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constant-current ~circuit '

Temperature sensor c1rcu1t and constanf

_ BACKGROUNDEOF THE INVENTION

1. Field of the Inventiong

This invention relate; 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. Des.cr.ipt_"io-n of the Related Art

A con?éntional temper;ture sensor circuit is formed of i
bipolar tramsistors in geﬁ;ral gs shbwﬁ in Figs. 1 and 2.
The circuit§ ‘shown inm ?igs. 1 and .2 each comprises n
transistor§ .QI.IQZ, see ?Qn' of either apn~ or panp-type,
n constant-current sources%for supplying.n constant currents
i1, IZ..~¥-, In respectévely to the n transistors 0Q1,
Q2,++-, Qu, and a cons%aét—voitage source fof applying a
.constant voltage Yec to each of the n transistors .Ql.
QZ, ++-, Qn. The operatlon of these circuits will ©be
explained below.

In Fig; i_or 2, suppo%ing that a current and saturation

current of each transisto% Qj (G=1.2, -+-, n-1, n) are

—_1 -

This Sheet Has Been Re; ﬁ

(R




-~

whi ch”ar e’ f or med of MOS transistors on a MOS-type integrated circuit. 2.
Description of the Related Art A conventional tenperature sensor.
circui't is formed of bipolar transistors in general as shown in Figs. 1
and 2. The circuits shown in :Figs. 1 and 2 each conprises n

transistors e T3 f either. non-_or pop-type, n

const ant - curerx%?ssggdura(s:elsJ %nrd gfj’ppﬁ??ﬁ‘é{we@gns{fhfmggg%"}%ﬁt gongtant, 5 ,

In respecti.yel he._ n, transistprs ..a. and, a )

const ant - voll;éagéelxmé%&?%e 3% o apgﬂ%;%f)?\’épea .t%%%r[agtﬁ{re Vil t 558788 to  each

of the n trapsistars , LI .. The aqperation of hese

circuits Wi ?. phe e%%qaieﬁsg%oé}l(?vf%rge 1s e:?uesse(f) as q andt a
base-to-enitter voltage ofzthe transistor Qj is expressed as

VYBEj, the current Ij (j §1, 2, +++, n-1, n) of each of the

n constant-current sourcesgcan be shown as follows:;

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 L
- in ( ) crrees(2)
q Is

VBEj

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

voltage Vo of the circuit can be shown as follows:

i



.
In Fig. T or 2, supposing that a current and saturation current of each

transistor Qg () =1, 2,...., n-1, n) are '

2 expresSed as |j and Is, respectively, the Boltzmann constant is

expressed as Kk, absolute tenperature is expressed as T, the wunit

el ectronic charge is expressedds gq and a Jbase to-emtter voltage of the

transistor @ igs expge as he cultde I 1, 2,..., n-1, n
Vo p{ ?ﬁﬁd J{ )F f &J ?f .J..(.J..(g) )

of each of the

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;

Vcc - Yo = ¥ VBEj = ; { 2 in (

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

proportional to absolute; temperature T can be obtained.

This means thz t the empeiature at aj position vwhere the

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

" circuit as expressed above 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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n constant-current sources can be shown as foll ows; [err]
supposing that the direct current anplification factor of the t

Qq is

sufficiently high and the base current thereof is

Her e,
ransi st or
negl i gi bl e,

the base-to-emtter voltage VBEj; of the transistor @ can be shown as

foll ows;

[err] ; .
bipolar transistors, so that the actual output voltage Vo

is largely deviated from aivalue calculated from Eq. (3) or
(4). thus arising such a p?oblem that it is disadvantageous
to be practically used. é

In addition, in ca%e of receiving an output of the

temperature  sensor cirEuit by, for example, an A/D

converter, since the gabove-— mentioned conventional
temperature sensor circuit% is not of a differential output
type, a reference volta%é source is disadv antageously
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 constantrcurrent circuit formed of MO0S

5
[
[}

transistors, a circuit a% shown in either Fig. 3 or 4
well-known conventionally.% |

The const;nt-current% circuit shown in Fig. 3 is one
that was disclosed in %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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As a result, in the circuit shown in Fig. 1. an output voltage Vo of the
circuit can be shown as follows; [err] On the other
hand, in the circuit shown in Fig. 2, the difference (Vcc-Vo) between
t he voltage Vcc of the constant-

On the other hand, t?e circuit as shown in Fig. 4 is
 disclosed in T"VLSI DesigngTechniques for Analog and Digitai
Cifcuitsf, pp. 363 publishéd by McGraw~Hill, 1990, which is
a cal;ed boost stirapped Ecurrent source/sink.. Ia  this
circuit, a draim current iDSl of a KOS transistor K61 and
a drain current ID62 of aé MOS transistor W62 are related
by the following equation; (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

a practical operational ilevel of current (about several -
hundreds micro-amperes) cznnot be obtained unless otherwise
sophisticated more.

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

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

Ly
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vol t age sou
fol | ows;
t emper at ur é

that .the te
circuit is

rce and the output voltage Vo of the circuit can be shown as

[err] As seen from Egs. (3) and (4), in

t he

sensor circuit shown in either Fig. 1, or 2, the
proportional to absolute tenperature T can be obtained. This neans
erature at a' position where the tenperature sensor

ot sihes Baneiac tyslng derietion. the |dimeeryion pf thetputput

vol t age

conventional tenperature _sensor icircuit as expressed above is to be
CBFrembsis yaxcespitalgr 488ge- circuit by using MOS transistors

realized on
i nst ead of

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 provide a
temperature sensdr circuit of ‘a differential output type
formed of MOS tramsistors én a2 CHOS integrated circuit.

Further another objeét 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 eircuit includes a differential pair circuit and

a feedback circuit. The differential pair circuit includes

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

length ratio (¥/L) are di%fqrent from each other, a load

g —
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bipalar "t

ransi stors, It IS difficult to ~"obtain a sufficiently

| arge direct current anplification factor due to the fact that

i nt egrated’

circuit uses parasitic .

t he MOS

bi pol ar transistors, so that the‘actual output voltage Vo is largely

%{Pcﬁ%{’adﬂetﬁ@df‘-ﬂsqt gﬁ’d fJe%mlEatraS§lstoOIs angél)a ctoggﬁﬂ—' sing such a

deviated fr
pr obl em

vanta
current source for dr1v1ng:the first and second tramsistors.
Thé fee&back circuii is_sépplied from the drain of one N0S
transistor of the differen%ial pair circuit with an output
voltage'of_ the differenti;l pair circuit thefeby 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.

rst MOS transistor of the

Lol
o
o
h
o
=
L]
s
| ]

Preferzbly, the ga

" differential pair circuit; is coanected to ome terminal of

the output terminal pair of the temperaiure sensor circuit
to be applied with the reference vqltage. The gats of the
second HOS.transistor is ;onnécted to the other terminal of
the outpu; terminal pair 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 backgan output voltage of the feedbgck

circuit to the differential pair circuit to comtrol the

- 7=
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to ‘be practical |l y used. In addition, in case of receiving an
out put of the tenperature sensor circuit by, for exanple,

converter

sen;
vol t age

t he
cir
3

an

A D

si nce t he above - nentioned conventional tenperature
sor circuit is not of a differential output type, a reference

of

source 1is di sadvant ageously necessary to be used additionally.
| f the refedsmimecuntdrdige ofdibec@itst unéd saddhdli yrzakiytord thekesiper at ure
characteristic that it has may degrade the characteristics

t enper &i treeosersmmalcts caich otleal,f so that bdween ths tw@ dopsit ant - current
cuit fornmed of MOS transistors, a circuit as shown in either

or 4 is

tewiinaksowt thavaiit trenaiﬂml 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 as 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 X0S transistors whose gate-width

and gate-length ratio are equal to each other.

Fh

(2) In a second aspect of this invention, a temperature

-

sensor circuit of a differential output type is provided

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

integrated circuit.

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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The
di scl osed

constant-current circuit shown in Fig. 3 is one that was

in | EEE Journal of Solid - State Circuits' Vol.

SC-12, .

No. 3 June 1977, pp. 224 to 231, in which the MOS transistors are
oper at ed
current

hand,

e

.under the weak inversion state thereby to -obtain

an out put

IR Qfircgmall, a ufgéﬂ%A @fﬁf@r&e§£gdﬁit comprising two M@ the other

the circurt as shown

transistors different inggate-width and gate-length ratio
from each other .and const?tuting a load of the differential
pair circuit, " and a feediack circuit for <feeding back an
outﬁut of the current mirr%r circuit to the gate of one MOS

transistor of the dlrfe;e zi 1 pair circuit so that the
draia curreat ratio of th§ differential pair circuit can be
made equal to the mirr;r ratio of the current mirror
circuit. |

The -feedback circui%. is not 1limited to that shown

above, it may be any other types of circuit if operable in

the same manner s above. : 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 circuit to
control the drain currént ratio of the differential

i
pair circuit to be made%equal to- the mirror 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
—9-
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di scl osed in "VLSI Design Techniques for Analog and Digital Circuits",

pp-
363 published by McGawHi ||, 1990, which is a called boost strapped
current sdurce/sink. In this .circuit. a drain current 1D61 of a MOS
transistor M1 and a drain current 1D62 of a MOS transistor M2 are
related by the followng equations (5) and (6). where VIH is a

threshol d vein dge, readNzedi en aa €¥ASudnAngmted L6i1rcm$ augpange CN0S®ngt h and
W51l is a gate w dth. MH]

transistors.

"Different from the temperature semsor circuit of the

first asﬁect in which 'thé output voltage is generated only

by the two HMOS transistbrséof the differential pair circuit,
the temperature sensor ciréuit of this aspect gemerates the
output  voltage by thé tvo MOS tramsistors of the
differential pair circuit and the two HOS transistors of the
current mirror circuit, const1uut1ng the load thereof, thus

resulting in the gene;auton of higher output voltage. As a

'reshlt, the same outpuL vgltage can be generated by further

small-sized traasistors, 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 foi making
CM0S integrated circuits, én which there may be two types 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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Vvtﬁ the constant-current circuit shown in Fig. 3, the output current is
as small as 10 nA to several mcro- anperes ([err]A), resulting in
arisidng such a problem that a practical operational |evel of
current (about several hundreds mcro-anperes) cannot be obtained unless
ot herwi se sophisticated nore. :Wth the constant-current circuit shown
in Fig. 4, thiffemesshdirdnyvart ag@aﬂths aadhi egthesQ t NEte \BieBt XS Ng noti ce

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 qircuit. ihe second MOS f{ransistor has the

gate coﬁ;ected tb the dré?n of the first NMOS transistor and

the drain directly receiv?ug thé driving current from the

other KOS trzasistor of ?he current mirror circuit. And,

the fir st and second MOSitransistors are stfuctured to be

operable at a constant cur;ent ratio.

The constant-current ;irctit of the second éype of this

aspect also comprises a ;urrent pirror circuit comprising

two MOS tramsistors diffeéent in gate-width énd gate-length

ratio Irom 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 constant current ratio éas in the first type of this

aspect, but different therefrom as follows; Namely, in this

type, the £first HOS trag51stor has. the drain and gate

connected directly to each other and receives a driving

current directly from the current mirror circuit, and on the

P —
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6 of the manuf act uri ng devi ati on, the dispersion of the output
I s excessively |arge. Thus, an object of this invention

provi de _
of MOS transistors. Anot her object of this invention is
tenperature sensor circuit of a differential output type forned

provi de a

of MOS transi

current
is- to

a*tenperature sensor circuit of a differential output type fornmed

to

8F s haada CNES peragr MY dirapsistor has [Ehet lemuraaot her

obj ect of this invention is to provide a constant-current circuit which
is capabl e cfonpetiadnitage a?esel‘iqlémﬂdattlw gateicconfteptad ttioc ke olnedat i onal
as well as

| evel

.-of the first MOS t;ans;stor thereby dlrectly 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, jA first method is that the first
and second M0S tran31stors to be driven are made different
in gate—W1dth and’ gate—leggth 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

&g

12—
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setfing

vol t age,

‘the current with no effect by wvariation of a

t hr eshol d

t hus being adapted to be used for a CMOS integrated circuit.

SUMWARY OFF THE INVENTION (1) In a first aspect of this invention, a
tenperature sensor circuit of a differential output type
is formed of MOS transistors. This circuit includes a°

ntialofat G Kedbid Had Psft%%@bﬂ&kt%rm tra V\%Jﬂ%oﬁlbff@rlﬁm'm pai r

whi ch
differe
circuit
gat e-

|ncludes first and second :MOS transi stors

i's provided

ose gate-w dth and

| engt fx iv@hi &rd Wakde cﬁrf?egéﬁif;erlﬁ”tgat LﬁmtlﬁaﬁﬂdOtéﬁ%—leﬁ’gﬂhoad

ratio and the two M0S. transistors constituting the current

mirror circuit are made'eaual in gate-width and gate-length

ratio to each other. A third one is that the two MOS

transistors to be driven:are made equal in gate-width and

gate-length ratio to each;other and the two HOS transistors

constituting the current mirror circuit are made different

in gate-width and gate-lenéth 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 has a production

deviation-caused variation, the output current may be varied

to be dispersed. In consideration of this point, either

first or secoand method is;préferable to be used in that it

has no such difficult poinf.

The first and second MOS tramsistors and the two MOS

transistors comstituting the current mirror circuit

preferable to be different‘in polarity from each other.

are -

This

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

n~-channel type, the two; MOS transistors of the current

~mirror circuit will be preferahle to be of 2 p-channel type,

This Sheet Has Been Replaced
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7 circdit of the first and second transistors and a const ant -

source for driving the first and second transi stors.

current

The feedback circuit

is supplied fromthe drain of one MOS transistor of the differential pair
circuit with an out put voltage of the differential pair circuit

f eedback-

t her eby

currents of Eﬁ{nat B?H“se?gzghgg T’]S{f/[n%le a: ;{g;'?iscig;&%%rte §% égjguglr a'lt(r)] each
aﬁﬁgfrﬁ@ey tﬁé‘ela%éf’ %fest Qllf Ib Sﬁre-e aHéansd gogn of the

ot her.

" chanpel type. Thus, such a circuit that is structured

preferably as shown aboveiis further adapted to be used for
making' 2 CHOS integrated circuit than’ that using the same

polarity.

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

a conventional temperature:sensor circuit.

rE)

ig. 3 is a circuit éiagram showing an example of a
coaventionzal constent-current 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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differenfial

reference v

pair circuit is connected to one term nal of the output

termnal pair of the tenperature sensor circuit to be applied wth the

oltage. The gate of the second MOS transistor is connected

to the other termnal of the output termnal pair t her eof

recei.ving
The | oad ci
In this cas
transi stors
‘ot her.

i nvention

differentialV®

theret hrough a feedback voltage fromthe feedback circuit.

t her eby

Sk s BaELH 36 F sy e”ﬁ%qcf}meaﬁrpﬁa“tée”tlmm Fret

to each

gate-widih: and gat i
Thefig o oidr i etalh S&P%EWC 'L Sl 6 R
f eelgggg acaﬁdfg e tp'oetn Bt%% Eo,a:g Eh%’ LE@%BSriteu‘i%b ?gzlfsof LS

shown in Fig. 7.
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 foufth embodiment of this inventiom.
Fig. 11 is =a circuft diagram of 2 constant-current
circuit according io a fiffh embodiment of this invention.

Fig. 12 is a circuit diagram of a constant-current

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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X drain'Eurrents of the first and second transistors thereof

to become

equal to each other, so that between the two input termnals of the
pair circuit is obtained a voltage proportional to the

differenti al
t enperature
differenti al

Consequently, such a tenperature sensor circuit that

is of a

out put type formed of- MOS transistors-can be obtained with
superi or cha{acter Sti

ransistors %i and W2 whose 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
connected .to one outputfterminél 5. The gate of the
transistor M2 is comnected +io the other output terminal 4
The both transistors K1 aﬁd ¥2 are different in gate-width

and gate-length ratio (¥/L) from each other.

