DDS CIRCU T WTH MEQUENCY CONTROL CLOCK This invention relates generally
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The value in acbumulator 110 serves as a control input to Sine Unit 112. Sine
20  Unit 112 converts eachiphase valuie @, into a corresponding amplitude value, In the
illastration, the DDS signal generator is producing a sine wave, accordingly, the
amplitude values ate rélated to the value Qe by the function sin (@ace). Sine Unit
112 might generate thc-:rcquired 6utputs using a math engine — a circuit configured to
producing an output signal having a specific mathematical relationship to an input
25  signal. Alternatively, i’; is possible to irmptement a sine unit by pre-computing the
required output value for each value of the control input. These pre-computed output
~values are then stored in a memory at Iéc&_tioné addressed by the control input. In
operation, the control inputs are applied as addresses to the memory, resulting in the
required butpuf value of sin (@ cc) being read from the memory for each of Pace
30  applied as an input. ' |
. The output of sine unit 112 is periodic. Periodicity is achieved because of
overflow in accumulator 110. The value stored in accumulator 110 increases (or
decrease if negative values of @y, are used) for every cycle of CLKacc. Eventually,

the value in accumulatér 110 overflows (or underflows — if negative values of @y, are



the value in accunul ator 110 overflows (or underflows - if negative val ues
of G,, are 1 used). The full scale value of the accunulator is selected
to correspond to a phase of 2pi radians. If the addition of (D,,, would
cause the value of CFACC to exceed 2pi radians by an anount x, after the
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An exanple O such an application is automatic’ test equiprent.
shows in grewavgissequited; the filtenis dikelyisl tontipass filjertrecatscarbandpase fibenthatc t est

system 800 of L m.aht e used ta test sem.cond or ,chips. An
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20 Because the frequency of waveform Foy, is influenced by the frequency of
CLK pcc, it is not possible to arbitrarily set the frequency of CLKscc. There are some
~ applications in which the use of DDS is desired, but the DDS must be compatible with
circuits clocked at other ﬁ-equeﬁcics. An example of such an application is automatic
test equipment. FIG. 7 shows in greatly simplified form a block diagram of an
25  automatic test system 800 of the type that might be used to test semiconductor chips.
An example of such a system is the Tiger™ test systemn sold by Teradyne, Inc. of
Boston, MA, USA.
The test system includes a work station 810 that controls the test system 800,
Work station 810 runs test programs that set up the hardware within tester body 812
30  and reads back results of tests. The work station also provides an interface to 2 human
operator so that the operator can provide commands or data for testing a particular

type of semiconductor device. For example a program running on work station 810



operator so that- the operator can provide commands or data for testing a
particular type of sem conductor device. For exanple a programrunning on
wor kstation 810 2 m ght change the value of a register inside tester body
812 holding the value of (b,~ to change the frequency of a clock within
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an anal og i ngfridti¥RBnpeAtiteFithi tebtétitol# 812, Digitizer 823 also relies on a
cl ock, which should preferably be programmable. A difficulty arises

because the DDS ciAuiqmaticitest eneipraent ipnade prograpunabje go thabig camtestanenyyener at or

816 or timng. Lor ' %g o control.. .si.gnals at a
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di fferent fre(ﬂuenci es.. In an 3\utomatic test system it _is often inportant
to control t$Hchangpplication is called an arbitrary waveform generator (AWG). AWG 822

creates a waveform that can be programmed into an almost arbitrary shape using a

clock of controllable fiequency. In the prior art, a DDS signal generator 100 has been

20  used as the clock for the AWG.

Automatic test equipment also sometimes contains an analog instrument called

a digitizer. Digitizer 823 also relies on a clock, which should preferably be
programmable. .
A difficulty ariges because the DDS circuit.is cloékéd by clock CLX scc.

25 Pattern generator 816 or timing generator 814 might output commands or control
signals at a different fréquency. It would be highly ‘desirable to have the DDS easily
terface to other parts of the system, even if clocked by clocks of different
frequencies.

In an automatic test system, it is often i.mportant to control the time

30  relationship between signals in analog instruments and digital pins. For this reason,

there is a desire to have all instruments in a tester synchronized to some timing

reference. Even if a DDS cironit is operating at a different clock frequency than otber



30 rel ationship between signals in analog instrunents and digital pins. For
this reason, there is a desire to have all instrunents in a tester

synchroni zed to sonme timng reference. Even if a DDS circuit is operating
at a different clock frequency than other 3 portions of a system it would
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the operation of the circuit FIG 2s 4;and 7 is asinplified block
di agr am of ae@npmenbhavmuentrdtaonmlmwsylm:kcd at alﬁﬁtﬁdqﬁ&@l:‘ﬁmm ION FIG 2

shows sinplified block r I tal nt hesi I rcuit oerating 30
in a system Fﬁﬁngggagn%%éﬁsﬁiocg ﬂg’r?é’fl% ﬁbt?‘f)%§ gi'eﬂﬂfﬂ DDS 214
generates FO . DDS 214 may be a DDS circuit such as is shown in the pri or
art. Alternatively, .
15 BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 illustrates a prior art DDS circnit;
FIG. 2 illustrates a DDS circuit operating in a system clocked at a different

frequency than the DDS circuit;
FIG. 3 is a graph useful in understanding accumulated phase error;
20 FIG. 4 is an improved DDS circuit operating in a system clocked at a different
frequency than the DDS Circuit;
FIG. 5 is a block diagram of frequency multiplier that can be used in the
circuit of FIG. 4;
FIG. 6 is a flow chart useful in understanding the operation of the circuit FIG.
25 4;and _
FIG. 7 is a simplified block diagram of aprior art awtomatic test system.

