SYNCHRONI ZATI ONBETWEEN LOW FREQUENCY AND HI GH

FREQUENCY DI G TAL SI GNALS BACKGROUND OF | NVENTI ON 1.
wo-@baos?4 t he | nvention This invention rel at esSPCT/US2005/022486

generally to digital logic circuits and nore

specifically to synchroni zati on between digital |ogic

circuits operating at different clock rates. 2.

Di scussion of Related Art Most nodern digital systens

use clocks to control the tine of operation of the

various circuit conmponents within the system In
hat 1£3816% BEXWEEN LGI pETJERGY RND HIL

perform an oper FREBOUENEYI IGITAL SIGRALS i r cui t
el enment required to conplete that operation have

al ready been generated. In this way, all of the
circuit elements KW@TI% KRR produce the
expected result. %‘gge conp exégglgt ensTIF)?H:I ude multiple
l.cl ockisld dabhInvbmida mi ght control the timng of
operat.ions wthin sone ﬁubs 1 t.he . ci.rcuit elenents

t. af

i 0t hS GERYPY relaies SEREralth iy ggﬁk}g@fglrswtsanems spegiically to
syathRRiza@dd Bwed] Bglal o8B LRSuits IMetatihp bEdifRAK IHQRIAS

m ght be used, for exanple, where sone portions of the

system perform hi gh frequency neasurenents or high

speed. si gnal essi.ng. These portions of the system
2'm' gh 15 fﬂnroge{f?ag%qséfti vely high frequency clock. O her

por t MeBSm6derh ARyitaYSkRMsisg blocietofconiidltBt Bine\0E bperh®M of the

f_requ.enc.%/ control functions and therefore be )
varioys eWet canRaneRfs Madin b sesiemy &n designing:the digi@! system, gare is
tak @Y Rfenb i MR W EeL bl cif AN id 854kl Wt hEHASRT arPneldifon, the

type used to test sem conductor devices during Thar
inpam ué that cirait edement reping keecanfiplete ttypepeaktisy Biveralleads begn

nmul tiple clock dongjns. FI 1 shows in block diagram
e Ipithis vays ﬁb?r}?tbwq%t %?%}g?nt%aaax WeEATE togeiheE B the
exgeaed adshit. as a "tester.” Tester 20 includes a conputer

wor kstation 22, which serves as an operator interface

and o tatesleyvpteny include multiflocloglks diackolockesghktrcongol the

tirlgPn:,:glcozii%l%g’rég?ltasgx%{twgtesgr%e %ﬁlbstep (?fI thé girr]éu?tl lemiRth t%le %%r% rg}'/s(%em.

These subsets of elements are often called “clock domains.” Multiple clock domains

might be used, for example, where some portions of the system perform high frequency
measurements or high speed signal processing. These portions of the system might
require a relatively high frequency clock. Other portions of the system might perform
relatively low frequency control functions and therefore be implemented with less
expensive logic clocked with a lower frequency clock.

Automatic test equipment of the type used to test semiconductor devices during
their manufacture is one example of a type of system having multiple clock domains.
FIG. 1 shows in block diagram form a piece of automatic test equipment, referred to
generally as a “tester.” Tester 20 includes a computer workstation 22, which serves as an
operator interface and provides overall control to tester 20.

Tester 20 includes a test head 24 that contains many electronic circuit cards that
contain circuitry to perform the many functions required for a tester 20 to generate and

measure all of the signals necessary to test a semiconductor device under test (DUT) 90.
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devi ce under test (DUT) 90.Tester 20 is shown to
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perform different functions. Many semiconductor devices generate or operate on analog
signals. For example, the semiconductor chips used in disk drive controllers, cellular
telephones and audio-video systems all generate or operate on signals in analog form in
addition to signals that are in digital form. To test these chips, some of the instruments
30 will generate or measure analog signals.

