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*CASCADI NG ANALOG RECCRD/ RLAYBACK DEVI CES AND METHCDS Thi s appl [ cgﬁslsggthg‘sB@enR eplac
continuationiin-part of an application entitled Integrated G rcui

Met hod for Anal og Signal Recording and Playback filed on Sept. JJIHHEHIH II”III
serial nugnber 07/588, 949.' BACKGROUND OFXTHE I NVENTION 1. FIELD

| NVENTI'ON The present invention relates to the field of integrated circuits

and nethods for the recor ¢hSeactind RARVRRICORD/FiddbReK Si gnals. 2. Related

Appl.i cations The present application is a continuation in part of United

States patent -application seri alPEVIGRScANBIETEQRE fi| ed Septenber 26, 1990

and entitled Integrated Crcuit System and Method for Analog Signal

Recording and Pl ayback. 3. PRIOR ART A single record/playback device has a

. record capacity tinas dppliéddioR iBCht&dnt iAGici0h-mopslit benm aphrdcish
duration. In the case of solid state recorders the duration is determ ned

by the nunbepnbitlefointgaralied pifcuityandsirthodstarnrnaieg ctigeabfRegoadidgiot al
nmenory, the gk PLRS o Pf e t d cording
density, getermyir;:;e%c t%y th%‘prseegl(:)r?%ng%gg\é\ﬁ%%%%jéalgﬁ%%raow rrsrsafl on bei ng
recor ded, the way to increase storage capacity is to increase the nunber of
storage elenments. Existing solid state system desi gns which have the
ability to eFW%y n this manner are conposed of at | east
two differen ypes of cIrcurts within a given system The first type
perforns the encodi ng and decoding, or witing into and readi ng from nenory

devi ces of th second t%ge. In order to expand capacity,

The present invention relates to the field of integrace¢
~ circuits and methods for the recording and playback of analog

signals.

The present application is .a continuation in part of United
States patent application serial number 588,949, filed September
26, 1990 and entitled Integrated Circuit System and Method for

Analog Signal Recording and Playback.
3. PRIOR ART

A single record/playback device has a record capacity that is,
fof a certain set of conditions, fixed in duration. In the case
of sol;d state recorders the duration is determined by the number
of storage elements or, such és_in the case of a digital memory,
the numbe; of groups of elements (words). Given a fixed recording
density, as determined by the recording technique and the
informatiop being recorded, the way to lincrease storage capacity
is vo ;ncrease the number of storage elements. Exisﬁlng solid
state system designs which have the ability to expand storage

cépacity Ln.this manner are composed of at least two different



addi tional nenory devi ces are added. In such a system the first type of.
circuit is able to direct the writing and reading of stored information to
and fromany of the menmory devices in a controlled manner. = 3 BRI EF
SUMMARY.OF  THE | NVENTTON Cascadi ng anal og record/ pl ayback devi ces and

met hods allomnng the recording and the playback duration of individual -

devi ces to be extended by connecting together multiple devices of the sane
type. Each such device contains both witing and reading circuits as well
"as the nmenory circuits. The nenory is enbedded inside the device and does
not have direct access to the outside of the device. Al control functions
relating to the selection of particular devices is done by the devices

t hensel ves wit hout external intervention or assistance. A single input
means and atszpaglqi outquits iahin i givend shstem. | ThevFiwss. tYRP PRETRWSe of a

voi ce record_and bac st.e al | ces _use.a_sin ChaRhone and
si ngl e | oud<H&aRAT® °dqx 58%"?& %S '15"(;1'?E @t%ﬁﬂdmﬁg@bﬁre ? is a
bl ock di agr {9t oIQr@ieersEé‘&hdeHP&é“ NMeRtor@br 38 dipaR@radpadiey,r cuit anal og
signal record and pl ayback systemin accordance with the present invention.

Figure 2 is aa!dbtmldnmranddveve@f arepaddednt dnj Yihor WStErmBNSgEHF¥rarchy in
t he reference tion of the circuit ic of certain
EEPROM cel [ s",Yp g\ﬁ? ﬁ“itthz sa%ﬁﬁ % dgée“btr 55 ﬁn%ve%‘gt %’%F?g’bﬁ%él gital values

to set the QRbiB¥Mnformation to and from any of the memory devices in a

controlled manner.
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vol tage reference and-current reference with the proper tenperature S
coefficients. Figure 3 shows the dual cell differential weighted sensing
scheme for the trimecells. Figure 4 is a circuit diagramillustrating the
curtent bias, distribution scheme. Figure 5 is a circuit diagramfor the

cl osed l'oop sanple and hold circuits and associated circuitry whi.ch
conpensates for the threshold | osses and other non-linearities and

manuf acturing vari.ations which may exist across the die. Figure 6 is a
schematic diagramfor the circuit used for the dual level iterative wite
of. the present invention. Figure 7 is a block diagram of the clock circuit
of the present invention. Figure 8 is a circuit di agram of the clock

circuit of Figure 7. Figure 9 is a blogk diagramfor the circuit for
detecting invalid addresses and the use of the same to control
configuratiog, it AL E circuit system Figure 10 illustrates.
a variation 0l ) f i addition of a latch to store the val ue
of the configuration bits. Figure 11 shows the anal og connections for
connecting several 5 devices to a single mcrophone, AGC resistor and
capaci tor, and | GBMW@"&M& rew@éalawga%ld@vp@é andineslod% 2L kPR t he
record and/ 0 ?x%n? h ngﬁtﬂen pfa(ﬁso:fag%) d%rrgpgnegé i%&f\pfdqun&]equeg' t%ur e 12 is

acircuit dlégran1 e down circuit used

in the prefesd Qﬁlteﬁﬁlﬁdbﬁ%hnediliwrtegéﬁxelrsmtﬁt(ipréluabidﬂsagf afheO$ame bi nary
~counter and anal og switches of the HV INC circuit. . ..
type. Each such device contains both writing and reading circuits

as well as the memory circuits. The memory is embedded inside the
device and does not have direct access to the outside of the
device. All control functions relating to the selection of
particular devices is done by the devices themselves without
external intervention or assistance. A single input means and a
single output means is used by all devices. 1In the case of a
voice record and playback system, all devices use a single

microphone and single loudspéaker.
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Figure 14 is a circuit diagramof thé. capacitors and conpar at or Tigs ShediBladBéen Replace
INC circuit. Figure-15 is a circuit diagramfor the anal og conne
cascaded nultiple devices to extend the record and playback tine

sinple and efficient manner. Figure 16 is a circuit diagramfor the diglt
connection of the nost sinple control configuration of cascaded nmultiple

devi ces to extend the record and playback tine in a sinple and efficient
manner. = "6 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The techni que enpl oyed

in the present invention allows the recording and the playback duration to

be extended by connecting together mnul #i ple devices of the sanme type. Each
such device contains both witing and reading circuits as well as the

menory circuits. The nenory is enbedded inside the device and does not have

di rect accesgrIES HESERIPEIONOM pARIMGS ce. To provide access would require
addi ti onal connection nodes or pins on an integrated circuit, which is a '
di sadvantage i'n any case, but especially so with the anal og recording

t echni que descri j gg;cgn A heR! b@narseri al

nunber 588, 949, ??‘ﬁle%néé&pstsg er 2%148%5%éof2§ %%tgfﬁuejgi Integrated Circuit

Syst em and Maitegdafesr civraliogarBilgaadighel crederry and cplRiybadkaekstfiiet® t he nunber

of connections would bf rohi bitive éon tt he order of 100 or nore). The
obj ective, t¥HPTIPRCY Y 'H{)('J'W FFezeny APYertde%i ce which can function as a

conpl ete recor d/ pkawask; 4@V rRxadthgehh Qlevel S@peasentet anseat ed with
mul tiple identical devices to extend record and playback duration. All

control functiioming diigrdaeyytin the mferendeosensiraptan PEAkaPt d&'¢i ces i s done

Y e (o S e Mo GRandh (12 e UL eeb MY, loBlad 2R YOS A

to be programmed to suitable digital values to set the optimum

voltage reference and current reference with the proper
temperature coefficients. .

Figure 3 shows the dual cell differential weighted sensing
scheme for the trim cells.

Figure 4 is a éircuit diagram illustrating the curreqt bias
distribution scheme.

Figure S is a circuit diagram for the closed loop sample and
hold circuits'and associated circuitry which compensates for the
threshold losses and other non-linearities and manufacturing
variations which may exist across the die.

Figure 6 is a schematic diagram for the circuit used for the
dual level iterative write’of theﬂpresent invention.

Figuré 7.is a_bléck diagram of the clock circuit of the
present invention. '

Figure 8 is a circuit diagram of the clock circuit of Figure

Figure 9 is a block diagraﬁ for the circuit for detecting
invalid addresses and the use of the same to control configuration
bits for the integrated circuit system. '

Figure 10 illustrates a variation 6f Figure 9 showing the
addition of a latch to store the value of the configuration bits.

Figure 11 shows the analog connections for connecting several



and a single output neans is used by all devices. In the case of a voice
record and playback system all devices use a single m crophone and single
| oudspeaker. The device described herein is simlar to that in application
serial nunber, 588,949 referred to above, though the invention is not
limted to that inplenentation. To illustrate an exenplary circuit for use
with the present invention, the disclosure of the foregoing application is
repeated hereafter as folloms First referring to Figure 1, a block diagram
of the preferred integrated circuit enbodi ment used as with the present

i nvention 7 may be seen. The circuitgshown integrates all major circuits
of a solid state sound recording and pl ayback system The system consists
of three major sections - the anal og i nput and out put path; the anal og
storage arrayevites degd tsdhgizonmticodphand, EEPREMdistyap@and capaeitds. aRower is
supplied to the anal og section and to the array and digital section from
separate VCC 1ongsrAS&eE 95 A5RALNT Myltinke fevised t%af%equtl“%k’@@tf% mnimze

n0i se coup! | NGt waRnddRe: AALR% YUl Yk eeiERld:ORfmalot only Trom the

power supplies, but also fromthe other signals y way of the bl ock
di agram | evel desFigureci dsid cdesuindipiyam £ad the\righ vamlage Neaigt 6p and

board | evel de5|g;s tiliiégg_the devi ce. The anagwg section provides the
audi o i nterf 208 Pn9PRC Sphdife 1anthe ReeispEek &PPoddREPE- are two di sti nct

signal patns o) Megaed HRLd HLiRNDackond be o DEAUAGSEUILIRY |

further be subdivided into the follow ng subsecti preanpl |
gai n secti on swit¢hesuobHrrbei BV g€ ncicentitol (AGC), 2) filter section, 3) power
anplifier section Jéﬂ%ﬁ:]lr‘!terface section and 5) reference section. Record

Mbde: In the recor the ﬁﬁﬁ?‘b‘&h&hﬁgﬁmlﬁtf‘% capacitors and

comparator of the HV INC circuit.

Figure 15 is a circuit diagram for the analog connections of
cascaded multiple devices to extend the record and playback time
in a simple and efficient manner.

Figure 16 is a circuit diagram for the digital connection of
the most simple control configuration of cascaded multiple devices
to extend the record and playback time in a éimple and efficient

manner.
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capacitively coupled to the M CI N I nput ‘pin-transduces the audiThisShetkids Been Replace

into a low | evel analog signal. This low | evel anal og signal pas
the pre-anplifier with AGC control and gain stage. The preanplif

gainh stage are al so capacitively coupled through an external cap .

out put of the preanplifier is the ANAQUT pin and the input of the gain
stage is the ANAIN pin. The capacitive coupling avoids saturation of the
gain stage by blocking the anplified dc offsets of the preanplifier stage.
The ANACQUT signal can be used to output the preanplified signal for. other
external systemrequirenents. The ANAIN.input can be used to record already
condi tioned signals, directly bypassing the preanplifier. The output of the
gai n stage 8 goes to the filter in the record path and al so feeds back
to the peak RETAILER DEJCRIPMLGN BVENGEMNECt S the peak | evel of the
anplified signal and holds the level on an external parallel resistor and
capaci tor conbi nati on connected to ground at the AGC pin. This level is

then fed back to I ifi t.hus creati a_negat i feedback | oop.
Thi's | oop Ii i tsTéfg:e?rg%%r#‘{péggd af °e"’r'ensﬁﬂ€g‘t“6"?? 5% Y vogs g’(éj%t ion for a
| ar ge dynam cecandingaacd cheiglagbadkd dubstibh WOpl iR ehddiby ddnnesxigyr nal

resi stor and capacitor_ conbination at the AGC pin allows the attack and

rel ease tine "CHRERSMPEIGIPLEHevAERS 9t they Rate tisRe v aFR e Sush slevigg st em

requi renents. [ [y el r Lies resi I t I n.as shown
in Figure 1 mﬁgﬁ{ri%n_bé%%r%ﬁn&%@wr? Ed{%ecﬁ%tﬁ é?}ng g%ﬁag?t@?cgg 9sﬂryt he AGC
attack tine. ciireuitse Ofhet hemoryt &5 RdbeddRal Sdsibe MNRUESS cehendWEPE MRS

external components while still allowing control of the attack and rel ease
time constant"éve 4iregF ATEsHFOVEIL GHptidecat the dsvéadml TPiRACVASRI gain stage

with AGC SLHJ%%EL§£NQOU14 require additional connection nodes or pins on an

integrated circuit, which is a disadvantage in any case, but
especially so with the analog recording technique described in
U.S. patent No. 4,890,259 and application serial number 588, 949,
filed SeptembeqN26, 1990 and entitled Integrated Circuit System

"~ and Method fof Analog Signal Recording and Playback where the
npmber of connections would be prohibitive (on the order of 100 or
more) . The objective, then; is to prOViAe a single device which
can function as a complete record/playback device and which also
can be connected with multiple identical devices to extend record
and playback duration. All control functions relating to the
selection of particular devices is done by the devices themselves
without external intervention 6: assistance. A single input means
and a single output means is used by all devices. In the case of
a voice record and playback system, all devices use a single.
microphone and single loudspeaker.

The device described herein is similar to that in application
serial number 588,949 referred to above, though the inventioh is
not limited to that implementation. To illustrate an exemplary
circuit for use with the present invention, the disclosure of the
foregolng application ié repeated hereafter as follows.

First referring to Figure 1, a block diagram of the preferred

.integrated circuit embodiment used as with the present invention



The signal going into the filter section is called "preanpo".
signal "preanpo"” then passes through an analog nultiplexer to th

and becones
"filin" and

the signal is called "anal ogin".

i HasfHe
the signal "filin". The filter then bandlimts the sll Il“l

. .processes it to produce the signal. "filo", which then passes
t hrough anot her anal og nultiplexer to the interface section. At t-his point

to place the filter in the antialiasing/bandlinmting function during the
The use

record node

of the filter both for the purpose of antialiasing/bandlimting and

and.in the snoothing function during the playback node.

snoot hi ng nakes nore efficient use of silicon real estate. The. filter is
fth order | ow pass Chebychev type. MOSFET transistors are
operat ed i n mayebe speAr TG VhFCHIG 1§hers dntedrrEey Ald majog ¢HCPiL® Fo?act |i ke

oS oLors LANLGSNOL A NOREL AR LEP S AR oBheR, L ife! fakerent 20 [ on of

MOSFET- RC fi

t he NCSFET-ﬁ%c)prOV|de a lar

range wth I ow distortion

in the filtedonshbSd o fndeleymdliokf ¥ceDénsal- GhaA®ldgs ingadand cubpud i | ter for
distortion. Using a differential technique also helps with
respect to [RAMY Bheppnglagopterapejasgeyiofthe digitakfopbrd #od EERPBI | oop
mai nt ai ns the

| ower si gnal

the effective

esi stance required for Il

SofBLE L0kl MG METEI T ofleo! [ RRORST sh&¥iBh 1 ggnerate

r tinme constants. This gate

vol t age "vcndwel arffymand fdigitdiheeddnh rfoml separate tvoe andf €SEopplubsect i on.
This loop locks the filter tine constants wth the on-chip oscjillator

time- period,Piddd tiehlo TEFUK I HITER, tPh‘é"r’éiB}"/z?ré‘&iF?ld:°f’ﬁJe‘quui st
criterion as,3ppLi et"](%eté)na%ﬁ et dy Z%%EFJE%- Ao oAty bk age sdier! y three

times the chip supp

y i's also gener at

| oop for "vonipplies,sbeh allsatfromcuiter bthelyasignaisic bywwale ofcor pbdck

diagram level design, circuit design, physical layout and pin
outs, and board level designs utilizing the device.

The analog section provides the audio interface with the
micrqpﬁone and the speaker. There are two distinct signal paths
a) Record path b) Playback path. The Analog section can further
be subdivided intc the following subsections; 1) preamplifier and
gain section with automatic gain control (AGC), 2) filter section,
3) power amplifier section, 4) Interface section and 5) reference
section.

Record Mode: In the record mode the microphone which is
capacitively coupled to the MICIN input pin transduces the audio
signal into a low level analog signal. This low level analog
signal pas#es through the pre-amplifier with AGC control and gain
stége. The preamplifier and the gain stage are also capacitively
coupled through an external capacitor. The output of the
preamplifier is the ANAOUT pin and the input of the gain étage is
the ANAIN pin. The capacitivé coupling avoids saturation of the
gain stage by blocking the amplified dc offsets of the
preamplifiér stage. The ANAOUT signal can be used to output the
preamplified signal for other external system requirements. The
ANAIN input can be used to record already conditioned slgnais,.

directly bypassing the preamplifier. The output of the gain stage

on-chip to supply the dc control

The purpose of the analog nultiplexers is

a

eplace




range dependi ng on process, tenperature and power supply cha ge@msﬁﬁﬁ HagBeen Replace
that it does not get limted by the power supply. Al'so there are

i npl emented in the chip that allows direct access to and fromth

t héreby by-passing the filter. This facilitates high speed testing of

array. Playback Mde: -In the pl ayback node the interface subsection

receives two signals, "aryout and "difref" fromthe colum driver

subsection. These two signals go into a switched capacitor differencing
~anplifier to generate a sanpled signal equal to the difference of "aryout"”

and "difref". This difference signal i% held in a sanple and hold circuit,

the output of which is the signal "diffo". The differencing anplifier and

sanpl e-hold network is shown as the anplifier DIFAVMP in the block diagram
of Figure 1. ddes talithpofilseyrdal tnﬁeactpﬂsse@ and @lﬁheferepﬁt@rcksm)st@et ion. At

tnra“naef'l gﬁchhf%éﬁﬂpaﬁte%gg’fggwﬁ %% %t g%%td’r ﬁ?g%cﬁx%él g;ag‘a?:g& pat and égrfor ne

the smoot hi ngadfginelidd8igalt it heldieEnétiave L ancad |ek:€e£ﬁaflf sd@ngel si gnal
"diffo". The output of the filter subsection then passes into the power

arrpl i fi i er subsesdstom andtcaph¢itori M\btih%tizmgmnewsedcm |grdung\ati Bre ABRe
‘pwrin” signal,is &ciupieev%lt % f%&g&e”aﬁ%@%ﬁﬁ‘l ST bﬁ%‘ite' oq:hand first

passes throug‘ﬁ" 4n anal 0g M ref’s elther the

"pwWin" si gnadre@tidd1@ Sdgdtdte aheaﬂaekﬁi&spN Imutldapmmss g’ Aabginukeo t he
power anplifier. The power anplifier can thus be used independently for
syst em power kawshidq &heiisRuy éth%rfehttesr SFHiigntfoat Arierap sty RBIF2RPE h

cascading of L] Blea6eP8nd i LAbBRISolecortl Q0. M3y PARK AL on. The

power arrpllfler I'ts
capacitor combination at the AGC pin allows the attack and release

time.constants_of the AGC network to be varied as per system
requirements. There is an internal series resistoi at the AGC pin
és shown in Figure 1 which in combination with the external
capacitor sets the AGC attack time. The use of the internal
resistor reduces the number of external com@onents while still
allowing control of the attack and release time constants. All of
the above comprises the preamplifier and gain stage with AGC
subsection.

The sighal going into the filter section is called "preampo".
The amplified signal "preampo" then passes'through an analog
multiplexer to the filter and becomes the signal "filin". The
filter then bandlimits the signal "filin" and processes it to
produce the signal "filo", which then passes through another
analog multiplexer to the interface section. At thi; point the
signal.is-called.fanalogin“. The pufpose of the analog
multiplexers is to plaée ﬁhe filter in the
antialiasing/bandli%iting function during the record mode and in
the smoothing function during the playback mode. The use of the
filter both for the purpoée of antialiasing/bandlimiting and
smoothing maké; more efficient use of silicon real estate. The.
filter is a MOSFET-RC fifth order low pass Chebychev type. MOSFET

transistors are operated in the linear regibn with a suitable gate



and converts it into two separate power output signals of equélhi t HesBten Replaced
and opposite phase.- The two power outputs are called SP+ and SP

al l ows a speaker to be directly connected to the two power outp

t he need for any other external conponents such as a capacitor, and at the
sane time allows the speaker to transduce four tinmes nore output power for
the sanme signal Ievel. This also provides nore power output with limted
signal dynam c range and | ow distortion |evels. During the power down node,
t he- power anplifier outputs are pulled low to provide a | ow i npedance path
to ground. This keeps the chip froml atehing- up due to speaker flyback
effects such as occur due to nechanical shocks or vibration. The input to
the power anplifier is under the control of the chip-enable signal CE
Preferably thelpegertocaam ilikeresesiorel irdwarhtebhdldOMOSTES! dgfided d@ci litate

cascadi ng of nultiple chips. The reference subsection provides all the
vol tage and ciiefei?t Thef WPLppantagion efushecMOSEFT-R [fe RrAvide G rlegges wi't hin

this section ar [ u chin t rpvide di str.i but ed 11
ref erences. T%idgage‘%?iglgﬁgg s% ggﬁ% glg'ﬁsmtsﬁgr%'@g cgnnttg?)lgﬁq(%?)fo' whlléﬁ % ocks the
filter time-condyadiifSesentitheschensé |ilsatsdd th rehepenices frdleweryisdgsalt he
MOSFET- R gat e si gnal "ventrl" to the filter section. There is a trinmng

hi erarchy i n EETE8r e MSdng énettharsnt inlotechphie ahek delps &'ish certain

EEPROM cel | S -e3bboinicBOpdae 2Ty 108 ALAGKANTCY Lo, ol LAl Gcdlgldal val ues

to set the optinmum voltage reference and current referenc e proper
t enper at ur e doepfmaingmins. thé-iggtiee o shbwhe INOSFEI-Bekad @yelpropgEessatat i on of

this trinmng hierarchy. The aEPI icable EEPROM cells are referred to as
trimcells, afdI812partreott LRk torasEatpREMTEAYLRPd B30 tRR GidtHF tiime

differential doﬁ%&ut'seveﬂhiwﬁgéa&mﬂtgge al\RntS8d i sSBlorPthe control loop
in the reference subsection. Tﬁis loop locks the filter time
constants with the on-chip oscillator time-period, and the two
track each other, thereby meeting the Nyquist cricarioﬁ as apélied
to sampled data systems. A high voltage supply three times the
chip supply is also generated on-chip to éupply the dc control
loop for "ventrl™, such that “ventrl" has a much wider control
range depending on process, temperature and power supply changes,
and so that it does not get limited by the power supply. Also
there are test modes implemented in the chip that allows direct
access to and from the array, thereby by-passing the filter. This
facilitates high speed testing of the array.

