SOURCE VOLTAGE CONTROL CIRCU T The present invention relates to a source
vol tage control circuit. 5 Recently, sem conductor devices have becone nore
and nore integrated, so that in a sem conductor device of subm cron order,
the  reduction in device area causes a correspondi ng i ncrease in the voltage
applied thereto, thus affecting the reliability of the de@@4@BlS ¢ y.

10 For exanple, in a MOS (Metal Oxide Sem conductor) transistaqr,
often used for highly integrated sem conductor nenory devices, al t houdl t he
external source voltage is naintained constant val ue such as 5V, the

channel |ength becomes shortened to | ésSthan [err] therefore the drain
vol tage is increased. Subsequently the punch-through phenonenon occurs, in
15 which the depletion layer near the drain extends to the source region.

Thi s phenonenon i ncr egOURCE VORTXGE CONTROE! GIRCUI'E source and drain,

so as to badly aff ect—i-e—operettonr—e or of subm cron
order. In addition, the internal field intensity, increased according to
t he 20 i ncrease of the drain voltage, appears in a depletion |ayer near

the drain, so tThe presentdnveniion zselatas: o §Soure veltags eomroleGisewds. resul ting
in a hpot carrier effect, which involves a change of the threshold val ue
caused® by the carriers penetrating the gate oxide |layer, an increase in the

substrate curr eg%ﬁgmedsmic%mhe&'p?ﬁbmsz i:tabenb%gehﬁ&ieorﬁfd qﬂgpé t he

device, etc. 25 Br to preven e reliabrlity ot the sem conduct or
f'ﬁ‘e" ggul; (r:gm@g?mz ,deqr erhedinbya tsemiaumctbhrdmm aofd shbmicron’ iordesf fthet s,
reduction in device area causes a corresponding increase in the voltage applied
thereto, thus affecting the reliability of the device considerably.
10 For example, in a MOS (Metal Oxide Semiconductor) transistor, often

used for highly integrated semiconductor memory devices, although the

external source voltage is maintained at constant value such as 5V, the
channel length becomes shortened to less than lum, therefore the drain
voltage is increased. Subsequently the punch-through phenomenon occurs, in
15  which the depletion layer near the drain extends to the source region. This
phenomenon increases the leakage current between the source and drain, so

as to badly affect the operation of a fine MOS transistor of submicron order.

In addition, the internal field intensity, increased according to the
20  increase of the drain \}oltage, appears in a depletion layer near the drain, so
that some of the carriers get an additional energy, resulting in a hot carrier
effect, which involves a change of the threshold value caused by the carriers
penetrating the gate oxide layer, an increase in the substrate current caused

by impinging ionization and deterioration of the device, etc.
In order to prevent the reliability of the semiconductor device from

being degraded by the punch-through and hot carrier effects, the source



:voltage of 5V presently used as the standard source vol tage or external
source voltage nust be dropped to 3.3V. However, because the change of the
voltage | evel of a systemis two 5 to three years slower than the change
of a menory chip area, there is required, at the internedi ate stage of the
change, a source voltage control circuit for dropping the external source
voltage to obtain the internal source voltage. 10 Referring to
Figurq;} for illustrating a conventional source voltage control circuit,
the circuit includes a first and second singl e-ended- N-channel input

differential anplifiers 20 and 30 respettively with external input voltages

V1l and V2, a feedback circuit 40 with inputs receiving the outa?uts of the
first and veltagelofifVipresentlyausedras theistandard saueresvoltage or extemnal squmes

applied to the 15 ther input .t inals of the first and second

di f f er ent i ¥pltaggmust be M@-?Mnd a third differential anplifier 50
with a positive input termnal connected to a first output. node 47 of the
feedback circuit 40 and a negative input term nal connected to the output
51 thereof. 20 er, bEGuist the GHafigs oM vbltdgertevel of ayaterh iigwo20, SO
include first N transistors 23, 3 <

to thesi npes thrde yems Slowerdthdn, tie chargeniSat memoryt chip anea,3theget is t he
gates comonly connected to the second outpuyt node 48 of ‘;ﬁrie feedb_aét
circuit 40required,aatetheintermediate stage of theschangge &; SQMICS VUAEECQM et veen

the s

with the gates respectively connected

34 and o qeEN e drapaing dhecriftnal FOGRS pftge hroARHEIchrl Batee, | 0

22, 31 and éﬁﬁg‘fnnect ed to an external source voltage term nal, and out put
-nQdes 26, f ‘ween the first PMOS transistors 21, 32 and the first NMOS
transistors 23,. 34.. : - . , : o

10 Referring to Figure 1 for illustrating a conventional source voltage
control circuit, the circuit includes a first and second single-ended N-channel
input differential amplifiers 20 and 30 respectively with external input voltages
A\ ! and V2, a feedback circuit 40 with inputs receiving the outputs of the first

 and second differential amplifiers 20 and 30 and a first output applied to the

15 - other input terminals of the first and second differential amplifiers 20 and 30,

" and a third differential amp_liﬁer 50 with a positive input terminal connected
to a first output node 47 of the feedback circuit 40 and a negative input
terminal connected to the output 51 thereof. '

20 The first and se-cond differential amplifiers 20, 30 include first NMOS
transistors 23, 34 with the gates respectively connected to the input voltages
V1 and V2, second NMOS transistors 24, 33 with the gates commonly
- connected to the second output node 48 of the feedback circuit 40, separate
current sources 25, 35 respectively connected between the sources of the first
25 and second NMOS transistors 23 and 24, 33 and 34 and a ground voltage
terminal, first and second PMOS transistors 21 and 22, 31 and 32 connected
to an external source voltage terminal, and output nodes 26, 36 between the

first PMOS transistors 21, 32 and the first NMOS transistors 23, 34.



-3- The feedback circuit 40 includes a third and fourth PMOS transistors 41
and 42 with the channel s connected between the external source voltage
termnal and a first output node 47 and the gates respectively connected to
the outputs of the first and second differential anplifiers 20 and 30, a
first resistor 5 45 connected between the first output node 47 and a
second out put node 48 comonly connected to the gates of the second NMOS
transistors 24, 33 of the first and second differential anplifiers 20 and
30, and a second resistor 46 connected between the second output node“48
and ground voltage terminal. The feedb3ck circuit 40 produces a reference
vol tage Vref at the first outout 10 node 47 between the second PMOS

transi stors 41“&2% reuts40 I&Hd@u&kﬂ%ﬁﬁuﬂd?h@@&tﬁfmsmhage

di vi ded b e, f,ar St econgd re tors 45 an he ot her_ inputs of
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graph for illustrating the internal source Voltage agail nst ernal

sourc@® voﬂﬁagmneotedabetmnrthedimt outputawodeod? agd = sedond o llloﬂe £ The
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The feedback circuit 40 produces a reference voltage Vref at the first output

10 node 47 between the second PMOS transistors 41, 42 and the first resistor 45,
and feeds back the voltage divided by the first and second resistors 45 and 46
to the other inputs of the first and second differential amplifiers 20 and 30.

The third differential amplifier 50 receives the reference voltage Vref
15  from the feedback circuit 40 through the positive input, thus producing an
internal source voltage that is equal to the reference voltage Vref.

Figure 2 is a graph for illustrating the internal source voltage against
the external source voltage for a conventional source voltage control circuit.
20
The horizontal axis represents the external source voltage, and the
vertical axis the internal source voltage. There is shown the internal source
voltage "c" according to the change of the two input voltages a and b. For
descriptive convenience, the external source voltage is divided into three
25  intervals which include the first interval 60 below 3.3V, the second interval
61 from 3.3V to 6.6V, and the third interval 62 over 6.6V.



» -4- The operation of the conventional source voltage control circuit wll
now be described with reference to Figures 1 and 2. The first and second
differential anplifiers 20 and 30 receive the externally applied voltages
V1 and V2 respectively through the gates of the first NMOS transistors 23
and 5 34, and the voltage R2/(R1+R2) x Vref divided by the first and
second resistors 45 and 46 through the gates of the second NMOS transistors

24, - Thus, the NMOS transistor which receives a higher voltage is nore
t ur nec on produci ng a "l ow' or "high" output state at the output nodes 26,
36. 10 The out puts at the outpud -nodes 26, 36 control the

current-passing capability of the third and fourth PMOS transistors 41, 42,
so as to producThe operation ofcther comventionahgoutteevoltage: tontiol eircuititwilk node
47. When the external_ source voltage ig wthin t figrst .interyal 60, bel ow
15 3. 3V, nowebe seseribed gxamfsr@ncett%ﬁsu@s ldran -erkieafirsindnd seegnd>o | s

géeghg&m‘ | Aitegnnal BphiRes 2 end 3B pecafue fife” f'fiy imisRyotales, W1 3°f
V 23
[ ef  Decomgid g glr:ﬁéegpbégpgﬂpuéh % ) é/ﬂthé figst Nms%ﬁths ssdar 0

the first turned on, so as to turn on the

third BMOS340 andt thenvoRages R2V(R1 HR2) fxe&i'bﬁdivded(:by tthd Cirst raml, sédond
ref erence voTtage Vr ef fromthe first out ut node 47 is increased in

propor t : onmmsmrﬂinndﬂﬁdhl‘quglﬁﬂw gﬁesoﬁ lﬂaﬂMoﬂé&!}ﬁlﬂtﬂﬁ ?‘Wﬁﬁw t he
3.3V

66Vt he:mgf the MRS egeiior ‘Bﬁﬁwﬁﬁﬁgg srovalfhes if Phors ffv%eéro?o s

50 Thus.  BFeduting BSIbRE b Eh® Miid Qe RCuRSGHD: fodeCa6IB6n. [P 290

second differenti al anpllfler 20, 30 beconmes equal to the one input

10 -~ The outputs at the houtput nodes 26, 36 control the current-passing
capability of the third and fourth PMOS transistors 41, 42, so as to produce
a desired reference voltage Vref at the first output node 47.

