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‘field of integrated circuit anal og storage devices. .__PRIOR ART
Anal og re escribed in the U S - Patent 4,890,259
i ncorpora’%&@&mﬁaﬁﬁml e and hold circui tsrhxs"s'iiucﬁ{asBeenReplaced
architecture was devel oped to create the tine intervals r '
sequence through the anal og recording operation, which in EMW,
iterating {hrqughm ggeriyes (RirNpesfaps hundreds of high vol nd
conparing steps. As a result of the use of the pluralities of sanple and
hold circuits wth, for exanple, 100 sanple and hol d nodes where. each node
is loaded at a different time, a practical problemresults. The problem
i's that the vol Thygepsisemed iatveasiéhnsaapateanto hotel ficdel dfadniegiretedent
anmount of time to discharge before being stored into the nonvolatile
array. As ebrtniodnaboserstonass Heukegd. currents, each node will discharge
a different anount before its voltage value is stored into the array.. This
di stributed | eakage action will result in an undesirable "saw ooth"
vol tage profil e _superinposed on the stored anal og signal upon playback.

For a voite dpﬁyghéﬁglfor exanpl e, there would be a | oud buzz

i ncorporated into the sound. The ampbunt of | eakage is al so strongly
tenperature dependant, as is known in the art. Such | eakage currents

doubl e in nagniﬂHgfbg recording apparatus such as described in the U.S.
Patent 4,890,259 incorporates a dual plurality of sample and hold
circuits. This architecture was developed to create the time
intervals required to sequence through the analog recording.
operation, which in turn requires iterating through a~series of
perhaps hundreds of high voltage writing and comparing steps. As
a result of the use of the pluralities of sample and hold circuits
with, for example, 100 sample and hold nodes where each node is
.loaded at a different time, a practical problem results. The
problem is that the yoltage stored at each sample and hold node
has a different amount of time to discharge before beiné stored
into the non§olatile array. As each node experiences leakage
currents, each node will discharge a different amount before its
voltage value is stored into the array. This distributed leakage
action will result in an undesirable "sawtooth" voltage profile
superimposed on the stored analog signal upon playbéck. For a
voice playback, for example, there would be a 16ud buzz
incorporated into the sound.

The amount of leakage is also strongly temperature dependant,
as is known in the art. Such leakage cﬁrrents double in magnitude
roughly every 8 to 9 degrees Centigrade increase in. temperature.

In addition to the special requirements described above, the



roughly.-every 8.0 9 degrees Centigrade increase in tenperature. In
addjtion to the special requirenments described above, the :

2 sensi ng system should al so satisfy other requirenents. For instance,
‘the reference systemshould "reject” or put into the "comopn node",

tenperature varlg} 3@§e§§ hegfg Xfﬁ%agiﬁqgﬁfﬁééﬂgr rgggngggﬁggg ce*&ﬁ at .

Voi ce |nforna 1’0 recor rature ayed bac

ower t erbej Al e ! e QLG eﬁ@@”éﬁ,]e b £, S0tk any @cftfnesgnguer@ntsh@he

original record ng m larf xtent that i nternal bias vol t ages

which facilid@ich Wl r %Emﬁ@?éé‘&f@%&f‘?&%ﬂ! tdy ehergesaehat i6nBOvBEect
supply vbltages, such changes whi ch al so effect the behavior of the

storage celdite rudayd@ieplsacer anyo seir i Ofeemay igEls GRcordeleatr achidrd

i nformati on stream This concept is known in the art as "power supply

rej ection. "tdmpesteonire tamel peéhgednbackyst ean hewdr fEmpegatore,t hbecwomoa node
the thermal and power supply effects. Qher factors which nust be placed
into the "cummit mege'scamd anyepééfedentrehamcie wriignadnsecardhagst or age
cells due to wafer processing msalignnent and cell |ayout orientation

di f ferences3imblprl Gfowhei AXtRBtaFbat interme} idfk ¢ alépEssanbieBl ums of
ref erence ceIIs are known in the art to reject the affects of cell |ayout,

process 26+ rivit tnﬁaﬁﬁéﬁét8P§IQEH°5oﬁEﬁngﬁuﬂﬂﬁp\Eﬁﬁ“&@ﬁoﬁ§ thg power

t | fl oat at f
Pﬁrt'hguc?ée LY ) e SoRIEnaEFRRSRanER bR e bre af¥est Tas” Pena¥etr: Bq
in Us. Pat@rfl% gtc?z?’as c%%lgolsﬂg\{}%dofmt igégn%tg%l %)+ "il lf%rrhxgg.l(&g' .ngnﬁhe

of nmenory cells are ect eSCI’I nmenor

the I SSCC p@@@ér&&ﬁliﬂﬁ}mﬁl%ﬁn§:%@§nEpmySéM% ¢ JM}“%'»«%T@R @E'eLa(:’c9§§
| SSCC Di gest of Technical Papers, pp. 162-163). so I n the neural network
art, it isvkiesd dded1d | eafecrgonate dﬁVéﬁsﬁtﬂr@h P O R s yis@ R AMis@e
place into the common mode the thermal and power supply effects.
~ Other factors which must be placed into the "common mode" and
"rejected"” are local variations ih the storage cells due to wafer
processing misalignment and cell layout orientation differences,
as are known in the art.

Reference cells and colﬁmns of reference cells are known in
the art to reject the affects of cell layou;, process
misalignment, temperature and power supply variations. 1In
particular, floating gate memory cells are known to be used as
references in the case of a digital nonvolatile memofy
application, as is described in U.S. Patent 3,938,108. Columns of
reference cells paralleling columns of memory cells aré in effect
what is described for a digital memory in the ISSCC paéer entitled
A 25ps 16K EPBOM USING A 4-TRANSISTOR CELL (1985 ISSCC Digest of
Technical Papers, pp. 162-163). Also in the neural netWork_art,
it is known that floating gate devices are "programmed" to provide

an analog "weight” value, i.e., an equivalent to a variable le

i

resistor. Replaced
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an anal og "weight" value, i.e., an equivalent to a variable resistor.

