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DELAY CIRCUIT FOR RING OSCILLATOR 

BACKGROUND OF THE INVENTION 

The present invention relates to a delay circuit for a 

ring oscillator, and especially to a delay circuit for a 

ring oscillator which is capable of realizing CMOS 

integration, and is appropriate for application to a CMOS 

integrated PLL (Phase Lock Loop) in which a VCO (Voltage-

controlled Oscillator) is realized in the ring oscillator. 

In a ring oscillator circuit of a PLL circuit 

appropriate for a CMOS integrated circu1t, a delay circuit 

for the r1.ng osci·llator is used. Generally, such a delay 

circuit for a ring oscillator has a circuit arrangement of 

a single input and single output type or a differential 

input and differential out~ut type, and an amplification 

circuit of which gain is more than or equal to 1 is used 

in the delay circuit for the ring oscillator. In recent 

years, it is requ~red for the delay circuit for the ring 

oscillator that it can be real1zed 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 c~rcuit for a ring oscillator for ·responding to 

such a requirement is known ~n a docume.nt (*l). 
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(*l): IEEE Journal of Solid State Circuits, Vol. No.SC-25, 

No.6, ppl385-1394, December 1990. 

As shown in Fig. 8, the delay circuit for a ring 

oscillator disclosed in this document is elaborated, in 

which PMOS transistors MPll and MP12 are always biased to 

a triode region by a reference voltage circuit 101, and 

thereby, an in-phase gain is suppressed to less t~an or 

equal to 1 and only a difference signal component 

generates oscillation. Furthermore, in this known 

technology, due to a voltage of a VBIAS terminal, a delay 

period of time, which is a period of time between an input 

voltage and an output voltage of the said delay circuit, 

is variable. In this manner, this known technology is 

formed as a delay circuit for a ring oscillator 

appropriate for CMOS circuit integration. 

In case that the ring oscillator is constructed 'Py using 

delay circuits, of which in-phase gain is more than or 

equal to 1, and as shown in Fig. 4, odd numbers of the 

delay circuits are used, a loop gain of an in~phase signal 

component of the ring oscillator becomes to be more than 

or equal to l, and not only an oscillation output due to a 

differential signal component, but also an oscillation 

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 

t !las }3een Replaced 
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gain is more than or equal to l, and as shown in Fig. 5, 

even numbers of the de1ay circuits are used, similarly a 

loop gain of an in-phase signal component of the ring 

oscillator becomes to be more than or equal to 1, and in 

this case, a bistable circu;t is formed and an output 

voltage of the ring oscillator finally becomes to be any 

one of voltage condition of a· high voltage side ~Dor a 

low voltage side VSS. Usually, 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 component, a loop gain of an 

in-phase signal component is set to less than or equal 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 to be more than or equal to l by 

intentionally increasing conductance between the 

respective drains and sources of the PMOS transistors MPll 

and MP12 which are loads. More particularly, gate voltages 

of the PMOS transistors MPll and MPl2 are set so that the 

PMOS transis~ors MPll 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 
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a source in a triode region, the conductance between the 

drain and the source in a saturation region is very small, 

and in case that the PMOS transistor MPll and the PMOS 

transistor MP12 operate in the saturation region out of 

the triode region, an in-phase gain becomes to be more 

than or equal to l, and if a ring .oscillator is 

constructed by such transistors, the ring oscilla~or 

having an odd stage arrangement shown in Fig. 4 can have 

condition in which oscillation occurs due to an in-phase 

sign~l component. Furthermore, the circuit of Fig. 8, 

which is a circuit having a differential input and a 

differential output, can realize a ring oscillator having 

an even stage arrangement shown in Fig. 5, and however, in 

case that an in-phase gain of its delay circuit is more 

than or equal to l, it becomes to be a bistable circuit 

and can have condition in which oscillation does n~t occur. 

If it reaches such condition, in order to always operate 

the PMOS transistors in the triode region, a reference 

vo1tage circuit for always supplying a ~onstant 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 gain of more than or equal to 1 

and an in-phase gain of less than or equal to l are easily 
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realized. Moreover, by realizing the differential gain of 

more than or equal to l and the in-phase gain of less than 

or equal to l, it is desired to provide a delay circuit 

for a ring oscillator appropriate for CMOS integration. 

SUMMARY O? ~HE INVENTION 

The present invention is made to solve the abov~­

mentioned problems. 

Furthermore, the objective of the invention is to 

provide a delay circuit for a ring oscillator, which can 

easily realize a differential gain·of more than or equal 

to l and an in-phase gain of less than or equal to 1, 

without using a reference voltage circuit. 

Furthermore. the objective of the invention is to 

provide a delay circu~t for a ring oscillator appropriate· 

for CMOS integration by realizing the differential-gain of 

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

or equal to l. 

Means for solving the objectives are described as 

follows. In technical items in the descriptions, which 

correspond .to the claims. numerals, symbols and so forth 

are attached and descr1bed with parentheses (). Although 

the numerals, symbols and so forth clarify a coincidence 

or correspondence relation between the technical items 

corresponding to the claims and technical items in at 

····- .... - .. ·.··· ..... - ............... _ ... _., ____ _ 
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least one embodiment out of a plurality of embodiments, 

they are not for showing that the technical items 

corresponding to the claims are restricted to the 

technical items in the embodiments. 

A -delay circuit fo·r a ring oscillator in accordance with 

the present invention comprises a first electric potential 

line (VDP), a· pair of output lines (2A, 2B}, a pair of two 

first transistors (MPl, MP2) arranged between the first 

electric potential line (VDD) and the pair of output lines 

(2A, 2B), respectively, a second electric p~tential line 

(5), and a pair of two second transistors (MNl. MN2) 

arranged between the second electric potential line (5) 

and the pair of output lines (2A, 2B), respectively, and 

respective gates of.the first transistors (MPl, MP2) are 

connected to the pair of output lines (2A, 28), 

respectively, the two first transistors (MPl, MP2) -are 

connected to each other center-symmetrically, and the two 

second transistors (MNl, MN2) are connected to each other 

center-symmetrically, and the delay circuit further 

comprises a third electric potential line (a ground line 

of Fig. 2, Fig. 3 or Fig. 7 or VDD of Fig. 6), and the 

pair pf output lines (2A, 2B) are connected to the third 

electric potential line (a ground 1ine of Fig. 2, Fig. 3 

or Fig. 7 or VDD of Fig. 6). Such a circuit can easily 

realize a differential gain of more than or equal to 1 and 
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an in-phase gain of less than or equal to 1. 

It is preferable that, if the first transistors (MPl, 

MP2) are PMOS transistors, the second transistors (MNl, 

MN2) are NMOS transistors, and if the first transistors 

(MPl, MP2) are MMOS transistors, the second transistors 

are PMOS transistors. 

Moreover1 it is preferable to provide a pair of _third 

transistors (MP3, MP4) arranged between the pair of output 

lines (2Aw 2B) and the first electric potential line. In 

this case, gates of the first transistors (MPl, MP2) are 

center-symmetrically connected to gates of the third 

transistors (MP3. MP4), respectively. 

Furthermore, it is also preferable to provide a pair of 

fourth transistors (MN3, MN4) arranged between the pair of 

outpu~ lines (2A, 28) and the third electric potenti~l 

line. In this case, gates 0£ the fourth transistor~ (MN3, 

MN4) are connected to the output lines (2A, 2B), 

respectively. 

Input voltages applied to gates of the two second 

transistors (MNl, MN2), respectively, are represented by 

Vl and V2, an in-phase input voltage with respect to the 

input voltages Vl and V2 is represented by VIQ, a 

differential input voltage included as a form of an input 

difference between the two inputs Vl and V2 is represented 

by 6VI, two output voltages which appear in the output 
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lines (2A, 2B) are represented by Vol and Vo2, an in-phase 

output volta·ge which is common1y included in the output 

voltages Vol and Vo2 is represented by VOQ, a differential 

output voltage included as a form of an output difference 

between the output voltages Vol and Vo2 is included is 

represented by A.VO, transconductance of the first 

transistors (MPl, MP2) is represented by Gmp, 

transconductance of the second transistors (MNl, MN2) is 

represented by Gmn, transconductance between the output 

lines (2A, 2B) and the third electric potential line is 

represented by Gm. 

If conductance as a design constant is set to Gds, an 

~n-phase gain VOQ/VIQ of tha said circuit is obtained by 

the following equation: VOQ/VIQ = -(Gm.n*Gds/2)/{(Gmp+Gm)* 

(Gmn+Gds/2}}. If the design constant is defined so as to 

be Gmn>>Gds/2, Gmn is eliminated in this equation,-and an 

approximated equation: VOQ/VIQ = -(Gds/2)/(Gmp+Gm) is 

obtained. It is possible to further appropriately set the 

design constant Gds so that this in-phase gain becomes to 

be small enough. In this case, a differential gain 6V0/6VI 

is expressed by the following equation: AV0/6VI = 
Gmn/{Gmp-Gm). Values of the parameters Gmn, Gmp and Gm are 

set so as to be Grnn > (Gmp-Gm). Moreover, the circuit 

comprises a forth electric potential line (VSS). and a 

bias transistor {MNB} arranged between the fourth electric 

i This.Sheet Has Been Replaced 
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potential line (VSS) and the se9ond electric potential 

line, and conductance between a drain and a source of the 

bias transistor (MNB) coincides with the design constant 

Gds .. Suoh a circuit surely realizes a differential gain of 

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

or equal to 1. 

