DDS CIRCU T W TH ARBI TRARY FREQUENCY CONTROL CLOCK This invention rel ates
generally to signal generation and nore specifically to generation of
periodic signals in a flexible manner. BACKGROUND OF THE | NVENTI ON Di r ect

Digital SynppSTRCEUVEPHITH A RBITRARYERE C¥ CONTROE CEdic signals
where contr ol over one or nore signal properties I1s desired. Analog signals

can be generated with either the period or the wave shape controll ed

t hrough DDS. Elﬂgent n %lgt\éc\? ﬁ%&ﬂ@&gﬂéﬁ% ; oﬁ‘ﬁﬁﬂn%?é:stpgé'ﬁcm)tt'& DDS 100

being used to erate . wa en conver to "a two-val ued

cl ock. Diéhetfn cFpRiivéis sighnlsde & fiekibiimaner.ock CLKACC and a digital input
signal Q'nc indicating a phase increnment. The DDS outputs a signal FOUT.
The f¥equency of FOOT can be set by varying the frequency of CLK. acc

and/ or varying the phas idl&g;gﬂﬁmn'dﬁﬁﬁmwm tion, accunulator 110
cc on each cycle

produces a new out put val ue of CLKACC. To produce each
new val ue, thpiReDigithieRyethetibQ BRDES) is a téchnigus used togprherateqretiedics. As shown
in FIG 1, accunulator 110 can be consfructed from an adder ,110a and a

r egi st ersignaipwhergesoplpl Ryer AnQRICNeNsISiENg) Propertiseis desireds é‘lﬂg‘?ﬂﬁl&a Sinput to
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produci o ¢ aR_%; b £ t NRdBAL Ha6d ationship to
an inpu?&z g@gjnag#l.do}?(tern &%P%@?Bﬁ@t%ggg{%ce to | Iperarlent a sine unit
by pr e- casgentent gTidBDSroatpuits 2cignalthout. Thd frequiency efilédurean besasbyt he control

I nput. These pre:-conpute tput ,values are, then stored in a nenory at
| ocat i onwaaﬁss@%’%v?fﬂ%ﬁﬁmmmivﬁﬁmﬂ Fﬁhasﬁﬁﬁ?rﬁliﬂr'%tn@""c he control inputs

are gpplied i i¥es o BWbiithBOvdlik GRS one@hiytRd out put
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used) fquog‘éﬁd){r%@(g&e]l%' CLKACC. Eventually, the value in accunulator 110

overflows (or underflows - if negative values of (lll,nc are -2-
The value in accumulator 110 serves as a control input to Sine Unit 112. Sine

20  Unit 112 converts each phase value @, into a corresponding amplitude value, In the
illustration, the DDS signal generator is producing a sine wave, accordingly, the
amplitude values are related to the value ®acc by the function sin (@acc). Sine Unit
112 might generate the required outputs using a math engine — a circuit configured to
producing an output signal having a specific mathernatical relationship to an nput

25 signal. Alternatively, it is possible to implement 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 2 memory at locations addressed by the control input. In
operation, the control inputs are applied as addresses to the memory, resulting in the
required output value of sin (@) being read from the memory for each of Pac.

30 applied as an input.

The output of sine unit 112 is periodic. Periodicity ts achieved because of
overflow in acenmulator 110. The value stored in accumulator 110 increases (or
decrease if negative values of @y, are used) for every cycle of CLKscc. Eventually,

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



used). The full scale value of the accunmulator is selected to correspond to
a phase of 2pi radians. If the addition of (4r would cause the val ue of |
Acc to exceed 2pi radians by an anount x, after the overflow, the

.accunul ator stores only the value x..2As a result, an overflow of the
accurl at, g f1afd fif sSAEalfk bPe aBurhllR6f is Beledted WY tahndioaiphiaiiroiper i odi ¢
waveform wth ehe appropri ate phase rel ati onshi p mai ntai ned between the
end of orkpieadidra. dfithe ntiditioe of @Ri wouldfcatseshnvalue o®he to T¥reedidPiat i on of one
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changi ng 't ‘ue of Dinc Digital val ues representing sin (%g) are then
fed to a diAR paibdicwitorns ovithethe approprate phase eeletirmshipanaintainsg 8l .

Usual |y, filJter is attaghed to.th ut put .of the digital to anal og
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convepi e%mggﬁgﬁﬂiﬁmctdmgﬁner ate a clock of controlled frequency. 20

Because the requencg of waveform Fout is influenced bﬁ]éltﬂg&ifrequency of

CLKACC, it i s Digitalpaiss ipecsenting 1in (Pas) arg theaded toa PAL & CLKACC.

There are_so applicati ' ' ] | [l but the
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" exanpl e @FtheUfifita o AMbg CoiveRer tb Smouthame thequantbad stppal. pWhete.a $ibeG. 7 shows
in greatly sinplified forma block djagramof an 25 aptomatic test system
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sem condu For exanple a program rfunning on work station 810 - 3-
frequency. S

20 Because the frequency of waveform F,,, is influenced by the frequency of

CLKacc, it is not possible to arbitrarily sct the frequenicy of CLKacc. There are some
applications in which the use of DDS is desired, but the DDS must be compatible with
circuits clocked at other frequcﬁcies. 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 system sold by Teradyne, Inc. of
Boston, MA, USA,
The test system -lincludes 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 a 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



m ght change the value of a register inside tester body 812 hol ding the
val ue of (DO,,,,, to change the frequency of a clock within the test
system To fully test many types of devices, both anal og and digital test
signals nust be generated and nmeasur@d. Inside tester body 812 are digital
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under test gital pins are circuits that generate or neasure digital
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generate and asure anal oqg sigpals. Pat aLor |fles control
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Aut omat i Goh@adi, fAWAIRRAImdnSs %&%tmgﬁ@dﬁm%@log@i@hm it can test many 15
different types of devices. It is often desirable to be able within

aut omat i ¢ t estPatterngensmstor &6 prvides gostrel iapws tohe digdlakpigs 820 mdige ammabl e

frequency. ,An.e fy YeJo] | LLaary

wever or nrBuRE REARRR LS. TR beBBoRBL RREASKh IR nd il b

pr ogriamMeshitintest Ggnald shoald lar dehémedyor stvapaedis Mognsure ah acdurate tesrthe ol | abl e
frequency. In the E{él or .art, a DDS sjgnal generator 100 has .obeen 20 used
as the clagidonsrafithe digitahnins andithean ‘tgll“é%‘im@'aﬁi’ psthesyndupuesdes cont ai ns

an anal og..i astr .. o Qi | Ot - al elies on a
ook witeie ol aRts 2o fesTitthd sigh 6 that Shfbhbdrf Y oféfefiofliofthd © | 5
“because thRodd¥Rngighents within eberkedy &12. cl ock CLKAcc. 25 Pattern generator

