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The preseat relates to the field of lntegrated circuit

analog signal recordlng and playback devices and methods
vwherein an analog signaks are directly stored in and read out

from a plurality of memory cells.

2. Prior Art
U.S. Patent No. 4,890,259 discloses a nonvolatile high
density integrated circuit analog signal recording and
playback system whereiﬁ an ahalog input signal is sampled a
pluna}ity of times and then, as additional samples are being
taken and temporarily held, a prior set of samples of the
analog signal are parallel loaded into a plurality of storage
" sites or cells, each comprising nonvolatilé floating gate
memory cells, preferably EEPROM cells. 1In that systenm,
writing of the groups of samples into the respective storage
cells is éone by iteratively providing a write pulse followed
by a read operation for the respective cells to compare the
information stored in each cell with the information held by
the réspective sample and hold circuit. During the
successive write read operations, the write pulse is
increased in amplitude, with the write pulses to any cell
being stopped or decoupled from the cell when the information
read from the cell in the last read operation equaled the
value held in the respective sample and hold circuit. To
provide time for the successive write read operations, a
plurality of sample and hold circuits are pfovided so that an
equal blurality of cells may be loaded or written to at one
time. St;ll, because of practical limitations in the number

of sample and hold circuits which may be provided and the



information stored in each cell with the information held by the respective
"sanple and hold circuit. During the successive wite read operations, the
wite pulse is increased in anplitude, with the wite pul ses to any cel
bei ng stopped or decoupled fromthe cell when the information read fromthe
cell in the |ast read operation equaled the value held in the respective
.sanple and hold circuit. To provide tinme for the successive wite read
operations, a plurality of sanple and hold circuits are provided so that an
equal plurality of cells nay be |oaded or witten to at one tine. Still

because of practical limtations in the nunber of sanple and hold circuits
whi ch may be provided and the 2 limted length of tine the integrated
circuit sanple and hold circuits will accurately hold the sanple val ue once

taken, the |engidhic@h idnGEn d¢atimblge Ok eyWaebl N LR SBRPLE anbiORALS tO the
storage cells in this parallel load fashion is
circuits w11; accurately hold the sample value once taken,

. the length of time available for writing the sample signals
to the storage cells in this parallel load fashion is
limited. Thus, because each write read cycle takes a finite
amount of time, the number of such cycles which may be
completed before the same number of samples has again been
taken and must similarly be loaded is limited. This in turn
limits the resolution in the stored information which may be
achieved by each write pulse while still allowing for
properly storing samples which may be at either extreme of
the storage range, particularly considering temperature
variations, chip to chip processing variations and the like.

U.S. Patent No. 4,627,027 discloses analog storage and
reproducing apparatus utilizing nonvolatile memory elements.
The apparatus discloséd therein utilizes a source follower
type floating gate storage cell in a device which writes to
each cell in a single write operation, as opposed to an
iterative write process wherein successive write read
operations provide and verify storage of the desired analog
signal. In the implementation used in this patent the write
circuits are completély separate from the read circuits so
that during read, any variation in the characteristics of the.
load will produce a corresponding variation in the output.
The constant current load, if ideal, would not create
distortion but in reality any practical realization would
create some disturbance. In addition, the different
conditions between read and write significantly reduce
reproduction quality;

The present invention représents-many improvements,

extensions of capability and performance and a substantially



| i M t&d. +~Thus, because each wite read cycle takes a finite anount of tineg,
the nunber .of such cycles which may be conpl eted before the sanme nunber of
sanpl es has again been taken and nmust simlarly be loaded is limted. This
inturn limts the resolution +n the stored information which nay be

achi eved by each wite pulse while still allowing for properly storing
sanpl es which may be at either extrene of the storage range, particularly
considering tenperature variations, chip to chip processing variations and
the like. U S. Patent No. 4,627,027 discloses anal og storage and
reproduci ng apparatus utilizing nonvolatile nmenory el enents. The apparat us
‘disclosed therein utilizes a source foll®wer type floating gate storage

cell in a device which wites to each cell in a single wite operation, as
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out put . 4,890,259.



The .constant current load, if ideal, would not create distortion but in
creality hny practical realization would create sone disturbance. In
addition, the different conditions between read and wite significantly
reduce reproduction quality. The present invention represents nany

| nprovenents, extensions of capability and performance and a substantially
3 higher level of integration in a nonvolatile high density integrated
circuit anal og signal recording and pl ayback system of the general type

di sclosed in U S. Patent 4,890, 259. 4 BRI EF SUMMARY OF THE | NVENTI ON
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BRIEF SUMMARY OF THE INVENTION

Integrated circuit system and method for nonvolatile
analog signal recording and playback having improved
performance and a very high level of integration. The
integrated circuit is complete with preamplifier, automatic
gain control, filter, fixed references including a band gap
reference, trimming, power output amplifier, memory array,
multiple closed loop sample and hold circuits, column
addressing means, column driver, row decoder, address
counters, master oscillator and chip function timing circuits
including sample clock, charge pumps, high voltage regulator
and waveshapers, low VCC detector, power-on reset, test logic
and recording reference circuits on a single chip. The chip
'is configurable for use of the filter as an antialiasing
input filter, as an output smoothing filter or to cut out the
filter, preamplifier and/or the output power filter, and for
special test modes including mass programming patterns. The
system uses a writable nonvolatile analog reference scheme to
put many error sources in the common mode, and provides a
double ended output for maximum power output in a limited
voltage range, and to allow direct connection to a
loudspeaker. Trim bits are provided for trimming the
oscillator and filter so that the filter characteristics
match and track the oscillator frequency and provision is
made for absolute addressing and digital end of message
markers. Programming is by way of a multi level iterative
write process for high resolution, with the chips being
directly casc&dable. Other aspects of the integrated circuit

and its operation are disclosed.



Integrated circuit system and nmethod for nonvol atil e anal og signal
recordi ng and pl ayback having i nproved perfornmance and a very high | evel of

integréLLgn;;Ihe_LnLegFa%ed circuit is conplete with preanplifier,
automatic gain control,dfilger, fixed references including a band gap
r ef er enfifs suéet HamBeplRRAGWer out put anplifier, nmenory array, nultiple closed

| oop sa rcuits, column addressing neans, colum driver, row
decoder, |4 rs, master oscillator and chip function tim ng
[

circuits udi ng sanpl e cl ock, charge punps, high voltage regul ator and
waveshapers, |ow VCC detector, power-on reset, test logic and recording
reference circuits on a single chip. Thé chip is configurable for use of
the filter as an antialiasing input filter, as an output snmoothing filter

or to cut OUtﬂ%ﬁﬁfé#éﬁﬂém#ﬁ%ﬁi@ﬁ&iﬁﬁﬁuﬁgg/Or t he out put power filter, and
for special test nodes 1 ncluding mass programm ng patterns. The system uses
a witable nonvolatile analog reference schene to put many error sources in
t he conmon node, and provi des a doubl e ended out put for naxi mum power

output in a IimtellVEPthge® PaRtREx &iRF7EB Al P RTSHPFERT EBIHEERT G to a

an integrated circuit analog signal record and playback
system in accordance with the present invention.

Figure 2 is a block diagram level representation of a
trimming hierarchy in the reference generation block of the
circuit which makes use of certaiﬁ EEPROM cells, allowing the
same to be programmed to suitable digital values to set the
optimum voltage referxence 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 circuit diagram illustrating the current
bias distribution scheme.

Figure 5 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 the preseét invention.

Figure 7 is a block diagram of the clock circuit of the
present invention.

Figure 8 is a circuit diagram of the clock circuit of
Figure 7.

Figure 9 is a block diagram 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 of Figure 9 showing
the addition of a latch to store the value of the

configuration bits.



| @udspeaker. Trimbits are provided for trimmng the oscillator and filter
so that the filter characteristics match and track the oscillator frequency
and prOV| sion is made for absolute addressing and digital end of nessage _
mar kers. Progranmng is by way of a nulti level iterative wite process for
high resolution, with the chips being directly cascadable. O her aspects of
the integrated circuit and its operation are discl osed. 5 BRI EF

DESCRI PTI ON OF THE DRAW NGS Figures 1A - 1Cis a block diagramof a
preferred enbodi nent of an integrated circuit anal og signal record and

pl ayback systemin accordance with the present invention. Figure 2 is a

bl ock diagramlevel representation of a @rimring hierarchy in the reference
generation block of the circuit which nmakes use of certain EEPROM cell s,

al owing the same tg; NeePI O RHe thaTH (RRAEtdbEE tR ¥HrdesidL set t he

several devices to a single microphone, AGC resistor and
capacitor, and loudspeaker for cascading multiple devices to
extend the record and/or pla§back time in a simple and
efficient manner.

Figure 12 is a circuit aiagram for the high voltage ramp
up and ramp down circuit used in the preferred embodiment.

Figure 13 is a circuit diagram of é binary counter and
analog switches of the HV INC circuit.

Figure 14 is a circuit diagram of the capacitors and

comparator of the HV INC circuit.
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opti mum vol tage reference and current reference with the proper tenperature
coefficrénts. Figure 3 shows the dual cell differential weighted sensing
schenme for the trimcells. Figure 4 is a circuit diagramillustrating the
current bias distribution scheme. Figure.-5 is a circuit diagramfor the

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

manuf acturi ng variations which nay 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 diagramof the clock circuit
of the present invention. Figure 8 is a circuit diagramof the clock
circuit of Figure 7. Figure 9 is a block_diagramfor the circuit for
detecting invalid addresses and the use &f the same to control

configuration bits for the integrated circuit system Figure 10 illustrates
a variation of W‘%mwm

First referring to Figure 1, a block diagram of the
preferred integrated circuit embodiment of the present
invention may be seen. The circuit shown integrates all
major circuits of a solid state sound recording and playback
system. The system consists of three major sections =~ the
analog input and output path; the analog storage array; the
digital control and EEPROM support circuits. Power is
supplied to the analog section and to the array and digital
section from separate VCC and VSS supply pins. In that
regard, care.isltaken to minimize noise coﬁpling between the
analog and digital sections, not only from the power
supplies, but also from the other signals, by way of the
block 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
microphone and the speaker. There are two distinct signal
paths a) Record éath b) Playback path. The Analog section
can further be subdivided into 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 fhe 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 passes through the pre-amplifier with AGC
control and gain stage. 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



the addition of -.a latch to store the value of the configuration bits. 6
' Flgure 11 shows the anal og connections for connecting several devices to a
si ngl e mi crophone, AGC resistor and capacitor, and | oudspeaker for
cascading nmultiple devices to extend the record and/or playback tinme in a
sinpl-e and efficient manner. Figure 12 is a circuit diagramfor the high
vol tage ranp up and ranp down circuit used in the preferred enbodi nent’.
Figure 13 is a circuit diagramof a binary counter and anal og switches of a
hi gh voltage increnment circuit called the HV INC circuit. Figure 14 is a
circuit diagramof the capacitors and conparator of a high voltage
increment circuit called the HV INC circait.

input of the gain stage is the ANAIN pin. The capacitive
coupling avoids saturation of the gain stage by blocking the
amplified dc offsets of the preamplifier 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 gonditioned signals, directly
bypassing the preamplifier. The output of the gain stage
goes to the filter in the record path and also feeds back to
the peak detector. The peak detector detects the peak level
of the amplified signal and holds the levéi on an external
parallel resistor and capacitor combination connected to
ground at the AGC pin. This level is then fed back to the
preamplifier, thus creating a negative feedback loop. This
loop limits the maximum level at the input to the filter
section for a large dynamic range audio signal at the
microphone input. The external resistqr and 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 resistor at the
AGC pin as 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 components
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 signal 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 "£ilin". The filter then bandlimits the signal
"filin" and processes it to produce the signal "filo", which

then passes through another analog multiplexer to the



7 .DETAI LED DESCRI PTION OF THE I NVENTION First referring to Figure 1, a
bl otk dlagran1of the preferred integrated circuit enbodi nent of the present
i nvention may be seen. The circuit shown integrates all major circuits of a
solid state sound recording and pl ayback system The system consists of
three major sections - the analog i nput and output path; the anal og storage
array; the digital control and EEPROM support circuits. Power is supplied
to the anal og section and to the array and digital section from separate
VCC and VSS supply pins. In that regard, care is taken to mnimze noise
coupling between the anal og and digital sections, not only fromthe power
supplies, but also fromthe other signal’s, by way of the bl ock diagram
| evel design, circuit design, physical |ayout and pin outs, and board | evel
designs utilizifgedfaee daxkeon. The wnial pginteaid eDgfoys desikde audio
interface with the m crophone and the speaker. There are two distinct
si gnal "analogin”". The purpose of the analog multiplexers is to

place the filter in the antialiasing/bandlimiting function

during the record mode and in the smoothing function during

the playback mode. The use of the filter both for the

purpose of antialiasing/bandlimiting and smoothing makes 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 region with a suitable

gate vdltage to act like resistors. Low threshold MOSFET

devices are used in the implementation of the MOSFET-R to

provide a larger signal dynamic range with low distortion in

the filter. Also a fully differential scheme is used in the

filter for lower signal distortion. Using a differential

technique also helps with respect to power supply noise

rejection. A closed loop dc control loop maintains the gates

of all the MOSFET-Rs at the proper level to generate the

effective resistance required for the filter time constants.

-

This gate voltage "vcntrl® comes from the control loop in the
reference subsection. This loop locks the filter time

: constants with the on-~chip oscillator time-period, and the
two track each other, thereby meeting the Nyquist criterion
as applied to sampled data systems. A high voltage supply
three times the chip supply is also generated on-chip to
supply 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 tﬁere 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.



pat hs a), Record path b) Playback path. The Anal og section can further be
subdi vided i.nto the follow ng subsections; 1) preanplifier and gain section
with automatic gain control (AGC), 2) filter section, 3) power anplifier
section, 4) Interface section and 5) reference section. Record Mde: In the
record node the m crophone which is capacitively coupled to the MCIN input
pi n transduces the audio signal into a |ow | evel analog signal. This | ow

| evel anal og signal passes through the pre-anplifier with AGC control and
gain stage. The preanplifier and the gain stage.are also capacitively
coupl ed through an external capacitor. The output of the preanplifier is
the ANACQUT pin and the 8 input of theigain stage is the ANAIN pin. The
capacitive coupling avoids saturation of the gain stage by bl ocking the
anplified dc of f set Bloyfvathaiqaecanplhé i raybiagrodel hae AMAGFasd gnal can be

used to output the preanplified signal for
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 signél 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 manner such that the filter is
switched into the playback path and performs the smoothing
function on the rather staircasé like difference signal
"diffo". The output of the filter subsection then passes
into the power amplifier subsection. At this time the signal
is called "pwrin®.

The "pwrin" signal is coupled to the power amplifier
subsection and first passes through an analog multiplexer.
The multiplexer lets either the "pwrin" signal or the signal
at the AUXIN input pin pass through to the power amplifier,
The power amplifier can'thus be used independently for system
power amplification reqﬁirements. This feature also helps
with cascading of multiple chips for extended record and
playback duration. The power amplifier itself takes a single
ended input and converts it into two separate power output
signals of equal amplitude and opposite phase. The two power
outputs ére called SP+ and SP-. This allows a speaker to be
directly connected to the two power outputs without tﬁe need
for any other external components such as a capacitor, and at

the same time allows the speaker to transduce four times more



ot her .external systemrequirenents. The ANAIN i nput can be used to record
alﬁéady’conditioned signals, directly bypassing the preanplifier. The
out put of the gain stage goes to the filter in the record path and al so
feeds back to the peak detector. The peak detector detects the peak |evel
~of the anplified signal and holds thelevel on an external parallel
resi stor and capacitor conbi nation connected to ground at the AGC pin.
| evel is then fed back to the preanplifier, thus creating a negative
feedback |l oop. This loop limts the maximum |l evel,L at the input to the

filter section for a | arge dynam c range, audi o signal

at the m crophone

I nput. The external resistor and capaci tbr conbination at the AGC pi n
allows the attack and rel ease tine constants of the AGC network to be
vari ed as per syuspetnpowguifoznerd samdhxdgeal depel . nTieisnalsseroesiasesi st or at

the AGC pin as shown in Fi%ure 1
capaci tor sets THE BHE“afY

i.n conpipation with the external
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reduces the nur@ropfiaXiévd1al GREPANQRELSpiM| &owdl hdde, 2O PLR&: cONtrol  of
the attack and rel ease tinme constants. Al of the above conprises the
preanplifier argplifier outputs are pulled low to provide a low impedance

path to ground. This keeps the chip from latching-up due to

speaker flyback effects such as occur due to mechanical

shocks or vibration. The input to the power amplifier is

under the control of the chip-enable signal CE.

Preferably

the power amplifier section is a unity gain stage to

facilitate cascading of multiple chips.

The reference subsection provides all the voltage and

current references as required for the chip.

Circuits within

this section are disposed around the chip to provide for

distributed references. This section also contains the dc

control loop which locks the filter time-constants and the

oscillator time-period and provides the MOSFET-R gate signal

"ventrl" to the filter section. There is a trimming

hierarchy in the reference generation block which makes use

of certain EEPROM cells, allowing the same to be programmed

to suitable digital values to set the optimum voltage

reference and current reference with the proper temperature

coefficients. Figure 2 shows the block level representation

of this trimming hierarchy. The applicable EEPROM cells are

referred 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 one 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



gain stage with AGC subsection. The signal going into the filter section is
cakl ed "preanpo". The anplified signal "preanpo" then passes through an
anal og nmultiplexer to the filter and becones the signal "filin". The filter
then bandlimts the signal "filin" and processes it to produce the signa
"filo", which then passes through another analog nultiplexer tothe - 9

I nterface section. At this point the signal is called "analogin". The

pur pose of the analog nultiplexers is to place the filter in the
antialiasing/bandlimting function during the record node and in the

snoot hing function during the playback node. The use of the filter both for
t he purpose of antialiasing/bandlinitingu%nd snoot hi ng nakes nore efficient
use of silicon real estate. The filter is a MOSFET-RC fifth order |ow pass

Chebychev typescnddSpEJvilaeansiret A13a81& teRRMAL ethgiB i@ 1hd NRAL region with

a suitable
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 programmed 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 value, an
overriding opposite type of differential value has to be
programmed across the sense amplifier inputs through.the trim
cells, SW+ and SW- essentially connect the trim cells to the
array and then to the column drivers during programming and
discénnect the trim cells from the array during sensing.
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 température
coefficient of "vref" is small. By changing the bandgap trim
bits it is also possible to have either a positive
temperature coefficient or a negative temperature coefficient
for "vref". From the bandgap block, positive temperature
coefficient current "PTC" is also derived and used in the
zero temperature coefficient current block. This block also
gets a negative coefficient current "NTC" from the negative
coefficient current block. The current TC trimming bits
control the relative proportions of the positive and negative
temperature 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 Aepending 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



gate.voltage to act like resistors. Low threshold MOSFET devi ces are used
in the inplenentation of the MOSFET-R to provide a | arger signal dynamc
range with low distortion in the filter. Also a fully differential schene
is used in the filter for lower signal distortion. Using a differential
techni que also helps with respect to power supply noise rejection. A closed
| oop dc control |oop naintains the gates of all the MOSFET-Rs at the proper
| evel to generate the effective resistance required for the filter tine
constants. This gate voltage "vcntrl" conmes fromthe control loop in the
ref erence subsection. This loop locks the filter time constants with the
on-chip oscillator tine-period, and the two track each ot her, thereby
meeting the Nyquist criterion as applied3to sanpled data systens. A high
vol tage supply three tinmes the chip supply is also generated on-chip to
supply the dc enbateesl péopmbnce ‘oventwilde, vaalehidnlsadt "ancntr|l " has a nuch

wi der control ran%e deFending on process tec erature and power supply

changes, and SBPAERACtPTIZFGeR SgetThe nF1% ePhetSHohe? “SEPptY. Al so

thgrfe are test. @odes 1 hMYLARANER bR dHer&N1Bo) AL Mdrevsr dakgCt access to
and from

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' heips

" with supply noise rejection during reading of the array
cells. - .

