21050/ - 1- "A Reference Voltage Generator". The present invention rel ates
to a erence vol tage generator which is constructed of M SFETs (insul ated
gate field effect transistors). Two M SFETs whose gate el ectrodes are
made 5i mat eri al s having work functions different from each ot her
exhibit threshold voltages different fromeach other. The difference

bet ween the threshold voltages of the two M SFETs becones equal to the o
di fference of the work functions of the gate electrodes in the 1 -
respective M SFETSs. The threshold voltage difference can be ut_§|19510£2a
reference vol t age. Since the reference voltage thus obtained has its

val ue determ ned by the work function difference of the two gate

el ectrodes, it is less |liable to be influenced 15 - by bad effects
attributed to dispersions in the characteristics of the circuit el enents.
Accordingly, when fabricated in the formof an integrated circuit, a
reference vol tage generator ~ -2- utilizing the work function difference
produces a reference voltage of conparati ¥eky precise value in spite of
conparatively great dispersions in the characteristics of various circuit
elenments in the 5 integrated circuit.

"A Reference Voltage Generator".

- The present invention relates to a reference
voltage generator which is constructed of MISFETs
(insulated gate type field effgct transistors).

Two MISFETs whose gate electrodes are made of

5 materials having work:functions different from each
.other exhibit thre#hold-volt;gea different from each
other. The difference betweén the threshold voltages
of the two MISFETs becomes equal to the difference of
the work functions of ghe Qate electrodes in the

10 respeétive-MISFETs. The th;eshold voltage difference
can be utilized'as a reference voltage. Since thé
.reference voltage thus obtained has its valué
determined by the work function difference of the two
gate'electrodes; it is less liable to be influenced

15 by bad effects attributed to dispersions in the

characteristics of the circuit elements.

Accordingly, when fabricated in the form of

an integrated circuit, a reference voltage generator



SN

As’ a result of research, we have discovered that the reference voltage .
exhibits a tenperature dependence and a supply vol tage dependence whi ch

not negligible. 10 : It is accordingly an object of this

i nvention to provi de a reference voltage generator which produces a
reference voltage of stable level irrespective of tenperature fluctuations.
According to the present invention there iS,15 provided a reference
vol t aJé generator including: (a) an output fermnal; (b) a first M SFET
which is supplied across its gate and source with a voltage between said

output terninal anfkifli2iRgoOse ROHO £@ich Yo Ci PFOFMRES Prdfucesdiai n -

source current of a |level corresponding to the voltage supplied across - -said

gate and source: (miferdnce voltagé GEEsmpargtiveéby Préebfes ovsl bbasn
currents whi ch have | evels proportional to the drain - source current of
said first M SFET;s@ite of comparativély agresondispé&rsiondiih thhe a drain -
source path coupled between a first node and said reference point, and a
gate coupled to achavacteristics tof various cixruit pelémémtsgisupinéi ed
with said fiyst bias -3-_current; and (e) a third M SFET which has a
gate coupl ec#to sdintegrated gircyitour ce coupl ed to sai d out put

As a result of research, we have discovered
that the referenge voltage exhibits a temper#ture
dependence and a'supply voltage dependence which are
not negligible. |

10 It is accordingly an object of this invention
to provide a reference voltage generator which produces
a reference voltage of stable levéi'irrespéctiﬁe-of
temperature fluctuations. |

According to the present invention there is

15 provided a reference voltage generator including:

(a) an output terminal:

(b) a first MISFET.which_iﬁ supplied across
its gate and source with a voltage between said output
terminal and a reference point and which produces a’

20 ‘drain -~ source current of a level corresponding to the
vdltage supplied across said gate and sourcé:

(c) .a bias circuit gengrating first and

' second bias currents which have.levels proporticnal to
-the'drain - source current of said first MISFET:
25 .(d) a second MISFET which has a drain - source
path coupled between a first node and.said reference
point,'ahd.a gate coupled to a drain thereof; the

drain -~ source path being supplied with said first bias



termnal, and a drain, whose threshold voltage is nade 5 a value smaller
yat of said second M SFET and whose drain - source path is supplied
i d second bias current; whereby a voltage which corresponds to a ;
gnce between a threshold voltage of said second*10 M SFET and 't hat of
Wird MSFET is supplied fromsaid third M SFET to said out put
termnal. The present invention.wj l. now be described in greater detait _py
way of: exanples with reference to the acconpanyi ng draw ngs, wherein:- 15
Figure 1 iscargeentyi and agram of a known reference vol tage generator;
Figure 2 is a diagramshow ng the energy gap E of silicon and the
t enper at ure dependencd et)har edfird MISFET ghic has aa dyaige acowpiad ng t he
tenperature 20 characteristics of.- the Ferm |evels of n-type silicon and
p-type sili tonsaih fiimsdr nodedens istiveseassquplatkiter ssafd gomeput is a circuit
diagramof a first preferred formof a reference voltage generator; Figures
5A and 5B atermasgilonaindyideiyradm o Wwinse ddinesheld veMge GsAafdges 6, 7
“and 8 are circuit diagrans -each show ng. second, third and fourth
‘embodi ment s3palue. gmajd legs &hane &had SajchetaqRd MISFET and

whose drain - source path is supplied with said second

bias current;
whereby a.voltage which corréspondé to a
_ difference between a threshold voltage of said second
10 MISFET and that of said third MISFET'is suppliéd
from said third MISFET to séid oﬁtpﬁt ferminql.

The present invention will.néw be aeséribed
in greatef detail by way o£ examples with_feference to
the accompanying drawings, wherein:—

15 Figure'l is a circuit.diagrém of a known
reference volﬁa§e generator; |

Figure 2 is a diagram showing the energy gap
Eg of silicon and the temperature.dependence thereof;

| Figure 3 is a diagram sho&ing the temperéture
20 characteristics of the Fermi ieveis of n-type éilicon_
and p-type silicon with impﬁrity densities as barameters;

Figure'4 is a circuit diééram_of A first

| preferred form of a reference vbltage generator;
Figures 5A and 5B are sectional viéws of a
25 fraction of a CMOS IC; o
| 'Figures.G, 7 and 8 ére dircﬁit diagrams

each showing second, third and fourth embodiments of



Figure 9 is a graph showing the characteristic curves of the circuits i/
Figure 1 and Firgure 4; Figures 10A, | OB and 10C are circuit diagrans
each showing a current mrror circuit; Figure 11 is a circuit diagra :
battery checker:- Fi.guré 12 is an operating waveform di agram of the c dat
in Figure 11; and. 10 - Figure 13 is a circuit diagramof a
fifth enb enbodi nrent of a reference voltage-generator. Qur previously known
ref er'erice vol tage generator is shown in Figu#e~1l. The reference voltage
generator conprises 15 a circuit B which delivers a reference voltage
[err] and a circuit A which delivers a bias voltage V to be suppli-ed to the

circuit B. In the 3iTThfTeRCe VQLFA9Q1ISNRFAFAE! type M SFETs [err] and

h t hei t | ectr : 20 f I talli il .
oyl s of conduct Pl by tyoe EESERT TS 1% & gk hpving Bhe | SRafagt eflpic
: h it t - i Pl
ayer anilst the rore A Gty i fed WG 0e VE Rl Selaieeyt | UO0
pol ycrystalline 25 sili C%Wé‘g .15|jb'e 168 edsdcfo o;fg?lgi%ﬁé{l éf%gleams

delivered fromthe circuit B has a value which is close
5 each showing a current mirror circuit;.

Figure 11 is a circuit diagram of a battery
checker: |
Figure 12 is an operating waveform diagram
of the circuit in Figure 1ll; and. |
10 _ Figure 13 is a circuit diagram of a fifth emb
~ embodiment of a reference voltage generator.
‘Our previously known reference vbltagé'generator
is shown in Figure 1.
The reference voltage generator comprises
15 a circuit B which delivers a reference voltage Veefa’
and a circuit A which delivers a bias'voitége vrefl
to be supplied to the circuit B.
In the circuit B, a pair of p-channel type
| MISFETs 014' and le' have their gaté electrodes made
20 | of po;ycrystalliné'silicoﬁ layers of éonduétivity type
opposite to each other. That is, the MISFET'QI4'
has ita gate electrode made of an n-type
polycrystalline silicon 1ayer,'whils£ thg MISFET.lef
‘has its gategelectrdde made of a p-type polycrystalline
25 “silicon layer. |

The reference wltage V., to be delivered

from the circuit B has a value which is close to the



iIce (Mthl WVth2) between the threshold voltage Vthl of the M SFET
t'hreshol d voltage Vth2 of the MSFET [err] Since the threshold
ygjdi fference ([err]) becones equal to the 5 di fference between .

~ i |evel of the n-type polycrystalline silicon'layer and that of the
p- type pol ycrystalline silicon |ayer, the reference voltage [err] is at a
value close to the Ferm I|evel difference between the n-type 4b;,
pol ycrystalline silicon |ayer and 16 5 = the p-type . polycrystalline
silicon |ayer. In the case where a conductivity type-determ ning
impurity in gpefefénéde(: ipe vgl¥¢ruétabbhnehalhheeahbauer and the p- type
polycrystalline silicon I i sthe hi gh density of, for exanple, [err]
or above, l5voltdde Feh#no Sf‘ETeogg bandmehea thzleshodldose to the
- band gap of silicon. n this case the Urfference voltage Vref2
accor di ngl y veltage Vgl yecof| the MISFET Qapd. .gapSéhcei ktheokhrgisboddt put
voltage Vref2 is stabilized 20 - |rrespect|ve of tenperature fluctuations
" and supply woltage fdi€ferenens(¥g, it Vpgad XPFQPNGG SaMad. tPhé&hgand gap of
‘silicon has a tenperature dependence. -The physics_of sem conductors is

vel | khown f4fS eFRnee Betyesn: Fhe E?rﬂﬁbrPﬁﬁileﬁstQE n~tYPLi | abl e, one of
th t t ' Ph S duct De by S.M
e s | Thart ARl CIEE 451 LN S LaTeR L RETRRR U S B 558 Y

polycrystalline silicon layer, the reference voltage

Veef2 is at a value close to the Fermi'level difference
‘between the n-type polycrystalline silicon layer and
10 '_the p~type polyc:ystalline gilieon layer. In the
case where a.eendnetivity type-determininé_impurity_
in each of the n-type polycrystalline silicon layer
and the p-type polycrystalline silicen layer is at a

high density of, for example, l_018 3

atoms/cm™ or above,
15 the Fermi level difference beccmes a value-clase to
the 5and gap of'eilicon. - In this case the
difference voltage V ref2 accordingly is at a value
close to the band gap,of silicon.
| : | The output voltage vrefz is stabilized
20 _'irrespective of temperature fluctuations and supply
valtage fluctuations as will be explained below.
The band gap of_silicoh.has-a tempe:ature
dependenee; ._The physics of semiconductors is
 well known_fzgm the_latge quantity of publications
25 available. one of the most important of which is.
*Physics of semiconducfor'Devices'hby S.M. SZE,
published by Jehn'Wiley & Sons in 1969, especially



-6- Chapter 2 "Physics and Properties of Seniconductors”, pp 11 - 65. Pagex
24' of the above publication indicates the relationships of several 7.}
sem conductors between the 5 band gap [err] and the tenperature, and{ s
Figure 2 of the accgnparying draw ngs reproduces the relationship of ,
silicon therefrom Likew se, the Ferm |evel of n-type silicon and that of -
p-type .silicon have tenperature dependences. 10 Figure 3 illustrates the
rel at 6nshi ps between the Ferm |evel and ghe tenperature, of n-type and
p-type silicon materials at various inmpurity densities. As will be-

(Lerr]) 15 norvebsbPRs' % PAVRScE, F8 RroplPeidaChs bml ohfiRsBra o' oo

involves the tenpﬁ agyre ggpendence, and its value decreases with a rise in
tenperature. Int vol tage generator of Figure 1, therefore, the operating
current of the MSFET Q14" pade284 oft bRk 8botBepMbSEEItien! indidhtes

del i berately unbal anced in order that a substantial tenperature
conpensati on vol t the seyabtopsntpat of bgvebalVb&éhEdondhetdks betwaén| ehe]
The current ratio between the operating current of the M SFET [err] and
that of the5M SFEBandrgap E_i andethet téfiperatureppandr Fagarealuetbyhki xi ng
the sizes of MSFETs [err] “constituting a current mrror circuit-and by
fixing the sizes 3FCAMSAREYingedrpwings| teproduaesi thei nglatdonshipuefent

mrror circuit. _ _ '
j silicon therefrom. '

' Likewise, the Fermi level of n-type silicon and
that of p-type silicon have temperature dependences.

