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includes a computer (not plcture t re S Igl uesrhtgni ﬁle dxgrtal /0
120, and tests them to verify that the ADC is operating properly.
25 Testing mixed-signal devices such as the ADC of Fig. 1 customarily involves
) varying the frequency of the sample clock signal to approach or exceed the device’s
maximum specified rate. We have recognized that it would also be desirable to vary
the duty cycle and pulse width of the sample clock s1gnal Mixed-signal devices often
specify characteristics such as signal-fo-noise ratio (SNR) and distortion. These
30  characteristics vary as a function of the duty cycle or pulse width of the applied
sample clock. The ability to vary the duty cycle and pulse width of the sample clock
would thus facilitate mixed-signal testing and characterization. 7
Like all electronic devices, mixed-signal devices inherently generate noise. As
shown in Fig. 2b, an ADC receiving an input signal that consists of three pure tones
35 produces a power spectrum revealing these three tones, plus a plurality of noise
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Previous techmqmes have attempted to reduce: Jitter in mixed-signal testing.
25  According to one technique, a free-running crystal oscillator is used in place of the
ATE clock 118. The free-running crystat is connected directly to the UUT’s clock
_input, in a manner similar to Fig. 1. Crystat oscillators are inherently stable and are
commercially available with verj low jitter. Therefore, the ﬁee-running,' crystal
oscillator technique typically reduces ATE-induced jitter.
30 Because the crystal oscillator is “free-running,” however, its period ismot
inherently synchronized with the period of the ATE clock, i.e., the two clocks are not
“coherent.” The ADC makes a new conversion upon each active edge of the crystal
oscillator, but the digital I/O 120 retrieves values from-the ADC under the contro] of a
separate, ATE clock. Non-coherency adds noise to sampled data,
35 Fig. 6a shows the power spectrum of a pure tone sampled by an ideal ADC and
clocked by an ideal crystal oscillator, but read by a non-coherent ATE clock. The
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frequencies. Perfect square waves contain odd onics o _
passes square waves unattenuated. Duty cycles that are different from 50%
correspond to even harmonics, however, and Xu's filter eliminates them. As jitter
25  equates to random changes in the duty cycle, Xu’s filter reduces jitter whi_le preserving
) square wave shape and edge speed. ‘ '
' Because its frequency response is fixed by the geometry of its _constltuent
parts, Xu’s filter generally operates at one frequency only. This limitation negatively
impacts ATE programs, which preferably test devices over a range of operating
30 conditions. Although it is possible to modify Xu’s filter to produce variable
frequencies, the modified filters tend to be large. Xu’s filters also become larger for -
lower frequency signals. As space tends to be short near the UUT in ATE systems,
Xu’s filter is not practical where low, or variable, frequencies are desired. In addition,
Xu’s filter specifically blocks duty cycles that are different from 50%, and is thus
35  impractical for applications in which users wish to vary duty cycle.
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In accordance with an aspect of the invention, the timing circuit includesa -

differential circuit that receives an input signal. The differential circuit has a non-
inverted output coupled to the first phase-ocked Ioop and an inverted output coupled -
25  to the second phase-locked loop.
) In accardance with anather embodiment of the invention, a method of
' generating a low-jitter clock signal from an input signal includes providing an input
clock signal to first and second phase-locked loops. The method further includes
generating, by the first phase-locked loop, a first regenerated clock signal that is
30 phase-locked to rising edges of the input signal. The method includes the second PLL
generating a second regenerated clock signal that is phase-locked to falling edges of
the input signal. The first and second regenerated clock signals are combined to
generate an output clock having an alternating succession of high and low logic levels.
In accordance with another embodiment of the invention, a method of testing a
35 UUT in a test system that has a master clock, for example a reference oscillator,
includes generating an analog waveform for input to the UUT. The analog waveform
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WO 01/28100 PCT/ US00/ 26702 1 APR 2004 DESCRI PTI ON OF THE PREFERRED

EMBCDI MENT The timing circuit according to the invention operates as part

of Ter adyW&®/28%8¢ a yst TM ni xed- si gnal test system al t houptw/ssoozaruzbe used
in a variety of environments. The Catal yst TMtest systemincludes a 100 M1z

master clock and a plurality of high-speed digi Lal Ua?_angel is (HISD'?) Apr 2004
connectable to a U or digitall exercising the : plurality o -
timng generators %@é@ﬂﬁ@l\%&t BRBEER&E%EMBQMNEquency and edge
pl acenents for the HSDs based upon user input. Duty c%cl e of an {—ED can be
ried fromneatly.zero.to. nearly one hundred percent by varyi ng the
g?al:ement of tﬁé’%%é’“&%a‘fcﬂ htp e guenien eprsateist part aflemdysg'scond  (10*
The Cag al vot UL oo s o e R0 P A 8 el vers for
The al -IM t est stem.a i_.ncl udes anal og sources
provicz:ig ng%g‘?\%‘? e@?‘i ﬁ%‘F@I éﬁftﬁilﬂﬁgg@@u@%é mmélﬁﬁﬁéérces and
r écei ver-s phwalgy wé highespe aidighﬂtahahndisxmmh ma%;gcﬁlbtfgbgt[g(fmrﬁp&{gﬁﬂgvel Si Ogrk to
capture L S | er the .directi 0 nster ¢ .
The. Cat al JaGRFEInE ORML ARNEuRy of AR b h rER e R Rarer ok ' and
writing éf%ry«retfmqu%m@dt@ge piaceumnts fydheHEDs bastidngon aisériinpuig mmpd_t ro |t | Fdllb%
the nmaste S ; igita
al | ri vée}.rc% hej rH"[SIIBm Hg?ﬁ"h‘?ﬁ@%?‘?%‘?%@? ?%%ﬁ?ﬁ@gg@hqé%%a%&%ﬁ ock, and
are tHus ‘éﬁmng&fb%l@ewn Offgletlﬁ@lg(%ﬂefﬁ%gmsmmﬂljlﬁponﬂom¢®pd the tining
of the HSDo¥10HHakoghdspidmfeaRntsaFediRES) MOMHSDEN té ikl frdhDCkd 3d@r i n the

mast er cl mani fests itself in each of these system conponents. Because
jitter i 76 master clock is common to all of these conponents, however,
. )t he master cl dbie Cambe™aentystdmnls ivhides 2hilof bo@tdsQing rededVers for

providing analog stimulus and response to the UUT. The analog sources and
15  receivers receive digital control to generate discrete output levels, or to capture
discrete input levels, under the direction of the master clock.
The Catalysf™ tést systemi also includes digital /O for reading and writing
-digital words to the UUT,agaJn adE:Ordiﬁg to f.i;hing.-controlled by the master clock. -
The HSDs, analog sources and receivers, and digital /O all derive their timing
20  characteristics from the same master clock, and are thus all “coherent.” L
- As the Catalysf™ master clock controls the timing of the HSDs, analog =~ -
sources and receivers, and digital I/Q, jitter inr the master clock manifests itself in each
of these system components. Because jitter in the master clock is common to all of
these components, however, the master clock jitter éontributesonly slight emrors. For..
25 example, an HSD edge may be displaced due to jitter, and therefore an ADC may be -
) clocked earlier orlater than it should. But the analog source feeding the ADC is
displaced by the same interval. As the displacement is the same for both the clock and
the source, the errors largely cancel each other out. Any errors that result from the
displacement are substantiaily absent from the digital codes produced by the ADC.