BRIEF DESCRIPTION OF ~HE INVENTION 

This and other objects, features, and advantages of the 

present invention will become more apparent upon a reading 

of the following detailed description and drawings, in 

which: 

Fig. 1 is a circuit diagram showing an embodiment of a 

delay circuit for a ring oscillator in accordance with the 

present invention, 

Fig. 2 is a circuit diagram showing an equivalent- · 

circuit with regard to an in-phase signal component of the 

circuit of Fig. 1, 

Fig. 3 is a circuit diagram showing an equivalent 

circuit with regard to a differential signal component of 

the circuit of Fig. l, 

Fig. 4 is a circuit diagram showing a known ring 

oscillator, 

Fig. 5 is a circuit diagram showing another known ring 

oscillator, 
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Fig. 6 is a circuit diagram showing other embodiment of 

a delay circuit for a ring oscillator in accordance with 

the present invention. 

Fig. 7 is a circuit diagram showing further other 

embodiment of a delay circuit for a ring oscillator in 

accordance with the present invention and 

Fig. 8 is a circuit diagram showing a conventiooal delay 

circuit for a ring oscillator. 

DESCRIPTION OF THE EMBODIMENTS 

In accordance with drawings, in an embodiment of a delay 

circuit for a ring oscillator according to the present 

invention, a source coupling paired circuit is provided. 

In the source coupling paired circuit, a first NMOS 

transistor MNl and a second NMOS trans~stor MN2 are 

coupled with their sources paired. An NMOS transistor MNB 

for a bias current source is connected to the first NMOS 

transistor MNl and the second NMOS transistor MN2. The 

NMOS transistor MNB for a bias current source is a current 

source for supplying a bias current to the first NMOS 

transistor MNl and the second NMOS transistor MN2. 

A first PMOS transistor MPl and a second PMOS transistor 

MP2 which act as output loads are connected to an output 

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

transistor MP2 are arranged between a high electric 
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potential side power supply line VDD and the output line 2. 

The output line 2 is f orrned of a second output line 2B 

and a first output line 2A. The second output line 2B is 

short-circuited to a first gate 3A of the first PMOS 

transistor MPl, and the first output line 2A is short­

circuited to a second gate 3B of the second PMOS 

transistor MP2. In the first PMOS transistor MPl and the 

second PMOS transistor MP2, their respective first gate 3A 

and second gate 3B are short-circuited to their respective 

drains 4A and 4B. 

A first voltage controlling current source Il and a 

second voltage controlling current source 12 are connected 

to the output line 2. The first voltage controlling 

current source Il and the second voltage controlling 

current source I2 are connected to an output voltage node 

w~th an arbitrary· fixed electric potential, and ar~ 

controlled by an output voltage. A bias power source VBIAS 

is connected to a gate of the NMOS transistor MNB for a 

bias current source. 

The bias power source VBIAS applies a bias to the NMOS 

transistor MNB for a bias current source so as to be in a 

saturation region. The NMOS transistor MNB for a bias 

current source is arranged between a pair joint line 5 for 

joining the first NMOS transistor MNl to the second NMOS 

transistor MN2 in pairs, and a low electric potential side 
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.. If lllllllll/ m11J1r 
·power supply line VSS. 

~ t1r~t jnput voltage Vl ann 4 second lnput volt~ge V2 

an~. 1nput to o. gate of 'the fj't'sL NMOS t.i:anc1stot· MNl and ~ 

gate of t.he seoond NMOS tronsistor MN2. respectively. In 

cacc that the first NMOS trdnS1stor MNl, the second NMOS 

transistor MN2 and the NMOS transi~tor MNB for a biaR 

current. souroc R-ce :1.n '2. Si')lura'tion region, ;u1d el~etr.:1.-.; 

charact~ristios or the fir-st NMOS trtlllsistor MNl and tl1e 

seoond NMOS t:ransistor MN?. are th~ same ns A~cll othil\I'. and 

eicctr1~ characte~iet1cs of the ftrst PMOS tranciat.or MPl 

an4 th~ second ~MOS tran~lst:or MP2 are thP. same as each 

o"tner. one ~et 0£ the rigl1t and laft f1rst: NMOS tranJ,;.1.Ct:o:r 

MNl rmcl second NMOS trensJ.stor MN2, one se.l. of right and 

left fi.cst J.~Os tranGisto.c Ml'l and seoond. PMOS transist:or 

MP2, and one set of right and left first voltage 

cont:rol.l.1nq curt·ent aoll~c-~ I.l ancl second vol.t:age 

cont.,...oll1ng our.rent so,1:c·1.:e I2 opt!'.rate sym11ua-crlcal ty, 

rc.spP..cl.ivcly, ror an :in~phase s:!unal input wich ts a 

cignal commonly incJ.ud~d in the first input voJ.tag~ Vl an~ 

t:he ,.e.cond .1.npn l vo.L toge VJ. ·rhe ~a:Ld de lay c1rcuj l Whioh 

operAtes svmmeT.'t;J.cal.1.y i.n this m~uner can bei expre1;sed by 

only I\ u.1.roui t nu one s i d1:1 shown .l.n F'lg. 2 ln wh:t c-.h the 

delo.y c1:rcu1t is dl.videl'l 1n'to two w1th respecrt to a 

cvxnme1:c:·1ca.J. cent~r ll.ne. 

J.f an in-pho.sP. >:>1.gno.l c1.1mponcnt i!il :focus!';~d. 'the ci.i.:cui"t 
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i:;howu l.n Pig. 2 correspo11ds 'to an equivalent t.::1.rouit Lhat 

is equivalenl to one s1cle ot" thP. circuit or F1q. l. In 'the 

':!qul.v:i.Lent. c.1rcuit n'f Fig. 2. t .L'anscondncta.ncc of! 1.be 

firGt NMOS trans1st.or MNl i~ r~preGented by Gnm. 

transconductance of the first PMOS transistor MPl ls 

represented by Gmp, tranccondu~tance or the tir~t voltage 

contro11.1.ug current source tl .is reprAsented. by Gi!.!, 

conduetauce betwA1::m a C1ra:i n c:1.nd a source of t.he NMOS · 

'trant1;is t;or MND 'for a bias current source .1.s rep.i:·esented \Jy 

Cds. aud a conductance compunent. fo'l' an in -ph1.1s~ s1gn&.1 

oompnn~mt 13 repr;egentcd by y3. With rei;iard t-o tb.e 

condnctctnce compriuent for ths 1n-phi')se signal oumponent., 

sine!'\ oul.y oonnuctanoe which i.a a hal'f o:t: the cond.uct.ant.:e 

·Deb1~~n a d.rai.n c:1.na. ;i S<'lurce 0£ t.he NMOl::i tr.ansl.s'toJ: MNB 

for ;:t b1ac cur.r~nt aourr:e contrihutes to thA 1n-pha5e 

siQ"l"lttl COJ11POnP.n·L, y~ = G~ls / 2. 

Sim.i.larly •. 1n c.:asc tha1 tlle :first NMOt:i trnns1stor MNl. 

the R~cond NMOS L:ansist~r MN2 and Lhe NMOS Lransistnr MNB 

tor i.l b1ac curi:eut ::iourcA are in a sa'turiltim1 region, a.ud 

elec:Lric oharacl.er1.st1cfi of t.he i'i1:tit !tMOS l.ransl.stoT" MNl 

and the second NMOS tran~~stor MN2 ~re tna RcUne aG ench 

othHr, and eJ~elr1o chcr~cter~3tjcs of 'the !~rst PMOS 

trnn~:1.st:or MP.1 and the ,;ei.:ond !?MOS t:rancist.o:i: MP2 .:ire 1 lle 

~ame'l aa> each other, one :o;e.1. of the t:J.ght and l"'ft t:irst. 

NMOS t"rc:msl.::;tor MNl and SP.Cuna NMOS L.ransl.sta-r: MN2., one 
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cct of r;ight and l~ft £ irst. PMOS tr1ms.ls'tor MP l and :;eC":on~ 

P!100 trr.1.nslstor HP2. ana. Ont! set of right and left fir5t 

voJ.t11gf:'. control 1 \.n!:J cur.ren1. source "tl and sfl:ci:>ud volt,:,.ue 

controlllng cun:ant Co\Jrce 12 operr':lte in an opposite 

di~ecL1on. rei:.pectively. for a d:l.ffere.ntjal s1Qnill 1.11put 

whic.:h 1~ a si~na1 ootnl'ommt comm•>nly 1neJuded as tm lnput 

oi.i.fBJ:ence b~lween th~ !".irct input VO.l.tage Vl and .t:l1e 

s.._coud input vol.tagG V2. Wl.th re!Jar4 the i'i.rst .NMO.S 

tr.an5111Stor MNl and tht11 second. NMOS transistor MN"2 which 

ope:r.·ate 1.n an op))o~it11>: tlirectior1 in 'thiJ1: m.mncr. :It can be 

c:on.i,;1dcred t:ba"t "their x:es:pecti"lle £ourc~ E!leotric 

pot:entl.als (II'e equivalently a urounci e1.ectr1c potl:!'.nt:ial. 

anll "the :fi.r:.:t NMOS tl·ansl.stor. MNl and U1e second NMOS 

Lran.s1.stoT." MN2 c::i.n b~ expres!l:eu by onll' a c1rcni.t on one 

s; ide shown .is& .Fi.g. 3. 

I:f a di:F-F.e.t:en'tial F\lgnaJ. cnmpuneni: is; :focusst11d, the 

<":.l.rcui.t shown l.n Fig. 3 oorre.sponds tC"i an equivalent 

~ircuit ~haL 1~ equivalent to one sid~ of the circuit of. 

Fig. l. ~am~ ac; the equivo.ll"lnt cl.rcuit. ·of l"ig. 2, also in 

1.ll.e equiv,,lesit 01.rcu i !: ot Fig. 3, trans;conduotence of the 

f·i.rst NMOS t.1.:antistor MNl is T."epreGGnteal by the above· 

nlt".nt;ioncd Gnm, transnonQuotonc& of t.b~ .f.1.r.!:it PMOS 

t.1:ant:istor MPl :i.s represented by 'the ftbuve-ment:luned Cmp. 

and t:r:anscfrnductancP. uf the :t:·i rst volt:age oontrl"1U1ng 

r.u.r:ren't so\lr:ce .11 if; i.-~prcsent~cl by th~ a.'bo'.rc-men11oned. Gm. 

