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FI EL>7 'OF THE I NVENTION This invention relates to anti-fitter circuits
(AJC). 8 Mayp4eR;sECT/ G B99/ 03776 An AJC is described in oupcponeats
patent application No. 97903456.8 based on International patent
application, publication No. WO 97/30S 16. The described AJC circuit
provi des a uni que.way of reduciWiﬁm%m fitter on a frequency
source, typicallig20 dB or nore I( | 1y cascaded) stage.
Figures 1( f the acconpanying drawings illustrate the principle
of oper ati mmmm]“w "MIHIEH ier AJC. Figure 1 (a) is a block circuit diagram
of the system desgcribed in the earl ier patent application, Figure 1 (b)
shows an input pulse train wt ken outl | ne) on the
central pulse and Figure I (c) s ovvs the correspondi ng i ntegrator output
(Op2) and the conparator switching level (Op3). The present invention
provi des an inprovenent over this earlier AJC. Because the i ment ati on
of the core part of the inproved AJC requires no d.c. power mhrﬂ 'PM l””
adi abati c aftiis 1fivention relatesub tan(i AR civdulits ébscgised hereinafte
SUMVARY COF THE | NVENTI ON 8 May 2003 According to the invention t foem@s | S
provided an anti j fitter circuit for reducing tine fitter in an input
pul se train conprising, an integrator charge storage neans, charging neans
for deriving fromthe |nput puI se train at Ieast one charge packet during
each cycle of the input puBA& RICHURAHO) pV yNHOQNe charge packets to
the integrator charge storage neans, and di schargl ng neans for continuously
di scharging the integrator charge storage nmeans, the chargi ng neans and the
di schargi ng neans bei ng operative to create on the i nt egrator charge
storage neans a ti. vary| ng voltage, a low pass filter coupled to said
i ntegrat or f?sﬁeﬁﬂlé‘% ecaged %QHEEFWPQ?&F%WM@ ppligatian dNe. 967 Hgd-Bbased on
time varying voltage, and means for conparing said tinme varying voltage
with said nmagmatichay ht@agglfmdndﬂrprwlmlaﬂww OPIHOSE 6t r'Bhé déseribedeSIE t
of the conpari son. SCRI HE DRAW NGS Anti fitter CI rcw ts
according to_the ntion are no scri bed, by.way of ex
et er ence COrEPNIGA AR St HGLCng Himee Rbisk Mine ST o o Hectipne)
illustrate a known anti fitter circuit described in our | nternatl onal
pat ent applsouats, dypicaip 20 dB sromoreifdrehe WOedch FoHy6iascaded)Stagey Pipmsesi)a)

001 30256 PCT/ CB99/ 03776 Figures 2(a) to 2(d) illustrate an enbodi nent of an

anti -jittercj nf'”?f th%céi:%ﬂi Jﬂ@g df%iR g@ﬁﬁﬁ&g@&&nﬁggg.}ﬂfbwp%r&(&) of thié

circuit di agr e antr- er cir

earlier AJC. Figure 1(a) is a block circuit diagram of the system described in the
earlier patent application, Figure 1(b) shows an input pulse train with jitter (shown in
broken outline) on the central pulse and Figure 1(c) shows the corresponding

integrator output (Op2) and the comparator switching level (Op3).

The present invention provides an improvement over this earlier AJC. Because the
implementation of the core part of the improved AJC requires no d.c. power the term

adiabatic anti-jitter circuit (AAJC) will be used hereinafter.



shows, an input waveform Opl, a sawm ooth waveform Op2 and a nean cb‘f“l I@ gl
Op3 Figure 2(c) shows the waveforns Op2 and Op3 superposed and Fi gu% zj )
shows a detail of the superposed waveforns, Figures 3(a), 3(b); 4(a), 4(b)
and 5(a), 5(b) illustrate further enbodinments of the anti fitter circuit
shown in Figures 2(a) to 2(d). Figures 3(a), 4(a) and 5(a) are circuit

di agrams showing the anti fitter circuit3d and Figures 3(b), 4(b) and 5(b)
show t he respective sawm ooth waveforns Op2 and the nean d.c. |levels Op3
overlaid. Figure 6 shows anSBMMARYIOF THEINVENGEON]i ng to the invention
in which the pul se I ength of an output nonostable circuit is controll ed,
Figures 7(a) to 7(c) show an anti fitter circuit according to the invention
having a frequency doubling input. Figure 7(a) is,a circuit diagramof the
anti fittef\ceqrding to the igyeation E)eré FoREOvidRd amantditierwiscaitdorrepring dmee
mean d.c. level Op3 overlaid and Fi ﬂijgre Yq&cé,_a;hmﬁs an expanded detail of
the over | aitFTVAFBABPHPUIE GHPLOMPrISHE. 4n IMGEFaIoRGhares SPTage reFanisyFharging
accordi ng i ny-ent i | pel-udi i itr r t i i e
charge valhedyoudRSHe Bopl 0 BRI il & Mo loh @ R R AR eActE

9(a) are o I i 1 t Uinfo! ol CAMER -t &t )