30 Not all jitter cancels out. We have recognized that the timing generators that ‘
derive the HSD signals add jitter to the HSD outputs that is not common to the rest of
the system. Unlike the common jitter, which is “correlated” throughout the system,
this “uncorrelated” jitter contributes errors that limit the accuracy of the test system.

The timing circuit according to the invention reduces uncorrelated jitter, while

35  atthe same time preserving correlated jitter. Tests of the timing circuit according to
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exanpl e, an HSD edge may be displaced due to jitter, and therefore an ADC
my be womlegsheearlier or later than it should- But the anal og source

_ feeding the ADC is displaced-by the sane interval. As th&CATUSHV/2658hent is
the sanme for both the clock an the source, the errors largely cancel each
other out. Any errors that result fromthe displacenent are subsqaﬂpkamﬂyf
absent frgm; Al Gl oduced by .the ADC, Not all jitter cancefs.
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si gnal s abfdo§ecendsitodessithpn HsiposeoomlRMS. hat i s not cormon to the rest of
the system Unlike the common jitter, which is "correlated" throughout the
system this "uncorrelated” jitter contributes errors that limt the

. accuracy Ol ﬁg éem The timng circuit according to the invention
reduces uncoe?JrQe §?e cmf er, while at the same tine preserving correl ated

jJtted. Tests HE 1h hted DEoGh L bha,ta WO 01/28100, PCT/ US00/ 26702
the inventio év ?ﬁ?\ﬁgg [eﬁjgﬁ%tnﬁ@ﬁa%é%g%gli%%lﬂﬁeqqoﬁ ¥P¥m as much as
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St r uct ur eydle,gand s cornested 3 88 inbut bV kgl ageor.di-ng to the
inventio»y10 | nput__signal 7 ﬂbfﬁ@;ﬁ;efégég%#gﬁgq% ﬁsﬂ%?%magﬁr% has a
pr edef i ned ﬁ?seﬂﬁ‘g‘ﬁweﬁﬁ’%mlg lﬁséql%?nﬁlﬁﬂ'ﬁngoutmh%tﬁcedjpmmgedg&k of a .
di ffer egof the input signal 7102, th_mendh‘fe‘r@ﬁgegﬁlfgal 71815 b?Hi'e_tdiferLQﬁ@'%ﬁcgﬁ non- |h nverting
out p . ng._ouf.put . “Upon rising edges of the input
si-gng{ 7%& %‘%ﬁ%@%@ﬁeﬂﬂﬁe BE‘P“IzﬁmeBe’éﬁratphialmg ¢dgesnbpan circuit -
gener at ekllingsdges %%é@mmgnﬂeﬂi()a,vl;he homgnvert Woﬁﬁélﬁ:&ﬁ&@ﬁn I1ing
Joutpui 710 SR 7 0B e bR et er 1 ng out put 7100
generates ri gﬁﬁ&%t@@#ﬁéﬂm@m fastandiseconid Phasedbekbddodpsr PLLANd second

Bl e w2 Wi 4. Tho aepRGHdle dnld it ol heelegl Gl ot 07 (e

Qut gyt ifferemtial, c ur. ] )
Qut g PZ;E@% Qﬁ{@gﬁh@gppmﬁ% 5 BLLH 20T he frening itper KA ofitheci 1 oUi £ i S
coupl Sd ;ﬁerpxgial 'pnplélt i?snglea ts ﬂmdﬂﬂnlﬂfﬂTersﬁéondﬁ‘ﬁi yal Aﬂlbi’ﬁéfeéﬁlﬂg thé fﬁfsk . aﬂd .
secon Se PRI ey Sk ntiallLy. .identical an ve_l ow i nheren
vy, o MR 71 it A B oyl e et
skew bet e st #Rd second MLAsilso freferablyt have phydewdiniihg sReve BetarbiveREY t hei r
out put sountputshie. Sthephase differeREHRwWELT oS LG pplgPut S. Duri ng
nor el - GRREALL Bl dQ L FELS, | ock 1O ée‘%ggﬁ’qu? S PP ES TR i nput - Ow g
to the 1nversi .ﬁ 6t YRMSut of the differential circuit 710 but not the
other, the fDusgaounalepentoR]both BLLORCWS HigRPRORL Sep@ifeihymedges of the
i nput  siigpad Owing to the inversion of one output of the differential circuit 710 but not the
other, the first and second PLLs align with opposite polarity edges of the input signal
| 710a. For example, if the output signal of the first PLL aligns with rising edges of the
25  input signal 710a, the output signal of the second PLL aligns with falling edges. The
outputs 712a and 714a of the first and second PLLs join at a combiner 716. The -
combiner 716 combines these outputs generate an output clock having characteristics
of the output signals from both PLLs,
Fig. 8a illustrates an embodiment of the combiner 716 according to the
30  invention. A flip-flop 810, for example a SET/RESET. flip-flop, receives the outputs
7122 and 714a of the first and second PLLs at SET and RESET inputs, respectively.
A mgnal from the first PLL, for example a high level, activates the SET input of the
flip-flop 810 and causes the flip-flop to assume one state (for example, Q = high). A
later signal from the second PLL activates the RESET input of the flip-flop 810 and

35  causes the flip-flop to assume an opposite state (for example, Q = low). The flip-flop
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71 Ca. For exanple, if the output signal of the fi rtsit-‘ PLL aligns with
rising e ﬁs of the input signal 710a, the output signal of the second PLL
aligns w of%?199ng edges. The outputs 712a and 714a oft hg (ﬁ%

second PLLs join at a conbiner 716. The conbiner 716 conblnes ese

out puts generate an out pu’t clock having characteristics of the ®dt ARR 2004
signal s f(r)iﬁﬁ\ég PLLs Fig. 8a illustrates an enbodi nent of the conbiner.
716 accor Fochanges i#naiae paee foneddhiqdgt bbtheSdght sfons] (B3saiihEa cﬁfe ESET

f1i p-f | op gairBeRneptescHBedBHIOWS, SThe ﬁ%aﬂ(ﬁ)n‘%etg’ld'agggqn%%;eﬂ 4 %mﬁgggégf nd PLLs
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and casuses i %’9\’ 5% g’%‘ﬁﬁé“iﬁ“ﬂﬁﬁ@i@ﬁf&%ﬂmﬂm&nﬁbr exarrpl e, Q=

low). The fli pﬁtopemmﬁzﬂﬁﬁhﬂﬁ%béﬁﬁﬂé%@ggasﬁ:m thus changes
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pert ai ns ttansmbﬂofaﬁ:ein wi t.hout freduency gain,
i.e., Wneéfg} ﬁ,t];p p qi?l nput (fr equenﬁﬁg&%@e{l‘f‘ﬁﬁ ﬁg’lesca g it accor di ng
to the i nven Yed, however, to non-nul ti plyi'ng operation.
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edge nsﬁ?}f‘eon ng thagldlljiqéﬁ)%ﬁ @EéF'&Yq grmultenequslyi fﬂheﬂw-ﬂopquenm es

