂ:lje%. to ﬁhe sacot' Y% bgtmggneﬁ)ﬁtitpl sgn%el s equal to a

carry 13 ™ out_ signal IS asserte e sum 14
positive?val ue. globa tim:.nq generator, - 25- 1 5. A

met hod o8 operating a d edtret, a8er t (2US) Having asSEikso ihput coupfed an

electron c devic r roviding a
mast er ock si gﬁtq %?)Ouibﬂg épetfe( ?)ﬁégunﬁglster‘praecf&cé’f‘% %1%%“ Nurber (N)
of 5 10 peri ofenotrecedvingtardigicel signal, hayikng)en @egendgvalng

internedhate timg Siaadabn &bEpidlt ernediate timng 7. . signal being

coupl ed,Lo an output tim ng ( ch period
of the ﬁ’éster cl ock SI%,S (iﬁgpaéo:( Bx’oducing a control s?:.gnai when

the sum produced at the output of the first adder 4

14 excaads the first value, and

15 means (224) for selecting between the output of
16 the first adder and a third value (I+R-B), the output
17 . of the first adder being selected when the control

18 signal indicates that the ocutput of the first adder is
1s less than or equal to the first value, and the third
20 value being selected when the control signal indicates
21 that the output of the first adder is greater than the
22 first value, the means for selecting having an output
23 connected to the inmput of the first register.

1 4. The tester for testing an electronic device according to
2 claim 3,

3 wherein the means for producing a contrel signal
4 comprises a sscond adder, -

5 wherein the second adder has a first output for
6 producing the control signal, and a second outﬁut for
7 producing a digital s:.gnal having a value equal to the
8 third value, :

9 wherein the third value is equal to a sum of the
10 value of the fractional residue signal, the second

11 value, and the negative of the £irst value, and

12 . wherein the control signal is equal to a carry
13 out signal that is asserted when the sum has a

14 positive value.

- 25 -
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9 , 00T, -0% %HHU) e1695|44ng a value in an accumnul at or (204) by an 10 anou I‘}l,f 00

equal to the val ue of the nunerator of a non- tjm ” l“ﬂl'lurlml[/ractlon
(1/B), the value .,n the accumul at or Iu m al ue of a
fractional residue signal 13 ' (R) 14 * -t "(dj determining
whet her the vaI ue in the 15 accunul ator -is greater than the val ue of

the 16 0 Nz f Gt (e)
when t he vallee n};ﬁ%& %%ué%% 098 b&%% t%% EQEteﬁrﬁeﬁJg #ge\?al ue of the
denoni naor of t kestopnbelrgtrondc dewcefrwnwmseahemfge%@ fal ue in the
accunul ajor by the 20(a) provilisgy af mhBgeflefinFeinatignaland del ayi ng a next

21 i it er nedi at t ter 22
cl ock sibnal bef ore tﬁg n‘é&%%@gﬂ\baeé?gwéd q'gag&fer Qﬁ) rsT;?fl;]'nal i s coupl ed
to the duitput -ti pengodsgedilthe n@ssermbomtﬁ@agf Gpar dERPRAtE NS Sher

according to cl am\:émaa;aee timfiungt Bﬂénﬁpmé'meﬁ:ﬁédﬁwstmir@
(f) upon_an occurrenc

e ou t.timn |ngthe
output t{ning si éﬁﬁ'f‘ gn’aejt%q\? 164" ¢ f?"éc%‘ftéﬁ%’eﬁ tr:.gung gf%?gna to a
pluralitd of circuits (6) for eadhy weyhodt of hthe cwashex Shack signal, (9)
control1gng a {1 higeghihd™t iMER $n! dn'déerdmiator RRuaR! b yardf Circuits to

occur at” a tine speC| ence of the OUh@Ut tim ng

0
"signal ¥us a 10““’“‘“ e t%?@'FeVﬁi’t‘ﬁe %eqli'%ﬂ/ IEEARAF 9% & P al ue in
the 11 11 accumhayofrahmdedmwthehaa?a.llme)fin thedaaomiviatmr of 12

the n0n1£) I nary fiag(ﬂ:bogqual to a value of a fractional residue s:?g@:al

13 (R) :

14 ' (4) determining whether the value in the

15 accumulator is greater than the value of the
16 denominator of the'non'.-binary fra.ction;' and
17 - (e) when the value in the accumulator is greater
18 than the value of the denominator of the non-binary

19 fraction, reducing the value in the accumulator by the
20 value of the denominatdr, and delaying a next
21 intermediate timing.signal by one period of the master
22 clock signal before the next intermediate timing
23 signal is coupled to the output timing signal.

1 6&. The method of operating a tester accorxding to claim 5,

2 further comprising the steps of .

