CI'RCU T FOR GENERATI NG | NTERNAL: SUPPLY VO'TAGE The present Tnvention
relates to circuits for generating dinternal supply voltages, particularly
al t hough not exclusively for use in high densrty 5 sem conduct or nenory
devices. At the present time,.in a sem conductor nenory device w th high

. menory capacity, it is often required to supply a MOS transistor bel ow a
mcron unit level with a |ow supply voltage | ower than an external supply
10 . voltage of 5V which is generally supplied in conmputer systens. To this
end/ an internal supply voltage generator nust be prepared in seni conductor
chips, in addition to a menmory circuit, ,so as to supply the | ow internal
supply voltage. For instance, a sem conduct or DRAM devi ce over 16Moit | evel

necessarily i . ;
15 obt ain rﬁ#@@ﬁg 2 . LA d P TAGEF
supply vol tage generator and t he characterr stics thereof are di scl osed with

reference to Figures 1 to 3 of the acconpanying drawi ngs. 20 Referring to
Figure 1, a convFhé peéseht invention! refkitedto citohito 66r generating intePhlali sur ri sed
of a reference voltage generator 50, a conparator 60 and an outpuf circuit
70. Shown ivoltigesy qaartlwlarlyhalthmglammr exclusively fore uset in rhighs depsigy

vol tage_genergtor ,of Figure 1, i,n conparison with the external supply 25
vol t age> AM‘P@FM‘PX/E‘%WO‘&%%S of the reference vol t age generator 50 of
Figure 1 is showm in Figure 3.

At the present time, in a semiconductor memory device with high

memory capacity, it is often required to supply a MOS transistor below a
micron unit level with a low supply voltage lower than an external supply

10 voltage of 5V which is generally supplied in computer systems. To this end,
an internal supply voltage generator must be ?repared in semiconductor chips,

in addition to a memory circuit, so as to sixppl’y-the low intemnal supply
voltage. For instance, a semiconductor DRAM ‘device over 16Mbit level
necessarily includes such an internal supply voltage generator in order to

15  obtain high reliability of the memory devxce

A prior art internal supply voltage generator and the characteristics
thereof are disclosed with reference to Figures 1 to 3 of the accompanying
drawings..

20

Referring to Figure 1, a conventional internal supply voliage generator
100 is comprised of a reference voltage generater 50, a comparator 60 and an
output circuit 70. Shown in Figure 2 are the characteristics of the internal
supply voltage generator of Figure 1, in 'oomparison with the external supply

25  voltage. An alternative embodiment of the reference voltage generetor 50 of

Figure 1 is shown in Figufe 3.
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- 2- Referring again to Figure 1, the internal supply voltage generator 100
has the reference voltage generator 50 and the output circuit 70 which is
conprised of a PMOS transistor 10 serving as a variable resistor. The

vol tage outputs fromthe reference voltage generator 50 and the out put
circuit 70 are 5 conpared at the conparator 60, which is a differential
anplifier for controlling the voltage applied to the gate of the PMOS
transi stor 10. The reference voltage generator 50 has first and second
resistors [err] connected in series between the external supply voltage
[err] and the ground |level, to generate weference voltage [err] through a
connection node 3. The conparator 60 has 10 first and second NMOS

transistors 6, ReferrifighagéindoiFigurnl) tie inernal b@{p}ywdlﬁgemm«lsi stor
S

8 serving as a constant current source, and fir and second PMOS
transi st or has the reference) voltage rgenerator 50r and dhie ouwtput cirouiso?@ rwhicheisPMOS

transistor 10 has.,its e conhnected tp the exterpal su vol.t age
Lenr T St comprised af a B Trsasitpr, HLscriing Fip Vatable s, Jbo elagbe an
15 out pu | _ (o) £ luni S applied
to the gat ?“W ﬁéoj'? Itb@#%ﬂ&&%ei@?r@ﬁ%? bﬁ#??é%%%f%bq t he
event f&hat Pif&i r _ QUikfe ircuit
(not stﬁovvn)o,a“* vol %g%g@%ﬁg?ﬁg?%ﬁgdh{]ﬁea Pl\/[)ié&![ﬁrgﬁg}pgﬁ)éf%l)g of t l‘élggut put
circuit 70the’\woltage sapplied! toe theigatenaf the IPMOS ardamsistor 10s €The eeferemvet age

| evel | ower than the 20 external supply voltage. At the sane nonent, the

conpar at or Veljage generator H has fisstand seponds resistoronkis Ry consiested: imseries as to
koP, 1E | BRhe v BRlal b vl Voo hf Bl R il b REmNR 7
Const . Zielorblbef s P imdgh'd Spd GARREARS 20 Bnff B b
sem cqoducfirst dR1SEcond NNMOS transistors 6, 7 forming a differential amplifier, a third
NMOS transistor 8 serving as a constant current source, and first and second
PMOS transistors 4, 5 forming a current mirror load stage. Morcover, the
PMOS transistor 10 has its source connected to the external supply voltage
Ve, and the drain connected to the internal supply voltage Vee,, of an
15  output node 11. In the drawing, the reference voltage V,, is applied o the gate
of the first NMOS transistor 6 of the comparator 60. In the event that a load
current flows from the output node 11 to a memory circuit (not shown), a
voltage drop occurs at the PMOS transistor 10 of the output circuit 70. As a
result, the internal supply voltage is set to a voltage level lower than the
20  external supply voltage. At the same moment, the comparator 60 controls the
gate voltage of the PMOS transistor 10 so as to keep the internal supply

voltage level identical to the reference voltage V., level.

