- .1 - DI FFERENTI AL SENSE AMPLI FI ER The present invention relates to
differential sense anplifiers, for exanple ones suitable for use in a 5

sem conductor nenory device. In order to read out data stored in its nenory
cells, a sem conductor nenory device requires a circuit for decoding
addresses to select a series of nenory cells, an 10 anplifier for
anplifying the data read out fromthe selected nmenory cells, and a circuit
to output the anplified data. General ly, when fabricating a highly
;integraﬂeﬁ sem conduct or nenory device\MTr9kﬁgh speed perfornance,

inprpéenegtsptotrel:ab:lity a?&?ﬁh&n@é*ﬁ@Mﬁ@n@? PM%@ gﬁ%ion arg primarily
consi dered. Particularly, as onducto g evi ce becones
nore highly integrated, both the operating voltage | evel of the nenory

devi ce and the volta@EF bE C t S ; | JeS 46U C

that there is requ*i £ é‘ gbséﬁggﬂa%ﬁgPFérBﬁmﬁé g%tcb%;fraglt@adbﬁﬁy se.Ense tfeenéé)
reduced vol t age3®R eFge. forn@xample; QOeS aBujtabde | foFycuse in a
sem conduct®r nEsiido@YEESE  mérPadévLeearly in a static random access
menory (SRAM), are differential sense 25 anplifiers having two inputs,
each one connected to a respective data line of a data line (bit line)

pair. The differentih cedere toddadd eutr dataustdred anpltéymemcryldeld) age
di fference whic r es c biit Li 30 ch
a conventi onal %e%ﬁﬁﬁ%ﬁni isf'glé'én ra?$€i§ ra}:éc%{}‘rfrltek% %rlrzbd?s zﬁg,f%ose
f undanent al st rdecoding saddressgedtd seles: PsertesiRf mawry iceblbs, aan
224,225, ITke TRELEAE R SRpTLESInG $h83 agEl, TeAl buke 2romothe PP
NoZaa ' selected memory cells, aﬁé a circuit to output the
amplified data. Generally, when fabricating a highly

integrated semiconductor memory device with high speed

performance, improvements to reliability as well as power
15  consumption are primarily considered.

Particularly, as such a semiconductor memory device
becomés more highly integrated, both the operating voltage
.level of the memory device and the voltage difference

20 between its data lines reduce, so that thefe is required
a sense amplifier which can :gliably sense the reduced
voltage'difference. Amplifiers generally used in such
K_/ . semiconductor memory devices, and particularly in a static
_ random access memory (SRAM), are differential sense
25 amplifiers having two inputs, each one connected to a
respective data line of a data line (bit line) pair. The
differential sense amplifiers are used to amplify a small
voltage difference which occurs between voltages on each

of the bit lines.

Such a conventional sense amplifier is generally of

. a current mirror type, whose fundamental structure is
disclosed in U. S. Patent No. 4,697,112 and an article

entitled "A 28ns CMOS SRAM With Bipolar Sense Amplifiers”,

35 PP. 224-225, IEEE. ISSCC. published on February 23, 1984.



-2- Qperation of a various conventional differential sense anplifiers wll
now be described, with reference to Figures 1, 2, 3, and 6 of the

acconpanyi ng drawings in which; 5 Figure 1 illustrates a basic formof a
conventional differential sense anplifier circuit; Figure 2 illustrates a -
practical formof a 10 conventional differential sense anplifier circuit;
Figure 3 illustrates another practical formof a conventional differential
sense anplifier circuit; and 15 Figure 6 shows a graph in which one

curve (61) representing a voltage garn2versus input voltage charactewfstic
of the conventional differential sense anplifier shown in Figure 2 is

shown, and one €pe¥atiey) efprasdpniqus, convegrigrad \differentielyol t age -
20  char agbfiseshinp12Eibke Wihe nowChavasstenBedl Wieherbifareneas ¢o

lifi h [ [ 3 J h Ref ' 0 Fi 1 of ,th
accompanyi RORFRR ys 21 hir o4 1§ WEt PRGN | Shavidefedn .

anplifier whichgircuit di'sclosed in-the above publications. The circuit
anpl i f%es a difference between input voltages applied to first and second
input Termnals 1 and 2. Qutput voltages appear at first and second out put
term nal s 3 andFigusende ildastrateso & hrsigtform\oft ageconventdionad bet ween

30 the ggigrapantiahnsahsBVaRplAFISSArcRher e the gate and drain are
commonly connected wi th each other, the output voltage of the first output

term nal 3 does not change considerably, in spite of variation of the input
signal levels. piglwe, 2heirithstidatesutputpphctticl rcfoim soght a ned

through onLynbhgt385399 a2 HeRHent T iahed ahdil fier’ Yilrcuit; U
Figure 3 illustrates another practical form of a
conventional differential sense amplifier circuit; and

15 Figure 6 shows a graph in which one curve (61)
representing a voltage gain versus input voltage
characteristic of the conventional differential sense
amplifier shown in Figure 2 is shown, and 'one curve (63)
representing a voltage gain versus input voltage

20 characteristic of the other conventional differential
sense amplifier as shown in Figure 3 is shown.

