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IN'.I.TEGRA:I‘ED CIRCULT SYSTEMS -AND-METHOD

FOR ANALOG SIGNAL RECORDING AND PLAYBACK
BACKGROUND OF THE_INVENTION

1. Eield of the Inventian

The' prese "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. Prior Art |
U.S. Patent No. 4,890,259 discloses a nonvolatile high .

dens;ty integrated circuit analog signal recording and_
playback system wherein_an analog input signal is sampled a

. plurality of times and-then,ias additional samples are being
taken and temporarily held, a piior-set of samples of the |
:analog signal are parallel loaded into a plurality of storage
sites or cells, each'comprising nonvolatile floating gate
memory cells, preferably EEPROM.ceiis. .In ihat 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 the respective cells to compare the
information stored in each cell with the information held by
the respective sample and hold circuit. During the |
successive write_reéd opefations, the write pulse is
increased in amplitude, with the write pulses to any cell
being stopped or decoupled from the cell when the informaéion
read from the cell in the last read operétion equaled the - |
value held in the respective sample and hold cirquit. To

provide time for the successive write read operations, a

plurality of sample and hold circuits are provided so that an :

' equal 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
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BRIEF DESCRIPTION OF THE DRAWINGS
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Figure—3—is a block diagram of a preferred embodiment of
an integratéd circuit analog signal record and playback
systemvin accordance with the preseht 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 certain EEPROM cells, allowing the

same to be programmed to suitable digital wvalues to set the

- optimum voltage reference and current reference with the

proper temperature coefficients. .

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

Figure 4 is a circuit diagram il;ustrating the current
biés distribution scheme; .

Figure 5 is a circuit'diagram for the closed loop sample
and hold circuits aﬁd 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 diﬁgram for the_circuit used for
the dual level iterative write of the preseﬂt 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_iﬁQalid add;ésses and the use of the same to
control configﬁration bits for the inteérated circuit system. -

Figure'lo illustrates a variation of Figure 9 showing

the addition of a latch to store the value of the

configuration bits.



Figure 11'shows'the anaibg connections for connecting
.several devices to a single microphone, AGC resistor and
capacitor, aﬂd loudspeaker for cascading multiple devices to
extend the record and/or p1a§back 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 binary counter and

a Wigh vol 1nchbwwvf Civeant
analog switches ofnrhe HV INC ‘circuit.

Figure 14 is a circuit diagram of the capacitors and
comparator of the HV INC circuit.
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this event the external os;illator block detécts the presence
of an incoming frequency and steers the external clock to the
512 Khz output. If external synchronization is not required,
the external clock pin is connected to either power supply
pin, and the exte;nal 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 appiying a certain current. Both the
current and the yoltage leﬁels are obtained from the
reference section ~ the voltage is fixed (VAGND) and the
current is variéble, however it would also be acceptable for
this to be reversed. In fact.two capacitors are used to
allow for thé discharge of oné cépacitor 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 routéd'
through additional test logié to an output pad (EOM). If the
correct test mode is selected the oscillator output is
directed to the EOM pad, thué'éilowing the oscillator
frequency to be measurgd. The variable parameter (in.this
case current) is adjusted by modifying the appropriate trim
. bits until the oscillator frequency is at the desired value.
Ths , of Lwre,
Th:s—of—eearse adjusts the: sample frequency by the same
. proportions and, as described prev;ously, since the variable
_current is derived from the same source as that which sets
the filter roll-off frequencyf the filter cha:acterlstlcs
"frack the oscillator ahd.change by thé'same proportion. The

ability to trim the oscillator frequency allows an accurate
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1. 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 plurality of sample and hold circuits, each

coupled for sampling and temporarily holding a sigral
sample of the signal from said input amplifier means;

write means coupled to said plurality of sample and
hold circuits and said array of floéting gate storage
éells for storing in a number of said floating gate
storage cells, éignal samples held in séié 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 pluralityv of input signal samples
being held are stored in an equal pluralitv of storage
cells while additional samples of the input signal are
seggentialLy taken and held;
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read means coupled to said array of floating gate
storage cells fof sequentially reading from a number of
said floating gate storage cells the analog samples
stored therein;

an output amplifier means coupled to an integrated
éircuit output terminal for providing an output signal

thereto;

row_and column adaress.means coupled to the arrav
of floating gate storage cells for addressing specific
cells within said arravy of floating gate storage cells
during read and write operations;

address counter meggs coupled to the row and column
address means for addressing the a;faz of floating gate
storage cells in logical seguences during read and write
operations: |

reference voltage means for préviding 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 voltade:

sample and hold circuits associated with said

reference storage cells:
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m s for causing the reference volta to

sampled and held when a first and a last of the

predetermined plurality of input signal sample e

taken:

means for causing the reference voltage s les t

be stored in reference storage cells when the respective
plurality of input signal samples being held are stored
in the respective storage cells:;

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

means for providiﬁg a storage cell reference
voltage bv combining the referehce 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
sgmple read out of a storage cell of the arravy and the
respective cell reference voltage.