DETAILED DESCRIPTION
FIG. 2 shows simplified block diagram of a digital synthesis circuit operating
30 in a system that uses a different frequency than the DDS circuit, DDS 214 generates
Four. DDS 214 may be a DDS circuit such as is shown in the prior art. Alternatively,
DDS 214 may be a circuit as shown in my copending patent application entitled
HIGH RESOLUTION SYNTHESIZER WITH IMPROVED SIGNAL PURITY, filed on



DDS 214 may be a circuit as shown in nmy copending patent application
entitled H GH RESOLUTI ON SYNTHESI ZER W TH | MPROVED SI GNAL PURITY, filed on
4 the sane date as this application, which is hereby incorporated by
reference. Regardless of the precise construction of DDS 214, the
frequency_at which S 214 is clocked influences the frequency of Four DDS
214 is cl Perageditess %a@i%@‘}s lﬁgwﬁﬁmwatﬁmrm&for 5 purposes
of i1 1 ust Rakdr@Bss fianddioisd BhsElHH of IS YPAGHe desired
characteri g%i cs of Four " sg, as W I]? %e d?s‘%mdeeag’ﬁ@ﬁ@%?@ is
gener at edislsiocked inflmguen the frameneysofdnyed rcuit i ncl udi ng frequency mul tiplier

212. B f | tipli 2 h finit I.Si , .CLKACC m ght
10t have exact PPAI8 HECFkIPY lpdiGlRese TReCHRBIMGIY CLARABE  om ral | y"
has a  r eguaRY offiluéBatidiiz 75 Mﬂi)erﬂ@ac%mmg@encfmusgbﬁu ogfgtké aaéhe&r 212

receives an input froma systemclock CLKsys.”" In a " preferred enbodi nent
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often inportant for an analog instrunment, such as AWs 822, to be

synchr oni Femrengy. t decosdingly, GhKnec ‘Glontindly’dws 2 Sipquengy oV KM inghor ef er abl y
deri ved é&‘r CLKsys, as shown in FIG 2. Also, test system800 is
]

rogramre Gtive to CLKsys. Therefore, it is 20 advantageous to specify
p

the phase i ncrigsguency nuDific? 212 reegives &tinpor freaakyapaldoRICLIKIKys I1n FIG

2, a phase jncrenent for each cycle of CLKsys is denoted (Di,c_sys. In
oper atiorﬂrekeﬁﬂﬁggoé‘mtw’dﬁﬁf@&Dg%mWﬂ@?dlﬂ’e@eﬁﬂ@@gdnwt@éal( bm that is

appropri alghflc tedd $6sti Kgggl n arithmetic
circuit incl udicna ng t%’p%hicgras %%Gc@g%%gﬁsggéﬁﬁﬁﬁg@?;{%f ) ,091625 Bot h
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based_on the rat iho bet ween CLngf an .CLI§ACC. ltiplier 210 nmaybe a
il s

di gi ﬂ3| SYPPRe Pch a8 PpUerp ggngtatop ampl e, multiplier 210 coul d
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conpute an output representing the input nultiplied by the required
fract i on.besyn¢hronigedio thepheepasts of thetestsystomt CEKncis peeferhblly derived

from CLKsys, as shown in FIG. 2.
Also, test system 800 is programmed relative to CLKsys. Therefore, it is
20  advantageous to specify the phase increment of DDS 214 required for each cycle of
CLKsys. InFIG. 2, a phase increment for each cycle of CLKsys is denoted @pye sys. In
- operation, though, accumulator 110 must receive a value of O, that is appropriate for
use with an accumulator clocked by CLK acc. An arithmetic circuit including
multiplier 210 converts Oy gys t0 P
25 Both frequency multiplier 212 and multiplier 210 determine their scale factors
based on the ratio between CLKgys and CLK scc. Multiplier 210 may be a digital
circuit as is known in the art. For example, multiplier 210 could use a digital
multiplier and a digital divider circuit in series to compute an output representing the
input multiplied by the required fraction. It is relatively easy to construct circuits that
30  multiply or divide by integers. Acoordihgly, scale factors, even those that are not
. integers, can be easily applied by expressing the scale factor as a ratio of integers. It
is easier to construct a circuit to divide and then multiply by integers to arrive at the
- required scale factor than to create one circuit that scales by a non-integer amount.

The principle is particularly useful for scaling the frequency of a clock, but also



30 nultiply or divide by integers. Accordingly, scale factors, even those
that are not integers, can be easily applied by expressing the scal e

factor as a ratio of integers. It 1is easier to construct a circuit to
divide and then multiply by integers to arrive at the required scale _
factor than to create,one circuit .th t scal e unt. The
principle isapRiestesraling @ mumbet; suchyss g(gngeﬁtg@ T t? u%'ﬁ‘&ﬁ%ﬁﬁsaggoock, but
also 5 appli gs, Omlﬁﬁﬂla&{'g a nunber, such as to convert 0i", Sys to 4-nt.