To fully test DUT 90, it is usually necessary to ascertain that DUT 90 generates a
specific analog signal in response to a specific digital input or that DUT 90 generates a
specific digital output in response to a certain analog input signal. Often, it is not

sufficient to know only that DUT 90 generated an analog or digital signal with the

expected value. It is often necessary to also know that the signal was generated at the
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master region card 26 is distributed to each of the region cards 28 and fanned out in

synchronization signal fan out circuitry 36 to the instrument cards 30 within that region.
Various other synchronization schemes might be used within a tester. For
example, connections might be provided from instrument to instrument through which
specific instruments might be synchronized. Generally, though, when multiple
instruments have access to a synchronization signal, they can all set a time reference and
operate to control events relative to that time reference.
We have recognized that it is particularly challenging to synchronize low

frequency digital circuitry with high frequency digital circuitry. As with tester 20 in
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fanned out in synchronization signal fan out circuitry

36 to the instrunent cards 30 within that region.
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212,

Signal 320A represents an output of high frequency digital circuitry 212 that is
synchronized to SYNC pulse 310 that might occur in one run of a test program. Signal
320A depicts an output of circuitry clocked by HF_CLK performing some function in
the interval between the leading and trailing edge of SYNC pulse 310. For example, a
high frequency signal might be transmitted during this interval.

HF_CLK is a higher frequency signal than LF_CLK used for timing SYNC pulse
310. It therefore has multiple periods in the interval spanned by SYNC pulse 310.

Signal 320A is shown to have multiple signal transitions corresponding to the periods of
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digital logic 212. In the example where a signal is generated in the interval between the
leading and trailing edges of SYNC pulse 310, that signal might be generated for an
interval I, as shown in signal 320A or interval Ig as shown in signal 320B. Which
interval will occur in any specific test will depend on the jitter on LF_CLK, which is
generally unpredictable.

Such differences in timing can lead to undesirable results in the operation of high
frequency digital logic 212. Uncertainty in the relative timing of events might cause

unpredictable test results, or even errors in operation of high frequency logic 212.

SUMMARY OF INVENTION
The invention relates to improved synchronization between low frequency and

high frequency circuitry.
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in the order is coupled to the data output of the next latch in the order. Also, the data
output of the first latch in the order is coupled to the synchronization input of the second
sub-circuit. '

In yet a further aspect, the invention relates to a method of synchronizing a first
sub-circuit, clocked with a first clock, with a second sub-circuit, clocked with a second
clock. In this method, a plurality of clocks are generated from the second clock,
individual ones of the plurality of clocks being synchronized with the second clock and
having a period different than the period of the second clock. A synchronization signal is

generated for the first sub-circuit, the synchronization signal having jitter associated

therewith. The synchronization signal is aligned with one of the plurality of clocks
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drawings. The invention is capable of other embodiments and of being practiced or of
being carried out in various ways. Also, the phraseology and terminology used herein is
for the purpose of description and should not be regarded as limiting. The use of

"nn

"including," "comprising," or "having," “containing,” “involving,” and variations
thereof herein, is meant to encompass the items listed thereafter and equivalents thereof
as well as additional items.

FIG. 4 shows a synchronization circuit 400 connected between low frequency
digital circuitry 210 and high frequency digital circuitry 212. Digital circuits 210 and
212 might represent different instruments in a tester. For example, low frequency digital

circuit 210 might be a pattern generator that sends a sequence of commands specifying



figures is represented by a |like nunmeral. For purposes

of clarity, not every conponent may be | abeled in
wev@cponsrawi ng. In the drawings: FIG 1 is a bPOLKS2005/022486

di agram of automatic test equi pnment according to the

prior art; FIG 2 is a sketch useful in understanding

synchroni zati on between | ow frequency digital

circuitry and high frequencygdigital circuitry; FIG 3

is a sketch useful in understanding timng
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ht be cl ocked by LF CLK and hi gh frequency digital

t0cH K tant diviidagrdowseto @ syeqessivaly lawrerdraquepayh Ta the ifasrated
CIIIB(%;MS&? dlock divider circuit 408 is made from a chain of D-TYPE flip-flops, each
configured as a one half clock divider.