DC opeiating point bias, as required by all analog
subsections, is distributed around the chip through a current
bias distribution scheme shown in Figure 4. Current 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 biasing wherein problems are normally caused by
IR drops across power lines and mirror transistor threshold
mismatches across the chip. Circuitry incorporated on the
chip manages the power dissipation of the chip depending on
the mode of operation such that subsections not operational
during certain modes are pbwered,down. for instance, the
preamp and gain stage sections during the playback mode, and
the power amplifier section during the record mode, are
respectivély powered down. This helps to bring down the
average power dissipation of the chip. Note that since the
chip operates from a single 5V supply, an internal analog
ground is also generated, which provides for the ground
reference for all analog signals. This analog ground
reference is suitably chosen to provide for the optimum
signal dynamic range throughout the system with minimum
distortion. The analog ground reference is called "Vagnd”.
In the particular embodiment disclosed, it is at +1.5V with

respect to Vss.



the,array, thereby by-passing the filter. This facilitates high speed
*testing of,the.array. 10 Pl ayback Mode: In the playback node the
i nterface 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 is held in a sanple and
hold circuit, the output of which is the signal "diffo". The differencing
anplifier and sanple-hold network is shown as the anplifier DIFAMP in the
bl ock diagram of Figure 1. The "diffo" signal then passes into the filter
subsection. At this tinme the input and old put analog nultiplexers are set
in a manner such that the filter is switched into the playback path and
perfornms the snoot Referfioactd Sagwre Lhegaiat hAALEG ditr ¢asuhel skenadi f f er ence
si gnal
9 used as the analog input to the memory array. ANALOG IN 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 manﬁer onto two
banks of sample and hold capacitors. As one bank is being
loaded serially (at the sample frequency), 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 S5, loading of the sample and
hold circuits is done with a circuit 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 the
column decode and transferred onto the sample and hold
capacitor (CSHA or CSHB). T8 is a current load device which
forms a load for the voltage follower transistors Té6 and T7.
There are two possible paths from the output of the
amplifier, namely through T1, T3, CSHA, T7 and T9, or through
T1l, T2, CSHB, T6 and T9. When side A is in use, then T2 and
T4 remain off; when side B is in use, .then T3 and T5 remain
off. The column decode ensures that only one sample and hold
circuit is $elected at any one time. Since the transistors
T1, T2/T3, T6/T7, T9 are in the feedback path, any voltage
loss or gain through the transistors is compensated by the
amplifier action which adjusts the amplifier output until the

level at the inverting input is equal to ANALOG IN. The

voltage range over which the loop action occurs must be equal



"diffo". The output of the filter subsection then passes into the power
anplifier subsection. At this tine the signal is called "pwin". The

"pwrin" signal

is coupled to the power anplifier subsection and fi

rst

passes through an analog nultiplexer. The nmultiplexer lets either the
or the signal at the AUXIN i nput pin pass through to the
power anplifier. The power anplifier can thus be used i ndependently for

"pwrin" signal

system power anplification requirenents.

This feature also helps with

cascading of nmultiple chips for extended record and playback duration. The
power anplifier itself takes a single ended input and converts it

separ ate power output signals of equal
two power. outputs are called SP+ and SP-.

into two

| itude and opposite phase. The
This all ows a speaker to be

directly connegbest Goedthe tM PONRIgRAM RYhen i LAt viRe Deed Hor any ot her

external conponents such as a capacitor

speaker to traftensse B ciiqwst $howa here uses only N-type transistors

for T1-T9. This implies that the signal dynamic range is
less ;han VCC by an accumulation of threshold drops through
T1-T9. Use of N-type 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 T7). The column decoder {or column
register) selects each sampie and hold circuit in turn at a
frequency equal to the sample rate. The signals SA, SB, TA
and TB are manipulated so that each bank of sample and hold
capacitors 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 deébder
returns to its lower limit énd the other bank of capacitors
{(say bankB) are then loaded. SA and SB act as.strobe signals
and have a time duration less than the period of the sampling
frequency. In each (125 Hsec) sample period, either TA (and
SA) or TB (and SB) are brought high to turn on the’
appropriate source follower and connect it into the control
loop. After sufficient time has been given for the loop to
settle, SA (or SB) .is taken low and the capacitor 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. At this time, all the stored values are output
in parallel from the sample and hold circuits into the
comparators.

In the preferred embodiment there are 100 similar pairs
of sample and hold capacitors and source followers.

Consequently each (100 x 125 Usecs) 12.5 msecs a new set of

and at the same tine all ows the



out put, power for the sane signal level. This also provides nore power
outtput with [imted signal dynam c range and | ow distortion |evels. During
t he power down node, the power anmplifier outputs are pulled | ow to provide
a |l ow i npedance path to ground. This keeps the chip fromlatching-up due to
speaker flyback effects such as occur due to nechanical shocks or

vi bration. The input to the power anplifier is under the control of the
chi p-enabl e signal CE. Preferably the power anplifier sectionis a unity
gain stage to facilitate cascading of nmultiple chips. The reference
subsection provides all the voltage and current references as required for
the chip. Circuits within this section gge di sposed around the chip to
provi de for distributed references. This section also contains the dc

control |oop whigh |ocks the fil .- constants and the oscillator
B, B E oot o, BOERT ey '

ti me-period anHaprOV| signal n %o the filter
section. Ther ewkftihgt Eiv6ititg dtectrdrebyrd Alldwdr e 8 Asess generighi @ bl ock
whi ch nmakes use of certain EEPROM cells, allowi ng the sane to be Progranned
to suitable di JFitd thal(dset dnsetthehBY ATNAYVRTHOZgethe next set o

values appears.

Referring to Figure 6, the writing process takes place
by successively applying high voltage pulses to the column,
configuring the memory into the read mode, reading the stored
value from the cell, comparing 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. 1In
order to obtain improved resolution, the writing process is
done in two stages; 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.) 2ll the cells
in the row are first cleared by applying a high voltage to
the clea: gate of that row while keeping the drain (i.e. the
column node) at VSS., (The preferred embodiment clears only
the addressed 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 at the beginning of the write cycle:) A pulse is
applied to CLSET to set the latch and enable (open) SWl and a
single pulse is applied to RCAPEN to discharge the capacitor
Cl to VSS. CEN is held high for the complete coarse cycle
and low for the fine cycle i.e. SW2 conducts only during the
coarse cycle. The first high voltage pulse is applied to CHV

and consequently to the addressed column. Only one Select



reference and current reference with the proper tenperature coefficients.
Figure 2 shows the block | evel representation of this trinmng hierarchy.
The applicable EEPROM cells are referred to as trimcells, and are part of
the core EEPROM array. Two cells with differential |ogic | evel pr ogr amm ng
are used to set a value for one trimbit. Adifferential amplifier with

I nput weighting is used as the sense anplifier for each pair of trimcells
and generates the logic level for each trimbit. The input weighting is
used to define the output to a default |Ievel when the trimcells are in
their native unprogranmed condition. The dual cell differenti al 12
schene provides nore reliable trimbit Ipgic setting over process changes
and life time of the chip. Figure 3 shows the differential wei ght ed sensi ng

scheme. TX and_ TY are, pa| rthe h# rim %lgl s, Wich are I quired Lo be
programed w t opp05| T J2ITEs "1 VEheE 8|??eF8 fitd a technlque A vol t age
the addressed cell. The array is then configured into the
read mode and the addressed cell conténts are read through
the column multiplexer to COLN. 1In readback mode the VvCCa
node is taken to a positive voltage, 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
pulses.) After an increment Vos has been applied to COLN,
the result is compared with ASAMPN. At the appropriate time
(allowing for settling of the comﬁarator 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 latch is reset, SW1 is
opened and further high voltaée pulses are blocked.
Sufficient high voltage pulse§ (of a monotonically increasing
level) are applied to ensure that the cell could be
programmed to a level corresponding to the maximum level.
Once the latch is reset, and SWl remains open, the voltage on
Cl remains stored for the remainder of the coarse cycle 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 ﬁigh 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 amplitude. The level which is actually
applied to the column, however, is determined by the voltage

stored on Cl. This stored value 1s modified by the signal FV



wefght ds: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 val ue opposite
to the default value, an overriding opposite type of differential value has
to be programmed across the sense anplifier inputs through the trimcells.
SW and SW essentially connect the trimcells to the array and then to the
colum drivers during programng and disconnect the trimcells fromthe
array during sensing. Figure 2 has a positive tenperature coefficient
current and bandgap vol tage generator. There are five trimbits for setting
the optinumvoltage "vref"” such that the tenperature coefficient of "vref”
is small. By changing the bandgap trim®pits it is also possi bl e to have
either a positive tenperature coefficient or a negative tenperature

coef fici ent fappliad &p"theFpariamhrlasrgnefdbebtandeitPosi Pr5 @9t Bifper ature

COST 1) 1 ot BiLEE eIy g LSSk WAL GUP 0 ALl e at v
current "NTCoff ementlihe cyegatrwesceakhici OMtasuthentrappetr The current TC
trimmng bit Scoggir.]rtn;o?.llsl;[r hdeurg.reulg %:thlerGingrg cOZLret tl'_cg)r;s pggiéibig pé)ﬁ:latgcle V&vand negative

in the preferred embodiment). Thus, the first high voltage

of the fine cycle is 2V lower than the high voltage pulse

which caused the comparison during the coarse cycle. Each

successive high voltage pulse of the fine cycle is slightly

higher than the previous puise 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 continua;ly increasing level, such as

a staircase incremented by small amounts at each successive

high voltage pulse wou;d 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 relatively small during the fine cycle and consequently

there is improved resolution and writing accufacy. 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 feversed

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 drivers. The time period where the column register

passes from minimum through its maximum and returns to its



tenper.atyre current addition in the zero tenperature coefficient current

bl ock. 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. Al these bits are set during testing and give the
capability to trimthe chip for neeting specification and 13 enhanced
performance over w de variations of an uncharacterized process. The "ZTC
current is then used in the oscillator and the dc control |oop for MOSFET-R
gate signal "vcntrl". There'is also a regulator on-chip, part of the
reference subsection that provides the biasing to the array during

pl ayback. This regul ated supply "Vcca" lbel ps with supply noise rejection
during reading of the array cells. DC operating point bias, as required by
al | anal og subsscimuonsilli Be dieseridgutecisas oamad. t thechrgqretbhreodghtiencur r ent

repeated for the next scan or set of 100 cells., After a
total of eiéht scans (i.e. a total of 800 cells) have been
written, the row address is incremented and a new xrow is
selected. In this case a clear pulse must be applied before
beginning the write procedure.

The particular details for the preferred implementation
are:-

45 cogrse pulses beginning at 9V (at the column) and
increasing-linearly up to 18V. The high voltage coarse pulse
ramp rate is 420 mV/microsecond, with a pulse width of 109
microseconds repeating every 125 microseconds.

90 fine pulses of 18V maximum (at the column; dge to the
voltage drops in the switches and T1 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 réad voltage greater than OV (tunneling may be
taking place but the floating gate may be highly erased and
has a high enhancement threshold). At the end of the coarse
cycle all latches have been reset - even fof 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



bj as. di stribution scheme shown in Figure 4. Current is in fact carried from
oné pl ace on the chip to another. This does not create problens of

i naccurate biasing as is possible with voltage biasing wherein problens are
normal |y caused by IR drops across power lines and mrror transistor

t hreshold m smat ches across the chip. Crcuitry incorporated on the chip
manages the power dissipation of the chip depending on the node of
operation such that subsections not operational during certain nodes are
power ed down. For instance, the preanp and gain stage sections during the

pl ayback node, and the power anplifier section during the record node, are
respectively powered down. This hel ps to2tring down the average power

di ssipation of the chip. Note that since the chip operates froma single 5V
supply, an int esthahe aipple@gerti 0iNthel Simd sPcPLACL alatdheVMhaed Haeavi des for the
ground reference for all analog signals. This analog ground reference is

sui t abl y chosen*®6tpr cNiige™F§ 0t He 8k iR RS FhRaFoadyh Afict In@n§eckesr oughout
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voltage pulse levels could be brought closer together in both
coarse and fine cycles, then the voltage increment; could be
reduced, thus producing an improvement in resolution.
However, it is necessary to include these margins to ensure
the full dynamic signal range without clipping that might
otherwise occur with changes in cell programming behavior due
to variations in tunnel thresholds, cell capacitor ratios and
other process variations that take place in a real
manufacturing environment. A possible embellishment would be
to adjust these margins and the associated ramp rates, Vos
etc. by the use of'trimming. Thus, conditions would be
optimized for individuai characteristics and improved
resolution could be achieved.

The comparator used in the column 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 é very small offset due to the auto-
cancellation mode of operatién. This has special
significance for the preferred embodiment bécause any random
offset of each comparator 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 systema;ic offsets e.g. the clock feedthrough
into the coupling capacitors, is not a concern because this

is equal for all comparators (to a first approximatiqn) which



respect to Vss. 14 Referring to Figure 1 again, ANALOG IN i
used ‘as ‘'t he anal og input to the nenory 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

sequenti al

manner onto two banks of sanple and hold capacitors

s the signal

in a
. As one bank

I's being | oaded serially (at the sanple frequency), so the 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 w thout

whil e the page node type witing

Now referring to Figure 5, |oading of 2he sanple and hold circ
with a circuit which conpensates for the threshold | osses (and ot her

non-linearitd

di e.

not a concern because there is an equal shift in the
reference voltﬁge which is subtracted 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 write loop would need to accommodate this,
i.e. high voltage pulses would continue to be applied to the
column until COLN was less than ASAMPN, For instance the
inputs to the comparator could be switched.

Any time that the array is placed into the read
configuration, the selected clear gate is taken\to a fixed

voltage. The value of this voltage determines the amount of

charge that is coupled from the clear gate onto the floating ’

gate 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 appliéd to VCCA, the
positive supply for the source follower. In the preferred
embodiment, the clear gate voltage and VCCA during read are

both connected to a 4V regulated 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

i nterruption

process is taking place simultaneously.

uits i s done
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ANALOG I N.is applied via an anplifier, through the transfer gates (T1 and
*T2 6r T1 and T3) which are enabl ed by the colum decode and transferred
onto the sanple and hold capacitor (CSHA or CSHB). T8 is a current | oad
device which forns a |load for the voltage follower transistors T6 and T7.
There are two possible paths fromthe output of the anplifier, nanely
through T1, T3, CSHA, T7 and T9, or through T1, T2, CSHB, T6 and T9. When
side Ais in use, then T2 and T4 remain off; when side Bis in use, then T3
and T5 remai n. off. The col um decode ensures that only one sanple and hold
circuit is selected at any one tinme. Since the transistors T1, T2/ T3,
T6/T7, T9 are in the feedback path, any.,soltage [ oss or gain through the
transistors is conpensated by the anplifier action which adjusts the,

anplifier outpyf, Jupfid, tggdulvc\:ﬁxeioiﬁh é'&gll&V‘BEEJ g ﬁ%lﬂ:i)ﬁ% ggg%al to ANALCG
IN. The vol tage range over rch the Op action occurs st be equal to
or greater thadudihg sdagnirhprdyasrine naisgelavelcdurdisgt edoed and

playback.

During playback, the array is configured into the read
ﬁode, CL is taken high and the nodes COLN and ASAMPN are
gated onto ARYOQUT 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 form can be reconstituted
by the user and not by an interloper having access to the
encoded plﬁyback information.

In addition to the 100 signal column drivers, there are
two additional column drivers, one at each end of the array,
for writing the reference columns and the EOM (End of
Message) columns (See Figure 1 and also Figure 5). The
reference column driver is basically the same circuit as the
other column drivers. Instead of ANALOGIN, however, the
input signal is a fixed xeference voltage, VAGND, which is
written into two additional columns at each end of the array.
During playback the recorded reference'voltage is input,
together with ARYOUT, 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); and the changes in read voltages due to threshold
temperature shifts, 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



stored. The circuit shown here uses only N-type transistors for T1-T9. This
i mpl i es*t hat t he signal dynam c range is |less than VCC by an accunul ati on
of threshold drops through T1-T9. Use of N-type and P-type transistors as a
no-1oss transfer device to replace T1, T2, T3 and T9 woul d increase dynam c
range; as woul d use of |low threshold values (e.g. a native device for T6
and T7). The col um decoder (or columm register) selects each sanple and
hold circuit in turn at a frequency equal to the sanple rate. The signals
SA, SB, TA and TB are mani pul ated so that each bank of sanple and hold
capacitors are |loaded in turn. Wien all the capacitors in one bank have
been | oaded (say bankA) i.e. when the cgjumm decoder reaches its upper
limt, then the colum decoder returns to its lower Iimt and the other

bank of CapaC £,05 Syl HPBKE)asdebrd ity | ABYPELer SheAbG aCt a5 st obe

signals and have a tine ration ess {han t period of the sanpling
frequency. |n paehosi®5 [err]) sanple period, either TA (and SA) or TB (and
SB) are brought high to turn on the appropriate source follower and connect

it into the controf¥? GOPpU™RF 2B reaShf $1% PENTS PHERYhAES HE8A TR $&H°% or the | oop

to 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 total of foui reference columns are
written during the writing of the first scans - two columns
during each scan. During the writing of the remaining six
scans in the row, the output of the reference column driver
is not connected to a column. The reference column drivers
receive their decode 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 voltage
is equal to the hold time of the adjacent column drivers and
will consequently suffer an equal amount of charge loss due
to leakage. (This may not be precisely true due to 1o§al
irregularities in the physical structures; however, it is
approximately the case and at least will exhibit the same
tendencies.) . During playback the recorded reference voltage
from each end of the array is read from the reference
columns, is buffered by an analog buffer, and connected into
each end of a linear resistor (see Figure 5) which extends
along the row of column drivers. The selected column driver
then connects 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



seftle, SA (or SB) is taken | ow and the capacitor now holds its stored
vatue. TA and TB are now toggled so that the stored value on the other
capacitor ‘i s brought through the source follower and onto the node ASAVPN
whi ch goes to the conmparator. At this tine, all the stored values are
output in parallel fromthe sanple and hold circuits into the conparators.
In the preferred enbodi nent there are 100 simlar pairs of sanple and hold
capaci tors and source followers. Consequently each (100 x 125 [err]) 12.5
nmsecs a new‘'set of 16 val ues appear on the 100 ASAMPN paral |l el outputs.
The witing circuits are therefore allowed 12.5 nsecs in which to wite the
values into the nenory array before the zsext set of val ues appears.
Referring to Figure 6, the witing process takes place by successively

appl yi ng hi gh vghtR09-B.S§S R VHE LRI BIFREF is therefore

representative 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 all 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 speech
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 at
the differencing amplifier.

