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DELAY CIRCUIT FOR RING OSCILLATOR

BACRGROUND OF THE INVENTION

The present invention relates to a delay circuit for a
ring oscillator, and especially to a delay ciréuit for a
ring oscillator which is capable of realizing CMOS
integration, and 1s appropriate for applicétion 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 circuit, a delay circuit
for the riné oscillator is used. Generally, such a delay
circuit for a ring oscillator has a circult arrangement of
a single input and single output type or a differential
input and differential output type, and an amplification
circuit of which gain is‘moie fhan or equal to 1 is used’
in the delay circuit for the ring oscillator. In recent
years, it is required for the delay cilrcuit for the ring
oscillator that it can be realized by a CMOS circuit
- having a circuit arrangément 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 wvariation.

A delay circuit for a ring oscillator for responding to

such a requirement is known in a document (*1).
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(*1): IEEE Journal of Solid State Clrcuits, Vol. No.SC-25,
No.6, ppl385-1394, December 1990.

As shown in Fig. 8, the delay circult for a ring
oscillator disclosed in this document is elaborated, in
which PMOS transistors MPll and MPl2 are always biased to
a triode region by a reference voltagé circuit 101, and
thereby, an in-phase gain ;s suppressed to less than 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 gnd an output voltage of the said delay circuit,
is variable. In this manner, this known technology is
formed as a delay clrcuit for a ring oscillator
appropriate for CMOS circuit integration.

In case that the ring oscillator is constructed by using
delay circuits, of which in-phase galn is more than or
equal to 1, and as shown in Fig. 4, 044 numbers of the
delay circuits are used, a loop gain of an in-phase signal
component of the ring osclllator becomes to be more than
or equal to 1, and not only an oscillation ocutput due to a
differential signal component, but alsoc an oscillation
ocutput due te an in-phase signal component are included in
an output signal. In case that the ring oscillator 1is

constructed by using delay circuits, of which in-phase
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gain is more than or equal to 1, and as shown in Fig. 5,
even numbers of the delay 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 circuit is formed and an output
voltage of the ring oscillator finally becomes to be any
one of voltage condition of a high voltage side VDD or a
low voltage side VSS. Usually, since the ring oscillator
using a differential input andldifférentiél output type
delay circuit is designed so as to generate oscillation
due to a diffsrentlal signal component, a loop gain of an
in-phase signal component ié set to less than or equél 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 1 by
intentionally increasing conductance between the
respective drains and sources of the PMOS transistors MP11l
and MP12 which are loads. More particularly, gate voltages
of the PMOS transistors MPll and MPl2 are set so that the
PMOS transistoré MP1l and MP12 which are loads always
operate in a triode region. Generally, with regard to
conductande“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 MP1ll and the PMOS
transistor MPl2 operate in the saturation region out of
the triode region, an in-phase gain becomes to be more
than or equal to 1, and if a ring oscillator is
constructed by such transistors, the ring osclllator
having an odd stage arrangement shown ih Fig. 4 can have
condition in which oscillation occurs due to an in-phase
signel component. Furthermore, the circuit of Fig. 8,
which is a circuit having a differential input and a
differential output, can realize a ring oscilllator 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 1, it becomes to be a bistable circuit
and can have condition in which oscillation does not occur.

If it reaches such 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 derilved.
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 1 are easily
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realized. Moreover, by reallzing the differential gain of
more than or equal to 1 and the in-phase gain of less than
or equal to 1, it is desired to provide a delay circuit

for a ring oscillator appropriate for CMOS integration.

SUMMARY OF THE INVENTION

The present invention is made to solve the above-
mentioned problems.

Furthermore, the objective of the invention is to
provide a delay circuit for a ring oscillator, which can
easily realizé a differential gain -of more than or equal
to 1 and an in-phase gain of less than or equal to 1,
without using a reference voltage circuit.

Furthermore, the objective of the invention 1s to
provide a delay circuit for a ring oscillator appropriate-
for CMOS integration by realizing the differential -gain of
more than or equal to 1 and tﬁe in-phase gain of less than
or egual to 1.

Means for solving the objectives are described as
follows. In technical items in the descriptioﬁs, which
correspond to the claims, numerals, symbols and so forth
are attached and described with parentheses (). Although
the numerals, symbols and so forth clarify a ocoincidence
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 plurallty of embodiments,
they are not for showing that the technical items
corresponding to the claims are restricted to the
technlical items in the embodiments.

A delay circuit for a ring oscillator in accordance with
the present invention comprises a first electric potential
line (VDD}, a pair of output lines (2a, 2B), a pair of two
first transistors (MP1, MP2) arranged between the first
electric potential line (VDD) and the pair of output 1ine§
(ZA..ZB). respectively, a second electric potential line
(5), and a pair of two second transistors (MNI1, 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,‘MPZ) are
connected to the pair of output lines (2A, 2B),
respectively, the two first transistors (MP1l, MP2) -are
connected to each other center-symmetrically, énd the two
second fransistors (MN1, MN2) are connected to each other
center-symmetrically, and the delay circuit further
comprises a third electric potential line (a.ground line
of Pig. 2, Fig. 3 or Fig. 7 or VDD of Fig. 6), and the
pair of output lines (2A, 2B) are connected to the third
electric potential line (a ground line of Fig. 2, Fig. 3
or Flg. 7 or VDD of Fig. 6): Such a circuit can easily
realize a differential gain of more than or egqual 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 (MP1l,
MP2) are PMOS transistors, the second transistors (MN1,
MNZ) are NMOS transistors, and if the first transistors
(MP1, MP2) are MMOS transistors, the second transistors
are PMOS transistors.

Moreover, it is preferable to provide a pair of third
transistors (MP3, MP4) arranged between the pailr of output’
lines (2A, 2B) and the first electric potential line. In
this case, gates of the first transistors (MP1l, MP2) are
center-symmetrically connected to gates of the third
transistors (MP3, MP4), respectively.

Furthermore, it is also preferable to provide a palr of
fourth transistors (MN3, MN4) arranged between the pair of
output lines (2A, 2B) and the third electric potential
line. In this case, gates of the fourth transistors-(MNS.
MN4) are connected to the output lines (2A, 2B),
respectively.