-This -Sheet H B - .. 
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The ::irst 'PMOS tro.nsi.filo:r MPl Blwc.ys operl'lt~s in o. 

~rttu:aticn re~ion ainc~ its get~ and drain are short-

1:J.rcu:!. ted to each oth.-.r. and its conductanr.:e Vl is equal 

~o "the trcinsconduc;tarJ<;e Cmp. Au in-pho.11;e .input vol Lage 

included Ln the twn .inputs V1 cs.no V2 i.!'i xep:resentf\r.l by VIO. 

and o dirferentio.l input voltnue ~hat js C1 signal 

component includen a:1 a form u'f an input d1fteren~e of thP­

two i:lputs V.L. o.nd V2 1c repr~sen'ted by AVI, a.nd the in· 

phu.se tuput vol t.agt! and the t11U:erential input vol tagc a.i-e 

dGfinAu by tile follo~l.ng equat1ons: 

In-::;i!lr.~e inJ;>ut voltage: VIO = (Vl·1V2)/2, "· (l) 

Ditfer.t>1ut::!.al inpn.t vol.to.gei: 6.VI = (V1-V2). · · · (2) 

~in'ISlc:LrlV. an in-phase oulpUt voltage oomm~oly includAu 

in the two outpnl:s Vol end Vo2 :Ls represent~d by vou. a11d 

a d'i f.ferential 1.1utput voltei.ge 'that i.s a cigni:il conrponen1 

includt!d as a 1tJ.Iltl o:t o.n o'Utput: di1F.erenoc of lhe "two 

outpnts Vol o.nd Vo2 ic rP->prl:!sen'ted hy AVO. and "the l.n­

phosP. uutpu't vol Lage and. the <1itferi:mt1al ot~tput vo.Ltag~ 

are Cle.fined by 1.lle following equatJuns: 

In-phase output voltage: VOQ ~ (Vol+Vo2)/2. •·· (3) 

D1f-fo:-.J:eni:io..l oulput. volta.o~: AYO - {Vol-Vo2). · · • ( 4) 

!n accor<1u.nce with :::JUch dt!:f.lnl.tion~. 'the inpul. volteges 

Vl a111J. V2, and the ou'tput voltages Vul and. Vo'J. are 

expre.!'ii:.t!'.d by thP- !ullowi.ng ~qua'tiOn!';, .t·ecpoc;tivi::ly: 

Vl c AVl/2+VlO. ··· (5) 
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V2 : -bVI//.+VIQ, (G) 

Vol - ~VO/?.•VOQ, (7) 

Vo2 - bVT/2+VOQ. •·· (8) 

In the ~qu1va.l.cnt c:1.ccul.t of nu 1n-phos;11 cumponent. 

which is shown in Pi.!J. 2, a voltage aoro!'>S Lhe oondu(:tance 

y3 l.s expressed by VX, VX l.S expressed by tb.e foJ.low"i.ng 

equiltiori: 

VX = Gm1L*"VIQ/ (Cmn+Sd~/2) • · • (9) 

Wi~h rAspect to an outpu~ none Where the in-phQse output 

·----

vo.ltage-. VOQ appears. the folh.1win9 c:qol'l.t.ion is --'-------------

eatabl1 shed: 

Gllll\*(VTQ-VX}~Cmp•VOQ+Cm*VOO = o •••• (10) 

I~ VOO/VIQ ic os~um~d for ~n 1n-~hasa ga1n. frnm ~he 

cquntiun (lU), 

VOO/VIO - -rGmn*Gus/2)/{(~m.p+Gm)•(Gmn~Gds/2)) ..•• (11) 

~ne.r:ci.lly, wi t.h resiaX'd t.o t;he MOS t. t·ansictoT whJ.ch l.s 

bia.ir;P.:d .l.n a satln:i:lt1on region, tra.nsl':onduct\lnee ls 1arge 

cnon9h com9ared with the couduo'tnnca between I\ dra:l.n and a 

sour.cl:!. Moreovt=n:, sinoe t:hti! NMOl:i tra•Ls1£tor MNB for ~ biai:; 

cur,..enl eource ;:u;ts ac a r.:uL·ren't soUl·ce, usuol l.y the go.te 

volt-ag~ VBl.AS is set: co t.h.et. the con4'uc'tanoc bf'\tween a 

c:.train and a sou:rc:~ becometi tv be smo.l.1 enough. Acc;ordi.ng1y, 

it c~11 be cons:lne.:t:ed thilt r.111n » Cds/2 J.s cstabl tshed. Thf'l 

equathtn ( l.L) iir; s.i.IDp1it:ied as the fn lluw1ng eqlu1. t:1.on' 

VOU/VIO = -(Gds/?.)/(Gmp1Gm) << 1 .••. (12) 
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As auch, tl1a gain is fully sm~ll~ th.'ln l. Slml.la.rl y, in 

'the eqn;.v.:alent circn.i.t o.t o. cii.I:ferentia1 s1~naJ. ~OmJ:'oncnt, 

which is .shown in Fig. ::!. w'l.th reopect 1:0 an out.puL 

contrH.'.t Where t.he uiffcront. tal outpu1" '1ol tage AVO appcor11;. 

Gmn*(dVI/2)iGm~•(-4V0/2)+Gm*(~V0/2) ~ o. (13} 

With regara to a uiffcrent.ial gain ~VO/AVl. 

bVO/AVI - Cmn/(Gmp-Gm). ··· (l4). 

AJi apparent from t:.ho eque1.t1on {14), by selec:ling 

pai·l!\ll\e'ters S<'I aia to be 

Gmn > ( Gmp ··Gm). • • • ( 15) 

it .is poci:iib1e Lo rna.k:e the d.:i.fferential gain to be mnre 

thl'J11 or equal tu l. 

'By sctj:1ng the -:r11n5cvn4uc'tan.r:e Gmp of tb.e first PMOS 

t:t:misistor 'MPl and the :ieeond PMOS transi.stor M1'2 t() a 

value cl.ose lo tbc trlmii;conduetrmce till\ of' t.be vol tag~ 

This Sheet Has Bc:itln Replaced 

· •. Hll/111 /llfif/IM Ml /Ill 

r-:011trol.Ling L:urrent snu.x:cec .I:l a11d I;t, it .iii poss:Lbl~ t:o 

nt:b.ltrarily st!'t tnc dif.farentiol cra1n to be a va.lue more 

than or equnl to l. G$n~rally. with rcga~d to a MOS 

1".ra.nsl.i:rtor, it l.S pos!'liul.e t:o ssl 1.ts tr1msconO.uctance to 

an arbitrOJ:~ value by aujuc~ing d channel width and d 

C".hc:UJnel l6n9 t:h which l'\l.'t.'! shapes of it::: gt1"tli!. Aocord1.ug1y. 

hy ad1U:Jting I.be ~C).te .;hape of f"ba NMUS tT"1.n91st:ors MNl 

anrl MNl and th~ PMUl:i trt'tnsl.st:ors MPl and MP2, a dc.s:i gne.c 

can f:!.as'ily ohta.i.n a. rela lion of t.n.e equation ( 15} . 
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In the ernbodirof:lnt snown iu Fl.g. l, it ic pC">sslblc to 

rcplnc~ the NMOS t~ancist.orv MNl. MN2 and MNB by PMOS 

tran~is~orc, respectively, ~n~ to replace the PMOS 

translstorc MPl and MP2 by NMOS t:raus1ators, respoct"ively. 

Ir:. this case. tlle vo.itags contrnll.i.ng curreut sourees ll 

anrl I2 bccoll\e to be an ln:Jectinn c.:urrent i:.uurce type for e. 

vnltage ouT.put node. 

If the nhove-ment~oned delQY clrcu1t for the r~ng 

o~u.~illator i.n accordance w.:s..th tbe present .tnvent.:! on :Le 

u~~d. in case of constxuct.:s..ng a rin~ oseillator having odd 

st ages by means ot" D~LA~O. DET..A?l a.n<1 DF.LAXJ that iae 

t.liree aelny c.:i.rou:i, ts shown in F .Lg. 4, i:::lnce it i.s poc;s:i.ble 

t.o set a 1 oop ga1n tu more tl'usn or el}Ulll to l .rur a 

dl~ferentj~l cigna1 component and less Lhan or ~qual to 1 

for an in-phase signa1 oomponent, osctllat1on in the in­

ph~se signAl componenl can be suppressed, and it 1£ 

poi.:sl.ble t.•') rea.liZt"l a r1ng OBci1lator which gen"eratec 

osc1l.la.tiou only fr.tr the difr:erentia'l s1.gno.J. coinponent. 

S1ml.J.arl.y. in ease of constructing a rl.ng os<d.1l.ator 

h4vin~ evsu stages by means of D1'LAYO. DELA:il, nEtAX2 und 

l'lEX.AY3 that are fouT." clelay cjY;cuito shown in Fig. 5, Gin~e. 

1.ik.e the ahuve-mcnti.01.1ed ring usci.1.lnt.or hav.tng t.he octd 

~Lagec. jt ls possible to set 4 loop gain ~o moY.e than or 

el)ual. to l ivr a d1fl'erent::1ilJ i:>l.gna.L cn1nponent n.ncl leas 

thtln or eqna1 "to l fM: an in-phcise aignio:tl com,pone.ut, 

. This)SheefHas B .. 

·.·.· 111111111111111i1Uf 
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'b.i.etab1 f:'. con<:l.itinn for the 111-pha:;c :c;igual component cu.n 

be suppres£eC1, and .lt 1.s po~sible to i.·eal1ze A r:in!!J 

03Cill n Lor "Wbich oenera.i:es osc1l.l~t i.orJ only fol· the 

d1ffei:·enl:1a.l. s:i gnal oomponl:!nt. With re~ard to the nwnber 

of the a.cluy ,-:1rcui~3, i.t is poss1.ble t:o inCl.·~asc tha 

nnmb~r arbitrn t·.1.l.y. wi t.'h.out restr1 ctl.ng it to three m: 

fon:i:. 