Referring to Figure 1 of the accompanying drawings, W)
there is illustrated the conventional sense amplifier
25 circuit disclosed in the above publications. The circuit
amplifies a difference between input voltages applied to
first and second input termihals 1l and 2. Output voltages
appear at first and second output terminals 3 and 4.
Since there is no substantial voltage difference between
30 the gate and drain of PMOS transistor 6 where the gate and *
drain are commonly connected with each other, the output
voltage of the first output terminal 3 does not change g
considerably, in spite of variation of the input signal
levels.
35
Thus, the effective output of the circuit is obtained
through only the second output terminal 4. This circuit



-.3 - is known as a single ended current mrror type sense anplifier
circuit. Because one output term nal does not incur any 5 appreci abl e
changes in output voltage, a practical conventional nenory device uses
two of the single ended current mrror type sense anplifier circuits for
one pair of bit lines, as shown in Figure 2 of the acconpanying draw ngs.
10 In Figure 1 or 2 of the acconpanying drawi ngs, an NMOS transistor 11 has
a source coupled to ground voltage VsS. The transistor 11 is turned off in
respons&“to a sense anplifier control sign§I‘10 of alogic "low state 15

at its gate when the sense anplifier cirguit is not operated,,k thus

prevent i ng powg“ns cgﬂgﬂﬁptqq)nabfjt@%eﬁ?éegrrpﬁ“fzﬁ’eé?t CF&EEPF. Yype sense
equal i zati on siagpalifidrapdidoad .0 an equalization 20 transnmi ssion gate 13
connected between a pair of bit lines (or data lines) 15 and 16 equali zes

the bit lines 15 and 16 before and after operation of the sense anplifier
circuit. During opeBedawsenf onee oubputanpérminalcideest ndk dneun zanyon

signal 12 goes gphredidble  tKdngés al £nSbdtput asvaftagase hhepplbRibal
signals of the sense anplifier circuit to appear in the bit Lines (or. data

lines) during CRVERianad, neRamhidevieaquers ey Ot otReneingle endednt
rlprr?lr typ]ge fgcur&@iﬁﬁl marmil dflf iwgce:its"eeweth : &mymgﬂiéels dilieufiﬂﬂs: @aznt: @lnw i@hliefrs.
irstly, i e vqgltage,.level s o e i-pput..signa e, felative w_or

i gh, ihe gai ProPihettiERur A5oinRey SRcEAELTENZ 1OF “the. drehiphnydig
Is that 35 aldrfaouigigs.no problem would be caused if a voltage

differencqqrere formed between the input voltages which included the

t hreshol d vol tages of the NMOS transistors 8
— In Figure 1 or 2 of the accompanying drawings, an

NMOS transistor 11 has a source coupled to ground voltage
Vss. The transistor 11 is turned off in response to a
sense amplifier control signal 10 of a logic "low" state

15 at its gate when the sense amplifier circuit is not
operated, thus preventing power consumption by the sense
amplifier-circuit.

An equalization signal 12 applied to an equalization
20 transmission gate 13 connected betweeh a pair of bit lines
(or data lines) 15 and 16 equalizes the bit lines 15 and
16 before and after operation of the sense amplifier
U circuit. During operation of the sense amplifier circuit
the equalization signal 12 goes to a logic "high" state so
25 as to cause the output signals of the sense amplifier
circuit to appear in the bit lines (or data lines) during
the operation thereof.

Using the above conventional current mirror type
- 30. sense amplifier circuits involves the following problems.

. Firétly, if the voltage levels of the input signals
are relatively low or high, the gain of the output
voltages becomes small. The reason for this is that

35 although no problem would be caused i1f a voltage_
difference were formed between the input voltages which
included the threshold voltages of the NMOS transistors 8



-4- and 9

(See Figure 1 of the acconpanying draw ngs), in fact the v
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conductive state (compared with its normal state), faster
than NMOS transistor 9, thereby lowering the voltage of
the first output terminal 3. Consequ_ently, the PMOS
transistor 7 is turned on, and charges the second output
terminal 4 with the power supply voltage Vcc, so that
variation between output voltages is caused. The time
taken for the output voltage variation depends on the
conductivity of the transistor 7 itself which works in
its saturation region, so that the effective output
appears relatively slowly. :

There has been proposed another conventional sense
amplifier, as shown in Figure 3 of the accompanying
drawings, which is known as a latch type sense amplifier.

Referring to Figure 3 of the. accompanying drawings,
the latch type sense amplifier has first and second output
terminals 53 and 54 cross-coupled respectively to the
gates of PMOS transistors 57 and 56. This structure
compensates for a deficiency in positive feedback effect

- of the above described prior art sense amplifier which is

35

caused by the PMOS transistors 6, 7 coupled to ‘the power
supply in the circuit of Figures 1 and 2 working in the
saturation region.

i fier
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-5- However, the sense anplifier of Figure 3 also shows a dropping of f of
out put voltage gain at a low or high level of input signal. 5
Referring to the graph of Figure 6 of the acconpanying drawi ngs, it
w |l be readily appreciated fromvoltage gain curves 61 and 63 respectively
representing the voltage gain characteristics of the circuits of Figures 2
and 3, that voltage gain rapidly drops when the 10 | evel of the input
voltage .is below 2V or over 3V. The reason for this is that NMOS
transis‘_((ors are used for receiving the ifaput-voltages in the circuits of
Figures 2 and 3. Thus, the range of input voltage |evels or_"w ndow' for
'r\IEi ntai ni ng a hi gh Boweveryothagsensenamplifierdefc Figreahalse $AeVSw,
reover, In tQGFEBpgiHP' o3 &fr@téﬁtotroﬁtaaée%;akn 2a®'a3low drehsgRse
anplifier control stgnall 10 goes logic "low' in order to prevent power
consunpti on wht@vekeoPoinpuk Signadtifier is not operating, the NMOS
transistor ‘11 is turned off, thereby disconnecting the currents flow ng
t hrough the NMOS trapsistors 8, 9 or, 58, 59 as appropkiat d e _
vol t ages o'g the firsReIRFTINGNFDutTRE t%?ﬁ?ﬁal §%3, W&'gg’rle%&aé]’&fs;rli SEPCnti |
the PMOS 25 aceompahpingGdrawingss, it widide beuresdidyf appreciatpdnfoomye
sense anplifie i YgRerat dighi L bot h
{nél?%&g ﬁi(ﬁ}f revéa% éf 608965 %slﬂéf &i%lfgf%%fégéﬁtﬂﬁg