The internal supply voltage generator 100 should keep a constant

25  internal supply voltage regardless of the change of the external supply voltage
in order to obtain high reliability of the semiconductor memory device.
Undesirably, however, the conventional internal supply voltage generator 100
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Undesirably, however, the conventional internal supply voltage generator
100 -3- of Figure 1 typically has a voltage difference AV as shown in
Figure 2, in response to the inerease of the external supply voltage. The
foregoing problemis caused.hy the fact that the reference voltage Vf from
the reference voltage generator 50 is [err]. Therefore, the reference
voltage [err] -5 I ncreases as the external supply voltage increases,

t hereby increasing the internal supply voltage. Accordingly, the
reiability of the sem conductor nmenory device may be reduced. Referring to
Figure 3, an alternative reference.voltage generator 50 is 10 conpri sed
of first to third PMOS transistors 12, I3, 14 connected in series, and

fourth and fd &ih. I%_‘ L ARSkSE Qr- e ORaE AR ds IshoRal i Fiedrae o ISt to
third PMOS frg@i“gto '%@ﬁgﬁégn‘?loe%%eedaﬁl par aﬁ&gﬁstsgo?ﬁeilfg‘ﬂrﬁ aZI‘\ fifth
PMOS transigkpoitse tolthe #érease ofthe extetnaPsupply voltagé. The foregbing\problem

transistors 12 - 16 are each di ode-connected and, further, the gate of the

fourt h PMOdsraused byrthe faatthatsthe sefeyemcecveltage Vi pfropv the refefencaavoltaged PMOS
transi stor 14. The source of the third PMOS transistor 14 is so coupled as

to set the gate voltage |evel the fourth PMOS transistor 15 to err] ,
the source gﬁnqmrﬁamtugwﬁ%m:% 1 Thesefore.the referancevoliaged 17, by
whi ch the reference vol tage 4&nt or 50 generates the reference voltage
[err] through the output 20 - node 17. As the tenperature increases,

however, the threshold voltage [err] of the, respective PMOS transistors in
the ref¥r eriBereases agethge axteznalr supply nvekiage. incrgases, sherebyeinczeasingHheef or e,

Fhe refer er}%?er}/xgi ts%BSlvaoWAg';é. %oggr&)iﬁgly, the reliability of the semiconductor
-/

memory device may be reduced.

Referring to Figure 3, an alternative reference voltage generator 50 is

10 comprised of first to third PMOS transistors 12, 13, 14 connected in series,
and fourth and fifth PMOS transistors 15, 16 connected in series, the first to

third PMOS transistors being connected in parallel to the fourth and fifth
PMOS transistors. The gates and drains of the first to fifth PMOS transistors

12 - 16 are each diode-connected and, further, the gate of the fourth PMOS

15  transistor 15 is connected to the source of the third PMOS tiansistor 14. The
source of the third PMOS transistor 14 is so coupled as to set the gate voltage

" Jevel of the fourth PMOS transistor 15 to Yeext , the source of the fourth -

PMOS transistor 15 becoxhing an’ oiltput node 17, by which the reference
voltage generator 50 generates the reference voltage V., through the output

20  node 17. As the temperature in&eases, however, the threshold voltage V,, of
~ the respective PMOS transistors in the reference voltage generator 50 shown

in Figure 3 is reduced. Therefdre, the reference voltage V., will also be

"._reduced. If the reference vblta-g_e_ is reduced, the internal supply voltage will



reduced. If the reference voltage is reduced, the internal supply voltage

w | | - 4- also be reduced, causing the sem conductor nenory device to
operate at a | ow speed. Preferred enbodi nents of the present invention aim
to provide a circuit 5 for generating an internal supply voltage which
all ows a sem conductor nmenory device to operate at a stable, constant speed
regardl ess of changes of tenperature, wherein the output voltage thereof
has a tendency to increase as the tenperature increases. 10

According to the present invention, there is provided a circuit for
receiving an external supply voltage arglfor generating an internal supply
vol tage | ower than said external supply voltage, for use in a sem conductor
nenory devialgd bé ftlueked Celusingomie seficandutior memory deviceftoopetate wohlowe
generating neans connected to receive said external voltage, for generating
a referencspeed.t age; a conparator neans connected to receive the output of
said reference vol tage generating neans, for conparing a signal applied
froma first input 20 line with a signal froma second input line, the

gener at i ng. meanderessrreal FRiiBafies of e ASSEH nfen il #od B BB KRRUDC,

means, & or | r 1T s
vol t agej; arﬁﬁﬁng“v% %‘eﬁgﬁgir*? Mﬂ?l% ?@ﬁ%?ﬁtﬁg%ﬂ%&sai d
out put neannemory device to operate at a stable, constant speed regardless of changes of

temperature, wherein the output voltage thereof has a tendency to increase as

the temperature increases. - Y,

10 According to the present invention, there is provided a circuit for
receiving an external supply voltage and for generating an internal supply
voltage lower than said external supply voltage, for use in a semiconductor

memory device, the circuit comprising:

15 a reference voltage generating means connected to receive said external

voltage, for generating a reference voltage;

a comparator means connected to receive the output of said reference
voltage generating means, for comparing a signal applied from a first input
20  line with a signal from a second input line, the first input line being coupled

to the output of said reference voltage generating means;

an output means receiving the output of said comparator meané, for

generating at an output node thereof said internal supply voltage; and

a voltage sharing means for receiving the output of said output means,

and supplying an output to the second input line of said comparator means:
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and supplying an output to.the -second i nput I|ne of sald conparator means:
-5- wherein the output of said output neans has a tendency to increase in
response to increase of the tenperature, thus conpensating for a decrease
in the reference voltage caused by the increase in tenperature, to provide
~an output which is substanti:atly independent of tenperature. Preferably,
said reference voltage generating neans onprises: a first resistor one end
t hereof being connected to an output node of said reference voltage
gerérator; a first bipolar transistor of which a collector and base are

comonly coupl ed 10 th oth Lﬂ}d tt;;] sald drst,. resistor .and of .which
oo trer 1o conbfet b b ilcsaid i, Ras hab Bt B?YS%H@W&S? reor
bei ng CO““%F%&% Yo ifiEreqst: Gf{heﬂeﬂﬁ)e 'tl‘fus.r ESfpEfkatin g%}%g\fec

transistor o

second bi po Iector S coupled to ﬁher end

of said seqefeteniesvoltage entbed by'the h@emsm teperutirédtd provide le ospupr of
said first bipolar transistor; a third resistor, one end thereof being

coupl ed towhchnstwbstanﬂaﬂjulludepandamﬁtmnperamm stor, the other end
t hereof being coupled to said.ground level; and a third bipolar transistor
of which a collector is coupled to the output * node of said reference