is d fIcr Hbﬁdsmenﬁ h’;éﬁ mmgmm Emm%ﬁ&smmmamaﬁ Tl o
i p-f1 o} hah &és&gdhﬁgr roduce: an i.ndet er.m nat e te when

t he SET anq;fggl?% i nput_s Q&#Qawﬁjﬂ?' JIL &W"Wéﬁql ip-flop 810

is susceptt fé‘%ﬁ"n%ﬁ RﬁﬁEﬁ}ieplmbﬁﬂmﬂxp-ﬂbbswﬁsé dieppelT and. RESET

i nput s w@abmmonhméﬁwsﬂdﬁh—éﬁﬂ &y%]% A gé#agﬁgnﬁgg‘g%r ecvent Cin

e 0 e

: P?é;f { %%aﬂ%éfé Bkl O Gl SBE ot AN e vk soilon e R
sho 1ficguplad to aminvering ispusiof dierlogic gatel mgdsn@@ﬁ iRFig28h et RbfeS12, for

exanml ?sﬁotdﬂl@ﬁggii cBferBlclRNAR i) BB B St i SingbpHson. eght)? é.n
circuit a@ﬁg‘; RElss width; @ednmnbnaftﬁe)puﬂs&ﬁﬁdﬂi%cﬁﬂls%éﬂ hs into.
pul se delay time “A” of the delay element 814. Preferably, the delay time A is chosen to be |
extremely short, for example, 500 picoseconds, just long enongh to satisfy the hold -
25  time-specification of the flip-flop 810. As the flip-flop 810 assumes an mdetermmate
state anly when its input pulses overlap, limiting the input pulse widths ta 500
picoseconds clears the way for operation up to one Gigahertz. .
Preferably, the PLLs 712/714 provide their outputs as differential signals, an
the NAND gate 812 has differential i mnputs. Inversion of one input of the NAND gate
30  isaccomplished by crossing the differential signals at its input. The delay element
814 preferably consists of a length of controlled-impedance differential transmission |
line, buried within shielded layers of the printed circuit board on which the one-shot
circuit is implemented. Alternatively, the delay element 814 can be implemented with
one or more logic gates, or with a commercially available delay line. Care should be
35 taken, usmg techniques known by those skilled in the art, to minimize induced jitter.
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~ Phase-Locked Loop Structure
25 Fig. 9 is a block diagram of a PLL, such as PLLs 712 and 714, according to the
mvention. The PLL 712/714 includes elements conventionally found in PLL circuits,
for ekample, a phase detector 910, loop filter 912, and voltage-controlled oscillator
916. As is known, the phase detector 910 has first and second inputs and an output.
The output of the phase detector is proportional to a phaée difference between signals
30  atthe first and second inputs. Also as is known, the loop filter 912 stabilizes the
feedback of the PLIL. 712/714, and the VCO 916 converts a voltage from the loop filter
into a signal having a frequency that varies with the applied voltage.

In addition to these elements customarily found in PLL circujts, the PLL

712/714 also includes first and second frequency dividers, respectively 918 and 924,

35 They also include a programmable-gain amplifier (PGA) 914, and a selector 920. The
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each can include a variable delay line that is adjustable to conpensate for
skew. As a variant on this scheme, one. PLL can include a constant,

bul k- . deWW@0148#0t he ot her can include a variable delay. PREUPENIEM e del ay
S offset and has enough adjustnent range to span both sides of the bulk
del ay. Phase-Locked Loop Structure Fig. 9 is a bl ock diagram of l& PLARR 08k
as PLLs 712 and 714, according to the (invention. The PLL 712/714 incl udes
el enent s ﬁrsnmwconéﬂegucfn@uﬂmdws pach divide therautputfigguenciabithe VaOdiaa e

det ect or &Eﬁeﬁﬂea% efhePGA AHERLOHe ARG R ephfeq&gﬁﬁuasmlﬂyaé or 916. As

I s known, hase et ector 910 has first and sec | nput § aad an out put.
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t hat varipg, vhitihuedHed té&ﬂtlﬁd@édb@de In addition to these el enents
customarily faqund.i circu PLL 20,714 irst and
second freque%%#ﬂ@?‘? Flggé)eé?{lﬁ $PasTd 1 ‘i‘.‘afw&f&ﬁ?ﬁé’ﬁﬁ%@%ﬁ% ude a
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selector tﬁ% @gﬁ@ﬁtﬁct Okﬂf*{h)éf@é}ﬁﬁaélo‘a 1Ph%ef9é&9ﬂheadl&cdh€ﬁﬁ§&fden§y gnal s of

the PLL. r.9 arately con s.th put "a f eedback
signal s @pinef %‘%ﬁ%é" FFYARSTQURG tﬁi@wse%% t%%fﬁ?ﬂpggﬁﬂ%fé’gym le the
TYPLL cont Icﬁkﬂ@@rgzﬂdaegaﬂ&amelbsédeledpg@h ABhke PLL&tfeédbaaluwﬂdytwh Her 918 is

VOO T eq ey By 4 Biecnn; derferor S, nyBh e ARG RIS P gr%&ﬁﬁd' na the
di spased biya fadter 6feld kP da tHus ammiifests an breerelf frequeney gaﬁn\ﬂqdalrthhe out put

frequency by tﬁ?.—, %%ﬁ 6 Hedtivadn Fﬁy Vi Qek 8isin
the forward pmm ]fMSéib %BE& ];has nfo %({:&t:yc()%{zt he c osed- | oop
f r equency0-ogtave rasige: Abe{COIN 6, howaysn dsvarableves PRIy APNErREGRYEFRRE%N. But t he

second f s‘éimancﬂnﬂmﬁrde%bed@aa fm%fo&@%@uﬁg@s&mm galsrof ks t he
PLL' s fegﬂgack tends to uts fo the phase detector 910,

eq
it drive H’évqlY?q‘fféﬂ%%‘%P’#&rBﬂPﬁﬁve%? %ﬁ by a factor of M The PLL
t hus2grani f est ¥asyingtierdividef vaoesvicpd dbclangeptht penfomﬁanfhef BePLLLTHLA s

d d, t t & - Th
o) 27010 I 1080 Mo AT 5 oty ngcosi e The

one-octave _range
gain” refers to the overall gain around the loop, for example, the gain between the first

and second inputs of the phase detector 910. In a2 known manner, the Ioop gain of a
PLL affects the PLL s settling time, accuracy, stability, and cther AC characteristics.
25 If left uncompensated, each change to M or N would change the loop gain of the PLL
712/714, and thns would change the AC characteristics of the PLL. Of particular
relevance, each change to M or N would affect the ability of the PLL to filter jitter
from its input signal.
To avoid this occurrence, the PGA 914 is used by the PLL 712/714 to cancel
30  outthe effects of the frequency dividers. The PGA 914 operates by establishing a
voltage gain between its input and output in response to programmable control. The
gain of the PGA is varied in direct proportion to the pfoduct M*N, to keep the loop
gain (and AC characteristics) substantially constant over the entire range of cutput
frequencies.
35 The PGA 914 is preferably disposed between the output of the loop filter 912
and the input of the VCO 916. This placement is not critical, however. Alternatively,
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(between 2 and 4 GHz, described bel ow). Therefore, neet i ng the. design

goals o L invol ves varying the divider val ues ov sdheR2r ange.
Wl ey
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out put  NoseoelpMAes Thd beerfibaainif the esylting BGabtan bei wapied evetedBn the out put
of t Ioogefllter 912 and the input of the VCO 916. This placenent is not

0

TalgGwever . Alternati vel y, APR 2004 11 WO 01/ 28 ?0 PCTI US00/ 26702 1

critrcal’ / _ (
APR 2004 t hePfesablzthe timing cirgusnil) inphdescy Beliprogy OFIEAGHAl path of

the PLL &pgA Wbt sifim)Qs 86Htd thd P& AR, @8 Well 48 lottiee fiinctions bfthe tinding f ol | ow,

the loop filter 912, "or .could,be hullt into the,l filter , Accor di ng
“to anot hEFCUH Pdiematvely; d{SFF@teo‘i}ﬁ’é%H‘&%‘? gin bepsed; 3-859&9@ ?aélral&?%%tr%la varied to
" "achi eve ghintbBfhePGA ghinds wiithgom @aister withih thedimping alreniPGA  not requi r ed.