5 by 2003 F B 05 PRERRIE PN A SOr e B ing bk Shaflc AL 0O R
wavef or r nchapge afarape meats, tind, diseaiginOmeans ior | eintinuadisly ﬁb@wrgﬁxg?»ﬂfe) and
9(c) show an eapane~ed detaU of the overlaid wave forns Figure, 8(b j and
8(c) al so integvatar cluirga soragouvéansytheuhargingi nfiagsiard e disahasgiag fngank deing

enbodi nent of an ants fitter circuit according to the present invention.
The pri nciQRcsatyye Epercata @htf@dﬁt%a@ééha%ﬁ SFEAEE BXEES AT Yarydag yaltage, 2d,

and it hag sone simlarities to.that of, a charge punp..An approxi mat el
constant  dRRRzes BUEkeRURted fsaidintelteips chdgs syt figals for dsribing maeh 6r¢ of

t he sche ] oy . i | har adds
to the oy Bl Rl inBiyibp YERENSREER, RUC Fimpblfi ST HRe R Oy
source Tl V(O(P%%Wifh QEE Heah d. vt YRl detifihlg 4 &ﬁ”gamﬂ& (i@ A5R_EGHIE Bf the3 at
a rate that Intains a substantially constant an do voltage level on the
i nt egr at orconiparaoa. capacitor C3. A high inpedance |ow pass filter (R 1, C4)
connected to the integrator storage capacitor C3 establishes the nean d.c.
voltage | evel that then controls the discharge current in a negative

f eedback configuration. The_combination of interpjftent chargi ng and

conti nuous di schargi ng cr eatasa HANSQE L Hig R A, Aavef orm Qp2 on the

i ntegrator storage capacitor C3. The two (high inpedance) inputs of a
differential conparator (not shown) are connected respectively to the input

and out puty O iitBE - QLA rdink 46 the VeSS hAPAOW MRScrild B9 of example

only, with reference to the accompanying drawings in which:

Figures 1(a) to 1(c) illustrate a known anti-jitter circuit described in our International

patent application, publication number WO 97/30516,



poi nts when the mean do level Op3 is equal to the sawt ooth vol t dydanAn83
form Op2 8 May 2003 WO 00130256 PCT/ G B99/ 03776 -5 present on the

i nt egr at or g gyywag capaci tor C3. The snitching point on the gcseivay/garpart
of the sawt ooth waveform has very nuch reduced timng fitter (as descr~hod
in the aforenenti oned publication). This discharge swtching transition

then trigg 3ID( &Pﬁtd I meneBf BY ooy &bf GHbis - khed
kn that pug{g’?(r:égt i(gﬁ T e)gﬁgumg?ihgcﬂ?at e negatdi ve]lfglredtﬂal%id%ﬁ)aatﬁﬁgé R
differential conparator neans_that the correct conparator switching | evels
are est abl PEREY BANGRRE iTABMIG2@HFS HCHaY S/‘?'ﬁgﬁ’@ Pgﬂtﬁaa‘&}ﬂ HEDEHCU ddgRci( s
W t hout any change of circuit conponents val ues. Wien the (optional) diodes
DS to D8 i ghdvsthn2npiewaotforandupdl h Rgwtddie wavetoreo 8i2adtd Reafd/o( (&3¢B)p3

determ nes the sideband frequency bel ow which the fitter suppression starts

to degrade.at a er .octave.rate~ The optinmum | oop.gaip is nd to be
anR 2 (CatenSH e STk WALBR R nd dRg T SHBtwSPaRY fubr ohrebe »
expl anation below it can be seen that Id,s f,~aQ that is proportional to

i nput freqdendyf tiitheumopesgliensefdrms, hat the | oop gain varies as the square
root of input frequency. For such a control |oop the | oop gain can
typically be allowed to vary by up to four to one with little variation in
overall settling time or |oop bandwi dth. This then corresponds to a working
frequency range of sixteen to one with no,chan?es in conponent val ues. The
four opti oReguressiiakbd (b 4(al, ddekamsbita. BY) dhsmiatiabigiy ammodimenstadtheanti-
provide a | ow i npedance path frominput to the output shunt capacitor C4 of
the | ow pagef &ikdi8f shéwhhie PR&irtd 262)0f NEYatHi¥araso8 (208 ag 6N s) Areddi

(Vbe) offs'gt | evel s 8 My %103 V\%)OOIZC}O 56 -6 PCT(}A%QB(98103§3;6) R
(approximately 2 x 0.6 valts typical. |y). This opti I rs.t ti ne
Congt ant " ofiagas shosing tid FrlNeg Girettantt iRt OBy HF pRG ST ol the
acqui sition of lock of output s~gnaf to input signal, or tf |arge frequency
or phase j ryspedsiel sawtooth vaveforms Op2 andphe nsdagnalc. 1eMets OpBrevedaidi ni ti al
acquisition 1s thus much reduced and input to output |ock is maintained
(with no input pulses mssed) over a wider range of input deviations of
phase or frequency. The presence of the diodes also allows phase fitter

si deband conmponents much closer to carrier to be better suppressed after a
full settl FrRNrh&sshodsuan aati-Jifter kircudsscording éo dhangeeninmpinawhighgdsenseof
diodes D1 and D2, and input capacitor C1 in Fig 2(a), the peak-to-peak
anpl i tude \ppeh oPin blfH1TINERALIBMRARY RIcoRuBINEEN

Figures 7(a) to 7(c) show an anti-jitter circuit according to the invention having a
frequency doubling input. Figure 7(a) is a circuit diagram of the anti-jitter circuit.
Figure 7(b) shows the sawtooth waveform Op2 and the mean d.c. level Op3 overlaid

and Figure 7(c) shows an expanded detail of the overlaid waveforms.

Figures 8 and 9 show anti-jitter circuits according to the invention including circuitry
arranged to maintain the charge value of charge packets substantially constant.

