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- Temperature semsor circuit and constan

BACKGROUND; OF THE INVENTION

1. Field of the Inventiong

o i _
This invention relates to a temperature semsor circuit-

and a constant-current cir;uit, and more particularly, to a
temperétﬁre_sensor circuit% and a constani-current circuit
which are_fprmed of HOS fr%nsistors on a HQS-typg integrated
circuit. |
2. Descriptioﬁ of the Related Art

A con?éntional temper;ture sensor circuit is formed of
bipolar tramsistors in geﬁ;ral gs shbwﬁ in Figs. 1 and 2.
The circuit§ ‘shown inm ?igs. 1 and 2 each comprises n
transistor§ .Ql. Q2, ---, ?Qn' of either apn~ or panp-type,
n constant-current sources%for supplying.n constant currents

11, 12, ---, In respectively to the n tramsistors Q1,

Q2,+++, Qu, and a constaﬁt-voitage source for applying a

constant voltage Yec to each of the n transistors .Ql.

Q2, -+, Qn. The operatlon of these circuits will ©be

explained below.
In Fig. i_or Z, suppo%ing that a current and saturation

current of each transisto% Qj (G=1.2, -+-, n-1, n) are
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expressed as Ij and Is, re;pectively. the Boitzmann constant
is expressed as k, ab%olute .temperature is expressed
as T, the unit electroni; charge 1is expressed as q and a
base-to-enitter voltage ofithe transistor Qj is expressed as
VBEj, the current Ij (j =§ 1, 2, <+, n~1, n) of each of the

n constant-current sources can be shown as IOllOWS

Here. supposing thati the direct current amplification
factor of the tramsistor Qj is sufficiently high and the
base current ‘thereof is énegligible,' the base-to-emitter

voltage VBEj of the transi?tor Qj can be shown as follows;

kT 1
- n (—) eveen(2)
Is

VBEj

o

As a result, im the gircuit shown in Fig. 1, an output

voltage Vo of the circuit_éan be shown as follows;
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On the other hand, in the circuit shown in Fig. 2, the
difference (Vcc-Vo) betweep the voltage Vec of the comstant-
voltage source znd the ouiput voltage Yo of the circuit can

be shown as follows;

- . KT . 1j
Vcc - Yo= 3% VBEj =+ { 2 1n (
j=1 : q j=1 . Is

Y} eeeeee(4)

As seen from Egs. (3) "and (4), im the teamperature
sensor circuit shown in elther Fig. 1t or "2, the voltage

proportional to absoluue; temperature T can be obtained.

This means thz t the empeiature at aj position vwhere the

temperature sensor circuitiis disposed can be detected.
|
However, if such a iconventional temperature sensor

circuit as expressed abové is to be realized on an MOS-type
integrated circuit by. uéing MOS transistors instead of
bipolar traasistors, i; is difficult to obtain a
sufficiently large directépurrent amplification factor due
to the fact that the HOS%integrated circuit uses parasitic
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bipolar transistors, so fgat %he actual output voltage Vo
is large1§ deviated from aivaiue calculated from Eq. (3) or
(;). thus arising such a p?oblem that it is disadvantageous
to be practically used. E

In addition, in ca;e of receiving an output of the
temperature  sensor cir?uit by, for example, an A/D
converter, since the éabove-— mentioned conventional
temperature seasor circuit% is not of a differential output
type, a reference volta%é source is disadvantageously
necessary to be used addit;onaily; If the referencs voltage
source is used additionall;, the temperature characteristic
that it has may degrad; the chéracteristics of the
temperature sensor circuit%itself;

Next, as a constantécurrent circuit formed oi MOS
transistors, a circuit a; shown in either Fig. 3 or 4 is
well-known conventionally.% |

The const;nt-current% circuit shown in Fig. 3 is one
that was disclosed 1in %IEEE Journal of Solid - State
Circuits™, Vol. SC-12,. Ho.§3 June 197f, pp. 224 to 231, im
which the HOS transistor% are operated under the. weak

inversion state thereby té -obtain an output current IR as

small as 30 nd to 2 A.
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On.the other hand, tpe circuit as shown in Fig. 4 is

" disclosed in TVLSI DesigngTechniques for Analog and Digital

Cifcuitsf, pp. 363 publishéd by McGraw~Hill, 1990, which is
a cal;ed boost stirapped Ecurrent source/sink.. Ia  this
circuit, a érain current iDSl of a KOS transistor K61 and

a drain current ID62 of aé MOS transistor W62 are related

by the following equationé (5) - and (6), where VIH is a

threshold voltage, KN’ ,i? a .conductance, L61 is a gate

length and W61 is a gate width.

ID61 = ID62 : S R e (9)

ID62

(VTH/R) + (I/Rj?(z ID61-L61/KN"-F61) 2172 «vvvns (6

¥ith the comstant-current circuit shown in Fig. 3, the
oitput current is as sm2all as 10 mA to several micro-

amperes (z4), resulting iin arising such a problem that

2 vpractical operational élevel of current (about several .
hundreds ‘micro-amperes) c%nnot be obtained unless otherwise
sophisticated mére. -

¥ith the constant-cuérent circuit shown in Fig. 4, the

threshold voltage VIH 1is %aried. so that when taking notice

Ly
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of the.manﬁfacturing devia;ion, the dispersion of the output
current is excessively large.

Thus, an object of§ this invention is to provide
a temperature senmsor, cir%uit of a differential output typs
formed of K0S transistors.é- |

Another object of ;his invention is to oprovide a
temperature sensdr circuit of ‘a differential output type
formed of MOS tramsistors on 2 CHOS integrated circuit.

Further another obJegt of this invention is to provids
a constant—éurreht circui? which is -capable of obtaining a
cuirent at a value of prac%icai operational level as well 2zs
setting the current witg no effeét by variation of a
threshold voltage, thus b;ing adapted to be used for a CHMOS
integrated circuit. :

SUMMARY éF THE INVENTION

(1) In. a2 first aspect éf this inveantioan, a tempefature
senSor circuit of a dif%erential output type is provided
which is formed of HOS%transistors.

This ciréuit includeé a diffgrential pair ci;cuit and
a feedback circuit. The differentiél pair circuit includes

first and second QOS transistors vhose gate-width and gate-

length ratio (¥/L) are di%fqrent from each other, a load
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circuit of the first and second tramsistors and 2 constant-
current source for drivingéthe first and second tramsistors.
Thé fee&back circuii is shpplied from the drain of one N0S
transistor of the dszerenulal pair circuit with an output
voluage'or_ the dlzferentlgl pair leCU‘t uhereby feedback-
controlling the different;al pair circuit so that the drain
currents of the first and %econd MOS.transistors can be made
equal to each other.