Input voltages applied to gates of the two second
transistors (MN1l, MN2), respectively, are repfesented by
V1 and V2, an in-phase input voltage with respect to the
input voltéges V1 and V2 is represented by VIQ, a
differential input voltage included as a form of an input
difference between the two inputs V1l and V2 is represented

by AVI, two output voltages which éppear in the output
R
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lines (2A, 2B) are represented by Vol and Vo2, an in-phase
output voltage which is commonly included in the output
voltages Vol and Vo2 l1ls represented by VOQ, a differential
cutput voltage included as a form of an output difference
between the output voltages Vol and Vo2 is included is
represented by AVO, transconductance of the first
transistors (MP1l, MP2) is represented by GCmp, .
transconductance of the second transistors (MN1, 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
in-phase_gain VOQ/VIQ of the said circult is obtained by
the follo&ing equation: VOQ/VIQ = -({Gmn*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 cise, a differentiai gain AVO/AVI
1s expressed by the following equation: AVO/AVI =
Gmn/ (Gmp-Gm) . Valueé of the parameters Gmn, Gmp and Gm are
set so as to be Gmn > (Gmp-Gm). Moreover, the circuit
comprises a forth electric éotential line (VSS), and a

bias transistor (MNB) arranged between thé fourth electric

-
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potential line (VSS) and the second electric potential
line, and conductance between a drain and a source of the
bias transistor (MNB) coincides with the design constant
Gds. Such a circuit surely realizes a differential gain of
more than or equal to 1 and an in-phase gain of less than

or equal to 1.

BRIEF DESCRIPTION OF THE INVENTION
This and other objects, features, and advantages of the
present invention wlll become more apparent upon a reading
of the following detalled description and drawings, in
which: '

Fig. 1 is a circuit dlagram showing an embodiment of a
delay circuit for a ring oscillator in accordance with the
present in?eﬁtion,

Fig. 2 is a circuit diagram showing an equivalené‘
circuit with regard to an in-phase signal compohenf cf the
circuit of Fig. 1, |

Fig. 3 is a circuit dlagram showing an equivalent
circuit with regard toc a differential signal'component of
the circuit.of Fig. 1,

Fig. 4 is a circuit diagram showing a known ring
osﬁillator,

Fig. 5 1s a circuit diagrém showing another known ring

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

Flg. 8 is a circuit diagrgm showing a conventional 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 clircuit is provided.
In the source couplling paired circuit, a first NMOS
transistor MN1 and a second NMOS transistor MN2 are
coupled with their sources paired. An NMOS transistor MNB
for a bias current source is connected to the first NMOS
transistor MN1l 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 MP1l and a second PMOS tramsistor
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
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potential side power suppiy line VDD and the output line 2.

The output line 2 is formed of a second output line 2B
and a first output line 2A. The_second output line 2B is
.short-circuited to a first gate 2A of the first PMOS
.transistor MPl, and the first'butput line 2A 1s short-
circuited to a seocond gate 3B of the second PMOS
transistor MP2. In the first PMOS transistor MP1 and the
second PMOS transistor MP2, their respective first gate 3A
and second gate 3B are short-circuited to thelr respective
drains 4A and 4B.

A first voltage controlling current source Il and a
second voltage controlling current source I2 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
with an arbitrary fixed electric potential, and are
controlled by an output voltage. A bias powex sburce 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 tranéistor MN1 to the second NMOS

transistor MN2 in pairs, and a low electric potential side

This Sheet Has Been-Replaced

(W




19 T

. This Sheet 1.

i Illlllllll Ilfliilced :

a first dnput voltage VI and a second input voltage V2

"powex supply linec VSS.

ave input to a gate nf the fivsl NMOS trancistov MNL and
gate of the seoond NMOS transistor MN2, respeciively. In
raec thal the f£irst NMOSY trensietor MN1l, the second NMOS
transistor MN2 end the NMOS transistor MNB for a bias
current sourcc Atre in a saluration region, and eldgctric
characterlstios of the f£firgt NMOS trunsistor MN1 and tlie
seoond NMOS transistor MN2 ars the sume as each othear, and
slcctric charactexistics of the first PMOS trancistor MPl
and the second PMOS transistor MP2 are the same as sach
other, ome set of thc right and left first NMOS transictor
MN1 and second WMOS transistorxr MN2, one sel of right and
left figst I'MOS transistor MUYl and second PMOS transistor
MP2, and one sel of xight and left first voltage
controlling currvent gourtce Il and second voltags -~
controlling current sourcve 12 operate symmatrlchlly.
respeclively, foxr an in-phase siynal inpul which is a
cignal commonly included in the f;rst input voltage V1 and
the second inpul voltage V2. The said delay circuil whach
oporates svmmétrically in this m2uner can be expressed by
only n cirouit on one side shown in Fig. 2 in which the
delay circuit is divided into two with respect to a
cymmel:cical center line.

if an in-phase signal componcent is focussed, the circuit
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shown in Fig. 2 correspoude To an egquivalent cilrouit lhat
is eéuivalenL to one side of the cilrcuit of Fig. 1. In the
egquivalent circuit of Fig. 2, fransconduﬁtancc of the
£irgt NMOS transistor MN) is represented by Gonm,
transconductance of the first PMOS transistor MP1 is
Tepxcsented by Gmp, transconductance of the firat voltage
controlling ourrent source 11 1s reprasented by Gu, '
conductance between a drain and a source of the NMOS
transistoxr MND for 2 bias current source is represented Ly
Cds. aud a conductance compunent f£for an in-phase egignal
componsnt 1S reprasentcd'by y3. With regard to the
conductance compruent for the in-phase signal component,
eince ouly oonductance which is a half of the conductanue
petwasn a drein and a2 sourcea of the NMOB transistor MNB
for a biac current gource contribules to the in-phase
sighal componenl, y3 = Gds/2.

