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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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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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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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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_CLX 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



I f SYNC pulse 310 is used to synchroni ze high

frequency digital circuitry 212, the variation in the
WOoede/g3ddge 312 or falling edge 314 of the SYRT/HISH22486

translates into variability of the timng of the

out put signal from high frequency digital circuitry

212. Signal 320A represents an output of high

frequency digital circuitry 242 that is synchronized

to SYNC pul se 310 that m ght occur in one run of a

Traf: OFF e st rpshians S Robsra SR 1 RSt ity e
nbﬁund-l Figing RHEE VB of THINE Pilst bq:o I ﬁaﬂe ﬂgnge d GfEYNOPuRd380

of SYNC pul se 310. For exanp a hig requency
0g¢ushal theeinabiime a&n@iﬁatqdéw qsllgﬁ Bhd tbmwpmrﬁwbaﬂ hlgh frequency

A JASASEpISUE e RS s
3pe cmldsgxg geaki_h'g ddat ef S(‘&NCﬁgnﬂsHm@l tby;cfih‘l‘dm A, ke aitﬁut of high
iR SKACY oL o8t SN BPors ob shavieas eneh 320HD¢ Inggnal 3208 signal
traRRSDIZ Aine WitdIelhmd Qipd4964. -5 HF_CLK. One of these

signal transitions is shown at 322A to be aligned with
t he Arﬂ;mlnladhffprescm tizoigg catlﬁccmt whehithedugls Be@rbcy digitahlegic

241 Mo Dl itaglacebs v b, oF e Bike mion

odug Bt éﬂyetﬂﬂ@ﬁpﬂde uﬂérgaltb@hnaédts‘guz 1423 3948, i3 3008 shows the
timng as indicated at 322A. However, if jrtter on

oypyhwhen the flkieg edse of KNG Elish 31 Qagarsyit 3EYACpeInizesy signal
3%@9 ?%rgﬂlfé it o&ﬁéﬂ&h&@? ?&fﬁr%édlg%fof @‘»S%b mﬂulgéggtf&:% S aéé?)tg_as

314B.si gnal 3208 signal transition 322B ali gns with-
| ead 2A. A mlar differe ce | can
occuk’&%ﬂ’?e‘ﬁq‘l‘ﬂbf}?ﬂ“ﬁFPW ‘f‘@cﬁiéﬁ&‘;}lt ai%afna ﬂl@i@gﬂe@ and
VRCAR0LZE N u'nsetsh@ vﬁlﬁ'olcelﬁgn slae e dﬁ}fhgtl{%%{%?vaﬁl&noted E.

The talling ed occur at any tinme in
Begause jrtdr lbx:andamdthb y:r@i%ﬂant&hct&t uﬁpgfahd:ansm leiwwsfrom

t th L d SYNC 310
ctstio el Harther el she il oo A b the SREOR BB ingfing and
fal eéMSﬁI"YN UTuis@ 13110 e @%&fmiﬁﬁ@e%ﬁﬁﬁiﬁ%@?ﬁéﬁ&ncy

as Iate as Pul ses in hi gh frequency digital
digitaldogic cirguit 3ldvaiaht he inaprotasl hyntbe jitleri Gapseqigntly.dherp mjght be a

di g:?lﬁe ?Bm%g%}lq %gi 1%%&?’&1%13@ (g anerr‘éﬁ'tr in the cﬁl%[ﬁ of h%l ﬁeﬁ%%

erva not ed ecause | |
dlgiﬁﬂ logle Qi 3.eli theexaspls whetdwdighdl liﬁgetﬁfateﬁlﬁﬁ mm inbegvadd hetmeen the

f J.om - , .
leading and trailing edges of SYNC pulse 310, that signal might be generated for an
interval 14 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 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



i ncludes a synchronization circuit that has clock
divider circuitry providing a plurality of ordered
W) H86/8028%Anchr oni zed rel ative to the second cl dslR/US2beES/022486
plurality of ordered clocks having an order such that
each clock has a longer period than the clock prior to
it inthe order. It includes a plurality of |atches,
each latch having a data input_and a data output and
a clock input. Wthin this circuit, the plurality of
; i 1. c¢lock input o ach
e R MG B L bbb 3P iR bRl adinofe

gyinolyesizafiarisigreat.h Théreaftdathe bynichtoni2tioh silgailGh aiverRl withth8e second
oupl.ed theret,o having the sanme rel ative