Second bipol ar CHEAG P@lYSFsﬁMS’f&wﬁs%%ﬁaééﬁ%ﬁ?@bﬁ% higy Fampses: ° 0 %'

a first resistor one end thereof being connected to an output node of said

reference voltage generator;

a first bipolar transistor of which a collector and base are commonlj?-
" coupled to the other end of the said first resistor and of which an emitter is

coupled to a ground level;

a second resistor one end thereof being connected to the output node of

said reference voltage generator;

a second bipolar transistor of which a collector is coupled to the other
. end of said second resistor and of which a base is coupled to the collector of

said first bipolar transistor;

a third resistor, one end thereof being coupled to an emiﬁe: of said
second bipolar transistor, the other end thereof being coupled to said ground

level; and

a third bipolar transistor of which a collector is coupled to the output |
-node of said reference voltage generator, and of which a base is coupled to the
collector of said second bipolar transistor, of which the emitter is coupled to

said ground level.



said ground | evel. -6 - Preferably, said conparator means conprises: a
first PMOS transistor of which a source is coupled to said external supply
voltage; 5 a second PMOS transistor of which a source is coupled to said
external supply voltage and of which a gate and drain are commonly coupl ed
to a gate of said first PMOS transistor; 10 a first NMOS transistor
of which a gate is coupled to the first input line and of which a drain is
coupled to a drain of said first PMOS transistor; a second NMOS transi stor
of which a gate is coupled to the second input |ine, and of which a drain
is coupled to the drain of said second MOS 15 transistor; a third NMOS
transistor of which a gate is coupled to the first input line, a source is
coupl ed to sai d preferably! sxidl co fir Measts\comprises? i s coupl ed to sources of
the first and second Nﬂbs transi stors; and 20 an out put node forned at a
connection of the drains of the first PMOS transistor and the first NMOS

transistor. Pref erablly, sai d out put_ neans conpri ses: %5 .
a first PMOS transistor of which a source is coupled to said external

supply voltage;
5
a second PMOS transistor of which a sour‘ce is coupled to said external
supply voltage and of which a gate and drain are commonly coupled to a gate
of said first PMOS transistor; 7
10 a first NMOS transistor of which a gate is coupled to the first input line

and of which a drain is coupled to a drain of said first PMOS transistor;

a second NMOS transistor of which a gate is coupled to the second
. input line, and of which a drain is coupled to the drain of said second PMOS
15  ftramsistor;

a third NMOS transistor of which a gate is coupled to the first input
line, a source is coupled to said ground level, and of which a drain is coupled o,
to sources of the first and seccond NMOS transistors; and
20

an output node formed at a connection of the drains of the first PMOS
transistor and the first NMOS transistor.

Preferably, said output means comprises:



-7 a PMOS transistor of which a source is coupled to the external supply’

" voltage, and of which a gate is coupled to the output node of said
conpar at or nmeans; and 5 :an out put node coupled to a drain of said
PM3S transistor. Preferably, said voltage sharing neans tends to increase
said internal supply voltage:i:n response to increase+of tenperature, said
vol tage sharing means conprising: 10 first and second vari abl e resistor
means coupled in series between said output neans and a ground |evel, and
hawi/ng an out put node fornmed at a connection of said first and second
variable 15 resistor nmeans. Preferably _a resistance increase ratio in
response to increase of the tenperature, of said first variable resistor

nmeans, is higher tmgé %@Sﬁ%‘%ﬁd‘%ﬁm) rﬁ%b@,eg%l m&%xt&lﬁa[@ggﬂg

Preferably, said 3 eco variaple resis means conpri s

first MOS { Ganaketaid GPWhRth £ a8 Gupfod ANRUUDUPHGES of S4id GSinpirate d

out put neans d anot her end of t he Channel and a gate thereof being 25
di ode- conneafcatis; amdi

5 : an output node coupled to a drain of said PMOS transistor.

Preferably, said voltage sharing means tends to increase said internal
supply voltage in response to increase of temperature, said voitage sharing
meaﬁs comprising:

10
first and second variable resistor means coupled in series between said

output means and a ground level, and having

an output node formed at a connection of said first and second variable _

15 resistor means.

Preferably, a resistance increase ratio in respdnse to incréase_of the
temperature, of said first variable resistor means, is highér than that of said
second variable resistor means.

20

Preferably, said first and second variable resistor means bomprises:

a first MOS transistor having an end ofa channel thereof coupled
to said output means, and another end of the channel and a gate thercof being

25 diode~connected; and



8- a second MOS transistor havi ng an end of a"chénnel thereof coupl ed to
sai d out put node, and another end of the channel and a gate thereof being

di ode-connected to said ground level: 5 said first MOS transi stor
havi ng a channel longer in length than that of said second MOS transistor.
Preferably, said voltage sharing neans conprises: 10 a first PMOS

transi stor of which a source is coupled to the output node of said output
neans, and of which a gate and drain are diode-connected; a second PMOS_
transi stor of which a source is coupled to the drain of said first PMOS™
transistor, and of which a gate and dcg o are diode-connected 15 to said
gr ound IeveI and an output node forned at a common connection of the first

and second PMOSaseasifd Mos&m%&toz hav m}ﬁ*ﬁd'dﬂﬁéﬁdﬂi&lﬁﬁ%ﬁ&ﬂdﬂ 160 a

sem conduct or menory device provid a circuit according to any of the
pr ecedi ng mdamtpubhode;eM\aaothwrend:of the ichanme]l andlar gate rtherenf dicinge

I nvention and to show how the sane may be carried into effect, reference

wi 1 now bdiodgneonnsetedhio spidegrounddevéls (o Figures 4 to 7 of the
acconpanyi ng di agramrmati c draw ngs, in which: -9- Figure 4 shows one
exanpl e of an internal supply voltage generator enbodying the present

i nvent son;  Fi QuERqTirOS tdiibor RiViAg s CsnhFfongr i fenlghh BiaiPinat oBP' Y

vol t age
said second MOS transistor.
Preferably, said voltage sharing means comprises: -

10 a first PMOS transistor of which a source is coupled to the output node

of said output means, and of which a gate and drain are diode~connected;

a second PMOS transistor of which a source is coupled to the drain of
said first PMOS transistor, and of which a gate and drain are diode~connected
15  to said ground level; and

an output node formed at a common connection of the first and second
PMOS transistors.

