"Statl C type sem conductor random access mory". The present invention,

to a static type sem conductor random access nenory. (hereinafter

r ef ed to as a "static RAM. In a static RAM a pair of infermation 5

co entary to each other as derived froma nenory cell are respectively
trEQ Ytted to a sense anplifier through a pair of data lines and a pair of
commos data lines CDL and CDL. The sense anplifier anplifies the potentlal
di fference between LO the pair of common data |ines having devel oped
in accordance with the pair of infeordetion, and transni§s the output signa
of high level or lowlevel to a data output buffer. The data out put

buf fer detects on the basis of its Iogic threshold 15 vol t age whet her

t he out put signal, t he sense i s at .the hi h l-evel or, at the
low | evel, and it %gf‘%&rg ﬁﬂﬁr}tpﬁ ‘ilﬁ‘i'a%f’?ﬂ‘é"ﬂ. BACPAS-PEBPI¥ s | ow
| evel out of the static RAMi1n accordance wth the detected result. -2-

In NI KKEI ELECTRONICS 1980 3. 7" page 142, Figure 12, by YASU et al.,
there is. disclosed as the above nentioned sense anplifier, a differential

anplifier circuit which is constituted 5 by a pair of insulated gate -

field effect transistors : :
The present invention relates to a

static type semiconductor random access memory
(hereinafter referred to as a “"static RAM").

In a static RAM, a pair of information

.Ul

complemgntary to each otherias-derived from a memory
cell are respectively tranaﬁitted to a sense
amplifier throﬁgh a pair of data lineg'ﬁnd a pair
of common data lines CDL and CDL. The sense
) amplifier amplifies the potential difference between
10 ghe pair of common data lines having developed in
accordance with the pair of information, and |
tr;nsmita the output signal of high level or low
level to a data output buffer. The data output
buffer detects on the basis of its logic threshold
15 voltage whether the output signal from the sense
amplifier is at the high level or $t the low
level, and it delivers the output data of the high
level or the low level out of the static RAM in

accordance with the detected result.



(hereinaftek referred to as M SFETS") coupled in the differential node,
a current mrror circuit (active load) formng the |oad of the M SFTs.
this sense anpliifiers the output signal is 10 forned on the basij
current equal to the difference between the drain currents of the pai
M SFETs coupled in the differential node. Therefore, the sensitivity of
t-hi\s sense anplifier can be nade conparatT vl high. Mor eover, since 15
the load constituting the differential anplifier circuit is the active

| oad, the gain:of the differential anplifier circuit itself can also be
nmade conparatively great, for SmMNIXKKEDERECTRONICS198003schd®i the
operation of the statlc RAM 20 faster, however, a sense anplifier

having a still hi Ghge gék |F§Mﬂ|és¥e@¥(¥1\$%s%ﬁs‘%t atthese| b8, Since the
Phey have conpar adiiBipaed s Hae, akevs atioled caenss sampiirlar, ' ©

th | | St f | f
conon data |i nes Bolangersbiay, Aufl e {%ﬁi?h‘i”ﬁﬁp matifefde; ©

l i nes aI o have c | e | gpﬁ when_
t he |nformat|on O?,@qr %di}ie&! r%gfarr@'r%ér{/& i%&are reggffa?t pote {'Qﬁﬁt.
changes (hereinafter referred to as “MISFETS") coupled in

the differential mode, and a current mirror circuit
(active load) forming the load of the MISFETs.
In this sense amplifier, the cutput signal is
10 formed on the basis of current equal to the
'difference between the drain currents of the pair
of MISFETs coupled in the differential mode.
Therefore, the sensitivity of this sense amplifier
can be made comparatively high. Moreover, since
15 - the load ;onstitutiﬁq the differential amplifier
circuit is the active load, the gain of the
differential amplif.iér circuit itself can also be
made comparatively ézeaﬁ. for example, about 5.
In order to render the operation of the static RAM
20 faster, however, a sense amplifier having a still "
| higher gain is :equésfed for reasons stated below.
s:lx_:ce the pair 61 data lines have a
large number of memory cells coupled thereto, they
have comparatively large parasitic capacitances in
25 themselves. In a static RAM of enlarged memory



PR ‘."

I n other words, the-pgtential difference which is applied bet ween
t hé palr of commopn data I|nes in accordance with the information read out w
fromthe nmenory cell 15 only becones h| gh conparatively slowy.

Alth h 1k N d t l'y high
B et v i RLME
| t tential.
9 CORESAL AR 1hnBithe oS AU B0 Smen anile polent

di fference alr of common S reached a

- conpar atj yke¥ 8188 uaweeoaﬁaeuu%w %&lgecmug‘&f driving the data

output buffer is first provided fromthe sense anplifier -~ A conparatively

long tingapicftances. aTherdtogey when thé ltitamdtiomiads output buffer
conmes into operation after the i'nformati-on conplenentary to each other have

5 been del thermemory- ¢elflr aret readeouty petientialhehangesf data |ines.
Moreover, in the above referred to sense anplifier, the d|fferent|al
anplifi etocbeccpplied to the pair of data lines by the

memory cell have their chen_ging- rates limited by
the parasitic -cepeeitencee.. - Similarly, potential
changes to be applied from the pair of data lines

10 to the pair of common date 1inee ere l:l.nited by

the etorege cepecitencee of the 1etter. In otl_:er :

words, the potent_::l.el_ difference which is | applied

between the pair of ‘common date. lines in a.cc_:ordence
~ with the information read ocut from the memory cell

15 only becomes high ecmperetively slowly. |

Althongh the sense enpliﬁer referred
to above has a couparetively high gain. this gain
is still nne_etiefacto_ry for the sense amplifier |
of the 1arge-capac_:l.ty etat:!.c RAM. Therefore, when

20 the potential differene_e.__be'tv'teen the pair of |

‘common data 1';;;;3 1_;;._ reached a comparatively
high value, an.. output signal capable of driving
the data output buffer is first provided from the
sense amplifier. A comparatively long time is
25 accordingly required before the data output

buffer comes into operation after the :I.nf.ormetion

complementary to each other have been delivered



s a dhssynetrlc type dlfferentlal anplifier circuit .5 whi ch

_ 0 '
a single out'put ssignmal having a potential relative to earth of the C|rCU|Q§%§§:

as corresponds to the potential difference getween the input signals.
the 10 - dat a output buffer detects the potential .of t

t he nse a f S ic threshold
t%%r sé?ggpggtggﬁo 3 °% ﬁ@¥8h§$§89éristics of
el enents constituting the data S&repUf rggdue to
variations in manufacturing COA%H%IOHSPan% teﬂhnkhégg reffﬁg va¥|at|on of
the CharaCter'St'CinﬂielﬂﬁpfiffiftStﬁ&Sél!!atﬂnthﬁlViﬁ?ﬁ&!ﬂﬂroﬁiiéﬁitogl

recei ves a palr of

consequence,

out\put si gnal _
voltage relative t

t hreshol d vol tages of dat.a output buffers. - In order

fro

i nput signals conplementary to each other and which f

0 prevent .any: 20

mal function of theistatdisspivhetiiébtypd asrfecentinlasnpligierheikregie
threshol d vol tage of ‘t'he data output buffer, the sense anplifier should
desirably form an vhightretgivesod pakrlatgkapnpolighhésapphpieientarslnoe,

however,

the gain of 25 t hhe sense anplifier is not ver

In
he

c

h, the

potentlal di f f er ermechcothern and whichoformangnsingle mw#usigm be still
in order to forman ou I gnal of the | arge anpl tude. Therefore
yét a lone r tlrnahiyiﬂﬁeh EE*!&%&? egﬁ}ﬁtgﬂ?pEP s r Of st o

gr eat er
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-eireuit as corresponds to the potential diffe:ance _

betuecn the input signals. 1In eonseqnenco. the o
data outpnt bnffer detects. the potential of the

: output aignal from the sense anplifie: on the basis

of 1ts logic thresholad voltage relative to .arth.
In this respoct, however, the characteristics of
o;cn.nts constitnting.the dota_outﬁut buffer will
vary due to.variations in manufacturing codditiong
anq teehniqnes. fhe_variation of the _
characteristics of the elqnnntt results in the
variation of the logic threshold voltages of data
output buffers. In order to prevent any
nalfutction of the static RAM attrihuted.to such
variation af the logie threshold voltage of the
data outpnt huffer. ‘the aense amplifie: should
desirabay fo:n an output signal of the largest :
possihle amplitnde.- since. however, the gain of
thc sense auplifier is not wvery high, the potential

diffe:enee between the pair of ecmnon data lines nust



s

operated. The operatin speed of the static RAM5 has accordi ngly deen
ted. In addition, 'the characteristics of el-eents constituting thoa
se anplifier vary due to variations i-n manufacturing cendi ti ons and

gues. It turned out that-=tBe=sense anplifier has an offset 10
The sense anplifier to accordingly dsiadvantage in that an offset voltage -
caused by the offet is transmtted to the data out put . buffer as it is Forw

the aboyg gze fﬂnﬁgehee&hsncaéaezwsr Porie S iR d Rt sense anpl i i er

S enpl oyed out put bufter cannot be driven by the sense
anpl i fi eggUphe! 1abge amplitude.d f iMhereddial, At 1 dijexr Of conmon data
lines CDL and CDL reaches. such a conparatively great value as 0.5 volt.

This in t&ﬁeriouteﬁeaaﬁeaoregthhodethlonﬂu;ﬂﬂhnﬂreﬁ1ﬂmeed 20

operation of the static RAN. ‘According to the present.invention there is
provi decopesstedc ty‘phcsopntehdnqt Wmmmmrmmu ncl uding: menory
cell's each-of whi:ch. delivers. a pair of signals conplinemtary to each

other; chasraccardinghy¥: been; }é@iﬁpﬂf-erent ial amplifier circuit whose

5]

2y,

- non- |nvert|ng input termnal is supplied with one S|gnal of ‘the pair of
"“’SG Rﬁosgg
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conpl enent ary si gnal s

Fnﬁ!\‘t"rﬂj‘ Tkl 9% nal is supplied
with the elements constituting the sense aup].ifier vary due to

variatione in mufectnring oonditione and techniquee.'
It turns out thet the sense amplifier has an offeet.
_ 'rhe sense emplifier is eooordingly dieadventageoue "
in thet an offeet voltege caueed by the offeet ie
| trenemitted to the deta outpnt bnffer as. it ie. |

| !'or the ehove reeeone. in the .ceee where
the above mentioned sense emplifier. is employed the
output bnffer cannot be driven by the sense amplifier
until the potentiel difference betveen the pair of
common data lines CDL and CDL reaches such a
oonparetively"gr'eat’ value as O. 5 volt. Thie is a
serious dieadventege to achieving the high-epeed
operation of the static RAM.

Aocording to the preeent invention there
ie provided a etetio type lenioonductor randon access
'nemry inoinding. uemry celle each of whioh delivere a
‘pair of eigna].e oonplenentery to each other- a firat
dieeymetrio type ditferential emplitier cirou:l.t ' |
whose non-inverting input terminal is supplied vith
‘one signal of the pair of complementary signals,



ot her 'sidgnal of the pair of conplenentary signals and which forns a first \
out put signal in-phase with the signal supplied to the non-inverting inp
termnalt 5* ¢ @& second di ssymmetric type differential anplifier .
circuit whose inverting input - termnal is gupplied with said one signal,
whose non-inverting input terminal "is supplied with the other si gnal and
whi\gch fornms a second output signal in-phase with-said signal supplied 10
to said non-inverting input termnal; and first means “supplied with the
first output signavheset VSEE&RE éBPEGt torginnli 48 soPRlieds with dheu put

signal based on the first,out signal and sal ds ond out put, si gnal .
The present invent PEROE; ”'gﬁﬁ E ecPRAHE of nchE’ | 18 Wﬂ%&/

R i ST
Static Ra d&ﬂ?[?ﬂ%ﬁ?is BeLAY 58 SPORER e SRR el
RAM showg in Figurg déeond f’mtr‘tﬁ FXPO dftlfﬂ!ﬁﬁtiﬁl' %ﬁ tlﬁ(a& di agram

of the internal arrangenent o con static - 7-
circuit whose inverting input terminal. 13 suppliad

- with said one signal, whose non-inverting input terminal
is suﬁplied with the other signal and which forms a
second output signal in-phase with said signal. supplied
10 to said non-inverting input terminal: and firat means
| ' supplied with the first output signal and the- second.
. output signal for forming a thi:d output signal based
on the first outpu.t a:l.gnal and said second output
s:l.gnal
-15 o . _The present invention will now be
described in greater detail by way of example with
reference to the. accémpanying drawings, wherein:-
_-Figur'e 1 is a block diagram of a static
memory system: _
20 '~ Pigure 2A is a block diagram of the -
internal arrangement of a preferted form of a .stat:lc
RAM, whilst _ |
| Figures 2B and 2C aré waveform diagrams
of ‘the static RAM sho\m 1n Figure ZA-'
25 o Figure 3A is a block diagram of the internal

arrangement of a second form of a static RAM whilst -
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Fig res- 3B and 3C are waveform di agrans of the static RAM shown in.Figure

-gure 4 is a circuit diagramof a nenory cell of 1 bit in a nenory

g_*
h
2

rray-, 5 . Figure 5is acircuit .diagramof a data
oyt put -buffer:; Figure 6 is a o#rzurt diagramof a first formof a sense-
anplifier; Figure 7 is a bl ock di agram of a second 10 formof sense _
anplifier: Figure 8 i 8f wavaessn Rl b pe dlfferentlay
anplifier circuit constl {létl ng a |rda€%rma? sense an%?ﬁ‘nlxer and Figure

9 IS a |y tte HtakiE oM owd m PigREeNgARal portions of the sense
anplifier. The-arrangement of a static menmory systemwill be described with

reference to Figure iguthe $ibéis efreujtsisagramSogcacmembyyencl osed with
a broken Iine. This systemincludes an S-RAM | C ARRAY 20

(her ei nafelldr oﬁef]erbiehjitmawﬁf Riel) svxwaystuted by ‘a plural | ty of static
RAMs, a central processing unit (hereinafter referred to as a "CPU', and
not shown) in a conpRigurefi isiareizeuit, diagrapepfeandata S RAM and t he
CPU. A power Ci rcwt E is provided which has a back-up function. A power

‘supply [ostPRY by a device which steps down and rectifies the mains

A.C. voltage, whilst ﬁé)u:wer S{JQIO' ycirecultl 313 gml E:%t gdfﬂ-st

form of a sense anplifier- '

P:I.gnre 7 is a block diagram of a second
'fom of sense anpl:l.fier'

‘Pigure 8 is a circuit diagram of a di'ssglrmetric'
type differential amplifier circuit constituting a
third form of sense amplifier; and |

P:lgure 9 is a 1ayout diagram of the |
principal porticns of the sense ampliﬁ.er.