816 or timng generator 814 m'ght out put co nds. or, control signals at a
di fferent fredtiipragiio fogt saytpmepn @lﬂ#%mr?gra@& : odhatdt S0 ESLIRYDDS easi |y

| nteng acaiﬁa?eﬂttg@és JRAEHReL Tt fshhften MBLifBle (516 bl within lithafX tést OCks of

di fferent requenci es. _Tn an automatic test system it is often inportant
t o cont r equipment forgen8@teradigitil shekiof alpeogremmablediaguendyn Agnenaowple okt r unent s

and digital pins, For this reasan,  there is a desi o] |
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DDS ci 1 cpfehrek 3 vAREFR thek dh b8 pfidrirfin@d int6 48 Glndst RBUEHY ¥higRarimgther - 4-
clock of controllable frequency. 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 aﬁées because the DDS cireuit is clocked by clock CLK acc.

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

In an automatic test system, it is often important 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 circuit is operating at a different clock frequency than otber



portions of a system it would also be desirable to synchroni ze the clock
used in the DDS to a clock used to control overall systemtimng. SUMVARY
OF THE INVENTION 5 It is;an object to provide a DDS circuit synchronized to
an external clock. The foregm ng and 4ot her Obj ects are achi eved |n a DDS

circuit havi,n ccu a erat |

accunul atRﬂm‘b%e‘;f%ﬁyﬁatﬁmaft vé"“i@ “‘?Sr"&g@ ‘%’Qﬁ’h aﬁszze éEl%?lﬁe re at i onshl p

bet ween thpsfis ¢ EURRGsESt0 da,gffbrwer@myeﬁeﬁl tihingcoi nci dence between the cl ocks
will occur. At these points of coincidence, one 10 accunul ator is | oaded
with the value of the other. In a preferred enbodinment, the DDS circuit is
used in automatic test ontrol circuit clocked at
a first frequency and DDSWYI@VOperatl ng atﬁa DDS cl ock frequency .
diffesent t harn i dtject to HroPQADDS citbuiBinEiroblzECH RTéxtinaI@RAW NGS  FI G

| illustrates priof art DDS circuit; FIG 2 illustrates a DDS circuit

operating in Mrwmdw@wabjeatsmmmmwaﬁféw&v W28 & he DDS
t; FIG :
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di f f er entfrequegy Meyd bh e reldofdBip Katwesrn the fieliencies) Imlmnﬂlpmnkts df agr am of

frequency mJItlpller that can be_used in the .cirguit i?i FIG 4, FIG 6 is
a f1 ow cteemmcideses between thegiacks &W@P?@Itﬁéﬂﬁﬁﬁ’%ﬁﬂis& CORCIORIC PRS Uit FI G 25

FI am of a prior art automatic test.
syst Qﬂ1 %ﬁf@&@%ﬁ%@gﬁa@% shows simplified block diagramof a
digital synt hq;:ilaSprefefredlbﬁlbﬁthﬁ’l’E:ﬁf, tlmg)DS(hlrnmtmlmyd;hmutmmauc testes a different

frequency than the DDS circuit, ig enera s 214 may be a
YDDS cir c gruipmephhadng ger@abmmhclmét q:?;?q a’aﬁ*ﬁfs ﬂ'é‘?nﬁ&?m‘z ) DDS 214 may
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date as this application, which is hereby incorporated by reference.

Regar dl ess of the preci %ﬁ%ﬁééﬁﬁ:ﬂ{}ﬁé%%éshe frequency at which

DDS 444

FIG. 1 illustrates a prior art DDS circuit;
FIG. 2 illustrates a DDS circuit aperating in a system clocked at a different
frequency than the DDS circuit;
FIG. 3 is a graph usefisl 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. § is a block diagram of frequency multlpher 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.7isa simﬁliﬁed block diagram of a prior art automatic 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 RESQOLUTION SYNTHESIZER WITH IMPROVED SIGNAL PURITY, filed cn



I's clocked influences the frequency of Foul.. DDS 214 is clocked by clock
CLKACC, The frequency of CLKAcc is, for 5 purposes of illustration, 75 Miz.
The actual frequency will depend on the desired characteristics of FOUT.
Al'so, as will be described bel ow, CLKACC is generated by frequency

“mul tipli i NGMickys hérgby Btorddratddasy fefavérioe. pr eci si on,
CLKAcc mﬁé%tg&ﬁ%?ﬁﬁg%gﬁ%fc@ﬂ@fﬁ? desire f:re@uency. A%(C’Ll?rdj'é gﬂr CLKACC
"nom nal |Régardiessaf theepreaiscgonstruction vEPD2 kn th Gy at yugh &g 8y

mul tiplier 212 receives arki ngut ffrﬁom a systemcl ock CLKsys, preferred
enbodi merif ClRRES csq he; WA FA%HR anal og i nstrument of an automatic
test system sypl 3% ifWGISADyLodkaSIK 35 TREH%Rnc Pk BLK dcs isafarl ock
generated by timng generator 814. CLKsys is used to ¢lock other portions
of the t quirpossyef ilustrationh7 B Hrat therag @@F@f@h%ﬁ@oﬂiﬂb‘i i ns 820. 15