Similarly. in casc tho! the £irst NMOS transistor MN1.
the second NMOR Lransistogr MN2 and Lhe NMOS Lrangsistor MNB
tor 4 blae curreut source are in a saturatiou region. aud
elecixlc ocharacleristick of the fixst NMOS lransigtor MN1
and the sccond NMOS transistoxr MN2 are the same a6 each
othnr, and eleclrleo charactexrisztics of the Lirst PMOS

txnnsistoxr MP] and the sevond FMOS trancistor MPZ are ihe
came as each other, one sel of the wlght and left first

NMOS transistor MN1 and secound NMOS Lransigtor MN2, one

—_—
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sct of right and left first PMOS transistor MP1 and second
PMOS transistor MP2, and one sel of right and left first
voltage controlling currenl. source 11 and second voltaye
controlling current gource 12 operate in an opposite
direclion, respectively. for a differential signal iuput
which 15 a signal ocomponent commonly included as en input
difference bslween the Lirget input voltage V1 and the
second input voltage V2. With reyard the first NMOS
trausistor MN1 and the second NMOS transistor MN2 which
operate in an opposite direction in this manncr. 31 can be
considcred that their respoctive source eleotric
poltentials are equivalently a yround electric potential,
and the First NMOS tcansistor NN1 and the second NMOS
Lransigtor MN2 can be expressed by only a2 c¢ircuit on ons
side sghown ia Fig. 3.

It a diffexential signal component is focussed, the
circuit shown In Fig. 3 corresponds to an equivalent
virecuit thal 1s equivalsnt to one side of the circuit of
Fig. 1. Same ac the eguivalent circuit of Fig. 2, also in
ihe equivaleast oircuit of Fig. 3, trunsconducience of the
first NMOS traneistor MN1 is vepresented by the above-
mentioncd Gom, transcunductance of the f£irst PMOS
trancistor MPl is reprascnted by the abuve-mentivned Cmp,
and transconductance uf the first voltage controlling
current source 11 is reprcsented by the above-meniioned Gm.

—_—
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The Zirst PMOS tronsislor MPl always:operates in o
saturaticn teglon since 1Ts gote and drain arxe ghort-
vireuited to sach other, and its cvonductance vl is egual
0 the transconductance Cmp. Au in-phaxe input vollage
included in the two iaputs V1 and v2 is xepresented by VIO,
and o dilferential input voltaye that is o signal
componenl includerd ay a form uvf an input difrerence of the
two inputs V1 and V2 1s represented by AVI, and tﬁe in 
phase iuput voltage and the differential input vovltage are
definad by the follpWing equations:

In-phase input vollage: VIQ = (v1a4V2)/2, ' (1)
Ditferantial input;voltage: AVI = {(V1-Vv2). --- (2]}

Limilarly, an in-phase culput voltage commoply included
in the two outpnlts Vol and Vo2 is represented by VOD. and
a dilfersntial wutput voltage that is 2 signal componeni
included a8 & Turm of an output differancce of Lthe tTwo
outpnts Vol and Vo2 it rspresented by AVO, and the in- .

-
are defined by the following equatiuns: heet Has Boen Replaced

Differential ovlput voltage: AVD - (VOl-Vo2). -+ (%)

phose vutput vollage anéd the differwmntial output voltage

In accordance with such deflinitions, the inpul voltaeges
V1l and V2, and the output voltages Vul and Vo2 are
expressed by the [uvllowing eguations., recpoctively:

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



V2 = -AVI/2+VIQ, *** (6)
Vol = AVO/2+V0Q, *** (7)
Vo2 ~ AVT/24V0Q. - (8)

In the nrquivalent circult of aun In-phase vumponent,
which is shown in Pig. 2, a voliage across Lhe conductance

¥3 13 expressed by VX, VX is expressed by the following

eguation:

VX = Gma*VIQ/ (Cmn+Gds/2)

voltage VOQ appeers, the folluwing cguation is

established:

16

(9)

With raspect to an ocutput node wherc the in-phase ocutput

__;._;_Q_“_~_____;—______
‘This Sheet Has Bee

Son* (VTQ-VX)+Cmp*VoR+GCm*VQ(Q =

It VOQ/VIQ ie ossumed for an in-phass gain, from the

cquation (1U),

VOQ/VIQ ~ -(Gmn*Gds/2)/{{Fmp+Gm)*(Gmn+GAs/2)].
Genexally, with regaxd to the MOS transistor wlhich 1s
blased ln a saturation region, transcunductance is large
cnongh compared with the couduotance betwecn A drain and a
source. Moreovaer, since the NMOPE trausistor MNB for a bias
currenl gource acts ac a cuctrent souvce, usually the gate
valtage VBIAS is set s0 thal the conductancce hetwesn 2
drain and 2 sourne becomes tu be small enough. Accordingly,
it can be considexed that Gean >» Cds/2 i1s cstabl ished. The
equation (14) is simplitied as thc folluwing equation.
VOQ/VIQ = -(Gds/2)/(GmpiGm) << 1.

T III i



[l

17

As such, the gain is Pully smaller than 1. Simalaxly, ip
the eqnivalent circuit of a dilferential slgnal component,
which is shown imn Flg. 3. with respect Lo an outpul
contact where the diffcrenttal output voltage AVO appears,
the ollowlng equatlion is astablished:

Gmo* (AVI/2)4Gmp* (-AV0/2)+Gm* (AVD/2) = 0. +*- {(13)

With regard to a diffcrential gain AVO/AVL,
g i Thls ‘Sheet Has Been R

AVO/AVI ~ Cmp/(Gmp-Gm). --- (14). ’ ’"I'” I,
As apparent frowm the eguation {14), by selecling ”I”,I ,"!

parameters so as to be

Gmn > (Gmp-Gm), --+ (15) ,
it is poezible Lo make the differential gain to be¢ more
than or egual tv 1.

By Bctiing the Ttranscunductaence Gmp of the first PMOS
trangsistor MP1l and the second PMOS transistor MP2 to a
value close Lo the transconductance tm of the voltage
controlling vurrent souxces Il and I2, it is possible to
arbitrarily =<et thc differential gain to bhe a value wore
than or &quml to 1, Generally. with rcgard to a MOS
franslstor, it 15 possible to sel 1ts transconductance to
an arbitrary valuc by adjusting a channel width and a
channel lengthlwhich are shages of its gate. Aocordiugly,
hy adlusting Lhe gate shape of the NMUS transistors MWl
and MN2 and the PMUS transistors MP1 and MP2, a designex

can easily obtain a relation of the eguation (15).
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In the embodiment shown in Fig. 1, it is pbssiblc to
rcplece the NMOS transistory MNL, MN2 and MNRBR by PMOS
transistoras, respectively. and to replace the PMOS
transistors MPl and MP2 by NMOB trauslgtors, xespectively.
I this case, the voltage contrnlling current sources Il
and I2 beccome Lo Be an lnjection current suurce-type for a
vnltage ocutput node. .

