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(err) EPROMILomiVbItage Sense Anplifier 5 The invention relates to a
| ow vol tage sense anplifier for an EPROM nenory transistor. In order to
read a CNCS EPROM menory transistor forming part of a nenory array of 2 Rodis\ \ \\
and col 1s of transistors, a sense anplifier is coupled to each colum. 10
The drains of the EPROM transistors, which are connected to the col um
line, are coupled to the input of the respectli ve sense anplifier. To read a
transistor, the colum and the input of the sense anpllfler are precharged
to the main supply voltage VDD about 5 volts
but .in sone applications canr hG~t he col utms to
such high voltages can cause sone deprogranntng of the nenory transistors.
Eien mventison SeckSrho PLOMLEESR SOV 1A0% SNPSALag8 BEE Shnl O1 « Al
EPROM nenory transistor I ch can operate over a w de nge of sup

vol tage and in §PF can tFRRQAM Jvememsh th et hsbl em i s solved Aocordlng to

this invention theremsoi@a@we@dreadcyvoms m&em&gptﬁhstst& EErERROM
nmenory t ransi- st or

rising a ol tage inverter an |n ut
Sl octi vely. CouEbl of (% TS EPRAHONS IR COLITA Gh DURTH S otk
arranged to coupésse aepPifibd eis efarpdeek twldaade caduansuppl vy voI tage for
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coupl e the selectable reference recharge i hput of the
| ow vol t age i nveerrectahctorethes %rrhmgédrteo @mgolceueleél eemtaeemmer@ﬁdme

voltage as a Suﬂgéﬂeéélvér@%ﬁéENéﬁﬁﬁffﬁéﬂ‘”Vﬁkl%%a@ﬁﬁ EQHH§1§€o§-fﬁﬁétc&43%n
"transistor coupled between a first power supply termnal and a s%§?1§8%|ne

for t e i nver t epRAtHRe t1RRYL \BK Whe (SenRg ampld &\?lrnérﬁ PERtRRTIet ¢
for receiving am&theshipple veltignommol t age.

15 VDD is typically about 5 volts but in some appllcations

can reach 6 to 8 volts. Precharglng the columns to such high
voltages can cause some deprogramming of the memory
transistors. |
This invention seeks to provide a iow voltage sense
20 amplifier for an "EPROM memory transistor which can operate
over a wide range of supply voltage and in which the above
mentioned problem is solved.
According to this invention there is provided a low
voltage sense amplifier for an EPROM memory transistor
' L 25 comprising a low . voltage inverter having an input selectively
couplable to the EPROM memory transistor and an output:; means
arfanged to couple a selectable reference voltage as a supply
voltage for the inverter and means responsive to a precharge
signal and atranged to couple the selectable reference
30 voltage, to precharge the input of the low voltage inverter.
The means arranged to.couple a selectable reference
voltage as a,supply for the low voltage inverter may comprise
a first MOS ‘transistor coupled between a first power supply
terminal and a supply line for the inverter, the first MOS
35 transistor having a control electrode for receiving a

selectable reference voltage.



-2 - The neans arranged to couple the sel ectable reference vol t.age to. -
precharge the input of the |ow voltage inverter 5 nmay conprise a se€cond MOS
transi stor, coupled between the supply line for the | ow voltage inverter ,
and the input of the | ow voltage inverter, and having a control electrode
for receiving said precharge signal. A resistive holding transistor ¢
preferably connected 10 across the secgnd MOS transistor, the hol ding
transi stor having a control el ectrode coupled to be responsive to the
output state of the low voltage inverter. Athird MOS transistor may be

connect ed acr ofe ! H€asdi drfdnddd NS dupis Ther setibethbledrdESréiadsi st or
havi ng a 15, control eIe%}rode for receivin ndi cative of a |low -