Because it is aften Junportant f n I | Nte AWG 822, to
be synchrcbﬂlaﬂ?&s?ﬁ "tgﬁﬁt‘hgf” i?aﬁlsb%oqeg@'%gaggfg?é?%%ﬁ]s @%ﬁ%ga@s pref erabl y
derived %699% 5 lier281 25 TRRse Trelfhéacy Pnuliplice 212 dsd fisiysprecisBAD | s

pr ogr amme qre tive to CLKsys. Therefore, it is a,v%ntaﬁﬁous to specify

t he phasalﬁmcenightnmmamazﬂmhcewmdeﬁﬁm%awosﬁ% ¥ GFSper CLKsys. In
FIG 2, g phase jncrepent for cvel e of Ksys is denoted ~~nc_sys. In
oper at i on,ng htﬂasa‘&gg‘ﬂﬂﬁnﬁlfﬁ?qﬁﬁ{zﬁég%e ?}Ee&é’g%e a value of (D,,,, that is
appr qgri at e f qhequishly Wulthlidn2 BEfedéivtstdnGhp | famk e dydigm ClaCRALK LI Tniapl i er 210
converts (Dinc_sys to Ofic Bath frequency nultiplier 212.and multiplier

210 det empntfomed prabediment whers QY 214 15 asedingn anplos nstiimepLe{@bn CLKsys and

CLKAcc. My tiplie log Ao Eid H in the art.
For exampl m%ﬁﬁ#f‘ﬁ%ﬁ@%%ﬁﬁ% Sg%gﬂaesﬁéﬁnam’ %ﬁfséﬁgﬁ gﬁﬂd a digital
di vi der Gisdruiel bytinsiag igeoritor BbHp CLKsa s wiod puclockepthesportipapfithetesi nput
mul tiplied by the required fractLﬁon. {iit. is..rzslzstivel y easy to construct
ci rcui t s system, suchias ppitern gensrater §tO M gt gE20nc cor di ngly, scal e factors,
even.those tha, are i{‘ﬁ%ﬁe#%ﬁ&%?for%ﬁ@nﬁ@ Bafén@ BRiE RAWG EXRKESSi ng t he
scal €factor as a ratto of | tegers. It 3%_is easier to construct a circuit
to divi deeapsthirdidzedwolthe phyr rtsiofitledest system s Kyec iapraferablyrdesived ed scal e
factor than to_create one circuit that scales by a non-integer amount. The
princi pl &romsChKsys; WP)}“%&@T%I for scaling the frequency of a clock, but
(PrnG. Such ol e Sfefeh 830 & fhbfabinedstlivet® CRKGRMIRGHIONIALE SV 10
advantageons to specify the phase increment of DDS 214 required for each cycle of

20 CLKsy:. InFIG, 2, a phase increment for each cycle of CLKsys is denoted ®py sy, In
opetation, though, accumulator 110 must receive a value of @ that is appropriate for
use with an accumulator clocked by CLKacc. Multiplier 210 converts ®mc_sys 10 Prac.

Both frequency multiplier 212 and multipliér 210 determine their scale factors
based on the ratio between CLKgys and CLK scc. Multiplier 210 may be a digital

25  circuit as is known in the art. For example, multipﬁer 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
multiply or divide by integers. Accordingly, scale factors, even those that are not
integers, can be easily applied by expressing the scale factor as a ratio of integers. It

30 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



Frequency multiplier 212 may be a frequency nultiplier as is known in the
art. It may use a frequency, divider followed by a frequency nmultiplier to
produce an 5 output signal having an output frequency with the required
frequency ratio to the input S|gnal gLhe circuit of FIG 2 produces

‘'signals for _.and rQRdHeRcaifs At put Four
with the #BLET We?%@a?ﬂ‘ﬁl%% s"{c g&%)@ﬁ'ﬁ Q@bm Sijil nccsys has a val ue of
5, the ouhfn infhémti plier 210 equal S 5*(100M—Iz/ 75M—Iz) 10 FIG 3 shows

the results in a practical | enent atj on of t stem of Fl Curve
410 shows the quumuyawéuplwma mawbaéﬁqqa?nwﬁpﬁ%éﬁﬁhpr“ﬂm %‘%%‘i%u ng an

accunul ator fed by (Dtnc ﬁrggrp {ditolioe AS Can be
seen, thdt Wd’éeflﬁe&“@"gé@ﬂﬁﬁ crea lfeescgmﬁl#l olr'm amount for each
cycl e sof \gl al Fah @Weﬁyﬁﬂ%eﬂéquirhéfmqmwlrmcefd%ase value in

an accurrul ng fed by 'c and clocked with a clock CLKACC, In the
exanpl e, mhutamalo betvveen CLKsys and CLKACC Is 100 to 75 (i.e. 4 to 3).

For every 4 cy. eqiir ‘%fit (9%@ oi'dn%r g%@gq &@Cgm]:@&l@fngﬂdﬁﬂm

Coi nci dence po ndi Cat e every 4 cycles of CLKsys.
At these \afiedtBat ptdditSan umd@e\@ﬁnmarmirboycmqt@rishas Ferrpxag@ifeift i ne. The

cl ocks can be sai d to be nom nal l 20 Al so at
th ity haFca R A5, ey i@\@tgﬂ s 2f 0 ails S LERBARMILZD 0 3%
eqﬁ;'e p%m‘?’;@g?l Caﬁs ﬁ{a tts*ﬁ?a RfaQﬁcélm Mﬁieﬂﬁﬁo@bﬁh@@&stémoldrf;lép; nci dent

and ajioe not e col ence points. These differences result
from t he (g0t 4t daliovsthe avumimidated plfBe Value ifat Mluldfrpﬁlh frem cm#mgam val ue.

Al th ht be del th CLKACC f
Jbei ng LGB 56 by Do e ahd Slgekesyith 2 bREE CRRL"AS o BELAIPRe T EACT Trom
CLKsy, , ;J&gmﬁa @a&&%%ﬂlucéaseyshﬁﬁ ﬁ{améﬁ;iﬁmac}%ydlhbSCng t he

accumul a se val ue should be 3*(5*(4/3)) = 20. The nom aI result iIs
the sanme as |fC|A')r&412 siftyes avarree ofthie acqumulatediplaseinlye 81 an a¢ e 4

st o o od iy Bhnpene pIogi it I IS, B S ihIB BERER Befudar T B2

exanpl e, ﬂ% 43100 1035 (i 2. sV FRMeRay 3 é&ésaafcmﬁhhequal s
6. 66666. ¢ ﬂg}(gﬁ&i . circuit ((lzou amge coﬁrugte t.0 reénlB&sent this

val ue. ThhoulddieStaycles of €LKaat.dCoineidpasanoins 3104, 3 0&@%49 ¥eitry used
for corrput ations.w |l ve Lt Eﬁjg,rgg‘} f at her
than st ofVEy LeXFles PE ‘*(éltltg ﬁeﬁﬁon&b% fgg,l[ﬁl_.lﬁcy ave véﬁ’ll}g of 6, 6.