10 Figure 3 illustrates the relationships between the Fermi
level and the temperature, of n-type and p—tfpe silicon
materials at various impurity densities. |

As'will be understood by referring to Figure 2
and 3, the threshold voltage difference (Vi , - Vyp,)

15 between the MISFETs Q,,' and Q,;' shown in Figure 1
involves the temperature dependence, and its value
decreases with a rise in temperature.

In the voltage generator of Figure 1,
therefore, the operating current of ﬁhe MISFET 014‘ and

20 that of the MISFET Q,.' are deliberately unbaiénced in
order that a aﬁbstantial temperature compensation
voltage may be generated by.ﬁhe MISFETs Qi4' and Q,5"'.
The current ratio between the operatihg currént 6f
‘the MISFET Q' and that of the MISFET Q, ' is set at

25 an appropriate value by fixing the sizes of
MISFETs Q,,' - Q,,' constituting a current mirror
circuit and by fixing the sizes of MISFETS'Qlé' and

017' constituting another current mirror circuit.



The reference voltage generator shown in Figure 1 is also provided with a
cirggit simlar to the circuit B, that is, the circuit A conprising M SFETs

[ er] '3‘! in order to reduce the supply voltage 5 dependences of the input
cur ts of the current mrror circuits conprising the M SFETs [err]. I'n
the~ircuit A the operating currents of the M SFETs [err] and [err] are
equal i zed.  Since the operating currents pf_the p-channel type M SFET Q.
wi tha gate el ectrode 10 made of an n-type polycrystalline silicon |ayer
and the p-channel type M SFET [err] with a gate el ectrode nade of a

p-type pol ycrystal | i ne e rafienence Yﬂkﬁagﬁkgﬂnﬁkaiﬁxf&hnwnoimeri t?e" e
out put voltagg'vrefl f the circuit A consequently becones a constant val ue
15 f f eCEEYFBy If ﬁ'ﬁ‘cﬂgﬁq Frovideqd yuith a qhzcwlfersimilar Heo the
curren?ga\/vhie g rsyd | gr&cj frorg}ﬁthe M SEETs [err] , ,andl&:[esrkr\# in the
circuit A ha\% r?pﬁg-t a-té: _ _é'.‘t‘o] %&jlﬁﬁ‘tj%téll I: %’d’tﬁ)ll : 'f’ﬁgengD.
That is, thegoutpup vol t; ¢f= |$[ e a value eqgual to 2

di fference -bgﬂ-ﬂeenbtlﬁe' Igglr m él\[’/e{:las.sz'(%d‘ﬁqﬁy ?sﬁ‘m_ B, ?ﬂ?ly_pedm I ![ﬁo?he _
Since gn n-c S ; [ rcali ied w
constaﬁt bi agaggﬁiggle%?/r gfl lf:g;cgr 8'??‘%%-e ga e't;dn .so%hr ceé%"gérgf, It produces

L, (R Sasa s o Ly I o
delivered frehet bérduditna,ofthiehopdrItiliy [irderti¥l of the MISFETs
014 and le are equalized. | Since the operating currents
of the p—ch;nnel_ﬁype ﬁISFET_Ql4 with”a gate electrode
10  made of an n-type polycrystalline silicon layer and the
ﬁ-channel tybe:MISFET le with a gaﬁe elect:ode:made
of a p-type polycrystalline silicon layer are made
equal to each other.'the 6utput voltage Viefl of the
circuit A consequently becomes a constant value
15 ugaffeéted by fluctuations in bias currentﬁ even when
the bias currents which a:e.delivered_fram the MISFETs
Q;, and Q3 in the circuit A have fluctuated.due to
" fluctuations in the supply voltage VDD’ Thaﬁ is, the
output voltage Veesy 18 fixed at a value equal to the
20 differen;e between the Fermi levels of n-type silicon
and.p—type silicbn. Since an n-channel type
MISFET Q,,' in the circuit B is supplied with the
congtant bias voltage Vrer] 2Cross the gate and source

thereof, it produces a constant drain current which

25 - 'is not affected by the fluctuation of the supply'

voltage V.. It was conjectured that bias currents

| to be delivered from the drains of the MISFETs le' and
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-8 [err] in response to the above referred to drain current woul d have no
supply vol tage dependence. It was consequently conjectured that the .
voltage [err] to be delivered fromthe circuit B would have no supply 5 ,
vol t age dependence. ,However, the reference voltage generator shown in _
Figure 1, requires a |large nunber of circuit constituent el enents because
it is constructed of the two circuits having arrangenents simlar to each
ot her\%=10 i.e., the circuit A for stabiBizing the bias currents
irrespective of the supply voltage fluctuations and the circuit B for
determ ning the O%S‘"t iMOkbapenke’ kb 2Rd 8bboe! rederadt eBPALALN €
conpensati on thereof. Moreover, we have di scovered that, in spite of the 15
t enper at ure conpesasrent, wblizdohapet neokupply- vodtage deperdendeuyre It
characteristic of the reference voltage generator is sonmewhat curved
upwardly as i ndi ceagdconsequencdyt epngectucredyv&hati thei goleageby way of
exanple. In other words, it was difficult to 20, satisfactorily

t enper at ur e- conpek@abe dpdiverpd: fyom she visrnisy8r wouliddbavenper suppdy
range. In ggcordanci with_the present invention, the first onée of a pair of
M SFETs endowed wPhtREr8RBPRA®BFLages different from each other is 25

di ode- connect ed. ;_Thg seco d one pf he ggir of NISEETS constiggtes a
source follower circuit whi BR"PYEE!\ 5B RBTBFEPRe, YPLEgge FePREAEPF st

M SFET. The ,shown in Figure 1, requires a large number of circuit
constituent elemehts because it is consﬁructed of the
two circuits having arrangements similar to each other,

10 i.e., the circuit A for stabilizing the bias currents
irre#pective of the supply voltage'fluctuations and
refz.
and effecﬁing the temperature compensation the:eof.

the circuit B for determining the output voltage V

‘Moreover, we have discovered that, in spite of the
15‘ temperéture compensation, the output voltage - versus -
temperatuﬁe,characteristic of the :eference voltage
generator is somewhét curved upwardly as indicated‘by
a characteristic curve L, in Figure 9 by way of
examplé. Ih other words, it was difficult to
20 satisfactorily temperature-compensate the output
voltage viefz over é wide temperature range.
| In accordance with the present invention,
the first 6ne of a pair of MISFETs endowed with
- threshold voltages different from each other is
25 | diodeéconnecﬁed. - The second one of the pair of

MISFETs constitutes a source follower circuit which

receives the drain voltage of the first MISFET. The
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-9-source of the second M SFET accordingly delivers a vol tage of a | evel
Qr.responding to the threshold voltage difference between the first M SFET

Q\ the second M SFET. A proper bias circuit for appl ying 5 bi as *

rents to the first and second M SFETs is prepared.” The bias circuit
includes a M SPET which receives across its gate and source el ectrodes, the
vol tage delivered fromthe source of the second M SFET. The bi as c'urr"' ts
to be supplied to the 10 = first and second M SFETs are determ ned by t
"M.SFET in the bias circuit. Si nce'H?ZW\/I SFET in the bias circuit has an

appropriate threshold voltage - versus - tenperature characteristic, the
threshol d volspageediofl ¢hen eedord MISRER: daqondingly alekiiverss a M SFETs or
the voltage to be delivered fromthe source of the second M.SFET is

t enper at ur e- ¥oAsageansd 2 Revel iqrynrApanding 49 rthe &hrgRlald shown in

Figure 4, it will be seen that p-channel M SFETs and n- chanpel . M SFETs
constitute cyRptagendiffexgnce (‘:'??WQ% }!ﬁ](f’ﬁﬂaty BOraRd P a single

?)Io: ;/g(r)gsfg: PP%%& F{i%%él f- |Pdﬁ$ 57 % Cl%%ﬁ%’eﬁ? |nnteh§| i con

|ayer ghich BIRKcEuIRentdd i A AACHP Yoding lsbid e M SFET QL has

.its major part ma -conductivity t _
prepared. ‘The bias circuit includes a MISFET which

receives across its gate_and source electrodes; the
voltage delivered from the soﬁrce of the second
MISFET. The bias currents to be sﬁppliéd:tb the

10 first and second MISFETs are determined by the
MISFET in the bias circuit. Since the MISFET in the
bias circuit has'én appropriate threshold voltage -
versus - temperéture characteristic, the £hreshold
VOltége difference between thé first and second

15 MISFETs or the voltage to be delivered from the source
of the second MISFET is temperatu:e-compensated.

Referring now to the first embodiment shown

in Figure 4, it will be seen that p-channel MISFETs
and n-channel MISFETs constitute complementary_

20 circuits, and thef are formed on a éingle silicon
'chip by the known CMOS IC technclogy'Whidh is
employed in the polycrystalline silicon self-alignment
technique. | | '_ | | |

A poiycryétalline #i1icon layer-which.serves_
25 - as the gate electrode of ah nechanhei MIS?ET Q, has
| ' its major part made the p+-conductivity'£ype. A

polycrystallirie _silicbn layer which serves as the gate



poTycrystaIIine silicon |ayer which serves as the gate -10- el ectrodes/~;
of* n-channel M SFETs [err] and [err] is nmade of the n -conductivity type g)é}i

simlar to the gate el ectrode of an ordinary n-channel M SFET which is
manuf actured by the_known polycrystalline silicon self-alignnent 5

t echni que. The gate el ectrodes of p-channel M SFETs [err] and [err] are
made of . a pol ycrystalline silicon |layer of the [err] -conductivity type.
The I%‘SFET such as M SFET [err] the gate -el¥xt+ode of which is nade the
opposite conductivity 10 type to the channel conductivity type thereof

is enclosed with g #Etgt Iosed
with circles, they ]%rc{a (?%setsl ngu?{s:%etg}ﬁ omh?{]s ove2 st at ed3 iﬁ%ﬁ%@ suc
M SFET [err] . The Hfdepididti ity ki dhed khe t&t&h&tﬁﬁ@n‘s.