out put ternina a ove sense a iers ten t owar gs
the same val uethe cveltageecrgain charactesistyics hOfor thenaPlvEEHte sPHnal

of the sense apphi,be8’ 2Wahd 9CCHhatA6DtE4E0GainSPASidle @rbpdi whehsthé the

present 35 invention aimto provide a differential sense anpllfier ra
seni condut®or ﬁﬁﬁﬁ%y°§e\ﬂh@e,i‘wpﬂrch"cﬁa§a%ﬁ hiﬁhﬁﬁgg a#ynﬁrsr?é’?gp aés Welrlrﬂgs a
hi ghovol t age gpbason for this is that NMOS transistors are used for

- receiving the input voltages in the circuits of Figures 2

and 3. Thus, the range of input voltage levels or
"window" for maintaining a high output voltage gain as
15 . described above is narrow.

Moreover, in the conventional circuits of Figures 1,
2 or 3, if the sense amplifier control signal 10 goes
logic "low" in order to prevent power consumption when the
20 sense amplifier is not operating, the NMOS transistor 11
is turned off, thereby disconnecting the currents flowing
through the NMOS transistors 8, 9 or 58, 59 as
appropriate, and the voltages of the first and second
output terminals 3, 4 or 53, 54 rise until the PMOS

25 transistors 6, 7 or.56, 57 are turned off.

Thus, when above sense ampiifiers are in an
unoperated condition, the voltage 1e_veis of both output
terminals in each of the above sense amplifiers tend

. 30 towards the same value as each other, so that a loss of
the original output signal of the sense amplifier will
occur.

Accordingly, specific embodiments of the present

35 invention aim to provide a differential sense amplifier )

for a semiconductor memory device, which has a high
operating speed as well as a high voltage gain.



-6- Specific enbodi ment s of t he present

differential sense anplifier wherein power consunption is prevented

peri ods when the sense anplifier
addi ti onal

| evel

differential sense anplifier, whereby a stable and effective output voltage

I nvention also aimto provide a

durlng'

i s not being operated and wherein an 5

latch circuit is not required for maintaining an output voltage -
when the sense anplifier is not operated. It is still another
of the specific 10 enbodi nents of the present invention to provide a

gain is obtained even at a |ow or high6level of input voltage. 15
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ggg QE&?@ means 30 and for carrying said pair of output
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air second conpl enentary drive .neans connected with said
pair of output terminals to respectively respond to said output signals of

di fferent stat eg+of 182 gdi1Bt %oth&W'Wﬁr}’oirl heedPeciigcei N an
b t of. one of air gﬁgond £onpl mantar&i rive
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differential sense amplifier, whereby a stable and
effective output voltage gain is obtained even at a low or
high lewvel of input wvoltage.

According to the present invention there is provided
a differential sense amplifier for amplifying a wvoltage
difference between voltage levels of a pair of input
signals, said amplifier comprising;

a pair of first complementary drive means, each first
complementary drive means having an output, said pair of

- first complementary drive means arranged to produce a pair

of output signals in response to said pair of input
signals, each output signal of the output signal pair
arranged to adopt a different state to a state of the
other output signal of said pair;

a pair of output terminals respectively connected
with the outputs of said pair of complementary drive means
and for carrying said pair of output signals:;

a pair of second complementary drive means connected
with said pair of output terminals to respectively respond
to said output signals of different states of said first
complementary drive means, wherein an input (or output) of
one of said pair of second complementary drive means is
coupled to an output (or input) of the other of one of

nmeans

w)



-7- said pair of second conplenentary drive nmeans and to one of said pair
of output termnals. Said pair of first conplenentary drive neans may be 5
arranged to be connected to a ground voltage by a first sw tching nmeans
coupl ed between the ground voltage and said pair of first conplenentary
drive neans, said first switching neans bei ng -operated according to a
control signal. 10 Said pair of first conplenentary drive neans nay be
arranged‘to be connected to a supply voltage by a second switching neans
coupl ed wbetween said pair of first cﬁnﬁlénentary drive nmeans and the

supply vol tage, _sai,d_15_- cond i t chi.ng. neans_ bei arranged to_be
swvt ched accor dﬁﬁgdt Ba -rcgfls(ﬁcoﬁ ﬁ@pﬁﬁ% ﬁrj{;&%é}‘%m&%nﬁ?énﬁﬂt aPre
drive nmeans conpfi saidapalirasf owtputsteamddadst.e transi stors 20

connected in series, said insul ated gate transistors having different
operating voltages. Preferably, each second conplenen;ggé&drive means - of

said pair of second 88if Pada 9fy fdmske qamMenaniaNs drive Jeeans @8y beo
insul ated ggte hraBARBHORD LY ESHRbtdy SEb! 8Sgraand RAtade &gfoadﬁrst ,
conpl enment ary dl‘li ggansﬂ%e confgﬁt%% bet vveer}i‘a ower _su vol t age
and a ground vof¥F §E. Bg BPyPLedc betesn. nthe, gzennd 139%r 3Rss
first and secongatdt patirt @frifirst compliemsntiry ahsiveomesns, saéidnfiksted
gate field effegt L& i St are.arrange o, b I ntarily driv
according to 35§wi%86?§ae(r§§asrb§ E’ﬁé’gpi r%ﬁe’gﬁ%ﬁ‘%r %gg:%gﬁ&%%ttﬁt b e?ﬁf‘hﬁﬁg.
signal. :
10 .