The drains of the transistor ¥l and ¥2 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 M3 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 circuit 2 comprises an n-channel MOS

transistor M5 whose gate is comnected to the drain of the

 —16—
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The feedback circuit is not linmted to that shown above, it may be any
other types of circuit if operable in the sanme manner as above. The | oad
circuit is not limted specifically, but it is preferable to be a current
mrror circuit, particularly preferable to be such a current mrror
circuit that conprises two MOS transi stors whose gate-width and

gat e- | engt ljosatfamsdstorrqUal. tTheedehbnoister. MY 25 | graundedotidroughect of this

i nvention, a tenperature sensor circuit of a differential output type is

provided whiéfistant-eskaftnddséwrdee ‘toinsdeafl t&MPBet s@NReSthdreodn a CMOS
integrated circuit. The tenperature sensor circuit of this aspect
conprises addtd firr epiverl bpaircdiistat teuravhdd It WRpMIRdl Koo tdier s
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 outpu stage circuit 3 is a complementary circuit
including a p-channel MOS transistor M6 and an n-channel MOS
transistor M7 whose drains are cénneCted to each other. .
Between the drain and the gate of fhe transistor M6, 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 differentizl pair circuit 1
énd the source thereof is éupplied with the comstant voltage
YDb. The source of the tramsistor M7 is grounded. To the
conﬁection point of the drains of the tramsistors M6 and NI
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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different in gate-width and gate-length ratio (WL) from each other and to
be driven through a constant-current ©source, a current.
mrror circuit conprising two MOS transistors different in
gate-width and gate-length ratio fromeach other and constituting a | oad
of the differential pair circuit, and .a feedback circuit for feeding

back an oufptfutOfol BEeCHBEENs RukéPloud! hétden R lRepGAIRMAineNEe MXS
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 feeds back the output voltage 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

. Thls Sheet Has Bee
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transistor of the differential pair circuit so that the drain current
ratio of the differential pair circuit can be nmade equal to the mrror

ratio of “the current mrror circuit. ° The feedback circuit is
not limted to that shown above, it may be any other types of circuit
i f operabl 4iRagd hac8a®: MR- A% 18P0V ey I—&\ﬁevgr teltbSsdlger abl e to be
a conplenentary circuit using two transi stors cﬁafferent in polarity

fromeach qifighge yasz JNGHE! LEMdistOl Wi S18SREGH.LaR0S,baglg;an out put of

the current mrror circuit to the erential ~ palr circuit’to control

the drain ;,QUES inkaddtibhs cta?xetbﬁeecgtfafaffsedbté;al pair circuit to be

made equal to the mrror ratio of

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 g 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)

This Sheet Has Been Replaced
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current mrror circuit, thus being capable of obtaining a voltage
proportional to tenperature between the two input termnals of the
differential pair circuit. As aresult, the tenperature sensor circuit

of a differential output type _ 10
can be realized on a CMOS |ntegrated ‘circuit wusing CMOS transistors.
K = (¥2/L2)/(¥1/L1) AL RE (16)

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

result: f;om 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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Different ‘from the tenperature sensor circuit of the first aspect in-
which the output voltage is generated only by the two MOS transi stors of
the differéntial pair circuit, the tenperature sensor circuit of this
aspect generates the output vol t age by the two MOS transistors
of the differential pair circuit and the two MOS transistors of the

current ni ryguT.Ci ESUidxperenséd tagt (AOVi)oe | padchhenrof obtdiéd rppulting in
t he generation of higher output voltage. As a result, the sanme output

vol t age CaHSQQTQQQQﬁéﬂﬁp Y8 ¥ Wrbhekq. M9y | -o3i zed transistors t hus being
capabl e of making the <chip area smaller. (3) In a third aspect of this

I nvention, a constant-current <circuit 1is provided .which is adapted to be
used for naking ' '

(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't’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 the transistors M1 and M2 thereof,
or the output voltage ~VOUT is varied inversely
proportiottally 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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oo integrated circuits, in which there nay be two types of circuit,

first and second. The constant - current «circuit of t he

first

type: conprises a current-mrror circuit conprising two MOS transistors

different in gate-width and gate-length ratio (WL) fromeach other,
first MOS transistor and a second MOS transistor whose gate-w dth and
gate-length ratigs(T@éu (T1) = (T2/T1)"372  «eee-en (21)

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

varied inversely proportionally to 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¢

From Eq. (22), it can be found that when the drain
currents IDi and ID2 of respective transistors Ml and ¥2 are
equal to each other, the gate-to-source voliage differehce

(AVi)0 between the transistors M1 and M2, or the output

‘voltage YOUT is varied proportionally to the fourth root of

the ratio’ of absolute {emperature T and the reference

absolute temperature TO0 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 that the output voltage VOUT is

nearly proportional to absolute temperature T.

— 22 —

heet Has Been RTlaced

T IIlI\\ I

a



di f'ferent from or equal to each other. The first MOS transistor
has the drain and gate connected through a resi'stor to each other
and rs supplied through the resistor with a driving current from one
MOS transistor of the current mirror circuit, The second MOS
transi stor has the gate connected to the drain of the first MOS
transi stor and Asheexiplaiinedi rabovey riteei yinmittheofirihiisngmiodiment from the
other MOS transistor of the current mrror <circuit. And, the first
and second fhibackaosityiodss sarthast thectivatn dugrbets dpdr abd D3t oA const ant
current ratio. The constant-current circuit of the second type of
this aspectresgdcidvecinanisistorsa Hbramint ¥fiof othecdifferentiaippast ng two MOS
transistors different in gate-width and gate-]length .
circuit. 1 are made equal to each other. Consequently, the

temperature sensor circuit of a differenmtial output type

using MO0S transistors can be realized.

[Second Embodiment]

Ird

ig. T

rry

shows 2 temperature semnsor circuit according to

a second embodiment of this invéntion, which comprises a
differential pair circuit coﬁsisting of a differential
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 thereirom. The gate of“;the transistor Mll is

~applied %ith a reference voltage VR from a referemce voltage
source, and connectedi to one output terminal 15. 'The gate

of the transistor M12 is connected to the other output

s
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ratio fromeach other and a first MOS transistor and second MOS

transi stor whose gate-width and gate-length ratios are different fromor
equal to each other. In which, the first and second MOS transistors are
structured to be operable at a constant current ratio as in the first
type of this aspect, but different therefromas follows; Nanmely, in this

type, the flrst transistor has the drain and gate connected
directly t $eTHHR er and receives a driving 'current directly from
the current mrr, irc

26 ranéis%brsrﬂil an&rﬁiz are dlfferent in gate-width

and gate-length ratjio <from each other, and when the gate-
width and gate-~length ratio of the transisfor N1l, or
¥11/L11 is made one (1), that of the tramsistor HN12, or .
¥12/L12 becomes KI.

The current mirror circuit 11b constitutes am active
load of the differential transistor'ﬁair 112, and has fwo -
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 constant 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-lemgth ratio of the transisﬁor Ni4, or -
¥14/L14 is made ome (1), that of the tramsistor 13, or
¥13/L13 becomes X2, meaﬁing 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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12 ot her hand, the second MOS transistor has the source

connected to a

resistor and the gate connected to the drain of the first MOS transistor
t hereby difectly receiving the driving current fromthe current mrror
circuit. Each of the constant-current circuits of the third aspect

has the first and second MOS transi stors operable at

a

constant driving

current ratjgsenblls G stPddturet baitihet Nead Fik¥iDg incVEd BIY She QI be
generated with no effect by the wvariation of the power source voltage

and the di spefnsiietory N3t Hed Mshoestie) ¢iryolcndeeinerACCrRE#idigE¥rentt he

di spersion of

therefrom in that two MOS transistors M3 and M4 of the first

embodiment are equal in gate-width 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 constant current Ill supplied from the comstant

‘current 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 constant.
voltage VDD from the_constant voltage source. ;

~

The output stage circuit 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 source,
and the gate thereof is applied with an oﬁtput voltage of

the differential pair circuit. The connection point of the

drains of the transistors H16 and M1T is connected to the

— 25 —
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an 6utpuf current can be made snmall wth respect to the deviation in
production and yet, the current can be set independently of '
threshold ‘voltage. Consequently, a constant-current circuit adapted

to be used for

order

to

operate the first and second MOS .transistors

making a CMOS integrated circuit can be realized.

t he

In
at a

constant drain current ratio, there may be three nethods as follows; A
first met ho#tpits tRERiIRae firstin apddiddeand tes cennesdis o®inh be driven

are nmade different:

MOS

different in gate-width and gate-length ratio from each

the differential pair 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 X156, 2 resistor RZ and a 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 current airror circuit 1lb is fed back to.the gate of
the transistor M12 of the differential pair circuit so

that the rztio of the drain currents 1IDI1 and ID12 of

- respective transistors N1l and M12 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 f{irst embodiment feeds back the output

voltage thereto so that the drain currents ID1 and ID2 of

— 26 —

o

Been Reraced

i

., in gate-width and gate-length ratio (WL) and the two
tr ansitbeseat cédfstqnngeited ttee thergadet of rther transdsiter #l@ af so

made



13 ot her. A second one is that the two MOS transistors to be driven
are nmade different in gate-width and gate-length ratio and the two
MOS. transistors constituting the current mrror circuit are nmade equal
in gate-wi dth and gate-length ratio to each other. A third one is
that . the two MOS transistors to be driven are nade equal in gate-width
and gate-length ratio to each other and the two MOS transistors.
constituting the current mrror circuit are made different '

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.
Since the ratio of the gate-width 2nd gate-length of

ihs

Fh

the transistor H¥1 and that of the +traamsistor M2 o
transistor pair Illa is I:Ki, the drain currents IDII and
ID12 thereof c¢an be exgresséé 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):

B 2(VGS11-YTH)® I (31)

ID11 =
ID1Z2 = X1- B 2(VGS12-VTH)? = -e-cve.n 22
ID11 + IP12 =110  eee.... (533
— 97 —
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I n gate-mﬁdth and gate-length ratio from each ot her
three nethods shown above, in the second nethod,
has an effect due to threshold voltage, so that

: Qut of the
the driving current
if the threshold voltage

has a production

devi ati on-caused vari ation, the output current nay be

varied to be dispersed.

In consideration of this point, either first

or second net hod

Is preferable to

be used.in that

it has no such

difficult point. The first and second MOS transistors
MOS transistors constituting the current mrror circuit

-preferable to be different in polarity fromeach other. This
the first and second MOS transistors are of an n-channel

a

and the two

re

neans t hat
type,

t he

i f
t wo

MOS transistors of the current

VOUT = ¥GS11 - VGS12

Yhere
traasistor Mil,
traansistor

Also, if th

(0]

fute)

o2
B2 i

-~

4

.

no

and tke coast
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VGS11

(Cox/2)+ (F11/L11)

ceeves(34)

is a gate-to-source voltage of the MOS

VGS12 is a gate-to-source voltage of the MOS

and VTH is the threshold voltage +thereoi.

bility is expressed as p. and the gate oxide -

is expressed as Cox, the transconductance

n Egs. (31) aad (32) can be shown as follows;

tors

i

atio oi the transis

from Egs. (33) and (34), the drain curreats IDIl
iD12 can be expressed inm terms of the mirror ratio K2

zat current I10 zs follows:
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mrror circuit will be preferable to be of a p-channel type, :
14 and on the other hand, if the fornmer transistors are of a p- channel
type, the latter ones will be preferable to be an- n- channel type.
Thus, such a circuit that 1is structured preferably as shown above is
further adapted to be used for making a CMOS integrated circuit than
that using the same polarity.
ID1l = {K2/(E2+1)}-I10 =~ = ~-=e--- (37
D12 = {1/(E2+1)}-I10 - . = <----- (38)
Accordingly, from Egs. (31) and (37), the following
equation (39) can be obtained, and from Eq. (39), the
following equation (40) can be obtained;
{(E2/(E2+1)}-110 = .B‘Z(S/'(;‘;SII-VTH)2 ------- (39)
¥GS1l -~ VTH = (IlO/B 2)r/%. {2&2/(n2 D72 eeeen (40)
Similarly, from Egs. (32) =zad (38), the following
equation (41) can be obtained, ‘and -from Eq. (41), the
following equation (42) caa be obtained;
{1/(E2+1)}-110 = K1- B 2(VGS12-VTH)® = «-e.-. (41)
VGS12 - VTH = (T10/K1-82)*72% {1/(E2+1)}37%  -ve-n (42)
(34) czn be expressed zs follows:

. As a result, Ea.
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a circuit diagram
showing an exanple of a conventional tenperature sensor circuit.

Fig. 2 is a circuit diagram show ng another exanple of a conventi onal
tenperature sensor circuit. Fig. 3 is acircuit diagram showing an
exanple of a conventional constant-current circuit. Fig. 4 is a
-circuit diagramshow ng another exanple of a conventional constant-current
circuit. Fig. 5 is acircuit diagram of a tenperature sensor
circuit according to a first enbodi ment of this invention. Fig. 6 is
a graph showng a relation of an output

VOUT = ¥GS11 - VGS12

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

i’

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

1]

(1/p272)- (‘7I10/Co*')1/2 {1/(W11/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 inversely_progoruionglly to ihe séuare root of the
mobility g .

The mobility g is a function of abso.lute temperature _
T. Thus, the mobility g (T1) at T1 and the mobility gz

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

lar’]
Y
L

[}
@
\
n

L g (/e T} = (T2/

- b

i \\\ T““



vol t age and a tenperature of the tenperature sensor circuit shown in Fig.

5. Fig. 7 is acircuit diagram of a tenperature sensor
15 circuit according to a second enbodi ment of this invention,
8 is a graph showing a relation of an output voltage and a
tenperature of the tenperature sensor circuit :

As a result, the output voltage VOUT can be eipressed in

terms of the mobility u (T0) at the reference absolute

temperature TO aé fokLows;"
VOUT e {1/pz (D)}1/2 = {1/ 4 (T0)} 272« (T/T0) 2/ %+ - - (45)

This .equation is equal to Eq. (22) in the first embodiment.

Fig. 8 graphically shows the relationship expressed by

Eq. (45) a2s TO = 300K, which shows that the output voltage

YOUT is mearly pro 1oua1 to aoso1ut° temperature T.

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

'ﬂ
-h

K1 = 1, the following equation (47) can

H:

be obtained, and i

be obtained;

(VOUT)x2ms = (110/2-82)*72-(1 - 1/K1*7%)  -v-vvn- (46)

(VOUT) z1-2 = (I10/82)3/2-(R2/R2+1)272- (1 - 1/E2%/2)

This Sheet Has Been
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shown in Fig. 7. Fig. 9is acircuit diagram of a
constant-current circuit according to a third enbodi nent of this

i nventi on. Fig. 10 is a circuit diagram of a constant-current
circuit according to a fourth enbodi ment of this invention. Fig. 11
Is acircuit diagram of a constant-current circuit according to a
fifth enbodi nent of this invention. Fig. 12 is a circuit diagram of
a constant-current circuit according to a sixth enbodi nent of this

i nvéntion. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The
preferred enbodi nents of this invention will be described bel ow while

referring to Figgs gnde?stbod trom Egs. (46) and (47), Eq. (43) is not
gquivélent with respect to Kl and K2, but if K2 > 1, the

following eination (48) can be obtained:
1/2372 = 0.7071 < (K2/(E2+1)}373 <1 -evees (48)

in Eq. (48). a value of {E2/(E2+1)}*/* is subjected to
square root compression with respect to the variztion of the
value oi k2 thereby to show the rangs of veriation shown in
Ea. (48), which means that this variation rznge becomes
smaller than that of 2. As a resuli, if K1 > 1 zad 2 > 1,

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 (ofiset -oltagg) through two trzasistior pairs
(M11 and ¥12) and (M13 and K14) as ia  this embodiment is
more effective than such 2 circuit that generatss it through

only one transistor pair (M1l and M19) for sxaumple, 2s in

the TfTirst embodiment. Further this means that thes same

output vol VOUT can be realized by usirg smaller-sized
transistors, thus being capable of ad agecusly mzking the

is.Sheet Has Been Replaced
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[ First Enbodi nent] Fig. 5 shows a tenperature sensor circuit
according to a first enbodinent of this invention, which conprises a
differential pair circuit 1, a level shift circuit 2 and an output stage
circuit 3. ~ The differential pair circuit 1 has two n-channel MOS

16

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 realized oa a  CHOS

integrated circuit by using coaplementary ¥O0S trzamsistors.

[Third Embodiment]

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

In Fig. 9, the source oi the n-chzmnel ¥0S traasistoer
¥21 is directly grounded,l the drain thereof is coanscted
through 2z resistor R21. to the drzin of %ha p-channel X0S
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

g




[

transistors ML and M2 whose sources are connected in common to each other
to be grounded through a constant current source. The both

transistors ML and M2 are driven by a constant current |0 supplied from
the constant current source. The gate of the MOS transistor ML is applied
with-a reference voltage VR froma reference vol tage source, and
connected- to one output termnal 5. The gate of the transistor M
is connected to the other output ternminal 4. The both transistors M. and
M2 are different in gate-width and gate-length ratio (WL) from each

ot her. The drains of the transistor ML and M2 are connected to the
M4 constltutlng t he

et ot L b e OB s oo el 4 kL
. current mirror circuit.

The drain of the p-channel MOS traansistor M23 is
connected through the resistor R21 io 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

NZ24 is comnected directl&, to the drain of the transstor

@
)
o]
B
=
1
Q
ot

H22. The gates of the transistors M23 and Hdé ar

in common to each other to bs commected fto the drainm of the

[=¥
i
2

transistor X¥24. The drains of the traznsistors M23 za
are applied with a coastant voltage VDD. Ige transistors M23
and M24 constitute 2 simple current mirror circuit to drive
the .transistors H21 and M22.

