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Descri'pti onWSEWBIDUCTOR MEMORY FOR SECURE DATA STORAGE 5 F Ao Tig

FI ELD The present invention relates generally to semiconductor nenories and
more specifically to sense anplifiers used‘ﬂﬁ such nenories, the sense
anplifiers having security features incorporated therein. 10 BACKGROUND ART
Smart cards (also known as I C cards) a | et.-sj zed plastic cards that
resenble a credit card in appearance;;@%ﬁgﬂééﬁﬁéﬁate enbedded m crochi ps
capabl e 15 of storing significantly nore information than the famili-ar

magnetic stripe:. Be i 2 i t
T ool S o HERGAIERIBrERAIE, foksepLotasoaeap st

cards provide a host - ntormation storage and
transm ssi on not avail abl e through other technol ogies, and thus are 20

beconmi ng g si ghiddiigidaaFtreeh the information processing world. The
portability of smart cards makes it possible for individuals tao carry large -
anounts of inportant dat aRQuRReSSNEhAPVeBLEPPTREATES IF Y %P 25 '

]E hei r Wa: let. é@nh._ﬁforﬂlﬁd;ﬁ@ﬁ_théﬁéllrﬂéssaﬁat m&&éﬁ&pieﬂﬁhfg.d!_ambewc Usense

i nanci al transactjons:; for _exapple, smart cards e being used in. France
and Germany i n P TIGES pRSH sgglﬁt nBSBEF ?sfhg£§hEFP' ar éi% ?ﬁ%

i ntroduced as aawiniqcseewtityr featureandnbarporated dheid®in. ever yday
purchases‘L.0 The seemingly linmitless possible uses for smart cards raises the
very real”concern -of secure access to the information stored in such cards,
especially i n tBARSKCROENRNBRE where persanal information such as social 35

security nunbers and sensshaye bhpagCiahsohiaioal 28N T &t L hrdypi cal
smart cards will allow access_to information if they are given_the correct
password. The Wasktekord®nds BLASEACHS3FAS: Fhad mesepbNe forSoidit card in

appearance, but incorporate.embedded microchips capable
15 of storing significantly more information than the .
familiar'magnetic stripe. Because of the increased data
storage capacity, smart éards provide a host of new
possibilities for information storage and transmission
not available thfough other technologies, and thus are
20  becoming a significant parf'of'the information processing
. world. _— | ' o
- The portability of smart cards makes it
possible for individuals to carry large amounts of
, important data, such as their'entire medical history; in
25 their wallet. Other épplications of smart cards include
their use in financial ﬁranéactions; for example,'smart
cards are being used in France and Germany in public
payphones. . In Singapore, the smart card is being
introduced as a replacement for coins and banknotes for
30 everyday purchases. _ | ' |
| . .The seemingly'limitless poséible uses for smart
cards raises the very real concern of secure access to
the information stored in such cards, especially in those
- instances where personal information such as social
- 35 = security numbers and sensitive financial information are
'stcred. Typical smart cards will allow access to
infermation'if”ﬁhey»are'§1§éﬁ the correct password. The
most common .form of passwbrd'is the PIN (personal |
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I denti fi catwpsmmer) typically a six to'eight digit nunmberPCINYSIBO8229i o, a
nurmeri c keypad. In theory, the card cannot be accessed unless the correct
PINis entered, so that if the card is | os2~or stolen an unauthorized user
5 wll not have access to the information. The International Standards
Organi zati on (ISC» has produced the |1 SO 7816 standard, which defines the

el ectri cal cohﬁ&@&éﬁkﬂﬁthnsnﬁmhenkw(ﬁyﬁﬁﬁﬁ¥%wc#|$%XIF?e?§QFB gégike

standard that pWilerD@AMEEL 1Y 4 Muddric 16ERS4aCarlthi Be6EYY. thE gurd 6
shows - that an | SO 7816 smart card incl udes electrlcal ontacé& whi.ch

provi de acces§an@othde @acesHat HNheHH Ehe LT EE BFY . 18 TRBEEYeHe fPnal
provi des poveknha¥ qrfr lthd &dAE i@tmstalof Gtoldtieaf3uhauthoplized tseri nput

for an external,l vi.ded clock 1 aha Data is read and
written Phroudi ‘%7 *Iae‘f%nmeSS%fé they %%Ji%é‘&?ﬁ‘a‘ar therefore, defines

how i nformation'is accedtes Iﬁthrnatfmhatlstmndards ofgianizatdend (ISSlever
does not addr r tYgq - ] hi c d a snart
card 20 typrE %%&eur%%a%%%e” ARG Frihdatd” PhiincRREEhAR, b °,
24co<sc serl esalm tsigal deenth s mwbcimpsmhn@msg? anﬁcWhP-ﬁl‘H dge 1K—b|t
2K-Dbi't . E[er %rﬁdstﬁ&rsééﬁa’afa%ﬁae wifiepb §aptBuSbybenkaken in

the desi gn of non-vol atil e nenortes to 1 nsure agai hst __accidental 25
~ cOrrupt itén ofaﬂﬂ¥%ﬁ9ﬁﬁ4|%ﬁd%§$%YstdFEﬂu¥ﬁe§e$H°WsEEHéFI?nlﬁﬁ@rtéﬂ@ is the

security of thgfal aaei m&mm@@t@Péd:ﬁﬁﬂcazcesﬁtaetauwhldnt prowﬁldéh t he

- 2400xSC chi ps do_not add d t d d
30 or oChARE IR DOVaS ISR FPTIS OB EARR  ERB! PRREE| GRESror TR Shery

pur pose. For eeampirea\pebvines. powssi- gvee tb the dndeemali MGreJ.0rThe
manuf act ur es aCd’Z erl;mcarfl ig tﬁge %@SQ%? aa kEPngﬁgeggos,qﬁérd taioctgge

access to its The" geVi cé permanen es ac S upon a
15 51gnal (CLK). Data is read and written through the C7

terminal. The ISO 7816 standard, therefore,.deflnes how
information is accessed and stored on the card. The .
‘'standard, however;'does,not address . smart card security.
" The microchip(s).cohtained in a smart card
20 typically employ E?PROMs to store data. For example, the
a 24C0xSC series chips produced by Microchip Technology,
Inc. include 1K-bit or 2K-bit E’PROM arrays for data
storage. Great care must_be'taken in the désign:of these
non-volatile memories to insure against accidental
25 corruption of the'sensitive data stored therein. Equally
important is the securlty of the data against
unauthorized access to such data, whlch the 24C0xSC chips
do not address.
' Some 1ntegrated circuit vendors of smart card _
30 microchips 1ncorporate securlty logic in their designs
- for this very purpose. For example Atmel Corp., a551gnee
of the present ihvention, manufactures a smart card IC,
the AT88SC10x, which features security code access to its
data. The device permanently disables access upon a
35 certain number of failed attempts to enter a valid code.
Oother chips, such as the SLE4436 M1 made by Siemens
Corp., provide additional authentication through. the
storage.of public keys. It has been observed, however,
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35 ‘‘certain nunmber of failed attenpts to enter a valid code. O her chips,
such as thavep#a%ss ML nmde by Sienens Corp., provide additi 8G&{USI808229

aut hentication through the storage of public keys. It has been observed,
however, ~ WD 98/53459 . T3

'PCT/ US98/ 08229 -3- that the contents of a smart card data store can be

det ect ed despite such secyri features. .Figure 7.shows a typical memory -
cell, such a&ﬁ%r#ﬁ’%@“ﬁ?r’%ﬁag ﬁemt (‘,%r?&e &a\tﬁg s\gfo%e r%#brc?/ecel | 5 .
fl oati ng gat adetectedtdespitensiuch secwalidyt dbdtureswrd select line. A
sense anplifier 20 is ¢ £0 4! Y. scelql ' it S
transistor 12 that is gg{ﬂggggyyasklgg_ss”g%ﬁ%%&e,ﬂ%}%%gfi%gb ?‘%(gﬂrrgﬁnry
cell. Typi calE3PROM e cikashimenory s densbatbpgons of memorybeello of
renory !ls'fléaéi’ﬂgyg§ﬁél t14n230thlrs 135 QAP G & 1d&ildtda APy o8 ygEaas
conpensation circurtry”to account for differences anong the ry cells
due to processeleetalings. &psenseoampl ifienm@fris oypledtowERe known.