of the other enbodinments to be describéd |later. Figures 5A and 5B show

sections of the Mc¥labs orfiiha®y Gi-chsrinele MISFET whidie is nidrufittured
crystal silicon substrate 1 which is parallel to the (100) crystal pl ane is

If ormed with a thi &y ftihel Gknownd@dliianystadhdi ire as i i cm emesl fHfa L iggrapentabout 1
m by the known | ocal oxidation technique. Those parts of the substrate 1
whi ch are nét covdeshnique.: he Theo|gates eleahaiies (9fnp-channale MESFERS i ve

regions for forntQ? .
- and Q5 are made of a polycrystalline silicon layer

of the p+-conductivity type. _
| \g;The MISFET, such as MISFET Q,. the gate
electrode of which is made the opposite conductivity
10 : type to the channel conductivity type thereof is
enclosed with a circle. Since the other usual
MISFETs are not enclosed with circles, théy are
distinguished from the ahove-stated'MISFET such as
MISFET Ql. The same notation is adopted in the
15 circuit diagrams of the other embodiments to be
desc:ibed iatef. )
Figureé 5A and 5B show sections of the
ﬁISFETa . | _
J - The major surface of an n-type single
'2d crystal silicon substrate 1 which is parallel to the
(100) crystal plane.;a formed with a thick field oxide
film 2 having a thicknegs of, efg.,_about 1l m by the
known.local oxidation technique. Those parts of
the substrate 1l whiéh_are not &ovéfed with the field
25 oxide_film 2 are nsed_as active regions for forming
the circuit elements. |

The.p—channel MISFET Q4 comprises a pf—type

Lt



he circuit el enents. The p-channel M SFET [err] conprises a p #typé
gplce region 4a and drain region 4b which are forned in the surface of the

stbAtrate 1, and a [err]-type polycrystalline silicon |ayer 7a which is -
of mdd on the surface of the substrate 1 through a gate 5, i nsul ati ng

film 6a. The p -type polycrystalline silicon layer 7a forns, the gate
el ectrode of the MSFIT 4. In the surface of the substrate 1, there ar€-
formed p-type well regions 3a and 3R &&r;forning t he 10_n¥channeI-NISF 5
[err] and 2. The M SFIT [err] conprisSés an n -type source region Sa and
drain region 5b which are fornmed in the surface of the p-type well region
3a, and ‘a posgurget EPOLAR 4B pBGndrajE TRgism AR Mhich Axe dermed  the

surface of the pe well region 3a_through_a gate |naulat|ng film 6b. :
The polycrysiﬁlEpﬁe’EFfPEGn°ﬁa§9P ?HbH§§aFgélce Ia;Ru1 EYR& 1] formed by p -

- I | I bog h d
patts Gl andPebVFEVARLIRR Bidsso, 1aver . oi%h,d 0 mtY & | *conpri ses
N N LYPe SPHLCBLLRMLEN FC el gt atR0I %@%utvg@;pgh G formd in the

‘surface of t b and rystalline

f;' | cog. 'ayeinZa%&/eaﬁa fi:.&.oeqed 0%%5;, -ty PUIRGYAallihe-type vell
gion 3b throu
silicon layer 7a forms the gate electrode of the
MISFET Q,.
In the surface of the substrate 1, there are
formed p-typé-ﬁell'regicns 3a and 3b for forming the
10  n-channel MISFETs Q, and Q,. | |
" The MISFET Ql comprises an n+-type éburcg.
region 5a and drﬁin :egion 5b which are formed in the
surface of the.p-type_well région 3a, and a
| polycrystalline silicon layer 7g_which.is formed on
15 ‘the surface of the p-type well region 3a through a
gate insulating film 6b. The polycrygtalline silicon
layer 7b has its Central part Gé'férmed by p+-type
silicon. The polycrystalline silicon layer 7b has
both its end parts G, and G, formed by nf-type
20 silicon. . o | |
| ~ The MISFET 02 comprises an n'-type source
region 5¢ and drain region Sg;whiéh are formed in the
surface of the p-type well region 3b, and'anﬂn+?typé'
polycrystalliné silicon layer 7¢ which is formed on
25 the surface of_the_p—type well region 3b fhrough |
a gate insulating film 6c. | |
The surfaée of the p;type well region'3g is

:
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a‘bate insulating film6c. The surface of the p-type well region 3a is -

-12- fornmed with a p -type contact region 4c as shown in Figure 5B. An

insulating film8 nmade of, e.g., phosphosilicate glass is forned on the &
field oxide 5 fi,Im2 and the surfaces of the parts of the substrate 1
formed wth the M SFETs. Wring layers 9a to 99 are forned on the surface

of the .insulating film 8. These wiring Ig&grs 9a to 99 nade of e.g.
evapordted alumi nium and are held in ohm ¢“10 contact with the various
regi ons of the M SFETs. In order to enhance the gate - drain breakdown

voltages of the reg Ve M, SEELS_ a desi r. ' rities
from bei ng introducggﬁ%ﬁtglt eEp LyﬁggfygﬁgT%@ﬁgggﬁﬁg%oﬁgig%ef§g?gn?§ 7c,
t he surfaces of 15piguggesgglycrystalIine silicon |ayers 7a to 7c are

e

formed with thin oxi films by thermal oxidation before the insulating

film8 is formed.  However, Annihsglaeing fiueh s hiadeostdeefligl.ns are
omtted for the sake of clarity. 20 . The 1C as shown in Figures

5A and 5B can be nphosphosizdchyet jRasse isf folrmed\VoR ItRepifidld oxide
t echnol ogy and wi t hout addi ng any special step of manufacture. By way of
pxanple, aft &r the:@lmygeang|phe surfaces of the parts of the -
| “ substrate 1 formed with ﬁhe MISFETs. Wiring layers
%9a to 9gq afe formed on the surface of the insulatihg
f£film 8. These wiring layers 9a to Sg made of
e.g. ev;porated aluminium, and are held in ohmic
10 contact with the various regions of the MISFETs. ‘In
order ;o-enhance the gate -~ drain breakdown voltages
of the respective MISFETs and also to prevent undesired
impurities from being introduced into the poly-
crystalline silicon layers 7a to 7c, the surfaces of
15 the polycrygtalline silicon layers 7a to 7¢ are formed
yith thin oxide £ilms by thermal oxidation before
the insulating film 8 is formed. However, in
'Figure 5A, such thin oxide films are omitted for thé

. sake of clarity.

20 . The IC as shoﬁn in Figures 5A and SB can be
‘manufactured by the use of the CMOS IC production
technology and without adding any special step of
manufacture..

J . By'way of example, after the p-type well

25 regions 3a and 3D, the.field oxide film 2 and the

gate insulating films 6a to 6c have been formed, a

polycrystalline silicon layer is formed on the whole

¥,



25 regions 3a and 3b. the field oxide film2 and the gate insulating
'Iﬂs 6a to 6¢c have been forned, a polycrystalline silicon layer is fornmed
q» he whol e -13- area of the surface of the substrate 1 by the known =
VX cheni cal vapour deposition) process. By selectiively etching this
K crystalline silicon |ayer, the polycrystalline silicon |ayers 7a to_7c
are 5 formed. Subsequently, a first silicon oxide filmto be used'as an
i mpurity introducing mask is formed_ofsthe surface of the substrate 1 by
the CVD process. The selective etching is perforned to remove those 10

parts of the first _si]icon oxide fil mwhi verlle t arts to formthe
p- channel M 3Fe&sOfnLERg; Rurfpce,9f; %Fﬁg st Ha %Rev8 | i con | ayer

7b and th f h h s ly,

ot ype i mpur PV {BpARAEanovaRSRE” aeposleidni; pk S?re%f”-t e Bhpur ity 4 ffusi on
ess int | f

Phe subst rai 2o1oGRRRTK! Beahbalchis, EGTycRia i *L?ﬁl.%%%"aél% BT

Thus, the p tixlé ?ﬁi%& sEQQi!fx&%i&&%ﬂ“ia%ﬁOﬁﬁ v %‘a@d- '“

-addltlon e en Ire polycrystalline™silicdh _ and the centra
part [grr] otogﬁgdpolycrystalllne silicon tayer 7b -are formed by p -type
silicon. Next, the first silicon oxide filmis

Subsequently, a first silicon oxide film to

be used as an impurity introducing mask is formed on
the surface of the-substrate'leby the cvD ptoeess.
The selective etching ie'performed“td remove those
10 parts of the first silicon oxide film which overlie
the parts to form the.p~¢hanne1 MISFETs therein, the
part-Gz-of the polycrystalline silicon layer 7b and
the part to form the contact region 4c therein.
Subsequently, a p-type ;mpurity such as boron is _
15 introduced by the impurity diffusion"precess'inte the
- polycrystalline silicon layers and the Sufface'parts
of the substrate 1 which are not covered with the
first silicon oxide film. Thus,  the p+-type'eemi-
conductor regions 4a to 4c are formed. In addition,
20 . the entire polycrystalline silicon layer 75 and the
central part G, df.the polycrystalline silicon layer
7b are formed by p'-type silicon.
Next; the firse siiicon oxide film is
removed, whereupon a second silicon oxide film to be
25 used as an impurity introducing mask is formed dﬁ the
substrate 1. The second silicon oxide film is

removed in those parts which overlie the parte te form



renoved, whereupon a second silicon oxide filmto be 25 used as an
I mpurity introducing nmask is forned on the substrate 1. The second -
silicon oxide filmis renoved in those parts which overlie the parts to

form -14- the soyrce-and drain regions of the MSFET [err] therein, the ‘-
end parts [err] and G of the polycrystalline silicon |ayer 7b and the part
to-formthe MSFET [err] therein. Next, an n-type inpurity such as o
phospkdrus 5 is introduced into the pplycrystalline silicon |ayers and
the surface parts of the p-type well regions 3a and 3b which are exposed.

2ddition. the ond i RSpERN SRELE SAUAES OF e Mrfthr &) Plereln,
siiicon Tayer 7b ande dga M €4 @O\ 8L b | O ShoIFERAENPI LD &1 £85I

the n+ -type. The end parts |er¥] and Jerr ycrystalli1ne

silicon layer 7b fn?@ﬁ D Naid PEhé rparFt téo | £dFR Ottse MESEEEI @l Otherein.
respectively, in order 15 that the positions of the end farts of the n

-type source and drain regi orgesds, canl bbtyyphe t irepid S5 Tsichi rds nplyodshorus
deterimined by the:polycrystalline silicon layer 7b, in other words, that
the regi on® 5a andspingsoducedrintd he Ipokycrystalhinetsikiconque. 20
The widths of the end parts_GL and G3 are determ ned by a mask al i gnnent
preci sion. The n- AR¥RF? Mdrihe [arface, parts (pEskhe P-type well

regions 3a and 3b which are exposed. As a resulﬁ,
the n+-type sémiconductor regions S5a to 54 are

_ 1 an§ G3.of
10 the polycrystalline silicon layer 7b and the entire

formed. In addition, the end parts G

pglycrystalline silicon layer 7¢ afe made the
n+;type. The end parts G, and G; of the
polycrystalliné_silicon layer 7b have the n-type
impurity intnoduced thereinto, respectively, in order

15 th&t the positions of the end parts of the.n+-type |

| source and drain regions 5a and 5b of the MISFET Q,

may be determined by the polycrystaliine silicon
layer 7b, in other words, that the regions 5a and 5b
may bg_férmed by the self-alignment technique.