a signal
supply voY PHR9F bR IPHICHHIS (T ﬁﬂﬁﬁ§r°§ugBFyi°ﬁh¥?é §9% oM YO e i 1 cui t
t he fior stmdfoScompnssstarseruhd MOs ¢ ramsikitos), poupledupptyedrrthenal
directl I [ f I L.n te
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first powkP¥sYPpt3ae cknveiienEithliavng Bowonsrpageleaprede ed to the

out put of pbE&iv ONG VoL 1 AGsrdMiFdeersid@inavi ng -a hi gh vol tage output. In
order to speed_u swﬁtphiqg . the lowto-high 25 _vol gge I nverter in
response to th& g?%bﬁ5}§%~_?iﬁﬁﬂ? HAMES 1 i?FSFeﬁﬁ§ eCRBUBFER bet ween
the l1ow vattage tineusecornt MO ftararsiastioar, nichal holiéngransnsistohavi ng a
control d |V har.g i gnal . | stive

ol di ng (TS SOBGE dbddifla Tt o S B 9B BbaS e O UL, L o hi oh
vol t age i pwepelrstatke to% ¥he skovpowditagigpginyersemi-nal , the transi stor having

a control el echr grerg OMpS erdds { o O W belcdnhe chiedhakebba0ené nyeider Wa
a further jnverter. An exenpl ar eggﬁdlnent of the invention will now be 35

descri bedEWFTh YRoF BN TP M iF% MG &TaPaRsRgE. having a -

15 control electrode for receiving a signal indicative of a low
supply voltage level of the first power supply, thereby to
short circuit the first MOS transistor and couple the first
power supply terminal directly to the supply line of the low
voltage inverter. E

20 Typically a low-to-high voltage inverter may be
provided, coupléd to the first power supply terminal and
having a low voltage input coppled to the output of the low
voltage inverter and having a high wvoltage output.

In order to speed up switching of the low—td-high

‘25 voltage inverter in response to the precharge signal, an MOS i_l
transistor may be coupled between the low voltage input and a
reference terminal, the transistor having a control electrode
coupled to receive .the precharge signal.’

A resistive holding transistor may be coupled between

30 the output of the low-to-high voltage inverter and the first
power supply terminal, the transistor having a control
electrode coupled to the output of the high voltage inverter
via a further inverter. |

An exemplary embodiment of the invention will now be

35 described with reference to the single figure drawings.



- 3¢ In thg drawi ng, EPROM rmenory transistors Tl and T2 have their drain

el ectrodeS coupled to colum line 1 which 5 is coupled via colum sel ect
tran5|stors TT3 to the input node 2 of a |l ow voltage inverter 3. The col um
sel ect ;transistors have their gate electrod§s3cgupled to colum sel ect
lines 4™ The | ow vol tage inverter is a CMOS inverter formed by 10 series
connected p and n-channel MOS transistors T4 and T5 respectively, which are

ooy ence o ol o Eotnd &bl "m‘s‘éf‘@é’“é frussiSoRECTE GhaNEs m an
refer r | i S IV

n- channel MOS tl}aa‘f%ﬁlf%:\'rér%ﬁg é\%%nc%‘?ﬁ%/gtt‘bo‘&\%}uﬁ% 1ip@ptywh fch
ter mv\ﬂal h? and :tsha:clmmd( \PialectSIumﬂ'l‘eeled:m méngismns VEE3 at S Uthé Yinpht age
VDD which is typi Y, C p | on,

i e between ab)é’pc%&%i n% %OJO&? ‘g&t%é %E@%?gc to é?ﬁgm‘? g#s%%%or T6
is coupled to Xransistors have rtheivigate ebectrodes ¢@Dl@@ct°20°l@hnage