15 Bri ef | ynefiok99b6110tnebudn a0kt Ferse nanasntad 12sekati 8!y by
not storing (erasedé or storlng gﬁgnnerased a cha&ge i.n.the floatlﬁﬂ gate
of the transigtbpd1BY aabitopedethadd@on i TN FRaRSPAFEcSelhe gate

t hreshol d voltygecadlyhatheheensee ampl 12020s drtverelBetsie (bF asaamberg t he

the i ntEased BabehbfycERTTE " Chn byl FEA P Tf YF |49 €odabit any “such
- charge so thatizehétringOt servelsl asi ldompmrnsatiion tetwrcsistoy to soaduvt. 25

" The sense anpkili gk ' ud bi,as] [.LE Ul ' L St
transistors 3ﬁé£3§??§%55§%%gA%@ﬁ%'eﬁﬁ%ﬂﬁ%ﬁ?%gﬁ%%ﬁﬁgéﬁg%i%éi%?gcg “a
transi st or 30vandakippsgdback cirecuit 32,  34. The output of the sense -

anplifier is prOVidedjapréxﬁ@Hﬁ_offthe_memory cell 10 is well known.

15 = Briefly, a 1ogi¢ "o" or a logic "1" is represented
respedtively by not Storing-(erased) or storing '
(non—érased) a charge in the floating gate of the
transistor 10. A stored charge on the floating gate

- raises the gate threshold Voltége so that when the cell

20 is selected (by asserting the word select line) the |
transistor will remain non-conductive by virtue of the
increased gate threshold. Conversely, an erased cell is
absent any such charge so that selecting the cell will
cause the transistor to conduct. | _

25 : The sense amplifier 20_includesla biasing
circuit 22 coﬂsisting of transistors 31, 33, and 35. A
current drive circuit 24 consists of a transistor 30 and

- a feedback circuit 32, 34. The output of the sense
amplifier is providéd at DATAOUT. _

30 When the memory cell 10 is eréSed_and is
. selected, the memory-cell becomes conductive which will
tend to bring the node 21 to_ground.' As a result,
transistor 30 turns on étrongly-(via transistor 31) and
transistor 32 is turned on through the feedback circuit

35 32, 34. A current path is created throﬁgh transistors
30, 32, 12, and 10 to ground, thus bringing the node 23

" " to ground resulting in a low DATAOUT. '



30" When the rrermry cell 10 is erased and is selected, the
menory cel | wiesszs3es® conductive which will tend to bring the RSFEUSOB08239
ground. As a result, transistar 30 turns on strongly (via transistor 31) -
and transistor 32 is turned on through the4fteedback circuit 35 32, 34.
A current path is created through transistors 30, 32, 12, and 10 to ground,
t hus ‘bringing the node 23 to %{ound resultlfglln a Iow DATA . . V\O

98/ 53459 When the memory cell “10 gk ndee¥R399 282 WRen t he

menory cell 1@eiected, eraﬁed;earld widl s alete tashdudie. cefhe wEéédbatckconduct .

The feedback ci,rcui.t nalntalns nod suff|C|ent to

turn on transCdEGH %é'l éﬁ intgans o E%jga%%a?ggég%]{:g% transi stor 30

SO th?t nodﬁ &&bfaimmﬁ{ﬁldﬂo \f[tnm]on etsmdmsngtmn alm]gthQJTThAs can be

seen from the_abave expl 10 is in an
E’]at e, b, ESHAS n%ogf% oK &tm@ V\?ﬁ resu genm,a

erased s menory I n t Iom1of 10 -
current throug@pnaauheﬁcﬁg E£$u3210g Lheasbhgb aaeapuwer 20 and t hrough

the transistor 10 to gr%ﬁ‘fbameéééﬁyf%@ﬁ%ﬁeeameraxﬁfahatiohnoe

non-erased state, the ce I'S non-conductive whep sel ected gnd S there :
will be no cuftaht 7 ven R grenoRY tFekhki 30 0iE 3D, aBreraagd,

consunpt i on ofgdrhia RENSE D hdndFy 28011 hei el Of:ésu](ﬁr iﬁStHepfndlwn@fon the

dat a .content of the ‘nenor ell 10 du g f.ihe nmenory cel.l.. us,

it is pdfsi bl CHFH RERYE hter?)%“ﬂ%{ %f§§ _ ﬁg E%Fo§§n§8 ;JTFd'e’t he

Sﬁ't? stored irpd ndetmryugh rtye - 'ermd;jzsbgrcmctbngreﬁnd. t Boowgrsetly array
ile nmonitori the curre d of .t o] _sup. or el a t he

cl'ock with medbiPbagt snbiRty GEL} ple (B RVMER-SHRRLH GRELED kR ClS, |

Fig. 6, it carmsbmcseecmmdmtwerwhearaela¢‘ée§u§eépﬁpbtee§ee&fl §&%his

type of 25_ ' éﬁffgﬂtC¥1$$etﬁfﬁﬂéht¥h8ftrgﬁsQ§t6r§tQb?d3bherQh@_deEr

15 consumpticn of the sense amplifier 20, therefore, varies

» .

depending on the data'content_of the memory cell 10
during sensing of the memory cell} ‘Thus, it is possible
to ascertain the pattern of ones and zeroes'comprising .
the data stored in the memory array, simply by clocking
20 through the array.while'monitoring the current draw of
the power supply and correlating the clock with
neasurements taken of the supply current. _ '
Referrlng again to Flg. 6, it can be seen that
_ smart cards are susceptlble prec1sely to this type of
25 attack on the security of the data stored_thereln. . The
security of smart cards can be breached by monitoring and -
recording changes in the current supplied to the V.,
terminal (€1 in the case of ISO 7816 cards)'while supply-
ing a clock signal to the CLK terminal c3. The resulting
30 supply current waveforms correspond directly to the data
stored 1n the smart card thus allowing a person to
bypass any securlty measures built 1nto ‘the smart card
and "read" the secured data.
- What is needed is a memory dev1ce which can
35 'proﬁide additional security beyond presently available
methods for securing smart cards, thus rendering such '
'cards impervious to attack by unauthorized persons. It
is desirous to have a memory circuit which is safeguarded



security of smart cards can be br eached by nDnltorlng and recordi ng changes
in the currwotessssglied to the V[err] terminal (Cl in the caRCTHWSHPA8I2?7316
cards) while supply- ing a clock signal to the CLK termnal C3. The

resul ting 30. supply current waveforms tbrrespond directly to the data
stored in the smart card, thus allomdng a person to bypass any security
neasures built into the smart card and "read" the segured data. What is
needed i s a negBipsfelnaaithamized pegess by APRLEORING| SHRPLYCHETEpt, -

beyond presenphy @nhdirdeddre N hodhiwrss@ere ng smart cards, thus rendering
such cards inpervious to attack by unauthorized persons. It.is desirous to
have a menmory circuit which is safeguarded WO 98/ 53459 o