3 _ BRIEF SUMVARY OF THE 1 NVENTI ON A uni que sensing reference
circuit having application in |ntegraf%d circuits which store anal og

«i nformation such as in nonvolatile integrated circuit audio recording and
pl ayback in US. Patent 4,890,259. The

i nventi on § ensi ng of anal og Ievels stored in
nonvol atil e nenDry ceIIs where the analog | evels are played back such as
'to reproduce voice or nusic or tone information or anal og wavef orns.

The invention i (AfdNETsdiRalY redbrbHBLCERALNY avlirG] Lip116REDEH 1n

Integrated circuit e I'npl enentation of the digita menory is such
that the digidgpdatddd UiIRIdiQR Wwhi@RCEEELHe A8n&BY Oth £Irifa@iBRt 5QBh SAEhiAS
voltage |l evels to be stored on nonvolatile cells in an anal og nenory
array. SuatorBrsled g Gait degateide capctbe av@i®ryeqdrding aokf plagbaekory chip
by a digital to analog converter. The analog | evels can be stored in
nonvol at i ldaewnieres yof adld $ype ddsoidandeimi Ghst kﬁataq;ﬂar‘%at&ﬁﬁ @68¢criBhe in the
U S Patent 4,890,259. The digital information is recovered fromthe

anal og st oirfag%'lfairqfayii)yiqaﬂfeéemoi dgcihétanel e | 8ns ing cfmanpéogndavelati | e
anal og storage array to an analog to digital converter and outputtlng t he

digital int'o?TR i ‘&Ib‘f?laaéll&enlnﬁﬂ‘PéyoFeb%e"’b?re dtttfe PR 0T; ﬁ&f’f"'%ﬁ BF

digital inf th th ital t ter,
the anal off 154 g1 T A & SEB5CCHAD Br-Fhy hdb e FIorPRat od on t he

sane |nteg{pg5§h{%{éﬂuérz§%§ﬂg% w@gg%ggﬁglle analog menory array and anal og

recordi ng apparat u
The invention is further useful for lmplementlng a digital

memory integrated circuit where the implementation of the digital
memory is such that the dig;tal information is encoded as analog
information such as voltage levels ﬁo be stored on nonvolatile
cells in an analog memory array. Such encoding can be done on the
memory chip or off the memory chip by a digital to analog
converter. The analog levels can be stored in nonvolatile memory
cells in accordancé with the apparatus described in the U.S.
Patent 4,890,259, The digital information is recovered from the
anaiog storage array by presenting the analcog levels from the
nonvolatile analog storage array to an analog to digital converter
and outputting the digital information such as a nibble or byte or
other combination of digital information. As is the case with the
digital to analog converter, the analog to digital converter also
may or may not be fabricated on the same integrated circuit as the

nonvolatile analog memory array and analog recording apparatus.
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4 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1, a schematic | ayout
of one enbodi nent of the invention is depicted in conjunction with a

storage array and certain support circuitry. Figure 2A illustrates
:typi cal voltage values in 100 .array sanple and hold nodes just after
Ipading t he, 1.a nde. Fi.gur e, pi cts the decay behavi or of the

single |ef e aAng STyt e Ty ef erence sanple and hold | evels.
Figure 2C illustrates the original DC signal as recovered. Figure 3A
illustrates the array signal signal for 3 periods of 100 sanples each for

a more conpl ex,yﬁ%wlu UMl ic layold B¥ SheS3Rmddaitkhat 88 Lhe
reference signal Tor 3 periods of 100 sanples each for a nore conpl ex

si gnal recioivlintd.ors ARG ilhed ¢hacasiEidtSIdC witdAWao8tBrapeodyegy dydt he
reference systemover nmultiple periods of 100 sanpl es. Figure 3C

i |'lustrat eeddeelr ecppeired cdirgnakrafter the sawtooth reference signal is
subtracted fromthe array signal to recover- the original recording.

5 DETAI LED DESGRIHRT AN iQR uBlEaLRVENTP a1l voltageRefadueisngnf LR8t atovaFi gure
1, a schematic |layout of one enbodinment of the invention is depicted in
conj unct i Gi*MR ke and frdidagedasr dyshndter timadingppdet lesecoPeey. The array
and associated circuitry is generally consistent with the apparatus |
described in URBI¥S Sft dedsdsosde GRren Rehactiued ithe siegipotafegside

herein by arnecj esrienrg; ee' rl—lj%vr\]etv%ridgs rg?elrgx?_creovsearrrn%qte and hold levels.

Figure 2C illustrates the original DC signal as recovered.

Figure 3A illustrates the array signal signal for 3 periods
of 100 samples each for a more complex_ signal recording.

Figures 3B illustrates the reference signal for 3 periods of
100 samples each for a more complex signal recording, showing the
characteristic "sawtooth™ produced by the reference system over
multiple periods of 100 samples.

Figure 3C illustrates thé recovered signal after the sawtooth
reference signal is subtracted from the array signal to recover

the original recording.

