WD 96/ 38913 '

PCT/ US96/ 08126 BACKGROUND OF THE | NVENTION This invention relates in
general to voltage controlled oscillators and in particular, to voltage
~control led oscillators including one or nore voltage controlled .5 delay
circuits w t{yogigyizsupply noise isolation. Power supply noipgqni¥osfesess 2

si gni fi cant problemin m xed-node circuits |nclud|ng both digital and

anal og C|rCU|try on t h¢ : {eh~Mm xed- node
circuits, noise induce CT of the
digital circuitry my cXiids g : XK. t he power
supply line to 10 perforn1pc&¢;;m:%_[34, NOKEISOLA yoNer f ormance of
certain analog circuitry such as voltage controlled delay el enents and

vol tage controlled oscillators |nclud|ng a ring oscillator formed of such
vol tage control |l ed del ay el enBACKGRG . ‘ HHON ti ve to such noi se.

Fige 1 illustrates, as an exarrple a prior art vol tage control | ed
oscillatar 15 ("VCO)Z Included. in the V (?area Iura,llty of current
control | ed del ay cells, Businaventiopmlatesin fyple gemapd i st age

ring oscillat opmmﬂnraimlmammﬂhdaﬁmﬂaaﬂsmdu&qﬁmwmﬁdmgbdﬁ&ak&el | (or
stage) int &M}&lﬁq “ﬁ RKber RO an out put of anot her current
controlled gel ay “ce ﬁﬂl n rls%i}p{s%é%ci%%or For exarrpl e, an input in-2 of
a second current control WMW%?@WY@M@IMMMWOWBQO

out put out-1 oﬁ:cmﬁgbamagmmanmgb&ah trf6h {8 bave ptatedirduit éhip. 8 stdhng

oscillator, t her. exarrp n I n ut I N f.] rrent
control | ed deI éﬁag %‘ﬁ(}ﬁ“@ & §RP, ylﬁﬁb&f}gﬁﬂf‘ 8'6‘5 ﬁ'ﬁl’ﬁf a | ast

current controﬁgmmwaymlmmemmgcmuymnmwﬂwmmrswﬂylmatd uded in

the VCO 20 1pS perforfiPoodly aﬁﬁ?né ‘Q‘Q% try%ﬂmq f/nd a
resi stor 23 con ect ed t eirmﬂﬁelo’zfor cont r{’)flr *’gﬁ&; rent sin and a
plurality of p¥ ysele%tslan Jo ?cméét‘éd to the

p- DS transi stoscﬂntbrfmnﬁdofmmhpbmebomoneddmyemﬂtntsmpﬂﬁadarlﬂmms
transi stor 24 4op geidd 0de- connect ed tran5| stor having its source connected
to a high voltage end Vdd of a power supp % and its gate and drain

connected t oget her. The Hig-fdljustraies.s an g% a@rior gt voltagecongrglled gillator
transi st or lﬁavi"Wﬁc")EO shndluded ia alis FCOR0 aid u pluli dieuﬂiﬂﬁbﬁﬂu%nea&liyfbeﬂs,gr ound

f Gnd, 5, t :
transi stor 24 1o ﬁ]ﬁ%%(%dt %ﬁ%ﬁf*{}é%@@ S’%%’?g‘?u%&m%“?}’q'ﬁgf hat a
control vol t agtclyErrens con telay oell (orstage)in gospiflator is<h '
controls a curﬁmpmofm&bmgoﬂﬂww&lay&mdﬂﬁdﬁgmwr

mﬂ@&,
transi stor 24,;,608n B-dFR Sedond Sarett Ontrolied m&ﬁ%rfﬁkmrcog%e#%&%/ 08126

96/ 38913
sour ces of 28acPRtpAt okt ofia figst curreateantrolieddelaygell 254 iptheiringjoscillateranskasd t o t he

suppl y vol t ageandtidr exunsld, ae ingat iasl oFithe@situfibnticoftrdlled dslay EeB5-Bis@hdwn 26- 1 to
26-k, 1s connegoglggcted to an output out-k of a last current controlled delay cell 25-k in the ring
' oscillator,
Also included in the VCO 20 is a p-mos transistor 24, an n-mos transistor
25 21, and a resistor 23 connected together to form a controllable current sink, anda. - -
- plurality of p-mos transistors, 26-1 to 26-k, mdmdually connected to the p-mos -
. transistor 24 to form a plurality of current mirrors. The p-mos transistor 24 is a diode-
- connected transistor having its source connected to a high voltage end Vdd of a power
supply, and its gate and drain connected together. The n-mos transistor 21 acts as a
. 30 control transistor having its source connected through the resistor 23 to a ground
reference Gnd, and its drain connected through the diode-connected p-mos transistor 24
to the high voltage end Vdd of the power supply, such that a control voltage Vent
applied to the gate of the n-mos transistor 21 controls a current Icnt flowing through the
_ diode-connected p-mos transistor 24, the n-mos transistor 21, and the resistor 23. The



t+0 the gate of the p-nos transistor 24, such that a current.flow ng through
each of the plurality of p-nobs transistors, 26-1 to 26-k, mrrors the
control current lcnt. 5 Accordi ngly, the control voltage Vent applied to
‘the gate of e”g%ﬁps transi stor 21 controls the period of Qﬁﬁﬁi gn of
the VCO 20 by controlling the current flowing into each of t current

controll ed del a ceI 1t turn, contrals t e del ay of
each of the ¢ écﬂ?é‘”@'&‘%é‘ﬁi’“@@%r'% Wh?%c?‘élt % q ¥n turn,

. det erm nes theVMU&mﬂvmﬁmompm\mmrs 2®1 16 26-k, is connectedne
problemwi th tﬁmgﬂéftﬂé mdstPartsisto V\ﬁféﬁihathﬁu&é?@ﬂo iﬁo@élxécli’@ﬁ’ﬁé suppl y
| i ne connected . to.lh vol t ag Oof. t‘FﬁF@!t'gfr su Is readily
transmtted toP dﬁ’ f‘?@ g =1 to 26-k,
and as a coﬁseqmrdmgly.rtmmnlrylvahgusﬁmmcdmthagamenftlﬁlm-mommszrIovm ng

:’gtSS| tgel gl ;J[]Zédgierx é'?ﬁl&OSCIsfi allon Oﬁg%ﬁ % ﬁéﬁver en v hl )

:
fluctuating frogh P% Hed delay cellsy 2511 30 25-kwhick s, ontTolg) oF THE
| NVENTI ON Ac ¢ osfréacigofithe eutentdoneolleddelay halspzm wzs-k,rwmcu in®in) c&teamid@&mhl ch

Is | ess sensi tlh"\fﬁi to power supply noise. 20

Anot her obj ect tﬁe preseéﬁtﬁ{ygé on is a delay circuit useful in a VCO
whi ch provil@es good pommmwmmmgym however, isthatrioise 0plaj ect of
the present i nyswk vokage P Vad 6£the wk'&ts f sily
manuf act ur abl egmahegg aﬁ gggllt !on Iﬁglérﬁaqcsts are aiéﬂ ?% 9

vari ous aspect RO Sanstiias, at ed one
aspect of the Wx;mmm-mwsﬂm&wm@mﬁmmt with

power supply n&iu%ﬁtdoaeblféd' -i&iiyk f'ﬁé&?ﬁ il B S batiltftich e 21
i nput vol tgge 5 R’ﬁéﬁ%” nﬂ of sl na ro at| ng t rough t he
del ay neans; a 5“‘5“ St power supply, a

gate connected to a control voltage and a source prOV|d|ng t he i nput
voltage to the 30 del ay GRANSTSAR : s f ol | ows the

> H % 1 \ v

control voltage and is isolgled 1rom nolse on QWey  Su connection
to the transistor. Anot H¥FfOrs c?necﬂblm%m%mvmmsl &!"& Wirssage
controlled delmﬁammwmlmw&mpﬁlyaqﬁe control I ed oscillator,

\r/vgg:)gingi f/g@t()gm%;ﬁﬁgﬁ?”%%] or va yin t"ﬁgﬂgg f a g‘%\épalr o?o

si gnal s propag¥ PPWE"(‘}EI'&P ol g a tranS| stor having a
drain connected to a poSedll anatheriobjectof ditipresetinventisicis b VGO which Is@f sivipld age,

and a source p‘?&#% mi'jlnﬂﬂv{#@' % eto the del ay nmeans such that the
I nput vol t age ows HL %913

PCT/ US96/ 08126 cont r ol m%mseompmw@ekuﬁmvkr
suppl y conﬂﬁcttihepreﬁemidv&mon,wlmembneﬂystated,oneaspectofthepmentmvennon;sa

voltage controlled delsy circuit with power supply noise isolation, comprising: delay
means responsive to an input voltage for varying the delay of a signal propagating
through the delay means; and a transistor'having a drain connected to a power supply, a
gate connected to a control voltage, and a source provxdmgthemputvoltagetothe
30 delay means such that the input voltage follows the control voltage and is isolated from
noise on the power supply connection to the trans1stor
' Another aspect of the present invention is a voltage controlled delay
" circuit included in a voltage controlled oscillator, wherein the voltage controlled delay
cxrcmt comprises: delay means responsive to an input voltage for varying the delay of a
35  pair of signals propagating through the delay means; and a transistor having a drain
connected to a power supply, a gate connected to a control voltage, and a source
providing the input voltage to the delay means such that the input voltage follows the




transistor. Still another aspect of the present invention is a voltage
controlled oscillator with power supply noise isolation conprising a
plurality of transistor and 5 voltage controll ed delay cell pairs,
wher ei n i ndividual ones of the transistors have a gate connected to a
control -vol wedessssdrai n connected to a power supply, and PCHUSS608126
connected to a voltage controlled delay cell paired to the individual one
transistor f&hﬂ%ﬂﬂﬁﬂiﬁ&lﬁt@&ﬂbm%ﬁs&%ﬂ%twﬁ |chmdeticBitheo! | €d del ay
cell such that .t!rge I nput ‘vol tage foll ows the confrol voltage and is