-

In this embodizent, the cepacity ratio of th

o

transistors M21 apd ¥22 t0~be driven, or the gate-width and
gate-length ratio (¥/L) is 1:1, and on the other hznd, the
capacity raiio 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 LraqsrsLoL

Here, iz Fig. 9, when 211 the tramsisiors ¥21, M22, M23

— 34 —
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the transistors M3 and M4 are connected in common to each other to be
connected to the drain of the transistor ML. The transistors M and M
are equal in gate-width and gate- length ratio (WL) to each other,
and the sources thereof are applied with a constant voltage VDD from
the constant- voltage source. The both transistors M3 and M4 constitute a
current mrror circuit. The level shift circuit 2 conprises an
n-channel MOS transistor M whose gate is connected to the drain of the

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 is expressed as 83, a
driving current 121 of the traasistor M21, = driving
current 122 of the traﬁsistor M22,- and the difference
between the gzie-to-source voltages VGS21 zad  ¥GS22 of
respect.i\-'e-'i:ransistors M2l and M22 can be vespectively

expressed zs follows;

121 = B 3(VGS21-¥TH)®* -e--- +e0-(51)
122 = 83(VGS22-VTH)®?  reeececes (32)
VGS21 - VGS22 = R21-121 Lseemes -+ (53)

ja
Cof
[N

R

be!

n

Thé * capacity ratio of the tramsistors M23

ot
[l
rye
(']

constituting the current mirror circuit is mi:l, so thai

driving currents I21 and 122 respectively outputted from tks
ransistors K23 and M24 are telated to each ofher as
follows;

— 35 —

et Has Been Reilaccd

"IN | o



17 MOS transistor M. The transistor M is grounded through a
constant-current source connected to the source thereof, and to be
driven by a constant current |1 supplied fromthis constant current

The gate of the transistor M is connected to the connection

sour ce.
poi nt. of the drains of the

transistors M2 and Md to receive an out put

voltage of the differential pair circuit 1 therethrough. The drain of the
tranklstor Mb is supplied with the constant voltage VDD. The
stage circuit 3 is a conplenmentary circuit including a p-channel
transi stor M6 and an n-channel MOS transistor M/ whose drains are
connected to each other.

121 = mil-22  eemenees (54)

out pu
MOS

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/a1/2)/(B31/2-R21) +ee-e- (58)

— . .' ' — 36 —

—_—

This Sheet H.

I I i



¢

Between the drain and the gate of the transistor M, a resistor Rl
and a capacitor C1 are inserted for the phase correction use. The gate
of the transistor M Is applied wth the output voltage of the
differential pair circuit 1 and the source thereof is supplied wi'th the
constant voltage VDD. The source of the transistor M/ is grounded. To
the connection point of the drains of the transistors Ms.and M7 are
connected the gate of the transistor M2 and the output termnal 4. The
gate of the transistor M/ is connected to the connection point of the
transistor Mo and the constant current source to receive the voltage at

t hat int. A :
at poin n Accordingly, the driving currents I21 and 122 c¢zn be

respectively expressed as follows;

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

1

122 = al{(wl1*/*-1)/m1*7%}2-{1/( B 3-R21%)} teeee e (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 H21, ¥22, M23.
and ¥24. zre being operating in the saturziion region. the
driving currents 121 and 122 respectiéely-have no eifect by _ i
their variations. 4s a result, the circuit shown in Fig. 9

maLes it opossible to stably supply a coasteat current zi a

J
2]

practical operation level. [In addition, if 2z circuit

provided which takes out the driving curr;nts IZl'and 122

o
17/]

its output current, it can 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,

This Sheet Has Been Replaced
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18 out put voltage Vout is taken out between the out put term nal

and 5. The level shift circuit 2 and output stage <circuit 3

arranged as above constitute a feedback circuit which
differential pair circuit-1-so that a drain current

controls the
| D1 of the MOS

transistor ML and a drain current ID2 of the MOS transistor M are

to each other. The feedback circuit feeds back the output voltage

thereof to

and two n~-channel MOS transistors K33 amnd M34'éonstituting

a current mirror circuit for driving the transistors K31 and

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

p-channel MOS transistors M31 and M32 zre used instead of

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

M0S transistors H33 and H34 are used instead of the

channel HOS _tran51stors M23 and 424 in the

third embodiment.

o)
]

circuit of the

The source of the p-channel X¥OS traznsistor M31 is

applied with a coastant voltage VDD, ithe drain thersof is

connected through ‘2 resistor R31 to the drainm of the a-

chanpel K0S transistor 33, and the draip zad

are connscted through ithe resistor R31 1io each other. Tke

source of the p-chazanel M0S +tramsistor 32

the constant voliage VDD, the drazin there

is applied with

of is connscted

directly to the drain of the n-chznnel ¥0S transistor N34,

and the gate thereoi is conuectea dirsctly to the drain of

the itrznsistor M31. The transistors M31 and

a2 peaking current mirror circuit.

M32 comstiiuts

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

-directly grounded, and the drain thereof

is connected

through the resistor R31 to the drain of the transistor H31.
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the gate of the transistor M2 of the differential pair circuit 1 so as to-
makée the drain current ID1 and ID2 of the transistors ML and M t hereof

equal to each other. The feedback circuit is not limted to the
circuit shown in Fig. 5. but any other types of circuit may be used. if .
they .effect the sane feedback operation as above. Next, the operation
and characteristic of this circuit w1l be explained below Supposi.ng

that the gate-width and gate-length ratios of the transistors ML and M
are expressed as WL/ L1 and W2/ L2, respectively, the drain currents thereof
are expressed as IDL and 1D2, respectively, the threshold "vol tage

Is expressed as VIH the transconductance par aneter
The source of the n-channel KOS transistor 34 is dlrectly

grounded, and the drain thereof is_connected directly to the
drain of the traznsistor M32. The gates of the transistors
¥33 and M34 are comnnected in common to.each other to bs
connected to_.the drain of the transistor M34. The
transistors M33 2nd X34 constitute 2 simple curreat mirror
circuit for driving the transistors ¥31 and ¥32.

In this fourth embodiment, the capacity ratio ﬁW/L) of
the transistors M3l and M32 to be driven is 1:1, and that of
the transistors. ¥33 and 34 is m2: (ﬁZ >1, or m2 < 1). is
a result, ihe ratio of the driving current of the tramsistcr
H31 =and that of the tramsistor M32 when operating'becomss
m2:1.

In this embodiment, the transistors i{o be used are maéis

'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
can be similarly established, which mezms . that the szz=
characteristics as those of the third embodiment \'a:s

obtainable.

(Fifth Embodiment]

’ — 39 —
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expressed as

[err] 1 and the difference between a gate-to-source

19 voltage VGS1 of the transistor M. and a gate-to-source voltage
VGS2 of the transistor M is expressed as [err]Vi, the follow ng
equations can be established; [err]

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 between the source of the transistor H22 znd the

In Fig. 11, the source of an n-chzanel ¥0S transistor

M4l is directly grounded, the drazinm thereoi is commected to

te

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

~

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

[}

an n-chaanel M0S transistor X42 is' grouaded through

m

drain thereof is connected {o the drzim of

(1 1]

&2 p-channel M0S transistor W44, and.the gate thereof is
connected to the draim of the t{ramsisior Kil

transistors M41 and M42 constitute a Widlar current mirror

The drain of the p-channel MOS transistor M43 is
connectsd dirsctly to the drain of the transistor M41l. The
drain of ths p~channel KOS tramsistor H44 is connected

directly to the drain of the transistor W42. Ths gztes of
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[err]
capacity of

Here, if the nobility of electron is [err] and

a gate oxide filmis Cox,- [err]l and K in these

can be expressed as foll ows:

t he
equat i ons

the transistors M43 and M44 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 Mi4
constitute a simple current mirror circuit for driving the
transistors M41 and H42.

In this fifth emhodi%but, the capacity ratio of the

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

=
[}

capaciiy ratio of the trzosistors 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
M4l and that of the tramsistor M42. #hen operating becomes
m3:1.

In the circuii shownm in Fig. 11, if all the tranmsistors

41, M

nl‘-
t—u
=]
oY
pots
[=]
[ae ]
o
[
[4/]
n
(2
=
l“
24
r'
O
]

2, ¥43 and M44 are being éperé
region, the driving currents I41 and T142 of the irznsistiors
M4l and M42 can be expresééd by the following equatioas (61)
and (62), respectively, as in case of being Egs. (51) and
(52). and the gate-to-scurce voltages VGS41 and VGS42 of the

transistors M4l znd M42 can be related as ezpressed by the

- following equation (63); where B4 shows a2 transconductance

parameter of the iransistors,

Sheet Has Been Reﬂlaced

jI L




&
>

[err] 20 [err] In this case,
the drain currents IDL and I1D2 of the MOS transistors ML and M2 of the
differential pair circuit 1 are always equal to each other by

f eedback-control Iing. t hrough

141 = B4(VGS4L-VTH)2 ~ -eereee (61) .
142 = B 4(VGS42-VTH)® seeennn(62)
VGS41 - VGS42 = R42-142  -eeeien (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-I42 - .. .. ceeecen- (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 Eags. (64) and (65), the following equation (66)

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

— 42 —
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the level shift circuit 2 and output stage circuit 3. As a result, from

Eq. (13). the followi ng can be obtai ned; IDL =1D2 = (1/2).10
....... (17) Hence, Eqgs. (11) and (12) can be changed respectively

as foll ows; [err]

équatidn (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 I4Z and I41 can be

respectively expressed as follows;

—

[

[\
"

(m3172-1)2/( B 4-R422) = eeceenees (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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If the difference between the gate-to-source voltages VGS1 and YGS2 of
respective MOS transistors ML and M when Eg. (17) is established, which
is equal to' the input voltage of the differential pair circuit 1 and the
out put vol tage 21 VOUT, is
expressed as ([err]Vi)0O, it can be obtained by subtracting Eg. (18)

fromEq. (19),cu@kents 141 2nd 142 can be fzken out in the szme ®ay as in

the third emboéimeént.

[Sixth Embodimsst]

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

-----

znd ¥42 of ths fifth embodizent, and titwo n-champel MOS
transistors X¥53 and M54, wkich are equivalent to the p-
channal H0S irzosistors M43 and M44 of the fiith embodiment.

In Fig. 12, the source of ihe p-chanmnel MOS transistor

[}

M31 is directly epplied with a coastant voltages ¥DD, the
drain thersof is coapectiad to the drain of the .n-channel ¥(0S
transistor M53, and the gate and drain thereof are connected

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

pte

M52 1is a2pplied through a resistor R52 w

T th 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 comstitute a ¥idlar current mirror

circuit.

l
1)
[

|
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[err] As a result, inthe circuit shown in Fig. 5 it can be
found that py controlling the differential pair circuit 1 so as to nake
the drain currents IDL and 1 D2 equal to each other, the difference
([err]Vi)O between the gate to-source voltages VGSl and VGS2 of the

transi stors ML and of .
s go 8 the n-channel MOS +transistor XN53 is
directl' grounaed, znd the drain thereof is connescted

T the iransistor HS51. The source of

i

Y
=]
o

direciiy to the é4r

B

the n~channel X0S transistor M54 is directly grounded, and
the drzin thereoi is conoected to the drain  of the
transistor MbZ. The gaies of the trzmsistors ¥53 and M54 are

connecied in common to ezch otHer to be connecited the draim

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

[

a simple curreat mirror circuit for driving the tramsistor

Ia  this embodiment, the capzcity rztio of the

transistors M51 and M52 to be driven is 1:1, znd the

In this sixth embodiment, the tran31sfors to be used }
are made inverse in channel polarity to the corresponding
ones in the fifth empodiment thereby to bs 6perated
similarly thereto, so that Egs. (8I) to (70) already

discribed in the fifth embodiment can be similarly

— 45 —

RTTITLE



or the out put vol tage VOUT is varied inversely proportionally to

the square root of the nobility [err]. The nmobility [err] is a
function of tenperature, and the relationship of the mobility J[err]
(T1) at absolute tenperature T1 and the nmobility [err] (T2)

at "absol ute _.t rature T2 can be expressed as foll ows;
52 ea.,gfggi % éilc% means Lhaé) the szme characteristics as

those of the fifth embodiment zre obtainzble.
As described above, in each of the comstant-current

circuits according to the third io sixth embodiments of this

inovention, -+two HOS tran51stors to be driven are operated at

driv

ng currents with 0o effect by the variation of the
source voltage and the disPersion'of the thresh§1d voltage.
Accordiagly, the dispersion of zn outpui current can be made
smzll with respect to the deviztion in productiom zad vet,
thz current can be set indeéedently of the threshold
voltage. Comsequently, a comstani-current circuit zdapted to

be used for making a CHOS integrated circu

— 4§ —
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[erf]

y ratio at the tenperature Tl and T2 is
y m IH" l m l”“ the square root of the tenperature ratio

vari ed

I nver sel

rai sed to the ¢t hitrd"powert or (T2/T1l)[err]. Here, from Egs. (20) and

(21). the foll ow ng equation (22) can be obt ai ned; [err] From
(22), it can be found that when the drain currents ID1 and |ID2 of

reépect i ve tr BR&T JiISOCEAIMNMEDahS: M2 ar e

1. A temperature sensor. circuit comprising:

P 4 rs
a differgntial pair circuit which comprises a first MOS

53]
]

-
+X

a2 second MOS tranmsistor which are different

2h Surs

‘ﬂt source Tor driving said zfirst and secoad

%x. circuit which receives aa output voltage of
tial pair circuit from a drain of one MOS
'ESaid ifferential pair circuit zad feedback~

id:: differential pair circuit so that a draia

5aid first MOS transistor anmd that of said

second MOS ir nSlStO; are made equal to.each other.

2. A temperature sensor circuit as claimed ia claim I,

T

circuit has

}&

terminal pairf of said temperature sensor circuit o be
. f

i . '

applied with ég reference voltage, and the second MOS

transistor thereo; has a gate connected to the other

— 47 —
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e uaI e gate-to-source voltage difference ([err]Vi)0O .
bgt ween Hmmmlmmm)uu“ I\/g and M, or the output voltage VOUT is varied
proportiofal fy Yo" heé fdurth root of the ratio of absolute t enperature
T and the reference absolute tenperature TO raised to the third
power, or (T/TO)[err]. Egq. (22) when TO 300K is graphi.cally shown
in Fig. 6, terminafiah lahdcmtplna fatﬂdalhqialn-hehateto@utwmercagee\éaﬂ .S
nearly proportional to ibsol ute tenperature T.

feedback voltd: 2ge from sald feedback circuit.

“‘.
rach
1’

3. A temperéture sensor circuit as claimed in claim I,

wherein saidy™ load circuit comprises a current mirror

4. A temperature seasor circuit as claimed in claim 3,

curreat mirrer circuit has i%o M0S {ramsistors

equal im gate?width znd gate-length ratio io each other.
[
i _
9. A temperature sensor circuit comprising:
2 differential pair circuit having two MOS tramsisiors
'
r.
different 1ni ate-widil ;nd. gate—-length gsatio <from each
£
other to be d 'f'v o through a comstant currenu source;
a currenF;mirror circuit’ having two MOS tranmsistors
[ 3 -~ [:
different lnigate—wlath ~and gate-length ratio from each.
2, . . . . o -
other and cobstitutiag a load of said diffe nt1a1 pair -
5
circuit; and Eﬁ
gﬂ
a eedb; ieeding back an output of said

-V,

.-...-.o
O
[
¢
Q
=
i=*
o~
h
(o)
e}

|.‘v
o
i=
Q
[ =]
e
(el
[l
(=]

a ‘gate of one of the two MOS

,r
]

current mlrr%

transistors orCisa1d differential pair Glfcu1t in order that

— 48 —
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bove the circuit of this enbodi nment
feedbac nm ,m[]m%mim the drain currents ID1 and I D2 of respective
transistorsce the differential pair <circuit 1 are made equal
to each ot her. Cbnsequentjy, the tenperature sensor circuit of a
differenti al Gu@ﬁ%l%n toppeeitisiagiond seahdidforentdah maimegirowid is [ Second
Enbodi nent ] Fig. 7 Shoms a tenperature sensor circuit according to a

second enbodi #@Ae efualhie:d misrer ortiohitisaédngurreas mirror circuit.

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

-

oy vi . . .-
wherein saidifeedback circuit comprises a complementary
4_

circuit u51ng; two MO0S transistors diiferent im polarity

-

from each oihér.

e-width and gate-leagik rztio <iIrom each

Fn id first MO0S' transisior has a drain and
\_-"'i .
2 gate comnecy

d ihrough é_resistor to =ezch other and is

Wl

supplied Lh*og_h said resisipr' with a driving current from

tor of sa1d current airror circuit, said

P

one HOS t:a

-v-
I

P . , . ~
second MOS t Eg or has 2 gate comnecied to the drain of
said £irst N § transistor and a drain directly receiving the

=3
Yol

driving curre; from the other MOS transistor of said

‘current mlr;oT'é cuit, thus being capable of operating said

Aroe (D-r'—-
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di fferjﬂl”ﬂ“ﬂ'ﬂi’mﬂmﬁ" t consisting of a differential transistor pair 1la
and a cli'# ’ ‘curt 11b, a level shift circuit 12 and an out put
stage circuit 13" $ *|n Fig. 7, the differential transistor pair 1la has,
as in the first enbodi ment, two n-channel MOS transistors M1 and M2

whose sources_are conpnected in common to each other. The transistors M1
and M2 are gftifitdef®t h6GORd a ¥0SnstEATSiStens eAt 2 souptent amdremiri ven by
a constant c%prent 110 supplied therefrom The gate of the
transistor MA"4%% applied with a reference voltage VR froma reference
voltage source, and connected to one output termnal 15. The gate of
the transistor M2 is connected to-the other out put : '

- 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.

