; e3e\ *"x26hT>14 AUG 2002 A ~ *166166* Descrption CRYSTAL OSCI LLATGj VMEI-%
CONTROLLED DUTY CYCLE 5 FI ELD OF THE | NVENTI ON The invention rel ate 4( 002
crystal oscillators having adjustable and gstable duty cycles at any.gjyen

frequency. 10 BACKGROUND OF THE I NVENTION Wth reference to Fig. 1, a basic

oscillator consists of an inverting anplifier 4 and an 180 phas Vi
f eedback network 6. If desired, a non-i ngrti ng anplifier 8 naymwmﬂlmﬂwm
at the output of inverting , 15 anplifier 4 to shape the osciltlator's

out put. Al though inductor-capacitor, LC, networks woul d typi cal Immmﬂmwmmmm”m
desirable in the construction of a ppaseigbidt feedback network,

are generally not available in integrated circuits. Therefore, Fig. *&ospows
a nore 20 practicable phase shift feedback network 6 nmade up of three RC

net wor k sub- st ages 1CBYSTHCOSCUDLATCGRHITH 3CONRAAIAED BUTeHWHE&E 10 and a
capacitor 12, and is capable of alnbst a 90 phase shift. This high phase
shift, however _cones at the expense of high signal attenuation. 25

Ther ef or e, thr@éEIs:l?aneng- SNYE It%’l"pi cally necessary to obtain an 180 phase
shift wth adequate | ooffhgainversuion RElatxsvioksrysiakewescilhavera rel atively

low qual ity fagh@ing @ajastapiPaRd skapld QRWRLK e atd @t ZigEystal s.
Quartz is a pi gzoel ectric crystalline material 30 with a regular atomc

structure that “ESRYE Wi stort ed by the application of a mechanical or
el ectromagnetic force. If an electric field is applied to a piece of

quartz, ftipe crgstRdérdAD oeerdr siEN® oSt as if a nmechanical force were
applied. The electrical wilReaL r}:%%cgftg&airt21353clgé/ssitcalosci.§lgtt_1&t of a
passive two-term nal devices’ whose | npedarnce varies w Ch %requency. Thi s
gives it a resepasistEuAL 8 HaKArvgng WRAIfjerafdand equd8ey BRER | ity orders
of magni tude behigt fdde@mackeneturiReeachie\Glieed, la nbn-Wnvbrtingircuits. As
a resull, quarlg,eryshals,ale.fhenaloed ds Lhrsd [dequgagy;gscitlators for
provi din adlgl?a. clock ™ h 1 ntegrat ed circurts. "Fg. sSho a Pierce
Grystal d%ci|| ARBELTAR Ahts PheRsasha oFFLHEERASUSRIFL GOKNRERor of Fig.
1, with a crysiadudtbr-epbacity one,ohetdtakseabaldrisygicating podase shift

feedback net vogks fraille andeRé EheRELEEo $2092PREse SfEtakeddnd GOKS

esLstl Ve, andna gl S, Ehor o0 0 eapAqLor JELUES g gAUSE the crystal
rel ati on t han theegradtedofiréwltset wBhkrefare,sFitie Hoghiowsne vererol | er of the
frequencgo ThepPé:x@EiC&bQ%théQé Qa‘hi_f‘ﬂof‘@é/cﬁ{a;cki fet@sBl 6 H\_%@G up éis form
Instead, a mniplze MerstOlr P e lkagly A, QA H-kBglCE
includes a resistor 10 and a capacitor 12, and is capable
of almost a 90° phase shift. This high phase shift,
however, comes at the expense of high signal attenuation.
25 Therefore, three stages 1-3 are typilcally necessary to
obtain an 180° phase shift with adeguate loop gain. Such
RC networks, however, have a relatively low quality
factor, Q, as compared to LC networks or gquartz crystals.
Quartz is a piezoelectric crystalline material
30 with a regular atomic structure that can be distorted by
the application of a mechanical or electromagnetic force.
If an electric field is applied to a piece of quartz, the
crystal lattice distorts just as if a mechanical force
were applied. The electrical appearance of quartz
35 crystals is that of a passive two-terminal devices whose
impedance varies with frequency. This gives it a
resonant quality having a Q value and frequency stability
orders of magnitude better than even those achievable




15 commonly used as clock oscillators in digital systenms. Fig. 3 shows a

m nim zed Pierce oscillator 11 using a logic inverter 13 to replacel 4 AUG 2007
inverting anplifier 4 of Fig. 2. Inverter 23 donsists of pnos transistor 15
and nnos transistor 17. Resistor 21 provides DC negative 20 feedback to
bias the gates of transistors 15 and 17 into their |inear region. The
resonating properties of crystal 19 typically cause oscillation where the
crystal appears inductive, at a point of B5et fromthe series feedback
resonance. Al though the feedback network of 25 resistor 21 and crystal 19

appears to haV@lEl’?SL% td132uaed 80 p@"'%s‘i-eé q[utagezcé%: 155 akDdbEddrV e

behavi or makes u any m ssi ng phase s / achi eves
oscillation. TH® Cbe?s"l‘ F 1Beer E’ée?i%ed]qyl aﬁﬁfl]ialt%s Fry. p"f:?" €938 have sone
drawbacks. Firétgitadie ciogst &h' sntfegegtiedcyita@nds.to vary with tenperature

and age. In addition, thegPi ?ré:l?om%s‘é' blatod dr%eafnééaam%ogl iy ty
mai ntai ning a 50% duty cy cI e. %Bt al, systens tg{)l require a 50% duty

cycle witR a 5% dRAA |°(9ntB?rQﬂa EGiht " agr Hdpk %% Etlﬁ’e dry¥ttht %eriod to
a 50% duty cycd::eysttahJe ldutrpplacfng ogeant ztles iesiatars iin tthei phddey applied to

a frequency di ygder edbe\@ﬂuﬁéWorTﬁE”%t' pAﬁeJ’deQQ{'L%MeSI keBohdiapiency

multiplier is used, however uenc 14 AUG'2002 .. 1

-3 errors in tﬁ’éy%tr%/]stld‘l lai’}'ésa’f sl’f'&l"?f p‘i"?%& spitable chodfeyoHi vi der is
used, then thecapasitalr weddes tarrosaukeatiee atryatal etueneyildaté. hi gher than

that reqybred bynddiasdl ghiatasyieon «Ibi scddiebophose ]gég?q%xéyal s_pover 5

consunption an scept i bi | erro 1 rabl

provi de a quarf'%lsalc% é{)é:}“aBS{é?‘%ll &S I‘OEI{'}&%II} t\W/ﬁF}éh FanSyi PSC? duce a
sust ai ned st abtentBgvhldut Pk £rpguandesi rig Plem@mwzllthtsrl s especially
true in syst enﬁomzr;g ﬂse.eluﬁex:y REaar 1110t1‘$:LBJE|ok‘ml eveistesagre circuit

| exi us P
No. 5. 481 225 TH MR R b (n e Bi i BLBAFEel s plh] T g 0 T

sinilar &8 tha‘FOWW}jlYg ussd %tclml%ﬁss%bkﬁ%§ anaémldmlyszzy%%s Badyal
explains 15 that if therfyOS ignewst arnidinised pieidwe deeddbatdr civ cuit

mai ntai ns an eyl AhlgdB Bk 19000 AEEDL L SUIALAGARRPARIG Y. the

out put may mai nt y cycl é process
variations mak® §% Ridry 2di f¥“‘tﬁtflttert 83 RPRTIAES ﬁ?/em%ﬁ STREFLRPRRECt |y t he
sanme 20 pul | - upndndhgaultlradeiwtunrent Bes Badyab 1t peaselfderse Ddi sedadsioe a

feedbaCkzanerf@édﬂéﬁéﬂ g Bl&é’%'gh%eg%f -4Hansi £€ad 1‘3“‘3?1@ E@riiy sourcing
capability is gﬁﬂy ustable andac 03|te% | - do circuit vvhose
current sinki né‘%arp ei"“i"y $Liqn- kewger%ﬁcﬂ'\at alf P 3']1&§t8 Badyal '
inverter can déxystH) yocbrpietl vulcriipe eoguids at iomsihsrer ;l:hﬁncm‘l'@lli el to
form one corm%p;&&zmﬂllnuuew@n Ge aEﬁsﬂv@fofthetnman\ Ft'h% BEPﬁeéjeVl ces has

di fferent resi n aln char S t sourcing
capability of %ee ca(?%p pRany pugrﬁﬁ %b\ﬁ%c?ef' #%cé( & f"f”é ‘V‘padj ust ed.
Simlarl ¢ rrul1t¢§)ll&’é'-0r¥nﬁ§, andiryiystteds12 aapHsardi o thavey lesantared i n paral | el

to formone Coiwlﬁtﬁsﬂukhfj@mh@ Egybtal’ Baﬂﬁ(dilctqc}@pﬁéle&vi&GmaHEQUt from
the conposite a_ref er nce v age e result of the

conparison is R °§5 ai"Pft 8135 'nggaﬁsc%kale iS's h dl 4f%al Iy adj ust
the nunber of eemsllatdonaos devices connected in paral lel until a 50% duty
cycle is achieved. Thi sThpps£sich pibeveVedcilNateASES JtMeigonplavds y and
pover Cogﬁunptﬁégg some drawbacks. First, the crystal's frequency tends

to vary with temperature and age. 1In addition, the

Pierce oscillator inherently has difficulty maintaining a

50% duty cycle. Digital systems typically require a 50%

duty cycle with a 15% deviation error margin. To adjust

35 the crystal period to a 50% duty cycle, the output of a
guartz oscillator is typically applied to a frequency
divider or frequency multiplier, not shown. If a

frequency multiplier is used, however, any frequency



1 4 AUG 2002 -4 of the Pierce oscillator. Furthernore, Badyal does

address the added difficulties of naintaining sustained oscillation’i rMBo&RﬂZ
power circuits. Wth reference to Fig. 4, 1. S\ Pat. No. 5 5,546,055 to

Kl ughart discloses a Pierce oscillator 11 consisting of a CMOS inverter 13,
a crystal 19, two capacitors 23 and 25, and a nonlinear feedback network
21. Nonlinear feedback network 21 consists of two resistors 27 and 28
connect ed between capacitors 23 and 10 28 and having a third capacitor 29
coupling the junction of resistors 27 and 28 to ground. Klughart explains

that | ow power 4 ggfggl,fr%%t abvossi lah-at Qi So AREabhigal N Hdg weak inversion

regi on have a reduce re uen y, response when operating at |ow frequencies.
The reduced fréﬁﬁ@ﬂ%@cﬂﬁuﬁ’égﬁﬁn% ueRd 1 BlaeR hengrystst }%ﬁe&s §°| oop gain
bel ow a m ni rrurassxzallmtenateasaryqdmysmatnl nerherrs thhh athiadn re§oicedpensat e

for this, nonl 59?%‘" LI qﬂ@&k g%é%)r k]g‘g}spfrpé&e%%@snﬁggt réﬁstfaﬁe%%% cat low

frequenC|es an s it [ equenci es roach,” however, 20
i s susceptd bl e SPBSYERY AN GRS Fﬁsqeri’é'flﬁbiké?y s‘iPpGIrY°5nd does not provide a
sust ai ned 50% duty cycl at As théraflorectésirade’ Hoghrdadeommanaetr yst al