The RGA 914 can be made ‘from commerci al Ly avail abl e conponents or

conbi’nati ons t hereof. | n the preferred.’ enbodi ment, the PGA 914 consists of

| ncor por GoLage SoMRBIRE R MR T Serail gain of the resulting PGA can
T o e ot o . mot s ot cpa 6l {he POA gai n
as wel | tﬁ% %@Wﬁ“ﬁﬁ%‘ﬂ?%ﬁ’s&ﬁn%ﬁgg? fﬁ%ﬁ S%;é‘lrer%? g%.detﬂ%?'e ?%tligv ely, disc ? ete
di gital illogiatesthe VIO Sb@accoiting wrike taventips.oThe VEE §16 includes alow- - - ,
20  jitter, stable oscillator 1012 having a frequency range from 2 GHz to 4 GHz. The
oscillator 1012 is preferably a “YIG™ oscillator, such as model MLPB-0204 from
Micro Lambda, Incorporated, of Dayton, QH. The YIG oscillator includes a Yttrium-~
Iron Garnet sphere fabricated using a thin-fitm process to yield a high-Q resonator.
- The rescnator produces an output frequency proportional to an applied magnetic field.
25  The magnetic field is suppliéd by a permanent magnet within the sphere that includes .
' ) separate electromagnetic coils for coarse-tuning and fine-tuming of applied magnetic
" field. The fine-tuning port of the YIG oscillator is band limited to 400 kHz, and
protects the oscillator against wide-band noise. The YIG oscillator achieves a very
low phase noise of -130 dBc/Hz at 100kHz offset from a 4 GHz carrier frequency.
30 | The VCO 916 includes a coarse-tune driver 1016 coupled to the course
adjustment coil of the YIG oscillator. The coarse-tune driver 1016 receives it input
from a digital-to-analog converter (DAC) 1014. The DAC and the course tune driver
establish an approxifnate operating frequency of the YIG oscillator, which frequency
corresponds to an expected output frequency of the YIG oscillator when the PLL is

@),
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Nternm

vol t
deve?%p
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he. virertehD. ha PRy A% Briupmed hERG B TEE BOR BT E B o que

cannot cP@XEeAAt Borfexampleaag &PGA controls both the DAC 1014 and the PGA 914.

Phase Detector/Loop filter .

Figs. 11a and 11b schematically illustrate the phase detector 910 and loop
filter 912 according to the invention. The phase detector 910 includes a digital phase -
detector 1110 coupled to a voltage-controlled current source (VCCS). ‘The VCCS

jncludes transistors 1112, 1114, 1116, and 1118, and the accompanying bias resistots, .
 capacitors, and diodes. The digital phase detector 1110 generates UP and DOWN

30

35

output pulses, and their complements, in response to phase differences between a
clock signal at a reference input “R” and a clock signal at a variable input “V.” The -
VCCS receives the digital outpﬁt signals and generates an analog current. The VCCS
respectively sources and sinks current to a virtual ground of the loop filter 912 in
fésponse to the UP and DOWN pulses from the digital phase detector 1110.
Preferably, to promote fast response time, current flow is continuously
maintained in the output transistors 1112, 1114, 1116, and 1118 of the VCCS. The
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in the resistance of the control coils with changes in tenperature. Coi
reS|stance depends strongly upon tenperature, and drift,in coil current
changes @}ating frequency of the Y1G |If current- tﬁﬁawgwﬂ?ﬁﬁﬂ

coar se- tune coil changes by a large enough margin, the feedback rn tRb§Q4
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Mand | 11 o lifférentizbeiseuiTinereaseswi D2 S216ctop E7inLIBbIh Heqoases teretzd .

magni tu uts of
ragni | ﬁ%‘r 9&"‘f]ase et echﬁe§£‘@é}% vilﬁ&"@fﬁﬁwaidkaﬁr?&ﬁ@ﬁ%ﬁu&t%f&ﬁ@%% Ps

The digital et ector
pr ef r amfythep €|§°¥9§W8é0 %@A“a‘écg Higjand WP&I%&@G" aphigYs RELQWPHI a, I nc.
Pr tel;] er g@kequcﬁ xtaa elhalv;é recd érs]ﬂZthgﬁtht?:’GA aﬁd gbfibrites mbie ndise then ﬂxgrrp ﬁt i bl e
Wi uts af:the di al a nd the
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skilled. tﬂ:{hf'ﬁle Tt within the scope of the invention. The VCCS reduces

jitter al e output of the PLL. First, the differenti al mrcwi%’
att @uat es - noﬁ%@mﬁlaélbﬁlwm@h?glgéﬁmeﬂﬁé@ Pse

appear s gy Mdieks an Biplifier 1150, forkkanplamdWUpetdioni Gaipliffen faadback i s common,
mode. Trz:glgaec];t%; ?154 and a feedback resistor 1152. The feedback capacitor 1154 operates =
in combination with the phase detector 910 to establish a pole at DC in the loop gain .
of the PLL. The feedback resistor 1152 adds a zero to the integrator’s closed-loop
25 response and helps to stabilize the overall feedback of the PLL.
The poles and zeros of the loop filter 912 have a dominant effect in
determining the frequency response of the PLL as a wholé, and therefore have a
dominant effect on the jitter transfer function. By adjusting the poles and zeros of the
loop filter 912, the jitter transfer function of the PLL can be tailored to selectively

30 filter jitter of different frequencies.

D:wder Cn'cu:t and Selector

Figs. 12aand 12b respectlvely illustrate the ﬁrst frequency divider 918 and
selector 920 according to the invention. As shown in Fig. 12a, the first ﬁequency
35  divider 918 includes a pre-scaler 1210 that divides the output frequency of the YIG by

Co* 14~
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Lock Detector . .

Fig. 13 illustrates a simple and efficient phase-lock detector used in .
conjunction with the invention. The UP and DOWN signals from the digital phase
detector 1110 couple to inverting and non-inverting inputs of a differential amplifier
I310. The différential amplifier 1310 generates a positive voliage in response to an
UP signal, and a negative voltage in response to 2 DOWN signal. The differential

amplifier preferably includes a low-pass filter, for averaging the positive and negative
excursions of the differential amplifier. Alternatively,
- 30  be provided.