PCT/ US98/ 08228 UMSRARYS IOFUIPHE KNVENTIGN cess by monitoring supply current,

and thergf ore is highl yéﬁcu#%%(ﬁ%%wﬁﬁegﬁgﬁggggk%gﬁ jon, a I n

accordanCe with the pre evrce includés 4 nenory
circuit haV|nyemonmndgﬂxnﬁIlnnthdesemswemmpY|CLEﬁuibrhavnggng HeMPYY

contained .in [ h n t
: E: ?ba| IR % rcwt %@ﬁ) ¥ feyi ﬁ@né%ﬁ& aathpeb&&%%are&% en

of f set CIFCUI ed to of the sense
anplifier: Thkbeoimemaryicels ¢ omqaa@elsom ﬁl@‘ébéﬁs@uﬁhﬁﬁe ipgdadesi@ a of -

the menory Ceuuxfz%dmgﬁ?ééc %1P&Q£€a§ﬁa1éﬁc€0é@£'cﬁ%§UEEBhpQJéd Ros4He a way
as to offset variations e power .consune U|t I n

ir,
~particuPér, aOMﬁﬂﬁt(ﬂﬁrﬁﬁﬂ %EPSQ ??B%%f%ﬁPougﬂXFthﬁﬁﬁﬁrf&? t when
sensing a | Ogldpé'rlatéé Oredréspdiice nwotueceéhseandaaase@omecwemﬁy flows

il 19, Ry AhePLRhe ot DaLBE R K fhber, PRI 40
subst ant’i al |'y seoprala tway haes 2€o ofﬁeebnuarmatennSfnommhhe@qwanugqnsqmeds
Spnsed pnd. AT RY W FUOEP cPEBRIEN | Bh| YaRRYRLIGS, | BE Al AR Tl oW
‘when a logic 'S sense 'S mann :
- 15 flows through the memory clrcult when sen51ng a logic "1"
stored in the memory cell, and a second current flows
when sensing a logic "0" stored in the memory cell. The
offset circuit operates in inverse relation to the memory
circuit, drawing a current substantially equal to the
20  second current flow when a logic "1" is sensed and
o drawing a current substantlally equal to the first
current flow when a 1og1c now ;s sensed. In this manner;
_the total supplyhcurrent drawn by'the memory device
remains substantiaily conStant; thus'rehdering_it '
25 ‘impossible to discern whether a "1" or a "O" is being _
' sensed by monitoring the supply current._'
| - In another embodiment of the 1nventlon, the
offset circuit 1ncludes a trim circuit for adjusting the
current draw of the offset circuit. This allows the
30 current of the offset c1rcu1t to be fine tuned to account
for differences among the transistor elements due to
- process varlatlons. . - ' -
_ In yet another embodiment of the present
invention, a memory array includes a plurality of memory
35 .cells arranged in a grid-of rows and columns. Each row
of memory cells has an aSSOCiated word select line. Each
column of memory cells has a corresponding sense
amplifier. Associated with each sense amp is a current



the total supply current drawn by the nenory device remai ns substantial ly
constant, twoosisa4sdering it 25 i mpossi bl e to di scern whet REA/UH8/4822%.
"0" is berng sensed by nonitdring the. supply -current. In another enbodi nent.
of the invention, the offset circuit incF@des a trimcircuit for adjusting

the current draw of the offset circuit.  This allows the 30 current of
the offset circuit to, be fine tuned to account f or drffei Eces t he
transrstor(ﬂQ§ﬁ§ﬁ§;QﬁﬁPﬁrFrﬁQﬁ%&s°E%F?E??oﬁ§ ipyeyse LRbPh nt of

thleI present Isat@‘éd | A0 1 B T@FDEY ﬂh&ﬁythéCJsuﬂpliyacnrréﬁtl tyawh myrrmn,e 35 _
cells arranged in a grid of,rows a S.. sEach .r fo % I has
an associ at ePSMY AFEtee| 156 uﬁgﬂnﬁ E 6?%8%8??8&?&@%5 ntiing®
correspondi ng:ﬁdﬂ'ﬂedmtr.ﬁ|éteredAsnothetmelmmhceaks-sense anp-is a current
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circuit "which operates in inverse relation to the sense anplifier so that
the supply cBRISE RESCGRIBIIONcOFRePBEyDRAVINES| s substantially i ndependent

of the sensing of the daig. sioigdal§ehBalERE)bIBLkS aifgBBFL RN PTI O\
OF THE DRAWNGS Fig. 1 1s a generalrze bl @ agramo the nmenory device:

" of the presemeWQﬁZérﬂ@b*FeFP tlzesﬁﬁﬁéeﬁtsﬂr&’?ﬁ Remory circuit in-10
accordance with the pr et gngganoa s eglfgcshgm@rgncakbemnahg1enbodrnent
of the nenory crr%éut shov\g}e g? ﬁ I g, %ﬁB'CtS atrimcircuit. Fig..
5 showst% ne@fSPEFIRSS i WihBcbPBa E@SW‘ P¥EeNTiPRa present invention. Fig.
6 illustrates a typrcalFiQK)?Béﬁowsaah adtdrnate embodiment of the
memory circuit shown in Fig. 2.
Fig. 4 depicts a trim clrcult.
Fig. 5 shows a. memory array in accordance with
15 the present invention. . ' _
' Fig. 6 111ustrates a typical ISO 7816 smart |
card: ' ' |
Fig. 7'shows a_typical prior art memory cell.

20 BEST MODE OF CARRYING ouT THE INVENTION
Referrlng to Fig. 1, a memory dev1ce in
accordance with the present ‘invention includes a sense
amp 100 for sensing the data stored in a memory cell 102.
The memory cell is gated to the sense amp 100 by | |
25 = asserting a bit_select.line,'which turns on a bit select
transistor 106a, and by asserting a word select line. - A
dummy cell 104 is coupled via a bit select transistor
106b to the sense amp to compensate for process varia-
tions among the plurality of memory cells sensed by the
30  sense amp. The memory device includes a balance circuit
' which consists of a balance cell coupled to a balance amp
200 through a bit select transistor 206a. A dummy cell
204 is also coupled to the balance amp 200 via a bit
 select transistor 206b. The bit select transistors 106a,
35 106b, 206a, and 206b are driven by the same bit select
‘line. The output of the sense amp 100 is coupled to the
word select of a balance cell 202. '



Fig. 7 shoms a typical prior art ‘menory cell. 20 - BEST NDDE ING
QUT THE | NVEQPS $%ferr|ng to Fig. 1, a rmenory device in acéHﬁ&ﬁ? %t h
the present invention includes a sense anp.,100 for sensing the data stored
in a memory cell 102. The menory cell is ggted to the sense anmp 100 by 25
asserting a bit select line, which turns on a bit select transistor 106a,

.and by asserting a word %?l%F%Jﬂé&athd%(Hﬂﬂgkéﬁgldééﬁ A4S FQupled via a b|t

sel ect transistor 106b t5 the Sense . anp to conpensate 1or_process varia-
‘tions anong téaénglerended @reminmem dAeseiees) $ych hrs 3G PROM AR anp.

h d
The menory degygeni angSSéiﬂgﬂéﬂ] l?#%génﬁW&ﬁﬁbﬁf&ﬁﬁSﬁgsoﬁhg balance

cell coupled to a b anp 20 bit select transistqr 206a. A
dummy cel | 20advanipge Hal anyt @%@%eﬁ%ed%‘ﬁapc%%oc%‘abﬁ Beedsel ect

transistgr zoﬁﬁere}B%eb'%éyﬁdﬂ¥ i 1 S é@GEhe3§reseﬁﬁ6bnvaﬁﬁdonand
206b are. driven %tt e sane bit sel ect I|n(§FfE The out ut of va; sense anp.