If the ahove-mentioned delay circult for the ring
oscillator in acoordance with the present Invention ie
used, in case of constructing a xing oscillator having odd
stuges by means of DRLAYO, DETLAY1 and DFLAYZ thet =are
tliree delny‘uircu;ts shown in Flg. 4, since it is possible
tu set a 5009 gain to more than or equal to 1 Fur a
differential signal component and less thag or equal to
for an in-phase sigmal ocomponent, oscillation in the in-
phase signal componeni can be éuvpressed, and it 1s
possible to realize 2 ring oscillator which generates
oseillatiny only f£nxr the differentiel signal component.

Similarly, in cese of conslructipg a ring oscilliator
having even stages by means of DELAYO, DELAYl, DELAYZ and
DELAYS that are four delay cirvcuits shown in Fig. 5, sinae,
like the ahuve-mentiounsd ring oscitlator having the odd
slagee, it is possiﬁle t0o set a loop galn To more than or
equal to 1 fur a differential signal component and leas

than or equal to 1 far an in-phbase signal component,

ThsShe

//ll/l///ﬂl/////i/l/?i’l?““



19

vistable cohditinn for the in-phasc sigunal compousnt can
be suppressed. snd it is possible to realize a ring
oacillalor which generates vscillation only for the
differential signal oomponent. With regard to the number
of the declay vircuita, it is possible to increasc the
number arbitracily, without restricting it to three ov
fonx. -

Tike the delay circult for the ving oscillator, which is
realized in the prior art, in the dslay circult for the
riny oscillator in accordance with the present invention.
by adjusting a bias of the circult by means of & voltage
of the VBIAS terminal, it is ﬁossible to make o delay
period of tine to be vaciable, which 1ls a reeponse pexiod
ol tame of its input voltage and output voltage. Sincc an
~osclllating frequency of the ring oscillator is determined
hy a delsy perlod of time which the delay circuit has and
ihe number uf the delay circuvils which exist in a loop.
the rang escillator wlblch is wa2ulized by using the delay
circuit in accordance with the present <invention can
electronicelly control. the oscillating [lrequency.
Accordiagly, tﬁa delay cirouit foxr the 1ing oscillator in
avcordance with the present Invention is suitable for
application to a VGO LHat is & basic constitution element
of a PLL. Since the princlpie 0f the ring osocillatur using

the delay circuit and the gpplication of tlie ring

'I‘lns Sheet Has Bee*x Replaced
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oscillalor to the PLL are well-Xnown iu the art, The
dcscripliong thevevf are omitted,

Fig. 6 shows A circulit miycangement in which Lhe above-

mentioned ombodliment of the preseni invention is rurther

emhodied. With regard To an inter-cvonnectinp relation
batween the first NMOS traneistor'MNI, the: second NMOS
transistor MN2, the firsi PMUS trunsictor MP1l and_the
#econd PMOS transistor MP2, a connection relation belween
the active points of the input voultages V1 and v2 and the
termlnal poinls of tha ovutput voltagesz Vol and Vo2, and
the first NMDS transistor MN), the second NMOS transistor
MN2, the first PMOS transistor MPl and the second ?MAS
trausictor MP2, and a wirling rélation between the high
alectric poiential side power supply line VDD, the output
Jine 2, the pair joint line 5 and the low electric
putential sids power supply line Ve5 for the firsl NMUS
transistor MN1, the Second NMOS transistior MN2, the first
PMOS transistor MPl aund the secound {'MOS transistos MPZ,
these rcletiung are totally the same as thoec In Fig. 1.
A sscond output line 28 ié connected to the high
electric potentiol side power supply line VDD through a
thixd PMOS trunesistosr MP3. A fiecst outpul line 2A is
couneocted ta the high eléotric potential slde power Supply
line VDD through a fourlh PMOS transistor MPA. A gale or
the. third PMOS transistor MI'3 is connccted to o gate and a

en Replaced-
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drain of ths second PMOS transislor MP2. A yate of the
ruuith PMOS traneister MP1 is counected to o gate and a
drain of the first PMOS transistur MPl. The third aud
fuurth PMOS transistors MP3 snd MP4 are voltage
controlling current sources for detecting an output
voltage aud converting it intu a current. A VBYAS ls the
samc as that of Fig. 1 in the sengse that it is a bias
power supply line for controlling a current of the NMUS
transistoxr MNE for s bias curreat source.

By replucing the voltage cuatrolling current source I1
for detecting the output voltage Vol and oonverting it
into ; current. which ie shown in Fig. 1. by the third
PMOE trauslstor MP3, and replaoing the voltage controlling
currenl source T2 for detacting the output vaoltage Vo2 and
converiing it inte a current, which is shown in ¥Fig. 1, by
the fourth PMOR tcansistou MP4. on embodimenl shown sn Fig.
€ is realiszed.

With regard to the circult chown in Fig. &, a oOhannel
vidth and a chaunnel length of the ficst NMOS transistor
MN1 and the gecond NMUS transistor MN2 are set to be tle
came as each other in both transistore 50 that doth
transistors obtainu the same alectr{c characteristic.
Similaxly, a channel width and a channel lengih ot the
firat PMOS transistor MPJ aud the second PMDS Lransistor

MP2 ore set to be Lbe game ay each olher in hoth

r—‘~’**‘“'“““"”””“‘*““”.
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trausisctors so that both translstors oblLain the samc
electric characteristic, lrurtUermore, similarly, a chanael
widtn and a channel length of the third PMO3 transistos
MP3 and the fourth PMOS transistor MP4 are sel to be the
same as each other in both transistors go that both
Lransistors obtain the same electric charanteristic.