Figures &(a) and 9(a) are circuit diagrams showing the anti-jitter circuits. Figures &(b)



approximately by the relationship Q= C3 VPps~ = C, VPP, n, wherg VPPé~0~b3| S
the‘peak to peak input voltage and C3 is the integrator storage

capaci t ance, act ually the quanti ty of charge being tra fromC
1to C3 eac‘f‘lﬂpﬁ/ s %2 transfer occurs. _Zr ge phase fitter a%f‘{“ﬁ’% g
substantially to the peak-to-peak voltag swing whilst two diode offsets
shoul d be subtrached fromVPP~~ to obtain a nore a curat relatlons ip.
This rel at‘lf@n%(ﬁl)ﬁ Py ‘U§éBPWOW%YF§HF‘é‘ ta”tdh‘el“\ﬂb‘?@t( EalS¥ciPpR! oppFlatheln:!

sam ooth is sufficiently |l ess than 4 (Vbe) diode offsets range between the
swi tch on pgievelssg(ef ahie(spelndy Up dtipadési E8atlaDhe ocawememﬂ)quccmtzml | ed
.current source Tl is a transistor in the formof an insulated gate FET (as

2003 v oot o258 b AreabBRoaYota A S L ARt ron such as &

Darlington arrangenent may be used in place of ~~ 1 A high input inpedance

is desirable so that a long tinme constant (or |ow cut off frequency) can be
obtained for the low pass filter and at the sanme tinme keeping the val ue of

the filter I

e, o1 SERA LRt SRRl o i RSl RRe g e PR B G

C 1 and C3. The mean di ode di scharge current 1d,s is given by the

rel ati onshnpenidd®s = ", a Q where, the charge packet Q has been defined in
t he above and f", a |s the rate of |nput frequency actl ve transitions. Thus
t he FET or tran5|stor g » govide this

S ol
current at the desired nmean samtoot voItage The vaIue of the resistor R2
can al so be conveniently chosen to reach this desired design objective;
particularly there is a constraint on the choice of transistor
characteristics. For a given transistor choice the resistor R2 can also be

conveni enttYe gphiasile of devgudh tapbeakerlBy refetermpaddtpmesileguedicand angs
anywhere within a design envel ope of typically 1000 to |, without having to

alter the value o onent _wi t.hin the cincuit

deronst r a0y St S e SRR Y ey S aAY Eoleel! Sforer Bl
shown in Figure 2 when only the resistor R2 is varied. However, purely for
t he purposie fifrmdidspithgr ohcaduj $i ta seconidt vamatwon phithedchembetweke papunput
wavef or m cycI es, the tinme constant CAR 1 has been appropriately chosen in
each case. o34 Ak AL AORRS Relchghdfin Sicaldlofloras e
t he wavef ot;r &n@z%? cé}ﬁfeaﬁ%ﬁc?t ‘?ﬂrﬁlé fromini tcl ag%slgm tch eg\l © ré‘g%

acquisition tipe is vvhen the t wavef or ms % 8 May 2003 00/ 30256
PCT/ G B991eapaegor C3. A controlled current source T1 (or more Y alcurate y current sinky

discharges the capacitor C3 at a rate that maintains a substantially constant mean dc
voltage level on the integrator storage capacitor C3. A high impedance low pass filter
(R1, C4) connected to the integrator storage capacitor C3 establishes the mean d.c.
voltage level that then controls the discharge current in a negative feedback
configuration. The combination of intermittent charging and continuous discharging
creates a sawtooth voltage waveform Op2 on the integrator storage capacitor C3. The
two (high impedance) inputs of a differential comparator (not shown) are connected
respectively to the input and output of the low pass filter. This establishes switching

points when the mean dc level Op3 is equal to the sawtooth voltage waveform Op2



p2 and Qp3 intersect with no further nissed intersections As an &Hay t208Aal
i nprovenent, shown in Figure 6, the nmean do output fromthe | ow pass filter
(being a div{;(?g%ogwcti on of may be frequency) can be used dig&6EEdw/@RY76
through a matched current mrror processsto control the pulse length of an
out put nmonostable. In this way the overall circuit can be nade self

adj usting in e f. i il t ar rati o
aver a w P ETIENR TP QR BpRaRd Y BH: SHREELRY B oh APIEE AR 2
existing state of the art. Al the power for the AAJC circuit is obtained
from the i pputofshesawtonth vepysfoxs hat ecresmupnrasduced tinhiagpoesr (adidesemplatcedh i n
the circuit is the product of the discharge current and the nean d.c.

vol tage. Guyveffoldgalt h ] ingitsg | in
The o oul 1 o o o a1 g Y g TsA] R AFBERESAY.
product of the input valtage swing and the discharge current. A typical
AAJC woul dOBRBH gi@*%tqtﬁegr3}@3%-&&@&%%9%@5 gesartied inithat RUBGCHSIAR i h & 5
‘'volt input swing. In this exanple the input source would have to provide a
maxi mumof IOnW In addition it is advantageous if the source waveformrise
and fall times are short. Tinmes of |less than about one tenth of an average

period m nidm s i i.tude t i noLse
opeari ng drecnut gy 8 8RB be RgRE eI EE He P e AR TR T ahthe
anplitude of the input waveform should be reasonably constant over the
short t er mheHoweage comparaonswitdnng tevets arhesteblishgdtautomaticallyfoonmeiyoaidey
adjusts for long term (low frequency) variations in the input anplitude. A
frequency i i {1 hn oS i i : i with the
PNTSpRRAR i S i b S S i
c, D; C2, D2 which operate alternately on the rising and falling edges of
the i nput waveform The transfornmer XMR is shown by way of exanple only
and may be replaced by sone transfornerless push pull active circuit

oper ati ng gwhéhehd (dptional)aiiedes D8 MBRPEBigd arferRawendycivg bthengnarensthen
dividing to obtain the final output are a further 6dB of phase noise

whol o 11 oqRokear FEneeCe Bt bneh ienaf oAbl biioh FRETE & chiut™®

charge punp as shown is that the value of the charge packets is o
appr oxi mat suppiesoporstanstd degradbat addBiger etase ratg. obhe bptimtmdpap @ain is
storage capacitor at the start tinme of the charge packets. Thus to obtain

the best j ghidd @oe td am iy g T weiehR ghe K1Y G

sawt oot h vg{“}t"gglg) asglglm(sarrafxp3 ¢ Y&:@W & FE érﬁ' ‘p&q‘*“ﬁt) n8%Rn the
explanation below it can be seen that 1, .=f,,Q, that is proportional to input frequency.
The consequence is that the loop gain varies as the square root of input frequency. For
such a control loop the loop gain can typically be allowed to vary by up to four to one

with little variation in overall settling time or loop bandwidth. This then corresponds

to a working frequency range of sixteen to one with no changes in component values.