T.ik.e the deJ l!j,y circu~ t for t:he l:ing osc~ lb.tor, wh i.ch ic 

X't\al.i.:zea. .1n th~ p:z:1or ttrl, .1.n thP. delay <:ircu1t fo1· the 

:ri.ny osc1J.lator in o.ceoJ:dance w'U:h the pre~ent invl:'.nt1on. 

by adjusting a bias nf lhe circult by ml"!an.w of a voltage 

C'I! l;he VDIAS term1nu.l, .l.t is po~d'ble tn m4ke a delay 

pP.r.loO o:t time. to be va.r:iat>le, wl1ioh 1s a raspon5e period 

or time of it~ input voltage nod output voltage. S.incc an 

osc1lla ting frequency of the "C:Lug osciJ la tor is d~terminerl 

hy a <lclsy perlod. of t1me whi.ch 'the delay c1rcui.t hac and 

1 he number uf the dP.lay circni·l.s which exist in a l.oop. 

t.he ring n5c:lllator which is i:-et1.ll.zed by using t.h~ Clelu.y 

c 1 .i:·cui t: in accordo.nce w1 'th th,., J:lracont i.ovention c:c:i.n 

e1~otronic1'11.ly control. the osr:illating f.requency. 

Ai":cordingJy, tha aelay c1rouj +. for tile -r·.i.ng oscj lltttor in 

nccordancP. w1th the present j~vention J~ suitabJe for 

applico.tinn to a VCO 1.tlat is r. basl.o cnn~t1tution element 

of c:i. PLL. S111ce tne p'C':i.nclp.Le ,.,f the rino osoi.Llator ueing 

thP.: U.elay cin:ul.t and tl'l.e applic:11tl.on of tll& ring 
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o::;cillrilor to thf'I PLL are w~l1-known iu the art., 'the 

cicscr:iplionc th~'t"evf are omlt't&a. 

F1g. 6 shows ,. c.i.rcu1 t 1'11".rans:iement J.n wh1r.h Lhe abovt!.• 

mentioned ombodlmen't of tll~ pX"esen1. invent:ion is ::urt't1er 

emhod.i.ed. W1th regard t.o dJl 1ntcr-connectjnn reiation 

bl">tw~en the f'1 rst NMOS tr«lncisto1~ MNl, thl!': SC:!COnd NMOS 

tran.!:li.Stor MN?., the f:it:s'l. PMOS truns.tctor MPl ~n<l._th~ 

second PMOS t.cans1sto,. MP2, a cn11neci:.ion "Ct=l.ai:ion bP. tween 

t.he t1.ci:ive po.i.nts of the in-put vul'tagca Vl and V2 a1ul the 

t.P.r111.Lnal poinls O:t' thP.1 output vnlta~e3 Vol and Vo2. and 

the f1rs't NMOS i:rans:istur MHl, 1.he second NMOS t.rans:l.stor 

MN2, "the first PMOS T.Taus1i:n:or M'.Pl and the second \>MOS 

1"xaus1c:tor MPl, and i! w1r:Lng 't'elat:i.on ht!'tween the h:1.gh 

i"llectric ~ol~n'tiaJ. stde '\)O'lfer supply l:lue Vl>D, tb.~ OUt:put. 

l tne :.! , the pa1r jo:i ll t linG !'i and 'the 1.o'lll e.loct:ci.c.: 

r11.1teni:ial s:iue power supply 1 ina vi:;:; for: the fi'!'.'sl NMOS 

t.·r.·e:msictor MNl, tne fle.cond NMOS transistor MN2, tb.e first 

PMOS t:ransi.s'l.o.r l:tPl illld. the ~ecund L'MOi:: transisto.- MP2, 

these rclAtiuns ar& t otal..Ly 1".b.e same c.fi those j n Fig. l. 

A second ou.tput lin~ 2~ is connected Lo the M.gb 

P.1ectri.c pote.n'tio..l. s'l.cle power supply l 'I 11e 'Vl)D thi."Vngb a 

t.h.LrCI .PMOG t.r:ancisto>· MP3. A fi:s.·s't ou~pu L l.ine 2~ :1.s 

r.ouneoted t.1.1 'the high t!l.&a'trie 1,o'tantiol sJ.de powt:r: supply 

l "in~ VDU thrnugh a fonrl.h PMOS t..r:ans1sto,. MP 'l.. A gA le o:t 

thP. l.h1rd PMOS 'tranai~to.r Ml'3 ifl conncctfld to a gate and a 

n laced 

\1iiii~\\\ ·. 
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dl.i.sin ot the second PMOS tronsi~Lo:r MP2. }, yate of the 

.ruur'th PMOS t:rane:istnr MP1 is connected t:o a gate anu a 

di·<::Lin of tbl!\ f1rs't P:MOS trans1st.ur Ml1l. 'l'hE! third a11d 

ruurth PMOS trans1st.t1rs MP3 rmd MP4 are voltage 

cont:rol 1 iny current. souroes fo.t· detect.1J1g an on'tput 

voltagA a.ucl oonvert.l.ng 1t into a current. A VB!~S J.s t:he 

same ajl; tl1at o:I: Fj g. l l.n th.e sense thottt it is a ~ia~ 

power jl;"l.\ppl.y l1.ne r:o:r controll.t.ng a. current of the NMOS 

transiRt-e:t· MNS for o bias c.ur.t:ent $Out·ce. 

~y ~p1KC1ng thA VOltag~ controlljng Current ~ource 11 

for dP-tecting thA output v-ol.tagc Vol and oonve.:t"t1nq it 

into n cu.rren't. which i.s llihown in Fj g. l. by tl1e th.ird 

PMOS t-raus1ctor MP3, and replacing the vo..Ltag~ controll.i...og 

ourrenl source T2 for uetAct1ng th~ uutput vnlta~e Vo?. 4nd 

oonve,·ting l.t into a current, whir:h .ls shown in l''ig. 1, by 

tbe fnur'th .E'MOi:l t.t·ancl.stol: MP1. on embodiment shown 'i.n F1g. 

6 1.s r~al.1zed. 

With re~ard t.o lh& cirr.ui~ shown .i..n Fig. ~- a channel 

W'id.th 1:1.nd a channe1 J.ength of the 'f.trst NMOR trani:;1sto1.­

MNl cnr1 the aecnnd NMUS t:ran~ictor MN2 are flf:!'.t to be the 

same a~ each othe~ ~n both tran.sistors ~o th~t both 

t:rans:b;.tors obt11.i11 'the same elect:r-tc charact."r1.St1c. 

Simi 1 a:t:ly. a. chnnnel widtl1 and a. channel l~no Lh o:t: tbP. 

first 'PMOS tronsh!tor MI"l aud 'Che st-1cona l'IMOS 1.;ransistnc· 

MP:.! Orf' set to be tbe t:ame as each o"lber in ho'l.11 

1iiiii[ 
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traus1ctors so tnat both tranfi.Lstors nbl:al.n th~ same 

P- lec.:tric cbri.racteri~tic. l''urthermore, s.LrnilarJ :J, a charuiel 

width and n channel lt:ngtn of' the thi..r!l PMOS t.ransisto1: 

MP3 and tbe fourth PMOS trnnti1stor MP4 are ~eL to be the 

~ame as ~c.ch other in both tran31stors so that botb 

Lransistor~ obtain the so.me alectr5c Chara~ter1Gtic. 

In cu.~~ l:llat tbP. transi,.to.re MNl, MN2 and MNB U,t'e in a 

i.;aturat:t on region, respec:tive1y. one set n! the ri9l1t and 

left f:!'t'sL NMOS t:r:ans1stnr MNl anrl second NMOS trausl.stor 

MNl, on~ set of Tight and le:ft fii~.st llMOS 1..cansis'l'".ur MPl 

and 3ec:ond PMOS t.L·ans.1.st<1r MP2 • a.nu one set of right and 

1eft th'i.:i:U. PMOS t.ransisto:x: MP3 and fourth PMOS tr•u1s1.stor 

MP4 ope~al:e symmetrically, re3p~c1.1Vcly, for an in-phase 

s1Rnal lnput which is a 81gnal commonly .Lncludsd ln ~be 

:!1.rst lnput voltage Vl n.oc1 'tb.e second. input voltage 1/2. 

The so.ill delay circuit wh1ch oper~tes sy111111etr1cally in 

this manner is a c1rcu:!..t same a~ un.l.y c i::i::cuit ou one 

sl.de sI'r'wn 1.n :Pi.g. 2 in wh1ch the delo.y i::J.reuit is dividf'lll. 

J.nto tw1J with res.,eo't to a symml'>tL·ica.L center l:tn~ • 

.hccoriH.n~ly, w.1. l:h repa di to Fi..9. 2, Gmn can b.., i:epl.ncecl 

by t.ron!:fconduct:ance of t.he tro.nsi!ltor MN1. ln Fig. 6, Gmp 

c.:an be r·ep1aoed by 'transi::onduc't_;rmce ·of the. 'transi.sLor MP"\. 

.l.n l-'ig. 6, Cm crrn be reri1c1.ced 'by t:rancconducrtan.ce c.'t the 

thi.rd PMOS 1:ra.nsj Jo>tOX' MP:! .ln .1:·19. 6, and Gd::1 oein be 

tep1aced by conduntancc b~tween a •lrain ~nd a courc~ of 
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the NMOS trQns1c'tor MNB for a b~as current source in F1g. 

