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; CDEFe3e++| | } <6Tx DELAY CIRCU T FOR RI NG 0SCI LLATOR BACKGROUND The present
invention rel at delay circuit for a ring oscillator, and especially
to a delay ci ri@ﬂlﬂ!ﬂ”ﬁﬁ@,wwwng oscillator which is capabl e fuly 2803 si ng cVOS
iate for application to a CMOS integrated PLL

(Phase Lock Loop) i*H#Wi ch a VCO (Vol tagecontrolled Gscillator) is realized
inthe ring oscillator. In a ring oscillator circuit of a PLL circuit

appropri at e foﬂ‘u'wmﬂmmmﬂ] grated circuit, a delay circuit for the ring
oscillator is ' ly, such a delay circuit for a ring oscillator
has a circuit arrargesent of .a single input and single output type or a

differential input and differential output type, and an anplification -
circuit of which gain is nore than or equal to 1 is used in the delay
circuit for the ring oscPERAXoFIRCHIFEORt RENGr OSCILLATORequired for this
delay circuit to be realized by a CMOS circuit having a circuit arrangenent
- appropriate for circuit integration, and that a delay period of tine

bet ween an i nput and an out pyt circuit can be electronically
adjusted for a tenperature §g85g§95$§riation. A delay circuit for a ring

oscillator fof,.respondi to such ar irenent i isclpsed.n 2 July
2003 2 | EEE JBRPRR Sorra iy e A TR T | defid o BEBY g "gor
ppl385- 1394 C € i i0.+.8, tﬂ?] I jFcuit _fqor a
ring oscill g&(@% i%ts??c l&éﬁ%'ﬂﬁ%%%%%eﬁfotn%da ocu%gn‘?{{"%{é#gdlg%%%as
transistors } r aYi?%t?J i i region by a
ref erence Vg%%g%glrl%#%@mgﬁﬁ raf%arg y,&aﬁﬁ%%%‘?éﬁ%a?ﬂéf;s suppr essed
to less thann@ege@4dlond 0 ahd@ UPprepeh £S5 Cash TG4t COAPEBCR! cPyzer at es
oscillation. Furthernore, in this known technol ogy, due to a voltage of a

VBI AS ternm nategradRi@pInerimihed 1o, Lodp L hin switd @era odcof (vbmeakri-ween
an i nput voltage and an output voltage of the said delay circuit, is

vari abl e. | eonhirs imtherscihlstdknpwhs teedhitedyin sthernendgassaiddlagyor.
circuit for aring oscillator appropriate for CMOS circuit integration. In
case that theIn mg sy |dsatioklatoropbrewkt cof by Rish ngldendy circuits, of

whi ch in-phase gain is nore than or equal to_ 1, and as shown in Fig. 4, odd
nunbers of EEPTRHATAALS rfAF 13 QS usrtedm IR CHFRLbf Andphaphgd&Riignal
conponent of the ring oscillator becones npre_than gr equal to 1, .and not

only an oscifi¥atith TRPASHEI TR HF FEFLntFARCEIHHE EBRPoReCIBUL al so
0 out put sl Fen l 1ihd R P RGoE T 1, PP Eoner rigPBE My sl ng
Ceigljg?/ fior g?iegaﬁs’&nilem%r? u1%. zéﬁgs.sf%?leZm‘}%vXt 2998630;[‘ gahﬁlfi:ﬁgrg?xrtga{[lhan or
input and differential output type, and an amplification
circuit of which gain is hore than or equal to 1 is used
in the delay circuit for the ring oscillator. In recent
yvears, it is required for this delay cixcuit
to be realized by a CMOS circuit
having a circuit arrangement appropriate for circuit
integration, and that a delay period of time between an
input and an output of the circuit can be electronically
adjusted for a temperature process variation.

A delay circuit for a ring oscillator for responding to

such a requirement is disclosed in



even nunbers of the delay circuits are used, simlarly a |loop gain of an

i n-phase signal conponent of the ring oscillator beconmes to be nore than or
equal to 1, and in this case, a bistable circuit is fornmed angy agozut put
‘vol tage of the ring oscillator finally becomes any one of voltage condition
of a high voltage side VDD or a |ow vol t&ge side VSS. Usual ly, since the
ring oscillator using a differential input and differential output type
delay circuit is designed so as to generate oscillation due to a
differential signal conponent, a |oop gain of an in-phase signal conponent
is set to less than or .equal to 1, and it is necessary to renove influence
of unstabilization of an oscillation output due to the inphase signal
conponent. Technoliggy Sivomnain Jd I t jN=ph g 'nﬁ%{rﬁom
becom ng nore than or equal dtlool% %;yolﬁrﬂogﬁt;é%n;ﬁ%&qi&csgegéﬁh‘gﬁ% ttance
bet ween t heNoeépeppl3a85dnaions prterperCamqef the PMOS transistors MP11l and
MP12 which are | oads. Modre particularly, gate voltages of the PMOS

transi stors MdlshounMBh2Fdge 86t the Wedlyt kA rRMIE tHoans Stigfs MP11 and
"MP12 which are | oads always operate in a triode region. Cenerally, with

regard to comditlavce BebwWEEBea dhdiRed f c!m ngl
conpared wi fh conductance between a dra?ﬁogrﬁ%%tq%r%{ﬁ?zoo élﬁl@aﬁlé%%‘%(ﬁ:eési n
a triode reglion, FYaRSEBRAtE MRéd BRAWMBA2t Whidhameand welys $dursel itro a
saturation region_is very snmall, and in case that the PMOS transistor M1l
and the PM® t¥hpdesreginpipyoperaferencehgodsngracieauiegilion owndf the
triode regi&p a]ir; i n- phase gain becones to be nore than or equal to 1. If a
ring oscil | SHYFePE. cBRsiPaBRegengadncAst sunpressed, tbhadesisnghascidy at or
havi ng an o sia g rraggen&nt shown in Fig. 4 can have condition in which
osci |l ation oteur & due?Pd I¥n2pHiEEesppRal ségrpdnepmpoRentther more, t he
circuit of FHi i i circuyit having a differential input and a
differentia é%ﬁ%ﬁ?w&égﬁil}zgﬁl?g’a PFHSGBQEg?kaéar th&§i KBosR even stage
ar r angenenty sigywh d v Fi 5 in_case n i n-phase gain of its
del ay ci rouit s rr%r "t han B?I_g\aﬁéﬁ?gel? i Bégghegeﬁmﬁpétlabpe%@i%it and
can have c i {d Dot LC plhatio t,occur. If it reaches such
a conditi o;ﬁ?ﬁ; n o;%fept%éérwmgégho%grgt gegﬁgaPQI%St?WEné?EVSPE PR H@YY i ode
region, a neflayseanal an0ouepieirbitahe % PoKhe SURRLY BTG £ORSLANL VOl tage
for a tenperature variation and a process variation isS ne essaFyJTdr gate
vol t ages ofist hesel &GS, tTmnshss onsnnen( eria l’:ﬁ‘é‘%tteéhﬁéigg&rhﬁg a chip
area increases is derived. It is desired that, without using the reference
vol t age ci formed aslidféebayialrgalh, fof avrenghescoriggual to 1 and an
i n-phase gain of |less than or equal to 1 are easily 2 July 2003 -5
real i zed. FEPIRRKLaLR Forp MO cipeutt f irtegratliogai n of nmore than or
equal to 1 ar}d t he in-phase gain of less than or equal to 1, it is desired
to provide a (’j‘elcz%fecitr}%ﬁ' tthorring jogchbkkatontbs eppsopuched bpr uERG
integration. .ln technical itens jn the descriptions, which correspond to
" the cl ai nstaer]ﬂ?ﬁ"erc rsc,ms*ifh’bo‘?fg3 YR o1} R3S e r g2t t e Heeranthaeseri bed wit h

par ent hesesg (;ah- thoqggjt e numeral s, nbols and so forth clarify a
coi Nnci denceqorahcéc'rgr els’pon en%se S;}b(?"gf iJorh Eb@/v\e‘bn ¢ RphereaPti Ehas

correspondigeg dihes ol &l chnical items in at ] east one enbodi nent
out of a pl ur al ityl of e%b%%eq%és& Hleg&)r Fiot ?%ra%h’d%ﬁ%a?ﬁa’ﬁlﬁﬂél

techni cal cbafenedtt &HPAHH r&ﬁ@\?yg@lﬂl_ﬂ&s WEhSstricted t o%ltepgagechni cal

items in the enbodi ments. SU The present 1nvention is

subst ant i ablry equericaee 10r aia lrastody Iarpr@gdaiﬁ'@tﬂgpv - i d,probl ens.
According to the first aspect of ther%resent i nvent | onc‘,ﬁlt ere&iqg Bgoei ded a

del ay circdif feaend iringiercil |EMFonoPriwi Neis@ 4 redc £l 8st{ig potenti al
i ne;

output due to an in-phase signal component are included in

an output signal. In case that the ring oscillator is

constructed by using delay circuits, of which in-phase



a pair of output lines; a pair of first transistors arranged between said

“first electric potential line and said pair of output |lines, respectively;
a second electric potential line; and a pair of second tr &2 arranged
bet ween said second electric potential Ijne and said pair of output |ines,

respectively; wherein gates of said first transistors are connected to said
pair of output lines, respectively, said first transistors are connected to
each other center-symetrically, and said second transistors are connected
to each other center-symetrically, wherein said delay circuit further
conprises a third electrical .potential |ine, said pair of output |ines
bei ng connected to said third electric potential |line, and wherein said
+del ay circuidifhuishgbrbnehidesr aqhhlistoveltagq genkhelhi A% %ligd.erg, source
connected to one of said pairs of "output |lines; a second voltage

control | i ngagar I @ihb&0Hr 6€ €ABNaeta¢ torthetst hee @keddi d1mdiTardly oyt put
| i nes; wherein a transconductance of a first transistors are set

appr oxi nat elgopquaint ofaahr anspnadectagnalotompotiehitr o and saeend vol t age
- controlling current sources. 2 July 2003 -6 It is preferable that, if

the first tosmbl3abvos beecoRBEStbr Brsmerer shahherseqaad towansi sn@ simre NMOS

transistors, and if the first transistors are NMOS transistors, the second

transi st orsthite FMBSS arhhstebdesciscudtdiagfoomadoandr aaspadipudf t he

present invention, there is provided a delay circuit for a ring oscillator,

conpri si ng:valtaget of| ther réngorentiliptprnéinal pxi begpbmest put |imey a pair

of first transistors arranged between said first electric potential |ine

and sai d pa#nte o®fovebtiadei genditdepeefi aehighavedtaae sidet VDO 93t éhti al

i ne; and gvgair of secon& transi stors_arranged between said second

: i

electric potPhtYSFtRPReSEAB Y5Pd HEPRLLY - oftPGe FPReIINgegssdtiladiqr

wherein 92tes O 2%hfebLEahehANThRLY" And" 6182008REEA! QutBld RGH. ©f
delay circuit is designed so as to generate oscilllation
due to a differential signal component, a loop gain of an
in-phase slgnal component is set to less than or equ&l to
1, and it is necessary to remove influence of
unstabilization of an oscillation output due to the in-
phase signal component.

Technology shown in Fig. 8 prevents an in-phase gain
from becoming more than or equal to 1 by
intentionally increasing conductance between the
respective drains and sources of the PMOS transistors MP1l1l
and MP1l2 which are loads. More particularly, gate voltages
of the PMOS transistors MPll and MP1l2 are set so that the
PMOS transistors MP1ll and MP12 which are loads always
operate in a triode region. Generally, with regard to

conductance between a drain and a source of a MOS

transistor, compared with conductance between a drain and



respectively, said first transistors are connected to each ot her
center-symetrically, and said second transistors are connected to each
other center-symmetrically, wherein said delay circuit furthgjygoo®rises: a

‘third electric potential line, said pair of output |ines being connected to
-said third electric potential line, a pd?r of third transistors arranged
between said pair of output lines and said first electric potential |ine,

and gates of said first transistors are center-symetrically connected to
gates of said third transistors. According to another aspect of the present
invention, there is provided a delay circuit for a ring oscillator,

conprising: a first electric potential line; a pair of output lines; a pair
of first tRﬁﬁﬂhﬁt@ésimraaﬁgggdgegg§§3n§a{gefggﬁaugkgggéiBegg%enti | line
and said pair of output lines, respectively; a secon electrlgnp tial

electric potential line and said pair of output |Ines, respective
wher ei n gatasl dfn seaske fthat thanBMO$OtBawsEs€ORNEsi €dah@ $aLIpRA
“output lines, respectively, said first transistors are connected to each
ot her cent &anf#RLQY d4R1y, opedatai tn stitonsh turasi 64 0OF6gRpR 6QRNeE ed o
each other center-symmetrically, wherein said delay circuit further
conpri ses: they tripds rembon, tdm r th eplase i gaotmetomés | toebeSAbeepai I of
output lines being connected to said third electric potential line, and a
pair of thithRR s ®Y stark angbll derimgnosei Hlaedr D& output |ines and
said third elegtric tential line, where gates of said third transistors
are connecf&8% 5"%%}0% pIHCR i treansigkorst | the yring ceseli hjatoranot her
there is provided a delay circuit for a

aspect of resent jnvention

ri [lg ?s?:! I F’%&&?{g caglnporicgiﬁﬁg%ﬁlﬁ%&g?ﬁ‘eé& rﬁ@"ﬁbtjghhﬁ"fﬂ- | 4 n@f,ir_lgh?gbr t of
out put |ings, - ors arranged between sai irs
electric pg?gg?itg{ﬂr{ il(r%l_e J%@aqéﬁ%%j&n o‘iﬁcﬁ{ﬁsglq%SFC? r@R pERtPRaFe; a
second el egtgha1peoipidrind | Rix chdiahdrf GRS %Séégi}”%ﬁﬂﬁs, ar ranged

bet ween said second €électric potentia ne an o%tput l i nes,

respecti vewliicand sa a il fdvd P Sﬁtf' relﬂfﬂealt v!rh%'lﬁ né%(gat es of said
r of “out pu i nes,

first transistors are connected to said pal ?espectively,
differential output, can realize a ring oscillator having

line; and alpmin aidsetendotr88Sift 8 Safhi2PUEE Pé&!@ﬁ”i§abgr§e %}1,
o of

an even stage arrangement shown in Fig. 5. However, in
case that an in-phase gain of its delay circuit is more
than or equal to 1, it becomes a bistable circuit
and can have condition in which oscillation does not occur.
If it reaches such a condition, in order to always operate
the PMOS transistors in the triode region, a reference
voltage circuit for always supplying a constant voltage
for a temperature variation and a process variation is
necessary for gate voltages of these PMOS transistors, and
as a result, a task that a chip area increases is derived.
It is desired that, without using the reference voltage
circuit, a differential gaiq of more than or equal to 1

and an in-phase gain of less than or equal to 1 are easily

|
l



said first transistors are connected to each other center-symetrically,
and said second transistors are connected to each ot her
center-symetrically, said pair of output lines are connectxeggoc®i d third
-electric potential line, and wherein whenSinput voltages applied to gates
of said second transistors, respectively, are represented by V 1 and V2, an
i n-phase i nput  vqltage mnth respect to, said input voltages V 1 and V2 is

r epr esent ed '8Yizgd QMeregyers by Efﬁlh?'éllg the, gifterendiat a@é of mqreal@al erseqyak tor hrpws then
nput differ t I

o out put AREAsHEt e Tt B ARRAYE s o8 {Srb ol SRIBGA BYa Ty

1 and Vo2, andillatoplapsepoats fot CMQS mépgrationch i s comonly i ncl uded in sai d

out put voltages Val .and. Vp2 is.regpresent.ed b i al outpuyt
Vol Lage 1 ncladed 48 iSRS B GBSERIGNS PUyeh e Betlarihg Alae shieres,
vol t ages VolsyiibdisVard k6 forIPraes aftdched ind Qéstridddanith Pacunticaes € YOf AsBbsbl tHest
‘transistors is represented by , .transconductance of sajid second

transi st or s nuEngrals sygtelseandysp clarify asenrifsaeapceorrsporsicncas eglation hepieen
lines and s t isal e t

conduct ancealggI tg&gﬁe%% g{r‘\aﬁ%o%és&%ﬁg&ﬁlgé stg thg Id T%élls Sangnﬂ%ﬁﬁg agéelngg)é?n \}&%e 3?“(3 of
sai d del ay cimbodimhentoudbf ap}mmiltjapf emhodlmlehtsy\fnng amqwﬁforcshowmgﬁhdujhg/tezmaal g_

VOQ VIQ = - .(Gm*Cds/ 2 (Gm i onsta i

def ned so AP BERITHEIRI AEe Chies S tmant euns Eontl iBedin RS S

approxi mati on, when Gm is elimnated, by nmeans of the follow ng equat| on:
voQ viQ = - (Gds/2)/(Grrp+Grr), and said desi gn_constant Gds is further
appropriately set so that said in- phasS}W econes snmal |l enough.