I sol ated fr e on the power supply connection to 10 t he indi vi dual

one transistor. Still SﬂmWWMeﬂmanklmugmmut er system

conpri sing @ﬂg‘w“ aging a ..
\élolrtcﬁgte C nt@?ﬁﬁd osgl :dylaaxl Mon@?&fﬁe control I egf dtelhgy

at +| east On&WaWObﬂxgdmwmdma sun:lssaﬂdiiourd-.el ay means

responsi ve tg Aedd 1P 1\9§| ngﬁ gﬂ’t
pr opagati ng r.ough Fhe ay rreans ranS| stor haV| ng -a 5r ain’

comnect ed t cpravi mmmmlﬁpsetaﬂyamawm cell suich thatbe input voltege and a

source IDFOVIBIIMM%WWWMW%MWWQWWQ | nput
vol t age f. onE rol. voltage and is isolated from noise on the power

WS I he.
supply cd ne edy sistor, 20 -~ Additional objects,
f eat ures and advant agsnﬂeﬁothmesmfwsnmpuisswmpmymmpmmycntlon
w | | becorre HddosBiligber r ed

enbodi nent Whj ch scrl EI ohn sh e Iaken_ | n con ction th the
acconpanyi nghawng Olfed%eﬁ MW"&

DRAW NGS Fi gwhetemiﬂcﬁﬁduahbmof!heaﬂeasﬁmrvplﬂgewnﬂbdlhdﬂeldyam arl or art

2 Voo ut i 4 %ﬁ%&@ﬁ@%ﬁ%e'@‘@%. nJ?x?'?““%EP 5’5‘%“?1“5%%’?2?"' e

an exanpl e,

Fig. 3bill ahﬁecnedaeaaanmwﬁge.anaabbmk ﬂvﬂﬂfg&mﬁﬁm&ﬁhﬁe&emat | ve vco
gi:];rg: efsorc;[&réc W%w%lﬁ%’éi@ﬁ#& arggs%g%?cswdgls‘%wtgﬁq he PLL
of fig. 2, cnoissep thepawer supplyoneectiontothe trapsistdie PLI of 35 fig. 2, and a
vol t age Q,ont rolled i nmambﬁaoﬁp&gwmﬁﬁw m s of
;hgtshe?aafi?gféh&?t vt% USWW@E% Wﬁﬁﬁ?ﬁgph am -Of
ent,whlchdescnpnonshouldbemkenmconjun onw:ththeaccompanymg '
 drawings.
25
Fig. llllumates asanexample,ablockdnagmmofapnora:tvco
Fig. Zmusmaws.asanamnpb,ablockdlagramofaPImeludmgaVCO
utlhzmgaspectsofthepmentmvennon.
Fig. Saﬂlustrate.s asanexample,ablockdlagmnofaVCOusefulforthe '
30 PLL of fig. 2;
Fig. Sbmnslrates.asanexample,ablockdmgramofanalmanvevco
usefulforthePLLofﬁg.Z

Figs. 3c-3e respectlvely nllusu-alae, as exampls, cn'cult schemaucs for a
charge pump circuit useful for the PLL of fig. LaloopﬁlmrcxtcmtusefulforthePILof
35 fig. 2, andavoltagecontrolledmvemngdelaycellclrcmtuseflﬂfortheVCO'sofﬁgs 3a

and 3b
' ' Fig. 4a illustrates, as an example, a block diagtam of another alternative

VCO useful for the PLL of fig. 2;




« WD 96/ 38913

PC/ US96/ 08126 Fig. 4b illustrates, as an exanple, a bl ock diagramof still
_anot her alternative VCO useful for the PLL of fig. 2; Figs. 5a-5d
“illustrate, |l es, voltage controlled delay cell cir gishmoddaisst! for
the VCO s of T1gs. 4a and 4b and 5 Fig. 6 illustrates, as an

exanpl e, a bl ock di agr a conmputer system.havin eripheral

control |l er including a ﬁ’?ﬂ@’i‘r E18 e @?@mﬁﬁfi‘ﬁ?‘f’%

are particul aN(SOmﬁﬂﬁrthﬂdhdsfe.Bncked | oop CI rcuits ("PLLs") such 10 as
PL 100 in fig. 2. The- mﬁﬁﬁ% c@ﬁtonw délhyPS circifal
VOSC gener at ed 'X?CQ fo 'E‘i n | nput | ock si gnaI XOSsC

gener at ed by z!‘sg% ‘?flﬁ&F(fP In general, it does this by
conparing t$e respect i VFigph dhnaates, ahlanetmnple;lmkclﬁdtggmhsfamdmpﬁenmng a

S gnal Ygit?ﬁ“xggéﬁéﬁ‘a{%ﬁmﬁ‘%ov.@%g CRutag Do deihe oy infenk 7 20

to a divide-by-D CII‘CUIt 120 |s connected to a flrst i nput of a
phase/ f requency detPETA PE i3 EMBODIMENTC! K

generated by providing Iock de, - B

circuit 220, is connectgﬁgn Wﬂadg%&{ﬁ&d@ Xﬂ% upon
whet her thlsopmmdmmfzemmmgmmmommmmmm&% of the
reference si g Mﬁg Féneﬁ%&i% wn 20
signal to a charge m{r;r}%:gozg\;hfﬁﬁaggf &%E]dg}é mc rcuit er eupon
generates th @ E‘ﬂ&’&ﬂ&%ﬁfﬁ Peciive phasg o the
up signal bei Ngoahbkugnmwydjnmmmmmmm&nglyehponse

L0 0 e ey 1

For addi t| ‘H“’PLL% iscoonecied Hﬁ’“ ‘P ., "A
PLL C ock Gendemmmﬂmadhf&dbﬁ&si@aumm

| EEE Jour nal c%ecﬁ% %%%ﬁgﬁ% , Whl ch
details are |(r?1%or§gi§¥l§ dﬁag’raealn |s re %rzsence us‘?fr ates, as

an exanpl e, a ieadsiOres an

odd nunber of mmbamewmeicemghuamcwmémqmmuﬂﬂrdﬁmdowhl S,

;2)I58ral |t?y2o n- t?g%g?gwm@ésboﬁ&g%pﬁopera Wﬁ%ura edahd :

conducting st Mﬁb’ mppmmeéo (91? deingnt r ol
vol tage Vcnt' pmql.m Or dischaiging?do Bésg of the

si
SRR i o R
250-1 to 250- KUO0te pmvidestebilityuppl y noi se. The dra| ns of the plurality of
N-nos trang§stors, 260- fior4AditioRal detadd 6h UK PLLSRALE! ed'o&@g.mgd@ alpt4 age end
560215 beor PR gridori egm%omze%ﬂo&'ﬁmzefm Bphclshdtl [HE" >
, Vol. 27, No. 11, November 1992, which details are

mcmporatedherembyﬂnsteference.

‘Fig. 3aillusu'ates as an example, a block diagram of the VCO 200. The

30  VCO 200 includes an odd number of a plurality of voltage controlled inverting delay

cells, 250-1 to 250-k, connected together to form a k-stage ring oscillator, and a

* plurality of n-mos transistors, 260-1 to 260-k, operating in saturated conducting states

‘and acting as source-followers to provide a control voltage Vent' (also referred to herein

as an input voltage) to each of the plurality of voltage controlled inverting delay cells,
35 250-1 to 250-k, while isolating the plurality of voltage controlled inverting delay cells,

250-1 to 250-k, from power supply noise. The drains of the plurality of n-mos

transistors, 260-1 to260-k,areeachconnectedtoah1gh voltage end Vdd of a power

supply, the gates of theplutahty of n-mos transistors, 260-1 to 260k, areeach




WD 96/ 38913 !
PCT/ US96/ 08126 connected to the control voltage Vcnt, and the sources of

the plurality of n-nbs transistors, 260-1 to 260-k, are each connected to a
correspondi ng one of the plurality of voltage controlled inverting del ay
cells, 250-1wmosss®ssk. The k-stage ring oscillator is fornegcrossswsiscti ng

an out put of each one 5 of the pIurallty of voltage controlled i nverting

del ay cells, 25 ﬂ'gf"?'t&ﬁ sural ity of
vol t age cont roI | nv édije a fash| on
that the pl ural F5 E{Z ﬁ Pt"i‘?‘?&eiPé’F%»‘g%??