Playback Mode: In the playback mode the.interface subsection
receives two signals, “"aryout and "difref" from the column driver
subsection. These two signals go into a switched capacitor
differencing amplifier to generate a sampled signal equal to the
difference of "aryout" and "difref". This difference signal is
held in a sample and hold circuit, the output of which is the
signal "diffo". The differencing amplifier and sample-hold
network is shown as the amplifier DIFAMP in the.block diagram of
Figure 1. . |

The "diffo" signal then passes into the filter subsection.

At this time the input and output analog multiplexers are set in a



value for one trimbit. A di fferential anplifier with input wei'gﬁstShi:EIHassBeenReplacc

used as the sense anplifier for each pair of trimcells and gene

logic Il evel for each trimbit. The input weighting is used to d

out’put to a default level when the trimcells are in their native
unprogramed condition. The dual .cell differential schenme provides nore
reliable trimbit logic setting over process changes and |life tine of the
“chip. Figure 3 shows the differential weighted sensing schene. TX and TY
are a pair of trimcells which are required to be programed with opposite
values for the differential technique. ® voltage weight is applied to one-
of the sense inputs. This sets the default value at the output of the sense
anplifier. To set the output to a value opposite to the default value, an
overridi ng oppagict 8ughy sbapfthei fileeeritsi avitrchedeinttastieo pheyiacsgpamast acr 0SS
the sense a Iiffigr ihnputs hhroggh the trimcells. SW and SW essentially
connect the PFiTAFRRI RS PRCRAS, FPASELoR PR BR FAFPERSTRIFEARS dtF%ers duri ng
prograni ng @iekedescORAGR41 MaLedoR| Migg! bk phf 0SB tRE Ankay wsiagsensi ng.
Figure 2 has a positive tenperature coefficient current and banggap vol t age
gener at or. Tehameprapest Loeo tthe mowet sarpdifieet subxgct ban .opat miks viointeagte " vr ef "
such that thg [T 2.coefficient of "vref" is small. By changing
t he bandgap ?ir ,.%Eﬂgf{ ?“’.lﬂedl sp'éjié'o' possi ble to have either a positive
tenperat ure coef frhei '‘@ukidt saghAJds i dRpIEITRE! AlHe' Bowdebhpisgpt for "vref™.
From t he bandgap bl ock, positive tenperature coefficient current "PTC' is
al so deri vedPuRsgchidd 2pt fifet Papees ahpeusht ot @ngded mudt tnlexenr r §he bl ock.

Thi s bl ock ; a Y efficient,current, "NIC' .fromthe
negative cogéfl%?é?g%%rctﬁ%%hﬁ%og% PHRE et Y et CTEPE IR ARG DIEPE cont r ol
the rel ati veayxIspbrdutopsn @hsé harpomi tb Wheapshvaicgagliteet CNPRE glowke Current

addition in the_%ero
amplifier can thus be used independently for system power

amplification requirements. This featufe also helps with
éascading of multiple chips for extended record and playback
duration. The power amplifier itself takeé a single ended input
and converts it into two separate power output signals of equal
amplitude and opposite phase. The two power outputs are called
SP+ and SP-. This allows a speaker to be directly connected to
the two power outputs without the need for any other external
components such as a capacitor, and at the same time allows the
speaker to transduce four times more output power for the same |
signal level. This also provides more power output with limited
signal_dynamic range and low distortion levels. During the power
down mode, the power amplifier outputs are pulled low to provide a-
low impedance path to gro&nd. This keeps the chip from latching-
up due to speaker flyback_effects such'as occur due to mechanical
shocks or vibration. The input to.cﬁe_power amplifier is under
the control 6f the chip-enable signal CE. Preferably the power
amplifier section is a unity gain stage to facilitate cascading of
multiple chips. “

Thg reference subsection provides all the voltage and current
references as required for the chip. Circuits within this.seccion'

are disposed around the chip to provide for distributed



'terrperature coefficient current | bl ock. The oUt-put' current " ZTG‘hisiSheeiHastBeenReplace
can either be a positive TC or a negative TC or a zero TC cu'rrenmlmﬁ'“ﬂi |‘HI“|I
during testing and give the capability to trimthe chip for neeting
speci fication and enhanced performance over w de variations of an
and the dc control |oop for MOSFET-R gate signal "vcntrl". There is also a
regul ator on-chip, part of the reference subsection that provides the
with supply noise rejection during reading of the array cells. DCoperating
poi nt bias, as required by all anal og subsections, is distributed around
Current is in fact carried fromone place on the chip to another. This does
not create plPethe SLlFSRELTASPRStINES ARG e PEcildatqmFingrperiadoridige '
bi asi ng wher i3 RLH e Mostes-A QLo a y cr%:e'_sj ower |ines
and mrror t&ans?stor t hr esﬁo‘?g €n?ssr%rfac gz&ggr?osés‘ﬁfﬁge(}gﬁ?%'s rggl'try
dependi ng on the npde of operation such that subsections not operational
during cert afHRotESaPE® SOVRSTEY L ERRROMFEP L S st hewdng the S3meafmbPand gain
power anplifier section during the record no e? are respect y power ed
down. Thi s hesifgsence ppd myprdewvn refereace watie theveropdt Sempatatone of t he chi p.
Q I :
anal og gr ount**§* %1% ger’f‘é_g‘é’fee Fc‘ﬁ’ep?lcﬂﬁkdé%"erloi’eptrﬁge 589ft °F ef er ence
for all analgsstgimitg nikks:apal @ge Wpp Ichhef BPROG Ceh Bs Skt AHeY&hOSEN

on the setting of the current TCtrinmmng bits. Al these bits a
uncharacteri zed process. The "ZTC' current 'is then used in the oscillator
biasing to the array during playback. 1¥his regul ated supply "Vcca" hel ps
t he chip threafghescesur reits Bécaxdonlialbs idertaing End @Fecantoul) lobp Ringuke 4.
i ncor por at edri@ret he achrjpnuingagesaidng froene rdifsséneat generofidnherddri p
stage secti gfipqdatiredded kﬁxit_ablBEEiﬁQEMug"'égT k3Rl BPatk Wfi:ﬁageand the
Ive
Note that since_.the chip qQperates froma single 5V sup , an internal
Feicherss “Shw
to as trim cells, and are.part of the core EEPROM array. Two

cells with differential logic level programming are used to set a
value for cne trim bit. A differential amplifier with input.
weighting is used as the sense amplifier for each pair of trim
cells and generates the logic level for each trim bit. The input
weighting is used to define the output to a default level when the
trim cells are in their native unprogrammed condition. The dual
cell differential scheme p;ovides more reliable trim bit logic
setting over process changes and life -time of the chip. Figure 3
shows the differential weighted sensing scheme. TX and TY are a
pair of trim cells which are required to be érogrammed with
opposite values for the differential technique. A voltage weight
is applied to one of the sense inputs. This sets the default
value at the output of the sense amplifier. To set the output to
_a'value opposite to the default valﬁe, an overriding opposite type
of differential value has to belprogrammed across the sense
amplifier ihputs through the trim cells. SW+ and SW- essentially
connect the trim cells to the array and then to the column drivers
during programming and disconnect the trim cells from the array -
during_sensinq. Figure 2 has a positive temperature coefficient
current and bandgap voltage generator.  There are five trim bits

for setting the optimum voltage "vref" such that the temperature



to provide for the optimum si gnal dynam c range throughout t he Ty ShestHN Bebh Replace

m ni mum di stortion. The anal og ground reference is called "Vagnd

particul ar enbodi nent disclosed, it is at +1.5V with respect to {'ﬂ‘l !I“ IIII““
Referring to Figure 1 again, ANALOG IN is the signal used as the

input to the nmenory array. ANALOG IN is sanpled at a frequency of 8 Khz
onto the dual sanple and hold arrays. As described in the Sinko patent
(U'S. Patent. No. 4,890, 259), storage is done in a sequential manner onto
two banks of sanple and hold capacitors. As one bank is being | oaded
serially (at the sanple frequency), soizhe other bank is used to output its
contents in a parallel fashion to the wite circuits. In this manner the
anal og signal is sanpled continuously without interruption while the page
mode type w igdefifigieatests "veet"alks napapl ac By Séhanbim ehel Yayidgdyowriefdrsi ng to
-Figure 5, loading of the sanple and hold circuits'is done with a circuit
whi ch corrpensjaﬁ ég 3P ?W???é?hﬁ?"(f phidegsa (Regdt bieh EpmReSAtYSeneari ti es and
manuf act uri Ngedé@ ki Alen®NSy a I t ,? ARG IN is
applied via an anplifier, %%&?*ﬁ?‘%&gﬁs ec(ragggiéelgn 'F% an T2 or T1 and
T3) which ar @n@mathee@abqqalphmmb midﬁwdemmdtﬁfar&sémibedmntﬂrédte sanpl e

and hol d capagi tor Ci CSHB% Is a current | oad device which forns
a load for th&rgolt%gds? aeriawér ‘?é.’ﬁgi’sit"of‘%e 6T fEmReatune, GogfEiciepto

ossi bl e pat ou f h T1, T3,
(pZSHA T7 gndﬁggéﬁnﬁlﬁﬁougz‘pﬁ%b%cg Q&ﬁg@k%g an%ae%ggeéoé\ﬁgirylgyge Ais in

use, then cut gk ZNTCT L rpe ihienneglat Lvekeat SicdentB cusrdnt bixek.t e T3 and T5
remain off. The caol q,g‘n decode ensures that onl%/ one sanple and hold circuit
orfle

i s selected at'"&RYF one“TiME?Y SPHE SOPHEPY FARSISIEHIS RAOPOTSIONS °FrdPe7, TO are
in the feedbgekipalehand@Mkq¥OivedBinde®sSur@! current addition in the zero

temperature coefficient current block. The output current "ZTC"

in fact can either be a positive TC or a negative TC or a zero TC
current depending on the setting of.the current.TC trimming bits.
All these bits are set during testing and give:the'capability to
trim the chip for meeting specification and enhanced pérformance
over wide variations of an uncharacterized process. The "ZTC"
current is then used in the oscillator aﬁd the dc control loop ﬁor
MOSFET-R gate signal "ventrl". There is also a regulator on-chip,
part of the reference subsection that provides the biasing to the
array during playback. This regulated supply "Vcca™ helps with
supply noise rejection dﬁring reading of the array cells.

DC operating point bias, as required by all analog
subsections, is distributed around the chip through a current bias
dist;ibution scheme shown in Figure 4. Cdrren; is in fact carried
from one place on the chip to another. This does not create |
problems of inaccurate biasing as is possible with voltage biasihg
wherein problems are normally caused by IR drops across power
lines and mirror transisﬁor threshold mismatches across the chip..
Circuitry incorporéted on the chip manages the power dissiﬁatibn
of the chip depending on the mode of operation such that
subsections not operational during certain modes are powered down.

For instance, the preamp'and gain stage sections during the



gain through the transistors is conpensated by the anplif enR lace
adjusts the anplifier output until the level at the |nvert|ng |n
equal to ANALOG I N. The vol tage range over which the | oop actlon

must be equal to or greater than the signal dynam c range whi-ch is
stored. The circuit shown here uses only N-type transistors for Ti- T9._ Th|s
inmplies that the signal dynamc range is |less than VCC by an accumnul ati on
of threshold drops through T1-T9. Use of N-type and P-type transistors as a
no-loss transfer device to replace T1, T2, T3 and T9 woul d i ncrease dynanic
range; ‘as woul d use of |ow threshold val ges (e.g. a native device for T6
and T7). The col um decoder (or columm fr&gister) selects each sanple and
hold circuit in turn at a frequency equal to the sanple rate. The signals
SA, SB, T [ & gg t d hold
capaci tor? ?gacl oaded ?ﬁ&ttﬁrg e%"%é#]&t hg&?%og? rc%?é %%”g%% ank have
been | oadeddés ayrebesspAitivedy p«maea ews ol BRIs denmieb peiaghaswa teheupper
limt, then the columm, decoder returns to its lower limt _ and the other

bank of cAYEEITOPE TSIV SHRRKE® Sfcthenghin.oalnsE. EhEE ShBCSBPECERiRs st robe
signal s anRgdepses &rdad GE iatdw g;sanpling
frequencywrn each (1258%r]se§u£@?np+£qg%érél?’g Q-El?ﬁego_?kﬁ a%d SA) or TB
(and SB) aﬂ-eotyeoggﬁnedhlg}‘rictlopxtqvﬂ.demrfothﬂxeamuoprreﬁeeemufoe énl | ower and
connect it ipto the control |oqQp. After sufficient tine has been given for

the | oop 2B2Ls FEEalsa (Biissialeg qroned, TRESFeARR 1heuLtARIE ERR5%Row hol ds its
stored ValyeprouTd 20 TR 3peuiall 99! Slaats [BAbe WAEoSHRLECHAI e On Lhe

ot her capaci I s brought through” the "'source toll ower onto the node
ASAVPN whisghtegoesth @ipeimcdhpacalor.. The abaldg ginumdt reiereatd ishe stored

' \églrrgg_fatage 9Petd0u{lagng"par1al ltgl_ pgi;gmutlgz? e?ngo :!mgm?' d:.sc?clasdedel rCUIst S Nt ° the

+1.5V with respect to Vss.

Referring to Figure 1 again, ANALOG IN is the signal used as
the analog input to the memory array. ANALOGIIN is sampled at a
frequency of 8 Khz onto the dual sample and hold arrays. As
described in the Simko patent (U.S. Patent No. 4,890,259), storage
is done in a sequential manner onto two banks of sample and hold
capacitors. As one bank is being loaded serially (at the sample
freqﬁency), so the other bank is used to output its contents in a
parallel fashion to the write circuits. In this manner the analog
signal is sampled continuously without interruption while the page
mode type writing process is taking place simultaneously.

Now referring to Figure 5, loading of the sample and hold
circuits is done with a gircuit which compensates for the
threshold losses (and other non-linearities and manufacturing
variations) which may exist across the die. ANALOG IN is applied
via an amplifier, through the transfer gates (Tl and T2 or Tl and
T3) which are enabled by thé column decode and transferred onto
the sémple and hold capacitor (CSHA or CSHB). T8 is a current
load device which forms a load for the voltage follower
transistors T6 and T7. There are two possible.paths from the

_ output of the amplifier, namely through T1l, T3, CSHA, T7 and T9,

or through fl, T2, CSHB, T6 and T9. When side A is in use, then



I

In the preferred enbodi nent there are 100 siml ar pa| rs of sarrpllﬁsgﬁédt}ﬂphgnke plac
capacitors and source followers. Consequently each (100 x 125 [er

12.5 nmsecs a new set of val ues appear on the 100 ASAMPN parall el Jmﬁm “lllll Il
The writing circuits are therefore allowed 12.5 nmsecs in which t

values into the nmenory array before the next set -of -val ues appears.

Referring to Figure 6, the witing process takes place by successively
appl ying high voltage pul ses to the colum, configuring the nenory into the

read node, reading the stored val ue fromthe cell, conparing the result
with the required val ue on ASAMPN, and fhen repeat| ng the process if the
val ue is | ess than ASAMPN usi ng pul ses Bt increasi ng anplitude. [In order

to obtain inproved resolution, the witing process is done in tw stages;

these are refgrpod ﬁoiaalkfmcoa{é.eswechei@w ddae {Hdiers Vaders (Angidrpl i 1ed

schene woul d al so wor m nati1on of SW2, the Vos adder- and the FV
st orage capa@ffor Tmedcalvmnfecnly dnseresDahse oslloee ddmpdecand heldoar se/fi ne
cycle al lows better resqglution.) All the cells in the roware first cleared

by appl yi ng SinFeit ¢8)telgetedat rfé’ycf’é%n‘iﬂ%lt eSthee: g tralFAteF: Reepi ng t he
drain (i.e. 4Bosg0lndim, n@dea)reain e redabBék BLE{,Chhedotihadilgegtecl €ars only

t he addressed row, and the recording carries over into subsequent rows,
then a cl ear gpdhsehraught tbe tppsivdratis kemgeagatedi hy t(l)fe Gomlrifulow However ,

if the application IIo t hen the conplete arra be.cleared b
connect i Plg al3ct iR ¥ udtast %@@Pfﬁeﬁqpﬁrﬂi‘t%tpl"?y’rﬂgt slr?l"ﬁllea'?'n éﬁ pu?/se to

all rows at thge gn{uptae p.a: e&@ﬁ Wol Ameuciue ) mtseel.@a@epwee:d to CLSET
to set the latch and enable (open) SW and a single pulse is applied to

RCAPEN to di sdlteh get lwpcapaont arcuEs twet\BSeq@ENts sosthgkeadrrghhdrokhe he

conpl ete coar eccle nd | ow for 16
Al S f/dynaéic range which is to be stored. The circuit shown

here uses only N-type transistors for T1-TS. This implies that
the signal dynamic range is less than VCC by an accumulation of
threshold drops through T1-T9. Use of N-ﬁype and P-type
transistors as a no-loss transfer device to replace Tl, T2, T3 and
T9 would increase dynamic range; as would use of low threshold
values (e.g. a native device for T6é and T?7). The column decoder
(or column register) selects each sample and hold circuit in turn
at a freqdency equal to the sample rate. The signals SA, SB, TA
and TB are manipulated so that each bank of sample and hold
capaéitors are - loaded in turn. When all the capacitors in one
bank have been loaded (say bankA) i.e. when the column decoder
reaches its upper limit, then the column decoder returns to its
lower limit and the other bank of capacitors (say bankB) are then
loaded. SA and SB act as strobe signals and have a time duration
less than thé period of the sampling frequency. In each (125
Usec) sample period, either TA (and SA) or TB (and SB) are brought
high to turn on the appropriate source followerx add-cohnect it
into the control loop. After sufficient time has been given gor
the loop to settle, SA (or SB) is taken low and che cépacitor now
holds its stored value. TA and TB are now toggled so that the .
stored value on the other capacitor is brought through the source

follower and onto the node ASAMPN which goes to the comparator.



the fine cycle i.e. SW2 conduct's only during the coarse cycl e. Thid®hedt HasBeen Replaced
hi gh voltage pulse is applied to CHV and consequently to the ad
colum. Only one Select Gate is high so the high voltage is appill!ﬂﬂﬂ&llﬁ“'&ll Ill
drain of the addressed cell. The array is then configured into

node and the addressed cell contents are read through the colum

mul tiplexer to COLN. In readback node the VCCA node is taken to a positive -
vol'tage, CL is taken high and a current load to a negative level (in this

case VSS) is applied to the cell. (CL is held low during the high voltage

pul ses.) After an increment Vos has begp applied to COLN, the result is
conpared with ASAVMPN. At the appropriate tine (allowng for settling of the
conparator COW and al so the interleaving of the high voltage pul ses),.

COVPEN i s patstiis sierabll theestaredt valatels ars outpws Emtparalldl €O N + Vos)

Is less than ASANPI}_I tah nh‘t){;de %at ch r?mai ns set and subsequent high voltage

pul ses are &PBI FER £ PhEEortFme8ut" S tﬁt(ﬁ_"ﬂpér“\%gj‘ is greater than -
ASAVPN then the faithd prefeffed! emsddlimbst UHPEGRNThd YiAAE HdGy ¥l tage

pul ses are bl ocked. Sufficient high voltage pul ses (of a nonotonically

i ncreasi ng |sepely agechadgpraragiverseandreourpetfolhewersl | CGooa¢ahedpslpr ogr ammed

to a level carre ngli o theJmaxi mum l.evel . Once the latch_ is reset, and
SWL renai ns egﬁén,?ﬁ?hg 1\%' l%sa&gﬁ:gbt;eln Gl e £ 3T e"g ?%{]uefshaéppreeaﬁa??lder of the
coarse cycl @ndueod asiNPY pL£Ad1081 Wuepde i @he AGEBiAS cBrdR¥SrHR diode at this
time. Hence the level stored on Cl1 is the |evel which produced the | ast

hi gh vol t ag&hpa¢faret dtloned d3| BimsecsAln hdclrtg wiitehthe yatess dped dhet he

| atch is set _once i a_pul se_on CLSET .and anot her series of high
vol t age pul é"g'ém%pa%g%é%gggrﬁ—ﬁﬁe WREF 3T 18 YHESRFEPE¥ Tycl e the pul ses were

of continually ixé&fe@afigngo NMGetd EJethé NrliBend pBEceBEClskelshgdacar Byal | of
maxi mum anplitude. The |evel which is actually applied to the col um,
however, is SHEFRITH'ALY 2pRLXing Right ygkrageopekfesntChe Tflem™&t or ed val ue is

configuring the memory into the read mode, reading the stored
value from the cell, compa¥ing the result with the required value
on ASAMPN, and then repeating the process if the value is less
than ASAMPN using pulses of increasing amplitude. In order to
obtain improved resolution, the writing process is done in two
stageé; these are referred to as the coarse cycle and the fine
cycle. (A simplified scheme would.also work - i.e. elimination of
SW2, the Vos adder and the FV storage capacitor and using only the
coarse cycle. However the coarse/fine cycle allows better
resolution.) All the cells in the row are first cleared by
"applying a high voltage to the clear gate of that row while
keeping the drain (i.e. the column node) at VSS. (The preférred
embodiment clears only the add;essed row, and if the recording
carries over into subsequent rows, then a clear pulse must be
applied at the beginning of every row. However, if the
application allows, then the complete array could be cleared by
connecting all the clear gates together and applying a single high
pulse to all rows_ét the beginning of the write cycie.) A pulse
.is apglied to CLSET to set the latch and enab;e (open) SW1 ahd a
single pulse is applied to RCAPEN to dischargé the capacitor Cl to 

vSS. CEN is ﬁeld'high for the complete coarse cycle and low for



17 nodi fi ed'.by the si gnél FV”a'pp'I ied to fhe béttom pl at e of .t henicShea Had BYen Replaced