Preferzbly, the gate of the first NOS transistor of the

© h

" differential pair circuit? is comnected to one terminal of
the output terminal pair of the temperaiure sensor circuit
to be applied with the re;erence vqltage. The gate of the
second HOS.transistor is ;onnécted to the other terminal of
the outpu; terminal paif thereof tﬁereby receiving
therethrough a2 feedback voitage ILom the feedback circuit.

The load circuit is pre;erable to comprise a current
mirror circuit. In this c;se,' the léad circuit preferably
comprises iwo MNOS trans%stors equal in gate-width and
gate-length ratio (¥/L) togeach other.

The temperature sensér circuit of the first aspect of

this invention feeds backéan output voltage of the feedback

circuit to the differential pair circuit to comtrol the

=1

———— e —

ect Has Been Reﬁaced

TR



drain currents of the first and second transistors thereof
to become equal to each other, so that between the twvo input
terminals of the differential pair circuit is obtained a
voltage proportional to the temperature. Consequently, such

a temperature semsor circuit that is of a differential

output type formed of MOS tramsistors cam be obtained with

superior characteristics.

The feedback circuit is pot limited to that showm

th

above, it may be any other types of circuit if operable in
the same manner &s above. The load circuit is not limited
specifically, but it is preferable to be a current mirfor
circuit, particularly preferable to be.such a2 current mirror
circuit that comprises two MOS tramsistors whoée gate~-width
and gate-length ratio are equal to each other.

(2) In a second aspect of this inveﬁtiqn, a temperatu;e
sensor circuit of a differential output type is provided

¥hich is. adapted to be formed of CMOS tranmsistors on a CMOS

integrated circuit.

_This

The temperature sensor circuit of this aspect comprises
a differential pair circuit having two XO0S transistors
different in gate-width and gate-length ratio (¥/L) from

each other and ‘to be driven through a comstant-current

— 8 —
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source. a curreat mirror circuit comprising twvo  NOS
transistors different inggate-width and gate-length ratio
from each other .and const?tuting a load of the differential
palr circuit, " and a feed%ack circuit for feeding back am
ouuput of the current mlrror circuit to the gate of omne ¥0S
transistor of the dlrferen;ial pair circuit so that the
draia curreat ratio of th; differentizl pair circuit can be
made equal to the mirr;r ratio of the current mirror
circuit. |

The -fee&back circui%i is not limited to that shown
above, it may be any ath?r {ypes of circuit if operable in
the same ménner s above. é However, .it is preferable to be
a complementary circuit u;ing two MOS transistors differeat
in polarity from each othe;.

The cireuit of this %spect feeds back an output of the
current mirror circuit toéthe differential pair cir cuit to
control the drain currént ratio of the differential

i
pair circuit to be made%equal to. the mirrvor ratio of the
currént mirror circuit, téus being capable of obtaining 2
voltage proportional to témperature between the iwo input

terminals of the differeétial pair circuit. As a result,

the temperature sensor ciréuit_of 2 differential output type

-
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can be realized on a CHOé integrated circuit using CMOS
transistors. f |
. "Different <from the éemperaturg sensor 'circuit of the
fi;st aspect in which 'thé output voltage is generated only
by the two HMOS transistbrs%of the differential pair circuit,
the temperature sensor ciréuit of this aspect gemerates the
output  voltage by the two KOS tramsistors of the
differential pair circuit ;nd the two MOS transistors of the
current mirror circuit, co%stituting the load thereoi, thus
resulting in the gene}a%ién of higher output voltage. As a
'resﬁlt, the same outpﬁt véltage can be génerated by further
small-sized tramsistors, gthus being capable of making the
chip area smaller. ’
(3) In a third aspect of %his invention, a constan%—c;rrent
circuii 1is provided whicg is adapted-to be used for makiﬁg
CM0OS integrated circuits, én which there may be twoltypes of
circuit, first and second.g
The constant - curreét circuit of the <first iyps
comprises a current miréor circuitl comprising two MOS
transistors different inégate-width. and gate-length ratio
(¥/L) from each other. a %irst.MOS transistor and a second

MOS transistor whose gate%width and gate-length ratios are

10 —
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different from or equaf to each other. The first MOS
transistor has the drai? and gate connected through a
resistﬁr to each other an; is supplied through the resistor
with a driving current ;rom one MOS trapsistor of the
current girror circuit. ihe second MOS transistor has the
gate coﬁhected tb the dré?n of the first M0S transistor and
the drain directly receiv?ug thé driving current from the
other MO0S transistor of ?he current mirror circuit. And,
the firs; and second MOSitransistors are stfuctured to be
operablelat a constant cur;ent ratio.

The constant-current ;irctit of the second éype of this
aspect also comprises a ;urrent airror circuit comprising
two MOS tramsistors diffeéent in gate-width énd gate-length
ratio from each other and%a_first ¥0S transistor and second
MOS transistor whose gateéwidth and gate-length ratios are
different from or equal toéeach other. In which, the first
and second MO0S transistorsé are structured to be operable at
a copstant current ratio éas in the first type of this
aspect, but different theéefrom as follows; Namely, in this
type, the £first MOS traésistor has. the drain and gate
connected directly to eaéh other and receives a driving

current directly from the current mirror circuit, and on the
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other ~ hand, the Second EMOS transistor has the source
connected to a resistor aﬁ? the gate connecteé to the drain
T the <first HOS trans?stor therebj direcfly receiving
the dfiving curfent from tie current mirror circuit.

Each of the coﬁstan?—current circuits of the thizd
aspect has the first and éecond KOS transistofs operable at
a constant driv lng current ratio, which means 'that the
driving currenis can be; generated with no effect by the
variation of the power soq%ce voltage and the dispersion of
the threshold voltage. féccordinglf, the dispersion of
an outpﬁt current can be Emade small with reépect to the
deviation im production %and vet, ‘the current can be set
independently of the théeshold voltage. ' Consequently,

'a constant-current circu;t adapted ?o be used for makiag 2
CMOS integrated circuit can be realized.