.250- k, forma oﬁvoyagimnmnﬂiénvutﬁgrdehyadmzso-hmm&put out-1 of a f| rst

vol tage controll ed inver Uh%ﬂ ‘%H&ﬁ' in-2
of a second \éol‘t, epcont W?e%iligxg |nvert| n lti%@%ﬁ%ffﬁg?% on,
unti | an out But Ggeqo;gy of
250*kt|s cgnlnecmﬂﬁbaﬁ@m P%B mwmﬁﬁfbmn ti “W“?WMW”O;@“?.

i nverting de ay?]"%ﬁ ﬁ ﬁ%g l‘g Of e Jnp Oﬁﬁﬁpﬁ’ nt'
provi ded to eac Bfaﬁ W PEXP “é’g T g y
celI's, 250-1 tok,mwnzmm@mmplampnwm{lwf@m@bmmmmol led”
i nverting del ayingetihg delfP&e! 9 JEASEORE voreigy , and

en fight BY
varied (as 30 oy e“%%@%é&ﬁlﬁsb%%%%% pejen kot 3 et Shlss resc?mﬁe@"“' #

. sense anplifi ermﬂétﬁngédgraﬂédo-kusmmmdtmmnmpntuﬂohheﬁtshvohg& age

controlled inve E@‘&p?& xar—rpl e,
a bl ock di agram%wh?w tg'?#i ol: rvjjenk?i? ﬁlﬁheﬁ%gkﬂgo in
the PLL 100 of Pro¥idedito eachof the plurglity of woltage rentrplied cells, 2884 tan odd
nunber of a pl mﬂmmahwﬁmmwﬂwlmmwmwﬁne&wmusmt850 1to

350- k connggt { e VCO
200, hovveverg %s&-@%& ; .I_[’_IC mﬁ”aﬁu{u&r}ﬂf géranmls}*orgcagw 1
to 360-k, oper %Wmm

source-fol | ower gardugh R sélise ti mammxwmtmmofmwhgetoﬁdaﬂed

plurality of v i nverting delay cells, -350-1 to 350-Kk,
while isolati nginﬁ'%&?%&w*# g}’ vol tage cont roI I ed. i nvertl nggtrjel ay cel | S,
350-1 to 350-k, from powdig 300, suisable

p-mos transizpt w&%%w@%hwmqwai&mvwmmmme end

Gnd of a power the.ga oS .tr or

360-1 to 360. k, At “'@Eﬁﬂé‘b 13516 of vt forfiol R 5

t he sources of 3%1wﬁmwwwmbsmmgnmz ke the V&Pe each
connected to a mﬁm@f\ tHe' WCOB00 ﬁﬁmugea_[ﬂhﬂﬁ defmg%ngtMI ed

o b0 end I PR i d 5t i B e I oA o1 e
VCO 200. 3525 mP“t"OltaseVﬁt' M&%M@Wlwmmsd@lww&& :
exarrp:c etsheSIDrLrEI ar F’(g:r%ellr ui Wc&nﬁ&ugigﬂv %Pdrla;?r
gggrges 161 and}%GIS %ﬁ'&g‘?ﬂ%@ f %ﬁ?@%%w P¥nsive to
the up and downtraisigtos, MEMMthmnemn&lmmhageendGndofapower
‘supply, the gates of the plurahty ofp-mosuanslstors,%o-l to 360-k, are each
30 connecnedtothecontrolvoltagchnt,andthesonrcesoftbeplurahtyofp-mos
transistors, 360-1 to 360-1:, are each connected toa con'espondmg one of the plurality
. of voltage controlled i mvmng delaycells 350-1to 350-k. Thek-stage ring oscillator of
_ theVC0300mformedmas:mﬂarmannerasthek—stagenngoscﬂlatorofﬁwvco
. 200.
35 ' Figs. 3c and 3d respectively ﬂlustrate,asexamples simplified circuits for
« thechargepumplﬁOandtheloopﬁlterlSOofﬂleP’lLloo Thechargepumpclrcmt
* 160 includes matched current sources 161 and 163, and switches 162 and 164
respectwelyresponswetotlwupanddownsxgna]sfmmmePFDlm Whentheup
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PCT/ US96/ 08126 signal is activated (and the down signal is deactivated),
the switch 162 cl oses, thus charging up the voltage on node 165. On the
‘ot her hand, down signal is activated (and the up s'i,ﬁ) ' 9608126
deacti vated), e’swWitch 164 closes, thus discharging the vol'tage on node

165:. The loop fjlter 180 ef bly includes,a series.c nected eS|stor 5
182 and capaci P’@F’lﬁm&?“ ﬁ’éw g‘ﬁﬁﬁ'@ﬁ‘ W‘?}gi

second capaci t chargi§ up thevolingesonnedo 165. d)m&eoﬁeihand,whéndhed:ﬁvhsignalise Ioop

filter 180 is ng%ﬁ‘ %cﬁ Hﬁclﬂéﬁﬂ# the
control voltage ecnt ﬁ%} [ wéln (' contro vdg%geg%ﬁ@%nt 1o the gate

of a n-nos traﬁg“!&‘&‘“@% J?‘GF‘PB ‘Eﬂ?ﬁﬂ”{rﬁsm

fl? 3a, tpé caaaudapmﬁﬁmmcﬁﬁsm m&awinl 4 sedoridcap Iow
vol tage refere r

provi di ng the gonp%vgﬁoh&w 1 °flf'| aﬁgwgﬁ@@?%ﬁgﬂaﬁgw

sour ce- f ol | owerl68 ofthe Wmﬂmmw ent. When providingshe i t or s
183 and 185 ar ot t bé@anis Ottt d (as

i ndi cated wi t hi.n a‘;ﬁhﬁf gs?omgk isgésues ﬁgrswfl%ielafggﬁésl?%éra 182,
capacitor 183 é’hﬁg ﬁ %%%%P%B@ é 9t he 15

PLL 100. Thi® dw;vdmgdmfaeﬁderﬁndghsmmmmiﬂmﬁpmm&sxmﬂmlanpmvhﬁngm| ng

Al 4 e S 0 A

connect ed bet withe 0Qef:fig, 3b.therapasitars 18&#@‘1 l%ﬁﬁ@bmmeage Gnd
When Connect gdﬁmgm'ﬁ” B o iaiatr ﬁfw i
vol t age Vcni;' as |n§n %%M%éf crgéh%ﬁﬂy@gs e Vo) ge
el 2531 “‘"ere'“ﬂmﬂwwmgg%% o
hi gh referenceagolt %&W&@?@? éﬁs "ﬁ aﬂgf‘ t he

n-mos transi st fengand the Jow refommee veltage Gnd fas indicetedovitheytparaitheses),and nesful Gnd
for the VCO zoeoxctﬁevao%fﬁgcbbtﬁehWbaweémgm PéferendeQolthgtV dddrd 300

of fig. 3b, transi st 25 1 an 2-1 are
connect ed t%dget ﬁﬁwcggffsi&?c@gp&‘m%? 'ﬁhei i‘f‘ age
controll ed i nvenm'gdebyagll%iﬂ-l lmwmmmm@swmden-mslm n- Mos
transi-stors 253253-1pWHerein Zhelsoiifcs of fHoS Eramiktor2591116 EorhbctBPRheSin t%ia%:form an

caphoi tor 25 Vet VOO0 BERE. Jo (AT K operT i ol oo oo SRy

i nverting del ayp08effig. Zbﬂh&smmoféhmmmmﬁldmmmmeﬂowemMn node

255-1, and 381e rhiennéetRl PG W @t heses)
EEREH i i e ek e AN
par ent heses) witegsthehat ned¢ 234y letofi‘ﬁrmmmpmhﬂmd!ﬂwnmhagamgmwmemgldeﬁﬁo 1-1
s used with t logn ¥5¢1-10fhd%he draitis offfimos and n-mos transistors 251-1 and 252-1 are
connected together at node 255-1 to form an output out-1 of the voltage controlled
30 inverting delay cell 250-1-1. A capacltor 253-1 is also preferably included in the voltage
controlled inverting delay cell 250-1-1 by connecting the capacitor 253-1 between node
255-1, and the low reference voltage Gnd (as indicated without parentheses) when the
voltage controlled invert{ng delay cell 250-1-1 is used with the VCO 200 of fig. 3a or
the high reference voltage Vdd (as mdxcatedthlunpa:enthess) when the voltage
35 controlled inverting delay cell 250-1 1is used with the VCO 300 of fig. 3b.
Fig. 4a illustrates, asanexample ablockdlagramofaVC0400 also
suitable for substitution of the vCo 200 in the PLL 100 offig 2. The VCO 400
‘includes a plurahty of voltage controlled differential i inverting delay cells, 450-1 to 450-




Fig. 4a illustrates, as an exanple, a block diagramof a VCO 400, also
suitable for substitution of -the VCO 200 in the PLL 100 of fig. 2. The VCO

400 includes a plurality of voltage controlled dlfferentlal inverting delay |

cells, 450-1 to 450- 6 WD 96/ 38913 .
PCT/ US96/ 08 X6 oérssoaonnect ed together to forma k-stage ri ng.mWr, and

_a plurality of n-nos tranS|stors 460 1 to 460-k, operating in saturated

conducti ng st @ME&Q@EM# f | an_input voltage
Vent' to eachq‘t' ra ?? of - VvO on OW%W@F PPl i nverti ng
del ay cells, mmsmmmgdsmlmrsmwmfasvm t age
control led di fsbmfathwbrslm ﬁtdaaﬂnﬂedmtagﬂlbﬁ'wéa'iﬁntdk Phutality bf vol power