When the external source voltage is within the first interval 60 below
15 3.3V, one input voltage V1 of the first differential amplifier 20 is greater than
" one input voltage V2 of the second differential amplifier 30 as shown in
Figure 2. Thus, until the other input voltage R2/(R1+R2) x Vref becomes
- equal to the input voltage V1, the first NMOS transistor 23 of the first
- differential amplifier 20 is turned on, so as to turn -on the third PMOS
20  transistor 41 of the feedback circuit 40. Thus, the reference voltage Vref
from the first output node 47 is increased in- proportxon to the extemally
- applied source voltage. '

Meanwhile, when the external source voltage is within the second

25 . interval 61 of 3.3V to 6.6v; the one input voltage V1 of the first differential
amplifier 30 is greater than the one input Voltage V2 of the second differential
-voltage 30. Thus, until the other input voltage R2/(R1+R2) x Vref ofthe first

and second differential amplifier 20, 30 becomes equal to the one input



-5- voltage V1 of the first differential anplifier 20, the first
differential anplifier 20 keeps on operating. Hence, the reference voltage
Vref may be obtained fromthe expression (Rl + RR/R2).V1. In this case,
because the voltage V1 is constant, the reference voltage Vref becones to
have a constant value 5 regardl ess of the increase of the external source
vol tage. Thus, the internal source voltage Int Vcc has a constant val ue of
3.3V. Wen the external source voltage is within the third interval 62 over
6.6V, the one input voltage V2 of the second differential anplifier 30 10
becones greater than the one input vol-tlge V1 of the first differentia
anplifier 20. Thus, until the other input voltage R2/ (Rl +R2) x Vref of the .
first and voltageiVdiof thedfinst differeptiak amplifier 20 the-firstelifferential amplifterone

P L1 8 e oo, e e Vo o
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source voltage for the reliability of a sem conductor device

externl vrégardles® of the dncreasecof thes pxerhalesbured woltdge.6 Thusaithe ifirhalni t  of
the internal source vaqltage depends on the whol e characteristics of the
sem conducsenreaaltage Jat Viss. hases constant-valueof HBM.he i nternal source

vol tage should be readily adjusted when the external source voltage gets
over a specified value. 25 However, in order to adjust the sl ope of

ey oL oW M LRGSR Vol WSRO SO B 4"
and V2 of 616V ithetomndnptcvoltage V2 of the second differential amplifier 30
10 becomes greater than the one input voltage V1 of the first differential
amplifier 20. Thus, until the other input voltage R2/(R1+R2) x Vref of the
first and second differential amplifier 20, 30 becomes to equal the one input
voltage V2 of the second differential amplifier 30, the second differential
amplifier 30 keeps on operating as the main differential amplifier. In this
15 case, the reference voltage Vref is proportional to V2 so as to be increased
with a constant slope according to the increase of V2.

As described above, it is very important to increase the internal source
voltage for the reliability of a semiconductor device when the external voltage
20  gets over a specified value (6.6V), and the limit of the internal source voltage
depends on the whole characteristics of the semiconductor memory device.
Hence, the slope of the internal source voltage should be readily adjusted

when the external source voltage gets over a specified value.

25 However, in order to adjust the slope of the internal source voltage
according to the conventional source voltage control circuit, it is necessary to
change both of the input voltages V1 and V2 of the first and second



- -6 - differential anplifiers 20 and 30 and the first and second resistors
45 and 46 of the feedback circuit 40, thereby resulting in difficulty.
Furthernore, the current consuned by the reference voltage generating 5
circuit 10 of the conventional source voltage control circuit during the
stand-by is the sumof the current flowi ng through the first and second
resistors 45 and 46 of the feedback circuit 40 and the current resulting
fromthe input voltages V1 and V2 of the first and second differentia
anplifrers 20 and 30. Hence, although the stand-by current of a

seni conductor nemory 10  device shoul d6be maintained very small, it
becones ve;é | ar ge because .t he conyentional reference_ voltage generating

circuit itdlifierential araplifiersi3( and: 30jand thefinst and second sesistosnft (ﬁndo‘!6the
i i i d L.t 1 trol circuit
Peadi Iy ad Aot Getia iU 4. Biireby -EfliRg 3n ieficdiBlt age response wihen

the external source voltage gets over a specified value. It is another
obj ect of the present invention to provide a source voltage control circuit

for ninim zi ng tRgrthémnére) the stirrémt condmed b/ thie referénce Voltdde Ggwéesﬁngf the
present_invention, a source voltage control "circuit is provided conprising:
ref ererfce irauatyd Oyafethet icogventiomat sounce otoltage ocantrel tcircuitl davimge ¢he/ol t age

term nal for geperating a constant.reference voltage; 25, - sour ce
vol t age |emn¢e-gusnsng-enéaws Ogdi‘lﬁe%‘!"é%ﬂtt flowing tBrough, the fixst and, seeond

| ncrense | Tesiafrs 26 B 4B o b FEEBtack b 40 ol e S RSN ER A0 g
o i equal  t Gh@inputoRifiges VANamd V2'SMthé Firse@ifd second differential amplifiers 20

and 30. Hence. although the stand-by current of a semiconductor memory

10  device should be maintained very small, it becomes very large because the
- conventional reference voltage generating circuit itself includes a differential

-amplifier.

It is an object of the present invention to provide a source voltage
15 - control circuit for readily adjusting the slope of the internal source voltage

response when the external source voltage gets over a specified value. -

It is another object of the present invention to provide a source voltage
control circuit for 'mipimizing the stand-by current.
20
According to a first aspect of the present invention, a source voltage
control circuit is provided comprising: | '
- reference voltage g:eneratiﬁg: means ‘connected to an external source
voltage terminal for generating a constant reference voltage;
25 - source voltage level sensing means connected to said external source
voltage terminal for increasing an internal source voltage in proportion to an
" increase in said external source VOltagé when said external source voltage is

equal to or greater than a given voltage:



-7- first

differential anplifying neans with two i nputs receiving

respectively the outputs of said reference voltage generating neans and of

said inter
out put . of

differenti
ref erence

control | ed
i nventi on,
conpri sing
transi st or
in series

t erm nal

t ransi st or

nal source voltage controlled by a first control signal and the

said source voltage | evel sensing neans; and 5 second
al anplifying means with two inputs receiving the outputs of said

vol tage generating neans and said internal source voltage

by a second control signal. According to a second aspect of 'the

there is provided a 10 souice voltage control circuit

. reference voltage generatind neans conprising: a first NMOS

pet wodiFah, HLORELA, TP PR Ihddnk, Wlh "ol “ifRlR G Fesib e =

;a g 15 PMOS transistof Wwith th

bet ween saiijdternalesource soltage conttolizd by anfirsicontrdl sigrnalitandaie amFut of gate
to the gate of said PMOS transistor: first differentia

saich seurcoryoltage lgvelsensing meang) andnded 20  N-channel i nput

connect ed

anplifying
differenti
sai d out pu
channel co
out put nod

a first Corﬁd]ﬁbesddm@illedébj arsetond ¢onfrobRigmtlr rent pass transistors, wth

" noaeannd; diflerdnuiel ampBlyie] gy VibnuB innufd Fecaving
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the 25 channel s connected in series between said output node and said

ground vol
external s
signal ; an

10

15

20

tage term nal and the gates respectively connected to the
ource vol t age dropped by a given value and said first contr
d a dri¢e ?qg ;mgpgggpn(y aspect of the |inven?ion. ere Es provided a

source voltage control circuit comprising:

reference voltage generating means comprising: a first NMOS transistor
and diode-connected PMOS transistor with the channels connected in series
between external source voltage terminal and ground voltage terminal; an

output node connected to the gate of said first NMOS transistor; and a driving

ol

PMOS transistor with the channel connected between said external source

voltage terminal and output node and the gate connected to the gate of said
PMOS transistor:

first differential amplifying means comprising: a first single-ended
N-channel input differential amplifier with two inputs receiving the reference
voltage of said output node and internal source voltage; a PMOS transistor
with the channel connected between said external source voltage terminal and
the output node of said first differential amplifier and the gate connected to
a first control signal: a first and second current pass transistors, with the
channels connected in series between said output node and said ground voltage
terminal and the gates respectively connected to the external source voltage
dropped by a given value and said first control signal; and a driving transistor

with the channel connected between said external source voltage terminal and

o’

L]



- wth the channel connected between said external source voltage term nal
and -8- said internal source voltage term nal and the gate connected to
sai d out put node; and second differential anplifying neans conprising: a
second singl e-ended 5 N- channel :input differential anplifier with two
I nput receiving said reference voltage and said internal source voltage; an
NMOS transistor with the channel connected between said external source
voltage term nal and the output node of said second differential anplifier
and the gate connected to said second cgptrol signal; and a driving
transistor with the gate connected to s&d output 10 node and the channel
d sajd internal

connect ed bet. | d_exter sour ce . vol e termnal.

sour ce "vol t 38§ gelpgqrﬂ?a]nﬁqumﬁcéﬁﬁagﬁfﬁmmﬂ and the gatsccqnngrteds fo saideauinmg

there is pr (‘fde? § source vol tage control circuit conprising: 15 reference
vol tage generating neans: plurality of differential anplifying means for
active operation and a differential anplifying neans for stand-by operation
connect ed between an output node of said reference voltage generating means

and internal s ousanenddlffemtxabgﬂphﬁymg neeans compeising.al second singlé-endedreans

wth th els espect onne ted between the ad]acent ones of sai d
mternaf gﬁr&g@nﬁtm%ép jal agaplj éé”@b%@é@@ﬁlﬁéelé{lﬂgﬁﬂdf@ :

pecif cal 1P AEERHR ﬁﬁ%@iﬁoqﬁée‘v@#@%ﬁnéﬁ NP e lgtn?%mﬁwa@?wl
exanpl €. connected between said external source voltage terminal and the output node
of said second differential amplifier and the gate connected to said second
control signal; and a driving transistor with the gate connected to said output

10 node and the channel connected between said external source voltage terminal

and said internal source voltage terminal.