In order to opera%e the fiést and second MOS
transistors at ﬁ constantfdrain current ratio, there may be
threé methods as follows; gA first method is that the first
and second MOS tr#nsistoré to be driven are made different
in éate—width and'gate—leégth ratio (¥/L) and the two MOS
transistors constituting tﬁe current mirror circuit are also

ma2de different in gate-widih and_gate—length'ratio iroﬁ each

&3
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other. A second ome is :that the two HOS tramsistors to be
driven are made differeht% in gate-width and gate-length
ratio and the two MOS. trgnsistoré constituting the current
mirror circuit are made'eaual in gate-width and gate-length
ratio to each other. A %hird one is that the tﬁo KOS
transistors to be drivenéare made equal in gate-widih and
gate-length ratio to eachiother and the two HOS transistors
constituting the current &irror circuit are made different
in gate-width and gate-len%th ratio from each other.

- Out of the three meuhods shown above, in the second
method, the driving current has an effect due to Lh;eshold
voltage, so that if the ;hreshold voltage ha; a production
deviation-caused variation; the output curreat may be varied
to be dispersed. In cons;deration of this point, ‘either
first or secoad method is:préferable to be used in that it
has no such difficult poxnt

The first and second MOS tramsistors and the two MOS

transistors comstituting the current mirror circuit are

preferable to be different:in polarity from each other. This

means that if the first and second M0S transistors are of an

n~-channel type, the two? M0S transistors of the current

~mirror circuit will be preferahle to be of 2 p-channel type,
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and on the other hand, if the former transistors are of a p-
channel type; the latter oées will be preferable.to be an o~
" chanrel type. Thus, sch a circuit that is structured
preferably as shown aboveéis further adapted to be used for
making' 2 CHOS integrated éircuit thaﬁ‘ that using the same

polarity.

BRIEF DESCRIP%ION OF THE DRAWINGS
Fig. 1 is a circuit &iagram showing an example of a
conventional temperature sénsor circuit.
Fig. 2 is a circuit éiagram showing enother exzmple of
a conventionzal temperatureésensor circuit.

ig. 3 is a circuit diagram showing an example of 2

rE)

coaventionzl comstzat-cur rent circuit.

Fig. 4 is a circui% &iagram showing another exazmple of
a conventional constant-éu?rent circuit.

Fig. 5 is =z cifcuitédiégram of a temperzture sensor
circuit according to a firét embodiment of this imvention.

Fig. 6 is a graph séowing a relation of an output
voltage and a temperature%of the temperature sensor circuit
shown in Fig. 5. |

Fig. T is a circuit diagram of a temperature sensor

— 14 —
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cir CUlt according to a second embodiment of thlS invention.
Fig. 8 is a graph spow;ng a rtelation of an output
voltage and a temper aturefof tﬁe temperature semsor circuit
shown in Fig. T. .
Fié. 8 is a circuitf'diagram of 2 constant-current
circuit according to a.thi;d embodiment 6f this invention.
Fig. 10 is a circui% diagram of a constant-current
circuit according to a fo rth embodiment of this inventionm.
Fig. 11 is =a circuft diagram of 2 constant-current
circuit according io a fiffh embodiment of this invention.
Fig. 12 is a circuitfdiagram of a constant—cufrent

circuit according to a sixth embodiment of this iamvention.

DESCRIPTLON Or THE PREFERRED ENBODIMENTS

The preferred embodiments of this invention will be
described below while referring to Figs. 5 to 12.
[First Embodiment]

Fig;?S shﬁws a tempeéature.sensor circuit according-to
a firsf embodiment of this invention, which comprises a
differential pair circuit i. a level shift circuit 2 and an
output stage circuit 3.

The differential paif circuit 1 has two n-channel H0S

— 15 —
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transistors M1 and M2 who;e sources are connected in.coumon
to each other +to be grouéded through a constant current
source. The both transistors M1 and M2 are driven by a
constant current IO supfligd frég the constant current
source. - The gate of the MbS transistor M1 is applied with a
reference voltage VR from 2 reference voltage source, and
coanected .to omne outputfterminél 5. The gate of the
transistor N2 is connected to the other output terminal 4
The both trénsistors K1 aﬁd ¥2 are different in gate-width
and gate-length ratio (W/L) from each other.
| The drains of the tragsisfor M1l and M2 are connected to.
the drains of two p-chanﬁel M0S +transistors M3 and M4
constituting the load thereo;, respectively. The gates of
the transistors M3 and M4 are connected in common to each
other to be comnected to tﬁe drain of the trznsistor Ml. The
transistors N3 and W4 aré equal in gate-width aand gate-
length ratio (¥/1) to each other, and the sourees thereof
are applied with a constant voltage .YDD from the coastant-
voltage source. The both £ransistors M3 and M4 consiitute a
current mirror circuit. |
The level shift circéit 2 comprises an n-channel MOS

transistor M5 whose gate is comnected to the drain of the

 —16—
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M0S transistor M2. The tfansistor M5 is grounded through
a conétant-current.source “connected to the source therepf,
and to be driven by a comnstant current I1 supplied irom this
consfant current source. The gate of the tramsistor Mﬁris-
connected to the Eonnection point of the drains of the
.%ransistors ¥2Z and M4 tofreceive an output voltage of the
differential pair circuit 1 therethrough. The drain of the
transistor ¥5 is .upplied with the comstant voltage VDD.
The outnu stage circuit 3 is a complementary circuit
including a p-channel M0S transistor M6 and an n-channel MO0S
transistor M7 whose drains are cénneCted to each other.
Between .the drain znd the gate of fhe transistor N6, a
resistor Rl and a capacitor C1 are igserted for the phase
correction use. The gate‘of the transistor X6 is applied
with the output voltage of the differential pair circuit 1l
énd the source thereof is éupplied with the comstant voltage
YDb. The source of the tramsistor M7 is grounded. To the
connection point of the drains of the tramsistors M6 and M7
are connected the gate qf the transisto; ¥2 and the output
terminal 4. The gate of the tramsistor M7 is connected fo
the connection point of tﬁe transistor X5 and the constant

current source to receive the voltage at that point. 4in
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output voltage Vout is taken out between the output terminal
pair 4 and 3.

The level shift circuit. 2 and output stage circuit 3
arranged as above constitute a feedback circuit which
controls thg differential pair.circuit 1 so that a drain
current ID1 of the M0OS iransistor NI and a drain current ID2
of the MOS tramsistor 2 are equal to each other. The
feedback circuit Tfeeds back the output voTLage thereof to
the gate of the transistor- M2 of the differential pair
circuit 1 so as to make the drain current ID1 and IDZ of the
transistors Ml and M2 thereof équél to1each other.

The feedback circuit is aot 1imited to the circuit
shown in Fig. 5, but any other types of circuif may be used
if they eifect the szame fegdback operation as above.

