H GH RESOLUTI ON SYNTHESI ZER W TH | MPROVED SI GNAL PURI TY This invention

rel ates generally to signal generation and nore specifically to generation
of peri odi WelgF: [T I TNT VA AR EPRUVED stONRY PERTPY ect
Di gital SyreHESi=s =t __ Fr-— et 2 per frc signals
where control over one or nore signal properties is desired. Analog signals
can be generated with the period and the wave shape control | ed through DDS.

10 Fig. 1 showsThistinwntion cekates Pberally thsigesd eenesatianand morsstpedifigalbeiong used to
generate a sine. waye that .is.th cony ed to a two-val ued cl ock. The DDS

100 recei g%@?“&f@%ﬁfﬁ%ﬁ@”ﬁ@ﬁ@%ﬂ&& and a digital input signal Onc

i ndicat§ng a phase increnent. The DDS outputs an anal og signal Fout, The

frequency of Four can be set by varying the fri&l&ency of CLKACC and/ or
varyi ng the phase i ncr enent BACKGRO BRESVENTYAN accumul ator 110 produces

a new out put value tl. a ; ¥ | }%i“ each new
val ue, the accubﬁ'leﬁttlé\g]q[i}lﬁmggﬁYm j?%aﬁcgiﬁﬁ%e%%eln—grﬁg nts.ﬁﬁFI G 2 shows
a bl ock di ggrATWaEreRBn@EICVEE b Gtimors sighalgRopestids hodvsired. NAtdlag sighals 20 The

value in acCunulator 110 serves as a control” input to Si nz:?u it 112. Sine
Unit 112 coanimrgenexatediwifththe pexied and thewers $hﬂp@°@ﬁ@5¢4%§%ﬂh lﬁg anpl i t ude

value. In the }llustration,..th P : | 1501 | ng a sine
wave. Hecor di ng*}lﬁ; Y F#‘n"é"s %ﬁ%‘?‘ﬁ’?ﬂ?@@ﬁ?@lr&gﬂgﬁ'}g@? ﬁ?)%ﬁfemvb}f‘%re%% , by the
function spdnetddGad wabe it idihén chhdertadite htwoealaeditiock. NEha BDSI 106d out put s
using a math engine - a circuit _config rﬁid,tiq 25 produce an outsput si gnal
havi ng a syseeives an asgumualatoriclosk GLElage pefha dighali Py signal i ndicafipg 4

Alternativ it ] 4 ' i neTHok nputing the
Fequi red ol PAFDRS ity SREIR YAl R po THE B qicPLETGR
pr e- conput & belskPby varyiak desfrequendydfiCIK o and/onvaying therphase inkrownt ons
addressed by the control input. In operation, the control inputs are
appl i ¢ asPwddresses to the nenory, resulting in the 30 required output
val ue of sin ( heing read BRR GEycle appl i ed
as an input. S&E@@apgg’k#ﬁp" a ng??ogﬂ%% m%ﬂ%? {%l.ﬁ@%°%eg cle

of clock CLK scc. To produce each new value, the accumulator 110 adds @y, to its

current contents. FIG. 2 shows a block diagram of an accumnulator, such as is known
in the art. 7

20 The value in accumulator 110 serves as a céntrol input to Sine Unit 112. Sine
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
amplitudes are related to the value @ by the fanction sin (®ace). Sine Unit 112
might generate the reqil.ired outputs using a math engme — & circuit configured to

25 produce an output signal having a specific mathematical relationship to an input
signal. Alternatively, itis possible to implement a sine unit by pre-computing the
fcquired output value f_or each value of the control inpuf. These pre-computed output
values are then stored fn a memory at locations addressed by the control input. In
operation, the control inputs are applied as addresses to the memory, resulting in the

30 required output value of sin () being read from the memory for each of Qe
applied as an input. Such a look-up table is shown in FIG. 3. '

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. Evenmally,
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The output of sine unit 112 is periodic. Periodicity is achi eved because of
overflow in accunul ator 110. The val ue stored in accunul ator 110 i ncreases

o kace” By e JraBbEr T Siebut i el fepiuiptiseranenel |

- i f negat ipsedy athedsll sdaldvalucdithe ht&:ﬁdl)llatoTliﬁeieoteH ttscm'mpmd m phhsetdfe
accunul ator is selected to correspond to a_ph 2pi z‘z’ins If the

addi ti on of2piradians. Wb# additionsef Ppneveuld gaisethev 3088’1\@ radi ans by
an amount x '%nstlgfl ou%\[?rz[t’{eﬁﬁﬁc ov&ﬁlo@f;ﬁtégﬁﬁlﬁlﬁlﬁﬁt &t&regﬁ vilitey, val ue x. 5

As a result ow of e accunul as t e sarre ect as starting

a new cycl QAs@fesﬁlhenmeénﬂOdn of theweehmulatorvad &eshnemuaqw‘taMg apnhu‘wble
rel ati onshi p maint al ned between the end o pS}Fone cycle and th i nni ng of

the next cyedithe periedicavpvatoranwith thiapPEQpEiale phpseTRiat TggIRfagn g‘?"‘ﬁﬂ be
controll Edggé’elﬁdeéfﬁf’éh??ﬂofWm%'bgﬁphﬁ‘gt"i’h‘%%;‘ lgccurrul ator 110 to overfl ow.

This tine hangi ng e frequency of clock CLKAcc.
This tine can alTie daationof oud éyetb éf;thewhmﬁgmm,u,tchmhuedamlledbgaltemm gi tal

val ues representl sin ((D1 are then a di aI to apal og
converter, éégEA@flaf éQ)FPWé’tefi“ t@?ﬁ?’@eﬁ Bagﬁlﬁm 0g

si gnal . ed ﬂi‘éiﬂi‘ﬁ gital to
anal og convleig'i@g'thgﬁfehoént%% {@D%F‘E’g‘]}‘é‘: qﬁg%%ﬁgg Sl gna‘fgnht\?\;}g?gya si ne wave
i s requi r egharghsg the vilee of @yl.i kel y a bandpass filter because a bandpass
filter that i nclydes the desired freguenc Si,n ve Its pass
band will incred88 Pfélue%'ﬁﬁicﬁ?’gl“gﬁﬂ’rﬁhf?a%fﬂ?%dgq %ﬂa Qogll gital
signal, SughdtioR EAIPRIDAC 1A SHiEtm LRAnER T QQuﬁtﬁé@énal'@’sxﬁﬁlfed to a

conpar at or td square off the signal the DDS signal generator
provi des aUsgdlly; afiteniseutached dé thei csuput of tyadlgltalte analog oonverttr ©smool! | ed

Apiiing ch %ﬁ‘ﬁﬁs@aﬂ@w 906 phe s el B sUBER by URORAASE [ (e
signal F,, gitePRREANCS Afdpdst filt that ifcthil el dbstrad fr6duepdsy of tRE sinpwadé e

measur enent app |cat|ons requiring a cl oc,k low jitter is inportant.
Ther ef ore, ltspaamnd%mrw&edm&@lm“@t}f@fﬁﬁm a DDS signal generator

W th high 25 SHS % sf;g%élleglycrhaagi cloa}:%pis d%ﬁltcdotﬂem%fmgnﬂﬁdyan@fgd{quuency’

but lowjitter,
comparator 118 to square off the signal. Thus, the DDS signal generator provides a

20  convenient mechanism to generate a clock of controlled frequency. Where the DDS

signal generator is being used to generate a clock, spectral punty is also important.