- 7- 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 Oy, differs from its nominal value. Also, there might be delay or other
distortion that preciydes CLK acc from being timed precisely as desired.

25 In the example, after 4 cycles of CLKgy;, there are nominally 3 cycles of
CLKacc. At this time, the accumulated phase value should be 3*(5*(4/3)) = 20. The
nominal result is the same as if ®p,. gy Were added to an accumulator in each the 4
cycles of CLKsys. However, it is not possible to produce in a practical system a
multiplier 210 that outputs exactly the right value. In this example, the value of @,

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), ®nc might actually have a value of 6.6.

6



For some applications, the difference between 6.6 and 5*(4/3) will be too
smal | to have a practical inpact on the operation of the DDS circuitry. In
the exanmple of FIG 3, the accunulated phase is 19.8 rather than 20 at
coi nci dence poi nt 310A. However, in ol her applications, this difference
i ght be si gni fog 8tthe apyslickasisheie &ﬁermed:emmﬁsﬁ mdgﬁﬁ(4lﬁkwnihbletq00 t he DDS

circuitry. For exanple, FIG 3 sh t hat tE g]erence en gurves 410
and 412 ~ gmelldo havemprcticat lanrast o &Pﬁ@#ﬁ%ﬂ @“‘*M PLTCHEY 'FF’é‘ Ee is
denoted a r Aperiods of
tinme, the%gﬁtgn%%@ej%mn% ??rgsr@ﬁ:gf\%rﬁ%%@@% 6dmshomgb§0%gjs circuit 400

that is nmﬂj“fdveﬂmothbrfpﬂciﬁtﬁmgﬁmvdﬂferﬁmdrhxghthmagmﬁemt@nd fimtb&r ci rcui t 400
i ncl udes an accumnul ato made. of éll“h@biter l Fob and a sumer | | GCa. One

input #o Jupseyements 1gg ﬁ@‘??@@ FFRst er 110b. The other input is 4
in,, derived f?ﬁph%lg’_ﬁﬁ;; Sﬂowyihaaﬁ%uﬁfﬁa&@be@&eﬂbmaﬁﬂw in

connecti on e output of register 1108 serves as the phase
control i pmws dteac Necessive chicideRee yimte This differencd is dewnipd @thht:o DAC 114

bandpass filter 116 and co 8.to
descri bed2¢yEiHlatepRassEISY: sbibﬁo@flé% 1‘1‘3951' (%FSEE‘E]& ﬁ\?% "bl
which is derbyed. trem CLKsy, by frequency nultiplier 212. DDS Ci rcw t 400

i ncl udes second accurml ator, with accunulator register 20 410b and adder
410a. 1@One of tﬁmummmalaosmmrmnutnssnoﬁlﬁ@dtgylmltthmmﬂthmput is the

contents of accu Al Cb. e 41 eplgsents the
cont ent s BhesgERY cﬁ’rcp’ngél“&ﬁ“dﬂ% CUW#%%TJPKQ &nggtv’tleg#dbc%r \?ae 412 woul d
represent oL e CPME M iRPutds SitidheA] Wa i§ AdivalwRiin rdeldiér 1 10BWTHE bthePDS circuit
3400 i ncl udes controller 414 t hat perlodlcally 25 res nchronlzes t he

cont ent s imputis uderived frosyDat sy inmolipkier 210; aedisenssednbove §) eqnegction) op.

rogi ster WESHOLE Khe PR LR s B i SRR 1,

causeps t hgpp, rﬁﬁyﬂﬁﬂﬂwmsz@hpka tVDAT %baﬁdpammlllm andcormpatent 118 tch CLKsy9.
As shown 1 n FIG 3, CLK is nomnally coincident with CLKsys every 4

cycl es ofgmamgndr%ug@ﬁdﬁ&ﬁbsdahoﬁ- noni nal poi nts of coincidence can be
determ ned by ,di V|$F@85 eghs?? llﬁgﬁ'seﬂﬁﬁ(eﬁfb %asg%afbﬂf(k“mchtlpﬁeﬁvéﬂaﬁ&ﬁt comon

factor of the £fg™ eéxanpl e greatest conmon
factor of CLRQ, 89dreqhency mitiptier 212.

DDS circuit 400 includes a second accumulator, with accumulator register
20 410b and adder 410a. bne of the inputs to adders 410a is Pnc_sys. The other input is
the contents of accumu?lator register 410b.
Curve 410 (FIG. 3) represents the contents of accumulator register 410b.
Without correction, curve 412 would represent the contents of accumulator register
110b, However, DDS circuit 400 inctudes controller 414 that periodically

25  resynchronizes the cori_tents 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 CLKsy,. As shown in FIG.

30 3, CLK is nominally coincident with CLKsys every 4 cycles of CLKsys.

More generally, the nominal points 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.



_8- Therefore, points of nom nal coincidence occur every 4 cycles of the
100 MHz clock and every 3 cycles of the 75 MHz clock. It is not necessary
that the resynchronization occur for every point of nom nal coincidence.
The frequency with which the accunul at®%rs shoul d be resynchroni zed s