In case that the transistors MN1, MNZ and MNB are in a
saturation region, regpectively., one set of the right and
left fitrslL NMUS transigtor MN1l and second NMOS trauslstor
MN2, one s8t of right and left first PMOS iransistouxr MPL
and second PMOS transistar MP2, and onc set of right and
laft third PMOS transister MP3 and fourth PMOS transistor
MP4A opavrate symmetrically, respeciivcly. f£or an in-phase
slgnal input which is a yignal commonly lancluded In the
£irst input voltage V1 and the second input voltage V2.
The said delay circuit which operates sysmstrically in
this mauner is a circuit same as vnly & circuit on one
silde shown in Fig. 2 in which the delay circuit is divided
into two with respeot ta a symmetsical center line.

Accordingly, wikh regacd to Fig. 2, Gmn can.be teplaced
by transconductance of tlue transistor MNU in Pig. 6, Gmp
can be resplaced by transuonductance -of the transistor MP1
in ¥Yig. 6§, Cm can be replaced by Lrancconductance of The
third PMOS transistor MP) in ¥Yig. 6, and Gds oan be

replaced by condur:itance between a ilrain and a source of

-
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the NMOS transictor MNB for a tias current source in Fiy.
6, rcspectively, On the othcr hand, for e diffaerential
siqnal inpul which is a signal componcnt included as a
adirference betwcen two inputs, in Fig. 6, sinoc one set of
the righl and left transistors MNl and MN2, one set of
right and left transistors MP1 and MP?2, and one sal of
right and left tvransistors MP3 and MP4 operate in an
oppos ite dircction, respectively, it cau be considered
that source clectric potentlals of the first NMOS
transistor MNl nsnd the second NMOS tranyigtoxr MNZ of ¥ig.
6 ars sguivalently grounds, and for the differential
signal component of the clrcuit in the embo&imaut shown iun
Flg. 6, the egnivalent cirvuit on éne gidc is tlhe same as
the ubove -mentioned ¢quivalsnt circuit on one side shown
in Fig. 3. Accrnrdingly, wilh rxogerd to Kig. 3, Gmn can he
replaced by transconductance ©r the transistor MN1 in Fiy.
6. Gmp can be replaccd by transconfductance of the tirst
PMOS transistaor MPL in Fly. 6, and Gm can. he raplaced by
transconductanue of the third I'MOS trancistar MP3 in Fig.
6. respectively. _

wiih regard 1o the circuit shovn in Fag. 6, if Tthe
respective channel widths and channel lengths of the
transistora MN1, MNZ. MP1l, MP2, MP3 und MF4 ars selccted
so that the equalion (15) is established, it is poscidble
té olitain a characteristic same as that of the delay

_~_____‘__________‘___ﬁ.
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circuit for the ring occillator shown in Fig. 1, and an
In-phase gain of Fig. 6 is glven by the cguation (17) and
a di¥ferential gain of Pig. 6 is given by the equation
(14), respectively.

in the smbodiment shown in Fi§. 6, as mentioned abovce,
it is possible tov construct the PMOS transistors MPl, MP2,
MP’3 and MP4 by NNOS transistors, rsgpectively, end to
construct the NMOS transistoxs MNi, MN2 and MNB by PMUS
troansistoxre. respeotively.

Flg. 7 shows other circcuit arrangcement in which the
above-mentioned embodiment in accordance with the present
invention is further ewbodied. With regard to an inter-
oonnection ralation helween the filrat NMOS transistor MNi1,
the secona NMOS transistoxr MN2. the first PMOS transistor
MP1 aud the second PMOS transistor MP2, a comnection
rolation between the active palntg of ihe inpui voltages
V1l and V2 and the tewminal points of the output volteges
Vol and Vo2, 2and the firet NMOS transistor MN1, the second
NMOS Lransistor MN2, the £irst PMOS trausistor MP1l and the
sccond PMUS transistor MP2, and a wiring rclefion between
the high cleciric potential side power supply line VDD,
the output line 2, the pair joint Lline 5 and ths low
electric potentlad side power supply line VES for the
first. NMUS trauslstor MN1l, the sscond NMOS transistor MN2,

Tho f£irst PMOS Lransistor MPl aud the sacond DMOS

~This Sheet Has Been Rep
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translstor MP2. Lhese rclations arc totally the seme as
thuse in Fig. 1.

A seoond oniput linc 2R is conpected to a ground line
through a third NMOS transistor MN3. A firet output linc
2h is oconnected to the ground line through a fourth RMOE
transistor NM4. A gate of the third NMOS transislor MM3 ix
connccted to a gate end a drain of this sccond PMOS
transistor MP2. A gate of the fonrth NMOB translstor MN4
is oonneacted to 2 gate and a drein of the firsL PMOS
trangistox MPl. ‘the third and fourth NMOS transistors MN3
and MN4 nre voltage controlling current sources f£or
detecting aun output voltage and coaverting 31 into a
current. A VBIAE is tlha samc as thut of Fig. 1 in the
sense lbat it is a bias power supply line for controlling
a current of the NMOS transistov MNE for a bias ourrent
gource .

-By replacing the voltage contoolling curreant souxrce 11
for delecting the nulput voltage Vol and couverting it
into A current. which ig shown in Fig., 1, by the third
NMOS transistor MN2. and replacing the voltaye controll ing
curreni sourcc I2 for detccting the output voltage Vo2 and
converting it inteo a current, which is shown 1n Fig. 1., by
the fousth NMOS transistor MN4, «an embodimeut shown in Fiy.
1 is realized. |

With reyard to the circuit shawn in Fig, 7. & channel

-This SheetHasBeenReplaced . -
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width and a channel length of the f£irst NMUS transistor
MN1 and the second NMOS translstor MN2 are set to be the
sae as each other in both transictors s0 that both
traneistors obtain Lhe came elactric characteristic.
Similarly. a channel width and a chamnnal lengih of the

first PMOS tronsistor MP1 and the second PMOS transistor

" MPZ2 are setT to be the same ag each other in both

transistors 30 that both transistors obtain the same
electric chaxactecistic. Furthermore, similacly, a rhannel
width and a channel length of the third NMOS transistox
MN3 and the fourlh NMOS tirznsistor MR4 are set to be the
same as each othex in both transi stors' so that bofh
transisloxs obtaln the same clactrioe chavacteristic.