6, rcspAr.:ti vely, On t.ha other ha.nu, for a <U.ft'arent:i ttl 

s iqnal ~ npu \; · 'W!lich i.R a signu.l coJuponcnt :i ncludea 11~ a 

di~feren~e bet.ween t~o inputs, in F~g. 6, ~~noc on~ set of 

the righl and J.eft t.t-aneistor$ MNl and MN2, one set. of 

right and le~t t~an~ietors MPl and MP?.. and one s~L of 

right: Cilld left t~ansistoxs MP3 and MP4 o~erate i~. 1111 

oppoRtte direction. respect1vely, it ea11 be cons:iderea 

'that ~ource olectrlc potentt~ls of the firct NMOS 

'tranfl ts tor MNl rmd the second NMOS tran11i1?tox:- MN2 of t'ig. 

6 arP- equivalently grounds, and for th~ d1ffer~ntial 
I 

signfll component uf the c:t L·cu.1.t in the embodimAnt s:hown io 

Fig. 6, the eqniv4lent cir~uit: on one side iA the c::ime as 

the 1:1.bovc -ment: toned cqu:l.valen't circuit on onf'l s.l.de shown 

in Fis. 3 • Acc:ording.Ly, w.1 Lh x:cgarn to l:'1g. 3 . Ginn can he 

r~Dlacea by trn.11scon~uct:ance o~ th~ transistor MNl .1n Fly. 

6. Gnlp can be 1·eplaocd hy l:ransconfluc"tanoe <:>f t:he 1:irst: 

PMOS transistoL· MPl in Fiy. 6, and Gm can. be l.·eplaced by 

tran5conductan1.~e ot th~ tllirCI. l'MOS transistnr MP3 in F:i 9. 

6. X-t!spec"tively. 

WiU1 rcgord 1.u "the ci.rcu.L.t tJhown i.n Fig. 6, .i.f "the 

re1;p'3!ct1vc channel widths cs.nd channel iengthi; of "th~ 

tr.nusl.s'tors MNl, MN4!, MPt. ~2. MP3 ~nd MP4 ., r:s seJ.cctt11d 

so t.ha1: "the eqi.1al..1on (15} is established, it :ho possiblt11 

to olrtal.n a chnx:a.cter1stir; same as t:bot of the 1.lelay 

: . This Sheet Has Been Repl d-

. 111111~ m1111 m1m1 mif .. ·· . 
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c.1rcuit foe 'the r:f ug occi 1 lei.tor sh,,wn in F3 g. 1, and i:in 

ln-pna.sl'I 94in of Fi.g. & i" gl.ven by the equation (l?.) and. 

~ differe.n t1al ge.1 u ot Pig. 6 is g:I ven by t.he equat 'I.on 

(11). resyectlv~l~. 

ln the embod.imE!ut snown 1n Fig. 6, as meutl.oned above, 

it is possible to construct the PMOS transistors MPl, MP2, 

MI•J ancl MP4 by NMOS trans1.stors, .:r:ecpect:l.vely. a"l}ft to 

constl~uct: th.e NMOS translstors MNl, MN2 ri.nd MNB by PMOS 

tro.ns1storc. respeotivety. 

Fig. 7 show~ other cjrcui't aT.r4ngcment in wh.ic:J.\ the 

above-m.ent:ione.d embodiment in accordance With th~ present 

inven u.on is !u.rther A111bodied. Wi "th regi:U.'d to an .:uu:er­

oonnA<.~tl.on rtislation bet~een the f.1.rst. NMOS t:c:ansi.st:or 'MNl, 

the sl::!cond. NMOS tranJ11is·tor MN'-. the fu·st !'MOS trans~111tor 

MJ:ll a.ud the ~econd. PMOS t.rnns'l.stor MP2, a connection 

rolr1tion between 'the ac:t1ve p<tln't& of \.he .1.npnl vo.1.tages 

Vl l'Ulll V2 and the te'r.ll\.i.nal po i.n'ts of tlie outpll.t ,,-o.ltage~ 

Vol and Vo2, and the £.i..rs't NMOS tranFOistor MNl. the s~cund 

NMO~ 1.ransist.or MN2. the f.1.rst PMOS t:r.acu;1stor MPl and tlle 

ccc;nnu PMOS t"r:ansisto't' MP2, and a wiri.ny roJ.atton 'between 

the h~gh c.1.ec1r.1c pote~tl.al sjue powe~ sopp.1.y llne VDD, 

th.e output lj ne 2, t'he pair joln't .1.inP.. 5 an.d the low 

elet":t.r:ic pot:e.utl.a.1. sj ue power suppJ.:y J i.ne V"SS -J:r.>r tlle 

fl.rst. NMOS trau¥:!.Ct:or MNl, th~ second NMOS trans.i.srtor MN:>.. 

'tho f:i t·s"t. .PMOS 1.ransist.or MPl l\nu the sAr;ond I'MOS 
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tr.ari.sJ.stor MP2. Lhese rclnt.i.orai arc totrtlly the same. e1.s 

thuse 1n Fig. 1. 

A second ontpu't line 2n .is connec:te<l to a ground line 

through a. t.h.il:·d NMOS trani;istor MN3. A f.1.rct outr>ul: line 

2A is oonn~ctell. to the grouna line tlu:uugll a fo\ll:l:h NMOS 

transistor NM4. A gate or: the thirn NMOS transi~Lor ~3 i~ 

connected to Cl gate and ~ <lra1n of' ths cccond 'PMOS 

transist.or MP2. A gatA uf the fo11"rtl1 NMO"t;; tran=sJ.si:or MN4 

is oonn~cted to a gatA cmd a dra~n uf the fir~l PMO~ 

transistor MPl. •.rne thtrd and. fowt;tl1 NMOS trani:;1stor::o HN3 

and MN4 "-r"' voltage co11troll:ing r.ul:.t·ent sources for 

de'tcctjng au output vc•ltage and convert1ng H into a 

current. A VBIAl:i is t.he same a!': tht1.t of Fig. l 1n the 

3ense ll.J.at it is A bi~s power ~upply l.1ne fo.t.· con troll i 110 

a curr~ut of t.be m.ios transist0t: MNB for l'J bl.as current. 

3ourc~. 

Dy n~placing th~ vol. tai:JC cont. t·ol1ing cnr.rt:!nt cource 'U 

for d~1~ct1ng the oulput voltag~ Vo.l and converting it 

into a current. whicli is shown ln Fig, 1. by the 'third 

NMOS t.nms1stor MN3. cmd replai1 i.ug the vol ta!:Je con'trolJ i.ug 

currenl source I2 fo~· detecting the output vu1tagc Vo2 ~od 

converting i't intC"> a current. whlch :i.c shnwn .l.n Fi9. L by 

'tlle f'ou.r:th NMOS tri\1\sis'tor MN4, a.n embodimt>:11 t shown in Pi.~. 

·1 is rP-al..i.zed. 

With re~c:i.:rd to the 1.~J.rcui. t shnwn J.n F1g, 7 . a channel 



width and e1 cnanne1 langt.n or the fiT"s1. NMOS tt:ansistnr. 

MNl and th~ second NMOS tra.n~J.stor MN2 ~re set to be ~he 

sa111e as ea.~h other in 'both tJ"d.nSistors so 't.bat both 

t:i.:cmE:ist.nrs obt.o.in Lha earn~ el.ectric chara.ct.ei-.lsi:ic. 

Simi.1..irly. a ohannl:!l width and a channel lt>;nglh o:r th!:! 

fir:.t PMOS t.ra.ns:l-stor MPJ aud the "'~conel PMOS trans:istor 

MP2 a.re sat t:o b~ the same as each oi:her jn bot.h 

'tX'ansi~turs so that both tra.ns1sto~s obta.:ln the swn~ 

eieotr:i c c.:hara.ctst·isit10. rurthcrmot·e, sim.:I larly, a r-.banncl 

w1d'th l'lnd. a channel length of t:.he third NMOS tl:'o.ntd ,;tor 

MN::! and t;he xourLh NMOS tu.ncl.sto"t· MN4 a.re set to be the 

samG t1s ~aoh otha in both i:ro.ns:I stor~ sn t.hat bot.h 

traO!d.st.o:rc obtn.J.n tll.e same cl.~ct.rio cha:r;acterist1c. 

In r:ctse that the 'translst.ors MNl, MN2 aud MNB Brit! in '1 

saturau.on rogion, ro:spAt;t1Vely, one set of tho right and 

le~t flr~t NMO~ Lransistor MNl ~nu second NMUS t~aus1a'tor 

MN2. 1"iue set of right a11cl left fi.rst PMOS t:rans:t slor MFl 

and ~econd PMOS transi~tor MI12, ~nd one set of ri~ht and 

left lh1ra NMOS transis Lor MN3 a.ncl fourth NMOS t:'t"a.iasi:."tor 

Ml"l4 or1erate symrn1::ttrically, ::reSpfl!.C'l.:1.VcJ.y, for an in-phase 

sl.~nal J.nput whi.cl1 1e a signal c:onimonly :i ncl.uc:tcd il'l the 

t1rst 1 uput vol t.:S.!16 Vl a1)d the J;e.cund in:ciut vol tAlj$ V:Z, 

'?he .!'ia.i.cl de.lay c.·.i:rcui t which ope r·atec symn1etrical 1 y U1 

th.1.e manner i.s ~ clroui.t- same as <.mlv o r:i.c:·cu.:i.t on one 

sid.c !llhown in Pi y. 2 in wb.i..ch the delay c:i.ri:.:u1 't is di Vi<lcd 
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i.nto two wlth rcst1ect; to a ="l'lM'&trir:al center line. 

Aoco:rd:luglv. with re~ord 1.o Fl.g. 2, Gmn can be repla.ced 

by tran~conduotance of the tranGistor MNl in -F1~. 7, Grnp 

can be r:·eplaocd by transconduotanne of thl!'> 1.ransi.stor MJ?l 

in Fjg. 7, Gm c~u be replaced by transconductance of the 

th:i.rd NMOS transist:or MN3 J.n i-·19. 7. and f.;d$ can be 

replo~ed by conductanoe be~wecn a Ura.in and a oourr.e of 

tho NMOS transi~tor MND !ur a bi~s current source .in ~ig. 