“According to a third aspect of the invention, there is provided a source
voltage control circuit comprising: '
15
reference voltage generating means:
plurality of differential amplifying means for active operation and a
differential amplifying means for stand-by operation connected between an
output node of said reference voltage generating means and internal source
20  voltage terminals respectively; and
gating means with the channels respectively connected between the
adjacent ones of said internal voltage terminals and the gates connected to a

first control signal.

25 . The present invention will now be described more ‘specifically with

reference to the -dré‘wing-s attached only by way of example.



-9- For a better understanding of the invention and to show how t he sane
may be carried into effect, reference wll now be nmade, by way of exanple
only, to the acconpanyi ng di agrammatic ‘drawi ngs, in which: 5

Figure 1 is a circuit diagram of a conventional circuit having a reference
vol tage and an external source voltage; Figure 2 is a graph illustrating
ref erence vol tage agai nst external source voltage, for the circuit shown in
Figure 1, 10 Figure 3 is a circuit diagram enbodying the present inveqtion;
Figure 4 is a graph illustrating an iqgfgnal source vol tage agai nst an
external source voltage for the circuit” shown in Figure 3; 15 Figure 5is a

timng diagram t i ' i 0 Rl X | e is a further *
enbodi nent of tkgggrﬁé@‘ggtdrﬁ#\getﬂ@gﬁ%@ge lhgéut?oﬁaﬁg‘gaﬁé‘g%‘y%wﬁntrol
circuit is"ﬁqu' idd hpafd W B w circuit
70, a source“vol t%hg(la&ll ggg%fgegﬁ's?r%f%crecuﬁ ﬂgo, an}(@%%ﬁ?mntl ¢ *
anpl i f yi ngonly; taithe ht€ompanying aliagraminafie drawirngs, damwhitki ng circuit 130.
The first differential anplifying circuit 110 receives two inputs
consisting of the output voltage Vref of the reference voltage 25
generaking circekt 70,and the i { nal sorrce VOH@&? Int Vec, controlled

1l

by a fPrst cont FBUTE; §nif 81 5HcY E:I 1agram, of ;& cAnve gircuthaving @i cyit
connect ed FaChence Volgs dnderfEhiefidiVoutte SBMadc 19, THL econd
differential anmplifying
Figure 2 is a graph illustrating reference voltage against external source
voltage, for the circuit shown in Figure 1;
10

Figure 3 is a circuit diagram embodying the present invention;

Figure 4 is a graph illustrating an internal source voltage against an
external source voltage for the circuit shown in Figure 3;
15

Figure 5 is a timing diagram for the circuit shown in Figure 3; and
Figure 6 is a further embodiment of the present invention.

20 A source voltage control circuit is shown in Figure 3. having a
reference voltage generating circuit 70, a source voltage level sensing circuit
90, a first differential amplifying circuit 110 and a second differential
amplifying circuit 130. The first differential amplifying circuit 110 receives
two inputs consisting of the output voltage Vref of the reference voltage
25  generating circuit 70 and the internal source voltage Int Vcc, controlled by a
first control signal 125 and the source voltage level sensing circuit 90. The
output of the first differential amplifying circuit 110 is connected to an

internal source voltage terminal 122. The second differential amplifying



: -10- circuit 130 receives tw inputs consisting of the output val:tage of
the reference voltage generating circuit 70 and the internal source
voltage, controlled by a second control signal 145. The output of the
second differential anplifying circuit is connected to the internal source
voltage 5 term nal 122. The reference voltage . generating circuit 70
includes a plurality of transistors. The channels of a first NMOS
tranststor 73 and first PMOS transistor 74 are connected in series between
the external source vol tage 10 terninﬁi and a control node 71. Between
the control node 71 and ground voltage termnal is connected. in parallel,

' 80 di od MOS t ' 81, Th '

B ovi ded o SRR HURBEYES, 180k IBPUS SCaRYiHIN of rﬂ%ﬁ@&ﬁ@om@%ﬁéﬁéb&een
h t
conneot od T TEHRHEE YOlEigk® BendraliBE"eiscit 70 Vind the ndlBF sbndi ViR T,

of third toccgrtdlieddbyds- mﬁ%@ﬁtngcﬁFﬁilafl%St OTle ‘Sutpu ofOfReGeBsnd N

series between the oltput node 72 and The ground voltage termnal. The gate
of the fir sdiffeiéiftial ramplifiting cifcuit is ccommected to thérdnternalisourode voRagend t he
gate of _the first PMOS transistor 74 to the control node 71. 20 The
referente \& Ff!‘lz!!j’é l&gneratl ng circuit 70 al ways generates a constant

ref erence voltage Vref by controlling the gate voltage of the driving PMOS
transistor 75 according to the voltage of the control node 71. The out put

node 72 is connect Ede;‘ﬁ’eﬂ'@féréﬁgeevcﬂf ge\ﬁergeﬁﬁﬁg Elygﬁ]gfo\alt hsdedla ﬁﬁ%r%g s to

feed back 25 the reference voltag tage 0 contr ol
node 71 is ofomransistors] Theockhinngls of alferse NM@OS trahsistor 73:fandefirse PMOS1ge
voweh i tut:'e{]nsllsstor 74 are connected in series between the external source voltage
10 terminal and a control node 71. Between the control node 71 and ground
voltage terminal is connected. in parallel, a resistor 80 and second
diode-connected PMOS transistor 81. There is provided a driving PMOS
transistor 75 with the channel connected between the external source voltage
terminal and the output node 72 and the gate connected to the control node
15 71. There are also provided a plurality of third to sixth diode-connected
PMOS transistors 76- 79 connected in series between the output node 72 and
the ground voltage terminal. The gate of the first NMOS transistor 73 is
connected to the output node 72, and the gate of the first PMOS transistor 74
~ to the control node 71.
20 |
. The reference voltage generating circuit 70 always generates a constant
reference voltage Vref by controlling the gate voltage of the driving PMOS
transistor 75 according to the voltage of the control node 71. The output node
72 is connected to the gate of the first NMOS transistor 73 so as to feed back
25  the reference voltage Vref. - Thus. the voltage of the control node 71 is
controlled according to the changes of the reference voltage which in turn is
caused by the changes of the parameters such as temperature, etc., so that the

current pass capability of the driving PMOS transistor 75 may be adjusted.



caused by the changes of the paraneters such as tenperature, etc., so that
the current pass capability of the driving PMOS transistor 75 nay be

adj ust ed. The driving PMOS transistor 75 serves to charge the out put
node 72. The second PMOS transistor 81 serves as a pull- down transistor
with a gate connected to the ground voltage term nal. Thus, when the
external source voltage exceeds the threshold voltage of the first NMOS
transistor 73 and the 5 first and second PMOS transi stor 74 and 81..fhe
second PMOS transistor 81 is turned on fo have the characteristics of a
resistor. The source voltage |evel seﬁslng circuit 90 includes a first

f diod d 92-96 d b
Phe 10" ext or nol NG aEiae PMOS Fapasr 13 scxies 1 SGAER fhe UBIONdesT2oc o1 or
102
Cor i nal - Ty g BACS spsRRGERTeARS Bs x pATabutE cBiitior “ﬁ*‘\@%@w ~

transi st or gofifect8d tocthecgicuhd Voltdpe Rimiifall herhasnwm med@xt&inal%a{-

al so provided a second transistor 99 with the channel connecte

bet ween t havoltaB& exbeedst therthreshold Gﬁlwgtdoﬁlhe furso NMOS trangistarét3ambtheand t he
gate caonnected to the first control signal ¥ %g A third NMOS transistor 100

has thé gaffirshand seeond E’M’.lester t/hcangc$ sesand PMOS transistor s
transi stor cha t he source of the third
NMOS trans@?‘t‘)‘?‘e% g?n&af'ﬁ Bﬁ'ﬁg%ﬁﬁgé’z ﬁ??rm and the gate connected
to the first control signal 20 125. The first group of di ode-connected

NMOS transistors 92-96 serve to detect the external source voltage |evel so

as to drop the éRiesoarcesooltage level agnsihy cilvait 90 dacludes wfirstogroup of
proportional to the nunber of the NMOS 2 transi stors. The dropped -

ext ernal sdiode=connected NMQS$ piransistors 939G cooneged in series between the

10  external source voltage terminal and a sensing node 91. A resistor 102 is

»>

connected between the sensing node 91 and the ground voltage terminal.
There are provided a second group of diode-connected NMOS transistors 97,
98 connected in series to the sensing node 91. There is also provided a
second NMOS transistor 99 with the channel connected between the NMOS
15 transistor 98 and the ground voltage terminal and the gate connected to the
first control signal 125. A third NMOS transistor 100 has the gate and drain
connected to the sensing node 91. A fourth NMOS transistor 101 has the
channel connected between the source of the third NMOS transistor 100 and
the ground voltage terminal and the gate connected to the first control signal
20 125.