25

a separate low-pass filter can

The output of the differential amplifier 1310 connects to an absolute value
circuit 1312, which generates positive signals for both positive and negative inputs, in
a manner analogous to taking the absolute value of the circuit’s input. The output of
the absolute value circuit 1312 connects to an input of a comparator 1314. A

35  reference signal V, connects to another input of the comparator. When the number of
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can be maintained at its optimal value, regardless of the values M and N of the
frequency dividers 924 and 914. The PLL thus k .

range of operating conditions. .

Operation of Timing Circuit

Figs. 14-16 illustrate the operation of the timing circuit 700 for three different
values of frequency gain. As shown in Fig. 14, the timing circuit 700 has a frequency
gain of one, and receives an input signal 1410 having a period “P” and a pulse width
“Tw.” The first PLL 712 generates a first clock signal in response to rising édges of -
the input signal 1410, and the second PLL 714 generates a second clock signal in
resporise to falling edges of the input signal 1410. One-shot circuifs in the combiner
716 convert the first and second clock signals into first and second pulse trains,

respectively 1412 and 1414. The SET/RESET flip-flop 810 successively “sets” in

response to the first pulse train 1412, and successively “resets” in response to the

second pulse train 1414. The resulting output signal of the SET/RESET flip-flop 810,
T 167 '

eeps jitter to a minimum over the fufl
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clocks into pihsandifidéiRtit'dvideRd pulse width of an i input signal any time that the .

frequency multiplication M causes the period of the timing circuit’s output signal to

be shorter than the input pulse width. As can be seen from the waveforms of Figs. 14-

25 16, the output pulse width always equals the remainder of the input pulse width
divided by the output period. The output pulse width can thus be expressed

mathematically as
T = Twin MODULO POm, where Pow = Pm/M, or ()
. Twout = Twin MODULO ( Pi,/M ). 2

30. By combining pu_lse width division with pulse skipping (see “Divider Circuit and
Selector,” above), the timing circuit can independently control both the pulse width
and the frequeﬁcy of its output signals. ,
The timing circuit can generate any desired output signal from M different
input signals. As shown in Fig. 17, the timing circuit can generate an output signal

- 17-



1514. The SET/ RESET flip-flop 810 generates an output clock 1516 fromthe
pul se tk%w as before. Al t hough the frequency of the outgq_ut cl ock 1516 is
twice t l?&% frequency, the pul se~width of the input K

preserved. A final exanple is shown in Fig. 16. Here, the tlmng CII‘CUI'[ IS
operated with a frequency gain of eight. As before, the PLLs 75'-21aA@R72[m4

each gen out naI S ng eight tines the
frequenc?%@ gPﬁ’eaq%’n?fJbe 5??&%33156%% ;?@Ef’ﬁg%g)neéﬁ gg'leéf?m@m%@]%nvert -the
cl ocks i hawe a)ﬁe@.ﬁenbyaqmﬂtolmahﬁﬁéqtﬂeﬁ&ﬂef the e tﬁ al; Kdvasker, tekbdigs a

16" Shows SHOW iR cgyﬁm%“tté?ﬁ?i?#‘eiéﬁqﬁﬁl”fﬁ%w erééfé‘&éisetﬁe éfi]twéw shot

out put psdmeeutpum&kbmbwetp;edsembythepdanmhms Thus; the timng circuit

~can used for pulse width division as well as frequency mul tiplication.

Pul se wdth division is articul arly desirable when the user wishes to
generat e out put cl &K Ra fdj $H¥rty@r), or pul se widths than{@n HSD is
capabl e of provi di _rfg The tinmng circuit divides the pulse width of an

i nput signal any ti ma‘tlhaEOut‘h@wOMequency mul tiplication M#auses the
period of the timng circuit's output signal to be shorterthan the input

pul se width." As can bewherr =f dIPhdgeR @Y 6te (0] Pinchisgie. 14 16, the out put
pul se width al ways equal s the remainder of the i'nput pulse width divided

by th t dt h, 1 h b d

D o VOBR RS R e o 2 L B0 I e 85 -
Ti, lmmwmmmmmﬁmmMumcm gemahdseonmhd HEDl by l::Boasmgw vdhuepul se

ski ppi ng)f(‘ hmfayiﬂ qﬁ’i‘ﬂdl@cff% %n?ﬂﬂldmgeh%%\% " above), the timng circuit

can |ndepe control bot wdth and the frequency of its
out put signals. The tim.ng circuit can generate any desired output signal

fromM di.f Lerent o.in As, Shon i Fig. 17, the timng circuit
can gen gtho &FP&%I S‘dg@a"‘!’%‘%@ﬂ%ﬁoo PCT/ US00/ 26702 ' - 1 APR 2004
1710 from an f Risthdaey 32.5#% ese i nput
signal s have%é)flrste]guency SE&E%ﬂ gt he ? equerﬁ:&]yi?m?%ir%lg{ pu(? si gnal ;
howd¥er The el E systany 18 ey 2 gsier Flpek | 818y ke mencim ZeHRGLS B6. - The

At

differ eebmkﬂ&tﬂmﬁigqeﬁ.‘r&cé mtmammgme R@H%giﬁjmé 182( 284 tigAng be expressed
by the r eI aly OT@H pﬁe Jall’ of tEcls/e componél-nts are: referfznceci) to(tgz: ATE master .
cIock 1818, these components are alt therefore coherent. .
During a typical test of the UUT 1814, a user programs the analog source 1816
20  to generate a test waveform. . The test waveform includes succession of discrete levels
established in response to clock pulses from the master clock 1818. In response to '
user input, the timing generator 1824 derives a desired frequency and pulse width -
from the master clock 1818. An HSD 1826 outputs the desired clock signal, and the
timing circuit: 700 generates the desired output clock.
25 As the UUT 1814 is operated, it generates a succession of digital output
signals in response to the outpﬁt clock from the timing circuit 700. Under user
control, the digital I/O 1820 retrieves the digital output signals from the UUT and
reports the signals to the ATE for processing.
Preferébly, the ATE 1810 includes a software driver (not shown) for
30 . configuring the HSD 1826 and the timing circuit 700 to generate the desired output
clock. A user preferably specifies a frequency and pulse width of a desired output
clock. The software driver then sets an optimal pulse width and frequency of the
HSD, in accordance with equation (1) above. The driver also programs the timing
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Twin(4) where j = all integers fromO to (M 1), inclusive. Wen operating
an HSD at frequencies close to. its maxinumlimt, the user has the

flexib
val ue

testin
UUT 18
mast er
for th
Becaus
1818,

| lwbyibsesn ni M ze the high-frequency demands on the HSD qtz?ééchoom ng a
of "j" toward the niddl e of the range indicated ab®HUSHEEH3d of

g WTW timng .circuit Fig. 18 illustrates a .setup for t{s-sﬂlpgRazﬂ[
14 using the timng circuit 700. 15 The ATE system 1810 i ncludes a

ecéﬁ%‘twﬁufﬁ@ﬁ%@?"éﬁ% 8 BFIOeRE BRI S af VR Rerse bRt 1004,
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i s merof&mmm@dl&kcwmli Sthin t I n
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clh it rates a succession o
| out glﬁﬁélgﬁa:ﬁﬁf n]'ﬁl?:ég%)%ﬁgéﬁ{e ‘f“rd'f‘éb Ergs@sWedn the timing .
t 700. Beesase thesenfiguratiorprontded wmmg ERLBAR) is ebhdremen t he
| redhddts n nal s o t he ATE for
sin %?aﬂﬁeb?ﬁg?%@#g rll?:qsqé%gé ?@Bﬁ%ﬁ%@ ﬂ’PP &r (not shown)
nfafcg%a%g erligusatio thmn‘rgs themeed formﬁdmmng@fmme t he
d datﬁ.pﬂﬁth ATE kontfdls!gRIgeh and pul se

oo ot el A v I BEUBA

$ |
g S8R S0, B A st i b o O ™
o cigriarvi windomsgefe peiiemiing DSP. -G PR OG0! 26702