20 | Thg.widths of the end parts G, and Gy are_detefmined
by a mask alignment precision.

The n-channél MISFET_Ql has a threshold
voltagg_vthl of comparatively great magnitude
because_ﬁhe part G, of its gate electrode is made

25 §f the.p+-type polycrystalline_silicon layer.
The n-channel MISFET Q, has a comparatively small

threshold voltage Vthz_because its gate electrode .



voltage Vt hl of conparatively great nagnitude because the part G of its

g el ectrode is nmade 25 of the p -type polycrystalline silicon |ayer.
?: In-channel M SFET [err] has a conparatively small threshold voltage @
. ‘because its gate el ectrode - 15 _is nade of the pn -type
polycrystalllne silicon layer. The p-type well regions 3a and 3b in mhlch

t he channel s of the respective MSFETs Q and [err] are forned are -

si mul t aneously forned by the IC 5 -pagduct i on technol ogy, . so that they
~contain the conductivity type-determning inpurity at densities equal to
each ot her Since the gate_insulating filns 6b and 6¢c are sinultaneously

f or med, theyiarBadadefothehB+9&wpenppéycawsandlﬂ@eequélqnm(ﬂaxﬁnyﬁ; 10
Since the channel regions of the M SFETs Q and _Q have equal

characteristics and theTbstP‘tﬁ§el&GiﬂgrPEF9§56@§aﬁ@dB@Eaﬂ@ made of the
sane materi al gnd h ve he egyal thbgknesses the difference befween the

LhresholdhvdVP é?ﬂe Bhofh& FE?’B&G&FVEBMISFEW§191 q{fwen?e
Eype pol yorJat aFFi Fecueh abs =LRGIERpEshElY" sorhed b, Kk, ?Esji}igz)nov\hinch
&

contagns the,£g %ibxlggc Bgog?eveF‘%FQQ %gggrch%bOtton] h density of,

e.g. 20 err| "has the ose to the conducti on
band thereOfeondﬁéKEW&E?,type-determlnlng impurity at densities

equal to each other. Since the gate insulatiﬁg
films 6b and 6c are éimultaneouély formed, they are
made of the same material and to equal thicknesses.
10 Since the channel regions df'the.MiSFETs Q, and Q,
have equal characteristics and the gate ihsﬁléting
“films 6b and 6c are made of the same material and
.have the equal thicknesses, the difference between
the threshold voltages Vi, and V., becomes equal
15 to the difference between the Fermi level of
p'-type polycrystalline silicon and that of
n+-type polyctystalline silicoh. The n+-type
polycrystélliné.silicon which contains the conductivity
type-determihing'impu:ity at a high density bf; e.g.

20 10'® atoms/cm® has the Fermi level close to the
bottom of the conduction band ﬁherédf.  Likewise,
the pT-type polycrystalline silicon has the Fermi
.level close to the top of the valence band thereof
Therefore, the threshold voltage difference (Vthl

25 Vey,) becomes a value which is close to the band
gap of silicon. | ) |

In Figure 4, the MISFET Q, is connected



’

the [err] -type polycrystalline silicon has the Ferm |evel close to the R
top of the valence band thereof. Therefore, tfie threshold voltage N
dlfference (vthl - 25 [err]) becones a value which is close to the 5@%9 :
gap of silicon. In Flgure 4, the M SFET I s connected -16- in dio
configuration, that is, it has its drain and gate el ectrodes connect ed

t oget her in common. The drain of the MSFET Q is connected to the gate of
the M-SFET [err] to be paired with the formené- M SFET. The M SFET
[err] constitutes a source follower circuit along with the M SFET [err].

A bias current whigh r ai oyrnc e ET Qis
determ ned by the M SEE?%EE%EE?&%EE [é:r%a]%nqhs;sliltt gza rzi'ltt% g¥3§g‘at e
el ectrodes 10 laRde atenelebtdolde sO'cdPnedtdld ayetinatr QW IcRjimoBRY be
determ ned by an output voltage Vref which is delivered fromthe source of

the M SFET [err] i The Graikl SEEEheeMISFET Q)niscicthnectdddo ahel igaweat i on.

In order to supply a bias current to the MSFET [err] 15 ' there is
provided a current ofi ther MISFEFi Q Cwbcbnppﬂdmn@.mh&hptmhaﬁmmmdm SFETs [err]
and b. The current mrror C|rCU|tF£Frr constitutes a constant current
source. . TRe i npuMISFET-cur Fhet MISFERe Qouconstitutes & poureenst ant

current source is %0

ollowegrggggggtfrinlthe drain of the M SFET

ong with the MISFET Q3. g bias
:current which flows between the drain and source
of the MISFET Q, is deierminegi by the MISFET Q,.
This MISFET Q, has its drain and gate electrodes
10  inter-connected in order that the bias current may
- be determined by an output voltage V ref which is
delivered from the source of the MISFET Q,. i.e.
the MISFET Q4 is connected in diode configuration.
In quer to supply a bias current to the MISFET Ql‘
15 there is provided a current mirror circuit cM,
camprisihg the p-channel MISFETs Q, and Qg. The
current mirror_ci:cuit cul constitutes a constant
current source. The input bias current of the
currént mirror type constant current source is
20 produced from the drain of the MISFET Q.
Accordingly, a bias current which flows through the
MISFET Q, is.in accurate prdportion_to the bias
:current flowing through ihe MISFET Q,.
| | In Figure 4, the.p-channel MISFETs Q, and
_25 Qg have their respective substrate gates (that is,
the n-type silicon substrate 1 as shown in Figure 5A)

connected to a power supply termlnal V along with



‘acgyrate proportion to the bias current flowi ng through the M SFET Q. In
Fi fIy®\4, the p-channel M SFETs [err] and 25 Q have their respective .
hriate gates (that is, the n-type silicon substrate 1 gs shown in Figure
ghnected to a power supply terminal [err] along with - 17 - their
respective sources. However, connections between the substrate gatesiﬁ}
the M SFETs [err] and [err] and the ppwer supply term nal have been
omitted for the sake of clarity. “Similarly, the 5 connecti ons of

p- channel M, SQFETs tqQ s trate es ha e om f the circuit

di agrans of t?‘ﬁ rotrﬁ%pee%%%&ﬁ rﬁ?ﬁ&?ﬁ’o’ be%@%‘?&b‘edﬁ%’?%??{% n- channel

M SFETs [er ‘gﬁg [ i tyl ) t connect ed,
al ong 10 gevtvlt tr%@r srdg%}%éﬂlb\e/ ast{){s?é”;é}}%’% are %?e‘?&gg%&(;tsoeﬁt i al
termnal CNRnghieta ipbwiit huipI3a'ddinbli e e e Nt epliodi ment, it is
desirable that the fhreshold vdltage difference ([err]). 15 bet ween the
M SFI Ts [er for ahé @akies oflclalrfiagi.ed BAmina¥ipereR@ct or than the
difference between the Ferm I|evels of the p -type polycrystalline silicon
and Bhe n - cynnepdipersy sifalp-charmedl MISFETS ftd hsulsstsatatgatese of the

MSFIT [err] is connected to the _
: have been omitted from the circuit diagrams of the

other embodiments to be described later.
The n-channel MISFETs Q, and Q, have
their respective substrate gates connected, along
10 with their.ieépective sources, to a reference
potential terminal GND which is held at earth
potential. |
In this embodiment, it is desirable that
the threshold voltage difference (vthi - Vthz)'
15 - between the MISFETs Q, and Q, is not affected by
‘any other factor than the difference between the
Fermi levels of the p+-type polycrystalline silicon
and the n+-type polycrystalline silicon. If the
substrate gate of the MISFET Q2 is connected to the
20 reference potential terminal GND, a voltage equal
to the output voltage erf will be applied across
the source and the substrate gate of the MISFET.QZ.
As a result, ﬁhé-tﬁreshbld voltage Viepp Will be
o increased by .the substrate bias effect. The
25 magniﬁude of the increment of the threshold voltage
which is caused by the éubstrate bias effect is
effected by the Fermi level of a semiconductor.



20 reference potential termnal GND, a voltage equal to the out put
voltage [err] will be applied across the source and the substrate gate of, f
the MSFET [err]. As a result, the threshold voltage Vth2 will be |ncrea
by" t he substrate bi as effect. The 25 magni t ude of the increment of Qi
t hreshol d vol tage which is caused by the substrate bias effect is effected
by the Ferm I|evel of a sem conductor. 18- In contrast, the threshold
voltage Vthl is not affected by the substrat&8btas effect because the
source and the substrate gate of the MSFET [err] are held equipotential.
Therefore, the threahebitbast, tuelEﬁﬂ@sﬂbi&EGSEEaééeﬁrg{wﬁgrE#tsna"er
than the Ferm level difference. In this enbodi men t & F [err] has
its substrate gat caffacteficByt thét subgtrateShbilhkabsE¥ebf HBBafsk tRE M SFET

Qin order to prevent the 10 undesi rabl e decrease of the threshold
vol tage differencesofirce] andN\che shbstratergate oﬁatnétnEBFETceloiréhe
circuit shown in Figure 4 will be described. Letting mdenote a“current

nmul tiplication 15 heldfeaebpotential cur rTherafore; thecthresbold conprising
the M SFETs_[err] er and |  denote the bias current of the M SFET
[err] the b? as curYgﬁY %ﬁ Qlﬁferent V thl — vch) becomes a value
smaller than the Fermi level dlfference.
In this embodiment, the MISFET Q, has iﬁs
substrate gate connected to its source similarly to
the pairing MISFET Q1 in o:der to prevent the
10 undesirable decrease of the threshold vblfage
difference (V.,, - Vena) e
Now, the electrical characteristics of
the circuit shown in Figure 4 will be described.
Letting m denote a current multiplication
15 factor in the current mirror circuit CMI comprising
the MISFETs Q, and Qg and I_ denote the bias
.current of the MISFET Q,. the bias current which
is supplied to the drain of the MISFET Q1 becomes
@ x I)). Letting B, (W,/L,), B, (W,/L,) and
20 B o (Wy/L,) (where Bo-indicates'a constant, W a
channel width and L a channel length) denote the
trangconductanges of the respective MISFETs Ql‘
Q, and 03:, letting Vthl and'Vthz denote the
threshbl# voltages of the respective MISFETs Ql and
25 | Q, as described before; and letting Vth3 denote
the threshold voltage of the MISFET Q,: the output

voltage V cef is then satisfied by the following



is supplied to the drain of the M SFET [err] becones [err] Letting
gtr] (W/LI) T[err] (W/L2) and 20 Terr] (WB/ L3) (where [err]
Tha\cates a constant, Wa channel width and L a channel |ength) denote the.
wjsconduct ances of the respective M SFETs [err] [ert] and [err]
_ ing Vthl and Vth2 denote the threshold voltages of the respective
. M SFETs and 25 [err] described before; and letting Vth3 denote
threshol d voltage of the M SFET Q- jothe output voltage Vref is then
satisfied by the follow ng -19 equation (1): [err] Here, the bias
current | is determned by the MSFET [err] and which is satisfied by the
fol |l owi ng eqequatmoh2Xl)fserr] 5 From equations (1) and (2),
accordingly, the output voltage [err] is given by the followﬁng equat i on
(3): [err] where the termA is a constant which is d by 10 t he

following equation (4): [err] As wi |l —be—apparent f pnﬁbqpa ions (3) and
(4), the output voltage Vref assunes |2 GQJue ej.er (1)
‘T— LI )

