
.... 1 ...... .... 
REPLACED SHEETS . SG 

. '¥!- scription : paged J t u1 
· • · · · · o paged '"° im(s) : "'r If"- ······· ---.h~.~~ .. . (..w. pa~.-.d~. I ... to paged .f.L. Temperature sensor circu.i t and cons tan""· iA ~ 1'T'IM.1iu+_. ~ 

. • -,......"' :1:.1 ••• ···to paged 
bstract ..... ~ . c=-" • • • • • • 

· · ~-ag&d .• ~. to paged .. ?.:. 
! -_------==:::J 

BACKGROUNDl OF THE INVENTION 
I 

1. Field of the Inventionj 
i 

This invention relate~ to a· temperature sensor circuit· 

and a constant-current clrpuit, and more particularly, to a 
l 

temperature sensor circuit~ and a constant-current circuit 
. ; 

which are .formed of MOS transistors on a MOS-type integrated 

circuit. 

Z. Description of the Related Art 

A conventional temper~ture sensor circuit is formed of 

bipolar transistors in genrral as shown in Figs. 1 and 2. 

The circuits shown in figs. 1 and 2 each comprises n 

transistors Ql. Q2. ;Qn of either npn- or pnp-type, 

n constant-current sourcesifor supplying n constant currents 

Il. 12, ···, In respectfvely to the n transist9rs Ql, 
.. ~ 

Q2,•··. Qn. and a constaft-voltage source for applying a 
I 

constant voltage Vee to ; each of the n transistors Ql. 
• E 

QZ. •••. Qn. The operati?n of these circuits w~ll be 

explained :below~ 

In Fig. 1 or Z, suppo~ing that a ~urrent and saturation 

current of each transisto~ Qj (j · = 1. 2 , • • • • n-1 , n) are 
; 
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expressed as Ij and Is, re~pectively, the Boltzmann constant 
i 

is expressed as k. ab~olute .temperature is expressed . 
as T, the unit electronib charge is expressed as q and a 

i 

base-to-emitter voltage ofl the transistor Qj is expressed as 

VBEL the currenf Ij (j =ll, 2, ···, n-1, n) of each of the 
; 

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

qVBEj. 
Ij = Is·exp (----) .••••• ( 1) 

kT 

Here. supposing that the· direct current amplification 

factor of the transistor QJ is sufficiently high and the 

base current "thereof is j negligible,· the ba·se-to-emi tter . 
voltage VBEj of the transistor Qj can be shown as follows: 

I 

kT 
VBEj : - ~ ln 

q 

Ijl 
c-:) 

Isi 
! 
i 
i 
i 
I 

•••••• (2) 

As a result, in the iircuit shown in Fig. 1. an output 
i 

voltage Vo of the circuit can be· shown as follows; 
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ll kT; n lj 
Vo = 'Z VBEj = L ln (-)} 

q 1 • 1 Is 
•••••• (3) 

J=l 

On the other hand, in the circuit shown in Fig. 2, the 

difference (Vee-Vo) between the voltage Vee of the constant-

voltage source and the output voltage Vo of the circuit can 
! 

be shown as follows: 

:. I kT .. Ij 
Vee - Yo = :E VBEj = T. --( 'Z ln (-)} •.•••• ( 4) 

q Jcsl Is 

As seen from Eqs. (3) ·and C4L in the temperature 
• 

sensor circuit shown in either Fig. 11 or . 2' the voltage 

proportional to absolute; temperature T can be obtained. 

This means 
i 

that" the tempe~ature at a.'. position where 
~ 

the 

temp~rature sens6r circuit~is disposed can be detected. 
i 

However, if such a !conventional temperature sensor 
j 

circuit as expressed abov~ is to be realized on an MOS-type 
~ 

integrated circuit by. using 
! 

YOS transistors instead of 
i 

bipolar transistors, it is difficult to obtain a 

sufficiently large direct .current amplification factor due 

to the fact that the MOS integrated circuit uses parasitic 
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' 
bipolar transistors, so that the actual output voltage Vo 

is largely deviated from al value calculated from Eq. (3) or 
I 

(4). thus arising such a Pfoblem that it is disadvantageous 
! 

to be practically used. ' 
! 

~ 

In addition. in cake of receiving an output of the 
i 

temperature sensor circuit by, for example. an A/D 

converter, since 

temperature sensor 

the jabove -
: 

circuitt is not 

mentioned conventional 

of a differential output 

type, a reference voltag'6 source is disadvantageously 

neces~ary to be used additionally~ if the reference voltage 
' 

source is used additionally, the temperature characteristic 

that it has may degrad~ the characteristics of the 
; 

temperature sensor circuit! itself.-
i 

Next. as a constantrcurrent circuit :formed of MOS 
' 

transistors, circuit 
; 

shown in either Fig. 3 A is a as or '% . 
well-known conventionally.! 

f 

The constant-current I circuit shown in Fig. 3 is one . 
i 

that was disclosed in rrEEE Journal of Solid - State 

Circuits"'. Vol. SC-12 ,. No. i 3 June 1977, pp. 224 to 231. in 

which the MOS transistors are operated under the· weak 
: 

inversion state thereby tb .-obtain an output current IR as 

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

dis.closed in ··VLSI Design\ Techniques for Analog and Digital 

Circuits", pp. 363 publish~d by McGraw-Hill, 1990, which is 
i 

a called boost strapped lcurrent source/sink.· In this 
! 
I 

circuit. a drain current fD61 of a MOS transistor M61 and 
i 

a drain current ID62 of a: KOS transistor M62 are related 
! 

by the following equation~ (5) . and (6) . where VTH is a 
i 

threshold voltage, KN' .i~ a.conductance, 

iength and i61 is a gate width. 
! 

L61 is a gate 

ID61 = ID62 ·······(5) 

ID62 = (VTH/R) + (1/R)·(2 ID6l·L6l/KN'.'\f6l) 1
/

2 ······(6) 
i 

i 

With the constant-current circuit shown in Fig. 3. the 
: 

output current is as small as 10 nA ·to several micro-

amperes (µA). resulting in arising su.ch a problem. that 

a practical operational level of current (about several 

hundreds ·micro-amperes) c~nnot be obtained unless otherwise 

sophisticated more. 
' 

With the constant-cutrent circuit shown in Fig. 4. the 
i 

threshold voltage VTH is yaried, so that when taking notice 
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i 

of the.manufacturing devia~ion. the dispersion of the output 
! 

current is excessively large. 
! 