2 freq i viders,.the PGA gain, and
a%sl? aj:é%%crzrg’gatsqxe uelg(g)i t%%d XeFﬁ P%‘ﬁ? configurati.on of

tening smﬁb?@%mmawcahu wﬂi Gurrsne ATTE systehizg Mése al | :
CATE s S Akt O NS i W P o0 e )L
R e Pl cdn e die oG R Rem Ao By b GO o oGt 11 DUt 06
nestly small changes to the ATE. The timing circuit 700 i improves the accuracy of these .-

ATE systems by passing correlated jitter and filtering uncorrelated jitter from the -

digital channels.

In the operating example of Fig. 18, the UUT is an analog-to-digital converter.

It should be understood, however, that the testing principles described above also

apply to other mixed-sigmal devices, such as digital-to-analog converters; modems,
-disk dr_ive controllers, transceiver links, digital radios, and high-speed interpolators.

. Having described one-embodiment, numerous alternative embodiments or
variations might be made. For example, the tailoring of PLLs to reject uncorrelated
jitter involves low-pass filtering the PLLs at about 5 kHz. This is merely an
illustration. The filtering arrangement can be modified to reduce uncorrelated jitter
wherever it may appear. For example, the frequency response of the loop filter could
be varied to provide a different bandwidth. Alternatively, the PLLs could use band-

pass, band-stop, or high-pass filters, or combinations thereof, to target specific
frequency bands of jitter, as needed.
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R—

neasurenent errors. Mreover, npst of the uncorrelated jitter is filtered

by the quﬁﬁﬁogl rcuit 700. Thus, uncorrel ated jitter contributes small
errors, as we Because the confl guratl on pronoted by t hBCTUSPORE7@ r cui t
700 is coherent, it reduces "skirts" in the power spectra of sanplﬁd
signals, and theref ore pronotes accuracy. The coherent: confi gur ati AP:BI 2004

ellnlnates th n dat a. the ATE controls the
generatian of ana; gg Si W%r%l({es%@%ﬁ@?dﬁﬁ@ Bhetimingaingitof t he
UUT and d$§$ kg, howegvery WﬁhAﬂErh@ajmumednm the kst §)%tdni )brbﬁﬂi@cterhﬁ!plﬂ

ATE ar o ¢ RS RRTCDGE PRCaRbS, M itk OF the T vg ifiionoi so.

" The tim At g? Etﬁrpgmmm@@féhmmm%emth current ATE systens. Most

ATE S?rﬁtee”fin\gﬁgﬁf?ﬁﬁ’?#ﬁ‘%gbﬁﬁﬁ‘ﬁe ARS8 DO ahe L K e Be TR, Ove e 7

perform ly small changes to the ATE. The timng circuit 700

i nproves the accuracy of these ATE systens by passing correlated jitter and
filtering uncorrelated jitter fromthe digital channels. In the operating
exanple of Fig. IS, the UUT is an anal og-to-digital converter. It should
be understood, however, that the testing principles described above al so
apply to other nixed-signal- devices, such as digital-to-anal og converters,
modens, disk drive controllers, transceiver |links, digital radios, and
hi-gh- speed i nterpol ators. Having described one enbodi nent, nunerous
alternative enbodirrents ‘or variations mght be nmade. For exanple, the
tailoring of PLLs to'reject uncorrelated jitter involves |ow pass

‘Nfiltering the PLLs at about 5 kHz. This is nerely an illustration. The
“filtering arrangenent can be nodified to reduce uncorrelated jitter

wherever it nmay appear.. For exanpl e, "the frequency response of the |oop
filter could be varled to; ‘provide a-different bandw dth. Alternatively,
the PLLs coul d use band-'- pass, band-stop, -or hi-gh-pass filters, or

conbi nations thereof, to- -target specific frequency bands of jitter, as
needed. WO 01/28100 PCT/USOO/26702 APR 2004 The input to the timng
circuit described above |s an HSD... The timng circuit is usable, however,
with other signal sources:within the test system ‘or with external ~signa
sources. In different applications, the bandw dth of the PLLs can be
tailored to suit the jitter characteristics of the signal source used.
Therefore, the invention Should be linmted only by the spirit and scope of
the appended cl ai ns.
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APR 2004 What is clainmed is: 1.Atimng circuit for automatic test

equi pnent, conprising: a first phase-|ocked | oop having an out put
generating a first clock signal; a second phase-|locked | oop having an

out put generating a second clock signal, the first and second cl cﬁ
signal s having a predeterni ned phase relationship; and a conbi fer, PR 2004
including a flip-flop having first and second inputs respectively coupled
to the outputs of the first and second phase-l ocked |oops, and output for
alternately setting and resetting to generate a succession of high and | ow
logic levels in response to the first and second clock signals. 2.The
timng circuit of claiml1, further conprising: a differential circuit

havi n@/hatris ¢laipeet ist hat recei ves an input signal and having first and second
outputs that respectively provide inverted and non-inverted versions of
the i hput AfigRAICreYifayiomatiniestearisPedfOPIRESieF the differential circuit is
coupl ed FO f ihngtregjcl%fd.loot rIllg ilfl ! énséut ut[]aesneF ltigé:gﬁrgt cl:lcgjc?%igﬁq;d the second output
of the di 3 LN TR kOl oG u&}& hed d S0 @i t he second |
phase- | ockgehal GRPrrst Qséédﬁb'&ﬂcﬁgig@g tav acpﬁ'éﬂe@r_ inedVpiRls€i N the flip-flop is
a SET/ RESELatibdship; 4gop having a SET input that is one of the first and
second i npait @ninet, hidcludihg pa frlipiop aBANRESE TandRYtontith@putss t he ot her of the
SET and RESEpectivelypotisied toltee catpdis of thefirst andusetontd phdedibckednpri si ng: a first
one- shot cleepsuiand lpatpuin fpr atteinatplit setfing pind desattinghte generatet aof t he fir st

phase- | ockagcasgion cAmighaandolgw Jedic cayelplirdespensente the rfigst andput of t he
f1ip-flop;secaririocksedhd one-shot circuit having an input coupled to the
out put of the second phase-locked | oop and an out put coupled to the second

Pty O 8l ficld BT NS HEfLMbghioul € of claim3, wherein the firs:
(0}

and second one- circuits each conprise: a |logic gate having an
Inverting 4 Gﬁéﬁen@é’ll@iré{itr}%ﬂtng AMaRHUE MGht irdtRlvEs BRtdput QIQMsW'aﬂGI to the input of the
respect i vehRng-fisd Ghd GedabitidutpuntlataBspdeivay mdveieinteriedtafd posed bet ween t he
i nverting nanpuMerted versiens|ob thednpgidignal, and t he i nput of the respective one-shot
circuit. The timng circuit of claim4, wherein the delay el enent conprises
an wherein the first output of the differential circuit is coupled to an input of

the first phase-locked loop and the second cutput of the differential

circuit is coupled to an input of the second phase-locked loop.