Veer = Wen1 = Ven2) T W 7
B, (1'—]:)

P

ﬁere;'the'biaa curfent I 'is determined
by the MISFET 03 ‘and which is satisfied by the
followzng equatzon (2):

o B
1 3, 2 ,
Lo = 7 80 (D) (Vpgg - Yen3) e oo (2)

5 From equations (1) and (2), accordingly,
the Qutput'voltage erf is given by the following

equation (3):

where the term A is a constant which is denoted by

10 the foilpwing equation (4):

W, W W, W, |
- /(fz)/(i-:-) {ﬁn‘ - /(ﬁ)/(fi-)} | e (4)

As will be apparent from equations (3) and

(4), the output voitage vref assumes a value determined



-?0-_ by only the sizes and threshold voltages of the respective M SFETs,
and it does not depend upon the supply voltage VDD. As can be seen from -f%

equation (4), the 5 val ue of the constant A is made zero by setting.
the current nultiplication factor mand the size ratio of the M SFETs

and .Q at certain predeterm ned val ues. By way of exanple, when the
current nultiplication factor mis made equal to unity and 10 t he sizes
of the: M SFETs [err] and Q are nade equal2@o-each other, the constant A
"becones ‘zero. At this tinme, the output voltage Vref becones equal to the

threshold voltage difference (Mthl - \ii ' | oAl

be]t ween Ehfl 15 .b3.i) qrﬁype@ﬁkfol(s)fﬁiﬁst%q :%%%%%%ﬁé%ﬂég%g %glé%/%;ehce

pol ycrystal line si Ty tJ ) neé

be taken of the faéc%scqo%aﬁ%%eﬁlé gap o ié‘lelqli((gléo%l %ﬁ%@é?‘%%ﬁtur es o .

dependence as shovg,d [ ade and_the 20 fact that the Ferm |evels
of the p-type and n-‘%éip}gﬁl c%er1 MReri al s have tenperature dependences as

shown in Figure 3. In t he caggs K epé hee @it Eromesduation ol{4) hethe SFETs Q
and [err] are nade of the 25 ‘pol ycrystalline silicon as descri bed

above, the §hresholallueldfgeheliddrestace X\Vis madd zero byssebhingekperature
characteristic in accordance. with such '
current multiplication factor m and the size ratio
of the MISFETs Q, and Q2 at certain predetermined
values. By way of example, when the current
.multiplicatién_factor Q is made equal to unity and
10 the sizes bf the MISFETs Ql and Qz are made equal
to each other, the constant A becomes zero. At
this time, the output voltage Veef becomes equal
to the threshold voltage difference (Vi,, - vthz)'
i.e. the Fermi level difference between the
15 ' p+étype polycrystalline silicon aﬁd the n+-type
R polycrystalline.silicon as seen from Equation (3).
~ However, care needs to be taken of the
 ._faét that the band gap of silicon has the
teﬁperature dépendence as shown in Figure 2 and the
20 fact that the Fermi levels of the p-type and n-type
~ silicon materials have temperafure dependences as
shown in Figure 3.
In the case where the gate electrodes
of the MISFETS Q, and Q, are made of the
25 | polycrystallihe éilicon aS'described_above; the
threshold voltage difference (v£h1 - vthz) ha; some

temp’e'rature characteristic in accordance with such



- #21. - tenperature dependences of the Ferm |evels of the polycrystalline
silicon- materi al s. By way of exanple, in the case where the

xystalline silicon layers to formthe gate el ectrodes of the M SFETs
and Q were respectively diffused with boron ,and phosphorus at
hizgh densities substantially equal to saturation densities with a viewto
attaining a threshold voltage difference ([err] -of about [err] 1.2 VORQ}
t he measured tenperature coefficient .of231Q the threshold voltage ([err]
[err] In this enbodi nent, the tenperature dependence of the threshold

vol tage difference (Vthl - Vth2) and that of the threshold voltage Vth3 15
are noted. Weempératught depefidendesobfethat Fermild)leveeld idfervhe | at ed by
the tenperature T, the follow ng equation (5) i-ndicative of the tenperature
depend nce of pohpcoyspallinet agdivonf mekerialsht ai Bydway0of [err] [err] In
order to nake the tenperature dependence of the output voltage Vref zero,
the constant #xamplee int the case whexe sheopolysryshddddng diddsanence of

the threshol d_ voltage difference g err]) and
: layers to form the gate electrodes of the MISFETs Q,

5 ~ and Q, were respectively diffused with boron and
phospﬁorus;at high densities substahtially equal

to saturation densities with a §ié9 to attainihg a

' threshold voiﬁagé difference (Vkﬁi - .

1.2 volt, the.measu#ed temperature coefficient of .

thz) qf about

10  the threshold voltage (Veny - V£h2) was about
-0.3 -0.5 mv/°c. | | R
" 'In this embodimeﬂt. tﬁe tempefature
- dependence of the threshold voltage difference _

(Vepy = Vepp) and that of the threshold voltage Vens

15 are noted. |
When the right-hand side of e§u5ti§n (3) is
differehtiated by the temperature T, the following.

equation (5) indicative of the temperature depend'nce

of the output voltage Veef can be obtained:

W AV = V) A, . .
20 ref _ th1 ~ "th2’ _ , ~ th3 1 — A ces
oL - | o - A =7 }_/( ) (5)
In order to make the temperature dependence of the
output voitéée Vref zero, the consta@t A may be set
in consideration of the temperature dependence of
the threshold voltage dxffergnce.(vthl - Vghz) and |
that of the threshold voltage Vin SO as to make the



that of the threshold voltage Vth3 so as to nake the -22- nuner at or
terms of -the right-hand side of equation (4) equal to zero. As wll be/ 7.
apparent fromequation (4), the constant A is determi ned by the size faibres
of the respective M SFETs and the 5 current multiplication factoh. -../[/"
As will be understdod fromFigures 2 and 3, the tenperature characteri st
~curve of the threshold voltage difference ([err]) is sonewhat convex.

. Al t hsigh not illustrated, the tenperature 28 = characteristic curve of
the threshold voltage Vth3 of the M SFET B is somewhat convex |ikew se to
that of the threshold-voltage di fference ggerrg%ﬁ In,t.he foregoi ng case of
the prior art cirBURerakernterme; gf, the rigbtrbapd: siGPeConpensation 15

| t which is f d ifally b he M SEET. ' i th
Uhel r Coperat i ng cORFBRLGRyARL SMERY EantebPrect APnELit, BehaFRe sPEage
difference in onI¥r§Pg?§B§?§§bv?hy'?gﬁéogbhgggggahpgg BQQ%Q?%EgésP%erESU|t,

t he out put -vol t age e circuit of Figure form
of the curve L inghpguigedrheioh! 68 tReDRbEpRctliVeC MEFEYs aha the case of
the circuit of the first enbodi nent shown in Figure 4, the threshold
voltage VtB3 has therbAtpmultiptidapsefdeiaetsryi | aRs2will beo that of the
t hreshol d voltage difference (Vthl , _

understood from Figures 2 and 3, the temperature

characteristic curve of the threshold voltage

~ difference (v - vthz) is somewhat convex.

thl
Although not illustrated, the temperature
10 characteristic curve of the threshold voltage Vens
of the MISFET Q, is somewhat convex likewise to
that of the threshold voltage difference (Ven: = Ven2)-
In the foregoing case of the prior art
circuit shown in Figure 1, the temperature compensation
15 voltage which is formed substantially by the
MISFETs Q,,' and le;_with their operating currents
unbalanced.can correct the threshold voltage
difference in only a comparatively narrew temperature
range. As a result, the output voltage Vees2 ef |
20 the circuit of Figqure 1 takes'the forﬁ ef the curve
L, in Figure 9 referred to before. |
In coﬁtraet, in the case of the circuit of
the first embodiment shown in Figure 4, the threshold
voltage V£h3’has the'ﬁemperature dependenee similar
25 | to that of the thresheld voltage difference (Vthl -
vthé)' so that the tempereture depeqdence of the

threshold voltage difference (V. ;, = V. ,) can be



so that the tenperature dependence of the threshold voltage

t

ence ([err]) can be -23 - satisfactorily conpensated over a w de
Xure range. A curve [err] in Figure 9 indicates the neasured result
out put voltage Vref ‘at the 5 ti me.when the sizes of the M SFETs

0 Q were nade equal to one another and when the current

multiplication factor mof the current mrror circuit CML conpri sing tk@i

M SFETs [err] and [err] was nade 23ual to 1.5, that is, when the constant:

A was nade 10 equal to 0.22. As will be apparent fron1Figure 9, the

tenperature GoofidEdopde£Pp €elSb08E1 8! hyadceanBirangrapriately

fixing the constant A Figure shows the circuit of a second 15

enbodi ment. ydagéhis circuit, a current mrror circuit [err] conprises

M SFETs Q and Cﬁ whi | st another current mirror circuit [err] conpri ses

M SFETs [err] and 4. Aheurivai b, cin rBiguné 9hindiéatés| ehe] is supplied

to an n-channel M SFET [err] 20 having a [err]-type polycrystalline

silicon el ectmeasur&i wesuke of FEGsoptput unﬂtégerY geaSethat appropri ate
an

Si zes,
set.

t

5/¥;61r¥%ﬂﬁt" ?%etbﬁrﬁ%ﬂ?srgﬁ ‘Bhe MIEER
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[err] -is properly

#h@; MFSFREs wereamade

equal to one another and when the current

he current rati o between the M SFETs &err

mnltipllcation_factor m of the current mirror '
circult CMl.comprislng the MISFETs Q, and Qs was madé
equal to 1.5, that is, when the constant A was made
equal to 0.22.

_ . As will be apparent from Figure 9, the
temperature coefficient can be made substantially
zero by appropriately fixing the constant A.

Figure 6 shows the circuit of a second
embodiment. lin_this'circuit. a current mirror
circuiﬁ CM, comprises MISFETs Q, and Qg. whilst

 another current mirror circuit CM3 écmpriées.
MISFETs Qg and Q,. = The drain current of the
MISFET.Q4_ig_supplied to an n-channel MISFET Q;
having a p+-type polycrystalline silicon electrode.

Since the MISFETs Q3 and QG aré set at
appropriate sizes, the current ratio between the
'MISFETs Q3 énd QG is properly set.- As a result,
the current ratxo between the MISFETs Q; and Qz
is properly set.