The arrangement of a static memory systen
will be described with reference. to Figure 1. The
static memory system is generally enclosed with a
broken line., This systein includes an S-RAM IC ARRAY
(hereinafter reterred to as a "S-RAM") constituted by

~a plurality of static RAMs, a central processing unit
(here’:i.nifte: :efen‘ed't_o ‘as a "CPU", and not shown) in a
computer, and interface circuits between the S-RAM- and
the CPU. A power c¢ircuit E is provided which has a
b,ack-up function. A power supply E, is formed by a
device which stipi down and rectifies the naina A.C.
voltage, w_h:llst.'.'a power supply By is constituted by



- 8- al'ba'tterry Usual Iy, the supply voltage of the systemis fed fromthe. ;
power supply [err]. When .the power supply [err] has been turned "off"' or
when it'is |noperat|ve due to a fault, the supply voltage of the systemi.

fed fromsS the auxiliary pow r supBIy [err] Thus, even when tR
naln power supply [err] has been turned”o the stored contents of the-
mefory chip are retained by the auxiliary power supply. Supply

vol tages [err] anch[hntteaye coWsvally, athet aupplyt volRage of0 the system
Next, the input/output-signals between the static nenory system and the CPU
wi |l be explained s fedafremithei powerJanppldysBgaal sWhen the; power]) supply
signals for selecti n%‘a pI urality of desired nepory cells fromanong [err]-
tAven gue

menory cells in tHeg dagnpenr| tuEned; ¢ Hfﬁ'sBFl when it is inopera |
e el bt i b L AR

|1 | | C '
chip selBer of gnalS %é‘}%ﬂf“*%n%ﬁ%ﬁﬁe%fat  Molihye B RESARES O

row. VE indi cates gaykibéwsEbhSpsy 982! na¥belini TuindalPVEAO! thee stRdany
and witing instructions of datgplir'l tfe S—RAMgnd which is fed to the WE

ternminals of all tdentémtscoRthe mdorpdiiipcare sotained By TRhe start

SI ghal which starts the nmenory operation
auxiliary power supply Eg. Supply voltages Vec and

.Vgg are common to all the static RAMs,

10 ) : Next, the input/output signals between the

sta-t.{c. memory system and the CPU will be explained in |
greater detail. Address signals A, t§ Ak are aigﬁals
for selecting a plurality of desired mmry c?lis from
among 2¥ memory cells in the S-RAM enclosed with a solid

15~ line. Among them, the address signals A, to A; are
allotted as address signals common to the various
sﬁatic RAMs, while thé 'ad_dreaa signal_a Ai. +1 to “k
are allotted as S:lgnals for selecting m rows of IC
arrays and are used as ch.ip select signals Cs

20 common to the static RAMs ot‘ the respective row.
WB indicates a write enable signal, which is a __
signal for the reading and writing instructions ._ -
of data in the S-RAM and which is fed to the WE
terminals of all the static RAMs. Ms :lx_:dicaﬁea a

25 memory start gignai ‘which starts the memory operatibn



of the SRAM D to [err] indicate input/output data on data bus
hi ch connect the CPU and the S-RAM Now, the static nenory system

¢ described on the SSRAM and fhe interface circuits' separately. 5
First, the SRAMis constructed of ¥h8 IC array iin which the static RAMs .
each having a nenory capacity of n.k bits (Hereinbelow the RAM shall be
termed " n. k- static RAM'. 1 kbits denote [err] = 1024 bits.) are arrayed C;

to the ggmpgl & n qych%apes &fgatg inBPE?°hEEﬁ§PQHﬁ§ of B in each row

and are connecte In the a matrix S X B bits. The
data i nput e LiPies andi st sortbeYt ther EPBRkedDYHe W-Fe Static RAMS

in each of the B columms are respectively connected in comon. 15

Secondl y, thdiomnt eeaataticuhémors| sybeesleatlilbed. a¥Rrdeegt es an address
recei ver whi.ch receives the address-signals [err] to Ak transnitted from-

t he CPUban&hWhSdRAHnandttherﬁnneerceheiaddiesssep@ndtekﬁ ti m ngs adapted
' iﬂ the operati.ons of the S-RAM 20 . DCR denotes a decoder which

t

ansmi F&rehi pthel SctRAH s tonrs truactedhefethbef6warreynde [err] to [err]
wher e i) for selecting the static RAMs instructed by the address

5|gnals"P§FP]tp8 AtatismREAbhFatR PAVERE aymemoryaciapaRAMY constituting

the S- di cates a data. bus.driver whose data
_|nput/oﬁ$pﬂté bits (Herei&%ef‘ the RAM shall be termed

10
2

"n.k-static RAMM. 1 kbits denote = 1024 bits.)
are arrayed to tne‘numbeflof m in each column and

10 ‘to the nnmber of Buin'each row and are connected in
the shape of a matrix of (n x m) words x B bits. The
data input terminals D and data cutput terminals
Dout of the static RAMs in each of the B columns are
respectively connected in common.

15 . ’ Sécondly, the”interfaCe.circuits'will'be described.
ADR denotes an address receiver which receives the
address signals'A.o'toAk transmitted from the CPU and
which converts them into the address signals of timings
adapted'for'the oﬁeratidns of the S-RAM.

20 DCR denotes a decoder which transmits chip select
control signals- (hereinbelow, termed "CS to CS "

where m- 2k

) for selecting the static RAMs instructed
by the adaress signals A1 4 to Ak from among the . plurality
of static RAMs constituting the S-RAM. )

25 = DBD indicates a data bus driver whose data input/output



-10- between the CPU and the S-RAM are changed-over by a gate control ot
signal GC. The gate control signal GCis formed by the |ogical conbinatipg
bet ween the wite enable signal WE and the nenory start signal MS. 5
Data output signals [err] to DOB fronlthel(aenray are output signals which
are read out fromthe data output tern1néTs of the static RAMs. (nunbering-
B) of sel ected row and which are supplied to the DBD. Data input signals
[err] to DIBto the IC array 10 . are data to be witten into desired

nenmory cells, andt Q%% ?h (% qgﬁﬂé§&${€ §08,178D nghgﬂgﬁhlgq he data

I nput termnal's D nunbering ect d row

Now, the function AR GeW LPhe §te con§98155§ hglTeEnory
systemw || be ex%gned The ?ress mgnals[er% to [err] froréntheCP

are classified i nGg 440 reQtded Eywtﬁﬁktégﬁcélg@emﬁlhetibntaeemaéﬁ vBed as
address signals for selecting a desired menory cell fromw thin a nenory

matri x construct etri®e enabife aignallWEyamd tlkeomgmoey| starb eighadf MShe
static RAMs constituting the S-RAM On the other hand, the address signals
[err] to [e¥r] are usedada et Bisnaks Bignbe Dﬁ cﬁrqnnghahécherrev not
the whole static RAMis sel ected as viewed fron1eac of the static 25
RAMS constltutlngaFﬁeOSIRMM gignals which are read out from the data
cutput terminals of the St&tlQ RAMs (numbering B)
of selected row and which are supplied to the
DBD. Data input signals Dy, to DiB to the IC array
10 are data to be written into desired mémory'cells;;
and.they are delivered from the DBD and supplied to
the data input tefminals D;, of the stétic RAEs“(ﬁumbering
B) of tﬁelselected row... |
Now, the functions of the é&dfess signals'within
| 15 . the static ‘memory system ﬁill be explained.
The aduress signals L to A from the CPU are
classified into two sorts. The address 31gnals Ao to A
are used as address signals for selecting a desired
memory cell frbm within a memorj matrix'conStructed_
20 of a plura}ity of'memdry eéilé; in each of the static
RAMs constituting thé S-RAM. On the other hand, the
address signals Ai 1 to Ak are used as the chip select
slsnal concerning whether or not the whole static

RAM is_selected as viewed from each of the static

25 RAMs constituting the S-RAM.



y\e 2A shows the internal arrangenent of a static RAM which has .a nepory
gc)ty of 16 kbits and whose input and out put operations are executed in
g/e bit unit. This static RAM of 16 kbits includes four. matgices (nmenory
arrays MARYl1 to M ARY4) all hay g equal nmenory capacities. |In each - -
matrix, nmenory cells are arrayed into 128 rows x 32 colums. Therefore, _.
~eachs Of the matrices has the menory capacity of 4096 bits (4 kbits). The
mat ri ces are dividedly arranged in such a manner that two of themlie on -
each of the right and left sides.of a row decoder R-DCR 28 = 256 decoded -
out put signals which are obtained on the basis of the address signals [err]
to A5, Al2 and Al13 are respectively transmtted fromthe row decoder R DCR

PN T e N O R S R
Wizo hbetRn RAMRISRH HEE R el Vet eh ey 4818 kR b ament ol dhta | nes
%6 are (a3qHaRIErEaY Rud CRER SRS ard EEHReY i cen.
In ordeint@ingle bit unit. | - | |
This static RAM of 16 kbits includes four maﬁriées

(memory arrays M-ARY1 to M-ARY4) all h;ving.eQual

memory capacities. In each matrix, meﬁory,cellé are-

arrayed_into 128 rows x 32 golumn#. Thereforé, eaﬁh

of the matrices has the memory capacity of 4096 bits

(4 kbits). The matrices are dividedly arr#nged in

such a manner that two of them lie on eachléf the

right and left sides of a row decoder R-DCR.

28

| = 256 decoded ocutput signals which are obtained
on the basis of the address signéls Ao'fo A5"A12'
and A13 are respectively transmitted from the row
decoder R-DCR to the address selecting lines of rous
(word lines WL1 to WL128 and WR1 to WR128).

In this msnner, eaéh-qf the memory cells M~CEL

constituting the respective matrices is connected

to any one of the word lines WL1 to WL128 and WR1 to

- WR128 and any one pair of_pairs_of complemental data
lines D11, D11 to D132, D132 to be described later.

The address signals A5 and_A6 are used fqr selecting



to All are used.- Acircuit GS receives the address signal s [err] 5

A6, and forms fodr sorts of nenory matrix selecting signals mL to [err]
correspondi ng to these address signals. Eachaofl colum decoders CG-DCRI to
C-DCR4 . del i vers 2= 32 decoded output signals for selectihg colums, on the
basi~s' of the address signals [err] to [err]. 10 In a reading
operation, a pair of conmon data- lines CDL and CDL are divided into four
in correspondence onlyh drtee eﬁspheti‘uerrrmqr;amrﬂ;ﬂd:es.t r akrsi erdes to -

di vide the common data lines ([err]), while in a witing operation, the
pair of common daiselest onﬂ@mbﬁmmnamhecasleﬁ@ﬁbmwy mabnisa. teense
anplifiers SAL, SA2, SA3 and SA4 are respectively arranged in .
correspondence W @rﬁdmﬂummleaﬁystef Ayhe g usidcomon ‘data | i nes CDL

and CDL. To divide the£alr of common data |lines CDL. and 20 and
equi p the respective di |Qi’e76°‘b’art§S\AFFﬁe§'W@ssé&ee adANess Stisnrals §5\2 SA3

?ES‘S’Qf‘r‘BfL‘gfmﬁn@SM and %a‘:’zané%u‘égyfofgsagf StOfggm PCLLFNCErng'
conpl erental - Bi6nads By € el ST BeRporiil o LS, %%r%*ex%éﬁ%

addr ess . Each of column decoders C~DCR1 to C-DCR4 delivers

sel ect 6ne colum in the sel ected nmenory matrix, the address signals [er
s ) W

25_='32 decoded output signals for selecting celumns,
on the basis of the address signals'A7 to A11

10 ' In a reading operation, a pair of common data -
lines CDL and TDL are aivided into four in correspondehce
with the respective memory arrays by transistors to
divide the common data lines (Q1, Q1, eseee s and Qs Q4),
while in a writing operation, the pair of commen -data

15 . lines CDL and OTT are coupled in common. |

' Sense-amplifiers'SA1, SA2, SA3 and SA4 are respeciively
arranged in correspondence with the divided parts
of the pair of common dsta lines bDL_ahd CDL.
| To divide the pair of ccmmon data lines CDL and

20 CDL and-eguip'the respective divided'parts with the
sense amplifiers SA1,'SA2,-SA3 and SA4 in this'manner,
ie:intended to divide.;he;stbrage.'caﬁacitances of
the pair of common data lines CDL and DL so ae. to
rander the reading operation fast.