100 i s coupl eBXi&t: RE IHHeF S ALK SIILERAR SBPFY 2 krcult §3P8%459
PCT/ US98/ 08228hhk , i th@tfﬁilldﬁng‘llﬂlﬁcﬁlé‘sI&SImlfbe nadgl wierldréspeutal

menory devi ces such as err] P and, fl.as nenor ' present
i nventi on has‘é‘f’ g‘&d\?&ﬁéﬁi&%;ﬁﬂ% ]cfhe"alo? stith %e‘\slﬁé{é%% can & used. 5
Therefore, asundeystoodditiett the aimchESemtexampharﬁnonlysandsthh@re are

Sl ngl e gpded MRIChvEaU (e ifapti1 L OLb OO IndhseySaegig | | D

made-w Th respect e C|rcu
under st ood that the C|r@w9-|%;ﬁb&#ﬁﬂQu%@%ﬂ#?l%nﬂmPﬁﬁ%mEBt °ftﬁ§e|nvent|on_

is readily adaptablts drP R ISP i A8y M, thm; gheveigcapeskfic
enbodi nent of the I nhventjion outlined in Fi

1, u5|ng t he C|rCU|®&¥
di scl osed in Pigclpsedadnt Fide LeehS|FAR B 5eeRpelBafifice2ei FOG try is a
duplication obalh&icd icirduitmhitd. aauplmwioﬁeeftbnerrencmm s&richlhe
: elenents MhICh Coquégathe ‘memory device. The elements which comprise
the balance circuitry is shown by the primed'reference
numerais; for example balance cell 10’ ahd_balance amp'
20, 40’. The word select line is coupled to the memory
cell 10 and the dummy cell 14. The balance cell 10’ and
20  the dummy cell 14’ are coupled to the output of the sense
~amp 20. In addition, the balance cell 107 is pre-
='-programmed to be in an erased state. _
. Operation of the circuit of Fig. 2 will now be
described. Consider first. the situation where the sense
25 amp 20 is reading a conductlng memory cell; i.e. the
- floatlng gate transistor 10 is in an erased state
(usually identified as loglc wo"), Since the tran51stor
is erased, it is turned on when selected thus sinking
current. This drives the sense amp output DATAOUT to
30 ground. Since DATAOUT is lOw;-the~ha1ance'cell 10” |
remains turned off and thus non-conducting- The source

current I, for the device in.this situation is:

Tpero = I + I

zero sense zero T Ibalance quiescent memory cell

35 _
- where



the balance circuitry is shown by the prlned ref erence nuner

exanpl e balﬁﬁ@éﬁ%‘@Plle' and bal ance: anp 20', 40'. The mrdPgiwégé}&qz?ne i's
coupled to the nenory cell 10 and the d.urm% ce[l 14. The bal ance-cell 10" -
and 20 - the dummy cell 14' are coupled 1% the output of the sense anp 20.
In addition, ‘the balance cell 10" is pre- progranned to be in an erased
state. Operation of the_circuit of Consi der
first, the situation WhEseesetzam §'§n§'§e gu%r\éﬂnlt dg"g‘ I S rceiﬁ%cng a conducti ng
menory cell; éiecutbeyfRoanndg4gawheir sesising al@onducting derexy stell
(usual ly i den#)fl ed as logic "0"). Since the transistor is erased, it is

turned on wheh &el ected thus sinking current. This drives the sense a o
out put DATAQUT to 30 IO QL Ghiescest me&@IWWt% ‘Baepakaree| 10

remains turne s Bus an&on% S Herfedntdie®ing[err] for
t he dew%e [ ng%ﬁgsug?gugt [ Oaal s: 1Jerr [er + I[err] + 1 [erdr‘] 35 where
WD 98/ 53459 balance cell 10’, and . PCT/ US98/ 08229 -8- I[err]

is the current draw of qhe Seqielglﬁﬁglbﬁfraﬁtaﬂdaﬁﬁ phea semsducting
conducting nenory cell is the current draw of -the balance 5
circuitry 20° m&HGrXOce%HeH sensi ng a non-conducting bal ance cell 10', and
I[err] is-the current drawn by a conducting nenory cell 10. 10

Consi deﬁjanext the si tuagqngl\g%r ?ﬁ%&f e&s&g‘{g{][?&.l hdfQURNE Sense amp

non-con ctlng nmenory C oatlng ga transistor 10 1s.1n
non- er ased st aeiSuseading demon-eahdusting gemeyy ¢eil nik-et athe the

transistor’'s g3he50EHAYA ﬁﬁr@l%ﬁq_@r@s 1S MEoR L dSased state

(usually identified as loglc "1%), TIn this 'state, the
transistor’s gate threshold is elevated and thus remains
15 non-conducting whenaselected.' This causes the sense'amp
| output DATAOUT to go high. Recalling that balance cell
10’ is in the erased state, DATAOUT being high turns on
the baiance cell, méking it conductive.. The.tptal
current consumption I

one in this situation is:

20 .
Ioné = Isense qui.escent_ + _Ibalance Zero + Ibalance cell .
where _ _ _
_— : Teence auiesce,;t' is the current draw of the sensé.
25 circuitry 10 - 16, 20, and 40 when sensing a
non—conductlng memory cell 10, :
Tiatance zero 1S the current draw of the balance
circuitry 10’ - 167, 20/, and 40’ when sensing a
conducting balance cell 10/, and
3_0' ' : " Tpatance cell is the current drawn by a conductlng
' balance cell 10’.
Since the memory circui_try.io- - 40 is identical
to the balance circuitry 10’ - 40’, the :foll'OWing- are
35 true: | B
| Lsense zero _ . = Ibalance zero’
Isense quieséent ,=. Ibalance quiescent' and
| Imemory cell = Ibalance cetl -



13 non- conducti ng when sel ected. This causes the sense arrp out

DATAQUT to W8 %5849 Recal ling that bal ance cell 10. is in thé 8%7t9at e,
DATAQUT being high turns on the balance-cell, nmaking it conductlve The -
total current consunption I[err] in this Situation is: 20 I[err] = I[err] +

I[err] + I[err] where I[err] is the current draw of the sense 25

circuitry 10 - 16, 20, f‘qdfggl\{gﬁ% g§_| prope:y nq_,_@‘t q__oriig‘ctj_n%wrre ,Bﬁ Eell
urtry °

I[err] is the current draw o ance circ and 40'
when sensing Escdmecsupglyabamsn@ebbnﬁmedam 3he memory deVl¢{=e0f] is

the current diguinePisan€ontiehiitnasantacitlackt offities dita TBeBE

C|rCU|try 10 IS | entlca bal ance circuitry - 40' the
fol | owi ng ar elissthepgmory| 6P|1]1 -1°I-[ ellFl] adddtijon, Iﬁ%r’?ﬂte‘%{rﬁpq"{%rﬂ‘d—
~Iferr] 5 WO @BtR3FéPerence to the generlc schematic of FJ.{) i}JSQiﬁé08229
e supply