VREF. A p-channgli & i{Rgsiptor T7 is connected across the transistor T6
and has its gate electrode connected to a ternjnal 9 for receiving a | ow

suppl y vol tage signalTR&GAY YoltaganbayexkertisaiCMeF invexter fpewed by
bet ween t ha @S sawidy d:¢m@et5tédl taed | HiPchame® MoSftidwsiovore! To0&nd T5

et S T LS CHRER, HEok,B0E Shoblget L5 hildh Aeceiat Loptiets”
signal. The outkine & fdm tlmev imverter i andra egréund refetrenceot&fminabué.
S o’ SranatPRBe CHREE AL AP EDE 00280 R
trans¥stor T9 Virehannel JesceransistarTéscoupiednbatueen| § finétmower :
connect ed tﬁt%wrtéﬂﬁ)ﬁéllt?réﬁx@athé s@PF1 P PIRE 85 reher eagRihginynal
°. receives a supply voltage VDD which is typically 5 volts but
. which may, depending upon application, lie between about 2v
and about 8v. The gate electrode of the transistor Té is
- coupled to a terminal 8 for receiving a selectable reference
20 voltage VREF.

A p-channel MOS transistor T7 is connected across the
transistor T6 and has its gate electrode connected to a
terminal 9 for receiving a low supply voltage signal VIOWN.

A p-channel MOS transistor T8 is coupled between the

25 supply line 5 and the input node 2 of the low voltage
iﬂverter 3. The gate control electrode of the transistor T8
is coupled via an inverter 10 to a terminal 11 for receiving
a precharge .select logic signal.

The output of the low voltage inverter 3 is coupled to

30 input node 12 of a low-to-high voltage inverter 13. = The
inverter 13 is formed by a switching n-channel MOS
transistor T10 and a p-channel resistive holding transistor
T9 which are'connected-in series between a supply line 14, °*
connected to the power supply terminal 7, and ground

35 reference terminal 6.



-4- The gate el ectrode of the transistor T10 is coupled to the, I nput node -
12 of the inverter 13. 5- An n-channel MOS transistor T11 is Coupled
bet ween the i nput node 12 and ground reference potential and has a gate |,
el ectrode coupled to the precharge signal termnal 11. The inverter 413, has
an out put node 15 which is coupled via &=inverter 16 to a final outﬁnﬁ

termnal 17. 10 A resistive pull-up p-channel MOS transistor T12 is

coupl ed between the supply line 5 of the |l ow vql tage inverter 13 and the
i nput node 2 of Thfe9AkSe trodee 6¥Fgﬁ@° f TiRe 1Bc SPYPLEE ﬁell-up
tran5|stothilanpatcguﬂbedztafthnh thbhee&ranslstor T9 and to the output

t 17. 15 t f th .
ser comduct or Ay B-F0apRe L, HOR, traastai 04T by ol PRyl WRe
subst r at egénplatt hode dLi2r wdt gmmdt sefexenceo potentialanadc bapl edgatet he
supply |'Q§e@tﬁ‘éd%| %JS:% fld £oARpleS ecﬁ%%g‘es @.Ctt i haldh i' lel 20 with

the resistive ansistor T9 and has it ate e ectro e cou Ied Vi a
the inverter 10Th& ﬂﬁ@eﬁFQEhéﬁgéaﬁoGPb°§¢§W§ ofeu St ¥hdchads] gou

expl ai nedvaboue;, 1Iﬁlala@Me&er1$etafrﬁl lff:JrﬁrlsDuaﬂprlt@i-mi@mnahl.y desi gned to
th | t 25 | handl i
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i nvent i on compledhdetagen ther supplyr ddohef SomEa theylosl vaddageert er which
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also fed as a vol t e i nput no tage

inverter gA@ctFodee o@omhm;e@rl& %Mﬁqmr;answt@gefré@ £onped \[ﬁ)
typi cal |y +3v tHa#! dF0SHiedtirang it die M M@ RY e Jtgdt terndnidll ad . to

term 3l Inl3eaa tdhve P09 49 3% {Ror TN ' fitned I Y T 8
semiconductor n-tub as the p-channel transistors T8 and T4
and the substrates of these three tran51stors are common and
are coupled to the supply line 5.