25 | _ An address buffer ADB prepares 14 pairs of complemental



Opal s [err] to A13, respectively, and delivers themto the decoder

uits (RRDCR, C-DCR and GS)..' An internal control signal generating

uit 5 COM: GE receives the two external control sisgnals CS (chi'p
Select signal) and VE (write enrabl@ signal), and delivers signals CS1 (row
decoder control signal), SAC (sense anplifier control signal), W (witing.
contriot. si.gnal), DOC (data output buffer control signal) 10 and D C
(data input buff ntrol signal)., The circujit o f the static RAM
‘shown i &d ﬂ'@ﬁ?esg 915I 9@3"6% bEgom e ey 1}c)'ée" t‘h% Tekeform

sty
di h Ei 2B ﬂé | t at RAM t hat
1207 ARAgnRYS ny, 560K Rafhastivedy, ME AhiVert WG Lo T e

t t t whi ch
oxt er naSo5hBr 8 CoRst. Al L8 trRECR, S R | e }n-',.“t he' r eadi ng

at i t t V\E 20 [
ot the hi gh fuanteing Rontiof BEEaR BhRrLOME L1 s at the
5ow | eveby-Rr gbce&%sacki{@seuse&keagnmerc%ﬂﬁrbﬁr@i :I@m f@?l ng operat i on

W || be descri In the case where the external cont signal CSis
at the (eMapedehecth@igdiEysaset WNENqwiitiedtdrivlé €pgmalypl |y executed on
the basis of the address signals applied during this interval. By keeping
the extgnadaleloversl signals CS1 (row decoder control signal),

SAC (sense amplifier control signal), we (writing
control signal), DOC (data output buffer control signal)
lb end DIC (data input buffer control signal).

. The eircuit operatiqnjpf the static RAM shown.
-in Figurg 24 will be described with reference to the °
waveform diggxams sﬁqﬁn in Eigufes 2B and 2C. |
_ All operations in the static RAM, that is, en
- 158 address setting operation, the resding operatiog an§
the ﬁriting operation are carried out only in the
interval in which one external control signal 13 ié
et the low level. . Herein, the reading operafion is
~ executed when tﬁe other external control signal WE
20 .,is at the high level, and the writing operation is
executed when itfis_at the low level.
* First, the address setting operation and the

.reading operation will be described.



5 signal CS at the high I evel contrariw se, the address setting
operation and the reading operation based on indefinite address signals
be prevented. When the external control signal CS has become the low e
the internal control signal generator 10 COM GE generates the inter

control signal - CS1 of the high level in synchrghi€mw th this signal CS
Therr ow decoder R-DCR.starts its operat ion by receiving this internal

control signal ‘CS1 ofﬂrgﬁh%o vel The r ow decoder Eer\i al so as a
5, o5t B ot ol -

word driver) RDCR 15 fknt al
address signals [err] to" err£ L)G and [err suppl led fromthe address
buffer ADB, and itheclewtiews wé mwersra)me B8t ﬁ@ep'le@rim the sontdnyally

lines and drives it to the hi | eve t her, nd, any
one of the 4 rremﬂ’§“&i$%9$°l‘% gﬂ?lbeaim R the %@ﬁﬁeﬁédsl?ﬁr* irray

et T ) el kbl e AP SRR B S,
T A S e R i s FORTFRr o e ST
Dy e, TOTOL Y S AR SRk kSR ko g LB AECRIREPIT b 12
C- DCRL decodes ”]Smef:.nite adéress signals can be prevented: -
i When the externsl control _signal CS has become .
the low level, the in_te'rna-l control signal generstor '
10 COM-GE generates the internal control signal CS1 of
the high level in synchronism with this signal CS.
The row decodef R-DCR starts its operation Sy receiving
this internal control signal CS1 of the high level.
The row decoder (sefving also as a word driver) R-DCR

15 decodes th'e.a sorts of pairs of'e_ompleme'nt#l address
signals _8‘2 to ii. flz. and ﬂz“suppi;;.e'd from the address
buffer ADB, and it selects one word line from ameng
the plurality of word lines and drives it to the high

- level. _ o _

20 o On the other hand. any one of the 4 memory arrays
I-i-ARZn to P—-AB?M is selected by the memory array selecting
signals m -to m,. In the selected memory array (for
exsmple, M-ARY1), one pair of complemental data lines
(‘i'or"exa'mple,' D11 and D11) are selected by :.t'hé' column

25 decoder (for example, C-DCR1). I‘iore specificelly,



5 sorts of pairs of conplenental address signals a to a supplied

he address buffer ADB, and brings one decoded out put signal for
selection into the high level. In the above exanple, M SFETs QL1 and
are brought jnto the "on"t states by the decoded 10 out put .. .
for colum selection.. Thys, one pair of conplenental data lines . __
(D11 and 11) are selected. In thi* Way, one nenory cell coupled to one worge
~line and one pair of conplenental data lines selected is selected (address
set ti ngwhehb the memory Anrrafy oMrARYOnhksvibegnbeelexttwdedyi n t he nenory cel
sel ected by the address setting operation is delivered to one pair of

di vi ded ther mengiry Beiedting shgnal mgbathbnsglummjdacqﬂqﬂified by the
sense anplifier (for exanple, SAl). 2 _ In this case, any one of
the 4 séndCRImsitianis stsorepetionsinngesnense 4@ dhec@edpcthBEmenory
.array sel.ecting signal rl] tom. - Only the selected sense amplifier

~ oper at e$1882 P 1 he e‘{‘% u?‘?ﬁadﬁ/ﬁ'ic?’h'ﬁpﬁé 99cedes Wntrol signal SAC

f the Bi lLevela 25 . Ls_received - 216 - I n.thi.s manper, the three
ense aspggfﬁgr§gﬂﬂ§ﬁrﬁm? '?éwpgﬁmﬁggﬁlaﬁgﬁﬁeﬁﬁe &iB18e Age it i er s

SAl, S - 4 ' NLeRer atin es,.whereby the
sover drSRPALERLE o GAE QEatleb bHECRETATRS! Tl brTgs e

decoded output signal for column selection into the

high level. 1In the above example, MISFETs Q4 and o
5;;-are bfought iﬂto_the ton" states by the decbded'
10 outﬁut signal for column selection. Thus, one pair
of complemental data lines (D11.and'fh1)'are selected.
_ In this way, oOne memory cell coupled to one word
line and one pair of complemental data lines selected
is selected (address setting).
15 - - An information having been stored in the memory
cell sglecied by the address setting operation is
delivered to one pair of~divided parts of the pdir
of common data lines, and is emplified by the sense
amplifier (fbr_example, Sat1). | _
20 . In this case, any one of the 4 sense ampiifiers
SA1, SA2, SA3 and SA4 is selected by the memory array
seiecting signels m1ito m4. Only the selected sense
amplifier operates_dufingmthe interval during'which. :
the internal control signal SAC of the high level

25 . is received.



5 rendered | ow. The. outputs of the three sense anplifiers in the
non-operating states are held in high inpedance (floating) states. The

out put signal of+thessense anplifier is anplified by the data output buffg
DOB, and is transmitted to out- 10 side the static RAM as out put data
[err]. The data output buffer DOB operates q@ \ during ‘the interval during
whish the control signal DOC of the high level is received. Next, the '
witing operation will be described. 15 : When the external control

signal SE has becone t he, | ow | evel e C ntro si gnal { the iégllevel
h her ow T Chi8BRTEETH bhe: FOTSR Genae cmRLLALer
;gzgr;?QSUEIAAErEMA géﬁragﬁl t rto I Vi g %&gfhé rgﬁi([err]
and 20 T%??] fich 5? gpﬁggtﬁ SI?P r éﬁﬁﬁh o) %e cohmon
data lines are é&ﬂs QAQUSQ &Oa%gg e 4% ¢ %FF Jﬂl couptgé COSTR, -dat a

I i nes havi ng been HlVlde I'Ng operation ar

writing operatigierd - poirlx! 42 sWipakAGrORE Hidbedtie I UIAS 25

| ine CDL becones a sl at a |ne coupl ed -17- electrically,
and the cgnmon ﬂéﬁ@afeaelm sml dultpulecofethe THie SeHE® amsl ffidre

coupled electrically. On the other hand, a data input buffer DIB anplifies
an’input data Si@nahemmioperauiagdetmessha:te teMin high impedance
(roating).states. | | -
The output signal of the sense amplifier is amplified
by the data output buffer DOB, and is transmitted to eut-

10 side the static RAM as output data D |

The data output buffer DOB operates only during the
lnterval durlng which the control signal DOC of the hxgh
level is received. |

Next, the writing operation will be described.

15 : When the external control signal WE has become the
low level, the.control signal we of the high level
synchronous therewith is supplied from the iﬁternal
control signal generator COM-GE to the transistors
to di&ide the common &ata 1ines (Ql’ ﬁi; ..... ; and

20 Qs QA);_.Since'all the_transistors for dividing the common
data lines are thus brought into the “on" states, the
pair of common data lines_ha§ing been’divided in the
.reading operation are coupled in the writing operatiom.
Thaﬂwis;ein the writing operation, the commen'data:

25 line CDL becomes a single common -data line coupled



5 o and delivers the anplified signal to the pair of common data i nes CDL
DL coupl ed in comon, during the interval during which the contro

e pair of 10 comon d HaJ ines CDL and CDL are witten into the

‘Shngfe nenory cell M CEL set by ‘tffe address setting operation. Figure 3A .~ -

shows the.internal arrangenent of a static RAM which has a nenory capacit y
of 16 kbits 15 and whose input and output operations are executed in 8

‘bit unit. .Thisssrenory | C of 16 kbits includes eight matrices (menory arrays

-5

10

15

M AR¥1ldat oIy, aand hthengoenoal datahinea L tsiesilatly each matri x,
menory cells are 20 arrayed into 128 rows x 16 col ums. Therefore, each
of thecomes @ singlenheomanr datapddiney colupdeB efiactyixabiys). As shown in
the figure, the matrices are dividedly arranged in such a manner that four
of them | it dheRther handpear dghe dnputeuifier PR ampbifiRtoder R DCR
2 128 decoq§9 out ut_fi nalg whi ch are, obtai ned on t basis of the
addr &% 188pE ﬁ%r?fg?% ABiar ETPR outside (Fhe Srakig romthe row
decoder, R- to the address,5, .. _selecting lines of rows (word |lines W1
o WA s orasefifife, gigniihie HaatlE 96 SMAR ) ool s MCEL
data lines CDL and CDL coupled in common, during the IR
ihﬁerval during which the control signal DIC of the
low level is received. | S -
' The input data signals transmitted to the pair'of'--
common data lines CDL.and‘EDL are written into the
single memory cell M-CEL set by the address setting

operation.

 Figure 3A shﬁws the interﬁai arrangeﬁent of;a _
static RAM;wh;ch haS'a;memory_capacity of 16 kbits
and whose: input and output operations are executed
in 8 bit unit. | |
This memory IC of 16 kbits includes eight'matfices
(memory arrays M-ARYl to M-ARY8) all having equal |

memory capacities. In each matrix, memory cells are

20 -arrayed into 128'foﬁs x 16 columns. Therefore, each

of the matrices has’the memory capacity of 2048 bits-(2k.bits).
As shown in the figure, the matrices are dividedly arranged

in such a manner that four of them lie on each of

DIC of the low level is received. The input data skgnals transmitted .



of. the respective matrices is connected to any one of the word lines W1 to
W.128 and WRl to WR128 and 10 any one pair of pairs of conpl enental
data |ines D11, D11. «to D132, D132 to be described later. Wrd-Iline

i ntermedi ate buffers KB1 and MB2 have anplification actions in order to
reduce to the utnost delay. times at the genfig of the word lines W1 to
WL1R8 15 and WR1 to WR128, and are interposed between the nenory
arrays M ARY2 and M ARY3 and those M ARY6 and M ARY7, respectively. The
address signal s A7the fight ane maﬂd Eddeselod‘cta r:gnor&eqmder @®-DeRP| enent al
data |ines fromeach of zhe 20 . eight matrices. A colum decoder C DCR
delivers 2= 16 decoded 2Utput28i gaapdedopudpudctsignais whisch are ad trigied

of the address signals [err] to Al0. An address buffer ADB prepares 11

pairs of conpl eneng@ltxe basis,gflr be gdgrsss F@%?ﬂak%)%ﬂiﬁqr%gn%#ﬁa?EFPGCthely

o the decoder - ci rEEARERS RESRAERNE BHACKPY AFOOREH MDUONRS B Sheas |
(ohip seloct & gnat§-oGEng, FEasEnabl Eobeg B 1Tl (it S%@?Wifn’?oﬁﬁf?d

signal ), and deliwv | (row decoder control signal), CS12 (sense
anplifier and datéﬁﬁﬁpgég@g#?a “control signal), WC. (witing

In this manner, each of the memory cells M-CEL

‘of the respective matrices is connected to any one
of the word lines WL1 to WL128 and WR1 to WR128 ang -
10 any one bair of pairs of complemental data lines D11, D11
to D132, D132 to be described later. |
Word-line intermediate buffers MB1 and MB2 have
amplification actions in order to reduce to the utmost
delay times at the qué of the word lines WL1 to WL128
15 " and WR1 to WR128, and are interpoéed between the memory
arrays M-ARY2 and M-ARY3 and those M-ARY6 and M-ARY7,
'respectively. |
The address signals A7 to L are used for selecting
one pair of complemental data lines from each of the
20 eight matrices.
‘A column decoder C-DCR delivers 24 = 16 decoded
output signals for selecting columns, on the basis
of the address signels A7 to A10.
| .w. An sddress buffer ADB prepares 11 pairs of compl?mental

25 - address signals ag to 840 from the 11 external address
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| signal) and M/C.O (data output buffer-control 10 signal)..

The

t operation of the static RAM shown in Figure 3A will be described

ions in the static RAM ég is, the 15 address setting
i on, the reading operafi an

reference to the maveforntd|agrans shown in Figures 3B and 3C. All

d the writing operation are carried out

n the interval in which the external control signal CS is at the Iowy
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gh lIevel contrarTw se, the address setting Operation and the reading

Operat@(berenmteélmgﬁalq, and @6UieepsssdpmaiscPsibe prevented.

t he hi

" (row decoder control signal), CS12 (sense ampllfier

10

15

20

and data input buffer-control signel), W.C. (writing
control signal) and W.C.0. (data output buffe’r-contlrcll

signal).