Taking D-TYPE flip-flop 414 as representative, the input clock is provided to the
clock input of D-TYPE flip-flop 414. The inverting output of D-TYPE flip-flop 414 is
routed back to its input. For each rising edge of the input clock, the state of D-TYPE
flip-flop 414 toggles. Thus, the output of D-TYPE flip-flop 414 makes one complete
cycle for every two cycles of the input clock. The value on the output of flip-flop 414
therefore represents a clock at one half the frequency of HF _CLK, and might be termed -
2 HF_CLK.

The signal at one half the frequency of HF_CLK is provided at the input to the
next clock divider in the chain. Flip-flop 412 is configured similarly to flip-flop 414. It
takes as an input %2 HF_CLK and produces as an output 1/4 HF_CLK. D-TYPE flip-



The specific frequencies of LF_CLK and HF_CLK are not
critical to the invention. However, in contenpl ated
wendedsent s, LF CLK has a frequency | ess thanp@DOBD5/022486
and HF_CLK has a frequency above 500 MHz. Hi gh
frequency digital circuitry 212 provides HF_CLK serves
as an input to synchronization circuit 400. Low
frequency digital circuit 219 _produces a SYNC signal
as in the prior art. Synchronization circuit 400
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ﬂop 430, which serves as a latch. Latch 430 is clocked by the lowest frequency clock
output of clock divider 408. Even if there is jitter on the SYNC signal, latch 430 will
appropriately latch the signal the output of flip-flop 430 is provided to flip-flop 420
which also serves as a latch.

Flip-flop 420 is clocked by % HF _CLK from clock divider 408. The output of
flip-flop 420 is provided as an input to flip-flop 422, which is clocked by the 2
HF _CLK. The output of flip-flop 422 is in turn provided as an input to flip-flop 424.
Flip-flop 424 is clocked by HF_CLK. The output of flip-flop 424 is therefore aligned
with HF _CLK, and represents the HF _SYNC signal.

Operation of the synchronization circuit might be better understood by reference
to the timing diagram of FIG. 5. The timing diagram shows the HF_CLK signal and the
divided down clocks produced by clock divider 408.



G ock divider 408 is showmn to have three stages of
clock dividers. A different nunber of clock dividers
wore@hoodses enpl oyed based on the rel ative frequrCiUSR08622486

the HF_CLK and the LF_CLK. Preferably, the final clock

di vider stage will produce a clock having a period

that is | onger than the rmgnitude of the jitter in the
SYNC signal. As used herein, ¢he "nmagnitude" of jitter
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lea«hpg aﬁcefallmg dige ldFthSYSNIN S istgnal, the interval I, will always span the same

number of cycles of HF_CLK. In contrast to the intervals such as I and Iz shown in

FIG. 3, Ic will always have the same duration. In this way, synchronization circuit 400
ensures repeatable performance from high frequency digital logic circuitry 212.

Having thus described several aspects of at least one embodiment of this
invention, it is to be appreciated various alterations, modifications, and improvements
will readily occur to those skilled in the art.

For example other forms of clock dividers might be used. Also, while it is
convenient to make clock dividers that divide the frequency of a clock by two, clock
dividers that use other frequency ratios might be used. Additionally, the number of

stages in the clock divider chain is for illustration only. The number of stages will



Operation of the synchronization circuit m ght be
better understood by reference to the timng di agram
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and the divided down cl ocks produced by cl ock divider

408. The SYNC signal is shown to be generated at sone

time during a period of 1/8 HF CLK. Even when a SYNC
signal contains jitter, J, IIIMA|| occur during the
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invention, it is to be appreciated various
alterations, nodifications, and inprovenents wl |
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ot her fornms of clock dividers mght be used. Al so,
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and scope of the invention. Accordingly, the foregoing
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What is clalne rcurtry conprTsing:
digitéli syathesisib- ci rcuit cl ocked with a first clock and
havi ng a synchroni zati on out put;
3. The circuitry of claim 2 wherein the second clock has a frequency in

excess of SO0MHz and the first clock has a frequency less than 200 MHz.