Such circuits are nown in the art Frequency- ITU|'[IF|I€I‘ 212 may be a
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CLksys and Cgigpfiosshe@9 ﬂteoaczténﬁlmea phdselvalud)that hvuldneauly fiémcdledkesy &4f  CLKsys,
there should be 3 cycles of Coi nci dence_poi nts, 310A, 310B and

310C i ndi cat accugugtor &d@y@msﬁmdetqckydwhﬁ closk LRsps, disan be gagpsthénd CLKACC

nomnally s e nom nal | y
coi nci dent %@ﬁé‘g@e#ﬁt‘@%@ s&g &F‘?" eggég%lcﬁ{]e&ﬁoigbg’gcunuf’at ed phase
value in both aCCWeaﬂ&rsﬁoﬁ'hﬁUbﬂebfﬂleemuahulatbkbpmservahﬁhﬁanaébushﬂamrthat
the two val ues are not truI Goi nci den ]t‘gand are not entt al at the

c]?i nci deihgef&@i Brnc 3!14@%‘&“1‘6 @raéﬂe‘é%c m@@&m‘t‘ﬂﬁ ®the val ue
C
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cycles of CLKACC. At this ti t he accu ate se val.u sho L d be
3¥(5*(4/ 3)) evesp4 cyeles thé)LKsyls nRtthesepc?ints ys @l Accnonuna?llyswt chat

the same time. The clocks can be said to be nominally coincident at these points.

20  Also at these points, the accumulated phase value in both accumulators should be
equal. However, FIG. 3 shows that the two values are not truly coincident and are not
identical at the coincidence points, These differences result from the fact that the

- value of ®y, differs from its nominal value. Also, there might be delay or other
distortion that preclydes CLK aoc from being timed precisely as desired.

25 In the example, after 4 cycles of CLK gy, théfe are nominally 3 cycles of
CLKacg. Atthis tlme, the accumulated phase value should be 3%(5%(4/3)) =20, The
nominal result is the same as if V. gy Were added to an accumulator in each the 4
cycles of CLKsys. However, it is not possible to produce in 2 practical system a

‘multiplier 210 that outputs exactly the right value. In this example, the value of O,

30 is computed as 5%(4/3), which equals 6.66666.... No digital circuit could be
constructed to represent this value. The registers that hold the value of @ and the
circuitry used for computations will have finite numbers of bits. For example, rather
than storing a value of 5%(4/3), O might actually have a value of 6.6.

6



nomnal result is the sane as if 4yl nonsys were added to an accunul ator in
each the 4 cycles of CLKsys. However, it is not possible to produce in a
practical systema nultiplier 210 that outputs exactly the right value. In
this exanple, the value of Ms,, 30 is conmputed as 5*(4/3), which equals
6.66666. ... No di Gigrabme aplitations) HelliflGencebrbided Gleshd 33 (4/8pwilbboat hi s

val ue. The registers that hold the value of O'.. and the circuitry used
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circuitry.: For e@ﬁﬁfﬁplﬁwg Sgﬂ‘gﬁgﬁfﬁ‘gﬁlﬁeﬂ%’%lﬂ?@%&%gﬁgfﬂ@&h@ur ves
410 and 412 oa6wWy\et cath QaebssiveCoRRidevce omt Thiladiffereed isldenoltéd & tief ference i s
denoted as the accumnul ated phase error. As DDS runs for |onger periods of

time, the acaceumieted phisemor.cAs BIDGR@sfor langerpeiods of Hngsths apwandated ui t 400
that is nodified to |ljmt the growth in the phase error. DDS circuit 400

i ncl udes an g@%&r@&%";&mﬁade of register I I Cb and a summer 110a. One

i nput toigumrer 1F0G. 4 showies DBSUsrciil 40 dissisanodificito likiethetghewth intput i s
derived from'bl sy, in miltiplier 210, as di scussed apove in connection
with FIG 2. Dphass eger Dp&ﬁlr%diogmluflesmwu%‘i_ ajgnede afiregispnL0bEsA @ o

i nput to sin L S Mot 142 sl ol 3 1 \dpass
filter 116 ag%] Cgfml)gfaég%fe 'E@i‘ﬂ?g geni?ogatlgalaeq’gﬁgrﬁgfe o?ffﬁgg' ﬁggrl ed
above. Accuniipat Bréy.edérived rfroin 4P sis $n miuitiphier? 1y asdiscuynal abok&in edninedtions

derived from , ys by frequency multiplier 212. DDS circuit 400 includes
a second acc%\%h’géog-, T%FPWHE%{}%F@F @)}dé)\%@’%ﬂé 31’2"(95?101@3"’&%“5@&8}3 upto,,
One of t i ta: ' ' | tRE b d

cont ent srﬂ%f ' gic)%:!u%ﬁf?g?g?q%gs;ﬁos}ﬁtﬁ?ﬁ%mﬂpﬁ%ﬁﬁllg a%% %%ﬁ@g%\%%ﬁt he
contents of geemtehaignsl Fegias lescribédiaboveW t hout correction, curve 412 woul d

represent the con%pﬁwg&,{gggg#%@égégraa&igﬂy;rsign%}gﬁ& Iﬁfl%lvc\%\égﬁéﬁv[gg%%rcui t

400 i ncludes cont
CLKGsys by frequency multiplier 212.
DDS circuit 400 includes a second accumulator, with accumulator register
20 410b and adder 410a. One of the inputs to adders 410a is ®nc_sys. The other input is
the contents of accumulator register 410b.

Curve 410 (FIG. 3) represents the contents of acoumulator register 410b.
Without correction, curve 412 would represent the contents of accunulator register
110b, However, DDS circuit 400 includes controller 414 that periodically

25  resynchronizes the centents'of accumulator register 110b with accumulator register
410b.

Controller 414 periodically resynchronizes the value in accumulator register
110b with the value in accumulator register 410b. Controller 414 causes the
resynchronization when CLK is nominally coincident with CLKgy,. As shown in FIG..

30 3, CLK is nominally coincident with CLKsy every 4 cycles of CLKgys.
| More generally, the nominal poinis of coincidence can be determined by
| _ ~ dividing the frequency of each clock by the greatest common factor of the two
frequencies. In the present example, the greatest common factor of 100 and 75 is 25.