9. 4 constant-current circuit as claimed in claim 7,

aid first and second MOS trzaosistors are different

=
=2
(0]
=
M
Je
=]
[

in gate-width znd gate-lsngih ratio from each other.

- 10. A constant-current "circuit as clzimed in claim 7,
whereia said first and second MOS traasistors and the two

3 -
Lt ars

LSl

HOS trznsistors coastituting said curreni mirror circu

different in polarity from each. other.

11 1 comstant-currenf circuii comprising:
a first:HOS traonsistor; : ; -
a sécond MOS tranmsistor; and
a current miiror circuit comprising two MOS transistors

different in gate-width and gate-length ratio from each

This Sheet Has Bee:
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(1), that of the
current mrror cir

24
gat e-
r at

erein

gate connected

current directly

second ¥0S tr
and a gate
ransistor

2

current irom

The transistors M1 and ML2 are different
ngth ratio fromeach other,

t ransi st or
uit 11b constitutes an active

in

and when the gate-

io of the transistor ML1, or W1/L11 is nade one
ML2, or W.2/L12 becones Kl.. The

said first MO0S tramsistor has a drain and a

directly to each other and receives a driving

ly from sald current mirror circu said

ansistor has 2 source connected to a resistor

connected to the drain of said first MOS

nd a drain directly receiving the driving

szid current mirror circuit, thus being capable

of operzting szid first and second MXO0S . tramsistors at a
constznt curreat ratio.

12. A coastant-curreat circuit as claimed in claim 11,
wherein -said first and second X0S tramsistors are equal
in gete-width and gate-length ratio to each other.

13. 4 constant-current circuit as claimed im claiam 11,
wherein first and second ¥0S transistors zre different

said

in gate~-width a2nd

14,
wherein said
HOS transisto

different in

This Sheet Has Been
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A coast

gate-length ratio from each other.

ant-current circuit as claimed in clzim 11,

first and second KOS transistors and the two
rs coastituting said current mirror circuit are

polarity from each other.

il



| oad of the differential transistor pair 1la, and has two p- channel MOS
transistors M3 and Mi4. The drains of the transistors M3 and M4
are Tconnécted respectively to the drains of the transistors M1 and M2,
and the gates of the transistors M3 and M4 are connected in common to be
connected to the drain of AifRepié¢PRAY $fPpINMEPosyge sources of the
transistors ML3 and M4 are supplied wth a constant .voltage VDD from a
constant vol t age source. The transistors M3 and M4 are different in
gate-wi dth and gate-length ratio fromeach other, and when the gate-

width and gate-hengilertAlilseflor tdhee Jaesb%% g MificrOfs JHY/ LIS TS,

made one (1), that of® the t.ransistor L13 ones K2,
meani ng that gitlRe {97 sHdu? PFod NSnd comprises a differeatial pair

Jut

circuit and a feedback circuit. The differential pair
circuit has a first H0S - transisior whose gzte is connected

of the

l-‘-

to one terminal of the output terminzl pair

temperature seasor circuit to be applied with a teference
voltzge, znd =2 second HMOS transistor whose source. is
connecied 1o the source of tithe first MOS tramsistor and

whose capacity ratio, or gete-width znd gazte-lengih ratio

load cifcuit connected to the drains of said first and
second HW0S <iransisiors, and a comstani curreat source
conngcted io éthe sources of the f;rst znd second MOS
transistors. The feedback circuii is supplisd from the drain
. of the éeéond M0S transistor with an outiput voltags of the
differential pair circuit, and t{he ouiput end thereof is
connected to the other terminal of fhe output terminal pair
of the tem erature sensof circuit as well as to the gate of

the second XO0S tran31stor thereby feedback-controlling the

differential pair circuit in order that the drain curremts

Been R laced
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n

transi stors ML3 and ML4 is K2: 1. The current mrror circuit 11b of

thi s enbodi nment 25 resembles in
structure to the load circuit including the MOS transistors M3 and M4 of
the first enbodiment, but different therefromin that two MOS transistors
M3 and M4 of the first enbodinment are equal in gate-wi dth and gate-length

ratio to of the first and second MOS transistors are made equal to
each other. The load circuit is preferable to be a current
mirror circuit, particularly preferable to be such a current

mirror circuit that has iwo M0S transistors whose gate-width

b

and gate-length ratio are either different from or equal fo

each other.

T~

—



each ot her. The level shift circuit 12 has an n-channel MOS
transi stor ML5 grounded through a constant current source connected to
the source thereof. The transistor M5 is driven by a constant current
1l supplied fromthe constant current source. To the gate of the
transistor ML5 is sent an output voltage of the differential pair
circuit fromthe source of the transistor M4 of the current nirror
circuit 11b. To the drain of the transistor ML5 is sent the constant
voltage VDD fromthe constant voltage source. The out put stage
circuit 13 has a conplenentary structure including a p-channel MOS
transi stor ML6 and an n- channel MOS transistor ML7 whose drains are
connected to
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Bach bther. The source of the transistor M6 is applied with
and the gate thereof

vol tage VDD fromthe constant vol tage source,

applied with an out put vol tage of

connection point of the
connected to the

the differenti al
of the transistors ML6 and ML7

pair circuit.
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oﬂtpuf termnal 14. In addition, the connection point thereof is
connected to the gate of the transistor ML2 of the differential pair
circuit in order to feed back an output of the output stage circuit 13 to
the gate of the transistor M2. Between the gate and drain of the MOS
transi stor ML6, a resistor R2 and a capacitor C2 are inserted for the
phase correction use. The output voltage VOUT is taken out between the
output termnal pair 14 and 15. The level shift circuit 12 and out put
stage circuit 13 constitute a feedback circuit in which an:output voltage
of the current mrror circuit 11b is fed back to the gate of the
transistor M2 of the differential pair circuit so
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. -
t hat ghe ratio of the drain currents 1Dl1 and ID12 of respective
transistors ML1 and ML2 becones equal to the mrror ratio of the current
mrror circuit 11b. The level shift circuit 12 and output stage circuit
13 of this second enbodinent constitute a feedback circuit as the |evel
shift. circuit 2 and output stage circuit 3 of the first

enbodi nent, but being different therefrom in that the circuit of
the first. enbodinment feeds back the output voltage thereto so that
the drain currents IDL and |1 D2 of
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2% ¥ the transistors ML and M are made equal to each other. The
feedback <circuit is not Ilimted to the circuit shown in Fig. 7, but
any other types of circuit nay be used if they effect the sane feedback
operation as above. Next, the operation of the tenperature sensor
circuit of this enbodinent will be explai ned bel ow. Since the ratio
of the gate-width and gate-length of the transistor ML and that of

the transistor M2 of the
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& ¥ .
transistor pair 1llais 1:Kl, the drain currents ID11 and 1D12 thereof

can be expressed by the follow ng equations (31) and (34),
respectively. 1In addition, the relationship between the drain currents
I D11 and I1D12 and the constant current 110 can be expressed by the
foll ow ng equation (33), and the output voltage (input offset voltage)
VOUT of this tenperature sensor circuit can be expressed by the foll ow ng

equation (34):- [err]
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N
28 VOUT = VGS11 - VGS12 (34) Ther e
VGS11 is a gate-to-source voltage of the MOS transistor M1, VGS12 is a
gate-to-source voltage of the MOS transistor M2, and VTIHis the threshold
voltage thereof. Also, if the nobility is expressed as [err] and the gate

oxi de.

)38
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filmcapacity is expressed as Cox, the transconductance paraneter _
[err]2 in Egs. (31) and (32) can be shown as foll ows; [err] Si nce
the mrror ratio of the transistors M3 and M4 of the current mrror
circuit 11b is K2:1, the differential transistor-pair M1 and M2 is
subjected to the feedback control so as to satisfy the follow ng equation

(36), or [err] Hence, from Egs. (33) and (34), the drain currents
LD11




and | D12

constant current 110 as follows;

K2
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can be expressed in terns of the ”1rk§PLAC?%£%T“‘
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Temperature semsor circuit and constant—current\c1rcu1t

BACKGROUND?OF THE INVENTION

1. Eield of the Inventioné

This inovention relate; to a temperature semsor circuit
and a constant-current cir;uit. and more particularly, to a
temperature sensor circuit% and a constanit-current circuit
which are formed of HOS %r;nsistors on a HpS—typg integrated
circuit. |
2. Description of the Rel?ted Art

A confentional temperéture sensor circuit is formed of
‘bipolar transistors im gen;ral gs shbwn ia Figs. 1 and 2.

The circuits shown in Figs. 1 and 2 seach comprises n

[{4]
[ 1Y

transistors Ql, Q2, ---, :0Qn of ther aopn- or pap-tyve,

n constant-current sourceséfor supplying'n constaat currents
I, 12, -+, In respect;vely to the =n {ransistors él.
Q2,---, Qu, 2ad a cons%aét—voltage source fof applying a
constant voltage 'Vcc to éeach of the n transistors .Ql,
Q2. ---, Qn. The lopgratiéq, of these circuits will be
explained below. o .

In Fig:'I or 2, suppo%ing that a current and saturation

current of each transistor Qj (j = 1. 2, ---, n-1, n) are

e«'?awcy

S
ot
g
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[err] Accordingly, from Egs. (31) and (37), the follow ng
equation (39) can be obtained, and fromEq. (39), the follow ng
equation (40) can be obtai ned,; [err] Simlarly, from Egs.
(32) and (38), the followng -equation (41) can be obtained, and
from Egq. (1), the

2

expressed as [j and Is, re;pectively. the Boltzmann constant

is expressed as k, absolute .temperature is expressed

as T, the unit electronig charge is expressed as q and a

base-to-emitter voltage of the transistor Qi is expressed as

YBE;, the current Ij (j =il, 2, +-+, n-1, n) of each of the

i .
n constant-current sources| can be shown as follows;

i

Ij = Is-exp (

kT

qVBEi.%

ceress(1)

Here, supposing thati the direct current amplification

factor of the transistor Qi is sufficiently high and the

base current thereof is gnegligible, the base-to-emitter

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

VBEj =

kT

1o (
a

Ij

is

ceeeee () -

As a result, ia the circuit shown in Fig. 1, an output

voltage Vo of the circuit can be shown as follows;

Date:
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foll ow ng equation (42) can be obtained; [err] As a result,
Eq. (34) can be expressed as foll ows:

On the other hand, in tize circuit shown in Fig. 2, the
difference (Vcc-Vo) between the voltage Vcc of the comstant-
voltage source and the ouftput voltage Vo of the circuit can

be shown as follows:

. . kKT . 1j
Ycc - Vo = % VBEj = + {( 2 1la (—)} eee-- (4)

J=1 a j=1 . IS

As seen from Egs. (3) "and (4), in the temperature
sensor cifcuit shown in either Fig. It or 2, " the voltage

F

proportional to absolute; temperature T can be obtained.
This means that the temperature at a position where the

temperature semsor circuitiis disposed can be detected.

However, if such a %conventional temperature sensor
circuit as expressed abov%e is to be realized on an MOS-ts}pe
-'inltegrated circuit by. ufsing M0S transistors instead of
bipolar tranmsistors, 1.’1: is difficult to obtain a

sufficiently large directicurrent amplification factor due

to the fact that the HOSE integrated circuit uses parasitic

This is the replacement sheet
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[err]

4

bipolar tramsistors, so that the acfual output voltage Vo

is largely deviated from aivalue calculated from Eq. (3) .or -
(;). thus arising such a p}oblem that it is disadvantageous
to be practically used. 2

In addition, in ca%e of receiving an output of the
temperéture senso; cir?uit by, for éxample. an AN
converter, since the éabove.- mentioned conventionél
temperature semsor circuit% is not of a differemtial cutput
type, a reference voltaéé source is disadvantageously
necessary to be used addif;onaily: If the reference voltage
source is used additionali;, the temperature characteristic
that it .has may degrad; the chéracteristics of  the

v

temperature sensor circuit?itself;

Next, as a constantécur:ent circuit formed of 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 ome
that was disclosed in SiEEE Journal of Solid - State
Circuits, Vol. SC-12,. No.:3 Jume 1977, pp. 224 to 231, in
which the HOS transistor% are operated under the. weak
inversion state thereby té -obtain an output current IR as

small as 30 ni to 2 A.

This is the replacement sheet
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It can be seen fromBc. (43) that the output voltage VOUT (input offset
voltage of the transistors M1 and ML2) s varied inversely
proportionally to the square root of the wobility [err]. The nobility
[err] is a function of absolute tenperature T. Thus, the nobility
[err](Tl) at T1 and the nmobility [err] (T2) at T2 can be related as

fol | ows; [err]

5

On fhe other hand, tpe circuit as shown in Fig. 4 is
~ disclosed in "VLSI Design?Techniques for Analog and Digifai
Cifcuits", pp. 363 publish;d by McGraw-Hill, 1990, which is
a cal}ed boosf strapped Ecurrent source/sink.- Ia  this
circuit, a drain current ?DBI of a MOS transistor M61 and .
a drain current ID62 of af MOS transistor H62 are related
by the following equation; (5) - and (6).' where VIH is a
threshold voltage, KN’ _i; a.conductance} L61 is a.gate-
length and ¥61 is a gate wédth. .

ID61

D62 EEERETY ¢-) NI

1D62 = (VTH/R) + (l/Ri-(Z ID61-L61/EN"-¥61) 172 «cvv-+(B)

i

¥ith the constant-cuérent circuit shown in Fig. 3, the
output current is as sméll as 10 nA -to several micro-
amperes (x£4), resultiing %in arising such a problem that
2 practical operational éleVEl of curreat (about several
hundreds micro-amperes) c%nnot be obtained unless otherwise
sophisticated mére. -

¥ith the constant—cuérent circuit shown ip Fig. 4, the

threshold voltage VIH is varied, so that when teking notice

This is the replacement sheet
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31 As a result, the output voltage VOUT can be expressed in terns
of the nobility J[err] (TO) at the reference absolute tenperature TO
as foll ows;

6

of the manufacturing deviaiion. the dispersion of the output

current is excessively lar?e. -

Thus, an object of§ this invention is to provide
a temperature sensor, cir;uit of a differential output typs
formed of MO0S transistors.é- |

Another object of %his invention is to provide 2
temperature seﬁsdr circuit of -a differential output type
formed of M0OS transistors én a CHOS integrated circuit.

Further another obje;t of this invenfion is to provide
a constant—éurrent circui? which is -capable of obtaining a
current at a value of prac%icai operational level as well 2s
setting the current wité no effeét by variation of a
threshold €b1tage, thus b;ing adapted to be used for a CHOS
integrated circuit. j

SUMKARY éF THE INVENTION

(1) In a first aspect éf this invention, 2 temperature
senéor circuit of a dif%erential output type is provided
%¥hich is <Tormed of HOSétransistors.

This cir;uit include; a diffgrential pair circuit and
a fesdback circuit. The differential pair circuit includes

first and second N0S transistors whose gate-width and gate-

length ratio (W/L) are di%ferent from each other, a load

This is the replacement sheet

g 2 NOV 19%

Date:



[err] This equation is equal to Eq. (22) in the first enbodi nent.
Fig. 8 graphically shows the relationship expressed by Eq. (45) as TO

300K, which shows that the output voltage VOUT is nearly proportional to
absol ute tenperature T. In Eq. (43), if K2 = 1, the follow ng equation
(46) can be obtained, and if K1 = 1, the follow ng equation (47) can be
obt ai ned; [err]

7

circuit of the first and second transistors and a constant-
current source for drivingéthe first and second tramsistors.
Thé feedback circuii is sépplied from the drain of one HOS
traosistor of the differen%ial pair circuit with an output
voltage of the differentiél pair circuit thereby feedback-
conirolling the differeﬁt;al pair circuit.éo that the drain
currents of the first and %econd HOS'transistors can be made

equal to each other.