The circuit operation of the static RAM shown
in Figure 3A will be described with reference to the
waveform diagrams,shoﬁn in Figures 3B aud 3C. |

.All'operatiqns in the static RAM, that is, the
adﬁress setting operatiou, the reading opefation and
the writing operation are carried out onlj in the
interval in which the external control signal CS
is at the low level. EHKerein, the reading Operatiaq
is conducted when the other external cbhtpol_signale
WE is at the high level, and the writing operation

when it is at the low level.

 an output timing in the case of transmitting an output

« The external control aignal OE is used for controlling



When t he external control signal CS has becone the Iow level, the interna
control -signal CS1 of the high Ievel synchronous with this signal CSis
provi ded fromthe internal control signal generator 15 COM GE. Upon
receiving the internal control signal CSI of the high |level, the row -
decoder R-DCR starts its operation. The row RQoeder (serV|ng al so as a word
drider) R-DCR decodes the 7 sorts of pairs of conplenental address signals-

[err] to a6 supplied from 20 dress buffer ADB, and it selects
one pair of right’i&ﬁaﬂeﬂﬁ\ﬁnkﬁt§d@%tf?gnfﬁﬂnﬂ§ﬂﬂ¥§;ﬁﬁ#%ﬂlty of word -

decoder G %&Eizl cots Shatiy e &iFeae Pat ting ShAmATAFR Pa9ERE ARYL 25
1-ARYS. T - 21 -

é? ionpgenenta?taggﬁgggg;gﬁfgg}§§£ gfgl BE? g?ﬁﬁgﬁﬁtheladdres;hguf?%:s

ADB

on6 columm {om each o the Pk Bkrel LAl Tefertl REtR Sfondl S Bt of

conpl emenkal dat aghnegANG vl Lotk i&&?bsécge%% gyd%éfﬁ%thtfssébntxnually

decoded out put S|gnals or col umm sel ecti on. way, el ght nenory

cell's coupled to ghecatleactss W%&ﬁﬂ@soﬂndhbhﬁi@@iaﬂ% Hppied cavpring 10
data lines selected for the respective menory arrays

this interval. By keeping the external control signal

TS at the high level contrariwise, the address setting
operétion and.the_feading.operation based on indefinite
10 address signals can be prevented.
VWhen the external control signal CS has beccme
the low level, the internal control signal CS1 of
thefhigh-}evel syncﬂronous with this signal CS is
provided from the internal control éignal'generator.
15 - ICOH-GEa- Upon receiving the internal control signél
CS1 of the high level, the row decoder R-DCR starts
its operation. . Thé row decoder.(servins also as a
word driver) R~DCR decodes the 7 sorts of pairs of ,
complemental address signals aq to g4 supplied from
20 the addgess buffer ADB, and i;fsele:;; one pair of"
| right and left word lines from gmong the plurality
of word lines and drives them to the high level.
‘¢n the other hand, the column decoder C-DCR selects
one column from each of the 8 mémory arrays M-ARY1

25 to;M;ARYB. That is,'the'column decoder C-DCR decodes



>l ect ed. (address setting). That is, one nemory cell is selected in

jenory array. Information of the menory cells selected by the address
ng operation are delivered to the pairs 15
And CDL of the respective nenory arrays,

of eommon data |ines
and are anplified by the -

respective sense anplifiers SA= Tk sense anplifiers SA begin to operate in
response to the fact that the control signal CS12 becones the 10
in synchronismwith the external control signal CS. It continues to

| evel

10

W)

oper at
| evel .

out put
data [er
during
receiv
both t

si gnal
Thus,

hi ghw

dheuinadyrs mef | pemplenentalngddness ﬁﬁsgaéﬁg@gAﬂgsya g s at the high

The _out put S|gnals 8f the sense amplifiers
spmrlered CXEem atiae of

Ytbdet shoapte H"

lified by data
dFPaﬁsPFfFSH &Pp’oﬁ%é%tpétqvéq?ﬁM as out put

t he.dat g out ffers DOB operate
ﬁrtﬁwﬁﬁﬁﬁt589gﬁﬂiﬂﬁ %) Gte -high level is

Riie, Jodumn Laam SECR, é?irﬂ”em%egﬁag%%"%é %%é“c’@é‘% %GFSCJ Pevel . the

5intern € t3r.0l o 81 o] r es the control
Sne W*&%ﬂ%‘ﬁ#’r%@éﬁ“?& B EEV1 SRRy A ARt i o2 Lhe DON 1ol

hen memory array by these decoded output signals
for column selection. |

Infthis:way,'eight memory cells coupled to the
selected word lines and the pairs of complemehtalu
data lines selected for the respective memory arrays
are selected (address setting). That is, one memory cell
is selected in each memory arréy.

Information of the mémqry cells selected by the
éddrqss setting operatioh are delivered to the pairs.
of comﬁbn'data lines CDL snd CDL of the respective
memory arr;ys, and are amplified by the réspective'
sense amplifiers SA. |

The sense amplifiers SA begin to operate in response

to the fact that'the control signal CS12 becomes,the

hlgh level in synchronism with the external control

signal TS. It continues to operate during the interval

dﬁring which this signal CS12 is at the high level.
_The.output signaia of the sense amplifiers SA

are amplified by data output buffers DOB, and are

_ transmitted out of the static RAM as output data D out1



witing-contyol transistors are brought into the "on" states, and the
respective pairs of common data |lines CDL and CDL and the correspondi ng
data i nput buffers DI*B are coupled. 15 On the other hand, the
data input buffers DI B.arranged in correspondence wth the respective
menory arrays anplify the 8 input data signd®s=Dinl to Din8 applied from .
out siv«de the static RAM respectively, and transnmt the anplified signals to

the pairs of 20 conmon data lines CDL and CDL arrangedin
correspondence wi tto mg}ﬂfspectrve nmenory arrays, during the interval
during which the contro I gnal CS12 of the low | evel is received. The

i nput data signals tra@ﬁnﬂﬂﬂuYQK)tQRﬁrﬁ#?% gatput bufLesinBRBJIAPArRtAes
R e
This menmory cel | " s c8n§l‘mr)|}¥’te é‘i(#’ ;'?‘f?g 81 oﬁe?%lwﬁfléh the i n'gut s and :
outputs of e @fa%:‘[ rhl U»?ir :ﬁ%%oérﬁéﬁ f QnOLiiiagerﬁéhéi'%édLe”]

[err] and Vi ng NISF I'n seri
cross-connected, and aypain’ yf HV't'iPFéfTéx{%ﬁh L@ﬁ{:}-oioéléﬁéﬁﬁsbﬁa gates.
10 The f||p flop 'S use as nmeans storing infofmation,

CS have become the low level, the internal control
signal generator COM-GE synchronously supplies the
control signalw.C. of the high level to writing control

10 ~ transistors (Q,, E;} “+ece; and Q, EZ). Thus, the |
writing control ﬁransistors are brcught into the ﬁon"
states, and the respective pairs of common data lines
CDL and CDL and the corresponding data input buffers
DIB are coupled.

15 On the other hand, the data input buffers DIB
erranged in correspondence with the respecfive memory
arrays amplify the 8 input'data.signals Din1 to Dina
applied from outside thejstatic RAM, respectively,
and ‘transmit the amplified signals to the pairs of

20 common date lines CDL and CDL arranged in correspondence

-with the respective'memory arrays, during the interval
during which thé control signal CS12 of the low level
is received. ‘

. The input data signals transmitted to the pairs

25 gf common desta lines are respectively written into



the transm ssion gate M SFETs are used as addressing neans for cont,rol | ing.
extransm ssion of information between the flip-flop and the pair of
enental data lines D and D (D11, D11; - ; 132 D132) and 15
pperations thereof are controlled by the address signal applied to.the
8.4 line W(W1, *--- WI128, WRL g3--- WRL28) connected to the row
decoder R-DCR Figure 5 shows a perlpheral circuit, for exanple, the data

out put buffer DOB in Figure 2 gure. 3A ' th the data output
buf fer BRB; BWRERCEY: Sift Mo G nPY|§hFo§§8re§s"s€¥Q@B§) an out put

- Vout beconesﬁg | ogi ¢ val ue conforn1ng with an input signal In, and a very

~and | ow out puf "I npedances In t

10

15

20

| ow out BBBTRYAEH4nce i's obtained. In contrast, _24- when the control
signal Cont is "O', t he output [err] of the dat.a out put buffer DCB becones
an indefinite'level i ndependent of the input signal In; that is, a very

hi gh out put EEEQQPQ?dﬁ%ﬁgﬁﬁﬁirﬁiréﬁfthﬁfe e°memcr ga%bﬂ both the high

I S manner es It pdssible to form

wi red- Ci-geRneft Re viy B megriﬁéx&opf éirPh?rai" Figabebofaf @s. | n the final
stage, a bipolar transistor [err] grea drlva ility is used so that a

heavy |pagude 3A. c@hilse nmbrioregn élbi Pk spastdructedsolfi polfaiptraopi st or
QLO5 constructs a push-pull circuit along with an N-channel M SFET Q
whi ch i $ngwhichr the dnputs |dntd outputs of a pair cf inverter

circuits consisting of load resistors Rys» Ry and driving

MISFETs Q1, Q2 connected in eeries are cross-connected,

and s pair of MISFETs Q3,'Q4 for transmission ggtes;

The flip-flop is_used as means for storing information,

the transmission gate MISFETs are used as addressing_

means for controlling. the transmission of informafion

between the flip-flop and the pair of complemental

data lines D and D (D11, Diqi®"""";3 D132, D132), and

the operations thereof are controlled by the address

- signal applied to the word line W (WL1, --:-- WL128,
WR1, ceee WR128) connected to the row decoder R-DCR.

- Figure 5 shows a peripheral circuit, for example,
the data output buffer DOB in Figure 24 or Figure 3A.
With the data output buffer DOB, when a control signal
Cont is logic myn (4 vcc)’ an cutput Vout becomes a
logic value conforming with an input signal In, and

a very low output impedance is obtained. In contrgst;



than a P-chamnel M SFET. As the above control signal Cont, there is used
the signal [err] or WC. O stated 15 before. Figure 6 is a circuit

di agram*'shovii ng &n enbodi ment of the sense amplifier SA for use in the
foregoing static RAM In this enbodinent, the sense anplifier SAis 20
constructed of a first dlssynnetrlc type di< fa# ential anplifier circuit

whi &¥ i s conposed of a pair of M SFETs and [err] coupled in the

differential node, and active | oad M SFETs and Q . connected to the
drains of the resggeh! \eaedlcfcizwﬁﬂ 'sﬁigleSFfJﬁt Zbs' mon AnghEoBatEhYt ¥ ﬁ
current mrror circuit; a second 25 - dissymetric type differ® tial
anplifier circui t oB2twei &a tiss oupts ashPf eM BEE Secomes ahoindefinbteh has
the sanme arrangenent as that of the dissymetric type differential
anplifier C|rCU|t1Bveladmd@pﬂmdanthqﬁymmenxnpuﬁ signaYypEndi thetehsja
amplifier circuit P whicch:is conposed 3 of MSFETs [err] to and whi ch
has the sane ar r aAg¥aEYt high ilemtpoft timpedansenis robtaineddi f Theehuffer
anplifier circuit Pl or [err]. .The first and second. dlssynnetrlc type

differentia the 28ving ﬁﬁh'mhﬁfhiﬁhnﬁﬂ% oW Gyt r%ﬁB?@%ﬁﬁP@nbﬁs Di and

thls manner, makes it p0351ble_to form wired-OR among

the oufput signals of a plurality of buffers.
 In the final stage, e bipolar translstor Q105
of great drivablLity is used so that a heavy load
10 can be driven at high spegd. This bipolar transistor
Q1os'constructs é’push-ﬁull circuit along with an
N-channel MISFET Q106 which- 1s greater in drlvabzlity
than a P-channel MISFET. As the above control signal
Cont, there is used the signal D__, or W.C.O.stated
15 before. | '

_ Figﬁre 6 is.a cirduit diagram showing an embodiment
of the sense.émplifier SA for use in the foregoing
stafic RAM. | .