This Sheet Has Been

N



—_—————————

thereof, the recorded signal is played back not as a single ended signal,
but rather as the difference of an array, signal and a reﬂhﬁsmsﬂﬁ§§gg§hmw&p
this manner many undesirabl e signal cofponents are put int | .
. hode and are rejected by the differencing circuits. lmmgﬁﬂﬂmm
anal og nmeng 51 10 AEs X St SuRhim £ O and colums o 'Salatreh
as EEPROM Ce : P €, € array mght contain hundreds of
rows and hundreds of colums. Columms 11L and 12L and 11R and 12R are the
|l eft and right pairs. of reference colums, respectively, disposed adjacent
to the menory Réféyrid®|sipspaid righrand, 12lsaneheid akRanbflPnear e
utilized instead of a single left colum and a single right colum because
of an addi éripodlmeret ig®raHd iinvehéohel erdepgictsadt B@Meothiminatiialn plithali ty of
“sanple and hold circuits used in an alternating fashion (see U. S. Patent
4, 890, 259) shayadmvarmy efrtd lertadnandpporti ghtchitided Theowrmayi emdat i on.
In that case tfhe colums 11L and 11R would be used to record the reference’
i nf or mat i ons$oridrred seircwit ryarksl geandahbydecens tatiany with ddleumpparatugnd
12R woul d be used to record the information of the other set of sanple and
hol d circ@ftsribed ik Srmlddenthd 88Paf P2/ ofP i@ tHeafd&RiEss idnd
ri ght handedness of tﬁf t WO plg;alities are taken into account b t he

reference 9SPERrrated heapiyy py ESAFEPRGRy FRVETRF AYS" RIS EREr ence
I col ums, 13L . 14 d 14R._ The cql um
S?osmz grs%%]}:/es?%hl t %urnegaorr;dec‘)% Stl%glg%)u éi ggg%%&%&a:cq? e oér éhicé §s§1n cr%ﬁg e\f\‘/l%l Fg h
mmc the jpghde bgwdxa%t)héczorargthQyd&??e?@ﬂcg(%fmgﬁ é’{}réf%si Mand?Q ay
0 these ~colu

proper. In addition t ormng a physical boundary, ms may al so
be used fogepthgsicé N aydmt i Orkxﬁtt%riégﬁa{QHéPox%Eﬁy undesifapydeseden 15

provi des row sel ection and row bias voltages as is known in the art, and
in part costhpbSeriesodifh MEhtANthto the common mode and are rejected by the

differencing circuits.

Nonvolatile analog memory storage array 10 consists of rows
and columns of cells such as EEPROM cells. By way of example, the
array might contain hundreds of rows and hundreds of columns.
Columns 1iL and 12L and 11R and 12R are the left and right pairs
of reference columns, respectively, disposed adjacent to the

- memory array. Column pair 11L and 12L and pair 11R and 12R are
utilized instead of a single left column and a single right column
because of an additional refinement in the reference system. The
dual plurality of sample and hold circuits used in an alternating
fashion (see U.S. Patent 4,890,259) may have a left handed and a
right handed layout orientation. In that case the columns 11L and
11R would be used to record the refereqce information for one set
of sample and hold circuits, and columhs 12L and 12R would be used
to record the informatibn of the other set of sample and hold
circuits. 1In this manner the details of lefthandedness and
'righthandedness of the two pluralities are taken into account by

the reference system.

Outside (physically to the side) of the reference columns are
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pl ayback action of both the array and of the reference cells

drivers 20 and reference colum drivers 22LL and 22LR and Zkﬁmalmw& |r
are anal og colum recording circuits cofstructed in accorda o,

. Patent 4,890, 259.. These circuits, in conjunction with their control timng

and bi as aolimrisylIINa@ind Id4owahd PBRf andn 14, acthesle adluogsr peowddagat o t he

cells. Contained in the colum drivers are sanple and hold circuits 21

and r ef er egtges is@iplbouwdd dyolod thecoitsid8ovh the aye fargncef ecdnwes wbiahm

drivers contain sanple and hold circuits 21. During recording, shift

regi ster owrimiq dheatiinsdlde dbobndarydéevned Y Preoendesodamast PEntbe MAPArY

“signal ANAIN to the appropriate colum driver in step with the overall
chip sanpl3sipyY HFPRGGw nd s @REAE LoPUEP nEPFRERF A RIY SiSFleSonrderve §RESRG

transistors 32(0) thru . 32(99) sequentiall ate the ANAIN signal onto the
T 6 e AT S co PO FREGEPFt OrisT fifornat SR cheraPe BrFoBASy o
~clock CKor b ddress |in A . . respectivel i . step. . w.t.h th Lin
timng. ngg?";ejr%cnogAenro&v%t gg'ltgﬁ’édfegf 5$5n_ %y%%%/juon%ga,n%u%wné) N esc-a’%&i%%ge V\S/heg

gate 32( O)asog@gﬁrnto%r{[ QE;, ftihreStaﬁgr, Ir §¥{dcﬂl g}g@rgré&&rrﬁ@me%o%q.a;go'agd gate

32L sinul taneously opens to t t si ref erence colum I ver sanple
and hol d. JiKaWSe BN YFPbeth! 2helarf &) £X@H¥ &he TUFeSAMRECEhALET

when gate 32(99) opens, gate 32R al so opens sinultaneously to the right

si de ref erones, ¥ umh HdiMRrs 20 BAlhrefefénddtedi i fESRSTs 22LL and 22LR
predeterm ned reference voltage called

7 anal og agrdoW@BRY Al Q3RBRRreohinasey, cdldmi ot d Sordbigry tdidedieadeonBt@uctba
ref erence sanple and hold nodes. These simultaneous gatings force the |eft
ref erence bolaggeafiance widipUe SandPhbedtt 6, 8830253 mMhemee misicp imist, h inhe
first (left nost) array columm driver sanple and hold. An inportant result
i s that bdin ROt théhesd rscrnkrahebiding R Piafi i nmdésivr dibos

| eakage di scharge due ,
shown), perform the actual analog recording to the cells.

Contained in the column drivers are sample and hold circuits 21
and reference sample and hold circuits. Both array and reference
column drivers contain sample and hold circuits 21.

During recording, shift register or alternativély column
decoder 30 provides selection of input signal ANAIN to the
appropriate column driver in step with the overall chip sampling
and timing scheme. During recording, representaﬁive gating
transistors.32(0) thru 32(99) sequentially gate the ANAIN signal
onto the sample and hold circuits 21. The shift register or
decoder is driven by a clock CK or by address lines ADDR,
respectively, in step with the sampling timing.