A p-channel transistor T13 is connected in parallel
20 with the resistive holding transistor TS and has its gate
electrode coupled via the inverter 10 to the precharge logic
signal input terminal 11.
As explained above, EPROM sense amplifiers, although
nominally designed to operate with a 5 volt VDD supply
25 voltage must be capable of handling a supplY'Voltage'whiCh
can lie vary, typiéally between 2 and 8 volts. ' i;d
In the invention the sense amplifier is formed from a
low voltage inverter which receives as its supply voltage a
. selectable low reference voltage which is also fed as a
30 precharge veoltage to the input node of the low voltage
inverter and to the columns of the EPROM memory.
In operation a supply VDD, typically 5v, but possibly
lying between ‘about 2 and’ 8v, is applied to the terminal 7°
and a reference voltage VREF is applied to the terminal 8
35 and hence to the gate electrode of the transistor T6. '



35 and, hgnce ,to the gate el ectrode of the transistor T6. -5- Alow
supply voltage detection circuit (not shown) senses the supply voltage VDD
and provides a signal VLOMWN to 5 the termnal 9, which signal is |Iow when
the supply voltage is low (typically 3 to 4.% ~volts) and high at high

vol tag®. Thus with high VDD the transistor T7 will be turned off and a
voltage VREF - VTN, where VIN is the threshold voltage.of an n-channel MOS
transi stor of the cix clow,suppply NMobeagepévsction cifenttcenstpghywapl t age

PCV to th ' | t ' Typj i
chose(r)I toebzua oryuﬁéézrﬁle\?oﬁ%i{yf&%gi%p% é/‘gqt %%*&fi%p%g%%ﬁev%; °
VLOM t ur n$ orfhehcterninabidr Wirichesignal tisnboytéhenyphe seupphy veltage
transistor T6 iaé‘dléﬁ'-egﬁﬁf‘éﬂw SURP| ¥, & RS PES) PANG ARESh t &t Ryh TRoELadEs .

| ow vol tage inverter_3,” whjch 1s coupled to read,the ROM ry bit, is
operated by a | ow vorRufeviEn (Bigh o &?/ %é%st’f%%fv‘?rﬂ’? swbgfgg?st‘éﬁ’éﬁégt i on
of Ej he EPROM a:if:ﬁleandla)wrcsmlq VREF &gevrl:nplmﬁe!)VTIﬁOis the tlhneshd?d to
read an EPROM_ bj4 | | [ | 0

o the gates OPTHISSTE AN D tidel Mof SRR ?ﬁ?ﬂﬁ%géﬁ*%%%v i
the | ow vdia adee iappkied as a|referenceSupply ovelbage BFYetoothageuPHhe

precharge | ogicird b RHe anit | wolLtdgé e{rNepterS3 11 PPSEcaI By GREFIDE gate
of the p-channel transistor T8 w || gYoRIow by virtue of the inverter 10.
Consequent | y tFROFE™NCP RSraBe 217 (YPHEBn and apply the reference supply

vol tage PCV to the inputhecsiepplyivéieadewppl isgbowntket eighal TVROWNNE
B abar Car  andarin ‘ohome erde L et by Ting B chaRs ESPoY| BYPRREeSY the.
i nverter 35 s twansihstoni D6, and sthetpeferente hsupplyupbdtiage PE¥ gapst taode
12 of the | owyghhi ophyQ! £RYC1 W V51 EAgdl 1 hvePLEPYS, which is coupled to
read the EPROM memory bit, is operated by a low voltage of
typically less than 3v. This permits operation of the EPROM
~at véry low supply voltage (below 2v).

20 In order to read an EPROM bit the column line 1 is
selected by the application of VDD to the gates of the
column select transistor TT3 and the input node 2 of the low
voltage inverter is first precharged to a precharge '
voltage. The precharge logic signal PCH applied to terminal

25 1) goes high and the gate of the p-channel transistor T8 will
go low by virtue of the inverter 10. Consequently the

N transistor T8 will turn on and apply the reference supply
voltage PCV to the input node 2 of the low voltage inverter
3. The same precharge voltage is applied to the column 1 of

30 the EPROM memory by a similar arrangement (not shown).