* depends  ofhbRE 8PN 08holinaPEoihdiddned uoan evéry 4 cyeleh oftheil60 Midz cloek t ol er ance
of the overall appl lcation to such errors. Controller 414 stores the

required modivenry dicyplgs sbheds MERsIpskt hat nust pass bet ween points of

nom nal coi nci gence ﬁwﬂgq BE'H& diftifinoMyina t hi n
control ler 414 tt}agghne(gﬁssgrﬂgmﬁégo ro ?fat188 ge5| rg?f@;“q@ency of CLK.
10 Alt er ngéinyidknboe, rﬂueﬁdqumrwmowhﬁhblm mumulamds stoubtberssynchromizedst at i on
810, and | oaded into controlle Th Iue [ éfrabl yfg;t ored in a
pr ogr afmaderends gn the amaymg pheeor|t B‘E%ff“F%W‘ 8 leafmflg]@ﬁ P ¥ % ounter. 1n
operation ts a control 5| gnal when accunul at or

regi ster ?&%gﬂéwg'[ﬁagg%feysﬁleg)%ﬁg ronized with accunul ator register 41 Ob. 15
To resynchroni gentr6Xéi4]alsterss tﬂ&ﬂeqaﬂ's&nmmbermépulsmafcﬂ:u:synélatmuste}‘-laéi‘,tor 412,
Sel ector 412 has two svmtchable | 0 switc ts is
connect edbetyeen peintsrfpomig ca’@ﬂ’élF“%iEﬁ’m e'%ééﬂ“‘@?ﬁ&ﬂ?‘&ﬁ@ﬁ%“&ﬁ i sel ect or
412 sw tChetﬁet&%ﬁrﬁﬂgrp {4 pa8La &?Qeﬁlg%éorﬁﬁxl]ﬁ& ﬁl@ﬁeﬁﬁﬂ'ﬁcqﬁénc?fdfmﬂﬁ,at or

regi ster er sw t chabl e 1 nput™ of sel ector is connected to
the oy puhlteinaﬁﬁelﬁ,mmmhﬁeebomege somputéd, s@th adipovork statiey Bthaodi zat i on,

sel ector 412 switches_conten s acc [ e ster 41 the input
of accuwl“&@?ﬂfﬂ#‘éﬁﬁw 44t et‘ﬁPEc m’ﬁi’) %5?55: (?8)%1 Ral 110b is
peri odi cally of GRAAGH REh &e@r@ﬁ?erfohﬁ caﬁ«ﬁwmh@b@duﬁn%aﬁuom 404 od@aa ot
ycontinue to &r oW as 'shown i n was described above, at a point of
noni nal cedmel shgndevheﬂaccmndla@tmlgﬂr 121@b§h@dd he srsynehremized Witheous| y .
However, it is, possible ﬁ at the CLK and CLKsy6 wll also be out of phase
because oFCCHRRlAIRRTEESET4 P ¢ he generation of the signal CLK.. To avoid any

timng errors 2§5Q9h@haiz¥cohtréir314 3geAy fiRGYntrslditicb eeleddPPl L ont ai ns a
reset input that I's generated by controller 414. Controller 414 asserts

this res eseleatpnm:&atlastlwg switphebbpinputse Qnieref thegwiishable Putsds genmeeisrhio

eeui ng e PERLET Eaen i AE Sl Ao B Hons MR e SRt RS

be swi t chgchdaeh idado thel iBpit cFladhintulatbeitigistearidld.y, it nust be ascertained
t hat both
The other switchable input of selector 412 is connected to the output of
20 accumnulator register 410b. Upon a resynchronization, selector 412 switches contents

of accumulator register 410b to the input of accumulator register 110b. In this way,

accumulator register 110b is periodically resynchronized and the accumulated phase
error do¢s not continueé to grow as shown in FIG. 3.
As was described above, at a point of nominal coincidence, CLK and CLKsys

25 should occur simultaneously. However, it is possible that the CLK and CLKy; will

also be out of phase because of inaccuracies in the generation 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. Controller 414 asserts this reset input at the

appropriate time to load the value from accumulator register 410b into accumulator

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 ascertained that both

CLKsys and CLK have reached their nominal coincidence points. If the value is



CLKs"5 and CLK have reached their nom nal coincidence points. If the val ue
Is ..9. |l|oaded into accunmul ator register 110b before CLKsys reaches its
coi nci dence point, the value |oaded into register 110b will be an
incorrect value, reflecting the value%n accunulator 410b before the

coi nci de”&ﬁd@&’hﬂé accaRRYAbSlster | 108 beforeat Ly, madhenite doincidencerpogitsther  110b
before CLK reaches its coinCidence point, the val ue Lo&@ed into 5

accurmul at ealue kgided irto wigisteri 1 0b imall by ap incoractagiueetetlegting fhe VBNE hhen cLK

reaches the coincj C i nt. tha ' - t nd

t her ef or e ﬂ"{]g)%;ﬁ?"rgﬁlteo ﬁ:gﬁcnégi‘%ﬂ%ﬁﬁsgﬁfgr@ﬂ@g%ﬁ lgghegont roll er
414, that uﬂ@?@gﬁﬁiﬁ 198 BbfRt CEKURA RS itk chinbidendelpaint, the ealuehatided orial upon the
occurrence of ot

er signals are well known in the art Q Tradjtional
desi gns t eadrmimmbater registed Wil initially heothe semed Vf’iﬁ‘ﬁib‘ﬁ Sthgp i%&JFa@Eiﬁh&t er 110b
occurs at the desired ti SETRE ' | I abhad thant 0 use a FIFO
to ensurec‘?lﬁ?ﬂl%lwgg’ %P{;ﬁm%ﬁl&‘ﬁé@g’ﬁ&%ﬁ agmzfre | o%g%%yai nto accunul at or
110b corr gebir¥et VaRle. €xanpl e, controller 414 could include a circuit to

count pul ses of CLKsys. Wien CLKsys, 15 reaches the, coincidence,point, the
val ue of accunGiontroliérs sgeh ascoptreHerdt 4nthat ganeratq gairol %&H%]F‘B fgps tﬁt

4 woul d

al so count_ pul ses_qgf CLk. r ' | R oi nt, a val ue
woul d be %ﬁBE%aPP%irﬁpPﬂg’ﬁ%%@%”%&(‘)’%ﬁ%@ﬂ% %r%a‘gég]urml at%ﬁﬁiiﬂgb. In this
way, ide TRl adstrmatiitquss vbuldbe usabiensir that apdatinglafregisteelfi0dt er 110b

at the appropriate tine: 20 The size of the FIFO need not be large. A FIFO
with two etcorseajdhe drered §M¢- woul d |ikely be adequate. It is also desirable

to synchroni ze gL wfih entafibrGs 15 uSOPFC fBainsurb e vaIeY from ti pl i er 212

yis preferably 1iplenented by a frequency divider 510 followed by a
f r equenc yadtinislaoor 410b ailoadidintteaccarblaterd 16b cersectly; Apuexample, i s used for 25