Gsci |l ator gyétaﬂ- r%ﬁ(.lﬁegr A&Jﬂjch‘i@t &rﬁ%@énvhifggtl g@"odu!:é‘ 4 EEE

Jour nal of Soll

di scl oses a di flREF2 edaﬁﬁ?@é@hsqsb\ﬁé‘ﬂ{ ﬁk‘,‘l’l]r%\i’itnﬁ des} Lfr@FiVEP%Y osci | | at or
whi ch can susta‘hmsomldslp@k:uamlmtmremmpymm hheved scediced peder ence to

fig. 5, TORULIRA) e 1GNGnELL Ciikbupt 000y VAl Gt al . s shown to

substantl aI I y he structure of, 30 basi ¢ Pierce oscillator
consi sting of SOPRMEPHIANePUSE B3y madpfained AfF ZnBiPBYback resistor 21
connected in parall el J.andPdtwo Nbr efjuiicR2&8diaskadygp lcdpacleses 23 and 25

coupling eithepignce CEry%rt)ﬁt éécﬁlgia%grgé%ﬁlﬂlt Thaibasio thaizeéﬁnﬁfg is the
use of a current our ce

the c and, anplltude
of the circuit to®Wt apEPYﬁec?ala I‘P% %‘htyoFYSEgraﬁac#Ya\iVﬂ‘P 1 pl ai ns
that due %% t h&hahhif etme €Magsimergper 33 i waedfindilyd ttdedbaelr ctrcuid Pierce

crystal oscill ahorsaiMd I&QUEqﬁaPLﬁtﬂﬂnhpSQ&H GRi11-dovn AUeré2so8rdthyg _
experi ences curren? ilr]ccre%flfz % t AN il ng; ¢ ?h’ll gug(% cﬁ;tlyo%m S.I at,i hQn. Thi s
et & Whi'e

creates strong ABHT T He resu i n poor eq ency s ability
and a | arge wasben IXRIGMEF. LRAAPTOGRFENYABIRGIONS NS dF ¥BEN that 5 the
anplitude is | ateenaugh tboasudévk dngartéramavdngt exddtay and saes eby reduces

nonl i near OeffePfJatl%guaJng ghl_ﬂ]_d R4, POOVE, angy%ic@er\égulogg necessary for

susta|ne 0SCi 0SCI tor i scl ose z et al., however,
has an i nher enfE§CIRAG FeePRIck @Vﬁﬁﬁeﬁaﬁ?"tiﬁgr%f?ﬁ‘@%&?eg@ﬁ%} e a 50%
duty cycle. Vitiozugt whlosesogyestt seunging faapgbéhiyy disviddgitahly n to

digitally adj uggjhdenresi hhat #compbkead neHL -ABMUN I &SrdlikY whose

current sinking capability is likewise digitally

25 adjustable. Badyal's inverter can digitally connect
multiple pmos transistors in parallel to form one
composite pull-up device. Each of the multiple pmos
devices has different resistive and gain characteristics
so that the current sourcing capability of the composite

30 pull-up device can be digitally adjusted. Similarly,
multiple nmos transistors can be digitally connected in
parallel to form one composite pull-down circuit. Badyal
compares the output from the composite CMOS inverter with
a reference voltage. The result of the comparison is fed

35 into a logic decoder whose outputs digitally adjust the
number of pmos and nmos devices connected in parallel
until a 50% duty cycle is achieved. This approach,
however,  increases the complexity and power consumption



cycle. It is an object of the present invention to 15 provide a | ow voltage
crystal oscillator with an adjustable duty cycle. It is a further ob} &t 2880
the present invention to provide a crystal oscillator having a stable duty
cycle which does not require the use of frequency 20 dividers. It is also
an object of the present invention to provide a | ow power crystal

oscillator with a sustained 50%duty cycle. 25 SUMVARY OF THE | NVENTI ON The
above objects have been nmet in circuit WArch receive a first oscillating
signal having a first frequency and a flrst duty cycle, and outputs a

f)(raggg?e?ﬁ‘lc:]la:jaégg%rl}%l%@CQOLS{:DE#%@E OSCI f?étt |%§y J_”QOQ l?s preferably
a crystal osci PRE¥¢§Y téiegﬁéfie%eqﬂeﬁrf&lcééltb%ﬁ Plempdphpining ISPQFB%"%‘? rcuit. The
crystal oscill akeflrdtricn tini Dev Lgﬁiﬁ.&racﬂfmsittasl and a resistor coupled in

parallel with a capacit ey étgoyﬁ]{,ég&c@l IchBclge f ge Fqustal t o ground.

A transistor is connecte sour ce €l étroge coupled to ground, its
drain coufl ed PoSbhenFooklpgart gdeglosar a PdeEentosnildater cblipled to the
ot her end of tbensistsin ofAacoMoeihvepterrea s, Sa ciydtalUG9208@0-6 coupl ed

bet ween Vpp a”g?éﬁ‘&@d’r@ ?ﬁogn&% t%ﬂﬂsésﬁoqhml'?? P@&ﬂ:!atc%dﬁe% hpe current

source is sele d such at the’ stal oscCi mal nt al NS sust ai ned
oscillation at2&-| d\‘/?’tid-\ﬂéﬁrcﬁ?%q}??ﬁ’@‘i Batwarkrigd EPF%Jcﬁ'tiS &f tHe present
invention furthesistwdsidesand vay icdhnected nitvesAUEHEacAtdra 3 dmchi ng neans,

preferably an MBS 1/ cE‘@x%'v%gren %eﬁkggci%rs%' Eéué‘ﬁ*r{f%ﬂ g&’mﬂﬁ &,or ound.

One end of the“variable cu source 1's couple ot her end
forns an i nterPrEd’f%t‘i:‘es 255081 pRRY #§dEC TRy sKANIRATS IeP‘Qthh'@F’ shifal from
the crystal ostovl|miweEr Cieecoetcrystappbsell liatoascopdradtiingnpnttivd t he

swi t chi ng ”Ea”\'ieé)'écfh\ﬁéi@&ohhfeg%‘\’&nt fALVE % "Fe%'il%ehsffécﬁﬁ%@ yWRepd e crystal

oscillating si st ate, nh h| ng neans is
opened whon ¢ hENGS GRRFBEARIGEE o EPRGRSIehes | Ehe,r BB oFEET AR St at o
When t he 1Swi t chesgprasamayi sedhas dite pschilatiodds lmogugskn dralosorst ant

Pg' ngg‘é\ﬂ; r?hgm?ﬁ%@r}@ v'alrihér REci ey ”?919 é&&&ﬂH@%s&@l@@t&Bﬁdsmé fgil\/g?d”ggns
Vtip at a rate“THEHA ﬁe% qﬂfg \?gf'r?é'b‘faé' é’&FsSWE" 5’%’@5 The magni tude of
the variable cnm‘eme%@egeb Y& fesdbpok | atd Yoy Srelamgnaies| andoni t ori ng means.
ghe duty Cycljelﬁlﬁ)mitt@' IiRgaHERIGh q&aqwmetsge @ny§taaf3pr@s@hl | RéweA@1S| gpal |
ei ng apgl,i e i n n ontro

g 2gll ed 19 LG RWLED! 10 R IERS: AN HESNGLALS oIB0LId et

out put proportiona 5|gnal is at
said first |oghet sFt’%?cVédGuPl ﬁ‘gs"eaa}é‘ﬁdc%% éiutYhéyFb‘hger that the oscillati ng
signal is at the first hagaetidiat entttBedifHeghBermGMahadecymtanol out put
will Oscillator Circuit: Theory and Application” by Vittoz et
al. in IEEE Journal of Solid-State Circuits, Vol. 23, No.
25 3, pages 774-783, discloses a different approach toward
achieving a Pierce crystal oscillator which can sustain
oscillation at low V; power levels. With reference to
Fig. 5, an embodiment of the circuit proposed by Vittoz
et al. is shown to substantially follows the structure of
30 a basic Pierce oscillator consisting of a CMOS inverter
13, crystal 19 and feedback resistor 21 connected in
parallel, and two frequency adjusting capacitor 23 and 25
coupling either end of crystal 19 to ground. The basic
difference is the use of a current source 30 to maintain
35 the current level and amplitude of the circuit to within
a critical region of operation. Vittoz explains that due
to the inherent class AB operation of digital inverter

13, Pierce crystal oscillators without a current source



30 increase the current of the variable current source. Thus, the pu"¢éﬂ$2&ﬁ
rate of the internedi ate output node is increased as the duty cycle of e

i nput oscillator signal is increased. The current of the variable current
source is 35 adjusted such that the internedi ate out put node al ways

requires the same predeterm ned amount of time within each cycle to reach a
predeterm ned voltage | evel. This predeterm ned anount of tinme is selected
to establish a 14 AUG 2002 desired sécand duty cycle at the internediate
out put node, and is maintai ned constant by neans of the duty cycle

Toni £or NG MeaRy ehiefs HARLCLLLAAMAL EEELs iR S g Wik 1BudRII LOr [ NG

nmeans i s coupled to pbserve the | nternedi ate outgut node directly. The duty
cycl e nmonitori R§ AERRELIEHOPudeENLE |FGRESS Vi NPRLENGaT ESGRFEY to recei ve
the internmedi avaiobtpedultode psomrfregpehcy Totmbdat pyitadd amlakgel ogi ¢
nverter is coypLed 4 JdhRrl PHladlcudrGHE S0l d dopbotaPdicRvenler. The
current starved Inverter receives a first controf,curr,ent whi ch controls

its pul |l -db ratBe amRl s vEs1oM &oYAR ERmYde EL9BEHCaRti ch controls its
pul | - down r at ediByortjarstandgthémehyatrieduoés timmlfinest efifieotsl, whiYent to the

seclond SO?LV ol s?ﬂii@é‘éir%goﬁﬁoﬁér'at Jc'i:ia%@JcH:ii_Lvéﬂl% BE@?@ényﬁﬂ&%d_ seco?d duty
cycle a e internedi ate qutput no e gurrent starve nverter is
preferably appIsFﬁga’f%eqaﬁgc\}g#%éb‘Tré' c%PFeﬂ?c%FBE Q/“rsa&a?slegvvk%ass filter.
The precedi ng ¥Vittoztet alan bé¥éwiranhast amcinere@OlY orovi detgasyeie t he duty
cycle of fdie Chygt@hn O8Ikt NbiSig@Rakats AMsoeasty Kiyad eQSClt@or . but
may not be very efficient at reduci the duty cycle of the crystal
oscillating si éﬁa‘?. » BEEESHAURHO & :%gﬁgugpcy{ Wéévb%{%%e‘?ﬂali“WBnti on

i ncor por at es adsgitalipadidiusat tlon osleiid haper'si fi=encheasd rikst dugyt o bot h

increase and dgggease the duty cycle of the crystal oscillating signal
whi | e mai ntai ni ng an eff'tci.ent use 01; ngﬁ In a second Ereferred

enbodi ment_of the present” i ivEhtTOF  atu CREEPENY (IWE A8t or i s

i nserted 330 bePweeide te lowt kphetiaarcsystd bursaiddatemdvittieadbwi t chi ng neans.
This current | aahbstegold @8y Séwtld.Ss responsive to the sane nmagnitude

control output that is plLe | abl r ug pr oper
construction of the c.urflgn%gl‘?rﬁl%thggt érggj]éscﬁ’gtog[?y% tpq‘c%%ﬁ%geiﬁg%f‘eﬁt%g function
35 either in iES PYeHe Pefroftan@sHahadery iNe¥inard aaklrediY or or be nmde
to function incytse satithatibesn negirequand tiehave of kireguewcych. I n either
case, whenp thesduiy.Lycle of the crystal oscillator signal has gone beyond

1 4 AUG 2002 , . \ ,
It is also an object of the present invention

to provide a low power crystal oscillator with a
sustained 50% duty cycle.