Since thé current ratio of bias currents

to flow £h:6ﬁgh the MISFETs Q, and Q, and the sizes

Ly



— B -

25 I's properly set. Since the current ratio of bias currents to floﬁﬂi
t hrough tthe M SFETs [err] and [err] and the sizes -24- of the M SFET%

~[err] are properly set, a desirable output voltage Vref which is stable =

agai nst tenperature fluctuations and power supply fluctuations can be
obtained as in the 'first enbodi nent shown 5 in Figure 4. In the
circuit of Figure 6, the current ratio of the bias currents which flow
throggh the M SFETs [err] and [err] can 2#se be properly set by
-appropriately setting the size ratio between the 10 MSFITs [err] and
[err] constituting the current mrror circuit [err], instead of changing

the size ratio betWeethe MISFEFETR; | Rp]2BRAQc¥e. PYAPEELYr 88Reedwnith the
[ it of Fi h [ f the,M SPET ' i ptained at -a high
T5 U ol tage. DecStatr abis UtRuE (TertIEe Vpeacthichot s sEARLAcROatERE O
A dingly, the ¢] [ L. ' 6 t i sfactoril Lt h _
foor i1y 0 CLLgil Ol SIS0 00SLE Bl SLOGE TeRER M
the circuit in Fi gl He SBtained as in theFfﬂ#ﬁet%Fﬁgafﬁeﬁéesﬁb@ﬁu't of a

third enbodi nent. Inthis circuit of Figure e drarn current of a
M SFET [err§ is sippbigeed0oga current mrror circuit CVA which conprises
M SFETs [err] : ' : -
' In the circuit of Figure 6, the current
ratio of the bias currents which flow through the
MISFETs Q, and Q, can also be properly set by
-appropriately setting the size::atio between the
10 MISFETs Qg and Q, constituting the current mirfor
- edrecuit CM3.'instead of changing the size ratio
between the MISFETs Q, and Q. o
' In'accérdance with the circuit of.Figure 6,
the drain of the MISFET Q, is maintained'at a high
15 ' voltage because it is: connected to a power supply |
terminal VoD Accordingly, the circuitiof Figﬂre 6
operates satisfactorily even with a supply letage
of a.value smaller than the operating lower-limit
voltage of thé circuit in Figuré 4,
20 .© . Figure 7 shows the circuit of a third
embodiment.  In this circuit of Figure 7, the
drain current of a MISFET Q3 is supplied to a current
mirror circuit-cﬁ4 which comprises'MISFETs Qi, Qg
and o, e _ . : _ .
25 ' One output'current of ﬁhe current mirror

circuit cM, is supplied to a diode-connected

'MISFET Qi. whilst the remaining output current is



- agieRferr]. 25 ' One output current of the current mrror
_J_it [err] is supplied to a di ode-connected M SFET [err], whilst the
efa¥ni ng output current is -25 - supplied to a current mrror circuit -«

[err] which conprises MSFETs Q and . A bias current is,caused to flow

through a M SFET 2 by the current mrror circuit [err]. 5 L

The M SFETs [err] and [err] are made M SFETs having structures simlargto

those of the M SFETs [err] in Figures 26 and 6. Since the M SFETs [err] are

connected as shown in Figure 7, a constant voltage 10 ref can be

derived from tuggéggh[e £8f ]at %MeﬁFtEﬁigiorﬂlﬁz@ﬁsc QM SR ich fl ow

t hrough the ﬁ err] are set at an appropriate ¥ati o by altering the
current nulth@h%ﬁg ' BEEY; t one of the current mrror
circuits CM4 an Cbggnﬁg e @% qhd‘ﬁ§%The circuit of the enbodi ment shown
in Figure 7 has the neria pilaa current A8 csisead HXdw ithrwign eadi |y
affected by fluctuations in the supply voltage as descri bed bel ow. The
source - dr aienMISFETYQobyt the?@urredtSHikrer icinariiteMye to the
fluctuation of the sup&l vol t age. When the source - drain voltage has
been Waried in this manﬂ‘g'ie, MISFER=MiQy c Ry and Q, are made MISFETs

having structures similar to those of the MISFETs

Ql,_Qz_and Q3 in Figures 4 and 6.
Since the MISFETs Q,, Q, and Q, are
connected as shown in Figure 7, a constant voltage
10 v;,ef can be dez-_s.':vea from the gate of the MISFET Q,.
| The_bias currents which flow through the
MISPETs'Qi and Q, are set at an appropriate ratio by
altering the current multiplication factor of at
_ least one 6f fhe current mirror circuits CM, and CMs.
15 The circuit of the embodiment shown in
Figure 7 has the merit that its output voltage vref
is not readily affected by fluctuations in the
supply volt#ge as described below.
The source - drain voltage of the
20 MISFET Q, is varied due to the fluctuation of the
supply vbltage. When the source -~ drain voltage
has been varied in this manner, the drain current
of the MISFET Q, has its magnitude varied by the
known chanhe} length modulation effect. As a _
25 result, the magnitude of the bias current of the
MISFET dl is varied. |

However, in this embodiment; the drain



s~

~of the MSFET [err] has its magnitude varied by the known channel |engt-h/?
modul ati on effect. As a 25 result, the magnitude of the bias currenz
of the M SFET [err] is varied. However, in this enbodinent, the drain i
-26 - current of the MSFET Qis vari ed si mul t aneously the drain current of

the M SFET Q&4 by the channel |ength nodul ation effect. As a result, the
rati o -between the drain current of the M SFET [err] 5 - and that of t he
MSFET Q is made a substantially constan val ue correspondlng to the size
rati o between these M SFETs [err] and [&rr irrespective of the

fluctuation of the supply voltage. The NISFET [e;ﬁt qonstitutinayfhe
current nirror cireurreabbofiathet MISBET Qcddsi yari

constant by the M SFET [err]. Therefore, the current nultlpllcatlon
factor of the curriéhe ¢#¢¥chuﬁ#Qn#t°feﬁh$ M%sﬁﬁ?ﬁgalhﬁd the a constant

val ue irrespective vol,t age.

f.th
As a result, the rggﬁﬁnﬁgt # o ﬂ&gtégpsgﬁgp i ch®® Fﬁ?&ﬁgh t he
M SFETs [err] andtilglr Lheisd Q@’tueghn%ﬂ ahrg:l. URg Vtg?'%x'ta oY ¢ %niltﬁ%"rval ue

i rrespective of the uctuations Int ply Ince, in tH

manner, thegrati o ghqt gRalof thh' ﬁ&sﬁ%‘rr Qnt &soha%eat %ﬂﬂt%ﬁﬁ%l[ﬁ”] and

[err] 1s nalntalned at a good val ue, the ®ari ation which is
' constant value correspondlng to the size ratio

between these MISFETs Q, and Qg , irrespective of the
fluctuation of the supply voltage. The MISSET Qg
constituting the current mirror circuit CMSIhas its
10 drain - source veltage held constant by the
~ MISFET Q,. | Therefore, the.current ﬁultiplication
factor of the current mirror circuit CMg is
 maintained at a constant value irrespective of the
fluctuation of the supply voltage. | |
15 | As a result, the ratio between tﬁe bias
currents-whieh flow through the MISFETs Qi and Q, is
maintained at a substantially constant value |
irrespective of £he fluctuations in the supply
voltage. Since, in this manner; the ratio of the
20 bias éurrehﬁs of the two MISFETs Ql'and Q, is
'ﬁeintained at a good value, the,variafion which is
" imposed on'the output volﬁage V_.eg 2t the
fluctuation of the supply voltage becomes sufficiently
small. :
25 _ Referring now to the fourth embodiment
ehowh in Figure 8, the circuit is designed such that

the supply voltage dependehce of an output voltage



N

i nposed on the output voltage Vref at the fluctuation of the supply voltage

bett sufficiently mall. 25 Referring nowto the fourth

) rent shown in Figure 8, the circuit is designed such that the supply .
¢ dependence of an output voltage -27- [err] is ipproved nore

Sa actorily. In a MSFET which is operated in its saturation region,

even when a constant bias voltage is QgpLied across the gate and source_ -
t hereof, the source - drain current 5 t hereof is changed by the known

channel |ength nodul ation effect as above described due to a change in the
source - draiVypl $agtmprievedimore satigfactorilye ci ABumt MISFEAown in
Figure 4, one M SFET [err] constituting the current 10 mrror circuit-
[err] has itS"RAGR 8 CReERrRedotRctt8 SRRUERBK#BR ARG1IPRer V6P has its

oL Ce %l SSpABLREChTS Slagaral v subsia Labyeqal oS
oo, T TALASEh pdubdn cnoPYBP! SBhbopte GRSl A Kb GeSPCt Ve
O o ! | a0eeRbedlE, 1hoURagascEyCChdl S Frapetaghdean, SuT A1 A1
[err] 20 ﬁ6&§1&€ﬂ&ﬁn8ffaét0&5r@ﬁév€1EégéribéaUEhe[%brh “Ranhge
in'the source - drain voitégé thereof. |
In the case of the ciicuit as shown in
Figure 4, one MISFET Qg conséituting the éurrent
10 mirror ciicuit cnl has its gate and drain connected in
common and theiéfore has its éaurce - drain voltage
maintained at a value subsﬁéntiélly equal to its
threshold vbltagé;' Accordingly, the sourse - drain
voltage of the MISFET 05 is maintained at a
15 substantially constant value irrespective of the
fluctuation of the supply voitage Vppe In contrast,
the source - drain voitage of the'diode-cbnnected
MISFET Q, is made a subsﬁantially constant value, so
that the source - drain voltage of the”othér MISFET Q,
20 coﬁstituting the cﬁttént mirror ciﬁcuit CMl varies
in accoraance'with the fluctuations of the supply

DD
accordingly varied comparatively greatly in

voltage V_... The drain current of the MISFET Qq is

accordance with the fluctuations of the supply

25 voltage Vp,. Since the drain current of the

MISFET'Q4'is changed, the current multiplication

factor m of the current mirror circuit cM, is



ih accordance with the fluctuations of the supply voltage [err] The dra'i-
current of the MSFET [err] is accordingly varied conparatively greatly i1{A)
accordance with the fluctuations of the supply 25 vol tage [err] T
‘Since the drain current- of the MSFET [err] is changed, the current

mul tiplication factor mof the current mirror circuit [err] is - 28-

changed in accordance with the fluctuations pé the supply voltage [err].
For tHis reason, the voltage [err] which is delivered fromthe circuit

h in Fi 4 h VAR d d . D
Pnothe Gt eart CshoETget . seS dnds N in  Boe S EuPEREPESRE o "t i ses
-ch | M SFET I i {4900, 1 ff t] ifi
B AW compri ses p- bR Pl von; | FEE PR réalbn TEAL VB1eEHE! TS
n-channel M SFETs {er r],j,hg&ql_ {gra&lj}pﬁrf a fPoﬂlhﬁ:SUEifEﬁiﬁ” gﬁﬁhcgﬂnect i on.