synchroni zatign. Wen the reset |line is assert nd ed, the next

i nput pul e@troller 1%%@%%%&%@&‘F%‘EFP‘fr‘ﬁeér"%ﬁ- @g%géf' Hl ses will be

produged ﬁ%cﬁe:g%éjéo\f#(qgéhce Péﬁlﬁ,-thé:%ugﬁﬁiﬁéhﬁulaitér Aoy igarshed Bito theffIBOr anned t o
y 0 oc

divide b , every ur ¢ pul ses at the input wll, result in a pulse
at the oqu&ollﬂ'4di&1Wudhial§m6Duntpulsmﬂaﬂﬁsmnéﬁhﬁﬁ%mmqm‘ﬂ CBut put of

divider 510 is fed to equen 3 i plyiser y
mul 1 pl PO aRBRv o PE RS omt e RAEDRYIGHasg Do abBEfymtf IMETRY )
For each @il w8y gPatpréRidtdiealidivbilalbei10aieR itto 2t Gmutulot rqgfister 110b at the
appropriate time.
20 The size of the FIFO necd not be large. A FIFO with two storage locations

would likely be adequate.
It is also desirable to synchronize CLK with CLKsy;. FIG. 5 shows that
frequency multiplier 212 is preferably implemented by a frequency divider 510
followed by a ﬁequenéy multiplier 512. Divider 510 has a reset input that is used for
25 synchronization. Whe_1|1 the reset line is asserted and deasserted, the next input pulse
will cause an output pulse. Thereafter, output puisés 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 wiltresult in a 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 51 2, multiple
pulses are generated. However, 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



pul ses are generated. However, the first output pulse will be generated in
response to the pulse that is output fromdivider 510. Because the out put
of divider 510 is -10- synchronized to the systemclock after a reset, the
first pulse out of multiplying PLL 518-is al so synchronized to the system
- clock fol kanhRthized'te SIR sys@elbekoatter atreser) tad fifst pulswout pf mulltiplpng #LIshoul d,
preferably, be done when DDS circuit 400 is initialized to generate a new

si gnal . | 612risgiiso oypchronized (o the sysee clock foflowipgamRsebt noni nal coi nci dence to

ensure that any enrors that - ik héapt of
synchroni zati o ?m‘f—qrﬁ“z%w %gﬁi%ﬁgéqcyg@vh %ﬁgérrg w%@&ﬁ{%ﬁr?gtw(ﬁgahg?pﬁper ating a DDS
circuit. Bpstirmit M0Qs idifkdizpd asgenerats o ighsl. Jomight optionaliy be denmat

appropri ate phase increnent for the S circuit. The s e factor is a
fractidn hﬂomh@f%@nmﬁgc%%ﬁ’r@ﬁ"&?&eftsﬁ’@“‘?té&ﬁéﬁegf t@?t qcﬁmdi?g?g?vlv(t)}he of the DDS

and as it ) ]EJPB ncy of operation of the system providing
Il nputs. A °§‘?ﬂ§®8@?8€sc 08&12 aving the desired frequency of the DDS is.
generated. PrBfGrédhows atfluve cledrosfkhe methedef aperdting/a DER ¢ireyitt 1A stepequency of

t he system clock. At steps,614 and 616, phase val ues are acc ated. Ste
614 i%di cblh the phase W%%awcelas {RRroxidg aﬁéemrlgtféﬁa%‘?tm‘ffﬁ‘é‘eg\ﬁ? cl ock P

fr equencypplitifufC GHEULAL Etbrisa AR 1Sfhe'H N RiARAINE BERNCcPBEC! T ed in
relation To the systemfrequency. At step 16, the phase increnent
accumy at epbrationiuittselDBS avidess it Henorsinator thefragientyaf opeation pEdesygymor t he
DDS cl ock determined at step 612. At step 618, a check is nmade as to

whet her tPEVISH WPYSK and the system 20 cl ock shoul d nominally be

~ coincident. AsaflgssbiDatisiMOinglthé Jestes iﬁ%'geéncg%mﬂtaeomd@genlam@unt ing
ypul ses of the systemclock or the generated DDS clock. As an alternative,

“wher e t hePrdferitdy,ghisedodkds gensratediby BBEDE theckequmery afdhgiiaraelodal ue are

small, it could be ssi bl e tqg detect non na o N, kNC] ce

observi ng vvhen‘g‘i ﬁﬁpsp |6§gk@1a5%yﬁg?soaéaagcguyﬁlﬁﬁci-nétgp §§T%fq%1%gérs]gﬁdr error.

AL thi'TsS &ﬂiaﬁévaﬂbésﬂ%ﬂunﬁﬂ&@@aﬁﬁé%nbb@k fleh@enel 0Tk ashamblgtideiscoi nci dent .
ur tther

As a alternative, it mght" be possible to detect coincidence by
noni t or i ridpneee theqbasd increthephspseidicd én wlationdd tha systemefsenuencly. HHEtePL6. Wien

t he accumyl.ated,phases are equa 0. W thi l, ' i ght be
det er ni néd S tph%;éngchteﬁgacgﬁgﬂjaac dtoce0 0] eEIC# 5%&%@9& ?cﬁ’gjﬁl%geldn% t}flfrnnd
synchr oni g@ubiey FRESDIDSEIeek dabrdtified AQtepegar dl ess of how points of noni nal

coi ncidence are detected, if for sone
At step 618, a check is made as to whether the DDS clock and the system

20 clock should nominallf 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 DDSZ clock and its nominal value are
smali, 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. Wﬂen the accurnulated phases are equal, to within a small error, it
might be determined that the clocks should be coiticident at that point and
synchronize the accumilated values.

30 Regardless of how points of nominal coincidence are detected, if for some
cycle no coincidence is detected, processing returns to steps 414 and 416, where
further phase increments are accumulated. However, if the accumulated phasces are

nominally coincident, processing proceeds to step 620.
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cycle no coincidence is detected, processing returns to steps 414 and 416,
where further phase increnents are accunul ated. However, if the
accurul at ed phases are nomnally coincident, processing proceeds to step
620. 10 - 11 At step 620, the phase-gatcunul ated at the systen1c|ock

frequency s ayBshiohtlEAAR ichnHIASR (B8 HIBM AbEK refubp DS 11 cquency.