20 The invention also extends to a semiconductor memory device provided

with a circuit according to any of the preceding aspects of the invention.

For a better understanding of the invention and to show how the Same
may be carried into effect, reference will now be made, by way of example,
25  to Figures 4 to 7 of the accompanying diagrammatic drawings, in which:



5 generator of Figure 4;.Figure 6 shows one exanple of an enbodi nent of
the internal supply voltage generator of Figure 4, in nore detail; and 10
Figure 7 is a table illustrating decrease ratio of the current driving
power of MOS transistors in response to change of tenperature. In Figures 4
and 6, like reference nunerials denote parts corresponding to those shown in
Figures 1 and 3. 15 Referring to Figure 4, there is shown a voltage sharing
circuit 80 connected to a comparator 60 and an output circuit 70. A
réference vol tage generator 50, to which an external supply voltage is
applied, generates a reference voltage_ [geLr]. The conparator 60, connected
to the output of the 20 reference vol tage generator 50, conpares a first

i nput vol t age cophé 4 Shdke dnel &R phi _ r U idbl eggﬁyil' put
vol tage. The ou?g of4t %&ggrrn%a%t gé a%péqgglﬁ%?eﬁd"%yaw?‘ﬁ% .te?tr%i]nal of
t he out put mbodymg_ﬁﬂefp}esmmﬁﬁmg internal supply voltage [err] . The
vol tage sharing circuit 80, connected to the output circuit 70, generates

t he second input voltage at an 25 ~ output node thereof, to thereby allow

the output voltage |evel, of the output ciycuit 7Q tp . increase,in response

to increase of fﬁ’{&!‘!?afﬁ Qws| Quipplh & EFaS@ﬂsgiFf of; theo i épppbévvbf‘ggge

shari nge ci r gl 13w 1Ll 31 and second vari abl e -10- load resistors

[err] O V\A#eg#}?tggp??ﬁﬁ@gs i ncrease in response to increase of tenperature,

wherein resistance of the first variable | oad resistor [err] is higher
Figure 6 shows one example of an embodiment of the internal supply

voltage generator of Figure 4, in more detail; and

10 Figure 7 is a table illustrating decrease ratio of the current driving

power of MOS transistors in response to change of temperature.

In Figures 4 and 6, like reference numerals denote parts corresponding
to those shown in Figures 1.and 3.
15
Referring to Figure 4, there is shown a voltage sharing circuit 80
connected to a comparator 60 and an outp_ut circuit 70. - A reference voltage
generator 50, to which an external supply voltage is. appiied; generates a
reference voltaagé Vs - The-comparator 60, connected to the output of the
20 - reference voltage generator 50, compares a first input voltage coupled to the |
_referenoe'.voltag_e V,s with a second input voltage. The output of the
comparator 60 is coupled to an input terminal of the 6utput circuit 70 for
generating internal supply voltage Vcc,,. The voltage sharing circuit 80,
connected to the output circuit 70, géneratesthe second input voltage at an
25  output node thereof, to thereby allow the output voltage level of the output
circuit 70 to increase in response to increase of temperature. It should be

further noted that the voltage sharing circuit 80 has first and second variable
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than that of the second variable |oad resistor [err] FurthernDre the
resi stance increase ratio, according to. increase of tenperature, of the
first variable load 5 resistor [err] is higher than that of the second
vari able load resistor [err]. The output voltage [err] of the internal
supply vol tage generator 100 of Figure 4, can be witten as [err] , where
the ratio of resistance variation to tenperature change is [err]. It is
t heref ore apparent 10 fromthe foregoing that as the tenperature

i ncreases, the resistance increase ratio of the first variable |oad
resistor [err] becomes higher than thati®& the second variable | oad
resistor [err], thereby increasing the internal supply voltage [err]. 15
As is il usioadtresistrs R,!, &K, of wiliick eedistgnces incréase iin respomse 40 dacreaswdf t hat
the internal supply voltage [err] increases stably to keep it constant as
t he tenperawmpcram,éuhwmmm@m e first vpriabledoad sesistor R, ismbigher onal

lf'hrec‘r“eﬁiren JBat af e setond; varabie Jiad i alsis%n;ti‘ef’ e;.ﬁa?qe, € spiganessiy
egrve'rﬂgfrnw%%ﬂ@gé&?‘%@@a é lrfete'ig%dggm\? tag {%nlncreases

resul tigg 'fbsmoﬂRStlﬂ%gnér%ﬁh flﬂh St secsfid vasiablelcadoekisteroRy ed - 11
- An exanpl e an enbodi ment of the internal supply voltage generator 100

of Figure 4 wll now be described in nore detail hereinbelow, wth
reference to Figure 6. The reference volti\ ﬂgnerator 50 has a
const ant current Tbgmuégu@oltage Ve, of the internal supply voltage generator 100

e e e e

131

of Figure 4, can be written as yec, , = where the ratio of

*V,

ref *

2

resistance variation to temperature change is R,>R,. It is therefore apparent
10  from the foregoing that as the temperature increases, the resistance increase
ratio of the first variable load resistor R,' becomes higher than that of the

second variable load resistor R, thereby increasing the internal supply voltage

Vce,.