r%erﬁ%clokg \ e rel ]
“8% Pt 1 TOT RO SHRCHOE ¥ pehromizest With the sypehrgaizationrsignal after it has
Hees aligfld Wit @B sbddbnliRfycRr der is coupled to the

synchroni zation output of the first sub-circuit and a

data i nput of every other latch in the order is

coupled to the t h in the

order. Also, thmgp?ﬁ%#%ﬁomﬁ%@bgl atch in

t he ditdercimpan@ligl Rewings hre@obMRGTREPR FAlhRA b SR, Rithe

t he second , sub-circuit. In yet a further aspect, the

GrHBRY C8T Identicaber negrly idnatien) eomporsphditat tsillustratedntvaries
o3 b EORARInMb A e s 03 e i S5

Sub-circuit, c
mpythedabelel ipleveryl drtvyingf Iethealkswiage generated fromthe
ones of the plurality of

secoEchLo%gjl i ndi vi qo%al ) ! .
cl ocks bel*fy’ g%fgf&faﬁ SHtoALIR teshequiprmenteceqrdisig tathe prior art;
havi FUG.2 Rerkerh ddthEheAkertQAfing @fncﬂ!fcfdi&%oﬁfbe{\%%n o,

signa e

second cl ock. A synchronization 'S "genera
fregueney digitel gircuitihansi higlifrequenbye digytaldircnitg at i on si gnal
havi j4 4t associated, therew.th. The ’
syncﬁ%nﬁl I%gt%lr(%tﬁ %F%Waﬂl upder W‘éﬂ%&“\)\ﬁ‘& YRGSHAIBE t he

pl ur BIG.tyis afsketlp 6Ks spohRRARaHO0 23k ﬁgﬁd%gQWﬁ@%t of the

.-7 having a period |onger than the magn
INVeRlQ; antksoci ated With the synchroni zation signal .

Ther : ' [on sigpal .is aligned with. .
(ho. ok 5o tnfe FHOEAL ORAIA LRt therPiatidn SF e clcuic i
Fi€ydchroni zed with the synchronization signal after it

has been aligned with the second cl ock. BRIEF
DESCRI PTI ON OF DRAW NGS The acconpanyi ng drawi ngs are

not intended to be ﬁg@m@gmﬁpﬁgﬁfphe dr awi ngs,

each identical or near onent that is
i || uBhis mvefianis wat limiled infitsgippBeation to eferdesaRiof dokruétion and

I RIS e PR ol Y e o i e
- dralwidgs.Ole 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 régarded as limiting. The use of
"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



FIG | is a block diagram of automatic test equi pnment
according to the prior art; FIG 2 is a sketch useful
WOn200¢@288t andi ng synchroni zati on between | ow PCT/US2005/022486

frequency digital circuitry and high frequency digital
circuitry, FIG 3 is a sketch useful in understanding
timng uncertainty; FIG 4 is a sketch of a

synchroni zation circuit accargling to an enbodi ment of
the invention; and FIG 5 is a tining di agram usef ul
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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 -
Y2 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 Y2 HF_CLK and produces as an output 1/4 HF_CLK. D-TYPE flip-




and HF_CLK has a frequency above 500 MHz. Hi gh

frequency digital circuitry 212 provides HF CLK serves
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frequency digital circuit 210 produces a SYNC si gnal

as in the prior art. Synchronization circuit 400

produces an output HF_SYNC that is provided to high
frequency digital circuitry 292. HF_SYNC i s derived
fromthe SYNC signal but is timed relative to HF_CLK
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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 ¥4
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. |



HF_CLK and the LF_CLK. Preferably, the final clock
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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
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stages in the clock divider chainis for illustration
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is: -12- CLAIMS 1. CGrcuitry conprising: a) a first
2. sub-Tterdunitncbbclaad W wikerainf the sdecaldockclarisl geasriated oy direct digital

tput; b) a second sub-circuit, clocked with a second

Sy"gﬁﬁéfk havi ng a frequency greater than the first

cl ock, the second sub-circuit having an input; c) a

synchr oni zation circuit having an input coupled to the
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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 of 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.