Next, the operation and characteriétic of this circuit
will be explained below.

Supposing that the gaie-width and gate-length ratios of
the transistors M1 and M2 are expressed zs ¥1/L1 and ¥2/L2.
respectively, the drain currents théfeof are. expressed as
ID1 and ID2, respectively, the threshold voltage is
exﬁressed as VTH, the transconductance parameter is

expressed 2s B8 1 and the difference between a2 gate-to-source
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voltage VGS1 of the transistor Ml and a gate—to-source
voltage VGSZ of the trans:i;stor M2 is expressed as AVi,

the following equations can be established;

ID1

= él(VGSl—VTH)"’ ) e (11)
D2 = K.-B l(VGSZ—V'I“H)z -'-----_-(12)
ID1 + IDZ = I0 SERETR¢E))
AVi = VGSL - VGS2 eeenee(14)

Here, if the mobility of electron is £ and the
capacity of a gate oxide f£film is Cox, B1 and K in these

equations' can be expressed.as follows:

B1 = u(Cox/2)-(¥1/L1) ---~-'--(15)
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= (W2/L2)/(¥1/L1) SENRTTEREE (16)

In this case, the drain currents IDL and IDZ of the MOS
transistors N1 and M2 of the differential pair circuit 1 are
always equal to each other by feedback-controlling through
the level shift circuit 2 and output stage circuit 3. As a

result, from Eq. (13), the following can be obtained:
ID1 = ID2 = (1/2)-10 . = eeece.. (an

Hence, Egs. (11) and (12) can be changed respectively

as.follows;
{(1/2)(10/8 1)} 7% = VGS1 - VIH = «------ (18)
{(1/2)(10/K- B1)}37% = VGS2 -~ VIH cvvooes (19)

If the difference between the gate-to-source voltages
VGS1 and VGS2Z of respective MOS tranmsistors Ml and M2 when
Eq. (17) is established, which is equal to the input voltage

f the differential pair circuit 1 and the output voltage
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VOUT, 1is expressed as (AVi)0, it can be-obtaimed by

subtracting Eq. (18) from Eq. (19), or

(AVi)O0

(I10/281)*72-(1-1/K*/%)

(1/p*72) - (10/Cox) /2

X [{1/(R1/L1)* %} - {1/(¥2/L2)*7%}]

As a result, in the circuit shown in Fig. 5, it canm be
found that by conirolling the dl::l:e'e'l’u.a1 pair circuit 1 so
as to make the draim currents IDl gnd ID2 eq_nal to each
other, ti_1e difference (AVi)0 betwesn the gate~to-source
voltages VGS1 and VGS2Z of ?he transistors M1 and M2 thereof,
or the output voltage ~VOUT is varied inversely
proportioz-tally to the square root of the mobility x.

The mobility g is a function of:tempefatu_re. and the
relationship of the . mobility . gz (T1) at .absolute
temperature T1 and the .mobility # (T2) at absolute

temperature T2 can be expressed as follows;
—21 —
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T2/ u (1) = (T2/TD-3/2 eeeenen (21)

Namely, the mobility ratio ét the temperature T1 and T2 is

varied inversely proportiomally t6 the square root of the -

temperature ratio raised to the third power. or (T2/T1)372,
Here, from Egs. (20) and (21), the <following eauation

(22) can be obtained;

CAVI(T0 o 1/ (T)27% = (1/p (T0)172) - (1/T0) 3¢

Ffom Eq. (22), it can be found that when the drain
currents IDi and ID2 of respective transistors Rl and N2 ars
equal to each ot?er, the gate-to-source voltage differehce
(AVi)0 Dbetween .fhe transistors M1 and K2, or the output
‘voltage YOUT is ;aried proportionally to the fourth root of
the ratiéi Qf absolute {emperaturé T and the reference
absolute éemperature 10 'raised_ to the third power, or -
(T/T0) 374,

Eq. (22) when TO = 300K is graphically shown in Fig. 6.
from which it can be found thaf the output voltage VOUT is

nearly proportional to absolute temperature T.

— 22 —
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As explained above, the circuit of this embodiment
feedback-controls so that:the drain currents ID1 and ID2 of
respeciive transistors X1 and M2 of the differential pair
circuit. 1 are made equal to each othef. Consequently, the
temperature seasor circuit of a differenmtial output type

using MO0S transistors can be realized.

[Second Embodiment]
Fig. 7 shows 2 temperature sensor circuit according to
a second embodiment of +this invention, which comprises a

al

J=2e

differential pair circuit coﬁsisting of a different
transistor pair 1la aand a curreant mifror .circuit 11b, a
level shift circuit 12 and an output stage circuit 13.

Ia Fig. 7, the differential transistor pair 1lla has, sas
in the first embodiment, "iwo n-channel-MOS transistiors Kll
and K12 whose sources are connected in common to each other.
The transistors M11 and M12 are grounded through a constant
current source, and driven by a constant current 10

supplied therefrom. The gate of the transistor M1l is

o

pplied with a reference voltage VR from a reference voltage

*

source, and connected to one output terminal 15. The gate

of the transistor M12 is connected to the other output

e
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terminal 14.
The fransistors M1l and N12 are different in gate-width
and gate-length ratjo from each other, and when the gate-

width and gate~length ratio of the +tramsistor NI1, or

¥11/L11 is made one (1). that of the tramsistor K12, or .

¥12/L12 becomes KI.

The current mirror circuit 11b constitutes am active
load of the differential transistor pair lla, and has two p-
chennel MOS transistors W13 and ¥14. The drains of the
transistors MI3 and HM14 are connected respectively to the
ﬁrains of the trénsistors M11 and ¥12, and the gates of the
transistors X13 and M14 are connected in common to be
connected to the drain of the tramsistor ¥13. The sources
qi-the transistors X13 and M14 are supplied with a constant
voltage VDD ifrom 2 constani voltage source.

The transistors M13 and M14 are different in gate-width
and gate-length ratio from each other, and when the gate~

width and gate-length rtatio of the tramsistor K14, or

¥i14/L14 is made one (1), that of the transistor Mi3, or

¥13/L13 becomes K2, meaning that the mirror ratio of the

transistors M13 and M14 is K2:1.

The current mirgor 'circuit 11b of this embodiment

— 94 —
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resemblés in structﬁre to the load circuit including the MOS
transistors ¥3 and M4 of the first embodimeni, but different
therefrom in that iwo MOS trapsistors M3 and M4 of the first
embodiment are equal in‘gaterwidth and gate-length ratio to
each other. . .