Thus. an object of! this invention is to provide 

a temperature 

formed of MOS 

Another 

' ; 
sensor ci:tfuit of a differential output type 

' transistors.~. 
i 

object of ihis invention is to provide a 
i 

temperature sensor circuit of ·a differential output type 

formed of YOS transistors ~n a CMOS integrated circuit. 
' 

Further another obje?t of this invention is to provide 

a constant-current circui~ which is ·capable of obtaining a 
i 

current at a value of oracticai operational level as well as 
~ ' 

' 
setting the current wit~ no effect by variation of a 

; 
threshold voltage. thus b~ing adaP.ted to be used for a CMOS 

integrated circuit. 
i 

SU.MM.A.RY 9F THE INVENTION 
! 

(1) In a first aspect of this invention, a temperature 
.i 

sensor 

which 

circuit of a differential output type 

is formed of MOSltransistors. 
; 

is p~ovided 

This circuit include~ a differential pair circuit and 
! 

a feedback circuit. The d;fferential pair circuit includes 

first and second MOS tran~istors whose gate-width and gate­
; 

length ratio (Y/L) are different : . from each other, a load 
i 

-6-
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circuit of the first. and second transistors and a constant-

current source for driving; the first and second transistors. 
I 

The feedback circuit is. s~pplied from the drain of one MOS 
~ 

transistor of the differen}ial pair circuit with an output 
i 

voltage of the differenti~! pair circuit thereby feedback-

controlling the differential pair circuit so that the drain 

currents of the first and ~econd YOS transistors can be made 

equai to each other. 

Preferably, the gate of the first MOS transistor of the 

· differential pair circuit; is connected to one terminal of 

the output terminal pair .of the temperature sensor circuit 

to. be applied with the reference voltage. The gate of the 

second MOS transistor is connected to the other terminal of 

the outpuj terminal pair thereof thereby receiving 
: 

therethrough a feedback voitage from the feedback circuit. 
: 

The load circuit is preferable to comprise a current 
i 

mirror circuit. In this c~se. the load 
' 

comprises two MOS transl.stars equal 
' 
J . 

gate.-length ratio (i/L) tol each other. · 
! 

circuit preferably 

in gate-width and 

The temperature sens~r circuit of the first aspect·of 

this invention feeds back:an output voltage of the feed~ack 

circuit to the differenttal pair circuit to control the 

1 
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drain currents of the first and second transistors thereof 

to become equal to each other, so that between the t~o input 

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 type formed of YOS transistors can be obtained with 

super~or characteristics. 

The feedback circuit is not limited to that shown 

above, it may be any othe~ 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 mirror 

circuit. particularly preferable to be such a current mirror 

circuit that comprises two YOS transistors whose gate-width 

and gate-length ratio are equal to e~ch other. 

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

sensor circuit of a differential output type is provid~ 

which is. adapted to be formed of CMOS transistors on a CMOS 

integrated circuit. 

The tempe·rature sensor circuit of this aspect comprises 

a differential pair circuit having two MOS transistors 

different in gate-width and gate-length ratio (W/L) from 

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

-8-
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source. a current mirror circuit comprising two MOS 
! 

transistors different in! gate-width and gate-length ratio 
I 

from each other and constltuting a load of the differential 
i 
i 

pair circuit, and a feedpack circuit for feeding back an 

current mirror circuit 
i 

to the gate of one MOS output of the 
i 

transistor of the differen~ial pair circuit so that the . . 
drain current ratio of th~ differential pair circuit can be 

made equal to the mirrpr ratio of the current mirror 

circuit.-

The feedback circuit is not limited to that shottn 
I 

' 

above. it may be any othbr· types of circuit if operable in 

the same manner as above. l However •. it is preferable to be 
! 

a complementary circuit using two MOS transistors different 

in polarity from each other. 
I 

The circuit Of this aspect feeds back an output of the 
. ; 

' 

current mirror circuit toithe differential pair circuit to 
: 

control the drain current ratio of the differential 
I 

! 
pair circuit to be made~equal to- the mirror ratio of the 

~ 
current mirror circuit. thus being capable of obtaining a. 

~ 
voltage proportional to t~mperature between the two input 

i 

terminals of the differef tial pair circuit. As a result. 

the temperature sensor cir~uit of a differential output type 
: 

9-
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·f 

can be realized on a CMOS integrated circuit using CMOS 

transistors. 
; 

: · Different from the ~emperature sensor circuit bf the 

first aspect in which th~ output voltage is generated only 
! 

by the two MOS transistorsjof the differential pair circuit, 
i 

the temperature sensor circuit of this aspect generates the 

output voltage by th~ two MOS transistors of the 

differential pair circuit and the t~o MOS transistors of the 

current mirror circuit\ co~stituting the load thereof, thus 

resui ting in the gene.ra tibn of higher output voltage. As a 

re~ult, the same output voltage can be generated by further 
' 

small-sized transistors, ithus being capable of making the 

' chip area smaller. 

(3) In a third aspect of this invention, a constant-current 
i 

circuit is provided whic~ is adapted-to be used for making 

CMOS integrated circuits, fn which there may be two types of 

circuit. first and second.1 
! 

The constant - curre!t circuit of the first type 

comprises a current mirfor circuit comprising two MOS 

transistors different in!gate-width and gate-length ratio 
! 

(W/L) from each other. a first.MOS transistor and a second 

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

-----·--
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different from or equar to each other. The first MOS 
' . 

transistor· has the drai~ and gate connected through a , 
! 

resistor to each other and is supplied through the resistor 

with a driving current from one MOS transistor of the 

current ~irror circuit. The second MOS transistor has the 
. . ~ 

gate connected to the drain of the first MOS transistor and 

the drain directly receiv~ag the driving current from the 

other MOS transistor of ~he current mirror circuit. And. 

the firs~ and,second Mos; transistors are structured to be 

operable at a constant current ratio. 

The constant-current circuit of the second type or this 

aspect also comprises a current mirror circuit comprising 

two MOS transistors different in gate-width and gate-length 
i 

ratio from each other and1a. first MOS transistor and second 

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

different from or equal to;each other. In which. the first 

and second MOS transistors~ are structured to be operable at 
i 

a constant current ratio las in the first type of this 

aspect. but different the~efrom as follows; Namely.· in this 

type, the first MOS transistor has. the drain and gate 

connected directly to each other ~nd receives a driving 

current directly from the ·current mirror circuit. and on the 

~-11 

·--.. ---... -·- · .. 

iiilUlif-



other hand. the second 'MOS transistor has the source 
. 

connected to a resistor an~ the gate connected to the drain 

.·of the first MOS transistor thereby directly receiving 

the driving current from the current mirror circuit. 

Each of the constant-current circuits of the third 

aspect has the first and ~econd MOS transistors operable at 

a constant driving current ratio, which means that the 

driving currents can be~ generated with no effect by the 

variation of the power source voltage and the dispersion of ., 

the threshold voltage. ; Accordingly-, the dispersion of 

an output current can be :made small with respect to the 

deviation in production 'and yet. the current can be set 

independently of the threshold voltage. 
l 

Consequently, 

a constant-current circu1t aaapted to be used for makiag a 

CMOS integrated circuit can be realized. 