As part of this st DDS cl ock m ght "al so be resync roni zed to the

syst em cl abstitufal iﬁeﬁmrphb&chcahnuhtedat thed2D$ &lefyenoyr Asprrhiodthig stap.ibe gener at ed

|nawaythat 5 al| efre %Fyof t he &agﬁagto be changed (i.e. the
o

signal is 9@‘?1%‘)1““ Hls‘é EF%"W thesavte k anal og or digital
i nstruments '”fa QedbOaBbdve, éﬁ%ﬁ:tr szﬁxﬁgkfgfmlldanbetghﬁérata@niamyﬂms where a

pure, agile, I's require bove described system can ?qe?usedto
i ncrease iltnevsathelﬁ]eqm;ncybf &emalwcﬂl@n&ﬂda{w dhe ﬁéll{bw&le&ﬁé‘f@?ﬁ Koni zed

or ogr am G e ok RGN e I ARY AR st SRR D
pattern ﬁ?ﬂ&a&hﬁﬁﬂeﬁ%p@%@@ﬂé‘%mk@mﬁﬁﬂﬂito change the frequency of

t he signa rated by the S.” Such a command might conme in_the form of
a new val ue ofThﬂboo'eslyscnbﬁ\eymn@ebm@ﬁeﬂHEHWQ)WSQPWOP fad?PPng can be

made by ch I ncrenent .co hroni zati on
T5 1 nt er v Iagire D gy BT 1 bt RS P e
al teffbat' f“%w %ﬁamgﬁmnﬂﬁgﬁphﬁoms based dasominheds Abaviaet hat a FI FO

I's used er“the outﬁut 0 ccunul ator register 410b untjl the
appropri aﬂyetem rorfesampleapattem ganeraiond 6gnightprovide ageaimandde shange st er | |

Gb. Wth ropriate buf f er

ythese val %‘E‘ &?ﬂkes@ﬂge%rﬁtge g&%%b@r F%EHPE esc?ﬁi)%gn%iﬁélt@pm nts of

noni nal  cfgiri @f d @B eevaiteofdR] a6d %elmhaugwutthmw pmgmmmﬁ se@ing canbe, . Because

CLK is derived from CLKsy the result co R \%SE achi eve countl ng

pul ses ofma%ycmma&epm@mm%awmén t£b Iﬂeﬁ%re%l‘gv@é‘#ay gti ous

quant i ti egte%;(fe ]gbe aftam 10%5':@01@3 appreciated that the circuits
edt

and gt hd 8% &Y even if there is inprecision in the
conput at ik altm&&ve%mmé)pmssxbdﬁ their values are approxi mated. Al so,

certain funct II;)Orll'aelxlﬂ.IEl%)/lel, SISSCEIEO\ML DVE?E]Q% ale}g[liléllshuaswwaffer the outputoo%r tions

accumulator register 410b until the appropriate time for that value to be stored in
accumulator register 110b. With appropriate control, a register might be conmected 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 CLKs,.. Because CLK is derived from CLKsys, 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 cixcuifs and methods 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  circultry.

What is claimed is:
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of the functionality could be inplenented in software as part of the setup
of the 30 circuitry What is clainmed is: | | -12- CLAIM5 1. A nethod of
synchroni zing a DDS circuit clocked at a DDS frequency to a first clock,
with a first phase increment of the BIB-being specified for a period of the
first clock, conprising: 10 a) generBAIMS a clock at the DDS frequency from
the first clock; producing a DDS phase increment b aling the first
phase incﬂenenr\méﬂw@pf)wgﬂouﬁm&ﬁ P@Wﬁtﬁloﬁ@%@rﬂpﬁieﬂ‘@gﬂéﬁéy of the

DDS cl ock_.and, the fr ency .of the f I , Bl t he DDS
phase i ncﬁ’é‘ﬁﬁﬁwkiwﬂéa %%gpﬁ%d%?rgpgrofWeﬁgpﬁbg{i’%gp%@ﬂ%?ﬁ%{ﬁ* P %%1 Egtﬁhei s
cl ocked by bck! Raltprdingt he DDS frequency. 2. The nethod of claim1

addi ti ona fy conprising: a) accunmul ating the first se.increnent in a
seconds accurmul ak or , genesatingdcdonk %MS%%PEQPD’G%%H%%SH]@G irst clock; 15

b) periodically, replagi ] qggg{. hdrbmédie val ue
In the second g)ccu o&%ﬁg%?ﬁ)%ﬁ%&éﬁ&c%ﬁ&@#?@%&ﬁ% Wnsg gii{sﬁ%iéri odical ly
repl aci ng the val uein propditiohRSthe adtivliratlvednche Groquenicy of therl2PS atnckgud he val ue
at an interval determ ned by the ratio 20 between the DDS frequency and the
frequency of the fithedreanenc of thecdiietlptkaadd claim 3 wherein the interval is
an integer nultiple ' . ¥ | k and the
frequency of t??e fi?cspmgl[hgggli%%?gggg%%lﬂ&te ﬁgﬁﬂg@ggfgg?@?ﬁ%ﬁf ﬂhﬁfm e of
the fig st clock frege®nS ciaad thinds EBEkdd mgthe clogk aPthe DD fiegquenchiod of cl ai m
2 wherein periodically replacing the value in the DDS accunul ator

conpri ses replacing the value when the DDS cl ock and the first clock are

nomi nal |y, coi %%’%@flﬁ“dt%ﬁgﬁi&g%dmhﬂ%ﬁpﬁh@m 2 additionally wherein
a)

ygenerating a _
' accumulating the first phase increment in a second accumulator, the

second accumulator clocked by the first clock;
15 b) periodically replacing the value in the DDS accumulator with the value

in the second accumulator.

3. The method of claim 2 wherein periodically replacing the value in the DDS
accumulator comprises.replacing the value at an interval determined by the ratio
20  between the DDS frequency and the frequency of the first clock.

4. The method of claim 3 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 greatest common multiple of the first clock frequency and the DDS frequency.

25 ,
5. The method of claim 2 wherein periodically replacing the value in the DDS

accumulator comprises replacing the value when the DDS clock and the first clock are

nominally coincident.
30 6. The method of ¢laim 2 additionally 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.