During the coarse cycle Fv is-at a fixed voltage {(2V). At the b4
the fine cycle FV is taken to OV and then ramped up conti nuousl q]“m”llﬂ HHIH"
fine cycle to a positive voltage (2V in the preferred enbodi ment')~ :

the first high voltage of the fine cycle is 2V |lower than the high voltage
pul se which caused the conparison during the coarse cycle. Each successive
hi gh vol tage pulse of the fine cycle is slightly higher than the previous
pul se by a value which is determned by the ranp rate of FV. It is not
-necessary for FV to be a snooth linear ramp - a continually increasing

| evel, such as a staircase increnmented,py snmall anpunts at each successive

hi gh vol tage pul se woul d al so serve the purpose. After each high voltage

pul se, the cell is returned to the read configuration and COLN is conpared

to ASAVPN. Dueifiiget¢uclei he.cSH2 eondushe\anly durdpg the GRRFEBATNE®n of Vos (or -

ol atively SHRITLRG NG THE-R ALE) AP cuention iR R B8F ettt B S, e

resol ution gnel addicksst@ 36Xumkh ACYn1Nlone0sELekt NBatdULs Rygt ke frnenmigycle, COLN
w Il exceed ASAMPN, the latch will be reset and the remaining high voltage
pul ses wi | | vbitasieoék apprhbied ke thgettaig of thevaddrpesednerldt (e RFFRY cycle is
coincident with the cal um. reqgi ster_reaching j ' V, ei.e. a new
set of sarrpl"ﬁstr]hegsc nefglﬁ“feéil am n?’%e AT M- 115] %"Aa%l?ie %?#gég%a%ll?or s. The

mani pul at i 0BoRfertdCateAredd thhghneheSBo hingNab R ipSext@Vitd €oBN Sednand a new set
of parallel ASAWMPN values is presented to the conparators. The inputs to
the col um meddiaskenade the VECA godd disgbekesote HapoRitAssy Wetagt Eblifms are
connect ed t-(t?_ ﬂehne hgo;xurrrxg Qr Iu\ér.ern%' lg-ahcle tglam%e gtfilvgdlé'\\‘g§r Fint bﬁlsCQLyém regi ster .
passes from A A1 i f%roud% TS nmexi mom and returns to its mnimumwll be
referred tovas) assepiliedn® pro@adur e (c6 fshrend epeatethd one thighnext scan or
set of 100

voltage pulses.) After an increment Vos has been applied to COLN,
the result is comﬁared with ASAMPN. At the appropriate time
(ailowing for settling of the comparatpr COMP and also_the
interleaving of the high voltage pulses), COMPEN is pulsed to
enable.the reset .path into the latch. If (COLN + Vos) is less
than ASAMPN then the latch remains set and subsequent high voltage
pulses are applied to the column, but if (COLN + Vos) is greater
than ASAMPN then the laﬁch is reset; SW1l is opened and further
high voltage pulses are blocked. Sufficient high voltage pulses_
(of a monoton;cally increasing level) are applied to ensure thét
the cell could be programmed to a level corresponding to the
maximuﬁ level. Once the latch is reset, and SWl remains open, the
voltage on Cl remains stored for the remainder of the coarse cfcle
due to the action of T2 which acts as a reverse diode at this
time. Hence the level stored on Cl is the level which produced
the last high voltage pulse to the columns. At the end of the
coarse cycle, the latch is set once again by a pulse on CLSET and
another series of high voltage pulses appears on CHV. Whereas in
 the coarse cycle the pulses were of continually increasing
magnitude; in the fine cycle they are all of maximum amp;itude.
The level which is actually applied to the column, however, is

determined by the voltage stored on Cl. This stored value is

L



18 cell's. After a total of. ei ght scans (i.e. a total of 800 cet sShed HesBeen Replaced

been written, the row address is incremented and a new row is s

this case a cl ear pul se nmust be applied before beginning the wi uﬁ Illlu ]mll
procedure. The particular details for the preferred inplenentati

coarse pul ses beginning at 9V (at the colum) and increasing linearly up to
18V. The high voltage coarse pulse ranp rate is 420 nmVvV/ m crosecond, with a
pul'se wi dth of 109 m croseconds repeating every 125 m croseconds. 90 fine
pul ses of 18V maxi num (at the colum; due to the voltage drops in the
switches and T1 this corresponds to aboyy 21V at CHV). Ranp rate is 840
nv/ m crosecond, pulse width 47 mcroseconds and a repeat period of 62.5

m croseconds. FVranp is O to 2 Volts in 5.625 mlliseconds. Vos (effective
after divisi aibdlfted ®yCtie $ignd TPV ippiied it6ohel Sottor \p1alte Ogf @RI Ng does not
necessarily take place at the extrene ends of the coarse and fine cycles.

At the begi nrﬁﬁ?@cgﬁ‘c"t he"%aﬁs"é‘ecy'e#@et ¢clei h 19 0t aglitedvwdllaget BY)l.ow t o

FLgd‘ylcga?' Lg gatg ng%qgg{,ﬁagﬁ theergse andpﬂeiIsI ggh K enhanéé t??gﬁpl ace but

t hreshol d). Atanipke mdoﬁinhboslgoaﬁﬂezgcwcé ¢ifd leybrd Qbeé paaYeiJecosidageet -
even for the colums which have ASAMPN | evel s at the maxi mum (3V for the
preferred enb@Y Adrihe. Praferred [sabodiment) -of Thuse ¢henéi€3kcheglt tveltequeti on in
hi gh vol t age .que dacr.enen tunnel i .currents to .
very snal | Iet\?%l gitpe R?}ezyrs ﬁplg{:%r tt:han t: hi&gosfo%?ﬁ%e fplugaec f:)é all | atches
have been resmisedhine smpgic sl deﬁihl& emceirsteheyaear sacandxd‘deeenféycl es is
quite wasteful since, if the mninmm and maxi num hi gh vol tage pul se |l evels
coul d be brodgfP ¥qi52ar Pc“&@%t‘?fef'-h? Fip®tayceddsselighgly higher than the

previous pulse by a value which is determined by the ramp rate of

FV. It is not necessary for FV to be a smooth linear ramp - a
continually increasing level, such as a staircase incremented by
small amounts at each successive high voltage pulse would also
serve the purpose. After each high voltage pulse, the cell is
returned to the read configuration and COLN is compared to ASAMPN.
During the fine cycle, however, there is no addition of Vos (or
Vos is kept at OV). The charge increment which is added to the
cell is relatlvely small during the fine cycle and consequently
there is 1mproved resolution and writing accuracy. At some time
during the fine cycle, COLN will exceed ASAMPN, the latch will be
reset and the remaining high voltage pulses will be blocked by the
opening of SWl. - -

The end of the fine cycle is coincident with the column
register'reaching its maximum value i.e. a new set of samples has
been laid into the sample and hold capacitors. The manipulation
of the TA, TB, SA and SB signals is now reversed and a new set of
parallel ASAMPN values is presented to the comparators. The
inputs to the column multiplexer are also changed so that a new
set of columns are connected to the column dtivers. The time
period where the column register passes from minimum through its
maximum and returns to its minimum will be referred to ‘as a scan.

The procedure is then repeated for the next scan or set of 100



fine cycles, then the voltage increnents could be reduced, thusrhprca&tgisB@en Replace:
an i nprovenent in resolution. However, it is necessary 19 to |
these margins to ensure the full dynam c .signal range wthout cl|
m ght ot herw se occur with changes in cell progranmm ng behavi or _
variations in tunnel thresholds, cell capacitor ratios and other process
variations that take place in a real manufacturing environnent. -A possible
enbel | i shment woul d be to adjust these nargins and the associated ranp
rates, Vos etc. by the use of trimmng. Thus, conditions would be optim zed
for individual characteristics and inproved resol ution could be achieved.
The conparator used in the colum drivergis of the type described by Yen S.
Yee, et. al., IEEE J. Solid State Crcuits, pp. 294-298, June 1978. This
conpar at or has the advantage of being small .(in terns of silicon
utilization) ¢eiflsal dELes aha@f:aé ot eigltTecanf(f set admtatlooi B0 cells)
aut o-cancel | ati on, node SC) etgatlon Thi s has g gl al a nlflcance for t he
preferred enbRRMEnBHT® HE %ﬁ? AyF aAdtRtear % &P gtae@n PAFEL BT &8r oss
the row of colugaegdi Ve entdWale rgam@rssuigesah;t b dgp1se@ifegBle pattern
bei ng superinposed on the recorded signal. Such offset is not a.variable
that is conpevsrinethd Ghe jwritd erodesived. Ioop witing schenme and woul d
consequently be pr Esent n.the g § nal T s ster‘;_attl S of fsets e.g.
eme ién el
the clock feedthrd ‘?gﬁ’af Tlenge %ﬁrﬂ ¢ 38“8?5 1ne a concern
because this is eqyadoalres pahéescséala\m@ras §¥ Qa@ tfHeI'S&luﬁBpl’a}iﬁJ mati on) which
results in a d.c. shift of the recorded | evel. Even this is not a concern
because t her einareasinaydineachy bp o 18Vie Th¢ drighcwwlbade ggersthpehss Famp _
subtracted durlng; Pl AgORr K oIEcSIE Ol A s Jidkn 'k 2855 20s &craur ce
repeating every 125 microseconds.
90 fine pulses of 18V maximum (at the column; due to the
voltage drops in the switches and Tl this corresponds to about 21V
at CHV). Ramp rate is 840 mV/microsecond, pulse width 47
microseconds and a repeat period of 62.5 microseconds.
FV ramp is 0 to 2 Volts in 5.625 milliseconds. Vos
(effective after division due to circuit implementation) is 0.2V.
Programming does not necessarily take place at the extreme
ends of the coarse and fine cycles. At the beginning of the
coarse cycle the high voltage level is too low to produce a read
voltage greater than OV (tunneling may be taking place but the
floating gate may be highly erased and has a.high enhancement
threshbld). At the end of the coarse cycle all latches have been
reset - even for the columns which have ASAMPN.levels at the:
maximum (3V for the preferred embodiment). At the beginning of
the fine cycle the reduction in high voltage due to the 2V
decrement on Cl reduces tunneling currents to very small levels.
Similarly at the upper end of the fine cycle all latches have been
reset. This margin at each end of the coarse and fine cycles is
quite wasteful since, if the minimum and maximum high voltage
pulse levels could be brought closer together in both coarse and

fine cycles, then the voltage increments could be reduced, thus

producing an improvement in resolution. Howeve;,_it Is necessary



onflguratlon for the nenory cell. It would al so be possi bl e tThisShadt HasBean Replaced
working systemw th the nore usual inverter-type configuration
linearity and resolution would occur. The signal fromthe arrayIMMMJmlllll
ef fectively be inverted so the 20 wite | oop would need to a

this, i.e. hi'gh voltage pul ses woul d continue to be applied to the eol um
untiI COLN was | ess than ASAMPN. For instance the inputs to the conparator
could be switched. Any tine that the array is placed into the read
configuration, the selected clear gate is taken to a fixed voltage. The

value of this voltage determ nes the ampunt of charge that is coupled from
the clear gate onto the floating gate ahd can therefore be used to adj ust

the range of read voltages for a given set of clear and program conditions
and cel | char C | VOl leSPhed | V t sitive
supply for the% tégéjf@tg ?ﬁsle'g}\"/\a}e ik$q’% %e u%re er?g%{ :%B%‘gilcrre%alt Egnc ear gate
vol tage and \{ZeAoGt!ldlagpingathatl Aidhdt Bl ee loedui Gridh4dhanggslliat eellisuppl y.

This is derived fromthe VCC power supply, but due to the regulation (the
ref erence forpugigraming Q%Vb%egapﬁwaﬂie?géyns tRetwrsel Jefreploldsapretland has
relatlvelylowle el s uperi nposed nai se clear gate
this is i rrpor? é’nf¥t e %iot%hgndl‘)r ec pﬁ%%esls var%gf’éﬂ} gé‘?ﬁgg% I;ﬂ%eaitneg VCCA
i's al so i nporgeant mduﬁa&a;ﬁaymmvlgoﬁnfeﬁm t h\epamaldlénbemnnmé@ waeld lbat i ng
gate - in sone EEPROM transistors this capacitance can be hi gh due to the
i ncreased gat% PEIYButbETdPardirarad EbgiRSAOBARLRAIAAR S2 041 CYPSaPECH

Sl A e i bbe SRLAmLAUCtihS, RodHEed0baty gugselmgzwtfgrthe

fl oating gate uring a0 € noi se eve uring record and

pl ayback. mriﬂagvpa‘&ybalﬁdmcthﬁsamsaynd SimpeoFdd] e erl uit idro cohkd ead node,

achieved.

The comparator used in the coiumn driver is of the type
described by Yen S. Yee, et. al., IEEE J. Solid State Circuits,
pp. 294-298, June 1978. This comparator has the advantage of
"being small (in terms of silicon utilization) but also it has a
very small offset due to the auto-cancellation mode of operation.
This has special significance for the preferfed embodiment because
any random.offset of each'comparaﬁor across the row of column
drivers would manifest itself in this offset pattern being
superimposed on the recorded signal. Such offset is not a
variable that is compensated for in the closed loop writing scheme
and would consequently be present on the playback signal. The
systematic offsets e.g. the clock feedthrough into the coupling
capacitors, is not a concern because this is equal for all
comparators (to a first approximation) which results in a d.c.
shift of the recorded level. Even this is not a concern because
there is an equal shift in the reference voltage which is
subtfacted during playback.

The description so far is based on a source follower
configuration for the memory cell. It would also be possible to
realize'a working system with the more usual inverter—type
configuration but loss of linearity and resolution would occur.

The signal from the array would effectively be inverted so the



CL is taken high and the nodes CO_N and ASAMPN are gated onto ARYEhecy 112 BESh Repla
of FIGURE 5. .The addressing during playback is al so sequential, s
signal on ARYQUT is the reconposed sanpl ed anal og waveform Note II
ci phering or encoding can be done by using different addressing s
bet ween pl ayback and record. Provided that the differences are known by a
‘user, the original 21 formcan be reconstituted by the user and not by
an interloper having access to the encoded playback information. In
addition to the 100 signal colum drivers, there are two additional colum
drivers, one at each end of the array, fgr witing the reference col ums
and the EOM (End of Message) col umms (S«?,T Figure 1 and also Figure 5) . The
reference colum driver is basically the sanme circuit as the other colum
drivers. | nsr&a??& QEﬁ%B%Vﬁedhpowea\éggﬁn}o%Qge !t Fg,t is.leg C?hl \%ﬁa%éxed
reference voltage, ) Ich ts Witten into” two addi tional col ums at
each end of phesey wayld BuhtiigePtapRASIOLLES octRé dtRduie fudk EN@BLN Oddsage | S
i nput, together with ARYOUT, into a differencing anplifier. The purpose of
this is to cGRpRidanrrTWFNef FOELLNSEARGS thp Jingubs [F&r fhe COBRATIEPF | $A¥idal to
pl ayback qualpty,iechdg different hold times on sanple and hold circuits
across the row o# columm drivers (and consequently the different |eakage
amount s); and t heanyhaimpethat theagkragl {npescalliént® ther ssdaol d t enperature
shifts, changes in the clear gate voltage and other changes in the ,
envi ronment . ceRFiRgGapioRy bER salegtgdarlenF FREE 18 tokeat' I abiineHe reference
system and | o Pty CHRA LT AML ARN T it abd e Bl g Sl IndIIR bE ! €F
~described previously. Two columms at each end of the array are used to
al | ow for anghaitdef ensnds coupheliafidoareief cldwe tuwe bankschef tsmrphe gand hol d
capacitors thaé may exi st due to circujt design, tim ng.gr
and can” therefore be used to adjust the range of read voltages for
a given set of clear and program conditions and cell
characteristics. A voltage is also applied to VCCA, the positive
supply for the sdurce follower. In the preferred embodiment, the
clear gate voltage and VCCA during read are both connected to a 4V
requlated supply. This is derived from the VCC power supply, but
due to the regulation (the reference for which is the bandgap
voltage), the voltage is stable and has relatively low levels of
superimposed noise. In the case of the clear gate this is
important due to the direct coupling onto the floating gate. VCCA
is also important due to coupling from the VCCA diffusion to the
floating gate - in some EEPROM transistors this capacitance can be
high due to the increased gate to source/drain area caused by
implants which are not self-aligned to the gate structure.
Reduced noise coupling onto the floating gate during read improves
the noise level during record and playback.
During playback, the array is configured into the read mode,
CL is taken high and the nodes COLN and ASAMPN are gated onto
ARYOUT via T9 of FIGURE 5. The addressing during playback is also
sequential, so the signal on ARYOUT is the recomposed sampled
analog waveform. Note that ciphering or encoding can be done by

using different addressing schemes between playback and record.

Provided that the differences are known by a user, the original



physical layout. The total of four reference colums are witt eenR 1
the witing of the first scans - two colums during each scan. n!|| lI”II

witing of the remaining six scans-in the row, the output of the

colunmm driver is not connected to a colum. The reference colum

receive their’ decode input fromthe colum register bits belonging to the
adj acent colum driver. Thus the length of tinme that the sanple and hold
capacitor nust hold its voltage is equal to*the hold tinme of the 22

adj acent colum drivers and will consequently suffer an equal anmount of
charge | oss due to | eakage. (This may B@t be precisely true due to |oca
irregularities in the physical structures; however, it is approximtely the
case and at least will exhibit the same tendencies.) During playback the

recorded ref eirgps canObd a@BoAtATLERC By Et'ﬂd Werl{la A6€ By b8 fneefidepm the
reference colums, is buffered by an anal og buffer, and connected into each

end of a |inearvingsageens tecxheeageded 5)1amckh1t€»tmmnal ong the row of

colum drivers. ted c drjve en copnects the resistor tap
at its own |ocati gﬁ 3?%%&"?%@ ghgr@loo?“f‘ﬂ{ §°EI'H'§‘ ﬁﬁ T8y FEISE® ¥UEYS he node
DI FREF is at adioiicage dshimd drgvdial, WeRNat hacktaueds rt%esﬁrage #2l tages and
of a value which is proportional to the | ength of storage finme of the

addr essed col Uﬁhti'(gTﬁ’ée (}'Fﬁﬂmcen@nluwmgndh thbe BOMe (Bmxksioft Masskgelt kelyshysi cal

| ayout is the egc f th colu rpvers and so the esistance

val ue from oné%ﬁ" 0t ﬁe ‘?ﬁé?" ﬁg?%aggs bﬁe‘&???"ﬁeoﬁﬁl ﬁlgﬁﬁt"ﬁ of the
row of col umpesiseany)ehkheankOlct AgA L Ods EJheEI%EEeJ ol ey af:weecsrepxrnes@at ative of
the voltage | oss due to charge | eakage at the sanple and hol d capacitor of
t he addr essed?€ANARCHY:i Dereverhi whef inruti vignat ishe figpdreafesenssl unms and

associ at ed relg{&NRE ARRbS MichS: LIPRTLE 'nxo'emosécﬁre ofdy R8s at

each end of the array. During playback the recorded reference
voltage is input, together with ARYOdT, into a differencing
amplifier. The purpose of this is to compensate for effects which
would otherwise be detrimental to playback quality - the different
hold times on sample and hold circuits across the row of column
drivers (and consequently the different leakage amounts); ;nd the
changes in read voltages due to threshold temperature ;hifts,
changes in the clear gate voltage and other changes in the
environment. During playback a signal DIFREF is created by the
reference system and is subtracted from ARYOUT by the differencing
amplifier described previously.

Two columns at each end of the array are used to allow for
any difference in behavior of the two banks of sample and hold
capacitors that may exist due to circuit design, timing or
physical layout. The éotal'of four refe;ence columns are written
during the writing of the first scans - two columns during each
scan. During the writiné of the remaining six scans in the row,
the output of the reference célumh driver is not connected to a
column. The_referehce column drivers receive their decodé input
from the column register bits belonging to the adjacent column
driver. Thus the length of time that the sample and hold

capacitor must hold its voltaqg is equal to the hold time of the



t enperatures when charge | eakage is increased. An additional f een Replace:
the reference systemis to.conpensate for changes in transistor E mIII |I|
voltage with tenperature. The voltage read from each cell varies

t erfper ature.and woul d be observed as a change on the |evel of ASAWPN during
pl ayback. Since all the cells are at the sane tenperature (as a first
approxi mation) there would be resultant DC shift in voltage. This is not
particularly .inportant for speech recording, but if the DC voltage is
desired to be mmintai ned unchanged (as'Es the case for sone applications)
then the reference systemw || conpensate for this by subtraction 23 at
the differencing anplifier. As well as the two reference colums, there are
an additional two colums at each end of the array. These columms store
digital val (REIAGABE Fodums dgivarsi At wallk agnsequgntly suSfefgen (|XWRE. Since the
data is in lg ensi ki Lai tal for t he ¢ ms _a Sitl d at the
out si de of t%%%g?rg.c&%sqg sgugn%°ur]'gléka‘[gﬁat (?ngs ref eé%ngg é:r(ﬁcggr:’%é{ have
menory cell sefe abé toi Desel( jtidgudsrfci@s riRSthdbhydicadnadageadsay) . The
surroundi ngs of each cell is therefore identical, allow ng for consistent
manuf act ur i NePYENET s ¥ tarePRFetmatrely the maise agdsat Hgpst i@lgrﬁi@#f’a‘ht for the
reference co i critical.for the EOM c EQOM
functions i hbf%hmé%%lqlggs\n&%ﬁe%gnné{r’%mﬂ ?lea %ra gf r?ge rrﬁ%g"ﬁ%#grg %rn%'?gd by a
request fromdiltage afiromodadhi esd EEHY aPE)y idh@ad Nfreh tmgireréfempeni ts this
request to the EOM col unm driver and high vol tage progrannin% pul ses are
passed to thePPeRFcdiSubtiered e tamaleDhrEfery sane faRtecrat |4ptera®d or t hey
receive al | 4 @VRILADLS OLAR YOI IA0R Qitk SKS wh [bf BE SN i afe EOM
request being recelve romthe input Togic. ssage length iI'ncrenents of
25 nsecs i S oS dariacn attagersd.e, TisO salledted @flufezdger itdenl doonecksat

the resistor tap at its own location along the resistor into the
‘node DIFREF. Thus the node DIFREF is at a voltage which is
between the stored reference voltages and of a value which is
proportional to the length of storage time of the addressed
column. (The dimensional length of the resistor in the physical
layout is the same in each of the column drivers and so the
resistance value from one end to the other increases linearly
along the length of the row of column driver.) The voltage on
DIFREF is therefore represéntative of the voltage loss due to
charge leakage at the sample and hold capacitor of the addressed
column driver. This function of the reference columns and
associated reference resistor is especially important at high
temperatures when charge leakage is increased. An additional
function of the reference system is to compensate for changes in
transistor threshold voltage with temperature. The voltage read
from each cell varies with temperature and would be observed as a
change on the level of ASAMPN during playback. Since ail the
cells are at the same temperature (as a first approximation)'there
would be resultant DC shift in voltage. This is not particularly
important for speéch recording, but if the.DC voltage is desired
to be maintained unchanged (as is the case for some applications)

then the reference system will compensate for this by subtraction

-



the end of every second scan. This neans that there are four pB&ShétBasBedM Replaced
positions on every row. Wth four -EOM col urms avail abl e a si npl

assignment is inplenented. It would al so be possible to encode ﬂlﬁﬂgm ﬂ“MlII
for the end of message. If the position resolution of the end o '
12.5 nmsecs (a scan), then three colums and ei ght possible progranmm ng

conbi nations could be utilized. Aternatively, eight colums could be used,
resulting.in no decoding being required to determ ne the EOM position.