As well as the two reference columns, there are an
additional two columns at each end of the array. These
columns store digital values and are used to indicate an end
of message (EOM). Since the data is in less sensitive
digital form, the columns are positioned at the outside of
the array. This also ensures that the reference columns have
memory cells on all sides (just as the rest of the analog
array). The surroundings of each cell is 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



configuring the menory into the read node, reading the stored val ue from
thef cell, conparing the result with the required value on ASAMPN, and then
repeating the process if the value is | ess than ASAMPN usi ng pul ses of

i ncreasing anplitude. In order to obtain inproved resolution, the witing
process is done in two stages; these are referred to as the coarse cycle
and the fine cycle. (A sinplified schene would also work - i.e. elimnation
of SW2, the Vos adder and the FV storage capacitor and using only the
coarse cycle. However the coarse/flne cycle allows better resolution.) All
the cells in the row are first cleared by applying a high voltage to the
cl ear gate of that row whil e keeping the?graln (i.e. the colum node) at
VSS. (The preferred enbodi nent clears only the addressed row, and if the
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applied at the beginning of every row™ However e application allows,
then the conpl enoy mlmavyscomhdhd;etbé EMeck 1y mmecmdlmg edalsed e cl ear gates
t oget her and app| rows_at the beginning of
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(open) SWL and ¢¥ent of an EOM request being received from the input logic.
Message length increments of 25 msecs is considered adequate,
so an end of mesSage is allowed at the ena of every second
scan. This means that there are four possible EOM positions
on every row., With four EOM columns available a simple one-
hot assignment is implemented. It would also be possible to
encode the position for the end of message. If the position
resolution of the end of message is 12.5 msecs (a 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. During recording then, the EOM column
driver passes high voltage pulses whenever a EOM request is
received from the input logic. This is directed to only one
of the four possible EOM columns depending on the path
selected by the column multiplexer. The recording is then
terminated by disabling the write circuits. The result is to
have erased EOM cells for the complete duration of the
recorded message, except for the cell which is addressed at
the end of the message - this cell is progrémmed. Durihg
playback, the EOM columns are continually monitored - they
are connected into the same read configuration as the rest of
the array. When a programmed cell is addressed, a high level
is detected and this signal is transmitted to the input
logic. The playback may be automatically terminated,
depending on the state of the contrél 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



single pulse is applied to RCAPEN to di scharge the capacitor C to VSS. CEN
I's ‘hel d high for the conplete coarse cycle and Iow for the fine cycle i.e.
SW2 conducts only during the coarse cycle. The first high voltage pulse is
applied to CHV and consequently to the addressed colum. Only one Sel ect

17 Gate is high so the high voltage is applied to the drain of the
addressed cell. The array is then configured into the read node and the
addressed cell contents are read through the colum nultiplexer to COLN. In
readback node the VCCA node is taken to a positive voltage, 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 i gh voltage pul ses.) After an

i ncrement Vos has been applied to COLN, the result is conpared with ASAVPN.

At the appropri@bgatioHp t(oabé QRMoRE ﬁ)prchkaum &ntlbe, CanpaLale’ha COMP and
al so the interleaving of the high voltage pulses), COMPEN is pul sed to
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 row driver, through a set of transistors
that are turned on only during a particular test mode. In
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 described 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 trimming networks in the form of a parallel output. This
arrangement provides this without the need for large amounts
of additional hardware.

The timing for the chip is derived from a single
timebase (See Figure 7 for a block diagram and Figure 8 for
the preferred circuit). An on-chip oscillator which has no
external components is used to derive all the required clock;
and timing signals. The nominal output frequency is 512 Khz.
An input pin is provided should it be necessary to

synchronize the chip to external clocks or timebases. In



enabl e the reset path into the latch. If (CO_N“+ Vos) is | ess than ASAVPN

t hén the’ mal ns set and subsequent high voltage pul ses are applied
to the coI u but Vos) is greater than ASAMPN then the latch is
reset, L}?m dBaﬁlﬂeJ, dIher hi gh vol tage pul ses are bl ocked.

Suf fi ci ent hi ses (of a nonotonically increasing level) are
applied to e mmmtcell could be programmed to a | evel
corresponding to t m | evel. Once the latch is reset, and SW

remai ns open, the voltage on Cl remains stored for the remai nder of the
coarse cycle due to the action of T2 which acts as a reverse diode at this
time. Hence the level stored on Cl1 is theg |evel which produced the | ast
hi gh voltage pulse to the colums. At t %’ end of the coarse cycle, the

latch is set opges agahd t'ax d@ﬁ@yﬁf o20; {95] Aady ARRLLEY tﬁgrgr%ge;?é hi gh

vol tage pul ses appears ereas 1 n the coarse cycle the p ses were
of conti nual | yof ner easamgna@quémnieand rsticles ftheee:tgeh€l cheyk avetiad | of

maxi mum anplitude. The |evel which is actually applied to the colum,
however, is dePd? fiPFediRPtt hdfvB¥tergal sHEFREPIA2EPD higt steudgedral ue i s

nodi fi ed by tl1%h§'é¥@@£n§?¢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 charging a capacitor to a |
certain voltage by applying a certain current. Both the
current and the yoltage levels are obtained from the
;eference_section - the voltage is fixed (VAGND) and the
current is variable, however it would also be acceptable for
this to be reversed., In fact two capacitors are used to
allow for the diécharge of one capacitor while the other is
being charged, thus providing a more accurate discharge
voltage and reduced signal propagation delays in the sections
of the circuit which perform switching. The output from the
oscillator is used by the 64 Khz counter and subsequently the
timing circuits and sample clock. However, it is also routed
through additional test logic to an output pad (EOM). If the
correct test mode is selected the oscillator output is
directed to the EOM pad, thus allowing the oscillator
frequency to be measured. The variable parameter (in this
case current) is adjusted by modifying the appropriate trim
bits until the oscillator frequency is at the desired value.
This of coarse adjusts the sample frequency by the same
proportions and, as described previously, since the variable
current is derived from the same source as that which sets
the filter roll-off frequency, the filter characteristics
track the oscillator and change by the same proportion. The

ability to trim the oscillator frequency allows an accurate



18 applied to the bottom plate of the capacitor. During the coarse cycle FV
i stat” a fixed voltage (2V). At the beginning of the fine cycle FV is taken
to OV and’ then ranped up continuously during the fine cycle to a positive
voltage (2V in the preferred enbodinent). Thus, the first high voltage of
the fine cycle is 2V | ower than the high voltage pul se which caused the
conparison during the coarse cycle. Each successive high voltage pul se of
the fine cycle is slightly higher than the previous pul se by a val ue which
is determned by the ranp rate of FV. It is not necessary for FV to be a
snooth linear ranp - a continually increasing |level, such as a staircase

I ncrenmented by small anounts at each suggessive high voltage pul se would

al so serve the purpose. After each high voltage pulse, the cell is returned

to the read coyic@ug He 9MnARs LbhdyS af®rBALEfheh 01 ASAVRNikME i Ng the fine

cycle, however, there is no addition of Vos (or Vos is
recordlng 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
.duration). 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 operatihg
conditions such as temperature and power supply levels. If
there is any variation in sample frequency between playback
and record then the reproduction quality is effected - +/- Zi
is considefed to be the maximum acceptable variation for
voice recordings. Use of the stable current and voltage
outputs from the reference section provides this stability.

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 input for the 8 Khz
counter. The 8 Khz output is then buffered by the Column
Registexr 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
the first stage of the register. With each subsequent 8 Khz
clock the logic "1" is shifted along the register - all other
stages are at logic "0". The output of thg last stage
produces the 80Hz clock for the column multiplex counter and
is also returned to the first register stage so that the

logic "1" cycles through the column register repeatedly. The



kept, at OV). The charge increment which is added to the cell is relatively
snal | durlng the fine cycle and consequently there is inproved resol ution
and witing accuracy. At sone tinme during the fine cycle, COLN will exceed
ASAVPN, the latch will be reset and the remaining high voltage pul ses wll
be bl ocked by the opening of SWL.. The end of the fine cycle is coincident
with the colum register reaching its maxi numvalue i.e. a new set of
sanpl es has been laid into the sanple and hold capacitors. The mani pul ati on
of the TA, TB, SA and SB signals is now reversed and a new set of parallel
ASAMPN val ues is presented to the conparators. The inputs to the col um
mul ti pl exer are al so changed so that a m®ew set of columms are connected to
the columm drivers. The tine period where the columm register passes from
M ni num t hr ouglihgBe mayidnY ardn el coBumhOrdédister iBusddicaum will be
referred to as a scan. _The_ procedure is then

succes51ve1y select the column driver and perform the

sampling into the sample and hold capacitors during recorxrd

and out from the column drivers during playback. {(The column

register function could also be performed by a (modulo-100)

counter and decoder). The column 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 passage through

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 unigque control sequences to be

performed. The states of the address circuits 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 is 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 compare operations of the column driver. These

different activities take place in each sample period under



repeated for the next scan or set of 100 cells. After a total of eight
scans (i.e. a total of 800 cells) have been witten, the row address is
incremented and a newrow is selected. In this case a clear pulse nust be
applied before beginning the wite procedure. The particular details for
the preferred inplenentation are:- 45 coarse pul ses beginning at 9V (at the
colum) and increasing linearly up to 18V. The high voltage coarse pul se
ranp rate is 420 nV/ mcrosecond, with a pulse width 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
about 21V at CHV). Ranp rate is 840 nmV/ rgocr osecond, pul se width 47

m cr oseconds and a repeat period of 62.5 microseconds. FVranmp is 0 to 2

Volts in 5.625 pid lb8@ANEs si¥RH o 8EEAGHI Ne atb®s dhor £hors ®&He to circuit
-~ inmplementation) is 0.2V. Programm ng does not necessarily take place at the
counter. All high voltage activity is halted and also
additional settling time is given to minimize the amount of
electrical disturbances that would otherwise occur if the
high speed switching of relatively large capacitances was
alloved to take place simultaneously with the more sensitive
analog operations. The separate high voltage 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 pﬁlse and
one comparison take place in one sample period and there are
two fine pulses and two comparisons in a sample period. The
fine resolution of the control signals (microtiming) 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
‘others which are required to be switched at short time
intervals are controlled by the 64 Khz countei.

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 to use high voltage signals to drive the
switching transistors. To minimize the number of level
shifters, the outputs from the multiplex counter are level
shifted and the high voltage outputs used to drive a
multiplexer which selects the connection path through several
transistérs connected in series.

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

column multiplex counter. It is a binary counter which may



extrenme ends of the coarse and fine cycles. At the beginning of the coarse
cycle the high voltage level is too |ow to produce a read vol tage greater
than OV (tunneling may be taking place but the floating gate may be highly
erased and has a high enhancenent threshold). At the end of the coarse
cycle all | atches have been reset - even for the colums which have ASAVPN
| evel s at the maxi num (3V for the preferred enbodinent). At the beginning
of the fine cycle the reduction in high voltage due to the 2V decrenent on
Cl reduces tunneling currents to very small levels. Simlarly 20 at the
upper end of the fine cycle all |atches have been reset. This margin at
each end of the coarse and fine cycles P% quite wasteful since, if the
m ni mum and maxi mum hi gh vol tage pul se |l evels could be brought cl oser
t oget her in boilsocbarrsesemdof a nalogcdiosp hhéhe tdidresd page A0ncrenents coul d
be reduced, thus producing an ihprovenent in resolution,

throegh A7. fL logfzplevel outputs Erom the most

significant blts of the counter drive the X-decode; the

outputs of the two least significant bits drive the X pre-

decode. The outputs of the pre-decode are level shifted such

that the selected output is at a value equal to CHV during

write and equal to MHV during read. MHV is a voltage of

about 12V which is generated internally from a charge pump.

Unselected outputs are taken to a low voltage. The selected

X~-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 preferred 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

interconnect 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 general good practice to eliminate these

currents described in 1) and 2) above, but in any case, the

source of high voltage has limited current sourcing



However, it is necessary to include these margins to ensure the full
dynani ¢ signal range w thout clipping that night otherw se occur with
changes in cell programi ng behavior due to variations in tunnel

t hreshol ds, cell capacitor ratios and other process variations that take
place in a real manufacturing environnent. A possible enbellishnment woul d
be to adjust these margins and the associated ranp rates, Vos etc. by the
use of trimmng. Thus, conditions would be optim zed for individual
characteristics and i nproved resol ution could be achi eved. The conparat or
used in the colum driver is of the type described by Yen S. Yee, et. al.,
| EEE J. Solid State Circuits, pp. 294-298, June 1978. This conparator has
t he advantage of being small (in terns of silicon utilization) but also it
has a very snaftPadfifsiet aptanvgntefe cattent teascesrn XEPWPtNdER Bhreperati on.

Thi s has speci gl o i aN {6306 aLOL, ey B GLALLED Sabodi ment because any
random of f set of each cofparator acrosS the Pow of ~¢ol umm drivers woul d
mani fest itself inThhis akfsabtpntdfenn Hakodies uDENiIEPOGRE PiyurBe recor ded

i gnal - Such O];.;c.setEal:l? oTl?et coa}mects the four pre-decode lines into the
array, thus providing the addressing for 160 rows. Bringing
the select gate high connects the addressed row onto the
columns for both write and read operations. The X-decode
also allows the clear gates to be addressed. For reading and
programming all clear gates may be taken to the same voltage.
However, for clearing a particular row, then only that row
has its clear gate taken high; the others remain at a low
voltage (Figure 6). A practical difficulty is encountered
when connecting decode circuits into a memory. Since 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 "f£it"
into the same pitch. 1In the 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. In 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 clear gate driver circuit is to apply
0V 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



“vari.able that is conpensated for in the closed |oop witing schene and
woul d 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 conparators (to a first
approxi mati on) which 21 results in a d.c. shift of the recorded |evel.
Even this is not a concern because there is an equal shift in the reference
vol tage which is subtracted during playback. The description so far is
based on a source follower configuration for the nmenory cell. It would. al so
be possible to realize a working systemw th the nore usual inverter-type
configuration but |oss of linearity and $®solution would occur. The signal
fromthe array would effectively be inverted so the wite |oop would need

t o accommpdat e Wi§esectiedegatifisgAuiidnt 2838 - p iheerdvRetinge dontakine 8¥be appli ed

to the colum uiLi Lo QRN BRak Gkt HRMASAVEN: oF0nd NRLANGE LS

the reduced 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 A0 through A7 have an addressing
capacity of 256. Since the total number of rows, however, is
only 160, the spare capacity can be put to another use. The
control input pins (PD, EE, and P/ﬁ) perform specific control
functions. However, different applications mighﬁ prefer
different behavior from the input or the output pins. The
unused address capacity allows us to modify the function of
the pins and therefore satisfy the needs of different
applications with the same design. The higher order address
bits are examined to establish whether or not the address is
invalid. In the case of the preferred embodiment, if the
address is greater than 159 it may be considered 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 preferxred
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 select control options. Figure 9 shows the
arrangement used in the preferred 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 configuration bits. The advantage here is that the
configuration bits can be stored and then used at a later

time for operations using valid addresses. In either case,



i.nputs to the conparator could be switched. Any tinme that the array is

pl aced into the read configuration, the selected clear gate is taken to a
fi xed voltage. The value of this voltage determ nes the anount of charge
that is coupled fromthe clear gate onto the floating gate and can
therefore be used to adjust the range of read voltages for a given set of
cl ear and program conditions and cell characteristics. A voltage is also
applied to VCCA, the positive supply for the source follower. In the:
preferred enbodi nent, the clear gate voltage and VCCA during read are both
connected to a 4V regul ated supply. This is derived fromthe VCC power
supply, but due to the regulation (the Béference for which is the bandgap
voltage), the voltage is stable and has relatively |ow | evel s of

superi nposed nradselonhd fleeisideyofs bh¢ed keahegadwicehi s oGt igRgort ant due to
the direct coupling onto the floating gate. VCCA is also inportant due to
coupl i ng fromPAEENRCRE #*FFuSBR* 0 PERE fl 0ating gate - in sone EEPROM

transistors this caRacsdace, ANahe Mbdhsdid G112 LOG GRsad dgje Lo

source/drain area caused by .inplants which are not self-aligned to the gate
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
preferrgd embodiment, the A7 pin, Figqure 1). A high voltage
detector circuit is connected to this input pin to detect the
presence of a high voltage and produce a signallwhich enables
the selected test mode(s). The remaining address pins A6
through A0 are used to define the selected test modes. The
purpose of the test modes is twofold - to reduce the length
of time that is required to test the device and secondly to
allow access to internal circuit nodes which are not
otherwise directly accessible. 1In the first category are the
test modes which cause a particular pattern to be written
into the array in a reduced number of operations. This is
done by enabling groups of rows and/or columns simultaneously
- for example the outputs of the row counter together with
their inverse'signals are forced to states which select
either all rows 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
&efining the condition of the column 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. These modes
allow alternating patterns such as horizontal stripes,

vertical stripes, and checkerboards to be written into the



22 structure. Reduced noise coupling onto the floating gate during read

| nproves the noise |level during record and pl ayback. During playback, the
array is configured into the read node, CL is taken high and the nodes COLN
and ASAMPN are gated onto ARYQUT via T9 of FIGURE 5. The addressing during
pl ayback is al so sequential, so the signal on ARYQUT is the reconposed
sanpl ed anal og waveform Note that ciphering or encodi ng can be done by
usi ng different addressing schenes between playback and record. Provided
that the differences are known by a user, the original formcan be
reconstituted by the user and not by an interloper having access to the
encoded pl ayback information. In addit3®n to the 100 signal colum drivers,
there are two additional columm drivers, one at each end of the array, for
writing the eehgreesCar@9| MmSmaitd cbiieceaOMn(EBerfd. The actual

voltage stored in the array depen@s on the analog value which
has been loaded into the sample and hold capacitors. In
addition there are modes which inhibit the high voltage
pulses reaching the array during either the clear or program
cycles. In these modes all rows are selected, so the array
is completely erased or completely programmed - mass erase
and mass program. Such test modes allow a pattern to be
loaded quickly into the array. There is also provision for
reading the stored pattern at increased speeds. The sample .
rate during playback is increased by two possible methods -
either apply high speed clocks to the external clock input to
increase the basic timebase frequency, and/or enter a test
mode which by-passes some of the staéés of the dividing chain
whichﬂckeates the sample frequency. In either case, the
filter is removed from the playback signal path by connecting
the output of the differencing amplifier %nto the power
amplifier. This is necessary since the filter would
bandlimit at a frequency which is less than the outpﬁt data
rate. A test mode is also provided for connection of the
filter input and output to device pins, thus allowing for
more direct tests of the filter characteristics. Access to
the internal nodes VCCA and CHV is provided by high voltage
switches which connect either these nodes to a device pin
(P/R) on selection of the appropriate test mode. To
facilitate 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, CHIP ENABLE,

and PLAYBACK/RECORD. Inputs are also received from internal



Message) colums (See Figure 1 and also Figure 5). The reference col um
‘dri'vér<is basically the same circuit as the other colum drivers. Instead
of ANALOG N, "however, the input signal is a fixed reference voltage, VAG\D
which is witten into two additional colums at each end of the array.
During playback the recorded reference voltage is input, together with
ARYQUT, into a differencing anplifier. The purpose of this'is to conpensate
for effects which would otherwi se be detrinental to playback quality - the
different hold tinmes on sanple and hold circuits across the row of col um
drivers (and consequently the different | eakage anounts); and the changes
in read voltages due to threshold tenpejature shifts, changes in the clear
gate voltage and ot her changes in the environnent. During playback a signal