25 SUMMARY OF THE INVENTION
The above objects have been met in circuit

which receive a first oscillating signal having a first
frequency and a first duty cycle, and outputs a second
oscillating signal of the same frequency but having a

30 predetermined second duty cycle. The first oscillating
signal is preferably a crystal oscillating signal
generated by a crystal oscillator circuit. The crystal
oscillator circuit includes a crystal and a resistor
coupled in parallel with a capacitor coupling either end

35 of the crystal to ground. A transistor is connected with
its source electrode coupled to ground, its drain coupled
to one end of the crystal and its control gate coupled to
the other end of the crystal. A current source is



_$ the predeterm ned second duty cycle, the duty cycle nonitoring qapnmsﬂwz
causes the current l[imting transistor to increasingly isolate the

i nternedi ate node fromthe switching nmeans. Thus, even if the crystal
oscillator 5 signal remains at said first | ogic state beyond a
predeterm ned point in tine and thereby maintains the sw tching neans
closed, the current limting transistor would have already reduced, or
prevented, the influence of the sw tchiny means on the internediate out put
node. 10 The variable current source is then free to pull up the
intermedi ate o n gyay d edet.er m.n vel d achi eve
t he desired pr%éﬁﬁ%ﬁ?ngggﬁésecdhﬁ&@ FRé (:%? %Ftﬁ%ut %ggggth o) 6$g$cone t he
pul | - down act |qu@ﬁe°§vﬁﬁ%rﬁuﬁ§eﬁ’éaﬁ@r%51ﬁ ns%ltqqtledaﬁuﬁlllt'@?affatté‘

enbodi nent, a dﬁysltabJ esl‘:ﬁBlaﬁicQ'r mb SntdiSR sedthehiaeescyppatienh tawe avari abl e
current source; wegr g%lstor is controlled by a power and

t enperat ure |nsen Vrve” con BIFCUIt whi ch thereby provides a |level of
imunity Bo power and Z@W%eﬁﬂﬁﬂﬁatu¢% ther PaEBeRs inyenkaonafemtier current

source. The sefisdivdelst ¥ @dridAeeBhiFéntSidouetdl $nd @ RAMEEh dRG WmRer at ure

variations is q&% g@ﬁ%ﬂ NTI ON 25
Wth reference‘g’{kef’e?%lg aftir SJWNE%‘ lN resen% |n\7}§>14 ion
recei ves a pul'%e %@q@é‘ﬁb‘éd oftne eP8nPhithss YRELaR IR %&'FEE SORFFd S rom a
Pi erce cryst alcagdied abov,, &hd meseammﬂcmldosarm edreriatlymbasate duty cycl e

ot her thgﬂow%utgﬁﬁt' Sob¥P! Catle %&g&.ﬂ ecGhystal }qg‘ﬁ%i'%{» Y the present

exanpl e ul se sequence ving a varyln cyc be, ow 50% Pul se
sequence OSC i FFYasHlL @Bc%%lacbr% EbREYR i@a?épﬁ"-daﬁ%ﬁpg‘jbﬁm didWNtt r ansi st or
31 and to a dwfy theckeitemingmeand @ thhtctiie wwWitdhinfuhsmnssdguence OSC

al ter nates betypened, A, | oo %ggeyﬁ%@aeg@ﬁ%ﬁ L0V £ Ay RUI | - doun

transi st or responds to cou e Vato
gr ound, and r eofdstabea ?'t?g e| BWWH@OF‘QW%Q}%GB@“% ImEeound. When

node Va LS TerysAHE 26021 1atingseianaad ifsr e grsmowhd ilbgis sddesd up toward

Vpp at a rate »@e&\er&ﬂengwmﬁr{gaﬁeaﬁw 1C§Jrcﬁ%§Ed| rl@p%'éﬁmaé§da Q}{u%kva“ abl e
current source 37. Th

ni troll.ed by duty cycle
noni tor and coafﬂdr cIont'?l ?’&Eug’% ]T}Sgogn ﬁﬁtf &Il:c%'g Jr{g:eﬁgﬁfitl%em r‘%:leui)(:fo 35
responds to tieErqady cYesr tet suibthing seaseqiremrenedC Bye adj usting the
magni t ude of |infRrineddab@Nsiedpultl AENE t:lsDFf&betﬂotBE pannedatuftdvara t hat pul se

sequence,(BC e, & badhatighdus g BachaeYel, Mgchongsiddie Line tha

OSC st ays at 10° he” magni t ude of
I rnp supplied Bie \F‘éBPéE‘P%e c‘tﬁr F@ﬁt"%‘b’tﬂ@é gurrent tﬁ?@rﬁﬁghﬁt ude of ranp-up
current |rnp~ é¢chtragleasied,a idueyr tFeld mdRiobrirafdaedasi s | i kewi se increased.

Thus, ‘the ramp-up specdngl dftyMbhlyd HRSe NG kahadbubige LRGduL Yy cycl e

15 up to a maximumra rmne maxi oum |r, plied by
variabl e cur re‘?ﬁys%‘&rgg Sll;latﬂlﬁae f)%" bedpri %QP dyhoahpt i Y Sggwhl ch
shapes t2g fi neansutpdt geheritesagnedniscide. cémtptdlf |oartp3’9 responds to a

ranpi ng down tﬁ:ﬂo%.'ﬂgn&’i 048 VR fY @Qt%h&kéz}&s@zkh' bQQii‘i%xﬁUt put clock
signal SCLK Si nee |l ed hy pull-down

pul
transi stor 31,540 hlﬁa§t asag%ngtlﬁ?f? ]:ﬂ’?g{cf ﬁg?t?nﬂqu&gv\ﬁa?két‘évc lifier 39
| i kewi se has d&hguilokgeunt ghat Hhghosekldartdagt sihgnalo is abnphefidetn of node

Va. However, 1ogic state, the more the magnitude control output will
30 increase the current of the variable current source.
Thus, the pull-up rate of the intermediate output node is
increased as the duty cycle of the input oscillator
signal is increased.
The current of the variable current source is
35 adjusted such that the intermediate output node always
requires the same predetermined amount of time within
each cycle to reach a predetermined voltage level. This
predetermined amount of time is selected to establish a



25 since the ranping up rate of node Va is controlled by variable cunreqis 20
source 37, anplifier 39 does not respond to a ranping up of node Va unti

node Va reaches the threshol d voltage, Vth, of anplifier 39. Duty cycle
nonitor and control circuit 35 30 adjusts ranp-up current |rnmP such that
node Va reaches the threshold level Vth of anplifier 39 at the sane tine
during each cycle regardless of the duty cycle of pul se sequence OSC. If,

for exanple, OSCis at a logic high for Uy 25%of a cycle, i.e. it has
duty cycle of 25% 35 then duty cycle nonitor and control circuit 35 wll

decrease ranp- s(i'f'éaeﬂécdr{ ut oezghﬂ%/v %1? alggterrﬂ\gm?geatgﬁtr gq:e of node Va
"o

such that node Va reaches t ier 39 at the
ni dpoi nt of t hd9&ge| and ke J}‘aAUGEQB‘EFE cong ﬁ’é?l?ydme?ﬁ?sc’f)rti dut¥e duty cycle

of output signalyc$elifonptdrangOeané. OSC is at a logic high for a full 50%
of a duty cycle, then d“fr}’a éﬁggeppﬂtg&ogﬂ%r&ont&gl vgﬁ)a el NCrease
e a

ranp-up current Irnp to a h magni t u speed u ng up rate
of node Va&& Thimend5asERy \V?aﬁ"& a&%%rgle;deaemwvceh%%hmﬁfm@?f-”g% WVt h of
anplifier 39 artphersdde nHiretaln. ounmutiusy gnall eSebKiedr imgdueynsycl e of

about 50% In t ing up
si gnal on node éﬁgg%gb% ]P% §99 suc %at thgggu‘g 3‘%’%&% £’?ggnpl ifier
39 i s maint ai nddtarmadiats é’b‘éPéFnﬁ‘?% agugy EjRute. The m FEPR of Fig. 6
further includahealogbnsinvertepnpensaiplag torthiecedpputitef @ aodrawt t age

variationy A LRERGEA! HifeARd VOMAGREADASAY LRI ATe fldO ko Bodd] USt S

vari abl e resi stance e maxi mum curren Ig-[}: lrP. In
this way, the Raxi R FUHF odp CREF RNt “HAER oFIEdOdy \‘/E?l leUpUFRESt source
37, is increasesdorecetvansedeasndpumipol atwr tentmahicaigerdrstablies

oscillation per QR DBHEE fan;espl b? R iMgriad 'rta@&ol afttnfe RQpet supply or

t enperat ure. shou#d be g %hat t he na%]rl:ég of I.np can_al so affect
the pul | -down rczﬁ’f‘érfﬁ ‘Hiﬁfgn Pt 5eC9ad | & uFPERR Y50 P83 and

pul | - dowild r angdinst Bie mr@dacermm@;t sehend aivdyt epele Ftudhel rnp coul d al so

l;e usgd to red%@em@aﬂﬁevd oé%pﬁgcﬂ&ié)f ﬁﬁ}l%uzfreelesgmdvedmageﬁbml nment of
ig is reconstruycted.i.n Fi mper ature and vol tage
conpensat i ng c:lrcér honpé’neﬁ?%l “IQ—:S c‘élar engm ned above,
the tenperatur@ &AW BT afgéteﬁrrpensatl ng CI rcui ts 30 adjust the maxi num
ranmp-up and ranp-down speRdprebediddeictaltlils ah EfpicienthewBudtune t he nmain

Techant Sty Waleehshife it EKS! fuly® EhUSEdne TR Petd Lioddh st g o the

oper ation of the circul i ed exenpl ary

vol t age | evel s Safn&8heim cichﬁoa’é%s% d’ﬁFFﬁJgaerl Bﬁg ’%T%d@é: Bf ¥pF ati on.
Fig. 8 shows nedéiviemnctounbpgutisi ghal dSCGLkeyfcde 6f vehesionylsthled cl ock

cycl es CLKL- CLEB:@1 1Pt 3P s36AHENCE QeConPUiA kil 0 0Shel prabap to have a

12% duty cycl e.
0 y ¢y invention incorporates a small modification which permits

25 the structure to both increase and decrease the duty
cycle of the crystal oscillating signal while maintaining
an efficient use of power.

In a second preferred embodiment of the present
invention, a current limiting transistor is inserted

30 between the intermediate output node and the switching
means. This current limiting transistor is responsive to
the same magnitude control output that is applied to the
variable current source. By proper construction of the
current limiting transistor, it can be made to function

35 either in its linear region and behave like variable
resistor or be made to function in its saturation region
and behave like a switch. 1In either case, when the duty
cycle of the crystal oscillator signal has gone beyond



14 AUG 2D02 -11 When CLK1 first goes high, pull-down transistor 31 turns on
and qui ckly brings node Va down to ground. Anplifier 39 responds by 1ék5iUﬁd002
SCLK to a logic high. After 12% of the period of CLKl1 has el apsed, OSCis
shown to go to a 5 1logic low This turns off pull-down transistor 31 and
node Va is free to be pulled up toward a | ogic high by variable current
source 37. The anmpunt of tinme necessary for Va to reach the threshold
voltage Vth of anplifier 39 is controlle# 10 by duty cycle nonitor and
control circuit 35. Duty cycle nonitor and control circuit 35 responds to

the 12% duty cycl f %By ' rent, s in gni tude of
vari abl e curreé/n1§e .3’5%8&% : ﬁd;]%gﬁghgg%‘is ntc&:’g)i(%‘rrpr%he? %gég'r 8gff€r mP is
adj ust ed such BPREtO¥dNPeBeMES CFUReRhEre FRTRANt MU tiagi §82RIixSC has

el apsed. As a t&SiHdreaBOf§l WA o afB0WHE tinthaned fatd evadearBomiftHe Me. Wen

node Va reaches the .Vth mplifier 39 .quiput sjgnal SCLK i.s_brought back
to a logic | owafa%t(f%tlﬁlér lé%%/nsg'st gbisSh%‘ée“al O}f)c?%u r@s&;@l 8.scig‘tﬁffi ng CLK2,
OSC i s shébwn t¥idimle ranabng qik paagcf sy dogidestater beyard\a to reach the

Vth of agpl i filﬁfed%Qe&hiEQ%pB‘inlthenp@{rﬁé)%,n]:idﬁﬁég@&ch@iﬁﬁali:@rtﬁnd control
circuit 35 respo . elo [ .pul.se J.ncreasing Lr
accordingly. l\%'gleq%ég‘ghé?%?gorcg%(rggﬁbstmep c%grc%%waﬁ %qﬁgg?%arr'n&g%ogf a faster
ri ght and agaiPYieabpzs Arrasty yepdered. ioF Preeentisdwafhpt snbliengg and

establ i shes a &O%ndukywieyieirgy Me@anoubdUihesiigbatmddGlatel BUEhEB, nddeC i s shown
to have 40% \Wien .t 0 I W, I of f

pul | - down%o30 t%ﬁa&%ﬁ%kfgl’ no ?%é&ﬁcge: 1%nF§eﬁﬁeo%f lttghggggr‘%ﬁjo&ﬂt%o reach Vth
at the 50% naritarpedhate Rpapitnnade towead, e wradeterpingtiyeltagfor e

qui ckly rai se 1dielvahtiagehidfventte &sirxhdt yreyeteaminert secandl duagt r ol

ALeuil 35 . TR S ob
circuit r e%gs wﬁ}uéﬁ@ﬁaﬁ{iﬂﬁ%%&%ﬁ@ BYe qalluShbPE Y&iAPLe current

source 35 37 sta magni t ude "sufficrent to .rai se node
Va to Vth in dthg &¥dtchipg red 10% of the period tine. Therefore, node
Va agai nl8eaches Vth atInheill?ad AlKer3GE efiddiimepdai, né wiridideperi od and