Moreover, the ci ropid pioid eivilivn FOHREL # Subdbil o9kl RUADhndliodide:
and a bias tran5|stor arranged between the fourth electric potential line
and the secdheakoveementiongdpeabléras. |ine, and conductance between a drain and
a source of the bi i nei t. [

According to yet a%%ct k‘ilﬁg Z(j')s §l{eec 1rsg? Ap?’ ﬁ"le iﬁés@ntl lﬁg%lﬁféﬁ ﬂﬁr{ﬁgﬁ- é%:&éd gﬁ%v%yded
a del ay ci r cuitcuitffora eing ostgllamxccbmpnmng corrprl sing: a first electric
potential |ine; asagﬁi of out}p h |1l nes; a pair of first transistors
arranged between 1§t plesteie PALeBHRLINS notential Iine and said pair of output
l'ines, respectivelypaiPofimitdings;ectric potential line; a pair of second

transi stors arranged between sajd second eI ectric pot ent| al. line and said
pair of output | i rfeBair ofdsgdransistars agareed hetwepnesadd first ol W%Hﬂe&ﬁlalllm?eand

wher ei n: gatsgﬁlﬁgugp&gp,jtllﬁég rbdpRBiplely;0r s are connected to said pair of

output lines, respectively, said first transistors are connected to each
ot her center- syrrrreaﬁcheladelyctl'lamdteﬁaﬁlcll@e%@m transistors are connected to

each ot her cent e - SYIBE Ll &l omeiSludloba Beftih Rl dek REaiBiifle GRARREL S 1 O

said third el ectric” poten nerein I f sald nsi stors
are PMOS traamlisatdpam;ofsmt}mt:imes)mekpeamky;stors are NMOS transistors, and if

said first transist ar st.ars, the s n5|s or.s
VDS (1 ansi Star e whtreinniaes Of ek RabtifhR ars SRuteE R st 0% 8 QlBultis;
second translleﬁp&ﬁsely,rmeﬁétlmhwor@m doRAEREE T eththef cnfpdyihetrivally, and

Ecv:

i n- phase |npu1; voltage with respect to sajd _input voltages and V2 is
represent ed $#d sacend ga%ﬁlﬁt?@@%?qn&PCtF%Blﬁachﬂleég@ ?rn%’m]’&‘%ﬁc"ﬁb” a 2 July
2003 -9 wherein said delay circuit further comprises a third electrical potential line, said

pair of output lines being connected to said third electric potential line, and

wherein said delay circuit further includes:

a first voltage controlling current source connected to one of said pairs of output
lines;

a second voltage controlling current source connected to the other of said pair of
output lines;

wherein a transconductance of a first transistors are set approximately equal to a

transconductance of said first and second voltage controlling current sources.



formof an input difference between the two inputs V1 and V2 is
tepresented by ~VI, two output voltages which appear in said output |ines
are represented by Vo 1 and Vo2, and inphase output vol tagqmmgj S
-commonl y included in said output voltages6vYo 1 and Vo2 is represented by
VOQ a differential output voltage included as a form of an output

di fference betweep said.o t voltages Vo 1 and V IS represented b (@]
t ransconduct ance ﬁf 1ssgfffr$ﬁtl$éjlgat,t }ijathg?tgrtsurgnqlgorise%p gﬁg@eﬁm%w@%p,the sedbnd™
t ransconductangfoRfars MM OSeeMektdrs 2/ FHRE FirdtSrdrRRIPS aR RUMOY tafBistors, the

transconduct ance between said output lines and said third electric
potenti al IsmndéranseﬁmsaémPMﬁSava@ﬁtora-nd conductance as a desi gn constant

is set to Gds, an,in- S aj Y f i d. ' [t i bt ai;ned
by the fol | owi ng éaﬁ%r?@n%% *’%&E}%{/F{%ggt- L?&%P’%%@?E‘%%{“%@l%%ﬁ i’@i@&%ﬁ@?’? ,
sai d desi gnciteuisfoantringoscidihionednpeising: t 0 be GmGds/ 2, said equation is
‘re-expressed with ?%o?d appr oxJ mati'on, when Gm is elimnated, by neans of
the foll ow ng equaty ﬁ.eCV&iﬂt@t@ MEcds/ 2) / (Grp+Gr), and said design
‘constant Gds is fyuphReFoaphi Misi ately set so that said in-phase gain
beconmes smal| enough, According to a further aspect_ of the present

i nvention, there PPaprefiigktransidersarapged bettveempaig firsheleetsiginotentis} line and

conpri si ng: i . .C i.al line; a pair of output lines; a pair
of first tr3%551&%‘{@?3%?&51#&%9@%@%% said first electric potential |ine
and sai d pair of austqut eldctriespotergmphingd;iauél y; a second el ectric potenti al
line; and a pair of second transistors arrgnged between sajd second. . ..

el eciric potent i ah PRI SrRACERHISRR AgREed hepten aibaccopd &lsetria Ryl line
wher ei n r espR@bdid paid of 69tpaff lirfes] ¥sgectifdly ransi stors are connected to said
pair of output lines, respectively, said first transjstors are connected to

each ot her cent er Mg gates af p3id fiupidrangistors aregoanesiethto spidpair of eutpyh HBes ed

to each oth =S i , i i 1S a
R rd ol ooy FoeREANRL FATRE bl ard BiiGBleANo CLOF Hier Ll N ARRBAILS a0

out put | i nesaidsecondrivapsistots are ceriegted o Fabhaitaricenter-panmatrically.l i ne, wherein
if the first transj Al . i .the second transistors are
S e St LPRL PP

NMOS transi stors, nsi st'ors are NMOS transistors, the
second transi st or a thiré cRvE potemtidl diney said pairtdfeutmn iimes bemgacopaeatedto sdidr d

transi stors arranged between said pair of output lines and said first
electric pof@’ﬁd%ﬁ&”??ﬂ@?&aﬁ@egat es of said first transistors are

center-symet ri cablpyirGTHReE triishistérs apaRFedHetvwdintbatd Paitoft SR ilie® bisd said first
According to a further aspect of the present invention, there is provided a

del ay ci r cuiclectisposentiahling@Bd| | at or, conprising: a first electric potential

line; a pair of Ouhfbbf Ezii&?fﬁ:'%t tBnBidfoks 8 cehteRbyrhmefRhEy esiedlcl 30 38s BEEMgEN
said first electric potential line and said pair of output |ines,

respect i vel yhirdiransisterd. el ectric potential line; a pair of second
ransi stors arr anged. el s ok desdis O thehRE iff oAb Théd'is briViaar's asy d
pair of output |ines, respectively; and
circuit for a ring oscillator, comprising:
a first electric potential line;
a pair of output lines;
a pair of first transistors arranged between said first electric potential line and
said pair of output lines, respectively;
a second electric potential line; and
a pair of second {ra;l.s.istors arranged between said second electric potential line
and said pair of output lines, respectively; _
. wherein gates of said first transistors are connected to said pair of output lines,
respectively, said first transistors are connected io each other center-symmetrically, and
said second transistors are connected to each other center-symmetrically,

wherein said delay circuit further comprises:



‘a thirrd electric potential line, wherein gates of said first transistors
‘are connected to said pair of output |lines, respectively, said first

transi stors are connected to each other center-symetrical lyy,,npghsai d
second transistors are connected to each.pther center-symetrically, said
pair of output lines are connected to said third electric potential I|ine,
and if said first transistors are PMOS transi stors, said second transistors
are NMOS transi st aithird gledtrictpateritial fine,staid painof sutpus lines boivpSonnestesi ot wid,
sai d second,transi st or ne P transistors, said delay circuit further
conpri sing g’“{%‘%l%t%#p?t%rlu?a&%fl?’ istors arranged between said pair of output
lines and said figphiref tifdrttansigiremtaned betden 84id pgirtof sSuplit Bedsdint isaidtthird
transistors are center-symetrically-connected to gates of said third
transi st or sClegiHEROtsnigh HRe. Wheie 2otss 1o gaid @Hsma@alstoas At oanegteds i spid sutpve
transi StOTSHnés‘?%QES&iW |y, are represented by V 1 and V2, an in-phase input
voltage with respect to said input voltages V1 and V2 is represented by

VI Q a differenti Accirdingt tovambthey espent bfithedbrasenh irfventiom fthern is pmyidedi & ddaynce
bet ween t he 1v~.to i nput s \/11 and V2. is represented by ~VI, two out put

vol t ages whfEHILIOR2XMEOFCHLIRion COMPLSIIE i nes are represented by Vol and Vo2,
and i n phase out puafirsteldcaipepondtitiaf liné;s commonly. i ncl uded in said out put

vol tages Vol and Vo2, i 2 July 2003 -9b represented by VOQ a
differential out pﬁPal&B?P'é@Bt]i‘W uded as a formof an output difference

bet ween sai d out pH;pai{‘Oétt%?&aﬁé@st&rsaﬂfﬁng&?bét%’eéﬁﬁﬁiﬁsﬁﬁi BKctp¥ &Vé%ial line and

transconductance of said first transistors is represented by

t r ansconducs2if peir of ostpptlirascrsspectivelisi stors is represented by Gm,
transconduct ance i . l.ines and said third electric
potential |ine isgséeéﬁggé%ﬁggmg%m%nd conduct ance as a desi gn constant
is set to Gds, anaipairpifaseorgiatransiétaes Wirthged tsstwebndalidiyecond eléctrid potahiahilined
by the foll ow ng equation: VOQ VIO =- (Gm*Cds/2)/{(Gmp+Gm *(Gm+Cds/ 2)),
sai d desi gna%\a)f’fg‘ilﬂ%f'Okgutﬂ}étfli“}?étf%‘gcggeé"oa e GmGds/ 2, said equation is
re-expressed w thaahigPeldctaippostisBinepn, when Gm is elimnated, by neans o
f the follow ng equation: VOQVIQ= - (Gds/2)/(Gmp+Gn), and said design
constant Gds is fWhersy: appropriately set so that said in-phase gain
beconmes smal | enoygls HCeRlIHRY thdhsRtord 48 ConBSRES tto Ofaid NP 0ES&Rut lines,
invention, there i's provided a delay circuit for a ring oscillator,
conpri si ng: respestively,el ectric potential line; a pair of output lines; a pair
of first transistq[ anaed j i (LS i L2 i
and said pair of gé?pfﬁylﬂ ﬁéqé(fr??}ee\g%%@ﬁ&gae?%?&%l étlelgljoﬁeg&gerlsgcé r"‘f“g&tp‘)‘ té‘h %%?
i ne; and asgmind tahsisteesoard comrented 36 each dlicrangedshemeatreallgai d second
electric potential .Line and saj.d pair of o ut . l,i. ne r.espect i v.ely
Wherei nrbapect | v B RAES gpiebLliesirt Eomer G g frdEeeiCRAERA e dng o, o
pair of output |iRgereifi ewREL ihMR! Yoltapas Ohéabliécsttot E&6S | ofO#d adeRord rmsisedek, t 0
each ot her cent er-gf;:rmetri callecg and sai d second transi at or s,ﬁlre connect ed
to each ot h&ssPegHiels ats reptasentediby Y1 andeV % @ndy-phasedppyt voliagqwith sespertiie sald o
third el ect gt REiEIS VAl arld V2 is 1epREGiEH BPVEQ PRliTeRIntiaH Bt vdliaE fachidRd
connect ed to@saigéét hird el e(l:Strl C poteﬁ}?i a P?ilng, ntfdFinBit voltageine asa
form of an input difference between the two inputs V1 and V2 is represented by AV, two

output voltages which appear in said output lines are represented by Vol and Vo2, and in-
phase output voltage which is commonly included in said output voltages Vol and Vo2 is
represented by VOQ, a differential output voltage included as a form of an output
difference between said output voltages Vol and Vo2 is represented by AVO,
transconductance of said first transistors is represented by Gmp, transconductance of said
second transistors is represented by Gmn, transconductance between said output lines and
said third electric potential line is represented by Gm, and conductance as a design
constant is set to Gds, an in-phase gain VOQ/VIQ of said delay circuit is obtained by the

following equation:



-9c 2 July 2003 wherein if the first transistors are PMOS transistors, the
second transistors are NMOS transistors, and if the first transistors are
NMOS transistors, the second transistors are PMOS transi st grgyly fog3 her
"conprises a pair of third transistors arr8nged between said pair of output
lines and said third electric potential line, and gates of said third
transistors are connected to said output |ines, respectively. According to
a further aspect of th¥ORY¥EQmt- (Gay GS@M{(@Wf@m)§F@ﬂDWd‘éé)}a del ay
circuit for aring oscillator, conprising: a first electric potential |ine;
a pair of output lines; a pair of first transistors arranged between said
first el ect rsaid gestgandonatant isndefinnd ss ak do (bai GmoPH>Gds/Pusaid ieqeationr ie ypexpicvsedy ;

a second electric tenti.al .line; ai r .of. secqnd transistor.s arranged

et vieen sai dVILLE EAH APECRCR, JHisA RIS 19 SRinsHEh WUPE A fioo IW IR FER oL
respectively; and a third electric potential |line, wherein gates of said
first transistors are connected to said pair of output |lines, respectively,
said first transistors are conMP& ¥R Fo EHsh)/omerGavnt er - symmetrical |y,
and said second transistors are connected to each ot her
center-symetrically, said pair of output lines are connected to said third
el ectric potandtsaid desige constemteGds iis ferheat dppaosiasdlprsst ao ehftMVEd tinghases gains,
sai d second transist(Hs are NMOS transistors, and if said first transistors
are NVOS tr ARl ough.socond transistors are PMOS transistors, said
delay circuit furNéeoed|iHel Gitclil préfefdly cathpridel adfotthadédusé poentdlriaiyadd a
between said.pair of output lines and said thjrd electric é)otenti al line,

and wher ei n bgstEansistor agrapgechbetyeer tesfputts elechicepteniiab tine and dhestgeand glepigic
I'ines, r eSp?_anYiQi Yine, "] €bfdutiinbe HARMenY #! drAfChd@RPIES bP éﬁ%ﬁé @dnsidrd
second transistors, respectively, are represented by V 1 and V2, an

i n- phase i npeincidss vathsheiledign eanstant Gds sai d i nput voltages V 1 and V2 is

represented by VI i ffer i i \; i faorm. n
i nput difference g‘e‘ic\%reugélg E‘hé’g{]\%\%oq#eﬁp%?g&\?t%h%%’gg%p:ﬁisvlég@%}’g@%r%tléd; rg%/ﬁ%i%l :
two out put weldyatresit\fér atingggeiliator] comprisingout put | ines are represented by Vo
1 and Vo2, and inphase out.put voltage which is comonly included in said
out put vol tages VA& rtrﬁle%gpi’tgntl‘aég‘r“g’sent ed by VOQ a differential output
vol tage included asadr Jfoupueliingsy out put difference between said output

vol tages Vol and Vo2 is represented by CVOQ 2 July 2003 -9d L
transconduct ance & Paikpf fiFst teansistopsarangsd é’eﬁ@eﬂéﬁﬁﬁﬁﬁt‘#&trﬁypﬁ?ﬂal line and

t ransconduct : L1 istors is represented by Gm,
transconductsg{r%ﬁ%ugifto\?\@eﬂléﬁg&ga%tggﬁl ines and said third electric
potential |ine is asporsbelentacpotgnt@hlinand conduct ance as a design const ant

is set to &ds, an jn- L { : [ LACHL b ] ht: gaihed
by the fol low ng At voscofiueg Uil Bllyed il kellldtilident DoRAA B
sai d desi gn andmrsaidgnir df outpet linesjirespectivelypaick GmGds/ 2, said equation is
re-expressed with o] proximption, when Gm is elimnated, by neans of
the foll owi ng equ&%ﬁ?ﬁﬁe%m?@u%m(’ms/ 2)/ (Gm+G1), and said design
constant CGds is fugkdiein: appropriately set so that said in-phase gain
beconmes snmal | enough. BRI EF DESCRI PTI ON OF THE | NVENTI ON These_ and ot her
features and advargeig§esl @pid fisstpiransisters; aFgepennspicd 1o spidc e oo ouiPYbJHICENt
upon a readilJ%gheg{ivéﬂ;e follow ng detail ed description and drawi ngs, in

whi ch: Fig. I's a Circuit diagram showi ng an embodi nent of a delay circuit
for a ring oscill aaisk fifsh travsissoseane eomicctedithcagh ethen centerysymumetnically, and said

second transistors are connected to each other center-symmetrically,

said pair of output lines are connected to said third electric potential line, and

wherein if said first transistors are PMOS transistors, said second transistors are
NMOS transistors, and if said first transistors are NMOS transistors, the second
transistors are PMOS transistors, and

wherein when input voltages applied to gates of said second transistors,
respectively, are represented by V1 and V2, an in-phase input voltage with respect to said

input voltages V1 and V2 is represented by VIQ, a differential input voltage included as a



Fig. 2 is acircuit diagramshow ng an equivalent circuit with regard to an
i'n phase signal conponent of the circuit of Fig. 1, Fig. 3 is a circuit

di agram showi ng an equivalent circuit with regard to a di ffzejmdgy si gnal
-conponent of the circuit of Fig. 1, Fig..4.is a circuit diagramshow ng a
known ring oscillator, Fig. Sis a circuit diagram show ng another known
ring oscillator, 2 July 2003 10 Fig. 6 is a circuit diagram show ng ot her
enbodi ment démuofial mputcdifferente basween thie go agwitd Vatand Vi2nis aguresedteddy AWE wbhe
present invention.. Fig. 7.is a circuyit, diagram show u er er ..
Brbod mrent SRR felagg® shice, oo i St pingt B SPreRRe by Vol dddioinpadie ne
present | nV@hhde%t;ﬂﬂ@pﬁa@wﬁ_chiis@nﬁhélf[l)éliﬁchmedgﬁ 84T DG VO]t eres VT SRl VL
delay circuit for a ring oscillator,. SCRI PTI ON, OF THE EMBODI MENTS I n
accor dance mrﬁﬁeﬂFeémbhdgo,Qi @ differamtiabionipnt veltage insludedcas 8 uformf ofr am quinyg

oscillator ag ! he.:pr t . t kAR, C I i
circuit is g‘?@% gd.%eﬁvﬁee{jhgalgour e XSEX |ng%6afg%39§%r§u?&:}ggaeh@?rsg? ﬁﬁ’&
transi st or Mdhscndudame odsaid NivEiSransiatoss strepreddiBedarieGapy riapstondudtarich ef said
sources paired. ;An NMOS transi Sstqr. B for a bjas current source j

connect ed t GO TRPSET RERH ISR by oy RIS s Bt RS Prb e and,
M\2. The NMghidt thivdsélsétae pPeddatiaPling iDirasreSontddeby GURAE dofidict@iter ANh dsighce
for supplying a biias current to the first NMX transistor MN1 and the

second NMOS “PREHY IS s to (Ads, aninephasy sanE QRS olssaist delpy cisgmit 15 obtadradbyrtbes

transi stor NEgowiabShuffoh: @s output |oads are connected to an output |ine~2.
The first PMOS trgng}lstor MP1 and the second PMOS transistor MP2 are
arranged between a high electric 2 July 2003 11 potential side power

supply line VDD and t t |ine ut put \Ljne LS~yhornmed of a
second out put |ine 2Bhgf-?g#g&?i‘r‘s@&‘f%&i@ﬁﬁ‘ﬁ‘ém%@%@gﬁ%ﬁ@}out put line 2B
is short-circuited to a first gate 3A of the first PMOS transistor MP1l, and

the first output |ine 2A is ortcircuited to a second, gate, 3B of the
second PMOS Spida4fsien: eansigpbis %Rinp 50 135 110 PeRRIE> T PANE; S Rawplion iaderekpressedond

PMOS transi s{iff a pb& appf®limati&s REfehiGifin {4 dlttinSR8 B y3He ARG f HRCPNGWHR Quikdar €
short-circuited to their respective drains 4A and 4B. A first voltage

controlling current source 11 and a second voltage controlling current

source |12 are connected to thevg%/grtgglg_g(@?gn?/§§ﬁﬁ+m),st vol tage control ling

current source |1 and the secon ing ‘current source |2 are
connected to an output voltage node with an arbitrary fixed electric

potential, and ate controlle an t put vol tage. bi as power source
OB A8 1o corfctiid) SPEER GarettoPls AL DL toofielobey selieg B8y S BB Bfia
source. The Hetaaeansll epaghce VBIAS applies a bias to the NMOS transi stor
M\B for a bias current sourc 0 as to in a saturatiqn region. The NMOS
ransi stor MB forASOHliBg 1 it S9uct ebibe PreeRb Ry B e HHEe f BoREed 1A
line 5 for jdchitfer 4 Ml bdciiftor\BaPprisigsi stor MN1 to the second NMOS
transistor M2 in pairs, and a |l ow electric potential side
a first electric potential line;
a pair of output lines;
a pair of first transistors arranged between said first electric potential line and
said pair of output lines, respectively;
a second electric potential line; and
a pair of second transistors arranged between said second electric potential line
and said pair of output lines, respectively,
wherein respective gates of said first transistors are connected to said pair of
output lines, respectively,
said first transistors are connected to each other center-symmetrically, and said
second transistors are connected to each other center-symmetrically,

the delay circuit further comprising a third electric potential line,



2 July 2003 12 power supply line VSS. A first input voltage V1 and a second
i nput voltage V2 are input to a gate of the first NMOS transistor MN1 and a
gate of the second NMOS transistor M\N2, respectively. In cags‘ﬁ”}tQ@%the
“first NMOS transistor MN1, the second NM® <ransistor M2 and the NMOS
transistor M\B for a bias current source are in a saturation region, and
electric characteristi.cs of the_ first, NMOS transistor Ml and the secon
NVOS transi st or MUICHiR Spifpanphoutpullings e irepnecishytoopaid third electric potentia
characteri stjgs of the first PMOS transistor MP1 and the second PMOS

transi stor MP2 are the same as each other, one set of the right and | eft
first NMOS transi sthsreinifl therfitsts ansistiorBiBsPMQS sansistors\/ili, sasard ¢ransigbrsrdrght

e M R K s (R e

second vol t agePRIO¥ figsistdrg current source |2 operate symetrically,
respectively, for an in-phase signal |nput which is a signal conmo

. nly
i ncl uded in the fifwdhericamprisess paiyel third Arusistors YEngAd bEER s3It owput The
said del ay gj i } : jcally in this manner can be
expressed bgingﬁ%&?@f‘fsgﬁ??ﬁgi’bg%% é&{s%om in Fig. 2 in which the del ay
circuit is dividegatesob saiddirsti ttansistospare ticentor-syrmsypirisally cannectedtte gates 0é said f
an i n-phase si . onent is focussed, the circuit 2 July 2003 13
shown in Fi éﬁlr‘g{}%}sﬁ%@gonds to an equivalent circuit that is equivalent to
one side of the ciAcuidingfo &figthed aspett dfithe pepsemahediition] thetd is ppdvideda delay
transconduct ance _.of the first NMOS. transistor MN1 is represented by Gim
transconductcéfﬁwgf%fa‘il%osﬂl » PIRESEansi stor MPL is represented by Gip,
transconduct ance @ffirfktedidi¢ péteredi lingte controlling current source |1 is
represented by Gm conductance between a drain and a source of the NMOS
transistor M\B fore peinsfaytputlinesat source is represented by Gds, and a

d - WR ' '
v3. Wih regard ta nheot Sl lebdeBt ok Rl TR ol SRUERGT IR o

y3. Wth regard to [ance conpone

conponent, sawgmirafloptpmd tides; raapestively; ch is a hal f of the conductance
between a drain and a source of tth? NMOS transi stor MNB for a bias current
source contri but esastegon}%eieq%ﬂqm{g%ba g]“ﬁnal conponent, y3 = Gds/2. Simlarly,
in case that the fapait of\NMCOnd tramsisters QErahPill, bdtWeers said Becotefecttiapstentiad inkN2
and the NMOS transi stor M\B.for a bi.as current source are in a saturation
region) and A& rqagogﬁgpg&pgqsigquggvgly;% first NMOS transi stor MNL and
the second NMOS t raaRfi lefric\ifenfiaFliddie sane as each other, and electric
characteristics of the first PMOS transistor MPL and the second PMOS
transi stor MP2 ar &vhenein gateswf saiddshiransistory ageonseeted o said pairi ofnutpi dinesf t
first NMOS tfééi?%ﬁ{é%tlﬁr MN1 and second N~dOS transistor M\2, one 14 2 July
2003 set of rig and left (first PMOS transistor MP1 and second PMOS
transi stor MP2, arsdidofiust trensisiérs rargybonneoted lte feaclf dthst centértsygemettically lahd waid

current sour .1 and second volt.age controlljng current. source |2 operate
in an opposistcégondlllqaélgﬂo&?wrcg%egketdﬁg5?@1, %%‘r“&*e&g)('f‘, egfh a?l?;{’l si gnal i nput
which is a signal sarifdnefvutpu limesdry comebted eols@d thdrd éleguit poiehtignmecand

bet ween the first~inpyt. voltage V1 he . .
if SBH first transistors areafq\c'iﬁts transistors, said second transistors are NMOS

transistors, and if said first transistors are NMOS transistors, said second transistors are

-

PMOS transistors, said delay circuit further comprising a pair of third transistors arranged
between said pair of output lines and said first electric potential line, and gates of said
first transistors are center-symmetricalty-connected to gates of said third transistors,
wherein when input voltages applied to gates of said second transistors,
respectively, are represented by V1 and V2, an in-phase input voltage with respect to said
input voltages V1 and V2 is represented by VIQ, a differential inpuit ‘voltag‘e included as a
form of an input difference between the two inputs V1 and V2 is represented by AV], two
output voltages which appear in said output lines are represented by Vol and Vo2, and in-

phase output voltage which is commonly included in said output voltages Vol and Vo2 is



second input voltage V2. Wth regard to the first NMOS transistor MN1 and
t'he second NMOS transi stor MN2 which operate in an opposite direction in
this manner, it can be considered that their respective soy g, SdRctric
"potentials are equivalently a ground el eduic potential, and the first NMOS
transi stor MN1 and the second NMOS transi stor M\2 can be expressed by only
a circuit on one side shown in Fig If a differential signal conponent

i s focussed renrh@nt@idrm\foeh@mfﬁerﬁnnalgouwubdpk@&epmhgledoam tfui ofape rmutput
circuit thaty u t Si C f

t he equi val enlitfégll?c%chf\é e%E f—&‘&) &gSutalvggta A thz g}&%uyg# el(r%t ré:rgsgﬁtl]efl g?nng—uvgf 3,
t r ansconduc tansenddctirve of smﬂtﬁrkﬂl\tﬁ‘ﬁsﬂstoamslrepresenbﬂd]by 6mpe prarscondwetanoy of baid
abovenenti oned m_.transconduct gnce.of the first P t ransi st or 1 i
Fept esent ed SPRAHENSEB0LS FEHEIOIADY G SteqidiR ut BRTEeSh R SPkhies e

vol tage contshidl thirdJeledtfit Potential liGe it keprésenfidr B?Qﬂheﬂn@)éohﬂ'&tﬁﬁw@ m&lgﬁned
Gm 2 July 2003 15 The first PMOS transistor  MP1 al ways operates in

saturation CEBIBH isselde Gdssangatnhasmepin VD@ VAReofssaisk dalpy eitouitcy obtrinasdty the

ot her, and ig l?&ﬁ?ggﬁatti%ﬂce yl is equal to the transconductance Gmp. An
in-phase inp ge 1hcluded in the two inputs V1 and V2 is represented
by VIQ and a differential input voltage that is a signal conponent

i ncluded as a form of ff in 1 and V2 is
represented by OV, nﬂaﬂf]‘gf’# &@%%%/{@Pid@@t)%%é&%@ffer enti al

i nput voltage are defined by the foll ow ng equat| ons: | n-phase input
voltage: VIQ= (V1+Vv2)/2, ' (1) D fferential ut voltage: OVI = (V1-V2).
(2) Sinilarl59id designreopsianteis dafiped so o5 tade @Qﬁﬁb §/2; spdd Gaeationys rerexprggsed
outputs Vol w3 d LESERHRA diin AR, BythEdn8 o Rid Bl