Preferably, the gate of the first H0S transistor of the

- differential pair circuit: is coanected to one terminal of

the output terminal pair ;oF the temperature sensor circuit
to be applied with the re%erence voltage. The gate of the
second K0S transistor is ;onnécted to the other terminal of
the outpu; terminal pa;r thereoi tﬁereby receiving
therethrough a feedback VOitage from fhe feedback circuit.
The load circuit is éreferable to comprise a current
mirror circuit. In this c;se. the load circuit pfeferably
comprises t%o _NOS transistors equal in gate-width and
gaterlength ratio (W/L) tozeach other.
| The temperature sensér circuit of the first aspect of
this invention feeds backian output voltage of the feedbgck

circuit to the differential pair circuit tfo coatrol the
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32 As understood fromEgs. (46) and (47), Eq. (43) is not
equi valent with respect to Kl and K2, but if K2 > 1, the followng
equation (48) can be obtai ned,; [err]

drain currents of the first and second transistors thereof
to become equal to each other, sé that between ihe t%o inﬁﬂf
terminals of the differential pair circuit is obtained a
voltage proportional to the temperature. Consequently, such
a temperature sensor circuit that is of a differential
output {ype formed of MOS tramsistors can be obtained with
superiér characteristics. : o |
The feedback circuit is not limited to that shom
above, it may be any other types of circuit if operable in
the same menmer as above. The load circuit is not limited
specifically, but it is preferable to be a current mirfor
circuif, particularly preferable to be such & current mirror
circuitvthat comprises two MOS tramsistors whoée gate~-width
and gate-length ratio are equal to each other.
(2) In a second aspect of this inveﬁtion, a temperature
seasor circuit of a differential output type is pré#ided
which is adapted to be formed of CX0S tramsistors om a CHOS
‘integrated circuit.
Thé temperature seasor circuit of this sspect comprises
a differential pair circuit having two X0S transistors
different in gate-width and gate-length ratic (¥/L) from

each other and to be driven through 2a constant-current



In Eq. (48), a value of {K2/(K2+1)}[err] 1is subjected to square root
conpression with respect to the variation of the value of K2 thereby to
show t he range of variation showmn in Eq. (48), which neans that this
vari ation range becones smaller than that of K2. As aresult, if K1 > 1
and K2 > 1, fromEq. (43), the output voltage VOUT can be roughly
estimated . to be determned by the inverse nunber of the square root
of the product of K1 and K2, or [ery This neans that such a circuit
that generates the output voltage V (offset voltage) through two
transistor pairs (M1 and M2) and (M3 and Ml4) - as in this enbodi nent
is nore effesdinsg.t hah Suehert cimicapr tdiatujenermpEsing ttWOOugMOS only one
transistor pair (M1 and M2), for exanple as in

transistors different vn gate-width and gate-length ratlo

frdm each other and coust;tutlng a load of the differential
palr circuit, " and a feed?ack circuit for feeding back an
output of the current mirrbr circuit to the gate of one X0S

transistor of the dkffe ial pair circuit so that <the
drain current ratio of th? di fferenulal pair circuit can be
made equal to the mzrror ratio of the current mirror
éircuit: :

Ibe..feeéback circui% is not 1imited to that shown
above, 1t may be any other types of circuit if operable in
the same mzoner &s above. E However, .it is preferable to be
a cOmé!ementary circuit u;ing tro MOS transistors differeant
in polaritiy from each othe;.

The circuit of ihis aspect T=eds back an output of the
current mirror circuit to the differential pair clrcult to
control the drain currént ratio of the differential
pair circuit t0' be madeéequal to. the mirror ratio of the

| current mirror circuit 'téus being capable of obtaining a
voltage proportional to témperature between the iwo inpput

terminals of the differential pair circuit. A4s a result,

the temperature sensor circuit of a2 differeatial output type
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o2 W 0%

Date:



the first enbodinent. Further this neans that the sane output
vol tage VOUT can be realized by using snmaller-sized transistors, thus
bei ng capabl e of advant ageously maki ng t he

33 . chip area snualler.

10

can be realized on a CHOS integrated circuit wusing CMOS

ransistors.

: 'Different from the ?emperaturg semsor circuit of the
fi?st asﬁect in which thé output voltage is generated only
by the two MOS transiétdrs%of the differential pair circuit,
the temperature sensor ciréuit of this aspect gemerates the
output voltage by thé two HOS transistors of  the
differential pair circuit ;nd the tvo MOS transistors of the
current mirror circuit. coéstituting the load thereof, thus
resulting in the genefa%ién of higher output voltage. 4s a °
'reéﬁlt, the same outpﬁt véltage can be gemerated by further i
small-sized tfansistors. ;thus being capable of making the
chip a;ea-smaller. :

(3) In a third aspect of ;his invention, a constent-current
circuit 1s provided whicé is adapted-to be used fof makiﬁg
CHOS integrated circuits, ;n which there may be two types of
circuit, first and second.g

The constant - curreét circuit of the first type
comprises a current miréor circuit comprising two HO0S
transistors different inégate—widthl 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
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As expl ai ned above, the tenperature sensor circuit according to the
second enbodinent nmakes it possible to obtain a voltage proportional
to a tenperature between the two input termnals of the transistor pair
ML1 and ML2, which neans that the tenperature sensor circuit of a
differential output type can be realized on a CMOS integrated

circuit by using conplenentary MOS transistors. [ Thi rd Enbodi nment ]
Fig. 9 is a circuit diagram of a gonstant-current <circuit according
to a third enbodiment of this inventiom, which conprises two n-channel

MOS transistors M1 and M22 and two p-channel MSS transistors M23 and

VR4, :
different from or equal to each other. The first MOS

transistor has the drai? and gate connected tE}ougE: a
resistér to each other ana is supplied through the resistor
with a driving current from one MOS tramsistor of the
current gurror circuit. ;The second MOS transistor has the
gate connected ;o the draln of the first M0S tramsistor and
the drain dlrectly rece1V1ng the driving current <from the
other MO0S tramsistor of ;he current mirror circuit. And,
the first and second MOSitransistors are stguctured to be
operable.at a constant cur;ent ratio.

; The comstant-current ;irctit of the second éype of this
aspect also.comprises a ;urrent mirfor circuit comprising
two ﬁbs transistors diffeéent in gate-width énd gate-length
ratio from each other andga_first Y0S transistor and second
HOS traﬁsistor whose gateéwidth and gate-length ratios are
different from or eaual toéeach other. In .which the first
and second MOS transistors% are structured to be operzble at
a constant current ratio éas in the first <{ype of this
aspect, but different therefrom as follows; Namely, in this
type, the first HOS Lra331stor has. the drain and gale
connected directly to eaéh other and receives 2z driving

current directly from the current mirror circuit, znd on the
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In Fig. 9, the source of the n-channel MOS transistor M1 is directly
grounded, the drain thereof is connected through a resistor R21 to the
drain of the p-channel MOS transistor 23, and the gate and -drain thereof
are connected through the resistor R2Z1 to each other. The source of the
n-channel MOS transistor M22 is directly grounded, the drain thereof is
connected to the drain of the transistor M4, and the gate thereof is
connected to the drain of the transistqu

other hand, the second ?MOS transistor has the source
connected to a resistor aﬁ? the gate connecteé to the drain

-of the <first HMOS trans?stor thereby directly receiving
the dfiving curfent from tie current mirror circuit.

Each of the coﬁstan%~currght circuits of the third
aspect has the first and éeCOnd KOS transistofs operable at
a constant driving curreﬁt ratio, which méans .that the
driving currents -can beé generated with no effect by the
variation of the power sou%ce voltage and the dispersion of
the threshold voltage. iAccordinglf. the dispérsibn of
an outout current czo be gmade small with reépect ito the
deviation im production %and vet, the current can be set
indeﬁéndently of the théeshold' voltage. ' Consequently,
a constant-curreant circu;t adapted to be used for makiag 2
CHOS integrated circuit caﬁ be realized.

In order to opera%e the first aad seéoqg MO0S
transistors at a constant%drain current ratio, there may be
threé methods as follows; ?A first'method is that the first
and second HOS trénsistoré to be driven are made different
in gate-width and'gate—leégth ratio (¥/L) and the iwo MOS
transistors constituting tée current mirror circuit are also

made different in gate-width and gate-length ratio from each

to
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34 M21. The transistors M1 and M2 constitute a peaking
current mrror circuit. The drain of the p-channel MOS transistor M3
is connected through the resistor R21 to the drain of the transistor M1
and connected directly to the gate of the transistor M1. The drain of

t he p-channel MOS transistor M4 is connected directly to the drain of
the transistor MZ2. The gates of the transistors M3 and M4 are .
connected in comon to each other to be connected to the drain of the

13

-other. A.secqnd one is ihat the two HOS tramsistors to be
driven are made differeﬁté in gate-width and ga;;-leﬁﬁih
ratio 2and the iwo MOS. trénsistoré constituting the current
mirror circuit are made'eéual in gate-width and gate-length
ratio to each other. A ;hird one is that the two MOS
transistors to be drivenéare made equal in gate-width and
gate-leagth ratio to eachzother and the two HOS tranéistors
constitufing the current ﬁirror circuit are made differeant
in gate-width and gate-lenéth ratio from each other.

.Qut of the three me?hods shown above, in the second
method, the driving curreﬁt has an effect due to threshold
volta%e, so that if the %hreshold v&ltage ha§ a production
deviation-caused variationz the output current may be varied
to be dispersed. Ia conséderation of this point, either
first or second method is;préferable to be used in that it
has no such difficult poin%. -

The {irst zmd seconé MOS transistors and the two MOS
ttansiétors constituting ?the current wmirror circuit are -
preferable to be differentiin polarity from each other. This
means that if the first ané second HOS transistors are of an
n-channel type, the twoi MOS transistors of the current

mirror circuit will be preferable to be of z p-channel type,

This is the replacement sheet

02 “{N\Q@

Daie:



transi stor M4. The drains of the transistors M3 and M4 are applied
with a constant voltage VDD. The transistors M23 and M4 constitute a
sinple current mrror circuit to drive the transistors M1 and M22.

In this enbodi nent, the capacity ratio of the transistors M1 and
M22 to be driven, or the gate-width and gate-length ratio (WL) is 1:1,
and on the other hand, the capacity ratio of the transistors M3 and
M24 constituting the current mrror qgrcuit is n:1 (n > 1, or M < 1)
As a result, the ratio of the driving current of the transistor M1 and
that of the transistor M2 when operating becones nil: 1. Here, in

Fig. 9, when gd ohhehd roahek SKds @@lihdv@armeﬂWannsistors are of a p-
channel tfpe; the latter o%es will be preferable.to be an-p-
' channel type. Thus, sucg a circuit that is structured
preferably as shown aboveéis‘further ;dapted to be used ior
making a CHOS integrated éircuit- than' that using-the same

polarity.
BRIEF DESCRIP%ION OF THE DRAWINGS

Fig. 1 1is a circuit diagram showing an example of a
conventional temperature sensor circuit. :

Fig. 2 1is a circuit éiagram showing enother exemple of
a conventional temperature;sensor circuit.

Fig. 3 is a circuit éiagram showving 2an example of 2
conventional constznt-current circuit.

Fig. 4 is a circuit &iagram showing another example of
a conventional constant-cu?rent circuit. .

Fig. 5 1s =z circuitfdiégram of a tempeéature sensor
circuit according to 2 firét embodiment of this iovention.

Fig. b is a'graph séowing a relation of an output
valtage and a temperatureiof the temperature sensor circuit
shown im Fig. 5.

Fig. 7 is a circuit diagram of a temperature sensor
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35 and M24 are operating in the saturation region, if a gate-
to-source voltage of the transistor M1 is expressed as VGS21, that of the
transi stor M22 is expressed as VGS22, a threshold voltage thereof is
expressed as VTH and

15

circuit according to a'sécénd embodiment of this invention.
‘Fig. 8 is a graph s;owing a relation of an ouéﬁht
"yoltage and a temperatureiof tﬂe temperature semsor circuit
shown in Fig. 7. |
Fié. 9 is a circuitf'diagram of a constant-current
circuit according to a_thi;d embodiment bf this invention.
Fig. 10 is a circui% diagram of a constant—éurrent
circuit according to a foufth embodiment of this invention.
Fig. 11 is a circuft diagram of a constan?—current
circuit according to a fiffh embodiment of this invéntion.
Fig. 12 is a éircuifﬁdiagram of a constan%-current

circuit according to a sixth embodiment of this inveation.
* " .

DESCRIPTION OF THE PREFERRED ENBODIMENTS

The preferred embodiments of this invention will be

described below while referring to Figs. 5 to 12.
{First Embodiment]

Fig.TS shows a tempe;ature-sensor circuit according to
a2 first embodiment of this invention, which comprises &
differential pair circuit i. a level shift circuit 2 and an
output stage circuit 3.

The differential pair circuit 1 has two n-chappnel KOS

s the replacement shget
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a transconductance paraneter thereof is expressed as [err]3, a driving
current 121 of the transistor M1, a driving current 122 of the
transistor M2, and the difference between the gate-to-source

vol tages VGS21 and VGS22 of respective transistors M1 and M2 can
be respectively expressed as follows; [err]

16

transistors M1 and K2 who;e sources are connected in.common
to each other to be grou#ded through 2 constant curréé%
source. The both transiStors M1 and H2 are driven by a
constant current 1I0 supfligd frbq the constant current
source. - The gate of the MbS transistor Ml is applied with a
reference voltage VR from a reference voltage source, and
counected .to ome outputéterminél 5. The gate of the
transistor ¥2 is comnected to the other output terminal 4.
The both trénsistors K1 aﬁd ¥2 are different in gate-width
and gate-length ratio (¥/L) from éach other.

The drains of the tragsisfo; M1 and M2 are connected to
the dzeins of two p—chan£e1 MOS transistors M3 eand M4
constituting the load theréof, respectively. The gates of
the transistors M3 and H4: are connected' in common to each
other to Be connected io tﬁe drain of the trzasistor %}. The
transistors M3 and N4 aré equal in gate-width and‘gate-
length ratio (¥/L) to each other, and fhe sources thereof
are applied with a constant voltage VDD from the constant- -

: voliage source. The both éransistors ¥3 and M4 constitute a
current mirror circuit. |

The level shift circéit 2 comprises an n-channel MOS

transistor X5 whosejgate'iis connected to the drain of the

mhmﬂwmmmwmmﬂwd
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The capacity ratio of the transistors M3 and M4 constituting the
current mrror circuit is nl:1, so that the driving currents [21 and |22
respectively outputted fromthe transistorS M3 and M4 are related to
each other as follows; 36

17

M0S transistor M2Z. The tfansistor M5 is grounded through
a conétant—current source connected to the source‘fherééf.
and to be driven by a comnstant currenft Il supplied from tﬁis
consfant current source. The gate of the tramsistor Mstis-
connected to the Eonnection point lof the drains of the
'%ransistors MZ and M4 tofreceive an output voltage of the
differential pair circuit 1 therethrough. The.drain of the
transistor M5 is upplied with the constant voltage VDD.

The outpu stage circuit 3 is a'complementary circuif
including a p-channel XO0S transiétor M6 and 2n n-channel ¥OS
fransistor K17 whose drains aré cénnected to each other. .
Between _the drain and the gate of fhe transistor M6, a

tesistor R1 znd 2 capacitor C1 are

Lot

%serted for the phase
correction use. The gate of the transistor M6 is applied
with the output voltage of the differentizl pair circuit 1
énd the source thereof is éupplied with the constant éoltage
VDD, The source of the tiansistor M7 is grounded. To the
conﬁection point of the drains of the trazmsistors M6 and M7
are connected the gate of the transistor M2 and the output
terminal 4. The gate of the tramsistor M7 is commected to

the connection point of the transistor X5 znd the constant

current source to receive the voltage at that point. 4n
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121 =mM.122 L (54) As a result, by solving
Eqs. (51) and (52) with respect to VGS21 and VGS22, respectively, and
substituting themfor those in Eq. (53), the following equation (55)

can be obtained; VGS21 - VGS22 = (121 err]-122[err])/[err] =
R21.121 (55
From Eqs. (54) and (55), the follow ng equation (56)

18

output voltage Vout is taken out between the output terminal
pair 4 and 5. _ _ -z

The level shift circuit 2 and output stage circuit 3
arranged as above conétitute' a feedback circuit which
controls thg differential pair.circuit 1 so that a drain
current ID1 of the MOS transistor Ml éﬂd a drainlcur:ent ID2
of the MOS transistor M2 are equal to each other. © The
feedback circuit feeds ba&k the output voltage thereof to
the gate of the transistor M2 of the differential pair
circuit 1 so as to make %he drain currgnt ID1 and ID2 of the
transistors Ml and M7 thbreof equal to each other.

TE? feedback circuit is anot limited to the circuit
shown in Fig. 5, but any other types of circuif may be used
if they effect the seme fegdback.operation as above.