Lack of spectral purity in the signal Foy, appears as“jitter” in the digital clock. For

precise measurement aixplications requiring a clock, low jitter is important.

Therefore, it would be highly desirable to provide a DDS signal generator with high
25 'Spectrai purity. , ‘

Ono application whete a variable frequency, but low jitter, clock is desirable
is in automatic test eqéipment. FIG. 8 shows in greatly simplified form a block
diagram of an automaéjc test system 800 of the tyﬁé that might be used to test
semiconductor chips. An example of such a systezﬁ 18 the Tiger™ {est system sold by

30 Teradyne, Inc. of Boston, MA, USA.
' The test system includes a work station 810 that confrols the test system 800.
- Work station 810 runs test programs that sct up the hardware within tester body 812
and reads back results'of tests. The work station also provides an interface to a human

operator so that the opérator can provide comrnands or data for testing a particular



Is in automatic test equipnment. FIG 8 shows in greatly sinplified forma
bl ock diagramof an automatic test system 800 of the tyke that m ght be

used to test sem condquctor chips. An | b t he

Ti ger TM teM%?éF@%‘ﬁ PHOLS _W§0%EW§%%%“W§?3’@%@US A. The test
system i ncl &mg%% ﬁ‘r‘egaéﬂc%f% Bck bathinaRe fekilyStemitsy dhesging tietvalue®0.  Vor k
station 81 uns teést prograis that set UP the hardware within tester body

812 and r eadgistsainsidedestirthodyf12 holdiog uefidst at i on al so provi des an

data Tor test | nol iR EaRyPret fAdiths b0 AREE AhPhiheRBaR BB RN O
programs I yHeRgaR M@ ieadidéd. Tnsidd fosterbailyta 16 hrodigitdl Hpink" 82l mdcapalof a cl ock

within the test system by changing the value of a register, inside tester

body 812 hdhstiumentsi 8y Boteareicomected torthefdayiry undss test 830 gkl Pingrargieyi ces,
bot h | og.and digital,test signal d d.
hsi dot es iy ot R gt & heaind ATeie THEls o S HRaE AR AR RS O g

Both are CQuAREH SMalop ifdhanilale RReriBdRd mcasite #albg stirglst al pins are circuits
that generate or neasure digital signals or DC voltages, and currents. In

contrast, anal odPaiteratgenerator §16prewidss eonseliingis e the dig B’@S§g%ﬁ%ﬂg‘.° Pattern

generator 81 Loyi des t I npu | &l | ; the 10

anal og IPnstapglﬁgH%“@fﬁ?agéiggsggﬂﬁ?%ﬁné’%p%e?@e gg@i%@%@#ﬁa{i%\ﬁfﬁes and the

tinme at  Whitfiéh feStslignalsghahld belrendrated or gessared! €kb asurrmasoomate 138 thhsure an

accurate test, the actions of the digital pi na and the aghal a%nstrurrents
Bis © TP

of t en nust aplaonsyod the digital pins angilhy anglog dnpstimme e mysiRA e g signals
t hat synchiQpi ze ' . i@s”tﬁ i f ster body

812. 15 Aut -H@%?B?'gé’?rgl‘g%’ﬁr%%tﬁﬁﬁ"gﬁéﬂe p?ogr aﬁﬁ@eﬁ%ﬁoﬁ&%{cﬁeﬁ can test
many di f f eagéds doyipeserns witkin teeer.bolly 813 of ten desirable to be able within
automatic test equipnent to generate a digital clock,of a _ programmable

frequedy that M@Wﬁﬁﬁtﬁﬂpw}ﬁeﬂ%mﬁ%ﬂmﬁ%ﬁﬁ’?%ﬂt%@tl}t:?@e}ﬁ“&bﬂ%i cation is
cal l'ed an affLfides d&&%&és%ﬁﬁgﬁé@aégﬁ%é AN abl AW B2t @s a wavef orm

that can be progrdmed into an nost arbitrary shape using a clock of
cont r ol | abkquipmenfite geyerste digital plocloof mprograpnmibis féqueney thaldiws VeXdPW100 has

been used _?i%tel:[. qgn glla%?p e I)P ‘s_rucfm t}g af:AiJ catic;l;lhi% cg[?eraeagnaa%ﬁw&fe?&m generator

(AWG). AWG 822 creates & waveform that can be programmed into an almost

20  arbitrary shape using a clock of controllable frequency. In the prior art, a DDS signal
generator 100 has been used as the clock for the AWG. The generated waveform
would be more acémafe if the clock provided to AWG had less jitter.

Automatic test equipment also sometimes contains an analog instrument called

a digitizer. Digitizer 823 also relies on a clock, wﬁich should preferably be

25  programmable. Digitizer 823 could also be made more accuratg if it were provided

with a clock with lower jitter,

More generally, there are many applications where sine waves of high spectral
purity are desirable for testing devices such as semiconductor chips. It would
therefore be desirable éo provide automatic test equipment with an improved

30 synthesizer circuit to generate signals with improved spectral purity.

We have reco g:nized that the DAC strongly}’inﬂuences the overall spectral
purity of signals produced by a DDS. We have also recognized that spectral purity
strongly depends on the sampling rate at which the DAC operates. In particular,

_impurities arising from signal-to-noise ratio (SNR) and spurious-free dynamic range



woul d be nore accurate if the clock provided to AWG had less jitter.

Aut omati c test equi pnent al so sonetinmes contains an anal og i nstrunent
called a dughh b RrieaRly SRt IBACRSmPlng@ratd. oWk havdi ch shoul d
preferablnggbggagﬁggggﬁﬁggﬁgﬁﬂghglther 823 coglﬁﬁglso be nade nore
accurate i fregolgnited theibienafitslefloperdting the DAGIE 2DDDS at inddghest paseible Mor e
generally, there are nany -applica

ti Wwh ' f .hkgh tral
purity o e saBRlREASHS Horowsods DAL Reltr SOmE St R ouR QUL DRs. |1

woul d therefpr | I ahba st RrLavi: ‘ ' LPORAG thei th an
I mpr oved Sﬁes@‘mﬁﬁtgogsggﬁ%%%@@togcgé‘iﬁgfgﬁgb5|%ng{ﬂs&t@mé?ﬁgigﬂn%roved_ spectr al
purity. lsWé Dm.e'l'hefeﬁqﬁt'riﬁebdbhaioﬁem ngowmmgémt%ﬁmnﬁa}:wmbpwm alj | )
spectra purity_ of signals produc a .DDS. W ve al.so recogni zed t hat
Shectral  pit ST OL RGNS STy PHRSRSH Pr ec BRI b e DAC
oper at es. Iugt%h'bl‘fkﬂa% or is oiRAVIst hfdesRadIS] ng from signal -to-noise ratio

S r d

(SNR) and urious-free dynamc range 3 (SFDR) decrease approximately
linearly with DAC sanpling rate. W have recognized the benefits of

operating the DAC of a DDS at__it ' | hl.e sanpling rate. However,
as DACs with faster sanpling S@F@%&ggﬁm@& e, there are limtations
on the,gvail abi iy ald 8ln R, BIOS] SBj6et tdProvRleanIipRABA I nto the