During recording then, the EOM col unm driver passes hi gh voltage pul ses
whenever a EOM request is received fromthe-input logic. This is directed

to only one of the four possible EOM cgtums depending on the path sel ected.
by 24 the colum nultiplexer. The recording is then term nated by .

di sabling the wite circuits. The result is to have erased EOM cells for

t he conpl et eatdhat dififevdncing amptifiided nessage, except for the cell which is
addressed at the_end .qf thgfmessa e - this_cell isagro rammed.. . Dur.i ng

pl ayback, the EOM Bt S 87 FYEORTTeABRTY FORBIRt JMEEE ATENRY %ﬂdété%‘mected

into the sang,d eatufanid %&@tenano@%hmﬂuaf.st TRisd BOLAhE Yo @l fal

programmed cell is addressed, a high level is detected and this signal is

transmtted taluehearidper used)ite. indisapé apbenk ofiemesbageaEPML | Sahty

term nated, depending on.the staje of the control circuits. The EOM pin is
SRDERELTS B 2605, ronliiod ahalEnh SR b SEOUIS ARe ol i hat es

taken low to
the need forpdsheisnuh 0f theSEARGEIAIE O5S akkArat 11113) als@ bBesdcrawendy the
external control. The external controller sinply instructs the preferred
enbodi nent tthebsgferepradedeinst hawn aemecyr cebddrredl mides hejustti psviihel st op
aut omat i cal IQ/ at Fheeend,of nessage,and/ or  si gnal ok Qi S Cé)erlq_i tion by pulsing

s analeg arr . e .surroundings ag .
the EOM out pUt- Rh Xt Ta Trow 6ty cel T S8 T ARt a 2 FRe“oppddi te end of
t he therefore identical, allowing for consistent manufacturing and

similar electrical conditions. This is important for the
reference columns, but not so critical for the EOM columns. The
EOM functions in the following manner. A recording may be
terminated by a request from the control pins (CE.or PD). The
input logic transmits this request to the EOM column driver and
high voltage programming pulses are passed to the EOM columns.
Either the EOM cells remain fully erased or they receive all the
available high voltage pulses in the evént of an EOM request being
received from the input logic. Message length increments of 25
msecs is considered adequate, so an eﬁd of message is allowed at
thé end of every second scan. This means that there are four
pessible EOM positions on every row. With fﬁur EOM colﬁmns
available.a simple one-hot assignment is implemented. It would
aléo be possible to encode the position for the end of message.
If the position resolution of the end of message is 12.5 m3ecs ka
scan), then three columns and eight possible programming
combinations could be utilized. Alternatively, eight columns
could be used, resulting in no decoding being required to
determine the EOM position. Dufing recording then, the EOM column
driver passes high voltage pulses'whenever a EOM request is
received from the input logic. This is ditectéd.to only one of

the four possible EOM columns depending on the path selected by



array to the colum drivers. This row, referred to as the U1 M QW shlePHas Been Replac

connected into the array i.e. to the colums and to a special ro \ °b
through a set of transistors that are turned on only during a pa;\r/1 lmml“”m",
test node. In this test node, the trimrowis selected and can be

to and read fromthrough the colum drivers..Wen the device is not in this
test node, the trimrowis configured into the read node. Sonme of the cells
inthe trimrow are connected in pairs to the inputs of a weighted
differential anplifier, as described previously, to provide the trimbits.
Qther bits in the row are avail able fokpastoring information - in either
analog or digital form- for access only during test node. The advantage to
using the extra rowis that. the existing witing circuits (colum drivers
and X pre- d%&dsslwmbﬁwmté;zedm 10EcdidiRy bid Snél GeRidELEDycONt | NUOUS] Y
by the 25 trinmm ng networ int form parall el outpdat. This
arrangenent dJqirsabl tes thhl&ﬁnetdmmhiﬁ.he Tige Gef it liar@eham)lenasecbfeoaddl tional
har dwar e. The tlm?ﬂg for the chip is derived froma single tinebase (See

Figure 7 forcedis| 8k SO SmRArteh uratdar o the rracqEdsst BeRT08d €158 t). An
on-chi p 0sci kAt O RSN ABH AL A ERURBIICHE SnbSmdl3gd L0 cHles | ve al |
the required clocks and timng signals he nom nal output “frequency is 512
Khz. An inputeli bs iprogrammeded Dnlzbag gplaybdak, maee somreplomssygnehr oni ze t he
chip to external clocks or tinebases. In this event the external

oscil | ator HFOERMHRALYPRIIRERY, re kY ATD SRR FH5Co MYy EPT SANR R and st eer s
the external cdle@glrdedoh s 5&2 HKBZ QUERMtarrad [ QKERTaNBLog AR QBLZALd ON 'S
not reqU|red the external clock pin is connected to either power supply
pi n, and t headdreeseral aokidh Renedr ipldeckeipai and tthésisigpahdls bmmishibtas to t he
512 Khz out put

the input logic. The playback may be automatically terminated,
depending on the state of the control circuits. The EOM pin is
taken low to indicate that an EOM condition was detected. This
eliminates the need for the end of message address (location) to
be known by the external control. <The external controller simply
instructs the preferred embodiment to begin playback from a start
address and the chip will stop automatically at the end of message
and/or signal this condition by pulsing the EOM output.

An extra row of cells is included at the opposite end of the
array to the column drivers. This row, referred to as the trim
row, is connected into the array i.e. to the columns and to a
special rpw driver, through a set of transistors that are turned
on only during a particular test mode. 1In this test mode, the
trim row is selected and can be written to and read from through
the column drivers. When the device is not in this test mode, the
trim row is configured into the read mode. Some of the cells in
the trim row are connected in pairs to the inputs of a weighted
differential amplifier, as Aeséribed previously,_to provide the
trim bits. Other bits in the row are available for storing
information - in either analog_or digital form ~ for access only
during test mode. The advantage to using the extra row is that.
the existing writing circuits (column drivers and X pre-decode)

can be utilized. The trim bits are required continuously by the



The internal oscillator is of the rel axation t ype -and .oper at es ‘Dhis ShépeHas Been Replace

principle of charging a capacitor to a certain voltage by applyi :
certain current. Both the current and the voltage |evels are obt
the reference section - the voltage is fixed (VAG\D) and the current TS

vari abl e, however it would al so be acceptable for this to be reversed. In
fact two capacitors are used to allow for the di scharge of one capacitor

whi'l e the other is being charged, thus providing a nore accurate di scharge

vol tage and reduced signal propagation delays in the sections of the
circuit which performswtching. The output fromthe oscillator is used by

the 64 Khz counter and subsequently thestimng circuits and sanpl e cl ock.
However, it is also routed through additional test logic to an output pad
(EOM . If the correct test node s selected .the oscillator_output is

directed to H&E® '_‘ﬁﬁ‘d‘?‘gi‘shbg | B0 E* hRABR: F?I%‘fsﬁ F’Lf rtérgtljséncy to be

measur ed. Thg. MapLAdNeCpREViAR t8is (4itnbid The afeRdC B6F QRkge Iahounts?2B£adj ust ed

by nodi fying the appropriate trimbits until the oscillator frequency is at

t he desired addindonaphherdfargoar se adj usts the sanple frequency by the sane

proportions and, as described_preyiouysl si-nce the variahl, rent is
derived fromtheT 5@“’38&%@ ‘é’ge tcﬁg? ’\Rh%{%ﬁ"g%t%‘)f" he ?ﬁﬁk‘%?lrﬁgfﬁ%ff
frequency, thgef Fidie GNESAGTBIdcRT 8T rkt a0l FiRresgiforate pastkrebange by

the sane proportion. The ability to trimthe oscillator frequency allows an
accur at e sett¢inpyivf. sanpirechimpsehtiatandvhdehdeguentexfFertl ABMAMRERYT ecor di ng

capacity of the array. _Another  advanta Ls fhat it anpl
f requency to“bé’sﬁﬂljtlfgfd%ﬁ“feoagﬁitthet ﬁeequéﬁ%feicg%?klsoﬁ?d eib“?%%as\g??%n 'qug]ei ty can
be i nproved minBEr&APLUOCE RIS E5 Uy (& ihper gastinfproediwaed record

duration). However, if the application requires |onger duratjon then this
can should it be necessary to synchronize the chip to external clocks .

or timebases.  In this event the external oscillator block detects
the presence of an incoming frequency and steers the external
clock to the 512 Khz output. If external synchronization is not
required, the external clock pin is connected to either power
supply pin, and the external oscillator block gates the internal
oscillator -to the 512 Khz output.

The internal oscillator is of the relaxation type and
operates on the principle of chérging a capacitor to a certain
voltage by applying a certain current. Both the current and the
voltage levels are obtained from the reference section - the
voltage is fixed.(VAGND) and the current is variable, however it
would also be acceptable for this to be reversed. 1In fact two
capacitors are used to allow forzthe discharge of one capacitor
while the other is being charéed, thus providing a more accurate

" discharge voltage and reduced signal propagation delays in the
sections.of the circuit which perform switching. The outpgt from
the oscillator is used by the 64 Khz'coﬁnter and subsequently the

~ timing circuits and sample clock. However, it is also routed
through additional test logic to an output pad.(Eaﬁ). If the
correct test mode iIs selected the oscillator output ishdirected_to
the EOM pad, thus allowing the oscillator frequencf to be

measured. The variable parameter (in this case current) is



be achieved at the cost of quality - trimmng allows either frus$Hiie& HagB&n Replaced
part. It is also critical that the oscillator be stable over v

operating conditions such as tenperature and power supply | evel amuumlluﬁl“lll
is -any variation in sanple frequency between pl ayback and recor

reproduction quality is effected - +/- 2%is considered to be the maxi num
acceptabl e variation for voice recordings. Use of the stable current and
voltage outputs fromthe reference section provides this stability. As

shown in Figure 1, the output fromthe external oscillator is directed into
the 64 Khz counter. The 64 Khz counter in turn produces the clock input for
the 8 Khz counter. The 8 Khz output issghen buffered by the Col um Register

Cl ock Generator (COL. REG CK GEN. in the block diagramof Figure 1) to
create the colum register clock pul ses. Weénever the chip is powered down

or desel ect Afiuphed PF¥Radifeingr o aPaFRRtiate srimbits uotdl Ithet ages of the

(100 bit) c i Innkng of. every . .record or pl ayback

oper ation tﬁéeslgg?]é%: ggénegé’g?ﬁ i%gagdggg %;(g)kgf% "a_L]'"ei' nt'éo‘ﬁ's ‘-’%I‘::ﬂﬁféENENT SHEET O
1 NOV 1996 Zadjukes fthestampleagreqbenchchy ege dafé .prdbbitivas anaybsequent 8 Khz
clock the logic "1" is shifted along the register - all other stages are at
| ogic "0". d%r?érb‘?ﬁdpﬁfe"&f’“fldfe pinge skeagérﬁbgamsemésmvw dermfor the
col um nul tigee ' I eg. the.f] [edgi ster stage
o that the Tograet PR FLLreR Busk s BT by larte el BRSS! TR
si ngl e | ogi cchelfifgegnehiayecodiativs: egacd €he ioSciliatod @n8 UaAGS ibyetlye Sel ect
the columm driver and performthe sanpling into the sanple and hol d

capaci t ors dEMENRTPEELTR - arfdeotRiAFH R FEIM B RACHRGRF SX8819Y5Y pl ayback.

('The allows an accurate setting of sample frequency and cénsequently

the maximum recording capacity of the array. Another advantage is
that it allows sample frequency to be adjusted to suit the
application. Reproduction quality can be improved by increasing
sample frequency (at the cost of reduced record duracion).
However, if the application requires longer duration then this can’
be achieved at the cost of quality - trimming allows either from
the same part. It is also critical that the oscillator be stable
over various operating conditions such as temperature-and power -
supply levels. If there is any variation in sample frequency
between playback and record then the reproduction qQality is
effected - +/- 2% is considered to be the maximum acceptable
variation for voice recordings. Use of the stable current and
voltage outputs from the reference section provides this
stabiiity.

As shown in Figure 1, the output from the external oscillator
is directed into the 64 Khz counter. The 64 Khz counter in turn
produces the clock inpﬁt for_the 8 Khz counter. The 8 Khz output
is then buffered by the Column Register Clock Generator (COL. REG.
CK GEN. in the block diagram of Figure 1) to create the column
register clock pulses. Whenever the chip is powered down or
deselected, the clock generator applies a reset to all stages of
the (100 bit) column register; At the beginning of-every record

or playback operation the clock generator loads a logic "1° into

v



colum register function could also be perforned by a (nodul o- ce Replaced
and decoder). The colum nultiplex counter is a nodul 0o-8 counte | l“II
provides the inputs to the 8 1 colum nmnultiplexers. The carry o

produces the 10Hz clock for the row counter and is also used in the status
decode and control block. The status decode and control block receives

I nputs fromthe colum register, colum nultiplex counter and the 8 Khz
counter. Its purpose is to provide the higher |level timng control (or
macrotimng), particularly for the wite operation. The conplete wite

cycle is acconplished in the time required to wite one conplete row -
clearing is perforned one entire row &ty any one tine. Eight tines during

each row, or once during each scan (i.e. each passage through the col um
register) the wite circuits nust execute the coarse and the fine cycle.

In terms of tPERTATSE $938R, ofeils rrEiPteRd JfiSH eastnswssmsnlsf M SUpdh vi ded
into differept 1d 1m0k § sniEalgn | ehe LREEGe3M € AR SR CHUJR]! asEquences
to be perforned. q{II'Ee stat es E’? tﬂle‘y}gydgirgeesgsggcftrecui s are used Q{eo def i ne _
t hese tine skolegizntotonteqoetputyofiithe lestdstagedgradueed tbec®IHzr ol signal s
associated with clear, coarse and fine cycles. Further subdivision is done

by the 8 KhFlggk fogrthe gojump mulsiplex gopqtey andchs 4P| etyrread%ontRg oseconds
there are pefiods.egisdai-0 I b Vi | kytae € Wesi the sanple
and 28 c-orji%)ar eegpser gt %)a\rég %oﬁgﬁﬂg%%gl %Jér?}licd‘rhi vé*&%’hg’séeagéi fferent
activities takenplragisten mpestesidpp| ahpesingde Ungbe "LMefmonth®lcodbmsi gnal s
created by outputs {romé‘he 8 Khz counter. Al high voltage activity is

e

hal ted and &PSH°S8AdTT iI"SRAISCsEITEF FAY oLy i LeEt Jitg P8 ATHVRT 22% he anmount  of

el ectrical E§Ed¥mb€ﬁl§.%§mﬁ§ﬂag el chedlsBREIW 8R4 6N cablcides hhytingpeed
switching of relatively |arge capacitances was allowed to take place
si mul t aneouskgoxgd ahd tdys from the column drivers during playback. (The ‘

column register function could also be performed by a {modulo—100)
counter and decoder). The coiumn multiplex counter is a modulo-8
counter and provides the inputs to the 8:1 column multiplexers.
The carry output produces the 10Hz clock for the row counter and
is also used in the status decode and control block.

The status decode and control block receives inputs from the
column register, column multiplex counter and the 8 Khz counter.
Its purpose is to provide the higher level timing control (or
macrotiming), particularly for the write operation. The complete
write cycle is accomplished in the time .required to write one
complete row - clearing is performed one entire row at any one
time. Eight times during each row, or once during each scan (i.e.
each paséage throuqh the column register) the write circuits must
execute the coarse and the fine cycle.. In terms of timing, then,
each row and also each scan must be subdivided into different time
slots, during which there are'uniqué control sequences to be
performed. The states of the address ﬁircuits are used to define
‘these time slots and consequently also used to derive the control
signals associated with clear, coarse and fine cycles.

Further subdivision i3 done by the 8 Khz counter. For
instance, during each sample of 125 microseconds there are periods

of high voltage activity interleaved between the sample and. 



nore sensitive anal og operatlons The separ ate high voI tage and THis(HEBRHSES Been Replace
events are not necessarily limted to a single sanpl e period

event necessarily conpleted in a single sanple period. For mstaLﬂu!‘mm ullllll
clear pul se takes place over ten sanple periods wthout any conp

coarse pul se and one conparison‘take place in one sanple period and there

are two fine pulses and two conparisons in a sanple period. The fine
resolution of the control signals (mcrotinmng) within each of the

previ ously defined nodes is done by the outputs of the 64 Khz count er .

Signals such as SA, SB, TA, TB and others which are required to be svmtched

at short time intervals are controlled,$y the 64 Khz counter. The output of
the columm nultiplex counter not only goes to the status decode and control

|l ogic, but also to the input logic (where it is used as a switch debounce
clock), to tdimphfaVopetdtiohs &2dtHe0 cblimnCativdl. MehksdldiEc8igt Vol t age buffer.

In order to multiplex the colum driver onto the colums it is necessary to
use high voIQO&QE’-fsitegn"aﬂ@ Pba‘-ﬁr in eachsanple eRriRg updersithe orentrgd ofi ni ni ze

t he nunber of S f m t he_ rul t ounter are

| evel shi ftecf’qﬁ%;tﬁ;ng% %‘%éeg%u g{ﬁ S 5§e§°ugter véﬂa?‘éﬂﬁgti pl exer

whi ch sel ectvpithge caeanmyl mhamda idd QUG agaveEloahltsexRILAE @ife CGBINECt €d i N
series. The row counter is clocked by the 10Hz output fromthe col umm

mul ti pl ex cothiedrte mipimige Lhg praupt fuAlederiprl HifkrPanaes (fBat wopddpr eset
to a val ue ag ns. A vel outputs
fromthe rmg{t\ﬁgigvéﬁéf F%’g’r{t g t?’ g%o Bh %eego;u‘lnlt erﬂ%r %e’ce‘EE@legqge?a]l e; the

out puts of tdapatiMenkesSiasSaigoivéd @aniakdi pracdr simltiecdspy eridacarde. The

outputs of the pre-decode are |l evel shifted such that the sel ect ed out put
is at a vaJLR?réq%Eﬂ51fthCFRP1°9 operations. The separate high wvoltage and

compare events are not necessarily limited to a single sample
period; nor is each event necessarily completed in a single sample
period. For instance, the clear pulse takes place over ten sample
periods without any comparisons, a coarse pulse and one comparison
take place in one sample period and thgre are two fine pulses and
two cdmparisons in a sample period. ' The fine resolution of the
control signals (microtiminé) within each of the previously
defined modes is done by the outputs of the 64 Khz counter.
Signals such as SA, SB, TA, TB and otﬁers which are required to be
switched at short time intervals afe controlled by thg 64 Khi
counter.

The output of the column multiplex counter not only goes to
the status decode and control logic, but also to the input logic
{where it is used as a switch debounce clock), to the row counter
and to the column multiplex high voltage buffer. In order to
multiplex the column driver onto the columns it is necessary ;o
use high wvoltage signals to drive the switching transistqrs. To

- minimize the number of level shifters, the outputs from the
multiplex counter ére level shifted and the high volﬁage outputs
used to drive a multiplexer which selects ﬁhe connection patﬁ
through several transistors connected in series.

The row counter is clocked by the 10Hz output from the column

multiplex counter. It is a binary counter which may also be



during wite and equal to MHV during read. MHV is a voltage of, a utHl V Replaced
which is generated internally froma charge punp. Unsel ected o K £l Sep 2ce
taken to a | ow voltage. The sel ected X- decode connects the fou u "H'”II
| ines onto the select gates of the array row. The unsel ected X-

connect a |l ow voltage onto the other rows. The | ow voltage may be VSS, but
in the preferred enbodinent it was chosen to be about 1.5V - a |level
sli"ghtly higher than VSS. The purpose is 1) to have unsel ected row sel ect
gates at 1.5V, and thus raise the voltage to which the colum can.be taken
W t hout experiencing a current path to substrate caused by gated di ode
breakdown at the drain regions forned the columm and t he sel ect gate;
and 2) to increase the source voltage of undesired (field) transistors
which are formed by interconnect |ayers (over the dielectrics intended for
i nsul ati on) ATESEh&osdHUIRLRe FfuetiPyi Fhe addness Binsddq| theguethiari. oxdhde

transi stors. | a nt increases the
field thr eshékggégﬁ?gggu%gﬁtus??ggfgﬂgt °rgggsgilggyf)€“t%ﬁﬁééljétsp§?;%ﬁT°(§m fansi stors
to produce cairduetthenX+dectdss chaRRCbutsc@f @hefl Siddaby sibrimenkcaity | evel s
whi ch are several volts higher than conventional levels. It is in general
good pract i c&EEe et Preedendee The ruppucsdes ciieppreidecede ane 2yehbove, but
in any case, ' | m.ted qurrent . sourging
capability aﬁgbﬁlﬁﬁ?% tg%fr ?gg[gﬁ\igé%paegg‘ﬁ&%r%e%n E AN ST TR 1Y ‘?eachi ng
the desired kihging/ekligand eqess toTimer Queing feddt aluwfisdd V61685088 circuits
(See Figure 1 h, one connects the four pre-decode lines into the

) 30 Fac
array, thus. 6?”8’?/‘? &iZXg‘"\EﬁE 1F9arTer ey inpernebby (FRR. @ BHRRE AY™he sel ect gate
hi gh” connect gatdirecadd Resad bW raRLP bNE 160! WMSLLO" RN dex-

decode connects the four pre-decode lines onto the select gates of

the array row. The unselected X-decodes connect a low voltage
onto the other rows. The low voltage may be VSS, but in the
preferréd embodiment it was chosen to be about 1.5V - a level
slightly higher than VSS. The purpose is 1) to have unselected
row select gates at 1.5V, and thus raise the voltage to which the
column can be taken without experiencing a current path to
substrate caused by gated diode breakdown at the drain regions
formed by the column and the select gate; and 2) to increase the
source voltage of undesired (field) transistors which are formed
by interconngct layers (over the dielectrics intended for
insulation) and the source and drain regions of desired thin-oxide
transistors. Increasing the source voltage by a small amount
increases the field threshold voltage required on the gate of
these parasitic transistors to produce:conduction in the channel
region formed by the source to levels which are several volts
higher than conventional levels.

It is in éeneral good practice to eliminate these currents
described 1n'1) and 2) above, but in any case, the source of high
voltage has limited current sourcing capability and unwanted
current load can prevent the source from reaching the desired high.
véltage levels.