The 1level shift circuit 12 has .an n-channel KOS
transistor M15 grounded through a conmstant current source
connécted to the source thereof. The tramsistor M15 is
driven by a constaﬁt Eurrent I11 supplied from the comstant
'cqrrent source. To the gate of the transistor Y15 is sent an
output voltage of the differential pair circuit from the
source of the transistor H14 of the éufrent mirror circuit
11b. To the drain of the tramnsistor M15 is sent'the cdnstant
voltage VDD from the_constant voltage source. ;

The output stage ;ircuit 13 'haS"a complgmentary
structuré including a p—channel M0S transistor M16 znd 2n n-
channel WOS transistor K17 whose drainé are connected to
each other. The source of the tramsistor ¥16 is applied with
the constant voltage VDD f;om the constant voltage soufce,
and the gate thereof is applied with an oﬁtput voltage of
the differential pair circuit. The Qonﬁecfion point of the

drains of the transistors H16 and M1T is connected to the

— 25 —
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output terminal 14. In addition, the comnection point
thereof ‘is connected to the gate of thg transistor M12 of
the differential paif_ circuit in order to feed back an
output of the oﬁtput. stage circuit 13 to thé gate of the
transistor M12. Between <the gate and drain of the MéS
transistor 18, a resistor R2 anmd & capacitor C2 are
inserted for the phase correction wuse. The output voltage
YOUT is téken ott between the output terminal pair 14 and
15. |
The level shift circuit 12 and output stage circuit 13
constitufe a feedback circuit in which an outpu{ voltage of
the curreat airror circuit 11b is fed back to.the gate of
the transistor W12 of the differential pair circuit so
that the rztio of the draiﬁ currents D1l and ID12 of
- respective transistors K11 and K12 becomes equal to.tﬁe
mirror ratio of the currenmt mirror circuit 11b. The level
shift circuit 12 and output stage circuit 13 of this second
embodiment consiitute a feedback cirguit as the level shift
circuit 2 and output stage circuit 3 of the first
embodiment, but being different therefrom im that the
Cirguit of the first embodiment feeds back the oufput

voltage thereto so that the drain currents ID1 and ID2 of

— 26 —
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the transistors Ml and M2 are made equal to each other.

The <feedback circuit is not limited'to the circuit.
shown in Fig. 7, but any other types of circuit may be used
if they effect the same feedback operation as above.

Next. the operation of the temperature sensor circuit

f this embodiment will. be explained below.

(D
=-J
'_a

[m W)
b
=
[3})
1=
[~ N
m
(o
(4]
p—t
(1]
=
[~}
s

=
(o]
H

Since tihe ratio of the gat

Fh
o
fon d
<D

the trznsistor M1 and that of the transistpr H2 o
transistor pair Ila is I:Ki, the drain currents IDII and
ID12 thereof c¢an be exgresseé by the <Zfollowing equations
(81) and (34), respectively. In addition, the relationship
between the drain currents ID11 znd ID12 znd the comstant
éﬁrrent 110 cazn be expressed by. .the following equation (33),

and the output voltage ~ (input offset voltage) VOUT of this
temperaiure sensor circuit can be expresssd by the following

equation (34):

IDI11 = g 2(VGS11-YTH)®? = --ec.-. (31)

IDI2 = K1- BO(VGSIZ-VID?  ---eee (32)
ID11 + ID1Z = 110 e (33
This Sheet Has Be.
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VOUT = ¥6S11 - VGS12 seee--(34)

Yhere VGS11l is a gate-to-source voltage of the X0S
treasistor Mil, VGS12 is a gate-to-source voltage of the MOS
transistor M12, and VTH is the threshold voltage thereof.
Also, if the mobility ié expressed as p. and the gate oxide -
film capacity is expressed as Cox, the transéonductance

parzmeter 82 in Eas. (31) aad (32) can be shown as follows;

82 = g (Cox/2)(FIL/L1L)  ==ee-- (35).

Hsnce, from Egs. (33) and (34), the drain curreats IDIl

n o
B
s

ID12 can be expressed in terms of the mirror ratio K2

and tkhe coastant current 110 zs follows;

— 28 —
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ID11 = {E2/(K2+1)}-T110 -~ =+e=e-- (37)
= {1/(R2+}-110 = eeee- ~(38)
Accordingly, from Egs. (31) and (37),

znd E

squation (39) can be obtained,

following equation (40) can be obtained;

{(E2/(E2+1)}-110 = 8 2(VGS11-VTE)®

{2&2/(1\.2 1y}272

VGS1l - VTH = (110/52)1/

Similarly, from Egs. (32) =aad

equation (41) can be obtained,

following equation (42) can be obtained;

A{L/(E2+¢1)}-110 = KI-B.Z(VGSIZ-VTH)Z

VGS12 - VTH = (I10/K1-B2)*/? (1/(R2+1)}3/2

. As a result, Ea. (34) czn be expressed azs f

—_— 99 —
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from Eq.

(38), the

‘and -from Eq.

the following

(39), the

...... (40)

oliows;



VOUT = ¥GS11 - VGS12

(110/82)*/%- (R2/(K241)}*7*

i’

X [1- {1/(RK1-E2)*7%}]

1]

(1/p272)- (‘7I10/Co*')1/2 {T/Ui'll/L'1 72}

X .{EZ/(KZ+1)}1/2-[1— 1/(K1-82)*72 ]

It can be seea from Eg. (43) that the output voltage
YOuT (ingut offset voltage of the trzmsistors H1l ané M12)
is varied ipversaly _progonion;lly to ihe séuare root of the
mobility g .

The mobility g is a function of absoliuie temperzture

T. Thus, the wmobility g (T1) at T1 and the mobility x

(T2) 2%t T2 can be related as Ffollows;

L AR AN/ (TD} = (T2/T1)77 e (44)
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As a fesult, the output voltage VOUT can be expressed in
terms of the mobility u (T0) at the reference absolute

temperature TO aé follows; -
VOUT ec {1/ (D} = {I/ﬂ (TOY} 272 (T/T0) 2/ %+ - - (45)

This .equation is equal to Eq. (22) in the first embodiment.
Fig. 8 graphically shows the relationship expressed by
Ea. (45) as TO = 300K, which shows that the output voltage

YOUT is nearly proportional to absolute temperature T.