360k, Q?ESEaeﬁmﬁﬁfﬁaﬁt‘aﬁ@ﬁ?' el LR 4S8 MR g vl e

gates of the mmnsﬂdaswmm hodSOt-B.Cfrdmpowa each
connected to hﬂ)l W%Mﬂsﬂﬂﬂm\ﬁlﬂﬁh ¥0h-nids k,l%é'é&h' ty of

Qof?isééﬁﬁ.s'né“”s R4 e olisay w4 Vi f st C°”§e&pedt°r§q iy

“inverting del @smmm-mtﬁmmmmmmmmammnﬁdw

differenti al 's&)iﬁés n?ﬁls?&?x} Won | @Qll' and two
out puts. A’rfizl rstsi. en I TS |nput 8 bna?aecg a_ posl %‘ﬁ\‘/e I nput
-k for t %ﬁ Mmtdemo@nsz ed 15

| 5| gnhal to be géo-drtaﬂmik.at a first out put de5| gnat ed a negative output no-k

for the kth voltage co I 20- k. m ned
by the magnitude. of thgﬁilcﬁ u@g gﬁggxgﬁ%?h? . Provi ﬁ%ﬁ%k@g‘n&@b‘e‘?age .
control | ed deﬁé?kd@smwmmmqm AMM@M&W&WGWOQ te
in polarity t podifive ifpdt pi-k for dtibiith velApe sdnikalial debyLan xﬂwda

t tyoll ed - k
an 20 h%?%gﬁﬂg?m%wﬁ%t thta'?*ﬂﬁ é’rygﬁm%@iﬁ P fr il e as o
positive out pﬁrﬂltq&mmﬂﬁddﬂh? SWMQWWWWON& k, after
a del ay substmﬁ, Q@ﬂ{,lﬂ,{d cos,hgnaldeﬁ Eajq,@_ﬁ%rm ‘g?%' t ude

of the control o ta Vcnt rOthed t.0.t he cont del ay
“cell 450-k. F ﬁgg‘ﬁﬂ?iﬁ‘l’p ‘FH‘éP?}F‘a‘P'é?t"th"é Wél‘g%&@s

di fferenti al Q&gﬁmcmwm k(fetﬂlshhmhagbcbmdbdddayedﬂdmml ng

osci |l atorag s jdvendPdgnaf t put of
e s op ey ot

plurality of ﬁutsms&ummmmudebmmmwmgewmmwmw s, 450 1
1o 450-k, andyaitd3e enoled Syt 486k cach one of ‘the plurality of voltage

control e o TFer eQLL?lrafr”VSé*wﬂtm' e oy oo Vo spnsted e o
differenti2i mvemgddgyohﬂk,a&ﬂdabuso-kﬁﬁek&mg@n@&cmamhfmﬂmh on t hat
228 F13' ;Jgailgg_VﬁEf \@'&WM%@H&%%&W&@W&M@%‘&%&EM S
mvmdelaycells,450-1 to 450-k, to a negative input of another one of
the plurality of voltage eonttolleddtfferenual inverting delaycells,450—l to 450-k, and a
negative output of eachoneoftheplumhty of voltage oontrolleddlffetenualmvemng
30 delay cells, 450-1 to 450-k, to a positive input of another one of the plurality of voltage
: oontrolleddnffexenualmwmngdelayoells 450-lw450-k,msuchafaslnonthatthe
plurality of voltage controfled differential i inverting delayoells,450-l to 450-k, form a
_ nngstmctureasshownmﬁg 4a. Forexample aposiuve outpntpo-l of a first voltage
controlled dlfferentml mvettmg delay cell 450-1 moonnectedmanegauve inpnt ni-2 of
35 aseoondvoltage oomrolled differential mvemng delay cell 450-2, and a negative output
no-1 of the first voltage controlled dxfferenual inverting delay cell is connected to a
positive mput pi-2 of the second volmge controlled differential inverting delay cell 450-
2, and so on, until a positive output po-k ofakthvoltage controlled differential




Ting structure as shown in fig. 4a. For exanpl e, a positive out put po-1 of
a first voltage controlled differential inverting delay cell 450-1 is
connected to a negative input ni-2 of 35 a second voltage controlled
“differenti al ng delay cell 450-2, and a negative out SRisagf the
first voItanJg%ééﬁ%lled differenti al |nvert|ng del ay cell 7T1s.connected to

a positive input 2 of tggo_ econd vol t age control led djfferenti
i nverting del aveR g ifcrognectsd back-to;a negative \'i‘éf Y?S'a ® of a
kt h vol t age Cocmuollddaﬂffdeﬁtfabinmm@ﬂ wﬂﬁ@l%ﬂ&&ﬂgﬂweoutputno-kofﬁlekth

:DSFI)-{J:JSg?/ (]).8éf26Y¢la¥‘fel I’St V@a e COWW%“Q@I’EGHWHVGVE Iaﬁ)ogﬁe e

cel | 450-1, anBP‘AFH‘r eell 450k oI | ed
differential i t(ﬁckcli)w&ephmhtyooﬁl tive

o PE @Wﬁﬂéﬁfﬁ&% ;%" AR s OO0,
of the pl ura||de}ass mmuwmmfmmn qomem to neumf isignals leptpring:| | s,
450- 1 10 450- Keach B8 Blurality 6f vRtagd oaticlIel Riffercd Ieéuso&smvmm

of ol t age. conbrd 8 o t&agﬁe%pnim%-&ns' éee”‘oiﬁf dfihon s VSRR |
are corresﬂﬁndmwgﬂ%pumhn@dvamd@scmdmw&fddxmph&qmmﬂvmmnﬂat|on of

ts.“SnXFOv‘é%?e???“‘*“?‘asS%ﬁﬁﬂ%%’% 2 é’e"%‘i‘é‘*“?‘# .QY“%?B’E%%Y&?’Q‘% o, o e

positive and nBYkeotihe 0-kht the kth voltage control | ed
del ay cell 450-k). For mwmnnmbfﬂéplm&bwmamned@lmmm '

Fing osci |1 gt oftvei it ee%ﬂ%%‘*‘ PastL e %W% iy g%*‘P.enS a9

osci | | at or Shomedified mﬁﬂﬂﬁﬁﬁb@ betwespo| t age
control |l ed di ffwomhe lldtlm:mﬂiﬁ deA@Cbeﬂs T45045@4%0-k,ttb73
connections ar e t t age
controlled d.fwﬁéﬁ‘w qﬁ?ﬁvﬁ‘g f tot%ﬁf"f(’&%ﬁ t he

di ff erent conn@ifieten md'ﬁﬂ-vknén@ﬁ mnm,agasmve

control | ed di fi, r&bﬂoﬂwt

positive i &Pﬁt he ot herf of%ltmge &f\z\wol kagg e Lff Hﬁll aI

i nverting a %%ﬂ"ge nputpf the other o ¥l ﬂ%ﬁ‘a m 8&"‘? %ne of
the two vol tag%ﬁﬁ&%lﬁﬂ-ﬁﬂﬂmﬁw&ﬂmﬁoﬁhmﬂﬁ&pw ses:onu@tpdl to
450-k, is connaﬁfe&dumn \ifput 6f hege

I ok i W T

25 i f f er ent pther onnestionsibhgtvebeh the odd nimber4f the plurality sOvaltagecaptrolledle i n t he

sanme mannerasas Wﬁn@d&ﬁﬁ@ﬂﬁ%iﬁﬁ@-ﬁ.ﬁéﬂﬂd&ﬁ%&ﬂaﬁk%ﬁé} in fig.
4a. -Fig. 4b ill ustgeat.es as an,exa ram of anot her VCO 500,
al so suitable R feference fthe Fing ‘%G‘ PLL 100 of fig. 2. The

VCO 500 incl udes a pl urfgt@%MWmtqothﬁmMWﬂQiﬂ&tl ng
delay cells. 5a§s suitaBle ft3ubstitution of the VCO 200 in the PLL 100 of fig. 2. The VCO 500

‘includes a plurality of voltage controlled differential i inverting delay cells, 550-1 to 550-
30 Kk, connected together to form a k-stage ring oscillator, and a plurality of p-mos
transistors, 560-1 to 560-k, opemungmsamtaledconducnngstates and acting as
* source-followers to provide an input voltage Vcat' to each of the plurality of voltage
controlled differential inverting delay cells, 550-1 to 550-k, while isolating the plurality
of voltage controlled differential mvertmg delay cells, 550-1 to 550-k, from power
35 supply noise. The drains of the plutahty of p-mos transistors, 560-1 to 560-k, are each
connected to a low voltage end Gnd of a power supply, the gates of the plurality of p-
mos transistors, 560-1 to 560-k, are each connected to the control voltage Vent, and the
sources of the plurality of p-mos translstoxs_, 560-1 to 560-k, are each connected to a



30 k, connected together to forma k-stage ring oscillator, and a
plurality of p-npbs transistors, 560-1 to 560-k, operating in saturated

- conducting states and acting as source-followers to provide an input
voltage Vcnt' to each of the plurality of voltage controlled differenti al

“inverting deyeyes®id S, 550-1 to 550-k, while isolating the mm;g of
vol tage controlled differenti al |nvert|ng delay cells, 550-1 to 550-k, from