25 resynchroni zes the contents of accunulator register 110b with

accunul ator register 410b. Controller 414 periodically resynchronizes the
value in accumul ator register | lob with the value in accunul ator register
410b. Controller 414 causes the resynchronization when CLK is nomnally

coi nci dent Wi 1herGokHiimts diohliNIRoinBidEAS oodt seryd-dyelc of g 100Nz ekl dent

with CLKsys every 4 tycles of CLKsys. Mre generall’y, the nominal points of
coi nci dence cand dverydeeyslesiafdle TyMEtialedki ng t he frequency of each cl ock by

th t est .factor of the.,t f i es. t h . | e,
the or ot oat commanisin pateseiy ¥t Eeypefnpagan ooyt lsrypolb aRIEAICT™ ©
nomi nal ol NGIAeidcO CERE E@«ﬁ@@itﬁ%&ﬁh@ﬁcdﬂﬁlal&@sﬁdﬂdséﬁaﬁmbﬁiﬁheﬁvery 3

cycles of the 75 MHz cl ock. I's not necessary that the resynchronization
occur for Sevefepentsionthe amaunt af giTor indloduded avitheactrpiecls andibie trdgrangeraf théhi ch t he

accurul ators shoul d he resynchronized s depends on the anount of error
I ntroduced w"t"ﬁ“’ifawﬁmz 5“%1‘% &5t o erance of the overall application to
such errors. Cont rQdtilleA4 14 §ibRE B redifired ithbeRsk patiah 6f CDK,, Hist St paks CLKsY,

that must pass between points of nom nal coincidence. Thi's nunber could be
conput ed by dietwesntpojnts of voriinabenimaidsnce r This nunberaguldbesomputed bysmcrdty i ng

the desired fr.equenc f : 10 Al.ternati vel thi.s nber .c be

conput ed, suéﬁﬁﬁ'@"?#‘?}v@m%gﬁeaﬁ’ﬁ agt ,ecgﬁﬁﬁP%Qgégéqﬁr%%%Wroﬁ " 414. The
val ue is @ ef gRaRitweB), Hi®HurnBertoRlde RHFRRESsUEh 88 irlvorkStation 320, adat i on,
such as a register or a counter. In operation, controller 414 outputs a

control si gndpadgddntosontetlar 446+ Theyalue isprafersblystered in prrogwmyntie digitsled wi t h

Gont ol 1| ne SEUBkaioh Sueha? a HelfeERACHIABE Goofliioh BnfRugidaBubhles 10
of the swi t cleahirs! sighalivhen sconamiaerregisieo 110bshouldtheutsynthrenided withda. Bet ween

synchroni zati ons, selector 412 switches the output of adder 110a to the
i nput of acc@fchmulator regigteri4dOb110a. The other switchable input of selector

412 i's cgnect ed g Lie BB oo Rl AUGHIHOHonk Bl lselbdto1a, Upon. @

resynchr ohi zat i on, SwW tches contents accunmul ator register
410b to the iSeatordi2 hacmwadwitohable dgiusd, ePneldfile switchubliesnpuds/is commetedud at or

regi ster 11 G 4R dd Toh SR SR SR L AT BoBpR®
- of adder 110a to the input of accumulator register 1'10a.
The other switchable input of seloctor 412 is connected to the output of

20 accumulator register 410b. Upona resynchrcnizati.bn, selector 412 switches contents
of accumulator register 410b to the input of accumulator register 110b, In this way,
accumulator register 110b is periodicaily resynchronized and the accumulated phase
error does not continué to grow as shown in FIG, 3.

As was described above, at a point of nominal coincidence, CLK and CLKgy,
25 should oceur simultaneously. However, it is possible that the CLK and CLKgy, will

~ also be out of phase because of inaccuracies in the generaﬁon of the signal CLK. To
avoid any timing errors associated with this inaccuracy, register 110b contains a reset
input that is generated by controller 414. Coitroller 414 asserts this reset input at the
appro;iriate time to load the value from accumulator register 410b into accurnulator

30  register 110b.

Before issuing the reset command to accumulator register 110b, selector 412
must be switched and its output stable. Additionally, it must be éscertained that both
CLKsys and CLK have reached their nominal coincidence points. If the value is



error does not continue to grow as shown in FIG 3. As was descri bed above,
at a point of nom nal coincidence, CLK and CLKsy, 25 should occur

si mul t aneously. However, it is possible that the CLK and CLKsys will also
be out of phase because of inaccuracies in the generation of the signal
CLK. To avoidadedinio diLatanifor %ﬁsté’l'sﬁgﬁ bafopsICIKS I rdablies iisRoineidencypomtcthest er

| I Oo contains a reset input that is generated by controller 414.

Control | er 41vhllmslsedetdsntohpgtsueekﬁlb willhetanancartest valyg reslacting thervialig iR o | oad