6. The circuitry of claim 1 wherein the clock divider comprises:
a) a chain of 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



to the second cl ock, the synchronization circuit
conprising: i) a clock divider producing a plurality
of ordered clocks synchronized,relative to the second
clock, the plurality of orderéed cl ocks having an order
such that each clock has a |onger period than the

.clock pri.or,to i.t in the order.. ii) a chain of la e
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of the plurality of ordered clocks and the data input
coupled to the output of the first sub-circuit. 2. The
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frequency in excess of 500 MHz and the first clock

has a frequency | ess than 200 MHz. 4. Autonatic test

equi ksi.ng the circuitry of claim2 wherein
8'the ngglgl%)a sﬁ@-sll%gl'rcuit is a portion of a high
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The circuitry of claim1l wherein the clock divider
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divider circuit jn thaﬁ each divider circui
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outputting a & kPl Wﬁgwc}’@héa‘flﬁéwéﬁ@y“ﬁ@ the clock input of each
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circuits conprises a D-type flip- flop. 8 GCircuitry
conpri si H%S.It?zg)mﬁﬁ?l”@?‘?‘g'& -‘)E‘{eﬁzui t clocked with a
first clock aB?tH%r&&%bﬁQofecHe QLB in Ble RdS§SS eRled to the output of
sub-circuit, clocked wth a second cl ock, the second
-sub- ci r cthetfirsizsubregrcait and a data input 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 coupled to the input

of the second sub-circuit.

0. The circuitry of claim 8 wherein the second clock is generated by direct digital

synthesis.

10.  The circuitry of claim 9 wherein the second clock has a frequency in excess of 500
MHz and the first clock has a frequency less than 200 MHz,

11.  Automatic test equipment comprising the circuitry of claim 9 wherein the second sub-

circuit is a portion of a high frequency AC instrument.



i nput; c) a synchronization circuit conprising: i)
clock divider circuitry providing a plurality of
ordered clocks synchronized rnglative to the second
clock, the plurality of ordered cl ocks having an order
such that each clock has a |onger period than the
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9 wherein the second clock has a frequency in excess
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JMHz. 11. Automatic test equipment conprising
théﬁgggfgg%ftry of claim9 wherein the second sub-

circuit is a portion of a high frequency AC
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signal having jitter associated therewth;

a) synchronizing the first sub-circuit and the second sub-circuit in the test equipment
according to the method of claim 12;

b) 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;

¢) 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,

15.  The method of synchronizing a first sub-circuit with a second sub-circuit of claim 12

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

'16.  The method of synchronizing a first sub-circuit with a second sub-circuit of claim 12

wherein aligning the signal with one of the plurality of clocks comprises latching the signal in

- alatch clocked by the one of the plurality of clocks.



c) aligning the signal with one of the plurality of
cl ocks having a period |onger than the nagnitude of
the jitter associated with thgssignal; and d)
thereafter aligning the signal with the second cl ock;
and e) synchroni zing the second sub-circuit with the

ig . . o Lt 4. . ‘
VE) Sohe D56 ok Sl A ART L ARB R b FecBGE Sciret of claim 12
wh&rbiﬂtjli@nimﬁtthm@ighalft;visle dmnﬂ:c@t&h elock gmhlbrisaﬁ smfco_aﬁsmel}? Ilatchling the signal
. Wherein t signal_is synchronized to the first cl ock.

mﬁ?he/& kFFgBY esipf She pletadity #iFledk®i conduct or  devi ces

enpl oyi ng test equi pnment having a first sub-circuit

and a second sub-circuit, conprising: a) synchroni zing

the first sub-circuit and the second sub-circuit in

the test equi pnent according to the nmethod of claim

12; b) generating test signals with at | east one of

the first sub-circuit and the second sub- circuit and
applying the test signals to sem conductor devices

during their manufacture; c) neasuring with the test

equi pnent responses to the test signals fromthe

sem conductor devices; and d) altering the

manuf act uri ng operati on based on neasurenents made

wth the test equipnent. 15. The net hod of

synchroni zing a first sub-circuit with a second

sub-circuit of claim12 wherein generating a

plurality of clocks conprises dividing the second

clock. 16. The nethod of synchronizing a first

sub-circuit with a second sub-circuit of claim12

wherein aligning the signal with one of the plurality

of clocks conprises latching the signal in a latch

cl ocked by the one of the plurality of clocks. -15-

17. The method of synchronizing a first sub-circuit

with a second sub-circuit of claim112 wherein

aligning the signal with the second clock conprises
successively latching the signal in |latches clocked

by ones of the plurality of clocks.