-9-.1t follows, theretore t hat , err I[er Hat J
current cons PESSERtt RBVRBNIPR &év Hn is -
i ndependent odif Eedéhdeat femdriyn dllieuwwesxyfd lkridm im addiai:'on as
not ed above and g referen to E&f(ﬂ eric schenatic %% 8 gl t he
present invention is- ad ﬁt&ﬁlguF% r RN ST St FeRbFYScircui t
desi gn known maytpermit. sharlmgf wft Imertminatk]téma&ntsonesm@mms tlkei gns nay
permt ari V\é e b &) )Hh?q r |r(;U|_t of Fig.
7 for eigrrpl e} rf &ﬁgeﬁrle a'?lagtnl I erfﬁ ][ rviﬂ%"n%d%s'{h% ue. Fig. 3.
shows an : relatlonshlp I,er0 = holds true. F:Lg. 3 shows an
embodiment of such a memory device employing the circuit
of Fig. 7. The transistors 30 - 35 of the sense amp 20
are duplicated as 30/ = 35’ in the balance amp 20". The
15 compensation circuitry 42 is shared between the two -
' amplifiers. As in Fig. 2, the balance cell 10’ is
- pre-programmed to be in the erased state, and is driven
by the output DATAOUT of the sense amp.
In the s;tuat;on where the sense amp 20 is
20  reading a conducting memory cell (logic "0"), the current
equation is: - -
I, =1 + I

zero sense zero + Ibalénce'quiescent t + I.c

memory'del
25 ~where _
| .Ise"se sero 1S the current. draw of the sense
'c1rcu1try 20 vhen sensing a conductlng memory cell 10,
" Ipatance qmescent ‘is the current draw of the balance
_ c1rcu1.try 20’ when sensing a non-conducting balance cell.
‘30 107, : | _ |
Thenory cett 1S the current drawn by a conducting
memory cell 10, and _ N
I. is the current drawn by the compensatlon
_ circuit 42 and transa.-stors 16 and 14, when the memory
35 cell 10 is conductlng and the balance cell 107 is
;non-conductlng.



embodi ment of such a nenory device enploying the circuit of Fig. 7. The-
‘transi st orsygQ9ss348% of the sense anp 20 are duplicated as 30pci/uSésns2zy t he
bal ance anp 20". The 15 conpensation circuitry 42 is shared between the _
two anplifiers. As in Fig. 2, the bal anek-<ell 10' is pre-programed to be
in the erased state, and i's driven by the output DATACQUT of the sense anp.
In the situation where the sense anmp 20 is 20 reading a conducting nmenory
cell (logic "0"), the cinrehe situationivheréeth¢ senerapp+2p[dsr] +
I[err]+ Iferr WinQh th ense
circuitry 20 I%ﬁnae%ln%'n%r%|nm){whe‘%:rg?\d‘L {&% ﬁéﬂ%ﬁf EHif. Ii‘%885'?[ e?r ‘i Sh?'he
curr.ent drawaﬂrnan$tﬁﬂuﬂtx9@|¥%U|try 20' mhen sensing a non-conducting

‘bal ance cell 30 10", I[err] is the current drawn by a conducti ng nmenory
cell 10, and I[erég is the current drawn by the conpensatlon circuit 42 and
transi st5ors 16 andhodet = vhese &Jiacdﬁeﬁbr%aﬂﬁce zeroel | ﬂdﬁantéceClOH-dlhll ng and the
bal ance cell 10" is non-conducti ng. WO 98/ 53459

- PCT/ US98/ 08229 -10- I n the situation where the sense anp 20 is reading a
non- conducti ng rmnﬂh%x ell (logic "1"), the current equation is: 5

I[err] =1I[err] + I[errj I&g A is|fherunpent fewr pfi fhiehsense ent dr aw

10, ITerr] | LY %Yiéﬁv %%ﬂ%ﬂgb% BRBGEBRRE P %%H‘%%'e%%'eni?ng a
conductling balnce cell .10 , _
| Tpatance zero 1S the current draw of the.balanCe
circuitry 20’ when sensing a conducﬁing balance cell 10/,
T atance cetl is the current drawn by a conductlng
balance cell 10’, and _ : . _ _
15 : " I, is the current drawn by the compensation
' circuit 42 and transistors 16 andll4, when the'memory
cell 10 is non-conductihg and the balance cell 10’ is
.conducting.

20 .Since the memory sense amp 20 and the bit and
word select transistors 12 and 10 are.identiéal to the .
balance amp 20’ and the;bit-and word select transistors
12’ and 10’, the following are true: '

25 Isense zero' _= I—balénce zero’
Isense quiescent ) = _ Ibalah‘ce quiescent;
Tnemory cell = Thetance cett; and
I, = I,
30 Thus, as with the embodiment of Fiq.'z, the
relation In",— I, holds true for the embodiment of Fig.

3.

' -Fig. 4 shows a typical circuit implémentation
.0of the trim circuit 208'showh_in Fig. 1. The trim

35 circuit 208 is used to adjust the gate current of the
balance cell 202 to provide current matching capability
during testing and more generally to permit fine tuning
to compensate for fabrication process vatiatidns.



I[err]-is the current drawn by a conducting balance cell 10'; and 15
I[err], i.s WOPBEI#Pent drawn by the conpensation circuit 42 REFV$BH82: or s
16 and 14, when the nmenory cell 10 is non:conducting and the bal ance cel

10" is conducting. 20 _ Si nce Tﬁéfnennry sense anp 20 and the bit
and word select transistors 12 and 10 are identical to the bal ance amp 20

d the bit d d .transi st 12', 1Q ,_ the followi
frue 25 | HerqPeing S ki 47 R, pRoodindRR o mmEhary de{de %F
ILerr]lzt_Hﬁﬂﬁé,prbe?t inveﬁtioﬁhﬂacoafombmﬁngha.¢§ﬁmﬁaﬁruuiﬁ g.i8,
the relati.on err].=_ller ' I [ - of - Fi 3, Fi
4 shows a t yd*%av%‘?‘r%ﬂ%ﬁ Hﬁl éﬁgﬁfigﬁ‘l&gﬁ (%F ?hlg'? ?% Lﬁ%ﬁo‘g&é 03\7\?1 : g
Fig. 1. The tis c@Spledi tousengegainp @9sd fobadjamste wdedlgk@® cigrent of the
bal ance gel | @y&g%i%%%ﬁ' d816BE" ERLnIRLERINY 203RA [ddsk, drdANi €5t 19 and

nore general | Ine tuning to conpensate for fabrication grocess
vari ati ons. to\® balapgegamp 20". "The balance cell 10’ is coupled to

PCT/ US98/ 08229 114 lo1 Reh 8L 208 . t OThed outpud SITRMHIE hingd 2 @ dPLPEY TRy CO
of the present invention incorporating a trimcircuit 208 is derived from

. the enbodineﬁ@r%#§¥$§9r31lA menory cell 10 is coupled to sense anp 20. A
bal ance cell 10" is 5 Theotpliadcireuit eus idoasistiroflZd sewieass

Lot s adndeBh"SE SReatons' B LoRaoh gLy df pkocpatBled Lo, L
circuit 208 cpiskstB, of B der icemipled ircgeestleh o thsixsesistlferr] -
Rlerr]. A segﬂgfngf &Haigggistor chain acts as a programmable voltage
| " divider which drives the gate of balance cell 10”. The
~ voltage divider is prdgrammed simply by blowing one or
15 more appropriate fuses. Thus py adjusting the voltage
‘divider, the balance cell 10’ can be partiaily turned on.
" This allows for the current draw of the balance cell to
be fined tuned during manhfacture to compensate for
_ process variations. Aithough Fig. 4 shows a resistor
20 chain to provide a variable voltage divider to pre-bias
the balance cell 10’, any of a number of similar circuits
which provide a programmable voltage.leVel can be used
for the trim circuit and are déemed to be well within the
scope of an artisan of ordinary skill.
25 . Turning now to Fig. 5, it can be seen that the
' preSent invention is readily adapted to a memory array.
Whereas serial memory.dévides utilize one sense
amplifier, a memory array utilizes more than one sense
amplifier, one for each column of memory cells. Fig. 5
30  shows the present invention as applied to one column of
memory cells 10A in such an array of memory cells. This
is repeated for each column-sense amp in the memory
device. . : B - _
' A column is selected via the bit select line
35  BIT,, while the word seleét line selects the row WORD, ...
“WORD,,. When a specific memofy cell in a column is
selected, the selected cell is effectively isolated'from
~ the non-selected cells. For a given selected memory



links F[err] - F[err] is coupled in parallel to the resistor chain. The
resistor chwiops@easy as a programmabl e vol tage divider which MOIEDSHRE gat e
of bal ance cell 10'. The voltage divider is. progranmed sinply by bl ow ng
one or 15 nmore appropriate fuses. Thod2by adjusting the voltage

di vider, the balance cell 10' can be partially turned on. This allows for
the current draw of the bal ance cell to be fined tuned during manufacture

to conpensat ecedl,pkbecFespiting cdFcuit; heb@yes ¢dn Ahg, FAne, RARRLY RS 20

chain to provadgceivatl above’dn gandictidel Wit Kidy a9 t-hes hananege cel |
10', any of a_nunber, of simlar cir uItSV\IhI%I[‘]%;I’ vi de_ a ogr ammabl e
vol tage | evel EPERIBENGs SYTESD NS - ¢ D ar%r%vejgcf?e'gg't%a wel |