1106, “Bof or ¢ aoeaniaipr A0 beforrthe biheeie oo CRETAMRLY 1 BE valil jd BRI ©"
sel ector 412 fsl% sﬁ?lf(‘mB&‘&%‘tﬁ@%alcﬁa%1&%91&&&&@#6!@&%%1&!1&&5@10 it nust

be ascertai nelél t both CLKsy, and CLK have reached their noninal
coi nci dence pecwnslatdriregister will mﬁlall.‘z‘ be theomesat valisco buickham G K orcacheg gt er 1 |

regi ster - 11CRHoBEPaRn (i sFie B BE PRt s Wiprof et B4R, 1M

accunul at or 4icdecheilgee the coinci dence point. Conversely, if the value is
| oaded into register 110b before CLK reaches its coinci dence int, the
val ue | oaded i nt o Gontrodlers,suches consrpiller 414, Khatizenaratecontral sigm H‘é § that ¢

| but wh hes, t h Il b
ot erent ed. ARECTHHSRD PO A AGRIFDRS O P stann i o wol RS BLAE A | (0% (e
as controjg errrddifiondliRtigh eitBhigh& coald Bedksed twanure thit pdatisy éfiragistent Hb

condi ti onal upon the occurrence of other signals are well known in the art.
10 Tradltlonalcwrégt@ﬁdmllmﬁﬂ%es coul d be used'to ensure that updating of

register | 10b_ 0cgybi fleliipRfiihfuith id e STTROLELAH. 8L tati on

is to use a Fl FOt ensure ues rom accurru tor 41 are | oaded

into accunul abmﬂiﬁb%ﬂtrm(tcbddydnff@ac@naﬂalbelwbmmbctw Iléar eddmpleoul d i ncl ude
a circuit to count pulses qf When CLK ysﬂﬂ’l ﬁﬁ% coi nci dence
poi nt, the v&enEolisr ﬂﬂ@ﬂﬂlﬂl%‘ilw %thtg CONRE pEtFeS ntrol | er

414 woul deal S, cgmcﬁgﬁcegg, L \q}@ E%&ﬁﬂﬂ% Oabh& pushiell fib 4R¥IEO.

point, a vaI ue wou pe popp ded” I nto accunul at or
110b. In thiConteiler 4 Hewaylg atsp comitpulsas oCIEL WhéncCLE xcashied its coincidenrs| at or

g O SRR Roas et b bTTne PO A58 8 bl bEP1 DGO P
this way, the appropriate value would be loaded into accumulator register 110b at the -

appropriate time.
20 The size of the FIFO need not be large. A EIFO with two storage Iocations
would likely be adequate.

It is also desirable to 'synchronizc CLK with CLKsy:. FIG. 5 shows that
frequency Iﬁultiplier 212 is preferably implemented by a frequency divider 510 -
followed by a frequency multiplier 512. Divider 510 has a reset input that is used for

25  synchronization, When the reset line is asserted and deasserted, the next input pulse
will cause an output pulse. Thereafter, output ,puléés will be produced at the divided
rate. For example, if divider 510 is programmed to divide by 4, every four clock
pulses at the input wilt:result in 2 pulse at the output of divider 510.

In the illustrated embodiment, the output of divider 510 is fed to frequency

30 multiplier 512. Here, frequency multiplier is shown implemented as a multiplying
phase-locked loop (PLL). For each pulse input to the multiplying PLL 512, multiple
pulses are generated. Howe\rer, the first output pulse will be generated in response to
the pulse that is output from divider 510. Because the output of divider 510 is



woul d i kely be adequate. It is also desirable to synchronize CLK with
CLKsys. FIG 5 shows that frequency nultiplier 212 is preferably

i npl emented by a frequency divider 510. followed by a frequency multiplier
512. Divider 510 has a reset input that is used for 25 synchroni zati on.

Wien the resedynchiofizes tPhe estat cRRR aftersoes:| the first pelse outtof nniiplyimgPId, wi | |
cause an out put pul se. Thereafter, output pulses will be produced at the

di vi ded ratél%ﬁlseﬁmr@ﬁzﬁdfm@mﬁyggm@%k fodowingghtgsved to divide by 4,

every four clock th \ _ I out put
of divider 510. In hg Pg@%‘ﬂgg%wdﬁé‘ﬁf&% déb%ﬁ?abw b%‘?lo IVI g]gr 510 is
fed to frequeppg cn%&t@d)ishﬁiﬁfaﬂied&&%endrﬁé& nefvrsiguﬁnltmghxlopnﬂhallgrbeldms hbwn

i mpl emented as a multiplying  phase-locked | oop ( . For eaﬁewégul se i nput

to the mul%i pammbofmomlwxo Bweptp@nﬂﬁaﬂ@és%?f@rg peslippot t he
first output |?aEI:| in response to the pulse that is
out put from aa&lfkg E%%t&‘égg%g %e out put of divider 510 is 9

synchroni zed to t G ¥shews 8 flowichaft bétheanéthoddf opterating ia T3S ptiie Mntep)f
mul tiplying PLL 512 is also synchronized to the syst cl ock fo ovm ng a

reset . Synchrﬁir@» thehase lbﬂem@'cfﬁé?w tprevide %ﬂpﬁmﬂ’ e done
when DDS cir 1r§19? T@e éc@iett*a&{)} %&%dcR rac ng&ﬂ%ﬁﬁ&(ﬁﬁ?&?ﬁtﬁi{ 0 ?f‘ uétfcy{Hﬁg ht

optionally be'done a I'nci'dence to en ure at any

errors thmpt Woﬂ@fﬂﬁllbbﬁlahﬂlesltsdlmkﬂnﬂa the froquenoy ofgpetdtionruf thet system FI G
6 shows a flow c, art of the method of operating a DDS circuit. At step