e by e LI PLELEIRE ) Rl ActURiRs e @2 frOm
signal whicp becomes active when 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 writing 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 reset at the beginning of each
operation or only when changing from record to playback or
playback to record; whéther playback stops or continues when
the signal from the EOM column becomes active; whether the
EOM output pad pulses low at EOM and overflow of the address
counter or only at overflow of the address counter; whether
the EOM markers are retained or deleted by the next message;
and whether the playback speed is normal or at an accelerated
rate. These various operation modes can be selected in any
combination as described earlier, depending on the state of
the address pins. The accelerated playback rate (or fast
forward mode) can be used by the external controller to
locaté the positions or addresses of an end of message. In
this mode the modulus of the dividing chain is reduced by
bypassing some of the 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



previously. Two colums at each end of the array are used to allow for any
di fference.in behavior of the two banks of -sanple and hol d capacitors that
may exist due to circuit design, timng or physical |ayout. The total of
four reference columms are witten during the witing of the first scans -
two colums during each scan. During the witing of the remaining six scans
in the row, the output of the reference colum driver is not connected to a
colum. The reference columm drivers receive their decode input fromthe
colum register -bits belonging to the adjacent colum driver. Thus the

|l ength of tinme that the sanple and hold capacitor nust hold its voltage is
equal to the hold tine of the adjacent cQlum drivers and will consequently
suf fer an equal amount of charge | oss du¥ to | eakage. (This may not be

precisely true e to lacal irregularities | h hysi cal . structures;
however, it i saéai%ﬁ %t r‘r’gt ey °f ﬁgglcoefsa{él%{’nsdw% 1%1 é%gthgvmgﬂr%ei%dlsrﬁlsfe? he sane
t endenci es.) Dufivhg Plraghasdt nbesdgeeoitiedan afectenravad ttage theom each end
of the array is read fromthe reference colums, is buffered bX an anal og
buf f er and coﬁﬁ’@c?édt*}enf%“k 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 to quickly move to
the end of a particular message and then, without changing
the address counter, begin 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 locations or addresses corresponding to
the beginning or the end of the messages. Instead, all that
is required to be known is the oxder in which the messages
appear and for the recordings to be continuous without any
spurious or residual EOM markers. This is achieved by
recording the messages in a continuous ganner or by careful
management of addressing during recording. The device is
configured into the fast forward mode (resetting the address
counter) and as the EOM pulses appear they are counted by the
controller. When the EOM pulse belonging to the message
previous to the desired message is encountered the chip is
disabled and then put into the normal playback mode without
resetting the address counter. The desired message is then
played back. The arrangement is particularly effective if
the fast forward acceleration is high so that the delay
between initiating the search and the beginning of playback
is short.

. The input logic also allows the device to be disabled,
by bringing CE high, and enabling the device again without

loss of the contents of the address counter. During playback



each end of a linear resistor (see Figure 5) which extends along the row of
col urm ‘drivers. The selected columm driver then connects the resistor tap
at its own location along the resistor into the node D FREF. Thus the node
DI FREF is at a voltage which is between the stored reference vol tages and
of a value which is proportional to the length of storage tine of the
addressed colum. (The dinensional |length of the resistor in the physical

| ayout is the same in each of the colum drivers and so the resistance
value fromone end to the other increases linearly along the length of the
row of 24 columm driver.) The voltage on D FREF is therefore
representative of the voltage | oss due 88 charge | eakage at the sanple and
hol d capacitor of the addressed colum driver. This function of the

ref erence col ugh, 3BchAIOGLANEH dLLAL SBEEICRLANIL FRagSRCELALL Y | mPOTtant
at high tenperatures en charge |l eakage Is increased. An a 't1 ona
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
required for the analog voltages and references to settle.

In particular the éonnections to external pins (e.g. MICIN
and AGC) have relatively large capacitances to 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 allow more than
one device to be connected (or cascaded) together in ordexr to
extend the record duration. Figure 11 shows the analog
connections for connecting several devices to a single
microphone, AGC resistor and capacitor, and loudspeaker. The
ANAOUT of one device is capacitively coupled to each of the
other devices, as well as to itself. The number of devices
that can be driven by a single pre-amplifier output depends
on the drive capability of the circuits driving the ANAOUT
pin. If additional drive capability is reqguired then an
external analog buffer can be connected between the ANAOUT
pin and the coupling cabacitors. The loudspeaker, unlike the
microphone, must be connected to the first device in the
chain. All devices are powered up together, but only one
device.is active at any one time. The EOM output is

connected to the CE of the next successive device in the



function of the reference systemis to conpensate for changes in transistor
threshel d voltage wth tenperature. The voltage read fromeach cell varies,
Wi th tenperature and woul d be observed as a change on the | evel of ASAVPN
during playback. Since all the cells are at the sane tenperature (as a
first approximation) 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 nmintai ned unchanged (as is the case for sonme applications)
then the reference systemw || conpensate for this by subtraction at the
differencing amplifier. As well as the two reference colums, there are an
additional two colums at each end of she array. These colums store
digital values and are used to indicate an end of nessage (EOM. Since the

data is in|esspsensiihvadiold gl (RN, Hg6al UeL8 Bosld gged at the
outside of the arfay. Thi's &l'so ensures ft af the referende col ums have .
menory cells orudakbssicdestel] teichas thbend:astim Ofalibeacanasngths E@Y) . The

surroundi ngs of each cell is therefore identical, allow . ng for consistent
manuf act uri ng H3E €P§F L9y to select the next device. During playback, to

maintain the pause feature without changing the device which
is active, once a device has reached 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 otherwise they will be
interpreted by the next device as an enable command. This is
available on 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 the 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
deselected 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 voltége generation is performed by on-chip
circuits - there is no need to provide external sources or
perform external regulation or waveshaping. A high speed
oscillator is buffered to produce two-phase pulse sources
before being input to the voltage multiplying charge pumps -
CHARGE PUMP, MHV and VDBL. There are no special steps taken
to make the phases nén—overlapping; however, for optimum
operation, the time duration which the two phases spend at

opposite voltages is maximized. During time periods in



electrical conditions. This is inportant for the reference colums, but not
so critical for the EOM col ums. The EOM functions in the follow ng manner.
A recordi'ng may be term nated by a request fromthe control pins (CE or
PD). The input logic transmts this request to the EOM col um 25 driver
and high vol tage progranm ng pul ses are passed to the EOM col ums. Either
the EOMcells remain fully erased or they receive all the avail able high
vol tage pulses in the event of an EOM request being received fromthe input
| ogic. Message length increnments of 25 nsecs is considered adequate, so an
end of message is allowed at the end of every second scan. This neans that
there are four possible EOM positions a0 every row Wth four EOM col uims
avai l abl e a sinple one- hot assignnent is inplenented. It would also be
possi bl e to enaade theesgrstiveoAninyg bperatithDhraBssEdgemed &.4 he posi tion
resolution of the end of nmessage is 12,5 nsecs (a scan), then
' 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 and HV

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 of times that the

voltage level on the floating gate can be changed from erased

levels to programmed levels and visa versa). With increasing

number of erase/program cycles the difference in threshold

voltage between erase and program states appears to reduce -~

a particular problem for digital memories that apply pre-

determined program pulses and compare cell characteristics

against a fixed reference. This is thought to be due to

electron trapping in the tunnel oxide which creates

opposition to the field creating the tunnel current.

Moreover, it is thought that higher tunnel current increases



threg col ums and ei ght possible progranm ng conbinations could be
utélized. Aternatively, eight colums could be used, resulting in no
decodi ng 'being required to deternine the EOM position. During recording
then, the EOM col um driver passes high voltage pul ses whenever a EQOM
request is received fromthe input logic. This is directed to only one of
the four possible EOM col unms depending on the path selected by the colum
mul ti pl exer. The recording is then term nated by disabling the wite
circuits. The result is to have erased EOM cells for the conpl ete duration
of the recorded nessage, except for the cell which is addressed at the end
of the message - this cell i.s programmedl During pl ayback, the EOM col unmms
are continually nonitored - they are connected into the sane read

configuration @ theeri®sbd Ofe biewatr s th¥heanal Pxege amredigcel | is
addressed, a high level is detected and this signal is transmtted to the

i nput | ogi c. THherpFesmhaERiTARyehEe Zatenrathe Hupyel sprreniset adependi ng on the
state of the control cikeuits . The EOM pin i txaglggn%} Qw19 ipdicate that an
EOM condi ti on was etected.sTﬁls eli mi nat es ?ﬁe need for 1he end of nmessage
.addr ess voltage across the tunnel oxide i.e. reducing the ramp rate
of CHV.
The conflict, however, 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 for 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 6f 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 - this allows the floating gate
voltage to "track" the slowly increasing clear gate voltage
with a smaller tunnel cuirent. During the coarse program
cycle, however, the cell undergoes incremental changes in
programming voltage. The corresponding increment on the
floating gate is small and the tunnel current is also small.
In the case of the coarse program cycle, 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 CRBV pulse
width to be reduced and conseguently 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 smaller.



26 (location) to be known by the external control. The external controller
; sr_L apl yi=i nstructs the preferred enbodi ment to begin playback froma start,
address and the chip will stop automatically at the end of nessage and/or
signal this condition by pulsing the EOM output. An extra row of cells is
I ncluded at the opposite end of the array to the colum drivers. This row,
referred to as the trimrow, is connected into the array i.e. to the
colums and to a special row driver, through a set of transistors that are
turned on only during a particular test node. . In this test node, the trim
row is selected and can be witten to and read fromthrough the col um
drivers. Wien the device-is not in thisi2test node, the trimrowis
configured into the read node. Sonme of the cells in the trimrow are
connected in pairsthd gubgoddpttheOhad® wWEMEhtesh ik f ierenpialicarlifier, as

descri bed previ ouslfl, to provide the trimbits. O her
variable ramp rate, depending on the present control mode

{(clear, coafse or fine) - pulse width control is performed by
" the timing circuits. The concept of a ramp limiter and the
circuit to realize it has been used in digital EEPROMS by
others. However, the improvement here is the variable slope
and also the use of current references from the analog bias
generator.
The ramp rate is determined by the current flowing in T1
{See Figure 12). As CHV rises, so the capacitor Cl couples a
current, onto the drain of Tl. If this current is greater
than the T1 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
pragtical charge pumps and pulse sources) the voltage
increase begins to slow down. This reduces the current
thréugh 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 eqgual to the current through Tl.
The purpose of T4 is to limit the drain voltage on Té 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 at about 12V. The purpose of T2 is to increase
the voltage which CHV réaches before the T3 turns on and the
limit action begins.
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, T8



bitg in the row are available for storing information - in either analog or
dlgltal fornl- for access only during test node. The advantage to using the
extra rowis that the existing witing circuits (colum drivers and X
pre-decode) can be utilized. The trimbits are required continuously by the
trimmng networks in the formof a parallel output. This arrangenent
provides this without the need for |arge anmounts of additional hardware.
The timng for the chip is derived froma single tinmebase (See Figure 7 for
a block diagramand Figure 8 for the preferred circuit). An on-chip
oscillator which has no external -conponents is used to derive all the
required clocks and timng signals. Thg, nom nal output frequency is 512
Khz. An input pin is provided should it be necessary to synchroni ze the
Chip 10 extergal (Gl 0CkenQlsdd:MBRRAREFons Lbe a11 2qubli so e¥&Ot the external
oscillator block detects the presence

electrical characteristics are matched, but the number of

component structures incorporated in each transistor is
ratioced to provide'a ratio of currents. Thus the cufrent
available from T7, T8, and T9 depends on the number of
individual components making up each transistor. Transistors
T1l through T19 are switching transistors that enable or
disable the available current from T7 through T9 to flow into

T10. Thus the current flowing into the drain of T10 depends

on the state of the signals DISCH, FINE, COURSE, CLEAR. The

preferred implementation produces the current ratio 10:10:5:1

for DISCH:FINE:COURSE:CLEAR. The current through T10 is
mirrored onto Tl 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. In other words the
general description would be a set of ratioed current sources
with a means to selectively direct each of these currents
into one transistor which is then mirrored into the ramp
limit circuit.

Another section of the RAMP LIMIT circuit consists of
T21 through T29 and C2. This section controls the rate at
wﬁich CHV ramps down. It is desirable to control the ramp
down rate so that the disturbance created by discharging the
large capacitance connected to CHV is ;educed. However, the
node must be discharged fairly quickly (about 2l secs), in
keeping with the need for a large number of CHV pulses. The

discharge transistors T27 and T28 must therefore have a high



of an,incom ng frequency and steers the external clock to the 512 Khz
oufput. "1f. 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
charging a capacitor to a certain voltage by applying a certain current.
Both the current and the voltage | evels are obtained fromthe reference
section - the voltage is fixed (VAGND) and the current is variable, however
It would al so be acceptable for this to be reversed. In fact two capacitors
are used to allow for the discharge of 48ne capacitor while the other is
bei ng charged, thus providing a nore accurate di scharge vol tage and reduced
si gnal propagadieit 0einky Sagabil gy Ba€iicanstmdletdaust Mt be Wirekeper f orm

swi tching. The output fromthe oscillator is used by the 64 Khz counter and
subsequent |y FhePRERINGP I COFPRETRALES £ABRONe| JER. FamRE9Er cirpuits 3l so

routed througBaddel! angl odfihe | AhGod Qoathd YL bp PALLEEM wmbd the correct

test node is selecte oscl I I at or out put
the circuit is controlling, the current through C2 is equal

to the current through T25. The signal DISCH goes to a low
level, allowing the gate of T28 to rise and thus discharge
CHV. As CHV falls, the coupling through C2 maintains a gate
voltage on T28 and a discharge rate of CHV such that the
current through C2 is equal to the current through T2S.

The writing algorithm requires a high voltage which is
incremented during each c¢oarse pulse, and be at a fixed level
during the clear and fine cycles. This function is performed
by the HV INC circuit. It consists of a binary counter and
analog switches shown in Figure 13 and capacitors and
comparator in Figure 14.

During the clear cycle, the signal CLEAR is low. This
résets the six-bit counter, setting all the [¢) outputs high.
The outputs of the nand gates at this time depend on the

' positions of switches SWO through SWS -~ these are metal
options that are set during manufagturing 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) - INCCK is 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 gates
-~ 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 capécitors CV0 through CVS 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



directed to the EOM pad, thus allowi ng the oscillator frequency to be
measur ed. The variable parameter. (in this case current) is adjusted by

nodi fying the appropriate trimbits until the oscillator frequency is at
the desired value. This, of course, adjusts the sanple frequency by the
sanme proportions and, as described previously, since the variable current
I's derived fromthe sane source as that which sets the filter roll-off
frequency, the filter characteristics track the oscillator and change by
the sane proportion. The ability to trimthe oscillator frequency allows an
accurate 28 setting of sanple frequency and consequently the maxi mum
recordi ng capacity of the array. Anothergsadvantage is that it allows sanple
frequency to be adjusted to suit the application. Reproduction quality can

be inproved byvh&y @8Sidl@asadlPhid fIingelaintyid abeténg0sd a0f ci@duced record
duration). However, if the application requires |onger
time, there ;s 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 allowed to rise (under control of the RAMP LIMIT
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 the capacitor CH.
CHV continues to rise until the positive charge coupled onto
the comparator }E equal to the negative charge coupled
through the Cw/capacitors and CF. At this time the
comparator output PUMPEN goes low and inhibits further
increase of CHV. This can be done by either inhibiting the
pump or by a voltage clamp circuit. In the former case, any
drop in CHV voltage (due to leakage for instance) will cause
PUMPEN to go high, enable the pump and return CHV to the
previéus level which caused the comparator to switch. Hence
CHV voltage is held at a level determined by the initial
charge coupled into the comparator when INCCK first went
high. Loss of charge 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 disabled, CHV is
ramped down and INCCK is taken low ready 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



duration then this can be achieved at the cost of quality - trinmmng allows
eithér ‘fromthe same part. It is also critical that the oscillator be
stabl e over various operating conditions such as tenperature and power

supply | evels.

If there is any variation in sanple frequency between
pl ayback and record then the reproduction quality is effected [err]

2% i s

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,

oscil |l ator

the output fromthe externa
is directed into the 64 Khz counter. The 64 Khz counter

in turn

produces the clock input for the 8 Khz gounter. The 8 Khz output is then
buffered by the Col unmm Regi ster C ock Generator (COL. REG CK GEN.

bl ock di agr amiﬁ:;:f)fn%egxg%)g b]é)fo%eo 3%&%% nfj‘t‘oelt?g% Puisd t“ahi §ltx?erco Logk pul ses.

Whenever the ¢ ower e (0] (0] ese

in the

e cl ock gener at or

applies a reseyclo aakl a Heggesvedboidie pal0 ibidppleed wontwegvster. At the

begi nni ng of every record or playback operation the clock generator

| oads a

logic "1" int PRI &F tEeatRFrEFPINTEng ddtstlethe IRt EAC Stbsequent 8 Khz

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 st;ble with VCC and
temperature and is unaffected by age and the number of write
cycles. Absolute voltage accuracy is adequate, but can be
madé more precise if necessary by use of the trim bits.

Because of the analog reference system used in the
present invention, the invention is further useful for
implementing a digital memory integrated circuit 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 nonvolatile cells of the analog
memory array. Such encoding can be done off the memory chip
by a digital to analog converter, or the chip could be
modified to provide such encoding on the memory chip. The
digital information is recovered from the analog storage
array by presenting the analog levels from the nonvolatile
analog storage array to an analog to digital converter and
outputting the digital information such as a nibble or byte
or other combination of digital information. As is the case
with the digital to analog converter, the analog to digital

converter also may or may not be fabricated on the same



clock the logic "1" is shifted along the register - all other stages are at
Ioglc "O".. The output of the |ast stage produces the 80Hz clock for the
col urm mul ti pl ex counter and is also returned to the first regi ster stage
so that the logic "1" cycles through the columm register repeatedly. The
29 single logic "1" fromthe columm register is used to successively sel ect
the columm driver and performthe sanpling into the sanple and hol d
capacitors during record and out fromthe columm drivers during playback
(The columm register function could also be perfornmed by a (nodul o-100)
counter and decoder). The columm nultiplex counter is a nodul o-8 counter
and provides the inputs to the 8:1 colunmm nultiplexers. The carry output
produces the 10Hz clock for the row counter and is also-used in the status
decode ?nd contitdgrbtecieirdlie 84 ahesnaro08E 18Nsha108t kel r Pl Gky reGei Ves

i nputs from

‘analog recording apparatus.