In case that the transistorgs MN1l, MNZ aud MNB are in a
saturalion rogion, rospectlvely, one get of the right aund
letft rirst NMOS Lran.sisfur MN1 and Bccond NMOS trausistor
MNZ2, cue set af right and left first PMOS txansistor MF1
and second IPMOS transistor MP2, and one set of riybht and
left Lthird NMDS transislor MN3 and fourth NMOUS transistor
MN4 operate symmetrically, respecliively, for .an in-phage
signel lnput wpich is & signal conmonhly includcd in the
first faput voltaye V1 and thce second input voltage V2,
The said dclay circuit which operates symmstrically in
Tthis manner is a cirouit same as only a aircuit on one

gide shown in Fiy. 2 in which the delay circuit is divided

________—_______’———————
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into two wlth respecl To a symmetrical center line.

Aocordingly, with regard io Fig. 2. G¢mn can be replaced
by transconductance of the trangistor MNL in Fig. 7, Gmp
can be replaocd by transcosductence Of the transistor MP1
in Fig. 7., Gm cau be replaced by Lransoonductance of the
third NMOS transistor MN2 in ¥ig. 7., and Gds can be
replaced by conductance belwecn a drain and a gource of
the NMOS transistor MNB fur a bias current source in tig.
7. Trespectively. On the cther hand, for a differeuntial
signal input which is a signal component included as a
difference between two inputs. 1u Fig. 7. since one get of
the right and Jleft transistors MWl and MN2, one set of
right aud left Lransistors MI'l and MP2, and ons set of
right. and left transisiors MN3 and MN4 opsrate iu an
opposite direclion, respectively, it can be considered
that source electric potentisls of the first NMOS
transistor MN1 and the second NMOS trausistor MN2 of Pig.
7 are eguivalently grounds, and Zoxr the differenilal
signal component of the circuit in the embodiment shown in
- Fig. 7, thc sgulvalent circuit on one side 1a the same &%
the above-mentioned equivalcnt cirocuit on onc side shown
in Fig. 3. Aaccurdingly. with regard to Fig. 3, Gun oan be
replaced by transoonductance of the trnnsietor MN1 in Fig.
7, Gmp can be replaced Ly transconductsnce of the firect

PMOS traneistor MPL in Fig., 7. aud Gm can be replnced by

- This Sheet Has Been R
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t+rapsconguctance ot the third NMO% transister MN3 in Fig.
7. rcespcctively.

with regard to the circult showa in Fig. 7, if the
respective channcl widlhs and chaunel fenglhs of the
transistors MN1, MN2, MP1, MP2, MN3 and MN4 are selected
so that the squation (15) is established, 1T 1s possiblc
To obtﬁin & characteristio same ag that uf the delay‘
circult for the ring oscillator shown in Fig. 1, and an
in-phase gain oY Fig. 7 is given by the equation (12) and
a differenlial gain of Fig. 7 is given hy the equation
{14). respectively.

1nlthe caumbodiment shown in Fig. /. as mentioned above,
it is possiblc to congstruct thae NMOS txansistors MNL, MNZ,
MN3, MN4 and MND by PMOBE transistors., regpectively, and to
congtruet the MOS transistors MP1 end MP2 by NMOS
transisloxe, respectively.

ine Arlay circuit for the cing oscillatoxr in accordance
with the prescnt luvention easily reallzes a differential
gain aof more then or cqual to 1 and au in phass gain of

lcss than or cgnal to [.
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1 A delay circuif for & ring oscillator, comprising:

what Ls claimed i3:

a First eleutric'potential line:;

s pair of output lines:

a pair of two first transistors arranged between said
first clectclic potential line and said pair of qutput
lines, respectively:

n seocond electric potential Line: and

a pair of two secound transietors arranged between said
second electric polential lino and said pair of output
Yings, respectively,

whercin vespective gates of saialfirsf transisloxrs are
connacted fo said pair of oputput lincs, respectively,

sald two Pirst iransistore are connected to each pther
center symmetrically, and said Lwo secoud transistors are
connectad to esach other center-symmctrically.

the delay oirenlt further comprieing a third electric
phtential linc,

whercin sald pair of output lines are connecied to szld

- third cleclrlic polential) line.

2 A delay circvuit for a ring osaillator according Lo
claim 1, '

whercin if the first tcancistors are PMOS trausistors,
the second transisiors are NMOS transistors, and if the

f£irsl transisTors are MMOS transistors. ilhse secoud

' This'Sheet Has. Been Replaced:-
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3 A dclay circuit for « ring oscillator acuvording lo

trensistors arxre PMOS treansistorxrs,

claim 1,

wheraln aeid delay circuit further comprises & pait of
third transistors arranged between sald paix of output
lines and said f£lxst electrio potential line, and

gates of said first lraneistors are center-symmetrically
connectcd fo yatea of sald third transistors.
4 A delay circult for a ring vscillatar acoording to
claim 1,

wherein saild delay circuit furiher compuises. a pails of
Tourth transistors arranged between said palr of oulput
l.lnes and said third electric putential linec, and

gates of said fowrilh transistors are cvonnccted Lo said
cutput lines, respectively.
5 A delay circuit for a riug oecillalor according to
claim 1,

charactarized in that, when lnput veltages applled to
yated of saild two second transistors. respectivaly, arc
reprcesentrd by V1 and V2, an in-phase input veltage with
respect to said inpnt voltages V1 and V2 1& represented by
VIQ, a differential input voltage included as a f£rom of an
input gifferencc between the two inputs Vi and V2 is
represented Ly AVI, two output voltages which appear 1n