In Eq. (43), if K2 = 1, the following equation (46) can

h

be obtained, and if Kl = 1, the following equation (47) can

be obtained;

(VOUT) 2.y = (I10/2-82)%72%-(1 —’l/Kli/z__) """" (486)

(VOUT) z1-2 = (I10/82)3/2-(R2/R2+1)272- (1 - 1/E2%/2)
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As understood from Egs. (46) and (47), Eq. (43) is not
gquivalent with respect to Kl and K2, but if K2 > 1, the
following eination (48) can be obtained:

1/2%372 = 0.7071 < {K2/(E2+1)}*/% < 1 e es(48)

a. (48). a value of {E2/(E2+1)}*/* is subjected to

x4

in
square root compression with respect io the variztioa of the
value of K2 thereby to show the rangs ‘0f veriation shown ia
Ea. (48), which means that this variation rznge becomes

smaller than ithzt of E2. As a result, if EiI > 1 aad K3 > I,

from Eq. (43), the output voltage ¥OUT cza be rToughly

square root of ths product of Kl and 2, or {1/(K1-E2)}
This means that such a circuit that. generziss the output
voltage VOUT (offset voltage) through two trznsistor pairs

(M11 and ¥12) and (M13 and K14) as ia  this embodiment is

more effective than such 2 circuit that generatss it through

ch
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chip area smaller.

As explained =zbove, the temperaiure sensor circuit
according to the second embodimeni makes it possible to
obtain 2 voltage proportional to a temperature betﬁeen the
two inmput terminals of.the transistor pair M11 and X12,
which means that the témperature sensor circuit of a
differential output type | can be rTealized oa a  CXOS

integrated circuit by using coaplementary ¥0S trzasistors.

[Third Embodiment]

Fig. 9 is z circuit diagram of & constant-current
circuit according to a third embodiment of this invention,
which comprises iwo n-channnl K0S tramsisiors K21 and M22
and two p-chanpel ¥0S t nSLStors ¥23 and ¥24.

In Fig. 9, the source oi the n-chzmnel ¥0S traasistoer

s connected

}-ae

¥21 is directly grounded,l the drain thereof i
through 2z resistor R21. to the drzin of the p- channel ¥0S
transistor 23, and the gaie and drain thereof are cognécted
through the resistor R21 +to each other. The source oI the
n-chaanel H0S tramsistor M22 is directly grounded, ithe drainm
thereof is connecied to the drain of the tramsistor 24, aad

the gate thereof is connected to the drzia of the tramsistor

This Sheet Has Been Replaced
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¥21.  The transistors M21 and M22 conmstitute a peaking
current mirror circuit.

The drain of the p-channel MO0S transistor K23 is
connected through the resistor R21 +to the drain of the
transistor M¥21 and coanected directly to the gate of the
transistor 321. The drain of the ﬁ—chanﬁel HOS trazmsistor
¥Z24 is comnected directl&, to the drain of the tramsisior
H22. The gates of the transistors M23 and'M24 are connected
in commoa to each other to bes connected to the draim of the
transistor ¥24. The drains of the transistors M23 zad M24 -

are applied with a coastant voltage VDD. The transistors M23

simple current mirror circuif to drive

f

and M24 constitute
the .transistors ¥21 and M22.

In this embodizent, the cepacity ratio of the

gate-length ratio (¥/L) is 1:1, and on the other hznd, the
capacity ratio of the transistors ¥23 and ¥24 coastituting
the current mirror circuit is =l:I (@l > i, or ml <'1). A4s
a result, ths ratio of the driving curreat of the tfansisLdr

H21 and thst of the transistor Y22 when operating becomss

Here, iz Fig. 9, when 21l the tramsistors ¥21, M23, M23
— 24 —
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and M24 are operating in the saturation region, if a gate-
to-source voltage of the tramsistor M21 is expressed as
¥GS21, +that of the transiétor ¥22 is expressed as VGS22,
-~ a threshold voltage thereof is expressed as VIH and
a tragsconddctance perameter thereoi i expressed as 83, a
driving current 121 of the traasistor M21, = driving
current 122 of the t;an51stor 22,  and the difference
bétween the gete-to-source voltages VGS21 zad  ¥GS22 of

respective  iransistors M21 and HN22 can be respectively

121 = B 3(VGS21-VTH)? seseerees(51)
122 = 83(VGS22-VTHY®  reeeees - (52)
VGS21 - VGS22 = R21-121 . meemeeeee(53)

Thé - capa ty ratio of the +trensistors M23 and M24
constituting the current mirror circuit is mi:l, so that ihe
driving currents I21 and 122 respectively outputted from tks

transistors K23 and M24 are related *o each other as
follows;

— 35 —
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121 = mil-22  eemenees (54)

As a result, by solving Egs. (51) and (52) with respect -
to VGS21 and VGS22, respectively, and substituting them for
those in Ea. (53), the following equation (55) can be

obtained;

¥GS21 - VGS22 = (121*/*-122*/%)/B83*7% = Ril-121

From Eas. (54) zad (55), the followiag equation (5§)
can be obtéined. zad by arranging Eq. (56), the following
equation (57) can be obtained, and fipally, the following

equaiion (58) can be obtained;

121172 - ([21/%/ml) = B3/%-R21-I21 ceree (56)
121172.[ £31/2.821-12137%— {1-(1/ml?*7/2)}]1 = Q -~~~ (57)
121172 = (1-1/a1'/%)/(B31/2-R21) = <ecee- (58)

— : .' ' — 36 —
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Accordingly, the driving currents 121 and 122 czn be

respectively expressed as follows;

121 = {(@1'/2-1)/m12/%} % (1/(B 3-R2UD}  --een. (59)

1

122 = al{(al1?/%-1)/m1*72}2-{1/( B 3-R21%)} ceeees(80)

Egs. (59) and (60) each does not include the constant
voliage VDD and" the threshold voltage VIH. From this fact,
it can be found that if all the tramsistors K21, ¥22 6 M23.
and ¥24. are being operaiing in the saturaiion region. the

driving currents I21 and I22 respectively have no eifect by

J
2]

practical operation level. In addition, if 2 circuit

o
17/]

provided which takes out the driving currsats IZl'and 122

its output curreat, it cam be driven.. _

[Fourth Embodiment]
Fig. 10 is a circuit dizgram of =z comstaznt-current
circuit according to a fourth embodiment of ithis invention,

which comprises two p-channel HOS transistors H31 and M32,
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and two n~-channel MOS transistors K33 amnd M34'éonstituting
a current mirror circuit for driving the traﬁsistors M31 and

M32. This circuit is equivalent to such a circuit that the

p—channel MOS transistors M31 and M32 are used instead of

the n-channel M(0S transistors M2l znd MZZ, and the n-channel

o

M0S transistors M33 and M34 are used .inbtead of ths p-
channel M0S tramsistors M23 and ¥24 in the circuit of the
third embodiment.