In this embodiment, the sénse amplifier SA ié
20 constructed of a first dissymmetric type differential
éﬁélffiér ;ircuit.P1iwhich is composed of a pair of
MISFETSs oni énd'onz'ccupléd in the differential
mode, and active losd MISFETs Q203 and Q204 connected
to the drains of the respective differential MISFETs

25  and constituting a current mirror circuit; a seccnd



err]. fromthe pair of common data |lines CDL and CDL, respectively. The
st dissymmetric type differential anplifier circuit [err] an output

&l [err] whose potential changes in the sanme directian (ig-phase) as
direction 15 . in which the potential of the signal [err] changes,..

e the second dissynnetric.typésﬂrfferentiaI anplifier circuit [err] }
fornms an output signal [err]' whose potential changes in the sane directiogr

Changes dhasiamerric ' EPoe  fitheFontind GaRdd Ien AR O and bein
ges i i ng
th t he f di t t

T er oA SR ek hety e e o é@ﬁcﬁ?ﬁgﬁ Lopplied wth
the si gngles earmn g ehEn 82h8° £hky! BT Mg Tl Grdtberse Aghd o1 belng

the non-imver I'ng |np term nal respect y supplied

W th the 5irgnalrt 141 Tdmgii P EBF] cR¥chil® Qf 05%?!&0%”%@4.’1.'1‘7&‘ alslsguﬁm%uence

t he flrst di ssymmetric type differenti al 1arrpllfler circurt Pl provides the
ogt put giypealdilfiddentinsE @epEifiar ¢ideed: P, whilch tifte corps®d ection
(1n-phase) as the direction of the potential é%ange of the signal [err],
while tle :iﬂ:wmsjl Qg aypnddutﬁerzﬁmiaqsaltlwmdnfd arrengement] err]
provi des the output %na ? ] whose potential changes in the sane
directi as (tmq)iceﬁsel)heasdiMMQbrncomy@fe mfferen‘be.qiotamnhélleahange of the

signal [err]. NMNoreover, the
circuit P1 or P2

The first and second dissymmetric type dlfferenulal
10 amplifier clrcuits_P “and P2 recelv:?zlgnéls D and
D; from the pair of common data lines CDL and CDL, |
respectively.. The first-disgymmetric type diffe;ential
amplifier circuit P, an output signal B;T whose potential
changes ig the samé'direction'(in-phase) as the direction
15; in which the potential of the signsl 5; chenges, while
the second dissymmetric type differéntial amplifier
circuit P2 forms an output signal Di’ ghose potential
changes in the.same direction (in-phase) as the diréction
in which the potential of the signgl Di chaﬁges. More
20 spe¢ifica11y;jthe_gates of the MISFETs Q,q, and Uog
being the inverting input terminals (~) of the first
and second dissymmetric type differential amplifier
circuits.P1 and-P2 are respectively supplied.wiﬁh |
the signals D; and_ﬁz. The gates of the_MISFETs 04
25  and G55 being the non-inverting input terminals (+)



constituent,loads of the first and second di ssymmetric type differential
anplifier circuits P1 and [err] are the active loads. Therefore, the first
di ssymmetric tyge didferential anplifier circuit P1 can formthe out- 15
put signal [err] whose potential changes nore than the change of the
potential of the signal [err], while thegpgecond dis- symretric type
di fiferential anplifier circuit P2 can formthe output signal [err]' whose
potential changes nore than the change of the potential eof the signal

[err]. 20 - - In this enbodinent, the output signals Di' and [err]
fromthe first and sespadtdvelyneeppldeidy weith (e esdgredlsiip] i dnérDeircuits
[err] and P2 are applied to the third dissymetric type differential
anplifier circuby fheré¢rossecdanectiomke tIme cansemeence n tietfitrsense
anplifier 25 great. 4 -27- An output signal OUT ([err]") fromthe
third di ssymetdigsygmetuitf sypet dilf fenentiiad: ampkifier cixcurtirBpitted 3
to the input terminal-IN of the data outputuffer DCB shown in Figure 5. 5°
In this enbodi nBReVides) theTouspyt s§igmads Dy cohasmiPtrneial seharges onmon
to the figst angd second dis ﬁnnetnic type q;ff rentigl a Iififr circuits
Lerr] andop2. TR FRecesme ghgertaepr (1h-phase) as the directfon™ '

of the potential change of the signal D;, while the

second dissymmetric tjpe differential amplifier circuit
Py provideé the outpﬁt signal D{‘Whose poﬁéntial'éhangeé
in the same direction (in-phase) as the direction of . -

10 the potential change of the signal Di‘ Moreover, the
constituent loads of the first and second dissymmetric
type differential amplifier circuits P, and P, are
the active loads. Therefore, the first dissymmetric
type differential amplifier circuit P, can form the out-

15 . put signal 5;T'whdse potential changes more than the change
of the potential of the signal D;, while the second dis-
symmetric type differential amplifier circuit P, can
form the output signal Di' whose potential changes more
than the change of the potential of the signal Di.

20 In this embodiment, the output signéls Di'.and 5;f;
from the.first and.secoﬁd dissymmetric type differential
amplifier circuits P, and P, are appliéd to the thifd_ '
disSymmetric type differential amplifier circuit P5
in'q}der to make the voltage gain of the sense amplifier-

25 great.



Derr] M SFETs form ng - constant-current sources 10 may well be
agranged in the respective dissymretric type differential anplifier

gi'rcuits [err] and P2. Each of the first, second and third di-f§erential
anplifier circuits P1, [err] and P receives a pair of signals conpl enentary
to each other, and delivers 1 27 =a single signal having a potential which
corresponds to the potential difference between the conplenentary signals

W th respectad Go@eph BRigeall aBUPf(He) cfrémi the tHixs idsdmelidderenti al
anplifier circuit receives the tw ghal s and delivers the single signa
20 t9te) a1 Fefertibdr anipXifier ced el tnpLi isertradrismiigted here is the
type which receives tw signals and whi ch del Pvers two signals.. In order

t o di sttionghes inpret dtetrmical AN o the edstar outpudf bufifen ype fromthe
foregoing differential anplifier circuit (for exanple, 25 [err] P2 or
P3), tIDEB shewn siml Figurealf3ed the "di ssymetric -28- type differential
amplifier circuit" as stated above. In a case where a desired sense
anplifier idn st enbpddmentons HESHET/ Qppyy18f sense amplifiers as in
t he enpodi nent shown in Figure 2A, the M SFEFS 5 [err] and as

t he co-gfﬂitacﬁ??%ﬁ?“EBﬁPﬁ%?“&r§°§WFFbH§HmEHH'COntroIPed by a control

o1 o LS 3pORSHA °f Sle HLE! B dndnt el VI 10 @
amplifier circuits Pi'and.Pz. In place of -the MISFET
Q209’ MISFETs forming ‘constant-current soﬁrces |
10 mey well be arranged in the respective dissymmetric
- type .differential ampiifiér circuits P, and P,.
. Each of the first, second and third differentisl
amplifier circuits ?1, fz-and P3 receives a pair of
signals complementary to each other, and delivers
15 a single signal having a potential which corresponds
to the potential difference between the compleméntary
signals with respect t? earth potential of the
circuitry. That is, the.differential amplifier circuit
receives the two signals and delivers the single signal
20 only. As a different differential amplifier circuit,
there is the tyﬁefﬁhich receives two signals and which
delivers twO“signglé;" In order to d%gtinguish-the
‘differential amplifier circuit-of this type from thé :
foregoing differential amplifier circuit (for example;

25 P cr PS); the latter shall be called the "dissymmetric

1 P2



a nmenory 'arr;ay selecting signal [err], and. M SFETs @15 10. toQ218 In

contrast, in-a case where the plurality of sense anplifiers are 1%
si mul t aneously operatred as in the enbodi ment of Figure 3A the signal CS12 [A&]:
as shown in Figure 3B is applied to the gates of the M SPETs 15. - Q09

and : as the constant current sources. According to this enbodi nent,

thexsignals Di' and [eérr] - balanced to eack @8her are formed by the use of
the two dissymmetric type differential anplifier circuits [err] and P2.
That is, the sigrtype [differentie]l amplifiesicircuitéspsndtasednabovenal s
Di and [err] conplenentary to each other and which are anplified are
formed by the first ankhskcesfe dvBepeme: desined senser amplifigapiisri er
circuits [err] gnd P2. -l\/brl@_ specifically, when the potential of tae si gnal
[err] has risen Hekested m@ FnoBga e PlurabbtEnpfapenee; papdidigrsy

falls -29- ‘an ampunt,.substantjally equal to t ri se,val 0
potential of the &%} g’r&ltq%r?‘ﬁ"&iﬁﬂﬁp& 8?‘(.9,‘"’( e ﬁﬂ‘ﬁ? 3%s§hh%§pe
differentigal anplifier circuit Lgrr can be |ocated at the succeeding

r

stage in order to“209 and; 214e ! _ect"r%’_ | . CYRTeft spunces ang, |
o SR P LAREEPURA! SOV S ! S RheA TR G, P
which is constructed of an inverter circuit IV1 receiving
a control signal SAC, an inverter .cirt.:ui.t IV2 receiviné
a mehzc;ry ‘array selecting signal m;, and MISFETs Q15
0. go Qg ' | S
In contrast, in a case where the plurality of
" sense amplifiers are simultaneously d]ﬁerated as ih
the embodiment of Figure 3A, the sign;l.cs12'a573h0yn
in Figure 3B is applied -l:o. the gates of the MISFETs
15, ' Q2.09 and Q,4 4'as the cor;sta;nt current so'urces."
According to this embodiment, the signals Di'
and D; 7 balanced to -e.ach other are formed by the use
of the two dissymmefric type difi.‘erentiallamplifier
.circuits P, and P,. That is, the signals D, and
20. - 'ﬁ{" which qorrespond to the 'sighals--'Di and '1'); complementary
| to each other and which are emplified are formed by
the first and second diséymmefric- type differential -
ﬁplifiér circuits P1 and 'Pz'. ' Mbre.specifican-:,'-,
| wHen the potential of the signal Di-f has risen by
25" way of example, the ‘p'otenti'al"-o.t‘ the signal Fi—" falls



\dentical nonolithic IC. Mre specifically, in the 10 case where
irst and second di ssymetric type differential anplifier circuits
/ rand P2 are forned on an identical sem conductor subsgratg, the
rdnges of the characteristics of elenents constituting the first .
di ssymmetric type differentiaL-ggpLifier circuit [er] as attributed to 15
t he variations of manufacturing®Conditions, etc. becone simlar to the

changes _of .t he characteristi.cs of el nts, constitutiing the second : _
dissymMﬁrﬁWPq%&mPﬂﬁ?%épéiﬁiiyeﬂﬂﬁ?frgP iPPcE'PeP231WQ1 onsequence, the

g}‘ ]; iﬁlt tt?{ﬂeg&%%%{i&}ﬁb?ﬁ@éﬁ%%?ﬁiﬂ'ef I: Sgt(?ilfglrlegt i 4 f gﬁhﬁgrconst i .t uen

i soymieAREE LU EVEE Wl e UARASE bRphIEiRe SRS 10200 o the
changegodf dd€loeéadt eﬁfs}hgs's?gcoéé‘éd n?ﬂﬁ?éghyb‘ha'r??"?qp%%d by way of

exanpl e that when the inpu ter =) -of the first

5dissywmayﬂuéﬂ3ﬁgiggf{ﬁéegghﬁh anplifier circuit Pl are supplied with a

10

s

20

pair of input signals whicCh render the potential difference between them

zero (V), ammstsirsPosghli ¥econd di¥sprme¥pibagypes AATPerdadikiom the
di ssymmetric type differential anplifier circuit- [err] on account. of the

of f set ampddiddfer Tdiarcuiben Pt hantke @ degh S5y neRGbWed! Wathdofffgegnt i a
anplifier circuit [err] is supplie I ' '
voltages similar to each other by forming them within
- an identical monolithic Ic} More speéifically, in +he
case where the first and second dissymmetric type differential
amplifieficircuits P1 and P2 are formed on an idenficall
semiconductor substrate, the changes of the chﬁracteristics
- of elements conﬁtitutins the first di;symmetric type
differential amplifier circuit P, as attributed to
‘the variation; of maanﬁcturing conditions, etc. become -
similar to the chanéeg of the pharacteristics.of eiements
constituting the second dissymmetric type differential
amplifier circuit P2. In consequence, the offset
of the first dissymmetric type differential amplifier
circuit ascribable to the changes of the ch#rgctéristiés
of the constituéﬁt.elements-becomes sﬁbstantially
similar to the offset of the second dissymmetricitype.'
differential amplifier circuit also ascribable to

tHe changes of the characteristics of the elements..

It isfsupposed’by way of example that when the input



with the sane input signals as those of the first 10 one P1, it

provi des on account of its offset an offset voltage simlar to the offset
vol t age provi ded*fromthe first dissymretric type differential anplifier
circuit Pl. Therefore, the output signals Lerr] and [err] formed 15 by
the dissymetric type differential anpliffeBOctrcuits [err] and [err]

i nchwde the offset voltages simlar to each other. The output signals

[erf] and [err] are respectively a éled to the third_ dissymetric type
di fferenti al arrpl terminailsc it 'Bé’r‘i] ~) RickRe Hirgt dﬁlff-?%m%ﬁl’-ca?@??f i er

P Sl B B B L LR
15t gt RS A R g 1
anpl i fier circui tdé.??@ ehde ¥isd tﬂf‘enfl & aﬁ%ﬂ{‘aé coftliin- it?x’ra '

Accordingly, the o vol.t ages o secon dlssy tric type

di.f ferenti ag anpl c | HrARRdEr r n
out put o1 gnal - CUTOFFet] youtees, (8 Prafied thod erdohsSTCEL L bbb

dissymetric 5 fypeedentdadntanplidids fdiFcwit cy{dtox{xeaéclouﬁtt eaNgRbL t ed.
to the succeedi ng stage. Since, however, the sign | evel of the out put
signal OUT (D') obffbes dhexewfatriThen, when the second dissymmetric

type-differential amplifier circuit P2 is supplied
with the same input signals as those of the first

10 one P1, it provides on account of its offset an offset
voltage similar_to the offset voltage provided from
the first dissymmetric type differential amplifier
circuit Py ‘

Therefore, the output signals D, ! and 5;7 formed
" 15 by the dissyﬁmetric type differential amplifier circuits

. P, and 'P2 include the cffset voltages similar to each

1
other. The output signals Di'_and 5;T-are're§pective1y
applied to the third-dissymmetric type differential
amplifier circuit Pj. Because of a differential ayplifier

20 . circuit, this third dissymmetric type differential
amplifiér circuit ?3 can cancel the offset voltage
of the first dissymmetric type'differential amplifier_
circuit P1 included in the output signal Di' #nd_the
offset voltage of the second,dissymmetrig type differential

25 amplifier circuit P, included in the output signal'ﬁzf.