Referring now to the reference columns, during recording when
gate 32(Q) opens to the first array column driver sample and hold,
gate 32L simgltaneously opens to the ieft side reference column
driver sample and hold. Likewise many samples later, for example,
100 samples later, when gate‘32(99) opens, gate 32R also opens
simultaneocusly to the right side reference column driver. In both

left and right cases, a predetermined reference voltage called



c

to | eakage current. Likew se, the sane sinultaneous relati . ' lacod
occurs with the right side reference colum and the adj acent (i IIH"l
driver sanple and hold 100 sanples later7 (in the enbodi nent

descri bed). Thus when the left side reference sanple and hol d | oaded

the 1.5v anal 0g groun I | eft rr I I a

what ever sﬁ‘baﬁlﬁgg\ﬁgﬁouué’ vva@?%ﬁ“ggetﬁ?‘ B&nSI;NZ? %,;' Zl'sg)r(r'rﬂslgggf“ %g%@gglﬁgeﬂg?%%agﬁﬁ%r
exanpl e. Likew y%q.sq t i i e ce I I he
| . 5v anal (L)dg}l(eg\rMoetgjtﬁe evelg,ﬁﬂ%gg%‘gjh?%étagaaér}?éy Tsarrp esqgﬁgqﬁglg%qfoggggggg
what ever signal Mas RN RIMNce0Bo 1MW dkiver sanPild RGdPhAYBAEK, 18841 Ng
transistors 31(0) thru 31(99) gate the outputs of the columm drivers to
the |ine Bimeaddmsbidrny a)ith Aheo rdukt Ngletaymnk), agatayngoluansidstioes 33(0)
thru 33(99) gate the voltage value at the corresponding tap point of

r ef er ence sahiplieddemd éslsi.or M0 imporhenti nesdllt icaldladt Wodh sBopllenwend 41
and 42 provide buffering between the outputs of the reference colum
drivers arwldee sigwildtareouwmiy pregiindsbet equidest thtidee tegkage disshsrge. dide
followers are of conventional design as is known in the art. The followers
drive vol tyeeakpahcwrrenioded ikevine, theisang vimeiranfiqusgeslaréoaghap
to the output voltages of the respective reference columms as traggm’tted

by the refEr¥hQFCHol Ut rGhferd IntTREAR; FEESEINSS RAEEN 3k tAFr 3¢ 28 FERN

Var oy AL LERPER Selehohohl1F, A g R T ERLY 00
and out pu%ﬁ%&&%}éﬁiﬁ% ad<Ureagpl e, for voice information as is known

in the art.

Thus when the leftside reference sample and hold loaded the
1.5v analog ground level, the leftmost array sample and hold
loaded whatever signal value was‘present on ANAIN,.a sample of a
voice signal for example. Likewise when the rightside reference
sample and hold loaded the 1.5v analog ground level, the rightmost
array sample and hold loaded whatever signal was then present on
ANAIN. |

During playback, gating transistors 31(0) thru 31(99) gate
the outputs of the column drivers to the line 50, called Varray.
Also during playback, gating transistors 33(0) thru 33(99) gate
the voltage value at the corresponding tap point of reference
divider resistor 40 to the line 51, called Vref. Followers 41 and
42 provide buffering between the outputs of the reference column
driveré and the resistor, and provides required drive to the
resistor. The followers are of conventional design as is known in
the art. The followers drive voltages to the end nodes of the
resistor which voltages are egqual to the output voltages of the
respective reference columns as transmitted by the reference
column drivers. The difference between the array signal Varray
and the reference signal Vref is the actual recorded information.

This difference signal is processed thru a filter and an amplifier



Referring now to Figure 2A, the operation of the reference systemin
conjunction with the analog array to record and faithfully reproduce an
anal og signal recording will now be des&ribed. Figure 2A illustrates
+typical voltage values in 100 array sanple and hold nodes just after

| oadi ng t hend asitpiodad tBiss speadieRy Ebfeeiamplid,5 Avd hcseeondgorfnat hencase
of an 8 kilohertz sanple rate, by way of exanple. Al so-fer-this .

expl anati ops kdowrs assimeeddtar sinplicity that the signalynis¥gie HaBeen Replaced:
recorded is sinply a single voltage value (a "DC' level) r .

time varying signal such as a voiceé signal. It can be seennwﬁHummmfﬂ"s{
node (O has decayed in vol tage sonewhat conpared to the

whi ch was $exalidtled and has had no time to decay. The time that expired
in loading the sanples in the first plurality of s |l e and hold circuits
resulted in thef$ g it r‘i%tﬁ‘igb‘l*feoizp‘vo??%\g%p%%%;’ir% \Prflatfg'? J§e&er& Che

| eakage. The disIributjontgf s%pQgeg and hfld value% ise§hogn ig Fi gure 2A
plot 1. NOWTHE BhetRIBIFGrPY Ke Cor b W12 7% SR A A° 8R%qual

amount of ] /g, qef dfudeLGRl dnaB8Cs SAHP) S ddHA AdN%5A Abw peDuTT NG
this time the second pl'urality of sanples I's [oading tHe 1 nput signal at
ANAI'N SO aged@fiddu M S5 ABe oA ihaulsR-QE 8Bt P8k da1l Ryt el Rial u@guah agpunt
of time, another 12.5 mlliseconds, the first sanple and hold decays
further asasr@Wsanpld HHE MADINRIded. just affegusadhglapiectiasthaodecay
behavior of the single left side and single right side reference sanple
and hol d | Bves slodimy tthiade ishay? .6 miidlibecormds nxsttlendtadeghifmast 8decay
behavior of the nmenory sanples in Figure 2A. The values of Vref which are
i nt er nedi akeloherthesdrgile amte,i ¢yt wagl nfsesamplee llaLdmkddisf rom t he
taps on the divider resistor 40. Hence the divider resistor

provi des aexplanatirnscH a's tasmed ferappmppicitye thatuddhe erignafletdatevwdor