Since the input node 2 of the low voltage inverter 3
is switched high, its output, which is coupled to the input
node 12 of the low to high voltage inverter will go low. J

35



35 -6- The low voltage inverter 3 has a relatively long reactjon tinme
and thus to speed up the switching of the 5 transistor T10 of the * E

| ow-t 0-hi gh voltage inverter 13, the transistor Til is provided. On ;
application of the precharge signal tqo the termnal 11, the gate of tje
transistor TII will go high and the transistor T11 will conduct and rﬁﬁldly
swtch [ow the gate of the transistor T10 causing the 10 inverter 13 to

change states. /&h%) 1 @ﬁ&é& Jr%,emfm Irﬁa§@w@9w@1§e£&hde t he ’

i nverted precha | C SI via the |nverter go_| ow causi ng
the transit&&s5c *F%B ’d’9 gﬁ‘%o""? SRt HR Jde rFé"%‘Eﬁ*bmg tth® of the
invertd Xramsidior 1610 of thd rmow-etm-tmnjh oroMddegbnvenyiesy €13 prewe des t he

o o SR G o £ U SR O I S SO L PR SERST 0 |
an MPU) cedgrad the tihe dmxpmnabrla,naﬁhqu#e tofe thanstranglstorrT1R0
On swi t chiyg 101gd *}ﬁq{mvaﬁ{a %hé%réﬁéié%&ﬁ%li‘%ﬂﬂﬂ%dﬁé&c@oaﬁ&gf'aﬁ‘{@'ll} he

final out put tern1na be he resistive transistors T12

and T9 wi I§¥igsth Wt‘ih%e&f“&ﬁn %&%u‘?ﬁ%ﬂ?ﬁ% Je%r%\g%m% B8e | evel
aft er ache Wzgawma&haﬂﬁé istateoyedlstd the gatdusf R prsich obs t he

| RQOM T. d T2
are s t opited A8 eafve Mndietlied Frgrilnae S il T oy
means of &hsatiorvwesttent bﬁgrﬁafllatgq HeowRRwsing ythel txapsiskox 13 tepl i ed
to the gatgQf arheanﬁﬂ@&tffh hdT @e%a@%r@f rg}é%mlher

bit is prog{anned or not, col um I|ne 1 either wll, not draw -
any currerk Wﬂpturrent |s drawn the precharge level at the o/
15 The Low—to-high voltage inverter provides the required

voltage level conversion from the low voltage of the bit
sensing low voltage inverter 3, to the output level required
by circuits (typically an MPU) coupled to the. output
terminal 17 of the sense amplifier. _

20 On switching of the inverter 13, its output node 15
will go high and the final output terminal 17 will be low.
The resistive holding transistors T12 and T9 will both be
turned on and maintain the precharge voltage level after the
precharge signal PCH is removed.

25 . During precharge the gate select lines coupled to the
gates of the EPROM transistors Tl and T2 are switched off.

After the precharge phase, one EPROM bit is selected
. by means of a gate select signal at the VDD supply voltage,
which is applied to the gate of the selected EPROM

30 transistor. ' ! |

Depending upon whether a bit is:programmed or not, the
column line 1 either will, or will not draw any current.