»
sald output llneg are represented by Vol and Vo2. an in
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phase ontput voltage which ig cémmonly included iu gaid
vutput voultages Vol and Vo2 is represented by VOQ, a
differential output voltage included as a form of an
ourput diffcerence botween sasd output voltages Vol mund Vo2
is repsescnted by AVO, transconduotance of szid first
transistors is represented by Gmp, trauscondvctanos of
said second transistovrs 16 representead by Gmn,
transconductance between said output llnes and said third
electric potential line is raprescnteh by Gm, and
conductance &5 a design conslant is set to Gds, an iu-
phase gain VOQ/Vi0 of said circuit is obtained by the

tollowing eguAatlion: f
{
l

|

| HIIIIIHMIIIIIIM i IHIII
= —(Gmn*Gds/Z)/{(Gmp+Gm)*(Gmn+Gda/2)}..
caid design congtont is defined 50 as to he Gma)>d>GRds/2.
3ald eguation 1¢ re-sxprossed with a good approximation,
when Gmn is ¢liminated, by means of the £nllowing
aqualion:
voQ/VIQ = -(Gds/2)/{CGmp+Cm). and
said design congtant Gds is further appropciétcly set go
That sald in-pliase gain dbecomeg to be smﬁ!l enough.
6 A dclay circuit for a xing osclllator acoording to.
claim 5,
wherein sadd delay circult further comprives:
a farth eleciric poatential line: and
\\
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a blas trangistor arrangsd between said fourth electrio
. putential line and said second cleclric potential liue,
conductance between a grain and a source of sald bias
{raneister 1s said design constant Gds,
? A deléV circuit for a« ring oscillator according to
claim 3,

characterized in that » dlfferential gain AVO/AVI i3
expressed by the following eguation:
AVO/AVI = Gmn/(Gmp-Gm), aod
values of the parameters Gmn, Gmp and Gm are set suv as to
be Cmn > (Gmp Gm).

1)
8 A delay circult fov a ring vscillator aoccording to

claim 7,

wherein said delay circuit further comprises:

* (A L M S *

2 bias transistor arranged belween snid fourth electric

a f£orlh clsctric potential liune; and’

potential line and gaid second electric potential 1ine.
condurtaace betwesn a fdrain and a source of said bias
transislor 1s suid design constant Cds.
9 A delay circuit for a xing osci]laﬁor, conprising:
a first clectric potential liue: .
a peir of output lines:
a pasr of twa firat transistors arranged between said
£irst electric potential line and said pair of output

llinea. respectively:
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a seoond electric potential line; and

a pair of two seconl transictors arranged between said
sercond electric polential linc and said pair of nutput
1inee. }espeotively,

wherein regpecllve gates of said firsl transistoxrs sre
vonnectsd to said palr of output lines. respoectively.

8a1d two first transistors are connecled to each other
centcr-symmatricnally, and said two second tronsistors are
connected to each other center-symmetrically,

the delay circult furiher compriging a third electric
potential idne,

wherein said pair of vutput lines ere connacied to said
third electric potential line.

wheredn 1f the £irxst Lransislore are PMUS transistors,

the second tramsistors are NMOS transistors. and if the .- : :
tirst trangistors are MMOS transisters, the second HI'"IH"I“I"“"I"!”'H
transislors are PMOS txansistours. : e oS
10 A delay vircuit for o ring csaillator aceording :o.
claim 9,

characierized in that, when lnput voltages éppiied to
gates of said two sccond transistors. respeciively, are
represented by V1 and V2, an in-phase input voltage with
respect Lo gaid input voltages V1 and V2 is representsd by:
VIQ, e dlfferential input voltaye included as a from uf an

input difference Lotween the two ilnputx V1 and V2 is

\\\\
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rcpresented by AVI. 1wo output voltages which app=ar in
caid output lines exe representced by Vol and Vo2, an in-
phaxe output voltage which is commouly included in said
outpul voltayes Vol and Vn2 is represented by VOQ, a
differentisal output voltage included:-as a form of an
output differsnce betwsen sald ovlput voltages Vol and Voz
is reprcsenisd by AVO, transoonductance vf gaid first
transistors 1e represented by Gmp, transconductance of
said second transistors is represented by Gmn,
trauscondnclance betwecn said output lines and said third
electrio potential line is represented by Gm, aﬁd
conductance as o design aoustant is set Lo Gds, an in-

phase gain VOQ/VIQ of seid oirxcnlt is obtained by the
. . \
following eguation:

—— T

= -({6mn*Gas/2)/{{Gup+Gm)*{Gmn+Gd=/2)}, _
spid design constant is defined so as 10 be Gmu>>Gds/2,

spid eguation is re-expressed with a guod approximation,

when Gmn is eliminated, by mesns of the following

equation: | .

voQ/VIQ -~ -(6da/2)/ (Cmp+Gm), and

said desigu constant Cds is turthexr oppropriately set so

that said lu-phase gain becomes to be smdll enocugh.

1l 4 delay circult for a ring oscillalor acevrding to
claim 10. —~—_‘_““—*~—————~,-_.*_
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characterized in that a differential galn AVO/AVI 1p
expressed by thc following equalion:
AVo/avT = Gmn/{Gmp-Gm), and
values of the paraweters Gmu, Gmp and Gm are sl 80 as to
be Gmn > (Gmp-Gm). |
12 A delay civcuit for a ring oscillator accorfing to
claim 11, , --§“~‘~‘~“‘*f--~h~h
. wherein said delay oircuit further comprises: I I"’"I ”I,” "’” ”,I, II I"I |
a forth elcctric potentizl line: aud: et M
a bias transistor arranged between said fourth electric’
poteniial line and £aid second eleciric potentlal line,

conductance between & drain and a scuroc of said blax

transistor 15 said design constant Gds., .

13 A delay circult for a ring nsciliator, comprising: T —
fﬂnsShmnkhs

v o s s I!'Illl Il! 1] I!"

a palr of two firgt transistors arranged Latween sald

first electric potentiml linc and said paixr of outpul.
linms, respectively:

a second electric potential line: and

a palr of twce second trunsistors arranged between s&id
second electric potential line and said paixr of output
lines, respectively,

whaceln respeclive gates of gzald first transistors are

connecied to said pair of output lines, respsctively.
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said two first lrancisturs are cohnccred to each other

wenter-symmetrically, ond said two second tronsistors ars

wonnected to each otbor centor-symmetrically. » ”m"c] "mj m" ]ms”] ]m

the delay oircult rfurther comprlising a third electric

potential line,
wherein gald paly of output lines are connaclied to said
thixrd electric potential line,

whereln 1f the first transistiors are PMUE transistoss, :
—
This Sheet .Has B een
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f£irat fransistors are MMOS transistors, thc second I I”I,II I"" ‘eplagedl
Lransislors are PMOb transigtors, Il I”, I’H,,l B