5 DAC. The circuitry neegélgg'!)i&)& perate a DDS signal generator for high
spectral pibD8 signdlgenprater.al | y not avail abl e or undesirably expensive,

consunes too nu ower, takes .up too ch .spa [ | r
undesirable. SU g@g%ﬂ@?%mw{ﬁe eﬁé’??gﬁe%sc}%%g%i\eﬁ%%ﬁg in mnd,
it is an oRjmGhmbAnPidy DAT RA by FRIGYiEthat MRS cavd RPlurdiyTdha@rstredhe Thor goi ng
and other objects are achieved in a DDS signal generator with a high
sanpl i ng r teprefaded enbbdiment thealatarsticams aterpeasrrten bi selaiyslYGKRPESIVEf dat a
streans, In, t.gg preferred enbodi nent, the data streans are generated by
rel ati chm 'ensive 15 circuitry. In one aspect, the DDS signal _
generat or HeHw Ap&s, e BDEsigﬁ\tgend:ﬂoxéé&pﬁteefa%tﬂeevahve.emibmdlpm'aﬁrcd this sine
wave is used to create a low jitter digital clock.,

embodiment, this sine wave Is used to create a low-jitter digital clock.

In another aspect, the DDS signal is used to; generate a low-jitter digital clock
of variable frequency. :That clock is used within an automatic test system to clock an

20  artbitrary waveform generator.

BRIEF DESCRIPTION OF DRAWINGS .
The foregoing and other objeots will be better appreciated by reference to the
following detailed deséription and accompanying drawings in which:
25 FIG. 1 is a block diagram of a prior art DDS signal generator used to generate
a digital clock; _ |
FIG. 2 is a block diagram of a prior art accumulator,
FIG.3isa b]oék diagram of a prior art lookup table;
FIG. 4 is a block diagram of a DDS signal generator used to generate a digital
30 clock; | _
FIG. § is a block diagram of the fill-in unit used in the DDS signal generator
of FiG. 4; '
| FIG.Gisa blo%k diagram of an altemative,.{embodiment of a DDS signal

generator used to generate a digital clock;

4



I n anot her aspect, the DDS signal is used to; generate a low jitter digital
clock of variable frequency. That clock is used within anautomatic test

system to_cl ock | dj eyl akae P8R Red inBit BESHESER PTI ON OF
DRAW NGS The forfggb?%%%{r)l%%% gerﬁoobj ects wll be better appreciated by

reference tzg@nérbﬁrofE]lG.tﬁy\hmig det ai | ed description and acconpanyi ng draw ngs
in which: 25 FIG _1 s | gck di agram o rior .art S .S gener at or
used to gener at é?IGaSwﬂﬁwﬁq3@6@»@?%@{*&“@&“&“&8@%@5&%& 0 ha prior art
accunul at org i ghRgbeRl R FRGi@r art lookup table;, FIG 4
s a bl ock iog@éirﬁ%‘agl)%{g@%%ﬁal generator used to generate a digital 3o
clock; FIG S is a block diagramof the fill-in unit used in the DDS signal

generator of FIG 4; FIG 6 | |20 f an

al ternative. embodi ment of -a D@@@hﬁfﬁﬁgfé@ r useti to generate a _

digital clock; @hﬁ'iﬁrenﬁoh%@tg%ﬁhéﬁitéﬁygﬂgalt% tb [ REMIY BDEaHsBuctvanidused in
;o an

the DDS signal generator o G 8 is a block diagramof a
prior art tiesérraygaherofbomporeats sbifoithin the fellowing desgriptineordiusraisBan si gnal
generator of FIG 4 FIG.,6., 5 TALLED =l P Thi S, J kon i s not
[imited intheaypmse: The yorptiogis prp PSP&‘?‘ DE"S‘?%E??%‘%% %ﬂ}@g@x&% |
arr angggen REBRABIGR if Piridi@bads.| Alsbite pRtabeNigyand eaiidiyamcor

il ust ?g?egrlgflb&t e ﬁ;évmlﬁr%s%n The ??%ver?t i o%f)_i s_capabl e of ot her_ enbodi nents
and of bei herer isdor thepurposenf descriptivmgndshonldaet benegarded a imiingndPs. Al so,

t he phraseol o

.and.termnology ,used .herain. i.s {ok the. Db e of
descri pt i oMs&fd Rsting mpﬂég’éeé’érgaéw‘gas FIHPPRG. @@u&ﬁs gg %f
"i ncl udi NgyariatioRy et Aeretn, Amedei dh@ompdse EHetifthisilizg:d theréafiepbnd ng”, and
variations thereof herein, is neant to enconpass the itens |isted
t her eaf t er equivialents thereof as well as additional items. -
15 FIG. 4 shows 2 synthesizer 400 used to generate a low jitter digital clock.
Synthesizer 400 uses 2 modified form of direct digital synthesis.
As in the prior art, synthesizer 400 is clocked by a clock CLKacc. Register
402 stores a value of @y, For each cycle of clock CLK scc, the valne stored in
accumulator 410 increases by the value of @y, stored in register 402.

20 The value in accumulator 410 is fed to accumulator fill-in unit 420.

Accumulator fill-in unit is shown in more detail i FIG. . For each new value of
® 4., accumulator fill-in unit 420 produces N new i:rhase values, Pg ... Ona. These N
phase values represent values between the value in accumulator 410 and the value that
will be in the accurul3tor 410 when the accumulator is incremented the next time
25  accumulator 410 is clocked by CLKscc. ,
_ As shown in FIG. 5, the values of ®, ... ®x.; are formed by a bank of adders,
of which 510, 512, 514 and 516 are shown, One of the inputs to each of the adders is
 the value stored in acctmulator 410.
‘ The second input to each of the adders is based on the value of the phase
30  increment, ¥y, stored in register 402. A different fraction of the value of @y is
.input to each of the adders. As shown in FIG. 5, the adders are ordered 0...(N-1).
The fraction of Oy, input to each adder is based on the position of the adder in this
" order. The first adder receives (O/N)* ®y,.. The next adder receives (1/N) * _(Dm., The

5



equi val ents thereof as well as additional itens. 15 FIG 4 shows a
synt hesi zer 400 used to generate a low jitter digital clock. Synthesizer

400 uses a nodified form.of.di.rect. digital | Asividh ddigowrdfor art,
synt hesi zerpﬂﬁt@ﬂ“?"gg’é‘fe&&‘k %%%%ngbg%@%{&sﬁ%r” 4lgg{gst orbs a val ue
of ,"~ For @)‘Ng&y@ e of clock CLKACC, the value stored in accunulator 410

i ncreases by thé value of Onp stored in regli ster ,402. 20 Tgﬁ.vallue in
accunul at or 410 Thusf fetieach cxele of GLKnor » acpumulpier filhiin nmib gutputs N IRgarE o

fill-in unit is.shqw i nD detail. irrg Fl : val ue of

OAac, accundfigyps P aFT’YEﬁHeSUIE@Fs@?%g’%a%’éf%?ﬁ?ﬁkoase vai ?gg', $0 ... 1IN1-
These Ng phase vghd'BakiARCRSBEimplaheted Beibagleof sihemisl 11e. i Bachoftheul at or 410
and the value that w1l be in the accumnul at?r 410 V\hga@e acc lator is

i ncr enent ecsindmnitsdx sine bank 418 ressivgronaefghe signpls Qo o Pant A GRRER. As shown