N\ Said pair of first complementary drive means may be
arranged to be connected to a supply voltage by a second
switching means coupled between said pair of first
complementary drive means and the supply voltage, said

15 second switching means being arranged to be switched
according to a control signal.

Preferably, a said complementary drive means

comprises at 1least two insulated gate transistors

20 connected in series, said insulated gate transistors
having different operating voltages.

Preferably, each second complementary drive means of
said pair of second complementary drive means comprises at
25 least two insulated gate transistors connected in series.

Said pair of second complementary drive means may be
connected between a power supply voltage and a ground
voltage.

Preferably, the differential sense amplifier has
first and second output terminals, in which at least one
pair of insulated gate field effect transistors are |
arranged to be complementarily driven according to
35 voltage(s) of the first and/or second output terminals.



-8- Specific enbodiments of the present invention will now be described, by.
way of exanple only, with reference to Figures 4 to 8 of the acconpanying.
drawi ngs, in which: 5 Figure 4 illustrates a differential sense
anplifier circuit according to a first specific enbodi nent of the present =
i nvention; Figure 5 shows operational waveforns of a 10 differential

sense anplifier circuit, for exanple one as described herein with reference
to Figure 4; Figure 6 shows a graph in which a curve representing aoltage
gai n versus input voltage: characterist8cof the 15 first specific e,
enbodi ment illustrated in Flgure 4 is conpared with vol tage gai n versus

input vol tage cReetiis| smbesigentsnadnithimaPreseeti da on ¥k 7 to 8«
i Il ustrat enif 66 destPIBedpebY’ Way20f ex@apdie i1y Ofwitle ﬂéﬂsﬁé&ce

i nventi on. rrin o, Fi gur of the accoipanyi ng, dr aw
di fferent |ta‘? eéﬁq?%e%ré)l?‘?lg €é&u§ %’(‘P %e‘!’%&? 9% g’grf'mg‘ﬁ‘ént ary
I nput inverter 124 having a first 25 I nput termnal 101, and a second

compl egrentary | BRed NeR s PhotPRely b AT AR S Ulod AR 107 The

first conplenen I n u I nver 4 "consists o
tran5|stcw@ingwibndcqgsdéngpmaj&rfi%ﬁteGPe¢ﬁ§i§eGGHQGéﬁﬂpﬂeﬁﬁﬁtﬁh? i nput
inverter I2RadOnei fhveREi&HOS 30 and NMOS transistors 107 and 108 coupl ed
in series.” The first conplenentary i nput inverter 124 al so has an out put
connected with a first output termnal 103 which in turn is coupled to the
out p:Jt of a firpiguyel ig.zn;rgggws' n\a;séfatmd and whare poimedf ®fsegond

conp nt inve . secQn nentar |nput i nverter
125 HR et R eELR ctote  Arrtd BeR o RaTEHITl SBF: ARRPIs e MR | U
turn i s colescribedihéreim withurebérehee stooRiigevepdenent ary

Figure 6 shows a graph in which a curve representing

a voltage gain versus input voltage characteristic of the

15 first specific embodiment illustrated in Figure 4 is

compared with voltage gain versus  input voltage
characteristics of conventional circuits; and

Figures 7 to 8 iliustrate other various specific
20 embodiments of the present invention.

Referring to Figure 4 of the accompanying drawings,
a differential sense amplifier circuit 100 includes a W
first complementary input inverter 124 having a first
25 input terminal 101, and a second cdmplementary input
inverter 125 having a second input terminal 102. The
first complementary input inverter 124 consists of PMOS
and NMOS transistors 105 and 106 coupled in series. The
second complementary input inverter 125 consists of PMOS
30 and NMOS transistors 107 and 108 coupled in series. The
first complementary input inverter 124 also has an output
connected with a first output terminal 103 which in turn
is coupled to the output of a first domplementary inverter
126 and the input of a second complementary inverter 127.
35 The second complementarysinput inverter 125 has an output
connected with a second output terminal 104, which in turn
is connected with the output of the second complementary '

A



-9- inverter 127 and the input of the first conplementary inverter 126. The
first conpl ementary inverter 126 consists of PMOS 5 and NMOS transistors
110 and 111 connected in series. The second conplenentary inverter 127
consists of PMOS and NMOS transistors 112 and 113 connected in series. To

t he common sources of PMOS transistors 105 and 107 of the first and second
conpl enentary input inverters 124 and 125 10 respectively, is connected
power supply Vcc fromwhich is supplied power through the channel of a PMOS
transi st 109 having a gate which nay retefve a negative sense anplifier

control signal [err Al bet t [o40) of NMOS rans stors
106 and 108 of tH e%"tPEt g&ee_g_& ﬁﬂpug% e %’V"Stl nﬁ‘a‘f‘p *PEYS
124 and 125 réaperterelzéand t he ground vol t age VSS i s connected the

channel of an NMOS transistor 115 having a gate which may receive a

positive sense anplifier control signal SAE. The first and second out put
term nal s 103 and 10%hgrfipgt compiementary lmwertardaf congdsis pfcEMOSI

and 120 whi gsh f ghf) RMOSt Brahsfsteis - 110 £ al11Z donPlectidd Ynt sé%@.e'.ss. The
connect ed betmeen t he data I|nes 119 and 120. The equaljzation circuit 123

may 25 a B8608d: iCTR emﬁﬂﬁﬂﬁ%a}?%ﬂrE?Fc&?F c?Qﬁ&ﬁ?%nPﬁggﬁQﬁlﬁPﬁy
as hereinbeforenﬁesctraﬁdistbbsrmiErendella cogheesed, id sérﬁeebovwo the

cense ampi |11 or SoRiSR SEnBYs Por ! B Dhialistotols dlon, AR 9% SELERe N
sane t hing. Thefimndrsbcmompkﬂmmtm inme iaverters 124593dt 128l y

connect ed ﬂ)t h &aepee%@{reigpphﬁ ¥Bﬁné8€e&h ower s n%?ﬂfdvae' 268 whAtchdi
turped off response e positive Sense a ier contro