vol t age t hat ?gag Eﬁcf)&@orrpoﬁlwelﬁt |nc\é%n3 asdays—géérnn o gnﬁoa‘gﬁlg%hatmn
difference of the tvvo out put s Vol and V02 |s represent ed by O\/O and the in
phase out put voltage and the bg{, { | ttage are defined by the
foll owi ng equations: In- phasedg{? voI 5/P%¥§W)Vol +Vo2)/2, ' (3)
Differential output voltage: OVO = (Vol - V02) w (4) In accordance with such

definitions, the,jnput voltages.Vl an and, t he out ages Vol .and
Vo2 are expraBéss@H{ B%lglhé‘)?%?‘&oéﬂﬁés |4PJ?§°I’ Hett Fgéb NA_ 10-phege; gAY Q
~~~ (5) 2 pétdries Xl edupe - -OVI/2+VIQ  (6) Vol = ~VO 2+VOQ (7) Vo2 =
-~VI/2+VOQ  (8) Tn the eqw val ent circuit of an in-phase conponent, which

is shown in Fig. Accardjug tospfirther aspect ofcthe presert ianentiopgthere ispewdeda delayvx,
VX i's expresegit B 46 delia Wl on: VX = Gm*VIQ (Gm+&ds/2) ' (9)
e wiere

Wth respect to an out ut no e he i n-phase output voltage VOQ
appears, the foll @vﬁrﬂfgpleqmapqﬁontlalélne,st ablished: '-'

Gm* (VI Q - VX)+Grrp*>é%?+ *99!1“ (10) If VOQ VIQis assuned for an
i n-phase gai n, fr SR NE o8 oh(lO) voQ VI Q =

-(Gm*&ds/ 2) 1 {( Gnaﬂﬁn) 6( fireh t@@dsistd)s} arrangéd betorsenrsald first wlectrio pgfentihl tlimetand
MOS transi st or, whi PI ased [%‘8 saturation region, transconductance is

| ar ge enougt‘?a’éi(ﬂ’f‘tf é’b‘t%t 1% FSP et ance between a drain and a source.

Mor eover, since taegewml@dtg@ﬁétgﬁMIME’mﬁor a bias current source acts as a
current source, usually the cgate voltage VBIAS is set so that the

conduct ance bet wedrPair of sgcond Fansisters arapgesbbveen sad secondeloctiig potgatial line
pocor L SRR OIS fpidinCn o 2 15 esLa) e The
-(Gds/ 2)/( GrrpGrr) vﬂherel(l ]regpectlve gates of said first transistors are connected to said pair of
output lines, respectively,
said first transigtors are connected to each other center-symmetrically, and said
second transistors are connected to each other center-symmetrically,
the delay circuit further comprising a third electric potential line,
wherein said pair of output lines are connected to-said third electric potential

line,



2 July 2003 1. As such, the gainis fully smaller than 1. Simlarly, in the
équi valent circuit of a differential signal conponent, which is shown in
Fig. 3, with respect to an output contact where the differ@gdlyabowt put

‘vol tage CVO appears, the follow ng equatigy i s established:

Gm*(~VI/ 2) +Gmp* (- ~VQ 2) +Grr(dV0/ 2) - 0. ' (13) Wth regard to a
differential gain ovOQ Ovi, OvO ~VI = Gm/(Gmp-Gr. ' (14). As apparent from
t he equation (14) whewiséf thetfinstytramistorstaes EMVHOS asinsistobss thigrsecond GrapsiGioys, are

(15) it is ible to make.the differential i\a.to be e than or .equal
o1 by ce RS tsisford 2t it e a7 abeiints e NARDS e ebontviks seent nShsficlimy
and the secopP¥gSSradsagsys,stor MP2 to a value close to the transconductance
Gm of the voltage controlling current sources |1 and 12, it is possible to
arbitrarily set t Herthfr co@pepgsi apaiged hirddrapsistors arangedbetvach saldaraiefiantputo
1. Cenerall y;.. .\ d : YT Lstor, it is possible to set its
transconduc%{%ﬁ%\%ﬁ{%&gﬁﬁggﬁcﬁﬁdﬁgﬁ L@g’%}&adj usting a channel wdth and a
channel | engt h whigates af said thapldsansistors are gatmeectedicto eaidi augpuy linbs resppetstelyng t he
gate shape of the N .transistors 1 d M\2 and the PMOS. transi staors MP1
and VP28 desi gndiRRRE o FHgh et of e PR PR Re titrin rOROES Byeley
July 2003 1&irtwhit Fdie ilm;[c(ﬁﬁ?ﬂgfhg;n Fig. 1, it is possible to repl ace
the NMOS transistors 1, M\2 and MNB by PMOS transistors, respectively,
and to repl ace tha fPsideatiigpeipatiabliseivP1” and MP2 by NMOS transistors,
respectively. In tafﬂaﬁ-cﬁ‘%ﬁﬁ%t fih&. vol tage controlling current sources |1 and

| 2 become to be an‘injectron cufrent source type for a voltage output node.
| f the above- nent iaopeddofifitshyraosistorsi arrdnged bheveenrsgidofirst leleatror potantiad dimedadc e
with the presgnt.invention is used .in case of constructing a ring

osci | lator KAVRY °§d’8%‘fﬁﬂ%%reﬁi}e°ﬁ‘f¥8ﬁ¥s of DELAYO, DELAY1 and DELAY2 that are
three del ay ci rcuiatsscondasMutiidtpdtestial fine;si nce it is possible to set a |oop

gain to nore than or .equal to 1 for a differential ,signal, conponent  and
less than or equal®R&F af segpnd:an Lo 28RN brAY eenh fRiS fesand ety paenial ling
t he i nphase agugﬂalpamgwﬂtmé‘safbsp&tisggpmsed, and it is possible to
realize a ring oscil]ator whi ch generafes oscillation only for the
di fferential signdithEdslsemiemotentphlinear|y, in case of constructing a ring
osci |l I at or havi ng fseR pg[ebg : %hﬁb AY3
that are four del a‘t@legélqrrl%%tgg%g gwn ma.El%féqr , s@r?gg,g&@ %ldt e %m IB@’
above- ment i gespdctivaly oscil | ator having the odd stages, it is possible to
set a loop gain tq e than or equal to for, a.differential .signal .
component and | esSoniint PR e §oinep B to e8it, Buk st iendiiidan cnd
July 2003 13ekuirsittedalsidtodOardicohigetddas ehdteothér-dehiseymmh@hidallgonponent can be
suppressed, and it js possible to realize ring.qscillator i.ch generates
dito sait gt

Whi
oscillation only f81d RAFLIGuInUL lines gre portiegied to §3 ﬂF‘?mW’PWnP@aH'Fd to the

nunber of the del ayhepéinCiyidafl trahsidtSrsPRESPMOS trandift6fseanid édeend YihSiktors are
arbitrarily, wthout restricting it to three or four. Like the dela

LNg , | L ay
circuit for NMOS itipgsisiors, | and; ¥ saidnfish tragsistont iase NMOS Heanpistoss, wid seeandt he
del ay cit cultariord 18 PMOS AGMbLLLAE dbily BREAL RAMELcdthirilyadle Present
invention, by adjusting a bias of the CI¥CUI'[ y nmeans o? vol tage of the
VBI AS term nal, itapair qfdbisd bhnsistorsamiangesl ibbivegn saist pastiodutputiimnes andsaid third

i abl e, which.i . i od i-NE. Of . ' | d .
out put. vol t etesPrlatEREL AR Paereth shiea.pianid mo SwstRh groshtrRdp srig
determ ned hyutputdivksyespectivety,of time which the delay circuit has and the

nunber of the delay circuits which exist in a loop, the ring oscillator
which is realized Wereidi Wher Hapee valjages r snplied i gates ofsaid draoRdt wansistrsent

i nvention c i Y adde bl i : ;
Accor di ngl y,al@?%gﬁgéel?’ggé g%%%?‘tggp (S),r\plt he r%’gﬁﬁgsﬂci Iélgl? g{‘hﬁﬁgggﬁ%‘rrg%pﬁgtemv?ﬁmtdh

the present inpwteioltages Y ard V2 apteprasentedpp MlQaa differential inpabveltage indudedpssi ¢
constituti Ore]ﬁ‘oﬁjn%ﬁﬂ EnLPfﬂ{t dg‘tr‘]eg&teﬁ b%%ﬁ .tﬁ ogirﬁ}b\gkg 'V![“L'n%d‘r)? 2 E‘Jﬂ%pfés&ﬁec?ﬁf AVIARRT

using the delay Circ e applicatli
output voltages which appear in said output lines are represented by Vol and Vo2, and in-

phase output voltage which is commonly included in said output voltages Vol and Vo2 is
represented by VOQ, a differential output voltage included as a form of an output
difference between said output voltages Vol and Vo2 is represented by AVO,




.2 July 2003 20 oscillator to the PLL are well-known in the art, the
tlescriptions thereof are omtted. Fig. 6 shows a circuit arrangenent in
accordance with a second enbodi nent of the present inventi Of'duly\.ﬁb regard
"to an inter-connection relation between tgge first NMOS transisto 1, the
second NMOS transistor M2, the first PMOS transi stor MPl and the second
PMOS transistor MP2, a connection relation between the active points of the
i nput vol t agmescédbdestshcedfaaid firktdransistorsalregresented yf Giipe trandcpnducvaict afesid Vol

and Vo2, and the first NMOS trapsi,stor MN1, the second NMOS,transistor 2,
The first PREESTOASPORG IRMSFSCA CVHamae He ISERnTS ISPt BC PRI g aad
W ring rel atshidnthixdt s8@fic td€enfiaD fing|i§ GepresenRAl BYIGA] afd @BndRRIce SdPP | désighne
VDD, the output line 2, the pair joint line 5 and the |ow electric

potential sicOBStHERetdQ Figsyan inhasesgpin YOQNE QX ofrssid delscirquiinisiobtairedNavithet he
second Nwosfg,lrl%%ﬁ&owz, the first PMOS transistor MP1 and the second
PMOS transi stor these relations are totally the sane as those in Fig.
1. A second output line 2B is connected to the high electric potential side

power supply line VDD {hr _a third P ransi first output
line 2A i s connected t%BQ?{gg(ﬂrgH M&@W@Bﬁ@@fw r supply line
VDD t hrough a fourth PMOS transistor MP4. A gate of the third PMOS

transi stor MP3 is connected to a gate and a 2 July 2003 21 drain of the
second PMOS Seidgesiga emstgpbis defigad so ¢ to he GwnrTHIsRoRid eayptiontis re-prmpressed
connect ed t Q,igh § 3 if dlj [ 1 Jhird
and fourth PI\}DS r%n@g?@?gﬁ%gv %ﬁ?ﬁ% éélﬁr('f;ih%tg t é{ééa?g%%" ra{oelqp}1Jr§1<g'/zl)l]n§ue-r&‘rggtﬁ;tnh
sources for detecting an output voltage and converting it into a current. A
VBIAS is the sane as that of H hn t t. it is a bias power
supply line for controlling a *é%?/ih‘? —df(&?ﬁéﬁ@f&i{aﬁghsi stor M\B for a bias
current source. By replacing the voltage controlling current source |1 for
detecting the  output ,voltage V and converting it into current, which is
shown in Fi gnd 1§a“£§eﬁlﬁ% CPN%?IH f | PPEAPTIRESY, sghao rtgﬁl grdd ﬂ@‘PbPﬁé’ gain
vol tage contye@drhédndilérdofph. source 12 for detecting the output voltage Vo2

and converting it into a current, which is showmn in Fig. 1, by the fourth
PMOS transi stor MP4, an enbodi ment shown in Fig. 6 is realized. Wth regard

to the circuit shown in Fi ﬁﬁmﬁ? | W{ﬁ nel length of the
first NMOS transi stor MN1 ‘an tﬁgsgecon I\ILI%%It%raanm stor 2 are set to be
t he same as each dihesy andhothet featuresaind advantages pfitlie presdnt tincemtios tvaitlsbesbimmai n
t he sane el [i har acteristi.c, Siml I a, channel width a a .channel
gt nTor ®t ok | bt AEST b thdife oF' b fOligniine st AR s o Sl s
are set to behitlhhe sane as each other in both 2 July 2003 22 transistors

so that both transi.stors obtaipn the sanme electri¢ characteristic, .
Furthernore, and }:lgn'll 153 guroult ﬁ?i‘esﬁmwnt‘ﬁ?f‘Eﬁéo‘gnk?ﬂ%lﬂﬁéldeiaé!rfﬁcwt(g?r t HBg

third PMOS tgsgifiados irPdccbid@nédWith B freyent vEiidR, t ransi stor MP4 are set to be
the same as each other in both transistors so that both transistors obtain
the sane el ectric Fidad ice eiruit dingramy, shawsagtanequivadent cirauit Seith regmdito aMm-and
MNB are in i i i-yely, one set of the right and |eft
first NMOS ?Pﬁﬁ#@g?%ﬁ@hﬁ%géﬁﬁﬁgﬁ% it’ransistor MN\Z, one set of right
and left first PMBig.t3adnsd sirowit idgram dshomtng an ROB alerd narcgitowithP@gadntd ane
set of right.gand lLeft third P ansi st Q. MR3 and fourth PMOS~transi stor
MP4 operatedé@?%?eﬁisgfr%ﬂmqoggwﬁéﬁtﬁ?@f?}tq?grlg'a}n i n-phase signal input which
is a si glnal co\n;gom_}_%niiQ!ogtdgﬁIcliagrzﬁr_hlaldv@iﬁg\t}mkhmﬁmﬁng%éiager,v1 and t hlel second
i nput vol t age : e sai el.ay circuit ich operates symetrically in
this manner is a dN§cuUs® ciswit diagragy phowing anqtherkngwngmg %‘P’i’@t%hovm inFig. 2
in which the delay circuit is divided into two with respect to a
symmetrical center line. Accordingly, with regard to Fig. 2, Gm can be
repl aced by transconductance of the transistor MN1 in Fig. 6, Gmwp can be
repl aced by transconductance of the transistor MP1 in Fig. 6, Gmcan be
repl aced by transconductance of the third PMOS transistor MP3 in Fig. 6,
and Gds can be replaced by conductance between a drain and a source of 2
July 2003 23 the NMOS transistor MNB for a bias current source in Fig. 6,
respectively. On the other hand, for a differential signal input whichis a
si gnal component included as a difference between two inputs, in Fig. 6,
since one set of the right and left transistors MN1 and M\2, one set of
right and left transistors MP1 and MP2, and one set of right and left
transistors MP3 and MP4 operate in an opposite direction, respectively, it
can be considered that source electric potentials of the first NMOS

transi stor MN1 and the second NMOS transistor M2 of Fig. 6 are

equi val ently grounds, and for the differential signal conponent of the

T I Y 1 o, I




Fig. 6, the equivalent circuit on one side is the sane as the

above- nenti oned equivalent circuit on one side shown in Fig. 3.
Accordingly, with regard to Fig. 3, Gm can be repl aced by erlaly2003duct ance
"of the transistor MN1 in Fig. 6, Grp can be replaced by transconductance of
the first PMOS transistor MP1 in Fig. 6, aRd Gn can be repl aced by
transconduct ance of the third PMOS transistor MP3 in Fig. 6, respectively.
Wth regard to the circuit shown in Fig. 6, if the respective channel

wi dt hs and channel |engths of the transistors MN1, M2, MP1, MP2, MP3 and
MP4 are selected so that the equation (15) is established, it is possible
to obtain.a characteristic sane as that of the delay 2 July 2003 24
circuit for the ring oscillator shown in Fig. 1, and an in-phase gain of
Fig. 6is gi ven g ¢ He bﬁu%t¢bmcwlt)ds@mr@mdsméwimgtoamegaeMbedlﬁegt Bfi S
gi ven by the quﬁ%ggg é14) respectively. In the enbodi ment shown in Fig.

6, as nentionét %?cW%tp%%El%IEl%@ edptllatort he #MOSrdannsi stiahs
MP1, MP2, MP3 .and NP4 NNCS transi stors, respectively, and to construct
the NMOS tramﬁhﬁ(ﬁgf t MEPRHORNB by PMOS transistors, respectively.
Fig. 7 shows a(¥ arraq? Qéf éhaccordance with a third embodi ment of
the present |nven on W th gﬂé t G ARt ThOERh eEUF BReF ePBREBN bet ween

the first N Seco N transi stor M2, the first

PMOS tranS|stor kgg Ye se%eﬁ Fﬁi%? %ggﬁgt%rr%#@ ogctbhaberi bR

relation betmg;gb i t he input. voltages V1 and V2 and the

termnal points oot rg&%u%gt}?%rg‘%t IS%SS oI %‘E ad?%‘g the first NMOS

transi stor MNL, gty .seecp;lqa NME I tor
Hdd i, Do d byt rpht fodnt

MP1 and the second PMOS transi stor and a Wi ?Re

hi gh el ectric qaaicenit adoside-noyessSLUPRIdoF i ne VDD, the output line 2, the
pair joint line 5 and the low electric potential side power supply |ine VSS
for the first NMOS transi stor MN1, the second NMOS transistor M\2, the
first PMOS transistor MP1 and the second PMOS 2 July 2003 25 transistor
MP2, these relations are totRESGRIPEIGNIOF afHE EMBODIMENTS 1. A second
output line 2B is connected to a ground line through a third NMOS

transi stor M\3. IA faiqosrdamgsytwil tin elbiviigy conime eire enitb d d16e g asich | dd€ay
through a fourth NMXS transistor NWA. A gate of the third NMOS tranS|stor
M3 i s connecCddoudta feqt @ &g el atfon e eantimy RMOS He anséséior MP2. A
gate of the f urth NNCS transistor MM is connected to a gate and a drain
of the first A2l & GOWRSE cAPlimg Padked cumaniNVGS tprosidedrs M3

and M4 are v e controlling .current. sources for detecting an out put
vol t age and cg 3 Ei AP GBRLING Radreda aja) A&qrsqrfei%g\‘wwat of

-Eh?reﬁtiﬂft?ﬁ?ﬁ%@%@%gﬁ% 5 o T et s, M B el aci ng

Lhe vol tage ceptipdlly WAt SRR biledlelso vl LIS, QULRUL, gl 20e

Vol and converting it into a current i's 'sho

third NVOS f1aesi st 81a¥NEurethe SRaelnd o Renraldase oy rolgl stqc wésent

source 12 for detecting the output voltage |ng