in FIG 5, the lues. of. (:Do. . . ...0. . Il Q: assans, of
whi ch 510, BR%: \%ilhnfithﬁ S‘@&B“‘Sr%‘“gﬁmﬁ3%%‘%%@?‘%‘5%@ hltegfa%ach og t he
adders is i@l 44insWare e Bpeefid Biktainahe dadwavidis comtoniled bynephase each of
the adders i's based on the value of the phase 30 increnent, ta,,, stored
in regi st eringg2pplieddp thespesific ingBRit.on of the value of Ti", is input to
each of the addefs. shagwn i.np E ﬁ.gﬁﬁ s RhARME deddt ina( N 1) .
The frad@tion of eﬂﬁé’&?ﬁ%@t‘“@é%éﬁ%ﬁéﬁﬁ%& as@gtg%%frﬁggggsi fi oflr-ll Eiof t he
adder in t hirjpr a@DITS circhine Accodinghy deroutmr ef thefirgtGinkiunitiis 4 valuapga siegt  adder
receives (1/N) * Ovc., The 5 pattern %io i nues i.n thl%)(ﬁash(bon, with the
final adderwavs as irethe prer ari BDS cjicnly kreh ofShp sugpesstyRIPIR) Re PNt T ys  f or
each cycle g i’ Ny A di b Suiiul bf@eh ! Y

I ncreasi ng Sgg@ﬁ%@%%ﬁ@%%ﬁdgkkﬁgg&%‘\ll.ﬁ#wgiﬁe g‘ygvi ded to_sine bank
412. 5 Si neubsdiveldae wrirwihisinisinelbenicAl xprserds thaniduopf 3 sine wake sifigd 2. Each
Cha a5 18 pHASEBRSBAETEI Ty TR POREsf DA e SRe s e A PR e bankc 412
outputs a di gi t ape\alois STRRCESIRY ifGunif WARiINkin® Barik 412116 fataty @ne ltthespeci fi ¢

point on the sine wave is-controlled by the phase input applied to the
speci fi ¢ sismitchatile inputs of selector 422. Selector 422, sometimes called a “multiplexer,

connects one of the switchable inputs through to its output based on the value of a

control input.
20 The control input of selector 422 is provided by counter 426. Preferably,

counter 426 is a counter that counts at least from 0 ;to (N-1). Counter 426 cither
overflows to zero or is"{reset to zero for each cycle df CLK sce.
Counter 426 is:clockcd by frequency multilélier 424, Frequency multiplier
receives an input i’rom;CLKAcc. The ountput of ﬁ-eauency multiplier 424 is a higher
25  frequency clock with 2 frequency that is N times th_fe frequency of clock CLKacc. In
| - this way, for each cyclé of clock CLK zcc, N succes:sive values are clocked through
. . selector 422.
| Accumulator fili-in unit and sine bank 412 can be thought of as multiplying by
N the number of sampies of a sine wave available in each cycle of CLK sce. To allow
30  the circuitry to operate: at a relatively slow speed, these samples are generated in
parallel. Frequency multiplier 424, counter 426 and selector 422 convert these
parallel samples of a sine wave intb a stream of digital values representing one sine
- wave. However, the s;mlplc rate of that stream of values is increased by a factor of N.



10 The first control input Oo represents the control input to a sine unit
as used in a prior art DDS circuit. Accordingly, the output of the first

sine unit is a vgl ™ ' i#dl o RlaleqDAWMI t . Each
of the successi @#%ﬁ%s&&%aﬁﬂ%i& egd}%s%ﬁtﬁl gtogﬁglse_? hat glqsu,ﬂfsnr?l fted
rel ative t qofRater A4 ODACIYYS sitrilar RUDACS uset ieprior arsDDSeairsiise Hawyetini t

wi t hin sine bank 412 represents the value of a sine wave shifted is in
time rel at iiteeedsto huae ¢ higher s3mpling &aie tpjhap ﬂm*@&éﬂ%ﬂt}‘éﬁeﬁﬁﬁfrﬁck“ %% the sine

bank. The outputs of... f 183 L0 ﬁlz}gqntg D, Ik fis fed to
one of the &émﬁyﬂ%‘ﬂﬁggﬁﬁﬁ@tsg%ﬁ“g{&q@é% 5 : gg(l@é?:tor ’4.22, 1g‘(ﬂ:)t%mi mes

cal l ed 3 "myAtih axSkmch grostanpoittal ondtyalian signalsygenertated|by priopatt DO%r ough to
its output based on the value of a control input. 20 The control input of

sel ect or 4ZHciits. provi ded by counter 426. Preferably, counter 426 is a

counter that couﬂg%u&gt é@ﬁ\%&fﬁg{qﬂhgwh% %%%gﬂ@aﬁm%bm@m@verf | ows

to zero or is reset or “each cy Counter 426 is
cl ocked by 16 b dandpay filtt 416p|Sueh a4ikér canrfaxhes incyease bnactybl pvity ekibesged an

i nput fronmsCLKACC The out put of frequenc lL.tiplier 424 i.s a,higher 25
frequency @eBRIedPY PAC fu‘gq'i%'éﬂﬁ‘iﬁrih‘?ﬁ&aﬁ%ﬁwrﬂﬁilﬁggglﬁwtﬁ? BrddmeEl of ¢l ock
CLKACC,kn t 'ﬁ Ve r each cycle of clock CLKACC, N successive values are
cl ocke&ht hrrn(t‘}hg sgPlfésgtor 422. Accunul ator fill-in unit and sine bank 412

can be thought ameaatpmﬂnﬁt?@bgtidpgsstﬂlterthilsw(r_;\{tideﬂéo conparaiopits /8 si ne wave
avai l able in each cycle of CLKACC Tp.allow 30.the ¢jrcuit . perate at
a rel ati velPyO5 b @81,5’%ﬁ@%@'ag%ﬂﬁﬁé"aé‘d’ﬂ‘&tyg@ﬁé’reé?gg&’l5?%8‘3{%%‘%gltia Fr equency
mul tiplier 24 i6uRkr 096 ABnsRMeFisdhod3 n FIGIVErt these parall el

sanpl es of a sine wave into a streamof digital values representing one
sine wave. HowEI@r6 shoiws 26 altpinativexnabodiment in which @ slifferentycarcpid & ysgd focr eased

by a factor of N.. 6 This stream o | it va Sl feTa I he i nput
to digi'tal gF’EF‘%fﬁEPEﬁV _ﬁﬁ)qi’ €0 grébg&ﬂglfﬁf%%ﬁé&ﬁﬁ Emg‘%%rlbg& ?go ACs used
I'n prior ahi cPPPainnflatdr 410 HRYBMRMulatdrifIRRmass 420, have a hi gher sanpling
rate to ha cﬂe the higher data rate out of selector, 422. By providing a

data stream wi t Asshéwyteore &disnin FIG 7 ascompiptapkenk SHeinsindseN of 5 DAC 414 has
nuch great et SRESL e G 520, 7037 38871 & 2l SASLA T Lukicht! FacRbf DS

accumulators, such as 710, 712, 714 and 716 receives the value of @y as an input.

20 This value is added to the current value stored in the accumulator once for each cycle
of CLK scc. To generate the signals ®g ... Oy, representing values staggered in
phase, each of the accumulators is initially set to values that are slightly different.