5601 to s60- 202 ‘ﬁ%‘fconn Bl B vl vo@m ko S

supply, the g plurality of p nos. tran5|stors 560-1 to 560-k,
are each connect ed t o t Bhofthievoltageeb ﬁﬂbdthig&liylbﬂ&%ﬂ)‘-lfohe

plurality of %Saﬁ.shatsrt@gfnpﬁ&%&tw 68& %)dQGQ ki aars?mﬁ&(:h conngé%;tﬁl

WO 96/ 38913 /08126

corr espondi g fmwtowoﬁmmwom i delay ¢elist 450:hto al

i Trerential Dok i VEQHod biddti, Z‘:f’ s oA B VPP
ifferential inverting delay. ce as I \Wo uts_and two

“outputs, and fomedin g"ﬁ ‘HX@FH’ %%M‘%@T °5°'ﬂ£?"é’?3?eence to

each of the vdf(EQgQOcontrol led dlfferentlal inverting delay cells, 450-1 to

ggg |ksofal ;he b 400 g %gisgr E%mm?“g‘ssﬁ%% ?%w erenci‘ftf)h?h\e/co

k- st age r| figidast r at e,
Zzoeiarlrpl es45\wﬂehagmecwdlb¢twédn6tﬂeih Waﬁd&blommwgowﬁndf(sl |'s,

-1- to -J-
bet ween t he iﬂ%‘ﬁ?@oﬁ?ﬁa M%g%ayﬁﬁﬂ?&vﬁ ?Q%%@W%‘%@@@ as -
i ndi cat ed wi t (hetieenthe MVMMMWNM when

connect ed bet\ﬁﬁﬁm hi gh-reference vol tage vdd and the |nput voI tage

first vol the control | i B B %W%ﬁﬂ%ﬂ veiog Gy 4 301,

for the VCO 4dosefil for the VCO 400ofifigeéa; includesn-mop mmssmmam havi ng
drains connec%ﬂmmdﬁ&bmsmwol 4 VafiSandgies

Curned on; - andbaEi gyt »ﬁ%&w%ﬂ@ﬁﬁéﬂﬁa&ﬁ’ Ew &@%ﬁeﬁ%@v‘” e
toget her and 453 andﬁﬁhamsm andtoal tﬁrmvﬁﬂwﬁﬁn@r 455,
gates respgyt ithohgh Bu#ﬁvgmp&s?pﬂaﬂu 1 of

dr i ne. ﬁZ?Seﬁ"“@g?{w @m&é&ﬁ%&%ﬂe” : ”ﬂggrx'%'séﬁ#aﬁ@m 451 and
452 to form am&ﬂvehmcbdmﬁansgﬁdwnﬂmammﬂﬁhuw&mfmmwhand po- 1
of the volt ag@ofhrebs gﬁvelhﬁéfoaﬁ%b 1y-3 alid P&-1 SP iR Woltddle cortriled - 1. 25

To nodify the { rst voI n ~differential i1 nverting delay cell
450-1-1 to bedblt%‘m‘ @%ﬂ) fig. 4b, ‘the drains of the n-nos

transi stor25 451 and 452Tamﬂnﬂyﬁeﬁrst>miug¢mi investing delayleell ef er ence
voltage Vdd, 286111 be useful for the VOO 500 of fig. 4b, chedmnsofthen.mosmmors451
and452wonldbeconmctedatnode456toah:ghmfemncevoltageVdd,andthe
sources of the n-mos transistors 453 and 454 wolﬂdbeconnectedtogether and to the
mputvoltagchnt'throughﬂlereslstorﬁs Allothercomcnonsbetweenthen-
30 lrans1sm451-454wouldbethesm1easdcscﬂbedmreferencetothepxevmusly
. described voltage controlleddlffcrentmlmvem:g delay cell 450-1-1 useful for the VCO
400 of fig. 4a. | - |
~ Infig. 5b, asecondvoltagccontmlleddxffemnnalmvemngdelaycell
450-1-2 useful for the VCO 400 of fig. 4a, includes p-mos transistors 551 and 552
35 having sources connected at node 556wthemput voitage Vent' throughares:stor 555,
andgatesrespecnvely acungasposmve and negative inputs p1-1 and ni-1 of the voltage
controlled differential inverting delay cell 4_50-1-2 ‘and p-mos transistors 553 and 554
having sources respectively connected to drains of the p-mos transistors 551 and 552 to




-sources of the n-nos transistors 453 and 454 woul d be connect ed toget her
and to the input voltage Vcnt' through the resistor 455. Al other
connection between the n-nos 30 transi stors 451 454 woul d be the sane as

“described | Ryo9ksgogsnce to the previously described volt age memgsosnsizsl
differential inverting delay cell 450-1-1 useful for the VCO 400 of fig.

4a. In fig. 5b del ay
cell 450-1-2 us &F%W@%@%W &;%«g—?%@é«%%ﬁ%&%?ﬁ%egl stors
551 and 552 35°°nF8 ﬁ@eﬂiﬁﬁﬂ!\d | tage
Vent' through mwrmmwvgl Gna,rﬂd hudmhtlw;efermel tive and

negative i nput I - | - cont roI | ed differential

i nverting del ay %M%%hﬁ %W?% ansi stors 553 and 554 havi ng
sour ces resﬁectlvely c orfeapadify thasegondivoliagsicontralled diffsrential invertingdelay sdll  and
552 to 9 1-389Buseful for the VCO 500 of fig. 4b, the sources of the p-mos transistors

Zgg/ EJ?Q?/ 81‘81'[2E WG&SU@H connecglgg&? !neﬁatra{sgmeg‘ggﬁtlveggmﬁéé no-1

450- 1- 2, dr ai nandthedmins efithe peaosteansiastors 558 and 554 wowld be eonnectedbiogether afidty and

?ﬁéisa‘fé’”QFCt ye g@ﬂﬁ‘%‘%w‘? t“mW%W#%ﬁ??ml e

control |l ed ff’@ F*&I“‘Pﬁ% MMHG“E“’!Y ltags| for t he
VCO 500 of flgwnhﬂeddiﬁeﬂndHMM§dﬂﬁ)eceﬂ460&-2isaﬁ$me\ﬁC6%0dﬁk a2 woul d

be connected through re nd the
drains of the p-nos trafllgl tofs%&g%wwﬁgﬂco%&é@%yg&ge her and
to the input véidtuseful foe VC(Afl@Othﬂseﬂa.wmqle%mm

transi stors 55dourded cdhects® st 1ddP296 1o thesiapin voRageOEaE dad Gates wha{eﬁr 610 t he

g A ek e g WA

control |l ed di fmsmmmm&amwmsmmmsmm-mmmwco
400 of 1ig. 42493 el a0 Sivifp Sbfock EdhikBinSd @alod Serbiich vbdgd O, e O Ce

connect ed at node 49 t e i nput vol,ta \/cnt V\:h re| n the
gate of 15 Tespest RB’I"Y '@Hutfg‘g 'gei 3}5
" transi stor 492mﬂed¢ﬁganmlmemngddayedlﬂéﬂdr3;mﬂmmumm&bdm a

drai n of -80S tHelghdii oFHY ?aﬁﬁmmﬂmub@mgws%cﬁ%n ndSaiyi ng
sour ces connect a lowreter pect]vely acting
as the positiv &&r‘f% ‘H‘PS% ﬁ?““_’f’“géla&%ﬁ“@ éJG rol | ed
differential i mlleﬁor!n@). Aeplmﬁ%;eﬂ mwwmmmmumﬁmusmwwm

connect od ¢ o, 26he polvé ol nagaift ol BolTafd 614 ikl i adpcdipusor m at

such connectio$§ negative and po 've out puts no-1 an vol t age
controlled differential inverting delay cell 450-1-3. A pair. 495 of out put

clipping di2ides is al so Tomébdify:the third voltage tenirolied differentish invertiag delayecelind
negat i ve out puiySo-pa e bé Bkl fortheVCh 0P kb HCthe Sk dr il FibetansBloks 450-

1-3. 491 and 492 would be connected to a high reference voltage Vdd, and the sources of the
‘n-mos transistors 493 and 494 would be connected together and to the input voltage
Vent', All other connections between the p-mos transistors 491 and 492, and the n-mos
30  transistors 493 and 494 would be the same as described in reference to the previously
described voltage conh'ollcd dlffmntlal inverting delay cell 450-1-3 useful for the VCO
400 of fig. 4a.
) Inﬁg.Sd.afourthvoltagecontmﬂeddlﬁ'erenmlmvemngdelaycell4SO-
. -1-4 useful for the VCO 400 of fig. 4a, includes p-mos transistors 591 and 592 having
35 sources connected at node 596 to the input voltage Vent', and gates respectively acting
as the negative and positive inputs ni-1 and pi-1 of the voltage controlled differential
inverting delay cell 450-1-4; and n-mos transistors 593 and 594 having sources
connected to a low reference voltage Gnd, gates wherein the gate of n-mos transistor