current, whichransskest MNIFiahd thebkelddad auosh YRS 1 1ﬁﬁs 2, ) an
ot C|rcm

embodi ment shown i n Fig. 7 is realized. Wth regar Shown in
Fig. 7, a chaNMeB trandukyo20MB2&or a bias current source is a current
source for supplying a bias current to the first NMOS
transistor MN1 and the second NMOS transistor MN2.
A first PMOS transistor MPl1 and a second PMOS transistor
MP2 which act as output loads are connected to an output

line 2. The first PMOS transistor MP1 and the second PMOS

transistor MP2 are arranged between a high electric



‘width and a channel length of the first NMOS transistor MN1 and the second
NMOS transistor M2 are set to be the sane as each other in both
transistors so that both transistors obtain the sane el ectr2 duly 2003
-characteristic. Simlarly, a channel width and a channel |ength of the
first PMOS transistor MP1 and the second RMOS transistor MP2 are set to be
the sanme as each other in both transistors so that both transistors obtain
the sane electric characteristic. Furthernore, simlarly, a channel w dth
and a channel length of the third NMOS transistor MN3 and the fourth NMOS
transistor MM are set to be the sane as each, other in both transistors so
that both transistors obtain the sane electric characteristic. In case that
the transistors MN1, MN2 and M\B are in a saturation region, respectively,
one set of theotreéghiadndifief powerssuppD8 fliarsVdDoankiNthandudgcond NWOS? .
transi stor M2, one set of right and left first PMOS transistor MP1 and
second PMOS traRBesPBEPNP2linad2ohe Fermefl pifght serdnideu tofity d INKORB
transistor MN3 and fourth NMOS transi stor MN4 operate symetri cal
respectlver,a$@raaﬁlFﬁIpﬁ3§Bu§léh&? ?ﬁpu?hﬁhﬁ@ﬁop§ QU§P@ﬁaﬂ¥ﬂ9ﬂﬁ§%%ﬁ
included in the first np t g gg V1 and .t he secon%llnput vol t age V2. The
sai d del ay ci FROFE- ﬁﬁFSH gﬁg Ped }ﬁﬁ§t9P$§lﬁ9 PE tes THEfte M a circuit

I d Fi 2 h the d
Cireurt i i orapac teroad Y aBanSnd el el B A PasAtra FRer

symmetri cal Ceppgy; bl HetoASCQrf@ gﬁe)jat‘é" 58 o‘%g%b%l iﬁ'éh%gp%xpsem can be

repl aced by transcon uctance o transi stor can be

replaced by tE?QﬁQQEgHEtﬁ?QG 9? EE 3 %n%g ¥?£n§&s%%g'%%% c§QQuPe

repl aced by transconductance o transi stor

and Gds can b§eé§ﬁha§ﬁésb¥raﬁ§%‘%b§”91@2b9tt!°{%§& %e@b%'c’%i%d fax%wg-‘e&é)faz& he
NMOS transi stor for a bias current source in 7, respectlvely On

t he ot her hanéndf @écandl theeenbi akeSisab2l - bﬂﬁ‘éﬁl‘ﬁ’@kic"to' $heiY Gepdimpanent
included as a difference between two inputs, in Fig. 7, since one set of
the right anddtefihst RanandtaBs MN1 and M\2, one set of right and |eft
transistors MP1L and MP2, and one set of right and left transistors MN3 and
M\4 operate in Anfoppbsivbédtdgeecbnamplidsgechirvehy, siohrcen e agaghs der ed
that source electric potentials of the first NMOS transistor MNL and the
second NMOS t s@Ashdt yplimgeoroRityoll iage cuguensd] sourgeglaumds, comngagied he
differential signal conponent of the circuit in_the enbodi ment shown in
Fig. 7, the e§8i threAbiteptcdineond -ofBesitdEsits vopd agenmeoad nad ing

above- nenti oned equi val ent circuit, on one side shown in Fi
Accordingly, ﬁFFFgPégﬁPHrFS ﬁﬂgan§ téﬁnSGSHHEeVPé§P§€é@ %Fpéﬁéﬁbnductance

of the transistor 2 aced tran nducta ce of
Che first PrOESEFSRE: splroRor? Are pohjec okrkiy
July 2003 26 LE s SRNd4ELeREE;0k:0RG LI WDEO regfa' %70r :_Jé‘ Fio. 7

respectively. regar the “&rcdit “shown Zon e respectlve

channel “w dt héoﬂ'ﬂﬁo‘iﬁ‘éﬁn%& Eﬁ”%@u‘&f vtoﬁ‘%aﬁgr ?.15 4QsS d%rb%e X pLIEY

MN3 and MM are selected 50 tha he equation Is esta

possi bl e to obtabBnaecehanatbel Faite %%”QhéSNMb%tﬂ@éﬂéﬂ%ﬂ@ﬂiMNBNfdﬁﬂé fOF
the ring oscillator shown in Fig. 1, and an in-phase gain of Fig. 7 is

gi ven by the pgHat capreh) songca.differential gain of Fig. 7 is given by
the equation (14), respectively. In the enbodi nent shown in Fig. 7, as
ment i oned aboveThet biasppswell &ouaceoNBIAIChpple elVES biiagnticstidies NiMdis M\2,
WMN3, M\4 and MNB by PMOS transistors, respectively, and to construct the
PMOS transi st branbRstamd MNB2 floy EVDBSatsr ausirendr sourespect iaelba Béheirded ay
circuit for the ring oscillator in accordance with the present invention
easily real i zestarditfibar gegian.gdhe HMOFoteanisds tor Falfqm a ik an

i n-phase gain of less than or equal to 1. -29 What is clainmed is: 1. A
del ay circuit cRareatr SRETeScills argiandednpeitaiesg: aa MAts ] Idcthine pot ki al
line; 2 July 2003 a pair of output lines; a pair_of first-transistors

ar r anged betmé@ﬁn§§9dtpﬁr§ﬂrﬁﬁeaﬂqs ﬁﬁﬁﬂﬁﬂﬁ?ﬂr M¥te Bhd &Pt WOBut put

lines, reSpeCE:Ir\églsg.st or ?&%nqnap%%.trrsl,c a%%t entllo%vl elllenet'rlc dpotentJ_al side



a pair of second transistors arranged between said second electric
potential line and said pair of output |lines, respectively; wherein gates
of said first transistors are connected to said pair of out@dulyl2083s,
respectively, said first transistors are connected to each ot her
center-symmetrically, and said second trangji stors are connected to each
other center-symetrically, wherein said delay circuit further conprises a
third electrical potential line, said pair of output |ines being connected
to said third electric potential line, and wherein said delay circuit
further includes: a first voltage controlling current source connected to
one of said pairs of output lines; a second voltage controlling current
source connected to the other of said pair of output lines; wherein a

t ransconduct apowesf sappliystlimea¥SSst ors are set approximately equal to a
transconductance of said first and second voltage controlling current
sources. 2. A d8l &yreitr daputf Foldadgeny log@q |aatsecaast dmdivig v tdag iva,
wherein if the first tran5|stors are PMOS transistors, the second
transistors aPEeNVPBY I0siEstIRte ofndher Gt NMAS thnangistas Mk anbs
transi stors, the, sec d tran5|s or are PMOS transistors. 3. A del ay
circuit for a ﬁtﬁg ofsd m dragsigton MNZ é"(ﬂsrﬂecc’tﬂo‘f%xfh a¥nl i ne;

f f
Sara first ol BBeR Chan gm fr‘%afné“@n?d %&w%&%én%”rrs'@lgfﬁtafﬁr ot TdEer
respectively; +3,38G0A CAEG! Hik R o@ i AN y ory 20633 - 30 a

pair of SGCOI’]& transistors ar r ange ween Sal SGC% ect %Ot ent i al

line and sai doogind! WM Jidas, 1 SaRsELne) Y e Gl G 5

first transistors are connecte to said pair o output | i nes, respectlvely,

said first traRaraeetiditd EOYEHRI #18 Lagmoy ft%rargq@ﬁr IMTTELHA CEhd Y
and said second transistors are connected to each ot her

cent er - symret seeahnkly NMUSe teiah s tbrd MNey aiid aitid ddiid ey URrdEese, aahdird
el ectric potential line, said pair of output |ines being connected to said
electric characteristics of the first PMOS transistor MP1
and the second PMOS transistor MP2 are the same as each
other, one set of the right and left first NMOS transistor
MN1 and second NMOS transistor MN2, one set of right and
left first PMOS translstor MP1 and second PMOS transistor
MP2, and one set of right and left first voltage
controlling current source I1 and second voltage
controlling current source I2 operate symmetrically,
respectively, for an in-phase signal input which is a
signal commonly included in the first input voltage V1 and
the second input voltage V2. The said delay circuit which
operates symmetrically in this manner can be expressed by
only a circuit on one side shown in Fig. 2 in which the
delay circuit is divided into two with respect to a
symmetrical center line.

If an in-phase signal component is focussed, the circuit



‘third electric potential line, a pair of third transistors arranged between
"said pair of output lines and said first electric potential line, and gates
of said first transistors are center-symetrically connect e2iJuly26@3 es of
-said third transistors. 4. A del ay circuit for a ring oscillator,

- conprising: a first electric potenti al gg a pair of output lines; a pair
of first transistors arranged between sal first electric potential Iine
and said pair of output lines, respectively; a second electric potenti al
line; and a pair of second transistors arranged between said second
electric potential line and said pair of output |ines, respectively;.
wherein gates of said first transistors are connected to said pair of
output lines, respectively, said first transistors are connected to each

ot her center-syowet incBlify, 2andrsaesgosésonhd tnaagusvelsnar eicomiécttéctt o
each other center-symetrically, wherein said delay circuit fiu~ther

conpri ses: a ihieduévetentctpoernt sale| phethsatdrpruit of Baugputl .l iImeshsei ng
connected to said third e[ect(ic otential line, and a pair of third

transi stors a?@%h@@ﬁeﬁétﬁééﬁuéﬁi pBi-E - of - obEPUECPRABS taRaes &ifd thisi r d

el ectric potenti al ne, ates of said third transistors are

connected to E%FﬁtoﬁwgﬁttFPHE%S%PEsHH&tF§eF§Pr8$eﬂtﬁglQV ERfeuit for, a
Il at : f | I tial

out gt 11 neo. £ raﬁssﬁﬁéhééegcea 'Eﬁs. &gg% prigf” %Egﬁé?&e'r?ﬁsﬁra&%'ea

e veen, 33 1554 EhEGHT b, R She bRy 0058 PP, 2B s

transistors %63998§19ﬁé“@89r§ﬁkd58898§dgfig %nggg%ﬁﬁghgggtﬁﬁp and said

pai r of outpu I nes spectively; l'ine,

wherei n: gat egoRhusehAch! betwkbANS! akais 8h8 S0BBEELEUOEOLRR M)@r of

out put i nes,
transistor MNB for a bilas current source is represented by

Gds, and a conductance component for an in-phase signal
component is represented by y3. With regard to the
conductance component for the in-phase signal component,
since only conductance which is a half of the conductance
between a drain and a source of the NMOS transistor MNB
for a blas current source contributes to the in-phase
signal component, y3 = Gds/2.

Similafly, in case that the first NMOS transistor MNI1,
the second NMOS transistor MN2 and the NMOS transistor MNB
for a bias current source are in a saturation region, and
electric characteristics of the first NMOS transistor MN1
and the second NMOS transistor MN2 are the same as each
other, and electric characteristics of the first PMOS
transistor MP1 and the second PMOS transistor MP2 are the
same as each other, one set. of the right and left first

NMOS transistor MN1l and second NMOS transistor MN2, one



respectively, said first transistors are connected to each ot her
‘center-symetrically, and said second transistors are connected to each
other center-symetrically, said pair of output lines are sgpRegpgd to said
third electric potential |ine, and wherei ngphen input voltages applied to
gates of said second transistors, respectively, are represented by V 1 and
V2, an in-phase input voltage with respect to said input voltages V 1 and
V2 is represented by VIQ a differential input voltage included as a form
of an input difference between the two inputs V1 and V2 is represented by
~VI, two output voltages which appear in said output |lines are represented
by Vo 1 and Vo2, and inphase output voltage which is commonly included in
sai d out put véetagds nightamnd/oeis FipsesRiPedignsiaon MRl ferénseabnd
out put voltage included as a formof an output difference between said

out put vol t agédlOfp trapfil s iMP3 et e oy W ighbnardnbett aftesbf
said first transistors is represented by Gmp, transconductance of said
second transi 1G98 C'r‘@'b‘i%%]&ﬂ’t% PPt TQWFER ohbIRRAnTeCPRd Eeht agRd
output lines and said third electric )Potential line |s represented by Gm

and conduct anCEHE G HRT ST RUTCE skt FRPXRES iy #h-BeeL g n

207 am cosl Sttt enet S e Y, dlErerenftal SfhaL (€fbnks so
then G 15 erta i & FHAAL oot oy oanainy i Pudge QBPRE P KRR O
So that sait CEERGERGEIELARSCRTRG ELINL St SPOLEAGE VRRRARERELS )
defay circuit diory ridj@utoSEbl ¢ fyOrvaccon timdrdda€d at o She WhEEEL NNBOEd

delay circuit further conprises: a fourth electric potential line; and a
bi as transi st airaaid anged Met vaed See dséoviid NedSCtrats DOtERt MRE Whinenand
said second electric potential |ine, conductance between a drain and a

source of sai dpgEmstd raansasteopposidesdnecoheh aih Babs mMandedel 4y ebnc biet
for aring oscillator according to claim5, wherein a differential gain
~VQ ~VI is expraassigibngd ttatf ot heivw nge speetiva: soue \BlecGrie( Gp- Gy, and
val ues of the parameters Gm, Gwp and Gnare set so as to be Gm > (Gmp
Gr). 8. A del @&ptEntkials faFe IR bRELY a2 cgrekdralagtsccratantiader ein
said delay circuit fiuther ﬁ%ﬁéi ses: a fourth electric potential line; and

a bias transi &t the dhbest ehransistot YNl cpRdt Fhe peeenti ¥MOFi ne and
id d electri t ial |ine, duct b dr ai d
source of sai ¢ IAMALTTEINE (ran PSP HOHERFGH B6rShkht BCALTCHLE AOfoPRg

circuit for ag#d‘?.&?&b&'fﬁ%g@wr's' ng: a first electric potential Iine;
a pair of outpu imnes; a pair"of first transistors arranged between said

first electric pﬁe{'t&ﬂféfé‘xftﬁé'ﬂ §§§Hapa&5m€$n@ﬂ£pyg EbBESscheSRREL I Vel y;

. a second electric potential line; a pair of second transistors arranged
bet ween sai d secanei €l SedkhCiROFE§t i 8l cbthesphlasatd Bai bq@ivaukpwt |ines,
respectively; and a third electric potential |ine, wherein:

circuit that is eguivalent to one side of the circuit of
Fig. 1. Same as the equivalent circuit of Fig. 2, also in
the equivalent circuit of Fig. 3, transconductance of the
first NMOS transistor MN1l is represented by the above-
mentioned Gnm, transconductance of the first PMOS
transistor MPl is represented by the above-mentioned Gmp,
and transconductance of the first voltage controlling

current source Il is represented by the above-mentioned Gm.



'‘gates of said first transistors are connected to said pair of output Iines,
respectively, 2 July 2003 -33 said first transistors are connected to
each other center-symetrically, and said second transistor2Jaly@0@dnnect ed
to each other center-symetrically, said pair of output |ines are connected
to said third electric potential line, and;pherein if said first
transistors are PMOS transi stors, said second transistors are NMOS
transistors, and if said first transistors are NMOS transistors, the second
transi stors are PMOS transi stors, and wherein when input voltages applied
to gates of said second transistors, respectively, are represented by V 1
and V2, an in-phase input voltage with respect to said input voltages V 1
and V2 is represented by VIQ a differential input voltage included as a
form of an i npuffhdi fffiasdndMOSettursars tdiont WP T rpptay s/ dpearak e is a
represented by ~VI, two output voltages which appear in said output |ines
are represent S@tHrajdlorgmeMen HMEe it ttritgnd i imgEreshort s
commonl y included in said output voltages Vo 1 and Vo2 is represented by
VOQ a diff er EAECAL &G frt 8t ffdehclanfedi B% TS IGHIICAY butHuequal

di fference bet we%gpsai d output voltages Vol and Vo2 is represented by CVQ
t r ansconduct at€e IHAPFGGUGLARRE %R s A% IRhass i Py W@hptage

t duct f i.d d t i St ' [ ted b :