~ For example, accumulator 710 can initially be set to 0. Accumulator 712 czn
initially be set to (1/N)*®yne. Accumulator 714 can initially be set to (2MN)*®1ye. This
. 25 pattern continues in orﬁcr, with accumulator 716 being initially set to (N-1)/N* Q.
FIG. 7 shows that each of the accumulators.contains & reset line. Each time
the accumulators are réset, the initial value should be loaded into the circnit. It should
be appreciated that an accumulator having reset circuitry that computes and loads the
appropriate initial valile could be constructed. The circuitry could be part of each

30 accumnulator unit. Alternatively, in a system such as automatic test system 800, a
computer controller, sich as work station 810, might compute the required value and
store it in the accumulator register before synthesizer 600 is enabled to operate. Set-

~ up of electronic circuits before enabling them and Joading values in accumulator

registers are known functions of electronic cirouits:
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circuits. The output of DAC 414 is shown in the enbodiment of FIG 4 to be
presented to a band- pass filter 416. Such a filter can further increase

spectral purity 9f;hR El%hmﬂﬂ%%ﬁl ﬁ:@%sé?b‘to%&tl%ﬂa syrithesiver; sushasdpass

filter 416 m ght not be use i o inplenmentations, The out ut of the
bandpass f i dynehresidari00sr 50B Telechidve highrspecteal purity1ig s desirabie that DAL 4

synt hesi zers wave W th rity ca ate a

di gi t al hﬁ’ﬁ%ﬁtﬂ“%%ﬁlﬁltﬁ‘?“@s’?ﬁﬁ&j Lat#ﬁo%wéh??f‘iiis qﬂ%n IG 4. FIG
6 shows an lﬁ] ﬂ(ﬂﬁ%!lrf?d%lve a[‘le%'Zqi}ig@vﬂlufeé e*eohy Eﬂsfe&bﬂdt Mereused to

I S gener at e phase va ues, . Synthesi zer 600 uses an
accumul at orpreferdblyg DAC |414pmlhm9e1m4§¢ga1m]m§tp@rsf4011d) langreseslyrul ator fill-in

unit 420. As sho full n, El |.ator bank 610 includes N
accunul at or@nteﬁ‘fp%ﬁpﬁiﬁ t})’onad,glc%g%RI&rt;%l@u cF(:own for sinplicity. Each
of the accumul %&B%CFM%@&F&JIQDA@ZM ibkpredesily plférRdembedinidnehasal ue of

dic", as an input his value Is added to the current val ue ts_@ored I n
t he accumul s, dlnseoﬁseirle,@ael’waa}@rﬁucﬁhe effectont compuiptiapslaewndoHethal gnal s (Do

. 45N t I | at

3 it al (G SRR TR g BT PR RRL DA P i BB Rl bl At o7
accurmul gt Orm(?r%(ﬂzt@ﬁﬁnlﬂllcuﬂhééslﬁﬁsﬁveisibno Fofextaiple,aacl valiwithn initially
be set to (1/N*CG, Accunulator 714 can initiall be set to (2/N)*Gs. This

25 patternp@cfmabmeatﬂemtdébltsoir@wlﬁwuﬂmmwm piged nitially set to

(N—l)/N*rm ows th J tors contains a reset

line. Each ¥ Gtaﬂgn t@%ﬁ?ﬂﬁ%ﬁ)‘f@?g?@% %oﬁﬁ%mﬁﬁﬁt I al val ue shoul d be

| oaded into them tehuydmldtazmocﬂtﬂtterh%aztzpsemhﬁmeﬁhamomnmmm at or

having reset circuitry that conputes and | qad EH gﬁﬁro riate initial
@i

val ue coul @ppatesths sempling ratrelDACAI G Aegon gl freguRuRyY 30
aocuml;3! O kotBblentit GEDRN Y Rile éﬂmséycﬁt,gdtﬂeﬁec&e@em PHQRBHiage t St system

800, a corrpu1 er con as wor atron 810, "m ght conpute the
required vaﬁuﬁtmﬁbomhtsmpcnateatﬂusi]ﬁmhaemm Eormglphst.elrcmﬂm usipgt hesi zer

600 is enabl e erate. Set of electraonic circuit ore enabling
them and | @8 ae&oqetﬁ%esemﬂﬁtp gthe W@‘Q‘F’sdtsgfsgdcarhea? i%%f unctions of
el ectronic eﬁibf)&ﬁﬂehﬁ thee components will be implemented as a single ASIC or as part of an

ASIC in antomatic test 800 that is used for other functions. These features could, for

20 example, be implemented as part of the same integrated circuit chip that holds DAC
414. ;

One adventage.of the above described architecture is that the sine bank 412
and accrmulator bank 610 or accumulator 410 and accumulator fill-in unit 420 do not
need to operate at the same data rate as DAC 414. Thus, these components, and any

- 25 other components clocked by CLK acc, can be implemented with relatively low spesd

' cirenitry. In a preferred embodiment, CLK scc Will operate at a frequency less than

~ 500 MHz. In a presently preferred embodiment, CLK scc will operate at a frequency
~ less than 200 MHz. These clock rates coirespond fo a value of N that is at least 32.

_ In a presently preferred embodiment, N is 64.

30 Many techniques are known to implement circuits operating at this range of
frequencies. For example, CMOS is widely used to construct circuits operating in this
range. A CMOS ASIC could be used for these components. However, because of the
simplicity of the design, a relatively low-cost CMOS gate array could be used to
implement these components, Moreover, the small size and relatively low power

3



Vari ous known techni ques could be used to construct a synthesizer, such as
synt hesi zer 400 or 600. To achi eve high spectral purity, it is desirable

that DAC 4lgnsiiaptiondiOMOS hileks amliceizecdsaeanibed wl tatpragicglly ar ge nunber of
bits. In a preferred enbodinent,” DAC 414 wil| receive at, | eaqs/

) 4 t 2
G ga- val uedmplemented ip epplivatiensdhat grersansitiys O SEZLAMWEr CORRBMPRIN gRAPr GOShej ve 4
G ga- val ues_per cond. sently contenplated inplenentation, a 4.8
G ga-Hertz sb%t“ﬁ%%‘ﬁ%&“%&%‘ﬁp@l&gi tal value input to DAC 414 in a presently
preferred enmbodigediscrtRd abdv?, Diynshesizbr gehentes aisignel witls hizhwascttabpuritguce t he
effects of conputational roundoff, that the circuits generati r%ges?i i tal

val ues Applbyesdeatioz patream of digital valupostachich e, ckhes Yalues seRFeTeat 33 an DAC
414 uses i G er.si . aedh: | : have at
foast 14 breTer Al el af Alipfit DA THisellf oftathos REGIELER Ky TAYE <

t he gener atgerlainge forktastepetitd bf tha 104 frequancy tiook,. thé-owtpute ofyuitiplé sloe 424,
counter 426 and_sel ector 422 have conponent tr}_at oper at elsﬁtt .the sanpling
rate of DAGnHS Thepuipitsphihe sine ppifsTEPreeany SIRRIES OfSERGEAYES, ¢3¢ fients are
needed to | ﬂg@ﬂﬁ ; Lifesiml QIddRr, Ghd CUi t
corrponents%%éra e g%%%ﬁgﬁg%ggﬁgﬁré t%ge\%nq&#?ggé exafrgfe, cf’rcui ts made