3 (f) upon an occurrence of the ocutput timing

4 signal, routing the ocutput timing signal and the

5 fractional residue signal to a plurality of circuits

6 throughout the tester, and

7 {(g) controlling a timing of test events in the

8 plurality of circuits to occur at a time specified by
9 the occurrence of the output timing signal plus a2
10 ‘delay, wherein the delay is equal to the value in the
11 accumulator divided by the value of the denominatoXx of
12 the non-binary fraction. ' '
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‘1ocr7 °§#8‘W3h°d‘%f operating a tester accor di ng to claim6, 2 P. 010
wherein the routing- in step (f) includes 3 mw " Lueinthe
accunul ator by the value of 4 t he denomrl ” “nlﬂ n(um i nary
fraction to produce 5 a binary fraction. *1°¢8!' THhe frethod of
operating a tester according to claim?7, 2 wherein the dividing
conprises conputing a 3 reci procal of the value of the denom nator
of the non- 4 binary fraction, and multiplying the value in the 5

accumul ajor Ay -mhemaenaat@ﬂ ama}nﬁ.ngat tedtex achordanghbel e¥aigpérating a

tester %COI’dI ng to c ? Ehe routm&ug_{,h@ge‘gomr I{Hc1agkBe step of 3
(f) durifg t+he executlon 0

t est ,program | oadi n va
represending the d&ﬁ’éééﬂ@'rﬁ#ﬂe‘f??ﬁﬂ‘rﬁér tge accmb]fat[?é'r P¥d 8f‘9‘?ﬁ'be r?ésjt er
clock signal intehe deHohiriator of the(RA6AYbimmdy Iﬁmsht:ngnt e meoduseof t he
numer at of of thea7b1nary pon:bipary fraction into a‘register (202).

1 8. The method of operating a tester according to claim 7,
2 wherein the dividing compri se’s computing a

3 reciprocal of the value of the denominator of the non~
4 binary fraction, and multiplying the value in the

5 accumulator by the computed recipr.ocal.

9. The method of operating a tester according to claim 5,
further comprising the step of ,

(£f) during the execution of a test program,
loading a value representing the predet:ermined number
of periods of the master clock signal into a counter
(200), and loading the value of the numerator of the
non~binary fraction into a register (202).

SN ot W N
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DT 03 96 (THU) 10:44,\WD 96/ 28745 : P 01]
PCT/ US96/ 15712 17 generated |nterned|ate timng signal by
ane period 18 of the clock signal before it is coupled to the 19
out put™tim ng st gnal . 1 14. The nethod of claim 13 additionally
conprising: 2 a) routing the output timng signal and the value in
3 t he accunul ator upon the occurance of the output 4
signal tg a plurality of ci mi'macﬂumlmmmmhesﬁﬁz tester; and 6

pIurallty of

o roui o2t o occuAutpmpkey faft SdibntiE ieh bidialmapte fimtngl ance of
t he out pait .demeygtdrs to generats gﬁantplusim @}:deqaallogosimla‘a-act ion 10
represened ohe dhgival Utihing hferkeausy | 840 bdliptddidmmed to generate

5 timing signals with a resolution finer than that ¢f the
master clock of the timing generator. Extremely fine
resolution is achieved by spacifying the numerator and
denominator of a fractional portiom of a pericd. A similar
arrangement is used to allow finclfrequency resolution for
10 the analeg timing generatozr. The fine resolution
11 achievable with the timing generators allows'the digital

12 timing generater to be-synchronized to the analog timing

0 0 Jd o

rd

13 generator.
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11 . by the val ue representing trfllé.iédenom' nat or . Q%f’év’te——}

of routing 2 ... conprises f

dividing the value in the accunul ator by 3 ‘Fhe val ue of t RBmels o 4
denom nator to produce a binary 4 fraction. 1 16. Theeget hod gf
claim 15 wherein the step of dividing 2 conprises: 3 |

computing in ad@@TFe the rewpPOTRILECTPAL PR |OBGANIZATION resenting
t He denom nator: and 5 b mI TRy the value in the accumul at or
by t he. @ INTERNATIONAL ABRIICATION PURLISHID UNDER THE PATEYT COORERMEONGREAMTY (PEDm
13 adpéy inenmkidngl Pt \ChaisiBitatiar St:he st epl 2 | (11) mterRftonabdblicdin Klddere X €C UL WER TS
test pro@oar 31326 31317,318167, GoeF Val ug2iinto a counter indicating the
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(57) Abstract

Automatic test equipment with programmabie timing generators to generate digital signals and analog signals. The digital timing
generator can be programmed to generate timing signals with a resolution finer than that of the master clock of the timing generator.
Extremely fine resolution is achicved by specifying the numerator and denominiator of a fractional portion of a period. A similar arrangement
is used to allow fine frequency resolution for the analog timing generator, The fine resolution achievable with the timing generators allows
the digital timing generator to be synchronized to the analog timing generator. '