~ whi ch,

10

15

20

Y
W)

Ne\ di ssymmetric type differential

sensi bi

vpe differential anplifier circuit [err] is sufficiently great,
N\set voltage can be substantially 10 negl ected. Since the offsets of
anplifier circuits [ern] and [err] are
elled in the third dissymetric type differential anplifier circuit P3,
g- pectively,. the M SFETs R09and 214 constituting the con- h
sources can be sinultaneously rated. Therefore, the output signal OUT
(D') can be derived at high speed. Accordingly;
RAM can be: rendered fast.

en involved in the output signals’

owever, e s:l.gna.

level of the output signal OUT (D") of thls_diSSjmmetrie

type_differential amplifier circuit P4 is eﬁfficiently
great, the above offset voltage can be substantially__

neglected.

t he abpve

15 stant .

the operation of the static
-Even in a case where in-phase noise has acted on

- theaeeRydingldRal xhéroffaad olthges idf ithe £2Pse! had Becond _
circuits Pl and P2 are differential anplifier circuits. Accordingly, noise

i s dessimhetriid ewy% ahﬂfeueﬁee.wwgmqimﬁetl&i:m:ae.:se?zn in a case where
i n- phase noise has be T

is aadc® Iateammtuincludedniht@&dﬂhﬁﬁpﬂﬁUﬁigﬂdanUEtd@@)because t he
circuit P3 -32- is adifferential anplifier circuit. As described above,
accAndofifset malktageopoasessedhbye the milpﬂodiasmré-snse anmplifier
reduces the influences of the offset voltages possessed by 5
thetarpefé ﬁraﬁnfaiae)l srplifitezuicdr okt By hei STaBSMiffiedh exhibits a high -

Ai as a hlgh ain. F%x this re on, .even when the
potEHtF p succee ng stage. ince _

cause the

rr] and [err] it

Since the-offsets_df the dissymmetric type differential

amplifier circuits'leand Py are camnelled in the third

dissymmetric type differential amplifier’circuit-?3, res-

pectively}'the MISFETs szg and Q214 conStitutihé-the con;

stant sources can be simultaneausl& operated. Therefore,

the output signal OUT (D") ean be derived at high speed.

Accordingly, the operation of the static RAM can be rendered fast.
Even in a case where inwpﬁase noise has acted

on the input slgnals Di and ﬁ_ it is. cancelled be-

cause the circuits Pl and Pz are differentlal amplifier‘

circuits. Accordingly, noise 15 not transmitted

to the suceeeding.stage.'-Likewise, even in a case

where in-phase noise.";*.}a-s. been im'rolw'red' in the output’

signals Bi and'Di ., it is cancelled and not.

"transmitted to the succeeding stage because the circuit P3



differemce between the signals DI and D fromthe pair of common data |i
Is conparatively small, the 10 -sense anplifier can drive the data
out put buffer sakisfactorily Accordingly, the sense anplifier can drive ‘1
data output buffer in a -short tine..after the pair of information -

conpl epentary to each ot her have been deBRvered fromthe menory cell to the
pai *wvof data lines D and D. 15 It is accordingly possible to attain a

hi gh- speed operati,on of _t st atj c. RAM r _example, -even when the. voltage
di fference of thejsﬁgﬁaqjsp%r a%i'f%_r?f’p?'?'g%e{"hﬁgﬁé’ﬂitdf comon data |ines
CDL and CDL is as small, as 2 , i fier is’
20 enbodi rrent.-carﬁﬁao‘?’%b%#%%9pﬁ¥8jglggnépgg?gg'?l%e%(%é;k& oeglr%?\‘}g'htehg’
dat a out put buffer‘.gjﬁé tyhat r a4 .0 t i Yehadedg
rendered fast. Thet | ssycgrﬁﬁ‘iretﬁrn?cp{‘%iéaglaf ?Igrbeﬁteﬁgle Iaaﬁ‘&%{i [ g?- ?Iﬁl‘ g&l tgeghg\:/ﬁ
in Figure 6 can benéepRtbriddd Sr! 8heho2Pset volltageés! possleddiedd by pair
of .M SFETs the gates and drains 33 - of which are cross-connected to
each other 5 I n thitheaperf eyl ampRipgest citkeniltenand the hoiseui red
for releasing a status held in the latch circuit and bringing the latch
circuit into the cppbsiticihsterthibifsecachbgh, seheibidddly mg sedddasf at he
static RAMis limted, and it cannot be nade high. In the circuit of the
enmbodi nent shown ihigh @ain6 For this reason, even when the potential

~

s
*
i y
h s

difference between the signals D; and ﬁ; from the
pair of commion data lines is comparatively small, the
~1Q. sense Amplifier can drive the data:output buffer-satisfactori
Accordingly, the sense amplifier can drive the data
output buffer in.apéhbrt.time.after_fhe pair of information
éomplémentary to each other have been deliveredlfrom
the memory cell to the pair of data lines D and 3,
15 - It is accordingly possible to attain a high-speed
operation of the static RAM. - For example, even when
the voltage difference of the signals D; and ﬁ; from
the pair of common data lines CCL and CDL is as small
as about 0.2 volt, the sense émplifier SA of this
20 . embodimeht can form aﬁ 6utput signal great enough'_
to drive the data 6utput buffer DOB, so that the'oberation
of the static RAM can be rendered fast.
 The dissymmetric type differential amplifier
"circﬁit shown in Figure 6 can be replaced with a latch

25 circuit including a pair of MISFETs the gates and drains



. .third dissymetric type differenti al
ited and the signals [err] and 10 [err] can be transmtted to the
out put buffer DOB of the sucggeding stage. In this cgse, ,in the data

the inverter circuit GLO3 is omtted,

put buffer. DOB shown in Figure

anplifier circuit [err] can be

and the signals Di' and [err] are directly applied to the respective

term nal s

5 _

S|npl1fP@H"ﬁiFQTﬂ§°2g§%ssfﬁ8nﬂﬁ : i rhde
I f th lif SA. t tent rence

betacn Cone mpowever s R konBaratiyerly | fosk ot ine eﬁ%?rﬁay’#‘i"'sa beoanss

bet ween R& 22

_apprOX|g%Ee ef¥#§4ﬁngmgggﬁﬁrl %@ﬁMiélégg SggchtgggﬁﬁéFﬁ output si gnal

Therefore, the data, output buffer DOB can be |
Q%ﬂéx#%l5%%Ps°ﬁperand1&ré higde the out put

of the sens ype
di ff | d h
L1 o1 SBikslesdl 44 L ERhC UL S UHEY P6LObgpopkeOBiRRuDT O, such

Boubl e mnerdroridialteé dPeratife YesENSE €ﬁP' bbhtic fawstgted before,

this sense anplif Ter can cancel -in- phase noise. In this case, a static RAM

of stil limdw@d,Mdrid Tt 0AAN6AN Ve M dy iKiHgh |
signals 5 [err] and [err] are conpared in the data output buffer and

that the pot@MntﬁecﬁirﬁEiOUbﬁumhﬁgymﬁodﬁméﬁf dhbﬁnoﬂhpPEgHEEfGr i's
determined to the high |evel : o

10

15

20

25

. are directly_applied.toithe respective tenminala T

the third dissymmetric type differential amplifier

circuit P3 can be omitted and the signals Di .and

| Dl' can be transmitted to the data_output buffer

DOB of the succeedihg_stage. In this case, in the

data output buffer DOB shown in Figure 5, the inverter

circuit G o3 is omitted, and the signélslbi' and_ﬁ;T
. ] 1
and.Tz. Therefore, the data output buffer DOB can
be simplified. . N | |
In this case, the balanced signais Dii and 3;7
are made the outpuf signals of the sense amplifier
SA. Therefore, ﬁhe.potential diffefence between the
cul:put signals of the sense anplifier SA becomes approxmately
double in comparison with the amplitude of the output
signal of the sense amplifier which employs the single
dissymmetric type differential amplifier circuit as

' stated'before. In other words, such sense amplifier

.SA comes to have a gain which is approximately double

-

in such a way that the bal anced



or the Iéw leVvel on the basis of the result of the conparison. Mire
specificallyy in the case where, 10 as described before, the high |evel
or |ow |l evel of tMe output signal of the sense anplifier is detected
dependi ng upon .whet her -t he potential of the" qutput signal fromthe sense
ampljfier is higher or lower than the Iogic’tﬁﬂé§hord voltage of the data
outpﬁf 5 buffer with respect to earth potential of the circuitry, the

i ' f thg d ' uf f e I 0. th i ati
of the Togi o threcBRE 081 the PRATTAT BaS 08¢ nERpAtLHerons A atREed
facturi dit] o t t, I i tween the 20
o ania s Dt =BG REaBTHA EA EPRCH O RAERE S i e
ottentials o e two sign . S S | 0 ;
gf .the manufacturing co% i?#‘%ﬁs%t}%%keét%‘}égggﬁpgri‘lﬁggk &Q\IJ\.;;er{t%lﬁeeﬁf%%%x%ﬁons
signal of the sensggdnhlbiprgy1dih {1 48R ENGEy" thbl0tne balanddd ST

vol tage) whose val ue varies dependi ng upon . o
35- the manyfact urpng £RAdDITORS AT dpdRrsd aPAVEne 4ata Sutput Bd¥erer atic
RAM of still fewer Ifunctﬁons-can.be provided. Figure 7 shows a bl ock

di agram of anot heragdbtRagetheS poterpfiddi 6£i tMenbutput! Bilghad es¥boghdrent,
t he bal anced signals D' and are formed by dissymmetric.type
differenti al data output buffer is determined to the high level

or the low level on the basis of the result of the
comparison. More.specificallj, in the case where,
.10 . as descriﬁed hefore,_thg high level or low level of
the output signal of the sense amplifier'is detected
depending upon whethéf the poféntial of the output
signal from ihe sense amplifier is higher or lower
than the logic fhreshold voltage of the data output
B 51 - buffer with respect tb earth poténtial of the
circuitry, the noise m;rgin of the data oufput buffer
becomes small due to the variation of the logic threshold
véltase attributed to the variations of the manufacturing
conditions. In contrast, the comparisbn'bétween the
20 balanced signals D, * and ﬁ;T'is the comparison between
‘the relative'potentiala of the two signals, and it
i; 1egs_susce§tibl§ to the variations of the manufacturing
~ conditions unlike the comparison between the output
~ajgnal of thé sense'ampiifiér gnd'the'referende=vp1tage

25 (threshold voifage).uhOSe value varies depending upon



" ﬁ§.|jS.QJT and OUT are formed by 10 arranging simlarly dissymetric
Je differential anplifier cireuBSs-P and P Since the, pragticable 4.
circuits of the respective dissymetric type differential anplifier .
circuits [err], P2 and P4, [err] are simlar to those in Figure 6, they are
not expl ai ned further..

15 In the cae,  of supplying the bal anced !
out put tBe gaanufegtuning sondt tieng a2 &Rﬁﬁﬂd-qﬁk?ﬁg'%"gﬁﬁ%ﬂﬁ £igure 5‘7'
the inverte Lregt,. G, his. data ut, buffer is omtted, and
t he ou%ﬁt’é?gﬁﬁl %J'Pfarﬂjé’&ir g?'éeai TR SR 2d°®B PRe one-side input
term nal gge Tl and T of the respective gate circuits G- and [err].
Accorc?ﬂéY ; fll"ie data output buffer DOB can-be sinplifi.ed. 1In this

of the soncEiBREE T MRkd. § Gk Bidinanl ot SRSUIPrConlda By, N 057 °

he o $100RvSnidd s sense anplifier becones appr oxi mat el y - 36-
5Ejoubl géfﬁ{éhanpplﬁt ude of the:output signal OUT of the sense anplifier shown

in Figure 5in bRi@t kedboiént j heheehad adiBud fdpgn@ist bi 8 enbodi ment has a
gai n which i's approximately double that of the sense anplifier .5 SA
- shown &sz'—Dgur.ar@. PYrafed oy hdbs syindivTay .tyye @1 T 8gehballi sSsymmetric

'I.i-fier. circuits P1 and [err] similar to the foregoing. Bal anced .out put

ﬁnplifier circgi,ts_ P, and P, similar to 'Ehe foregoing.
Baianced outpﬁt _s.igngls OUT and OUT are formed by

10 arrangj.ng similarly dissymmetric -type différehtial
amplifier circui_t.é P4 an;i Pg. Since the practicable
circuits of the respective dissymmetric type differential
amplifier circuits P1'_,' P, and P#, 'Ps are '.stimi;l.ar to
those in Figure 6, they are not explained further.