7 I :t"t"1Spect:1vely. on the other hand. for a d.1fferellt1al 

signl\l :1.nput which 1s ft signo.1 r:omponont: included as a 

d.iffe.rence between two inputs. 1 n Fig. 7. since 011e set of 

the right and le%t transistors MNl and MN2, one ~et of 

r:t.ght aud left "Lran&ist.o:t·s Ml.'l aud MP2. aud ODA sat of 

r1ght. and le:ft transistors MN:l cmc:! HN4 uperate iu an 

opposite direclion. rA~pectively, it: c~n be consldered 

tbat source e1ectr1c potentials of the first NliOS 

transistor MNl and th~ second NMOS tral\sist:or MN2 ot· Pig. 

·1 arA eguival ently grounds, .ind :f'or th"' d1t·teren 1.ial 

01gn~l component ot th~ c1rcu1t in tne ~boaim~n~ sbown in 

:i:·1g. 7 , the sr;iul. val.ent c.1rcui t. oti one Fi i..de .1.ia t.he same es 

th~ r.tbove-mentionec1 equivaJ.cnt ciroui t ''n one tliiCla chown 

l.n F lg. ::i. Ar.curdingly. with regara to 'Fig. 3. Guin oo.n bi'! 

repl rt.ced by t:i:cuisoondl,..::tance of 'the trnnsiErtor M'Nl in F~ g. 

·1. Gmp can be l·epiaced by tru.ns11onductance ot th~ :firct 

PMOf; t:t.:·ttneistoi· MP l in "F 1g, ·1 • 1rnd Gm c1m
1 

be repJ rt.ced by 

liriiiiliirlir 
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't"ransconauctr111ce o:t tbf': third NMOi:; trancist(')r MN3 1n F'lg. 

7. ces'PcctivP.ly. 

With rego.r<i to the ci.rcu1 t show11 .in fig. 7. 1f the 

:respectl.vfl! cl1a.nncl wi<llhs and ~hanne1 ..Lenglhs ot· the 

transistn'l'.'s MNl, MN2. MPl, MP2. MN3 anc1 MN4 are se1.ecl:eO 

so that the gquation (15) is f':Stliblished. it l.$ pnss.l.blc 

'to obtain ci charactfu·ist1o sAme as that of the dj":lay 

c1.rouit £0.c.· the ring osci.Llo.toi.· shown in P'1~. l. arul an 

1n-phn.sfll 9~1n o.1' Fig. 7 1:; g'ivi!n by the equation (12) and 

a dlffeT"enLial gain of Fig. 7 i~ given hy the equat.l.on 

(11). r~sp~ct1ve!y. 

l.n the oeunbodimont. shown in F .lg. 1. !'SS mentionad above. 

l.t is :ru:issJ.b1c to <:onstruct tl1a m-ios tx.·ansistori> MNJ.. MN2. 

Ml-I~. MN4 and MND by PMOS tr~ns1stor~. re2pectiv~1y, and to 

oon.st:::-uct 'the l'MOS transistc.1rs MPl and MP2 by NMOS 

'J.'ne tlt-!1ay circni t :for the r1ni:I' osc'i..lla'tor in ClCCOrcli:uu·:e 

wi tll. th~ preacnt. iuven t1on easily rP.alJ.zes a d .i..fterenH al 

gain o F more thf'n ur equal l:o l. and au in· phas.,.. gain of 

less than or cqna1 to l. 

. This SheetHas Deen Replaced ... 
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I I If Ill~ 1111~ lllJl lllll II If 11 
What ls clo.imed 1s; 

l A delay ~ircuit. for o ring oscil1ator. compr]sing: 

a f:!rst ele~tric potentiAl line; 

e pair of ~utput lines: 

a pair or two fjrst transistors a.rrang~d betw~eu said 

fj r.s 1: elect cic pot.en t:l.a.L 1 tne and said pa tr o:f output 

lines, resp~c~ively; 

~ ~eoond e1ectr~c potential !ine: and 

a pair or two se.cund transiiotnr$ arranged between satd 

second el.t'!ctrl.c po·Leni:ia.1 lino l'\nd. so.id pair oT. uutput 

ltnes, re~pectiv~ly, 

wherein l·especti.vti srntes of eeid first" trans.isLors ara 

connacted to said p~1r of qutput lines, re~pectiveiy, 

said two first tran3i~turs are connected to ~aeh ot.h~r 

CP.ut&r syminet:ricallV, arid sal.d two sec:o~1d transi..&t:ori; o.x-e 

c:onnecb•:d to eacll other center-synmictr.ically. 

the delay Ol.rcnlt furtll.e:r compr1.eing d. third el.ec1:T:'i.c 

p1"> t eni:iu 1 line , 

wherein said pa"ir 0£ nu1.put l1nes are connec:ted to Sd.id 

thtrd cl~ctric poteni:iaJ line. 

2 A delay c1rcu1i: fnr a ring oso1llator according to 

c1a111\ l. 

wherein .l.f thA .first t.cancist:o.rs are t>MOS traus1stor!oi, 

thi?- second transj s'l.o~G o.r~ NMOS t.cansist.ors, and if th~ 

:fi..rs L tra.ns ls"tors ~u:e MMOS trans ls tors. tbe oer:oud 



'So, 

so 

,I 111111~1m1~1111w111u111 
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translstors eJ:P. PMOS tre~sistors. 

3 A O.cl.ay r:ircuit fn't: o. rl.ng oi:;•~illator r.LC\.:orCling lo 

cJ11.im l. 

whe.ce:ln sai.d delay ei rcu1 t furt.h1:1.c comprj i::es a pa.1 'C' of 

th trd trans:! stors arranged between sa1d pa:il: of output 

l 1 ues and sl'.lid fl.rat el ec'trl.o pC1tentl.aJ. lj ne. and . 

gatet of sa.l.d first lraneiat~'C's are center-synune~rically 

r:unnectcd t.o !:!a"tea of :oa1d third transist.(lrs. 

• t. de'l1:1y c1:rcu1t for a rina uso.tJ.lo.t(•r aoaorai.ng to 

cla::l.m l. 

wbex-e1n Raid delay nircuit fnr'l.her com1n.:.l.ses. a pa.1..r: of 

-roarth t:ransiiotors arnmgect bP.tween sa.id pair of ou1.pu"t 

1.lnes and sa.l.d third ~J.ectric po tentj,a t line. ann 

gates nF. said fonrt.h trans:li:>tors iU'.., r..:onnccted to said 

uutput lines, rcspflct..i.vely. 

s A de lay cl.rcu 1 t for u. r:l ug otcil 1.alor acconling to 

clal.m l, 

chara.ctP..t"1.2&d in tha.t, when in'PUt vnltageo apptJ.ed to 

gC:1.t:e13 of i:;a1C1 'two $e1.:ond trallsisrcor.s. .i:~spccti vAly, arc 

.t·eprcsentMd 'bV Vl 11acl v2, an i.n-phase .input volt12ue w.1.th 

i.·espcct tn sa.1.d inpnt vol tagei: Vl and V2 is repr""sented by 

VIQ, a di!rerential i.riput volt.;,.ue inclnde\l. ac u. f.rum of an 

-tnput di f''fe.t-enoc bet.ween the t"'u :LnP.uts Vl and. V?. :i.i.i 

r...-.presentflld \Jy AV!. t.wo output "oltages wh1Ch appear 1n 
,. 

Rr.tid outp11t lJ.neo ere reJ):rcsentt!d by Vol and Vo2. a11 3..n 

This Sheet Has .Been R~laced .• : · 
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J,Jhase onLput vo.lto.ge whi<":b iE: c;nnuuonly includ.cd i11 ca.id 

uutput '\lul~ages Vul and Vo2 1s represent:~d by VOQ, a 

tl1.fferent1al output volt.6.g& inr.luded as a form of an 

ou-cput d1:ffc:renct! bctwet!n sui<'I outpu_t. '\loJ.tu.ges Vol •nlil Vo2 

.i!l rep.z:escnterl by f:NO, tran:sconduotilr.ce of satd tir~t 

trmisililtors is repreaented oy Gmp, t:rausoonductanoe oJ: 

said sl!!cona trans:isto"t"s ic representl'!>d by Gmn. 

tran~c:onductance between oaid output llnea and said tllird 

elactr~c potential l~ne 1s represcnt.ed by Gm, ana 

conductance ns a design constant is set to ~ds, an iu-

p~t;e gain VOQ/VJ.0 of said. c'1.rcu1t is obt:ained by th~ 

r-------
:t o J.J ow.ing ec;iuntl.on: 

I If Ill~ 1111~ II(~ 111[1 ~ IJll VOO/VIO 

= -((;rnn•~ds/'-)/{(Gmp+Gm)•(Gnin+Gds/2}), 
caid ues1gn constant is defined so as ~o he Gmn>>Rus/i. 

said equation 1c re·exp:rosJ>e-11 with a ~o.od approximation, 

wnen Gmn i~ ll!liml.nat.sd, by means of t:he fnl.1ow:1.ng 

OQUr>Ll.on: 

VOQ/VIQ ~ -(Gus/~)/(Gmp+Cm). and 

caid design eonsto.nt Gds is furtber approp~~atcly ~e~ ao 

i:ha.t i>a1d in-pli.ace gi'lin becomes 'to 1-,e small enough. 

~ A dclAy circuit for A l:in$t oi:u .. ~.illatoi: acoordtng to 

oJ.aint s, 

WhP.1:ein so.:ltl de.Lo.y c.trcui t furthl-'l'I:' comp:cj aes: 

a. f'1n: th elec: tr1c pnt~ntiill tine: t1nd 
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a bias t.rcs.nsistor arrang"'d between said. fouL·th eler.::trio 

potentia 1 llne o.nd sa~d aec-.oud clec'l.r1c pot:ent1al lj ue, 

~"!onauotu.ncli! be-:ween a Cl.ro.j n ~d il st)urce of sal.d bins 

'l.ransistnr is said uecign constant Gds. 