The four optional "speed up” diodes D35 to D8 shown across the resistor R1 provide
a low impedance path from input to the output shunt capacitor C4 of the low pass

filter if the positive or negative voltage exceeds 2 diode (Vbe) offset levels



percentage as possible of the nean voltage. Figs 8 and 9 shongﬁa&eéqb%ncy
doubling circuit where the charge packets are kept nuch nore constant by
t he presenoe0 of3oRsansi stor T2 and its base conponents CS andr®BGERY/EXT76
perform an averaging function over a fewdi-nput cycles. The transistor
operates essentially in the grounded base node whil e conveying charge.

Si nce the Gapeomoiateyd s dywltsorypicaltyovEmns sphendbwienptite time AMDsODL 3086 8
May 2003 PCTI G B99/ 03776 cycl es any phase junps causing the nean |evel of

t he sawt oo t r i wthe ets
to vary. T PRETRELDy R of MReRRhaER e Rl £ i RRAE FRRLS
constant vol tagge,si nks. CbvioQusly this technique also applies to the basic
circuits a®gudilp ingvésenal eydaeg faeaHsancH @riphasfal MpEe eaBeRBacCUTIY e ishons a
nore convenient arrangenent if T2 is a FET. The time constant conponents CS
and R3 ar eqgfa|l an@aimé estuhitRfa8QGsHRM khBugMuehatddded sndRIPR e 8difu® 1ddRe
gate of T 1. Transistors T2 in Fig 8 and Fig 9 are the nost |ikely devices
to restrict the u f.requen peratiop of the circuit..Becayse the

mobi 11ty of RPEmGE ik et bplses apissed ster poviddy rige hiBREL SR AlOT !
exchange p-devices for n-devices (or pnp for npn) and vice versa and at the
sanme tinme peasercefredquensenskheoprashace mfuthe dliodessalsb taliosvd phadeyjiiter pdelsdnidce

that this will result in somewhat hi gher nmaxi num frequency of operation. In
the enbodi [dped i t [ t Q0

wavef orm ( ?8%%?%%&&38#% Bcéﬁgéﬁg%&é%ﬁr%%g S%S%Clifad te? § Blgls%%ch\/ﬁﬂ
inputs of a differential conparator. It will be appreciated that a DC

reference peduitedin these circuits may conveniently be chosen to be at any
RF ground poi nt because points connected by | ow frequency capacitors or
decoupling capacitors are effectively all at the sane RF potential. 8 May
2003 WO 00/ 30256 PCT/ G B 99/ 3776 Therefore, the ground connection mthe

enbodi nent f Figures to 9 could bc: replaced a suitably decoup] ed
| OW | rrpedaffb WS?QB@% BrECP U AERNERMER! 5@0‘5@& @id’f”dtsiﬁé’ @ElF“PBFC%H%“‘Pfase
of an equival ent bipolar transistor). This voltage source can be arranged
to establi &h ihFeg 2@i) e besimtd-pbakanisitade oL tdfethecapaoathowaveforsis tgivesn can
be a sinple single input conparator, such as a high i npedance CMOS inverter

(NOT approximately by the relationship Q=C, V,,=C, V_ ., where V__  is the peak-to-

ppst ppin? ppin

peak input voltage and C, is the integrator storage capacitance. Q is actually the
quantity of charge being transferred from C1 to C3 each time a transfer occurs. A
large phase jitter adds substantially to the peak-to-peak voltage swing whilst two

diode offsets should be subtracted from V_, to obtain a more accurate relationship.

ppin

This relationship is used to ensure that the worst case V_, for the sawtooth is

ppst
sufficiently less than 4 (Vbe) diode offsets range between the switch on levels of the

speed up diodes DS to D8.

Conveniently, controlled current source T1 is a transistor in the form of an insulated

gate FET (as shown in Fig 2(a)). Alternatively a high input impedance bipolar



gate) instead of the differential conparator used in the enbodi n@%z o3
Figures 2 to 9. Figure 10 shows a further enbodinent of the invention in
which a NOT gate U4 is used as a fast switching conparator. The sw tching
| evel of tWE WY&AP¥6can vary appreciably with tine and tenper 8CE(B08Hever)
this can be controlled by provision of ‘d further negative DC feedback path
connected between the output of NOT gate U4 and the control input i.e. the
gate of FERNSIOr CINBIRPBORIRED a8 asPAP NG lONsAMRYIESTIRDL By pasised ip perce(rS lcs)
provi des sufficient filtering to establish the nean output level. In this
way, the NOR gatiapkd ihpedmtenRidesiddbly sos@hl albagatnet orsittG@LMBGL cur off
‘switching level. As in the enbodinents of Figures 2 to 9, the input source

V 1is connected to isolatin apacitor C l..and to. dj odes D.1, whi ch feed
bui ses. ¢ o ey bgrnBetlath R AR fadines Fel epip &g SEhediib gecbiedhe
capacitor C3 and the resultant sawmooth waveformis supplied to the

conpar at orvalidaf thesiltdreapdvétos Cdghbea Towputluof Fohéaduest speté uiplacqlinatdDOlingat e
U4 feeds the RC low pass filter RS, CS which produces a nean UC 8 May 2003