1s o Intheaseofsuppmingﬂ:ebalancedmsignals

OUT and OUT to the data output buffer DOB shown in
Figure 5, the inverter circuit G103 in this data output
buff__e___r DOB is pmj._tted, and the output signals OUT and
OUT are directly appiied to the one-side input terminals
20 | '.f1 and T, of _thé. respective gate circuits 6,01 and
_G102 . Ac.cording_ly', the 'dat.a outpﬁt buffer DOB.can

be simplified. In this embodiment, the balanced signals
OUT and OUT ai'e _niade the output signals of the sense
.an?li_fie_r. ' The.re;for'e_, the potential difference between -

25 . the outpu{; signals of this sense amplifier m' approximately



type differeptial anplifiers [err] and [err] on an identical sem conductor/ #
substrate, offset. voltages possessed by the dissymetric type differentiaff=»y :
anplifier circuits .10 [err] and P2 are cancelled in the dissymetric
type differential anplifier circuits [err] a [err] or the sane reason as.
expl ai ned .in connection with Figure 6. Accordingly, the offset voltages of
the@¥ ssymmetric type differential anplifier circuits [err] and [err] are
not included in t deub3e theutsmplistydel sf CtheaodtPt siBmfOUPtof ctheges
of the dissymetric type differential anplifier circuits P and P are
respectively incl aépdei smpAd fdemushown in. BighgealSs OIn athat/womsisce,
however, the potential difference between the output signals OUT and OUT

i s 20. suf fi ci &hel gepseamEPkifier hef othist embodigent hesa Gfint

vol tages are substantjally negligible._In_the_case where in-phase noise has
been invol ved i n WR&CH; gﬁalﬁPPEP’%%Ftﬂ-Yi fopbleathat af ithe iense SARkitier

type differential ifier circuits P1 and P2. Simlarly, 25 in the
case where n-pha§3nE%P§E H'QSIF{;'@F? %l ved in the signals -37 _ D' and
D', it is cancelled in,the.di sgy.mretri di { ferent i.al |ifier
circuits [err] and P5. R%@@oﬁ% }aﬁf ﬂéﬁd%gﬁtfhgm rﬁp:‘fﬁ@@ ?\%P eéim%?éjbc
on the signals D r \ t. | err [«err SRS | ve
5 potential s gﬁghfeﬁggt%%l? sf%lna@g#fgkg glnglgrde Ifibtdn _&&ei& . 41

' semiconductor substrate, offset voltages possessed

by the dissymmetric type differential amplifier circuits
10 P, and P, are cancelled in the dissymmetric type differentie]
amplifigr circuits P4 and Ps.for the same reason as. .
explained in connection with Figure 6. Accordingly,
the Sffset voltagés of the dissymmetric type differential'
‘amplifier circuits P, and P, are not included in the
15 :oﬁtput7éigngls OUT and OUT. . ﬁhe'offﬁef voltages of
the dissymmetric type différential amplifier circuits
P, and Pg are respectively inclnded in the output
signals OUT and OUT. Since, however, the potential_
difference between the output signals OUT and OUT is
20: sufficiently greater than the offset voltages, these
offset voltages are substantially negligible.
‘In the case ﬁhere in-phase noise has been invoiﬁed iﬁ
the signals D; and Tg;'it is ééncelled in fﬁé'dissymmetric
and Pz. .Similarly,

1
25  in the case where in-phase noise has been involved in the si_grlalé

‘type differential amplifier circuits P



cl m- by the noise. As- described above, according-to this enbodinent,

t 5\can be provided a sense anplifier which reduces the influences of ‘the
of vol tages and the noise 10 still more and which has g high
sensibility as well as a high ga??u “Figure 8 is acircuit di agram show ng.
anot her practicabl e enbodi nrent of the dissymetric type differenti al
anmplifier CIFCULL_P 15 In this enbodi nent, the di ssymmetric type‘h
differ eﬁil a*n%nﬁil Pi oft dsrcamcel tedonnt thet @dse da&llr SFETs [err] ™
and @éqé\ghl ch re connected in the differential node, a SFET 221 whose
gate i @mjefril%?erc/i;smattshe | and Bh thchIraliE 16919 and a

M SFET ' t he M SFET

and [erT co"r‘trrlt%%?gf.Lt %gm%qf)aeseq%oei%?;{}%%e ( (?qt ?&W‘tf %1 aer|SI ][ere;]
t P. t d t h th a

g: ggylm’reir%_tggs %ergr%ﬁn Eﬁ*l f I&? gl ricdl t hen %ﬁ?\éﬂisﬂgu\r,mrent 25

i rror ﬁdtéd'tiaﬁ§ brStma%utfﬁt Ass EJEE %esmrgg& not - 38- type

differential anplifier circui't P1 s gure 6 t he ot her hand,
howeverchaxigMSby thepaodisevcl vy gr eat offset -vol tage. More specifically, in.

‘the dissymmetric type differential anplifier P,. the M SFET Q@21 operates
.5 . as the dieadrhhenngbmmn:mebrdthg gbeéthirsesenﬂioaﬁ@ri%nt,
there can be provided a sense empllfier which reduces
the 1nfluences of the offset voltages and the noise
10 - 8till more and which has a high sensibility as well
as a high gain.
. Figure 8 iS'e_circdit Giagram shoﬁing another ._
practicable embodiment of the dissymmetric type .
d1fferentia1 ampllfler czrcult P. , |
‘15 . ' In this embodiment, the d;ssymmetric type differentzal
amplifier circult is constructed of a peir of MISFETs
Q219-and Q5 Which ere connected in the ddrferential
mode, a MISFET Q,, whose gate is earthed and which
serves as the locad of the H;SFET_Q219, and a MISFET
20 Q5o whose gate has the common drain of the MISFETs
| | Gyqg and szi connected thereto; The_dissymmetric
type differential amplifier circuit P of this embodiment
has a higher galn in comparison with a dissymmetric
_t?pe differentzel amplifier circuit employing a current

25 mirror circuit as its load, for example, the dissymmetric



It is therefore pernmitted to apply a conparatively great voltage between ‘;‘ﬁ)
t he gate,and.source of the M SFET In consequence, this dissymetric type ‘;g%

differential anpkifier P has a high gain. However, the characteristics 10 >~
of the M SFET Q219 and those of the KISFET Q220 di sagree on account of, for .
exanpl e, the variations of the manufactuLigg gonditions. In a case where,
in &pite of input signals of equal potentials applied to a non- inverting

I nput t i nal ( d | nvert) ' L pal (- t.he drai t
of "the N SFET G188 ARAARATHAE SRRLLeL R bhPeuty by saBeupoip FAERES 6.
npar at i vel | tage. | i Lhe ¢ . th
W SFET @22 bocaudh R st e, HeuEhiRITAK FaRThCoRARAIRLIER)S, cor
| st . 20 h ' , t 3 t h EEE; $
beconce i gh.  andSEoAl AR Yo LFedy koL Heb IELBathy, "Er hfle dse8ihotrtc
di ssymretri C 1 yDe tdelef i dridn (AL | 112468 UP} EnBARIBPETCQINAT Splevalis

great offset voltagée. However,in a case where t dlssynnetrlg ype
differenti®l 2.5 gs thallddd diavirig Ut cofipapatiivelyFgdete résiis taned.f or

t he - 39- - dissynnetric type differenti al _
anplifier circuitdtPisarthdrefore permbtbed7tot Appdfyf accomphragiyvedye
cancelled. Therefore,, the offset voltage poses no problem and the high
gain is exploi tedgréat voltage Wimweenotheocgste aaﬁoapuupagpihwppi&KSF%&M
In‘ Q222. 'In consequence, this dissymmetric type differential
amplifier P has a high-gain.; However, the characteristics
.10 of the MISFET Qyq and those of the KISFET Qpyq disagree
on account of, for example, the variations of the
manufaciuring conditions. 1In a case where, in spite
of input signais of equal poﬁentials applied to a non-
inverting input terminal (+) and an inverting input
15 terminal (-), the drain cufrenf o? the MISFET Q219
| has become higher than that of the MISFET Qogr &
comparatively great voltage is applied between the
gate and source of the MISFET Q,,, because the MISFET
Qéz1 is the load having the comparatively great resistance.
20 . 'Thgrefore, the mutual conductance of the.MISFET Q222
becomes high, and a current of high value is pfovidqd.
mhat is, the dissymmetric type differential amplifier
circuit P_has'the comparatively great_offset voltage.
However,in a case where the dissymmetric type differentia

25 o amplifier circuit as shown in Figure 8 is used for the



he case where the dissyznetric type differential anplifier CIrCUItS P1 and
in Figure 6 or 7 are formed on a nonolithic IC. In Figure 9, parts
osed with thick solid 10 | i nes: indicate al uiniumwring |ayers.
e al um ni um wi ring Iayers are os@® as the wiring | ayer of- the supply ..
voltage [err] the wiring | ayer of earth potential G\D of the circuitry, a

wiring layer for connecting the respectlve source |ayers of the -

ATrer ofd mlorrse ¢ylbSRERrerential Sp28%i 0% RALS 1 comon, and a &

10

15

W ring conn the drarn Ia the di erentlal M SFET and

t he dr%‘ dryep o{ntpgﬁ{,%dgVIogFEf *ﬂetggfgbg;u%hﬁtgetss gl osed with thin

solid 2i nes di cat e conducti ve polycrysta ne silicon | ayers.

The corgliffddVEed?! YIhEseZokie)e tHid i 6PNs b8Y 061 talge rskd-alo the gate
el ectrodes of the respective M SFETs and wiring 1ayers associ at ed

t her ewigFob e} sandcthschigh gdimwkbs éxpieitedi.cate p-type 25 or
n-type diffused |layers. The diffused |ayers are used -40-- as the source
| ayer or drd@fighrged showise aVlaoutandiagram pllany eriewdy izonnecting the
gate of the differential MSFET. A part enclosed with a dot-and-dash line 5
i ndi cattdee aczpseypbeMI theaddssiymmetrbe type- differential

amplifier circuits P, and P, in Figure 6 or 7 ere
formed on a monolithic IC. _ “
In Figure 9,'pgrts encloéed with thick solid

lines indicate aluminium wiring layers. The aluminium

wiring lajers are used as the wiring layer of the
supply voltage Veo? the wiring.layer of earth

potentiai GND of the circﬁitry, a wiring layer for
connecting the respective source layers of the differential
MISFETs Q2°1,.Q202 and Q2°5’ ons in common, and a
wiring layer for cdmnecting the drain layer of the
differential MISFET and the drain layer of the load
MISFET. |
. In the figure, parts enclosed with thin solid

lines ihdicate conductive polycrystalline silicon
layers. The'éoﬁductive polycryst#lliné silicon-layeri
are used for the gate electrodes of the respeétive'
MISFETs and wiring la;ers associated therewith, .

. Parts enclosed with broken lines indicate p-type
or n-type diffused layers. The diffused layers are used



substrate. Accordingly, the n-channel M SFETs are forned in the P-wall.
Marks [err] indicate contacts. The system arrangenent of the static type
RAM can adopt vasious aspects of perfornmance. 41 CLAI Ms. 1. A
static type sem conductor random access y including: nenory cells each .of
whi ch delivers a pair of signals conplenmentary to each other: a first

di ggyretric type differential anplifier gipguit whose non-inverting input
termnal is supplied with one signal of the pair of conplenentary signals,
whose inverting. input ternminal is supplied with the other signal of the

pair of conpl emen? §h%|§ﬂﬂF§eaﬁGYﬁﬁ|€ﬁ forin dayerseforheuMISFRT:

b th th | d to_.th t t.t
Second di ssynmet 184 1§ et t‘$$et§xer2foaﬁ533?ur='e%§%rkﬁ}%'m%es” 5 ﬁeﬁii-‘é‘t. g
|nput t erm nal 'Saf%?§4%§9%%% @?ﬁg#g one signal, whose non-inverting input

termnal is supplTé 8i gnal and mhlch forms a second output

signal in-phase with said SAggﬁktngg§hggﬁég?iﬁi? ﬁ%ﬁ-a ﬁedE

termnal - and first means sup ed W irst outpu S|gna an the

second output §i Of\idiéftes Ok ¥ﬁet\béiﬂ 28y £ored ohAand ntygy first
output signal and said secon put signal:
substrate. Accordingly, the n-channel MISFETs are
formed in the P-wall. Marks [§] indicate contacts.
The system arrangement of the static type

RAM can adopt various aspects of performance.




2. A static type sem conductor randomwdl ng to
ehaim 1, wherein said first neans conprises a third diss nTTEtI’I

ff erential anplifier circuit whose non- |nvert|\r,:ﬂmm j eru mg

pplied with the first outpus 41 =42 - signal ut -
ermnal is supplied with the second out put signal and whi ch forms a fourth

out put si gnal in-phase with th signal supplied to said non-inverting i npu#
t er mi nal® wherein second neans is provided to receive the fourth output

[ | d f |
:g?n'ngon tz)? rg:lglnoﬁngcﬁgﬁéf %t Qgegggmcﬁ?’h’m '\ﬁﬁ??f'éﬁt InCt th)épgal d
first {hSF QWM m&r cﬁ:y%? Wlﬁi.c%r% 1?1[ i cyPlifier

circuit 0sSe” non-1rnverti ng |np erm na I'S Supp Ied WI first

‘out put sg m Oéﬁ"*‘ﬁj{f?r’bngﬂ Egj‘ib”@ac‘hs othes ed Willae he second -

out put si gna and tput signal in-phase with the

si gnal - i?éodifﬁiﬁbhtﬂﬁll aRplirded @dircvit whoaeli ssymmetric
type di fferentl al arrpl ier circuit whose inverting input termnal |s

suppl i echon<+invédrting sinput ptéraigaldl iswsapplied witlk oneg | nput term nal
s supplied with the second output signal and which fornms a sixth output

si gnal isignelkcofii thetpaixi gfi aCouplementary sdgnalen- whoee: i ng i nput
‘term nal : : _
: ' inv_e:_ting, input terminal is supplied with the other

signal of the pair of co'npi_c_ucnt:ary; signals and which
fbinﬁ a first output signal .1n-§ha_le with the signal
supplied to the non-inveiting. input terminal:; a
second dissymmetric type Adifferential amplifier
circuit whose inverting input terminal is supplied
with uaid one :ignai. whose non-inverting input
terminal is supplied with the other signal and which
forms a second ocutput signal in-phase with said
signal supplied to said non-inverting input terminal:

- and first means snppl:l.ed' with the first ontpﬁt
signal and the second output signal for forming a
third output signal based on the first output signal
and said second output signal.
2. A :;tatic type semiconductor random
access nemry according to Claim 1, wherein | said
first means ce.upriaes a thirad d.issymtrié type

- differential amplifier circuit whose non-inverting
input terminal is supplied with the first cutput



and wherein, third neans is provided to receive the fifth outnut signal and '
the sixth output signal and to formthe third out put si
A statit typ semconductor random access menory ac uci | “ﬁi
wherein each of said first and- second di ssym‘retri C

amplifier circuits is a disymetric type ui 42 e‘r'entlal arrpllfler whi ch
corprises a first insulated-gate field effect tranS|stor of a first

ESP?”‘;;I N seroniandf . whodd, fnpRERLSg, : Spnt; rateionl; Ly “iasbﬁ .
SN A s WY fag'?%at ﬁ“@‘sﬁr e%%ieﬁé ¢ SHAERT BB o) Folehd
field effect trans 6&%% g%%néjﬁ nsu ate e‘,kgﬂd Sigf‘?ip ggpt]_g.‘@%ectlve

drains of the first -gate ansistors, and
in which the signajaid-RéRsSenvet8ih eiﬁpﬂaahomahmdaha ‘e @3 isewdnd Ng
I nput termnal is derived fromthe drain of the second insul ated-gate field
effect transistor.méans is provided! 8bi fet¥PoesthC gotrehobutpato Bignadsand
menory according to Caim2, wherein each of said first and second

di ssynnetric type tbf:tmm:hal th:lmﬂl 6ueput| al:gnax.l s a d| ssymetric type
differential