In order to opera~e the first and second MOS 

transistors at a constant=drain current ratio, there may be 
: . 

three methods as follows; '!first method is that the first 

and second MOS transistors to be driven are made different 

in gate-width and·gate-length ratio (W/L) and the two MOS 
' 

transistors constituting t~e current mirror circuit are also 
' made different in gate-wid~h and gate-length ratio from each 

·.;,,..:; 
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other.. A second one is that the two MOS transistors to be 

driven are made different; in gate-width and gate-length 
' 

ratio and the two MOS. transistors constituting the current 

mirror circuit are made e4ual in gate-width and gate-length 

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

transistors to be driveniare made equal in gate-width and 

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

constituting the current mirror circuit are made dif~erent 

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

. Out of the three methods shown above, in the second 

method, the driving current has an effect due to threshold 

voltage! so that if the threshold voltage has a production 

deviation-caused variation~ the output current may be varied 

to be dispersed. In consideration of this point, either 
' 

first or second method is;preferable to be used in that it 

has no such difficult point. 

The first and secon~ MOS transistors and the two MOS 

transistors constituting :the current mirror circuit are 

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

means that if the first ang second MOS transistor$ are of an 

n-channel type. the two: MOS transistors of the current 

mirror circuit will be preferable to be of a p-channel type, 
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and on·the other hand. if the former transistors are of a p-

channel type, the latter o~es will be preferable to be an n-

channel type. Thus, su·ch a circuit that is structured 

preferably as shown aboveiis further adapted to be used for 

making a CMOS integrated circuit than' that using the same 

polarity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

conventional temperature sensor circuit. 

Fig. 2 is a circuit diagram showing another example of 

a conventional temperature:sensor circuit. 

Fig. 3 is a ci~cuit diagram showing an· example of a 

conventional constant-current circuit. 
j . 

Fig. 4 is a circuit diagram showing another example of 
. . 

a conventional constant-current circuit. 

Fig. 5 is a circuitidiagram of a temperature sensor 

circuit according to a first embodiment of this invention. 

Ii'. - J.g. S is a graph showing a relation of an output 

voltage and a temperature=of the temperature sensor circuit 

shown in Fig. 5. 

Fig. 7 is a circuit qiagram of a temperature sensor 
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circuit according to a ~ecbnd embodiment of this invention. 
' 

Fig. 8 is a graph s~owing a :relation of an output 

' voltage and a temperature·of the temperature sensor circuit 

shown in Fig. 7. 

Fig. 9 is a circuit:· diagram of a constant-current 

circuit according to a. third embodiment of this invention. 

Fig. 10 is a circuit diagram of a constant-current 

circuit according to a fourth embodiment of this invention. 

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

circuit according to a fifth embodiment of this invention. 

Fig. 12 is a circuit diagram of a con~tant-current 

circuit according to a sixth embodiment of this invention. 

DESCRIPTiON OF THE PREFERRED EMBODIMENTS 

The preferred embodiments of this invention will be 

described below whi~e referring to Figs. 5 to 12. 

[First Embodiment] 

Fig_: 5 shows a temperature sensor circuit according-to 

a first embodiment of th·is invention,. which comprises a 

differential pair circuit 1. a level shift circuit 2 and an 

output stage circuit 3. 

The differential pai~ circuit 1 has two n-channel MOS 

15 
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... 

transistors Ml and M2 whose sources are connected in-common 

to each other to be grounded through a constant current 

source. The both transistors Yl and M2 are driven by a 

constant current IO suppli~d from the constant current 

source. · The gate of the MOS transistor Ml is applied with a 

reference voltage VR from a reference voltage source, and 

connected .to one output:terminal 5. The gate of the 

transistor M2 is connected to the other output terminal 4. 

The both transistors Ml and M2 are different in gate-width 

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

The drains of the tra~sistor Ml and Y2 are connect.ed to . 
the drains of two p-channel MOS transistors M3 and M4 

constituting the load thereof, respectively. The gates of 

the transistors M3 and K4 are connected in common to each 

other tQ be connected to the drain of the transistor Ml. The 

transistors M3 and M4 are equal in gate-width and gate-

length ratio (i/T.) to each othar, ;:.nrl thA ~onrr.As thereof 

are applied with a consta~t voltage YDD from the constant-

voltage source. The both transistors M3 and M4 constitute a 

current mirror circuit. 

The level shift circuit 2 comprises an n-channel MOS 

transistor MS whose gate· :1s connected to the drain of the 

16 -
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MOS transistor M2. The transistor MS is grounded through 

a constant-current source :connected to the source thereof, 

and to be driven by a constant current Il supplied from this 

constant current source. The gate of the transistor M5~is· 

connected to the connection point of the drains of the 

transistors Y2 and M4 to·receive 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 circuit 

including a p-channel MOS transistor M6 and an n-channel MOS 

transistor M7 whose drains are connected to each other. 

Between the drain and the gate of the transistor M6. a 

resistor Rl and a capacitor Cl are riserted for the phase 

corr~ction use. The gate of the transistor MS is appli~ 

with the output voltage of the differential pair circuit 1 

and the source thereof is supplied with the constant voltage 

VDD. The source of the transistor M7 is grounded. To the 

connection point of the drains of the transistors MS and M7 

are connected the gate of the transistor Y2 and the output 

terminal 4. The gate of the transistor M7 is connected to 

the connection point of the transistor M5 and the constant 

current source to receive the vol~age at that point. .An 

- 17 
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,, 

output voltage Vout is taken out between the output terminal 

pair 4 and 5. 

The level shift circuit. 2 and output stage circuit 3 

arranged as above constitute a feedback circuit which 

controls the differential pair circuit 1 so that a drain 

current !Dl of the MOS .tra~sistor YI and a drain current ID2 

of the MOS transistor M2 are equal to each other. The 

feedback circuit feeds back the output voltage thereof to 

the gate of the transistor· .M:2 of the differential pair 

circuit 1 so as to make the drain current IDl and ID2 of the 
1 

transistors Ml and M2 thereof equal to each other. 

Tpe feedback circuit is not limited to the circuit 

shown in Fig. 5. but any other types of circuit may be used 

if they effect the same feedback operation as above. 

Next, the operation and characteristic of this circuit 

will be explained below. 