3. The timing circuit of claim 1, wherein the flip-flop is a SET/RESET fiip-
flop having a SET input that is one of the first and second inputs of the
flip-flop, and RESET input that is the other of the SET and RESET
inputs, the combining circuit further comprising:

a first one-shot circuit having an input coupled to the output of the first
phase-locked loop and an output coupled to the first input of the flip-flop;
and

a second one-shot circuit having an input coupled to the output of the

second phase-locked loop and an output coupled to the second input of
the flip-flop.

4. The timing circuit of claim 3, wherein the first and second one-shot
circuits each comprise:

a logic gate having an inverting input and a non-inverting input both
coupled to the input of the respective one-shot circuit; and

an delay element interposed between the inverting input of the logic gate
and the input of the respective one-shot circuit.

5. The timing circuit of claim 4, wherein the delay element comprises an
additional length of trace on a circuit board.
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additional length of trace on a circuit board. L1 APR 2004 6. The tim ng
circuit of claiml, wherein each of the first and second phase- | ocked

| oops has an input and conprises: a phase detector having first ‘anfl ARRomgs
i nputs and an output, the first input being coupled to the input of the
phase-1 ocked | oop and the second input being coupled to the output of the
phase-| ocked | oop; a loop filter having an input and an output, the input
bei ng coupled to the output of the phase detector circuit; and an
oscillator having an input and an output, the input being coupled to the
output of the loop filter. 7.The timng circuit of claim®6, further
conprising: a programmabl e gain anplifier having a gain, an input coupled
to the output of the loop filter and an output coupled to the input of the
osci | §-at or Theytiming aifcuit pleipiya A cwhegriv pardof g firshgndsegendiRiiése-const ant N, an i nput
coupl ed t olockeddoopaPFRAN IBRUL ARECHWESSS at or circuit and an output coupled to

L o Pt o Bhooe U RORA) RISHE kAR o ARG TSRS LL LAY N0 Lhe 0311 of the
pr ogr anmabf e i i AHS (hehn {of ttle%ph li3Eee $oo Qﬁd L¥LGRE constant N to
mei ntai N ajnSHBEha BEIRldY e QUSE@R the pheNod@l Bop! the phase-1ocked | oop.

8.The timng circuit of claim®6, further conprising: a programmable gain
anmpl i fier AaspRigeraadsy ah ingul andg@ubuto Ui iepltbeing beupleowd tpet of the loop filter
and an out puiput obtbe bleede tetettheciccuipand of the oscillator circuit; a frequency
di vider having a divider constant Mand coupled in series between the

out put of 2Mhescliles BayingcaeiiPyt GBP ag iorPUl thednrtt PABI SePIdOi nput  of the phase
det ect or ciPeUPHLof BsdPaRdl§ls for varying the gain of the programmabl e gain
anplifier in response to the divider constant Mto maintain a

subst ant | bl ANSLAN: e POMuARE Brifhishite phase- 1 ocked Toop. 9. The ti i ng
circuit of claim1l, erein: input noiSe is carried on an input signal to
the phase-4 QrigRfhrhdRPgain anpifief Adling P g&ik, drsinp@NRIAEEE et hin the

phase- | ock&gpdt appRe Idapefilienabd anoolgut cangled i erenmbutngfi the bei ng functi ons of
f r equency, ogcliator, nt er nal noi se

a first frequency divider having a divider constant N, an input coupled to
the output of the oscillator circuit and an output coupled to the output of
the phase-locked loop; and

means for varying the gain of the programmable gain amplifier in
response to the divider constant N to maintain a substantially constant
loop gain of the phase-locked loop.

8. The timing circuit of claim 6, further comprising:

a programmable gain amplifier having a gain, an input coupled to the
output of the loop filter and an output coupled to the input of the
oscillator circuit;

a frequency divider having a divider constant M and coupled in series
between the output of the phase-locked loop circuit and the second input
of the phase detector circuit; and

means for varying the gain of the programmable gain amplifier in
response to the divider constant M to maintain a substantially constant
loop gain of the phase-locked loop.

9. The timing circuit of claim 1, wherein:

input ncise is carried on an input signal to the phase-locked loops,
internal noise is generated within the phase-locked loops, the input noise
and internal noise being functions of frequency, the internal noise
function falling below the input noise function at a crossover frequency,
and
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function falling below the input noise function at a crossover frequency,
and the first and second phase-| ocked | oops have a bandw dth substantially
equal to the crossover frequency between the input noise and intérrfalpAPR 200
noi se functions, 10. The timng circuit of claim®6, wherein the phase
detector circuit conprises: a digital phase detector having outputs that
provide digital logic levels; and a voltage-controlled current anplifier
having i nputs coupled to the outputs of the digital phase detector, and
generating an output current in response to the digital logic |evels

provi ded thereby. 11. The timng circuit of claim 10, further conprising a
| ock detect circuit, conprising: a differential anplifier having first and
second di fihefieshencasecpphphasedaskast leeps have ajpangwddtiDewgtaglialy t al out puts of the
di gital ph2d@ *aéq,%e&owveraffﬁqa%%h&t\'@evéwept&inp%iaﬂd Ké&fiahg an i nput coupl ed
to the out™Re™WIMe differential anplifier and an output that generates a
positive signal for both positive and negative differential inputs to the
di ffefentifle ammbi Ll or 48R 8 GRRRAY %Q?h%vﬁagct@' Litdgt 1nput coupled to

t he out putcoafpribdse absol ute value circuit and a second input receiving a
reference signal, the conparator generating a | ocked signal in response to
t he out puta oibitdl Ippaseadesamtan thevingbutputs that priotide digiss iloai levess; r ef er ence signal .

12. The tiandng circuit of claim®6, wherein the oscillator conprises a YIG
oscillator circuit. 13. The timng circuit of claim12, wherein the YIG
osci | | at oraugﬁfj’ﬂ'ltafgﬁiCP”"FPéigd SUFEH eampdi ru%@‘”rignﬁgﬂts coUPFedottBe t he i nput of the
osci | | at or® &%tfﬁﬁgg"ﬁﬁ‘;?@?mri L&e”er? (P B R urt her conprising: a
di gi t al - t JSHITAFOY HETUEHPYY FYERRP VT BIPY havi ng an output: and a course
tune driver circuit having an input coupled to the output of the DAC

Ci rcuitt anthedinGhy EifRit of BT 90| BcheP UbMpHsingQHRER etb@ dirBiR, COur se adj ust i nput
of the YJGoapadihd:ator circuit. 14. The timng circuit of claim 13, wherein
the oscillator further conprises: A fine tune driver having an input

coupl ed i ra ¢erendigl draglifierdaving brst ampitecot diffehantialdmriutsl @uped and t he fine adj ust

i nput of tHEPENEDEYWN tipital owtps pide digital phase detector;

an absoiute value circuit having an input coupled to the output of the
differential amplifier and an output that generates a positive signal for
both positive and negative differential inputs to the differential ampilifier;
and

a comparator having a first input coupled to the output of the absolute
value circuit and a second input receiving a reference signal, the
comparator generating a locked signal in response to the oufput of the
absolute value circuit crossing the reference signal.