t he individual sanples internmediate the_|eft and right nost
recorded is simply a single voltage value (a "DC" level) rather

than a time varying signal such as a voice signal. It can be seen
that the first néde (0) has decayed in voltage somewhat compared
to the last one (99) which was just loaded and has had no time to
decay. The time that expired in loading the samples in the first
plurality of sample and hold circuits resulted in the skewed
distribution of voltage sample values due to the leakage. The
distribuﬁion of sampled and held values is shown in Figure 2A piot'
1. Now the operation of the column drivers is such that an equal
amount of time must pass to record.these samples into.the array.
(During this time the second plurality of samples is loading the
input signal at ANAIN so as not to miss any of the infétmation.)
During this equal amount of time, another 12.5 milliseconds, the
first sample and hold decays further as shown in Figure 2A plot 2.
Figure 2B depicts the decay behavior of the single left side
and single right side reference sample and hold levels. Note that
they mimic the leftmost and_rightmost decay behavior of the memory
samples in Figure 2A. The values of Vref which are intermediate

to the left and right values are the values taken from the taps on



sanples. It is assuned that the sanple and hold val ues aftéIFns laced
the sanple and hold circuits internediate the leftnmost and U! ﬂﬂ ﬂﬂ I"
circuits will be mimcked by the voltage wal ues along the rt

. It is now obvious that by subtracting the linearly proportioned val ues of
Vref fromthe resﬁgﬁctive , val uef of Varray,at .the oper, tines

t hy
origi nal sitgFal WirPETpEES et etld AENGFoNRE] ﬁl"f—‘f“a%e Systor ﬁr%\%es a
f [ t. Q. Fi h 3C.. & ' ' f
S per i ods o aodHeaterte” g P Al Al BhIalhtta Aks 16 HERERASIR, 1!

than a simle shRgleqkol!agfeleyein: diediaesceRe ELEL! 0t Shittiodte

characteristic "saw oot produced by the reference systemover nultiple

periods of sh@@lesamphesis T SudaMiaith the sdhblached AéDdn $Lud rask &t gnal
to recover the original recording as shown in Figure 3C Thus

t he saw ootlleakagluZarStieasampsld ey e lfd @hrchet sr £40¢ thhéifi atienciee theftmost
ref erence has conpensated for the sanple and hold circuit limtations. In
addi ti on, kedausghofroshecidedfes entlilalbeamdimicketiubg vhe t el tsagpd eva bideer
effects, such as bias variations, cell msalignnent, |ayout orientations,
and cell teHeongakhef resistonttars at et tic s@wpbbvandshhbhalkt chy caubtxacthiorgral
effects are placed in the common node and rejected. Included anong the
advant ages t¥f fheepréyenropereinnesh Wlneasheff ¥rpduwfrgm the reqpe{ggwg only
a single pair. or right side and |left side 6 colunps or, double pairs of_ right
and | eft si‘@¢YESI GMY2EEIE 3t e RTWEA t&F“elsaygEF SF EALR_ Mt EPt vt L De

reference s sten1r§quir' 10
I

| . .
2. The ref érencere _Fg 38%"%c1?w§*%?ﬁﬁi%qrwlto_or_recorded to such that
the recorded val 'r%f%?%?i?gs Xepicguéé‘se S5 38 el g Ehgr DBl gPnghg T on
of the chip at the time of recording.
reference signal for 3 periods of 100 samples each for a more
complex signal recording other than a simple single voltage level
may be seen. Figure 3B shows the characteristic "sawtooth"
produced by the reference system over multiple periods of 100

samples. This sawtooth is subtracted from the array signai to

recover the original recording as shown in Figure 3C.

Results
Thus the sawtooth or bﬁzz signal is removed from the
recording. Hence the reference has compensated for the sample and
hold circuit limitations. In addition, because of the
differentia; architecture of the system other éffects, such as
"bias variations, cell misalignment! layout orientations, and cell
thermal effects not rélated to sample and hold circuitry thermal
effects are placed in the common mode and rejected. Included
among the advantages of the present invention are the following:
1. Using only a single paif or rigﬁt side and left side
“columns or double pairs of right and left side columns save a
great deal of layout area compared to a reference system requiring

.many columns.
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QO her prior art floating gate references do not record v L
contain information corresponding to chip conditions-at t mﬂlﬂgmt Ldm _
witing or recording. This is a major dilfference of this L& tem
.fromthe prior art. This feature indicates that this Is an intelligent
ref erence system - It Ls able t conpensat e r re factao
conventional p4ssi géer’é?t?’é?fb%e Cse&sltserﬁry% aC%“aéiQ gﬂr%ef%%‘eénc%ls's{/s en%aed

| ncor por a{ 58 APREY 168! SLOleadl Sk, g dELLUAL A, 1S RSl anahdshi of

repr esent §°j AT OrnatT o onents simul taneou el ng outputted from

di I erent nhehCEROERA) COLMTL d Uk RERLIAN B ghé fermntocaldraity.s is a

maj or feature o I's reference system This feature pernmts a small chip
area to bgrHsedpt Ook ekt Z€) ddvel AL TRIRNGR rRYehed) 2! ORe Nt dibrd Nvalardsor nance
one reference cell per storage cell. 4. The reference systemdelivers

r ef er encewhRERr 884t 80n Woh £dc md 151 dre fEanispondanganp| eh mdedvad it i dderawlthe
process, layolut and voltage related conditions fromtwo w dely separated
regi ons onimehefchipting er ,rdaordisfgd. sithd sand &amajoyhdisfewenchief ttids
reference system conprehends |arge areas of a chip and optimzes precision
and snal | rafegesoassnptémnirom the Prigy |artwi t Bhhst featerertiticatiumtat
mmc both the "up" _and "down" orientations of the cel| |ayouts and of
process EBA8i £PoRB 30ERLLEIR G S IATRNRSS SHSEER. aP® bF i ERt2RID-Yependant .
The up and down orienptations re'assoﬁ&li ated with a#tergati ng, rows .int

h
array, ThPMPERFAFE EORITFPERL LRSI HEM drCoPSRTDIObRL PPETEYBries SRR m

6. The coguggeRair on each side of the chip records reference information
that is regponsrve to "left handed and ri ght handed"” orientations

of the sanple and heLd GkLelhts LPstdf M@ rporates a tapped resistor
divider to deliver a reference signal which represents information
éomponents simultaneously being outputted from different reference
columns (and necessarily different cells). This is a major |
feature of this reference system. This feature permits a small
chip area to be used to realize the reference system approaching
in performance one reference cell per storage cell,