Supposing that the gate-width and gate-length ratios of 

the transistors Ml and MZ are expressed-as Wl/Ll and WZ/LZ. 

respectively, the drain currents thereof are expressed as 

IDl and ID2, respectively. the threshold voltage is 

exp~essed as VTH. the :transconductance parameter is 

ex.pressed as. f3 1 and the dif'ference between a gate-to-source 

- 18 ....... 
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voltage VGSl of the transistor Ml and a gate-to-source 

voltage VGS2 of the transistor M:2 is expressed as 6. Vi. 

the following equations can be established; 

IDl = f3 1(VGSl-VTH) 2 ••••••• (11) 

ID2 =- K • f3 l (VGS2-VTH) 2 .•••••• (12) 

IDl + ID2 = IO ···,····(13) 

6. Vi = VGSl - VGS2 ••••••• (14) 

Here. if the mobility of electron is µ and the 

capacity of a gate ox~de film is Cox, fJ 1 and K in these 

equations· can be expressed.as follows; 

f3 1 = .ll· (Cox/2) • (il/Lp ••••••• (15) 

- 19 -
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K ~ (W2/L2)/(Wl/Ll) ••••••• (16) 

In this case. the drain currents IDl and ID2 of the MOS 

transistors Ml and M2 of the differential pair circuit 1 are 

always equal to each other by feedback-controlling through. 

the level shift circuit 2 and output stage circuit 3. As a 

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

IDl = ID2 = (1/2)·!0 •.••.•• (17) 

Hence. Eqs. (11) and (12) can be changed respectively 

as follows; 

{(1/2) CI 0/ .B 1)} 1 /
2 = VGSl - VTH • • · • • • • (18) 

{ (1/2} (I O/K • p 1)} 1 /
2 = VGS2 - VTH • • • • • • • (19) 

·:. 

If the difference between the gate-to-source voltages 

VGSI and VGS2 of respective MOS transistors Yl and M2 when 

Eq. (17) is established. which is equal. to the input voltage 

Jf the differential pair circuit .1 and the output voltage 

- 20 -
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VOUT. is expressed as (A Vi) 0. it can be ~- obtain~d by 

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

(AVi)O = (I0/2,81) 1 / 2 ·(1-l/K1 / 2 ) 

= Cl/µ 1
/

2
) • (IO/Cox)1/ 2 

X [ {1/(Wl/Ll)l/2 }- {l/(if2/L2) 1 /
2 }] 

•••••• (2 0) 

As a result. in the circuit. shown in Fig. 5, it can be 

found that by controlling the differential pair circuit 1 so 

as to make the drain currents IDl and ID2 equal to each 

other, the difference (~Vi) 0 bet'iieen the gate-to-source 

voltages VGSl and VGS2 of the transistors Ml and M2 thereof, 

or the output voltage· VOUT is varied inversely 

proportionally to the square root of the mobility µ . 

The mobility µ. is a function of temperature. and the 

relationship of the mobility . µ. (Tl) at .absolute 

temperature Tl and the mobility µ (T2) at absolute 

temperature TZ can be expressed as follows; 

- 21 -
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µ·(T2)/ µ(Tl) = (T2/Tl)-3/2 ..••..• (21) 

Namely. the mobility ratio at the temperature Tl and T2 is 

varied inverse.ly proportionally to the square root of the 

temperature ratio raised to the third power. or (T2/Tl) 3 / 2 • 

Here. from Eqs. (20) and (21). the following equation 

(22) can be obtained; 

(..6.Vi(T))O cc l/µ. (T)1( 2 = (1/µ. (T0) 1 / 2 )·(T/T0) 3 / 4 

... ···-(22) 

From Eq. (22). it can be found that when the drain 

currents IDl and ID2 of respective transistors Ml and Y2 are 

equal to each other, the gate-to-source voltage difference 
i 

(A Vi) 0 between the transistors Ml and Y2, or the output 

voltage VO{j'T is varied proportionally to the fourth root of 
• 

the ratio ' of absolute temperature T and the reference 

absolute temperature TO raised. to the third power; or· 

(T/TO) S/4 • 

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 



!s explained above, the circuit of this embodiment 

feedback-controls so that the drain currents IDl and ID2 of 

respective transistors Ml and MZ of the differential pair 

circuit. 1 are made equal to each other. Consequently, the 

temperature sensor circuit of a differential output type 

using MOS transistors can b~ realized. 

[Second Embodiment] 

Fig. 7 shows a temperature sensor circuit according to 

a second embodiment of this invention, which comprises a 

differential pair circuit consisting of a differential 

transistor pair lla and a current mirror circuit llb, a 

level shift circuit 12 and an outQUt stage circuit 13. 

In Fig. 7, the differential transistor pair lla has, as 

in the first embodiment. ·two'n-channel·MOS transistors Mll 

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

The transistors Yll and Y12 are grounded through a constant 

current source. and driven by a constant current IlO 

supplied therefrom. The gate of the transistor Yll is 

applied with a reference voltage VR from a reference voltage 

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

Of the transistor Ml2 is connected to the other output 

- 23 -
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termin'al 14. 

The transistors Mll and M12· are different in gate-width 

and gate-length ratjo from each other, and when the gate-

width and gate-length ratio of the transistor Mll. or 

Wll/Lll is made one (1). that of the transistor Ml2, or 

il2/L12 becomes Kl. 

The current mirror circuit llb constitutes an active 

load of the differential transistor· pair lla, and has two p-

channel MOS transistors M13 and Yl4. The drains of the 

transfstors YI3 and Ml4 are connected respectively to the 

drains of the transistors Mll and M12. and the gates of the 

transistors Yla and Y14 are connected in cqmmon to be 

connected to the drain of the transistor Ml3. The sources 

qf·the transistors Ml3 and M14 are supplied with a constant 

voltage YDD from a constant ~oltage source. 

The.transistors M13 and Yl4 are different in gate-width 

and gate-length' ratio from each other, and when the gate-

width and gate-length ratio of the transistor Y14, or 

i14/Ll4 is made one (1). that of the transistor Ml3, or 

W!3/L13 becomes K2, meaning that the mirror ratio of the 

transistors Ml3 and Ml4 is KZ:l. 

The current mirror circuit llb of this embodiment 
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resembles in structure to the load circuit including the MOS 

transistors Y3 and M4 of the first embodiment, but different 

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

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

each other. 

The level shift circuit 1.2 has an n-channel MOS 

transistor M15 grounded through a constant current source 

connected to the source thereof. The transistor M15 is 

driven by a constant current Ill supplied from the constant 

current source. To the gate of the traqsistor Y15 is sent ~, 

output voltage of the differential pair ·circuit from the 

source of the transistor M14 of the current mirror circuit 

llb. To the drain of the transistor Ml$ is sent the constant 

voltage VDD from the constant voltage source. 