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

form and detail may be made therein without departing from

the spirit and scope thereof.



t he_col um reglster col um nultlplex counter and the 8 Khz counter. Its
purpose I'S he higher level timng control (or macrotim ng),

partTEUMQ&hﬁs§Q£ acvvr|te operation. The conplete wite cycle is
acco 4 e required to wite one conplete row - clearing is
perfo rom1at any one tine. Eight times during each row, or
once dur n (i.e. each passage through the colum register) the
wite CIrCUItS nust execute the coarse and the fine cycle. In terns of
timng, then, each row and al so each scan nust be subdivided into different
time slots, during which there are uni que control sequences to be
performed. The states of the address cirguits are used to define these tine
slots and consequently also used to derive the control signals associated
with clear, Cgﬁhﬁﬁsa”d fi-ne cycles. Further subdivision is done by the 8
Khz counter. For 1nstance, during each sanple of 125 m croseconds there are
periods of high voltage activity interleaved between the sanple and conpare
operations of the colunn dr&we& Ihese gu;fereqt act|V|t|e§ take place in
each sarrpl e perl od un&e?onvo atile lntegrated circuit storage device
having the capability of receiving, repetitively sampling,
storing and reproducing an analog input signal comprising:
an array of floating gate storage cells, each for
storing an analog sample of an input signal;
an input amplifier means coupled to an integrated
circuit input terminal for receiving an input signal, said
amplifier means including an automatic gain control means for
maintaining the input amplifier means output signal range
within predetermined limits;
a filter;
a plurality of sample and hold circuits, each for
sampling and temporarily holding a signal sample;
write means coupled to said plurality of sample and hold
circuits and said array of storage cells for storing in a
number of said storage cells, signal samples held in said
plurality of sample and hold circuits;
read means coupled to said array of storage cells for
sequentially reading from a number of said storage cells the
analog samples stored therein;
an output amplifier means coupled to an integrated
circuit output terminal for providing an output signal
thereto;
means for selectively coupling said filter between said
input amplifier means output and said plurality of sample and

hold circuits, whereby said filter means may provide

antialiasing for the input signal during write operations;

* c L " S *

and,




30 the control

to niq%n%ze t he amount—ef el ectri cal

OCCUE- T
al | owne

oper at i ”

necessarily

( of signals created by outputs fromthe 8 Khz counter. Al
high~ngLag§\gg£Lyity Is halted and al so additional settling time is given

0 a single sanple period; nor is each event

di sturbances that woul d ot herw se

4B repigRy switching of relatively large capacitances was
' Simul taneously with the nore sensitive anal og
ate high voltage and conpare events are not
I'm

necessarily conpleted in a single sanple period. For instance, the clear

pul se takes pl

ace over ten sanple periods w thout any conparisons,

a coarse

pul se and one conparison take place in gge sanple period and there are two
fine pulses and two conparisons in a sanple period. The fine resolution of

the control signal s,eaHL CfRt 5dHRALvelyt BLib18R¢ 3208 #i€e PRl OUSISY def i ned
by the outputs of the 64 Khz counter. Signals such as SA, SB,

nodes i s done
TA, TB_and

read means and said output amplifier means, whereby said
filter means may provide smoothing for the output signal

during read operations.

2. The nonvolatile integrated circuit storage device of
claim 1 further comprised of means for selectively decoupling
said filter from between said read means and said output
amplifier means during read operations, whereby read
operations may be executed at substantially accelerated clock

rates for test purposes.

3. The nonvolatile integrated circuit storage device of
claim-1l further comprised of means for selectively decoupling
the filter from between the input amplifier means and the
write means during write operations, whereby write operations

may be executed at substantially accelerated clock rates.

4. A nonvolatile integrated circuit storage device
having the capability of receiving, repetitively sampling,
storing and reproducing an analog input signal comprising:

an array of floating gate storage cells, each for
storing an analog sample of an input signal;

an input amplifier means coupled to an integrated
circuit input terminal for receiving an input signal;

a filter coupled to the input amplifier means during
write operations;

a piurality of sample and hold circuits, each coupled

for sampling and temporarily holding a sample of the signal

R

from said filter;



others—which are required to be swtched at short tine intervals are

< X
cokditrol |Le
counter
t he i nput
counter’

of

| evel

| iiﬁ

i

m

the 64 Khz counter. The output of the colum nultiplex

B laced t he status decode and control logic, but also to

H NMAlit is used as a switch debounce clock), to the row
mul tiplex high voltage buffer. In order to

mul tiplex the colum driver onto the colums it
voltage signals to drive the switching transistors.

I S necessary to use high
To m nimze the nunber
shifters, the outputs fromthe multiplex counter are |evel

shifted

and the high voltage outputs used to drive a nultiplexer which selects the
connection path through several transisgprs connected in series. The row
counter is clocked by the 10Hz output fromthe colum nultiplex counter. It

i's a binary counter, M GRaRRoupled! t8! S dPF1VAESES o’fosﬁ\p\iélél"ﬁi gb¥en by the
address pins AO

circuits an§ said array of storage cells for storing in a
number of said storage cells, signal samples held in the
plurality of sample and hold circuits;

read means coupled to said array of storage cells for
sequentially reading from a number of said storage cells the
analog samples stored therein;

an output amplifier means coupled to an integrated

. circuit output terminal for providing an output signal

thereto;

a filter coupled between said read means and said outéut
amplifier means during read operations for providing
smoothing for the output signal during read operations;

row and column address means coupled to the array for
addressing said specific cells within said array of storage
cells during read_and write operations;

address counter means coupled to the row and column
address means for addressing the array of storage cells in
logical sequences during read and write operations;

an oscillatox; and,

timing means coupled to the oscillator for timing the

operation of the sample and hold circuits, the row and column

. address means, the address counter means and the.read and

write means.

5. The nonvolatile integrated circuit storage device of
claim 4 wherein said sample and hold circuits are closed loop
sample and hold circuits wherein the difference between the
voltage on a holding capacitor and the signal being sampled

is amplified and used to charge the capacitor to minimize the

‘R 0K O AN



through A7. The logic level outputs fromthe nost significant bits of the
counter’ dr.ive the X-decode; the outputs of the two |least significant bits
drive the X pre- decode. The outputs of the pre-decode are |level shifted
such t hghis{Shast acgdit put is at a value equal to CHV during wite and
equal to d. MHV is a voltage of about 12V which is generated
I nternal | e punp. Unselected outputs are taken to a | ow
vol tage. The sel ected X-decode connects the four pre-decode lines onto the
sel ect gates of the array row. The unsel ected X-decodes connect a | ow
voltage onto the other rows. The | ow voltage may be VSS, but in the
preferred enbodinent it was chosen to bgijabout 1.5V - a level slightly
hi gher than VSS. The purpose is 1) to have unsel ected row sel ect gates at
1.5V, and thusyidbséndehBetiRlehagR (OLoME &L bhfocahynapsaReah@k@p W t hout
experiencing a current path to substrate caused by gated di ode breakdown at
the drain regiwoal dredpnd dappléd col uim and the sel ect gate; and 2) to
i ncrease the source voltage of undesired (field) transistors which are
formed by interconnect layers (over the-dielectrics intended for

' 6. The nonvolatile integrated circuit storage device of

claim 4 further comprised of means responsive to control
signals to decouple the filter from between said read means
and said output amplifier means during read operations to
allow testing of the nonQolatile integrated circuit storage

device at a substantially increased speed.

7. The nonvolatile integrated circuit storage device of
claim 4 further comprised of means responsive to control
signals for selectively decoupling the filter from between
the input amplifier means and the write meahs during write
operations, whereby write operations may be executed at

substantially accelerated clock rates.

8. The nonvolatile integrated circuit storage device of
claim 4 wherein during write operations, the input signal is
sequentially sampled and held in a éredetermined plurality of
sample and hold circuits, and then the plurality of input
signal samples being held are stored in an equal plurality of
storage cells while additional éamples of the input signal
are sequentially taken and held, and further comprising:

reference voltage means for providing a reference
voltage;

reference storage cells also forming part of the array
of floating gate storage cells, each for storing an analog
sample of the reference signal;

sample and hold circuits associated with said reference

I

storage cells;



insul ation) and the source and drain regions of desired thin- oxide

: trdn5|stors-kﬁeﬁeas+ﬂg~%he—source voltage by a small anount increases the

field threghald, eLfﬁUlred on the gate of these parasitic transistors
to produce fHe channel region formed by the source to |evels
whi ch .are s Iﬁ‘ | gher than conventional levels. It is in general
good practi e these currents described in 1) and 2) above, but
in any case, the source of high voltage has limted current sourcing 32
capability and unwanted current |oad can prevent the source fromreaching
the desired high .voltage | evels. There are a total of 40 X-decode circuits
(See Figure 1). Each one connects the fgyr pre-decode lines into the array,
t hus providing the addressing for 160 rows. Bringing the select gate high

connects the addr eg@.?&js QY Q6 End Rfie CAIAUMDSce 951 3G N oML Sar@BRdy T €2

operations. The X-decode
and held when the first and the last of the predetermined

plurality of input signal samples are taken; and,

means for causing the reference voltage samples to be
stored in reference storage cells when the respective
plurality of input signal samples being held are stored in

the respective storage cells.

9. The nonvolatile integrated circuit storage'device of
claim 8 further including:

means for causing the samples of the reference voltage
as stored in respective reference storage cells to be read
from reference storage cells when a signal sample stored in
any signal storage cell of the respective analog signal
sample storage cells of the array is read out of the array;

means for providing a storage cell reference voltage by
combining the reference voltages read from the reference
storage cells with a relative weighting dependent upon the
relative time the respective signal.sample was taken and held
in comparison to the times the respective reference voltage
samples were taken and held, to provide a cell reference
voltage; and,

means for taking the difference between the signal
sample read out of a storage cell of the array and the

respective cell reference voltage.

10. The integrated circuit storage device of claim 8
wherein:
the array of floating gate storage cells is arranged in

columns and rows;

_—
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also alloms the clear gates to be addressed. For readi ng and progranm ng
al b ¢l ear gates may be taken to the same voltage. However, for clearing a
parti cul arThi hvetlﬂdseaenﬁffl;bed hat row has its clear gate taken high; the

others re |tage (Figure 6). A practical difficulty is
encountered ng decode circuits into a nenory. Since the nenory
Is an array of cells- consisting of fewtransistors (in this case two)
with attention given to reducing t he physical size of these transistors, it
is difficult to performthe physical |ayout of the decode circuits which
interface to the array such that they "fit" into the sane pitch. In the
case of the columm drivers, it is done 9 mul tiplexing a colum driver with
ei ght columms, therefore there is an avallable wi dth equal to the wi dth of
ei ght colums. In the &%@?er@e L%aéed&qggedrel Lrﬁa%gg&)rl% Q%l\}\’t\%ﬁ a
pre-decode and by positioning the driving circuits for t ear gates on

t he opposite sthdesdfes o eher dgst Tlhmed admdy: t he sel ect gates are connected

into the X-decode ang:gnehselect %agefLs then used as the input to the
clear gate driver. urther comprised of:

end of message storage cells arranged in columns at the
sides of the reference storage cells; and,

means responsive to an end of message signal applied to
the integrated circuit stofage device to cause. the same to
stop a read operation or provide a signal to indicate that an

end of message marker has been encountered.

11. The integrated circuit storage device of claim 4
wherein:

the address means is also responsive to externally
appiied addressing signals to address the start of groups of

analog signal sample storage cells in the array.

12. The integrated circuit storage device of claim 11
wherein:

the address range of the externally applied addressing
signals exceed the range of addresses of the start of the
groups of analog signal sample storage cells in the array;

and further comprising;

additional storage cells addressable by externally
applied addressing signals outside the range of addresses of
the start of the groups of analog signél sample storage cells

in the array for storing digital information.

13. The integrated circuit storage device of claim 12

further comprising:

R ) YO



The purpose of the clear gate driver circuit is to apply OV to all clear

‘gqteé diring—program 10 connect the select gate to the clear gate during
cl ear, con 8CLy 4 Yad Bhoh REplasel sedl ected cl ear gate during read and connect OV to
t he during read. The advantage in taking only the
sel ect ed cI hmﬁﬂuﬂ I nstead of the whole array is the reduced | oad
that is appl cuit which generates the 4V supply, especially

since it must settle to an accurate voltage in a short tinme interval. The
address inputs A0 through A7 have an addressing capacity of 256. Since the
total nunber of rows, however, is only 160, the spare capacity can be put
to another use. The control input pins % D, [err], and [err]) perform
specific control functions. However, different applications mght prefer

different behaviomehhoMdiaged UL of ifie UhRHI 0B Seobl8 LLYHged address

capacity allows us to no ythe unction
for trimming the frequency of the oscillator of the

integrated circuit storage device.

14. The integrated circuit storage device of claim 12
further comprising:

means coupled to some of the additional storage cells
for trimming the frequency response of a filter éf the

integrated circuit storage device.

15. The integrated circuit storage device of claim 11
further comprising:
means for setting test modes within the integrated

circuit storage device.

16. The integrated circuit storage device of claim 11
further comprising means responsive to test mode settings for
mass programming of the array of signal sample storage cells

in any of a plurality of test patterns.

17. The integrated circuit storage device of claim 11
wherein:

the address range of the externally applied addressing
signals exceed the range of addresses of the start of the
groups of analog signal sample storage cells in the array;

and further comprising:

.means setting configuration modes within the integrated

circuit storage device.

18. The integrated circuit storage device of claim 4

A L

further comprising:



the pins and therefore satisfy the needs of different applications with the
sane desi gn. The higher order address bits are exam ned to establish
V\hertheﬁeﬁ—ﬁe{—t—he_address is invalid. In the case of the preferred

enbogi:n Ig e addr ess is greater than 159 it may be considered invalid
and t ¥its are then used to indicate that different control
optio@ﬁﬂ el ected. In fact only the nost significant two bits A6
and A in the preferred enbodinent. |If they are both at |ogic
"lto- correspondl ng to the range 192 to 255 - then the lower order bits A0
through A5 are used to select control options. Figure 9 shows the
arrangenent used in the preferred enbodigrent. The configuration bits are
forced to their default state during valid addresses. For an invalid
‘address the config ) puts. Figure
10 is a variation s ovmk‘?\%’a?h %leﬁjgtﬁgéo rgefjg?ghé{a%eg%g{rggg?héggval ue of the

confi gurati on dirs$.of Theomgeacdiagetdiapeates thaglositionconfddguess icdn bits can

be stored and then used at a later time for operations usi ng val i d
addr esses. | n 3 F%ro Ca%%sage signal or to reach a position quickly

without using a start address.

19. The integrated circuit storage device of claim 4
whexrein the input amplifier means includes an auvtomatic gain
control means for maintaining the input amplifier means

output signal range within predetermined limits.

20. The integrated circuit storage device of claim 4
wherein the input amplifier means includes an automatic gain
control stage and a fixed gain stage, the output of the
automatic gain controi stage and the input to the fixed gain
stage not being connected together in the integrated circuit,
but each being coupled to a respective integrated circuit
terminal whereby they may be connected together by connecting
the last named terminals together, whereby an input signal
may be coupled to the integrated circuif through the
automatic gain control stage or directly to the fixed gain

stage.

21. The nonvolatile integrated circuit storage device
of claim 4 wherein said output amplifier means provides a

double ended amplifier output signal.

22. A plurality of nonvolatile integrated circuit
storage devices, each having the capability of receiving,
repetitively sampling, storing and reproducing an analog

input signal;

each storage device having; 3—«—'““‘_"_—ﬂ"—i——_—d*—

A



34 addi ti | flexibility.is added to the device without the addition of
extia control pins.

ess pins are al so used to define test nodes.
hage hi gher than the voltages which the device
operating conditions, is applied to one of the
case of the preferred enbodi nent, the A7 pin,
detector circuit is connected to this input pin

enter a tgaks thas Baen\RQ

woul d encoﬂ
devi ce inp ”wﬂgm
Figure 1). Ahig

to detect the presence
the sel ected test node(
used to define the sele

To

of a high voltage and produce a signal which enabl es

s) . The remaining address pins A6 through AO are
cted test nodes. The purpose of the test nodes is

twofold - to reduce the length of time Rat is required to test the device

and secondly to allow a

ccess to internal circuit nodes which are not
ot herwi se directly accessi blag.aimyt ¢ flpaingcoategst9rageeceliie, tesh nodes

an input sig

whi ch cause a particul aropastttgg{n to be g\glstaﬁngpe intg t.he ar Gay,in a reduced

nunber of operations. ThI's

ng an anal
an input émplifier means coupled to an
integrated circuit input terminal for receiving an
input signal, said amplifier means including an’
automatic gain control means for maintaining the
input amplifier means output-signal range within
predetermined limits, the input amplifier means
also including a fixed gain stage, the output of
the.automatic gain control stage and the input to
the fixed gain stage not being connected together
in the integrated circuit, but each being coupled
to a respective integrated circuit terminal whereby
they may be connected together by connecting the

last named terminals together, whereby an input

signal may be coupled to the integrated circuit

"through the automatic gain control stage or

-

)

directly to the fixed gain stage;

a filter coupled to the input amplifier means
during write operations;

a plurality of sample and hold circuits, each
coupled for sampling and temporarily holding a
sample of the signal from said filter;

write means coupled to said plurality of
sample and hold circuits and said array of storage
cells for storing in a number of said storage
cells, signal samples held in the plurality of
sample and hold circuits;

read means coupled to said array of storage

cells for sequentially reading from a number of



done_by enabling groups of rows and/or colums sinultaneously - for exanple
<the outputs o counter together with their inverse signals are
forc ﬂif@etﬂaamceﬁnyymc&h sel ect either all rows simltaneously or even

nunbe nunbered rows. Simlarly the colum counter outputs
n al so be forced such that all colums or.even col ums

and t
or odd col ums onnected into the colum driver sinultaneously. Since

t he address input states defining the condition of the columm counter is

i ndependent fromthe states defining the condition of the row counter, the
test nodes for each can be selected in any conbination, e.g. odd rows with
even colums and vi sa versa. These nopdgs allom/alternatlng patterns such as
hori zontal stripes, vertical stripes, and checkerboards to be witten into

t he 35 conmpl ete ar rs%xdlsrkogagg,lq:lgl{seq“g%atlbgesa&g{ésogtoggae actual voltage
stored in the array depends on the anal og val ue _

therein;

an output amplifier means having its input
coupleable to the read means and alternatively to a
terminal of the integrated circuit, and the output
thereof coupleable to an output terminal of the
integrated circuit for providing an output signal
thereto;

a filter coupled between said read means and
said output amplifier means during read operations
for providing smoothing for the output signal
during read operations;

row and column address means coupled to the
array for addressing said specific cells within
said array of storage cells during read and write
bperations;

address counter means coupled to the row and
column address means for addressing the array of
storage cells in logical sequences during read and
write operations;

timing means for timing the operation of the
sample and hold circuits, the row and column
address means, the address counter means and the
read and write means;

the plurality of integrated circuit storage devices
being cascaded together so that during a read operation, each
device will enable the read operation of the next device when
it reaches the end of its addressable input.signal storage
cells, and tﬁe output amplifier output of each device is

coupled to a prior device in the cascaded combination of
-

| A O L

devices, whereby the output of any and all devices so



has heéd l.oaded into the sanple and hold capacitors. In addition there are
nodes which inhibit the high voltage pul ses reaching the array during
s amcycles. In these nodes all rows are sel ected,
el y erased or conpletely programred - nmass erase and
nodes allow a pattern to be | oaded quickly into the

ei ther tHu
so the ar H
mass prog _

array. There is also provision for reading the stored pattern at increased
speeds. The sanple rate during playback is increased by two possible

met hods - either apply high speed clocks to the external clock input.to

i ncrease the basic tinebase frequency, and/or enter a test node which

by- passes sone of the stages of the diviggng chain which creates the sanple
frequency. In qu@g case, the filter is removed fromthe playback signa
path by connecting iheldfvpitatde afendi bfe@hend pg. anplifier into the power
anpl i fier. Thiefi shieepssaLy; si nce the filter wouf F'bBHdPmAifiat a
frequency which is | ess than e out put 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

* c L L] S *



the igterna

nodes VCCA and CHV is provided by high voltage sw tches which
conhect * elther these nodes to a device pin [err] on selection of the

appropriate test node. To facilitate the neasurenent of actual stored
VoltaQESTﬁﬁdw&hﬁtBﬁmaﬁ daéd on, a test node causes the DI FREF i nput

di ff erenci
I nput fro
down, CHI LAYBACK/ RECORD. | nputs are al so received f

i nt er nal

36 S|gnals - power-on-reset (POR), configuration bits,
si gnal which becones active when VCC is below a certain |evel),
col um out puts,

into the

o be forced to VAGND. The input |ogic receives
s PD, CE and P/ R These are acronyns for power

rom
LOVCC (a

t he EOM
and a switch debounce cP®ck fromthe colum mul tipl ex

counter. Control signals fromthe input logic are distributed to various
parts of the I1C to control power dowapstiserenabl e and reset of var
bl ocks, the witing of EOM markers, the |atching of address inputs

INTEGRATED CIRCUIT SYSTEMS AND METHOD FOR ANALOG SIGNAL RECORDING AND

I ous

PLAYBACK
——  Integrated c1rcu1t system and method for analog signal

recording and playback having improved performance.and a very
high level of integration. The integrated circuit is
complete with preamplifier, automatic gain control, filter,
fixed references including a band gap reference, trimming,
power output amplifier, memory array, maultiple closed loop
sample and hold circuits, column decoder, column driver, row
decoder, address counters, master oscillator and chip
function timing eircuits including sample clock, charge
pumps, high voltage regulator and waveshapers, low VCC
detector, power-on reset and recording reference circuits on
a single chip. The chi§ is configurable for use of tﬁe
filter as an antialiasing input filter, as an outpﬁt
smeothing filter or to cut out the filter, preamplifier
and/or the output power filter, and for special test modes
including mass programming patterns. The system uses a
writable analog referemce scheme to put many error sources in
the common mode, and provides a double ended output for
maximum power output in a limited voltage range, and to allow
direct connection to a speaker. Trim bits are provided for
trimming the oscillator and filter so that the filter
characteristics match and track the osc1llator frequency and
provzsion is made for absolute addressrng and digital end of
message markers. Programming is by way of a multi level
iterative write process.for high resélution, with the chips
being directly cascadable. Other aspects of the integrated

circuit and its operation are disclosed.