ﬁgai n mgbg}t gi t&%sﬁs@lg% Q%MME@ @%ﬁa%;_lﬁ(véuna%%e Q%@i%ﬁlé h&W}etéu? g' geady
ave a o duty cycle. i.S_means varli abl e .current, source oes
not need to irl%/cfkg\({fﬁcfe E}E’S/ vcfé'lfggg orﬁ"f’EStr%nf)f'n‘@O'U:ﬁOtl&Fg BY_%(?(%’GF/& Duty
cycl e nonitor awd tesreratuns riogens B5ivehecatoek qigspdhdswhirh he 50% duty
cycle of OSC hea@dpySpi8@idtd aabbee LW QRhusOtY G $éwkP ahd NMaXi num

e of CSC hnexd s oallbee DUt QRinuAOLy 0 $ouko dfe maximum
ny added del S ERE T e 3 heane h I VEFEME Surpelt IHeel 11 Ol an

mai ntai ns a 50RFEPSeYEYEY Dir fhy €IS eBUGIrehERNPPEERhANE a duty cycle
of 88% In theguperaftirentadiatibhs id therdpgiraitcedlo

BEST MODE FOR CARRYING OUT THE INVENTION

25 With reference to Fig. 6, a first embodiment of
the present invention receives a pulse sequence, 0SC,
from an oscillator source such as from a Pierce crystal
oscillator. Pulse sequence 0SC preferably has a duty
cycle other than 50%. As is typical of Pierce crystal

30 oscillators, the present example shows a pulse sequence
having a varying duty cycle below 50%. Pulse seguence
0SC is applied to the control gate of an nmos pull-down
transistor 31 and to a duty cycle monitor and control
circuit 35. Pulse segquence 0SC alternates between a

35 logic high state and a logic low state. Pull-down
transistor 31 responds to a logic high by quickly
coupling node Va to ground, and responds to a logic low
by isolating node Va from ground. When node Va is



15 maintain a 50%duty cycle 5% This neans that output signal SCLK sh Q/,UM% 200
not denonstrate a duty cycle greater than 55% As expl ai ned above, duty

cycle nmonitor and control circuit 35 increases the magnitude of var|abIe
current source 37 as long as pulse OSC is high. 20 Therefore, the |onger

that OSC is high, the higher the magnitude of variable current source 37.

But in order to maintain a maxi mumduty cycle of far exanple 55% duty

cycle nonitor and control circuit 35 resPonds to OSC reaching its 50% poi nt

by raising Irnp of variable current 25 source 37 to its maxi mum nagnitude.

In a first enbclgl Qéd ’_tlﬁh%hg&lmlte\i?? %%a%m?’altgwgm f‘} C|aq:nta E&%ul | -up

node Va toward ede spite till
being at a | ogld@pﬁf‘ ﬁ“%lrﬂi‘ &uP-”F‘me‘\‘/m QrERBE strar SYPBELNEY of. VarH V
predeterm ned sfrrahe scursech7t hathd mageftidesona, porse ctolnanoS%d)fbya peri od

to rai se node \éﬁt % tn{any%L. rﬂijfé %gwoes sllts pr 31 is active. Thus,

no matter how rruc e du cycl e ond 55% anplifier 39 will
see node VA reach Wth atDUctﬁ(eCSS% rf’dldnf‘mah'%i‘“ﬁailﬁ’lc&ilﬁ 30 ReEPRIAFAER Y cycl e of
35 55% This mehkoduty @djlestrabfo foir palse guguethebyosy alye agrj@attngt han a

desired val ue, tm“ﬁ%‘?‘i\’(}&%o%f es that yariab goﬁgf{%lsggrgg 37 be able to

source a large maxi mim cu i'm order to overcone
pul | - down t ran§i‘“§PBT' of | tweséﬁ%cp%oﬂﬁ‘%?ﬁc%f)s?hés esedegifviaiah on,
shown in Fig. @urisy exmipeysate fIe dodyey thecltémbetisats dsicastaysl 4y eat er

than a degy redaV%J;'PcVHitd?P%rEﬁ LH 29ed Ot%r?ef %%@h}éf”tﬁé"m"agﬁ‘i%&@t ource 37.

All elements in Fi 9 sim !l ar ose’ have si'm | ar reference

characters andlae b&Y *émlemmr-ﬁe@t §°u’a°"sva7tchA38 h® jnserted
bet ween node Vaagnityid ofdoanptu@mnsirseot L) 3%. igwdased38the xime rol | ed by

duty cycle andtﬁ'ﬂg'éf’rmﬁﬁdvﬁoﬂgrf’ilkegrllégulﬁcr%%seés | angs a%hgsfa%%%ﬁ)r si gnal
OSC renni ns bel ow orE \{ utw\{[]lg ycle nonitor and control_ circuit mai nt ai ns
hids t

switch 38 cl os&H%® HTEASLRRI TR & IIFPHINSi XU S¥PHE 9 behaves
subst antildl | y thetd5a sewrEnan tamn-upf rétg. déteamdnedidrelbhecorpiemwemt es for OSC

Si gna: st havi ng,—_dutﬁw_z qle@sﬁpe,j,ﬁvyg@%geémr,fgj,tvgbugc@fw Jfor exanpl '?h 5005/000/I f
oscill ator S|gna r es_a, du ¢ e e 0 or greater an 0}
duty cycl e nonitor and Sg(réterg? ol ragéilf'g‘g gbBHB@ ggnﬁ‘l CRwitch 38. 20
Thus, al t hough®Baees |t i5pgnedtraSCehagk rsemaﬂa Bidc-a IAEQiléergW%eyond t he
50 percentile ﬂéspdﬂaisjlﬁoyaCyﬁbﬁlrﬁﬁUBWfigthLdﬂoudGV\Bftﬁc&ﬁaSNat By 31 to remain
actuat edgosw { gt 381y $HAAAAS Ryor SALBLE L PRS1oRa] O t NELhY laynee of

pul | -dovvn transi stor é*Current source 37
woul d have beeRUILiREAWy PEsPRAs VAuAF neHitdded ARy RSr88Y N qui ckiy pul |
node Va up towaranafgtorSidngewhish abkeacesnstaintsend ciasd7 pdd2@sdewrot need to

over cone the pubte o A3kbensof ikansl S o3huikk dRgRENALgReqUlTe an
no crease |11s power

excessi ve maxi gum 1 rr% g *_@ de 30,and H
consunption. ATERPPPLASSE FBR TSFPLAS %9“8‘58& NPA% et i of°FEV€hown in Fig.
10. Al1l @I5errenssn¢¢1 tieg ranping nid arteccf huse Y& £ grontrbhaked shyri | ar
reference char asirﬁa&ear&r@éﬁtdaﬁ%bb@@l %‘i@fll@esﬁrmg' ABAt r&ipdrad. 1D can
| i kewi se 35 co ensateifnor dut%/ fVJ qcigag ﬁgbfr tha an Iess than a
desired val ue whiT e N8 "Pelhi ? r{‘§>é Arye P %de. In Fig.
10, a variabl ethetsﬁmlcﬁr vodtage bt el tdiddrr ndtie Va and puI | - down
transistor 31. 14 AUGD&@&Pcycle monitor and control circuit 35
30 adjusts ramp-up current Tomp such that node Va reaches the
threshold level Vth of amplifier 39 at the same time
during each cycle regardless of the duty cycle of pulse
sequence 0SC. 1If, for example, OSC is at a logic high
for only 25% of a cycle, i.e. it has duty cycle of 25%,
35 then duty cycle monitor and control circuit 35 will
decrease ramp-up current Irmp to slow down the ramping up
rate of node Va such that node Va reaches the threshold

voltage Vth of amplifier 39 at the midpoint of the cycle



-14 Duty cycle nonitor and control circuit 35 controls both variable
current source 37 and variable resistor 40 by neans of the sane control
signal 36. As explained earlier, the output fromduty cycle nonitor TaenAUb 2007
control 5 circuit 35 1is proportional to the duty cycle of oscillator signal
OSC. That is, control signal 36 will increase the nmagnitudes of both

vari abl e current source 37 and variable resistor 40 in response to an

i ncreasing duty cycle on OSC. As oscil |24y signal OSC approaches a 10
desired duty cycle of) for exanple 50% variable current source 37 increase
it current mag Iy R | abl.e r O_kn es .| resi stance
and t hereby de r%géi‘?n\émfthﬁg XP%,\ er@g g&% %J’CI Ok %ﬁt}%}l %tig;’glslgct-fn node Va.
Therefore, var MBbFe Q& eAf @%rkﬁea@?adb%lcné?tlg&Sf%@d faAleRe s e maxi num
current in ordaatyOocyyis,Canen pduty égwetm@ﬂaﬂost ehd Horird 1pss lwitade Va up

toward Vop in i‘nBi—%{&eq‘{ia%}at fp ARHIA, 0 P &@Eabéﬂgﬁ ngag &EQSeCeH{J ent sourcing

magnl tude of varrable cur source ué to the current
limting &ti ofPBed 4R itAis| éawrrgeslpsm\ae WRER eVasC Thd shepwses Vesi r ed
duty cycle val ye. qWid}Ly ebeckntie tthreigold hioldage rvth @ifr amplifigd enentation

of the structu R S ot i g. ) yence OsC
i's generated b)g/sagé% ﬂ&%eF?eﬂQ%; éirlil:]eog slllggglézl %’-'h'ga%ra5¥£ﬁ§w ng a duty
cycle | ess t haRE5@RUFHRner Bdridiisdipy, c“;’tﬁ FeFBANEDrtiMedo€ontrol circuit 35
i's shown to noampDifisd 3@ secuene®iebCup ndighaat by Avtelvacexh nge node Va at

the out pulp Of SBILEELE ST Ele SR B8Rl 41 K8e bl g8er Sya0tk 71 2

tenperature 30 a npensator- cir £rols da variabl e
resi stor 34 tomaai‘%’tn%étnﬁw rﬁfrﬂdﬁﬁgﬁli”f'lﬁﬂ’edéf'-yl?ﬁ)lq n response to
tenperature and power va&heathlionbsimeAksor |Rike ienfattiser Gnabddes avari abl e

current source i Y, i ntrol circuit
35, 35 which tggé?é (ifr&gs%%ggu%l% o t&%%kgtHPQ i V%?iga‘g/% An out put of

duty cycle monV Bi'a%t‘rﬁi’scon@rﬁ?ml‘tﬁrta(’fﬁ??% VglEB%PEﬂ“PFBS?H%“‘? nput of a
non-i nverli ng ahptuit 3 38jusilsl sAUGTERIR rESiehande Priodaciinin tet put

si gnal ScLKhavmaglﬁuxpt&u%@eﬁe%&ﬁﬁ%uE@Iépw ng tﬂattrﬁf @@Q ﬂi{ee Pierce
crystal oscillato esen stal 53 and a

X
f eedback resi sf“%?‘{rgl%gaggnﬁ%c%) i ﬁoﬁg’l:%ﬁeéll g%l Y?ir 30??5’?23 t57 and 59
respectively ceopr¢ng i flReinenaRsef eoF ydaayleassd s RRPYABY iTkRe tend of

crystal 53 is naupt£rh 0stiplE W¥ciohat g peEotmdicndnskpitdédlomand the ot her

end of coystal (25l aurhethd hdle dially of LLARSIALEL. Olre Tieydial n of 10
tran5|stor 61 receives an oscll'lati on S §c froma current
source 63. |oskejRrotRd dhpEqthe mpgniudeiah &rnia eAtiglsgt pbHeEt Whéw vol t ages
and | ow power . pul aiiowst eaté lof gdeeler abippthpespissld runeakt isoueeei on to

provide a mex! §Hmalia 1Qhol ANIERRLUGE NCE-EOReBA YRNLSD b curr ent

| osc. When losc,exceeds a critical va ent on the transconductance
of transistor FiPe: odOUEY afimeFWPI 217R Ib& ng%u"'to REUGRPERE FHEYof OSC wi l |
stop risizAg atcgohe qfaﬁlcmjmﬂ/aileaerb@l ow Vpp. The present Pierce crystal

osci | | at orI I51 t hus mai NpgkNSnIsdSinaheess %%gosgl i %édaﬂxls%ué@él’& pewer , but g
and & T et dubyocy e ot i eRRrs ~Eoh o R0V SHRPEPPoP R B ot b of ¢ he
present invent fdncuifcooapesente i apd Hutof &gl 6 of AR expkabnedst al
oscillator 51 HBo¥®, &he temperature and voltage compensating circuits
30 adjust the maximum ramp-up and ramp-down speeds, but the
circuit of Fig. 7 shows only the main mechanism by which
the duty cycle is adjusted. To better illustrate the
operation of the circuit of Fig. 7, Fig. 8 portrays
simplified exemplary voltage levels at specific nodes
35 during various stages of operation.
Fig. 8 shows node Va and output signal S, for
five simplified clock cycles CLK1-CLK5 of pulse segquence
0SC. During CLK1l, 0SC is shown to have a 12% duty cycle.