610, the phad¥OYAREINRKS. | s scal ed to provide an appropriate phase
i ncrement for the il e Rird Ef ¢ oﬁhépggt,g Bnep@¥d,Ng as
its numerator the Gelr%qg/wo 10 o eratlg](gérl o%‘ﬁ{eﬂe)sDD and ag Its

denoni nat or tﬂrefefabdgqmsnclpcbis gemenaterdibyrscaling the fisquaneyrof thesystemmelpcknput s, At
step 612, a clock havin ed f uen of ne
Preferably, this %éa gf‘iﬂ’gﬁﬁ%&? Fl]@}f‘gr §g§31é§n%?§‘?snt@atsyst em

cl ock. Atygst eGé‘ﬁ: :,gﬁ-,ﬁ] aiqﬁg Rt 45
I ndi cat es th‘i'IB e%lase v%&%ﬁaﬁeﬁ% curru?gt ed at the sy?sj"'tcem cl ock
frequency. Tidope aw&wrphmbumremsntsﬂmﬁcdmehhenmﬁeeydtmmqmpy'smmi ed in

relation to t s em.f requenc e .hase I ACr t
ecumil at ed Sl B ingERpT Rl campret et SR RPN B0 ¢ e
DDS cl ock detrgitmeds e DDSRIGkHetermined at step 612.
At step 618, a check is made as to whether the DDS clock and the system
20  clock should nominally be coincident. As described above, this decision can be made

by counting pulses of the system clock or the generated DDS clock. As an
alternative, where the differences between the DDS clock and its nominal value are
small, it could be possible to detect nominal points of coincidence observing when the
two clocks coincided to within a small band or error. At this point, it might be

25  assumed that the clocks should be coincident. As a further alternative, it might be

| possible to detect coincidence by monitoring the accumulated phases determined at
steps 414 and 416. When the accumulated phases ate equal, to within a small error, it
might be determined thiat the clocks should be coiriéident at that point and
synchronize the accumulated values.

30 Regardless of how points of nominal coincidence are detected, if for some

o cycle no coincidence is detected, processing returns to steps 414 and 416, where

further phase increments are accumulated. However, if the accumnulated phases are

nominally coin¢ident, processing proceeds to step 620.

10



At step 618, a check is nmade as to whether the DDS cl ock and the system 20
cl ock should nom nally be coincident. As described above, this decision can
be made by counting pul ses of the systemclock or the generated DDS cl ock.
As an alternative, where the differences between the DDS clock and its

nom nal value are Atséi@dm%zghﬂ'{e‘ﬁg%&cﬁﬁulﬁ%a%i%Q#@n@ﬁfcﬁ‘ﬂeqﬁﬁﬁ&@@' poi nts of

coi nci dence observing two clocks coihcided to within a snmall band-
or error. At subjtifuledifetthe phaseginmubeed st the DDSHequenty. tAscpart afdhis siehdbe d be

coi nei dence HyDYstckanhgTite EonaHarzett BBt 6B i ned at steps 414
and 416, When the SeEURNRIAHN® AIEMRY BBl cdnbelichBlefiddn SWRYIBAT TOT it

m ght be determn at the clo col ncident at thaf point and

synchroni zZe tdilowadhafredquanecofitbe sigeal tabe Sggedi(i esthe signalogsagids)nSucharclepkni nal
coi nci dence are.detecte i f for sone . cycle no _cojncidence is d cted,
processi ng r &ePALsE 'og@b@ﬂgﬁogﬁ@[@i@%@tsén af‘&}‘{jowggﬁ'fg%%nhg@nents
are accunul at a?gm Bhs whdre hBBre2 GEBIbEK S Feqifteg@es are nominal ly

coi nci dent, ﬁe ingi prvglééégg? t% %t ep 620. 10 At step 620, the phase

accunul at ed at t hélleyabtesdestrited siystemuoan by usl to dadpease thetasdurkey of hBDShase
| ated at ,t he DDS, f ) t hi ) DD | ock
i oht al so. baude suBmbRDIL e wadeb2rd with e stitem Aok Lo mtvdsie. o
trall ' : ' :
spectral lyyg p‘é&%e@g?gbﬁégllaﬁgdghggrﬁgﬁmﬁi theDPSWaYed diPdonamatds S tHee

frequency of t ged (i.e. the signal is agile). Such a
clock can beystemd Fopexampdd padernigonerator 81 Gmight pravideraensmmand fo changedbonat i c

roqui rod. - sy IR ERE SRR nEIRE Sully EpARd Bl ofe ke o,
of a DDS andoimpofaipeiv ealhbef B2Sc ot ThSclampe ty hohew profiritimad sytigeandeock. |t

al so provides an i0 easy way to change the prtzgran’m' ng of .the DDS based on

conmands f r omadadyshanging thephase iagrpment q9gmea et Basymehsonizaliol provi de
a Commngstpg&?@%%@?ﬁﬁ‘%@%gﬁgﬁﬁ%ghﬁB&T&"téanal generated by the DDS. Such

a command™ m a new value of @"c sys. The change to

t he new progmmgals@ﬁaﬁvagme@esg@ﬁe, made by changi ng the phase i ncrenent
command. At the next resynchraonization 15 in val , ggé/l error will _be

automati cal |y cor FEEEXRRPle Ydf deiesibed ehavedbat addr @it figy the output of
accumulator register 410b until the appropriate time for that value to be stored in

accumulator register 110b. With appropriate control, a register might be connected to
20  buffer these values, acting as a single word FIFO.

It is described that points of nominal coincidence are detected by counting
pulses of CLKg,,. Because CLK is derived from CLKgy;, the result could be achieved
by counting pulses of CLK.

Further, mathematical relationships between various quantities are described.

25 It should be appreciated that the circuits and meﬂloﬂs described above will work, even
' if there is imprecision in the computation of these numbers or their values are
approximated. _

Also, certain functionality is shown implemented in hardware. But, portions
of the functionality could be implemented in software as part of the setup of the

30  circuitry.