There are a total of 40 X-decode circuits (See Fiéure 1).
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addressed. For reading and programmng all clear gates nmay be ta -
sanme voltage. However, for clearing a particular row, then only- |I|I||||
6). A practiccal difficulty is encountered when connecting decode circuits
into a nenory. Since the nenory is an array of cells each consisting of few
physi cal size of these transistors, it is difficult to performthe physical
| ayout of the decode circuits whi ch interface to the array such that they
mul tiplexing a colum driver with eight colums, therefore there is an
avai | abl e wglidh efiTonkdeebheiedhil b-gidial 'gﬁ%ymo df bPEafaRf ol Lhe
circuits forptdvédiricz&he gatlesssingt frer QpPpOdWE e Brrilsyial tHee saleaygaddius, only
into the X-decode and the select gate is

gate driver gid ebdd operdt@ordP! ¥nk1decadd a‘iiaeah&.ast Bfe YibLPGREOHUALAM O
connect the select gate to the clear gate during clear, connect 4V to the
during read. e adyant a taking only the selegted clear gate to 4V

SR S8 s TLepRE: [ Bt | BRaSTRnT @ RRETIASE o ¢ he
circuit whi clowgetinabaty th& 4¥ushpliys &%Q?Qjaﬂu%k%h NGk tedistnsgt the to
an accurate voltage in a short time interval. The address inputs A0 through
'rll'g\(,a\e\ég:]t rljls npﬁrtit]qud wheg conn%tjz‘tf ga%gcgfepgle-ctu ts(.:ai?n:gea rr)nlé:tuor.tyo anot her use.

and read operations'. The X-decode al so allows the clear gates tTis3Beet Has Been Replace
has its clear gate taken high; the others remain at . a | ow voltag
transistors (in this case two) with attention given to reducing the
"fit" into the same pitch. In the case3® the colum drivers, it is done by
X-decode, it is done by use of a pre- by positioni'ng the driving
Eﬂgnsﬁ!sgglt aghaigﬁscgé?%ﬁgoqgec?érfféﬁ"r TGu PGy FREeFOLUMRE IRF BBSR “GhtE he cl ear
sel ect ed cl| e agdrassgdr i ﬁgr rmdimldndommam@dgtaiu beamgetec meg mat es
instead of tH & “Who! € array
A7 have an afIRéB3Atng @dp&%ittayeoﬂ'%se &i.nck prhet icel adi flATEy b€ oOws,

the memory is an array of cells each consisting of few transistors

(in this case two) with attention given to reducing the physical
size of these transistors, it is difficult to perform the physical
layout of the decode circuits which interface to the array such
that they "fit" into the same pitch. 1In ﬁhe case of the column
.drivers, it is done by multiplexing a column driver with eight
columns, therefore there is an available width equal to the width
of eight columns. 1In the case of the X-decode, it is done by use
of a pre-decode and by positioning the driving circuits for the
clear gates on the opposite side of the array. Thus, only the
select gates are connected into the X-decode and the select gate
is then used as the input to the clear gate driver,

The purpose of the cleag gate driver circuit is to apply ov
to all clear gates during program, to connect the select gate to
the clear gate during clear, connect 4V to the selected clear gate
during read and connect OV to the unselected gates during read.
The édvantage in taking only the selected clear gate to 4V instead
of the who;e array is the Eeduced load that is applied to the
circuit which generates the 4V supply, especially since it must
settle to an accurate voltage in a_short time interval.

The address inputs AO through A7 have an addressing capacity

of 256. Since the total number of rows, however, is only 160, the



(PD, CE, and P/ R) perform speci fic control functions. However Shéce Hesreen Replaced
applications mght prefer di fferent behavior fromthe input or 3
pins. The unused address capacity allows one to nodify the func _
pins and therefore satisfy the needs of different applications w '
sane design.. The higher order address bits are examned to establlsh

whet her or not the address is invalid. In the case of the preferred

embodi ment, if the address is greater than 159 it may be considered invalid

and the |l ower order bits are then used to indicate that different control
options are to be selected. In fact only the nost significant two bits A6

and A7 are examned in the preferred emqodinent. |f they are both at |ogic

"1" - corresponding to the range 192 to 255 - then the | ower order bits A0

t hrough A5-are used to select control options. Figure 9 shows the
ar r angenent El%ﬁe‘if FRPRGIEY prasy e e eoridodthmenese . ThEhec opriticgdr taRusnPhit s are

forcedtoth ate durin i d add ses, For an invalid

addr ess- t he n'f i gb?%’ﬂ% S?F’blpflé °§Pes%eﬁ\ig%’?n°ﬁ% gy fgEiontar e’g%wﬂvﬁﬁm s. Figure
10 is a vari aiffetrenti Qipplgcdthenddbht PreSlr ditMLEA bonstigeesidre el ue of the
configuration bits. The advantage here is that the configuration bits can

be stored anﬂnﬂ%ﬁrlﬁ\?d"‘a‘tp“& PHser Thenunysed asidoess caprrigyi aiorsl ¢nt
addresses. L (@l BpTaE 8GR0l o0l ) g L L L 5, 30060 g bl devi oo

wi t hout the ad FaotOht b p| ns ar & adl so used

to define test dﬂfdeﬁentTé)pﬁﬂEElfmastﬁﬂ:th B¢l Qamed d¥dgnagerni gh;afert Badert he
vol tages which the device would encounter in normal operating conditions,
i's applied tPHIESHIEherUEFPREAnfRICSpItIdSY vhetline endetothe RESFISE erred

embodi ment, 1ha LR, i Gsb) or e ABeNA AHSHRLESt OF GhTCUI L TS
connect ed to this input pin to detect t e presence of a high voltage and
produce a sigdxlesehi< lgresnzyl Swant he9 Siel sy 86 doasidered invalid and the,
lower order bits are then used to indicate that different control
options are to be selected. In fact only the most significant two
bits A6 and A7 are examined in the preferred embodiment. If they
are both at logic "1" - corresponding to the range 192 to 255 -
then the lower order bits A0 through A5 are used to Selecc control
options. Figure 9 shows the arrangement used in the preferréd
embodiment. The configuration bits are forced to their default
state during valid addresses. For an invalid address the
configuration bits are determined by the address inputs. Figure
10 is a variation showing the addition of a latch to store the
value of the confiquration bits. The advantage here is that ths
configuration bits can be stored and then used at a later time for
operations using valid addresses. 1In either case, additional
flexibility_is added to the device without the addition of extra
control pins.

The address pins are also used to define test modes. To
enter a test mode, a voltage higher than the voltages which the
device would.encounter in normal operating conditions, is applied
to one of the device input pins (in the case of the preferred
embodiment, the A7 pin, Figure 1). A high voltage detector
circuit is connected to this inpuc'pin to detect the presence of a

high voltage and produce a signal which enables the selected test



32 node(s). " The remi ni ng address p| ns A6 through AO are used 'lfhc.ssl} H @ placed
sel ected test nodes. The purpose of the test nodes is twofold - l
the length of time that is required to test the device and Seco

al tow access to internal circuit nodes which are not otherw se d|r t y
accessible. .In the first category are the test nbdes which cause a

particular pattern to be witten into the array in a reduced nunber of
operations. This is done by enabling groups of rows and/or col ums

simul taneously - for exanple the outputs of the row counter together with
their inverse signals are forced to states which select either all rows

si mul t aneously or even nunbered rows o82odd nunbered rows. Sinmilarly the
colum counter outputs and their inverse can also be forced such that al
columms or even columms or odd colums are connected into the columm driver

si mul t aneoudP§® (B ncTht FEAHHPB AIIFFIRIPIRT PSP R GTE MEEotRIi ti on of
the col um ca%w{.@rtﬁbsséMQQ@gqgmo&wmt pakfdseS o FQIHenEEQ: hb&e£qadi tion of

‘the row counter e test nodes for each can be selected in any
conbi nat i on,twefgld cddorxedeceiithl kength odl times thatd isi seaqu\ieedsa;o Gémse nodes
aIIowaIternatiggv atte ns sugh as horizontal stri verti cal trlpes

and checker 588r 8845 B‘é RPN GohRLtavhacesdfpFedat ’F'l’a&y T4 BR9%Sr educed

tinme period.,,]1bg et Héé oeabhage flretay bébés'ﬂ?bfh”ain depepdseon the anal og
val ue whi ch has been | oaded into the sSanple and hol d capacitors. In

addi ti on t heategoxry ppedthenbesthmedelsi Whiicht ¢ruski glparbitwge gattees goehehi ng t he
array during either, the clear or programcycles. In these nodes all rows

are sel ect ed=iEten HAte Hhey 25Ray Y| ERAELSA JHBREKR O Qﬁﬁ?ﬁf‘%"tsel y o d? amred -

Mass erase e MRS enbb AR oup Tt EEX aRBARS Sl dnfY AnR3tiRlsip e | oaded
quickly into the array. There is also provision for reading the stored

pattern at !fncremdesqj'eedstpufheafsamlrewrtaiuetdurtpggtlplraybackhwsr i ncreased

by Luo. PSS oL, IPLIGN & a8l 'ELeaBR! Ll U208 0Lk R 0l PGB! el
simultaneously or even numbered rows or odd numbered rows.
Similarly the column counter outputs and their inverse can also be
forced such that all columns or even columns or odd columns are
connected into the column driver simultaneously. Since the |
address input states defining the condition of the coluﬁn counter
is independent from the states defining the condition of the row
counter, the test modes for each can be selected in any
combination, e.g. odd rows with even columns'and visa versa.
Theée modes allow alternating patterns such as horizontal stripes,
vertical stripes, and checkerboards to ba written into the
complete array in a much reduced time period. Tﬁe'actﬁal voltage
stored in the array dépends on the analog value which has been
loaded into the sample and hold capacitors. In addition there are
modes which inhibit the high letage pulses reaching the array
during either the clear or proéram cycles. In these modes all
rows are selected, so the array is completely erased or completély
programmgd - mas§ erase énd mass program. Such test modes allow a
pattern to be loaded quickly into the array. There is also
provision for reading the storéd pattern at increased speeds. The
sample rate during playback is anreased by two possible methods -

either apply high speed clocks to the external clock input to



33 increase the basic timebase frequency, and/or enter a test et Hlas Ben Replaced
by- passes sone of .the stages of the dividing chain which create “ I“HII
frequency. In either case, the filter is renmoved fromthe playb

path by connecting the output of the differencing anplifier-into the power
anplifier. This is necessary since the filter would bandiimt- at a

frequency which is |less than the output data rate. A test node is al so

provi ded for connection of the filter input and output to device pins, thus:
allowing for nore direct tests of the filter characteristics. Access to the

I nternal nodes VCCA and CHV is provided by high voltage switches which
connect either these nodes to a device3pin (P/R) on selection of the
appropriate test node. To facilitate the neasurenent of actual stored

vol tages and their variation, a test node causes the DI FREF input into the
di f f er enci ng-ngRprier he LagipdipeRasediTauenRINIANYYIOE eHRST: 2| RfitcmPei ves

' t f t | PIR T . ;
donn, o P cet BV ka8 s kol of, B RUTARC AT &Y, PO

internal si gitdbtes theV&impld-fregdncyPORh, eithdf i dhiseqtdmen hiter, 15OVCC (a
si gnal which becones active when VCC is below a certain |evel), the EOM
col urm out putemoved $ram SiRiet RipyHagio $hgnalc Paidi bY renmne et ngo FRANPURDIRE 951 ex

counter. Control.st f Lhe Lnput. . logic are,distrihyt.ed.to various
parts of th&s’lech‘f%:e%gﬁ%iigl b g]\?\élrerd(’ﬁvmﬁ Eﬁé’gger’l%l?lmglg%i J"'r'etsyél.llgo §vari ous

bl ocks, the gcebsdry 8indzObhdrat krSwodlachamil eRitN@e0d Mmddeans WRdH ssand t he
sel ection of record and pl ayback nodes. The configuration bits select

opti ons bet i&®8f AN BRA VBRI BRtppetons? tRREtMREe EF §l§ocRipyidehdiofi ve or

evel Senst ldohRecelOR! Sefnl NALEON GRUNLRE dulpbE R8B! adls bB:ETLANY NY of each
operation or only when changi ng _flr mrecord to playback or playback to
record; whetdiabwiplgagbacioretdipsctOtestloif NS filvar theragtgriadciés om t he EOM

Access to the internal nodes VCCA and CHV is provided by high
voltage switches which connect e;ther these nodes to a device pin
(P/E) on selection of the appropriate test mode. To fac;litate
the measurement of actual stored voltages and their variation, a
test mode causes the DIFREF input into the differencing amplifier
to be forced to VAGND.

The input logic receives input from the input pads PD, CE and
P/R. These are acronyms for'power down, EEEF_Eﬁigfg,‘and
PLAYBACK/EEEBEE. Inputs are also received from internal signals -
power-on-reset (POR), configuration bits, LOVCC (a signal which
becomes activelwhen VCC is below a certain.level), the EOM column
outputs, and a switch debounce clock from the column multiplex
counter. Control signals from the input logic are distributed to
various parts of the IC to control power down, the enable and
reset of various blocks, the yriting of EOM markers, the latching
of address inputs and the selection of record and playback modes.
The configuration bits select options between various control
options; whether CE is edge sensitive or level sensitive; whether
the row counter is_feset at the beginning of each operation or
only when changing from record to playback or playback to record;
whether playback stops or continues when the signal from the EOM

column becomes active; whether the EOM qutput pad pulses low at



col unm becomes active; whether the EOM out put pad pul ses | ow Bjs Sheet eplaced
and overflow of the address counter or only at overfl ow of thel H “"
counter; whether the EOM narkers are retained or deleted by th

nmessage; and whet her the playback speed is nornmal or at an accel erated

rate. These various operation nodes can be selected in any conbi nation as
descri bed earlier, depending on the state of the address pins. The

accel erated pl ayback rate (or fast forward node) can be used by the

external controller to |ocate the positions or addresses of an end of

message. In this node the nodul us of_&he di viding chain is reduced by
bypassi ng sone of the stages - in the Case of the preferred enbodi ment the
colum register is bypassed and an accel eration factor of 100X is achieved.

The audio o uf _J ' I t.y.he EOM markers still produce ul se at
The Bom out Sofnd SvEs B8R G cRY adabfad ok IR 8F Bl e s Wer oS e e ©
control | er redsess<sotdrert i wiRtRér tRe KIS mh i r8Uddec ke in@d L&y RaLle@qOCk pul ses
at which the EOM out puts appear.., The addresses of the next |ocations would
be the star PYalt® S8tk esgpaqeicand rhethamtehepdarhpek spaedchs dsemehlosul at ed

fromthe ti nt-_.This address can then be input to the
addr ess pi nsr;,%. ?éleatcggl T eagggcr%g%f er PETRJBF I ?ﬁ?rsa%él%ﬂ ﬂ'@gﬁ'ﬁcfaf’h ® pl ayback
begun from tskiléctr@ Dt .anfl ¢RibRASEIN 441UVl dRN11EBY abiséndilg dmaghe f Or vard
node to quickly nove-to the end of a particular nmessage and then, w thout

changi ng t hétateircfskhe dddtess, Pirsyi nThe noreimicapddapbaxdlachfratise (greastessage.
Since the aydip9 | I_.sabl ring fast forward, the audi o output
begi ns at tlﬁgks?%r“l%go) ,l[:%? g’en‘éx?deg gzg‘ﬁg%. erf’ﬁ]t' tcﬁl'"é%ﬁkttﬁe%%an:ter Sfer is
not requir egosixivascom ad@akes 3t hhanar 68)neko4gal.i ONS Al s Mdde ages
correspondi ng to.the beginning or the end of the nmessages. |Instead, all

that is reqfPRetrs: 8f fEekHIIALINSE GPREN dsdeeducad iy BYPasséngressagss thppear and

stages - in the case of the preferred embodiment the column
register is bypassed and an acceleration factor of 100X is
achieved. The audio output is disabled but the EOM markers still
produce a pulse at the EOM output pad. The device is put into the
fast forward and the controller measures the time or records the
number of external clock pulses at which the EOM outputs appear.
The addresses of the next locatioﬁs would be the start addresses
of the subsequent messages and can be calculated from the time or
the clock count. This address can then be input to the address
pins, the address counter preset to this value and the playback
begun from this point. Alternately the controller may use the
fast forward mode ﬁo quickly move to the end of a particuiar
message and then, without changing the address counter, bégin a
normal playback of the next message. Since the audio output is
disabled during fast forward, the audio output begins at the start
of this next message. In this way the controller is not required
to have a record of the array_lécations or addresses correspondiﬁg:
to the beginning or the end of the messages. Instead, all that is
required to be known is the order in which the messages appear and
for the recordings to be continuous without any spurious or
residual EOM markers. This is achieved ﬁy recording the messages

in a continuous manner or by careful management of addressing



for the recordi ngs to be continuous W|thout any spurl ous or rmkshealﬂamehkeplaced

markers. This is achieved by recording the nessages in a contl
or by careful managenent of addressing 35 during recordlng
i s-configured into the fast forward nmode (resetting the address

and as the EOM pul ses appear they are counted by the controller. Vhen the
EOM pul se belonging to the nessage previous to the desired nessage is
encountered the chip is disabled and then put into the nornmal playback node
w thout resetting the address counter. The desired nessage is then played
back. The arrangenent is particularly effective if the fast forward
acceleration is high so that the del ay 3s8etween initiating the search and

t he begi nning of playback is short. The input logic also allows the device
to be disabled, by bringing CE high, and enabling the device again w thout
loss of the QpingnFecostinge TedARESe: b rRodfiguned] +f§°p‘Fh§ySaE‘k fioRrardwoul d be

simlar to txpogxo" Ry m’;g_e%k'ﬁgdig %Rﬁteci—gr%{d ¥p ¥he, B S#:g??és aEQ%E,{(“”E”tS

Duri ng power Wi no POSSI| en to

reduce powertmenadémdousted bflCﬂthcdﬁ'g:rbmléh‘ ngwidef thhé’@@xﬂaérwlonbixa;s sour ces
for the anal og section. On power up, however, there is a finite tine
requi red fort? frdeafeasage \RfPY’é’Q‘éS“%Mer@WSﬁdwsﬁf dgtanceuntqngdpElia i cul ar

t he connect |‘9.[1§, %Q &)gggf Ln®iRASn (pq’tg"“ér\q %%\l s ?;%3{&%%%&%' atively large

capacitances to drive an reqwreafal ong se ng time. It is
desi rabl e t oviltivet tdesett irgl tiegeddssist beurltek Or chandeshigedameggayeding. After
bringing PD | ow and com ng out of power down, the devyi ce uses the tinebase

and di vi di nd"eRaPle¥e8 PIdvi dBea a’é’ét"ﬁlef‘?f& B rRashiewischy |SEFSETTRALS bef or e
al l owi ng the.flevhee fofud R5BORT el#t 2nCFs IH1BHso that the delay between

initiating the search and the beginning of playback is short.

The input logic also allows ;he device to be disabled, by
bringing CE high, and enabling the device again without loss of
the contents of the address counter. During playback this would
be similar to the "Pause" feature.fdund on other types of record
instruments.

During power down mode i.e. PD pin high,'all possible steps
are taken to reduce power consumption, including turning off the
DC current bias sources for the analog section. On power up,
however, there is a finite time réquired for the analog voltages
and references to settle. In particular the connections to
external pins (e.g. MICIN and AGC) have relatively large
capacitances t§ drive and require a fairly long settling time. It
is desirable to have these voltages settle before making a
recording. After-bringing PD low and coming out of power down,
the device uses the timebase and dividing chain to provide a
settling period (25 milliseconds) before allowing the device to
respond to a CE input.

The input logic and the analog circuits a1i0w more than one
device to be cénnected (or cascaded) toéether in order to extend
the ;ecord duration. Figure 11 shows the analog connections for
‘connecting several devices to a single microphone, AGC resistor

and capacitor, and loudspeaker. The ANAQUT of one device 1is



The input logic and the analog circuits allow nore than one OB Sheet Hes Byen Replaced -

connected (or cascaded) together in order to extend the record}i 5
Figure 11 shows the anal og connections for connecting several t
si.ngl e m crophone, AGC resistor and capacitor, and | oudspeaker. e

of one device is 36 capacitively coupled to each of the other .devices,

as well as to itself. The nunber of devices that can be driven by a single
pre- anplifier output depends on the drive capability of the circuits

driving the ANAQUT pin. If additional drive capability is required then an
external anal og buffer can be connect eg, bet ween the ANAQUT pin and the
coupling capacitors. The | oudspeaker, unlike the m crophone, nust be

connected to the first device in the chain. Al devices are powered up

toget her . Db Ry 0NP cHHACd SaB o EhdtbeAllY oBReb] T wdfie SEOR OUTPUL 5

connect ed to the CE of the next successive device in the chain such that,
as one devi deserfich®lse intisberapfidelrycasndhitheandedr ésives yntesingaches- t he

maxi mum val i d address the EOM p ada&§ | ow to sel ect the next device.
During pl ayPERKLEYeS AHEPHE £eReRdFe Op ke dF gt CARSLIHEHOME EBAFFHMALE he devi ce

which is aCtdr\f?i‘:?g%%r{‘%&%fﬁ'bWt h§§ J@QE%QlC&RQS'J%ai: hggs continue to

produce a | ow such a connectiron sc %e EOM pul ses
due to end QlegqibmsiagmenTas lexte&rnalSandlegi BUTiLbE tcad, beagonideesaieweley W il be
interpreted by the next device as an enable command. This is available on

the device &¥eoMBOUT Rife2toRPE ForBY NG IIGEC S AN RO TR Shi ch occurs as
the device T, %rge%heam%&%n Ulh,80 2| 8YfRGKed %lseéaephﬂcs% abyildae s pover

anplifier rTU|tIp exer. I "as taking EOM | ow, the mul tiplexer is
swi tched frametdminnt e\nmadevsm eee impwbhel eptwgacierpi but dhky gaen of the

power anplifjier fromAUXIN to SP+ is unity, sa the output fromthe active
device is p£§§é‘EF l“ﬁr‘iﬁf@ﬁe at any one time. e EOM output is connected to

the CE of the next successive device in the chain such that, as
one device reaches its capacity and the address counter reaches
the maximum valid address, thé EOM pad goes low to select the next
device. During playback, toc maintain the pause feature without
changing the device which is active, once a device has reachéd
capacity it must continue to produce a low level on EOM. With
such a connection scheme the EOM pulses due to end of message
markers must be inhibited, as ocherwise_they will be interpreted
by the next device as an enable command. This is available 6n the
device as one of the configuration modes. Another event which
occurs as the device reaches capacity during playback takes place
at the power amplifier multiplexer. As well as taking EOM low,
the multiplexer is switched from tﬁe internal source to the
external pin. The gain of the power amplifier from AUXIN to SP+
is unity, so the output from the active device is passed through
each previous device in the chain until it reaches the first
device, which drives the loudspeaker. The AUXIN input to the
power amplifier is also selected when the device is deselecteé due
to a high level on CE. This allows the use of the power amplifier
by other parts of a system which doesn't necessarily use .
cascading.