10



25 To nodify the third voltage controlled differentia

i nverting delay cell 450-1-3 to be useful for the VCO 500 of fig. 4b, the
sources of the p-nbs transistors 491 and 492 woul d be connected to a high
reference vol tage vdd, and the sources of the n-nobs transistors 493 and 494
woul d be conMQ9688918B0get her and to the input voltage Vcnt' . périvsssoseis
connections between the p-nmps transistors 491 and 492 and the n-nos 30

transi stors 49393 ixcofiflettedds h draifofiiBos@dRisis 506 bﬁ-ﬁﬁiﬁﬁ%&f&sﬁ@ t he
el a

e 15 ket R e ST rf d'ﬁ?i”?&% PeiEl, 3

control | ed dif |¢mf|ﬂaqp-mmiswyiﬁlm¢sazmmmmummu sihiwe VCO

400 of fig. 4a.and ctﬁlﬂglléﬁﬁff&?i( ces
connect ed at nan %E gl i n ut voitage an ga es rgg%e'%
acting as thse 3 - 38

control | ed di f#hvrmnlvaandwgmvelonguﬂ@ba)andabll eflﬁbﬁolﬁgemdonbdmn bémqlso.st ors
593 and 594 hajif)g sources connected to a |ow reference voltage Gid, gates

wherein the gate of n-npg transistor 10 - W 96/ 38913 :
PCT/ US96/ 08126 593 is coFhmedifyithe fourh yeltage mgwsmngdamdnd t he

gate of n-nps #50ubsl t6be usefilforithe VCOS000E fig! 4b, theRbiitosk oT thep- fthes St or

Cransh et or o oL R G Sl e SARRE Y Wﬁaﬁ%draﬁfoﬁ&p@ﬁpmme

negative out pufignesirapsistars 543 and 34 wonid Mﬂnng@dﬂog&thmlahéhb thie hbmr\mmgeal

i nverting del ayecht'. AR bther'oRnektidns batvih 591%3 %& S
I f bI t 5 ? t 1
and no-1 of thi? °““e§§@s%§%wﬁ3a=§as§w s n shefency '¥pe eErvipuslye

fourth vol tagemmlmwmmmuﬂummumymmmmﬁamvcm be
useful for njﬁem@&of fig. 4b, the sources of the p-nos transistors 10
591 and 592 woul d be co&p %tslﬁd to a h reference vol tage vdd, and the
sources of the n-nos tranki a hlock dia A Gempuler sysefat her
and to the |npm00\m¢lu¢gpah(mptocuﬁrllom h@mmmmlmelmﬂa@eﬁ PiRrdd- DS

L;ﬁgsgitﬁéic??ﬂ;ﬂ a re?ﬁﬁ’ﬁ‘%‘“fﬂ@%pr%‘@??lﬁ’?f E‘escf‘m%“%@%é%‘éh e e

controlled dif# JRiGTORIPCRESOrS sych f1de petiphesatO 15
400 of fi g.204adevidegnaytbeiahy uﬁofahﬁmbeﬁfd&ﬂcs%ﬁmﬂsﬁ,dnstdﬁm@mw&f a

ggrr]r}[olrjgfalrefyiggg anl&aﬁerlwgﬁﬁbwzﬁwwﬁg‘% 7 1010 is
preferably oneP@fessorig |193<hm£qeaaﬂa9hwmwméem@nsuch
as those mar kehavihgty pérfidra cefusifl pbfipihefabievice toftrdl TercHOR! For kethece may be

or the | ?L; #ﬂ?’ﬁ&“‘f’&ﬁ 5# co%%ﬁ%ﬂ%%ﬁgfﬁﬁu}gm
amodem. Aspatt of the peripheral controller 1020, a voltage controlled oscillator such
~ as VCO 200, VCO 300, VCO 400, orVCOSOO:semployedforanumberofreasons
Forexamples.avoltageconﬂoﬂedosmnatormaybemc]udedmaPLL(notshown)
' perfonnmganyoneofanumbetofﬁmcnonssuchasclocksxgnalsynthms,clocksngnal
30 aligning, or clock signal recovery.
) Although the various aspects of the pr'esent invention have been
described with respect to a preferred embodiment, it will be understood that the
invention is entitled to full protection within the full scope of the appended claims,

11

-

© HA



®

processor 1010 and the peripheral device 1030 to free up the host processor
1010 from having to perforntcerFETH"EETTpherar~dev+ce control functions.

For exanpl e, the peripheral cont rg",mmu a disk drive controller
for control Wd'ﬁla%lg' sk drive, usﬂw ol I er fopcrogdeosizdsi ng a
o}

CRT nonitor, or a nodem controller f of conthr I'Ag a nodem As part of the

peri pher al CO%MO, a voltage controlled oscillator such as VCO
- 200, VCO 300, 5 * VCO 500 is enpl oyed for..-a nunber of reasons. For

exanpl es, a voltage controlled oscillator may be included in a PLL (not

shown) perform' ng any one ofA voltagébsntronéd defuyQircuitwitls poweratpply sike si gnal
synt hesi's, cloc t .Sl ggal .30 ~aligning, or clock signal recovery. Al though

t he vari ous a present i nventi on have been described wth

respect to a preferred delyousansyesponsive to anlinpe veltage fos varyingtthedelayref ai nvent i on
is entitled t@l gtoéggﬁ,gq{ﬂ, siid 'dbla nlelifs, dud! | Scope of the appended
5&% 891 idh

cl ai ns

PCT/ US96/ 085_L26 What is %iransistonhaving a drain copnestsd to,a ROWAT SHPRIY, A ERAORESES; [ ¢ t
W th power suxpa pontrol woktages ahdis somrce providing sdidipputdeltage tosaid delaempeanssicte t 0 an

Ut VOl ¢ 20 g o i vblade SR i Bl PSS RRRESRI oD P 521 ¢

del ay neans havi n rarn connected to a
power supply, P&WWSMMF% HaRsifaTy ol vol-tage, and a source providing
said input voltage to said del ay means such that said input vol tage foll ows

said control voltage a d

connection to said tra%r st %%@%@@ﬁ%@%? %cur t
as recited i nwﬂmmmmnmmmm@amwm@ voltageinsi st or
having a drai en&mﬁm ightB cotlebtadifd £odstrifvoRagellardiy hrce Rntdtn a gate

o sai - del ay HER tseﬁ%e'aa”d psich élsﬁesr@r"vu'r%tlﬁgaio"ffe%r'aﬁ@“t i aoe

vol tage andi gol@clmds&dﬂdﬁomnwmaubp@mmlywmﬁgnbmﬂmmn to sar d

© N-nos transi SiyQhsister. The voltage controlled delay circuit as recited in

claim1l1, wherein said transistor conprises a p-nos transistor having a
drain connect ed to a |l ow voltage end of said power supply, a gate connected
to a control vol tage add a'ﬂnwnhagepnmlbdd@a;samdxtmputedmbhmk,thmmr d

del ay neans s ptaﬂﬁétor%%hagnbdg mW@I Itage
and is isol at gﬁ E nol S ?}gr wer - su Co%h%hcetﬁﬁlé!(l;h{ffgw?glldy@
transistor. 4tndo ?‘?QB' f?é‘rp X’%l “‘o\isasr"@E’Ptpé‘H"q cI ar m
1, wherein sarsddriqiu&yolhgalosaﬂ@hhymemssach)ﬂtmdtmpmsolmfollomsmgcmlmbur ce, a

drain, and @ qjuspe aﬁ@iqum noise on said power supply connection to said p-mos
: transistor.

4, The voltage controlled delay circuit as recited in claim 1, wherein
said delay means comprises: |
' a p-mos transxstorhavmg a source, a drain, and a gate, said p-mos
- transistor source connected to said input voltage,
5 acapacltorhavmgﬁrstandsecondends,smdseoondendconnectedtoa
low reference voltage, and
’ a n-mos transistor having a source connected to said low reference
voltage, a drain connected at an output node to said p-mos transistor drain and to said
first end of said capacitor, and a gate connected at an input node to said p-mos transistor
10  gate, such that varying said input voltage varies the delay of a signal propagating from
said input node to said output node. Fig 3e
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transi stor source connected to saird imput—vettage - a
capacitor having first and seco ond end connected to a | ow
reference voltage, and a n-nps ”mmmml!im m a source connected to said
| ow reference voltage, a drain ctbnnectledral sansout put node-to sai d p-nos
transi stor dMQMBMI to said first end of said capacitor, apPCTAUSHABERE
connected at an input node to said p-npbs transistor 10 gate, such t hat
varying said input voltage vV véitagé EsntrdRédde fcu@m? V\Oﬁ& fdisd1g from
sai d i nput nOdﬁgiﬁoi%ka node. Fig. 3e 12 96/

PCT/ US96/ 08126 ge controlled delay circuit wt h power supply
noi se isol ation, conpri Mmmmmmmmfdrwmmglﬂmdmy\whpage for
varying the debaﬁgﬂsp}ow ahd N9 through sai d del ay

nmeans, and nsi st haV| n drain connect ed to a power
supply, a gate connect eo"wmﬁm‘?&ﬁ‘?‘ﬂﬂ"f’%%d 9.3 power SBPRIY, agawcoenea®dsai d
i npst vol t age mwmwnmmmmmmp&wwmwmmkﬁm sai d

 fosaid Y?LE??&‘?@@“"V@F*&%@ eBfitc] $ofie St ff ol e Bee R0 ' °"
~cirbuit as recP?@ﬁW%P%ﬂ“ﬁ%ﬂtWW%ﬁgﬂﬂmébstor conprises a first

n-nos transistor having a drain connected to a high voltage end of said

power supply, a gate cornpect ta and .a sour rpvi di ng

sai d i nput voltage to syld dgﬂ%"%%"#ﬂ“@gmﬁﬂ ﬁm% | | ows

said 5 controfal m@em%a nmmmmsedmnmmmmupm y

connection to géltage w&tsaﬁ Sriubﬂ 5@5)50“&.&4 [@ r#, Ied
vin

delay circuit as rec | d dela an,s rec I'rst and
second of sai dPPal df“g(ﬂ’i%é‘?%‘ﬂ ‘ﬁég? %W‘? #Aid of