‘Wi thin the scgpasef anp #ithsdtsoicorrdspondisiy [Halatice circuitry, Hhening

nowto FLg. 5 t .can_be _seen that .the n t pt ed
to a menmdry aFPE?l fHErFE ?é" W %ﬁ é’é%ﬂb\tﬁ]lé%%%ewgﬂségmgﬁ |
anplifier, a sabstpn&uai;lyutadnsammtmnmddlmndmﬂ: sefhsthenrpatiern obne for
each col um OEengD5¥ldC lleSs )_.’Ié]_g.I %e%%l - shows the present invention as
applied to one Cco msrmr el ‘OA in such-an array of nenory cells.
This is repeated for each col urm sense anp in the menory device. A columm
is selected via the bit select line 35  BIT[err], while the word sel ect
line selects the row WORD[err].. WORD{err]. Wien a specific mermory cell in
‘a columm is selected, the sel ected cell is effectively isolated fromthe:
non-sel ected cells. For a given selected nenory WO 98/ 53459 -

PCT/ US98/ 08229 -12- cell, the resulting circuit behaves i.n the sane manner
as described above in connection with Fi gs. 1 - 3 and the foregoing current
equations. Thus, by providing each sense anp with its corresponding

bal ance circuitry, the 5 - total ‘current drawn through the nenory device
wll remain - - -

-




substahtiarly constant, independent dfﬂthe pattern of zeros and ones bei ng

read. \\OVOBBE34F39 - PCRCRE¥BH8I3 9
-13- Cains 1. A nmenory device conprising: first cell means for storing
data; 5 - first sense nmeans, Codpled to said Tirst celt—Tmeans;

for sensing data stored therein and for outputting a sigr e [
data stored therein; and a current pffsgzttl gircuit coupl eglmu'mﬂ“m#[ljgmpt
fromsaid first sense means, said curreft-2dffset 10 circurct ertec

for drawing a current in.response to and in inverse relation to a current

drawn by bot h, sai d,f] e sNEa £ first cell neans during
sensi ng of da{'a;. V\%e*rné%%f?hggg}ge_% ravsvn%' " sai d menory device 15
during sensing of data ifdrstheeddt means ifor BRI (latdxe data stored in

said firgt cell means. 2,2t seHae WEY, WSkl ts! sialrybstetaisaid
current offset circuit includes a second cell neang for stor1n8 da%a_and-a
‘second sense WeARs, EOUpEERSiy% Saras &f@red dherpimand ofoxAuFRYLELIRg

stored thereig; g3ghd15¢na1¢ative dieldatP atorayititereds) aghdal |y the sane
‘construction as said first cell ns; .said second se gsdggans havi ng.

me
substantially the sanme Sof¥FSth SF LRt FAF T CUELR nE=°€AVE second
cel |l means haghfigut \Febth sAlidctfilrste seys ateds ; exwid ecurtent bfdsetai d

(115t 8002, TRaR 0o lIRIGAY 38 SO € SHlriER0Sah o raEBaRH e Koo
. : ~and in inverse relation to a current drawn by both said
first sense means and said first cell means during
sensing of data; | '
WherebY the current drawn by said'memory device
15 during sensing of data is substantially independeht of
! the data stored in said first cell means. ' o

20 .
| 2. - The memory device of claim 1 wherein said current
_ offset circuit includes-a second cell means for storing
data and a second sense means, coupled to said second
cell means,'for sensing data stored therein; said secdnd
.25 cell means ha?ing substantially the same construction as
said first cell means; said second sense means having. '
substantially the same construction as said first sense
means; said second cell means having a word select line
coupled to receive output from said first sense means,
30 whereby said second cell means is sensed by said second |
'sense means on the basis of data stored in said first
cell means. | ' ' |



_V\D 98/ 53459 ' o PCT/ US98/ 08229 - 14-
The nenory ‘d@\ﬂi&ié‘*s@f claim1 wherein: said.first cell means—F ’8%??? nq

gate transi stor having an erased dat a_y_s_t_a&e and a non-erased data st at e;

said first sensing neans is a sense anplT f&r havi ng an Omﬂlﬂ"’s‘ﬂl’ﬂmﬁ

first voltage when sensing that said floati ng gate transi st mﬁ”m
erased data state ﬂgd to grod ce.a se%on éo%% reater than sal ‘d fMirst *

vol tage when $ensi ng=t REFOEY eFigst PhgS S*AHsi stor isin a
non- erased data state; salld cfursenbe&tlf selansi rixsuiat filmatices gattml ance

E);?Q?]i:zt g:rpl |$$é$ggggo% Bbygl dg%' |ca g[o Y iy se%g{geaérrg —léeﬁr.é)é s%ng .a

bal ance anpl idata ﬁsate.coupl ed to sense a data state of sai d bal ance

transi stor; -sai d bal ancg,t gaRsg a0 | hopad o -
threshol%l) vol tage great grﬁﬁ]gﬁ%g ?l%\rigag\%a?%t gsa?éll | ess fahﬁa@sal d second
vol t age; sai dh@a¥iBgcan: pasPd: &0 lPé'Pﬁ&Q% ayfi SPiFage Mhen sensENdsjid

gate of said pgh@Nsgilr m&a&tmr; gae! %d:a&&l%di‘ s A éﬁﬁb&&mﬁa
anplifier, vvhereb\é sald bal ance transi stor el ect ed aid floating

gate transi st8FaF8 PRatRoRE @dadae‘FE"{{daté’ & gxe yo@Ut0i ce of
claim3 furt hﬁir*sﬁckrudltagdmm sensiad ithdty swiehrelodtning agaicdal ance

transi sfor to_30 ust, t.he _current aj d bal ance transistor
“when sei‘gct edtrg'g‘SB% 1St R RSP e&'&fe%g%afmcl 2y ei wherein said first

cell neans is a single-eaddd cuewent dfifisst. ciroydogirgsugles a balance
-PCT/U898/08228r9n515é0§eEH%@%QHEE@iﬂ?”EH@hﬁ¥H§¥'E%'Ehld floating gate

transistor and a balance ampllfler substantially
identical to said sense amplifier, said balance amplifier
15 coupled to sense a data state of said balance transistor;
said balance tran51stor having a gate, sald
gate having a threshold voltage greater than sald flrst '
voltage and 1ess than said second voltage;
said balance transistor being in an erased data
20 state;

' ‘'said gate of said balance transistor coupled to
said output of said sense amplifier, whereby said balanoe
transistor is selected when said floating gate transistor
'is in a non-erased data state. |

25
4. The memory device of claim 3 further _including-mearis'
for partially programming said balance transistor to

30 adjust the current flow through said b'al_ance transistor
when selected.