tr ansconduct anee BATEAT S5 WIR JBYS habt 4t O o8 H9RE TR DY VIQ.
tential |i i K . desi] t ant

s set to s angnd ASATErE Y o ot R 3% RARES Corai ned

by the foll ow i an; \éqg(}q = * SRHFD S0 Gs/ :

sgi d Ses?gnoyg%gl gﬂlt%fﬂsq' eci‘li ne s(,gos aa}s é%e@(}%%@é sajl'q(?%%]uatl ﬁfi 1'521)1@,

re-expressed wyoh i pdted VAP RITRKIVIRL $Nre pSd (¥BY By AV Nl @dindyifgeans of
the followi ng equation: VOQ VIQ = - (&ds/2)/(Grmp+ , and sai d design

constant Gds iphalse iput R IGIdataly 98 sorfdadnsaid ifpphassl 8a4é are
becones small enough. 10. A delay circuit for a ring oscillator according

to claim9, wdefdineda bdi ftfhey efdlladwigsd requé¥iodsi s expressed by the

follow ng equation: OVO L1, VI = Gm/(Gmp-Gn, and 2 July 2003 -34 val ues
of the paranefle~ph@se iGmtandlGmgse BE so(\Es+VYD) 2, Gm X1 Gwp-Gn. 11. A
delay circuit for a ring oscillator according to claim 10, wherein said

del ay “Gi r cui t Diffielven tdadpriingust witagah Mect r(ClpgR ential (2he; and a

bi as transi stor arranged between said fourth electric potential |ine and

sai d second el eSimidagdiventdia|in inha s HHRY arkel tRgsweameenkn| i ehaded

source of said bias transistor is said desizgn_ const ant Cds.
in the two outputs Vol and Vo2 is represented by VOQ, and

a differential output voltage that is a signal component
included as a form of an output difference of the two
outputs Vol and Vo2 is represented by AVO, and the in-
phase output voltage and the differential output voltage
are defined by the following equations:
In-phase output voltage: VOQ = (Vol+vo2)/2, *** (3)
Differential output voltage: AVO = (Vol-vVo2). *°** (4)

In accordance with such definitions, the input voltages
V1l and V2, and the output voltages Vol and Vo2 are
expresséd by the following equations, respectively:

V1 = AVI/2+VIQ, *'* (5)



'12. A delay circuit for aring oscillator, conprising: a first electric
potential line; a pair of output lines; a pair of first transistors
arranged between said first electric potential |ine and sai2Juai200®f out put

-lines, respectively; a second electric potential line; and a pair of second
transistors arranged between said second ggectric potential line and said
pair of output lines, respectively, wherein respective gates of said first
transi stors are connected to said pair of output lines, respectively, said
first transistors are connected to each other center-symetrically, and
said second transistors are connected to each other center-symetrically,
the delay circuit further conprising a third electric potential I|ine,
wherein said pair of output lines are connected to said third electric
potential |iné2 ahed¥In2+VIQhe frré6)transistors are PMOS transistors, the
second transistors are NMOS transistors, and if the first transistors are
NMOS transi st¥ed, =t ABO42¢¥BAA. .t ransi3dors are PMOS transistors, further
conprises a pair of third transistors arranged between said pair of output
lines and sai¥io#iTstABLERtVPR-poténfBAl 1ine, and gates of said first
transistors are_cepter-symmetrically connected o gates of said third
transistors. 13IDAtRG| §FUEVALER 6¥°31Fiﬁ§ B8ciPrRRgFe EOMPPIRSPYg: a first
el ectric potenti ine; a pair_,of oytput_lines; 2 July,2003 - 3 a pair
of first traﬁgééa%résa?Pg ﬁeanbg?§éez'saiH°#FFgF 8F§85Fi¥hﬁoF8HﬁW§%qqqé;
and sal d pair ?HQ“&QQ% L5BgSpy' §xPeGk! Y& gx Be2EANY ?g‘ﬁ%t el %‘3}1%[51:{' al
line;, a pair ¥ second transi stors arrange BePween S secon& el'ectric
potential ling ﬁQPi?ﬁLd pair of output lines, respectively; and a third
electric potengla Ine, wherein gates of said first transistors are
connected to ggid @ﬁhavgg/@ghﬁugdgyggs,.nqugctiveIy, said first
transistors are connected to each other center-symetrically, and said
second transigiehSraspesenischfdohiep@achogkh@hegentfe- SHAIPRLLEC Jdtput

voltage VOQ appears, the following equation is
established:
Gmn* (VIQ-VX)+Gmp*VOQ+Gm*VOQ = 0., *-+ (10)
If VOQ/VIQ i1s assumed for an in-phase gain, from the
equation (10),
VOQ/VIQ = -(Gmn*Gds/2)/{(Gmp+Gm)*(Gmn+Gds/2)}. <+ (11)
Generally, with regard to the MOS transistor which is
blased in a saturation region, transconductance is large
enough compared with the conductance between a drain and a
source. Moreover, since the NMOS transistor MNB for a bias
current source acts as a current source, usually the gate
voltage VBIAS is set so that the conductance between a
drain and a source becomes to be small enough. Accordingly,
it can be considered that Gmn >> Gds/2 is established. The
equation (11) is simplified as the following equation:

VOQ/VIQ = -(Gds/2)/(Gmp+Gm) << 1. **+ (12)



"said'pair of output |ines are connected to said third electric potential
‘line, and if said first transistors are PMOS transistors, said second
transistors are NMOS transistors, and if said first transisée4¥280% NMOS
-transistors, said second transistors are PMOS transistors, said del ay
.circuit further conprising a pair of thi rd]]7transi stors arranged between
said pair of output lines and said first electric potential |ine, and gates
of said first transistors are center-symetrically connected to gates of
“said third transistors, wherein when input voltages applied to gates of
said second transistors, respectively, are represented by V 1 and V2, an

i n-phase i nput voltage with respect to said input voltages-V 1 and V2 is
represented by VIQ a differential input voltage included as a formof an

i nput differehcesbehwedshe! gaimwds dpllly ¥nhldred Yhars I.ediesEdedy pyinV ,
two out put voltages which appear in said output |ines axe represented by Vo
1 and Vo2, an@henphadyadenpuciveuidgeive ¢ fifemeorisil \siigrd udwnponeat d
out put voltages Vol and Vo2 is represented by VOQ a differential output
vol t age i ncl udBdchs ig BdOwWrofnad igut put Wdithy eresmes théiovdah axirIbut put
voltages Vo 1 and Vo2 is repr esentfed by CVO, transconductance of said first

transi stors i SOPEFFes¥RCES oo fherendddid fittinde Vol tage A rpears.
transistors i s _repr ient ed t()ay , _transconduct ance between sai d out put
lines and sai 3h?h%r°§_ ML, | @“%‘nrl_@ﬁ’t irdl A5 S Y%T esent ed by Gn and
conduct ance a&mﬁ.*q%%'ﬁ'} Bgr%%g,zn_twos/ r@%%&tklo( ()Av%(gz )an= in- p,h_a,sle( P?i n voQ ;/I Q |O]:

'sai d del ay circuiti's’optal by 't equation: .

vOQ V~I Q~=- (%Bﬁgﬁégﬁﬁ+%%%t%ﬁa in %g}'(%ﬂg[si gn const ant is

defined so as said equation s re-expressed with a good

appr oxi mat i on ARy 18I dns, Aldnl ed,. .y ns of the follow ng equation:
-36 2 July 20036{\7/&3’ VIQ = -ﬁ( é?s-?%)/(erp+@ and sai d design constant ~

Gds is furthepgsappparicndt &rbns ahes @dlat otdi (A 4)N- RRASR gt fgconmes smal |
enough. 14. A delay circuit for a ring oscillator according to claim 13,

wherei n a di f parafetalirsg@dion asV@dOW¥e i s expressed by the foll ow ng equation:
~VO ~VI = Gm/(Gmp-Gr), and val ues of the paraneters Gm, Gwp and G n are
set so as to BmnGm (SmpGEm)GT).° *15.153 delay circuit for a ring oscillator
according to claim 13, wherein said delay circuit further conprises: a
fourth7el ectriit pet @osisdblle te make £hs a4 fifreeitsitadr gadmanyeddareren sai d
fourth electric potential |line and said second electric potential |ine,
conduct ance b&h@Be®Taedit@ln ténd -a source of said bias transistor is said
design constant _Gds. 16. A delay circuit for a ring oscillator,

conpri si ng:
a first el ectri 8YpSedidng tYhendranseondusitanas @R iHfesthey Hhyst o?‘rg(?-lc"rst
transi stors arranged bet n sajd.first electric potential |ine and said
pair of out qurPP%’ ,torregﬁ’glcﬁrael e zfefé’é%(}“@%éf’?a}rbgjﬁﬁ%‘ﬁtm%? ¥ and a
pair of second_transj.stors arranged bet n.,said cOo | ectry otenti al
"Phe and”sar dYBAF SO it o deenieaERib GG YA e i Ledt . Gat os

of said first LRRY1SHYS RGN dREd T 15U R A 1s possible to

arbitrarily set the differential gain to be a value more
than or equal to 1. Generally, with regard to a MOS
transistor, it is posslible to set its transconductance to
an arbitrary value by adjusting a channel width and a
channel length which are shapes of its gate. Accordingly,
by adjusting the gate shape of the NMOS transistors MN1
and MN2 and the PMOS transistors MP1l and MP2, a designer

can easily obtain a relation of the equation (15).



‘output lines, respectively, said first transistors are connected to each

ot her center-symetrically, and said second transistors at e connected to
each other center-symmetrically, a the delay circuit furthe?Jdp@pp3sing a
third electric potential line, wherein said pair of output lines are
connected to said third electric potential 1§i ne, -37 2 July 2003 wherein
if the first transistors are PMOS transistors, the second transistors are
NMOS transistors, and if the first transistors are NMOS transistors, the
second transistors are PMOS transistors, further conprises a pair of third
transi stors arranged between said pair of output lines and said third
electric potential line, and gates of said third transistors are connected
to said output |ines, respectively. 17. A delay circuit for a ring
oscillator, conpt® sthR):ePedinent| ehewncinoteatihl Lfnds Bopaiblef teut put
lines; a pair of first transistors arranged between said first electric
potential |ine P U‘%a‘?”?o%ft’éﬁ?%ﬁt?gﬁe@}ure‘%‘fﬂ%c??@emy? BYsBMBAd
electric potential Jline; a pair of.second trapsistors arrang et ween said
second eIectri%F?Rﬁ%ﬁ#b%ﬁ'l PG %%ﬁ%'p%?é g? bbb ﬁ?elﬁﬁﬁsfﬂpgspectively;
and a third el rlc.po Lal _Jj rei.n.gates of . said first ..
transistors af%ﬁ%g%ﬁgg %%q%%?s%égq%%%rg f§%§§p Fa?Fﬁ%E?rFesBSEPPGEFVF1¥aid

first transistiys.are copnected Lo eagh gbher o6 sSYPURET LEALLY: 31

d
said second transistorS are connec 0 eac cen -symmetrically,
said pair of oMi@us!boesmareoCoENEs! efli40r £6h dokibedy CLEGLELC hBECRbIA
line, wherein i1s said transistors are transistors, sald sectond
transistors angNM& té@nsustfsde. and if said first transistors axe NMOS
transi stors, said second transistors are PMOS transistors, said delay
circuit further TcOMHE Shbh@ve mPationédt beldyt & anch st ofr6rathangefdgbet ween
said pair of output lines and said third electric potential |ine, and
wher ei n gat es edcthlatéohi in sdceosdshee swatke thanprésdntoinamedtabhpdas |ines,
respectively, wherein when input voltages applied to gates of said second
transi stors, resgpdctivetyse art cepstventingby ¥ingansci2ladari hapliageodd
i nputwol tage with respect to said input voltages V 1 and V2 is represented
by VIQ a diffekages Py inpans voft BBeAYdc| PEbAY hsandf BERAEE thatnpue
di fference between the two inputs V1 and V2 is represented by ~VI, two
out put” vol t ageSh e cfebppettrenltai showh pt Fidestar 81REpr dsenfelOBylibd el
and Vo2, and iqghase out put voltage whi ch is connnnlgaincluded in said

out put vpltagé% Vet gt gine ?é@%ﬁ?eﬁhﬁ9 Nioeaet:) iF?eFeﬁ?FaP out put
vo age "l ot .8, L0L 10ty LT SACR LA B B
ltransconduct ange. O%n Sfﬁgpﬂééétsi{yﬁ‘&fi é&@%&néﬁt[ eRLESEILEIRY 16/ Rhe in-
transconduct ance of sal d second Prans, St OrS 1S’ representeq by Gm.

transconduct a%@é’t&f&@aﬁawmg&ﬁaﬂﬁ caReBe aeépgeégsé&i, rdngl ggt 1isC
potential line 1s represented by Gn and conductance as a desi gn constant

is set to Gds,padisibr®heserdal Pzy R M hYyobs&L Uatleravhethcgbheratalt ai ned
by the followi ng equation:
oscillation only for the differential signal component.
Similarly, in case of constructing a ring oscillator
having even stages by means of DELAYO, DELAY1l, DELAY2 and
DELAY3 that are four delay circuilts shown in Fig. 5, since,
like the above-mentioned ring oscillator having the odd
stages, it is possible to set a loop gain to more than or

equal to 1 for a differential signal component and less

than or equal to 1 for an in-phase signal component,



VOQVIQ =- (Gm*&ds/ 2)/ {(Gmp+Gr) *(Gm+CGds/ 2)}, said design constant is
~defined so as to be GmGds/ 2, said equation is re-expressed with a good
approxi mation, when Gm is elininated, by neans of the fol |2dng0&}uati on
- VOQVIQ = - (Gds/2)/(Gwp+Gr), and said design constant Gds is further
appropriately set so that said in-phase gajyi becones small enough. 18. A
delay circuit for a ring oscillator according to claim17, wherein a
differential gain ~VO ~VI is expressed by the follow ng equation: ~VO ~VI =
Gm/ (Gmp-Gn, and values of the paraneters Gm, Gwp and Gnare set so as to
be Gm > (Gmp Gn). 19. A delay circuit for a ring oscillator according to
claim 18, where said delay circuit further conprises: a fourth electric
potential line; and a bias transistor arranged between said fourth electric
potential |ineiatdbda dogetidnicbrelfont rile pot-gtdsad digrml comusi e echrt ween
a drain and a source of said bias transistor is said design constant Gds.
20. A del ay cihbecwuprmessed, rpdsidi |1satmrs sideiey dicngrealtizelaiming wherein
t he transconductance of said transistors is determ ned based on channel
wi dt hs and chasedllladmgt higth tgenerates ofsaiailhatfiorstonknnist ths.
A CAF[FR A Af 3e. A@L. A5. A5Y% AF. As. Al 3. A A | . A5 A3[& A Al. A Au . Al .AY
Al . Al . AF53. Adéﬁ@@qugg§;q§ygqq#5qquonent With regard to the number
.AFHR. A, s. A@s% A . A5. A . AH . Al
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a]ca]ca]ca]cak& ca] ca] ca]ca] ca] cal [
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D_DDDEEeEEENFGHH$QQIQﬁﬂﬂﬂmﬁAﬂww%e variable, which 1s a response period
of time of its iﬁput voltage and output voltage. Since an
oscillating frequency of the ring oscillator is determined
by a delay period of time which the delay circuit has and
the number of the delay circuits which exist in a loop,
the ring oscillator which is realized by using the delay
circuit in accordance with the present invention can
electronically control the oscillating frequency.
Accordingly, the delay circuit for the ring oscillator in
accordance with the present invention is suitable for
application to a VCO that is a basic constitution element

of a PLL. Since the principle of the ring oscillator using

the delay circuit and the application of the ring
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transistor MP2, and a wiring relation between the high
electric potentlal side power supply line VDD, the output
line 2, the pair joint line 5 and the low electric
potential side power supply line VSS for the first NMOS
transistor MN1l, the second NMOS transistor MN2, the first
PMOS transistor MP1 and the second PMOS transistor MP2,
these relations are totally the same as those in Fig. 1.
A second output line 2B is connected to the high
electric potential side power supply line VDD through a
third PMOS transistor MP3. A first output line 2A is
connected to the high electric potential side power supply
line VDD through a fourth PMOS transistor MP4. A gate‘of