25 predeterm ned second duty cycle of preferably 50% 5% and reshapes (ﬁ%hé?
proper rail to rail voltage swings. In the enbodinents of Figs. 6 anJ 4 007
duty cycle nonitor and control circuit 35 was shown to nonitor pul se
sequence OSC directly at the control gate of pull-down 30 transistor 31. In
the present enbodi nent of Fig. 11 however, duty cycle nonitor and control
circuit 35 is shown to nonitor pulse sequence CSC indirectly by observing

t he subsequent behavi or of node Va at thtldrain of pul | -down transistor 31,
which inversely follows pulse 35 sequence GSC. In this manner, the duty
cycle monitor aadnCeRky direk Gbbd miomal ol f-ackh €2lnendahl 'ﬁhtarﬁ@edback

mechanismto nore easily contifpl variable current source 37. Since the

enbodi nent of Pﬂ‘ga“‘ilq‘b’:fé‘elﬁ'végl’?ﬁfdé“\‘?& Va 19ovRuEe28hound s AMPeeEISE it can
more accur at el poasespendshaly haklndvas feticheslogiprietigt er mfted vat tefge | evel
at a predeter %B@dp&w@d Qigr bﬂﬂl%eﬁl&ék@d '3&“)’ ngﬂx&nﬂ% L@rtgngd control

circuit 35 in 5 Fi,g._ 11 includes a i nverter rece|V|ng node Va.
Inverter £l islPEhf tAbugfhis FirRs ofdwerltuiaun; Flr@’é"f’l’e?te&r Rg PBYi c signal
SW ngs. The ounpde v& isnfeeeeto4de ipmldedphedtawvariha lowid hdbhnoy- i nverti ng

anplifier 38 agdyispdd SurceHe! stk Bhe input of a current starved 10
inverter 43. A pull-up current | M sugﬁ)‘l i ed Eéér_:lcurrent source 45 control s

the swing high rate of ctr 8RPURE ffvé ry3ton i@ HReTedfthg | ow rate
of current stathedthresrdldr vdBtage Gipht pbl drgel ilfyen Plis domtrolledent | pN

supplied iy a %?r E&EY é}d’l‘é {%th%% 'a%d”@&ﬁtﬁdle%&wu%@ ﬁ(m puRpdepelow, the
rati o of the own C N ontrolsthe

ent
duty cycle of B’ﬁf‘bgg s angéﬁ Gﬁ’ﬁ‘féu b‘;’/5 [ﬁe(%’@f’g§e1f%cttqeprjr26fd‘l‘% and | pH,
out put signal $sgtkeceh As€ bHdeedurimgyshanguniesitr eduxitdng mpghétuden t he

present embodi gen{ar OVRY @LrréMP SecboBy ar Q#Qhé%@géﬂi TeQaﬁIﬁl/@ equal
current magnitudes sov‘gs toet%lls al'ég’- gty%/ | e @% The out put
of current staFYeEeinvem &F Y egoﬁﬁ? 2% %‘fés Py yish consi sting
of capaciltfor 4baif wherlieevdodRHLAET (blas491@$$feéet i deldy resudisl i Beds Vi@ 25
control voltaggsaihéwsleoVaavbi £hs16antrafpsud RAneUr Nadn QR vade of variable

current source éZc 44 grP,_ Vgé %Pra{nﬁgleg‘gpdégreggtﬁa% Féd% ar]"lv&m vol t age at

node Vc is inverse y re current’ | e current
sour ce 37. ThabPrPeght tRadkofhera tmi\‘FollPHg‘E“Q/é:lhﬁéeBb eftakddebee, 2 138 ni gher
the current magntyucksclgr.oduced by variable current source 37. Simlarly,

the hi gher the vol tage Ebtur'ﬂﬁgecr.\.{& b@@ L OVBIowhNEo WYL 28RO Epde produced
by variabl e sourc ,..current st I nyerter 43 brings

I f for rve
node Vc up to Vﬁﬁfetherd‘ §5d9‘ér$ I“é’dEUY?etrﬁ r§88}|‘c q‘\)ﬂoﬁ’lfd supply its
m ni mum cur r enappbifier G9r penf0‘atofathe Ppérivddediy vaarcelebmougmr c¢oin to
ground, then vapheRbe &%nwtwws@enaz YWuhe SURPY PguiseTBXi GRUMKRUS I ent .

The operation 9%c££§%1ng Irmp accggglngiy

25 toward a logic high at a faster right and again reaches

Node Va therefore ramps up

Vth at a point in time midway its period and establishes
a 50% duty cycle for output signal S_,.
In CLK3, OSC is shown to have a 40% duty cycle.
When OSC goes to a logic low and turns off pull-down
30 transistor 31, node Va has only 10% of the period to
reach Vth at the 50% mark and thereby maintain a 50% duty
cycle at S,,. To more quickly raise the voltage of node
Va, duty cycle monitor and control circuit 35 responds to
the longer 0SC pulse by adjusting variable current source
35 37 to establish a high T imp magnitude sufficient to raise
node Va to Vth in at least the required 10% of the period
time. Therefore, node Va again reaches Vth at the



enbodi ment of Fig. 11 is illustrated with reference to sinplified dib{q#\ﬁﬁrﬁgug
of voltage swings at various circuit nodes identified in Fig. 12. Wth
reference to Fig. 12, three sinplified 5 pul ses of OSC are shown having a
15% 33% and 50% duty cycle, respectively. For the sake of brevity, the

fol | ow ng di scussi on assunes that the threshold voltage of all the
identified devices is at the m dpoint between a logic | ow of ground
potential and a logic high of Vpp. 10 Stldted differently, threshold voltage
Vth is assumed to be 1/2Vpo for all circuit elenents. It is to be

under st ood by f n\éeg§e&é ’loetrligdaéﬁdt Unl Ra BAHCE bbs WM L€ necessary
to adjust the threshold |evel's of various circuit elenments to achieve a
desired operat‘i”b‘h1 % Sakection of these threshold variations, however, is
typically nmade under ciIoWlK4i weCats ashowantotalyemdgnbave a:crrwsi dered to be

within the SCORGleyiEse HHoSlahd R SabiafhDShisEhR0s ol Lo

di agramratl C p avi ng cyc , ti me when

pul se OSC reac‘llfé%g RE PREDSIRIPEYS ‘t‘%ﬁg@“éff chW tPolhet FAMRING $P 31 at poi nt
Al, node Vc |$rs&taowrf hodbevat mtyraa(ycrmmmwnhtagmrﬂf cohbrokxameuetVpp,

meani ng t hat e s y @ggrg@ e Bgs bﬁto c&mgtog%g@ magni t ude or

i's corrpleterZ turne etherels no current Irnp com ng
from vari abl e ?Rpr"rsé?ﬁf’gsﬁiﬁ’c?é’li??cuﬁ{ﬁ’l‘t cf&\‘rbﬁct?r%%ﬁ%tlﬁﬁ Ba_tx%'”é'g'bonds to OSC
reachi ng poi ntmagnitydegui cRids dadpps ngpdeotie da 1t gaadmadn weteshown. \When

node Va dpops §orddue EHEP&Q@l%g' Q){Flaﬁedl 8892y R E(gﬁcﬁ]]:y 6Erl nt A2, |ong

Couer d Vpo, NGIETVE PATEBhieed POt AAREN ORI, BB IR & sagré{? une
owar 0 c 0 n

non- invePti ng @ngle.fier 38. When node Vb reaches threshol d point A3

SCLK { over :j”%paggvghﬁgz%hg p?;?ﬁ?dg’m ﬁ“‘ﬁ‘*“ﬁ:ﬁ{ h@gageews?f%gzz' begi ns
ranpi ng down nddéHe oWt SEE7 o‘f“m “Que to ra
domnngwa?dléntl |maista ivbasiit chdy yoke &5kegi Thid gleans thaf cutput 1 4 AB%
2002 -is As shomhalinsfj &hobda hbe m@n@i;r&@a‘uﬁ&? &ﬁﬁep reatks taken at
the point V\hen%hC%hsggopsA% tlg ;,%(5 hol d Le pul’n daown t. t.ransi stor 31
at point A6. A IS poin ){? I Eovin °tran5|s’f0tyg'f urning off and 5
this all ows no¥tyelt 6ib@liﬁu|3|5eeln@pews\/5hed@@l@ﬂﬂeeﬁf W@gesr When OSC
is at point Atumede Youhas 3toushbshd iazephesé @ser ¢d nbgly. much as shown at
poi nt A7zoTherﬁieqre%orgarmé)h%naugram DAL €8 1GnSURRL PR, SERE! current.

Thi s sl ows down n\% e Va 10 consi dera ey However si nce
l ong inverter ‘Qf"ﬁ”i%up@"g% RIEPLE AHFRENaSOWRTH 7F or BYhelhOr@RE Fenai ns
bel ow i ts threstgitd inohteggemumndety eryclde afi furiemsmple ik, pdutyb at a | ogic

hi gh causing Cdydl%nhoﬁleéf/%d auﬁelt@f cél%cwt Cmtﬁeagsn&wvw iosg node Vc
toward ground. var i abl & current

i pILAT T SP&aﬁlfYatraﬁsaggvﬁit REVES snﬂlsm  nor eases
from poi 8% A8 saungei A7 9, itshimekingm tegnitndshollt kefitstof | ong i nverter

41. Pull-down GiHda@Rbne! NHhe! haxER@NM dva1Fbe. Illls| §u§@1@.<émdt§uch that node
Va 20 reaches é) i.nt A9 one co%%ete cycl e and

t her eby est abl é’pan%%%‘}cﬁjt%ﬁwé‘ﬁél%lalwgngh%@ 8 PEECHSE™EPHt A9, |ong
inverter 41 remiends byitemsi A§CdetMabgingdet Wb logéc vl Wadpasses
threshol d poi rﬁulaiaowﬁ%aﬂm&&brnm a:mlan bRl 3!&1|'se§?@d‘l§16eﬁMnle ckly 25

swi tehi ngofromg.d ogl gull ghao 8 Lofl G0ty a5 d ILgaLedPY BRLTBAALL -

Simlarly, current “Starve Nvert et i n
ranpi ng up sedied@dsghaege Mo poi Be WIQWhBQGtMWﬁE“tWISﬁ?égﬁé 3&npl e pul se
gf OSfC l?:P beﬁli‘éi dc@ ika0p msanelor@@@ﬁt&slhbhrm&rpltdepauﬂy Helenede Ve gis
een fully c rgdgv ta ed,at. .pgj, nt
Ther ef or e, vafq&ﬁlgoegufr)? oufc% gler ggl“hl se?e &% sq’rfai %legrum current
magni t ude. Thi%thpatnthe -'pﬁﬁl |p0dovmamd a‘rasms@bn %maﬁc@mmm welporht
35 55%. This method of adjusting for an input duty cycle
greater than a desired value, however, requires that
variable current source 37 be able to source a large



35 Bl by quickly pulling down node Va froma logic high to a logic HQN%UGZMZ
since it is not opposed by any sizable pull-up current fromvariable
current source 37. If pull-up current source 45 were adjusted such that
node Vc were 1 4 AUG 2002 -19 not at its maxi mum voltage by the tine OSC
reached point Bl, the pull-down action of transistor 31 would be sl owed
down by |~~ and the effective duty cycle_would be reduced. But in the
present exanple the objective is to 5 iféFease the OSC duty cycle up to
50% Therefore, variable current source 37 is nmade weak at the begi nning of

each period s ‘ ] d t ekl : round,
peri g,?ésam&ﬁ BEFF At N8 rYar 1 *&%e%baﬁéé rpﬁlﬁuhbﬁﬂeér&%ﬁﬁﬂseog u