4., The reference system delivers reference information which
is responsive to sample and hold, thermal, proceSs, layout.and
voltage related conditionslfrom two widely separated regions on
the chip, i. e., far left side and far right side. Thus the
reference system comprehends large areas of a chip and optimizes

~.precision and small area consumption.

5. Cells within the reference columns mimic both the "up".
and "down" orientations of the cell layouts and of process'
conditions such as misalignments which are orientation dependant.
The up and den orientations are.associated with alternating rows
in the array. This feature contributes to the precision of the
reference system.

6. The column pair on each side of.the chip records

reference information that is responsive to "left handed and right
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plurality of sanple and hold circuits. This is useful becau
of the sanple and hold circuits may depend sonewhat on the [ i
handedness of the sanple and hol d storagel node |ayout. Thi
.contributes to reference precision. 7. The extreme right side and
extreme | F‘\‘;Bdéhd%?ﬁ.eﬁ@%i&&% W Y Qlinpi® aHEMNG D@t cih& Y GPlo aane
additional colums which wll cause the reference colums to be physically
bordered eurhhety bEMBshgie dddMorndirititsi deshby fs regithal vedduse the
| ayout . Tﬁi s confrguration results in reference cells and colum | ocal
geonet ri egehRaendECL Bé 0S@hY1dT dAC HIIRI adiridaliteehbg depdie satewtmge o e
when fabricated in the wafer factory. This closer mmecry results in nore
preci se rekérenceraght onafidexndde of affer ermmplechhd hold cotemas node 8.
The reference cells and col ums have exactly the same |ayout and process
‘t hi ckness lgzonetri sianfleates qruiceidnite svepefeaende prechedany array
cells. This configuration contributes to the precision of the reference

system 9. TRBecekrtsemadr M unitdhAnd extcere LREL sakde reEotRe and
pl ayback circuit and bi asi s do .t he nory cells and. col u .
Qper at i on&PLFH CFYORE Hot SUTResRet MR 7 LOPRar R rBTo: & A3RT R ifio v
exact mmcery.in.the present inv lon contributes, to.r ci sion.
10 The cR-EParetar RRES T in THETARE RS, YEobe BrBSi Ly Do
nonvol ati | d, Kk Pﬁﬁk I Jalat t S can
al so be oPﬂtﬁgggéRﬁﬁﬁ%g%geg * %%%§$ﬁ%§£e!d§sch glggHgga%pE? e so called
FLASH EP oLt . FLARKs EEBREM & YPE1 SONSd Suitld QM referendd: cdEs &{€r&MGHnn
system of the present invention is useful in applications for high
fi gel ity socxad pecfedirngsatlapl mybacdkloseslifmindcv@heactusl Ccel DfEin Atttk
vi brati on. 12

storage array when fabricated in the wafer factory. This closer

mimicry results in more precise reference action.from the
reference cells and columns.

8. The reference_cells and columns have exactly the same
laybut and process thickness geometries and other processing.steps
as do the memory array cells. This configuration contributes to
the precision of the reference system.

9. The cells and columns have exactly the same record and
playbaqk circuitry and biasing as do the memory cells and columns.
Operational mimicry is not always the case in other memory
systems. The exact mimicry in the present invention contributes
to reference precision.

10. The cells are of the floating gate EEPROM type,
providing a nonvalatile record, playback and erase capability,
though the cells.can also be 6f the EPROM type.

1;. The cells can also be of the so called FLASH EPROM or
FLASH EEPRCOM type construction.

12. The reference system of the present invention is useful
in applications for high fidelity sound recording and playback,

such as voice, music, tone, and vibration.
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13. This reference system when used in conjunction wth a i
anal og storage array can be used to stone "DC' informtiiﬂmﬁﬂmlm% '
i nformation. The nonvolatile storage is in fact intrinsi

."st orage. 14. The reference system when used in conjunction with a
nonvol atil e anal3g Ihissagefareaygecapsben ueeth tusest dme confjaneatiponwithhar
than sound i nformati on such as, acceleration, deformation, notion,
pressure, genpdrdtilee anaddigcatoragerantaprcaude asedCEo dhpaeahdChl ood
pressure and such information as seismc data and geophysical data rel ated

t o nat.ur alinfegmatdenexplosr dustn"aGthinformatiiomd Jas ewpretatism. storage s,

The reference system when used in con+unction with a nonvolatile anal og
storage arfrfayitdiPe insadnsdcatdre”"PRT oFHREAIY ot her sound infornation
such as accel eration, deformation, nptio prqg;ure ﬁperature

S

) di |
i nformati on suéﬁ'asTﬁﬁG§££ﬁ§e£ﬁ8 SEFHEH PP StH éﬂﬁ‘§%§ nFﬁﬁBPnﬁ?Fgﬁa;ga
soen ng (b AiGe 98 RRETEE0 e ERMGe SHALY Gl MMM (ooREHEEC RXRLALELLRT

nv
such as di9*%an applications are pé

i nclude speGLya REGOT LE% SHER RS L8R CJHPQﬁﬁﬁﬂkﬁﬁQXonYi EPorRREELL
RSP to eo

and ener gy spectra. I'cations are also expecte I ncl ude vi

- picture reeidlidg.pressurelbeehBerheh8s ENEEd ST BRAYIRALYSAd sLBNCAB] HOEL I ON
with a nonvolatile storage array is useful for storing digital