usi ng 1&n Ehplig raiesef theseshesesves irlowpe rGther iatplénhmtations of edirapttbats. 1 n a
preferred en%odi ment, these ci)rrponents,vvi | | Pe ggﬁl enent e(a as a single
ASI C or asgﬁ‘&qfit%ﬁtm&ﬁl“ﬁglg@‘ivﬁ g TRRErT g saTples gt WaYeS ®dysed for ot her
functions. ; : [TeB 20 exanple, be inplenented as part of
t he sane |ﬁ%§€%§ﬁ§ﬁ#?§ﬁ%@%h@ﬁ%ﬁgg hol ds DAC 414. One advantage of the
above descri bedHavingithusaiesoribed sevetshespetis of itrdeasbeomkerdsglimentdf e unul at or

bank 610 or accunul.atqr 410 a accu ator fillzin unit.420 do need
to oper at el™YFI49H,! %\%P@?ECFQP’:}?“P &g HPYS. Wﬁl@‘faﬁ?%gﬁd W‘F%%ﬂ}%s and

any 250t hgjf FARINPBEMN B hbRGKRR By ihelalASch &ldiatitfs) 1SR VNS hndi t h

relatively low speed circuitry. In a preferred enmbodi ment, CLKACC wi ||

oper at e at imprbvagensiary intesied thbeparsaihividisclosvresangrase iyiendpd o s withing

nbodi CLKACC. wi | | ppetat e,. f g 0 . Th
ol ook 1at ceaBt audieae pERE il foFfTpY rpiiladeBpRl S 100N 1
preferred &m@smywa%j,&xaﬂ,ple?&wany t echni ques are known to inpl ement

circuits operating at this_range of . . ) )
For example, the invention is described in connection with a synthesizer that

20  generates a sine wave that is then converted to a low jitter digital clock. The
invention could be used to generate a sine wave that is used for other applications.
Also, the invention is illustrated as used in connection with antomatic test
equipment. However,;fhe mvention is applicable in any other area where sine waves
of high spectral purity or digital clocks with low jitter are desired.
25 Furthermore, it should also be appreciated that DDS can be used to generate
signals other than sine waves. Sine bank 412 could be replaced by a memory or ﬂ)ath
~ engine that implements a finction other than a sine function.
FIG. 4 shows that each stage of synthesizer 400 is clocked, allowing for the
eircuit to be pipelined. - It is not necessary that the circuit be pipelined.
30 Also, it was described above that the DDS circuit generates the multiple
| streams of digital values, each representing a sinc wave offset by a uniform phase
from sine waves represented by the other streams of digital values. These streams of
‘data were achieved by ?;supplying sine bank 410 with multiple phase inputs, each offset

from the other by a uniform amount. The same effect could be achieved by supplying
S



frequencies. For exanple, CMOS is wdely used to construct circuits
operating in this range. A CMOS ASIC coul d be used for these conponents.
However , begewsstralingub® cash sinb umit in/a sific bank, where gach sinewiitofithesiye | ow cost

CMOS gate array could he used to _inple t hese ¢ onent.s. eover, the
smal | si ze bankiTesponded wathya awymﬂﬁzmﬁ?fﬁﬁﬁrm@%?ﬁ%%ﬁ?@ ﬁa%%s a

synt hesi zer, as P : i | t hidhEduRkdie Wt | ons
that are séh%\ ﬁe?&%éee%g?pgl ?szjtee?reg%vt\lgé iﬁ%ﬁ%ﬁhnm%%%gw -ﬁlgg{u %h such as
automati ¢ tredhorfd thap 6RM stordbvalesdor beide wvhvwwith a differertipbiseer generates a

2t "2 hi 8 rat o AsaaetearanBLc. ishoidd Dk noled i B e s e B IR <07 ve”

at a ni rate. > ’ serve as

an 1nput 't QuleienDat it hSuistd 8 Siakor @l Yilerkd CRPLILAALH aYogiédrt o1 | €avi ng,
riod of the ocKk,

for each pe W Trequency c the outputs of miltiple sine
uni ts. The opdering i thafseise¢hat ithresorderirgds nexdy fos exampleip Hetermining whichvaves, each

ovever .t MBSEGRA R TTRECHa PRICTGe s P T e e O Be” 1T oo
| Tpl ement alns: Bl SpHEH IdsidalGicrifEARS AbERe A sPlcift il val ues

representing sanp sine waves and i1nterleaving themwould also be
possi blie. ldpdering is iegusiradewinani dxhip cmanial theamitds eonstructed.| dny comigaicBtrbodi nent

of this invention, it.,is to he appreciated vario al t b i

modi fi cat i GARSTUSHRR ‘Fﬂﬂ“&?éﬁ*ﬁh{l@ ‘FB@ %&P?ﬁ‘F 85‘%”‘5’“%?@51“‘?%%@@@%% Iled in
the art. Suglyeflch@dfehFor eRBADIE, iFRioPhdtessaRAhtithE Eot@iEEpat Gleseleriopnded to
be part of this disclosure, and are intended to be within the spirit and

scope of tH&2 switchthe Grst valve by it ergley to the eutpbt oyl BRReEBE SYFOMOR and

drawi ngs are by.. of ex | e jjnvention is

descri bed F?Pv(?ﬁtﬁqv‘i'e%ﬁpd'ﬁsevr\f%eadeggérﬁ/?{gg@{zge&g%Ea%gggseequérat es a sine wave
that igsthen copwelémmtdrd26id shvwhitd betlockediblyal clevkabt is ghreratechiment i on coul d
be used to generate a sine wave that is used for. other, appli.cations. Al so,

t he i nvent Fegrensy multiplier. adeyicepyeriseignethodof graemptingtwh ?lﬂca}@t}wgh% VR est

equi pnent . However 1 0V i | | ' h 2fe Where

si ne vvavesﬁe%'*cn?ﬁ Ef?]at}soggjéb ?fggﬂ tpl))ﬁ | ?dy%)?%g%ﬁg@ ? ’gJ[ B%#%g%gx%ﬁ?hﬁ{cg\%ﬁ 1J%?Et ter are
desired. 2fe Fanetdta toRick colinter¥de] ohithICIK o beippesaratedih 4 FraquebBS can be used
to generate, . . ] , .\
divider having the higher frequency clock as an input. Also, though preferable, it 1s
20  not strictly necessary that the clocks be generated from the same clock.