The | owering node Va toward ground causes g I nvert 1 to begin
t anpi ng up nod® 10 Vb from ground toward Vpp. This in turn causes
noni nverting anplifier B8&dapmsivenbbdingit oft the riegeak Hhvdftiang al so

causes currentghal VRAridV e t @anddohPerddaleNsdhe [RHR BPcfOWegacti on of node
Vc. Pul se_sequen i h k d to threshold point B6

ce OSC'SSOVt\:'gtO co bac own 1
after 3398of tHPHEPFOI ST tApBeY. 1881 TEHeY? T4 OEBOPE LB IIBP P B6, node
Vc i s shown halergeznpadizichenwsirdenbnsiwderably tAd lpeilrhels sinclFighat

variabl e curreitgigQuheet3trose"8Y Alg A 7MHEDe Nk GALCUEE S UnROUTr CE
capability than in the previous I Therefore, node Va i,s shown to

cycle. 20 , .
more quickly r 2GHREF PTG (?r’ﬁepSF%‘t’r’Eﬁ?dt gopiee- t e Fhfeshold W&?Fﬁge of 1ong
inverter 41. L¥nhdsi dugertsyd detwespomstie Ve andeuld-dewshtreangisitnt B9 by

tanpi ng dewn npde ¥Bif£0MaA l08bRePd tiedt Byaq lQghe hRyv.moieRrnode Vb
reaches the threshol? | evel of, current starved inverter 43 ang

non-i nverting HpCPRFEPL BT hof it B, °8ﬁtﬁ|t°sé}ll§r]|31:°rs~s~llgr’la Q%Ft ched
downward and reskaive belpwn$0idt, sdvbnpived euposirpreand. captral, cdyepit si gnal
S~~K mai nt ai N3 A Q% diny Mekes. 380 Rfear ri g ta <t hastimss, saepl e pul se of
OSC having a S0060W4 Y, CYRl BEN:EC J SaERCS, (esholdh ol AhoCL, variable
current source 373 %gal n sourci ngg'a m nirum current and “pu P- down

transi st&? 31 SpWMECRPytRAY fs FAgde? \and FharebyyicempensatendamPeft er 41
responds 35 ]Ecsmdes\/havﬂﬁgclaﬂumg ¢ B QledoPad Hes@Zebyvanid iodt, i Beri Its
tanping up o . en o c i u ,gnal S~~K is
brought up an(f;%g‘gégg/cs egi %sr} g?% agn%?ngfg%aomﬁ dsygq%%%%g %ytd%z%g time OSC
reaches it rarfyclereduabidozog29reateydiant PResioity S¥Ychdinfniesr node Ve is
shown at poi ntard’ cbotbel atirauwitichs | mesponds| byagpepdhgnswiicrand.t her eby

causes Va§i ablgyeur h eMloAUee: 3latdk SAYREE GudTHal) LaRgal 4tUhrent magnitude
t han before. Thus, when C.is, at 5 and, pul |l -d ransistor 31 is
Shutting of f, \AEDEER drvRaH: tB5 AL oes7oRble, Aot LY SHE Rrgni t ude and
qui ckly ranps gro@dnyapwhblvaioynf toanpiitier €8 t@ pswiadn @otudlieids creates a
correspondi ng sitiitek 5&SRMPPAIRNLY NEsNAENG ndNFal B¥EhtEde 41, Which begins
I'ts tanping c“%%%luence of pull~down transistor 31. In the meantine,
25 variable current source 37 would have been raised to its
maximum magnitude and thereby quickly pull node Va up
toward V,,. Since variable current source 37 does not
need to overcome the pull-down action of transistor 31,
it does not require an excessive maximum LI magnitude
30 and thus does not increase its power consumption.
A third embodiment of the present invention is
shown in Fig. 10. All elements in Fig. 10 similar to
those of Fig. 7 have similar reference characters and are
described above. The embodiment of Fig. 10 can likewise
35 compensate for duty cycles both greater than and less
than a desired value while not requiring a large maximum
I magnitude. 1In Fig. 10, a variable resistor 40 is
inserted -between node Va and pull-down transistor 31.



10 sequence of node Vb. Non-inverting anplifier 38 responds to the |owering
of node Vb by bringi ng down out put signals S~~K and agai n nai nt ai ni'pgAg 200
duty cycle of about 50% Simlarly, current starved inverter 43 respon g Qé
the lowering of node Vb by initiating its tanping up 15 sequence of node Vc
in preparation for the next cycle. If pul se sequence oSC were to having a
duty cycle larger than 50% then node Vc would reach its | owest voltage

| evel corresponding to variable current™86urce 37 having its naxi num
current magni tude before the 20 turning off of pull-down transistor 31. In
an alternative jen | e nt, . ' have a
maxi mum curr en?g‘%%ﬁ%%déog%ﬁﬂl %?gn?gﬁgoﬁa%éggﬁ%‘g?%g?b gﬁ/ﬁ?%ebtotﬁgl threshol d
val ue of | ong Y?Wﬁfq‘ﬂ@r cHIr @Rfe FARBPR 3 DAL YBHR Rk rsisdeber 340 %Y active and
25 thereby prexesis dihehdusame yoherol ©idnpat 36 gl eSpiKifiédm going to far

beyond 50% In i.s  al n ' I s r gni tude of
vari abl e curr e%%ﬁsloﬁf?ctéﬁéﬁlls%u%pg?g#}% ggpg%%l?é?hgﬁéa?%%ﬁut si gnal
S~~K mai nPai nsCH e Admi 8REPROFELeNFbitekbeeditity Iwke 80 An alternate
enbodi nent shogégcillafiog. sidndls dget t erhaliikedcdtralomignant 3agrian
oscillating si _g]r‘]%]l C.hot I n e e ] nd duty
cycle of prefera eya%o%qg‘r)ﬂ%%ttrgggtgu%%(%?%FYS?P‘{:L%C% tscgz%g%g@rrgﬁc’z&%?r cuit

i mpl ement at i ondEcayeEirble (RSisEPE LA 1t AEPRORSSFORANHORFFSAS3S8Y 9 and 10.
All el enents idutfy gycld shnos@ar fe bdémiddaitor Fsipgnalll csceagpreachesnal ar

ref er encgochardcd iy Ay dfell seussey e@éaggg%tso%l, a2 2he N Fi O

13, an isolating transistor 44 is inserte ween nQ and pul | -down
transi stor 31.SBYFSS 33erNTHARRS A&t PORFSYE PagPiiydfy iadRsY3EidP184, it can be

made to oper ateesistors 48ainrrtaedsr bys aresdastiafhemcridothaseby t he switch 38 of

Fig. 9. Aternaddi@lsingt EROSInF10End4 SABURE-ABHE thAn@RSESE 61l Bni tS |inear
the variabl e i stor 40 of Fig.

region, in which case it would funct as e

160 T the of 1R VAl BRERRateonvoT Al Cysret HauERe: G T aPtose | s
agai n ob38r vednéeiiane extgsaitvel Mapduen \euryentuily andeiretappyansiomgnd cont r ol
circuit 35. 4Zi1_§hll_l4i»6|w&hﬁif\§n§iism@|ri fi'!.%d/%:uh.igﬁo@/\/i\ﬂ&g%pf abwamrvugligl ating
transi stor | e ri e resjstor n .

illustrates siémsfﬁegi%gg‘r{g([)% gadng&ggvi %gst or \Millgnfa}cétdl EP?ng“ It%r?si stor 44 is
operated as a SESIngcRaINYIHle of cYBRiad Lo CRIENY £RUrGe sHhPIY BBC si gnal
with a 70% dutyedyelde dus shdwe cAsréft tlHeiptieyiaitdoaxafplerieiblki g. 11, node

Ve is atog mexigumogl 30 Ale bRe Degidnng 8lsfdyekey dfis causes

vari able current 20 source 37 to be at Its mninmum curtrent, and causes
i sol ati ng NMOS'3¥¥nsi stor 44 to be turned on and supply a nini mal
resi stance. Under theseWtdndidfieonsce ptd [Figowhl t raarfdirstociBdduitesponds to OSC

reachi ng threshpldeeatidl d¥y tlii sttoectdrbngl NEidowWe BREe; Ma As node Va
reaches the 25 threshqgld_voltage o

I | ong inverter .41 at point D2, node Vb
begins to swi miQuar 4 Bif1 dilv BLeS &FURRDES (B 48 PERFARAS P8 Aode Vb
reachi ng2poi ntmadBifhipdsPaerdengprivstapuddciddabonfSindadeivg atdyhyi gycD4.

Si {ﬂ ! tarl Y, nf)niséﬁéﬁrtﬁniaﬂgsi@%m! iﬁuiﬁﬁhﬁﬁﬁ?fe%SBQFFSc daTeﬁ%lm»c&?: zmafrai Si ng/ 38

out put siI gna ~~ O _a | 0ogl I, a LN : e.Lowng or n C
curPent s?ar ve%orf%?ér f"é’fc‘ﬁ%‘ gsgu%gss?%wdio%f’i ig" °§n§u§F8rs%g‘et"Seb %le‘:n tur%i ng
of f and i ncr eatndigiegtilyobntabaesiényanddeofrpat | Heveutpahsebivgrighle

Meanwhi | e, t hem@tdrm@nEotifed Mg Bbkevgniriyde ©fanari,abl eefpiriagatesource 37

poi 1t EL T owar o it oes SRAERE SRR iRt a s R ool |- dovn
transi stor 31 Fesigter 34, terastigstibtie maximymygrdggde of I, in
response to temperature and power variations. Also like
in Figs. 6 and 7, variable current source 37 is
controlled by duty cycle monitor and control circuit 35,
35 which together establish the ramp-up rate for node Va.
An output of duty cycle monitor and control circuit 35 is

coupled to the input of a non-inverting amplifier 38



-zz node Va ranps frompoint E1 to point E2 in an anmount of tine sufficient
for establishing a predeterm ned second duty cycle indicated by |inel LZU@E 07
for exanple, 50% Long inverter 41 responds to node Va reachi ng point E2

5 swinging | ow node Vb at point E3. As node Vb reaches the threshold

vol tage of current starved inverter 43 at point E4, node Vc begins its
ranpi ng up sequence. Concurrently, non-jnverting anplifier 38 responds to
node Vb reaching point E4 by swtchi ng'Jr‘rb'vv out put signal S~~K at 10 poi nt
E6. By the tine signal OSC begins ranping dovvn and reaches point E7, 70% of
the period ha%:h%ﬁ%%’huc%ts LR §u&)ﬁgtmﬂg,pyil ltnrgags%/ sisy 31 responds by
turning off, but as shown in C\Va W | e already reached a
| ogi ¢ hi gh beFSFIBe’ERﬁ Mo gPving '%T?tFPﬁ ﬁng di agrammatic vol tage swings are
shown for isolating trane Pierceddryetat) eperiatedrasl afswhiecpredentt hi s case)
the behavior gf Lhe; & "Githliaek flcqys@l'%tm 3 Eedhdd18bspbedl 0- 11 as

| ong as isol ating transistor remai ns cl osed osci | atr ng 20 signal

08C reacles t APeSHYISFTRS AP Eﬁra]rrﬁ&ew%hl%apﬁﬁdﬁﬂr?os%éngt 5Pts naxi num | evel
and pul | - downrespest stelly 8tupdsppredshby end cifl prpstdl 5g modgratndiown to

ground. As Vaoﬁésé% POiclysR1 ésorlQ &8 fiéfc}eg:o“%héeé&% I@Moﬁt% L)cf}?' Q?gﬁgr

node Vb. At poi nt , .hon-i nvecﬁ| rrg)a b]bl ngi
S~~K to a Ioglac ﬁ?'b"hl%ﬁ?& Edr P tthset gFoet sl aft EFYs bhedi 1€ ranpi ng down
node Vc. In thospbabdio tthe thabshdl drensisge 61.i stHatdiragnt ofinsi stor 44 is

made | owosuch+thRdiddoR8S rBek i FM taﬁhowlmtqeﬁnbfwcautr&ent £EF, until
al nost hal f tr%e 30 period _has el an ed

assow? t%/eltcilnein__ le isolating
transi stor 445F8RcT SEBF S NoTR VA Pamai Fese 4F BHRGEE PSWPEsEhode Ve drops in
spite of vari abietaiy rasetildatioe a@? 1pei vl taoewl §nd nkave powWdrbecause

pul I - down tramgasstcll eneiBi peefd¥ablPadpdrateal OfefbakAIinbedeide deaches the