2. @; ; ‘-; » | I a ] 'l |







2. 5= The nonvolatile integrated circuit storage

device of claim 4 1 wherein said sample and hold
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circuits are closed ioop 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 & gaid holding

capacitor and the signal being sémpled;

3. = The nonvolatile integrated circuit storage

s

device of.claim'4 20 further gomprised of means
respensive—to—control-signals 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.
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3. +9— The integrated circuit storage device of

claim & 1 wherein:

the array of.floating gate storage cells is
arranged 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:

end-eof—message 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

applied to the integrated circuit storage device to

cause the same integrated circuit storage device to stop
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a read operation or provide a signal to indicate that an

end of message marker signal has been encountered.

~"4. 3= The integrated circuit storage device of

claim 4 1 wherein:
the address means is also responsive to externally
applied addressing signals %e—aééress—%he—s%af%—eé_
e ] . ] 1 1ls 4n &1

SEFaF.

11, 22+ The integrated circuit storage device of

claim 4% 4 wherein:

the address range of the externally applied
addressing signals exeeed exceeds the range of addresses
of the start—ef—the groups—ef analog signal sample
storage cells in the array;

and further ¢omprising;

additional storage cells addressable by externally
applied addressing signals outside the range of
addresses of the startof the-groups—ef analog signal
sample storage cells in the array for stbring-digital

information.

12. ¥3= The integrated circuit storage device of

claim 32 11 further comprising:
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means coupled to some of the additional storage
cells for trimmihg the frequency of the oscillator of

the integrated circuit storage device.

6. 34+~ The integrated circuit storage device of

claim 32 11 further comprising:

means coupled to some of the additional storage

cells for trimming the frequency response of & gaid

filter of the integrated circuit storage device.

5. 5+ The integrated circuit storage device of

claim 33 4 further comprising:

means for setting test modes within the integrated

circuit storage device.

6. +6—~ The integrated circuit storage device of
claim 3+ 4 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.

0. 3+ The integrated circuit storage device of

claim 3+ 4 wherein:

the address range of the externally applied
addressing signals exceed the range of addresses of the

-Shab-oi=tho—groups—ef analog signal sample storage

cells in the array;



and further comprising:
means setting configuration modes within the

integrated circuit storage device.

24. 18+~ The integrated circuit storage device of

claim 4 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, 39+ The integrated circuit storage device of

claim 4 1 wherein the input amplifier means includes an

automatic gain control means for maintaining the input
amplifier means output signal range within predetermined

limits.

27. 26— The integrated circuit storage device of
claim 4 1 wherein the input amplifier means includes an
automatic gain control stage and 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
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coupled to the integrated circuit through'the automatic

gain control stage or directly to the fixed gain stage.

28. 21— The nonvolatile integrated circuit storage

device of claim 4 1 wheiein said output amplifier means

provides a double ended amplifier output signal.

41. 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 storagé device having;

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 fﬁr-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
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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 gaih 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
floating.ggte 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 array of.

floating gate storage cells for sequentially

reading from a number of said floating gate

storage cells the analog samples stored
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
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an_ouﬁput terminal of the integrated circuit
for providing an output signal thereto;

& means for coupling the filter eeuplted
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 speeifie
floating gate storage cells within said array
of floating gate storage cells'during read and
write Qperations;

| address counter means coupled to the row
and column addreés means for addressing the
array of floating gate storagé cells in
logical sequences during read and write
operations;

timing means for timing the operation of
the sémple and hold circuits, the row and
cqlﬁmn address méans, the address counter

means and the read and write means;

the plurality of integrated circuit floating gate

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 floating gate storage

cells, and the output amplifier 6utput of each device is
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coupled to a prior device in the cascaded combination of
devices,_whereby'thé output of each device or amy—and
all dévices so cascaded is available as the output of
the output amplifier of the first deﬁige of said

floating gate storage devices. .

7. The integrated circuit storagg'dévige of claim

. . ]
6 _further comprised of means for writing the test
patterns in a reduced time period using multiple

selection of rows and columns of the arrayv.

‘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 th lurality of test patterms includes

horizontal stripe, vertical stripe. and checkerboard

patterns.

13. The integréteg circuit storage device of claim
12 Whergin the additional storage cells form an
extension of the arrav of floating gate storace cells,
wherebv the write means for the arrav of floatinag gate

storage cells may be used also bv the additional storage

cells when storing digital information therein.
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14. The integrated circuit storage device of claim

11 wherein at least some of the additional stora ells

are used in pairs with differential logic level

ro rammin_ o _store trim bits for the nonvolatil

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 sgﬁse amplifier output to a”defaglt level
when the trim cells are in their native unprogrammed
M@%ﬁimmw
being programmable to fg;cé the differential sense
amplifier output to a level.ogposiﬁe to the default
level when the trim celis are in their native
unprogrammed condition. |

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

means cbupled to some of the additional storage
cells for trimming the frequency of the oscillatér of
the integrated circuit storage dgvice;.

means coupled to some of the additional storage
cells for trimming the frequency response of the filter
of the integrated ciréuit storage device, the oscillator
and filter having a frequency and freggenéy response
respectively which are trimmable in unison responsive to

a trim current: and,
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a bandgap reference means for providing a trim
current to the oscillator and to the filter.