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

Supposing that the gate-width and gate-length ratios of
the transistors ¥1 and N2 are expressed as ¥1/L1 and ¥2/L2.
respectively, the drain currents thereof are expressed as
ID1 and 1ID2, respectively, the threshold voitage is

expressed as VTH, the [transconductance parameter is

expressed zs B 1 and the difference between a gate-to-source
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can be obtained, and by arranging Eq. (56), the follow ng equation (57)
can be obtained, and finally, the following equation (58) can be
obt ai ned; [err]

19 -

voltage VGS1 of the transistor Ml and a gate-to-source
voltage VGS2 of the transiStor M2 is expressed as AT,

the following equations can be established;

ID1

< é1(ves1—vrn)= ) ceeeese(11)
D2 = K- B LVES2-VIE)®  eeeeee (12)
ID1 + ID2 = 10 ceeeeen(13)
AVi = VGSL - VGS2 ----- e (14)

Here, if the mobility of electron is g and the
capacity of a gate oxide film is Cox, 81 end K in these

equations' can be expressed. as follows:

B1 = p(Cox/2)-(¥1/L1) ceeseee(15)
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37 Accordingly, the driving currents 121 and 122 can be
respectively expressed as follows; [err] Egqs. (59) rand (60)
each does not include the constant

20

K = (F2/L2)/(R1/LL)  eeeees as - -

In this case, the drain curreats ID1 and ID2 of the MOS
transistors M1 and M2 of the differential pair circuit 1 are
glways equal to each other by feedback-cbntrolling.through
the level shift circuit 2 and output stage circuit 3. -As a

result, from Eq. (13). the following can be obtained;

D1 = 102 = (1/2)-10 [ an

™

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

as follSws;

| {(1/2)(10/81)}*7* = VGS1 - VIH =~ «cerv-- (18)

{(1/2)(10/K- B1)} 172 = VGS2 - VIH  +---ve- (19)

If the difference between the gate-to-source voltages
VGS1 and VGS2 of respective HOS tramsistors M1 and ¥2 when
Eg. (17) is estzblished, which is equall to the input voltage

3f the differential opair circuit 1 and the output voltage
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vol tage VDD and the threshold voltage VIH. Fromthis fact, it can be
found that if all the transistors M1, M2, M23. and M4 are being
operating in the saturation region, the driving currents 121 and |22

respectively have no effect by their variations. is a result, the
circuit showm in Fig. 9 nakes it possible to stably supply a constant
current at a practical operation |evel. I'n addition, if a-eireuit is
provi ded which takes out the driving currents 121 and 122 as its output
current, it can be driven. [ Fourt h Enbodi nent ] Fig. 10 is a circuit

di agram of a constant-current circuit 2dcording to a fourth enbodi nent of
this invention,

JOUT, is expressed as (AVi)0, it can be -obtained --by

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

(AVi)O0

(10/281)*7%-(1-1/K*/*%)

(1/¢272)-(10/Cox) 2”2

X [{L/(F/L1) /%)~ {1/(V2/L2)27%)]

As a result, in the circuit shown in Fig. 5, it can be
found‘ that by controlling the differential pair circuit 1 so
as 1o make the draim currents IDi gad IDZ equal to each
other, tl_:e difference (AVi)0 between the gate-to-source

- voltages VGS1 and VGSZ of the transistors Ml and M2 thereof,
or the output voltage VOUT | is varied inversely
proportioz'lally to the square root of the mobility k.
The mobility ¢ is a function of:temperatu;e. and the
relationship of the mobility. z (T1) at absolute
temperature Tl and the 'mobility o4 (T2) at absolute

temperature T2 can be expressed as follows;
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whi ch conprises two p-channel MOS transistors M3l and M2,

38 and two u-channel MOS transistors M33 and M34 constituting a
current mrror circuit for driving the transistors M31 and M2. This
circuit is equivalent to such a circuit that the

22 -

w12/ (1) = (T2/T)=** reeeeea@D) e

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

varied inversely proportionally t;) the square root of the -

temperature ratio raised to the third power. or (T2/T1)3%7%,
Here, from Egs. (20) and (21), the following equation

(22) can be obtained;

.(¢§Vi(T))U e 1/p (T = (1 u (T0)172) - (1/10) %/

F;'bm Eq. (22), it can be found that when the drain
currents ID'l and ID2 of respective transistors ﬁl 2and MZ ars
equal to each other, the gate-to-source voltage difference
(AVi)0 between the transistors M1 and ¥, or the output
voltage VOUT is varied proportionzlly to the fourth root of
the ratio .of absolute ;'cemperature. T and the reference
absolute temperéture T0 'raised_ to the third pdwer; or -
(1/70)37+,

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

hearly proportional to absolute te'mperature T.
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p- channel MOS transistors M31 and MB2 are used instead of the n-channel
MOS transi stors M1 and M22, and the n-channel MOS transistors M3 and
MB4 are used instead of the p- channel MOS transistors M3 and M4
in the circuit of the third enbodi nent. The source of the
p-channel MOS transistor M1 is applied with a constant voltage VDD,
the drain thereof is connected through a resistor R31 to the drain of
the n- channel MOS transistor 33, and the drain and source thereof are
connected through the resistor R31 to each other. The source of the
p-channel MOS transistor 32 is appli28 with the constant voltage VDD,
the drain thereof 1is connected directly to the drain of the n-channel
MOS transi stor M4,

As explained above, the circuit of this embodimgnt
féedback—controls SO thatzthe drain currents ID1 and ID2 of
respective transistors Xl and M2 of the differential pair
circuit. 1 are made equal to each othef. Consequently, the
temperature sensor circuit of a2 differential output type

using MOS transistors can be realized.

[Secqnd Enbodiment]

Fig. 7 shows z temperature sensor circuit accordiang to
a second embodiment of this invéntion. which comprises a
differential pair circuit consisting of a differential
transistor pair 1la and a current mifror .circuit 11b, a
level shiit pircuit 12 znd an output stage circuit 13.

In Fig. 7, the differential transistor pair 1lla has, as
in the first embodiment, "iwo n-chanmel-M0S transistofs ¥ll

and Y12 whose sources are connected in common to each other.

The transistors M1l and ¥12 are gréunded through 2 constant

Jamt

current source, and driven by a coustant curreat 110

the transistor M1l is

j=2s
th

Ssupplied therefrom. The gate o
applied with a reference voltage VR from a referemce voltage
source, and comnected to one output terminal 15. The gate

of the transistor K12 is connected to the other output
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and the gate thereof is connected directly to the drain of the
transistor M31. The transistors M1 and M32 constitute a peaking current
mrror circuit. The source of the n-channel MOS transistor M3
s directly grounded, and the drain thereof 1is connected through
the resistor R31 the drain of the transistor M1

39

24

iyl

terminal 14.

The transistors NIl 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 transistor N11, or
¥11/L1L is made ome (1), that of the transistor W12, or .
¥iz/L12 becomes K1. |

The current mirror circuit 11b constitutes an active
load of the differential tramsistor pair 1la, and has two p-
chennel M0S transistors MI13 and M14. The drains of the
transistors MI3 and M14 are commected respecti;ely to the
ﬁrainS-gf the trﬁnsistors M1l and M12, and the gates of the
transistors X13 and M14 are connected in common to be

connected to the draim of the transistor M13. The sources

of the transistors M13 and M14 are supplied with a constant

-

voltage VDD frdm a2 constant voltage source.
The transistors M13 and 14 are different in gate-widih

and gate-length3 ratio from each other, aznd when the gate-

.Width and gate-lemgth ratio of the transistor M14, or -

¥14/L14 is made ome (1), that of the transistor W13, or

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

transistors M13 and K14 is K2:1.

The current mirror circuit 11b of +this embodiment
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The source of the n-channel MOS transistor 34 is directly grounded, and
the drain thereof is connected directly to the drain of the transistor
MB2. The gates of the transistors M3 and M4 are connected in conmon
to each other to be connected to the drain of the transistor M4.
The transistors M3 and M34 constitute a sinple current mrror <circuit
for driving the transistors M3l and MB2. In this fourth enbodi nent,
the capacity ratio (WL) of the transistors M31 and M32 to be driven is
1:1, and that of the transistors M33snd M34 is n2:1 (n2 > 1, or n2 < 1),
As a result, the ratio of the driving current of the transistor

resembles in structure to the load circuit including-the MQS

transistors M3 and M4 of the first embodimeni, but different

therefrom in that two MOS transistors M3 and M4 of the first

embodiment are equal in gate-width and gate-length ratio to

~each other. '

The level shift circuit 12 has an n-channel NOS
transistor M15 grounded through a constant curreant source
connected to the source thereof. The tramsistor 15 is
driven by a comstant current Ill1 supplied from the constant
‘current source. To the gate of the traﬁsistor Y15 is senti.an '
output voltage of the differential pair circuit from the
source =~ of the transistor M¥I14 of the current mirror circuit
l1b. To the drain of the tramsistor K15 is sent the constant
voltage VDD from the constant voltage source. .

"

The output stage circuit 13 ‘has a complemgntary
structure including a p-channel H0S transistor M16 and 2n n-
channel K0S transistor K17 whose drainé are connected fo
each other. The source of the transistor Y16 is applied with

.the constant voltage VDD from the constant voltage source,
and the gate thereof is applied with an output voltage of

the differential pair circuit. The conmection point of the

drains of the transistors M16 and M1T is connected to the
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MB1 and that of the transistor M2 when operating beconmes nR:1.

In this enbodinent, the transistors to be used are nmade inverse in channel
polarity to those to be used in the third enbodinent thereby to be
operated simlarly thereto, so that Egs. (51) to (60) already discribed
in the third enbodinment can be simlarly established, which neans
that the sane characteristics as those of the third enbodinent are
obt ai nabl e. [ Fi fth Enbodi nent]

output terminal 14. In addition, the connection" pbiﬁ%
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 HdS
transistor M16, a resistor R2 and a capacitor CZ- are
inserted for the phase correction use. The output voltage
YOUT 1is téken out between the output terminal pai; 14 znd
15. | | |

The level shift circuit 12 and output stage ecircuit 13
constitefe a feedback circuit in which an output voltage of
the current mirror circuit 11b is fed back to.the gate of
the transistor K12 of the differential pair circuit so
that the rztio of the drain' currents ID11 amd ID12 of
Tespective transistors M1l anéd K12 becomg; equel t%-t&e
mirror ratio of the current mirror circuit 11b. The level
shift circuit 12 . and output stage circuit 13 of this second
embodiment constitute a feedback cirpuit as the level shift
circuit 2 and ‘output stage circuit 3 of the first

eing different therefrom inm that the

=t

embodiment., but

tircuit of the {irst embodiment feeds back the output

Voltage thereto so that the drzinm currents ID1 and ID2 of
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40 Fig. 11 is a circuit diagramof a constant-current circuit
according to a fifth enbodi nent of this invention, which is equivalent in
structure to the circuit of the third enbodinent showing in Fig. 9

nodi fied such that the resistor R21 between the gate and drain of the

transistor M1 is renoved therefrom and the resistor R21 thus
renoved i s

27

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
of this embodiment will be explained below.

Since the ratio of the gate-width_énd gate~length of

ths

Fh

the transistor Hl and that of the {raasistor HZ ;o
transistor pair 1lz is 1:§1, the drain currents IDIl and
ID1% thereof can be expressee by the <ollowing equations
(31) znd (34), respectively. In addition, the relatioaship

between the drain currenis 1ID11 and ID1Z =znd the comstant

current 110 can be expressed by the following equation (33),

-

and the output volizge (ipput offset voltage) YOUT of this
temperzture szpsor circuit cen bz expresssd by the following
equztion (34);.
ID11 = B2(VGSii-VTH)?* = secce-s (31) -
iDl2 = X1- B2(¥eS12-VTH)®  «--even (22>
b
idii + ipiz = i:10 eeee..o. (33
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I nserted between the source of the transistor M2 and the ground. - In
Fig. 11, the source of an n-channel MOS transistor M1 is directly
grounded, the drain thereof is connected to the drain of a p-channel MOS
transi stor M43, and the gate and drain thereof are connected to each

ot her. The source of an n-channel MOS transistor M2 is grounded
through a resistor R42, the drain thereof is connected to the drain of a
p-channel MOS transistor M4, and the gate thereof is connected to

the drain of the transistor M1, The transistors MA1l and M2
constitute a Wdlar current mrror <c¢ircuit. The drain of the -
p-channel MOS transistor M3 s
' 28
VOUT = VGSIL - VS12 -eeee(34)

¥here VGS1l is a gate-to-source voltage of the ¥0S
trensistor Mil, VGS12 is a gate-~to-source volt_age of the MOS
transistor M12, and VTH is the thréshdld voltage thereof.
Also, if the mobility is expressed as . . and the gate oxide -
film capacity is ezpressed as Cox, the trauséonductance
f
parazmeter 82 in Eas. (31) aad (32) can be shown &s follows;

L

82 = g (Cox/2)- (R11/L11)  ==vn-- (35).
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connected directly to the drain of the transistor Mi1l. The drain of
the p-channel MOS transistor M4 s connected directly to the drain

of the transistor Mi2. The gates of -

41 the transistors M43 and M44 are connected in conmmpn to each
29
ID11 = {K2/(E2+1)}-110 - = =-c--e 37N
D12 = {I/(E2+1)}-110 e - (38)

Accordingly, <from Egs. (31) and (37). the following
equation (39) can be obtained, znd from, Eq. (39), the

following equation (40) can be obtained;

* {E2/(E2+1)}-T10 = B 2(¥GSI1-VTE)® = «eerees (3%)
¥GS11 - VTR = (I10/82)*/2-{K2/(K2+1)}*2 <v.en.. (40)
Similarly, <rom Eas. (32) =and (38), ihe <following

equation (41) can be obtzined, zand -from Eq. (41), i}

{1/(E241)}-118 = R1- B2(VGS12-V¥TH)2 = «.cec.n (41)
VGSiZ2 - ¥TH = (I10/K1-82)*/% (1/(R2+1)}i72 .-.-.. (42

This is the replacement sheet

Date: ) 2 NOV 1996



other to be connected to the drain of the transistor
each of the transistors MA3 and M4 is applied wth

VDD. The transistors
circuit for driving the

M43 and M44

Mi4. The drain of
a constant vol tage
constitute a sinple current mrror

transi stors M4l and M42.

enmbodi nent ,
driven 1is
constituting

the capacity ratio of the transistors
1:1, and the capacity ratio of
the current mrror circuit is n8:1,

the transi stors
(mB > 1,

In this fifth
Mi1 and M42 to be
MA3 and M44

or B <1). As

a result,
of

M41 and that
In the circuit

the ratio of the driving current of the transistor
the transistor M2 when operating bggpnes nB: 1. -

shpmn in Fig. 11, if all the transistors
YOUT = ¥GS11 - VGS12
= (1110/.5 2)‘”-(&2/(!{2‘&”"“
X [1- {17(K1-K2)*7?}]
= (1/;11/2)-(2110/Cox)1’2'{lk(Wll/Lll)l’z}
. X {E2/(RK2+1)}*72-[1- 1/(K1-R2)*7* ]
....... (43)
It can be szsn from E¢. (43) that the out?ie voltage
YOUT (input offset voltage of the transistors Mil zaé ¥i2)
is varied imversely oroportiocnzlly io ithe sauezre root of the

mobility g .

The mobility z is e function of absoiutz temperezture -
T Thus the w@mobility p (Ti1) at T1 and the mobility u
(T2) at T2 can be relzted 2s follows;
A (@) /e (TD} = (T2/TH7F eeeenes (44)
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Mal, MA2, MA3 and M44 are being operating in the saturation region, the
driving currents 141 and 142 of the transistors M4l and M42 can be
expressed by the foll owi ng equations (61) and (62), respectively, as in
case of being Egs. (51) and (52), and the gate-to-source voltages VG341
and VGs42 of the transistors M1 and M2 can be related as expressed by
t he follow ng equation (63); where [err] 4 shows a transconductance
paranmeter of the transistors,

31 -

As a fésnlt, the output voltage VOUT cam be eipressed in
terms of the mobility 4 (T0) at the reference absolute

temperature T0 aé fok}ows;"
VOUT o {1/p (T)}2/% = {1/ (T0)}2/2«(T/T0) 2/ 4- - - (45)

This equation is equal to Eq. (22) in the first embodiment.
ng. § graphicazlly shows the relatfonship expressed by
Ea 55) as T0 = 300K, which shows that the output voltage

YOUT is nearly proportio a1 to aoso1utn temperature T.

In Eq. (43), if E2 =1, the following equation (46) caan

be obtained, and if K1

= 1, the following squation (47) can
be obtained; -
(VOUT) 2wz = (I10/2-82)*2-(1 - l/Kll/?) ------- (48)

(VOUT) z2-1 = (I18/B2)%/%-(R2/R2+1)272. (1 ~ 1/E2%/2)
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42 [err]
and M44 is
respectively

nms: 1,

The capacity ratio of the transistors
o) that the driving currents 141
outputted fromthe transistors M43 and Mi4 can

As understood from Egs. (46) and (47), Eq. (43) is not

gauivalent with respect to Kl and K2, but if K2 > 1, tke
following eéuation (48) can be obtained;
.-....(48)

1/227% = 0.7071 < (R2/(R2+1)}*/% < 1

In Eq. (48), a value of {§2/(K2+1)}1/°

square root compression with respect io the variziiom of

value of E2 ihereby to show the rangs of variation

Ea. '(48), which means that this variation range I

smaller than that of K2. As 2 result,

rom Ea. (43), the output voltage

+h

estimated to be determiped by

square root of the product of Kl and X2, or {1/(E1-%2)}*/*
This means that such a circuit that generziss the ouizut

voltage VOUT (offset voltage) through

(M11 and ¥12) and (M13 and ¥14) as ia this smbodiment is
more effective than such a circuit that generatss it through
only ope tiransistor pzir (Mii.and M1%2), for sxample, 2s in
the £first embodiment Further this wmeans that ths sams
output wvoltzge VOUT can be realized by using smaller-sized

is subjected to

W43

and 142
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be rel ated as foll ows; [err]
respect to VGS41 and VGS42,
in Eq. (63),
From Eqs. (64) and (65),
and by arranging Eq.

By sol ving Egs.
respectively,
the foll owi ng equation (65) can be ontained;
the foll ow ng

(61) and (62) with
and substituting themfor those
[err]

equation (66) can be obtained,

(66), the follow ng

by

chip area smaller.