7 A n~lav circ1.11 t ~or e1. ring nscillatoi~ accorcii.ng to 

claim 5, 

oharar:terizcd in that ~ dl.fferent1al g~~n ~VO/hVI 1s 

exp:ressl!!cl 'by the following equnt:ion1 

AV0/6VI = Gmn/(Grnp-Gm), dDd 

vaJ.ues r1f the pr..r<U11eters Gmn, Gmp and Gm are cet ·su as to 

be cmn > (Gmp Gm). 

8 A delay ctrcu1t fo~ a ring osci~lator aocnrd1nq to 

clal.m 7, 

a fm: Lh c.l.ect..ric pot.entlal 1:111e; anil 
1111111111111~ lllJllll[l 111111 whe'C"e.l.n said delay c:"i.rcu1t fn.rther ~oniprises: 

a b'i as transistor arnulged between Bl'lid fourth electric 

potcnt.ial line itnd eain ~econd Alectrir: potcntiit.1 ll.ne, 

condur:t.:u1cc bet.ween o. nre1..1n and a source 0£ so.:I d bias 

trans 'i.s I.or 1s Ela.id design const.~nt Cdf;. 

9 A delQy c:l.rcuit 'fo.r a rinu osciJ ta·tor, cmnpri::;ing: 

a. f'i :i.'s t c.l.ect.r:ic potP.n t1al 1:111e: 

a i_::l"l tl: of output: J..inP.s; 

a pair of twn firat b-ans:tstor.s arranged 'betwfl\eu said 

fi.r!Jt: elt!.ctric ro·1.ent1e.l line and lillaia. pnlr Of output 

l.l.ncs. re:speotive.ly1 



I . 

a seoon~ electri~ potcnti~l line; and 

4 pair n! two second trnn~istor~ arranged between sain 

sP.ccnd eJ e.c: trlc:: po lenti.o.l l.lnc and sai.d palr of riutput 

llnee. respectively, 

wherei u reap~c1.J.ve goat.es of i;:a.i.d fl.rst tran!l"ts tors an~ 

i:cnnect~d to said palr of output 11nes. respec'l-11/'ely. 

sal.d 1".wo first transi~ tors <ire connected to each othAr 

c~t:cr-sy1nmetrir.ally, ond said two secoud transistors .:tre 

cunnectAu to eac:h oth~ centGr-symmetr1.cal.ly. 

the de.lay cil"'cu:f.t furLhar C<"lmpriaj.J)g a 't.llird el.ectri.c 

potent:! ell. l.1.ne. 

'A'here-tn said pcs.ir of uutput l.ine:J on:•: connfllc\.ed to 1:1a1d 

third. electric potent.ial line. 

wbcr,.,iu :r..t· th~ first 1..ransif'I Lore <l.:re PMOS t:i:ancist..o.r:s, 

the s~c:ond transistor,; 1:1.re NMOS trQnsistors. and if the 

t1rst t.L·ansistvrs ar~ MMOS t1~dlls1stl'>r:1, the l':iecond 

"transi.s l:ors a1·e PMOS t:r.·anGist:v.x-s. 

10 A de1ay ~:f.rc:uit for a rtng cs~illatox ~ccord1n9 to 

cl.aim 9, 

ch:ir~cLer~zed 1n thftt, when input volta9es appiie~ to 

gates ~t said two sccnnd trill\~istors. reGpectiveiy. a.re 

re?re~e~tea by Vl and V2, an ~n-pnasP. input ~ultage with 

respect to satd input voltagP-s Vl <:tnd v2 is ~aprcsenleO DY 

V:tQ, e. clJ.ff&J:ent.i.al. inpu't vol Ta!:)e :i.ncJ uded ;if'; a. from uf an 

input dif.ferencP. betweell the two 1nput~ Vl ann V2 ls 

111111111111111111111111111111 
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rcpre~ented l>y t:.VI. 1.wo out.pu"t vol te1.gcs wti1ch OPJ?t:~r in 

cain uut:put linec e~e rcpra~en'tcd by Vol ~J10 Vo1., an in­

p.no.:o;e ou'tput vol i:ag~ which ts commou.ly in~luded i11 said 

out~uL voltayes Vol and Vn2 1c represented by VOO. a 

difrsrentinl output voltage 1ncluded·as a form of an 

out:put d.if'fe.rence between satd 011t:put voltages Vol ann Vo.2 

is .reprcs~nLea. by AVO, tr.ausoonduct:ancf'! uf said first. 

tri'lns1stors i£ rep.cesentl"ld by Gmp, t:ransc.:onduct.ance oi 

sdju second transistorG is represen~ed by Gmn, 

t:rauscondnct.cmoe b~tweon SCLid output l:fnes and i:;a1.tt third 

electric potential line 3s re~re~ented by Gm. aud 

conuuctance as a. design r:ousto.nt is set to Gds;, an in-

phn.se gain VOQ/VIQ of said oircnl't 1.s olJtain~d by the 

fnllowing equation: 

VOQ/VIQ I If lllll l/1111 1111111111111111 · 
C l M s * 

c -(Gmn*Gd~/2)/((Gtup+<.im)*(Gmn~~d~/2)}, 

saiu dcsig'1 const:aut is defined so as 1 u l:>c r.nu.i»Gds/2, 

sAid eqQdt.lon is re-expr~ssed w.1.th u. good appi·oximat.lon, 

whit!n Crnn ls elirniuatcd., by moa'l'ls of the followJ.n~ 

equi:l'tion: 

VOQ/VIU - -(Gda/?.)/(Cmp+C..m), and 

sai.d a.cs1gi1 conet.ant ~els ls :l:'urther oppr:oprio.tely set so 

thRt said. 1u-phas~ ya:i.n b""come& to be 5nti:lll enough. 

11 A delay 01rclli.t: for Ill ring oscillaLor acnurd1.ng tu 

Clt?l"iJn .L 0 • 
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charo.ct:e.:i:..i.zeC1 1n that a dif-Fe.r:entio.1 9'-'-ln AllO/A.VI 1c 

expre~sen by the fo)1ow1ng e<JUaL1on: 

~VO/AV! = Gmn/(Gmp-Gm), and 

values o! the p6raiueters Gmu, Gmp and .Gm are set so a_oq to 

'be Gmn > (Gmp-Grn). 

12 A delay c~~~uit for ~ ring oscillate~ an~ording tQ 

claim 11. 

wher~ln said dei~y 01rcutt furth~r 1,;onrprisss: 

a foz:th elcctrii.: potent1.al l1ne: and · 
I If I/If Ill~ ll(H Hiii 111111 

s * 

a htas transistur arranged betw~en said fourth electric·_ 

potenl1al line and cs.id ~"'cond elt'!ct..r.10 pota11t1.al line, 

condu.<:tance bet.ween a. dratn and. o. souroc of said b.1021; 

tranSl$tor io s~id design cons~ant. Gils •. 

13 A dcl.ay·~.trcu1t fcir a ring oscilJ.~to-r, comprising: 

a !lrst electrlc potAntlal lin~; 
:This.Sheet Has Been Replaced . 

1111/l/lllJlll /Ill . " }ila.:1.r of on l:put J.in~s; 

n ~a1r of two first ~r~nsistor~ arrang~d uetwaen Raid 

fir~t elec'trit": potentiAl line anr1 said pai.x o:t outpn L 

.linf'ls, re.:>pect.1.velv: 

a s1t:1cond elet::trlc po-t~.ntial lin~: and 

A p4ir of two second t~ansistor~ arrang~d between $a16 

se~ond elcctr"it..~ potential l1ne end said p11i1: of output 

lines, rcsp~etl~eiy. 

wh"'t·ein ros:pecLivc 9ate>1i:; of so.id first trnns1s~ors a:x:e 

oonne~led to seid pail: of QUtput lin~s. r~sp~ctively. 



.,,, 

said t.wo f1rst Lrancisto.rs a.re connect.ell 'to ea(.m othf'lr 

c.:enter-~ynunetriclllly, ond said t1110 second trans:t stors l.\re 

1.:onnectflld to each other cent:cx--symmetr:i call y. 

t:he d~lciy 01rc1ll t turt.her cornp.t·.isi'ng (\ 'th1rd electr.:i c 

_potcntii'll line. 

wher~1n said pe1.1r of ou'tput l..i.nes an~ connf'lo1.ed t:o i:;al.d 

third ~lect:rir. potential line, 

wberein ~f the first tranejstorc are. PMOS +.r41l&istors, 

the set.~ond trHn.sistors are NMOS tro.ns1 s'tors. aud if t.he 

first 1ransistors are MMOS trn.n~1stors, the ~econd 

furthsr com{)'Cil>es a pair of third. tt·ans1st('l:r;i; ar.ranyed 

between sal.d rialr of output J iuec nno said. fi1:.st: e.l e.ctric 

potentlal lin~. and 

g;:it'e.~ of so'i.d f:Lrst lransis::t:ors nre center-symmet:'t'.ica.ll:y 

connecled to g~te& of ~a1d thlrd trBns~st:ors. 