W 001 302 - I [ . d '

vol tage | 5%345 E)spp a%%%gﬁz %bgg bnagf%lué? l)ltgg%egé p%\é@sag% Sgcg? getc agée?@rr}g?;lea@%i:ﬁ age
As before, FET Q1 in conbination with resistor K1 acts as a current drain
and the voltage on capacitor C4 governs the voltage on resistor R 1 and
hence the constant current discharging capacitor C3 via resistor R. As

bef ore, i res) I g { i i W th oI Nal g
S and’ e A e R e b A i g o PG th

suppression starts t egr ade rate of 6dB per. octave. R2 could
opti onal | fhﬁa%pa%eé@%ﬁaa %@@&%@gi gt %é@o‘(ﬁa‘”rflijegm\/bﬁ the e ef dBP ARG Yes
connected across the resistor (i.e. two diodes, one with each polarity in

paral | el wictiveRzZansisoshoWhus thd-FEAr 6r Fapsistbhehhrameerdsitst dntuldfbet bigoseawopass
filter RS, CS should conveniently be chosen to give a sideband frequency for

et ned byra s e s ByreRThdul bbrobh Politec: The el AP ediles

frequency and the fastest possible settling tine after switch-on. In
practi ce, Backmglsd bevosverently thansenitmpach this desires] geign abjegtipepparticilerly
agai nst electrostatic discharge (ESSD). Such gates may have insufficiently

hi gh i nputy, LapRdamerhid okl 8f émie@oggsiésﬁﬂ& ERdrablerfsdict. ®ortah&vkh Bnsistor

described wth reference to Figure ue to a relatively high sideband
frequency. In a CMOS IC, _inplenentation of such protection circuity is not
needed on thRICE KNP TEHHOF &2 Bk REGebE QQE“é"s‘“%‘HP)é&HB%?'bﬁ%IgWi%? grpical 10 10’1
conplenmentary FET pair may be used to provide sinple

operating frequency range anywhere within a design envelope of typically 1000 to I,

without having to alter the value of any other component within the circuit.

Figs 3 and 4 demonstrate by simulation the extreme frequency range limits of the
AAJC shown in Figure 2 when only the resistor R2 is varied. However, purely for the
purpose of display of aquisition within a limited number of input waveform cycles,
the time constant C4R 1 has been appropriately chosen in each case. Fig 5 shows the
AAJC simulation operating of 5GHz. In all cases the waveforms are for operation

starting from initial switch on. The acquisition time is when the two waveforms of



WD 00/ 30256 hi gh tnpedance Input buffering. - 1J 8 May 2003 PCg/May 2003
B99/'03776 Particul arly advantageous aspects of the described exenplary
enbodi ment g+ Jgshidgde: 1. An input source having approxi mat el ypGaBgdanize
anplitude. It Is also desirable, but not gessential, that the input waveform
shoul d have a risetime no | onger than about one tenth of an average period
of the input,wa m, . C 1 cul e I | is then found to be
i mproved. g).p%&rrll}éf\(gn%ufm%%ﬁéc\m%rrpocqrﬂi%?g%%gg n})[?{sl%(rél%hﬁgcapaci tors C1 and
C2) can be used to forman input charge packet of substantially constant
charge val ue when swtched at one termnal by the aforesaid input signal.
-3. An integrator capacitor can be used that is charged by constant charge

packets at Aéf}l‘ﬁ AdaRWnal Erﬁ?%ﬂeﬁt@%ﬁ‘owﬁﬂﬁ_H%u&iﬁ,ﬁﬁe%%dﬂd@bﬁﬁﬁ%%@t%m@

control |l ed discharge curfent source or sin he di scharge 'device can be
al nost any trapsi stor having a.reasonaply hj out put i npedance for its
drain or cBpsselker fbesr.lgA digegtpBuctiony ?gf‘%/a(ytb !}%Wegcé) SR fIceUSE, C(LFQ%IYF&E
filter) may be connected to forma negative feedback path fromthe storage

capacitor Hfotifteageaithed cunphHt nigidreprocesaetontr@ Mayp0O Jenith @F/a302Rpur- 14
PCT/ G B99/ 03776 of tile controlled current source. 6. The negative feedback

connection _causes; a supstantially copstant a C l;. t X1 on_ t he
ctorage capaaprapie” ihetie AR Syl Rty B 0s dodds ot SrivsRng th Yl
so that the storage capacitor, considered as an integrator of the charge
and di schangentginingengseod petpustwavdfernadatiyspdce ratge iover a wida friquereerngeal
conparat or can be used with one input connected to, and responsive to the

saw oot h Vv r: i Laput connect ed
o the mean dr il qEhachiA OIASE: EARRALA B cRPink SBuCLPfic AAP o8
triggered output circuit as described in the aforenentioned publication,
can be connected to be triggered only by the low fitter output transition
of the conparator.

All the power for the AAJC circuit is obtained from the input source. An approximate
estimate for the power dissipated in the circuit is the product of the discharge current
and the mean d.c. voltage. Given ideal components there are no other dissipative
processes in the circuit. A safer limit allowing for other losses would be to take the

product of the input voltage swing and the discharge current.

A typical AAJC would operate with a discharge current of less than 1 to 2mA with a
5 volt input swing. In this example the input source would have to provide a

maximum of 10mW.

In addition it is advantageous if the source waveform rise and fall times are short.
Times of less than about one tenth of an average period minimise potential amplitude

to phase conversion of any noise appearing at the input.