55 5. The memory device of claim 1 wherein said first cell

means is a single~ended memory device.



a.floating gate nenDry:ceII and a sense circuit coupled theretg for gg_siﬁg
data stor edVP88/5358 nenory cel |, said sense circuit having ahCSH8EP82%4nd 5

a floating gate bal ance cell .and a balan& ‘circuit coupled thereto for
sensing data stored in said bal ance cel [-%5ai d bal ance cir g

substantially identical to said sense circuit; said bal ancgmmllmln“I““Ill “ |“|
substantially irdentical. to ' ell: s * s&i dtbalante *
cell having a’wor FFH%°ﬁ&5ﬁ§§§513§§§%ﬁ343%2#%%%&ﬁa |l i ne coupled to said
sense circuit output. #&5floAtingligatsememoniyicrell rendry sensearircwitter ei n
- sai-d bal ancecSEbhehst%r%'Eogrﬂ&e%eﬁﬁtzﬁ.@ata J6res ﬁoggya-tﬂémg??gry of

claim6 wherern~Said ense circ out puts a voltage excee t he

t hreshol d votedde shidaisense mHgewdl haying sk dowepaEy 8B4 is in a

non-eraged state. 25 20.£1 oaklihe YHL BHIAE "BEDI Yakd & BhThickur t her

i ncl udi ng neans ‘for. adjusting _the ‘current flom/through sai d _bal ance cel
when sai d baPdKedigeqoupdad,s &he hP% Fenstag bR caFpredoipgsaig
senhconductobaFFmﬁ@yd@mm;xsaianﬁﬁxaﬂ&% é&ﬁ?@ﬁtysﬁhétaﬁﬁia$lyring data,
said nenory ¢ avi.ng a word select line.for the selection thereof and a
bit sense Iiﬁé?n§§°al © sal SQFiﬁHﬁﬁFﬁP-chﬁ?f&héeiﬁﬁqgncﬁhgut coupl ed
to said bit sabstantialdly siklehtialk \taocssaid onesenyi aglilata stored in said
menory, cell, 'said sensi i ' r . : 59. ' .
PCT/ us§)§/ 08229 - 16- hav%%’g‘f Bt %‘}‘Jt%érfe%r%%‘éﬁ t?\%égé g-éunﬁ Eor 83 Fata; a
bal ance .cel | read-egtsulsstishtwerd \line cowpledntersaidonensesgigrcidifory

cel |, said-bgh@@a%uceII having a word select line for the selection thereof
and a =~ : ' ' o -
15 7. The semiconductor memory of claim 6 wherein said
balance cell is in an erased state. |
8. The semiconductor memory of claim 6 wherein said
20 sense circuit outputs a voltage exceeding the threshold
voltage of said balance cell when said memory cell is in
a non-erased state. - ' ' '
25 9. The semiconductor memory of claim 8 further

including means for adjusting the current flow through
said balance cell when said balance cell is turned on by
said sense circuit. ' '

30 .
10. A'Semiconductpr memory device comprising:
) a memory cell for storing data, said memory -
éell having a word select line for the selection thereof
and a bit sense line; o

35 - a Sensing circuit having an input coupled to

said bit sense line of said memory cell for sensing data
. stored in said memory cell, said sensing circuit further



5 bit sense line;. cui 't haV|ng substantial ly the sanme
constructi dw069§/S§$ﬁ9d 3“ ﬂ 1 mumm“sal d bal ance circuit hXETAFOHPE2EHput
coupled to said bit sedse l'itnenof ssatd palance cell for sensing data stored

i n said bal ance 10 cell; said output 5163ai d sensing circuit coupled to
said word select |ine of said bal ance cel | so that said balance cell is

sel ected, and thys sensed sal d bal apce.circ epende on data
stored in sallEPMr?“c‘é‘I’Fp%% repgﬁaepgggg.gﬁspﬁgsgﬂg %e g éf i d bal ance
cel | having data storedath&l&hﬁesuemlthavlagcsubsmanﬁuamﬂybyisamdnmsnnry '

a1 d bal ance SULPLERCRYncaP oUhir ReRtK BRLL  SpTeBadb L MR, OO BY

suppl y cun%nhadlagnabyoréldelentc&ndacfom'MP#DSFIGGMLQQ'thanﬁﬂﬁeﬂndeﬂly

|ndepeng§nt qgléhgeg %algﬁéng ggnsed in said nenory cell. 25 11. The
sem conduct or Trenory devi ce of "¢l ai m 10 furt her including a_trimcircuit

for adjusting said curr@énPadpBGe ByreRi§ bavimge substanfialdyy thapaRation
for di fL ertencteéngerﬁausat ak! Qa&?ageaalhae cqlzwi;tt s s@clctiisiﬂdia'i?:e | -
sem conduct or enor, evi ce due,to process variatiqns
manuf act ur e t‘HéFEBi'-XCBﬂVBEgnﬁBelnPE‘ ﬁi‘égop#erﬁfg}is 3(&’&% of
claim 10 whergafd3balangai gelRNMEbY eeJanmgi datiad stalred drcaddidnisaldnee i ng
gate devj ces eaii having an erased state and a non-erased state and said

fi

bal ancet®el | 78 an erased state. WD 98/ 53459
PCT/ US98/ 08229 -17- 13. saieontputonducadd mensinaledineidf eduplked to

uher el oai d 88031 Prel EGHLLEOVIR o AiMeliANBRX ol N, At cadf esho d

vol t age of sal ance ce when SSaid menor is-in a non-erased
st at e. _ balance cell is selected, and thus sensed by said balance

circuit, dependent upon data stored in said memory cell
15 and the sensing of said data; .
said balance cell having data stored therein
such that a current drawn by said memory cell and by said
sensing circuit is inversely related to a current drawn
- by said balance cell and by said balance circuit;
20 whereby a supply current drawn by said
semlconductor memory device is substantially’ 1ndependent
of the data being sensed in said memory cell. .

25 .
11. The semiconductor memory device of claim 10 further
including a trim.circuit for adjusting said current drawn
by said balance cell, Whereby'compensation for
differences in current flows among the elements of said
30 = semiconductor memory device due to process varlatlons
durlng the manufacture thereof can be made.

12. The semiconductor memory device of claim 10 wherein
35 - said memory cell and said,balancelcell-are floating gate

devices each having.annerased state and a non-erased

state and said balance céll is in an erased state. -



conpensati on for curr nt fl ows anong the el enents of
sai d sen1conductor nennry device due to p cess variations during the
manuf acture thereof can be nade. 15 A menory device conprising: a

luralit f nor el.l ' col ugms, each of |
.'gardan{em%r; ci?l's %‘r %g%e?h ?{) %Q}%%be%cegnn cﬁé\/)‘;eléé)ér)vgl%n%%ﬁ%uggnvgeﬁﬁéﬁ sai d
menory cel |l i8a#d| sepsdngp@ircuit output dssenseolkimmgasevceeditdgwat batach
col um of MerphyeRbla veAAGRAIME SIS il | 86 Brofld Ahehdhid! | Ve Of

the conductive state of _a sellected.nenory cell, salrd. cted nenory cel
and sai d sensBEBABYh&elAg 18 dar PeMoneasad Statey magnl t ude when said
sel ect eds 25 menory cell is in a conductive state, said selected nenory
‘cell and said sense anp having a current flow of a second magnitude when
said sel ected nmenory cell is in-a non-conductive state; a bal ance circuit
associ ated wi 1?. eawt(}eseeihl%ndumeueamry sl daal @ﬂf@%&iﬁCﬂBL fﬁ@t?@&ls: ve
to an output 9 ai.d_sens r ng, a curren ow subs lally-
equal to said ggigﬂ&nﬁhah%Fﬁgg éﬁP <§§lﬁiﬁﬁm%dﬁ? CEFFrFQ rawn
conducti ve sthyesand bedamoednellg ahsrehyncdmpmnsat$¢nnfonlIy equal to
said 3 fi d t |

said 359 &9k cUPARCEUAGAMEN 34! SARE G B Efbhehds' BePsaia

PCT/ US98/ 08228emigondgctorh memamt dewide alusg &9 @mqssamamntleash said

bal ance circughrifg! ¥Hes MR RFE e Rl Ancs Batsyase! | substantially
|dent|cal in construction to the constructlon of said pIurallty of '

5.14: "The sen1conduc of cIa|n113 further including a trim
circuit forW @é‘fﬁs‘ngm lﬂ.ﬁ‘!ﬁm& Hiﬁwn by said bal ance cel IPCHH 9

15 15. A memory device comprising: .