SAE a Ioglc SPBRA1§§aP€WFBrtbﬁ@uﬁbgﬁhﬁve°§§ﬂ§%1anﬁf|¢|E¥°§oﬁ¥¢ﬁﬁigt°r
109 having a gate which may receive a negative sense
amplifier control signal SAE. Also between the common
source of NMOS transistors 106 and 108 of the first and

15 second complementary  input inverters 124 and 125
respectively and the ground voltage Vss, is connected the
channel of an NMOS transistor 115 having a gate which may
receive a positive sense amplifier control signal SAE.
The first and second output terminals 103 and 104 are

20 respectively connected with data lines 119 and 120 which
form a data line pair. |

(L . An equalization circuit 123 is connected between the
data lines 119 and 120. The equalization circuit 123 may
25 be a conventional equalisation circuit, functioning
simiiarly' as :hereinbefore described with reference to

Figures 1, 2 or 3 above.

Hereinafter, for convenience of description, the
. 30 terms “"differential sense amplifier" and "sense amplifier"
-are used interchangeably to mean the same thing.

The . PMOS and NMOS transistors 109 and 115,
respectively connected with the power supply Vcc and the

35 ground voltage Vss, are turned off in response to- the
positive sense amplifier control signal SAE of a logic
"low" state (or the negative sense amplifier control



-10- signal [err] of a logic "high" state) SO as to prevent power

" consunption when the differential sense anplifier is not operated (i.e.
is in a standby state). Additionally, the first and second

when it

conplenmentary inverters 5 126 and 127 serve as a latch circuit for

mai ntai ning the logic states of the output termnals 103 and 104 when the
sense anplifier is in the standby state. Referring to Figure 5 of the
acconpanyi ng draw ngs 10 illustrating the operational wavefornms --of
the sense anplifier circuit of Figmwd®~reference letter A represemgs an
address signal, B represents the level of an input signal, C represents an

equal i zat | shgealnSAEEQE applogic t thighe" exhalie ¥ @o ais tor preveh3powerqual i ze r

the 15

data lin

Si'gnal saooRmmBErBf, hoeR, £FE BARRereP ey SRt LT ok cle 188

Fi gure

gr aph,

and an i nput |t age level to the _respective sense anplifier
r epr esent e¥®Bfea ?;ggFQroistﬁﬁ §P§pﬁ%apd¥ﬁeg§3 as 61, 63 and 65

respectively represent characteristics obtained for the sense anplifiers of

Figures 2, 3 an e 4ac 1 8930 ... .draw S, e eristics
wer e obt ai ned ug?gﬁg%ﬁéaséﬁﬁqﬁgﬁgﬁysﬁpB ytﬂﬁtéﬁ%éﬁﬁ?%%&#?cggggigéération
of thkOfir&llustratingl i ther oberationpl| wawebormescefbethei t Benpseer en

to Figuresafip13£38¢ Scifrciat ¥ 3UGURRNYA N0 HFYEER8e letter A
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35

_repreSents an address signal, B represents the level of an

input signal, C represents- an equalization signal EQ
applied to the equalization circuit 123 to equalize the
data line pair, D represents positive sense amplifier
control signal SAE, and E represents the output signals on
data lines 119 and 120. '

Figure 6 of the accompanying drawings compares
voltage gain versus input voltage characteristics of the
conventiohal sense amplifiers of Figures 2 and 3 of the
accompanying drawings with those of the sense amplifier
circuit of Figure 4 of the accompanying drawings. The
voltage gain of each sense amplifier circuit is
represented on a y-axis of the graph, and an input voltage
level to the respective sense amplifier is represented on
an x-axis of the graph. The curves 61, 63 and 65
respectively represent characteristics obtained for the
sense amplifiers of Figures 2, 3 and 4 of the accompanying
drawings. - The characteristics were obtained using the
same power supply voltage in each case.

- Operation of the first sense amplifier circuit will
now be described with reference to Figures 4, 5 and 6 of
the accompanying drawings.

nd 120.
6 operiated acCbrpanywhen ddawi nigs imnpar est@8dbwolstajtejai n
versus inp h ter LSl ' ' ifiers
of Fi qur oohaaLE1bRNRITTLRE ALt e Saconll BORYTRREAATy: PyErePs

anpl i fPer t26cand &R7rsexve Asofd tlwébcgt&ﬁrwgt nEexrmaingaininghgheo) t age
gain of eaghgsenseateB! bti heCbhfput tErmbnalsecppssansctoanwhen- gkes of the

sense
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Bef ore a sensing operation of the sense anplifier 100, the equalization
‘signal (EQ C goes to a logic "low' state, enabling the equalization
circuit 123 to equalize the pair of data lines 119 and 120 to a given
equal i zation 5 level. In the case of a SRAM the equalization |evel of
the data lines is generally the | evel of the power supply voltage Vcc, or
thereabouts. If the data lines are equalized, the sense anplifier 10
control (signal (SAE) D, going to a logic "high" state, enables the sense
anplifié¥ 100 to performthe sensing functtdn- Assum ng the signal |evel of

the first i t ot Ll nal 15 101 s, high t th f th d J t
Lorm nal 105" the oRSRETS: o sl “RERERERER, 5%, T, BepRee Rl bl
_gradtja! |y g;)es 100 2 they eqgual izatddm smmtm)r]cﬂ gdes s?u:mcllagﬂ::pl'blmn't ary
i nput inverter J@Za goe, e A e
fifsf conplenentar;g?dénégﬁfﬂ# ¥§§e§§2§Ei5§?Ebﬁa§%F%Pi?hé%%@%gtr ?é?%%%r