The high voltage generation is performed by on-chip circults



each previous device in the chain until it reachés the first fH“ eg Replaced
drives the | oudspeaker. The AUXIN input to the power anplifier |k h“‘ | |ﬂ|
sel ected when the device is deselected due to a high level on @

al.l ows the use of the power anplifier by other parts of a system which
doesn't necessarily use cascading. The high voltage generation is perforned
by on-chip circuits 37 - there is no need to provide external sources or
perform external regulation or waveshapi ng. A high speed oscillator is
buffered to produce two-phase pul se sources before being input to the
voltage multiplying charge punps - CHARGE PUMP, MHV and VDBL. There are no
speci al steps taken to make t he phases3non-overl appi ng; however, for

opti mum operation, the tine duration which the two phases spend at opposite
voltages is nmaximzed. During tinme periods in which the sensitive anal og

oper ati ons af ehgxer Lormoedesdl go plovide exbemphd suvdceompaperfoeni @dernéhe hi gh
speed oscillator is disabled to mnimze the anount of noise coupled onto

the sensiti FEIMATET PBTSARRI@IpurD MAR CRotE C2CLLIAEAE 5 GREFSCAV Ps the
one used for rﬁ%&%e't ggT-#pﬂE??]thfs@rsE ces-srg otel SeiRg RiuEMR tHBIGodr@geoNt T Ol

CHV at the 6h e control 1 one by two shunt elenments - the
RAMP LIM T aewteipliyiaqchhigd NompsBot tHARGE (FueB e MHVUADLd VDBLUI 'Beoperrat e on t he
principl e of voltage regul ation by controlling a shunt current to the .

negative supfl JPOVRL)SteRR SRR touRRPRe tRe (Phases POPTHGELMPLABOUt 12V to

assist in elhgu%mi,i 9&'gaemmdé;mgtPJneaEﬁ@\e@m%uQs&anoAmgei\@ce%s. It is
al so used in the read path to reduce the inpedance of transistors which
cannot be npies¢ghypemhlak yodpasiye dob:dges|izyoaindead! r puning. tFor | nstance the

colum nul tiplex transistors and the sel ect gates shoul d be_a | ow
resi stance PEFHIYH A z &PAFRERE EnF bt ivagn P8 pPeFAt i TR PEpECTMed

e.g. during sample and compare periods, the high speed oscillator
is disabled to‘minimize the amount of noise coupled onto the
sensitive nodes. The charge pump which creates the signal CHV is
the one used for writing into the array. There is no attempt made
to control CHV at the pump itself; the control is done by two
shunt elements - the RAMP LIMIT circuit andIHV INC. Both of these
shunt circuits operate on the principle of voltage regulation by
controlling a shunt current to the negative supply (VSS). The MHV
pump creates a voltage of about 12V to assist in eliminating gated
diode breakdown of high voltage nodes. It is also used in the
read path to reduce the impedance of transistors which cannot be
made physically large due to layout constraints. For instance the
column multiplex transistors and the select gates should be.a low
resistance to minimize unwanted voltage drops in the voltage
follower path. The VDBL voltage is required in the MOSFET-R
control circuit to extend the range of the control voltage.
It is known that higher tunnel currents reduce the endurance
" of the tunnel oxide (the number ofltimes-thai the voltage level on
the floating gate can be changed from erased levels to programmed
levels and visa versé)f With increasing number of erase/proqram
cycles the difference in threshold voltage between erase‘add
program states appears to reduce - a particular problem for

digital memories that apply pre-detetmlned'prog;am pulses and



foll ower path. The VDBL voltage is r‘eqUi red in the MOSFET-R c et eplaced
to extend the range of the control voltage. It is known that h l”
currents reduce the endurance of the tunnel oxide (the nunber

the voltage |evel on the floating gate can be changed fron1erased | evel s to
programed | evels and visa versa). Wth increasing nunber of erase/program
cycles the difference in threshold voltage between erase and program states
appears to reduce - a particular problemfor digital nmenories that apply:
pre-determ ned program pul ses and 38 conpare cell characteristics
against a fixed reference. This is thoyght to be due to-electron trapping
in the tunnel oxide which creates oppoégtion to the field creating the
tunnel current. Moreover, it is thought that- higher tunnel current

i ncreases th@oﬁda'ﬁ@'éélqoéhélfacaﬁ‘é@%s QGaide hUARGH QFedencd.! ©Rid herefore
desirable to reduce the tunnel currents to a mnimum This is done by

reduci ng t hetheusdtofo @haﬂgaet@fel\egtttagerMiossirt hie ttynnel cxideevhich.
reducmgthe ra rat |s.that it is also

h ,
desirabl e t oSTHE™ p°39?‘fh°r'1'yt?1| éﬁeﬁ%q?aﬁ’éeaﬁbi’%ggg\a/fg’r"ﬁés‘f‘ﬁlrgmfh the program

cycle in ordg&ret&etmr:oye thbeyMIenAE 72GRE Y @hnmell BhfreW@Uldl BBy thef ast ranp
rate for CHV. The purpose of the RAMP LIMT circuit is to help.resolve this

conflict. DuH-’mj-ib?&d OFf iovpell o, thehguarklr exbisd cH |is eherefflerqig taken from
a programred,c QY 19,20 &ra ondtlon Tun current i.s likely to
be hi gh becaflde "~ o#’i? he Fel “cflt\?‘el 5“?“" Ry & r}T“oa j ngq‘ga?e vol t age and

| ar ge vol t aggort bl ereeen@end®sattk hee K:Hmﬁi oﬁxdo(iEagd tackSsd laqe efuameri nport ant
inthis case to limt CHV to a slowranp rate - this allows the floating

gat e vol t ageo¥ise" £ reyc o409 AMeWFIme FareLfi B -cl ear gate voltage with a
smal | er tunnel C"i‘yxge&tnflg{:r,l p&:enzgg, is that it is also desirable to

include as many high voltage pulses as possible in the program
cycle in order to improve storage resolution - this would imply a
fast ramp rate fo; CHV. The purpose of the RAMP LIMIT circuit is
to help resolve this conflict. During the clear pulse, the
addressed cells are being taken from a programmed condition to an
erased condition. Tunnel current is likely to be high because of
the relatively large change in floating gate voltage and large
voltage difference across the tunnel oxide. It is therefore
important in this case to limit CHV to a slow ramp rate - thisl
allows the floating gate voltage to "track" the slowly increasing
clear gate voltage with a smaller tunnel current. During the
coarse program cycle, however, the cell undergoes incremental
changes in programming voltage. The corres?onding increment on
the floating gate is small and the tunnel current 1s also sméll.
In the case of the coarse program cyéle, then, since the tunnel
current is limited by the small increments of the peak voltage of
CHV, there is no need to limit the ramp rate. The ramp can be
made quite steep, thus allowing the CHV pulse width to be reduced
and consequently increase the number.of pulses that can be
included in the coarse cycle. Similarly the fine cycle has even
smaller increments of high voltage applied to the cell and by the

same argument the ramp rate can be higher and the'pulse width
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coarse programcycle, however, the cell undergoes increnental :
- progranm ng vol tage. The correspondl ng i ncrenment on the floatrﬁm ﬁi‘ H‘IH“‘ :
smal |l and the tunnel current is also small. In the case of ith

program cycle, then, since the tunnel current is limted by the snal

i ncrenents of the peak voltage of CHV, there is no need to linit the ranp
rate. The ramp can be made quite steep, thus allowing the CHV pul se width
to be reduced and consequently increase the nunber of pulses that can be
included in the coarse cycle. Simlarly the fine cycle has even smaller
increments of high voltage applied to thie cell and by the same argunent the
ranp rate can be higher and the pul se W dt h 39 snaller. The purpose of
the RAMP LIMT circuit is to provide a variable ranp rate, depending on the
present control. node {(clear, coarse or fine) - pulse width control is

per f or med b§mﬂﬁﬁ§rtining circuits. The concept of a ranp linmiter and the
circuit to realipag hirphBss J2eeut BAMS rrvrdi Qib@de EER! JM4e0f hers. However,
the i nprovenent here is the variable slope and al so the use of current
references frambtlheraemata;g, bdependine oat the pfmntamptrtalt eods @dearni ned by
the current flow n g gSee Flgure 1 %ﬂ- ri ses, so the capacitor
Cl coupl es SPUHer 8ht "“B)nto PHE YT SBPTEPL. 1% fpef?ﬂrg‘e&ﬁ'yr ERt Si@ifFeater than
the T1 draig;£agik8Nt ok N@ACEHE o¥Oh LAG g Pihild: dhdidhe! HCIRASQS, T3 turns on
and shunts current from CHV through T4, T3, and T2 to VSS. Since the CHV
vol t age hasrealiize itediaschsleoeasr;arhermqét:al aezmlslt;y btlsera . hi Rpjveeegud val ent

i nternal resjstance of the order. of tens or_ hundreds of kl|0h for
practical cH d‘é‘pﬁﬁ‘fﬁﬁ‘gnﬁr’i’ar&ﬁssgh%dﬁfé% gHepe i &S% tHEr‘Ee?s 8 begins to

sl ow down. JhSenk eglicesndelCr O EROtanb N6 WARs Ghneddt8r VOl t age on the gate of
T3 reduces and CHV _

The ramp rate is determined by the current flowing in T1 (See

Figure 12). As CHV rises, so the capacitor Cl coupies a current,
onto the drain of Tl. If this current is greater than the Tl
drain current, then the voltage on Tl drain increases. T3 turns
on and shunts current from CHV through T4, T3, and T2 to VSs.
Since the CHV voltage has a limited source current (it actually
has a high equivalent internal resistance of the order of tens or
hundreds of kilohms for practical charée pumps and.pulse sources)
the voltage increase begins to slow down. This reduces the
current through Cl, the voltage on the gate of T3 reduces and CHV
ramp rate increases. The circuit actually stabilizes so that the.
current through Cl is equal to the current through Tl. The
purpose of T4 is to limit the drain voltage on T3 so that a gated
diode breakdown path does not occur (this would limit the maximum
voltage attainable by CHV). T4 does not create a gated diode path
since its gate is at MHV, which in turn is maintained ;t about
12V. The purpose of T2 is to increase the voltage which CHV
reaches before the T3 turns on and the limit action beginsi

The improvements are incorporated in transistors T6 through
T20. A current reference IRAMP is received from the current bias
generator and mirrored into transistors T7, Té and T9. Transistor
dimensions are all equal so that electrical characteristics are

matched, but the number of component structures incorporated in



ranp rate increases. “The circuit act uaI I y stabl I izes so that tﬁb‘s een Replacec
through Cl is equal to the current through Ti. The purpose df T l ”|||
limt the drain voltage on T3 so that a gated diode breakdovvn p

occur (this would limt the maxi numvoltage attainable by CHV) does not
create a gated diode path since its gate is at MHV, which in turn S

mai nt ai ned at about 12V. The purpose of T2 is to increase'the'vol*t age whi ch
CHV reaches before the T3 turns on and the limt action begins. The

i nprovenents are incorporated in transistors T6 through T20. A current
reference |RAMP is received fromthe current bias generator and mrrored
into transistors T7, T8 and T9. Transi $Por dinmensions are all equal so that
el ectrical characteristics are mat ched, but the nunmber of conponent
structures incorporated in 40 each transistor is ratioed to provide a
rati o of cues@ntsansiagortiwe ratioednto pvavidabh ecatiomfTeyrrE8ts andh¥® depends

on the nunber of individ onents_makin each transi stor
Transi st ors® ‘tﬂ.f“fﬁ?'b%@ﬁ#’fé’lar °§m}'t'ch?hg‘"9r'g%tgpgﬁ‘lﬁ‘?s°'t ﬁgt" WIRSF P or

di sabl e t he;gyajihall ompbidatl .tarkgnartg LuOuedhst9ed:0 fhQWsk BidrsTa0r Thus the
current flowng into the drain of T10 depends on the state of the signals
DI SCH, FI NE;h:@&dRSEH @tEAﬁitcﬂims prm‘sestrm £yl emhiba@:t (msg\vkadmbes t he
current ratio P1.‘05 1 fo DIS : FI NE; (C}Z%JRSECL h{e ren through
T10 is mirrBY “ﬂre'érn(fr?'h eFRRouaR &9 F8I o¥ hit8 oL “§O| ranp rate
of CHV. Thecgiten@nNE1dWihg OfntoCeHd drm bEPHOMEBEHeds idd PneRanielost kRIS stors
referenced to VSS,_with switches inmplenented in n-channel transistors or n
and p- channeignalan®iSffior EINEA CGQWRERe CEBMR « otrhsmgaé#zseﬁagmphe@emée@rsarl ly be

dedi cated t t | de .- bl t
s?glng?seto g‘éaé%gtu ; cuc@% tﬁatrmll\i)or dg {)%S:é r?g §F E'aesc(%:‘rglﬂ%?kl on woul hngg a

set of rati¢gd QEEANEhESYRCEED \Mstﬁu@of@ﬁﬁﬁto T1 and therefore controls

the positive going ramp rate of CHV. The current mirrors could be
implemented in n-channel transistors referenced to VSS, with
switches implemented in n-channel transistors or n and p-channel
transistors. Also the control signals may not necessarily be
dedicated to a particular mode - it is possible for a coded set of
input signals to be applied. 1In other words the general
description would be a set of ratioed current sources with a means
to selectively direct each of thése currents into one transistor
which is then mirrored into the ramp limit circuit.

Another section of the RAMP LIMIT circuit cdnsists of T21
through T29 and C2. This section controls the rate at which CHV
ramps down. It is desirable to control the ramp down rate so that
the disturbance created by disch;rging the large capacitance
connected ;o CHV is reduced. However, the node hust'be discharged
fairly quickly (about 21 secs), in keeping with the need for a
large number of CHV pulses. The diséharge transistors T27 and T28
must therefore have a high current sink capability but
nevertheless must not be allowed to operate in an uncontrolled
fashion. The ramp down ciréuit operates in a similar fashion to
the ramp up circuit. When the circuit is controlling, the current
through C2 is equal to the'qurrent_through T25. The'signal DISCH

goes to a low level, allowing the gate of T28 to rise and-/thus



to selectively direct each of these currents into one transi stBs Shegt Reen Replaced
‘then mirrored into the ranp limt circuit. Another section of tiﬂ ” l““
LIMT circuit consists of T21 through T29 and C2. This section

rate at which CHV ranps down. It is desirable to control the ranp down rate
so that the disturbance created by discharging the |arge capacitance
connected to CHV is reduced. However, the node nust be discharged fairly

gui ckly (about 2[err] secs), in keeping with the need for a | arge nunber of
CHV pul ses. The di'scharge transistors-T27 and T28 nust therefore-have a

hi gh current sink capability but nevertgjel ess nust not be allowed to

operate in an uncontrolled fashion. The ranp down circuit operates in a
simlar fashion to the ranp up circuit. Wien the circuit is controlling,

the current didcosgfe CRVI S a@0tHY £ st NGheClbupANhg tdhxa@ c 2R intinsShgnal
DI SCH goes to a low |l evel, allowing the gate of T28 to rise and thus 41

di schar ge CHgpteAsckyagefefn 738 andea ddagharae naeoef) IFHY2Suehi thati BRe a gat e
voltage on T ' rge r@t?e of, S t current through C2
is equal to a:égggrt?%g{’&f%o%gﬁ F°'ﬁ‘1’e \A‘/’r"‘irglgﬁgtthg?%%‘r F‘?%m requires a high

vol t age which i SThe'Ghetenyd algskithh FeQitls COWiIGE Wiksse wADch he at a fixed
| evel during the clear and fine cycles. This function is performed by the
HV | NC ci r cuincrepentegndyzing efchgcqsirpepplavusnréroentl ke 188k ches shown

in Figure 13, an acitar [of0) r at i_n.Fi qureée 14 [ he cl ear
cycle, the s‘f%r’ig? ‘%%Eiga%s%%v%g nﬁ'rfng?ersése hsfl 5t %ncglggr-' biljst ?%%érﬁ}t"%g ,b E'set ting
all the Q ouineutis mNcgbircHie. outtptdn3isdfs bha Bamdkygab@fedtarddibsaldgne depend

on the positions of sw tches SWO t hrough SWo - these are netal options that
are set durifigCABSUPRRTUIACNEERAE BCadfbCoPAFitAsh§od SHPRFRAdE® The si gnal
I NCCK Figure 14.

During the clear cycle, the signal CLEAR is low. This resets
the six~bit counter, setting all the 6 outputs high. The outputs
of the nand gates at this time depend on the positions of switches
SW0 through SWS - these are metal options that are set during
manufacturing and cannot be changed afterwards. The signal INCCK
changes state from low to high (as it does at the beginning of
each high voltage pulse) -~ fﬁEEﬁlis the inverse signal and is non-
overlapping with INCCK. Thus the signals INCO through INC5 change
from VAGND (1.5V) to VSS depending on the output of the nand gateé
- if the nand gate output is high then the INC output switches
from VAGND to VSS: if the nand gate output is low then the INC
output remains at VAGND. The INC signals are applied to-
capacitors CV0 through CV5 of Figure 14, the input to capacitor CF
is switched from VAGND to VSS, the inverting input to the
comparator which had previously been charged to VAGND is released,
and since CHV is not changing at this time, there is a resultant
negative voltage transition on the inverting input to the
comparator and consequently its output PUMPEN goes high. CHV,
which had previously been held at VSS, is now aliowed to rise
(under conﬁrol of the RAMP LfMIT circuit). This couples a
positive~going voltage into the inverting input of the comparator.

The amount of charge coupled is equal to the product of CHV and



changes state from low to hi gh (as it does at the beg| nni ng o?h Replaced
vol tage pulse) - INCCK is the inverse signal and is non-- overl IH“l
| NCCK. Thus the signals I NCO t hrough | NC5:-change from VAGND (1

dependi ng on the output of the nand gates - if the nand gate output is high
then the I NC output switches from VAGND to VSS; if the nand gate output is

| ow then the INC output remains at VAGND. The INC signals are applied to
capacitors CVO through CV5 of Figure 14, the input to capacitor CF is

swi tched from VAGND to VSS, the inverting input to the conparator which had
previously been charged to VAG\D is reffased, and since CHV is not changi ng

at this tinme, there is a resultant negative voltage transition on the
inverting input to the conparator and consequently its output PUVMPEN goes

hi gh. CHV, whectenegdten €#i 0G8Vycdnadnudsctal rdse \UBE1ili thenposidlivevwdrg® ri se

(under control of the RAMP LIMT circuit Thi.s coupl.es a positive-going
vol t age int cf°f‘ﬁgeq ROE? Eﬁﬁg‘mﬁmﬁﬁmt%’f i3 pgueh B Mg BPIAtIYE SHASERt of char ge

coupled i s equpled @nkbRhPEROEOt cdtfacEidisatth cF. 4%1:'[%50@W't§1@r CH. CHV
continues to rise until the positive charge coupl ed onto the conparator is

equal to t hGOHEQER‘:Wem&?&F g}’é’“&@% [soed ldwrmﬂghnnﬁbéts\ﬁmpaclitnsr@andf CF. At

this tinme t o] La Ryt PU d inhi bi sfurther
i ncrease of tE%HV m‘%ﬁ aé‘aﬁebe done © heé" ?ﬁ'@?iT gﬁfl%ﬁpt‘?‘fe Butp or by a
vol t age cl arBlEAge Gilimp hm:&xhe.fomrene F3sfer 84k, da@p dddpGdVcuel t age (due to

| eakage for instance) will cause PUMPEN to go hi gh, enabl e the punp and
return CHV tV81E3e gfesitguicakagel fashingtanerlsutll RausH ARMPRN 6P 9 switch.

Hence CHV vql, %ﬁgqﬂﬁl@%gﬁs“aﬁ'l“evﬁﬁﬁz %W m rﬁd b #Jgﬁsl eveialhflcparge

coupled into e conpar at en I ir s 0SS char ge due
to | eakage @ausédi@hecaunpetarduSto Baicdml | ndnab ai!WVGoitﬁgEhﬁs GapAGict hvel y
coupl ed ‘level determined by the initial charge coupled into the comparator

when INCCK first went high. Loss of chafge due to leakage or

other causes must be small relative to the capacitively coupled

charge for steady regulation of CHV -~ which is the case for the

fairly short time periods involved (a few milliseconds maximum).

At the end of a high voltage pulse, the pump is Aisabled, CHV is

ramped down and INCCK is taken low reédy for the next pulse,

The minimum level of CHV occurs when all the inputs to the CV
capacitors remain at VAGND i.e. when all the counter bits are
reset, the RESET signal is high and all the nand outputs are low
as occurs at the beginning of the coarse cycle. CHV voltage at
this time is determined by the ratio of CF and CH and the value of
VAGND. The counter is incremented before each high voltage pplse
in the coarse cycle and a negative going pulse is applied to the
CV capacitor if the corresponding bit of the counter is set. The
values of the CV capacitors are weighted to give the desired
increments to CHV. During the fine cycle, the counter does not
receive any clock pulses and the counter value remains at the
maximum count attained at the end of the coarse cycle. ‘At the
beginning of each coarse cycle the counter is reset.

The voltage reference VAGND is derived from a bandgap

‘reference and is therefore extremely stable with VCC and
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“charge for steady regul ation of CHV - which is the case for t_ﬁ[@is
-short tinme periods involved (a few mlliseconds nmaximun). At thH “ ﬂll““l
hi gh voltage pul se, the punp is disabled, CHV is ranped down an

taken | ow ready for the next pulse. The mninmum | evel of CHV occurs when
all the inputs to the CV capacitors remain at VAGND i.e. when all the
counter bits are reset, the RESET signal is high and all the nand outputs
are low as occurs at the beginning of the coarse cycle. CHV voltage at this
time is determned by the ratio of CF and CH and the val ue of VAG\D. The
counter is incremented before each hi gy voltage pulse in the coarse cycle
and a negative going pulse is applied to the CV capacitor if the
corresponding bit of the counter is set. The values of the CV capacitors

ar e el Ot GnbOrdtnk® dod®s9IGRE AlbualOhPUENLAa! heChbandIbENGL ke Time cycl e,

t he counter does not receive any clock pulses and the counter val ue renmains

at the nmaxicyslesoumbsduteaivedtage acheraegdivhdédqatepuzecaydecmadd t he

begi nni ng of each ¢oar,se cycle the.counter is reset. The voltage reference
FS RFYEIOtE B

VAGN\D i s d&P Btn* FFATY PEf B3R AE SNt imsPity ef ore extrenely stable
with VCC and  pdiirbeiehéidiiRe alid1bs ddRALLS6iLLoPYeAYRa2RY thige number of

wite cycles. Absolute voltage accuracy Is adequate, but can be made nore
preci se if fogeesingr integraresl ofrduiesttd extEndstheFirgeomiibg sitbwiayheekanal og
connections for, cas adigg t he foregoi ng_integrated circuits to extend the

recordi ng &AB2HI BAKRRaHELFES of TRUCATEMOS) Je¥ife (AR¥iIFRYndst device

(device 1) cofinéstraeed @dmi kBt ARG stBEC ARSEada¥icoACANEaRRCI tOor, ANA
I N coupling capacitor and | oudspeaker (device 1 could function as a single
chi p voi cecrerpbiy arichreny Badklongspeskern(delice dordulgufan¢tion. aizher devi ces

are added bs¥n§ e”ré%‘fé'v% cé r}%coArl\gA\anH playback system in this

configuration). Other devices are added by connecting the ANA 0OUT
of device 1 via a capacitor tc the ANA IN of each additional
device. The purpose of the capacitor is to couple an a.c. signal
onto the internally biased reference level present on the ANA IN
pin. Since each device generates its own.internalhreference
level, the capacitors allow the reference levels to be different
without introducing offsets. This technique requires the
loudspeaker to be on device 1. However, the microphone and AGC
network may be connected to any device in the chain. The ANA OUT
must be capable of driving all N devices over the bandwidth; if it
is not, then an external buffer may be used to increase the drive
capability.