The output stage circuit 13 has a compl~mentary 

structure including a p-channel MOS transistor lU6 and an n­

channel MOS transistor ]{1"7 whose drains are connected to 

each othe~. The source of the transistor Ml6 is applied with 

the constant voltage VDD from the constant voltage source, 

and the gate thereof is applied with an output voltage of 

tlie differential pair circuit. The connection point of the 

drains of the transistors Ml6 and Ml7 is connected to the 
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output terminal 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 Ml2. Between the gate and drain of th~ YOS 

transistor Ml5, a resistor R2 and a capacitor C2 are 

inserted for the phase correction use. The ~utput voltage 

VOUT is taken out between the output terminal pair 14 and 

15. 

The level shift circuit 12 and output stage circuit 13 

constitute a feedback circuit in which an output voltage of 

the current mirror circuit llb is fed back to.the gate of 

the transistor MlZ of the differential pair circuit so 

that the ratio of the drain currents ID!l and ID12 of 

respective transistors Mll and KlZ becomes equal to.the 

mirror ratio of the current mirror circuit llb. The level 

s~ift circuit 12 and output stage circuit 13 of this second 

embodiment constitute a feedback circuit as the level shift 

circuit 2 and output ~tage circuit 3 of the first 

embodiment. but being different therefrom in that the 

circuit of · the first embodiment feeds back the output 

Voltage thereto so that the drain currents IDl and ID2 of 
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the transistors Ml and M2 are made equal to each other. 

The feedback circuit is not limited to the circuit 

shown in Fig. 7, but any other types of circuit may be used 

if they effect the same feedback operation as above. 

Next. the operation of the temperature sensor circuit 

of this embodiment will. be explained below. 

Since the ratio 6f the gate-width and gate-length of 

the transistor Ml and that of the transistor M2 of the 

transistor uair Ila is l:Kl, the drain currents IDll and .. · -
ID12 thereof can be expressed by the following equatio_ns 

(31) and (34). ·respectively. In addition. the relationship 

between the.drain.currents IDll and iD12 and the constant 

current !10 can be expressed by:the follo~ing equation (33). 

and the output voltage · (input offset voltage) VOUT of this 

temperature sensor circuit can be expressed by the foilowing 

equation (34); 

!Dll = ,82(VGSl!-VTH) 2 ••••..• (31) 

IDI2 =Kl· ,8 2(VGS12-VTH) 2 •••.••• (3 2) 

IDll + ID12 = I!O ........ (3 3) 
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VOUT = VGS!l - VGS12 •••••• (34) 

Where VGSll is a gate-to-sourc~ voltage of the MOS 

transistor Mil, VGSI2 is a gate-to-source voltage of the MOS 

transistor Ml2, and YTH is the thresho1d voltage thereof. 

Also, if the mobility is expressed as µ .. and the gate oxide · 

fil~ capacity is expressed as Cox, the transconductance 

parameter f3 2 in Eqs. (31) and (32) can. be shown as follows; 

. 8 2 = µ. (Cox/2) · CWP/Ll l) •..•.. (35) .. 

Since the mirror ratio of tha transistors M13 and Ml4 

of the current mirror circuit !lb is K2:1, the differential 

transistor-pair Mll and M12 is subjected to the feedback 

control_ so as to satisfy the following equation (36), or 

IDll = K2· ID!Z ······(36) 

Hence, from Eqs. (33) and (34), the drain currents IDll 

and iD12 can be expressed in terms of the mirror ratio K2 

.and tne constant current IIO as follows; 
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IDll = {K2/(K2+1)}·Il0 •••••• (37) 

iD12 = {l/(K2+l)}·I10 ••••• ~- (38) 

Accordingly, from Eqs. (31) and (37), the following 

equation (39) can be obtained, and from Eq. (39), the 

following equation (40) can be obtained; 

{K2/(K.2+1)} ·IlO = f3 2(VGS11-VTRF .••.••. (3 9) 

.. ,,_.\ . 
... :· 

VGSll - VTH = (rlO/ ~ 2)1/2 
• {K2/(K2+1)} 1

/
2 

• • • • • • (40) 

Similarly, from Eqs. (32) and (38), the fol!o~ing 

equation (41) can be obtained, and ·from Eq. (41), .. 
tne 

following equation (42) can be obtained; 

. (1/(K2+1)}·i10 = Kl·,82(VGS12-VT!f) 2 ······(4i) 

V.GS12 - VTH = (I!O/Kl·.82) 1
/

2 {1/(K2+1)} 1 / 2 ·····(42) 

. As a result, Eq. (34) can be expressed as follows: 
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VOUT = VGSll - VGSlZ 

= (i 10/ fl 2) l/z • (K2/(K2+1)} 1 / 2 

X [1- fl/(Kl·K2) 1
/

2
}] 

= (1/µ 1 / 2 )·(2Il0/Cox) 1 / 2 • {1/(ifll/Lll) 1
/ 2 } 

X {K2/(K2fl)} 1 /
2 ·[l- 1/(Il·K2) 1

/
2 J 

••a••••(43) 

It can be seen from Eq. (43) that the output voltage 

YOUT (input offset voltage of the transistors Mll and 1!:12) 

is varied inversely proportionally ta the square root of the 

mobility µ. . 

The mobility µ is a function of absolute tempe:rature 

1'. Thus, the mobility µ.(Tl) at Tl and the mobility µ. 

(T2) at T2 can be related as follows; 

{ µ (T2) Iµ (Tl)} = (T2/Tl)- 3 / 2 ·······(44) 

··.":: ... 
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As a result, the output voltage VOUT can be expressed in 

terms of the mobility µ (TO) at the reference absolute. 

temperature TO as follows;' 

VOUT oc {l/µ(1)} 1 / 2 = {1/µ(T0)} 1 /
2 •(T/TO)a/"····(45) 

This -eouation is eaual to Ea. (22) in the first embodiment. - . -
Fig. 8 graphically shows the relationship expressed by 

Eq. (45) as TO = 300K, which sho"s that the output voltage 

VOUT is nearly proportional to absolute temperature T. 

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

be obtained, and if Kl = 1. the following equation (47) c~1 

be obtained; 

(VOUT).u-1. = (II0/2·.82) 1
/

2 ·(1 - l/KP/ 2
) ·······(46) 

(VOUTha-1 = (ilO/ .B 2)1/ 2 -(K2/K2+1)1/:2
• (1 l/K2 1 / 2 ) 

•••••• ( 4 7) 

- 31 -
-------- -----



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

equivalent with respect to Kl and K2. but if K2 > l, the 

following equation (48) can be obtained: 

1/2 1 / 2 = 0.7071 < {K2/(K2+1)} 1 /~ < 1 •••••• ( 4 8) 

in Eq. (48). a value of {K2/(K2+1)} 1 /
2 is subjected to 

square root compression with respect to the variation of the 

value of K2 thereby to show the range of variation shown in. 