35 threshold ﬁ%‘tl e of a&ﬁﬁbﬁ%ﬁ% tr%nél%asgsocronéﬁfg%mp f'BFr g56 l%&gnsr stor 44

begins to tur and "1 &0 e no rans or 31 at
poi nt HES As Ré#e suryedt dotat depr b ﬁa‘FFEG%véh "crrléﬁgP%tﬁl“:?l vari abl e
current 1 4aéhknddi? on2B8heotirarscdndustaltlee of ot raxisei sgoirckly rai se node Va

from poi nt Hlok8s PRlor s aichiBifiba) fue GAGUL Vsl BLRRLYE Va Long

inverter 41 respon S to polnt ts ra down seqtlfjence at

egl nni n
node Vb. In tAF PS’”rFB?ﬁWeFt Aome |WéF‘P¥“n\ga]é‘r?p%FiP‘érV088 rEEpBREES D point H4
i ndi cating thaiehed fextystapersoil ladorebapdec byibtaig msgsvaiped singl e Sc~K

down anggmai Nhak{ Nt i_rr QY H8 Yoduke!, ebu@fﬁt‘%’lhs%é‘il‘/}ﬁ%rbai{ééé%{ 43 responds
by bringi ng ugﬁgode Vc in pég{g ration for tr?te‘i next aé% th reference
to Fig. 15, aPHbFe SEFHSNEEECRT rAYinYi Apt Bhe R 5R PR "Fﬁgee‘?ﬁ) d@ nent of
Fig. 13 is shfhnst Artwogldleesubrtantiably helones¥er séigweMer hethert, the
specific sub-gireuit o ruet idf@§erﬂ:hQMemfhcﬁl g.ncﬂtéaéés lthkke i st &mﬁy cable to

t he enbodi rren%yg{de Flig Pl%}Faréllyeﬁ %1elogc asc §,| er@; 40 those of Figs. 11 and

13 are identi SiTmi erence ar ac and are ex Iar ned above.
Pi erce @byst aprmqnna{r@rl SEC‘P’&@WSCW% ofuprefrratdyc 5Pe
transi stor 65refh#ses Wscenb ﬂ:ﬂsp:erl S'amrt’d)rr%(ilf oM ayC entingt. current I sRC

comng froma 20 current % df&?é'E{E £ %’1 5 624 Bovrgét%\ng,q,eé%%nperature
S

i ndependent, and the size ra atT Transi st or’s abl i shes
t he required ﬁﬂ@h‘?‘tm@é‘dof’%‘l:ﬁ%l é‘t}rrFBh‘t: 35)§@SWHPPV§“ aq%é‘oﬁﬁk%gf"}lﬁ&
t enper at ur e andqpaver dscddpeacikiy atConé rainteolr gate |EREulLi-a&bwo mrrored 25

to Produge T ampaer fuy 8B | 1 ol blelBne Uk BRLnd P oe2RdgbULL  dovn ourrent

| pN. Pnos trans, stor 71 fakes t ace variapl e residtor 34 of Fig. 13
and mrrors tREVEEHe Ity EYGHR TOBHERT | dife FORGERAL TiRoudht 3PsFE to establish
t he maxi num pehaw:ssudaln@nrrngnlpum skqhence 3@ cSindiwedtly ppos transistor 75

mrrors IsRC Lo pr Q:hleNER%b%%xr%ﬁ nlt" BOSA R OEGn@M vamRe Ehansistor 78

t oget her mrror current current, sin nnos transi stor 77,
whi ch produceST peift LSk EHRPEIFEFPRL - BYP 1 &§YF’r'1ﬂelt3hr§°§|12\§s rRSSs of
transi stadrs 75ed@nanescan adjtisils mAener, the duty cycle monitor and

control circuit 35 of Fig. 11 can establish a feedback
mechanism to more easily contreol variable current source
37. Since the embodiment of Fig. 11 observes node Va



35 ratio of IMP to IpN and thereby adjust the duty cycle of output signal
SST, as expl ai ned above. Variable current source 37 of Fig. 13 is 4 AUG 2002
i npl enented in Fig. 15 by nmeans of pnos transistor 73. In keeping with the
above 1 4 AUG 2002 -24 discussion, as the voltage at its control gate is
| owered, the current magnitude of pnos transistor 73 is increased, and vice
versa. 5 14 AUG 2002 -Z5 Cdainms 1. An oscrllator wth controlled duty
cycle conprising: a first power rail arid®3 second power rail; 5 a variable
current source having a first termnal, a second term nal and a first

control input, g$algfy gt Lesm aBSﬁﬂQ—.e BLed-d A3l fohL i power rail)

I
sai d second term nal “Bei ng couc[}% to an |%uerrre dirate output node; 10 a
swi t chi ng nean¥efEREhd &rFﬂF?%F“t-‘-é‘PFh Feltaged 1gvedh 2t 12 PERARERIMINGRd furt her
havi ng a secontdise@niurdng apett dyerler ecei ving an oscillating signal having a

first duty cycle and osgh{:*,aé%a]g BgM\g&n q,df 'cBﬁ{dAPQ:'t?cﬁ gt4 and a second

|l ogic state, said third te el ng g to sard internedi ate
output node, sBi@- fUuriPﬁlP%?%%éPnﬁe?%‘ger&?ﬁpﬂ FeFiVing 3P power rail,
sai d swi t chi ngIneansrailngs eldrectenvegli dro dliedt ngoward loeapinng said third

Lerm' ”a't to Za?gnéfacﬂ'?\ po gl%![nlal'&éf On?ﬁet&% tdo?sfﬁ\léxacte'gng 5: gt”a'
eing at sai irs i,C an ective for enrn an |so ating
said third terffnH ‘H”gﬁtega*f%l té”ﬁ gﬁau*f)cﬁlt:ernof’ar?v‘?’rﬁr“@sg

oscill ating signdlisheilsg atupkkd teethadinpugi of sa actte‘reatdsrtqrwgdcl e

noni tori Rg nNeapsyédudhng 2 [.lrlﬁg.'-ﬁpl &Yﬁret:ﬁr rI asﬁb‘ﬁifé?it bl éﬁi’%ﬁ nverter, a
first constant 25 current 0 C%Bhav Pr% E’égb Pt co r ol curr nd a
n

second const anfO¥RG &Rt ©8B 7i 7Y Pt rSP teRt V?%l d logic
i nverter bei ngineggimysidve @lmi ddiedsvimerimdirate @ﬁttqmtren‘ed%taltvl@el out put of

said logic 'nVEﬁ‘Ir&FtéieMBng%HHtQ@liQdﬁf{‘}Q wttecmwrﬁtc@weﬁtlmverter 30 said
current starved H’i rdt %r havi.n te de endeTe Of aid first

control current Bhd Hav cur gi’ﬁm rate endent “on sd d second
control @&arr en?XP%adlrf@dc GF %Wrat té‘teaﬁ‘étio |thvéi?1?ePub7e1‘ﬁg cerrert ilye a6y
generating a nagli{ddle eonter Iayt:ﬁutroﬁﬁ muahtyrg:mansﬁ@mtpiwpl ing said

magni t ude contgp %naq_utsout t flrurosstercggtlé 1c!rp|%‘ft% aﬁ@'ldu vari abl e
current source, Vria e ‘cutrent’ source beln Yectivéfor generating
a current nagn?? 51gnal S.k can be made to have anhy desired duty

cycle. 1In the present embodiment, however, I, and I,, are

20 selected to have equal current magnitudes so as to
establish a 50% duty cycle at S;,.

The output of current starved inverter 43 is

coupled to a low pass filter consisting of capacitor 49
at node Vc. Capacitor 49 effectively establishes a

25 control voltage at node Ve which controls the current
magnitude of variable current source 37. In the
preferred embodiment of Fig. 11, the voltage at node Vc
is inversely related to the current magnitude of variable
current source 37. That is, the lower the voltage value

30 at node V¢, the higher the current magnitude produced by
variable current source 37. Similarly, the higher the
voltage at node Vc, the lower the current magnitude
produced by variable source 37. If for example, current
starved inverter 43 brings node Vc up to V,, then

35 variable current source 37 would supply its minimum
current, or no current at all. If node Vc were brought
down to ground, then variable current source 37 would
supply its maximum current. The operation of the
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of said first control current to said second control current being
effective for establishing a predeterm ned second duty cycle at said

i nternedi ate output node. 5 2. The oscillator of claim1) wherein said
current magni tude generated by said variable current source in response to
sai d magni tude control output is effective for raising said internediate
node to a predeterm ned 10 voltage val u87rn a predeterm ned anobunt of tine
during each cycle of said oscillating signal. 3. The oscillator of claim 2,

wherein said v bO%l‘]).Ln%nguéfq‘r}Lt 59&' 15 1 %s%rg@e %C 8%3 ence §| tude
no

;
sufficient 15 raising sai d nterneg'ate ou
predet er m ned S/Jeﬂptlécjée@a wram\swf dvpitaget éwmmétaﬁéah%’u%fckrcﬁétmm l e said

swW t chi ng neansodes Gheseltich lﬁCﬁ eled) 20 5. (Cancel ed) 6. The oscillator
of claim11 further inclygdin vari ahl e res upled en said first
termnal of 25 said varwgg}ge%&F?gﬁ?q%ogﬁgé dt&g g ?%?%i)éf rail, said
vari abl e $esi snlblrse@epﬁ-°$%s?ﬂ‘@n§h9‘enthﬁ\anpoweﬁ%lnd3t’6eﬁ'p‘ér%Q’wdelth’nsensi tive
control circuidycié, FThep@stiveldt or wir &hai Sake foir bRevityclend ng a 30
vari abl e resi sftoq’Flog]gugl ggs‘}[{‘et enaggllmdesl %eénqqdl %51 g}%f)al.lt rl(%(gggand sai d

G

third term nal 7 esi ot ein
responsi ve to %%laélnﬁgﬁl’f‘iﬁi\é?iééﬁ@r%wicﬂﬁspa? a’QEFhG mé@ﬁ%@ dPtveen 4 A U G
2002 a logic low of ground potential and a logic high of V.

10 Stated differently, threshold voltage Vth is assumed to
be %V, for all circuit elements. It is to be understood
by those versed in the art that in practice it may be
necessary to adjust the threshold levels of various
circuit elements to achieve a desired operation.

15 Selection of these threshold variations, however, is
typically made under circuit simulation conditions and is
considered to be within the scope of those versed in the
art.

Considering the first diagrammatic pulse of 0SC

20 having a 15% duty cycle, at the time when pulse 0SC
reaches the threshold voltage of pull-down transistor 31
at point Al, node Vc is shown to be at is maximum voltage
of, for example V,, meaning that variable current source
37 has its lowest current magnitude or is completely

25 turned off. Since there is no pull-up current T emp coming
from variable current source 37, pull-down transistor 31
responds to OSC reaching point Al by quickly dropping
node Va to ground, as shown. When node Va drops to the
threshold level of long inverter 41 at point A2, long

30 inverter 41 responds by ramping its output at node Vb up
from ground toward V,,. Node Vb is coupled to current
starved inverter 43 and to non-inverting amplifier 38.
When node Vb reaches threshold point A3, non-inverting
amplifier 38 responds by quickly bring up output signal

35 Scx toward V,, as shown at point A5, and current starve
inverter 43 begins ramping down node Vc, as shown at
point A4. Node Vc will continue to ramp downward until
node Vb switches from a logic high to logic low.
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to 5 said duty cycle nonitoring neans and effective !or isolating said

i nternedi ate output node fromsaid first switching neans in response to
said oscillating signal being at said first logic state for a predeterm ned
amount of tinme. 10 1 0. The oscillator ofit8elaim9 wherein said second
switching neans is responsive to said nagnitude control output fromsaid
duty cycle nonitoring ansg. 15,11 . The oscjllator of claim1l wherein said
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30 15, The oscillatarigf. ol 2ln.d4nehierel 0n3ahchd Quipasg, filter includes a
capacitor coupled between Sai i 1ot &nfrol i npdt "or 'said variable current
source and saiBhexedons, pratdaklg Furgmt spunca}3 2gpplies a palihe
oscillator of elmiemt]l fmiidenowBChowh NhedrahyBiupos€i hddd ara circuit for
produci ng,sai d, ¢ Ss‘i'd'eké‘ﬁi;g.g. %i[o%%r, Ssailn%eCE.Xﬁ%alj. vRpektI g of cireuit
including a crystal, a resistor, a' first cap C|r{or, a second 5 capacitor, a
transi stor, antPIPORSA¥EaFR NAder ¥ar Wokahc £or sEhel MOmeRt aFenmidiss BRYOY esi st or
bei ng coupl ed its parakheld betiwaga, aidvdrderoscindiatainsoiies awtpatsecond

oscillator no ai,d L1 1 St 4 i L I b‘yg_ggﬂ Ld, first
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i

control gate bEIHG2E6Tp BB 159 SPIBEAY 1 PSP nbYE P Ssai d const ant
current sour cethysishgldolgiedd ofelorenirveiriedr &l n Suddtdode camrdesti d first

power rail. sink 47, shown in Fig. 11, is selected such that node Va
20 reaches point A9 at the half-way point of one complete
cycle and thereby establishes a 50% duty cycle. When
node Va reaches point A%, long inverter 41 responds by
ramping downward node Vb. As node Vb passes threshold
point A10, non-inverting amplifier 38 responds by quickly
25 switching from a logic high to a logic low, as indicated
by point All . Similarly, current starved inverter 43
responds by beglnning its slow ramping up sequence shown
at point a12.
By the time the second sample pulse of 0SC
30 beging to ramp up and reaches threshold point Bl, node V¢
has been fully charged up to its maximum voltage, as
indicated at point B4. Therefore, variable current
source 37 is again set at its minimum current magnitude.
This permits pull-down transistor 31 to respond to point
35 Bl by quickly pulling down node Va from a logic high to a
logic low, since it is not opposed by any sizable pull-up
current from variable current source 37. If pull-up
current source 45 were adjusted such that node Vc were
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point B9 by ramping down node Vb from a logic high to a
25 logic low. When node Vb reaches the threshold level of

current starved inverter 43 and non-inverting amplifier
38 at point B10, output signal S, is switched downward
and node Vc begins its ramping up seguence. Again,
output signal S;, maintains a 50% duty cycle.