12



frequency conprises generating a clock within a frequency scaling circuit
and the frequency scaling circuit is reset when the value in the DDS
accurrul ator is replaced. 12 -13- 7. The nmethod of claim?2 additionally
conprising changing the first phase -1herement at a tinme synchronized to

- the firstyclocky,. ARARHAIFWRirh 2 adaRIBRAIA dddibrisinpestanging iR fyspphesonprisin  a) a
first clock having a first frequency; b) 'a control 1 nput; a frequency
conver si Oimcinehtiatta thave sympheemized pothezftret ddeckout put, wherein the input is
coupled to the first clock and the output is a second clock at a second
frequency; 10 d) an arithmetic circuit having an input and an output, both

the inputgand k. ﬁargﬁgw h&h i BRHREEE compdbiggt al values with the
out put havi ng aB val ue pgro O??gl ogal to the input, with the proportionality

defined by thea) rata firsstlockbaying 8 first feguensyy and the second frequency; a
direct digital, synt hesiuslci E]‘f'mt having a control input and a clock 15
input, with th® cont FIYS ARG connected to:the output of the arithnetic
circuit and thg cl ogkeiupey conpient detuithaving aadammednd iooltpu wheteén appar at us
of claim$ addi'tionally wherein the di re?t digital synthesis ﬁ”:cuit

conpri ses an accunuthatrput isgpupled to hafirpie %Fké’é'atth%‘l’u? &2 seend €18 appar at us

2D additionally co rais%g&daﬁ'é:qt?lgﬁc{yo' circuit having an output coupled to the

control input. 10. ThHe dpparatus-of claim9 wherein the output of the
contrgl circuid) i s @sasihinetic eifcuitimwingdindnputtand un batppt, bptirthe opat and t he

first clock frequency divided by the greatest  co mul tiple.of the first
cl ock frequency andtheRetPEbBIRGrPreRed 2e gﬁlcxglueggn%e?ﬂtgu E] us of

claim9 wherein the, ggeunylaton ¢ Eﬂiiﬁﬁﬁ!w{}ﬂ%@ﬁ}ob&%ﬁalﬁﬁdcﬁibd Wuhput and

Athe apparatus additionall'y conprises ‘an adder ‘and a selector, the adder
"having at |east tworatiopfitts fasidramenytqudithasedondifegueney;t or havi ng at | east

two switchable inputs, a. copntrql .input. and an output, .th ut of the
accunul at or 303)regi%@é@tgﬁlﬁgsyé‘&?ﬁﬁgm%ﬁl%?)@q (it R agtr&l?he adder and
the qutput of the aiﬂﬂ%witﬁ‘?ﬁé‘%bntﬁﬁpﬁbﬁﬁcﬁﬂe&é@tﬁhe blipusyf the batlmeticnput s of

5] e

the sélector and the tput o :
circuit and the clock input connected to the second clock.

9. The apparatus of claim 8 additionally wherein the direct digital synthesis
circuit comprises an accumulator register having a control input and the apparatus

20  additionally comprises a control circuit having an output coupled to the control input.

10.  The apparatus (;f claim 9 wherein the outpﬁf of the control circuit is asserted 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.

25
11.  The apparatus of claim 9 wherein the accurnitlator register has an input and an
output and the apparatus additionally comprises an adder and a sclector, the adder
having at least two inputs and an cutput and the selector having at least two
switchable inputs, a control input and an output, the cutput of the accumulator

30 register 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.

13



sel ector being coupled to the input of the accunul ator register. 13 14- 12.
The apparatus of claim9 incorporated in an automatic test system having a
pattern generator and the pattern generator is clock by a clock
synchronized with the first clock. {p413. An automatic test system

“conpri st ngy SYﬁééﬂéﬁ?&ﬁgﬁclﬂﬂiémﬁ brited il @n Aufohdatit test opkenahaviag 8i r st phase
control Vvalue specified relative to the first clock;  at .I%ast ne anal og
i nst r unenpatgengermtitoard the pittem geletaior inclork By aiclsksynelirgnized WY fihesi
circuit, the direct digital synthesis circuit conprising: i) a frequency
conversi_oﬁrSEFlPElErit havi ng an input and an output, the input coupled to the
first clock and the output providing a second clock, the second cl ock
synchroni zed to the first clock; d 1s an accunul ator, increasing a

pr edetser nthed Anourematioitesé system pMPAINZf t he second cl ock, wherein the

predeterm ned anmount _is derived fr fir GOEKs 14. The
aut omati ¢ test‘%syst@fﬁecgcfc?ﬂ%é’:l nggoﬂﬁgin@ianﬁ%wg anadog |{1@taf%ﬁ‘%drj1lﬁ’] conpri ses
an arbitrary wavef opdm@sreifint @¢lativ¥lo e firfheocyt omatic test system of claim
13 wherein the analog instrunment, conprises a di(gi .;ti Zﬁ{c l&s ;Lihetautorratic
test system ofb)l ai zhlezst epranalog insimmsnt gencraiingia digital glack xatlia digect 7, o'y
additional ly conpri gses ,a.syslem.acc : | isfdef St phase
control value for e@gﬁdﬁy%g%gg}'&?‘hwtﬁ&ﬁ%ggﬁtﬁﬁg a‘%@?ﬂ@rﬁwfﬂgi c test
systeg of claim 13 gddi taﬂe@Jehyye@mfsimﬂmuhhaﬁngmﬁnmjtmam output, swi t ch t he

val ue of the system accunul ator into the_accunul r a eriodic 30
intervals. 14 Y the input coupled to the first clogl]fl an%t%e ou%pup providing a

second clock, the second clock synchronized to the first clock;

and
ii) an accumulator, increasing a predetermined amount for each

15 period of the second clock, wherein the predetermined amount

is derived from first phase control value.

14.  The automatic test system of claim 13 wherein the analog instrument
comprises an arbitrary waveform generator.

20
15.  The automatic test system of claimn 13 wherein the analog instrument

comprises a digitizer.

16.  The automatic test system of claim 13 wherein the direct digital synthesis
35 circuit additionally comprises a system accumulator, increasing by the first phase

control value for each period of the first clock.

17.  The automatic test system of claim 13 additionally comprising a contrel circuit
to switch the value of the system accumulator into the accumulator at periodic

30 intervals.
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