106 of the firckhe pabeahGate Mdpes AA9cAnd: 1201te th@iven RAALAIERN ( o
ground via ghe NMG&L I r apfi ¢he' case bfaa BRAMVehe 'Stz vdheos

second conpl enentary input inverter 125, _which also conduycts current to
ground via 25 Cheakmel inem obs gpnetally, ihe deval, of Shamewer FRely,
106. Then, the voltage Vevgeloof théredboatsout put term nal 103 becones | ower
than that of the second output term nal 30 104, and therefore because
the input of the second conplenentary inverter 127 is connected to the
first output terni nalf 1tize dakaclines are tegquakized, ctheplsense amplifiex er

127 reach a "dbees1 t hep ou 0 ' .GQﬁEhp
i nv rter.?g%. f%%s, é% §R§h§lsg§gﬁ§ g%?gggﬂ?grﬁ¥%2f %%giémhich igq%%%ﬁ%bted

to tHe output SNIPLES EBRJ SENER amRLLFler nJ0p; &o 1perferr the, sensing

function.

Assuming the signal level of the first input terminal

15 101 is higher than that of the second input terminal 102,

the output of the first complementary input inverter 124

gradually goes to a low level, while the output of the

second complemenfary input inverter 125 goes to a level

which is higher than the output of the first complementary

20 input inverter 124. Namely, the NMOS transistor 106 of

the first complementary input inverter 124 conducts more

current to ground via the NMOS transistor 115 than the

NMOS transistor 108 of the second complementary input

inverter 125, which also conducts current to ground via

25 the NMOS transistor 115, but less so than NMOS transistor
106.

Then, the voltage level of the first output terminal
103 becomes lower than that of the second output terminal
& 30 104, and therefore because the input of the second
complementary inverter 127 is connected to the first
N ' output terminal 103, the output of the second
complementary inverter 127 reaches a "higher" state than
the output of the first complementary inverter 126. Thus,
35 the second output terminal 104, which is connected to the
output of the second complementary inverter 127 goes to a
higher state due to the effect of positive feedback.



hi gher state due to the effect of positive feedback. - 12 - Since the |
out put of the second conplenmentary inverter 127 is also coupled to the
input of the first conplenmentary inverter 126, the output of the -
first conplenmentary inverter 126 goes nore and nore to the logic 5 "l ow' s
state. As a result, the present states of the output termnals are kept
stable as | ong as the vol tage |l evels of the first and second i nput

termnals 101 and 102 are not changed. 10 I n addition, when t#e

vol tage level of the first output t et ddat 103 is decreased and t hat \#of -

the second output termnal 104 is_ increased, the NMOS transistor 113 of the

second conpl enefiBece FhecPUEPUt DL Lhe {SRCONGSOmPAREERLSTY| 1DVEEteRe first
conpl enent ary | Ier tFlsd26coupld wrrra@eofinpmtra t¥19e DG L pBRENT

consuned via t e first and second c i nvert 7 is
Cotuoa. APPBPRSREpERrY” | InbREO, TRAR. oble uteT ] oo Mgax’T v
101 is | oweompflenetﬂtaryoﬂ.nvbttetcbﬁd goqastmam randilmoh@ taa tmem‘.lbgricef fect
i's obt | ned%OWner I\/DS a & toﬁ:h%“p:?éséxﬂ@ q:resco ehRntary

i nverter tranS|stor e 'secon enen ary |nverter
are t ur nedogtputTierminalenare | kepbussablei @sallang sa$ oﬁb@d"@ﬂ-f@aehe 25

pair of bi le’vb'i%soﬁo{:héafﬁrétr@&d dedord Anpiit Wenifiitald 171 dd 1020nd

output termnals 103 and 104. The out put voltage gain of the sense
anplifier BFPcHPt 6haPE8Gre 4 is kept stable and does not substantially
- change even at a low or high Ievel (lIower than about 2V or hi gher than 30

Frour 306 of ¢ ho LRcCBBsioThG Brsl BE " Bodkebe 394552 %2%#% ne
dr awi ngs .bua:purtammoma 4161 deonenspdsende that | 0f ofhel segond 7
accordi ng b@tput terminal 104 is increased, the NMOS transistor 113
of the second complementary inverter 127 and the PMOS
transistor 110 of the first complementary inverter 126 are
15 turned off, so that the DC current consUmed'via the first
and second complementary inverters 126 and 127 is reduced.
Alternatively, if the voltage level of the first input
terminal 101 is lower than that of the second input
terminal 102, a similar effect is obtained, whereby NMOS
20 transistor 111 of the first complementary inverter 126
and PMOS transistor 112 of the second complementary
inverter are turned off.