The first group of diode-connected NMOS transistors 92-96 serve to

detect the external source voltage level so as to drop the external source

_ voltage by the threshold voltage proportional to the number of the NMOS

25  transistors. The dropped external source voltage is applied to the sensing
node 91.



. nhode 91. -12- The first differential anplifying circuit 110 includes a
first single-ended N-channel input differential anplifier 105 consisting of
a seventh and eighth PMOS transistors 113 and 114 and a fifth to seventh
NMOS transistors 115, 116 and 117.- There is al so provided a ninth PMOS
transistor 120 with the 5 channel connected between the output node 111
of the first differential anplifier 105 and the external source voltage
term pal and the gate connected to the first control signal 125. An eighth
and nihith NMOS transistors 118 and 119 e connected in series between the
out put node 111 and the ground voltage t®rminal with the gates respectively

2??2_32% :So_‘ and '+ FEE Prvahrigatantplifyirt cibel ERVIRRd A BF s3I 1T, ¢
rovi ded wi B ; | P&%th
-Eonnect ed brg{bml%gﬁe?ﬁ@éxterna sgu cﬂeﬂy\?oﬂstag%“stlgr %%%%gnd i;ét}glrﬁghﬂgghrce

vol tage terPMOS téahgistdrs 113 and 113 andoafifthofo seventheNMOS dtbhsistorsdd5st or
117 is supplied with the first control signal 125. The two inputs of the

first diffeklénandillZopThereis aisp providedea ginth RMQS, éransistor ith 4hei st or

i??cﬁ?[‘{%tciﬁa%%’hé@éa?”t Fbeiec fie, Quesnpdn G F e, rter dlfitestal "
; . . . th
ciroult 130 HEAHELQS SEg il Bt fohrod Rollaly SRR ol HEIA, bl ¥ 10

anplifier ég%‘ih&?ﬁ& &ritrdl stgnal128. eXRRightR afd nithNM G BRarisistos FI8and 132
and 133 and a tenth to twelfth NMOS transistors 135. 136 and 137. There is

al so provi dd® aré¢ ltonheeted hin series between the output node 111 and the ground

voltage terminal with the gates respectively connected to the sensing node 91
10  of the source voltage level sensing circuit 90 and the first control signal 125.

A tenth PMOS transistor 121 is provided with the gate connected to the output

node 111 and the channel connected between the external source voltage

terminal and internal source voltage terminal 122.

15 - The gate of the seventh NMOS transistor 117 is supplied with the first
control signal 125. The two-inputs of the first differential amplifier 105 are
‘the gate of the fifth NMOS transistor 115 connected to the output node 72 of
the reference voltage generating circuit 70 and the gate of the sixth NMOS
e transistor 116 connected to the internal source voltage terminal 122.
20 '
The second differential amplifying circuit 130 includes a second
- single-ended N-channel input differential amplifier 138 consisting of an
eleventh and twelfth PMOS transistors 132 and 133 and a tenth to twelfth
. NMOS transistors 135. 136 and 137. There is also provided a thirteenth
25  NMOS transistor 139 with the channel connected between the external source
voltage terminal and the output node 131 of the second differential amplifier
138 and the gate connected to a second control signal 145. A thirteenth

PMOS transistor 140 is also provided with the channel connected between the



.25 NMOS transistor 139 wth the channel connected between the external

| tage termnal and the output node 131 of the second differential
138 and the gate connected to a second control signal 145. A

h PMOS transistor 140 is also provided with the channel connected
he - 13 - external source voltage termnal and the interna
|tage termnal 122 and the gate connected to the output node 131.
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d differential anplifier 138 has two inputs consisting of t

he -5

he tenth NMOS transistor 135 ﬁ)nnect ed to the out put node 72 of

ence vol tage generating circu

70 and the gate of the eleventh

sistor ,136 connected to the .nternal source voltage termpal 122.
Sexieral spurde Yolgsederminaland she nstngl soiiree yaftage ermipal L2 \vos
r CEHHR out put node 72 of the
%%‘f?éﬁg&fo ggir?\eqrtgtqug C rc{ljﬁé ?81 Referring to Figure 4. there
a graph for illustrating the reference voltage agai nst the changes
ternally applied source voltage. The horizontal axis represents

nal sofhesecond differantiak amplifier 138! hasxtweo irfputs consisting of thesour ce
hie o the fanih SYMQS br3asisiarhfS.conesisdEro theputintnedr P2 Ak abe e
( RFEBE VAFtHRE BebBr e bl 70 find 't Hne BE g elvenilf NG "

ndiStdr 186! confed@d ' the ﬁ:Yeﬁaﬁsé\n%E%!tﬁ'g@TkrhﬁthliZ{ q{rﬁghge

vol tage, the external source voltage is divided into
of theftiwelfth NMOS transistor 133 anithieigatdef the tenthVINMOS trensistor

151 is from3.3Vto 7V and the third interval 152 is over 7V. -’

S are commonly connected to the output node 72 of the reference voltage

generating circuit 70.

Referring to Figure 4. there is shown a graph for illustrating the
reference voltage against the changes of the externally applied source voltage.
The horizontal axis represents the external source voltage and the vertical axis
the internal source voltage. The reference letters a. b, c indicate the internal
source voltages having different slopes from each other, while d indicates the
stand-by internal source voltage which is at the same time the reference

voltage of the reference voltage generating circuit.

With reference to the desired value 3.3V and a specified value 7V of
the internal voltage, the external source voltage is divided into three intervals
of which the first interval 150 is below 3.3V. the second interval 151 is from
3.3V to 7V and the third interval 152 is over 7V.

In Figure 5. A shows a timing diagram for an external chip selection
signal, B a timing diagram for the first control signal applied to the first
differential amplifying circuit and C a timing diagram for the second control

signal applied to the second differential amplifying circuit.

-

»



. 25 In Figure 5. A shows a timng diagramfor an external chip
selection signal, B atimng diagramfor the first control signal applied
to the first differential anplifying ¢ircuit and C a timng diagramfor the
second control signal applied to tthe second differential anplifying
circuit. -14- When the external chip selection signal Ais inits "low
state, the first control signal Bis placed inits "high" state so as to
enablg the first differential anplifying circuit 110, so that the source
voltagé control circuit gets into the agfive period 155. On the other hand,
when the external chip 5 selection signal Ais inits "high" state, the
second control sy I ' d calbeking o ' " a t he
second di fferenfﬁ?ﬁéﬁ%ﬁ(?;‘ﬁ%lgﬁﬁﬂrs%&g&?g&ﬁ!& ﬁ]gf[ﬁf h?‘gbﬁtra?:‘g’ @gﬁgge
control ci rcgmitrol 0sigfial B Qs tplaced dnditey "ight’ ostatebGo 49 to enable fliee fixger ati on
of the source voltage control circuit enbodying the present invention, wll
now be desdifferantiah amplfying\cirouit dil@; ssocthat the-souncesvaltage contral. civbuit t he

ST ot S b e s, B b P i
2 5 e S R TREIE SRS B R Al

the drivi ngn RNOBow e B@tes LS ad %o ichaBRITBIeS §&lond! diffepéntddl- aplifyiag dibcuit
reference voltage Vref of the output node 72 depends on the “external source

vol t age Vcd302Gol that ke soarenaditapeucamrolotitaje getsaihtalthe stand-bygeexiothd get s
into the second interval 151. the gate voltage of the driving PMOS
transistor 128.is o - .

10 The operation of the source voltage control circuit embodying the
present invention, will now be described in detail with reference to Figures

3,4and 5. .

- When the external source voltage is within the first interval 150,
15 - namely, smaller than the desired value 3.3V. the gate of the driving PMOS
~ transistor 75 makes a complete connection with ground, by way of the resistor
80 of the reference voltage .ge'nerating circuit 70. Accordingly, the driving
PMOS transistor 75 is completely turned on. so that the reference voltage
~ Vref of the output node 72 depends on the external source voltage Vcc.
20 '

If the external source voltage gradually increases and gets into- the
second interval 151, the gate voltage of the driving PMOS transistor 75 is
increased by the current flowing through the resistor 80 and second PMOS
transistor 81. Accordingly. the current pass capability of the driving PMOS

25  transistor 75 is lowered. so that the reference voltage Vref of the output node
- 72 maintains a constant value of 3.3V, regardless of the increase of the

“external voltage.