A p-channel M SFET ¥@fr] Ts interposed between e drain of the output

M SFET Qin the cusq efﬁfé&ﬁeQifé-Uﬂaév@'Vb&ﬂé-&Eﬁﬂgt Go2B8gd" abPefifiefice.
di ode-connected M SFET [err].  The gate of the SFET Q6 I's supplied 15

with the oBput of the differemtthe ebptuiteshéwhAMin Fheudeadn wol t ages of
the M SFETs [err] and are supplied to the differential anplifier D-AMP. The
out put of the differerent ninpdr feircdi tVEM| scompuiseel p-cbanbetk to the
gate of the M.-SFET (%. _
MISFETs Qg and Q,. In addition, a differential
amplifier D-AMP comprises p-channel MISFETs Q, and Qg
for amplification and n-channel MISFETs Qg and Q,4 |
10 in thé current mirror conhectior_l. A p-channel
MISFET Qg is interposed between the drain of the
output MISFET Q 4 in the current mirror circuit CMl
and the gate and drain of a diode-connected
MISFET Q,. The gate of the MISFET Q¢ is supplied
15 - with the output of the differential amplifier D-AMP. |
The drain voltages of the MISFETs Q, and
Qg are supplied to the differential amplifier D-AMP.
The output of the differential amplifier D-AMP is
negatively fed bBack to the gate of the MISFET Qg-
20 - As the result of the negativé feedback operation,
the drain w’r"oitagé of the MISFET Q, becomes a value
_e'qu__al to that of the MISF‘:}‘T Qg '
| As a result of the source - drain voltages
of the MIS?E:I‘s 04 and_ Q5 being equalized to each other,
25 the relative variations of the source - drain

currents of the MISFETs Q, and Q; as based on the

respective channel ‘length modulation effects thereof



A As the result of the negative feedback operation, the drain voltage
ve M SFET [err] becones a value equal to that of the MSFET [err] As a
t of the source - drain voltages of the M SFETS [err] and [err] being =

i zed to each other, 25 the relative variations of, the source -
draln currents of the M SFETs [err] and [err] as based on the respectlve
channel | ength nodul ati on effects thereof - 29 - becone equal to eac|
ot her . As a result, the current nmultiplication factor mof the current
mrror circuit [err] is held constanf réspective of .the fluctuation of
the supply voltage VDD. 5 : - Since the nultidlication factor m

i s hel d const abecomeveluade tor eachhiothers deldsver e sialdm tie circuit shown -
in Figure 8 has substantially no dependence on the supply voltage. Each of
Fi gures | OA t ochegestomultiplicationy fagrgamaofofthe ewnmemnt nirror circuit
[err] whose current rultiplication factor mfluctuates little due to the
channel | engt hm#SHQFaFﬁ-Eﬁuéﬁf &y, imabvelsk W%‘\%lﬁ%‘?%ﬂ?%% & oto

| OC can be repI e curre t nlrr circuit CML 15 shown in

wth t
Fi gure 4, or mF gﬁgcﬁﬁP gﬁF R tﬂﬂ%ﬁﬁQQN‘ndmedlfferentla
amplifier D-AVP and the SEET ur, The it shown
™ 555, 9, A ke a1 S

in Figure | QA is construc
constant. a voltage V ef which is delivered from

the circult shown in Figure 8 has substantially no
dependence on the supply voltage.
Each of Figures 10A to 10C shows the
. 10 | arrangenent_of a current mirror circuit.cnl_whose
current multiplication factor m fluctuates little due
to the channel length modulation effect.
| Each of the cirouits in Figures 10A to 10C
can be replaced'with the current mirror circuit M,
15 shown in Figure 4, or with the current mirror circuit
cnl or the dlfferentlal amplifier D-AMP and the
MISFET Qg shown in Figure 8. The circuit shown in
Figure 10A is constructed of the smallest number
of MISFETs. When; in the circuit of Figure 10B or
20 _ ?igure 10C, at least MISFETs Q,, and Q,, have eqnall
threshold voltagee, the source ~ drain voltages of
MISFETs Q, and.Qs can be suhstant;ally equalized to
each other. 1In oraer to equalize the drain voltages
~of the MISFETs Q, and Qg irrespective of the current
25 multiplicetion factor m, the ratio between the
sizes of the.MISFETe 623 and 024_may.be equalized
to the ratio between the sizes of the MISFETs Q,



o‘( M SFETs. When, in the circuit of Figure | OB or 20 Flgure | OC, at
| east M SFETs [err] and [err] have equal threshold voltages, the source:-
drain voltages of MSFETs [err] 'and Q can be substantially equalized to_v*
. each other. In order to equalize the drain voltages of the MSFITs [err]
tand [err] irrespecfive of the current 25 mul ti-plication factor m the
rati o between the sizes of the M SFETs [ and [err] nmay be equalized to
the H4ti o between the sizes of the NISFE$§ Terr] and [err]. -30- The
- above descri bed enbodi nents can be extensively utilized as reference

vol t age generators. For exanp*ge %ﬁob& EgggkiﬁgdtQmSBEE?%ﬂ rg greace

vol tage of a battery checker as™s gives an

al arm when there 'éerH§£6§fgeutf+12§dVQLtQGQeQEnéeb%Bi%E&eaﬁén@?hGBrBS

utilized in an electronic at or he reason 1S t i ncl udes

a small nunber of el ements uspgragﬁaﬁ@mebeiteadlkgqauteante Ebemf en& 10
of a 1-chip MS IC This circuit operates as follows. First, there is

provi ded a reset srgferegeecvalbagénof ahhun)eaydcheckecta5|ghahn|sn
produced therefromat the tinme of closure of a power supply. Aflip-flop

15 circlit FF Figureollli whighrgivesbant adagmgwheenstperecdst 8 its reset
‘termnal at the closure of the
decrease in the voltage of a battery and which is

utilized in an electronic desk calculator. The
reason is that it includés a small number of.
elements used and can be readily put into the form
10 of a l-chip MIS IC.
This citcuit operates ;s,follows.
first. there is provided a reset signal generator (not
shown) Ahd a reset signal is p#oduced'therefrom at
‘the time of ciosure of a power supply. A flip-flop
15  circuit FF is.accordingly reset by the signal |
| supplied to its reset terminal at the cloéure of the
poﬁer supply. A divided voltage (_R2 Eo)/(Rl + Rz)
which is delivered from a voltage divider constructed
| of rgsistance elements Rl.and R, is changed with a
20 .battery vo;tage Eo.  This divider wvoltage and the
reference voltage delivered from the reference
_vdltage generator are compared by a cbmparator CMP.
| In the case where the battery voltage E°
.i§ gféater than a.ptgdeterminea value, the output
25 of ﬁhe éomparator CMP is made a 1ow.1eve1 which is
substantlally equal to earth potential.

‘In the case where the battery voltage E,



pomer supply. A divided voltage [err] which is delivered froma voltage
i der constructed of resistance elenents [err] and [err] is changed with
, battery voltage [err]. This divider voltage and the reference
t2he delivered fromthe reference voltage generator areg conpared by a
covwparator CVP. In the case where the battery voltage [err] is greater than

a predeterm ned val ue, the output 25 of the conparator CWP is nade -3,
| ow | evel which is substantially eqUaﬁltp_earth potential. In the case
where the battery voltage [err] -31'- has becone |ower than the

predeterm ned val ue, the output of the conparator CMP is at a high |evel
whi ch i s substad lwédomeeqlweﬁ ctlidre tiee cpredetérminedevylveltehe [err]. 5
The flip-flop PF is accordingly brought into its set status. A display
devi ce (not shovkput sofirthercdmparreteortCh¥dtbatabfatheghl igvelop FF. That
Is, the display of the alarmto indicate a run down battery is effected.
Oper ati ng wavevhsighs ks csulbstantimblin equal gtecthe lewed afdtheed form in
pl ace of the nstruct|ggg¥here|n with a viewto naking the threshold
vol t ages of t % Fg=Ts unequal , the conductivity types of the

~polycrystalline 15 5'-i-ﬁé3°£iiﬁ‘l/€iopa§rti‘s 48 cSrﬁiﬁgi{;oﬁFiouS{a% made
into its set status. .- A display device_(not shown)
is driven by the set output of the fllp—flop FF.
That is, theldisplay of the alarm to indicate a run
down battery is effected. Operating waveforme are

10 shown-in Figure 12. |

In a modified form, in place of the
construction wherein with a view to making the
. threshold voltages of the respective MISFETs ﬁnequal;

the conductivity types of the polycrystallzne

15 silicon layers as the gate electrodes are made
different as described before there.can be adopted
a construction wherein various factors influential
on the threshold voltages are made different.
For example, in case of utilizing the difference

20 between the work functions of gate electrodesf
the gate electrode of one of a pair of-MiSFETs can
be made of polycrystalllne slllcon, and that of the
other MISFET can be made of aluminium or molybdenum
It is also possible to change the_denszty of a |

25 - conductivity type-determinihg impﬁfityzin a part to
be used as the channel region_of one MISFET, with

an ion implantation technique. The MISFETs, such



different as described before there can be adopted a construction wherein
various factors influential on the threshold voltages are made different. lﬂlﬁ
For exanple, in case of utilizing the difference 20 bet ween the work- ‘uiv
functions of gate el ectrodes, the gate electrode of one of a pair of
M SFETs can be made of polycrystalllne silicon, and that of the other
M SEET can be nmade of al um nium or nol ybdenum It is also possible to
changé the density of a 25 . conducLinty type-determning inpurity in a
part to be used as the channel region of one MSFET, with an ion
i npl antation techni que, The M SFETs, such as those 3 shown in Figures
4, 6 and 8, which éPetHPéﬁngoﬁH@UPedﬁ Figuges o Gcvabnifnevhiigh emer ent
| evel s may wel | be ofpg_channele%ype i nst ead of, n-channel type. In the

e

case where a conpa Fpnpect HPgHrﬂgFéFQhEQtFSWP§§ebP§srEEEFF@& t he
t h nbi ned ,wi |

Sl LT e having aneqsibofiav. ety B IY Brclihngd 9BR dRmese ol oo

arrangenent as ShoﬁﬂgPQnﬁb? L3 MY D@ S Gl se"$hE3E a 'Eoﬁ%ﬂ? Xé%e%g

obtain.a voltage equ at t he output Cerm na

each of thesM SFETRiGR' rhferednke’ vbiltagaS1acCira t h¢Re n
identical M SFET [e%%] and [epr respeg??vely hggf §?f|%%§?§ 5 g

bei ng |nfseL|es mnbhoﬁhelﬁssagu&bed 1%or exﬁﬁ@&%@thQ leﬁbﬂﬁhnBHSEEE%
Lerr] of the a linear amplifier having an approprlate galn.
‘Alternatively, a éircuit of an arrangement
as shown in Figure 13 may be used instead, in order
10 to obtain a voltage equal to 2V ef 2t the output
terminal To. As shown each of the MISFETs Ql' Q,
and Q3 is associated with a cotreéponding'identical _
MISFET Qla' Q2a and Q3a respective;y, said additional
MISFETs being in series with the éssociated
15 respective original MISFETs Ql, Q, and 03 of the

circuit shown in Figure 4.



circuit shown in Figure 4. - 33 - CLAIMS. 1. A reference voltage
- gengrator including: (a) an output termnal; (b) a - frrst MSFET which is
st Ned across its gate and source with a vol tagﬂmml ﬂ“ out put
ter al and a-reference point and which produce Hﬂ”ﬂ"ﬂnl l L current
of a~f'evel corresponding to the voltage supplied dcrésstsald gat*e and
source; (c) a bias circuit generatlng first and 10 second bias currents
whi'ch have | evel s proportional to_t drain - source current of said firZ®
M SFET; (d) a second M SFET which hasS a drain - source path coupl ed between
a first node @gpghgai d reference point, and a gate coupled to a drain 15
thereof; the drain - source path being supplied with said first bias
current; and {g) a thirs MEEEInubi ¢81haged dhkeataunliad Laing:d first
node, a source coupled to said output termnal, and drain, Whose
threshol d voltage i s 20(&Rd€nacHepue ﬁéahhﬁalnhan that of said second
M SFET and whose drain - source path is supplied with said second bias.
current; whereby a volt gk ahfthstoMISEROndhith dsdsbpelérde aktiossen a

“threshol d vol tage of said second
' its gate and source with a voltage. between said

N
[N

5 output termlpal and.alreference point and_whlch
produces a drain - source current of a level
co;responding to the voltage eupplied across said
gate and sqﬁrce; |

(c) a bias circuit geheratiﬁg first and

IQ second bias currents which have levels proportional

to the drain - source current of said first MISFET;
(d) a second MISFET which hes a drain -

.source path coupled between a first node and said

refe;ence point, and a gate coupled to a drain’

15 thereof; the drain - source'path beihg_supplied with
said first bias current; and

(e) a third MISFET which has a gete coupled
to said first hode, a eource coupled to said output
terminal, and a drain, whose threshold voltage is

20 made a value smaller than that of said second MISFET
and whose drain - source peth is supplied with

said second bias current;
whe;eby-a veltage which corresponds to a
differeﬁde between a threshold voltage of said second

25 MISFET and that of said third MISFET is supplied

from said third MISFET to said output terminal.