furthur comprises a palr of third transistors arrsnged

the second transistors are NMOS transistorsg, aund i¥ the

betweail said pair of nutput lines and said first electric
potential line, and

gates of said first Lransistors are center-symmetcivally
connected to gates of waid thixd fransistcrs.
14 A delay uvircuit for a ring osaillator according to
c¢laim 13,

characterized in that, when input voltages applied to
gates of said two second transistors. reapectively, are
represented by-VI and V2, an in-phase input voltage with
respect to said input voltages V1 and V2 1s represented by
V1Q. a differential input voltuge invluded as a from of an
input dlfference between the two inpuis V1 end V2 is

ceprosented by AVI, two output voltages which appcar in
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said output lines &re represented hy Vol and Vo2, an in-
phase output voltage which is commonly included 3n said ““‘*-~«-_,§‘*\_§§;§‘
output voltayes Vol and Vo2 is repregented by V00, =2 I I’,I”I III’II ”’Il II'I,
differentisl output voltege included as a form of an . S S M+ p II I!,I :
ouiput difference batween sald oulput wvaliagos Vul and Vo2
is reprcsented by AVO, transconductance of paoid firect
trauslietors i representad by Gmp. transconductance of

said second transistors is represented by Gmn,
transconductance hetween sald oulput lines and said third
electric potential line is represented by Gm. and
couductancs ac a design congtant is get Lo Gds, an in-

phase gain VOQ/VIQ of said circuit is obtained by thas ~This Sheet

\\
e . i

= «(Gmn*Gds/2)/{(Gmp+Gm}*(Cmn+Gds/2)},

said desiyn constant is defineﬁ 50 as 1o ?c Gmu>>lds/2,
said cquaiion is rs-cxpressed wilh a guocd aépruximatiun,
when Cmn is eilminated, Ly mcans of'thé following
equation:

VOQ/VIO = -(GHa/2)/(Cmp+Gm), and

said design constant Gds is further appropriately set so
that sald in-phess& gain becomes Lo be smalli enough.

15 4 dslay circult for a riny oscillatox acuofding to
Clalm 14,

charaoterixed in Lhat a differential gain AVO/AVI is
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cxpressed by the followiny egquation:

AVO/AVY = Cmn/{(Gup~Cm), and

values of the pacameters Gmn, Cmp 20d Gm are S8t so as to
be Gmu > (Cmp-Gm). :

16 A delay circuit for a ring oscillaetor aocording to

claim 14.

a forth electric poteatial liue: and !

= bias transistor arranged betwsen sasd fourth slectric
poteutial line and sstq seoond_elecnric potential lina,
conductance between a dcailn and a gource of zaid bias
transistor is sald design conslant Cds.

17 A delay cixcuit for a ring osoil\aior. compuleing:

a firgt electric potential line; '

a pair of output lines;

4 pair of lwo tirst transistors arranyged between saird
rirst clectrlc potential line and said pair of output
linse, respectively:

a sccond electric potentisl linc: ani

a pair of two second transislors arrangsd between eaid
second clactric potential line and seid pair of cutput
1l tnes, respectivcly. .

whercin respective gatcs of said firsiL transisloxs are
counected tu said pair of output linca, respestively,

sald Two ficst transistors arw connccted to cach other

—_—
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whercin said delay circuit further compslses: ”II,", mlu I"“ "lll " l",
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center-symmetvically. and said two second truansisturs are
conner:ted to each other centec-symmetrical ly,

the delay circuit Tuxther cumpris{ng a third electric
potenlial line,

whezxeln satid palr of output lines are conneogtad to satd
thivd electrlc potential line,

wherein if the first trausigtors are PMOS trenslstors,
the sscond Lransisture are NMUE transistors, and L1f the
firsil transistors avse MMOS transislors. the gecoud
transistors dre PMOS transistors,

further comprises a pair of founrth transistors arranged
batwesn said pair of output lines and sald third electule
potential linse, and

gatae of said fouxrth traunsistors are counnected to said
output lines, Tespectively.
18 A dalay circuit for a ring oscillator according to
claim L7,

characterized in that, when input voliages applied to
gates 6f said two second lransisltore, vespectively. are
repcesented by V1 and V2, an in-phaesc input vbltago with
respect to sald input voliages V1 and V2 1¢ repreecnted by
viQ, a Qiffurential inpuf voltage included as & from af an
input difference betwcen the twe Lnputs V1 and V2 is
represented by AVI, two oulput vnluaﬁes which eppear in

gaid vutput lines ave ropresented by Vol and Vo2, an in-
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phase output voltage which is cummonly included in said
cutput voltages Vol and Vo2 is represented by VOQ, a
Girferential outpuﬁ voltage incloded as a form of an
outpul Aitference between szid outpnt volﬁnges_Vcl and vo2
is representad by AVO, transconductance of salda firsi
transistors 1s represented by Gmp. rtransconductance of
caifd second traneistors is repregented by Gmn,
transconductance between said output lines and said third
clectrsio potential lfine i3 vepresented by Gm, and
conductance 5 a design constant is set to Gds, an in-
phase gain VOQ/VIQ of said cireuit is obtained by the
following equation:

voQ/vIiQ

= -(Gmn*Gds/2)/({Gmp+Gm)*(Gun+Gds/2)}.

said design constant is deflined sn as to be Cmn>>Gds/2,
said equation iz re-expressed with a good approximatlon.
when Gmn is eliminated, by weans af the following
equ&tion:

voQ/viQ = -(Gds/2)/(Gmp+Gm), and

gaid design constant Gda is further appropriately set so

that said iu-phase gain becomes ta be small enough.

f ad

9 A delay circunit for a ring ascillator accerding to
claim 1Y,
characterized in that a di€fexrcntial gain AVU/AVT ig

axpressad by lhe following eguation:

e de.
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AVO/AVI = Gmn/{Gmp-Gm}, and

values of the paraweters Gan, Cmp aud Gm are set so as to

- be Gmn > (Gmp-CGm).

A O o

\ whersin caid delay circuit further comprises:

Thxs Sheet M a facth electric potenlial line; and

//”/H/III/I I m“’“ R

potential line and 3aid second elsctric potentisl line,

»

0 A delay cixcuilt for a ring oscillator accordiang to

olaim 19,

conductanoc between a drain and 4 gource of gaid biae

transistoxr is sald destign constaut Cds.

T