What is claimed is:

11



For exanple, iris described above that a FIFO is used buffer the output of
accunul ator register 410b until the appropriate tine for that value to be
stored in accunulator register 11 . Wth appropriate control, a register
m ght be connected to 20 buffer these values, acting as a single word FI FO
It is described that points of nom nal_ coincidence are detected by counting
pul ses of CLKss. Because Cl,Kis d&iAMS f r om CLKsys, the result could be
achi eved jby c 1 90 G s GHEL i i onshi ps
bet ween véfri ougq%gﬁtg?w}e’?ﬁg?gfngescr?g}e}gﬁlpa%%k%@% ggﬁleeng %ooféeci ated t hat
t he ci r cufitssclacl] witht it pltbse orcrdmaoht abthe DS btingspdcified\fona period dfdhe i s

i npr eci siﬁn iln the corrgu.t ation of these nunbers or their values are

appr oxi matBHCIOCKCERIPTINBEY 4i n functional ity is shown inpl emented in

har dwar €. But, z)por t iB&tin®h cldeR af BBDHY Aakhdnky GOH Me Btst Tk GRBMIRA 11
software as part of the setup of the 30 circuitry. Wiat is clained is: 11
CLAIMS 1. A net hodiregfuesgydimpnnoti-ingeger DBie oLhe freghanck efithetfirst DDS
frequency to a firﬁt clock, with a first phase increnment of the DDS being
specified for a per(f%%(’of the first clock, conprising: 5 a) generating a

clock at the DRS frmms%;abwpﬁa@@inamtwgﬁhngmra%asémﬁmsy bei ng a

non-integer multiple of the frequency of the first clock; b) producing a
DDS phase i ncr enentinipyopsetinn iaghe raéiotbewsen tiaBPSifrgrensyrind then proportion to
the rati o between: t nd the 10 frequency of the first

cl ock@ c) accunul at&%@@é%@gﬂ%gg@@i ncrenment in a DDS accunulator within

the DDS circuid) thaiccimulatingtedby phite indraakntah a DIFS MoGmiulesiueidy; d)
accurul ati ng the fi{lsi;)qohase increment in a second accumul ator, the second

accunul ator ¢l ockedt®iPtharauitthat ivelaghed by glgckyt the PDSHreBERSY:r epl aci ng
the value in tfe D%cﬂﬁﬁl%ﬂ%%ﬁlieg%stwgﬁkoﬁlﬁ%m\éﬂﬂ & scbdhd bumaREdnaccumul at or

at an interval "determ ned
second accumulator clocked by the first clock; and

15 €) periodically replacing the value in the DDS accumulator with the value
in the second accumulator at an interval determined by the ratio
between the DDS frequency and the frequency of the first clock,
wherein the interval is an integer multiple of the product of the period
of the first clock and the frequency of the first clock divided by the

20 greatest common multiple of the first clock frequency and the DDS
frequency.

2. The method of claim 1 wherein periodically replacing the value in the DDS
accumulator comprises replacing the value when the DDS clock and the first clock are

25  nominally coincident.

3. The method of claim 1 or claim 2 wherein generating a clock at the DDS
~ frequency comprises generating a clock within a frequency scaling circuit and the
frequency scaling circuit is reset when the value in the DDS accumulator is replaced.
30
4. The method of any one of the preceding claims additionally comprising

“changing the first phase increment at a time synchronized to the first clock.

5. Apparatus for generating a periodic signal comprising:

12



bet ween the DDS frequency and the frequency of the first clock, wherein
the interval is an integer nmultiple of the product of the period of the
first clock and the frequency of the first clock divided by the 20 greatest
common multiple of the first clock frequency and the DDS frequency. 2. The.
met hod of claim 1 wherein periodically replacing the value in the DDS
accunul at or coi;Spri s%grﬁté@ﬂégi“ﬂ@gﬁﬁéﬁmﬂ@%en the DDS clock and the first
clock are 25 gpm' nal.} O@Ejpﬂpi dent. 3. The nethod of claim1 or claim?2
wherein generating a clock at’ the DDS frequency conprises generating a

cl ock within ackr equénquensy edrivaryioni cicouitthaeing ah fwput hudeguenpyt, whedeimng ci rcui t
is reset when the value in the S accumul ator, is replaced. .30 4. The

met hod of any one o ee#@&%@a&%@#ﬁﬁ%@&&ﬁﬁhwmﬁ erprd elofly  changi ng
the figst phase incygnepinddteqdeddy™® synchronized to the first clock. 5.
Appar atus for generati ng a periodic signal conprising: 12 a) a first clock
havi ng a firstdf r equengimetibdirauitdamingein inpysand ac putpuf bethuleinpucanver si on
circuit having an ipput, apd.an out pyt erein the,input i§ coupled to the
first clock and thet%gﬂfl%’ﬂ ?I%g%epgeéglﬂﬁ%a%&é@VaB‘ewﬂQ’f@g%B@W@&?ency; d)
an arithmetic circuwdludeépditiond] té tHRUAp@NWitR hePrbptHionalit) defindg byt and

t he out put being represented as digital values wth the output having a

val ue proportional #Hophtheifisgftequonayrrngdiike eeosbirequened;i ty defi ned by the

[ f the f}] . ne. f , di
i ofF syncnedl o ot SREY RN BRACHV EuRRrRRn £ ERETRbu AR50 Rl i ¢

the control input ciapmeeitsthd @ntrbEingut @aheddéd fohke autplituTeld Aith@efieui t and
the clock input connected to the second clock, the direct digital

synthesis circuit cepiand hy dackdepcanaactsd tp din sseand dlesk g direckont r ol
oot a0 15 1) 2 SRS P il SRR B R St
configured control input; and
15 ) a control circuit having an output coupled to the control input of the
accumulator register, the control circuit being adapted and configured
to assert the output at periodic intervals proportional to the first clock
frequency divided by the greatest common multiple of the first clock
frequency and the second clock frequency.
20
6. The apparatus of claim 5 wherein the accumulator register has an input and an
output and the apparatus additionally comprises an adder and a selector, the adder
having at least two inputs and an output and the selector having at least two
switchable inputs, a control input and an output, the output of the accumulator register
25 being coupled to one of the inputs of the adder and the output of the adder being

coupled to one of the switchable inputs of the selector and the output of the selector

being coupled to the input of the accumulator register.
7. The apparatus of claim 5 or claim 6 incorporated in an antomatic test system
30  having a pattern generator and the pattern generator is clocked by a clock

synchronized with the first clock.