I ncreased by the current flow ng through the resistor 80 and second PMOS
transistor 81. Accordingly. the current pass capability of the driving PMOS
25 transistor 75 is |lowered. so that the reference voltage Vref of the
out put node 72 maintains a constant value-of 3.3V, regardl ess of the

I ncrease of the external voltage. - 15 - Nanely, as the external source
vol tage i ncreases over 3.3V, the current pass capability of the driving
PMOS transistor 75 is correspondingly |lowered, so that the reference

vol tage Vref of the output node 72 mai_ntgins a coristant value of 3.3V as
shown in Figure 4(d). On the other han I f the reference voltage Vref

suffers a vari at LIEPRe ?(?]Vé‘r tion
is fed back fro%ﬂﬂg S‘tsttﬂ?knode l%Mto t te&%gf‘% ¥ grstwhﬁ
transi st or pgss capubikiyeo ﬁlhBQb‘Nltl\l/gg*MdseﬁaﬁﬁQbr 7519 vgirespendinglyt lowdred,

transistor 74 to the driving P transi stor 75, 10 thus mnimzing the

variati on 66 thtretheelre&rcnce valiaga@éreﬂloéﬂhe tpait yiodeF2nmaintainsfa constant ol t age

i s increased ovef .t |red v e high voltage applied to the gate
of the flrgﬂqumgit& e‘g(n?he first NMOS transistor 73 to be

nore trned on. Accordlngly, the vol tage 15 applied to the control node
71 is 'ncreased so as to |lower the current pass capability of the driving

PMOS transi st or dﬁm&suiebﬁanahef thef rRfeRehRc VoltdgrOvreét sufffes 8\ VaPidtionddife 72

mai ntains a constant val ue. Likew se the same operating principle is
appl i ed t oté bemperaturehemnothes mametm.emermmamhtxag'ed ibackl fromathednitptbw t he
desired val ue. __The const ant ference volt %e Qf the output node 72 serves

as first ingde 7drtothe gate of tbs_h ratcNAH@S dransisten? aand agains negabively &d ¢ 110,
130 and i Batt:ﬁ ?hr%cutg e HiSt ﬁMBg’transistor 74 to the driving PMOS transistor 75, ~

10  thus minimizing the variation of the reference voltage Vref.

Namely, when the reference voltage is increased over the desired value,
the high voltage applied to the gate of the first NMOS 't'ransistor 73 causes the
first NMOS transistor 73 to be more turned on. Accordingly, the voltage

15 applied to the control node 71 is increased so as to lower the current pass
. capability of the driving PMOS transistor 75, so that the reference voltage of
the output node 72 maintains a constant value.

Likewise. the same operating principle is applied to the case when the

20 reference voltage is -decreased below the desired value. The constant

reference voltage of the output node 72 serves as first input of the first and

second differential amplifying circuit 110, 130, and in the active operation,

the first control signal 125 in its "high" state causes the first differential

amplifying circuit 110 to be operated. In the stand-by operation, the second

25  control signal 145 in its "low" state causes the second differential amplifying
circuit 130 to be operated.



.the first control signal 125 in its "high" state causes the first
differential anplifying circuit 110 to be operated. In the stand-by
operation, the second 25 control signal 145 in its "low' state causes the
second differential anplifying cireuit 130 to be operated. -16 - In
active operation as the first control signal 125 enters its "high" state,
the seventh NMOS transistor 117 of the first differential anplifier 105 is
turned on, so as to enable said first differential anplifier 105. On the

ot her hand, the ninth PMOS transistor 1?& is turned off by the first

control signal 5 125 in its "high" state, so as to turn on the first

differential a ifyiang circuit 110, I he ext ernal Irce Vol t S
Githin the fi ror Thacube Soeration; g the first, SSpfEt S (RVERBALI HBA"S 15 o
the first dj regBRtdl Tl ' . , _ in
proportion %ﬂcgiet‘?htgeishgénégggMQSﬁ]aé rgg?fefle‘{\r?gﬂ\‘/éo tr?;ttg&e‘ilir‘c%]J t?ﬁ %’ﬂ?‘gﬁ?’ 29&3 72.
Accor di ngl yis tubed oh} swas tesmblesaitdfrsodifferentigldemplifiep 105 heOh ithies bther

differential anplifier 105 is gradually |owered so as to increase the

current pashandpthiei ninth PMOSHeansiston 12(Wis tarnedsoffthyr theofirstcontrodtsignalre i s
obtained the Lnternal voltage in proportion_to f. ext ernal..source voltage
15 ap8| o124 i fisc high's tateo poai b taY An AT Sh GiPErERtia ST RAR CIeMt |

t he externah ﬁource voltage-is within the second interval 151 of Figure 4.
a const ant g'erence voltage is applied to the gate of the fifth * NMOS
transistor 115 of the first differential anplifier 105, so that the current
20 fl'owi ng through the fifth and sixth NMOS transistors 115 and 116 is
mai nt ai ned const Khthe ékternal sowree siodtage iv mtithia the fispinterval d S0hef Biguee of t he

teprh POS ‘t‘,r ﬁlrésiiifsiltl %M%)Zsl 'trarslgistto?altISGc;/fet}qe iﬁfrstt Qi%fe?‘értlt%{lna%l'lplsif?gxr 1C85 \i/sorlnto?ge 'S
10  and more turned on in proportion to the increase of the reference voltage of
the output node 72. Accordingly, the voltage level of the output node 111 of
. the first differential amplifier 105 is gradually lowered so as to increase the
~ current pass capability of the terith PMOS transistor 121, so that there is
obtained the internal voltage in-proportion to the external source voltage

15  applied to the source of the tenth PMOS transistor 121.

Further. if the external source voltage is within the second interval 151
of Figure 4. a constant reference voltage is applied to the gate of the fifth
~ . NMOS transistor 115.of-' the first differential amplifier 105, so that the current
20 flowing through the fifth and sixth NMOS transistors 115 and 116 is -
 maintained constant. Thus. a constant voltage is applied to the gate of the
~ tenth PMOS transistor 121, so that even if the external source voltage is
increased, the constant current pass capability causes the stable internal
voltage.
25
Although the semiconductor memory. device should  keep a stable
internal source voltage in a normal mode. regardless of the external source

voltage variation. it is necessary to-increase the internal source voltage in



I ncreased, the constant current pass capability causes the stable internal
vol tage. 25 Al though the sem conductor nenory device should keep a stable

i nternal source voltage in a normal node, regardl ess of the external source
voltage variation, it is necessary to inerease the internal source voltage
I n - 17 - order to test the reliability of the sem conductor device over
a specified value of the external source voltage. In the present

enbodi-nment, when the external source voltage exceeds 5 7V, the intgrnal
source voltage is caused to increase. r%en t he external source voltage is
within the third interval 152 of Figuré’'4 exceeding 7V, the voltage of the

hi oh onoughtep to frss i '?'ﬁ@iﬁfvgﬁf’ e BFicEGhaPEREYiRS i B Apmettiea A€, 1

sensi ng nogiethe ]e { rrent at the output node 111 of the first
differenti al ,ftéfler 105 f \é,ul nto the fifth NMOS transistor 115 as wel |

as the eighth and ninth NMOS transistors 118 and 119, so that the tenth

PMOS transistor_121 with the gate connected to the output node 11 1 is
nore and nore tln thedpnesent embodiment, twhen thecexternal soureecvoltage exdeeds? has

nter il ViV S8 IRETRE Boites valgs & crussdeibeincrbats.  AVBeR SR8 eriemal or nal
vol tage | e 3§ Willin SRS Sl FS0bE Bflure SRRl 59V, the

sem conduc rrermrg red ange the
voltage of the sensing node 91 of the source voltage level sensing circuit 90

has a value high enough to turn on the eighth NMOS transistor 118 connected
to the sensing node 91.
10
Hence. the current at the output node 111 of the first differential
amplifier 105 flows into the fifth NMOS transistor 115 as well as the eighth
and ninth NMOS transistors 118 and 119, so that the tenth PMOS transistor
121 with the gate connected to the output node 111 is more and more turned
15 on. Thus, the internal voltage terminal 122 has the linearly increased source

voltage.

Meanwhile, if the slope of the internal voltage is to be adjusted over

a specified value of the external voltage in the light of the characteristics of

20 each of the semiconductor memory chips. it is only required to change the
size of the eighth NMOS transistor 118 whose current pass capability depends

on the voltage of the sensing node 91. thereby much facilitating the adjustment

compared to the conventional source voltage control circuit.

25 In the second differential amplifying circuit 130, the second control
signal 145, disabled into its "high" state. causes the thirteenth NMOS
transistor 139 to be turned on. Consequently, the output node 131 of the
second differential amplifier 138 is freely charged with Vcc-Voy (Vo being



. Size of the eighth NMOS transistor | 8 whose current pass capability
depends on the voltage of the sensing node 9 1. thereby nuch facilitating

t he adj ustnent conpared to the conventional source voltage control circuit.
25 In the second differential anplifying circuit 130, the second
control signal 145, disabled into its "high" state. causes the thirteenth
NMOS transistor 139 to be turned on. Consequently, the output node 131 of

t he sg&pnd differential anplifier 138 is freely charged with [err] - 18-
t he thieshol d vol tage of the NMOS transiitor), so that the thirteenth PMOS
transistor 140 is maintained turned of t.1 Thus, the possibility of the

i nternal soyrce voltage,, caus b oper.ation of t first di tial
ol i g bhe upeehaldovolsageof teaNRIOS TRRSISlgrs. seuthat the dhiriaenth, BATOS
transi stor C | reat i a LE Vo4 o G 1 oG T | S
prevent.ed. hé?%#&fl{iggosZ%%%ﬁ%ﬁ}g‘ewgh{i&éﬁ?ﬂanp U5t ;f/f:&l ngz’%d.‘?@'ﬁf tJf‘i[gB lﬂégﬂ very
smal | size gouRar & : tiR"Bbéfaril £i irkt differehtigl’ i
mnimze thg st an‘g@t%/gécu%gﬁ Tb?tand hgéslfa\gb\i}g?yugél:gw rgspgﬁseﬂsgg?(ljﬁ’lgfnga few
m cr osecondcirt@it 110, being féd bavk shrough the tharteenth \RMOS) transistorck4bsoethedue t o

a certain factor, the sixth NMOS transistor 116 of the first differenti al
anpl i fyPng seqand diffenential amplifying,cireuit;§3Q 13 peeventedyt Here,ntheosegomd node