If no current is drawn the precharge level at the ¢
input node 2, of the low voltage inverter 3, will be

35 maintained and the output terminal 17 will stay low. If
current is drawn the input node 2 of the inverter 3 will be



“nput -ngde 2y of the [oﬁ/vo]tage inverter 3, will be 35 maintained and the
output termnal 17 will stay low. if current is drawn the input node 2 of
the inverter 3 will be -7- discharged below.its trigger point, in spite

of thggpresence of the holding transistor.T42. The | ow voltage inverter 3 5
wi Il change states, which will also cause the switching of the | owto-high
voltage inverter 13 by turning on the transistor T10. The output term nal
17 will thus dbschatrgéddbébovhitbeteliggérVPbintheinvppliyevolft 8ge peesthee

i nverter 13. s Lnak,17 syitc .stive
pul | -up holdi%g ??%ﬁ%?%¥%§§ #ggn%§%€§g %é'tu?%édggﬁf?8%gggébéggﬁ%?§#né of f
all DC power.wtbhschangenstates, sehichawplif adsodesusebttiehawithbingveafit age
that the drai r t t h ghi,l,y | Led (in the
exanpl 6 g ven M heTou 5o Pogy YoEradn phvecedr Fﬁfﬁr SEpALEG! PROERS, (e, ' Do
pover consunpt¥ansistes:ElPy  Theqdeutens Eexwimali Ad WaddptbusaPge vol t age

used, the senspittRedftérthé 1avéErofheppan¥hknsvppseneel18agki Foer tnki ch
draws no DC currenﬁ. ng Al so EPROM read operation is possible at
very | ow supptVebFERge® (bel ow 2v). The invention has been described by way
of exanpl®X0and nodi Whent tbastempibal nhdeswitbhes Hop¥DDj, nthér vasibtiveope

O Lo e IeRERY A8, BELAIAY, SkahbEstabLongs ghihonksslioEhha ehk, O 1oV
thereby shutting off all DC power .consumption.

The sense amplifier described has the advantage that

— the drain precharge voltage can be very tightly controlled

15 (in the example given, below 2v) and deprogramming during
precharge is avoided. DC power consumption is totally
avoided and also at the low precharge voltage used, the
sense amplifier is faster than any known sense amplifier
which draws no DC current.

20 _ Also EPROM read operation is possible at very low
supply voltage (below 2v).

The invention has been described by way of example and
modifications may be made without departing from the scope
of the invention. in particular the voltages given are

25 entirely by way of example and the circuit may be used with
other chosen voltages.

30

35



(err) -8- dains 5 1. A | ow vol t age sensWEPR@VI mepory

transi stor conprising a |low voltage inverter having an -sel ectivély: .
coupl able to the EPROM nenory transi stor an m‘\m‘ ‘F‘E \s arranged to .,

couple a selectable reference 10 vol tage as for the £

I nverter and neans responsive to a precharge %ldnal and arranged to coliffl e
the selectable reference voltage, to precharge the input of the | ow voltage

i nverter. 15 2. The sense anplifier of,claim1 wherein the neans »
arranged to couple a selectable reference voltage as a supply voltage for
the | ow voltage inverter conprises a first MOS transi stor coupl ed between a
first power supply termnal and a supplgsdiqe for the inverter, the first .
MOS transi stor 20 having a control el ectrode—for receiving a sel ectable
referenc® vol tage. 3. The sense anplifier of claim2 wherein the neans *

arranged to xouplz 1dwe x&ﬂlﬁ%@eﬁ\@e@s@ehmbemceerofbﬁgsntmﬁm memear ge t he

I nput of the lowyv Ita e _inverter nﬁ i g§? 2 secor Nﬁ? J4ansi stor

coupl ed bet stlf‘ise % r:.lsa.ggf Sr PHe"P %%ITage 7%{/ FERLEAF ARBYE nput
of the | ow \exltexgdiveiwerdeapladie¢ havihg EPBOMt meshoxy ceransfestar ansceinvi ng
sai d . prechan el Ohllans’GrbangelNeosenagiam! sisieabi ol Al dpherein a

resistive hol ding transistor IS connected across. the second MX transistor,
t he hol 4Png ‘{qlér?gestao? 2 SPPRG Ya VO KRP8| Tor cERe otRVERLSY P4 d"9ARS esponsi ve

to the out pesdatiiwl tdea IppecBaryel tagRal Nyt #franged &'d )couple the
selectable reference voltage, to precharge the input of the
low voltage inverter. : : _ o/