Eq. (48), ~hich means that this variation range becomes 

smaller than thaf of K2. As a result, if Ki > l and K2 > 1. 

from Eq. (43). the output voltage vOTIT c~rr be roughly 

estimated to be determined by the inverse number of the 

square root of the product of° Kl and K2. O.L- !1/nn.n)'11/2 
\.-1 \.-- -""' • 

This means that such a -circuit that ~enerates the output 

voltage VOUT (offset voltage) through tno tra2sistor pairs - "' 

(YJl and Y12) and (Ml3 and Ml4) as in· this embodiment is 

more effective than such a circuit that generates it through 

only one transistor pair (Mll. and Ml2), for example, 2s in 

the first embodiment. Further this means that the san:-e 

output voltage VOUT can be realized by usi~g smaller-sized 

transistorst thus being capable of adva~tageously making the 
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chip area smaller. 

As explained above. the temperature sen~or circuit 

according to the second embodiment makes it possible to 

obtain a voltage proportional to a temperature between the 

two input terminals of the transistor pair Mll and Ml2, 

which means that the temperature sensor circuit of a 

differential output type· can be realized on a CMOS 

integrated circuit by using complementary MOS transistors. 

[Third Embodiment] 

Fig. 9 is a circuit diagram of a constant-current 

circuit according to a third embodiment of this invention, 

which comprises two n-channel MOS transistors M21 and M22 

and two p-channel iOS transistors K23 and M24: 

ln Fig. 9, the source of the n-channel YOS transistor 

Y21 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 an4 drain thereof are connected 

through the resistor R21 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 M24, and 

the gate thereof is connected to the drain of .... 1.n-s transistor 
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i21. The transistors M21 and M22 constitute a peaking 

current mirror circuit. 

The drain of the p-channel MOS transistor M23 is 

connected through the resistor R21 to the drain of the 

transistor M21 and connacted directly to the gate of the 

transistor Y21. The drain of the p-ch~nnel MOS tra~sistor 

ll24 is connected directly. to the drain. of tb,_e transistor 

Y22. The gates of the transistors M23 and M24 are connected 

in common to each other to be connected to the drain of the 

transistor M24. The drains of the transistors M23 and M24 · 

are applied with a constant voltage VDD. The transistors M23 
····f 

and M24 constitute a simple current mirror circuit to drive 

the .transistors Y21 and M22. 

In this embodiment, the capacity ratio of the 

transistors M21 and ¥22 to·be driven, or the gate-width and 

gate-length ratio (i/L) is l: 1, and on the other hand, the 

capacity ratio of the transistors M23 and M24 constituting 

the current mirror circuit is ml:l (ml> i, or ml< 1). As 

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

M21 and.that of the transistor M22 when operating becomes 

ml:l. 

Here. i~ Fig. 9, when all the transistors ~21, M22, H23 
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and M24 are operating in the saturation region. if a gate­

to-source voltage of the transistor M21 is expressed as 

VGS21, that of the transistor MZ2 is expressed as YGS22, 

a threshold voltage thereof is expressed as VTH and 

a trar,J.sconductance parameter ther~of is expressed as f3 3. a 

driving current 121 of the transistoi Y21, a driving 

current 122 of the transistor M22. · and the difference 

between the gate-to-source voltages VGS21 and VGS22 of 

respectiYe·transistors M21 and M22 can be respectiYely 

expressed as follows; 

i2 l = f3 3 (VGS2 l-VTH) 2 .•••••••• ( 51) 

I22 = P' S(VGS22-VTH) 2 ••••..••• (5 2) 

.· 

VGS21 - VGS22 = R2l·I21 ••••.•••• (5 3) 

Tfo~: · cap'aci ty ratio of the tr2.nsistors M2 3 and .M24 

constituting the current mirror circ.uit is mi: l. so that the 

driving currents !21 and ·r22 respectively outputted from the 

transistors M23 and Y24 are reiated to each other as 

follows; 
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121 = ml·f22 ········(54) 

As a result. by solving Eqs. (51) and (52) with respect 

to VGS21 and VGS22, respectively, and substituting them fo~ 

those in Eq. (53), the following equation (55) can be 

obtained; 

VGS21 - VGS22 = (l2ll/2 -I22 1 / 2 )/f]3 1 /
2 = R21·!-21 

..••..•.• (55) 

From Eqs. (54) and (55), the following equation (55) 

can be obtained, and by arranging Eq. (56), the following 

equation (57) can be _obtained, and finally, the following 

equation (58) can be obtained; 
·····.··-· 

i2l1/2 
- (I2I1/ 2 /ml) = p3 1 /

2 ·R2l·I21 •••••• (56) 

i2l1/ 2 = (l-l/ml1/2 )/(p3 1 / 2 ·R21) •••••• (58) 

-------- ----"----
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!.ccordingly, the driving currents 121 and I Z2 cau be 

respectively expressed as follows; 

121 = {(ml1/ 2 -1)/ml1/2 } 2 • {1/(,8 3•R21 2
)} •••••• (5 9) 

122 = ml{(m!1/ 2-l)/ml1/2
}

2
• {l/({3 3·R2!2)} •••••• (6 0) 

Eqs_ (59) and (60) each does not include the constant 

voltage VDD and· the tbreshold voltage VTB. From th!s fact, 

it can be found that if all the .transisto~s M21, Y22. H23. 

and Jl24 a.re being operating in the saturation region. .... _. the 

driving currents 121 and 122 respectively have no effect by 

their variations_ As a result, the circuit shown in Fig. 9 

~akes it possible to stably supply a constant current at a 

practical operation level_ in addition, if a circuit is 

~rovided which takes out the driving currents 121 and 122 as 

its output current,· it can be driven.· 

[Fourth Embodiment] · 

Fig. 10 is a circuit diagram of a· constant-current 

circuit according to a fourth embodiment o~ this invention, 

which comprises two p-channel MOS transistors Y31 and M32 . . 
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and two n-channel YOS transistors Y33 and y34· constituting 

a current mirror circuit for driving the transistors Y31 and 
. . 

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

-p-channel MOS transisto"ts Y31 and M32 are used·instead of 

then-channel KOS transistors M21 and MZ2, and the n-channel 

YOS transistors M33 and M34 are used instead of the p-

channel MOS transistors M.23 and·YZ.4 in the circuit of the 

third embodiment. 

The source of the p-channel MOS transistor H31 is 

applied with a constant voltage VDD. the drain thereof is 

connected . through . a resistor R3 l ·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 applied with 

the constant voltage VDD, the· drain thereof is connected 

directly to the drain of the n-channel MOS transistor M34. 

and the gate thereof ~is connected directly to the drain of 

the transistor K31. The transistors M31 and M32 constitute 

a peaking current mirror circuit. 