111 t i NI gh' St A . di t he t LM t ' 121 i
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response speegy stow: Responsy gpédd dFFeiw microsécund!36 is slow. At this tine
-i{_there does not exist the thirteenth NMOS transistor 139. the output of

t he out put node 131 is maintained in its

10 If the internal source voltage is increased due to a certain factor, the
sixth NMOS transistor 116 of the first differential amplifying circuit 110 is
turned on, so that the output of the output node 111 enters it "high" state.
Accordingly, the tenth PMOS transistor 121 is turned off, thﬁs preventing the
internal source voltage from increasing further. Meanwhile, the second

15  differential amplifying circuit 130 requires a certain delay time to be
completely turned on. because the response speed of the eleventh NMOS
transistor 136 is slow. At this time. if there does not exist the thirteenth
NMOS transistor 139, the output of the output node 131 is maintained in its
"low" state during the delay time. so as to turn on the thirteenth PMOS

20 transistor 140. Therefore. the phenomenon may occur that the internal source

voltage increases according to an increase of the external source voltage.

However. the -inventive circuit introduces the thirteenth NMOS
transistor 139 to be turned on in the active operation to turn off the thirteenth
25  PMOS transistor 140. Thus. only the first differential amplifying circuit 110

_is operated in the active operation.



"l ow' state during the delay time so as to turn on the thirteenth PMOS 20
transi stor 140. Therefore. the phenonenon may occur that the internal
source voltage increases according to'an increase of the external source
vol tage. However the inventive circuit introduces the thirteenth NMOS
transistor 139 to be turned on in the active operation to turn off the
thirteenth 25 PMOS transistor 140. Thus only the first differential
anplifying circuit 110 is operated in the active operation. -19- Next,
~in the stand-by operation of the sourcg vol tage control circuit, the second
control signal 145 of the chip selectf R puffer is changed fromits "high"

state to its "l ' state, so that the thijrteenth N transistor, 139 of the-
second di fferenw/%ﬂto %@Fi%éyewmnqn squrcgvoltags contrgl ircuitothey, 5
when t he external .ce Vol ' .t i d. i nferv in t.he

hetive opereinthconftal Sfzash 14305t e, Mhidd selckitn MRAE o PRATaER, Blo i,
have the sampnot el o/ fis Sfow " Stald, 52 ufdl IHetiRbLAh RMIOS' st 13916f 110,
thus maintalimng a staigﬁe i nternal vo tageﬂgase on the same operating

princi pl e. theisédmiddifferentiah anfplifpinge sirevital 305 i3 tarmedobffag Acoordingty,a
speci fied value 7V, the current 10 .pas_s.cagabi lity of the thirteenth PMOS
transi 8t or when the external seuree yoliage iomwithingthe se intesval insthecacsivieer

current pass ciscuit such a he ei ght h. .NVOS .t r ansi st or of ,the first
Gt f erent | GPeAtoR the Seroadiifferenial Amatit e sibduiteorpes o iag theshme our ce
vol t age copgd ' bl I ( , { at er.nal
vol tage i s%&r‘#?giéﬁggearﬁ F‘Z@ﬁ%ﬁ?@‘@“ﬁ@@@ %&gﬁﬁ %ﬁ%@%@f n the
first diffempl ititérmWolthFé Hiséd bAlthe shivié opératiig ﬁﬁﬁcﬁ?le@ol‘hiﬂierﬁbﬁé‘,m 125
of the chip selection buffer is disabled into | ow™ state, the -/
even if the external source voltage exceeds a specified value 7V, the current
10  pass capability of the thirteenth PMOS transistor 140 is always maintained
constant because there is no other current pass circuit such as the eighth
NMOS transistor 118 of the first differential amplifying circuit 110.
Therefore, even if the external source voltage continues to increase over a
specified value (7V), the internal voltage is maintained at a stable voltage of

15 3.3V.

Meanwhile, in the first differential amplifying circuit 110, as the first
control signal 125 of the chip selection buffer is disabled into "low" state, the
ninth PMOS transistor 120 is turned on. Thus, the external source voltage

20  Vcc is directly applied to the gate of the tenth PMOS transistor 121 thereby
turning off the first differential amplifying circuit 110.

Moreover. as shown in Figure 5, passing from the active period 155

to the stand-by period 156, the first control signal A directly passes from its

25  “low" state into its "high" state, but the second control signal B passes from
its "high" state through a given delay time Td into its "low" state. Thus, even

while all the signals within the semiconductor memory device are disabled,

the first differential amplifying circuit 110 is operated during the delay time



~ninth PMOS transistor 120 is turned on. Thus, the external source voltage
20 Vcc is directly applied to the gate of the tenth PMOS transistor 121
thereby turning off the first differential anplifying circuit 110. Moreover
as shown in Figure 5, passing fromthe active period 155 to the stand-by
period 156. the first control signal A directly passes fromits 25 "l ow'
state into its "high" state, but the second control signal B passes from
its "high" state through a given delay time Td into its "low' state. Thus,
even Wiile all the signals within the I conductor nenory device are
di sabled, the first differential anplif44fAg circuit 110 is operated during

vol Sé'eaéut; Td.os At temm;h%ﬁr?ém%’g ¥ Sptarna O AE 8 e SN 1
t he stand- %’rﬁ‘ﬁgw %‘Ef(flﬁ ﬂaﬁl@ Bﬁé{ﬁ oy it é’?&anﬂ f)@h fof: arkd in

Referring t vvnablock aram ustratlngthe
reference vfblRfife GPRPAti, r}g dbltzﬁﬁé'dt and the first and second differential
anplifying circuits, accordlng to the present invention. The sane reference
nunerals as in Figure 3 are used for the sane parts. The first and second

differential amplifying circuit re r,es ectiv ed for,the active and
10  st&nd- by op%¢f§m681§° FFEBYeegaF fﬁr’&ﬁ aua %gqusa‘ag%ﬁcfﬁﬁ ﬁ?ﬂf?tb“

diff | d
a di 11 or enhg FOBEERGR YR Eﬁé‘w&%gﬁ@% B30k sk g ko ey o
bei ng Conn%ﬁﬂfﬁ@ ghrelit, " h ir?]igétd“ﬂiée rededtinvefiion N eTHE same neferefitd age

generating Ci and' r nal ource voltage termnals 122. 231.

241. respeciunirals as An fPigaie B’M% usednforsthersaniel parts. pr'ﬁhe first and Isecornxd
.cQa)meI connected between the jnternal source voltag
differential amplifying circuits are respectively used for the active and

10  stand-by operations.

~ There are provided a first, second, third differential amplifying circuit
110, 150, 160 for the active operation and a differential amplifying circuit 130
~ for the stand-by operation. each being connected between the output node 72
15  of the reference voltage generating circuit 70 and the internal source voltage
terminals 122. 231. 241, respectively. A first PMOS transistor 251 is
provided with its channel connected between the internal source voltage
terminals 122 and 231 and its gate connected to the first control signal 125.
~ A second PMOS transistor 252 is provided with the channel connected
20  between the internal ‘source voltage terminals 231 and 241 and the gate

connected to the first control signal 125.

The output terminal of the differential amplifying circuit 130 for the
- stand-by operation is connected to the internal source voltage terminal 122 of

25  the first differential amplifying circuit 110 for the active operation.

In a conventional memory device, in order to prevent noises and to

improve the reliability. there is often provided a source voltage controi circuit,



termnals 122 and 231 and its gate connected to the first control signal
125. A second PMOS transistor 252 is provided with the channel connected 20
between the internal source voltage termnals 231 and 241 and the gate
connected to the first control signal 125. The output term nal of the
differential anmplifying circuit 130 for the stand-by operation is connected
to the internal source voltage termnal 122 of 25 the first differential
anplifying circuit 110 for the active operation. In a conventional nggnry
device, in order to prevent noisesemkao i nprove the reliability. there is
often provided a source voltage contrdt® Circuit, - 21 - wherein the

differential Iy £ are,sepaktat ed _accordi to each of the internal .
sour ce. |1 NAerSl the difRodtial Ao, ol Sharald Aooifiing, fo qadh oL 12
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signal 125 of the chip selection buffer are enployed to connect each of the
i nternal g¢neneasesli nes in order to prevent noises and to inprove the

reliagi lity. 10 Thus, in the active operation. the first and second PMOS
transPstors 251 and 252 are turned off by the first control signal 125 of

n h hn , ol i h
other. i nthe SAEPESFEREiMERRERT e Rid sbaiR PUOS BARGRIGS ZSIGRE S
into its 250whvifhi 3hé gaités ‘confiected toOthd fidst icbffroP it CP2S! dfMHe Chipsi stors
251 and 252, thereby Ttonnecting the

selection buffer are employed to connect each of the internal source lines in

order to prevent noises and to improve the reliability.