.and thessel ection of record and playback nodes. The configuration bits
‘sel ect options between various control options; whether [err] is edge
sensitive or level sensitive; whether theg row counter is reset at the
begi nni ng of each operation or only when-ehanging fromrecord to playback

or playback to re : pl ayback st I nues when the signa
from tm-cﬁceg?m.um sﬁéﬁﬁ%’\@g | vesl2whet her Eﬁg” |out puﬁdl{bjzid,pul ses | ow
at EOM and overf | pw ¢P> Aifess counter|o (Qé y overflow’ of the

address counter; whether thef EOM markers afe rétaingd or .del eted by the
next nmessage; and whet her the playback speed is{pormal or at an accel erated
rate. These various operation nodes can be sel e¢led in any conbi nation as
descri bed earlier,[dependpgypn the state pi ns. The

accel erated pl ayback rate or flast forward ed by, the
external control |l ef @6IHgHBRe tthe position Mnd of
message. In this de t he nDdqus of the d ils reduced by
bypassi ng sone of the stageﬁl- in the case ed enbodi nent the
colum register is bypassed gﬂﬁ an acceleration factor of 100X i s achi eved.-
The audi o output is
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_di sabl'ed but the EOM markers still produce a pulse at.the [err] output—pad. .

The device is put into the fast forward and the controller asure heed
time or records the nunber of external clogk pul ses atT o ‘
out puts appear. The 37 addresses of the& next |ocatio

t he

start addresses_of the subsequent nessages and can be c

time or théycl gck Sokiht . Thi S g8 ess can then be input to the address
pins, the a pss COUNTERer me@’tﬁ—l—m-s—vﬂ ue and the playback begun from
this point. Alfernat8ly th may juse the fast forward node to

qui ckly nove to the teylf ar nessage and then, w thout changi ng
t he address cpthtetr; | ayback of the next nessage. Since the
audi o output s &Taald edcopg i n forwarid, the audi o out put begi ns at

the start ofTJthi S ANBXJONTR@GISage is way| the controller is not required
to have a resc_:'ord (MARCOTEMANG Jay bns or jaddresses corresponding to

1%
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CK GEN.
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the hegi nning or the end of the nmessages. Instead, all t o]
‘be khown is the order in which the nessages appear and f §H%ﬁg&l ﬂ“k
to be continuous wthout any spurious or residual EOM war

achi eved by recording the nessages in a congi nuous nanner

managenent of addressing during recording. The device is conflgured |nto

t he fast d] node~{T I address_counter) and as EOM pul ses
appear th yﬁ@"fﬁg Eg by t CnﬂRéé{ﬁ ol ler. en the [efr] pul ltg}ebel ongi ng
to the ne ilets-'to the uco|1ed message i s encopntered the chip is

address counter. The desired nessage is t yed bhdle. | The arr angenent
is particularly ef e | ast forjwdrifladcel erHG o i s hi gh so that
t he del ay between % LI 19 MHe spam@h and the beginning of playback is
short. The input lo lisp—aftows the device to be disabled, by bringing
[err] high, and enablingijthe dgvics @galn w t hout | oss of the contents of
t he address counter. Duri )| a§fafk DBL

di sabl ed and then jput into the normal plg de mjlhoIt resetting the
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.38 this wpuld be simlar to the "Pause" feature found on o er tyﬁEE‘BT““—“
record instruments. During power down node i.e. PD pin hlg §&mbd mmd
steps are taken to reduce power consunption, including turn

current bias sources for the anal og section. On power up, h

a finite time required for the analog voltg4ges and references to set
particul ar the connections to external pins (e.g. MC N and AGC) have
relatively | arge capacitances to drive and require a fairly long settling
time. It is desirable to have these voltages settle before nmaking a
recording. After bringing PD | ow and com ng out of power down, the device
uses the tinebase and dividing chain to provide a settling period (25
mlliseconds) before allowi ng the device to respond to a CE input. The

input logic and the analog circuits allow nore than one device to be
connected (or cascaded) together in order to

BAD GAP _ CURRENT TC
TRIMMING TRIMMING
\5 i,4'¢bits - \1: ’ 5- ansNT
POSITIVE TEMP — 1 ZERO NTC MNEGATIVE
COEFE AND TEMP COEFF TEMP COEFF
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Y
FIG. 2 | _ZTC
MPT j—-l MPL
MP3 MP4
o——
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|
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extend 4 he record duration. Figure 11 shows the anal og connections for
“connecting several devices to a single mcrophone, AGC resistor and
capacitor, and | oudspeaker. The ANACQUT of one device is capacitively

coupl ed 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 the5§ANAQUT pin. |If additiona
drive capability is required then an external anal og buffer can be
connected between 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 together, but only one device is
active at any one time. The EOM out put is connected to the CE of the next
successi ve device in the 39 chain such that, as one device reaches its
capacity and the address counter reaches the maxi numvalid address, the EOM

TO ARRAY

II ‘Il
N

(TRIMBIT TRIMBIT
TY

Y
VOLTAGE
WEIGHT
' SERGE - ouTAuT
+— AMP
LOAD LOAD
[ ] [ ]

FIG. 3



_pad goes J-ow to sel ect the next device. During playback, to maintain the
‘pause feature without changing the device which is active, once a device
has reached capacity it nust continue to produce a low | evel on EOM Wth
such a connection schene the EOM pul ses due t® end of nessage markers nust
be inhibited, as otherwise they wll be inte#greted by the next device as
an enabl e command. This is available on the device as one of the
configuration nodes. Another event ich occurs as the device reaches
capacity during playback takes place® at the power anplifier nultiplexer. As
wel | as taking EOM I ow, thecﬂulﬂlﬂﬁyer is swtched fromthe internal
source to the external pin.Ohe gaid of the power anplifier fromAUXIN to
SP+ is unity, so the out putd@mtl‘k active devi cés passed t hrough each

previous device in the chaig until |t reaches the first device, which
drives the | oudspeaker. TheQ%UXLbLLpput to the poB anplifier is also
sel ected when the device is |des¢l ected due to a h;EQ |l evel on CE. This
all ows the use of the powe i Tfifer by other pa of a system which
doesn't necessarily usg, casadi —
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_ The .hi gh,vol tage generation is performed by on-chip circuits - there is no
" need to provide external sources or performexternal 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 - CHARCE
PUMP, MHV and VDBL. There are no speci al ster taken to nmake the phases
non- over |l appi ng; however, for optinmmoperation, the tinme duration which
the two phases spend at. opposite voltages is maximzed. During time periods
in 40 which the sensitive anal og operations are performed e.g. during
sanpl e and conpare periods, the high speed oscillator is disabled to
mnimze the anount of noise coupled onto the sensitive nodes. The charge
punp which creates the signal CHV is the one used for witing into the
array. There is no attenpt nade to control CHV at the punp itself; the
control is done by two shunt elenents - the RAMP LIMT circuit and HV
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. INC,.Both-of these shunt circuits operate on the principle of voltage

regul ation by controlling a shunt current to the negative supply (VSS). The
MVHV punp creates a voltage of about 12V to assist in elimnating gated

di ode breakdown of high voltage nodes. It is also used in the read path to
reduce the inpedance of transistors which cannot be nmade physically |arge
due to layout constraints. For instance thd@ colum nultiplex transistors
and the sel ect gates should be a | ow resistance to mnim ze unwant ed

vol tage drops in the voltage foll ower 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

oxi de (the nunber of tines that the voltage |level on the floating gate can
be changed from erased |l evels to programmed | evels and visa versa). Wth

i ncreasi ng nunber of erase/programcycles the difference in threshold
vol t age between erase and program states appears to reduce - a particul ar
problem for digital nenories that apply pre- determ ned program pul ses and
conpare cell characteristics

INTERNAL
OSCILLATOR
- B
EXTERNAL _MUX N——-QUTPUT
CLOCK - -l A
SELECT
EXTERNAL
CLOCK ————] '
DETECTOR
}
RESET

FIG. 7



_agai:nst a-fixed reference. This is thought to be due to el ectron trapping
in the tunnel oxi'de which creates opposition to the field creating the
tunnel current. Moreover, it is thought that higher tunnel current
i ncreases 41 the likelihood of blowout d§ the tunnel oxide. It is
therefore desirable to reduce the tunnel currents to a mninmum This is
done by reducing the rat® of change of voltage across the tunnel oxide i.e.
reducing the ranp rate o{p CHV. The conflict, however, is that it is also
desirable to include fAny hi gh vol tage pul ses as possible in the program
cycle in order to i npApve storage resolution - this would inply a fast ranp
rate for CHV. The pygbse¢ of the RAMP LIMT circuit is to help resolve this
conflict. During the ¢ pul se, the addressed ,celd s are being taken from
a programmed conditi o An er ased condition. fﬁﬁgel current
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.is Likély-to be high because of the relatively large change in floating
gate voltage and | arge voltage difference across the tunnel oxide. It is
therefore inportant in this case to limt CHV to a slowranp rate - this
allows the floating gate voltage to "track"” §tfhe sl ow y i ncreasi ng cl ear
gate voltage with a smaller tunnel current. ring the coarse program
cycle, however, the cell undergoes increnental changes in progranmm ng
vol tage. The corresponding increnent on the floating gate is small and the
tunnel current is also small. In the case of the coarse programcycle,
t hen, since the tunnel current is linmted®y the small increments of the
peak voltage of CHV, there is no need to Ifgmit the ranp rate. The ranp can
be made quite steep, thus allow ng the CHWRyl se width to be reduced and
consequent|ly increase the nunber of pulseigthat can be included in the
coarse cycle. Sinmlarly the fine cycle hagrz®&en snaller increnents of high
vol tage applied to the cell and by the sa@% argunent the ranp rate can be
hi gher and the pulse width smaller.
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. 42 The*purpose of the RAMP LIMT circuit is to provide a variable ranp
rate, depending on the present control node (clear, coarse or fine) - pul se
wi dth control is performed by the timng circuits. The concept of a ranp
limter and the circuit to realize it has an used in digital EEPROVS by
ot hers. However, the inprovenent here is the-variable slope and also the
use of current references fromthe anal og bias generator. The ranp rate is
determ ned by the current flowing in Tl (See Figure 12). As CHV rises, so
the capacitor Cl couples a current, onto the draigpg of T1. If this current
is greater than the T1 drain current, then the v@tage on T1 drain
increases. T3 turns on and shunts current from CH/ through T4, T3, and T2
to VSS. Since the CHV voltage has a limted sour urrent (it actually has
a high equivalent internal resistance of the ordeptef tens or hundreds of
kil ohms for practical charge punps and pul se sourze@) the voltage increase
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. thrgudﬁ Cl, the voltage on the gate of T3 reduces and CHV ranp rate
increases. The circuit actually stabilizes so that the current through Cl

is equal to the current through TI1.

of T4 istolimt the drain

voltage on T3 so that a gated di ode breakdown path does not occur (this

would Iimt the maxi mum vol t age at
gated diode path since its gate is

about 12V. The purpose
before the T3 turns on
incorporated in transistiors T6 throu
received fromthe curien

T8 43 and T9. Jr—al i
characteristics gre

i ncorporated in gach tr

nsistor is

The pur fjd3e
i nal e by G
t MyVv, whic
—T2—s tu.im,rsésdbtr f he
nd the |i acgs on=p
rT%gh T20.—A.%
bi as generator a m
n £ di nensions are g |
tff€d, but the number pf

T4 does not create a
h in turn i s maintained. at
vol t age whi ch CHV reaches
ns. The inprovenents are
rrent reference IRAMP i s
frored into transistors T7,
bqual so that electrica
component structures
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_ratjoed to provide a ratio of currents. Thus the current available fromT7,
T8, and T9 depends on the nunber of individual conponents making up each
transi stor. Transistors T11l through T19 are switching transistors that
enabl e or disable the available current frbd T7 through T9 to flowinto
T10. Thus the current flowng into the drain of T10 depends on the state of
the signals [err]. The preferred inplenentation produces the current ratio
10:10: %:1 for [err] The current through T10 is mrrored onto T1 and
theref¢re controls théﬁpositive going ranp rate of CHV. The current mrrors
coul d be inplenente@:ﬂﬂ n-channel transistors referenced to VSS, with

swi tches i npl enent -channel transistors or n and p-channel

transi . I3l so|the control signals may not necessarily be dedicated to a
particyl ar is possible for a coded set of input signals to be
appl i eq- he general description would be a set of ratioed

currenf sources|wgd] a neans to selectively direct each of these currents
into ope traq>|stqﬁf ichis then mirrored into the i\ limt circuit.
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_ Aot het section of the RAMP LIMT circuit consists of T21 through T29 and
C2. This section controls the rate at which CHV ranps down. It is desirable
to control the ranp down rate so that the disturbance created by
di scharging the | arge capacitance connectfd to CHV is reduced. However, the
node nust be discharged fairly quickly (abput [err] secs), in keeping with
t he need .| The discharge transijatprs T27
and T28 |nust thereflore have a high 44 rent ST R capabi---aShut
nevert hel epOpmust [Bt| be al o] t an uncontjol | ed If&shi on. The
Cirduit operates in a s|mlar f aksTij ¢ np uplicircuit.
Waen the| c| rcdise i sI0E ol Tring, the current | s equgl to the
current fth ghQr2s__iThe {si gnal DI SCH goes; t o] —ary Wi ng the
gate of [ 0 i se and tfhus dischafge CH%_ = al | tlhe coupling
t hrough C2 | nflai ns a g4te vol t ageld 8,and‘a—dfscharqE'TQIEL§§ CHV such
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_curyeft through C2 is equal to the current through T25. The writing
“algorithmrequires a high voltage which is incremented during each coarse
pul se, and be at a fixed |level during the clear and fine cycles. This
function is performed by the HV. INC circuit. It consists of a binary -
counter and anal og switches shown in Figuf& 13 and capacitors and
conparator in Figure 14. During the clear cycle, the signal CLEAR is | ow.
This resets the six-bit counter, setting all the [err] outputs high. The
outputs of the nand gates at this tine depend on the positions of swtches
SWO t hrough SWb - these are netal options that are set during manufacturing
and cannot be changed afterwards. The signal | NCCK changes state from | ow
to high (as it does at the beginning of each high voltage pulse) - INCCK is
the inverse signal and is non-overlapping with INCCK. Thus the signals |INCO
t hrough I NC5 change from VAGND (1.5V) to VSS depending on the output of the
nand gates - _if the nand gate output is WN@ﬁwjhen the I NC out put sw tches

from VAGND to VSS; if the nand gat e out puit—s thgn t he 1 NC _qut put
remai ns at VAGND. The INC signals are
CHV>—e ! v
CH| :
J |
CHe S N T
i * | Il
CH3 ' 1 PD : IR S
[ I
INCO>——] — o
GVl JACNDB
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apphed‘ to capacitors CVO through CV5 of Figure 1 Lotslg,g.,' ut to capacitor
CFis switched from VAGND to VSS, the inverting input to the compar at or

whi ch had previously been charged to 45 VAGND i s E#%ased, and since CHV
is not changing at this tine, there is a resultant negative voltage
transition on the inverting |nput to the conparator and consequently its
out put PUMPEN goes high. CHV, whi &BSI®RAGFeviously been held at VSS, is now
allowed to rise (under control of the RAMP LIMT circuit). This couples a

positive-going voltage into the inverting input of the conparator. The

e AR AR el

capacitors and CF. At this time the conparator output PUVPEN goes | ow and
inhibits further increase of CHV. This can be done by either inhibiting the

Integrated circuit system and method for analog signal recording
and playback having improved performance and a very high level of integration.
The integrated circuit is complete with preamplifier, automatic gain control,
filter, fixed references including a band cap reference, trimming, power output
amplifier, memory array, multiple closed loop sample and hold circuits, column
decoder, column driver, row decoder, address counters, master oscillator and
chip function timing circuits including sample clock, charge pumps, high voltage
regulator and waveshapes, low VCC detector, power on rest and recording
reference circuits on a single chip. The chip is configurable for use of the filter
as an antialiasing input filter, as an output smoothing filter or to cut out the filter,
preamplifier and/or the output power filter, and for special test modes including
mass programming patterns.
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punp or by a voltage clamp circuit. In the former case, any drop in CHV
vol tage (due to | eakage for instanc€) w Il cause PUVWPEN to go hi gh, enable
the punp and return CHV to the previous | evel which caused the conparator
to switch. Hence CHV voltage is held at a lNevel determ ned by the initial

char ge couQIe into fhe ent h%g@i Loss of
char ge dué ool B | t he
capaC|t|ver coupl ed

- of - which is the
case for the fairly short tinejperiods invol ved—tg—few mlliseconds
maxi mum) . At the end of a high|voltage pul se, th punp I's disabled, CHV is
ranped down and | N w ready for, ext pulse. The m ni mum

| evel of CHV occurs i nputs to t{EAMIDE eammemmrrs remain at
VAG\D i.e. when all th@SCU&ATRH hits are redet, TﬂﬁéGRESET=§t§EEILis hi gh
and all the nand outfduts are | owfas occurs 4gt, CHERS nni g of the coarse
cycle. CHV voltage at this tlm&SFS deternined“ﬁ?mpﬁ% dtid of CF and CH and
t he val ue of VAG\D. The counte
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46 ﬁncr%nented before each-high voltage pulse in the coarse cycle and a

negative going pulse is applied to the CV capacitor
The val ues of the CV capacitors are weighted to
e fine cycle,

bit of the counter

is set.
give the desired increments to CHV. During t
nd the counter value remains at the maxi num

~O- PR |nno\

P

not receive any, cl
count attained
coarse cycle the c

PUN

)un{: )|

he gcrig se cycl e.