The source of the p-channel ¥O0S tirznsistor ¥31 is
applie& with a2 coastaznot voltage VDD, the draim therseof is
connected 'ihrough ‘2 resistor R31 to the drain of the a-
channel ¥0S transistor 33, and the drain an& source ihereci
are connscted through ithe resistor R31 1io each other. Tke
source of the ﬁ—channel MOS trapsistor 32 is applisd with
the constant voliage VDD, the drzin thereof 1is connscted
directly to {he drain of the n~chzonel MOS transistor M34,
and the gate thereoi is connmecied dirsctly to the drain of
the trensistor M31. The transistors M31 and M32 constituis

a2 peaking current mirror circuit.

The source of the n-channel NOS +traasistor ¥33 is

-directly grounded, and the dr in thsreof 1is connected

through the resistor R31 to the drain of the transistor H31.

This She
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The source of the n-channel HOS transistor 34 is directly
grounded, and the drain thereof is_éonnected directly to the
drain of the traznsistor M32. The gates of the transistors
¥33 and K34 are connectied in common to.each other to bs
connected to_.the drain of the transistor M34. Th;
transistors M33 and K34 constitute 2 simple curreat mirrer
circuit for driving the transistors ¥31 and ¥32.

In this fourth embodiment, the capacity ratio ﬁW/L) of
the transistors M31 and M32 to be drivea is 1:1, and that of
the transistors. 33 and 34 is m2:1 (ﬁZ >1, or m2 <1). s

-

a result, the ratio of the driving current of the traamsistcr

H31 =and that of the tramsistor M32 when operating'becomss
m2:1.

this embodiment, the transistors to be used are mais

'inverse in channel péiarity to those io.be used in the thixzd

embodiment thereby io be 0pera;ed similarly thereto, s¢ thzt

Egs.. (51) to (B0) already discribed in the third embodimeat

ch mezns that the szz=s

=

czn be similarly established, wh
characteristics as those of the third embodiment z7s

obtainable.

(Fifth Embodiment]

_ — 39 —
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resistor R42, th

Fig. 11 is a circuit diagram of a constant-current
circuit according to a fifth embodiment of this invention,
which is eaquivalent in structure to the circuit of the third
embodiment showing in Fig. 9 modified such that the resistor
R21 betwsen the gate and drain of the transistor MN21 is
removed therefrom and the resistor R21 thus removed. is
inserted beiween the sourée oi the trénsistor H22 znd the
ground.

In Fig. 11, fhg source of an n-chzanel ¥0S transistor
M4l is directly grounded, the drazin thereof is_connected to
t

=
=]

the drain of a p-chznpnel K0S transistor M43, and the ga

~

and drain thereof ars connected {o each other. The source of

M42 is - grounded through =z

J=te

w
+t
)
o
[~ ]
7]
gmto
[}
ct
o]

an n-chaanel Y0

drain thereof is connected {o the drzim of

14

and .the gate thereof is

.Js.

& p-channel M0S transisior N4

connecied to the drain of the tramsistor M4l. The
transisto l s M41 and M42 constitute a Widlar current mirror
circuit

The dréin of the p-channel MNOS transistor M43 is

iirectly tio the drazin of the transistor M4l. The

-

drain of the p~channel MOS tramsistor HM44 is connscted
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il !lllﬂ 100



the transistors M43 and K44.are connected in common to each
other to be connected to the drain of the transistor M44.
The drain of each of the transistors M43 and ¥44 is applied
with a constant voltage VDD. The transistors M43 and M44
constitute a simple current mirror circuit for driving the
transistors M41 and H42.

In this IlIth emhodipént, the capacity ratio of the

transistors M41 and M42 to be drivem is 1:1, and the

=
(51

capacity ratio of the transistors M43 and ¥44 constituting
the current mirror circuit is m3:1, (m3 > 1, or m3 < 1). 1is
a result, the ratio of the driving current of the tramsistor

M41 and that of tihe tramsistor M42 ~when operating becomes

m3:1.
Ia the circuit shown ia Fig. 11, if all the tramsistors
M41, M42, M43 and M44 are being operating in the saturation

region, the driving currents I41 and T142 of the irznsistiors
M4l and M42 can be expressed by the following equations (61)

and (62), respectively, as in case of being Egs. (51) and

(52), and the gate-to-source voltages VGS41 and VGS42 o

Fh
ot
fm
W

transistors M4l znd M42 can be related as ezpressed by the
- following equation (63); where B4 shows a2 transconductance

parameter of the iransistors,
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141 = B 4(VGS41-VTH)? BEEEEIEEEE (61) -
142 = B 4(VGS42-VTH)? creera(§2)
VGS41 — VGS42 = R42-142 ceseiaa(63)

The capacity ratio of the transistors X43 aand M44 is
m3:1, so that the driving currents [41 and 142
respectively outputisd from the transistors ¥43 and M44 can

be related as follows;
41 = m3-142 - ... .  seeeen- (64)
By solving Egs. (61) and (62) with respeci to ¥GS41 arnd’

VGS42, respectively, and substituting them for those in Eg.

(63), the following equaticn (65) can be obtained:

o
b—{
ol
[SV]

VGS41 - TGS42 = (1413/2-1422/2)/F 4272 = R4

From Eas. (64) and (63), the following equation (68)

can be obtained. and by arranging Eq. (66), the following

— 42 —
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equatidn (67) can be obtained, and finally, the following

equétion (68) can be obtained;

[42172-(031/2-1) = B43/2-R42-142 eeeeees (66)

142172 {(u31/2-1) - B41/%.R42-142372} = 0 ------- (67)
142772 = (W3/2-1)/(B4/2-R42)  eeeeee (68)

Accordingly, the driving curreats 142 and I41 can ba

respectively expressed as follows;

—

[

[\
"

(m3172-1)2/(8 4-B422)  ceeee-en (69)

141

n3- (m3*7*-1)%/( 8 4-R42%) ceveeesen (70)