15 2. The sense amplifier of claim 1 wherein the means
arranged to couple a selectable reference voltage as a supply
voltage for the low voltage inverter comprises-a first MOS
transistor coupled between a flrst power supply terminal and
a supply line for the inverter, the flrst MOS transistor -

20 having a control electrode for recelvlng a selectable
reference voltage. '

3. The sense amplifier of claim 2 wherein the means
-"arranged to couple the selectable reference voltage to
25 precharge the input of the low voltage inverter comprises, a
second MOS transistor coupled between the supply line for the
low voltage inverter and the input of the low voltage
inverter, and having'a control electrode for receiving said
.precharge signal.
30 ' |
4. The sense amplifier of claim 3 wherein a resistive
holding transistdr is connected across the second MOS *
transistor, fhe holding transistor having a control electrode
coupled to be responsive to the output state of the low
35 wvoltage inverter.



5 The semse anplifier of any preceding clainrmheLELﬂxé_LﬂLLQT%g§

transi stor is connected across the said first MOS 5 transi stor third
MSS transi stor having a control el ectrode for recji yﬂwuw, pndi cati ve
of a Iow supply voltage |level of the first gower mamumﬁ short
circuit the first MOS transistor and couple the first poher"supp*y t erm.nal
directly to the supply line of the |low 10 voltage inverter. 6. The sense
amplifier of mny prnwc&éu@sslmpmbﬁéﬁldsnfaawvgafecémhgveiaﬁﬁewheyeiﬁea I's
provi ded coupl 'ed<i3ﬁ%$ i rst gﬁ Y % én1nal havi n ?

Vol tage i nput™Ht cEraieisEo s tomndeted BiFont  Bhe Frod, FLESEHOR: g
vol t age ol pmraﬂs:.stoﬁ’hetlsen'slunirmmslbranéistarrmsvamgraloontth speed- up

transi stor | s coupbese DEONCEDoELGLhG " VoL 5A0P 108YLaRlve NEr20. 1686 k8GR0
tod b BlaneE e BRl e

vol t age [ nve er an a re rence m na ransi s aVI ng a

el ectrode canﬂk%PqQ)l@%@#v@fthbepfé%ﬁﬁr@@wgrgﬁﬁpplB: thelﬁbYsﬁﬂséhort
anplifier of éif&ﬁ&@i€ﬁe7f¥@@feﬂésatgénéf§t§£'Hﬁdh€$@bf3 Eﬁénfiféﬁr?bﬁer

coupl ed bet ween the ou OW- | O- tage. i nverter
first power STHRPIY el @h€3?¢¥¥sF€tEpgh%HPHbYalﬁﬁﬁt?SI theetPYode
coupl-ed txotrvataganlﬁﬁefherhlgh voltage inverter via a further inverter.
30 9. A | ow vol tage sense anplifier for an EPROM nenory transi stor
substantially as herein described with reference to the draw ng. - 35
6. The sense amplifier of any preceding claim wherein a
_ low-to-high voltage inverter is provided coupled to the
— first power supply terminal and having a low voltage input

15 coupled to the output of the low voltage inverter and high
voltage output. :

7. The sense amplifier of claim 6 wherein a MOS speed-up
transistor is coupled between the low voltage input of the

20 low-to~high voltage inverter and a reference terminal, the
transistor having a control electrode coupled to receive the
precharge signal.

8. The sense amplifier of claim 6 or 7 wherein a

25 resistive holding transistor is coupled between the output
of the low-to-high voltage inverter and the first power
supply terminal, the transistor having a control electrode
coupled to the output of the high voltage inverter via a
further inverter.

30
9. A low voltage sense amplifier for an EPROM memory
transistor substantially as herein described with reference
to the drawing. - *

35