As explained above, tﬁe temperature sensor circuit
according to the second embodiment makes it possible to
obfain 2 voltage Hpropérﬁional to a tgmperature betéeen the
two input terminals of.the transistor pair K11 and IHIZ,
which means that the t;mperaturé sensor circuit ofi a

differential output ‘type cam be realized on a2  CNOS

i

[Thirgd Embodiment]

Fig. 9 is a2 circuit diagram of & coastant-curreat

circuit accordiag to a third embodiment of this imvesntioa,
which comprises txo n-channel ¥0S tramsistors
trznsistors ¥23 and Y24 -

0i the n—channsl M)OS transistor

fete
0
Q
Q
ok}
=
[§4
[¢]
-
4]
(=}
ck
(o]
e o
[
(1]
[pY
L]
Y
f
]
o
i~
[als
yo
€O
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43 equation (67) can be obtained, and finally, the follow ng equation

(68) can be obtai ned;

34

§21. The transistors M21 and MN22  constitute 2 peaking
current mirror c@rcuit.

The drain of the p-channel M0S transistor M23 is
connected through the resistor R2l té the drain of the
transistor M21 and connected directly to the gate of the
transistor EZI. The drain of the §4chanﬂel NOS tramsistor
M24 is connected directly to the drain of the transistor
H22. The gates of the transistors M23 and MZ! are connected

in common to each other -to bs connected to the drain oi the

transistor M24. The drains of the transistors 423 zad N2

%]

are a2pplied with 2 coastant voltage VDD. The tramsistors MZ3

tute & simple current mirror circuit to drive

t=te

and M24 const
the tranmsisiors M21 znd M22.

In this embodiment, the capacity ratio of the
trensistors M21 and ¥22 to be driven, Or the gate-width znd

gate-lengih ratio (¥/L) is 1:1, and on the other hané, the

a resuit, ihe ratio of the driving current ¢i the iramsistor

W21 and thzt of the transistor X¥22 when operatiing becomes

#hen 211 the irensisiors M21, M27, M23

)
m
)
[
1

1
&3]
=
m
[¥a)
2
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[err] Accordingly, the driving currents 142 and |41 can be
respectively expressed as follows; [err] Eqs. (69) and (70)
each does not include the constant voltage VDD and the threshold voltage
VTH. Fromthis fact,

and N24 are operating in the saturation region, if a gate-
to-source voltage of the tramsistor M2l is expressed as
VGS21, that of the transiétor ¥22 is expressed as VGS22Z,
-~ a threshold voitage thereof is expressed as VTH .and
2 tragscondubtance perameter thereoi is expressed as 83, a
driving curreat 121 of the transistor M2I, =2 driving
current I22 of the tramnsistor M22,- and the difference
between fhe gzte-to-source voltages VGS2l aand  ¥GS22 of

b4
-

Lo
M
172]
o
[44]
(g
o
|4‘ .
[14
1
1~
[+}]
]
17/]
1 5]
w
Ll
Q
L)
m .
=
&~
ot
n
S
(=]
==
o
oo
(¢
n
]
(=2
48]
)
(L]
L]
i)
m
[g]
-l
'-c.
-
41}
'-‘

expressed s follows;

121 = 83(VGS21-VTH)*  ee-e- «+++(51)

122 = B 3(VGS22-¥TH)® = seeeeecs: (32) ‘

¥GS21 - VGS22 = RB21-121 seeeecen - (53)

Thé capacity ratio of ihe tremsistors M23 zpd MI4 ‘ )

constituting the curreat mirror circuif is ml:1, so that ths

driving currents [21 and 122 rsspectively outputted from ihs

™m
=3
)
33
oo
fo=
n
L)
[\ ]
Y
©
’—l
n
ot
[0
=7
Ll
o
4]
[£3)]
O
15*
o
«l
7
[
L]
[13]
1721

transistors M23
follows;
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it can be found that the driving currents 141 and 142 have no effect by

their wvariations. As a result, the circuit shown in Fig. 11 also
makes it possible to stably supply a constant current at a practi cal
operation level. The driving 44

currents 141 and 142 can be.taken out in the sane way as in

36

121 = al-122 secencan (54)

As a result, by solving Egs. (51) and (52) with respect -
to VGSZ1 and VGS22, respectively, and substituting them for
those in Eq. (53),. the following equafion (55) can be

obtained;

i
VGS21 - V¥GS22 = (121%7/*-122%*7%)/pB3*7* = R21-121

From Egs. (54) zad (55), the foliowing equation (58)

can be obtéined. and by arranging Ea. (56), the following
equation (57) can be obtained, and finally, ths following
equaiion (58) can be obtained:
121*7* - (121*7%/ml) = B3%/2-R21-121 = «e-ee. (56)
121*72.-[83*72.E21-1213%- {1-(1/ml*” 2)}] =0 +---- (57
121*7% = (1-1/al?*/2)/(B3*/2-R21) = <ee... (58}
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the third enbodi nent. [ Si xt h Enbodi nment ] Fig. 12 is a circuit
diagram of a <constant-current <circuit according to a sixth enbodi nent
of this invention, which conprises two p-channel MOS transistors Mbl and
Mb2, which are equivalent to the n-channel MOS transistors Mi1l and M42
of the fifth enbodinent, and two n-channel MOS transistors M3 and
Mb4, which are equivalent to the p- channel MOS transistors M43 and M44
of the fifth enbodi nent. . In Fig. 12, the source of the p-channel MOS
transistor . Mbl is directlv applied with a constant voltage VDD, the drain
t hereof is connected to the drain of th§7n-channel MOS S

Accordingly, the driving currents 121 and 122 cza be

respectively expressed as follows;

121

n

[(@1*/2-1)/m11/2} - {1/(B 3-R21®)}  ----..(59)

122 = nl{(m1/2-1)/m1*/%}2- {1/(B 3-R21%)}  ----..(50)

Eqs. (595 and (80) each does not include the coastant
voltage VDD a;d' the threshold voltage VIH. From this fact,
it can be found that if all the tramsistors H21, ¥22, 23
and Mé4. are being operaiing in the saturztion region, the
driving currents I21 and 122 respectiéely héve no eifect by
their variations. 4is a result, the circuit showa in Fig. g

makes it possible to stably supply a comsteat currefit zi a

b
v
o
[an)
-}
O
=
-t
™
(7]

practical operation level. In addition, i
provided which takes out the driving currents IZ21 and 122 &s

its outpout curreat, it can be driven.

[Fourth Embodiment]

1-h

Fig. 10 is a circuit disgram o

cm

consiant~current
circuit according to a fourth embodiment of ithis ipventiop

which comprises two p-chamnel MOS traasistors M31 and W32,
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transi stor Mb3, and the gate and drain thereof are connected to each
other. The source of the p-channel MOS transistor M2 1is applied
through a resistor R52 with the constant voltage VDD, the drain
thereof is connected to the drain of the n-chanael MOS transistor M4,
and the gate thereof is connected to the source of the transistor
Mo1l. The transistors Mol and Mb2 constitute a Wdlar current mrror
circuit.

. - [ — 38

and two n-channel MOS transistors M33 and N34 ;onstituting
a current mirror circuit for driving the tfaﬁsistors ¥31 and
¥32. This circuit is equivalent to such a circuit that the
p+chanﬁe1 HOS transistdfs H31 and M32 are used insiead of
the n—?hannel KOS transistors M21 énd K22, and the n-chanﬁel.
HOS transistors M33 and H34 are used imstead of ths -
channel M0S transistors K23 2nd ¥Z4 in the circuit of the
third embodiment.

i

The source o the p-chamanel X¥0S {remsistor ¥31 is

are connected through ihe resistor R31 to sach other. Tks
source of +ithe p-chazanel ¥0S transistor 32
the constant voltage VDD, the drzin thersof is connscted

direcily to the drain of the n-chzonel NOS transistor M34,

b
¥
'<:
(o)l
o
~F
= nd
W)
(=N
=4
2V}
|-
3
(]
=)y

and the gzte theresof is conpnmecied direc
the traosistor M31. The transistors M31 znd H32 constiiuis

circuit.

n
Q)
(12}
3]
Py
e
=)
]
O
=
L]
-
[
=]
o
=
J-ae
)
i
o
L}

ne source of the n-channel ¥0S traasistor X33 is

is conaecied

h

directly grounded, =and the drain thsreo

through the resistor R31 to the draim of the transistor H231.



45 The source of the n-channel MOS transistor M3 S
directly grounded, and the drain thereof 1is connected directly to
the drain of the transistor Mpl. The source of the n-channel MOS
transistor M4 is directly grounded, and the drain thereof 1is

connected to

the drain of the transistor Mb2. The gates of the

transi stors Mb3 and Mb4 are connected in comon to each other to be

connected the drain of the transistor 54. The transi stors Mb3 and M4
constitute a sinple current mrror

Mbl.and Mb2.

In this enbodinent, 39 the capacity ratio of

The source of the n—channel H0S transistor 34 is directly
grounded, and the drain thereof is connected directly to ihe

drain of the transistor M32. The gates of the transistors

M33 and M34 are comnected im common to each other to bs

connected to..the drain of the transistor MN34. The

transistors M33 and N34 constitute 2 simple current mirror .

circuit for driving the tramsistors ¥31 and ¥32.

In this fourth embodiment, the capacity ratio (W/L) of
i
the transistors M31 and M32 to be driven is 1:1, and that of

thevtransistors. ¥33 and H34 is m2:1 (m2 > 1, or m2 < 1). is

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

v)

M31 &nd that of the transistor M32 when opesrating becoms

n2:1.

_In this embodiment, the iransisiors io bs usad are meis
inverse in channel polarity to those io.be used in the thirsd
embodiment thereby to be oueraied similarly thereio,. so tiaz:
Egs..(51) to (60) already discriﬁed in the third embodigsczi
cézn be similarly established, which means that the sz==
characteristics as those of the third embodiment | o=

obtainable.

[Fifth Embodiment]
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transistors Ml and M2 to be driven is 1:1, and the capacity
ratio of the transistors Mb3 and Mb4 constituting the sinple current
mrror circuit is m:1 (m >1, or MA < 1). As aresult, the ratio
of the driving current of the transistor M1 and that of the
transi stor M2 when operating becones nd: 1. In this sixth
enbodi nent, the transistors to be used are nade inverse in channel
polarity to the corresponding ones in the fifth enbodinment thereby
to be operated simlarly thereto, S that Egs. (61) to (70)
al ready discribed in the fifth enbbdi ment can be simlarly

Fig. 11 is a circuit diagram of a constant-current

circuit according to a fifth embodiment of this invention,

which is equivalent 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

remov

ed

therefrom and the resistor RZ1 thus

the transistor MN21 is

removed. is

inserted between the source of the transistor M22 znd the

ground.
4

In Fig. 11, thg source o

K41

=

s*directly

£

an n-chapnnel H0S tramsistor

grounded, the drain thereoz is comnected to

the drain of a-p-chzonel HOS transistor K43, and the gats

and drain thereof are connected {o each other. The source oZ
an n-chzanel MO0S <trzosistor M42 is groundeéd through =z
resistor Ré?,.the drzin thereof is connected t0 the aféin oi
& p-chennel MO0S trzmsistor ¥44, apnd.the gate thereof is
connected to the draim of the iraasistor M4I1. The
transistors ¥41 and X42 constitute & ¥idlar current mirror
clreuit

The drzin of the p-channel MOS tirzasisior M43 is
connectsé directly 1io the drain of ths :}2351stcr MA1l. The
drain of tihe p~champel HSS transistor Y44 is comnscted
directly +io the draim of the transistesr W42, The gztes of
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46 established, which neans that the sanme characteristics as those of
the fifth enbodi nent are obtai nabl e. As described above, in each

of the constant-current circuits according to the third to sixth

enbodi ments of this invention, two MOS transistors to be driven are
operated at a constant «current ratio, thus being capable of generating
driving currents with no effect by the variation of the source

vol tage and the dispersion of the threshold voltage.

41

the transistors M43 and M44.are connected in common to each
other to be -conﬁected to the drain of the transistor H44.
The drain of each of the transistors K43 and W44 is applied
witﬁ. a ﬁonstant voltage VDD. The transistors M43 and M44
constifute a simple current mirror circuit for driving the
transistors M41 and H42. .

In this fifth embodiment, the capacity ratio of the
transistors M41 and H4é to be drivem is 1:1, 2and the i
capacity ratio of the tremsistors ¥43 and 44 constituting
the ;Errent mirror circuit is @3:1, (@3 > 1, or m3 < 1). 4s

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

o
=]
=
o
[ <]
o)
'
4]
Fy
[s%]
ot
base
=]
]
o
QO
(g
[»)
=]
[
1]

M4l and that of +the tramsistor N4
m3:1.
In the circuii shown in Fig. 11, if all the tramsistors
M41, Y42, M43 and M4L are being operaling in the saturation
region, the driving curreants 141 and 142 of the transisiors
H4l and H42 cen be expresééd by the following equations (61)
and (62), réspectively; as in czse of being Egs. (51) and
(52). znd the gate-to-source voltages VGS41 ané VGS42 of the
‘transistors M4l and K42 can be related as ezpressed by the
' following equation (63); whers B4 shows a transconductance

parameter of the transistors,
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Accordi ngly, the dispersion of an output current can be made small wth
respect to the deviation in production and yet, the current can be

set indepedently of the threshold voltage. Consequently, a
constant-current circuit adapted to be used for nmaking a CMOS integrated
circuit. _ CLAI M5: 1. A

t enperature sensor circuit conprising: ’ a differential pair circuit;
said differential pair circuit including a first MOS transistor and a
second MOS transistor which are different in gate-width and gate- |ength
ratio fromeach other, a load circuit for sai-d first and second MOS

transi stors, and a constant current sour for driving said first and
second MOS transistors; and : a feggback circuit; said feedback
circuit receiving an output of said differenti al

141 = B4(VGS4I-VIH)®  =-evee- (61) .
142 = B 4(VGSA2-VTH)® cereeae(62)
VGS41 — VGS42 = R42-142 ceeeie(63)

The capacity ratio of the transistors ¥43 aad M44 is

m3:1, so that the driving currents I41 and 142

resppctively outputtsd Ffrom the transistors ¥43 and M44 can

be related as follows:

ck
o
-
w
72}
W
[
N
[}
[#)

VGS4 respectively, znd substifuiing them for those in Eg
(63), the Tollowing egcuzticn (65) can be obtzinzsd:

VGS4L - VGS42 = (1417/7-142%/2)/ B 41/% = R42-T42

From Egs. (64) znd (63), the following equation (B6)
can be obtained, and by arranging Eaq. (66), the following
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pair circuit and feedback-controlling said differential pair circuit so
that a drain current of said first MOS transistor and a drain current of
said second MOS transi stor are nmade equal to each other; wherein a
reference voltage is applied to an input end of said first MOS transistor
and an out put of said feedback circuit is applied to an input end of said
second MOS transistor, and an output voltage proportional to tenperature is
derived fromsaid input ends of said first MOS transistor and said second

MOS transistor. 2. A tenperature sensor circuit as claimed in claim1,
wherein said first MOS transi stg? has a gate connected to one of an
output termnal pair which is applied wth said reference voltage,

said second MOS transistor has a gate connected to the other of sai d out put
termnal pair which is applied with an output fromsaid feedback circuit,

and eguatdoaufplk cesl bagdtpiopdr t zodalfingliwnpahat faldowsngléri ved from
said output termnal pair. 3. A tenperature sensor circuit as clainmed
in claimi1,ewrddenn(tfi ¢anobel oditedoed; is a current mrror circuit. 4. A

tenperature ‘'sensor circuit as clainmed in.claim3, wherein said current
mrror circuit is conposed of a third-MOS transistor and a fourth MOS
transi stor which are equal in gate-wi dth and gate-length ratio to each

ot her. 5. Aldghper@Bar -Bemrs @@ 47 +-R4BtI14ls cl ai ned-t n-cl-d66) 4, wherein
sai d feedback circuit is conposed of a level shift circuit including a
fifth MOS transistor, and an output stage circuit including a sixth and
seventh MOS transistors having a conpl enentary structure, an i nput
end of said fif@Kk2M3E H(mahétsidor @R ZnRiDpIL21ERY 0D sai d -si(BTH MOS

transi stor are respectively applied with an output of said differential

pair circuit, and _ said input end of said second MOS transistor is
connected to a connection point -7 : '

142372 = (n3*7*-1)/(B 4*/2-R42) cerenns (68)

" Accordingly, the driving currents -I42 and I41 tan be

respectively expressed as follows;
‘ L 4

(m317%-1)2/( 8 4-R422) = eeeerosn (69)

—

1=

oo
H

et

()

[y
]

m3- (m3*72-1)2/( B 4-R42%)  .eccee--- (70) -

Egs. (69) and (70) each does not inciude the constant
voltage VbD and the threshold voltage VIH. From this facf.
it can be found that the driving currents I41 and 142 have
no effect by their variatiosns. .As a result, the circuit
shown in Fig. 11 also makes it po_ssible to stably supply a

constant current at a practical operation level. The driving
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of said sixth and seventh
circuit conprising:

second MOS transistors different

each other to be driven th
-48- 22DEC1
third and fourth MOS trans
rati o from each other and

pair circuit; and

said current mrror circu

of said differential pair

current of said first MOS

MOS transistors. 6. A tenperature sensor

a differential pair circuit having first and
in gate-width-and gate-length ratio from
rough a first constant current source;
997 a current mrror circuit having
istors different in gate-width and gate-length
acting as a load circuit of said differenti al
a feedback circuit for feeding back an output of
t to an input %ﬁq of said second MOS transi stor
circuit so that"a ratio in value of a drain
transistor and a drain current of said second MOS

transistor is made equal to a mrror ratio of said current mrror circuit;
wherein said mrirQe-dald @41 S8 fajiq of ygate w dth.an | engt-h ratios
of said third ang fourth tranS|st§rs T 8h“ﬁﬁeg%?%gger@?efg ch
vol tage is applieg.tq :an hﬂﬁ#t gnd of said first MOS transistor and an

out put of said feedback Ci
MOS transi stor, and an out
deri ved

[{Sixth Embodimexn

rcuit 1§ applied to an input end of said second
put voltage proportional to tenperature is

t]

Fig. 12 is a circuit dizgram of 2 constant-current
circuit according to & sixth smbodimsat of this inveation,
which comprise t®¥0 p-channsi MOS trzasisto fé M51 a H52,
which are equivelent 1fo the o-channel XN0S tiransisiors M4l
and M42 of +ths fifth embodiment, and twso n-champel MOS
iransistors X33 and M54, <wkich are equivalent 1io the p-
chinpel HOS trznsistors M43 and M44 of the Fifth embodiment.