Thus, an amplified output signal E is loaded onto the

25 pair of bit lines (or data lines) 119 and 120 via the
first and second output terminals 103 and 104. The output
voltage gain of the sense amplifier circuit of Figure 4 is
kept stable and does not substantially change even at a

low or high level (lower than about 2V or higher than

30 about 3V) of the input voltage, as shown by the curve 65 A
in the graph of Figure 6 of the accompanyinQ drawings.

‘"Figure 7 of the accompanying drawings illustrates a

second differential sense amplifier circuit, according to

35 a second embodiment of the present invention. The second
differential sense amplifier differs - from the first
embodiment shown in Figure 4 in that first and second
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35 a second enbodi nent of the present invention. The second differential
sense anplifier differs from the. first enbodi nrent shown in Figure 4 in
that first and second -13- complenentary inverters 126 and 127 of the
second differential anplifier are connected through NMOS transi stor 115 (of
which only the termnal is shown) to the ground voltage, together with the
first and second 5 conpl enentary input inverters 124 and 125. However ,
operatigns of the circuits shown in Figure 4 or 7 are substantially the
same or ~¢fmlar. The second sense anplifte}3crrcuit of Figure 7 is 10
operated in substantially the sane or simlar nmanne s that of Fiqure 4
except for the ﬁﬂ“&é}rﬂ“%%ﬂﬁgt i %ﬂgeﬁgeFﬁen}'%Sst a&ad é@@onﬂgi n&g‘ret eFECPM ang

127, which are diitfenenttiad f amplgified byréer aconnewtdd5 fhwobughowiNMogien
e socond SenSe oIl s £ | P4k yhioRObrY 'ld" Bfasy 215°BALAR) to

h
function. Refertin I gures acconpanyi ng dr aw ngs,
il lustrating sdiee gnpund| yoltageui ttogathexii witho ihrstendodi meaondf

the presentg i n%l%eﬂﬂ’lﬁfe&iﬁu%o_in@é?{:éiéerlﬂr%&'ht $hsUN | BHidvielre 4

is simlar to the sense agg ifier circuit shown in Figure 7, excep% for the
ground .connect iICRPEAYIONE 1eft They ‘?#’F%‘Ei%dSEQUBn&‘boﬁfb@éﬁ%n#ar?Fi v@R&r s

126 and 127. 2%uybstantiblflys e sy idr e¥imiXantl ts of Figures 4 and 7 each
receive input signals via CMOS inverter circuits (i.e.) the conplenentary

input inverters 124, 125). Referring to Figure 8 of the acconpanying
drawi ngs 30 i |1 ustThe | sgcand hisensdi famplkifieat sinsevitimolfi fFigureér Zuiis

accor di ng .a.agm:ra%;ﬁmi gﬁﬂ%tgﬁtiggﬁgr %”%A&V%Eigﬂﬂiiﬁfrﬁahﬁ r ud ded
a sense anplifier circuit srmlar to I rst and second sense anplifier
cir ts, but ihath ofaFigure 4 except for the ground connections of the
first and second inverters 126 and 127, which are
disconnected from ground by transistor 115 (not shown)
when the second sense amplifier circuit is not performing
15 a sensing function.

. Referring to Figures 4 and 7 of the accompanying
drawings, illustrating sense amplifier circuits according
to various embodiments of the present invention, the sense

20 amplifier circuit shown in Figure 4 is similar to the
sense amplifier circuit shown in Figure 7, except for the
ground connection arrangements of first and second
complementary inverters 126 and 127.

25 The sense amplifier circuits of Figures 4 and 7 each
receive input signals via CMOS inverter circuits (i.e.)
the complementary input inverters 124, 125).

Referring to Figure B of the accompanying drawings
- 30 illustrating a third differential sense amplifier circuit
according to a third embodiment of the present invention,
. _ there is provided a sense amplifier circuit similar to the
first and second sense amplifier circuits, but which has
no PMOS transistor 109 for connection of a power supply

35 voltage.
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- no PM3S transistor 109 for connection of a power supply 35 vol t age.
-14- The sense anplifieéer circuit of Figure 8 works substantially in the .
same nmanner as those of Figure 4 or 7. 5 Besi des the above descri bed-
specific enbodinents, it will be readily appreciated by one skilled in this-
art that various other enbodi ments nmay be obtained without departing from
the scope of the present invention. 10 As described above,

certain enbodinents of the present invention use CMOS inverter cissuits
for receiving input signals so as to-akdltfy a voltage difference betdeen
the input signals. Thus these enbodi nents may expand the effective
operation regi ofhgf sensescampdiifiery eircudt; c@f = Figwne oy werks ¥
enbodi ment %uﬁfstfabﬁ:iﬁle?e&h Ihes NBdnid) M@dneLSEONEhbSet BE ¥agaer 4 el s of a
pair of ousput termnals so as to maintain a stable output signal with a 20
| arge gain‘and may increase the speed of operation of a sense anplifier
circuit. Mreover, specific enbodinents of the present invention nmay

provi dg neans f r N C LI | Q\y r

suppl yg and r (;gt?n d%:éﬁwgn%%Se?gﬁ%?afggﬁwgggr'@g%#eﬁ%hus
reduci ng pwidd dshsuepdidy. appreciatednhy 1one. gkfilides cinj Fhissarte

anpl i f;er ftpata ¢ {ois' SotheP! baBBdEhbheseNGfayehdeeptyehbaltilthitiie of a
pair o

-

-
N

departing from the scope of the present invention.

10 As described above, certain embodiments of the _
present invention use CMOS inverter circuits for receiving o/
input signals so as to amplify a voltage difference
between the input signals. Thus these embodiments may
expand the effective operation region of a sense amplifier

15 circuit.