4. Automatic test equipment comprising the circuitry of claim 2 wherein the

second sub-circuit is a portion of a high frequency AC instrument.

5. The circuitry of claim 1 wherein the clock divider comprises a chain a
divider circuits, each divider circuit having an input and an output, with the input of each
successive divider circuit in the chain connected to.the output of a prior divider circuit in
the chain, each divider circuit outputting a clock with half the frequency at its input, with

the input of the first divider circuit in the chain coupled to the second clock.



b) a second sub-circuit, clocked with a second cl ock
havi ng a frequency greater than the first clock, the
W@ ewoenak3zub- ci rcuit having a synchroni zati on i PEIUS2003/022486

a synchroni zation circuit having an input coupled to

t he synchroni zation output of the first sub-circuit

and an out put coupled to the synchroni zation input of

the second sub-circuit and ﬁtpjock i nput coupled to

the second cl ock, the synchraonization circuit
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circuitry of claiml1l wherein the clock divider
conprises: a) a chain a divider circuits, each divider

circyit hf’ﬁ’e' &Quﬁﬂf S UtEn PRflerein each of the divider circuits comprises a
D-type flip-flop.

9. Circuitry comprising:

a) a first sub-circuit clocked with a first clock and producing a
synchronization output;

b) a second sub-circuit, clocked with a second clock, the second sub-circuit
having a synchronization input;

c) a synchronization circuit comprising:

i) clock divider circuitry providing a plurality of ordered clocks
synchronized relative to the second clock, the plurality of ordered clocks having
an order such that each clock has a longer period than the clock prior to it in the

order;



an output, with the input of each successive divider
circuit in the chain connected to the output of a
wW@eaoenoxdra/i der circuit in the chain, each di vi BEr/US2005/022486

circuit outputting a clock with half the frequency at

its input, with the input of the first divider circuit

in the chain coupled to the second clock; b) a chain

of latches, each latch having an input and an out put

with the input of each successive latch in the chain
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order with the clock input of each latch coupled to

one t l.urality,aof ordered. clock ith each, of .
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11.  The circuitry of claim 10 wherein the second clock has a frequency in

excess of S00MHz and the first clock has a frequency less than 200 MHz.

12.  Automatic test equipment comprising the circuitry of claim 10 wherein

the second sub-circuit is a portion of a high frequency AC instrument.

13. A method of synchronizing a first sub-circuit, clocked with a first clock,
with a second sub-circuit, clocked with a second clock comprising:

a) generating a plurality of clocks from the second clock, individual
ones of the plurality of clocks being synchronized with the second clock and
having a period different than the period of the second clock;

b) generating a synchronization signal for the first sub-circuit, the

synchronization signal having jitter associated therewith;



same relative position in their respective orders; B)

the data input of the last latch in the order is
w@owphext7s o t he synchroni zati on out put of the PCT/ES2005/022486

sub-circuit and a data i nput of every other latch in

the order is coupled to the data output of the next

latch in the order; and C) the data output of the

first latch in the order is.gpupled to the

synchroni zation i nput of the second sub-circuit. 10.