30 Referring to the third sample pulse of 0SC
having a 50% duty cycle, when 0SC reaches threshold point
Cl, variable current source 37 is again sourcing a
minimum current and pull-down transistor 31 quickly
brings node Va to a logic low. Long inverter 41 responds

35 to node Va reaching threshold point C2 by initiating its
ramping up of node Vb. When node Vb reaches point C3,
output signal S;, is brought up and node Vc begins its
ramping down sequence. By the time 0SC reaches it ramp
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9):)GK)) *!+; ¢caided vaxiable current source 37 to source a much larger
current magnitude than before. Thus, when 0SC is at Cé6
5 and pull-down transistor 31 is shutting off, variable
current source 37 has a large current magnitude and
guickly ramps node Va upward from point C8 to point C9.
This creates a corresponding quick response on the part
of long inverter 41, which begins its ramping down
10 sequence of node Vb. Non-inverting amplifier 38 responds
to the lowering of node Vb by bringing down output
signals S,, and again maintaining a duty cycle of about
50%. Similarly, current starved inverter 43 responds to
the lowering of node Vb by initiating its ramping up
15 sequence of node Vc in preparation for the next cycle.
If pulse seguence OSC were to having a duty
cycle larger than 50%, then node V¢ would reach its
lowest voltage level corresponding to variable current
source 37 having its maximum current magnitude before the
20 turning off of pull-down transistor 31. 1In an
alternative embodiment, variable current source 37 is
made to have a maximum current magnitude sufficient to
raise node Va toward the threshold value of long inverter
41 even while pull-down transistor 31 is active and
25 thereby prevents the duty cycle of output signal S, from
going to far beyond 50%. 1In this alternate embodiment,
the maximum current magnitude of variable current source
37 is preferably selected such that output signal S,
maintains a maximum duty cycle not exceeding 55%.
30 An alternate embodiment shown in Fig. 13 is
better suited for compensating an oscillating signal 0OSC
both below and above a predetermined second duty cycle of
preferably 50%. The structure of Fig. 13 is a sample
circuit implementation suitable for the circuit diagrams
35 of both Figs. 9 and 10. All elements in Fig. 13 similar
to those in Fig. 11 are given similar reference
characters and are discussed above.
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proper construction of isolating transistor 44, it can be
made to operate in its saturated region and function as
5 the switch 38 of Fig. 9. Alternatively, transistor 44
can be made to operate in its linear region, in which
case it would function as the variable resistor 40 of
Fig. 10. In the circuit implementation of Fig. 13,
oscillating signal OSC is again observed indirectly at
10 node Va by duty cycle monitor and control circuit 38.
Fig. 14A shows simplified voltage swings for when
isolating transistor 44 is implemented as a variable
resistor, and Fig. 14B illustrates simplified voltage
swings for when isolating transistor 44 is operated as a
15 switch.

With reference to Fig. 14A, a sample 0SC signal
with a 70% duty cycle is shown. As in the previous
example of Fig. 11, node Vc is at a maximum voltage at
the beginning of a cycle. This causes variable current

20 source 37 to be at its minimum current, and causes
isolating NMOS transistor 44 to be turned on and supply a
minimal resistance. Under these conditions, pull-down
transistor 31 responds to 0SC reaching threshocld level D1
by quickly bringing down node Va. As node Va reaches the

25 threshold voltage of long inverter 41 at point D2, node
Vb begins to swing upward. Current starved inverter 43
responds to node Vb reaching point D3 by starting its
pull-down of node Vc at point D4. Similarly, non-~
inverting amplifier 38 responds to point D3 by raising

30 output signal S;, to a logic high at point D5.

The lowing of node Vc by current starved
inverter 43 causes isolating transistor 44 to begin
turning off and increasingly isolate node Va from pull~
down transistor 31. Meanwhile, the current sourcing

35 magnitude of variable current source 37 is increased. As
shown, this causes node Va to begin swinging upward from
point El1 toward point E2 even while signal OSC remains
high and pull-down transistor 31 remains on. Preferably,
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duty cycle indicated by line L2 of, for example, 50%.
Long inverter 41 responds to node Va reaching point E2 by
5 swinging low node Vb at point E3. As node Vb reaches the
threshold voltage of current starved inverter 43 at point
E4, node Vc begins its ramping up sequence. Concurrent-
ly, non-inverting amplifier 38 responds to node Vb
reaching point E4 by switching low output signal S, at

10 point E6. By the time signal 0SC begins ramping down and
reaches point E7, 70% of the period has elapsed. At this
point, pull-down transistor 31 responds by turning off,
but as shown in Fig. 14A, node Va will have already
reached a logic high before point E7.

15 In Fig. 14B, diagrammatic voltage swings are
shown for isolating transistor 44 being operated as a
switch. 1In this case, the behavior of the circuit of
Fig. 13 is the same as that of Fig. 11 as long as
isolating transistor 44 remains closed. As oscillating

20 signal OSC reaches threshold point Gl1, node Vc is shown
to be at its maximum level and pull-down transistor 31
responds by quickly pulling node Va down to ground. As
Va passes point G2, long inverter 41 responds by bringing
up node Vb. At point G3, non-inverting amplifier 38

25 brings output signal S;, to a logic high and current
starved inverter 43 begins ramping down node Vc.

In this case, the threshold voltage of
isolating transistor 44 is made low such that it does not
switch to an open condition, OFF, until almost half the

30 period has elapsed, as shown by line L2. While isolating
transistor 44 is closed, node Va remains at a logic low
as node Ve drops in spite of variable current source 37
being slowly increased because pull-down transistor 31
remains ON, that is, closed. As node Vc reaches the

35 threshold voltage of isolating transistor 44 at point G6,
transistor 44 begins to turn off and isolate node Va from
pull-down transistor 31 at point H1l. As node Va is
isolated -from pull-down transistor 31, variable current
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indicating that half the period has elapsed by bringing
output single S, down and maintaining a 50% duty cycle.
current starved inverter 43 responds by bringing up node
Ve in preparation for the next cycle.
10 With reference to Fig. 15, a more complete
circuit implementation of the embodiment of Fig. 13 is
shown. As would be understood by one versed in the art,
the specific sub-circuit structures shown in Fig. 15 is
likewise applicable to the embodiment of Fig. 11. All
15 elements similar to those of Figs. 11 and 13 are
identified by similar reference characters and are
explained above. Pierce crystal Oscillator 51 receives
bias current I, from pmos transistor 65. Bias current
Ipse is mirrored from a control current I, coming from a
20 current sink 67. Current sink 67 is power and
temperature independent, and the size ratio of pmos
transistors 69 and 65 establishes the required magnitude
of bias current I, . while also making I, temperature and

power independent. Control current I.. is also mirrored

SRC

25 to produce ramp~up current Imm, pull-up current I, , and
pull-down current I,,. Pmos transistor 71 takes the place
of variable resistor 34 of Fig. 13 and mirrors the
temperature and power independent current Iy . to
establish the maximum permissible magnitude of I

30 Similarly, pmos transistor 75 mirrors Iy ., to produce I.
Pmos transistor 76 and nmos transistor 78 together mirror
current I,. from current sink 69 to nmos transistor 77,
which produces pull-down current I,,. By adjusting the
size ratios of transistors 75-78, one can adjust the

35 ratio of I, to I,,, and thereby adjust the duty cycle of
output signal 5,,, as explained above. Variable current
source 37 of Fig. 13 is implemented in Fig. 15 by means

of pmos transistor 73. 1In keeping with the above
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discussion, as the voltage at its control gate is
lowered, the current magnitude of pmos transistor 73 is
increased, and vice versa.
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1. An oscillator with controlled duty cycle comprising:
a first power rail and a second power rail;

5 a variable current source having a first
terminal, a second terminal and a first control input,
said first terminal being coupled to said first power
rail, said second terminal being coupled to an
intermediate output node;

10 a switching means having a third terminal and a
fourth terminal, and further having a second control
input for receiving an oscillating signal having a first
duty cycle and oscillating between a first logic state
and a second logic state, said third terminal being

15 coupled to said intermediate output node, said fourth
terminal being coupled to said second power rail, said
switching means being effective for closing and coupling
said third terminal to said second power rail in response
to said oscillating signal being at said first logic

20 state and effective for opening and isolating said third
terminal from said second power rail in response to said
oscillating signal being at said second logic state;

a duty cycle monitoring means including a logic
inverter, a current starved inverter, a first constant

25 current source having a first control current, and a
second constant current source having a second control
current, said logic inverter being responsive to saiad
intermediate output node, the output of said logic
inverter being coupled to said current starved inverter,

30 said current starved inverter having a pull-up rate
dependent on said first control current and having a
pull-down rate dependent on said second control current,
said current starved inverter being effective for
generating a magnitude control output;

35 coupling means for coupling said magnitude
control output to said first control input of said
variable current source, said variable current source
being effective for generating a current magnitude
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2, The oscillator of claim 1, wherein said current
magnitude generated by said variable current source in
response to said magnitude control output is effective
for raising said intermediate node to a predetermined

10 voltage value in a predetermined amount of time during
each cycle of said oscillating signal.

3. The oscillator of claim 2, wherein said variable
current source has a maximum current magnitude sufficient

15 for raising said intermediate output node to said
predetermined voltage value in said predetermined amount
of time while said switching means is closed.

4, (Canceled)
20
5. (Canceled)
6. The oscillator of claim 1 further including a
variable resistor coupled between said first terminal of
25 said variable current source and said first power rail,

said variable resistor bein- responsive to a power and
temperature insensitive control circuit.

7. The oscillator of claim 1 further including a
30 variable resistor coupled between said intermediate
output node and said third terminal of said switching

means, said variable resistor being responsive to said
magnitude control output.

35 8. (Canceled)
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10. The oscillator of claim 9 wherein said second
switching means is responsive to said magnitude control
output from said duty cycle monitoring means.

15 11. The oscillator of claim 1 wherein said intermediate
output node is coupled to an amplifier.

12. (Canceled)

20 13. The oscillator of claim 1 further including a non-
inverting amplifier circuit responsive to said logic
inverter and effective for producing an output clock

pulse having a duty cycle substantially similar to said
predetermined second duty cycle.

25
14. The oscillator of claim 1 wherein said coupling
means for coupling said magnitude control output to said
first control input of said variable current source is a
low pass filter,

30

15. The oscillator of claim 14 wherein said low pass
filter includes a capacitor coupled between said first

control input of said variable current source and said
second power rail.
3%
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16. The oscillator of claim 1 further including a
crystal oscillator circuit for producing said oscillating
signal, said crystal oscillator circuit including a
crystal, a resistor, a first capacitor, a second
capacitor, a transistor, and a constant current source;

said crystal and said resistor being coupled in
parallel between a first oscillator node and a second
oscillator node, said first capacitor being coupled
between said first oscillator node and said second power
rail, said second capacitor coupled between said second
oscillator node and said second power rail;

sald transistor having a source electrode, a
drain electrode and a control gate, said source electrode
being coupled to said second power rail, said drain
electrode being coupled to said second oscillator node
and said control gate being coupled to said first
oscillator node, said constant current source being

coupled between said drain electrode and said first power
rail.