The speaker is driven by device 1. Subsequent devices in the
chain have their 5P+ outputs connected to the AUX IN of its
preceding device in the chain. Only one device in the chain is
considered active at any time; The control method which performs
the device selection is described later. During record, the
signal to be recorded is present on all ANA IN pins, but only the
selected device has its storage éiréuits enabled and only that
device writes the signal into memory. During playback, the single
selected device has the storage output directed into the output

buffer by the multiplexer - all other devices have their AUX IN
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of device 1 via a'.ca'paci tor to the ANA I N of each additional dmwishétHaslBeen Replaced
pur pose of the capacitor is to couple an a.c. signal onto the i _
bi ased reference | evel present on the ANA IN pin. Since each de
generates its own internal reference |evel, the capacitors allo
reference levels to be different without introducing offsets. This
techni que requires the | oudspeaker to be on device 1. However, the
m<rophone and AGC network nmay be connected to any device in the chain. The
ANA QUT nust be capabl.e of driving all N devices over the bandw dth; if it
I's not, then an external buffer may be used to increase the drive
capability. The speaker is driven by device 1. Subsequent devices in the
chain have their SP+ outputs connected to the AUX IN of its preceding
device in the chain. Only one device in the chain is considered active at
any tinme. TERfuf @lkécdedNPitOdndftueputp BLELETTE HehGe dievice SeleDtdsOBNE S
descri bed | ater. Durlqg record, the signal to be recorded is present on al
ANA | N pi ns SPBReToAi5eatAY Wemett d§ sRAPCERS hall) pthen gRutREsei YRAN t s enabl ed
and only 1 hahefelieCGe WekbgS d:lde thd ookl InFRIR' the RUKIAY Bhepdhack, the
single selecte evice has the storade output directed into the out put
buffer by thadnse+ bplexchr precallingidbeicedéritheschadne tthei XAUXATK, | N 44 i nput
directed into the output buffer. Hence, device 1 drives the speaker
directly wh@4ffer: SPEPRERtHY 222l |[deBigh Pudfe PRI LY VIRENSTHSF 25T ¥ Ysel ect ed,
drive the s&gg%ﬁkkyhrough the AUX IN, buffer, and SP+ of each preceding
device in the thain. The AUX IN, buffer, SP+ path in each device nust be
unity for sati sfigoterdys phewsadk.coht gulr eodrecs hinas £4:hautoiHleolied@enect i ons
for nultiple dew ces, The CE gChip Enabl e), pin of each device s connected

The CE (Chip Enable) pin of each device is connected to the EOM
to the EOM

(End Of Message) pin of thé previous device. The exception is the

first device which has its CE pin connected to an external control

signal. This control signal requests or enables an operation and

may originate from a simple push-button switch or from a

microprocessor. The enabling of individual devices is performed

automatically by internal logic and the simple connection of CE

and EOM pins, without any external intervention or assistance.

When either a record or a playback operation is taking place, the

addressing of internal memory is done sequentially. After each

sample is taken the internal counters are incremented to address

the next memory location or group of locations. If the counter

reaches a value corresponding to the maximum address location,

thus indicating that the device-has reached the limit of its

storage capability, then the control logic causes the EOM pad to

go low. This indicates to the succeeding device in the chain that

it is now the selected device. Selection of subsequent devices

continues until the last device in the chain brings its EOM pad

low. This can then be used as an indicator to the system

controller that the total system capacity has been exhausted -

e.g. the last Esﬁuhay be returned to the microcontroller or may be

used to light a LED or some oﬁher visual or audible indicator.

Several variations on the exact behavior are possible. If the

system request is withdrawn i.e. if ché input CE 4is taken high,



(End OF Message) pin of the previous device. The exception i sTyifShestHasBeen Replaced
devi ce which has.its CE pin connected to an external control si H rmHI ||I
control signal requests or enables an operation and ray origin

si-npl e push-button switch or froma mcroprocessor. The enabling of

I ndi vi dual devices is performed automatically by internal |logic and the

si npl e ‘connection of CE and EOM pins, w thout any external intervention or
assi stance. \Wen either a record or a playback operation is taking place,

t he addressing of internal nmenory is done sequentially. After each sanple
I's taken the internal counters are increnented to address the next nenory

| ocation or group of |ocations. If thesgounter reaches a val ue

correspondi ng to the maxi num address | ocation, thus indicating that the
devi ce has reached the limt of its storage capability, then the control

| 0gi ¢ causethet ppeROIPPH NPulD tgominghe ane sefopapecs £30n Fhepeeddfet®edFng devi ce
in the chai r}]thatt it is 10 tthe igl ect eg devi c& nS“(laA eggégmr&eg%e subsequent
devi ces contienfg%E FREVFS P IFEERR q¥ e TP PREVLPR ToH FPREDNES EOM pad
low. This Cafpn bR 1REatsRTa@iwnih 18LAbRbvilcAsi PR esNSa@BY CORBES kpr t hat
the total system capacity has been exhausted - e.g. the l'ast EOM may be
returned t othehbegiroving orpuld|then her dons biycanetber tapntiqihpin. LED We sone ot her
vi sual or audib esihrgdri‘ at or. SeLyDergI vahi atiogs onfthe gﬁ(@(i_tesbtehavi or are
possi bl e. ¥R esys emerrgq&ggt | SEREh ?‘é%pleé).e,rl “Fhe I nput " CE i s taken
hi gh, 45¢sdnteioeaat wdll ¥ pbieding Nddiat Endlladviar @Rt AC st dndbin ddde . begi nni ng

at the next request. Alternatively, the operation nay recommence fromthe
| ocation at whitBh 9Pk hpFep; Bhidiges At iRdectpmPleAtd hedf CAECHESi nni ng
woul d t hen ; by, QL& o COAL L pin, _JLn Xameke; shown here, the
PD ( Power D%\%n pr?’ i p]é%lo%%stto h%%r ggtjﬁa@ u?\%etal’ 0%1%1%55 wel{j as poweri ng down
t he devi ce pdtleat st apgHoy 2sndeThis is somewhat similar to page mode in

digital non-volatile memories and, as a consequence there is a
special requirement that must be fulfilled. During playback the
procedure is fairly simple - the EOM pin is taken low exactly when
the last stored sample is output and the next device continues
without interruption. The fine timing between EE, the internal
sample clock and EOM is organized so as to make the transition
from one device to the next appear continuous without any
discontinuity. During recording, however, the procedure is a
little more complicated. The dual multiplicity of sample and hold
circuits require that Eaﬁhbe brought low earlier than the writing
of the last sample by an amount equal to the time needed to load
one multiplicity §f sample and hold circuitﬁ. This is because the
sample and hold circuits must be loaded before the actual writing
process takes place. For the recording to appear continuous, the
loading of the sample and holds in the newl} selected device must
begin at the same time that the Qriting of thé previous samples
begins in the preceding device.

Because of the analog reference system Qsed in the present
invention, the invention is further useful for implementing a
digital memdry integrated clircuit where the implementation of the
digital memory is such that the digital information is encoded as
analog information such as voltage levels to'be stored in the

T



The exanpl e herein utilizes nultiple sanple and hol d circui ts Bg§
witing into the storage area, as described in U S. patent Nowill"‘
[

Hpgfeen Replaced
This is sonewhat simlar to page node in digital non-volatile | iu ﬂ”l”“
as-a consequence there is a special requirenent that nust be ful ed.

Duri ng pl ayback the procedure is fairly sinple - the EOMpin is taken | ow
exactly when the | ast stored sanple is output and the next device continues
wi thout interruption. The fine timng between CE, the internal sanple clock
and EOM i s organi zed so as to make the transition fromone device to the

next appear continuous w thout any di s&onti nuity. During recording, '
however, the procedure is a little nore& conplicated. The dual multiplicity

of sanple and hold circuits require that EOM be brought |low earlier than

the witi ngn@:ﬁv&ﬂﬂ&ii@%&lﬁa@'tﬁet&ha@B%EHEﬂHﬂ} afasial  becH BRcddimg eweded to

| oad one nultiplicity of sanple and hold circuits. This is because the

sanpl e and heldprnei pEfuithe memezy Beid budedibiads o tanaleg cgAveneKt i9Fg process

t akes place,, For .the recording.tp appear .contjnuou t he l.oadi ng of the
sanpl e and hBf & "Pnc"tuﬁgcbr?e\%?‘{}%§%4)§8t RPVASY X8 rﬁJn§P§3b'bqgf"r‘1 Eialla ﬁ%&garre tine
that the W chiglg Ohe ldi161i4AIEVARURtSIAPI L SeORRIES fxBnldiR BEAGRdI Ng devi ce.
Because of the anal og reference systemused in the present invention, the
i nvention i st¢xageherrays prefegtitaphemmaloqidereld §remchamasvglatidegr at ed
circuit where the_jmpl enentation of fhe digital. menory is such that the
digital inf &P HEL S%On‘%%ggearféo e§ &% aﬁ?\%cfgoé"i"?ﬁg% a#af?%%e%ﬁf:hangs vol tage | evel s
to be storedutputthfy the 4 gDV OhRirmbEidachich @ 4 RebwRaboGpytRNEEY array.
Such encodi ng can be done off the menory chip by a digital to anal og
converter, BENYHECENPAtLFUPEH dieitiddirTasactienpr A\ de DEcrenedEl f§%on the

menory chi py; JHe 4 @iah@od BEREFBL, OPnd $aEEHPYE" AY 40T NG 3Pl RY

may or may not be fabricated on the same integrated circuit as the

nonvolatile analog memory array and analog_recording apparatus.

It may be seen from the foregoing that the EOM signal, or
rather more specifically the signal appearing on the EOM pad or
terminal, has various characteristics depending upon the mode of
operation of the devices. 1In particular, the EOM signal is
normally programmed to be activated (to go'low) at the end of
messages which end within the storage space of the individual
devices. When cascading devices however, this function is first
disabled by mode control as herein before described. in the read
mode, the EOM signal acts as an overflow signal responsive to the
address counter to go low when the address counter reaches decimal
160. Thus, since there are 160 lines of storage cells in the
exemplary embodiment numbered decimal 0 through 159, the
incrementing of the address counter after the last output of row
159 will toggle the EOM signal low, enabling the next device in
the chain (see Fiqure 16).

In the write mode, as previously pointed out, a plurality of
signal samples are sequentially taken and then, as a subsequent
plurality are being taken, the prior plurality are_written tb
memory thréugh the iterative wtite_process herein before

described. Consequently, for a. continuous write (continuous



storage array by presenting the analog |evels fromthe nonvol aﬂud%eaﬁad&eﬁlmplaced

storage array to an analog to digital converter and outputting l"mt'l“ |IHII

i nformati on such as a nibble or byte or other conbination of di
information. As is the case with the digital to anal og converte
anal og to digital converter also may or may not be fabricated on the sane
integrated circuit as the nonvolatile anal og nenory array and anal og
recording apparatus. It may be seen fromthe foregoing that the EOM signal,
or rather nore specifically the signal appearing on the EOM pad or

term nal, has various characteristics dependi ng upon the node of operation
of the devices. In particular, the EOMsignal is nornmally progranmed to be
activated (to go low) at the end of nessages which end within the storage

space of thesédudinvidilabmgldvig)C detwddncleinespnditngs dRcesayhovastats this
function is first disabled by node control as herein before described. In
the read rmdéakit“ﬁesm%ilhgnﬁre gekeeqyenty deyies psothesPEIRA deekioA&i ve to the

address coun }Wﬁ@ d cQu re :;QLE;,% | 160.
Thus, since %ﬁere are %%é’l‘. |neli§: 2t%xr §.§s REEJIH tﬁéei’l;l np a%

enbodl ment nes ehe de:capl eyl erﬂ:oﬂhﬁa:gheﬂeﬂﬂbefm dewdrepad)t iagisof the address
counter after the |last outpw of row 159 wl|l g:gle the EOM si naI | ow,

enabl i ng t hePHBHE2TRPEFTNCE 1éIHarh eeBeth &61’ e 52 FAIYFR T node,

as previousl y, NQLNLE AL11s8cdAN LY @l 24423k SARNLIca0R §ement Lally
taken and then, as a subsequent plurality are being taken, the prior

plurality ar dewircet gaas Latarehe oyetflogucgndiheorn t{decimaly el 6 i tél‘*plsoc@ss herein
before described. Consequently, %or & Gerti nuoys wite &goneé{?gousf 47
sequent i al SEHFOEAT)Clo BIMSEHB0TtcEhe (B0 81 9MBLe a8aPY U505 ESFRBEng
sanpl es by tfi SUBSEQAMENEs B23dCEREHS thdReRbaMg HEWoER 1R address
counter and the column multiplexer so that the EOM sigﬁal will go
low after the addressing of the last signal storage column of the
last row of the storage matrix. Once toggled low, the EOM signal,
as used as an overflow signal during read and write operations as
described, will remain low, only resetting on power down (PD)..
Thus, during a write operation, samples of an input signal
are sequentially taken by the first device.and stored a plurality
at a time by the iterative write process, the second device
picking up the sequential sampling without any gaps upon the
completion of the sampling for the first device, even though the
first device is still proceeding with the iterative writing of the
plurality of samples to memory as the next device is taking its
initial plurality of samples. During reading,'the operation of
the cascaded devices is simpler in the.sense ﬁhat when one device
has been fully read, the next device will immediately start
reading from the beginning thereof so as to provide a continuous
read, device to device, as desired.- '
It may be seen from Figure 15 that the cascading-of'devices“
in the manner described provides an exceptionally simple system
for the recording and playback of analog signals of quite
substantial duration by the mere cascading of idgntical devices,

for recording merely needing a microphone, telephone or othef



witing the last plurality of sanples to nmenory. Consequent LY, THisQhedt £ Been Replaced
exenpl ary enbodi nent herei nbefore described, it is necessary fo
signal of the next device (see Figure 16) to go low 12.5 milli stmmﬁlm ||I|||I
before the address counter of the prior device goes into the ov

condition (decimal 160). Thus, for purposes of the wite node, the EOM

signal, as an advanced formof the overflow, is based upon the decodi ng of

both the address counter and the columm nultiplexer so that the EOM signal

will go low after the addressing of the |ast signal storage colum of the

| ast row of the storage matrix. Once t\%ggl ed | ow, the EOM signal, as used

as an overflow signal during read and Ite operations as described, wll
remain low, only resetting on power down (PD) Thus, during a wite

operation, SiaRb§SsighaRibutPiledicdNanddkSr SAAVEIE Alletyt AR LY, the first
device and stored a plurality at a tinme by the iterative wité process, the
second devi caPepkexiatgached: thereboueRor plageacyl i the wpedkeut inryngagdupon t he
conpl etion Oﬁf H;e %HEH ng for .the f}r rsa devi ce, even though the first

device is stil Fpriocd er‘{8°waf‘ﬂ YPRB $HEratiopetRGTerF R}28F RAGE Hhaurality of
sanples to a6y RFTokhii1BR eolEd 1% HeS £l AL RGvideS { eglﬂ:lel. lurality of
sanples. During reading, the operation of the cascade evices is sinpler

i n the sensefoil howedihEnthen énfbgpattionhstorbdein thié |spcomhdevidee sext, drywice wil |

i medi at el ym%IigItl rxeegd{eﬂ frgg} t,he begi nning thereof so as to provide a

cont i nuous read,t dévi c “Uevt @, 23 detiPeth ittt ngfy OB FRee R RCORT Fi gur e

15 that the thaCRaiiBg @ tHEWIRES ihpu DReATRABEGHIS S4al PGSk sPEOY IglES an
exceptionally sinple systemfor the recordi ng and playback of anal og

signal s of QUPFElNubstimeei tie daimabf aebgutphe ampléfiaséaciaed dfviicdenti cal

devi ces, forisrglg:iq:rydiggisrrerel.x.nee in% a m crophone, tel ephone or other
48 ' y chaining the outputs of multiple devices back to

the first device does not result in'any significant loss (or gain)
of signal. With respect to the input for recording, the
preamplifier and automatic gain control section of any device may
be used for this purpose.

With respect to the control of the multiple devices, a .
simplest form of control is illustrated in Figure 16. In essence
for a full playback and record control capability, only 3 signals
are required, namely the Power Down signal PD, which on going high
will put all devices in a minimum power dissipation mode and reset
EBE, and upon going low will ready the devices for the playback or
record mode, depending upon the state of the control sigdal P/R.
Upon power up plus proper setting of the playback/record signal
?/E, playback or record is iniFiated by éullinq ENABLE low, with
one device recording or playing back after another -until
subsequent power down or the total capacity of all cascaded
devices has been reached. Note that while in the prefe;red
embodiment the individual devices have other capabilities, such as
signalling'the end of message at intermediate points in thelr
storage capacity as enabled by other modes, the mode settings for
the cascading of Figure 15 and 16 are modes which are set by use
of the invalid address space, i.e. address 160 and above,.as

described previously herein, the specific address used in the



anal og signal output device, and for playback nmerely needi ng a Thjs&hdetHas Been Replace
attached thereto. For playback, the speaker is connected to the

devi ce and upon initiation thereof plays back the anal og i nforna '

inthe first device, imediately followed by the information sto -

second device, etc., the nmultiplexer (Figure 15) in each device shifting
fromthe output of that device to the AUXIN i nput when the EOM signal goes

| ow on overflow. Since the gain of the output anplifier in each device is
unity, daisy chaining the outputs of nultiple devices back to the first
device does not result in any significap |oss (or gain) of signal. Wth
respect to the input for recording, the preanplifier and automatic gain
control section of any device may be used for this purpose. Wth respect to
t he control - j LI a_sinplest formof contral is '
i|lustrated ?%e%?g%%m%%anﬁﬁgésssgg%g F %tfedgg? %ﬁ'?"fﬁ b@éﬁgﬁnﬁeﬁéﬁcﬁfd control
capability, ey o8 tdegaadmsareitseepliveCtor GadilYvéiiy POVRY, RRassi gnal PD,

whi ch on going high will put all devices in a m ninum power dissipation

node and resé?m@ 9mdetimdh ¥Sing 1 ow will ready the devices for the

| ayback or r ' h t f th | si I
PR Lpon pover ShieY oe HSEEAa Pl 55 1581 Srabenk ruBBrimchamal Pl R

pl ayback or bemmodilsélosedidnidadendriedotbltding FENABLE HeO¥hviWhb tORE4EVI CE
recording or playing back after another until subsequent power down or the
total capaci P§tiofd AN theyachderrtdeanions dhanrgdsedm fomciret detiitlemshake while in
the preferre gl ; indi vi.du devi ces, have other capabilities,
such as signa dféi ng te%rilﬁh%'dggés’}s/téﬁ a%’;{:tm“i %’tee??'rﬁﬁta?’éd F6PRR SPPTEAEhei r
storage capacity as enabled by other nodes, the node settings for the -
cascadi ng of Figure 15 and 16 are nodes which are set by use of the invalid
address space, i.e. address 160 and above, as described previously herein,
t he specific address used in the




49 preferred embodi ment ‘as illustrated in'Figuré 16. by t he ti eiThigSkept HasBéen Replaced
of the address bits to VCC or ground being binary address 11100
deci mal 228. Wile the preferred enbodinent of the present inve

been di scl osed and described herein, it will be obvious to those swj“!‘L"“!”"

the art ‘that various changes in formand detail may be made thereirm wthout——
departing fromthe spirit and scope thereof. 50 CLAI MS 1. '

anal og record/ pl ayback devices for extending the continuous rﬁmmﬂmg"ﬂﬁ’y"l"l
t he pl ayback duration beyond the duration of individual devices conpi 1§, *

a plurality of integrated circuit recornd/ pl ayback devices, each having; a
plurality of storage cells, each for storing a sanple of an input signal; .

an i nput nmeans coupled to a signal input termnal and to the plurality of
storage cel Igaftag provi ding sanples of an input signal to the storage

cells; a multiplexer having a first input thereto coupled to the plurality

of storage cells and the output thereof coupled to a first output termnal

for providing st regﬁs%%Fles f an input signal as read fromthe storage
cells to the firdt S3ERfed: RafecRrPipKRack fevisre Ear PSP Fhoupl e

the storage &lchsudud ERchidgShn@WnaUb1dyBh&E Rtar 18R BePbnhi A/ dbPRUbLat er i nal
coupled to the nultiplexer as a second input thereto,” the gain between
of individual devices comprising:

a plurality of integrated circuit record/playback devices,
each having;

a plurality of storage cells, éach for storing a
sample of an input signal;

an input means coupled to a signal input terminal
and to the plurality of stbrage cells for providing
samples of an input signal to the storage cells;

a multiplexer having a first input thereto coupled
to the plurality of storage cells and the output thereof
coupled_to a first output terminal for providing stored
sambles of an input signal as read from the storage
cells to the first output terminal when the multiplexer
is set to couple the storage cells to the first output
terminal;

an auxiliary input terminal coupled to the
multiplexer as 3 second input ﬁhereto, the gain between-
the auxiliary input terminaland the first output

" terminal when the multiplexer is set to couple the
auxiliary input terminal to the first éutput terminal
being ;ubstantially unity;

means for causiné the multiplekér to couple the
first input thereto to the first output terminal ;hen
the samples stored in the storage cells of the device
are being pLayed back and to switch the multiplexer to
couple the auxiliary input terminal to the output

terminal after the sample stored in thé-last storage



the auxili ary input ternmi nhal and the first out put te nal ect Has Been Replaced
mul'tiplexer is set to couple the auxiliary input termnal toth : , _
output term nal being substantially unity; neans for causing th f
mul-ti pl exer to couple the first input thereto to the first output term na

when t he sarrpl es stored in the storage cells of -the device are bei ng played
back and to switch the nultiplexer to couple the auxiliary in

to"the output termnal after the sanple stored in the | ast stﬁ!ﬂm ﬂﬂ!lﬂuy"m,
cell of the device has been played back; input coupling nmeans

the signal input termnal of each of thﬂ plurality of devices together; -
each of the plurality of devices after the first having its first output

term nal coupled to the auxiliary input term nal of the precedi ng device;

means coupling the i ﬁsb?e Oéomﬁ deviqechas been plsyehdhckour ce; and, anal og

si gnal utlllzatl upled to the fjrst_output term nal of the first
device. 2. The 2 “gsg g "%f“eﬁi‘salfr?ﬂc%‘?é#'éq e ﬁégg?bﬁ&P“%cﬁﬁrE‘éna}]s a

m crophone. o eIJSle dfnm@\pmrﬂtﬁfofcwh@bz tMaekkdy) the signal utilization

means i s an audi o speaker rovenment of claim3 wherein each of

the plurality ofea¢h e§ridiecplurnt tay Dfrmticd# piftsh zbk flerst Cesrihgridser has; a
second outp r ans o | ed to he first and second out put
terninal s ftl)%i %?oélqtgﬁ%é:emgﬁ? Lupie quj)’th%ﬁﬂf‘ F’Gdé inpyt R8P 9fhase

t her eon; the preceding device;

means coupling the input coupling means to a signal source;
and,
analog signal utilization means coupled to the first output

terminal of the first device.