15 As is illustrated with reference to Figure §, it is to be understood that
the internal supply voltage Vcc,, increases stably to keep it constant as the ~
temperature inereases. Accordingly, the problem found in conventional
circuits, that as the temperature increases, the reference voltage V. of the
reference voltage generator is reduced, resulting in the undesirably low internal

20 supply voltage, as well as the problem that as the external supply voltage
increases, the reference voltage also increases, resulting in an unstable internal

supply voltage, are both solved.



| hput thereof being coupled to the external supply voltage [err], an output
node 38 being coupled to the output. of the constant current source 31, and
a circuit connected between the out put node and the ground |evel, for
droppi ng the voltage | evel of the output node 38 to a predeterm ned |evel.
10 The vol tage dropping circuit has a first resistor 35 connected to the
out put . node 38, another end of the first resistor 35 being commonly coupl ed
to-the collector and base of a first bipolar transistor 32 of which the
entter is coupled to ground level. A second resistor 36, an end thereof
bei ng coupled 15 to the output node_3f, —i s coupled to the collector of a
second bipolar transistor 33 having its base coupled to the collector of
the first bipol &f L oF L eink SF9hE $rterna ot _ | evel
Ve a third FediheraRle o B e S e e e he
col | ector 100 aftFigute 4 pdllanowr besdescribedinoinosei détail hhereinbelow, owithect ed
to the collector of the second bipolar transistor 33 20 and the emtter

i s coupl edefesen¢ectyFigmre 6.evel . The conparator 60 has a first PMOS
transistor 39 of which the source is connected to the external supply
voltage [err], and a second PMOS transi stor 40 of which the source is

connecged to t LAl S a2 cnh s‘%'ﬂ?? hrs4 PMOS
t rans%t or 39 Pgheg%% @%ﬁé#ﬁ%‘?@gﬂg 'ggt(fgxgﬁgggélgfﬁf of ienég%ond
PMOS tr anshaithetbof E_éiﬁgg@dtﬁ:l@d tg thé 'exterbbCSupplyvoltdgey Ve, j, ancoutpued to a
first input”voltage, 1.¢€. the reference voltage [err]. -12 -

Fur t her nonmdet 38 beimgscouplet to the sutputrofithe reomstand cuiment sourset 3] andd ahe
dr ai . _ _ .

ran circuit connected between the output node and the ground level, for dropping

the voltage level of the output node 38 to a predetermined level.

N

10

The voltage dropping circuit has a first resistor 35 connected to the
output node 38, another end of the first resistor 35 being commonly coupled
_to the collector and base of a first bipolar transistor 32 of which the emitter
is coupled to ground level. A second resistor 36, an end thereof being coupled
15  to the output node 38, is coupled to the collector of a second bipolar transistor
33 having its base coupled to the collector of the first bipolar transistor 32 and
its emitter connected to ground level via a third resistor 37. Moreover, the
output node 38 is connected to the collector of a third bipolar transistor 34 of
- which the base is connected to the collector of the second bipolar transistor 33

20  and the emitter is coupled to the ground level. | '

The comparatof 60 has a first PMOS transistdr‘ 39 of which the source
is connected to the external supply voltage Vcc,,, and a second PMOS
transistor 40 of which the source is connected to the external supply voltage.

25  The gate of the first PMOS transistor 39 is commonly connected to the gate
and drain of the second PMOS transistor 40. The gate of a first NMOS

transistor 41 is coupled to a first input voltage, i.e. the reference voltage V.

AR



B T L L VrT R ¥ Y .

of the first PMOS transistor 39 and a source connected to the source of a
second NMOS transistor 43 of which the drain is connected to the drain of

t he second PMOS transistor 40 and the gate is coupled to a second i nput

voltage. 5 The sources of the first and second NMOS transistors 41, 43 are
connected to the drain of a third NMOS transistor 42 of which the source is

connected t

o ground level and the gate is coupled to the first input

vol tage. The connection node 44 of the drains of the first PMOS transistgQ

39 and the

first NMOS transi stor 41 serves as an output node of the

conparator 60. 10 The output circuit 7 1RBs-conprised of a PMOS transistor
urce being connected to the external supply voltage [err] and
t he gate beFugthermors;ithe first NMOSutransistopd2 has adraih connegted 10 dhe drainThe
drain of the PMOS transistor 45 is_connected to an output node 49 through

with the so

whi ch the i
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age
transistor 41 serves as an output node of the comparator 60.

The output circuit 70 is comprised of a PMOS transistor with the source
being connected to the external supply voltage Vce,,, and the gate being
connected to the output node 44 of the comparator 60. The drain of the PMOS
transistor 45 is connected to an output node 49 through which the internal
supply voltage Vcc,, is generated.

The voltage sharing circuit 80 is comprised of a first PMOS transistor
46 with its source being connected to the output node 49 of the output circuit
70, and the gate and drain being diode~connected. A second PMOS transistor
47 has its source connected to the drain of the first PMOS transistor 46, and
the gate and drain diode—conpected to the ground level. Moreover, an output
node 48 to which the drain and source of the first and second PMOS
transistors are respectively connected, is coupled to the second input voitagc.

In order to generate a constant reference voltage V,, regardless of
change of temperature, the reference voltage generator 50 is comprised of
bipolar transistors. For reference, the output voltage of the reference voltage

t he
o’/
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--13 - generator 50 is J[err],- where [err] is the base- en1tter vol t age
of the third bipolar transistor 34;. Vt the thernoelectric voltage; [err]
and [err] the resistances of the second and third resistors 36, 37
respectively; and [err] and [err] the collector saturation currents of the
first and second bipolar 5  transistors 32, 33 respectively. The reference
vol tage generator 50 is made such that the base emtter voltage VBE with a
negative tenperature coefficient of -2.2nV/[err] and the thernoel ectric
valktage [err] with a positive tenperature coefficient of 0.085nmv/[err] are
conbined with each other so as to opgﬁéq_a zero tenperature coefficient.
Therefore, unlike a conventional refeéerénce voltage 10 generat or using
PMOS transi stors having a negative tenperature coefficient of -3nV/ [err],

const ant  @EREFIN 50,81 e”er?éf#"g?nga;ﬁ«'%éq i m B AR

Further, the voltage sharing C|rEU|t 80 S8 connected as to-increase the
15 reference voltage [err], to thereby |ncrease the internal supply

chann! camitet Shiaes B’ ”&ftneo F iR N b thefndbEWsbe?

t han the PP N6 é
Ther ef oreCl*\q"taiﬁmekﬁannf%é resi st anceke?{l}%&fql rstP%ll\%S tr%r?gl]ﬁs 4% ?s hi gher

than that dﬁﬁ!%né‘i&%é coflectorsbluration eufrents dﬂthestﬁrstandcsedonxl bipolar s of
course a reciptocal “of the resistance. Fromthe foregoin It .can be

under st oodrarnisistonsh32,c33 mespectively. ﬁﬂnqamfsrenog veltagee generator thadel st or
wi th a high channel resistance._|n gener, I\/E)S ttran5| to kL a | ong
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of -2.2mV/°C and the thermoelectric voltage V, with a positive temperature

coefficient of 0.085mV/°C are combined with each other 5o as to obtain a zero

~ temperature coefficient. Therefore, unlike a ‘conventional -reference voltage

10  generator using PMOS transistors having a negative temperature coefﬁciént of
-3mV/°C, the reference voltage generator 50 of Figure 6 can generete a stable,

constant reference voltage V. regardless of change of the temperature.