12, The timing circuit of claim 6, wherein the oscillaior comprises a YIG
oscillator circuit.

13. The timing circuit of claim 12, wherein the YIG oscillator circuit has a fine
adjust input coupled fo the input of the oscillator and a course adjust
input, the oscillator further comprising:

a digital-to-analog converter (DAC) circuit having an output; and
a course tune driver circuit having an input coupled to the output of the
DAC circuit and a current-controlled output coupled to the course adjust
input of the YIG oscillator circuit.

14. The timing circuit of claim 13, wherein the oscillator further comprises:
A fine tune driver having an input coupled in series between the input of

the oscillator and the fine adjust input of the YIG oscillator circuit,
wherein the output of the fine tune driver is a current-controlied output.
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wherein the output of the fine tune driver is a current-controlled output.
;- 1 APR 2004 15, A nethod of generating a lowjitter clock signal having
controlled duty cycle froman input signal, conprising: coupling the input
clock signal to first and second phase-|ocked | oops; generating, by the
first phase-locked |oop, a first regenerated clock signal tHat‘l iAPR 2004
phase-| ocked to rising edges of the input signal; generating, by the
second- phase-1 ocked | oop, a second regenerated clock signal that is
phase-1ocked to falling edges of the input signal; and conbining the first
and second regenerated clock signals to generate an output clock having an
al ternating succession of high and low logic I|evels; wherein the conbining
st ep 1ncl il estredidfigpndritog aalovéitteratiekysignelt thaving camtcblled dggt ti ng i n response to
| ogi ¢ tran®Fleifemsandtput signd. icesprisingd second regenerated clock signals. 16.
The met hod of claim 15 wherein the flip-flop is a set-reset flip-flop, and
t he conbi n‘fc’H@"”gtﬂ@d"%ﬁJB?'i sé%‘é'ltoéﬁh?ﬂdlﬁ?ﬁor@ﬁéaﬁ'oﬁkﬁ%'@i’s‘r st and second
regen_erat N b?/' s?t gseal §gg o qull' Pfre tepe%atggtclo Ezset fli p- flop, and
coupling td E Q4 ot tbp, é éJ é gher at €d clock signal's to a
RESET |nput of the set-reset e method of claim 15, wherein
each phaseaeheakeg tyoae sbmbxme@-rackeae@@ba%ca&l Fegaidlatad f orward path, the
forward pafdekisigoal thdit isghase-locked td fhlivigasdges sfehs ihput sifeal;rmt hod f urt her
conprising: dividing a frequency of a signal fromthe oscillator circuit in
the for warCGmbE wonhe Feicend isgeoni! rRpenertted glaeinvignalsito penerategener at ed cl ock of the
respect i vj slock |hgying an |ejpatingr wigFassIPh of MightedBwcRI®at h, t her eby

generati ngd®& i de range of output frequencies. 18. The net hod of claim 15,

further c [ tter fromthe input

si gnal . 13’?& rg‘h;%gcon%&mgf %ﬁ)ﬁﬁ]lﬁ?ﬁiﬁ:p—f@?%terﬁ SE&%Eﬁ'giﬂﬁgl gnal includes a

first freguppeeqdRRRE sibhad |nc udes jitter conponents conmmon to the system
&

master clock and a second frequency band that includes jitter conponents
not common to the system master clock, the nmethod further conprising each

phasdé! ocKdd medugd < ot aﬁt\-ﬂihal‘eiryth@ﬂjgélbmgs 4 $mb-rdset H-flop, and
the combining step comprises:

-I-"
m

coupling one of the first and second regenerated clock signals to a SET
input of the set-reset flip-flop, and

coupling the other of the first and second regenerated clock signals to a
RESET input of the set-reset flip-flop.

17. The method of claim 15, wherein each phase-locked loop includes a
feedback path and a forward path, the forward path including an
oscillator circuit, the method further comprising:

dividing a frequency of a signal from the oscillator circuit in the forward
path; and

dividing a frequency of the regenerated clock of the respective phase-
locked loop circuit in the feedback path,

thereby generating a wide range of output frequencies.

18. The method of claim 15, further comprising each phase-locked loop
filtering jitter from the input signal.

19. The method of claim 18, wherein the input signal includes a first
frequency band that includes jitter components common to the system
master clock and a second frequency bkand that includes jitter
components not commeon to the system master clock, the method further
comprising each phase-locked loop substantially passing the first
frequency band and substantially filtering the second frequency band
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frequency band and substantially filtering the second frequency band 24 1
APR 2004 20. The nethod of claim 15, further conprising varying a duty
cycle of the input signal to vary the duty cycle of the output clock. 21.
The net hod of claim 20, further conprising: the first and second

phase-| ocked | oops nultiplying the frequency of the input cl®chk APBn 4oy
a constant, wherein the frequency of the output clock equals a nmultiple of
the frequency of the input clock, and the duty cycle of the output clock
varies wth the duty cycle of the input clock. 22. The nethod of claim 21,
wherein the pul se width of the output clock equals the remainder of the
pul se width of the input clock divided by the period of the output clock.
23. A nmethod of generating an output clock froman input clock, wherein the
duty ¢l eThsr methed ef algimt15¢ fusher dompdeingeyaniingesl dily cydieotihey cycl e of the input
cl ock, conPRYtSErR) o @y thadrty cynieefife outayt @lodk. first phase-1ocked | oop, the
frequency of the 1input clock responsive to rising edges of the input clock
to ner |4 kplle ock; multiplying, via a second

phasgﬁl' oc?&% rﬁ%@gﬁbﬁ@%@ *e%%rncg?%hﬁnifhe i nput clock responsive to falling
edges of tihefilshdtdtscBdrd aéﬂocl&@WlﬁF@Bﬁltiﬂyiﬁ&ﬁ@QQqM& bipht €d clock; and (c)
conbi ni ng ihfecibel Sgna sasamd nultiplied clocks to generate an out put

cl ock, wherein the step of conmbining includes a flip-flop holding the

out put clwekein theafrequahdye ofs that autfe tolwske reqpale e treltipie e cthé ogi ¢ transi ti ons of

the first fregrency etbe mpvhelock. @i de dulyowke of thmaitsut clock varies
with the duty cycle of the input clock.

22, The method of claim 21, wherein the pulse width of the output clock
equals the remainder of the pulse width of the input clock divided by the
period of the output clock.

23. A method of generating an output clock from an input clock, wherein the
duty cycle of the output clock is determined by the duty cycle of the input
clock, comprising:

(a) multiplying , via a first phase-locked loop, the frequency of the
input clock responsive to rising edges of the input clock to
generate a first multiplied clock;

(b) multiplying, via a second phase-locked loop, the frequency of the
input clock responsive to falling edges of the input clock to
generate a second multiplied clock; and

(c) combining the first and second multipiied clocks to generate an
output clock,

wherein the step of combining includes a flip-flop holding the output

clock in a stable state between predetermined logic transitions of the first
and second multiplied clock signals.
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