I f the correspondi ng
t he counter does

At the begi nning of each

gf t

*set. The voltTags

aY

»

reference VAGND i s derived

from a bandgap ref é+enege and ofe extfenely stable with VCC and
tenperature and is_unaff ted d the punmber of wite cycles.
Absol ute vol t age accg but cap be nmade nore precise if
necessary by uséerpf tEEﬁ% igﬁ, Becplse of [t he anal og reference system
used in the present KHMQG hﬂﬂs)th invenption |s further useful for
inplementing a digital mermory integratef circhit where the inplementation
of the digital ne the| digita
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|nhornat|on i s encoded as anal og information such as voltage |evels to be
stored in the nonvolatile cells of the anal og menory array. Such encodi ng

can be done off the menory chip by a digital

to anal og converter, or the

chip could be nodified to provide such encodighg on the nenory chrp The
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obvi ous to-those, skilled in the art that various changes in form and det ai
may be made therein wthout departing fromthe spirit and scope thereof.
CLAIMS: 1. A nonvolatile integrated circuit storage device having the
capability of receiving, repetitively sanpling, storing and reproduci ng an
anal og i nput signal conprising: an array of 4 oating gate storage cells,
each for storing an anal og sanple of an input signal; an input anmplifier
means coupled to an integrated circuit input termnal for receiving an
input signal; a plurality of sanple and hold circuits, each coupled for
sanpling and tenporarily holding a sanple of the signal fromsaid input
anplifier nmeans; wite neans coupled to said plurality of sanple and hold
circuits and said array of floating gate storage cells for storing in a
nunber of said floating gate storage
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cell's, signal sanples Heb®amAthe plurality of sdRFFLACREENDSHERIS, i 89,
wherein during wite opeg@sions, the input sipriéDesesigioguangihi-ljo $ags ed
and held in a-predetermned plurality of sanp| &% &feintel d :gegedit to paged £5el

the plurality of input signal sanples being helld Daeeirs{)redged.ato ggged .-..
plurality of storage cells while additional shril4dsiradt t heapablt tsipgpeal ..‘.aré
sequentially taken and hel d; read neans,couplped to said array of floating
gate storage cells for sequentially rea&i ng f| ogwgrNEELR Cgip'réﬂﬁ”@ald
floating gate storage CeINTEGRAEEDCARCULTS SHETEMS et

anplifier nmeans coupled to_an:i ntI%%rated circuit -oulégut termnal for
provi di ng an out put si GRRIPNMRE SIGNAE RFQARANG PIPFLAYBAEE s neans coupled to

the array of

The  pzese~t relates to the field of integrated circuit
analog signal recording and playback devices and methods
wherein an analog signals are directly stored in and read out

from a plurality of memory cells.

2. pxiorArt
U.S. Patent ﬁq;'4,890,259 discloses a nonvolatile high
density integratéd circuit analog signal recording and
playback system whe:éin an analog input signal is sampled a
-plurality of times and then, as additional samples are being
taken and temporarily held, a prior set of samples of the
analog signal are parallel loaded into a plur#lity of storage
sites or cells, each comprising nonvolatile floating gate
memory cells, preferably EEPROM cells. 1In that system,
writing of the groups of samples into the respective storage
cells is done by iteratively providing a write pulse followed
by a read operation for thé'respective cells to compare the’
information stored in each céll with the information held by
the respective sample and hold circuit. During the m
successive write read operations, the write pulse is
increased in amplitude, with the wiite pulses to any cell
being stopped or decoupled from the cell when the infd?mation
read from the cell in the last read operation.equaled the
value held in the respective Sample and hold circuit. To
provide time for the successive write reaq_ope:ations, a
. .plurality of sample and hold circuits are.provided so that an'
equél plurality of cells may be loaded or written to at one
time. Still, because of practical limitations in the number

of sample and hold circuits which may be provided and the :
| | This is the replacement sheet



floating gate storage cells for addressing specific cells within said array
of floating gate storage cells during.read and wite operations; address

» counter means coupled to the row and col utm address neans for addressing
the array of floating gate storage cells in ]Jogical sequences during read

and wite operations; reference voltage neans for providing a reference

vol tage; reference storage cells also formng part of the array of floating

gate storage cells, each for storing an anal og sanple of the reference

voltage; sanmple and hold circuits associated with said reference

storage cells; neans for causing the reference voltage to be sanpled and

hel d when a first and a last of the pre@letermined plurality of input signal
sanpl es are taken;

BRIEE DESCRIPTION OF THE DRAWINGS

Figures 1A - 1C is a block diagram of.a preferred embodiment of
 an integrated circuit analog signal record and playback
- system in accordance with the present invention.

Figure 2 is a block diagram level rebresentation'of a
trimming hierarchy in the reference generation block of the
circuit which makes use of certain EEPROM cells, allowing the
same 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 differeﬁtial weighted
sensing scheme for the trim cells.

Figure 4 is a circuit diagram illustrating the current
bias distribution scheme.

Figure 5 is a circuit diagram for the closed loop samplé
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 the preseAt invention,

Figure 7.is a block diagram of the clock circuit of the

present invention.

Figure B is a circuit diagram of the clock circuit of
Figure 7.

Figure 9 is a block diagram for the circuit for
detecting invalid addresses and the use of the same to
control configuraﬁion bits for the iﬁtegrated circuit system.

Figure 10 illustrates a variation of Figure 9 showing
the addition of”a latch to store the value of the

configuration bits. - _
| This is the replacement sheet
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50 nmeans for causing the reference voltage sanples to be stored in
reference storage cells when the respective plurality of input signal
“saml es being held are stored in the respective storage cells; neans for
causing the sanples of the reference voltage.as stored in respective
reference storage cells to be read fromreference storage cells when a
signal sanple stored in any signal storage cell of the respective anal og
signal sanple storage cells of the array is read out of the array; neans
for providing a storage cell reference voltage by conbining the reference
vol tages read fromthe reference storage cells with a relative weighting
dependent upon the relative tine the re§bective signal sanple was taken and
held in conparison to the tinmes the respective reference voltage sanples

were taken and hel ¢igh RiOMAAR end @hh1dLESIRBELontOEbAGRNnattdngraNs for
taking the difference between the signal sanple read out of a storage cell

of the array aperarRé devdgesttiove eilglermicaprinse, ASC gerpistor and

capacitor, and loudspeaker for cascading multiple devices to
extend the record and/or plaQback time in a simple and
efficient manner.

Figure 12 is a circuit diagram for the high voltage ramp

up and ramp down circuit used in the preferred embodiment.

Figure 13 is a circuit diagram of a binary counter and
analog switches of a high voltage increment circuit called the
HV INC circuit.

Figure 14 is a circuit diagram of the capacitors and
comparator of a high voltage increment circuit called the

HV INC circuit.
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2. .The nonvol atile integrated circuit storage device of claim1l wherein
said sanple and hold circuits are closed | oop sanple and hold circuits
~wherein the difference between the voltage on a hol ding capacitor and the
signal being sanpled is anplified and used to charge the hol ding capacitor
to mnimze the difference between the voltage on said hol ding capacitor
and the signal being sanpl ed. 51 3. The integrated circuit storage
device of <claim 1 wherein: the array of floating gate storage cells is
arranged in colums and rows; the reference floating gate storage cells are
arranged in colums at the sides of the |last nanmed array; and further
conprised of: floating gate storage ceIE; used for indicating end of
message arranged in columms at the side§ of the reference :

this event the external oscillator block detects the presence
oflan 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 oscillatér block gates the internal
oscillator to the 512 Khz output.

The internal oscillator is of the relaxation type and
operates on the principlg of charging a capacitor to a
certain voltage by applying a certain current. Both the
current and the yoltage 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 for the discharge of one capacitor while the other is
being charged, thus providing a more.accurate discharge
voitage and reduced signal prépagation delays in the sections
of the circuit which perform~switching. The output from the
oscillator is used by the 64 Khz counter and subsequently the
timing circuits and sample clock. However, it is also routed
through additional test logic to an output pad (ESE). If the
correct test mode is selécted the oscillator output is
directed to the EOM pad, thus aliowing the oscillatoer
frequency to be measured. The variable parameter (in this
case current) is adjuéted by modifying the appropriate trim
bits until the oscillator frequency_is at the desired wvalue.

This, of course, adjusts the gample frequency by the same
proportions and, as déscribed previously, since the yariable
current is derived from the same source as that which sets
the filter roll-off frequency, the filter characteristics
track the oscillator and change by the same proportion. The
ability to trim the oscillator freqﬁency allows an-accurate
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floating gate storage cells; and, neans respon5|ve to an end of nessage
signal applied to the |ntegrated circuifgstora t he

integrated circuit storage device to stop a read; ation or prOV|de a
signal to indicate that an end of nessage si gnal ﬁﬁ mﬂmjmmered 4,
The integ&ib&ﬁs*perU|t storage device t he
address neans 1s al so responsive to externally applled ad&re S|hg si gnal s.
5. The integrated circuit storage device of claim4 further conpri sing:

52 neans for setting test nodes within the integrated circuit storage
device. 6. The integrated circuit storage device of claim4 further

conprising 1nea£sngg§89g§5_ig ti%ée%%:tatrgajecfféﬁi@gﬁttﬂﬁggaséevice having

the capability of receiving, repetitively sampling, storing

and reproducing an analog input signal comprising:

an array of floating gate storage cells, each for

storing an analog sample of an input signal;

an input amplifier means coupled to an integrated

circuit input terminal for receiving an input signal;

a plurality of sample aﬁd hold circuits, each coupled
for sampling and_temporarily holding a sample of the signal

from said input amplifier means;

write means coupled to said plurality of sample and
hold circuits and said array of floating gate storage cells
for storing in a number of said floating gate Storage
cells, signal samples held in the plurality of sample and
hold: circuits, wherein during write operations, the input
signal is sequentially sampled and held in a predetermined
plurality of sample and hold circuits, and then the
plurality of input signal samples being held are stored in
an equal plurality of storage cells while additional

samples of the input signal are sequentially taken and
held;

read means coupled to saég array of floating gate

storage cells for sequentiall 'reading from a number of

t sheet
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programai ' y of signal sanple storage cells in any of a
pIuTallﬁmﬂgm [mgrns. 7. The integgated circuit storage device of
claim 6% A ed of neans for witing the test patterns in a

reduced tine period using multiple selection.of rows and colums of the

array. 8. rgt% r&“é&of& éaasﬁswt%% %{nacl' Bl 58088 Of

t he pIurallty of test ns Is at | east one alternating pattern of

vol tages. %hebedn;ntegrated circuit storage device of claim8 wherein the
plurality of test patterns i ncl udes horizontal stripe, vertical stripe, and
checker board patterns The integrated circuit storage device of

claim4 wherein: g %&g&[rféfef a?}%%é%‘; &B&gfé?ertﬂg' L% a?Rt:é‘?’?at

addr essi ng S|gn§1s excge ange o esse anal og s gna
circuit output terminal for providing an output signal

thereto;

row and column address means coupled to the array of
floating gate storage cells for addressing specific cells
within said array of floating gate storage cells during

read and write operations;

address counter means coupled to the row and column
address means for addressing the array of floating gate

storage cells in logical sequences during read and write

operations;

reference wvoltage means for providing a reference

voltage;

reference storage cells also forming part of the array

of floating gate storage cells, each for storing an analog

.sample of the referencé voltage;

sample and hold «circuits associated with said

reference storage cells;

means for causing the reference voltage to be sampled
and held when a first and a last of the predetermined

plurality of input signal samples are taken;

This is the replacement sheet

pate: 06 APR.m-'



sanpl e storage cells in the array; and further conprising: neans setting -
confi-guration nodes W thin the intggrated circuit storage device. 11.
The integrated circuit storage device of claim4 wherein: the address range
of the externally applied addressing signals.exceeds the range of addresses

of the anal og sixals Sﬁﬁm@a@é%@gﬁhéekéﬁekénééev@lﬁz%e HHhg1ed Nes be
conprising; additional storage cells addressable by externally applied

addr essi ng stigyredd s iout sieferemeer aﬁgeregeaddeéisesvvbént hehanaregpscgmae
sanpl e stor in the arra r stoting dL it i.nformation. The
ol Dgr at od BNt O oy PLanal | SREPLPRS DEAPEN b1 ARe o gt edotis
coupled to %:P Ed:.%@?éc%t rAge ceIIsfor trimmng the

? OSCl

frequency |'ator ~ of the integrated circuit storage device.

means for causing the samples of the reference voltage
as stored in respective reference storage cells to be read
from reference storage cells when a signal sample stored in
any signal storage cell of the respective analog signal

sample storage cells of the array is read out of the array;

means for providing a storage cell reference voltage
by combining the reference voltages read from the reference
storage cells with a relative weighting dependent upon the
relative time the respective signal sample was taken and
held in comparison to the times the respective reference

voltage samples were taken and held, to provide a cell

reference voltage; and

means for taking the difference between the signal
sample read out of a storage cell of the array and the

respective cell reference voltage.

2. The nonvolatile integrated circuit storage device of
claim 1 wherein said sample and hold circuits are closed
loop sample and hold circuits wherein the difference
between the voltage on a holding capacitor and the signal
being sampled is amplified and used to charge the holding
capacitor to minimize the difference between the voltage on
said holding capacitor and the signal being sampled.

- |
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54 '13. The integrated circuit storage device of claim12 wherein the
addi ti onal storage cells forman extension.of the array of floating gate
storage cells, whereby the wite nmeans for the array of floating gate
storage cells nay be used also by the additional storage cells when storing
digital information therein. 14. The integrated circuit storage device of
claim 1l wherein at | east sone of the additional storage cells are used in

pairs wthadi f igeentintlegradied | @49lcudtoy/st0ate t Astide téf MPldsmfor the
nonvol atile integrated circuit storage device, each such pair of additional
st orage cewherdnng coupled to a differential sense anplifier with input
weighting to force the differential sense anplifier output to a default

| evel when the trimcells are in their native unprogrammed condition, each

such pair of adgild %aftafaﬁqoaelihg RRivYW PESBEGETRRhE ! O d OREBahbEd
differential sense anplifier output fo™a |evel opposite to the defallt
in columns and rows; '

the reference floating gate storage cells are arranged

in columns at the sides of the last named array;
and further comprised of:

floating gate storage cells used for indicating end of
message arranged in columns at the sides of the reference

floating gate storage cells; and,

means responsive to an end of message signal épplied
to the integrated circuit storage device to cause the
integrated circuit storage device to stop a read operation
or provide a signal to indicate that an end of message

signal has been encountered.

4. The integrated d;gcuit storage device of claim 1

. b
wherein: -

the address means is also responsive to externally

applied addressing signals.

5. The integrated circuit storage device of claim 4 further

comprising:

”!mlc, ",I,L, l""" "I'sl " ,!ll | | | | This is the replacement sheet .
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| evel when the trimcells are in their native unprogranmed -condition. 15.
The integrated circuit storage device of_claim14 further conprising: neans
-coupl ed to sone of the additional storad% cells for trinmmng the frequency
of the oscillator of the integrated circuit storage device; 55 neans
coupled to sone of the additional storage cells for trinmng the frequency
response of the filter of the integrated circuit storage device, the

oscil | at or médndi Fber sethangngesta modeequicticin thedintbyequedcyiraudsponse
respectively which are trinmmable in unison responsive to a trimcurrent,;
and, a bandge@raee edeVitee neans for providing a trimecurrent to the
oscillator and to the filter. 16. The integrated circuit storage device of
claim 11 '

6. The integrated circuit storage device of claim 4 further
comprising means.‘tesponsive to test mode settings for mass
programming of the array of signal sample storage cells in

any of a plurality of test patterns.

7. The integrated circuit storage device of claim 6 further
cbmprised of means for writing the test patterns in a
reduced time period using multiple selection of rows and

columns of the array.

8. The integrated circuit storage device of claim 7 wherein
one of the plurality of test patterns is at least one

alternating pattern of voltages.

9. The integrated circuit storage device of claim 8 wherein
the plurality of test patterns includes horizontal stripe,

vertical stripe, and checkerboard patterns.

10. The integrated circuit storage device of claim 4
wherein:
. :

L L
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further conprising: neans coupled to sone of the additional storage cells

“for trimmng the frequency response of sgid filter of the integrated
circuit storage device. 17. The integrafed circuit storage device of claim

1 wherein the wite neans stores the signal sanples held in the plurality

of sanple and hohfl Gldfildss ’}"ﬁ‘ﬁ:‘ﬁ)s&% agher SAld BLPYapsPetd t hdgkdsVh§i NI

each cell with a voltage pul se wed by reading the voltage so stored in
the cell andgriipardtgeddetlsaneange hofhaddakssebelof ithd hnabspesignal
sanpl e and hold circuit until the desired conparison is reached, successive
vol t age pulssapliseistPrage F@rlddsiimy thepRirdde, the integrated circuit
storage device further conprising circuit neans for providi ng successive
vol tage pul se ranps of nore than one pulse width to programthe cells.

56 and further comprising:

means setting configuration modes within the

integrated circuit storage device.

11. The integrated circuit storage device of claim 4

wherein:

the address range of the externally applied addressing
signals exceeds the range of addresses of the analog signal

sample storage cells in the array;

and further comprising;'

additional storage cells addressable by externally
applied addressing signals outside the range of addresses

of the analog signal sample storage cells in the array for

storing digital information.

12. The integrated circuit storage device of claim 11

‘further cowmprising:

means coupled to some of the additional storage cells
for trimming the frequency of the - oscillator of the

integrated circuit storage device.
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18. The integrated circuit storage device of claim 17 wherein a successive
vol tage pulse ranp is conprised of pulsgg of a pulse width less than the
precedi ng voltage pul se ranp. 19. The integrated circuit storage device of
claim 18 wherein the starting voltage of a successive pulse trainis
dependent upon the voltage of the pulse of the prior pulse train for which
the desired conpari son between the voltage stored in the cell and the val ue
held in thel3 es(iket | iategmpkedandihocuilt ci stordagevasieotitca nef 20aiwhel2
integrated circujt storag .device of claiml1l further conprising a filter

coupl ed to YMFSHbUERENBRARFEPIASARF BRI S 18 eTBF8r &1 oFkteBdIorhet
| ntegrat ed Gid Qiia Pl Of WS Sl e CLALLAGD n%é'ii@?rwﬁgg%&:%%% pEags for

coupling the bet ween sal ead nmeans” and sai d out put nmeans
during readneypey afdbponghkoaragyich nfleapihndii ggtéostorageutqellsi gagl bauri ng
read operations. 22. The .integrated circuit storage device of claim
21 further ©SgmpriddE&® oPYneeh @%%&mr@é t §tesageolcelmamhary storing

digital information therein.