Egs. (69) and (70) each does not inciude the constant
voltage VDD and the threshold voltage VIH. From this fact,
it can be found that the driving currents I41 and I42 have
no effect by their variations. -As a result, the circuit
shown in Pig. 11 also makes it possible to stably supply a

constant current at a practical operation level. The driving
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et

currents 141 and I42 cen be tzken out in the szme ®ay as in

Fig. 12 is a circuit dizgram oi a coanstant-current

-----
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In Fig. 12, the source of ihe p-chanmnel MOS transistor
M31 is directly epplied with a coastant voltages ¥DD, the
drain thersof is coannected to ithe drainm of the n-channel M0S
transistor M53, and the gate and drain thereof are connected

to each other. The source of the p-channel MOS tramsistor

&

M52 is applied through a resistor R352 with the constant

voltage VDD, +the drain thereof is connected to the drain of

the n-channsl M0S transistor X454, and .the gate thereof is

4

connected © to the source of +the tiransistor M51. The

“transistors M51 and H52 constitute a ¥idlar current mirror

circuit.

l
1)
[

|
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‘The source of the n-channel KOS tramsistor M53 is
éirectly grounded, znd the drain thereof is connected

of the transistor H51. The source of

f
=
=]

direciiy to the dr
the n-channel MOS transistor M54 is directly grounded, and
7réin thereoi 1is ~ conmected to the drain " of +the
tragsistor Mb52. The gate§ of the tramsistors H53 and M54 are

connected in common to each otHer to be connected the drain

of the trensistor 54. The traasistors Y33 zand ¥54 constitute

a simple currect mirror circuit for driving the {ramsistors’
N51 zrd M52
Ta  this embodiment, the capacity reztio of the

In this sixth embodimeut, the transisfors to be used
are made inverse in channel polarity to the corresponding
ones in the fifth empodiment thereby to b; 6perated
similarly thereto, so that Egs. (8I) to (70) already

discribed in the fifth embodiment can be similarly

— 45 —
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estzblished, which means that the same characteristics as

()
o
(o}
(7]
48}
Q
Fh
+
o g
[4+]
-

ifth embodiment are obtainable.

as described above, in each of the comstant-current

circuits according to the third io sixth embodiments of this
ioventi two MOS transistors to be driven are operated at

source voltage and the dlsver51on of the threshold voltage.

Accordiagly, the dispersion of zn oumtpui current czan be mzds

i
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WHAT IS CLAIMED IS:

4 temperature sensor. circuit comprising
Tirst MOS

1.
tial pair circuit which comprises a
a second M0S tramnsistor which are different

ratio from each other, 2 load .

said first and second M0S trapsistors, and 2

T
source Tfor driving said <zfirst and second
s zad .
circuit which receives an output voltage of
2 drain of one MOS

1 pair circuit from
t znd feedback-

al T

iala differential pair circu
controls sairﬁédifferentiall pair circuit so that z draia
% first MOS transistor and tﬁat of said

curreat of ?;id

stor are made equal to.each other.

‘ure sensor circuit as claimed in claim I,

rst MOS transistor of said differential pair

to opne terminmal of a output

to be

te connected

said temperature semsor circuit
and the second MOS

the other

circuit has

terminal pair
with g a reference voltage

applied
czate connected to

transistor th has a
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Ty

-
v
terminal of sald output terminal pair thereof to receive a

teedback voltfge irom said feedback circuit.

=

iud
T,
PN

B

) ey
Ty et

3. A temperature semsor circuit as claimed in claim I,

'-.

wherein sai dL,load circuit comprises a corrent mirror

circuit.

4., A iemper claimed in claim 3,
wherein said tor circuit has iwo MOS transistors
equzl im gate t0 each other.

i
a
&
i
!;
i
£
S
b
9. A temperat

“gﬁial pair circuit having iwo KOS traamsisiors

"te~widt2 and gate—length rsatio <from each

o through a coastant currenu source;
a curreanmirror circuit’ having two MOS tranmsistors

‘gate-width and gate-length ratio from each.

A NI

different 1in

RSN

fa: . . . . . os

other and cobstitutiag a load of said diffe nt1a1 pair
5

circuit; and Eﬁ
gﬂ

a eedba? rcircuit for dfeeding back an output of sai

& -
b

current mlrri? circuit to a "'gate of omne of the two HOS

transistors or~,sa1d differential pair Glfcu1t in order that

— 48 —
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a drain cur ent ratio of said differential pair circuit is

made equal to.a mirror ratvo ot sald current mirror circuit.

6. A temperature sensor circuit as clzimed in claim 5,

ok

oy vi . . .-
wherein saidifeedback circuit comprises a complementary
;5‘

circuit u51ng; two MO0S transistors diiferent im polarity

:\

-

from each othér
‘7. A coastent-curreat circuit comprising:

o ) . .
a second{M0S transistor; and

a curreafimirror circuit comprising two X¥0S traasistors

different in‘?&ate—iidth and gate-leagih ratio dIrom each

other,

¥0S: transisior has =a drain anpnd

z'gate connect ed through & resistor to =each other and is

supplied through said resisipr' with a driving current from

ome H0S trans of a1d current airror circuit, said

r . . . ~
second UOS {gns;stor has 2 gate connected to the drain of

[

said first NO 3 ran31st0" and a drain directly receiving the

S

Spwin
ll

Jdriving curren

§ from the other MOS transistor of said

, thus being capable of operating said

— 49 —
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firsi and second KOS tramsistors at a comstant current
ratio.

8. A coastant-current circuit as claimed in claim 7,
wherein said first and second MOS tramnsistors are equal in

gate-width aad gate~length ratio to each other.

<
[oad

11 4
a first:HOS traonsistor;
a sécond ¥0S transistor;
a2 current miiror circuit

in Qate-width and

different

other,
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“circuit

trensistors constltutlng said curren

gas clzimed in claim 7,

as claimed in claim T,

second MNOS trazasistors aand the two

i @mirror circuit ars

constant-current circuii comprising:

and

comprising two MOS transistors

~

gate-length ratio from each
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wherein said first MOS transistor has a drain and a
gate connected directl} to each other and receives a'driving
current directly from sald current mirror circuit, said
second H0S trans;s{or has 2 source conneéted to a resistor
and a gete connectéd to the drain of said first MOS
transistor and 2 draian directly receiving the driving

rent mirror circuit, thus being capable

(e}
[~
)
-
(4
o)
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-
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of operzting szid first and second MXO0S . tramsistors at a

constznt current ratio.

12. A coastant-curreat circuit as claimed in claim 11,

wherein -said first and second Y¥0S tramsistors are equal

in gate-width and gate-length ratio to each other.

13. 4 constant-current circuit as claimed in claim 11,

wherein said first and second ¥0S iransistors are different

in gate-width and gate-length ratio from each other.

14. A coaostant-current circuit as claimed in claim 11,
wherein said first and second KOS traansistors and the two
HOS iransistors coastituting said current mirror circuit are

different in polarity from each other.
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