I nformat i caeeheimi tiodd @irealsurel ahgushom b fomnaiden aas sellstipl datanahag
voltage | evels, which | evels when played back or read are difference

val ues betgsssphyenialadg datfee renad edak cesatunci hned sgh raee rexpyl oxatapnv abobsas
Wil e the preferred enbodi nent of the present invention has been disclosed
and descridigd anst eias €xpleidatilpe .obvi ous to those skilled in the art that
various changes in formand detail may be nmade therein wthout departing
fromthe spiritland Tropeeiaransss system when used in conjunction with a

nonvolatile analog storage array. can be used to store information
other sound information such as acceieration, deformation, motion,
pressure, temperature, medical information such as ECG data and
blood pressure and such information as seismic data and
geophysical data related to natural resource exploration such as
oil and gas exploration. Further applications are expected to
include spectra recording such as for gas chromatography, video
spectra, and energy spectra. Applications are also expected to
include video picture recording. |

16. The refefence system when used in conjunction with a
nonvolatile storaée array is useful for storing digital
information where thg digital information are encoded as multiple
analog voltage levels, which levels when played back or read are
difference values between analog reference values and analog
memory array values.

While the preferied embodiment of the present invention has
been disclosed and described herein, it will be obvious to those’
skilled in the art that various changes in form and detail may be

made therein without departing from the $pirit and scope thereof.



13 CLAI M5 1. Areference systemfor an integrated circuit anal og
recordi ng and pl ayback device having an array of col ums and rows
anal og signal sanpte storage cells whereth a.plurali'ﬂls

I of
4 an
anal og signal are I oy | i N sanpl e and holi ﬂ ributed
across thep a:ﬁﬁ‘ﬁH@“;‘ “ | oaded into a plur e
ri edt

storage cells di st al engs a* row of anal og signal sanple storage

cells of the array conprising: at | east one colum of reference
storage cells at each side of the array of anal og signal sanple storage
cells; a sanphereferdrmidl Listeni foeoanl enlt ¢@raweah calowin ahaleger ence
storage cells; reference nmeans for generating a fixed reference

vol t age; recordimpsardrplealsiaky delvdcki hadingfar e w glft @gdumpsbandanpved
by a respective sanple and hold circuit coupled to a colum of reference
storage cebf sammboveigndle sedipdcestosanpl eebhel W reirciar @liuradafisl €5 t he
anal og signal for subsequent stora In a sanple stqrage cell; ans

for causi nSPTRESS b ar"éﬂé?%rﬁ?@“\g?gl pagetAEPRFATL LY hedfhiie SARPASI andne
circuit co d to a,colum of reference storage cell o be witten into
alre?;rencﬁngo?hﬁ%“t%ﬁIé%ﬁtﬁfqﬂﬁﬁﬁ EﬁFSPSSEQ?Ig%EﬁV ey ?Fjﬁgﬁeganéle

el d [t heogdlacenlo ARl & A, ol dafhigUblol Sun LALRD Ji0 B LA 3080

cell of the correspondi analog~si gnal ~sanpl’e storagé ce

array, a r8§388 £9£1&§‘F§i<{1§a%F@?%gg%ﬁ%%@ﬂ%@ ¥Rl dRpgg ghored.in

the reference storage ce r e reference storage cells of
a particulgémﬁghgiﬁgw/mhen a signal sanple stored in any signal storage
cell of the correspondi ng row of anal og signal sanple storage cells of the
array is read odt Qbatbeonér&ylumn of reference storage cells at each side

of the array of analog signal sample storage cells;

a sample and hold circuit cpupled to each column of reference
storage cells; |

reference means for generating a fixed reference voltage;

means for causing the fixed reference voltage to be sampled
by a respective sample and hold circuit coupled to a column of
reference storage cells wheneve; the adjacent sample and hold
circuit samples the anélog signal for subsequent storagé in a
sample storage cell;

means for causing the sampled reference voitage held in a
sample and hold circuit coupled to a column of reference storage
cells to be written into a reference storage cell of a particular
cell row when the signal sample held in the adjacent sample and
hold circuit is written into a storage cell of the corresponding
row of analog signal sample storage cells of the array;

means for causing the sampled reference voltages stored_in
the reference storage cells to be.read.ffom the reference storage
cells of a particular cell row when a signal sample stored in any
signal Storage cell of the corresponding row of anélog signal

sample storage cells of the array is read out of the array;
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e e e N
itTerence

. cell currently *peing"yehd;s and, means for taking the
bet ween the signal sanple read out of a cell of the array and the
respective celtheams$ ef@ngprowvidlinggse. cell referkncEheralékgrehyecopbipingfthe
claim1l1 having a plurality of sanple and hold circuits, each being coupl ed
to a plure¢fesente vwltames obadnfFen thenegfersemsiee sspopggecedlsswibiodigh a
mul ti pl exer, whereby a sanple and hold circuit is coupled to each colum
of refererrbativs Hpiahdling deParfert cvpon i thes RASIEA@8NE1BAI #hECY Af cthe

t he nultig!exer. 3 The reierence é%gten1of claim1 wherein said

means for>iPHoNi i HFYE SELl FHFEPBRLE ROTRRGEAR @8Fi ning the reference
vol tages read fromthe referen stiorage cell.s w th rel atiy L.ght i ng
dependent upor™THe® poF 158 S gﬁ‘& glrfggf?ﬁc? h%e%"l'eger?al%hestséggag Séﬁz’ge

currently

ead C Li S&S; [ r n e
connect e T8 1 Bl BPL B s aroal i o ApRect Ve 0ot 1P e b ence
cell at opg sigle of a particular cell row of the array and the other end
connected to e sanpled reference voltage read fromthe reference storage
cell at other side of a particular cell row of the array; and, (b)

means for tapping the voltage frompositions along said resistor in
proportion to 2he Tie¢ ateferapan isiygneal ofigchaiell haowmingofa phersildngl oft or age
cell currently being read. ' 4. A nmethod of storing an anal og signal
in an arrsgmpie and st midcudws, ofacht bging exbunilesuitc ¢ glakaddbragé cell s
columns of analog signal sample storage cells through a.
multiplexer, whereby a sample and hold circuit is coupled to each
column of reference storage cells at different times dependent on

a

the state of the multiplexer.