14. The integrated  circuit storage device of claim 11
wherein at least some of the additional storage cells are
used in pairs with differential logic level programming to
store trim bits for the nonvolatile integrated circuit
storage device, each such pair of additional storage cells
being coupled to a differential sense amplifier with input
weighting to force the differential sense amplifier output
to a default level when the trim cells are in their native
unprogrammed condition, each such pair of additional
storage cells being programmable to force the differential
sense amplifier output to a level opposite to the default

level when the trim cells are in their native unprogrammed

condition.

15. The integrated circuit storage device of claim 14

further comprising:

means coupled to some of the additional storage cells

for trimming the frequency of the oscillator of the

integrated circuit storage device;

—_—

, ’!'mc’m'” '""" ”ll' " l!', | | | | This is the replacement sheet

Date: 06 APR 1000



decouple the filter frombetween said read nmeans and said output anplifier
means during read operations to allow testing of the nonvolatile integrated

circuit storage device at a substantiall% increased speed.

57 23. The

nonvol atile integrated circuit storage device of claim?20 further conprised
of nmeans for selectively decoupling the filter from bet ween t he I nput '
anplifier neansmmﬁnﬁrﬂpuwl@é ﬁéaﬁ@méuﬁﬁufﬂﬁ|%@dbﬁé@%§loﬁ§°rﬂﬁérgﬁ}¥ﬁ|te

oper at i ons

substantl [l yve a cleck.,rates.
24. Theirﬂ@ﬁﬁafﬁam@FPQU| st€¥%%%eﬁ%¥|5§sgp .é% Eﬁurtlgﬁﬁg%néglgPﬁ
fast forwarghd®ans.d® acLebeiat estbeagddr ae6ing, of thBe aetay latost Omuge
cells to locate the position or address of an end of nessage signal or to

reach a posfilter quikskringy t lout frsquencwt andddfaeguency

response

respectively which are trimmable in unison responsive to a
trim current; and,

a bandgap reference means for providing a trim current

to the oscillator and to the filter.

16. The integrated circuit storage device of claim 11

further comprising:

means coupled to some of the additional storage cells

for trimming the frequency response of said filter of the

integrated circuit storage device.

17. The integrated circuit storage device of claim 1
wherein the write means stores the signal samples held in
the plurality of sample and hold circuits in said storage
ceils by repetitively pulsing each cell with a voltage
pulse followed by reading the voltage so stored in the cell
and comparing the same with the value held in the
respective sample and hold circuit wuntil the desired
comparison is reached, successive voltage pulses being of
increasing amplitude, the integrated circuit storage device
further comprising circuit means for providing successive

voltage pulse ramps of more than one pulse width to program
the cells. '

-

LI
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25.  The. integrated circuit storage device of claim 1 wherein the

I nput anplifier nmeans includes an autong%ic gain control neans for

‘mai ntaining the input anplifier neans output signal range within
predetermned limts. 26. The integrated circuit storage device of claim?25

wherein th tt ak sg t}] r o] I3 ai\ C s 0 ans
are both sgsﬁabﬁggbyggtégkgﬁéaex%gfﬁ% tg)r egs‘%%%tg a%végggcib?or eﬁ!g&a%fz?.
The i nt egr aited-edin cai tsudawsgisralevbleageé ghsige lraher eisn domprimed of
anplified means includes an automatic_gain control stage and a fixed gain

stage, theddisaR of thepulfenatidtlyalaseotthed thagPrarPding | VpLEags t he

fi xed gai n_st,aqe bei ng connected together in the integrated circuit,
SR

but each b&Hh €d to a respective integrated circuit term nal whereby

they may be connected together by connecting the |ast nanmed term nals
t oget her, whereby an
19. The integrated circuit storage device of claim 18
wherein the starting voltage of a successive pulse train is
dependent upon the voltage of the pulée of the prior pulse
train for whiéh the desired comparison between the voltage
stored in the cell and the wvalue held in the respective

sample and hold circuit was obtained.

20. The integrated circuit storage device of c¢laim 1
further comprising a filter coupled to the input amplifier

means during write operations.

21. The integrated circuit storage device of c¢laim 20
further comprising means for coupling the filter between
said read means and said output amplifier means during read

operations for providing smoothing for the output signal

during read operations.

22. The integrate@ circuit storage device of claim 21
further comprised of means responsive to control. signals to
decouple the filter from between said read meané and said
output_ amplifier wmeans during read operations to allow
testing of the nonvolatile integrated circuit storage

device at a substantially increased speed.

* [ L L] $ *
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“input signal may be coupled to the integrated circuit through the automatic
gain control stage or directly to the fixed gain stage. 28. The nonvol atile
integrated circuit storage device of cld&m 1 wherein said output anplifier
means provi des a double ended anplifier output signal. 29. The nonvolatile
integrated circuit storage device of claim1 wherein the oscillator and
filter have tracking frequency characteristics dependent on the resistance
of a plurality of MOSFETs, and further conprising a high voltage supply on
the integrated circuit for providing a voltage within the integrated
circuit sulg3anthal Inorhuiet # poirtegpavedy airagr tf ostbeagat elpvdiesd ofr cui t
to control the voltage on the gates of the plurality of MOSFETs, thereby
provi di ng eldider 3ot efuskhes comgsisedal Pdw MR ockRE, ESEABEEAVEL¥ and

ot nge. PP de SRR L "RH1ECRe PESY' d5hied " ThgRR Chnp R Y er
means and the write means during write operations, whereby
write operations may - be executed at substantially

accelerated clock rates.

24. The integrated circuit storage device of claim 1

further comprising:

fast forward means to accelerate the addressing of the
array of storage cells to locate the position or address of
an end of message signal or to reach a position quickly

without using a start address.

25. The integrated circuit storage device of claim 1
wherein the input amplifier means includes an automatic
gain control means for maintaining the input amplifier

means output signal range within predetermined limits.

26. The integrated circuit storage device of claim 25
wherein the attack and release times for the automatic gain

control means are both settable by a single external

resistor and capacitor.
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59°30. The nonvolatile integrated circuit storage device of claim29
wherein the plurality of MOSFETs are | o# t hreshol d MOSFETs. 31. The

nonvol atile integrated circuit storage device of claim1 further conprised
of a high voltage reference on the integrated circuit coupled to a power

i nput termphal  ghat h?nb@&‘éﬂ!’:é&“v‘dcﬂréﬁﬂtt £ 0P, at&e\‘?iééu'éﬁ tapsgan at
vol t ages above the voltage on the power input Termnal. 32. The nonvolatile

i nt egr at edwhieredint tsher dgputevampldfieliaimednd unnﬂmdrudampanseaiubcbmatlc
regul ated voltage reference on the integrated circuit coggl ed to a power

i nput t er MIAAR STONEROL NPT 83%cid cﬁ%e@ogerl&v.%ré%gu Be PR aﬁd

clear gate I r | n ]
t her ef or. 51% %%g%?nﬁ egré\;t(;ale%l (%‘lro(r}l\é:w tl %tt% an e\%?lceye (r)}&@faél(r?n %ur
conpri sed @faimhpitadedOhét NBRARGE thﬁﬁl&fté@%b@éﬂ‘i@ﬁt Hans iheegﬁaeeaat ed

circuit not operational during certain nodes of operation of the storage
devi ce. 34cimealiitnt dptatearkipeing seouvpigé feviecerefpetive 38ntegrated

circuit terminal whereby they may be connected together by
connecting the last named terminals together, whereby an
input signal may be coupled to the integrated circuit
through the automatic gain control stage or directly to the

fixed gain stage.

28. The nonvolatile integrated circuit storage device of
claim 1 wherein said output amplifier means provides a

double ended amplifier output signal.

29. The nonvolatile integrated circuit storage device of
claim 1 wherein the oscillator and filter ‘have tracking
frequency characteristics dependent on the resistance of a
plurality of MOSFETs, and further comprising a high voltage
supply on the integrated circuit for providing a voltage
within the integrated circuit substantially above a power
input voltage to the integrated circuit to control the
voltage on the gates of the plurality of MOSFETs, thereby
providing a wider gate control range to allow for process,

temperature and power supply changes than would be provided

by the lower power input voltage.
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R

further conprised of neans to pull outputs of the output anplifier nmeans to
a predeterm ned voltage during power down to provide a | ow out put inpedance
for the outputs of the output anplifier3feans. =~ 60 35. The integrated

circuit storage device of claim1 further conprised of nmeans for preventing

"~ the enabling of the operation of the integrated circuit storage device for
a predet er AonedThengonvelatide iReeIEpeyi FIIFEr BEOFRZE| rﬁ%é’d-tcét ef

circuit storage vi ce or. after I . [ [ c e i ce
o | eave atoud 2qonterdid trigh KENA LSS N s rEFcPnkomdfd
therein. 3@osFaggd. ntegrated circuit storage device of claim1 further
conprised of neans for detecting the presence of an externally inposed

frequency and for coupling the timng nmeans to the external frequency in

pl ace of the oscillator. 37. The integrated circuit storage device of claim
1

31. The nonvolatile integrated circuit storage device of
claim 1 further comprised of a high voltage reference on
the integrated circuit coupled to a power input terminal of
the integrated circuit to operate circuits thereon at

voltages above the voltage on the power input terminal.

32. The nonvolatile integrated circuit storage device of
claim 1 further comprised of a regulated voltage reference
‘'on the integrated circuit coupled to a power input terminal
of the integrated circuit to provide regulated array and

clear gate voltages, thereby providing power supply noise

rejection therefor.

33. The integrated circuit storage device of claim 1
further comprised of input logic means to power down
‘subsections of the integrated c¢ircuit not operational

during certain modes of operation of the storage device.

34. The integrated circuit storage device of claim 33
further comprised of means to pull outputs of the output
amplifier means to a predetermined voltage during power
down to provide a low output impedance for the outputs of

the output amplifier means.
[
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Date: 0 APR 1998



wherein the wite neans stores the signal sanples held in the pIurallty of
sampl e and hold circuits in said storage cells by repetitively pul sing each
cell with a voltage pul se foll owed by reading the voltage so stored in the
cell and conparing the sane with the value held in the respective sanple
and hold circuit until the desired conparison is reached, successive
vol t age pul ses being of increasing anplitude, the integrated circuit

storage devige fifd hent<EHd®di RArddHP stoiadet devapse bEr cRaeMi ding
successive vol tage ranps of nore than one ranp rate to provide nore than

one pul se further o@mpsuseéssrfveme;anmcf@aspngvenmagetml wsabbupg ogfam
the cells. 61 38. The | g@ated C|rc , Starage devi

37 mherelnEWﬁagﬁ%ﬁ??+@Pv8 &PE?Q&%? 3ﬁ?ﬁﬁﬁsﬁ§9¥%ﬂ$ &%Vﬁ%%eﬁﬁgnt
upon the vaol t3p830f e i En ! isngéht Be RhkRr aFtlese dgAYVidP pMEENENEhe
desi red conpari son between the voltage
integrated circuit storage device or after applylng a
signal which causes the device to leave a power down

condition to provide a settling time for circuits therein.

36. The integrated circuit storage device of claim 1
further comprised of means for detecting the presence of an
externally imposed frequency and for coupling the timing

means to the external frequency in place of the oscillator.

37. The integrated .circuit storage device of claim 1
wherein the write méans stores the signal samples held in
the plurality of sample and hold circuits in said storage
cells by repetitively pulsing each cell with a voltage
pulse followed by reading the voltage so stored in the cell
and comparing the same with the wvalue held in the
respective sample and hold c¢ircuit wuntil the desired
comparison is reached, successive voltage pulses being of
increasing amplitude, the integrated circuit storage device
further comprising xramp circuit means for providing
successive voltage ramps of more than one ramp rate to
provide more than ohe pulse train of - successively

increasing voltage pulses to program the cells.

RRR R R VR
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stored in the cell and the value held in the respective sanple and hold
circuit was obtained. 39. The integrated,circuit storage device of claiml
further conprising an oscillator and timng neans coupled to the oscillator
for timng the operation of the sanple and hold circuits, the row and

col um addrs%ﬁﬁ JFRENSint bErap0a eSS: FOMY eTlstBhiaRe aRd vilke read andikrise
nmeans. 40. The integrated circuit storage device of claim1 further

conpri si ng wieaedinn ¢ ke atartdng ecblitageheof puucrgds fverpuksasttainensodi ng
digital information into the anal og i nput signal and decodi ng, neans_coupl ed
to the out RPENGSRY URQK thipavieltagey,of ERsyBHLEE ©Of Hde ng?¥aPU1se

| nfor mati on oM ¢ At ALOBZk: 8l ArBlatiBokl bdthud i VOhA! UbEtage

i ntegrated Circui't storage devi ces, each avi ng e capabilrty of

recei ving, gwepeid tinelthesag®ll ngndstiie ngadnd Mayddini ntheanraspeegiiaput
signal ; each storage device having, an array of floating gate storage
cells, eactrrammlestagd hplsh cdrsived sasplobteangd.i nput signal ;

39. The integrated circuit storage device of claim 1
further comprising an oscillator and timing means coupled
to the oscillator for timing the operation of the sample
and hold circuits, the row and column address means, the

address counter means and the read and write means.

40. The integrated' circuit storage device of claim 1
further comprising encoding means coupled to the input
amplifier means for encoding digital information into the
analog input signal and decoding means coupled to the

output amplifier wmeans for <recovering the digital

information from the output signal.

41. A plurality of nonvolatile integrated circuit storage
ldevices, each having the capability of receiving,

repetitively sampling, storing and reproducing an analog

input signal;
each storage device having;

an array of floating gate storage cells, each for

stéring an analog sample of an input signal;
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62 an input anplifier neans coupled to an integrated circuit input termnal’
for receiving an input signal, said anplifier neans including an automatic
gain control neans for maintaining the ®hput anplifier nmeans output signal
range within predetermined linmits, the input anplifier neans al so including
a fixed gain stage, the output of the automatic gain control stage and the
input to the fixed gain stage not being connected together in the

input to the fixed gain stage ner
ciroul ¢ term naPouhdPEEy (REYTREYohe e RISETTE | B ThEdORRERa,

| ast named digicdiital shgutoet d@hinaheseby ragelituy Sndnaipudysbgnadypkaddt o
the integrated circuit through the automatic gain control stage or directly

to the fixeunpddifiiest ageans fincledivgupredaveonabicngainagntret means
during mwitézéppgggnggging the input amplifier means output signal
range within predeteimined limits, the inpuﬁ amplifier
means also including a fixed gain stage, the output of the
automatic gain control stage and the input to the £fixed
gain stage not being éonnected.together in the integrated
circuit, but each being coupled to.'a respective integrated
circuit terminal whereby they may be connected together by
connecting the last named terminals together, whereby an
input signal may be. coupled to the integrated circuit
through the automatic gain control stage or directly to the

fixed gain stage;

a filter coupléd to the input amplifier means during

write operations;

a plurality of sample and hold circuits, each coupled

for sampling and temporarily holding a sample of the signal

from said filter;

write means coupled to said plurality of sample and
hold circuits and said array.of floating gate storage cells
for storing in; a’ number of said floating gate storage
cells, signal samples held in the plurality of sample and

hold circuits;

read means coupled to said arréy of floating gate

storage cells for sequentially reading from a number of
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a plurality of sanple and hold circuits, each coupled for sanpling and
tenporarily holding a sanple of the sig@ﬁl fromsaid filter; wite neans
coupled to said plurality of sanple and hold circuits and said array of
floating gate storage cells for storing in a.nunber of said floating gate

storage celd.gg sfi0pliRprles Bebagd EBe1R! vhal iankn1ely S resngebped

circuits; read neans coupled to said array of floating gate storage cells
for sequentth@dedinr;eadi ng from a nunber of 63 said floating gate storage
cells the anal og sanples stored therein; an output anplifier nmeans having
Its input coupleable to the read neans and alternatively to a term nal of

the integrated g iy u@géjmx]f:ffffé’fpH&aﬁQeﬁﬁgﬁngoli@seaiq{ﬁaé Oc&iip PLABYE
termnal of the Integrated circuit for providing an _
to the read means and alternatively to a terminal of the
integrated circuit, and the output thereof coupleable to an
output terminal of the integrated circuit for providing an

output signal thereto;

means for coupling the filter between said read means
and said output amplifier means during read operations for

providing smoothing for the output signal during read

operations;

row and column address means coupled to the array for
addressing said floating gate storagé cells within said

array of floating gate storage cells during read and write

operations;

address counter means coupled to the row and column
address means for addressing the array of floating gate

storage cells in logical sequences durihg read and write

operations;

timing means for timing the operation of the sample
and hold circuits, the row and column address means, the

address counter means and the read and write means;

the plurality of integrated circuit £floating gaﬁe
storage devices being cascadéd'together so that during a
read operation, each device will enable the read operation
of the next 1vi¢e when it reaches the end of its

T LLLLd
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out put signal thereto; neans for coupling the filter between said read
means and sai d.output anplifier means during read operations for providing
snoot hing for the output signal during read operations; row and col um
address means coupled to the array for addressing said floating gate
storage cells within said array of floating gate storage cells during read
~and wite cpiivedsabde atlpets sigoailerflnsing ogptedstorage rapdlad splum
address neans for_ addressjing,the array of floati ate storage cells in
ogt cal S SRkl | 5T LEIE QOEPREY OB EPett GRTASR o PSR 140 81 i ng
the operalinmdfl iy SAIP! fn anthdOl dhsbaddd ! ScofBfndibAndogO! yav;adds ess
nmeans, the "address counter neans and the read and wite neans; the
plurality ofherslsgr athel coutquitt fdfoaicianty gdesistor age dali cdevlheeag so
cascaded toget her so, that durlng a read operation, each device mnll enabl e
the read opéd3qaded oks avpilaRle as thecouypuh of tthequkedt aMRlifdgr of

Its of the first device of said floating gate storage devices.

A
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64 addresSabl e input signal floating gate storage cell's, and the out put
anplifier output of each device is coupled to a prior device in the
cascaded conbi nation of devices, mhereb95the out put of each device or al
devi ces so cascaded is avail able as the output of the output anplifier of
the first device of said floating gate storage devices.

ABSTRACT

INTEGRATED CIRCUIT.SYSTEM FOR ANALOG SIGNAL RECORDING AND
PLAYBACK

Integrated circuit system for analog signal recording and
playback having improved performance and a very high level
of integration. The integrated circuit is complete with
preamplifier, automatic gain control, filter, fixed
referehces including a band gap reference, trimming, power
output amplifier, memory array, multiple closed loop sample
and hold circuits, column décoder, column = driver, row
decoder, address counters, master .oscillator and. chip
function. timing circuits including sample clock, charge
pumps, high voltage regulator and waveshapers, low VCC
~ detector, power-on reset and recording reference circuits
on a single chip. The system uses a writable analog
reference scheme to put many error sources in the common
mode, and provides a double ended output for maximum power
output in a limited voltage range, and to allow direct
connection to a speaker. Trim bits are provided for
trimming the oscillator and filter so that the filter
characteristics match and track the oscillator frequency
and provision is made for absolute addressing and digital
end of message markers. Programming is by way of a multi

level iterative write process for high resolution.
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