8. An automatic test system comprising:
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to assert the output at periodic intervals proportional to the first clock
frequency divided by the greatest common nultiple of the first clock
frequency and the second cl ock frequency. 20 6. The apparatus of claim5
wherein the accunul ator register has an input and an output and the

apparatus additjonally conprises an adder_an se] ector, the adder having
at | east two iﬁ}putsS &P%PBQEP"%{W&W%&%SE&Wmtﬂbqsﬁﬁoﬂt%st t wo

swi t chabl e inputs, Q160 8doftted Bt @He ARkt OfLRUL, the output of the
accurnul ator regi steraZSEi%ogi neg rcoup‘? egg%o one of the inputs of the adder and

the out put of bhe addesstbet amploginstplmeht igenavatingod digtta chwiktwittebdieedtnput s of

the selector and the. g ut. of the selector, .heing coupled to the input of

t he accunul at or regﬁ’sgﬂtgﬁsl.oynﬁﬁem"fﬁ’écﬁbg}fr‘ﬁ'fel‘jgélg’ft&blé% Rt CIsut qomngIsEIS:

i ncor porated in an Aut OTRHieGud:es boRRiGIRiA 1ARLNE ifuRahd B BugiEer ator and
) ) Oppht,

the pattern generator is clocked by a clock synchronized w e first
clock. 8. An automatic tstinppsseepiediorthe fisit lpck adl thp ogtput proviokimg a0l uni t

containing a first clock_and first.phase control .value specifjed
relative to the first clgeRed faﬁlf’(’l%ltﬂ?q %g%‘{en%‘éonéfﬁré’roa‘d”ﬁcﬂ%E?‘Bﬁ@ﬁ@t@ner ating a
digital clock with a diragtcon@igGicta piéd®s sécotil bk byndhiiAdrie e di gi t al

synthesis circuit conprisin%# 5 1).a frequency conversion circuit having
an input and an out put, frseclogipand wishpmer-integarieticr betweencd Gedueaeniof he out put

provigjng a second cloc V. i QN Gi hCuli ei ng adapt ed
and configured to pr oducﬂéetf%%%lsofg[ég’ﬂ%gc 3%%?;9??:1%8%%@2&?%05?(& first clock

and with a non-intetier rafiisoadamuberor, mctaasingdyascedndfhatd@nfrol edlue! ock and
a frequency of the second cl ock;, ii) a first accunul ator, increasing by

and ii)
a second phase control V& G¥hBeEPdE QW_SB‘éCHdd%P$be?F§m§B%&T?GH@PB@I€, wher ei n
the second phase ContrOéonﬁ@d%uéﬁd@ﬁ{réd’ﬁgmftﬁ@?i:s?@%s%h&ﬁolggﬁé% ontrol

value with the non-integer ratio between the ase control val ue and
15 the second phase contthehonaiteger r@io Helreewmniho frest phast eshtralwaherndf cl ai m 8

wherei.n th nal instr n ri
erYs the .a al og st tﬁggeéon 8%6 cggg‘ol value,

0. The automatic test system of claim 8 wherein the analog instrument comprises

an arbitrary waveform generator.

20 10.  The automatic test system of claim 8 or claim 9 wherein the analog instrument

comprises a digitizer.

11.  The automatic test system of any one of claims 8 to 10 wherein the direct
digital synthesis circuit additionally comprises a second accumulator, increasing by

25  the first phase control value for each period of the first clock.

12. - The automatic test system of any one of claims 8 to 11 additionally
éomprising a control circuit to switch the value of the second accumulator info the
| first accumulator at periodic intervals.
30
- 13.  The automatic test system of claim 12 wherein the control circuit is
- additionally adapted and configured to determine the periodic intervals at coincidence

- points between the first clock and the second clock.
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an arbitrary waveform generator. 20 10. The automatic test systemof claim
8 or claim9 wherein the analog instrunent conprises a digitizer. 11. The
automatic test systemof any one of clains 8 to 10 wherein the direct
digital synthesis circuit additionally conprises a second accunul at or,

increasing by 3%5 the first phase, control value for each period of the
first clodft. =~ 13heepomatic fshtysten elanypsoérlogns &gyl bfethercompuste 8 to 11

addi tiona j 'Hgnﬁ t Jok Gl okt t he
second ac%ﬁ%ﬁ?ﬁ?@?ﬁ#ﬁko t gﬁﬁ?ﬁgg%mggggﬁakg%%r att§@9$%§P%&%E§%§%a|s. 30
13. The ao¢wrmuni ahé sdaptgdsandmoofigurbdicekatedrerespomse fosthe firdt chilckci rcuit is
additional ly adapted and configured to determ ne the periodic intervals at
coi nci dence points between the first clock and the second cl ock. 14 14.
The automatic test systemof any one of clainms 8 to 13 further conprising
at least one digital instrument, the at |east one digital instrunent
coupled to the system control unit and adapted and configured to operate
in response to the first clock. 15
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