25 M SFET and that of said third MSFET is supplied fromsaid third MSFET,@‘
to said output term nal. -34- 2. A reference voltage gener at or! .*
according to Claim1, wherein a potential difference

across the substrate gate and source of said thlrdJuﬂﬂﬂwn ed to a
potential difference 5 which is applied acros "m’m“muﬁte and

source of said second M SFET. 3. A referencé vél t hge® gener+at or
acconlng +o Caiml, wherein said secend4NLSFET and said third M SFET have
channel |engths-and channel w dths equal 10 to each other, and said

first biasfcurrent has a value greater than said second bias current 4.
A reference vol t age generat oA zeferengg voltagengenevhbori acserdingr o

M SFET has its drain - source path cougled_betmeen sai d output 15
terninal and saldc}%¥ErEHthﬁ§PhP aspeteptiptsdififerengpl which ies drain.
5. A referen ¢ olta to_Ca erei.n said

t di
bias circuit incl3BRs* cﬂFFg%FgﬁﬂgrngﬂF gg{g&ﬁ%cﬁ“ﬁs’?ﬂﬁﬁ?rQghﬁFfﬂ a 20

Currenc oo éﬁiﬁdtﬂré?%‘%"c?%ﬁa%géggén’gﬁaﬁﬁrﬁé%n%r%?' dLEEeEPath:
wherein sasd currgRicHi {50hpplied’ het8EB" tA8Ss@bbeiath %@EEIMOSG gate

and drain are
source of said second MISFET.

3. A reference voitage generator according
to Claim 1, wherein said second MISFET and said third
MISFET have channel lengths and. channel widths eQual
10 to each other, and said first bias current has a
- value greater than said second bias current.
4. . - A_reference voltage'generator according'.
to Claim 1, wherein said first MISFET has its
drain - source path couplea between eaid_output'
15 terminal and said reference point, and has its gate
coupled to its drain. |
5. ‘A reference voltage generator according
to Claim 4, wherein said bias circuit includes a
current mirror circuit which is supplied with a
20 drain current of said third MISFET thereby to
-generate said first bias current.
6. - - A reference voltage generator acbording
to Claim 5, wherein said current mirror circuit

comprises-affourth MISFET whose gate and drain are

25 inter-connected and which has a.conductivity type
 opposite to that of said third MISFET, and a fifth

MISFET whose gate is coupled to the gate of said



25 I nter-connected and which has a conductivity type opposite to that
© of d third MSFET, and a fifth M SFET whose gate is coupled to the gate
of 'said -35- fourth M SFET, whose source is coupled to a source of said

fourth M SFET and which has the same conductivity tmmmﬂmmﬂ“ﬂmml d

fourth M SFET. 7. A reference vol tage gener to
" Caim6, further including an additional_,gircuit whith ‘makes®™ hd sburce =™
drain voltage of Said fifth M SFET subétaﬁtTally equal to that of said ]
fourth M SFET. 8. A reference voltage generator according 10 to
Claim?7, wherein said additional circuit conprises a sixth M SFET which has
a source - draifiryrtih NISERE: cvhose veeure@cldr apupbedstpdar Bounc® SFET and

that of said second M SFET and which has the sane conductivity type as that
of said fifth MEmaid feunth MISFETndwiigh Bag| FhecfamRich has a

- ti [ t ) nal _which i uppli ed, wi th t Lo vol t f
cai'd fourth m geRucEiVLEE vvhe on oSt iR, fa18\ EPerER MR oo With t ne.
dr ai | t id fift ! m Lgh 20
dei 1 ver s & vol thge to be cpitrermpds yaleshhrubns b ackOkhing, o
A reference voldage g6Res At Py PRELT hODudfng' #hMadas ¥RBRGLN Sai d bi as

circuit includes a _
circuit which makes the source - drain voltage of

;aid_fifth MISFET substantially equal to that of
said fourth MISFET.
8. _ - A refetence'voltage generator according
10  to Claim 7, wherein said additional circuit comprises
~a sixth MISFET which has a source - drain path
connected between the drain of said fifth MISFET and
that of said second MISFET and which has the same
conductivity type as that of said fifth MISFET, and
15 a differential amplifier which has a non-inverting
input terminal which is supplied with the drain
voltage of said fourth MISFET, an inverting input
terminal_which-is supplied with the drain voltage
of said f£ifth MISFET and an output terminal which
20 delivers a voltage t§ be supplied to the gate of
- said sixth MISFET. '
9. A reference voltage generator according
‘to Claim 4, wherein said bias circuit includes a
fourth MISFET whose.gate and source are respectively
25 connected to the'gate and source of said first
MISFET in common, and a current mirror circuit which

is supplied with a drain current of said fourth



fourth M SFET whose gate and source are respectively 25 - connect ed to th
gate and.source of said first MSFET in common, and a current nlrror & Z?éé)
circuit which is supplied with a drain current of Said fourttr—

L M S * -36- MSFET in order to generate sa m rent

10. = A reference voltage generator according tH Ilamm"mmnqln sai d

bi as~circuit includes a current mrror TJCUII whi ch ts Suppl imedsw

draim 5 current of sald first MSFEPR ™ order to generate said first.
and second bias currents. A reference voltage generator

according to d ai Ijs%s P i |
fourth M SFET whi (ra] as a gate and;q> %{e?gté;%;;ﬁ c%ir#]sgéét%dé{o ‘lhr'se%}r ‘ai n of
said first M SFET jigy conmon ang aitd-h g%a] SRR te to
that of said first M SFET, and fifth and SIXth M SFET ose gates and

sources are respeaid \Clladnt QN eHe@irO Jdid FildB BIGFAAY Ghdlfuded & fourth 15
M SFET and whi ch have the same conductivity type as that of said fourth

M SFET, whereby s@utrfentsmivirar circuiit iwhidh ideersuppglied Wikhlraiidrain sai d
si xt'h NISFET and said second bias current is delivered fromthe drain of
said fifth>V SFETcuzwent of?said first MISFRThd:n \axtdeny -y eyemventadre

accordl ng to Caim1ll, wherein said current mrror circuit
said f:.rst and second bias currents.

11. ~ A reference voltage generator accdiding
té Claim 10, wherein said current mirror circuit
comprises a fourth MISFET which has a gate and a

10 drain connected to the drain of said first MISFET
in common and which has a conductivity type opposite
to that of said first MISFET, and fifth and. sixth

__MISEETS whose gates and sburceé are respectively
connected to the gate and source of said fourth

15  MISFET and which have the same conductivity.ﬁype as
that of said fourth MISFET, whereby said first
biaslcurrent is de;ivered from the drain of said
sixth MISFET. and said second bias current is
delivered from the drain of said fifth MISFET.

20 12.; A reference voltage generator according
to-CIaim 11, whe#ein said current mirror circuit
further inéludes a seventh MISFET which has a gate
and a drain connected'to the drain of said fifth

| MISFET in common ‘and which has the same conductivity

25 type as that of said first msﬁ*z*_r. and an eighth

MISFET which has a gate ahd a source respectively

connected to the gate and a source of sald seventh



Ccthg'axain of said fifth M SFET i n conmmbn and whi

further includes a seventh M SFET which has a gate and a drain connected to

co tivity 25 type as that of said first M SFE NISFET x
whi has a gate and a source respectlvely connect ﬂ i‘“g‘\g
as

source of said seventh -37- M SFET in common an e*sane e
conduct|V|ty type as that of said first M SFET, mhereby sai d second blasb*~
current is generated at the drain of saikda3gighth M SFET. 5 13.

A reference voltage generator according to Claim1l, wherein said first to
third M SFETs are forned on a sem.conductor substrate which is forned as a
cMoSs | C 14. MISFER inf eommon andt whdchehasattive @amer di ng 10 to Caim
12; wherein the gate of said second M SFET and that of said third M SFET.
are made of nat ephdncthuitygtypekapusbatoss @Exite fdmnst MISFEIOh ot her. 15.

A reference voltage generator accqording to C aim.14, wherein the gat es of
sai d second andwhereby said spropaTdiase chxFend: i gensrates a A

BTy Srers! PR JARRER' BE ARG PLBRsh HE .1 VT ST SR Serone o
generatof accorgiyng 20 af efbBleflebS votiald ekditlth? tlestilitigPecond
to Claim 1, wherein said first to third MISFETs are
formed on a semiconductor substfate which is formed
as a CMOS IC.
14. A reference voltage generator accordlng
10 to Claim 12, wherein the gate of said second MISFET
and that of said third MISFET are made of materials
having work.functions different ffom each other.
. 15. A referenee vbltage generator according
to Claim 14, wherein the gates of said second and.
15 - third MISFETs are made of silicon. |
l6. A reference voltage generator according
to Claim 15, wherein said second and third MISFETs
are of the n—-channel type.
17. ‘A reference voltage generater according
20 to Claim 16, wherein the gate of said second MISFET
is of the p-type, whilst the gate of said third
MISFET is of the n-type. |
18. A reféreﬁde voltage generator aeeordihq
to Claim 17, wherein said second and third MISFETs
25 - are formed on-p-type well regions which are formed
in a surface of said seﬂieonduefor substrate

electrically independently of each other.



i's of -the p-type, whilst the gate of said third MSFET is of the n- type

"18. . A reference vol tage generator accordi ng—to—CarmiF—wherel
said second and third M SFETs 25 are formed on -
‘which are forned in a.surface of said seni conducto M!ﬂga ‘m"m MFI caIIy

i ndependent |y of éach ot her. C L M -

reference voltage generator constructed_ Eﬁgstantlally as hereln descri bed

wi Ptreference to and as illustrated in ure 4, or Figure 6, or Figure 7,
or Figure 8, or Figure 13 of the acconpanying draw ngs.

19. A reference voltage generator constructed
substantially as herein described with reference to
and as illustrated in Figure 4, or Figure 6, or

Figure 7, or Figuré 8, or Figure 13 df the accompanying

drawings.