3. A static type semiconductor random access
n-nory according to c:Lain 1, wherein the said first
nean_a_ comprises a fourth diasymtric. type differential
amplifier circuit whose non-inverting in_pn't terminal
is luéplied with the first output 'signal. who.se. ;I.nverting
input terminal is supplied witli_ tﬁe second outpu_t .
s_ignil and which forms a fifth output signal in-phase

= with the signal supﬁlj.eci th- said x;on-ii:verting input
terminal: i fifth dissymmetric type differential amplifier
circuit whose inverting input i:erﬁinal is supplied with
the fir#t output signal, whose non-inverting input
terminal is supplied with the second output signal
and _ﬁhich forms a sixth output signal in-phase with
the signal suppiied to said non-inverting input terminal:
and _vherei:n_ third neaqé is provided to receive the fifth
output signal and th_c sixth output signal and to form
the third output s:lgnil.- |



plifier which conprises a third insul ated-gatefTelrd effect transistor of
I rst conductivity type having its gate couplm Blt““gml Hmerti ng
termnal; a fourth insel &3ea-gate field eff “n the
conductivity type having its -44 gate coupl ed to the®inVerting -

t termnal and having its source coupled to the source of the third

I nsul at g gate fieldae t %fﬂﬁd nmeans A
coupl ed ?o .respecti veAdraglﬁ%%coF@esﬁl gaanggfﬁart I NSu ‘Fcat gate fiel d
effect th@nsty!aeordlflgi BoVOlalinl 1 WheRein MaRinTr Wdid tfers gnal

supplied to said non-inverting input termnal is derived fromthe drain of

t he fouramdi secondcdigsymmbteic e&becaittetenﬁWaIsaupli!ts:nr|saJd third

di ssynetric type-differential anplifier circuit is a disssynmetric type :

di f f er encizeuits| 18i ar dissymmetricc typendifferentials anpiifiiard- gaie fiel d

effect transistor of the first. conduct|V|ty type having its gate coupled to
ingulatedroate fiedd

t he non-MtW?ﬁgﬁ! Fef#ﬁ&l I efifeqt e d ef fect

transi stor of.t st ct I Vi t e havi ng e coupled to the
|nvert| ol WQ?Er nﬁl h&?P t{lég.ggu,tmmiagg 3*% he source of the
first t eff Ch Ll Lst n ctive | oad neans
coupl ed i#?eg%ég?ﬁ L %‘ﬂ?&g g-ﬁg'l? % ﬁ ed-gate field
ef f ect tim&tﬁﬁlﬁeﬂdﬂe%' gleld effect transistor of said

first conductivity type heving its gate cc_mpled to

' the inverting input terminal and having its source
coupled to the source of the ﬁ.ret 1heu1ated;§a£e )
f:l.eld effect transistor, and first ect:l.ve load means
coupled to respective dreine of the :Ei:st end secend
:I.nsuhted-gate field effect trane:letore. and in vhich_ |
the eighel in-phase with the signal eupplied to the
non-inverting input terminal is deriired' from .the'
drain of the second 1nsuiated-gate field effect
transistor. | | | '

5, A static type semiconductor random access
memory eécording to Claim 2, wherein each of said
first and second dieeyuietric type differential
amplifier circuits is a dissymmetric type differential
ampiifier which comprises a thi:’.;d' insulated-gate
field effect transistor of the first cenductivity -
type having its gate coupled to the non-inverting
input terminal, a fourth insulated-gate field effect
transistor of the first conductivity type having its



t he si gnal ,» in-phase with the signal supplied to_the non-inverting input =T
termnal is, derived fromthe drain of said second insulated-gate field / &

L A L 6 o iy s TR O

second di ssyntric type differenti al arrpll |er circuits®ista™isSsyhetric
- differential anptifier which conprises a third insulated-gate field

gct transi st or qiitd doupled P RHE inért {ng AL NeehEnd P! £nd NEN Bl O

theonon inverting 1nput termnal, a fourth insul ated-gate field effect

transi stor of theifﬁs“fiomﬂlcﬁupm&d/ to/ Ehd Mo e (OF JEhE ERLPA cinéwlitea-
i nverting input termnal and having its source coupled to the source of the

third insul at ed- ggate ifHeld dffuct ransistor Amhd eaecond cactive ckohdeans

coupl ed to respective drains of the third and fourth insul ated-gate field
effect transistor #eansi coupdead ta respegtive dxmine of tthethirdmand fourth
supplied to the nagn- I nput termnpal is derjved fromthe drajn of

]'Ehe f(ﬁurtg :cnfsulha I Jated r]!& Siald effect s‘ﬁﬁ“’ teTpcrand invh said
t t t d f

i ssymmet ri ¢ type & E@#{ Gr-phags WA e e AL [ REREHE S b2,

insul ated-gate fi ?Jo% &%‘i—‘tﬂgmﬁpﬁé’ e tmiri) (14 Séerived f.rom t:he drain

of the fourth :l.naulated-gate field effect transistor:

and wherein said third dissymmetric type-diffetential
amblifier-cireuit is a dissyunatric tfpe differenﬁial
anplitier circuit which eanprises a firat insulated—gate
ficld effect transistor of the firat conductivity type
- having its gate coupled to the non-inverting input |
terninal. a second insulated-gate field effect transistor
of the fifst conductivify type having its gate coupled
to thélinverting input tcrmin#l and having its uduréo
coupled'té the source of the first insulated-gate
field effect transistor, and first active load means
.couplédlﬁo respective drains of the first and second
insulatadsgatd_figld effect transistors, and in which
the signai.in-phase viﬁh the éignal supplied to the
hanriﬁierting input terniﬁal iﬁ derived from the
drain of said second insnlated—qate field effect o

transistor.

[}



conductivity type havi ng its gate coupled to thm p
0 nal , a second insul ated-gate field effect tr,mﬁ 'mul” I rst

| ct|V|ty type having its gate coupled to the "ﬂ{mmerm nal
‘ aving its source coupl ed to=t #8 source of the fi‘rst i Asufated- gat e

field effect transistor, and first active -l'oad mans coupled to

respectige drains of. hhgtglt Ett Seml! %M&t eﬂn@uﬁ & ef f ect | @
tranmstgrs and in vvhlcht ?8% I n-phase wth t S|gn€+ supplied to

the non-hgueEy a8coplih %ch.i!l.nl 3, dﬁh!di@ixf g8 R ditié Neda t he second
I nsul ated-gate field effect transistor. 7. - A static type

sen condgitet andducondedismy:raccwmtﬂﬁmﬁﬂ aipYtdersai d first
active |oad neans conprises a fifth insulated-gat, field effect transistor
of a seccixicabtsuisi ai dissypuetirdce typei Mﬂmnﬂm tampXifiemi n of the
second insulated- gate field effect transistor and whose gate is coupled to
t he dralmhtqmrlessl Asthirdiinpsudated-gatie L£ield sffectr and first

| oad rreans Co bet ween the gate and.a source of the fi th

i nsul at cHE¥RS 1F9§| efthecfirss,copdyct iyity type hawing At& type
d r di cl 6. wh
o gRES oPRRTRH, A5SERR BRARANGRREINY et Rl AL (e ol fect |
transi stoiapfn aiﬁﬁﬁiﬂ@eﬁ-&ﬂ'égt Hh&.& E*Rct tz'aneietor of the first

conductivity type having its qete coupled to the

inverting input terminel end heving its source conpled
to the eource of the third ineulatedpgate field effect
trancietor. end eeccnd active lced means conpled to
respective draine cf the third and fourth ineulatedpgate
field effect treneietore. and in uhich the cignal in—phaee
with the signal supplied to the non-inverting input
terninal is derived from the drain of the fourth |
ineulated-gate field effect treneietcr- and ﬁhereic
each of said fourth and fifth dieeymnetric type
differential amplifier circuits is a dileymnet:ic type
differential amplifier circuit uhich comprisee a firet
insnlatedrgate field effect traneistor of the firat
ccniuctivity type having its gate ccupled to the non-
inverting icpu#_terhinel..e ceccnc insulated-gate field
effect transistor of the fifet.ccndﬁctivity type having
its gate ccupied'to the inverting input temminal and
having its source coupled to the source of the first
insulated-gate field effect transistor, and first active



i nsul at'ed-date field effect transistor, and-first Io

between the gate and a source of the flfth%é;sul at ed

transi stor. and wherein the second active I'oad mans corrprl ses a sixth

i syl at ed- gat e field effect transistor of the second conductivity type
whose drain is cdopdcheans eoupled) tg respéctive drainsief-thecfirstdand
effect transistor and whose ate is coupled to the drain of the third

i nsul at ed- gat e fi Segon dnsy ~gake finldeffect kxansistorsupaed in
bet ween t he gatea r e sixth ins Iated- ate field effect
transistor. 9. Al ch %%Q a?b? c‘bﬁ&h sepRlied ko \.

accordingto Caim? whereln |df|rst | oad sco rjse R
sevent h-i nsul at ed%&t émﬂ' %ﬁ’a?feaf Yﬂicgﬁ%‘ﬁcﬂ‘ﬁi ty

t ype whose Sour ce gb.3 §RO'ye f ed-gate
field effect tranS| S or an ose %J?e an ral 4G}Fee %%%%?eﬁf#ﬁhe-gate of'

the fifth insul at edagaligele! d effect transistor. A static
type sei conductor random access nenory according to CI aimsS, wherein said

first |oad means gQnprises a sovQigtid W6 Webitdchdidtsr S458om 486881 O

of the second conductivity
- memory according to Claim 4, wherein said first active

whose drain is coupled to the drain of the second inaula | '
effect transistor and whose gate is coupled to the drai n of iﬁ
LI

load means comprises a fifth'iﬁ;nlated—gato-field
effect transistor of a second conductivity type whose
drain is coupled to the drain of the second insulated-
gate field effect t:ahsistox and whose gate is coupled
to the drain of the first insulated-gate field effect-
transistor, and firast load means coupled between the
'gate and a source of the fifth insnlited-gate field
effect transistor,

8. - A static type seﬁiconductor random access
memory accbrding to Claim S5 or Claim 6, wherein said
first active load means comprises a fifth insulated-gate
field effect transistor of a second conductivity type
whose drain is coupled to the drain of the second
insulated-gate field effect transistor and whose gate
is coupled to the drain of the first inanlated—gﬁte
field effect transistor, and first locad means coupled
Yetween the gate and a source of the fifth insulated-
gate field effect transistor, and wherein the second

active load means comprises a sixth insulated-gate



/pe whose source is coupled to the source of the fifth insul ated-gate -

d effect transistor and whose gate and drain are coupled to the gate of
ifth insulated-gate field effect transistor, |[I muﬂjlm second
d/means conprises an eighth jg#sul at ed-gat - flel or of

& second conductivity type whose source is coupled to the source of the .-

sixth insulated-gate field effect transi stor and whose gate and drain are w.

coupl ed tidle eEtecOitidesbatdp ofsthet sdcpade conduetdviegt transistor.
-48- 1. - A static type sem-conductor random-access nenory according

to d ai mypeiwhase drainsisocdupired toathei driadneofathentfourthul at ed- gate
field effect transistor of the second conductivity type whose source is

coupl ed tinsatadrgateifioldseffactntuansiston and ecpP&St transi stor,

whose drain is coupl ed to the drain of sajiq third i nsul ated gate field

ef fect tridhSAuRied ko E 12 'EBBpFBg:f’o’@&HlH A static
type sem om a S const cuct ed and arra d to operate
subst ant |éro'fr5$ﬁ]a%€#1 g?gﬁﬁd fp h#@?@? ﬁ' ﬁma%(éstrat ed in

t he acco ni, gl 0 imﬁ tt:!&text or the:
granted paten %ﬂ?é&%@%h%iocg ggg gg ragt %‘gdt'verm %#'giig e specification

of the grﬁg@ckM@rgfmogfgnggagggl i c inspection.

9, . A statie type sm.{condnetor randon access
memory according to Claim 7, wherein said first load
means comprises a seventh in;ﬁlated—gato field effect
. transistor of the second conductivity type whose -
source is connected to the source of the fifth
inanlated—gate field effect transistor and whose gate
and drain are -eoupled* to the gate of the fifth
insulated-gate field effect "trans_isto'r.-
10. A static type semiconductor random
access memory according to Claim 8, wherein said
first load means comprises a seventh insulated-gate

' field effect transistor of the second ccnductivity
type whose source is coupled to the source of the
fifth insulated-gate field effect: transistor and
whose gate and drain are eoﬁpied'to the gate of the
fifth insulated-gate field effect transistor, and
wherein said second load means comprises an eighth
insulated-gate field effgct transistor of the
second conductivity type whose source is coupled to
Ithe' source of the sixth iﬁauhted-qate field effect |
transistor and whose gate and drain are coupled to

the gate of the sixth insulated-gate field effect

transis tor.
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11. ' -' A static type semiconductor random access

'msmory according'to Claim 8, wherein said second load

means includes a ninth insulated-gate field effect
transistor of the second conductivity type whose source
is coupled to the source of the sixth ingulatédsgite,

field effect transistor, whose drainfis coupled to the

drain of said third-insulétedpgate field effect

transistor and whose gate is coupled to earth.

12, A static type aeﬁiconductor_randog access
memory constructed and arranged to operate substantially
as herein described with reference fq,and as illustrated
in the accompanying drawings. |

This document i{s not the authentic text of the granted patent. It is a photocopy of a
retyped version of the specification of the granted patent now open to public inspection.