‘sai d del ay ﬁeaWOhVﬂawmdlmdgedﬁbmmemuﬁdpmmﬁmﬂme%mﬁﬁecond

©of said pai r of-nfds Wamdisior €SPectively at second and first outputs of said

delay 5 mears, wherein said del ay.means conprises: second and third n-nos
- transistors |nd|V|duaIIy having a source, a drain, and a gate, said second
and third n-nos transi stlor smmmmmwwmmm shid Nput

| t , [ d th
hnd to sard | S EpeR m%'ig' Al RGonkoP i i Sr3igHak Rpe G ik ahg 001 "'
transistors |n%°%ddﬂﬂ* % y mgansqoand providing delayed versigns.of said first ardy f our t h
and fifth n- mmﬁn@fmdmommpmdymadoﬁmambu@ﬁdof&@dd@

ref erence Vg It m;‘ﬁp M sistor drain connected to said
second n- nos transistor orms

ral ald first outg:t of said del ay
nmeans, said fifth n- m)s”"""‘“‘1““‘“1"1'1'1“05‘1"'113””tors ving a source, a drain,

and a gate, said second and third n-mos transistor sources connected together and to
said input voltage, said second and third n-mos transistors gates connected together and
to said i mput voltage, and
10 fourth and fifth n-mos transistors mdmdnally havmg a source, a drain,
and a gate, said fourth and fifth n-mos transistor sources connected together and to 2
low reference voltage, said fomth n-mos transistor drain connected to said second p-
mosu'anslstordmntofonnsaxdﬁxstomputofsaxddelaymeans, said fifth n-mos
| transistor dram connected to said third n-mos transistor drain to form said second output
15 of said delay means, and said fourth and fifth n-mos transistor gates respectively acting
as said first and second inputs of said delay means. o

8.  The voltage controlled delay circuit as recited in claim 6, said
delay means receiving first and second of said pair of signals respectively at first and
second inputs of said delay means, and providing delayed versions of said first and
second of said pair of signals respectively at second and first outputs of said delay

-5 means, wherein said delay means comprises:

13.



‘transi stor drain connected to—sadthird n-nps transistor drain to form
said second output 15 of said d “mumm“i\ Hal d fourth and fifth n-nos
transistor gates respectively ami\m st and second inputs of
‘sai d del ay The vol t age® coht r'l I'ed “del ay circui i’cflﬁskfoﬁ ed in
claim6, sai elay nmeans receiving first and second of said palr o

signal s respectively at and. second | nput aj d del ay. nea and
provi di ng del ayed versi cﬁﬁ“ﬂa M?@’c"&{\'ﬂﬁ "0“‘%% i gnal s
respectively am@MMWWmMmmM&oMMWMBadn

sai d del ay rrean@“gmméé %ﬁs transisto:

PCT/ US96/ 08126 T'I r st seco m)s transi st ors | ﬁ%} 8 rmshavsflsngr a
source, a drai firéily EWW salegonnseted: n-maﬁ sour ces
connect ed tmgetlm aﬂthd to said i nput vol t age, sald f| rst p-nos transistor

gate connected to said s d p nos
transi stor gate connect e%gq's‘am?a?ﬁ rsm"t“ﬂanm )i 58%

second and t hi ARA Hgaesaid nﬂmmrgnummw% aadén%u n,
and a gate, saldw efeaisva tshidrsdcoﬂdmﬁosttf@ﬁ&bﬁdﬁihc%ﬁwcfeﬂ%

t oget hterda[\d to a.lo ek n éﬁL? r°f Eq econd n; trangﬁn%ﬁ% d: alp
connected to sﬁm‘?‘ {HBE ﬁkﬁ d@‘d‘ Tout o
sai d del ay lfeada;nmdmsddmmnd;p-moamns&mdrﬁﬁtofodnaudmn@empm@ftndsal d

nd ! galky |
second p- nos sec nd néﬁh%ﬁdmm@ﬁs gabss Bdbectilel gqu acting .

nmeans, and sai nos transi stor gates respgctl
as said first %P&”del ay neans. 9. The vol t age
controlled delay circuit as reci ted in claim 8 further conprisi ng a pair of

clipping diodes connect &gl bet gh%?icg%;uygf 9@%&“‘3 Afrnsi d

del ay neans. 10. The voIL e .cont el a Irrcult_as rec ed I'n cI aim
5, wherein sai QOTPUSAG &pay;of ciipping g‘ﬁw sespndemputs;ofy

drai n connect esaid delay ineans.vol t age end of sai d power suppl y, ‘a gat e connect ed

to a control voltage, and a source providing said input voltage to said
del ay means such that said input. voltage follows said 5 control voltage

and is isolated from noi e orfhexpitage controlled dalay circuit axxecited in clains5,iwhefein st
p-TDS { ransi St ead tridsistor cBapriséoh £ p i tahlkbeibvidg aaif biskbiakd @3 16w Led i

claim 10, said econd .of . sai d pair_ of
Si gnal s respectgﬂg? Wrﬂo%%g% @gﬁgﬁﬁg‘h’%ﬂ% 1 H%%’a@“‘f?é H¥® and
provi di ng del aproyiding saidippnt yeltage tosaid delay means suck thatsaist inputivoltags followss saidgnal s

respectivel\s acorfl oslthgea ib isbhiled FonDadise oalsaid PoWerMRpply connectiGhAD Said HHer €i N
sai d del ay rreag_gn&o@gihﬁles: second and third p-nos transistors individually
havi ng a source, ) : ' o

11.  The voltage controlled delay circuit s recited in claim 10, said
delay means receiving first and second of said pair of signals respectively at first and
second inputs of said delay means, and provxdmg delayed versions of said first and
second of said pair of signals mpecuvely at second and first outputs of said delay

5 means. wherein said delay means comprises:
seeondandth:rdp-mosu'anslstorsmdxvxduallyhamg a source, a drain,
andagate,smdseoondandthudp—mosuansnstorsoumes connected together and to a
' high reference voltage, and said second and third p-mos transistor gates respectively
acting as said first and second inputs of said delay means, and
10 fourth and fifth p-mos transistors individually having a source, a drain,
and a gate, said fourth and fifth p-mos transistor sources connected together and to said
inpat voltage, said fourth and fifth p-mos transistor gates connected together and to said
input voltage, said fourth p-mos transistor drain connected to said second p-mos
transistor drain to form said first output of said delay means, and said fifth p-mos

14



and a gate, said second and ' ransi stor sources connected

together and to a high refere and said second and third p-nps
transi stor gates respectivel y?MHMH% m,'Lrst and- second i nputs of

sai d del ay neans, and 10 - nd fifth p-nos transistors
i ndi vi-dual | ywénge/dgaty a source, a dra| n and a ‘gate, said fowcriusesdids fth

p-nos transi stor sources connected together and to said input vol t age, .sai d

fourt and f5 ft&mm&ahr&m&a%swﬁ&a oy ifnbisiEr dfata 3& sa{agwedﬁasaid i nput
dra| n connected to sal

vol tage, said fourt s -transi stor '~ second p-nos
transi stor draﬁ 8}]‘]‘&% ;AR st out put of said delay nmeans, and said
fifth p-nos 14 WD 96/ 38913 ’ : '

PCT/ US96/ 08126 15 transhgt or Ak CADAAET nsi st or
drain to form said seco|r11 .{ﬁy 01 de Iag msans!éc'?'lﬁtlﬂ thnﬁ ié\/Ja{d?lage
control l ed del Y@W‘aﬂg WM"MWP@ sigaals Fyspeet 3¢ ecei vi ng
first and secmaebnﬁfinmdismuﬂaﬁinmm ﬁd:sioﬁtofﬁmaﬁfstﬂmd second
‘inputs of sai [ OV de ns id first
and second of %%ﬁwg‘w@gﬂ%ﬁw@%ﬁ?ﬁ%m@t out put s
of %ai d del 3y racansyyeharsin megns cdmpasesy neans conprises: second and
third p-nos tranmstors,doafagﬁum M kiR gate,

sai d second and,t hi nos. .t ransi stor sources conne!c 53,{ er and to a-
hi gh referencd®dd sPég’@% ‘ﬁ@ -T008, CrnSISEag SOHICRS Fé&'f’r

respectively dnghm&memge,sudmmmﬂpmmsmmmpbodeﬂymﬂigans

and 10 said Eﬁq@ dghma%g aufi stors individually having
a source, ﬂ dra| n, an g@gate I TS second n-nos transistor
sources colffect ed t oget FiEsFandsecond ndnos ransisons indiyiduallx | having gjsqupcecs dpinyps
transi st or gaMdawMﬁmdwﬁmmme ir Bnddo@aidai d

means, s d sa nx b o trants*?%{%‘r"%%?éﬂ%o‘ﬁ’%%@?‘e@% 5 dnﬁﬂsiﬁﬁl‘ﬁ%s

transi stor dr Arein and saidthird pimos yansister dsain tnform said second outputiofisaiddelay m sai d
~first output Qﬁeﬁﬁlsﬁddﬁioﬂd’nm&ﬁnsxs%& &Mk&m&nﬁm@hﬁﬁﬁt&w