the third PMOS transistor MP3 is connected to a gate and a
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drain of the second PMOS transistor MP2. A gate of the
fourth PMOS transistor MP4 is connected to a gate and a
drain of the first PMOS transistor MP1l. The third and
fourth PMOS transistors MP3 and MP4 are voltage
controlling current sources for detecting an output
voltage and converting it into a current. A VBIAS is the
same as that of Fig. 1 in the sense that it is a bias
power supply line for controlling a current of the NMOS
transistor MNB for a bias current source.

By replacing the voltage controlling current source Il
for detecting the output voltage Vol and converting it
into a current, which is shown in Fig. 1, by the third
PMOS transistor MP3, and replacing the voltage controlling
current source I2 for detecting the output voltage Vo2 and
converting it into a current, which is shown in Fig. 1, by
the fourth PMOS transistor MP4, an embodiment shown in Fig.
6 1s realized.

With regard to the circuit shown in Fig. 6, a channel
width and a channel length of the first NMOS transistor
MN1 and the second NMOS transistor MN2 are set to be the
same as each other in both transistors so that both
transistors obtain the same electric characteristic.
Similarly, a channel width and a channel length of the
first PMOS-fransistor MP1l and the second PMOS transistor

MP2 are set to be the same as each other in both
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In case that the transistors MN1l, MN2 and MNB are in a
saturation reglon, respectively, one set of the right and
left first NMOS transistor MN1l and second NMOS transistor
MN2, one set of right and left first PMOS transistor MP1
and second PMOS transistor MP2, and one set of right and
left third PMOS transistor MP3 and fourth PMOS -transistor
MP4 operate symmetrically, respecfively, for an in-phase
signal input which is a signal commonly included in the
first input voltage V1 and the second input voltage V2.
The said delay circuit which operates symmetrically in
this manner is a circuit same as only a circuit on one
side shown in Fig. 2 in which the delay circuit is divided
into two with respect to a symmetrical center line.

Accordingly, with regard to Fig. 2, Gmn can be replaced
by transconductance of the transistor MN1l in Fig. 6, Gmp
can be replaced by transconductance of the transistor MP1
in Fig. 6, Gm can be replaced by transconductance of the
third PMOS transistor MP3 in Fig. 6, and Gds can be

replaced by conductance between a drain and a source of
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signal input which is a signal component included as a
difference between two inputs, in Fig. 6, since one set of
the right and left transistors MN1l and MN2, one set of
right and left transistors MPl and MP2, and one set of
right and left transistors MP3 and MP4 operate in an
opposite direction, respectively, it can be considered
that source electric potentials of the first NMOS
transistor MN1 and the second NMOS transistor MN2 of Fig.
6 are equivalently grounds, and for the dlifferential
slgnal component of the circuit iq the embodiment shown in
Fig. 6, the equilvalent circuit on one side is the same as
the above-mentioned equivalent circuit on one side shown
in Fig. 3. Accordingly, with regard to Flg. 3, Gmn can be
replaced by transconductance of the transistor MN1l in Fig.
6, Gmp can be replaced by transconductance of the first
PMOS transistor MPl1l in Fig. 6, and Gm can be replaced by
transconductance of the third PMOS transistor MP3 in Fig.
6, respectively.

With regard to the circuit shown in Fig. 6, if the
respective channel widths and channel lengths of the
transistors MN1, MN2, MPl, MP2, MP3 and MP4 are selected
so that the equation (15) 1s established, it is possible

to obtain a characteristic same as that of the delay
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a differential gain of Fig. 6 is given by the equation
(14), respectively.
In the embodiment shown in Fig. 6, as mentioned above,
it 1s possible to construct the PMOS transistors MP1l, MP2,
MP3 and MP4 by NMOS transistors, respectively, and to
construct the NMOS transistors MN1l, MN2 and MNB by PMOS

transistors, respectively.

Fig. 7 shows a circuit arrangement in accordance with a
third embodiment of the present invention. With regard to an

inter-

connection relation between the first NMOS transistor MN1,
the second NMOS transistor MN2, the first PMOS transistor
MP1 and the second PMOS transistor MP2, a connection
relation between the active points of the input voltages
V1l and V2 and the terminal points of the output voltages
Vol and Vo2, and the first NMOS transistor MN1l, the second
NMOS transistor MN2, the first PMOS transistor MP1l and the
second PMOS transistor MP2, and a wiring relation between
the high electric potential side power supply line VDD,
the output line 2, the pair joint line 5 and the low
electric potential side power supply line VSS for the
first NMOS transistor MNl1l, the second NMOS transistor MN2,

the first PMOS transistor MPl and the second PMOS
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transistor MP2, these relations are totally the same as
those in Fig. 1.

A second output line 2B is connected to a ground line
through a third NMOS transistor MN3. A first output line
2A 1s connected to the ground line through a fourth NMOS
transistor NM4. A gate of the third NMOS transistor MN3 is
connected to a gate and a drain of the second PMOS
transistor MP2. A gate of the fourth NMOS transistor MN4
is connected to a gate and a drain of the first PMOS
transistor MP1l. The third and fourth NMOS transistors MN3
and MN4 are voltage controlling current sources for
detecting an output voltage and converting it into a
current. A VBIAS is the same as that of Fig. 1 in the
sense that it 1s a bias power supply line for controlling
a current of the NMOS transistor MNB for a bias current
source.

By replacing the voltage controlling current source Il
for detecting the output voltage Vol and converting it
into a current, which is shown in Fig. 1, by the third
NMOS transistor MN3, and replacing the voltage controlling
current source I2 for detecting the output voltage Vo2 and
converting it into a current, which is shown in Fig. 1, by
the fourth NMOS transistor MN4, an embodiment shown in Fig.
7 is realized. )

With regard to the circuit shown in Fig. 7, a channel
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width and a channel length of the first NMOS transistor
MN1 and the second NMOS transistor MN2 are set to be the
same as each other in both transistors so that both
transistors obtain the same electric characteristic.
Similarly, a channel width and a channel length of the
first PMOS transistor MP1l and the second PMOS transistor
MP2 are set to be the same as each other in both
transistors so that both transistors obtain the same
electric characteristic. Furthermore, similarly, a channel
width and a channel length of the third NMOS transistor
MN3 and the fourth NMOS transistor MN4 are set to be the
same as each other in both transistors so that both
transistors obtain the same electric characteristic.

In case tﬁat the transistors MN1, MN2 and MNB are in a
saturatlion reglon, respectively, one set of the right and
left first NMOS transistor MN1l and second NMOS transistor
MN2, one set of right and left first PMOS transistor MP1
and second PMOS transistor MP2, and one set of right and
left third NMOS transistor MN3 and fourth NMOS transistor
MN4 operate symmetrically, respectively, for an in-phase
signal input which is a signal commonly included in the
first input voltage V1 and the second input voltage V2.
The said delay circuit which operates symmetrically in

this manner is a circuit same as only a circuit on one

side shown in Fig. 2 in which the delay circuit is divided
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into two with respect to a symmetrical center line.

Accordingly, with regard to Fig. 2, Gmn can be replaced
by transconductance of the transistor MN1l in Fig. 7, Gmp
can be replaced by transconductance of the transistor MP1
in Fig. 7, Gm can be replaced by transconductance of the
third NMOS transistor MN3 in Fig. 7, and Gds can be
replaced by conductance between a drain and a source of
the NMOS transistor MNB for a bias current source in Fig.
7, respectively. On the other hand, for a differential
signal input which is a signal component included as a
difference between two inputs, in Fig. 7, since one set of
the right and left transistors MN1l and MN2, one set of
right and left transistors MP1 and MP2, and one set of
right and left transistors MN3 and MN4 operate in an
opposite direction, respectively, it can be considered
that source electric potentlials of the first NMOS
transistor MN1 and the second NMOS transistor MN2 of Fig.
7 are equivalently grounds, and for the differential
signal component of the circuit in the embodiment shown in
Fig. 7, the equivalent circuit on one side is the same as
the above-mentioned equivalent circuit on one side shown
in Fig. 3. Accordingly, with regard to Fig. 3, Gmn can be
replaced by transconductance of the transistor MN1l in Fig.
7, Gmp can be replaced by transconductance of the first

PMOS transistor MP1l in Fig. 7, and Gm can be replaced by

10
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transconductance of the third NMOS transistor MN3 in Fig.
7, respectively.

With regard to the circuit shown in Fig. 7, if the
respective channel widths and channel lengths of the
transistors MN1l, MN2, MPl, MP2, MN3 and MN4 are selected
so that the equation (15) is established, it is possible
to obtain a characteristic same as that of the delay
circuit for the ring oscillator shown in Fig. 1, and an
in-phase gain of Fig. 7 is given by the equation (12) and
a differential gain of Fig. 7 is given by the equation
(14), respectively.

In the embodiment shown in Fig. 7, as mentioned above,
it 1s possible to construct the NMOS transistors MN1, MN2,
MN3, MN4 and MNB by PMOS transistors, respectively, énd to
construct the PMOS transistors MP1 and MP2 by NMOS
transistors, respectively.

The delay circuit for the ring oscillator in accordance
with the present invention easily realizes a differential

gain of more than or equal to 1 and an in-phase gain of

less than or equal to 1.

9
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What is claimed is:

1. A delay circuit for a ring oscillator, comprising:

a first electric potential line;

a pair of output lines;

a pair of first transistors arranged between said first electric potential line and
said pair of output lines, respectively;

a second electric potential line; and

a pair of second transistors arranged between said second electric potential line
and said pair of output lines, respectively;

wherein gates of said first transistors are connected to said pair of output lines,
respectively, said first transistors are connected to each other center-symmetrically, and
said second transistors are connected to each other center-symmetrically,

wherein said delay circuit further comprises a third electrical potential line, said
pair of output lines being connected to said third electric potential line, and

wherein said delay circuit further includes:

a first voltage controlling current source connected to one of said pairs of output
lines;

a second voltage controlling current source connected to the other of said pair of
output lines;

wherein a transconductance of a first transistors are set approximately equal to a

transconductance of said first and second voltage controlling current sources.

2. A delay circuit for a ring oscillator according to claim 1,

wherein if the first transistors are PMOS transistors, the second transistors are
NMOS transistors, and if the first transistors are NMOS transistors, the second transistor
are PMOS transistors.

3. A delay circuit for a ring oscillator, comprising:

a first electric potential line;

a pair of output lines; o

a pair of first transistors arranged between said first electric potential line and
said pair of output lines, respectively;

a second electric potential line; and
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respectively, said first transistors are connected to each other center-symmetrically, and
said second transistors are connected to each other center-symmetrically,

wherein said delay circuit further comprises:

a third electric potential line, said pair of output lines being connected to said
third electric potential line,

a pair of third transistors arranged between said pair of output lines and said first
electric potential line, and

gates of said first transistors are center-symmetrically connected to gates of said
third transistors.

4. A delay circuit for a ring oscillator, comprising:

a first electric potential line;

a pair of output lines;

a pair of first transistors arranged between said first electric potential line and
said pair of output lines, respectively;

a second electric potential line; and

a pair of second transistors arranged between said second electric potential line
and said pair of output lines, respectively;

wherein gates of said first transistors are connected to said pair of output lines,
respectively, said first transistors are connected to each other center-symmetrically, and
said second transistors are connected to each other center-symmetrically,

wherein said delay circuit further comprises:

a third electric potential line, said pair of output lines being connected to said
third electric potential line, and

a pair of third transistors arranged between said pair of output lines and said third
electric potential line, where gates of said third transistors are connected to said output

lines, respectively.

5. A delay cifcuit for, a ring oscillator, comprising:
a first electric potential line;

a pair of output lines;
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a pair of second transistors arranged between said second electric potential line

and said pair of output lines, respectively; and
a third electric potential line,

wherein:

gates of said first transistors are connected to said pair of output lines,

respectively,

said first transistors are connected to each other center-symmetrically, and said

second transistors are connected to each other center-symmetrically,

said pair of output lines are connected to said third electric potential line, and

wherein when input voltages applied to gates of said second transistors,