Additionally, embodiments of the present invention
may respond to the voltage levels of a pair of output
terminals so as to maintain a stable output signal with a

20 large gain and may increase the speed of operation of a
sense amplifier circuit. '

Moreover,' specific embodiments of the present W/
invention may provide means for preventing DC current
25 flowing between a power supply and ground in an
inoperative state of a sense amplifier, thus reducing
power consumption.

4



5.input signals, said anplifier conprising;, a pair of first conpl ementary—

deive neans, each first conplenentary drive neans havi ng id.
pair of first conplenentary drive neans arranged to produﬂmﬂﬁmﬁmuﬂﬁmmll
out put signals in response to said pair of input signals, s
signal of the output signal pair arranged to adopt a different state to a
state of the other output signal of said pair; 15 a pair of output
term nal's, respectively connected with the tputs of said pair of

conpl emdAtary drive neans and for carryi"ngloia'ld pair of output signals; a
pair of seconnggggh;Errent ary drive neans connected 20 wth said pair of
olt put ternna espectively respond to said output signals of
different states of said first conplenentary drive nmeans, wherein an input

(or output) ofqone gf ' j Sfé‘%@ %Iﬁrﬂgar ri S
coupled to an éut u? (g?flﬁﬁgg?l)éi% t he ot her “of one of%ZICSi Iaiﬁ?%l gapgil‘dr' gf
second conpl enBRtipged diffarance petveen vyoditagy deyals opfo® RALr of
termnals. 52. inputi Eighalkl, 2kaianampai®iel eomprisiagied in Caiml,
wherein said pair of first conplenentary drive neans is 30 arranged to be
connected to a ground voltage by a first sw tching neans coupl ed between

t he ground vol t age angairiof pilrsticdmplsmerctgtye daive mednisyceachnfirssi d

first switchin ' t ' t ol .S} 35 3.
A i1 orent | ol CoipianeREaly, SR9VR SRR HAIY (dh TfGL 0 agld Base 8
pair of first Edwgtenempiepentavy ¢rive means @rranggd digyeroducecacpahdct ed

t0 a suppiy Vobkadsutput TGN SWHhCHi-dGpdkadS toPuBhed sdieedSalfpaei I

of Q_l/rst. conpl enent ary drive neans and, t he suppl )hvol tage, said

- signals, each output signal of the outgu’t signal pair
arranged to adopt a different state to a state of the

other output signal of said pair;

15 a pair of output terminals respectively connected
with the outputs of said pair of complementary drive means
. and for carrying said pair of output signals:;

a pair of second complementary drive means connected

20 with said pair of output terminals to respectively respond

to said output signals of different states of said first

complemehtary- drive means, wherein an input (or output) of

one of said pair of second complementary drive means is

coupled to an output (or input) of the other of one of

25 = said pair of second complementary drive means and to one
of said pair of output terminals.

2. A differential sense amplifier as claimed in Claim 1,
wherein said pair of first complementary drive means is
o 30 arranged to be connected to a ground voltage by a first
switching means coupled between the ground voltage and
v said pair of first complementary drive means, said first
| switching means being operated according to a control
signal.
35 _
3. A differential sense amplifier as claimed in Claim 1
or 2, wherein said pair of first complementary drive means



second switching neans being arranged to be switched 5 according to a
control signal. 4. A differential sense anplifier as clainmed in any
preceding claim wherein a said conplenentary drive nmeans conprises at

| east two insulated gate transistors 10 connected in series, said

I nsul ated gate transistors having different operating voltages. 5. A
differential sense anplifier as clainmed in claim4 wherein each second
conpl ementary drive nmeans of said pair _15 of second conpl enentary drjve
means conprises at | east two insul at é'dléat'e transi stors connected i N
series. 6. ,Adifferential sense anpljfier as clained in one of the
precedi ng ct&i REF%Q&Bei?PSZ’Pd an%#eée &fz&“ngngY‘éﬁg%gﬁr Ydrfve
nmeans i s coseconddswiteling anganercoupbéd botvese saild spgiouofl fbrkstge. 7. 7
A differentj | isf. r di t n 0 recedi

cl ai ns, hav#‘%pfi&@’t&% é%ggédﬁ%u psuté}g:s &$e¥ﬁ$ﬁgys,§’°|tln%%\%’ch %Eﬁgeast

one pair ofsecond atswitehing | meansf f beingr aranged die ber asgbtichedbe
conpl engent agd | C | t age( s) of the first and/or second
out put r?er ?né%éa#rsdi%%%g& eﬁﬂtg?%fgjr'%ﬁﬁal ~sense anplifier substantially
as hereinbefore described with reference to Figure(s) 4, 7 and/or of the

acconpanyi ng, dr ag i@iFferential sense amplifier as claimed in any
preceding claim, wherein a said complementary drive means
comprises at least two insulated gate transistors

10 connected in series, said insulated gate transistors _
having different operating voltages. ' : &/

5. A differential sense amplifier as claimed in claim 4
‘wherein each second complementary drive means of said pair

15 of second complemehtary drive means COmprisés ‘at least two
insulated gate transistors connected in series.

6. A differential sense amplifier as claimed in any one
of the preceding claims, wherein said pair of second

20 complementary drive means . is connected between a power
supply voltage and a ground voltage.

7. A differential sense amplifier according to any one \.J
of the preceding claims, having first and second output

25 terminals, in which at least one pair of insulated gate
field effect transistors are arranged to be
complementarily driven éccording to vbltage( s) of the
first and/or second outp_ut terminals.

30 8. A differential sense amplifier substantially as
hereinbefore_ described with reference to Figure(s) 4, 7
and/or t%- of the accompanying drawings.
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