Further, it was described that a sine unit could be implemented as either a

| look-up table or a math engine. It is also possible that a combination of look-up and
computation could be used to generate the data streaws that are provided by each sine
unit. For example, a look-up table might have only 2° Jocations, meaning that the
25 memory is addressed by only 9 address lines, However, accumulator 410 might have;
more than 9 bits of resolution. In this case, the high order bits of the accumulator
- would be used to select a base value from one of the Jook-up tables. The low order
bits of the accumulator could then be used to interpolate between the base value and
the value at the next address in the memory. A simiple linear interpolation might be
30 nsed, though other more complicated forms of interpolation could be constructed.
Also, it was described that a DSS synthesizer is used to generate a sine wave
of high spectral purity. The same circuitry could be used to generate a sine wave at 2
E higher frequency than is possible with a traditional DDS circuit. In a traditional DDS

~ circuit, the frequency of a generated sine wave is limited to ¥ the frequency of

10



signals other than sine waves. Sine bank 412 could, be replaced by a nenory
or math engine that inplenments a function other than a sine, function. FIG
4 shows t hatpgaGH 16 HRORs@ibed LATbOGiNICAE thePRubcyof delgederatedising wayefior  t he
circuit to be pipelined. It is not _necessary that the circuit be pipelined.
30 Also, i tlimied aid¥bdrd thedreguaney of GEKachie DDS circuit generates the |
multiple, stre of @hﬂ%#'l val ues, each representing a sine wave offset
by a uniform pha f I%é waves represented by the other streans of
digital values. These streans of data were achieved by supplying sine bank
410 with nmultiple phase inputs, each offset fromthe other by a uniform
anount. The sane effect could be achieved by supplying 9 one control i nput
to each sine unit in a sine bank, where each sine unit of the sine bank
responded with a sine wave of a slightly different phase. For exanple,
rather than receive N inputs representing N different phases, sine bank
412 m ght contain N nenories that "each stored values for a sine wave with
a different phase. 5 As another exanple, it should be noted that the
adders, sine units within the sine bank, and the inputs to the selector
are "ordered." This ordering is a "logical" ordering in the sense that the
ordering is used, for exanple, in determ ning which phase input to connect
to which sine unit or which sine unit to connect through to the selector
out put. Such a | ogical ordering does not nean that any specific physical 10
ordering is required when a chip containing the unit is constructed, Any
conveni ent construction technique m ght be used. Al so, the ordering maybe
established by any convenient system For exanple, it is not necessary
that the control input O to selector 422 switch the first value in the
order to the output. Any nunbering systemor convention that preserves the
desired ordering of signal may be used. 15 Also, counter 426 is shown to be
cl ocked by a clock that is generated in a frequency multiplier. Any
conveni ent method of generating two clocks with a knowmn frequency

rel ati onship m ght be used. For exanple, a higher frequency clock mght be
generated to clock counter 426, with CLKACC being generated in a frequency
di vi der havi ng the higher frequency clock as an input. Al so, though
preferable, it is 20 not strictly necessary that the cl ocks be generated
fromthe sanme cl ock. _
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Further, it was described that a sine unit could be inplenented as either a
| ook-up table or a math engine. It i32al so possible that a conbi nation of

| ook-up and conputation could be used to generate the data streans that
are provided by each sine unit For exanple, a |ook-up table m ght have
only 29 | ocations, neaning that the 25 nenory is addressed by only 9
address |ines.. However, accunulato& gég m ght have nore than 9 bits of
resolution. In this case, the high & P bits of the accumul ator would be

used to sel ecty.a b@@pam@ma@ctfemgaetn gsmﬁh&ﬂﬁ b a}h@ustﬁio%&%ﬁgtﬁag | ow order

bits of the accunulator could t e Used To Interpola en the base
val ue andPeriopis S@ﬂuéo@\t"ro@h@(ﬁeth@ apathtessomipnisinge menory. A sinple |inear

i nt erpol ation 30 :used, thou ot h at.ed forns of

i nt er pol ati on gao tyb0 1%‘8&?9?%’8?88‘“1’&3@@ 41eqr f‘%ﬁzu@@f’# [Ciléetﬁlei’[yr?at a DSS

synt hesi zfat ¢1501¢!’>'f’§ﬁ1 (CLIORRE R Sludlifi dFeoM@é§ueney chthBdheaR{S1], ato purity. The
sane ci rcwtrﬁncoul d be used to generate a sSine wave at a hi gher frequency

than is gHdsfi)eomptising amuwalityi of sirbuiodl 25t uH1R, S1nast®)axch honeg 2 DDS
circuit, ener d _sine vay e, V2 t he
frequency oﬁo Bﬁ@:}t_]ﬁ%ﬁpn arﬁ (R:l‘r?legC R SH r’%ﬁlﬁgavﬂ? 6‘?11 ?.]%‘T’%tcy of the

gener at edepicsutingy samysie of tlmaheldgéignﬁl)ﬁt Ah&eﬂh@nﬁfr@@ﬂ?ﬁt@ﬁoﬁol WAgACC What i's
clainmed is: 11 -12- CLAIMS 1. An automatic test system (800) having an

appar at ugtflor generating a periodic signal (100, 400, 600), the apparatus

compr 91 0: 2 sl i rd Aty SOUBRGHS GORPOACHLS o[t 0P Rcofid 2. 610)

cl ocked by a first cloc regquency
conponentaodk4ighal @2FKpack ]lﬁse pﬁltﬂl)ty obltrrg]n frisquegcypcqrhpumahis t(426oﬂ22; diduits (412,

510, 512, 51 t.rol | ock t d
out hut, _ SRERVERE AL Bt ) A vide ag Ry £ llsble T Fediimg & sanpl e
of the analiQBabi BPak cinedtellitdBrcdRiRE BT ARD I ﬂlﬁﬁhmcfr%ﬂs' ARyt and a

plurality of high frequency conponents (426, "422, "414) cl ocked by a second
control input, clocked by the second clock signal (CLKDAC) ‘Wwherein the selector

circuit (422) connects a different one of its switchable inputs to its output when its
control input is clocked by the second clock signal (CLKpac); and a digital to analog
converter (414) having a digital input coupled to the output of the selector circuit

(422) and an analog output representative of the analog signal.

2. The automatic test system (800) of claim 1 wherein the second clock
signal (CLKpac) has a frequency that is at least 32 times the frequency of the first
clock signal (CLK acc).

3. The automatic test system (800) of claim 1 wherein the plurality of

' circuits are CMOS circuits.

4, The antomatic test system (800) of claim 1 wherein the plurality of

~ circuits are implemented in a single FPGA chip.

5. The automatic test system (800) of claim 1 additionally comprising a

filter (416) connected to the output of the analog to digital converter (414).



cl ock signal (CLKDAC), the plurality of high frequency conponents (426,
422, 414) conprising a selector cirgpit (422) having a plurality of

swi tchabl e i nputs, each of the sw tchable inputs connected to the out put
of one of the plurality of circuits, and a control input, clocked by the
second cl ock . gnalThe GLisBME} testdyeteni (BO0hef skalne 6 additiotdllyaoiripri€ihga) connect s
a different one of its swtchable inpf:lfls Bo its output when its control

i nput i s CrRarEY (HIP) cprnested ip the oppukotdheg Alier ((HKDAC); and a digital to

anal og converter (414) having a digital input coupled to the output of the
selector circuit (422) and an anal og out put representative of the anal og
signal. 2. Thé.aut dimtdnorhaties yestem(§@D0)f cddimd levingla winef@ein t he second

cl ock signal C) has. a frequency that js at |east 32 tines the
frequenc Baioh (26 g8 we Torker et baYieg RAISEK Inest, WREIABRGIRRKIE t st system
(800) of &h%m@m\eﬂe{gﬂgﬁ ofhe Rliphdtdriysyf circuits are CMOS circuits. 4.
The autonmatic test system (800) of claim 1l wherein the plurality of

circuits are inplenmented in a single FPGA chip. 5. The automatic test

system (800) qf claim1 additionall r.isin filter 1 connect ed
T3 the out put Jof t LS aRanGge s RRgm GEOTEH BT et e Serhd el

aut omat i Gidr@PCIHREFMAs @8Rty thitad MNdnsp4igizsi onal Iy conprising a conparat or
(418) connéengt(fecd to t)elkﬁlae out pul'?;yof the filter (416). 7. The automatic test

system (800) of claim6 having a waveform generator (822), the waveform

gener at or havigg aqgloGin Pk WAS! BB LHEIE) ey cflBlgryRd from Che

out put of the Cconparator onatic test system (800) of claim
7 wher ei plirhktyo€ condtscboplisessi pdnality CEhddARlatha $4 10, bI®oerAcy that is at

| east 4GHz. 9. The automati ¢ test s_ystemlé800) of claim 1l wherein each of
the pl urrstyneylaigr clegked vithe Bshppitsagnah (Ghleg)i ty of accunul ators (410,

610), each accunulator clocked by the first clock signal (CLKACC) 10. The
automatic test system (800) of claim9 wherein each accunul ator conprises
an input ((Dv,10) cdbphedmatic tesprysigma(fif@plo clamgPsthereif 402)accumulator

comprises an input (®n,) coupled to a programmable register (402).