Further, the voltage sharmg circuit 80 is so connected as to increase the
15  reference voltage V., to thereby increase the internal supply voltage Veey,
according fo increase of temperature. To this end, the channel conductance

g (= .3_119_3) | of the first PMOS transistor 46 is made lower than the channel
YOV

conductance g, of the second PMOS transistor 47. Therefore, the channel
resistance of the first PMOS transistor 46 is higher than that of the second

20 PMOS transistor 47, since conductance is of course a reciprocal of the
resistance. From the foregoing, it can be understood that the current driving

. power is reduced for a MOS transistor with a high channel resistance. In

| general, a MOS transistor with a long channel length is under greater influence



R oy U S A R ) ’ INIII ara

- 14 - of tenperature than a MOS transistor with a short channel | ength;
therefore, variation of the channel resi.stance according to the
tenperature, of the MOS transistor with a | ong channel length is
conparatively considerable. 5 The internal supply voltage generator
100 of Figure 6 operating at a normal tenperature of [err] will now be
consi dered herei nbel ow. The reference voltage [err] fromthe reference
vol t age generator 50 is applied to the gates of the first and third NMOS’
transistors 41, 42. At this 10 nonent, if this voltage is higher than the
vol tage applied to the gate of the secoli=NMOS transistor 43 of the

conparator 60, a given vol ;ﬁe wll be charged at the output node 49 of the
out put ci r cofi temperature than aMQS transistor:with sashortichannelrlengty; shexefore, ol t age

' t the, | | t h t put | t f th | t '
ci 1 cui {80, VAT R AnagE FosigaRes, Reparding e lsmipeiatieh. ot s WK 1 on
by th | t : e ' ' : e el | | t t '
hor oased 1EuRyaor illPp g Khangtl Ieh Bl compfativbly eodsiicadbie, TT0PCT T G

of the voltage sharing circuit 80 will be reduced. Therefore, a voltage

| ower than that at the normal tenperature is applied to the gate of the
second \NMOS t r anFhe tintersidl supply voltage geaeratos 000 BfuEiguae \Gooperptingt att ie 20
out put node 44 conparator 60 is charged to be |ower than that during

f th
hor vl omarEal tempaerturs o 25°C will Bow hroconsidersd hersimbelto. 49, | o, ¢ ho

internal supply voltage [err] of the output circuit 70 wll be increased.
Furthernore, as the tenperature increases nore and nore, the current flow

formed at the Chm@t%@qéghf%@&éy Plid 'thé Teferéite ¢61 %hgﬁeea&iﬁ 50s

sharing 25 circul ed™mre and nore, so t e 1 nternal ~
supply vol tappliedf tot the gates Wf the dirst AndfthirdeNMOSUtrassistors 41/ A2, Ar ghd§es

with reference to increase of

10  moment, if this voltage is higher than the voltage applied to the gate of the
second NMOS transistor 43 of the comparator 60, a given voltage will be
charged at the output node 49 of the output circuit 70. In the meantime, in the
case where the reference voltage V. is at the same level as the output voltage
of the voltage sharing circuit 80, the internal supply voltage Vce,, is

15  maintained constant by the voltage sharing circuit 80. In a little while, if the
temperature is increased to over 83°C, the current flow in the first PMOS
transistor 46 of the voltage sharing circuit 80 will be reduced. Therefore, a .
voltage lower than that at the normal temperature is applied to the gate of the
second NMOS transistor 43 of the comparator 60. Thus, a voltage at the

20  output node 44 of the comparator 60 is charged to be lower than that during
normal temperature and, thereby, a voltage at the output node 49, i.c. the
internal supply voltage Vcc,,, of the output circuit 70 will be increased.
Furthermore, as the temperature increases more and more, the current flow
formed at the channel of the first PMOS transistor 46 of the voltage sharing

25  circuit 80 is reduced more and more, so that the internal supply voltage of the
output node 49 of the output circuit 70 increases with reference to increase of

the temperature. As a result, since the deterioration of MOS transistor due to



. the tenperature. As a resul.t, since the deterioration of MOS transistor due
to -15- variation of the tenperature is prevented, it can be possible to
cause an associ ated sem conductor nenory device driven by the voltage [err]
to operate stably. 5 For a better understanding of the voltage
sharing circuit 80 of Figure 6, the table in Figure 7 wll be described
her ei nbel ow, wherein the current driving power decrease ratio is shown in
detai'l for MOS transistors with-the gate oxi de |ayer thereof being 160[err]
thi=¢k. In the following, as a matter of convenience, a PMOS transistor will
be described together with an NMOS 10. ysansistor; however, the matters
related to the PMOS transistor are described in parenthesis. In the table,
the current ind ' MafaveddS)it tdagn Sﬁdﬁ’s daudecdpunder
-the conditi%ﬁ%%gggﬁﬁgﬁﬂ%ﬁrg?ﬁﬁﬁﬁﬁgégtdaagplmfed tﬂg?ettag are ggth