17. The integrated circuit storage device of claim
1 wherein the write means stores the signal'sgmples held
in the pluralitv of sample and hold circuits in said
storage cells by repetitively pulsing each cell with a
voltage pulse followed éz reading the voltage so stored
in the cell and comparing the same with the value held
in the respective sample and hold circuit until the
desired comparison is reached, sucgessivé 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 puise width to program the.cglls.

18. The integrated circuit storage device of claim
17 wherein a successive voltage pulse ramp is comprised

of pulses of a pulse width less than the preceding
voltage pulse ramp.

19. The integrated circuit storage device of claim
18 wherein the starting voltage of a successive pulse
train is dependent'upog the voltage of the pulse of the

prior pulse train for which the desired comparison
between the voltage stored in the cell and the value
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héld in the respective sample and hold circui; was
obtained.

20. The inteagrated circuit storade device of claim

1 further comprising a filter coupled to the input

amplifier means during write operations.

21. The integrat circui torage device laim
20 further comprising means for coupling the fil;ef
between said read means and said output amplifier means
- during read operations for providing smoothing for the

output signal during read operations.

22. The integratéd\ci;cuit storage device of claim
21 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 nonvolatile
integrated circuit storage device at a substantially

increased speed.

26 The intearated circuit storage device o ai
25 wherein the attack and release times for the
automatic gain control means are both settable by a

single external resistor and capacitor.




g

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

power supply changes than would be provided bv the lower

30. The nonvolatile integrated circuit storage

device of claim 29 wherein the piurality of MOSFETs are
low threshold MOSFETS.

-~ 31. The nonvolatile integrated circuit storage
device of claim 1 further comprised of a high vo%tgge
reference on the intedgrated circuit coupled to a power
input terminal of the in;ggratgd_circuit to operate

circuits thereon at voltages above the voltage on the
power input terminal.

32. The nonvolatile integrated circuit storage
dezige of claim 1 further comprised of a requlated
voltage reference on the integrated circuit coupled to a
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power input terminal of the integrated circuit to
provide regulated arrav and clear gate voltages, thereby

providing power supply noise reijection therefor.

. 33. e inte até circuit storage device of clai
1 further comprised of input logic means to power down
- subsections of the integrated c1fcuit 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.outgu;'impedance for the outputs

of the ocutput amplifier means.

35. The integrated ci;cuiﬁ storage device of claim
1 further comprised of means for preventing the enabling
of the operation of the integrated circuit storage
device for a predetermined length of time after applving
power to the integrated circuit storadge device or after
applving a signal which causes the device to leave a
power down condition to provide a settling time for

: _
36. The integrated circuit storage device of claim
1 further comprised of means for detecting the presence

of an externallv imposed frequencvy and for coupling the
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timing means to the external freguencv in place of the

oscillator.

37. 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

torage cells _repetitively pulsing each cell with a
voltage pulse followed by fegding the voltage so stored
in the cell and domparigg the same with the value held
in the respective sample and hold circuit until the
desired comparison is reached, successive voltage pulsés
being of increasing amplitude, the integrated circuit
storage device further comprising ramp circuit means for
providing successive voltage ramps of more than one ramp
rate to provide more than one pulsé train of
successively increasing voltage pulses to program the

cells.

38. The integrated circuit storage device of claim
37 wherein the starting voltage of a successive pulse
train is dependent upon the voltage of the pulse of the
prior pulse train for which the desired comparison
between the voltage stored in the cell and the value

held in the respective sample and hold circuit was
obtained.
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39. The integrated circuit s;g;age device of claim
1 further comprisi an oscillator and timing mean
coupled to the oscillator for timing the operation of

t s le_a d circuits, the row and col dre
means, the address counter means and the read and write
means .

40. The integrated circuit storage device of aim
1 further comprigihg encoding means coupled to the input
amplifier means for encoding digital information into
the analog input signal and decoding means coupled to
the output gmplifier means for recovering the gigigél

information from the output signal.
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ABST T

Integrated circuit system aad-methed 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, 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
' pﬁmps, high voltage'regulator_and waveshapers, low VCC

detector, power-on reset and recording reference

circuits on a single chip. Zhe—echip—is—econfigurable—for

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
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message markers. Programming is by way of a multi level

iterative write brocess for high resolution—with—the

o 3 eireud 3 4 e Jicelosed.