2. The improvement of claim 1 wherein the signal source is a

microphone.

3. The improvement of claim 2 wherein the signal utilization

means is an audio speaker.

4. The improvement of claim 3 wherein each of the plurality
of integrated circuit record/playback devices further has;

a second output terminal; and

méans.coupled to the first and second output terminals for
providing signals of equal amplitude and opposite phase thereon;

and wherein the speaker means is coupled directiy between the

first and second output terminals of the first device.

5. The improvement of claim 1 wherein:

each of the plurality of integrated circuit record/playback
?evices further has an.automatic gain control circuit therein, the
input of the automatic gain control circuit beidg coupled to an
‘automatic gain control circuit input terminal and the output of

the automatic gain control circuit being coupled té an automatlc



and wherein the speaker neans is coupled directly between the een Replaced
second output termnals of the first device. 5. The inprovenent HIHIIl
wherein: each of the plurality of integrated circuit record/pla

devices further has -an automatic gain control circuit therein, the i nput of -

‘the autonatic gain control circuit being coupled to an automatiT gain

control circuit input termnal and the output of the automati
ci-rcuit being coupled to an autonatic 52 gain control ci rclﬂmﬂﬂllﬂqmuﬂ"ﬂll
termnal; and wherein the automatic gain control circuit input*termtna

one of the devices is coupled to a sigsaml source and the autonmatic gain
control circuit output terminal of the same device is coupled to the input
coupling neans. 6. Cascaded anal og pl ayback devices for extending the
continuous FrHYisREkEJUFETTGR BEPBREerntnadar ation of i ndividual devices

conprising: a pIuraI { n ted cjrcuit ces ch
havi ng; a pl ural l"t t"széj"?orag%a‘ﬁ'%e ic geiach ﬁ%r\/aﬁ'ngys ored‘pf’#]etreermnagl sanpl e

of an anal Oef%wah th wbﬁcbalﬁxeaup*lawMaasidnrastsauma&tanah@{eet0 coupled to
the plurality of storage cells and the output thereof coupled to a first
out put ter nepggmatde smiav*mtﬁgl FArpHssovtrnl tenmnehefsthy aame devlee to t he
first outpu ter nal nultl | exer is set to couple the storage
cells to th&%f§ rmfl 8 °V\Itll§e th & '1'911 i aux?Tlary input termnal coupled to

M fa
the nultiplexer as a second i nput thereto, the gain between the auxiliary.

I nput termnal and the first output -
6. Cascaded analog playback devices for extendlng the

continuous playback duration beyond the duration of individual
devices comprising:

a plurality of integrated circuit playback devices, each
having;

a plurality of storage cells, each having stdred
therein a sample of an analog signal;

a mulcipiexer having a first input thereto coupled
to the plurality of storage cells and the output thereof
coupled to a first output terminal for providing samples
read from the storage.cells to the first output terminal
when the multiplexer is set to couple the storage cells
to the first output terminal;

an auxiliary ianput terminal coupled.to the
multiplexer as a second input.thereto,'the gain between
the auxiliary inpﬁt terminal and the first output
terminal when the multiplexer is set to couple the
auxiliary input terminal to the first output terminal
being substantially unity{

means for causing the multiplexer to cﬁuple the
first input thereto to the first output terminal when
the samples stored in the s;ofaqe cells of the device
are belng played back and to switch the multiplexer to
couple the auxiliary input terminal to the output

terminal after the sample stored in the last storage



terminal when the nmultiplexer is.set to couple the auxiliary iTapSheet s Btea®Replaced
to the first output term nal being substantially unity; neans f :

the multiplexer to couple the first input thereto to the first Blﬁﬁnmum"l”"
tarmi nal when the sanples stored in the storage cells of the de

bei ng pl.ayed back and to switch the nultiplexer to couple the-auxitiary— -
I nput termnal to the output termnal after the sanple stored,,

st-or age 53 cell of the device has been played back; each qjﬂiﬂhmnﬁm“mm
plurality of devices after the first having its first output -
coupled to the auxiliary input term nal__of the preceding device; and, -

anal og signal utilization neans coupl ed3to the first out put term nal of -the
first device. 7. The inprovenent of claim®6 wherein the signal utilization

means i s an audi o speaker d the s les stored (n the storage cells are
sanpl es of an anal 0g®%] gﬁgﬁmeBEe%gaf%P%% ?\‘fe%#’a‘é’f'ai m 7 wherein each of
the plurality ofedcht 8fJicAkeslhvehl iy be [RGOELY REGIDRGK Moyt 0 ihyricier has; a
second output term nal; and nmeans coupled to the first and second out put
term nal s f dlcpt ovERwthGesninadl coupled oatheaapkiliade mput opgrménale ofhase

t her eon; and_wher ei thg\i S{)eqker means is coupled directly between the
first and sé‘é’Sn%’eSﬁ?b'm PEI % of the first device. 9. Cascaded anal og
record/ pl ayback fubgaiqhel vexifadid mbdles eOBSldAUeY HeCEDI Bekgrd the

- pl ayback duration beyond the duration of individual devices conprising: a
plurality oftermiradrof dttecfinstidevieeor d/ pl ayback devi ces,

7. The improvement of claim 6 wherein the signal utilization
means is an audio speaker and the samples stored in the storage

cells are samples of an analog signal.

8. The improvement of claim 7 pherein each of the plurality
of integrated circuit record/playback devices further has;
a second output terminal; and
means coupled to the first and second output terminals for
providing signals of equal amplitude and opposite phase thereon:
and wherein the speaker means is coupled directly between the ’

first and second output terminals of the first device.

9. Cascaded analog record/playback devices for extending the
continuous recording and the playback duration beyond the duration
of individual devices comprising:

a plurality of integrated circuit.record/playback:devices,
each having; |

a plurality of storage cells for.storinq samples of an
input signal and playing back the same responsive to a-chip.
enable signal;

an enable terminél for receiving an enable signal for
causing the sequential recording or playback of samples of an
input signal;

.an end of message terminal for providing an end of



each having; a plurality of storage cells for storing sa'rrpl es b“hisalneﬁﬂaﬁatcnlieplaced

signal and pl aying back the sane responsive to a chip enable si ’ :
enabl e term nal for receiving an enable signal for causing the

recordi ng or playback of sanples of.an input signal; an end of nessage

term nal for providing an end of 54 nessage. si gnal i ndi cative-when '
active that the last storable sanple of the i.nput signal has

during record or-that the |last stored sanple has been read oumﬁmmmﬁllmm"l
-pl ayback; the end of nessage term nal of each device other th S e
t he cascaded devi ces being coupled to tshe enabl e signal of tlhe next device,
wher eby on recording or playback, the first of the cascaded devi ces, when

enabl ed by a signal on its- enable termnal, will take and record sanples

of an input signalessagepsigpabainidiciriveavhen at¢tdventhas! thedsaesteirghtd of each
devi ce enabling the )Pex% ucg}%%si ve cascaded dev)i‘ce so, t hat r%cordi ng or

pl ayback of sanplS@BP1& Of bt H1PRE ot kPl has,ReeR, Fak 9 SYFHIS B85 R device to
device. 10. The GaatcadediARaLQiel CdpTls HaRYPAK e ioG€SaRingl @i m 9 wherein
each device further has a power down term nal for reducing the power
consunption of tipdapkackee when not active and a pl ayback/read term nal for

setting the device for ayback or rea ependi,ng, on _the ate.of the
signal on the pl &Bat% 8%: s?%%’nffl%{'fi,“agr?% g?‘fg‘r 8F%i‘ier1ggrbe(§m§;r'and§vl\ime terninal s
of all devicggs@lo? QRNBAIaREH (eI be AR cbiteR! Y RAE K024 dighal REl s Of

al | devices are connected together, whereby a single power down signal and
a . the next device, whereby on recording or playback, the first of

the cascaded deviées, when enabled by a signal on its enable
terminal, will take and record samples of an input signal or play
back the same, the end of message signal of each device enabling
the next successive cascaded device So that recording or playback
of samples iS uninterrupted as the same progresses from device to

device.

10. The cascaded analog record/playback devices of claim 9
wherein each device further has a power down terminal for reducing
the power consumption of the device when not active and a
playback/read terminal for setting the device for playback or read
depending on the state of the signal on the playback/read
terminal, and wherein the power down terminals of all devices are
connected together and the playback/réad terminals of all devi;es
are connected together, whereby a single power down signal and a
single playback/read signal may be uééd to control the

corresponding states of all cascaded devices.

11. The cascaded analog record/playback devices of claim 10
wherein in each device, the signal on the end of message terminal
is reset responsive to the signal provided to the power down
terminal, whereby a single power down signal may also be used to

reset the end of message signal.

d



. E ) . B . L . : 1 d
singl e playback/read signal may be used to control the correspBfiysiaas °nRTIiT°

-of all cascaded devices. 11. - The cascaded anal og record/ pl ayb
of claim 10 wherein in each device, the signal on the end of ne
termnal is reset responsive to the signal provided to the power_ domn .

terminal, whereby a single power down signal may al so be used to reset ‘the :
end of nessage signal. 55 12. The cascaded anal og record/

devi ces of claim 11l wherein in each device, the end of massaamﬂmmnm m"”“l
the chip enable signal are negative logic signals. 13. The castadedtansl oy *
record/ pl ayback devices of claim12 wherein in each devi ce, the power domn

signal is a positive logic signal. 14. sShe cascaded anal og record/ pl ayback
devices of claim 13 wherein in each device, the playback/record signal is a

pl ayback/record posi ‘l‘ﬂeV@aicﬁgé& aih@@@lrec3§d/p11§!?ac§a§&ﬁg@§j o2&l DG 11
record/ pl ayback devices of claim9 wherein each device includes a plurality

of address wbereimalis dach deyies,vithg euidoesessagmaligndloanddie egslipng t he
plurality of stora the respective device, the address range of
‘the addr essegF’@h%llsgg@cé’é’dl“ﬁﬁa tiye LBCaftsRaPacity of the plurality of
storage cells, with at | east one address within the address range of the
address signals exceeding the storage capacity of the plurality of storage
cells setting anli)pe'ﬂ&t htﬂ;aM@neloq heecded/pdaydagk devdcediofigelaiimhlaimi | ar

d fot d d h dd | led
fo'tecel ve. shareist 18 AR BYESs. Bt tReg e dRm OBt irge oRet B 2RE et ot for

cascadi ng Wgkgnsi.m | ar devi ces. 16. The cascaded anal og record/ pl ayback
deV|ces of claim 15 -

14. The cascaded analog record/playback devices of claim 13
wherein in each device, the playback/record signai is a

playback/record positive logic signal.

15. The cascaded analog record/playback devices of claim 9
wherein each device includes a plurality of address terminals for
receiving address signals for addressing the plurality of storage
cells in the respective device, the address range of the address
signals exceeding the storage capacity of the plurality of storage
cells, with at least one address within the address range of the
address signals exceeding the storage capacity of the plurality of
storage cells setting an operating mode of the device for
cascading with similar devices;

each of the cascaded devices having its address terminals
coupled to receive address signalé for 'setting the operating mode

of the device for cascading with similar devices.

16. The cascaded analog record/playback devices of claim 15
wherein each of the cascaded devices has eéch of its address
terminals coupled to the same respective address terminal of the
other cascaded devices so that all devices receive the same
address signals for setting the operating mode of the devices for

cascading with similar devices.



wherei n each of the cascaded devi.ces has each of its address t ghisiSheatldas Been Replaces
coupled to the sane respective address term nal of the other cas

devices so that all devices receive the sanme address signals for

the operating node of the devices for cascading with simlar devices.

17. Cascaded anal og record/ pl ayback devices for extendi ng the continuous
recordi ng and the playback duration beyond the duration of i ngjgyg

devices conprising: a plurality of integrated circuit record/ i'gﬂ%ﬂﬂ!ﬂ""lmu"l
devi ces, -each having; a plurality of storage cells for storingws DIy
an input signal and playing back the same responsive to a chip enable

signal ; an input nmeans coupled to a signal input termnal and to the

plurality of storage cells for providi g sanpl es of an input signal to the
storage cells; a multiplexer having a first input thereto coupled to the
plurality of storage cells and the output thereof coupled to a first out put
termnal for pravi.dicuycsdat adaEyTPe@TdPhlayBatkIRevideisIPGt exBesfial fromthe
storage cells to the first output termnal when the nultiplexer is set to

coupl e the $h®reagbinuonpsracerding pnd sheopiaybeck drpatigh beyendwstiel i ary i nput
termnal co o) Bilst. L P! a ond input thereto, the gain

bet ween theug%%ilo%a?{/QF%%FL%fe)rﬁéﬁéﬁs gﬁ'?}”?'%’g“%‘i rst output term nal when the

mul tiplexer is seplimlioyplifeiidegrated i fduiti FRdkdABIbAEN dbeidede first

out put ter m'e‘_ir‘lglll1 hlgeinngg substantial ly unity;

a plurality of stor#ge cells for storing samples of
an input signal and playiﬁg back the same responsive to
a chip enable signal;

an input means coupled to a signal input terﬁinal
and to the plurality of.storage cells for providing
samples of an input signal to the storage cells;

é multiplexer having a first input thereto coupled
to the plurality of storage cells and the output thereof
coupled to a first output terminal for providing stored
samples of an input signal as read from the storage -
cells to the first output terminal when the multiplexer
is set to couple the storage cells to the first output
terminal;

an auxiliary input terminal coupled to the
multiplexer as a second input thereto, the gain between
the auxiliary input terminal and thezfirSt output
terminal when the multipiexer is set to couple the
auxiliary input terminal to the first output terminal
being substantially unity;

means for causing the multiplexer to couple the
first.input thereto to the first output terminal when
the samples stored in the storage cells of the device
are being played back and to switch the multiplexer to
couple the auxiliary input terminal to the output

terminal after the sample stored in the last storage



means for causi ng the mul tiplexer to coUp le the first inp et a EPenReplaCE

first output term nal when the sanples stored in the storage ceI

device are being played back and to switch the nultiplexer to co

auxiliary input termnal to the output term nal after the sanple st ore

the | ast storage 57 cell of the device has been pl ayed back an: ena*bfe——— .
termnal for .receiving an enable signal for causing the seque

recording or playback of sanples of an input signal for as '@, MHI "m"l“l
enabl e signal is active and the nunber of sanples stored n the

read out of the device is | ess than thesstorage capacity thereof; an end of
nmessage term nal for providing an end of nessage signal indicative when

active that the last storable sanple of the input signal has been taken

during record or thaFe%h@flwdstmeehhsaa;ﬂ @layesd baek; read out during

pl ayback; input coupling neans for i ng the signal input term nal of

each of the plurality of &eﬁ’i’%’& ’ieﬁgg'fﬁelf" SEERLHNT: AR emapteSig)2bf devi ces
after the first havi Ber idatsidd the Yl 14 LLRAAGOUP | AL boc 13 AUXI 11 ary

i nput term nal of the preceding device; neans coupling t he I nput coupling
means to a signal soaﬂwe?-amanahu’luogpi‘sngnabruas llioBgtdsomheasaasleoupl ed to

the first output terrr%nal ? Fg t deV| ce; the end of -nessage term nal

of each device ot her hée seta ReMIREE ffe F2BRARSC BEOI8E 1y HB8upl ed t o

t he enabl e signal ofdevice or read out of the device is less than the

storage capacity thereof;
an end of message terminel-for providing an end of
message signal indicative when active that the last
storable sample of the input signal has been taken
during record or that the last stoeed sample has been
read out during playback;
input coupling means for coupling the signal input terminal
of each of the plurality of devices together;
each of the plurality of devices after the first having its
first output terminal coupled to the auxiliary input terminal of
the preceding device;
means coupling the input coupling means to a signal source;
and, |
analog signal utilization.means coupled to the first output
terminal of the first device; |
the end of message terminal of each device other than the
last of the cascaded devices being coupled to the enable signal of
the next device, whereby on recording or playback, the first of
.the cascaded devices, when enabled by a signal on its enable
termipal, will take and record samples of an ihput signal or play
back the same, the end of message signal of each device enabling
the next successive cascaded device.so that recording or playback
of samples is uninterrupted as the same progresses from device to

device.



t he next devi.ce, whereby on recording or playback," the first ofhiy etHasBeenReplaced
cascaded devi ces, when enabled by a signal on its enable term

take and record sanples of an input signal or play back the sa

of: nessage signal of each device enabling the next successive cascaded

device so that recording or playback of sanples is uninterrupted as the" -
sane progresses from device to device. 58 18. The inprove

17- wherein the signal source is a m crophone. 19. The imrovgﬂﬂlﬂﬁ!ﬁm Im””"l
18 wherein the signal utilization nmeans is an audi o speaker |
i nprovenent of claim19 wherein each ' of the plurality of integrated circui t
record/ pl ayback devices further has; a $e&cond output term nal; and neans
coupled to the first and second output termnals for providing signals of
equal anplitude d Ekﬂz'é i Bg]q_.lée means

is coupled di rec’?’I%y glg’?v\een t |?é?qé%gqgeco% ﬂgﬁ{hgugi%%?m%a S %)% t he

first devicea xﬂﬂcroiﬂme.rrproverrent of claim 17 wherein: each of the

plurality of integrated circuit record/ playback devices further has an
automatic gain control circuit therein, the input of the automatic gain
control circuit i n 0 a i n jCircuit input
termnal and theq(?utgﬂh% %\?Hrt%ggﬁ%&t gﬁna#l;%ggtgl ﬁhe%g%"?rtog chwt bei ng coupl ed

to an aut onattiligatiorcesdnsolls A audio @pégusk. t erm nal ; and wherein the
automatic gain control circuit input termnal of one of the devices is
coupled to a signal source and the automatic gain control circuit output

termnal of the sMe @RQVifzovement of claim 19 wherein each of the

plurality of integrated circuit record/playback devices further
has:;

a second output terminal; and

means coupled to the first and second output terminals for
_providing signals of equal amplitude and opposite phase thgreon;

and wherein the speaker means is coupled directly between the

first and second ocutput terminals of the first device.

21. The improvement of claim 17 wherein:

each of the plurality of integrated circuit record/playback
devices further has an automatic gain control circuit therein, the
input of the automatic gain control circuit being coupled to an
auﬁomatic gain control circuit input terminal and the output of
the automatic gain control circuit being coupled to an automatic
gain control circuit output terminal; -

and wherein the automatic gain control circuit input terminal
of one of the devices is coupled to a signal source and'the
automatic gain control circuit output terminal of the same device

is coupled to the input coupling means.

22. The cascaded analog record/playback devices of claim 17
wherein each device further has a power down terminal for reducing
the power consumption of the device when not active and a

playback/réad terminal for setting the device for playback or read



e e S,

i's coupled to t he i nput coupling means. 22. The cascaded anal ogdrhis Sheet Has Been Replace:

record/ pl ayback devices of claim 17 wherein each device further

down term nal for reducing the power consunption of the device: :
active and a playback/read term nal for setting the device for playback or

read 59 depending on the state of the signal on the playbackftread————
termnal, and wherein the power down termnals of all devices

toget her and the playback/read term nals of all devices are chlmmlmi"Im
t oget her, whereby a single power down signal and a single pla b i
signal nmay be used to control the corresponding states of all cascaded

devi ces.  23." The. cascaded anal og record/%l ayback devices of claim 10

wherein in each device, the signal on the end of nessage termnal is reset

[ esponsi Ve | gebdiuiab WAknd'sRULLSE LA LBEIOUE AW AELAGL. Wher eby a

si ngl e power down signal nmay al so be uséd to res ¥RE End- of nmessage’

signal. 24. %eonigadc aheldwiarallocheepeoved’ gdvy BésddndlEy bgefl10teGiddsads Wherein

in each -device, the end of nessage signal and the chip enable signal are

negative | ogFePREGRY| CIesher end the playbackirard ferninale/qfl aybadsvideyi ces of
claim 24 wheggl g h i Ce, 0 i | 1§ ositive logic-
signal . 26. %ﬁ%rbggg(e:%egdt%%ﬁgé F"églger /%ﬁ'g’f}gg&é\%mﬁ%%lgg%ns %Fg%?zﬁnr% %5 wherein
i n each devi stnglehplyuibaybachd rsigeall miygbélused @ dnkybRahker ecord positive
| ogic signal. 27. The cascaded anal og record/ pl ayback devices of claim 17
wher ei n eachCYFASRE 18| ThAEES LRHF A2SE3AS ditiGpdss terninals for receiving
address signals for addressing the plurality of storage cells in the
respective device, the address range of the address

23. The cascaded analog record/playback devices of claim 10

wherein in each device, the signal on the end of message terminal
is reset responsive to the signal provided to the power down
terminal, whereby a single power down signal may also be used to

reset the end of message signal.

24. The cascaded analog record/playback devices of claim 23
wherein in each device, the end of message signal and the chip

enable signal are negative logic signals.

25. The cascaded analog record/playback devices of claim 24
. wherein in each device, the power down signal is a positive logic

signal.

26. The cascaded analog record/playback devices of claim 25
'wherein in each device, the playback/record signal is a

~ playback/record positive logic signal.

27. The cascaded analog record/playback ‘devices of claim 17
wherein each_device includes a plﬁrality of address terminals for
recelving ad@ress signals for addressing the plurality of storage
cells in the respective device, the address rédge of_the addresﬁ
signals exceeding the Stcrage capacity of the plurality of storage

cells, with at least one address with;n the address range of the



si gnal s exceedi ng the storage capacity of the plurality of stormgh&gﬁgsgeenkeplace(
with at | east one address within the address range of the 60

signal s exceeding the storage capacity of the plurality of s:toragnmaﬂmmlll I
setting an operating node of the device for cascading with siml ' .
each of the-cascaded devices having its address terminals coupled to .. .
recei ve address signals for setting the operating node of the device for
cascading with simlar devices. 28. The cascaded anal og recorgmmﬂmmm,"ll"”",
devi ces of claim 27 wherein each of the cascaded devi ces has [

address termnals coupled to the same respective address terninal of tthE - *
ot her cascaded devices so that all devices receive the sane address signals

for setting the operating node of the devices for cascading with simlar

devi ces. address signals exceeding the storage capacity of the plurality of

storage cells -setting an operating mode of the device for
cascading with similar dgvicés;

each of the cascaded devices having its address terminals
coupled to rgceive address signals for setting the operating mode

of the device for cascading with similar devices.

28. The cascaded analog record/playbaék devices of claim 27
wherein each of the cascaded devices has each of its address
terminals coupled to the same respectivé address terminal of the
other cascaded devices so that all devices receive the same

address signals for setting the operating mode of the devices for

cascading with similar devices.