In Fig. 12, +the source of the p-channel X0S transistor
M51 is directly zpplied with a coastant voltage VDD, the

he n~channel X0S

ot

transistor K53, ané the gate and drainm thereof are conaected
to eachk otiher. The source of the p-channel MOS transistor
M52 is zpplied through & resistor R52 with the constant~
voltzge VDD, tibhe drzin thereof is connected to the drzin of -
the a-channsl ¥0S traasistor Y54, and the gate thereo? is
connected - to. the source of the +tramsistor M51. The
trznsistors M51 and M52 comstitute a ¥Widlar current mirror

circuit.
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fromsaid input ends of said first MOS transistor and said second MOS
transistor. 7. A tenperature sensor circuit as clainmed in claimb®,
wherein said feedback circuit conprises a conplenentary circuit using two
MOS transistors different in polarity fromeach other. 8. A tenperature
sensor circuit as clained in claim?7, wherein sai d feedback circuit
is conposed of a level shift circuit including a fifth MOS transistor, and
an output stage circuit including a sixth and seventh MOS transistors

havi ng a conpl ementary structure, 4ﬁ an input end of said fifth MOS
transi stor and an input end of said sixth MOS transistor are respectively
applied with an output of said differential pair circuit, .and : said

i nput end of said second MOS transistor is connected to a connection point
of said sixth and seyestdou¥cd tdBNShet Prehacfel HOSA trempesbdiur §58ensor
circuit as claimed i-n claima8, wherein a channel - pol arity-of said
first and second; MeBitf angloshess, anddt hite Ofrsai dihétgod ang foerntbtMOS
transistors are different fromeach other to forma conpl enentary
structure. directiy to the drain of the tramsistor M51. The source of

the n-channel XO0S transistor K54 is directly grounded, aznd

the dérzin thereof is commected to the draia " of the
transisior M52. The gates of the transistors ¥53 and M54 are
connected in common to each otHer fo be connecied the drain

of the trensistor 54. The transistors ¥53 znd Y54 coastitute

e current mirror cigfcuit for driving the tramsistors

| v
ny
}—

N

520

M51 zn

i : " i

o]
-

i
o
)

=)

this' embodiment, the capacity gratio of ihe

L]
transistors X¥51 and M52 to be driven is 1:1, and the

[l

rensistors Mj3 and M54 constituting

capacity ratio of the

the simple current airror circuit is mé:1 (@t > 1, cof

0
o -
[

raeting bscomes mi:l.

e 2

Ia this sixt embodiment,

(9}
ct
=
4}
-~
Hy
™
1=
[72]
e
17/]
‘—'-
o
4
7]
r'l;
o
o
®
=
2

zare made inverse ip channel polarity to the corresponding
ones in the fifth embodiment thereby
similarly thereto, so that Egs. (61) to (70) already

discribed in the fifth embodiment can be similarly
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49 a drain current ratio of said differential pair circuit is nmade
equal to a mrror ratio of said current mrror circuit. 6. A tenperature
sensor circuit as claimed in claim5, wherein said feedback circuit
conprises a conplenmentary <circuit using two MOS transistors different in

polarity from each other. 7. A constant-current circuit conprising:
a first MOS transistor; a second MOS transistor; and
) 46 )

established, which wmeans thzt +ths szme characteristics-as

o
‘-A
i3
o
o
=t
{

those of the fifth embodiment zre obt
AS described above, in each of +the comstant-current
circuits according to the third io-sixéh embodiments of this
igvention, ~two HOS transistors to be driven are operated at
a coastant current ratio, thus being cépable of genefating
driving. currents #ith 0o eifect by the variation of the
source voltage and the disyersion'of the threshpld voltage.
Accordingly, the dispersion of zn output current can be made
small with respect to the deviztion im production aad ¥vef,
the gqurreat canm bs set izdepsdently of the threshold
voltage. Consequently, a consiant-current circuit adapted to

be used for making a CMOS imtegrated circuit.
5
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a current mrror circuit conprising two MOS transistors different in
gate-mﬁdth-and—ga%e—%eﬁg%h-—ratio fromeach other 4 wherein said
first NCS a drain and a gate conanagﬁ;“ ,

resi stor ,-t miﬂﬁ‘lﬂm supplied through sai da

driving curren transistor of said ch
circuit, said second MOS transistor has a gate connected to '
said first MOS transistor and a drain directly receiving the dr|V|ng
current from the other MXS transistor of said current mrro circuit,
t hus bei ng capabl e of operating said 47

iy

-WHAT IS CLATMED IS:

1. A temperature seamsor circuit comprising:
'tial pair circuit which comprises a first M0S
transistor a§§ 2 second MOS transistor which are ﬁifferent
in gate-widthiand gate-length ratio from each other, a load
circuit of bo%h'said first 2nd second MOS trzasistors, and 2
constant curr%nt source ior driving séid first and second
¥0S traosistofs; znd

3 feedbaig.circuit which receives an output voftage of
;;}al pair circuit from a drain of one HOS

iransistor oifTseid differential pair circuit znd feedback-

i+ differential pair circuit so that a2 draia

said first MOS tramsistor and that of said

st ¥0S transistor of said differential pair -

gate connected to one termimal of a output

terminal pairf of said temperature semnsor circuit f{o be

applied with{a refzrence voltage, and the second KOS

transistor thereof htas a gate connected to the other

jaced .
Re This is the replacement &heet
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-50- first and second MOS tran5|stors at a constant current ratio.
A constant-current circuit "asT clainmed in claim i

Feiro ¢ sacn oner MNAIAAAY QL = " o=t e m ot eeberrt

121  pair thereof to recei i% a
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terminal of sai

feedback volff; iback circuit.

3. A temperature semsor circuit as claimed in claim 1,

wherein .saidﬁiload circuit comprises a current mirror

circuit.

seasor circuit as claimed in claim 3,
fqurrent mirror circuit has iwo HOS tramsistosrs

né gate-length ratio to each other.

ﬁre sensor circuit comprising:

= ial pzir circuit having iwo MOS traasistiors
zg?te-riéth and gate-length taetio from each
. through a coastant current source;.

r circuit' having two MOS trapnsistors

rgate-vicdih and gate-length ratio Ffrom each.

d differential pair -
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current mirrder: circuit to a "gate of one of the two MOS

3

erantial pair c1fcu1t in order thet

| . This Sheet Has Been Replaced

This is the raplacement sheet

Date: 02 Nov g




9. A constant-current <circuit as clainmed in claim 7, wherein said
first and second MOS transistors are different in gate-

Fckth—an

gat e-1 ength ratlo from each ot her. 10. A constant-c fﬂ@ﬂ$SH§EF§E@;EW '
claimed in —wherein said first and second d&;jliﬁgpuuﬁﬁp BN
the two NDStr um“\utlng said current mrror e _
different in p mﬂmr““ﬁ“ ot her 11. A constant-current circuit
conpri si ng: + ac fiyst MBS transistor; a second MOS transistor;

and a current mrror CIrCUIt conprlsing two MOS transistors

- 49

a drain curred tio of said dififereatial pair circuit is

made equal ¢ said current mirror circuit.

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

e
K H .- . .-

wherein saldﬁfeednack circuit comprises 2 complementary
'6‘

_.a
~

circuit u51ng, ‘'two MO0S +traamsistors different 1in polarity

,-.

from each othér.

‘7. 4 comstant-curreat circuit comprising:
a first %08 iransistor;

a second! HOS transistor; znd

- wherein fsaid first MOS- traamsisior has a drain and

[

z-gate connected ikrough a resistor to ezch other and is
supplied through said resisior with a driviag curreni from

one MOS tiragsistor of said current mirror circuit, said

said first Hoé'tfa351sto- and a drain directly receiving the

the other MO0S traasistor of said

thus being capable of operating said

This Sheet Has Been Re 'aced . This is the replacement sheet
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different in gate-wdth and gate-length ratio fromeach other

51 mheL£H4¥—ﬁ9ard“f1rst NCS transistor has a te
connected dire and receives a drivi RIBHERT Heligr
fromsaid cur muﬁﬂﬂﬂ“m said second MOS trdw e
connect ed to ===

- 50 .

first and second M0S trapsistors at a constant cusrent

ratio.
i 8. 4 coastant-curreat circuit as claimed in claim 7,
- wherein said first and second MOS transistors are equal in

gate-width 2nd gate-length ratio to each other.

nt circuit as claimed in claimn 7,

w
HI
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nd
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wherein said first znd second MOS transistors are differen

in gate-width znd gate-lengih raiio from each other.

10. A constani-curreat -circuit as clazimed in clazim 7,

=)
f=nd
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ad second M0OS treasistors aand the two
K0S irensistors coastituting said curreni mirror circuii ars

diffsrent in polarityv from sach other. . -

11.

Jaim

constant-current circuii comprising:

o)

rirst-MOS t{rezrsistor;
a second MO0S tr stor; and

a current mirror circuit comprising two MO0S transistors

dififerent in gate-width and gate-length ratio £rom each
other,
This Sheet Has Been R ‘ This is the replacemeﬂ'l sheet
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and a gate connected to the drain of said first MOS transistor and a
drain directly receiving the driving current fromsaid current mrror

circuit, thus being capable of operating said first gpe—secend—-ueE===
transistors at a constant current ratio. 12. A cdystascHERT g BEEN

circuit ”mmmm m“mn”“ m 11, wherein said firstfl and RERIGRED MOS
tranS|stors I ate-wi dth and gate-length er.
13. A constant-‘cufrehft *citrcuit as claimed in claim1l, wherein said

first and second MOS transistors are different in gate-w dth and
gate-length ratio fromeach other. 51

wherein said first ¥0S transistor has a drain end a

gate connected directly to each other and receives a'driving

current directly from said current mirror circuit., said

- second MOS transistor has a source connected to a resistor

-~

and a gaete connected to the draim of said first MOS
transistor and 2 drain directly receiving the driving

. current from said current mirror circuit, thus being capable

of operating szid First and second X0S . transistors at a

constznt current ratio

~12.. A coastiant-curreat circuit as claimed in claim 11,
L)

wherein -said first and second XO0S tramsistors are equal

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

13. & constant-curreat circuit as claimed in claia 11,
wherein said first and second ¥0S iransistors are diffesrent

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

14. A coostant-current circuit es claimed in claim 11,

-

wherein said first zad second M0S transistors and the two
HOS iraznsistors comstifuting said current mirror circuit ars

different in polarity from each other.

ThS et s is the replacement sheet
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14. A constant-current circuit as «clained in claim 11, ‘wherein said
first and second MOS transistors and the two MOS
constituting said current mirror circuit are differleffH§ 8PS BAS BEENT
each ot her. . REPLACED

—_—g
3

52

TEMPERATURE SENSOR CIRCUIT AND CONSTANT - CURRENT CIRCUIT

ABSTRACT

A témpcrature sensor circuit is provided which is of a differential output type and
comprises_ a differéntial pair circuit (1) and a feedback circﬁit. The differential pair circuit
has A first MOS. transistor (M) whose gate is connected"to one terminal of the output
terminal pair (4, 5) of the teﬁperature sensor circuit to be applied with a reference voltage,
and a second MOS transistor whose source is connected to the source of t he first MOS
transistor (M) and whose capacity ratio, or gate-width and gate-length ratio (W/L) are
different from that of the first MOS transistor (My), a load circuit connected to the drains of
said first and second MOS trans1stors and a constant current source (10) connected to the
sources of the first and second MOS trans1stors (Ml, M,)! The feedback circuit is supplied

from the drain of the secqnd_ MOS translstor with an output voltage of the differential pair

771?7iﬁ‘iﬁ711111:1::ﬁ11 L
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_ _ CLAIMS:

1. A temperature sensor circuit comprising:
‘a differential pair circuit; said differential pair circuit including a first MOS
transistor and a second MOS transistor which are different in gate-width and gate-

length ratio from each other, a load circuit for said first and second MOS transistors,

and a constant current source for driving said first and second MOS transistors; and
a feedback circuit; said feedback circuit receiving an output of said differential
pair circuit and feedback-controlling said differential pair circuit so that a drain current
of said first MOS transistor and a drain current of said second MOS fransistor are made
equal to each other;
wherein a reference voltage is applied to an input end of said first MOS
transistor and an output of said feedback circuit is applied to an input end of said
second MOS tramsistor, and an output voltage proportional to temperature is derived
from said input ends of said first MOS transistor and said second MOS transistor.
2. A'tempera't\n'e sensor circuit as claimed in claim 1, wherein
said first MOS transistor has a gate connected to one of an output terminal pair
which is applied with said reference voltage,
| said second MOS transistor has a gate connected to the other of said output
terminal pair which is applied with an output from said feedback circuit, and
said output voltage proportional to temperature is derived from said output
terminal pair.
3. A temperature sensor circuit as claimed in claim 1, wherein said load circuit is
a current mirror circuit. |
4. A temperature sensor circuit as claimed in claim 3, wherein said current mirror
circuit is composed of a third MOS transistor and a fourth MOS transistor which are
equal in gate-width and gate-length ratio to each other.
5. A temperature sensor circuit as claimed in claim 4, wherein
said feedback circuit is cdmposed of a level shift circuit including a fifth MOS
transistor, and an output stage circuit including a sixth and seventh MOS transistors

‘having a complementary structure,

an input end of said fifth MOS transistor and an input end of said sixth MOS
transistor are respectively applied with an output of said differential pair circuit, and

said input end of said second MOS transistor is connected to a connection point
of said sixth and seventh MOS transistors.
6. A temperature sensor circuit comprising:

a differential pair circuit having first and second MOS transistors different in
gate-width and gaté-length ratio from each other to be driven through a first constant
current source;
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a current mirror circuit having third and fo MOS transistors differknt in
gate-width and gate-length ratio from each other and acting as a load circuit of said
differential pair circuit; and _

a feedback circuit for feeding back an output of said current mirror circuit to
an input end of said second MOS transistor of said differential pair circuit so that a
ratio in value of a drain current of said first MOS transistor and a drain current of said
second MOS transistor is made equal to a mirror ratio of said current mirror circuit;

wherein said mirror ratio is a ratio of gate-width and gate-length ratios of said
third and fourth MOS transistors; '

wherein a reference voltage is applied to an input end of said first MOS
transistor and an output of said feedback circuit is applied to an input end of said
second MOS transistor, and an output voltage proportional to temperature is derived
from said input ends of said first MOS transistor and said second MOS transistor.

7. A temperature sensor circuit as claimed in claim 6, wherein said feedback
circuit comprises a complementary circuit using two MOS transistors different in
polarity from each other. '

8. A temperature sensor circuit as claimed in claim 7, wherein

said feedback circuit is composed of a level shift circuit including a fifth MOS
transistor, and an output stage circuit including a sixth and seventh MOS transistors
having a complementary structure, _

an input end of said fifth MOS transistor and an input end of said sixth MOS
transistor are respectively applied with an output of said differential pair circuit, and

said input end of said second MOS transistor is connected to a connection point
of said sixth and seventh MOS transistors.

9. A temperature sensor circuit as claimed in claim 8, wherein

a channel-polarity of said first and second MOS transistors and that of said
third and fourth MOS transistors are different from each other to form a complementary
structure.
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TEMPERATURE SENSOR CIRCUIT AND CONSTANT - CURRENT CIRCUIT

ABSTRACT

A teniperature sensor circuit is provided which is of a differential output type and
comprises a differential pair circuit (1) and a feedback circuit. The differential pair circuit
has a first MOS transistor (M) whose gate is connected to one terminal of the output
teriﬁinal pair (4, 5) of the temperature sensor circuit to bé applied with a reference voltage,
and a second MOS transistor whose source is connected to the source of t he first MOS
transistor (M) and whose capacity ratio, or gate-width and gate-length ratio (W/L) are
different from that of the first MOS transistor (M), a load circuit connected to the drains of
said first _ah’d'second MOS transistors, and a cénstant current source (10) connected to the
sources of the first and second MOS :u'ansis-to;s M, M2) Tﬁe feedback circuit is supplied
from the drain of the second MOS transistor with an output voltage of the differential pair

circuit (1).

Fig. §