+4. 0V (-4. Gadsociatell semiconthictort enernory elevidet drjwen sby the Ovbltagé) Vedye tour r ent
driving power decrease ratio at [err] is illustrated in 15 conpari son
with the cuepesate siablyi ng power decrease ratio at [err]. It will be
understood to a person skilled iin the art that a high decrease ratio of the
current driving power means a high increase ratio of the channel resistance

nccor dipary. as 1oL SR aideSehRIRE GF e volfipe tadie il B0°0C Figure |,
| hercaces a0t e, MRS ERIGGS, TORIPO% dechibal aciabtions, wibeinchewatan
my be undedrivingdpaver decrease rativais shown in detail for MOS transistors with the
U gate oxide layer thereof being 160A thick. In the following, as a matter of
convenience, a PMOS transistor will be described together with an NMOS .
10  transistor; however, the matters related to the PMOS transistor are described'
~ in parenthesis. In the table, the current driving power for the NMOS (PMOS)
transistor is measured under the condition that the gate and drain volfages
applied thereto are both +4.0V (~-4.0V), and the substrate-source voltage is ~
2.0V (0V). The current driving power decrease ratio at 85°C is illustrated in
15  comparison with the current driving power decrease ratio at 25°C. It will be
understood to a person skilled in the art that a high decrease ratio of the
current driving power means a high increase ratio of the channel resistance in
response to increase of the temperature, of the MOS transistor. Accordingly,
as the channel conductance of the MOS transistor is made low, the channel
20  resistance thereof is high and, thus, the resistance increase ratio thereof is also
high.

" From the foregoing descriptions, it may be understood that an internal
supply voltage generator of Figure 4 and/or 6 can compensate for a decrease
25  of current driving power due to increase of temperature as well as for decrease

of operational speed due to decrease of current driving power. Therefore, a



supply vol tage generator of Figure 4 and/or 6 can conpensate for a decrease
25 of current driving power due to increase of tenperature as well as for
decrease of operational speed due to decrease of current driving power.
Therefore, a - 16 - sem conductor nenory device enploying such a circuit
may be- operated stably regardl ess of the variation of the tenperature.
Al t hough specific constructions and procedures of the invention have 5
been illustrated and described herein, it is not intended that the
invention be limted to the elenments and constructions discl osed. One
skilled in the art will easily recognia¢ £hat the particular elenents or
subconstructi ons may be used w thout departing fromthe scope of the

i nvention. s¢miconductor methéddy devicedemnploying much ' tircalit hagd benopéiated t
that, in the context of this specification, the term"ground | evel" may
i ncl ude r efstably segardiasstafthe variationtafthe tempprature. - 17 - CLAIMS 1. A
circuit for receiving an external supply voltage and for generating an

internal supply voltage |ower than said external supply voltage, for use in
et orence vol ¢ aduiial SBHGIBE polEucir did BRESAEELSH ik igvention have °
5  been illustrated and described herein, it is not intended that the invention be
limited o the elements and constructions disclosed. One skilled in the art will
easily recognize that the particular elements or subconstructions may be used
without departing from the scope of the invention. . N,

-

10 It will be understood by those skilled in the art that, in the context of
this specification, the term "ground level" may include reference potentials
other than 0,.
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external voltage, for generati-ng a reference vol tage; a conparator neans
connected to receive the output of ;said reference voltage generating neans,
for conparing a signal applied-froma first 10 input line with a signal
froma second input line, the first input |line being coupled to the output
of said reference voltage generating neans; an output neans receiving the
out put . of sai d conparator neans, for'géﬁérating at an out put node thereof
.sald internal supply voltage;: and 15 a vol tage sharing nmeans for receiving
tQe output of said output nmeans, and supplying an output to the second

input line of said conparator means:~p\e(& n the output of said output
nmeans has a tendency to increase in response to increase of the

tenperature, thus conpensating for a decrease in the reference voltage
caused by the increase in tenperature, to provide an output which is
substanti a1y iAdinaiidintrecdiviigme eatemsl supply: voltageiandfor generatisigi an G ai m
1, wherein said reference voltage generating 25 nmeans conpr.i ses: -18 -
first resistor internalnsupply veliagedowgr thamsaidcextermal supplypyeltages fonpse o g

reference voltage generator; a first bipolar transistor.of which a
col I ector and HBskSemicondnstos memory élgﬂg*’eg‘et -W'ﬁi%ﬂ?&s*%d of said first

resistor and of which an emtter is coupled to a ground l-evel; a second
resi stor one end thereof being connected to the output node of

5 a reference voltage ge_ner_ating means connected to receive said

external voltage, for generating a reference voltage;

a comparator means connected to receive the output of said
_ reference voltage generating means, for comparing a signal applied from a first
10 input line with a signal from a second input line, the first input line being

coupled to the output of said reference voltage generating means;

an output means receiving the output of said comparator means, for
generating at an output node thereof said internal supply voltage; and
15 '
a voltage sharing means for receivihg the output of said output means,

and supplying an output to the second input line of said comparator means:

wherein the output of said output means has a tendency to increase in
20 response to increase of the temperature, thus compensating for a decrease in the
reference voltage caused by the incre_ase in temperature, 1o provide an output

which is substantially independent of temperature.

2. A circuit as claimed in Claim 1, wherein said reference voltage generating

25 means comprises:

* c L M S *
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said reference voltage generator; 10 a second bi polar transistor of which a
collector is coupled to the other end of said second resistor and of which
a base is coupled to the collector of said first bipolar transistor; 15

a third resistor, one end thereof being coupled to an emtter of said
second bipolar transistor, the other end thereof being coupled to said
ground level; and a third bipolar transistor of which a collector is
coupled to the output 20 node of said reference voltage generator, and_of
whi ch a base is coupled to the collector of said second bipolar transistor,
of which the emitter is coupled to sa+d8xound level. 3. Acircuit as
claimed in daim1l or 2, wherein said conparator neans 25 conpri ses:

-19 - a first PNOfirstrresistort one ehd \therebf beimgi comnécted doipincoutput awdd af<t er nal
supply voltage; a second PMOS transistor of which a source is coupled to
sai d ext er 58id Bferengp yoltage gengmtond of which a gate and drain are commonly
coupled to a gate of said first PMOS transistor; a first NMOS transistor of
which.a gate is coupled to the first input line and of which a drain is

coupled to a drg Brgihindid thidsidtof WPWHiER W bolidior 4fld base are commonly

5 coupled to the other end of said first resistor and of which an emitter is

coupled to a ground level;

a second resistor one end thereof being connected to the output node of
said reference voltage generator,
10
a second bipolar transistor of which a collector is coupled to the other
end of said second resistor and of which a base is coupled to the collector of

said first bipolar transistor;

15 a third resistor, one end thereof being coupled to an emitter of said
second bipolar transistor, the other end thereof being coupled to said ground

level; and

a third bipolar transistor of which a collector is coupled to the output
20  node of said reference voltage generator, and of which a base is coupled to the
collector of said second bipolar transistor, of which the emitter is coupled to

said ground level.