' : " a plurality of memory cells arranged in a grid
of rows and cblumns, eachfof said memory cells
progremmable to be conductive or non-conductive when said
memory cell is selected;

20 ' _ a sense amp associated with each column of
' memory cells, each said sense amp having an output
indicative of the conductlve state of a selected memory
| cell, said selected memory cell and said sense amp having
a current flow of a first magnitude when said selected
25 memory cell is in a- conductlve state, sald selected
memory cell and sa1d sense amp having a current flow of a
second magnitude vhen said selected menory cell 1s in a
non-conductive state, :
: a balance circuit associated w1th each said
‘30  sense amp, said balance circuit respon51ve to an output -
of said sense amp for producing a current flow
substantially equal to said second magnltude when said
selected memory cell is in a conductive state and for
producing a current flow sﬁbstantially equal to said
.35 first: magnltude ‘when sald selected memory cell is in a
non-conductlve state.



5 menmory cells, each said bal gnEEISSHEEH ’f‘@@ﬁ?ﬂeﬂ i ncl udi ngﬁ:@pggs ance

sense ‘anp M@ al |y i dentical in BERLALEPtion Ho an asso "B5Hs e

anp, said balance nenory cell beTng couplgd to said bal anceé sense anp for
sensing current flow through said bal ance nory cell; 10

bal ance menory celil includes a word select |ine coupl ed to aHlmHmllulnmlﬂ“l

of- said asso ted’ﬁ‘gﬁﬁ‘“g’% c iS*xIncatc
conductive st(:\late ed%g?r%é% e%/;?%gﬂo c Q.I m i'S vvherel n each of
said nmenory cells is a ¢a¢htsaidzbakangat eireahti 4n6iuAssdi Ay a 20 gate

for the sel eqlyirdrifdISnd ﬁaﬁaﬁcérﬁeﬁofyuegﬁ EﬁbQ&aﬁ%&QQt@t Q.@e'iﬂﬂ%%larfp,
bal ance circujt 1 ncludes a second floating ransi st.or _and _g bal

sense anp subid éFRfF%‘FWFH%Ht teafhe OCQHPHngEEJE’Pand sadfs plyrglity; @ ec ond
floating gat endnicaipi 6D s | N€AEH eéaild dpalanéd cireaipl drtheiaiihdlaidEiRe

sense anp and ontrol - a e coupl 'Sg g % i out, ut 1__of ai,d associ at ed
sense anp, arft %P%%c% ?1.35Pi AY°gaRB LR ﬁglé sptisal, Iy, o ased state.
30 .18. The roomstruevice vd ahaassddiftetiheensechmgi,ngadd lhiai:ariqecuit for
~partially progr LN [ og t e IS e
conducti vi tyq'g?n%%dg%‘gf gefﬁ% guﬁ#ggt {-_BgsgiF b%?%%%ﬁs%%%st en s c}e]'l(;t ed.
WD 98153459 sensing current flew through sald balapce/ weyRMYs ZEILJSVENDED -
- CLAI M5 {g ecei ved by thes%ﬂ&eﬁai‘&heaa{nﬁ 4e2 1ncAUAUS ol WA LorE08)

original claim17 anend remal nin unchan (1 page)] 16. The
menory devi celre cFeRpied HAecRB ﬁutEH'éhlé-ﬁled°§aF5§ a@lsP&kat ei 8RR a
programabl e gﬁégr@ﬁdrrermry cel l subst antially identical in-construction to
t he construction of sald E i L¥.e0

e memory cell is 1n a conductlve
state.

15

17. The memory device of claim 15 wherein each of said
memory cells is a first floating gate transistor having a
20 gate for the selection thereof and a drain coupled to an .
associated sense amp, balance circuit includes a second
floating gate transistor and a balance sense amp
substantially identical to said associated sense amp,
said second floating gate transistor includes a dréin
25 coupled to said balance sense amp and a control gate
coupled to said output of said associéted sense amp, and
said second floating gate transistor is in an erased
state. |

- 30

18. The memory device _df claim 17 further including a
trim circuit for partial‘ly programming said second
floatlng gate transistor to vary the conductivity of san.d
35 second float:Lng gate transistor when selected._



5, .. menory cells, each sai d balance circuit further including a bal ance
sense anp substantially identical in construction to an associ ated sense

anp, -sai d ‘bwbassssssenory cel |l being couplgd to sai d bal ance RIWESIEME22P0r
sensing current flow through said bal ancd fenor cell; 10 .~ sai d
bal ance menory cell includes a word AVMENBER OQLARMMS coupl ed to_an out put |ine

of sai d associlaeezivedrhie thepintenoatdanal Bareat &nniddugusle1998 < 15:08.98)
‘conducti ve st at erigisal lainelhanendedgeramadning cLaing ynchangedi( 8agd lof said
menory cells is a first floating gate transjistor having a 20 gate for
t he sel ecti onlher Gble memaryirdgvice pf celabmahd wheEedndd sense anp, said

canae. e subst antal |y S E diepleaconaait | dstanes T 2 D0 e
floating gat oPECSFANBANLE RALARRS MEHGFY 9oLl SUBRERBRLALLYaMdRR SAle
sense anp and i %@é‘is;ﬁgudgﬁiﬁ g&?ﬁm@l é?wﬁgcﬁyb?ubfpéaiai plaraddityt et
30 15, The moRSRPHAE r A A DR LIRES, FLF GO hof AR AP aN By
partially progr aalange aehsecampl substampighly fdentiendr ino vary the
conductivity of sad 3% on é&?&ﬁqaéégéiéagdgééﬁs&féﬂﬁtséaﬁdwﬂs&aﬁﬁk?Gted-
I . _ ﬁemqry_cell being coupled to said balance sense amp for '
sensing current flow through Said balance memory cell;
10 said balance memory cell includes a word select
| line coupled to an output line of said associated sense’
amp; and | : o |
' said balance memorquell'is'in'a conductive
. state. | ' a '
15

17. The memory device of claim 15 wherein each of said
_ memory cells is a first floating gate transistor having a
20 = gate for the_selectibn thereof and a d:aih coupled to an
associated sense amp, said balance circuit includes a
'second floating gate transistor and a balance sense amp -
substantially identical to said associated sense amp,
~ said second floating gate transistor includes a drain
25 " coupled to said balance sense amp and a control gate
coupled to said output'of said associated sense amp, and
said second floating gate'transistor'is'in an erased
state. | :

B | [T

18. The memory device_of.claim 17 further including a

trim circuit for partially-prOgramming_said second

floating gate'transistor to vary the conductivity of said
35 second floating gaté_trahsiétor'when selected.

AMENDED SHEET (ARTICLE 19)