10
Thus. in the active operation. the first and second PMOS transistors
251 and 252 are turned off by the first control signal 125 of "high" state, so
that the internal source lines are separated from each other. In the stand-by
operation, the first control signal 125 is changed into its "low" state, to turn
1S on the first and second PMOS transistors 251 and 252, thereby connecting the
internal source lines with each other. Therefore. in the active operation, the
internal source lines are separated from each other so as to prevent noises and
to improve reliability, while in the stand-by operation said lines are connected
to the internal source lines with each other so as to minimize the stand-by

20  current.

As described above, according to the inventive source voltage control

circuit, an NMOS transistor 118 with the gate connected to the sensing node

91 of the source voltage level sensing circuit 90 is connected to the output

25 node 111 of the first differential amplifier 110 with an input receiving the
. reference voltage Vref. so that in the case that the external source voltage
over a specified value is applied, the current pass capability of the NMOS

transistor is increased so as to linearly increase the internal source voltage.



. internal source lines with each other. Therefore. in the active operation,
the internal source lines are separated fromeach other so as to prevent
noi ses and to inprove reliability, whi'le in the stand-by operation said

|l ines are connected to the internal source linées wth each other so as to
m ni m ze the stand-by 20 current. As described above, according to the

I nventive source voltage control circuit, an NMOS transistor 118 with the
gate ggpnected to the sensing node 91 of the source voltage | evel sensing
circuit 90 is connected to the output 25 node 111 of the first
differential anplifier 110 with an i npu®2r-ecei ving the reference vol tage
Vref. so that in the case that the external source voltage over a specified
val ue i s appli edHenge, truorder topadjustcthpsbope of; thef interaalsms cervoltaget averi s

i ncreased so as tékdi near | increasBathe,imternal source, vol ta -22 -
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sl ope of thNMOS:transistorito dgcadjustetle Tiausy thasiopg ofdthe dntednalFvoltdger may he
conventi onal source voltage control circuit requires the reference voltage
gener ati ng be very easily ndjsistese a differential anplifier which 10 consunes
a large current but the reference voltage generating circuit of the
I nventive circuit is not a differential anplifier and is always made to

have a const ant Eshal hy: ' educi =0V
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reference reference voltage generating circuit to include a differential amplifier which

10  consumes a large current. but the reference voltage generating circuit of the
inventive circuit is not a differential amplifier and is always made to have a

constant voltage, thereby considerably reducing the stand-by current.

In addition, the inventive circuit negatively feeds back the reference
15 voltage to the reference voltage generating circuit, thus minimizing the

variation of the reference voltage due to temperature or other parameters.

Moreover, according to the present invention, the internal source lines

are connected by PMOS transistors. so that the internal source lines can be

20  separated from each other in the active operation, and are all connected with
each other in the stand-by operation. Accordingly, the noises of the
semiconductor are prevented. the reliability thereof improved, and the stand-

by current minimized.

25 The foregoing description shows only a preferred embodiment of the
present invention. Various modifications are apparent to those skilled in the

art without departing from the scope of the present invention which is only



15 voltage to the reference voltage generating circuit, thus m nim zing
the variation of the reference voltage due to tenperature or other
paranmeters. Mreover, according to the present invention, the internal
sourcelines are connected by PMOS transistors. so that the internal source
| i nes can be 20 separated from each other in the active operation, and
are all connected with each other in the stand-by operation. Accordingly,

t he noi ses of the sem conductor are prevented, the reliability thereof

i nproved, and the stand- by current m nj4qmi zed. 25 The foregoing
description shows only a preferred enbdd nent of the present invention.

Vari ous nodtf.t.eqty r o] skilled in,the arf wthoyt .
departing 19 ?@Wh’éfsq@%?ﬁgﬁ a?ﬁeagfr'%%eniné)ﬁ%rﬁti‘bﬁ W?b?ﬂ"f‘gmoﬁ gwn 3 -
limted by deseribedésndnly illusurRive A8t féstridtivé, he embodi ment shown and
described is only illustrative, not restrictive. -24- CLAIMS 1. A source »
vol tage control circuit conprising: reference voltage generating neans
connected to an external source 5 voltage term nal for generating a
constant reference voltage; source voltage | evel sensing neans connected to
said external source voltage termnal for increasing an internal source
voltage in proportion to an increase in said external source voltage when
said external source voltage is



. equal to or greater than a given voltage; 10 first differenti al
anplifying neans with two inputs receiving respectively the outputs of said
ref erence voltage generating neans and of said internal source voltage
controlled by a first control signal and the output of said source voltage
| evel sensing means; and second differential anplifying means with two

I nputs receiving the 15 out puts of said reference voltage generating
nmeanszand said internal source voltage controlled by a second control
signal® 2. A source voltage circuit coq% ol circuit -as claimed in Caiml1,
wherein said reference voltage generati %'neans conprises: 20 a
first NMOS .St or and di ode-connected PMOS transistor connected in
series-qu_;é%@éﬁEd_gxternal source voltage and a control node; a resistor
and pul | -down PMOS transistor connected in parallel between said control
node and ground vol tage term nal; an output node connected to the gate of
said first NMOS I.rqm%bgfwv(,nﬁgt &éntrol circuit eomprisingg PMOS transistor with

t he channel connected between said external source voltage term nal and

sai d out put nodereferéncéevoltage genenating dneamssconnected: talannexternal sourge - 3. A
source oltaqe contr ol g%rcuit as clainmed in aim2. wherein said

C
ref erente Woltaggderminal for ggnekating 3 Genstant refeRsnre ¥Oltag8 1 r ent pat h neans

ot woen sard ouires yBltagh 3608 SAGRG BT oMl T ShiY Sxeefi Schirce
vol tage conjdifloe Gefrhiitial f° indraadiRgl an'intdraalobrc¥WBItEge i préportion to an

increase in said external source voltage when said external source voltage is

equal to or greater than a given voltage;

10 first differential amplifying means with two inputs receiving
respectively the outputs of said reference voltage generating means and of said
internal source voltage controlled by afirst control signal and the output of
said source voltage level sensing means; and |

second differential amplifying means with two inputs receiving the

15  outputs of said reference voltage generating means and said internal source

voltage controlled by a second control signal.

2. A source voltage circuit control circuit as claimed in Claim 1,
— wherein said reference voltage-generati.ng means comprises:
20 a first NMOS transistor and diode-connected PMOS transistor
connected in series between said external source voltage and a control node;
a resistor and pull-down PMOS transistor connected in parallel between
said control node and ground voltage terminal;
an output node connected to the gate of said first NMOS transistor; and
25 a driving PMOS transistor with the channel connected between said
external source voltage terminal and said output node and the gate connected

to said control node.

A O 00 1



source voltage | evel sensing nmeans conprises: voltage drop neans connected
In series between said external source voltage term nal and a sensi ng node:

10

a resistor connected between said sensing node and ground

vol tage term nal; diode-connected NMOS transi stors connected in seri
sai d sensing node; a second NMOS transistor with the channel connect
bet ween said 15 transi stor and ground voltage term nal and the gate
connected to said first control signal: a third di ode-connected NMOS__-
transi stor connected to said sensing negde; and a fourth NMOS transis
wi th the channel connected between the™20 source of said third NMOS

cont ol Si gnal . 35 A SowtkR VoG cBhffor B P s Lafind i B2, Wiibrefh A

control
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first single-ended N " amplifier

th two |

recei vi ng inctuding agderadity of dicdlet pohnemed PMOSarahsistorsconnected between
generating neans and said internal source voltage, -26 - a fifth
transi st or saidl utputenadeasnd: groundhveltage terminala sai d ext ernal vol t age

term nal

and the output node of said first differential anplifier an

es to
ed
e

tor

d first *®

aim1l,
a

nput s

PMOS

d the

gate connected to said first control signal; an eighth and ninth NMOS

transistors witl tg,gRaReRhge CORAGFLREuit Bs claimed in Claim 1, wherein said

10

15

20

source voltage level sensing means comprises:

voltage drop means connected in series between said external source
voltage terminal and a sensing node:

a resistor connected between said sensing node and ground voltage
terminal; )

diode-connected NMOS transistors connected in series to said sensing
node; '

a second NMOS transistor with the channel connected between said
transistor and ground voltage terminal and the gate connected to said first
control signal:

a third diode-connected NMOS transistor connected to said sensing
node; and

a fourth NMOS transistor with the channel connected between the
source of said third NMOS transistor and ground voltage terminal and the gate

connected to said first control signal.

5. A source voltage control circuit as claimed in Claim 1, wherein said
first differential amplifying means comprises:

a first single-ended N-channel input differential amplifier with two
inputs receiving the voltage of the output node of said reference voltage

generating means and said internal source voltage;

Ll
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-5 series between said output node and ground voltage term nal and the
gates respectively connected to said sensing node and said first control .
signal ; "and a sixth PMOS transistor with the channel connected between said
external source voltage term nal and said internal source voltage term nal
and the gate connected to said output node. 10 6. A source voltage control
circuit as clainmed in Claim5, wherein said first differential anplifier is
contrgl fed by said first control signal. 7. A source voltage control

circuitT as clainmed in Caim1l, wherein id 15 second differenti al

ampl i fying means conprises: a second sr%é-ended N- channel i nput

diff tial ol T ' t ' t. seceiving the voltage, of the ouf put
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second di f f andrthe gateophndoted tasaidt fisst gonerob eipmalit ed to sai d second control

signal; and a ninth PMOS transistor with the gate connected to said out put
node and the cha@Rgightbnand ninth NM@S transistorsxwithithe channels conneetgd in

' i i nal,. 25 8. A _ | t
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wherein said - a sixth PMOS transistor with the channel connected between said

external source voltage terminal and said internal source voltage terminal and
the gate connected to said output node. | '
10
6. A source voltage control circuit as claimed in Claim 5, wherein said

first differential amplifier is controlled by said first control signal.