(The low fitter transition occurs on the slower of the two 5@"‘%}“2603

wavef onm sl opes). 9. Back to back speedup diodes (DS to D8) can be

connect ed to form a | ow i npedance path between the input and out put of the
f eedback {9 filter for the case when input phase junpsrgayssrhde
|ntegrator vo ge to junp out of limtsg._set by the nunber of diodes in
series and the typ| cal diodes offset voltages. 10. A frequency doubling
-input cir " t at el y
on the- 11 oD R P e SR PSR b, o e R TnSRRT BYE Gk 5580

001 30256 PCT/ C: B9910a776 - 15 - convey their charge packets via a common
-path to tipensHeFSEr Hdpadraire of the cir@yit that Hamiemagar iy ad)usirinplonigasen
transistor circuit nay be connected in the path between the input
capacrtor$()Waﬂd,ueh@),)s\t@raagﬁ,sclagﬁg|1;11§15t,arﬁ}§>|,tﬁllaat better constancy of charge
packets in ensured.” (b). A tine constant may also be connected to the base
to ensure constancy of charge packet size in the short termfluctuations in
i nput signal anplitude. U the gate of T2 nay be connected to the gate of
TI . 12. The use of the low pass filter output voltage (which is known
functi on Afrehiegysdmp)ingeitoeepcante meslkmeptedan natery sohplamw ayud ptheAGSt abl e
essentially constant for a wi de range of input frequencies. A FET can

alternati t h f f. 1 to
2 curr ont S aBaRanFRRRES e A S 1B et LhoThEECHEBE pEHISER, I 2

May 2003 16 CLAINB 1. An anti_ fitter circuit for reducing time fitter in an
i nput pulld2 vhieh apewipeiternatelyon thetesjnansd 1 @HW@S&fagelmmvem.gi ng
means for deriving fromthe input pulse train at |east one charge packet

during eapfe GY&$RrMEr XMR, NPWhoRH BE wdy2bNeddifipleosni§ U Mhp%etr@ﬁrae@@bge

packets to the integrator charge storage neans, and di schargl ng nmeans

cont i nuousl d| sc %rgg 516% t he integrator charﬁe stora ns,. t he cha gl ng
means and JIR RESRSPRE; A \Gp &ttty OPERR IPPE S1EPéyr at or

char ge storage means a time varying voltage, a | ow pass fllter coupled to

sai d i nt egdetmagashe fgequeneyadsubtiagnand thendividing go abudachafitalvalthaigee af
said time varying voltage, and neans for conparing said ti rre vary| ng

vol tage iR sah (FBARS - o ¥OL ARSI AT b AL ABUL B8, Lhflinicas

result of e corrpa I'son. circ as ¢

wherein said di schargi ng neans conprises a di scharge device havrng a
control irapminedaoicershe avhade fpemuenclyireange dEpperesion. negati ve f eedback path
bet ween the control input and an output of the integrator charge storage
means whereby to maintain said nean d.c. voltage substantially constant. 3.
An anti fitter circuit as cI ainmed in claim?2 wherein said discharge devi ce

is acurr urce or rrent,.sink. 4. An anti_fitter, circui | ai med
in clai m‘g kaﬁéféf‘rf‘gfa? EHﬁFg’éO%Gil%er%"%P 25 Shewdy i§ that! eﬂﬁﬁ‘%?n?f itter
circuit as clained in any one of clains 2 to 4 wherein said nean 8 My
2003 charge packets is approximately proportional to the voltage existing on the integrator
storage capacitor at the start time of the charge packets. Thus to obtain the best jitter
reduction it is advisable to keep the peak-to-peak sawtooth voltage as a small
percentage as possible of the mean voltage. Figs 8 and 9 show a frequency doubling
circuit where the charge packets are kept much more constant by the presence of
transistor T2 and its base components C5 and R3 which perform an averaging function

over a few input cycles. The transistor operates essentially in the grounded base mode

while conveying charge. Since the base voltage stays constant over several input



17 d.c. voltage is generated at an output of said negativef?gﬁﬁﬁﬁwﬁ pat h
and'sai d neans for conparing conprises a conparator having a first input
coupl ed t o wenoi3pzsegr at or charge storage neans and a second P@PGBIYMTIRé ed
to said output of the negative feedback pHth. 6. An anti fitter circuit as
claimed in any one of the clainms 2 to 5 including a nonostable circuit
connect ed t oytlbeamuphade jansaiadsmgahs nfean lo@inpé thengawiBothAw aaefornf ot vy do
circuit as clainmed in claim6 wherein said nean d.c. voltage is used to
control the u t i L n
anti fitter n@?%%}gle kﬁé;%Egloglihncgﬂ{a?géB?%ge% ‘E? m'r gﬁlr?q?ﬁ‘glséa %gg?‘%b(Fgldg?rcc%?rteAi S
-a current-controll ed nonostable circuit and has a control input coupled to
the out put eharggddmdigeharged fiakdpersiapataitagy sanksur Obitousy tup tachrunes alse
said discharge device. 9. An anti fitter circuit as clained in claim3$8

wher ei n sai gpgli&cmh%agﬁvdi%lgrué_ wall Wher! fredlierBy’ dbliag s Bt fRmented.
transistors. 10. An anti fitter circuit as clainéd in any one of clains 6
to 9 wherein said nonostable circuit is triggered whenever a di scharge part
of the time-varying voltage crosses the nmean d.c. voltage. 11. An anti
fitter circuit as clainmed in any one of clainms 1 to 10 including frequency
doubl i ng nmeg@ps cstrgws ai mgra chbnvatiestadandrangitng Teans FET &'lse ciond csadtant
chargi ng means for deriving charge packets respectively fromthe rising and

chai red i n SRYPSRES LR BB 48 Ro' bt MeRlie e BT RS it led i,

charge val ue of the charge packets substantially constant. 8 May 2003 18
13. An anti th¢ gateofdilrcuit as claimed in claim 12 wherein said nmeans for
mai ntaining ' conprises a further transistor coupled between said charging
means and said integrator charge storage neans. 14. An anti fitter circuit
as clainmed in claim 13 wherein said further transistor is arranged to
operate in grounded se de. 15, anti fitter ciycuit as clained in
claim14 in Ir%ﬁ‘ﬁﬁrsag r‘é‘gﬁg‘?ﬂ%gg r?één%‘gc Affe éaoﬁtoﬁ]fqhé Xic6s 4P IEsfEICt (he HBper
transistor. 16. An anti fitter circuit as clainmed in claim213 wherein said
di schar gi ng freemeacy operairm af the sirclit.elBicefifeethe mobilgy ifdiolepéy ks Rarafor
di scharge device and said further transistor is a second field effective