3. The reference system of claim 1 wherein said means for
providing a cell reference wvoltage by combining the reference
voltages read from the reference storage cells with a relative
weighting dependent upon the position'alongwé row of the signal
storage cell currently being read comprises:

{(a) a resistor having one end connected to the sampled
reference voltage read from the reference storage cell at one side .
of a particular cell row of the array and the other end connected
to the sampled reference voltage réad from the reference storage
cell at other side of a‘'particular cell row of the array; and,

(b) means for tapping the voltage from positions along said
resistor in proportion to the relative position along a cell fdw

of the signal storage cell currently being read.

4. A method of storing an analog signal in an array of

columns and rows of integrated circuit signal storage cells
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15 wherein s periodically sanpl ed and d
in a sarrpl e aﬂg‘!ﬂ mmu@*mm til a predeterm ned nunber $
accumul at ed, hen tme pr eterntned ngber of sanples

.is witten into a row of the nmenory array, conprising the steps of.

di f l, di f h f
ot cor ot ek B EEIBeY §5RAE 15 pext dRledY HnlesOrn a?ﬁ?éé’%v%tc"%he
circuit refarence , %%thgeaﬁﬁlhé d circul€ly qp"%%ﬁ%%@egﬁkgkgggﬁﬁﬁer of

reference voltage in I rst erence vol tage sa I'rcul

when the fdan1edf HaR aRCeASEgEaLNednaUNRS e We%%ragnkae tegofl gnal

Is taken and held in a sanple and hold circuit sanp I ng and

hol di ng t hanpafedr @akenvahbage1linNis secOndh fiferLnew \6Q| tageméﬁatayeaaas
hold circuit when the |ast of the predeterm ned nunber of sanples of t%e

anal og si gealprisihgkenheanstdepbebd:in a sanple and hold circuit; and,

(e) witing the sanples of the reference voltage held in the first and
second r ef er enc@)volpmayd ddagpke rafidrbotel eolttages into first and second
reference voltage storage cells when the predetern ned number of signa
sanpl es taken ai} hanpviglingi foenearht boussbointiegradieghalirsudragégoslll s for
the respective row of the nenory array. 5. The nethod of claim4
further cGHPTPSEd 6L lishe asfdpgtopnd seconq fintegriteg CHacyafipredereneeence
vol t ages stored i n tg reference storage cells fromthe reference storage
cel s of &°9F&4E EftdSicel | row when a si gnal sanple stored in any signa

storage cell of the correspondln w_of nalo nal anple stora e
cells of the arfdy i FddH9 og Eﬁénnggﬁ eferente voltdge” in a’ 1

reference voltage sample and hold circuit when the first of the
predetermined number of samples of the analog signal is taken and
held in a sample and hold circuit;

(d) sampling and holding the reference voltage in a second
reference voltage sample and hold circuit when the last of the
predetermined number of samples of the analog signal is taken and
held in a sample and hold circuit; and,

(e) w;iting the samples of the reference voltage held in the
first and second reference voltage sample and hold circuits into
first and second reference voltage storage cells when the
predetermined number of signal samples taken and held is written
into associated signal storage cells-for the respective row of the

memory array.

5.. The method of claim 4 further comprised of the steps of:

(f) ° reading the sampled reference voltages stored in the
refe;ence storage cells from the reference storage cells of a
particular cell row when a signal sample stored in any sighal
storage cell of the corresponding row of analog signal sample
stecrage cells of the erray is read out of the array;

(g) combining the reference voltages read from the reference



(g) conbining the reference voltages read fromthe refer cet Has Been Replaced
16. storage Eﬂumuuﬂuﬂlwﬂa utive wei ghti ng dependent upo llmﬁwum
time the res y nmpl e was tgken and held in ¢ he
-tinmes the respective reference vol ttage sanples -were taken and held to

Betveen  AEOZPGRAFSLLARY LT ch RS L6t “agBE A8 eRendhe Fodty e

ti A ‘vol t .t Ld ' t,. .
6. The. metRUBCAF oot AT SRRHET I K FLPOFLanerBLeone” Tarat kb Mgt 4%
storage Cebhgaigofll HOSRM { &l HlGe3pAR0 1 LBCre ke Lncl Ao AL 1190
of the array, respectively, substantially as an extension o he array.

7. The ne(bed ehxehahfuSndErEd pidB deCheaNteryebiante SNAHL; GRId;S are
substantially the same as the signal storage cells and the reference

vol tage sanpl e (@and Rakdngi £Reli & 5f Péencdipsirarienakhy shgnsansamslé heesd gnad
sanple and hold circuits. 8. The nmethod of claim7 further

conpri sedodf aaddilli 68athesipragearmelthe diespesedviencedl unase edrorg wdiledgaf t
side and right side of the first and second reference voltage storage
cells, respecbvidkya akgoabubmtmle i@ltdpputas an extension of the array.

6. The method of claim 5 wherein the first and second
reference voltage storage cells are disposed in columns along the
left side and right side of the array, respectively, substantially

as an extension of the array.

7. The method of claim 5 wherein the reference voltage
storage cells are substantially the same as the signal storage
cells and the reference voltage sample and hold circuits are

substantially the same as the signal sample and hold circuits.

8. The method of claim 7 further comprised of additional
storage cells disposed in columns along the left side and right
side of the first and second reference voltage storage cells,

respectively, also substantially as an extension of the array.