7. A source voltage control circuit as claimed in Claim 1, wherein said
15 - second differential amplifyi‘hg means comprises:
a second single-ended N-channel input differential amplifier with two
-input receiving the voltage of the output node of said reference voltage
generating means and said internal source voltage; | |
~ a thirteenth NMOS transistor with the channel connected between said
20 - - external source voltage terminal and the output node of said second
differential amplifier and the gate connected to said second control signal; and
a ninth PMOS transistor with the gate connected to said output node
- and the channel connected between said external source voltage terminal and
internal source voltage terminal. B
25
‘8. A source voltage control circuit as claimed in Claim 7, wherein said
second differential amplifier is controlled by the output of said reference

voltage generating means.

Ty



first differential anmplifying nmeans is enabled by said first control signél

of "hi gh"
differenti
"] ow' stat

connect ed

state so as to perform active operation, while said second

al anplifying neans is enabled by said second control signal

of

e so 5 as to performstand by -operation. 10. A source voltage
control circuit as clained in daim9, wherein said source voltage control
circuit is changed fromthe active node to the stand-by node after a.given
delay tinme of said first control signal. 10 11. A source voltage control

circuit conprising: reference voltage_ggnerating nmeans conprising: a
NMOS t.ransi stor and di ode-connected P transi stor with the channel s
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to 25 a first control signal; a first and second current pass
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| .anqd the, gates_respectively cqnnected to
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11. A source voltage control circuit comprising:

reference voltage generating means comprising: a first NMOS transistor
and diode-connected PMOS transistor with the channels connected in series
between external source voltage terminal and ground voltage terminal; an
output node connected to the gate of said first NMOS transistor; and a driving
PMOS transistor with the channel connected between said external source
voltage terminal and output node and the gate connected to the gate of said
PMOS transistor;

first differential amplifying means comprising: a first single-ended
N-channel input differential amplifier with two inputs receiving the reference
voltage of said output node and internal source voltage; a PMOS transistor
with the channel connected between said external source voltage terminal and
the output node of said first differential amplifier and the gate connected to
a first control signal; a first and second current pass transistors. with the
channels connected in series between said output node and said ground voltage
terminal and the gates respectively connected to the external source voltage

dropped by a given value and said first control signal; and a driving transistor

* 4 L L] H *

f’&@rﬂd}ﬂygmﬁgﬁb%h%?rnal source voltage; a PMOS transistor

en sai d external source voltage term nal
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-28 - with the channel connected between said external source voltage.
termnal and said internal source voltage term nal and the gate connected
to said output node; and 5 second differential anplifying means
conprising: a second single-ended:-N-channel input differential anplifier
with two input receiving said reference voltage and said internal source
voltage an NMOS transistor with the channel connected between said
external source voltage term nal and the output node of said second
di ffergntial anplifier and the gate congected to said second 10 control
signal : and a driving transistor with't4f% gate connected to said out put
meen sai d _ext.ernal s rce. vol.

A ”ﬁw&fﬁﬁﬁﬁ%ﬁfﬂ BV sid eRisF Al dolifes SotSCimrhinddd, 2
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generating neans ur er conpr a resistor

tranS|storn@a39Qﬁﬂed in parallel between the drain of said PMOS transi stor
and said ground voltage term nal; and current path neans between said

out put. node and said ground voltage termnal. 20 13. A source voltage

o s L o e b e ehpe s nSeorel oDl
A SouTCC v LRl AR RN R i S PR lf' &
first currqgltap@hid saidTaterhal sttt 981tage drENMOS P4tststor ¥ithae chahmiinal -
connected between said external source voltage terminal and the output node
~ of said second differential amplifier and the gate connected to said second
10  control signal: and a driving transistor with the gate connected to said output
node and the channel connected between said external source volta'gé terminal

and said internal source voltage terminal.

12. A source voltage control circuit as claimed in Claim 11, wherein
15  said reference voltage generating means further comprises: |
a resistor and pull-down PMOS transistor connected in parallel between
the drain of said PMOS transistor and said ground voltage terminal; and
current path means between said output node and said ground voltage
terminal. |
20
13. A source voltage control circuit as claimed in Claim 12, wherein
said current path means comprises a plurality of diode- connected PMOS

transistors.

25 14. A source voltage control circuit as claimed in Claim 11, further
comprising a source voltage level sensing means connected between the gate

of said first current path transistor and said external source voltage terminal.

A



-29 - 15. A source voltage control circuit as clainmed in Caim14, wherein
sai d source voltage | evel sensing neans conprises: a plurality of

di ode- connected NMOS transistors connected in series between said external
source voltage termnal and a sensing node; 5 a resistor connected
bet ween sai d sensing node and said ground voltage term nal; diode-connected
NMOS transi stors connected in series to said sensing node; an NMOS .
transistor with the channel connected between said transistor 10 ang,said
ground voltage term nal and the gate copgected to Said first control

signal; a diode-connected NMOS transi stor connected in series between said

sensi ng node and15aiA sphfsevolvae catréladirduibhs chiied inClafmt 14 \whérep Wi t h
the gate connected to said first control signal. 15 16. A source voltage

control ci rsaid tsouscecvoltagedlevel snsing mieansicomprisesai d first and second
current path 1 oSSt 0es o ook DonobGe N0 RS St oA s o
o LS G el R YRR AR RSB RerARE 12, A our oo
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ext ernal sowerménalpl t age is equal to or greater than a specified val ue.
diode-connected NMOS transistors connected in series to said sensing
node;
an NMOS transistor with the channel connected between said transistor ~/
10  and said ground voltage terminal and the gate connected to said first control
signal;
a diode-connected NMOS transistor connected in series between said
sensing node and said ground voltage terminal; and
an NMOS transistor with the gate connected to said first control signal.
15
16. A source voltage control circuit as claimed in Claim 11, wherein

said first and second current path transistors are NMOS type.

17. A source voltage control circuit as claimed in Claim 16, wherein ~
20  the driving transistors of said first and second differential amplifying means
are PMOS.

18. A source voltage control circuit as claimed in Claim 17, wherein
the internal voltage slope at said internal source voltage terminal is controlled
25 by adjusting the size of said first current path transistor when said external

source voltage is equal to or greater than a specified value.
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-30- 19. A source voltage control circuit as clainmed in Caim1ll, wherein
said first differential anplifying means is enabled by said first control
signal of "high" state so as to performactive operation, while said second
differential anmplifying nmeans .is enabled by said second control signal of 5
"l ow' state so as to perform stand-by operation. 20. A source voltage
control circuit as clained in Caim19, wherein said source voltage contro
CIrCUJT is changed fromthe active node to the stand-by node after a given
delay‘flne of said first control signal,.10 21. A source voltage contro
circuit as clainmed in Caim 20, wherei-m&aid first differential anplifying

neans i s dlsable mhen said driving transistor perforns_the stand- by
oper ati on. . A sopree v é&ﬁ#cfé“\?’iﬂ tcé’(:%"tc%ﬁn?l?m‘e‘glm Glaimall, whersesdy i n

when Sai ¢ 24%% FRe B tpfiting iy 36 Bl oy SldTRER Robikol Wil C.
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means plurality erenti al yi ng nea or active operation and a

differenti ahffareﬂtiaﬂydm?hfsangsméms §s endbled by esaid isecond rvonticl sigaalvefn an
out put node of said reference voltage generating means and internal source
vol t age t er'iowalstatessspacta performastandby operation.gat i ng neans with the
channel s respectively connected between the adjacent ones of said internal
voltage term nals and the gates connected to a first control signal.

20. A source voltage control circuit as claimed in Claim 19, wherein
said source voltage control circuit is changed from the active mode to the
stand-by mode after a given delay time of said first control signal.

10

21. A source voltage control circuit as claimed in Claim 20, wherein

said first differential amplifying means is disabled when said driving transistor

performs the stand- by operation.

15 22. A source voltage control circuit as claimed in Claim 20, wherein
said second differential amplifying means is disabled when said driving

transistor performs the active operation.

23. A source voltage control circuit comprising:
20 reference voltage generating means:
plurality of differential amplifying means for active operation and a
differential amplifying means for stand-by operation connected between an
output node of said reference voltage generating means and internal source
voltage terminals respectively; and |
25 gating means with the channels respectively connected between the |
adjacent ones of said internal voltage terminals and the gates connected to a

first control signal.
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- 31 - 24. A source voltage control circuit as clained in Caim23, wherein
said gating neans are PMOS transistors. 25. A source voltage control
circuit as clainmed in Claim?24, wherein 5 said gating neans are turned
off in active node and turned on in stand-by node. 26. A source voltage
control circuit substantially as herein descr/' bed with reference to Figure
3. 10

;:
-31-
24. A source voltage control circuit as claimed in Claim 23, wherein

said gating means are PMOS transistors.

25. A source voltage control circuit as claimed in Claim 24, wherein
5  said gating means are turned off in active mode and turned on in stand-by
mode.

26. A source voltage control circuit substantially as herein described
with reference to Figure 3.
10
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