transistor, an I ' ffes LS: ' d
to the gat e R oRER R B Srvdnedids 3 kiR Plelles FOARRLARN (drbrpBPEPAS
circuit as clainmed in any one of claine 2 to 4 wherein said |ow pass filter
conpri ses aandsiiestarsaand at thesavie one covenscthedense ebthiednpulcdiodss.sHitg likely

i ntegrator charge storage neans, and said neans for conparing conprises
said | ow pasgg Hc'ti'é@"that'tHl‘éevUﬂl%s@l@’ir?s&ﬁ@@ﬁathﬁ%&é}%@ﬂn{u%’ﬁteqﬁ@h'@ 86 op&ratiBa,

i ntegrator chg}ge storage neans and an out put, and including rmeans defi ning
a further negative feedback path between said output of said inverted gate
means and sai d di schargi ng neans whereby to establish said nmean d.c voltage
as a switching level of said inverted gate neans. 18. An anti fitter
circuit as dhahemdbodineras destribed evich referanct tourigiues 2rte §ahe sawiontkl vackfqrat h

i s connected between said output of said inverted gate neans and said

control inp [ [ ' i - his § kL CLild :

cl ai med 1 n 0K I8 e MeRS A BRI AEE supblied 18 it ffifs 61 f SifEreRRal
negati ve feedback path conprises a low pass filter. 20. An anti fitter
circuit as clompasaforn claim 19 wherein said | ow pass filter conprises the
conbi nation of a resistor and a capacitor. 21. An anti fitter circuit as
claimed in any one of clainms 2 to 4 wherein said | ow pass filter conprises
a resistor and a capacitor connected in series across said integrator

charge storage .geans, an i ns.for conmpari conprises said lL.o SS
Frrter, 1 nva? sulf o Bperdrasted Ml oG R P VRO SRS TER L BT S e S BE
charge storage neans and an output, and including a voltage source coupled
to the di scharogemgo beaatsamhBieground peintbedaise pants moancaied byolavadeequenay
switching level of said inverted gate neans. 22. An anti fitter circuit as

claimed in clahgkgl WMEEESUDIRAY SayfitoPIGre BHEESVAIF all at the same RF potential.



connect ed :bet ween sai d out put of said inverted gate neans and ga]h %ﬁ@%r ol
i nput of said discharging device. 23. An anti fitter circuit a Pai

any one of wbabB®se to 22 including nmeans providing a | ow i npeglgnogoPas h
bet ween the input and the output of the-negative feedback path. 24. An anti
fitter circuit as clainmed in claim23 wherein said | ow i npedance path is

f ormed by dTpeR$oe9MNE G hdasict@oRas khe mboiimanisi of Fidi8es O fE i 188 be
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| L3m( 10%.| L| & ()-nFlnt 10%| & ()- c| VAErS49s10 &10%<&' ()- %" 10%&' ()- 3!
10%<& () -

Y'10%& () -3, 810%& () -, 10%& () N #$ 2MbC9s1' ! 10% u&' () - %40% u& ()-10% u&

O)-L 10< 10As 1rc1) i\@emgoglmér)ts of Fi xgures o 9) the mgut source V1 is connected to isolating
capacitor C1 and to diodes D1,D2 which feed pulses to the integrator storage capacitor

C3. FET QI discharges the capacitor C3 and the resultant sawtooth waveform is

supplied to the comparator; that is, to the single input of the NOT gate U4.

The NOT gate U4 feeds the RC low pass filter R5,C5 which produces a mean DC
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O- currenl%ram and the voltage on capacitor C4 governs the voltage on resistor Rl and

hence the constant current discharging capacitor C3 via resistor R1.

As before, R2 is a large value resistor which in combination with capacitors C3 and
C4 establishes the sideband frequency below which the jitter suppression starts to
degrade at a rate of 6dB per octave. R2 could optionally have an even larger
resistance value, with back-to-back diodes connected across the resistor (i.e. two

diodes, one with each polarity in parallel with R2, as shown in Figure 2a).

The time constant of the low pass filter R5,C5 should conveniently be chosen to give
a sideband frequency for the further negative DC feedback path that is a little lower
than that defined by R2,C3 and C4, thereby to ensure the lowest possible sideband

frequency and the fastest possible settling time after switch-on.

In practice, packaged CMOS gates have input circuits providing protection against
electrostatic discharge (ESSD). Such gates may have insufficiently high input
impedance for use in an anti-jitter circuit of the kind described with reference to
Figure 10 due to a relatively high sideband frequency. In a CMOS IC,
implementation of such protection circuity is not needed on the chip and for packaged

gates an additional FET or complementary FET pair may be used to provide simple
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1. An mput source having approximately constant amplitude. It is also desirable,
but not essential, that the input waveform should have a risetime no longer than about
one tenth of an average period of the input waveform. Circuit performance in

practice is then found to be improved.

2. An input capacitor C1 (or pair of input capacitors C1 and C2) can be used to
form an input charge packet of substantially constant charge value when switched at

one terminal by the aforesaid input signal.

3. An integrator capacitor can be used that is charged by constant charge packets

at the input frequency rate, and

4, permanently discharged by a controlled discharge current source or sink. The

discharge device can be almost any transistor having a reasonably high output

impedance for its drain or collector.

5. A low pass filter (typically a single section RC filter) may be connected to form

a negative feedback path from the storage capacitor to the control input (gate or base)
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level to exist on the storage capacitor. The feedback thus performs the function of d.c.
removal so that the storage capacitor, considered as an integrator of the charge and

discharge currents, is not affected by d.c. drift.