The circuitry ' R L .
generate dé)by d@%élg[{gatg &gﬁcﬁb%gzéhp 7 é@ﬁ%l%ﬁwetﬁg Eluka%ty of

Ci r celotksyhaoingcl prriod 1éhgehthae the himitade ofhe jiktecissbristed with the
frequency jn excess of 500MHz and the first clock has

a frogeueeiratianggiakand200 Mz, 12. Automatic test

equi pent g\ConpkehAG Aiffing'the nEﬁﬁén%tfi&A ﬁhﬁﬁl LAtve s&ofld
the second sub-circuit “Is a pdrtion of a RAigh
freqeledlcyndC i nstrunent. 13. A nethod of synchroni zing

a first sub-circuit,.clocked with a firs | ock,, Wi.th.
a second ¥ub- cPFE PPl,Zlnl(;gI tﬁ%ﬁ%&%%?‘&’@e %lhgleé%‘gﬁongmn
CONpdipisdl Bfter ifhasReR aREndddvith Pk WendiclocRf ¢l ocks from
the second cl ock, individual ones of the plurality of

cl ocks being synchronized with the second cl ock and

havi a ' [ . % ' .

Saeol 2 PRhORp LA ARER oL RGP s gy g
off ddaint IBewhéresi ths symchronizatidbn sighal is yymchronivied &6 therfirsti ojoukl

having jitter associated therewth;c) aligning the

synchroni zation signal with one of the plurality of

cl ocks haxifgnhéd &ﬁﬁé&ﬁadt&ﬁ%ﬁkrﬁi&ﬁi&u&tﬁ?dé@&@!e&%ig test

the jitter associated Wt he synchroni zati al ;
equpmeht hahieg edirstenbmircghamba sdeend yubedirauiti eamprisingi gnal

with the second cl ock; d.e nchr.onizing th econd .
SUb-ci r Ut wi DROPREAREHRR B PO ehEreohRy afHRt in e
has ReeRuindapedtovdihditd the nedwdnd cilimak; 14. The net hod
of synchronizing a first sub-circuit wth a second &
sub- ci r cubx generating test signals with at least one of the first sub-circuit and
the second sub-circuit and applying the test signals to semiconductor devices
during their manufacture;
c) measuring with the test equipment responses to the test signals
from the semiconductor devices; and

d) altering the manufacturing operation based on measurements made

with the test equipment

16.  The method of synchronizing a first sub-circuit with a second sub-circuit

of claim 13 wherein generating a plurality of clocks comprises dividing the second clock.

17.  The method of synchronizing a first sub-circuit with a second sub-circuit
of claim 13 wherein aligning the synchronization signal with one of the plurality of
clocks comprises latching the synchronization signal in a latch clocked by the one of the

plurality of clocks.



of claim 13 wherein the synchronization signal is
synchroni zed to the first clock. 15. A nethod of
worendhestar i ng sem conduct or devi ces enpl oyi ngPCEEE2005/022486
equi pnment having a first sub-circuit and a second
sub-circuit, conprising: a) synchronizing the first
sub-circuit and the second sub-circuit in the test
equi pnent according to the ngghod of claim13; b)
generating test signals with at |east one of the first
sub-g§ 1 cuiile ABEOA BEsyi! %ﬁt%ﬂf&u?”pﬁ%{ Sditcu@nAigRR Bchd 9ub circuit
the test signals to“sem conductor devices during their
ofrcdainf Bcwherein ad;lgnmg akwynnlyomzaﬂnolt $ignal egth thesecon@ plock comprises

sGERYEE Thghife B bR il O Pl PR S e pfhe

pliasiedoflodkBasur ements made with the test equipment 16.
The 'net hod of synchronizing a first sub-circuit with a
second sub-circuit of claim 13 wherein generating a
plurality of clocks conprises dividing the second
clock. 17. The nethod of synchronizing a first
sub-circuit with a second sub-circuit of claim13
wherei n aligning the synchronization signal with one
of the plurality of clocks conprises [atching the
synchroni zation signal in a latch cl ocked by the one
of the plurality of clocks.18. The nethod of
synchronizing a first sub-circuit with a second
sub-circuit of claim13 wherein aligning the
synchroni zati on signal with the second cl ock conpri ses
successively latching the synchronization signal in

| at ches cl ocked by ones of the plurality of clocks.