EBLﬁELEeﬁstéftﬁﬁﬂs%?ﬁ%@%%@@ bt gl B ey e 1,70

In a voltage controlled oscHIator aring oscillator conprising: a

plurality of delay meangs,resreRoitage cotrdlled dél éudd&'a&%d‘xﬁblaﬁﬂn’ﬁmd he -
del ay of a signal .pr sai St, one
_transistor 8’ ?gﬁ%ﬁﬁ?{g&?‘g‘g&t WMW‘ 8 ?m‘gﬁﬂﬁtect ed
to a control pmeansd a source providing said input voI tage to said

plurality of deI ay means such that said input voltage follows said control

vol tage and is isol at edllror?nnm on Szil'ego&%?r. smpgposgmconnecu.og to said

transistor.
- aplurality of delaymeansmsponswetoanmput voltage for varying the
delayofasngnalpropagatmgthmughsmddelaymans,and _
" atleastonemsxstorhavmgadramconnecﬁedtoapowersupply,agate
5 comnected to aconuolvohge, andasomcepmvxdmgsmdmputvoltagetosald
plurality of delay means suchthatsmdmpm voltagefollowssmd control voltage andls
lsom&omnomeonsmdpowusupplyconnecuontosmdtransxstor

15. ‘Ihenngosclllatorasremtedmclmm 14, wheremsa:datleastone
. transistor comprises a n-mos transistor having a drain connecwd to a high voltage end of
a power supply, a gate connected to a control voltage, and a source providing said input
voltage to said plurality of delay means such that said input voltage follows smd control
5 voltage and is isolated from noise on said power supply connection to said n-mos

15




< 15. The ring oscillator as recited in clarmI4, wherein said at |east one
transi stor conprises a n-nos transummmmlmﬂ ain connected to a high
vol tage end of a power supply, m’t'ma control voltage, and a
“ source prowmd i nput voltage to sdid” pI Bratity of depeusssasrssuch
that said input voltage foll ows said control voltage and is | sol at ed

from noise on said po g, SU ' 15
16. The ring oscill atl\ﬁlr as%ﬁgﬁﬂﬁ%&#%ﬁ%&fﬁa%erel n sal at cASt one
transi st or confARsistor camprised a pimog;{eansister haying; tooHawooltagaadof | ow

vol tage end of 4 ﬁ&"tﬂ 1§, ateYooniectd ts a COULIOE F6IRG, e,taﬁdasm&tmhdﬁ@lsm utand a

source prOV|d|n a VO e to | ucalit n uch
that said lnput&mmnﬁ ‘S\RE‘E@ '{C;hgﬂlﬂ?galémygﬁ%é t‘éﬁ %Issaﬂf 8&3]{5
from noi se én ydmtepﬁmmhmdtﬂmmmdmomﬂwdommmmder 17.

In a voltage cophddldd ed oscillator, a plurality of voltage controlled delay

circuits formng a ring oscillator, wherein at |east one of said plurality
of voltage controlled del ay circuits conprises: delay nmeans responsive to

an i nput voltage for varWing Inhmldxgbagnuﬂlediowator,&piﬁmhﬁy@ﬂabm”mmuedl ng

Lg\alce)lrjggu;g: S déﬁggﬁgﬂ;nnecgeéﬁgo a coh‘%"ﬂé‘FIH age, &%ﬁggﬁ%rcﬁw di ng

sai d i nput vol Hed,delay; circuits compriseshs such that 'said input voltage follows
said control voltage ancieldy RipAlsive ©anigiub fol@age for valying\dw’

ti t d t I I t f | t R’?“?“f d
connection sai. ansi stor uraljty of voltage controlle

del ay ci rcwfs M@mm ‘tal d transi stor gates of

said at |east one of saummammm@m@dmwmsmmmmmmms
are connect ed memervol and 2 §tRrde/préviding

circuits as re ed.jn cI rein.n Vld of s,ald rallty
of voltage contEbfaidmpyrye %eéjli‘t’,’{fl*ﬁ P'g@E ‘ﬂ s&g"‘%ﬂ% ?fb%%‘fve to
an i nput vol tagewémnpﬂamm@mhesﬁtmm a pair 5 of signals propagating
t hrough said delay neans, and a transistor having a drain connected to a

power supply, a gate con ect ol voIt and a source rovi di ng
said input voltage to sa ?&?&%QP lﬁggplgy fol | ows
sai d control chm@‘anmdeﬂbngh&dmdﬂMmdmdpMﬁyow
connection to 3ghfbiibd éfcﬁftshrggomctél%we controlled oscillator with

p

power supply noise 1soldtion conprising urality of paifs individually
I ncluding a transistor and a voltage controlled delay cell, wherein

i ndi vi dual ones of said 19 an<heplurdityofroltagesheolled delay tieniits as recited'ih r ol
claim 17, wiwremmdmdnaloncsofsmd plumhty of voltage controlled delay circuits
comprises: .
delay meansrespons:vetoanmput voltage for varying the delay of a pair
5 ofs:gnalspropagahngthroughsmddelaymans.and
auansmm:havxngadmn connected to a powersupply.agate connected
_toacontolvoltage,andasoumepmwdmgsmdmputvolﬁgetosmddelaymeanssuch
that said i input voltage followssaldconnol voltage and is isolated from noise on said
power supply connection to said transistor.

20. A voltage controlled oscillator with power supply noise isolation
comprising a plurality of pairs individually including a transistor and a voltage controlled
delay cell, wherein individual ones of said transistors have a gate connected to a control
voltage, a drain connected to a power supply, and a source connected to a voltage
5 controlled delay cell paired to said individual one transistor for providing an input

voltage to said voltage controlled delay cell such that said input voltage follows said

16



voltage, a drain connected to a power supply, and a source connected to a
vol tage 5 controlled delay cell paired to said individual one transistor
for providing an input voltage to said voltage controlled delay cell such
~that said input voltage follows said 16 WO 96/ 38913 .

PCT/ US96/ 08 1WO 96138943 o voltage and is isolated from noise dﬂﬂﬁﬁﬁﬂmﬂgher

supply connection to said individual one transistor. 21. The vol t age
control | ed oscednhat eﬁsﬂadd&amqiokwh?ﬂdpmrsemye@hdcﬁoﬁwmﬁ

controll ed del E? QM & ring osci | lator circuit. 22. - A conputer
system conpri s processor; and a peripheral controller including
a vol tage cont roI I ed oscillator havi ng at | east one vol tage controlled
delay circuit wt h pomerzlsupm w}mdm&ammwwal ones

of said at |east e vol nt.rol d del ay .ci.r onprises a del ay
means responsﬁ}‘éd Wﬁ%‘é@y ? W@ﬁ“ﬁﬂ”ﬁﬁ%ﬂ% ay of a signal
propagati ng through sai d delay neans, and a transistor having a drain
connected to a power supply, a WWW a control voltage, and a
~source providing said |n voltage {o sal el'ay nmeans such that said

i nput vol tage fol | ows s& W’Bg ltage and is isolated 10 from noise
on said power supply Commphemwmﬂmmndiﬂgmvdhgsmﬁanedosﬁﬂatoﬂumuer

system as recifad P%gé gi:mgn ; &gim n- nos
‘transistor haV| ng a drarn conne\c@ﬁg a hi'gh vol -P@tg.e en ?ﬁ'sal power
supply, a gat emémmekqneﬁmal &tb&ﬁi’%wm ,“QH’GY mpriges 8delay ng sai d
i nput vol tage {nemﬁ abumtsmmaﬁ@I | ows said

Connecti on Lo GAE ”dﬂeéaﬁﬂgw‘é‘he? W@%&%ﬁﬁq@%ﬁ%gﬁ%‘m‘&. ted

in claim 22, MMQaMMMMMWM@SMNMM@m&S%W ng a

drain Connecte& Sich ik SADRp@VSltale folfdvrk shid\bBritrol VEIRIgE andbis GkdlaftdC ONNect ed
toacontrgll Ita e, and,a sourc rowdl& i d,input voltageto said
- del ay nean gﬂmfﬂ’éf%%'%lp‘?%ﬁ‘fppg’b&’f‘ﬁm control 5 voltage
and is isolated fromnoise on said power supply connection to said p-nos
transistor. 17 23. Tbecomputersysﬁemasmmdmclmmnwhuemsmd
trmsnstoreompnsesan-mosu'anslstorhavmgadramconnecwdtoah:ghvoltageendof
said power supply, a gate connected to a control voltage, and a source providing said
input voltage to said delay meanssuchthatsaidinputvoltagefollows said control
5 volmgeandlsnsolamdfromnoxseonsaldpowersupplyconnecﬁonmsaldn-mos
transistor.

24, Thccompuwtsystemsrecltedmclmmﬁ,whetemsald
transistor comprises a p-mos transistor havmgadram connected to a low voltage end of
_smdpowersupply,agateconnecwdtoacontrolvoltage,andasourcepmv:dmg said
mputvoltagewsmddelaymeanssuchthatsudmputvoltage follows said control

5 mltageandxsnsolatedfromnmseonsmdpowersupplyconnechontosmdp—mos
transistor.

* [ L M s *
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