The source of the n-channel MOS transistor ~33 is 

·directly grounded, and the drain thereof is connected. 

through the resistor R3 l to the drain of the transistor !l31. 
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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 M32. The gates.of the transistors 

M33 and Y34. ~re connected in comm.on to each other to be 

connected to the drain of the transistor M34. The 

transistors M33 and Y34 constitute a simple current mirror 

circuit for driving the transistors M31 and Y32. 

In this fourth embodiment, the capacity ratio (W/L) of 

the transistors M31 and Y32 to be driven is 1:1, and that of 

the transistor& M33 and M34 is m2:1 (m2 > 1, or m2 < 1). As 

a result, the ratio of the driving current of the transist0r 

M31 and that of the transistor M32 when operating 1becomes 

m2:1. 

in this embodiment, the transistors to be used are made 

inverse in channel pblarity to those to.be· used in the third 

embodiment thereby to be operated similarly thereto~ so that 

Eqs.~(51) to (SO)·already discribed in the third embodima~t 

can be similarly established, which means . that the sa::-s 

characteristics as those of the third embodiment ~=e 

obtainable. 

[Fifth Embodiment] 

·: ~ -
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Fig. 11 is a circuit diagram of a constant-current 

circuit according to a fifth embodiment of this invention, 

whi~h is equivalent in structure to the circuit oi the third 

embodiment showing in Fig. 9 modified such that the resistor 

R21 between the gate and drain of the transistor K21 is 

removed therefrom and the resistor R21 thus removed. is 

inserted between the source of the transistor M22 and the 

ground. 

In Fig. 11, the sdurce of an n-channel MOS transistor 

M41 is directly grounded, the drain thereof is connected to 

the drain of a·p-channel MOS transistor M43, and th-e gate 

and drain thereof are connected to each other. The source of 

an n-channel YOS transistor Y42 is· grounded th~ough a 

resistor R42. the drain thereof is connected to the drain of 

and.th& gate thereof is 

connected to the drain of the transistor M41. The· 

transistors M41 and M42 constitute a Widlar current mirror 

circuit. 

The drain of the p-channel MOS transistor Y43 is 

connected directly to the drain of the transistor M41. The 

drain or the p-channel MOS transistor M44 is connected 

directly to the drain of the transistor Y42. The gates of 
..... 
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the transistors Y43 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 M44 is applied 

with a constant voltage· VDD. The transistors M43 and M44 

constitute a simple current mirror circuit for driving the 

transistors Y41 and M42. 

In this fifth embodiment. the capacity ratio of the 

transistors M41 and Y42 to be driven is 1:1, and the 

capacity ratio of the transistors Y43 and ¥44 constituting 

the current mirror circuit is m3:1, (m3 > 1. or m3 < i). As 

a result, the ratio of the driving current o~ the transistor 

M41 and that of the transistor M42 when operating becomes 

m3:1. 

In the circuit shown in Fig. 11, if all the transistors 

M41. M42, Y43 and Y44 a:re being opera:ting in the saturation 

region, the driving currents I41 arid !42 of the transistors 

M41 and M42 can be expressed by the follo~ing equations (61) 

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

(52). and the gate-to-source voltages VGS41 and VGS42 of the 

transistors Y41 and M42 can be related as expressed by the 

· following equation (63); where fJ 4 shows a transconductance 

parameter of the transistors, 
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I41 = f3 4(VGS41-VTH) 2 ••••••• (61) 

I 42 = {3 4 (VGS42-VTH) 2 ••••••• (62) 

VGS41 - VGS42 = R42·I42 ····~··(63) 

The capacity ratio of the transistors M43 and M44 is 

m3:1. so that the driving currents I41 and I42 

res~ectively outputted from the transistors M43 and M44 c~1 

be related as follo~s; 

I41 = m3·I42 · ••••••• (64) 

By solving Eqs. (61) and (62) with respect to VGS41 a~a· 

VGS4Z. respectively, and substituting them for those in Eq. 

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

VGS41 - VGS42::: Ci·H 1
/

2 -I42V 2 )/P4 1
/

2 = R42·I42 

•••••• "-(65) 

From Eqs. (64) and (65), the following equation (66) 

can be obtained. and by arranging Eq. (66)", the followit::g 

·.:'::' 
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equation (67) can be obtained, and finally, the following 

equation (68) can be obtained; 

········(66) 

••••••• ( 6 8) 

Accordingly, the driving currents 142 and !41 can be 

respectively expressed as follows; 

........ (69) 

-· ••••••• (70) 

Eqs. (69) and (70) each does not include the constant 

voltage VDD and the threshold voltage VTH. From this fact. 

it can be found that the driv1ng currents 141 and 142 have· 

no effect by their variations. As a result, the circuit 

shown in Fig. 11 also makes it possible to stably supply a 

constant current at a practical operation level. The driving 
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currents !41 and I42 can be taken out in the s·ame ~ay as in 

the third embodiaent. 

[Sixth Embodimeat] 

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

circuit according to a sixth embodiment of this invention. 

which comprises two p-channe: HOS transistors M51 and M52. 

which are equivalent to the ~-channel MOS transistors K41 

and M42 of the fifth embodi~ent. and t~o n-channel MOS 

transistors M53 and M54. which are equivalent to the_p­

channel MOS tra~sistors M43 and M44 of the fifth embodiment. 

In Fig. 12. the source of the p-channel MOS transistor 

M51 is directly applied with a constant voltage VDD, the 

drain thereof is connected to the drain of the .n-channel MOS 

transistor M53, and the gate. a~d drain thereof are connected 

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

M52 is applied through a resistor R52 with the constant 

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

the n-channel MOS transistor M54. and .the gate thereof is 

connected · to the source · of the transistor M51. The 

·transistors M51 and MSZ constitute a Widlar current mirror 

circuit. 
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The source of the n-channel MOS transistor M53 is 

directiy grounded, and the drain thereof is connected 

directly to the drain of the transistor MSl: The source of 

the n-channel MO.S transistor M54 is directly grounded, and 

th.e. drain thereof is connected to the drain of the 

transistor M52. The gates of the transistors K53 and M54 are 

connected in common to each otner to be connected the drain 

of the transistor 54. The transistors ~53 and M54 constitute 

a simple curreut mirror circuit for driving the transistors· 

MSl and M52. 

this embodiment, the capacity ratio of the 

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

capacity ratio of the transistors M53 and M54 constituticg 

the simple current mirror circuit is rn4:1 (B4 > 1. or 

m4 < i). As a result, the ratio of the driving current of 

the transistor M51 and that of the transistor M52 when 

operating becomes m4:1. 

In this sixth embodiment. the transistors to be used 

are made inverse in channel polarity to the corresponding 
-· 

ones in the fifth embodiment thereby to be operated 

similarly_ thereto, so that Eqs. (61) to (70) already 

discribed in the fifth embodiment can be similarly 
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established, which means that the same characteristics as 

these of the fifth embodiment are obtainable. 