3. A circuit as claimed in Claim 1 or 2, wherein said comparator means

25  comprises:

A 0 B WL



a second NMOS transistor of which a gate is coupled to the second i nput

line, and of which a drain is coupled to the drain of said second PMOS
transi stor; 15 a third NMOS transistor of which a gate is coupl ed
to the first input line, a source is coupled to said ground |evel, and of
which a drain is coupled to sources of the first and second NMOS

transi stors; and an output node forned at a connection of the drains of the
first PMOS 20 transistor and the first NMOS transistor. 4. Acircuit as
cl=¥med in any one of clains 1 to 3, wherein said output neans conprises:
25 a PMOS transistor of_mhich_qgfgurce I's coupled to the external
supply voltage, and of which a gate is toupled to the output node of said

conpar at or means; Jox rea0-. ap out put. - nQde . € ' dr aisn Q id
PGB 1 ransi ot or & STSPMOS drimsBilot h Mtich 3° o4 e by oop
wherein saig g,gl v8ligesharing means tends to increase said internal supply
vol tage in rg onse %o’ 5 increase of tenperature, said voltage sharing
means conprising: first and second variable resistor neans coupled in
series between said output neans and a ground |evel, and having 10

an out put node fasenoaddMOS tnansistorof witich & source isccaupled ta said exsemnab| e

resistor neans, 6._A circuit. .as clainmed,in.,Clambs5, erei n,a,resi stance
i ncreast r Aupply yoltage an of which a gate and drain are comimonly coupled to a ga

of said first PMOS transistor;

.

W | a first NMOS transistor of which a gate is coupled to the first input line
and of which a drain is coupled fo a drain of said first PMOS transistor;
10 '
a second NMOS ftransistor of which a gate is coupled to the second
input line, and of which a drain is coupled to the drain of said seoond_ PMOS

transistor;

15 a third NMOS transistor of which a gate is coilpled to the first input
line, a source is coupled to said ground level, and of which a drain is coupled

to sources of the first and second NMOS transistors; and

an output node formed at a connection of the drains of the first PMOS
20  transistor and the first NMOS transistor. | |

4. A circuit as claimed in any one of claims 1 to 3, wherein said output means

comprises:

25 a PMOS transistor of which a source is coupled to the exter_nil supply
voltage, and of which a gate is coupled to the'output node of said comparator

means; and

e

s
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response to increase of the tenperature, of said first variable resistor

nmeans, 15 I's higher than that of said second variable resistor neans. 7.
A circuit as clained in daim5 or 6, wherein said first and second
vari abl e resistor neans conprises: 20 a first MOS transistor

havi ng an end of a channel thereof coupled to said output neans, and

anot her end of the channel and a gate thereof being di ode-connected; and a
second MOS transi stor having an end of a channel thereof coupled to 25 gaid
out put node, and another end of the channel and a gate thereof being

di ode-connected to said ground level =20 ~21 - said first MOS transistor
havi ng a channel longer in length than that of said second MOS transistor.

8. A circuit asafilgitpirnode covpled do of draimofisail PMOS trdmsiston sai d vol tage 5
sharing neans conprises: a first PMOS transistor of which a source is

coupl ed to the output node of sai d out put neans, and of which a gate and

drain are diode- connecte ansi sto of. which a
source i s g b | Cireuit, H’f&aﬁ‘hw Qe d’?félmsalv&w%r‘é(k a‘fﬂit"&c whi ch

node. T o mebhagid, oiaa teBHE AR fpiindetnil g?ﬁéﬁd"éﬂﬁnbn il P

tr ansi 8t of fcrfase of'iehipdiue, Wi VOMbpe shiig mivinsicdprdsingdescr i bed wi th

reference to

first and second variable resistor means coupled in series between said

output means and a ground level, and having -

10 an output node formed at a connection of said first and second variable

resistor means.

6. A circuit as claimed in Claim 5, wherein a resistance increase ratio in
response to increase of the temperature, of said first variable resistor means,

15  is higher than that of said second variable resistor means.

7. A circuit as claimed in Claim 5 or 6, wherein said first and second variable

resistor means comprises: ~

20 a first MOS transistor having an end of a channel thereof coupled
to said output means, and another end of the channel and a gate thereof being

diode-connected; and
a second MOS transistor having an end of a channel thereof coupled to

25  said output node, and another end of the channel and a gate thereof being

diode~connected to said ground level:

O



Figure 6, of the acconpanying drawi ngs. 20 10. A seni conductor nmenory
device provided with a circuit according to any of the preceding clains.

s/

-21 -
said first MOS transistor having a channel longer in length than that of
said second MOS transistor.

8. A circuit as claimed in any one of claims 1 to 4, wherein said voltage
5  sharing means comprises:
a first PMOS transistor of which a source is coupled to the output node

of said output means, and of which a gate and drain are diode—connected;

10 a second PMOS transistor of which a source is coupled to the drain of
said first PMOS transistor, and of which a gate and drain are diode~connected

to said ground level; and

an output node formed at a common connection of the first and second
15 PMOS transistors.

9. A circuit substantially as hereinbefore described with reference to
Figure 4, or with reference to Figure 4 together with Figure 5 and/or Figure
6, of the accompanying drawings.

20
10. A semiconductor memory device provided with a circuit according to

any of the preceding claims.

(TS

Fi*gure 4, or with reference to-Figure 4 toget her with Figure 5 and/or