7. A differential comparator can be used with one input connected to, and
responsive to the sawtooth waveform on, the storage capacitor and the other input

connected to the mean d.c. level (at the output of the low pass filter).

8. A triggered output circuit as described in the aforementioned publication, can
be connected to be triggered only by the low jitter output transition of the comparator.

(The low jitter transition occurs on the slower of the two sawtooth waveform slopes).

9. Back to back speedup diodes (D5 to D8) can be connected to form a low
impedance path between the input and output of the feedback low pass filter for the
case when input phase jumps cause the integrator voltage to jump out of limits set by

the number of diodes in series and the typical diodes offset voltages.

10. A frequency doubling input circuit may be provided in which two charge

pumps operate alternately on the rising and falling edges of the input waveform and
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the path between the input capacitor(s) and the storage capacitor, so that better
constancy of charge packets in ensured.

(b). A time constant may also be connected to the base to ensure constancy
of charge packet size in the short term fluctuations in input signal amplitude. Or the

gate of T2 may be connected to the gate of T1.

12.  The use of the low pass filter output voltage (which 1s known function of
frequency) to keep the mark space ratio of an output monostable essentially constant
for a wide range of input frequencies. A FET can alternatively be connected to the
gate of T1 mirror the current of Tl to a current controlled output monostable to

achieve the same objective.
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an integrator charge storage means,

charging means for deriving from the input pulse train at least one charge
packet during each cycle of the input pulse train and for supplying the charge packets
to the integrator charge storage means, and

discharging means for continuously discharging the integrator charge storage
means,

the charging means and the discharging means being operative to create on the
integrator charge storage means a time varying voltage,

a low pass filter coupled to said integrator charge storage means for deriving
a mean d.c voltage of said time varying voltage, and

means for comparing said time varying voltage with said mean d.c voltage and

deriving an output pulse train as a result of the comparison.

2. An anti-jitter circuit as claimed in claim 1 wherein said discharging means
comprises a discharge device having a control input and said low pass filter defines
a negative feedback path between the control input and an output of the integrator
charge storage means whereby to maintain said mean d.c. voltage substantially

constant.

3. An anti-jitter circuit as claimed in claim 2 wherein said discharge device is a

current source or a current sink.

4. An anti-jitter circuit as claimed in claim 3 wherein said discharge device is a

transistor.

5. An anti-jitter circuit as claimed in any one of claims 2 to 4 wherein said mean
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charge storage means and a second input coupled to said output of the negative

feedback path.

6. An anti-jitter circuit as claimed in any one of the claims 2 to 5 including a

monostable circuit connected to the output of said means for comparing.

7. An anti-jitter circuit as claimed in claim 6 wherein said mean d.c. voltage is

used to control the pulse length of pulses output by the monostable circuit.

8. An anti-jitter circuit as claimed in claim 7 wherein the monostable circuit is a
current-controlled monostable circuit and has a control input coupled to the output of

said negative feedback path by a current mirror matched to said discharge device.

9. An anti-jitter circuit as claimed in claim 8 wherein said discharge device and

said current mirror are matched transistors.

10.  An anti-jitter circuit as claimed in any one of claims 6 to 9 wherein said
monostable circuit is triggered whenever a discharge part of the time-varying voltage

crosses the mean d.c. voltage.

[i. An anti-jitter circuit as claimed in any one of claims 1 to 10 including
frequency doubling means comprising a first said charging means and a second said
charging means for deriving charge packets respectively from the rising and falling

edges of the input pulse train.

12.  An anti-jitter circuit as claimed in any one of claims 1 to 11 including means

for maintaining the charge value of the charge packets substantially constant.
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integrator charge storage means.

14.  An anti-jitter circuit as claimed in claim 13 wherein said further transistor is

arranged to operate in grounded base mode.

15.  An anti-jitter circuit as claimed in claim 14 including averaging means

connected to the base of the further transistor.

16.  An anti-jitter circuit as claimed in claim 13 wherein said discharging means
includes a first field effect transistor operative as a discharge device and said further
transistor is a second field effective transistor, and the gate of the first field effect

transistor is connected to the gate of the second field effect transistor.

17.  An anti-jitter circuit as claimed in any one of claims 2 to 4 wherein said low
pass filter comprises a resistor and a capacitor connected in series across said
integrator charge storage means, and said means for comparing comprises said low
pass filter, inverted gate means having an input coupled to the integrator charge
storage means and an output, and including means defining a further negative
feedback path between said output of said inverted gate means and said discharging

means whereby to establish said mean d.c voltage as a switching level of said inverted

gate means.

18.  An anti-jitter circuit as claimed in claim 17 wherein said further negative
feedback path is connected between said output of said inverted gate means and said

control input of said discharging device.

19.  An anti-jitter circuit as claimed in claim 17 or claim 18 wherein said further
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21.  An anti-jitter circuit as claimed in any one of claims 2 to 4 wherein said low
pass filter comprises a resistor and a capacitor connected in series across said
integrator charge storage means, and said means for comparing comprises said low
pass filter, inverted gate means having an input coupled to the integrator charge
storage means and an output, and including a voltage source coupled to the
discharging means whereby to establish said mean d.c voltage as a switching level of

said inverted gate means.

22.  An anti-jitter circuit as claimed in claim 21 wherein said voltage source is
connected between said output of said inverted gate means and said control input of

said discharging device.

23.  An anti-jitter circuit as claimed in any one of claims 2 to 22 including means
providing a low impedance path between the input and the output of the negative

feedback path.

24.  An anti-jitter circuit as claimed in claim 23 wherein said low impedance path

is formed by diodes connected back-to-back.

25.  An anti-jitter circuit as claimed in any one of the claims 1 to 24 wherein the or

each said charging means is a charge pump.