As described above, in each of the constant-current 

ci~cuits according to the third to sixth embodiments of this 

invention, .. ,-two MOS transistors ·to be driven are operated at 

a ~orrstant current ratio, thus being capable of generating 

dri·;ing currents with no '"effect by the variation. of the 

source voltage and the dispersion of the th:resh_old voltage. 

Accordingly, the dispersion of an output current can.be m~de 

sma 11 • ' - '- .&. wnn :respec 1. 1.0 the deviation in production and yet, 

current can be set indepedently of the threshold 

voltage. Consequently. a constant-current 'circuit adapted to 

be used for ma.king a CMOS integrated circuit. 
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iHAT IS CLAIMED IS: 

1. A temperature sensor. circuit comprising: 
--· .. ~~~ 

a diiferW~tial pair circuit which comprises a first MOS 
-~ 
~--'? 

transistor a ·a a second MOS transistor which are different 
::r~: 
'/;. .; 

in gate-w-idth.=a:i.~nd gate-length ratio from each other, a load. 
::: .. ;.: 
·; .. ~ 

circuit of bo~~ said first and second MOS transistors. and a 

constant curr~~f source for driving said first and second 
1 •• ; 

"O" .._ . ... ·-·-. . d 
~ ~ L!anslSLog;~: an 

a feedba~ circuit ohich receives an output voltage of 

said differe~\ial oair circuit from a drain of one MOS 

transistor of I:faid ~ifferential pair circuit and feedback-
~. ·. ·-. 

t 1 • ...,. · • • -./! .._ • 1 • • • t .o:::o -L· ha"'-L ., dra il"' CO!l !O_S Salr:··i QlI~eren Lla-. pa1r ClICUl ~ co. .....,. 

current of said first MOS transistor and that of said 

secon~ MOS trlf~istor are made equal to.each other . 

... ,., 
:~ 

2. A tempera~¥-~re sensor circuit as claimed in claim I, 
g.~ 

wherein the ~irst MOS transistor of said differential pair -· . ~;-~ 
circuit has a~gate connected to one terminal of a output 

. "iJ . : . 
terminal pair ·:of said temperature sensor circuit to be 

~ • 
applied with f. * reference voltage, and the second MOS 

k~ 
transistor tliereof has a gate connected to the other 

·~ 

·- ~------

·~ . i:· 
:r . 

. f~· . .. . 
'· 
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t~. 
termin?l of s~id output terminal pair tb•reof to receive a l.· .. 

feedback volt~~e from said feedback circuit. 
r:~:: 
f~-~; 
r·-· 

3. A temper~ture sensor circuit as claimed in claim 1, 
~~-

wherein saidfr. road circuit comprises a current mirror 

circuit. 

4. A temper~ture sensor circuit as claimed in claim 3, 
t: 

whe-rein said[~ur:rent mirror circuit has two MOS transistors 
I"··· 
,::·{~~ 

equal ln gatetw.idth and gate-length ratio to each other. 
t:; -; , ... 
~--__ : 
f::: '. 

5. A tempera~~re sensor circuit comprising: 
:·:~:--•··· a differential oair circuit haYing two MOS transistors 
~::. : .. 
I: 

different ink~~te-~idth ~nd. gate~!ength ratio from each 
~~ . 

other to be dtlven through a constant current source; F : 
a current.·~ mirror circuit· having · two MOS transistors 

1-::. 
~--

different _int:~ate-width . and gate-length ratio from each. 

other and c&ft~tituting a load of said differential pair 
r~;~· 

circuit;. and rf~·, . . k--·--a feedbaJl.: circuit for feeding back an output of ·said 
1~: . 
l':.-

current mirr\~{ circuit to a ·gate of one of the two MOS 

transistors of~~said differential pair circuit in order that 
1r1 
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a drain curre~~ ratio of said differentiai pair circuit is 
;;.. 

made equal to~~ mirror ratio of said curient mirror circuit. 
i~~;: 

6. ! 

wherein 

:' :"': 

?=: .. 
,,· .. 

temper;ture sensor circuit as claimed in claim 5, 
~ .. 
F::· . 

saidffeedback circuit comprises a complementary 
ff. 
if 

circuit using~~· two MOS transistors different in polarity 
~ ... 
:..: 

from each other. 

L 
' 

·1. A constant-current circuitpcomprising: 

a first MOS transistor; 
!: .. 

~~ 
a secondf.M:OS transistor; arid ,. 

;,:!. 
a curren ~~mirror circuit comprising tno MOS transistors 

i~~ 
different in ~gate-nidth and gate-length ratio from each 

~;::. 
~. :.· 

other, ·- ·.· 
: .... 

·wherein :~~id first MOS· transistor has a drain and 
\-=::~ 

a· gate connect~d through a resistor to each other and is 
l··= r::· 

supplied throub~h said resis~~r with a driving current from 

one MOS tral~Istor o:f said current mirro!- circuit, said 
L· 

second MOS ttansisto:r has a gate connected to the drain of 
t··-

said first Kol.itransistor and a drain directiy receiving the 

driving currf~~ from the . other MOS transistor of said 
~'-·:.: 

• f·:·. -; • • .r. h b • bl • d ·current mirrol';!ucui., t us e1ng capa e of operating sai 
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first and second MOS transistors at a constant current 

ratio. 

8. A constant-current circuit as claimed in claim 7, 

wherein said first and second MOS transistors are equal in 

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

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

wherein said first and second MOS transistors are different 

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

10. A constant-current ·circuit as claimed in claim 7, 

wherein said first and second MOS transistors and the two 

MOS transistors constituting said current mirror circuit are 
! 

different in polarity from each.other. 

11: ! constant-current circuit comprising: 
.. __ .... 

a first-MOS transistor; 

a second MOS transistor; and 

a current mirror circuit comprising two MOS transistors 

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

other. 
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wherein said first MOS transisto~ has a drain and a 

gate connected directly to each other and receives a driving 

current directly from said· current mirror circuit. said 

second KOS transistor has a source connected to a resistor 

and a gate connected to the drain of said first MOS 

transistor and a drain directly receiving the driving 

current from said current mirror circuit, thus being capable 

of operating said first and second MOS - transistors at a 

constant current :ratio. . 

12. A constant-current circuit as claimed in claim 11. 

wherein · said first and second ~OS transistors are equal 

in gate-width and gate-length ratio to each other_ 

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

wherein said first and secohd MOS transistors are different 

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

l·L A constant-current circuit as claimed in claim 11, 

wherein said first and second YOS transistors and the two 

MOS transistors constituting said current mirror circuit are 

different in polarity from each other_ 
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