14 A delay 1.~1rcuit. .for u. ri.ng osr:illator ClCCord:ing to 

claim 13, 

chl!l.1:acteri:?.~.d in t:ha.t, whe11 1nput "ol'to.ges appli~d to 

gat~s of said two second trallsl.stors. resper:live.ly. are 

repr~s~n~c~ by Vl an~ V2, an ln-pha~e 1nput vol~age wlth 

reGpP-c'L to sc.i<l .1.nput. voltage::. Vl a.nn v:a is i·e.presented by 

VlU. l'I lliffere1\t1al. input voltage ini·:luded l'IS a from ot an 

;Lnput 11.Lfferenc~ bctwe~n the two inpu1 s V:l and v2 is 

.cep.resA.utea by AVI, two output V'Olt~gP.i:; wh.ich appco.r ~n 

1111111111111111111 11111111111 
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said oul:put lines ore. represf:'.n'ted hy VoJ. onu Vo2, an in-

pnase. output vol tag~ wh1Ch 1 s commonly 1nc:lua.ec1 jn said 

out.put voltnues Vol dnd Vo/. is re~r~eente~ bV VOQ. a 

dif£1;1rential. output V'Oltege 1nclmleCJ. as o form. nf an 

output: difference be'tween said output vnl'\.agos Vul and Vo2 

is reprcssnted by ~VO, transconductance 0£ caid f1rct 

trnus.1.stors J.s rept:esentAd by Gmp. transcunducte1.nce of 

soi cl second transi stora '.l.s represented by Gmn, 

trcUlSConductance hstween s~d outpu't l:ines and said. third 

eJ~ctric potential line i.s reprei:1en'tcd by Gm. ;u1'3 

co11ductonr..=s ac a <les19n t:onstont is aef: Lo Gds, an .in-

I ~fl~ IU(U llljl HI, II If II · 

ph~se gain VOQ/VIO of satd c1rcutt is ~btained by thA 

foJlowing equa~ion~ 
. --This Sheet Iias.-Been 

111111 m11iC<d · VOQ/VIU 

= -{Gmn*Gds/2 l / {(Gmp-i·Grn) * (Gmn+~d~/2)). 
sa.ld design constan't l.s defined !110 as 1.o be Gmn>>licls/2. 

sa.:i.d cque1.1on is re-Cl:.."Prt!-ssed w1Lh a g1.10Q S.Pr>rux1ma.t:ton, 

~hen Cmn i.s e.lim'i.ne1.tcu. tiy means of thi:t fo..llow.i.ng 

eCJUat1on: 

VOQ/VIIJ.., ~(GC13/:>.)/(cmp+Gm). nnd 

R.aid des)9n constant Gds is further appropriately set so 

t.hC\t co.id in-phasii! gal.n become~ Lo l:>e ~rnal.J. enough. 

1.?J A dr-ilav circuit fo:x: a rin1:1 osoil la tor acoord.ing tu 

Clt1..1m 14. 

cl'laraoter.iiced in Lha't a dJ.fferentl.a.L ga:Ln t:NOI aVI is 



38 

oxpre~se4 by t.he followinu eqoatlon: 

f!J.VO/AVI ... Cmn/ (Gtnp-Clll). iUld 

va.luf':i:; of the pa..t·allleters Gmn, Crnp a.ad. Cm ar~ set ao a~ to 

be Gm11 > CCmp-Gm). 
. 

16 A deJ.c.y circuit for a ring osci.J.latOl.· aocorcH._n_g_t_o __________ ·~.· 

cl a..i.&1t l4. 1 
wherein sr1.i.d <le.La.y cucuit £11.r:ther comprises: 

a fort:n eJ~ct:rio pntttotlal liue: and : 
' 1111111 1111111111111111111111 
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a u1ac tran~1stor aT.rGnged between Sujd four~n slectric 

pnteut1al. lin~ antt sal~ seoond eleotric potential. line, 

comluctance between tt drain anti a sourc:e uf o\li.d bias: 
I 

t:-causictor 1 i:; said dP.,sl.gn constant Cds. 

J 7 A cl.el it.y circu:I t for il. r:l.na oso1l la tor, cornp.d.s.1.ng: 

a first el~ctr1c potent1il.l line: 

l:1 pa1r of. uu'tput l1ues; 

a pair of. Lwo :1:1rst. transi~to.rs ar.ronuea bctweeu Sal.d 

nrst clec:ti:lc potenl:l .. al J..inP.. c:tnd said i>air of oul:put 

lLnee, r~spl:!ct~vely; 

a second ~lec~ric potentiel line; onu 

a pair o! two sectmd transi.sLo.rs arri"lngscl be'hlel:!n cai.d 

~l:!cond cll"lc:t.r:1c potential line and sairl pair of output 

JLoes, re~pe~t1vcJ..y. 

wherein re~s::ieoti.ve gates or said. firsL transislo:::s are 

c:ounected t.o said P" U.· of output J.incs, x.·~u::pccti VH1Y. 

:S<:1.id 'two ri.rst transi.stora or.,.. conncct.f!'.d to cQch c..>ther 
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center-syuimet.'l:ical.J.y. and snicl two ::.econd tl:an~istc.1rs a.ri"'I 

connented to e4ch oth~r ccnte~-symmAtrio~lty, 

thP- delay ~i.rcul.t rurthcr C()mpristng a tb.i.r<2· elP.ctric 

pot en U.al l.ine, 

whel.·e1n sa 'td '{>air of out:[lut l.inl!ls are r.onneotl"ld to sa td 

thj "t"d electl·l.c potF1ntial 11.ne, 

whecein if' the fi.rst tra11sl.stol".s are PMOS trens.1.~'tors. 

th~ second lran~istore .:i.rs NMUS ~r~nc1stors, and Lf th~ 

firs\. tra.ns tst:ors al."S MMOS tranaJ s tors. 1. he c;e<":oud 

trans.i.stors ue PMOS i:ra.ns·i.stors. 

:f1u:thcr c1"lmpr.1.ses c:1. pa.ir of fom.·t;h trisns1stors arranged 

oet:vean sai<'l pair o.!! outpnl: 11nei; and sa.i.d thir.d elech:1c 

potent1a.L l'tne, and 

gC1.tes of sal.d foUX"t:h t,...ausistor:s are cunnectfi!.d to said 

outpu't .Lines, resp~ctivel.y. 

ia A d~lay circuit ford ring oscillator acnording Lo 

cl.a tm !. 7. 

C":haractt'!J:.i.zect in that. '!.Vhen in.put vo l'Lagcs Rppl1Gd tu 

9at~s of ~ald ~wo second 1.ransi~torc, ~espcctjvely. n~e 

repc:esent(l!d by Vl ttnd V2. an in-phase i..nput voltage with 

res11ect: to sal.Q. in.r.iut vol1.agcs Vl and V2 1c: rei.irescnt.ell Dy 

VIQ, a dif"f~rentia'l input volte.gt-\ 1nclnd.t!d .'.ls rs from n.C an 

input di.f f.-:J:·enoG beit tween the twC'I J.nputs v1 and V2 is 

rcp,...eseni:ed by 6VI, two ouLpUL vnllages wblch Rppaar in 

said ou·t;put 1.1ne!: ftt"1:t roprAsented l:.iy Vol t:tnd Vo'>.. an in-

.--··' 
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phase out:put voltage w1·1ich is cu.mmonly includ~d in so'l.d 

oui:put 'll'Ol~agf"s Vol an<l Vo.:! i.r;. .represAnt&<l by VOQ. a 

di~ferential ou~put voltaqc included ~s a fo'tlll of ~n 

output. d.i.t"fe:rence bf'ltween sai.d outp\\t voltag~s Vol ai1d Vo2 

1s re~reGent~u by ~vo. ~ransnonductnn<.:e of s~10 ~~rst 

i:ransis~ors j~ represented by Qnp. t.rl:\llsconductanc~ 0£ 

co.:i tl !:lacond t..ranEist.o:&:s is repreaen ted by Gnlll, 

trans<.:onduct.:ince between sa1d output l1nes and sD.1d third 

clect.cio potential line l.s -c:ep:rese.nt.ed by ~in. and 

conduc~ance ~s a d~sign con~tant js set to Gds, an in-

phas& ga1n VOQ/VIQ or sal.d n.Lrcuit il» obtajoed by tbe 

following equation: 

VOQ/VIQ 

"' - (Gmn•Gdir;/2) Ir {Gmp+Gm) •(G111n ... ~ds/2)}. 

sajd deGigo constant ic defined so as to be Gmn>>Gds/2, 

so.:l d equo.t.i.on is rP--e."'Cpre~s~d with a good ci.pprox:icnat1on. 

whe11 Gmn i1; el1minated, by 111eans nt 'the Fol1owing 

equ..=tt1on: 

VOQ/VlQ - -(Gds/2)/(Gm~iGm). and 

saju decign Gonstant Gas ts !urth~r appropria'\:ely sa~ sn 

thn.t said iu·pho.se gain becomes tn be sm11.ll enough. 

I ,ll'll' '''I'' lll'l l,111 
· 19 .I\. de lay 01rc11.l.'\: tor a r.1.ng o?;ci.lla.t.o:t.: accn,:tlin~ to 

" 1111 cl ~.iin l~ . * C L M S * 
cha.r:aoi:eri.,.ad 1n t.b.d.t a di f:fercnt-.ictl qain AVU//:Nt J.s 

axpr~s!ilad by the fol lt:1~1nq e11ual:1on: 

I 
I 

j 
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/:NO/AVI ..: Gmn/(Gmp•Gm). o.nd 

valueo ri't I.he par;nuet:ar:a r..mn, Gmp aud Gm are set so r.is to 

be Gmn > (Gmp·Gal). 

/If II] Ill~ B{~ 1!111/f I/ ::~ .. :. ~elay r~cu1t fo\· a ring o•o1llator aooorfilug to 

ThisSh · · 

lllliiitlilil~ 
whet'ein caid de.lay oireul."t fur.tber comp.cisec~ 

:i fot·th e.J.eotr..i.c potenL1al line; an.a 

o. bjd.s transi.sl.or o:irr1mgad between saiil :fourth e.lectric 

potent1a1 l1n~ and s~id second elactric po~ential line, 

oondm:.:tanoc betwe.en a dca1n and a. source of said blac 

i:ran~lstor i~ scaid c::testan consta.ut Ccts. 