11.  The automatic test system (800) of claim 1 wherein each of the

plurality of circuits (412) comprises a memory.

12.  The automatic test system (800) of claim 11 wherein each of the

memories in the plurality of circuits {412} stores samples of a sine wave.

13, The automatic test system (800) of claim 9 wherein each of the
~ plurality of accumulators (410, 610) has a storage location and circuitry (510, 512,
514...516)to add a predetermined amount to the value in the storage location during

each cycle of the first clock signal (CLK acc).

14.  The automatic test system (800) of claim 13 comprising a plurality of
memories (422), the plurality of memories having an address input and a data output,
the address input of each of the memories connected to one of the accumulators (410,
610), each of the memories producing an output in response to the value of the

address input for each cycle of the first clock signal (CLK acc).



11. The automatic test system (800) of claim1 wherein each of the
plurality of circuits (412) conprised4a nmenory. 12. The automatic test
system (800) of claim 11 wherein each of the nenories in the plurality of
circuits (412) stores sanples of a sine wave. 13. The automatic test system

(800) of clai m®d whBefrreaictesystane (8¢5 wefaldimyl daiidisionallydompeising(a410, 610)
h t ' i rcui 510, 512, 514 .. 516) to add
b edet o AT ASHM AR LB latdlo afdBe ol B s Tngeach

cycle of the first clock signal (CLKACC) 14. The automatic test system
(800) of claim13 conprising a plurality of mnenories {422),_ the plurality
of menories hall-ng i autamatiedest systam 508) of drital Sddisienally eomprigingreess i nput

of each o ggﬁ'qqp [ | 410, 610),
each of t 0e I!'r]?)gartmr' e@ %ﬁ%lggy ﬁlétogﬁm%%ttg%@gﬁ gr% t(tr) g@aﬁ(ﬁgogl%&ﬁfeﬁv%he of th)e
addr ess | eypupardftarhasaghanoypgiue farfa digial toelstFogh)ock signal (CLKACC) -14- 15.

The autonmatic test system (800) of claim 14 additionally conprising a
filter (416) connected to the output of the digital to anal og converter

(414). 16. Thejaut ofRbier ftet ¥Rt im 36 Ha ] Lonal 1y
conprising a conpar ataor (4183 q%uﬁnég&)?g&ftc_ emgggf;%%ég?%ﬁgﬂé&%i gital to

alnal Eg( I(;OWW@rfmre;g@?_mm)’,(SRtZ),ethf_ammtffayanamfoﬂlmgcmgaga‘;wm?t}m?mgfa@ilogkhdl gital

cl oc our).. .. The ;,aut omat.i c ) st.em of claim avi ng an
arbitrar fnp%&avé?r@’ﬁﬂeggﬂé?]élpgpsf Sdfto%&lﬁ’it%i(cﬁjrc ry wavef orm generator (822)
having a clock input, wherein the clock input is coupled to the digital

clock. 18. A nethod of operating an autonmtic test system (800) having an
appar atus for eneramichydaf pperpint an aitagerdic t¢st Otenat (R90) BOM)E @onpri si ng a

plurality, Corpane (410 20. 412  610).and.a plurality
of high farpggqﬁted%gef}l éeé%?#%‘%%ﬁ?ﬁ"@%‘}aﬁ]@% 129‘?5 PReriiog haoé“‘)&}ﬁb‘?ﬁ si ng:

provi di ndow fpdquerlyichmpoiiensd (4eam20p4 1246 th)taad a pRlralas ohigh flehgerpbyur al i ty of

| ow frequency components (410, 420, 412, 610), each stream representing
sanpl es o™} enti)@po‘@%“% gthgmethpdiengapiagat ed; interleaving the plurality

of streams W tﬂ?owtiﬁﬁﬁg le!lﬁrgllitiyto\f s@dantdl 30 éitrale\%'i'% Gith the plurality of low

frequency components (410, 420, 412, 610), each stream representing samples of the

periodic signal to be generated;
interleaving the plurality of streams with the plurality of high frequency
components (426, 422, 414) to produce a final stream of digital values; and

converting the final stream to an analog signal.

19.  The method of claim 18 additionally comprising generating a plurality
of phase signals in proportion to the period of the periodic signal, wherein each value
in the plurality of streams of digital values is provided in response to one of the phase

_ signals.

20.  Themethod of claim 19 additionally comprising generating each phase
signal by repeatedly increasing the phase signal by a phase increment.

21.  The method of claim 20 additionally comprising controlling the period
of the periodic signal by changing the phase increment.



conponents (426, 422, 414) to produce a final streamof digital values; and
conventing the final streamto an ardbeg signal. 19. The nethod of claim 18
additionally conprising generating a plurality of phase signals in
proportion to the period of the periodic signal, wherein each value in the
plurality of s#% eankheonetipdypf daimid addigionsllypeoovirsong frocesespinssalbg one of

t he phase_,si . he net.hod of claim 19 additionally conprising
generatiﬁag%%gﬂ&%ﬁggégmggﬁﬂgye%%n ‘epeat edl y increasing the phase signal by
a phase increnent. 21. The nethod of claim 20 additionally conprising
controlling the period of the periodic signal by changing the phase

i ncrenent . - 1523- 22 Thereethed elzdeizr20cadditienally comtirisingriginghessiwpre wavieg

pr ocessi i t Q. pravi a square wave signal. 23. The

met hod OPQ%FQ%%?gghggﬁi@#%QE%W§8% ER%?%ﬁﬁﬁLusing t he square wave signal as
a clock to a circuit generating a waveform 24. The nethod of claim 18
wherein the fipnal streamof digital values _conprises in excess of 4

G ga- val ues pe& secdivduetbed ofglEmpsiwhsacia thedingd strom ofidigital Halbech of t he
pl urali tyCoﬁfpréésriﬁ%%esQBfﬁgji%%-éﬁﬁkes%@} é,zéggnvﬁgorrpri ses |l ess than 500 Mega-val ues
o] c m

per second. 26. The net ali erein each of the digital values

in the final stream has at |east 12 bits of resolution. 27. The nethod of
claim 18 wherej.n t I i .of streans of digital  values c ri ses at
| east 32 stre I%b#%% oﬁ/iq_uae’?é_wheream eac% of thegpluraklty of streams oio P

digital values comprises less than 500 Mega-values per second.

26.  The method of claim 24 wherein each of the digital values in the final

stream has at least 12 bits of resolution.

27.  The method of claim 18 wherein the plurality of streams of digital

values comprises at least 32 streams of digital values.