respectively, are represented by V1 and V2, an in-phase input voltage with respect to said

input voltages V1 and V2 is represented by VIQ, a differential input voltage included as a

form of an input difference between the two inputs V1 and V2 is represented by AVI, two

output voltages which appear in said output lines are represented by Vol and Vo2, and in-

phase output voltage which is commonly included in said output voltages Vol and Vo2 is

represented by VOQ, a differential output voltage included as a form of an output

difference between said output voltages Vol and Vo2 is represented by AVO,

transconductance of said first transistors is represented by Gmp, transconductance of said

second transistors is represented by Gmn, transconductance between said output lines and

said third electric potential line is represented by Gm, and conductance as a design

constant is set to Gds, an in-phase gain VOQ/VIQ of said delay circuit is obtained by the

following equation:

VOQ/VIQ = - (Gmn*Gds/2)/{(Gmp+Gm)*(Gmn+Gds/2)},

said design constant is defined so as to be Gmn>>Gds/2, said equation is re-expressed

with a good approximation, when Gmn is eliminated, by means of the following equation:

VOQ/VIQ = - (Gds/2)/(Gmp+Gri),

and said design constant Gds is further appropriately set so that said in-phase gain

becomes small enough.
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01rcu1t further comprises:

a fourth electric potential line; and

a bias transistor arranged between said fourth electric potential line and said
second electric potential line, conductance between a drain and a source of said bias

transistor is design constant Gds.

7. A delay circuit for a ring oscillator according to claim 5, wherein a differential

gain AVO/AVI is expressed by the following equation:
AVO/AVI = Gmn/(Gmp-Gm), and

values of the parameters Gmn, Gmp and Gm are set so as to be Gmn > (Gmp-
Gm).

8. A delay circuit for a ring oscillator according to claim 7, wherein said delay
circuit further comprises:;

a fourth electric potential line; and

a bias transistor arranged between said fourth electric potential line and said
second electric potential line, conductance between a drain and a source of said bias

transistor is said design constant Gds.

9. A delay circuit for a ring oscillator, comprising:

a first electric potential line;

a pair of output lines;

a pair of first transistors arranged between said first electric potential line and
said pair of output lines, respectively;

a second electric potential line;

a pair of second transistors arranged between said second electric potential line
and said pair of output lines, respectively; and

a third electric potential line,

wherein:

gates of said first transistors are connected to said pair of output lines,

respectively,
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said pair of output lines are connected to said third electric potential line, and

wherein if said first transistors are PMOS transistors, said second transistors are
NMOS transistors, and if said first transistors are NMOS transistors, the second
transistors are PMOS transistors, and

wherein when input voltages applied to gates of said second transistors,
respectively, are represented by V1 and V2, an in-phase input voltage with respect to said
input voltages V1 and V2 is represented by VIQ, a differential input voltage included as a
form of an input difference between the two inputs V1 and V2 is represented by AV, two
output voltages which appear in said output lines are represented by Vol and Vo2, and in-
phase output voltage which is commonly included in said output voltages Vol and Vo2 is
represented by VOQ, a differential output voltage included as a form of an output
difference between said output voltages Vol and Vo2 is represented by AVO,
transconductance of said first transistors is represented by Gmp, transconductance of said
second transistors is represented by Gmn, transconductance between said output lines and
said third electric potential line is represented by Gm, and conductance as a design
constant is set to Gds, an in-phase gain VOQ/VIQ of said delay circuit is obtained by the
following equation:

VOQ/VIQ = - (Gmn*Gds/2)/{(Gmp+Gm)*(Gmn+Gds/2)},

said design constant is defined so as to be Gmn>>Gds/2, said equation is re-expressed

with a good approximation, when Gmn is eliminated, by means of the following equation:
VOQ/VIQ = - (Gds/2)/(Gmp+Gm),

and said design constant Gds is further appropriately set so that said in-phase gain

becomes small enough.

10. A delay circuit for a ring oscillator according to claim 9, wherein a differential

gain AVO/AVI is expressed by the following equation:

AVO/AVI = Gmn/(Gmp-Gm), and

z
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a fourth electric potential line; and

a bias transistor arranged between said fourth electric potential line and said
second electric potential line, conductance between a drain and a source of said bias

transistor is said design constant Gds.

12. A delay circuit for a ring oscillator, comprising:

a first electric potential line;

a pair of output lines;

a pair of first transistors arranged between said first electric potential line and
said pair of output lines, respectively;

a second electric potential line; and

a pair of second transistors arranged between said second electric potential line
and said pair of output lines, respectively,

wherein respective gates of said first transistors are connected to said pair of
output lines, respectively,

said first transistors are connected to each other center-symmetrically, and said
second transistors are connected to each other center-symmetrically,

the delay circuit further comprising a third electric potential line,

wherein said pair of output lines are connected to said third electric potential
line,

wherein if the first transistors are PMOS transistors, the second transistors are
NMOS transistors, and if the first transistors are NMOS transistors, the second transistors
are PMOS transistors,

further comprises a pair of third transistors arranged between said pair of output
lines and said first electric potential line, and

gates of said first transistors are center-symmetrically connected to gates of said
third transistors.

13. A delay circuit for a ring oscillator, comprising:
a first electric potential line;

a pair of output lines;



1 10 111[, "10%z& ()-! & 109%Z& ()- 10B 10B 10B&<10%B& ()-:
109B& ()-S89109B& ()-2zX6_= 1 10'i, "10%RR& ()-!i, "109%@z& ()-! ",
"100ZZ& ()- ", "100& ()-!°, "109&Z& ()- , "109%& ()-*z[ <13 july 2003
10Zf 8! 1092Z&' () -, y5Z109%Z& () - 3s! f #109@&' (353! cs! f #109&' ()-3!1 ,
"109%& ()-'d, "109%Z& ()-_unN @ 10% U& ()-10% U& ()-, "10% U& ()-Zsm 10%
U8 ()-"LmL0% U& ()-&310% U& ()- 10Z 10ZhmdEnN @ 10% U, 10% o
a pair of first transistors arranged between said first electric potential line and
said pair of output lines, respectively;
a second electric ﬁotential line;
a pair of second transistors arranged between said second electric potential line
and said pair of output lines, respectively; and
a third electric potential line,
wherein gates of said first transistors are connected to said pair of output lines,
respectively,
said first transistors are connected to each other center-symmetricaily, and said
second transistors are connected to each other center-symmetrically,
said pair of output lines are connected to said third electric potential line, and
if said first transistors are PMOS transistors, said second transistors are NMOS
transistors, and if said first transistors are NMOS transistors, said second transistors are
PMOS transistors, said delay circuit further comprising a pair of third transistors arranged
between said pair of output lines and said first electric potential line, and gates of said
first transistors are center-symmetrically connected to gates of said third transistors,
wherein when input voltages applied to gates of said second transistors,
respectively, are represented by V1 and V2, an in-phase input voltage with respect to said
input voltages V1 and V2 is represented by VIQ, a differential input voltage included as a
form of an input difference between the two inputs V1 and V2 is represented by AVI, two
output voltages which appear in said output lines are represented by Vol and Vo2, and in-
phase output voltage which is commonly included in said output voltages Vol and Vo2 is
represented by VOQ, a differential output voltage included as a form of an output
difference between said output voltages Vol and Vo2 is represented by AVO,
transconductance of said first transistors is represented by Gmp, transconductance of said
second transistors is represented by Gmn, transconductance between said output lines and
said third electric potential line is represented by Gm, and conductance as a design
constant is set to Gds, an in-phase gain VOQ/VIQ of said delay circuit is obtained by the
following equation: | T,

Iy LR ‘ "ﬁ

VOQ/WIQ = - (Gmn*Gds/2)/ {(Gmp+Gm)* (Gmn+Gds/2)},

said design constant is defined so as to be Gmn>>Gds/2, said equation is re-expressed

with a good approximation, when Gmn is eliminated, by means of the following equation:
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VOQ/VIQ = -'(Gds/2)/(Gmp+Gm),
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and said design constant Gds is further appropriately set so that said in-phase gain

becomes small enough.

14. A delay circuit for a ring oscillator according to claim 13, wherein a differential

gain AVO/AVI is expressed by the following equation:
AVO/AVI = Gmn/(Gmp-Gm), and

values of the parameters Gmn, Gmp and Gm are set so as to be Gmn > (Gmp-
Gm).

15. A delay circuit for a ring oscillator according to claim 13, wherein said delay
circuit further comprises:

a fourth electric potential line; and

a bias transistor arranged between said fourth electric potential line and said
second electric potential line, conductance between a drain and a source of said bias

transistor is said design constant Gds.

16. A delay circuit for a ring oscillator, comprising:
a first electric potential line;
a pair of output lines;
a pair of first transistors arranged between said first electric potential line and
said pair of output lines, respectively;
a second electric potential line; and
a pair of second transistors arranged between said second electric potential line
and said pair of output lines, respectively,
wherein respective gates of said first transistors are connected to said pair of
"output lines, respectively, ‘ ,
said first transistors are connected to each other center-symmetrically, and said
second transistors aré connected to each other cenEer-synnnetrically,
the delay circuit further comprising a third electric potential line,
wherein said pair of output lines are connected to said third electric potential

line,
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lines and said third electric potential line, and

gates of said third transistors are connected to said output lines, respectively.

17. A delay circuit for a ring oscillator, comprising;

a first electric potential line;

a pair of output lines;

a pair of first transistors arranged between said first electric potential line and
said pair of output lines, respectively;

a second electric potential line;

a pair of second transistors arranged between said second electric potential line
and said pair of output lines, respectively; and

a third electric potential line,

wherein gates of said first transistors are connected to said pair of output lines,
respectively,

said first transistors are connected to each other center-symmetrically, and said
second transistors are connected to each other center-symmetrically,

said pair of output lines are connected to said third electric potential line,

wherein is said transistors are PMOS transistors, said second transistors are
NMOS transistors, and if said first transistors are NMOS transistors, said second
transistors are PMOS transistors, said delay circuit further comprising:

a pair of third transistors arranged between said pair of output lines and said third
electric potential line, and wherein gates of said third transistors are connected to said
output lines, respectively,

wherein when input voltages applied to gates of said second transistors,
respectively, are represented by V1 and V2, an in-phase inputwoltage with respect to said
input voltages V1 and V2 is represented by VIQ, a differential input voltage included as a
form of an input difference between the two inputs V1 and V2 is represented by AVI, two

- output voltages which appear in said output lines are repres'énteéi by Vol and Vo2, and in-
phase output voltage which is commonly included in said output voltages Vol and Vo2 is
represented by VOQ, a differential output voltage included as a form of an output
difference between said output voltages Vol and Vo2 is represented by AVO,
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transconductance of said first fransistors is represented by Gmp, transconductance of said

second transistors is represented by Gmn, transconductance between said output lines and
said third electric potential line is represented by Gm, and conductance as a design
constant is set to Gds, an in-phase gain VOQ/VIQ of said delay circuit is obtained by the
following equation:

VOQ/VIQ = - (Gmn*Gds/2)/ {(Gmp+Gm)*(Gmn+Gds/2)},

said design constant is defined so as to be Gmn>>Gds/2, said equation is re-expressed

with a good approximation, when Gmn is eliminated, by means of the following equation:
VOQ/VIQ = - (Gds/2)/(Gmp+Gm),

and said design constant Gds is further appropriately set so that said in-phase gain

becomes small enough.

18. A delay circuit for a ring oscillator according to claim 17, wherein a differential

gain AVO/AVI is expressed by the following equation:
AVO/AVI = Gmn/(Gmp-Gm), and

values of the parameters Gmn, Gmp and Gm are set so as to be Gmn > (Gmp-
Gm).

19. A delay circuit for a ring oscillator according to claim 18, where said delay
circuit further comprises:

a fourth electric potential line; and

a bias transistor arranged between said fourth electric potential line and said
second electric potential line, conductance between a drain and a source of said bias

transistor is said design constant Gds.

20. A delay circuit for a ring oscillator according -to claim 1, wherein the
transconductance of said transistors is determined based on channel widths and channel

lengths of the gates of said first transistors.



