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said signals. However, in each of the write modes dis- cussed therein, each
discrete pulse corresponding to BACKGROUND OF THE INVENTION
the analog value is applied only once to a single mem- ory element. 1. The
Field of the Invention                  5       Further, in US-A-4 181 980,
a form of voltage comparison is disclosed in a trial and error sequence The
field of the invention specifically relates to an  for charging EPROM's,
which uses a fixed series of apparatus for electronic storage of analog
signal in-  voltage pulses for charging elements. In this disclo-
formation.                                         sure it Is the duration
of the voltage pulses applied to 10 the memory elements that is considered
critical. 2. Prior Art                                          In IEEE
Transactions on Nuclear Science, vol. NS30, No. 1, Feb. 1983, New York,
USA, pages 339- Many devices are known In the art for the elec-  341;
FREYTAG: "A fast multichannel analog storage tronic storage of analog
information. In a typical prior  system, there is disclosed an arrangement
including art device using digital storage techniques, the under-  15  the
provision of a pair of sample and hold circuits for lying information is
essentially analog, such as sound,  use in interleaved storage. which must
be stored electronically in digital form. A common analog signal to be
digitally recorded is the  SUMMARY OF THE INVENTION output signal of a
microphone, which is routed through an input filter to an amplifier. The
amplifier supplies   20  According to the present invention an apparatus
the signal to a sample and hold circuit. The informs-  for storing analog
information comprises a memory tion from the sample and hold circuit is
passed    array for storing an analog signal, said memory array through an
analog-to-digital (A-to-D) converterwhich  including a plurality of rows
and columns of floating supplies the digital output information to memory.
In  gate non-volatile memory cells; order to play back the recorded sound
information   25   write circuitry means, coupled to said rows and from the
memory, the contents of the memory must   columns of said memory array, for
selecting a plural- first pass through a D-to-A converter to be reconvert-
ity of cells and for storing a series of samples of a pre- ed to analog.
The D-to-A converter sends its output  determined analog signal on the
selected cells; signal through a filter to an amplifier and then to a
read circuitry means coupled to said rows and speaker. In its essence, that
is how prior art digital  30  columns of said memory array for detecting
the ana- electronic storage of sound information is done.   log signal
level on each individual cell and for output- Digital storage provides very
good sound quality.  ting said analog signal level; The reproduced sound is
equivalent to the input          control means coupled to said read and
write sound. The disadvantages of the prior art system are  circuitry means
operating to cycle reading and writing its high complexity, resulting from
A-to-D and D-to-A  35  through the cells and in said memory array;
conversions, and the large amounts of memory re-         characterised in
that said write circuitry in- quired fordigital storage of sound
information. Fortel-  cludes means for iteratively applying a series of
write ephone, for example 64K bits are needed to store   pulses in parallel
to all of said selected plurality of each second of conversation.
cells, said series of write pulses having a series of pre- What is needed
is a device that can electronically  40  determined voltages starting from
a low voltage and store analog information at reasonable precision but
Increasing in voltage with time; and In that comparator with substantially
reduced complexity and memory   means are provided for iteratively
comparing the re- requirements from what is required by digital techni-
lationship of the charge stored in said selected cells ques. Such a system
should be designed so that small  to said predetermined analog signal, said
comparator errors in recording the signal information are not dam-  45
means being coupled to said means for applying said aging to the
reproduction quality upon playback. The  iterative series of write pulses,
thereby causing the system of the present invention provides an electron-
cessation of the application of said write pulses when Ic signal recording
and playback apparatus which is  the stored charge correctly relates to
said predeter- tolerant of small errors in recording and stores signal
mined analog signal. information in considerably less memory space than
50  With the present Invention it is possible to record that required for
digital storage.                 analog information such as sound, physical
vibration, In US-A-4 318 188, a semiconductor device for   motion data or
physiological signals, such as ECG storing acoustic signals is disclosed,
wherein an input  signals. analog signal is decomposed by pulse amplitude
modulation to produce a series of discrete pulses with  55   DESCRIPTION OF
THE DRAWINGS amplitudes of the discrete pulses corresponding to differing
analog values of the input signal, which puls-  Figure 1 Is a blockdiagram
of the sound recording es are then stored as voltage values representing
and playback system of the present invention. 2    



3                   EP 0 440 653 B1                     4 Figure 2 is a
block diagram of the storage array  analog storage has been implemented in
other sem- of the present Invention.                          iconductor
devices, such as charge coupled devices Figure 3 is a block diagram of the
analog column  (CCDs). In a CCD, the charge is stored on a capacitor.
read/write circuitry of the present invention.     However, analog
information cannot be stored on a Figure 4 Is a schematic circuit diagram
of part of   5   CCD for very long because the charge leakage rate the
circuitry of Figure 3.                         on the CCD's storage
capacitor is fartoo high to main- Figure 5 Is a schematic circuit diagram
of the re-  tain any semblance of accuracy. With EEPROMs, the mainder of
circuitry of Figure 3 notshown in Figure 4.  analog information is stored
in a nonvolatile manner, typically in the floating gate of a MOSFET
transistor. DETAILED DESCRIPTION OF THE PREFERRED         10   Unlike the
capacitor of a CCD, the floating gate of an EMBODIMENT
EEPROM does not leak charge. An EEPROM is charged by subjecting its
floating The present Invention relates to a high density in-  gate to a
high voltage, typically 10 to 30 volts. There tegrated circuit analog
signal recording and playback  are difficulties when attempting to write
and read system. The system  comprises a semiconductor  15  analog
Information to and from an EEPROM cell. The memory array having memory
cells that can store    writing must be done at high voltages which corre-
analog Information, and the read, write and control  spond to the incoming
low voltage analog signal. The circuitry for accessing It. The invention Is
useful  high voltage writing must produce a cell conductivity where It Is
important to minimize the size and cost of  level which properly
corresponds to the analog signal the storage array, but where absolute
precision of the   20  even when the cell is being read at the low reading
information reproduction is not vital. The invention  voltages. Ideally,
when cells are read at the low read- provides a solid state alternative to
bulky, unreliable,  ing voltages, they will output a signal that exactly
electromechanical systems, such as tape recorders.  mimics the original low
voltage Incoming signal. The present invention will be described in terms
Figure 1 shows the analog Integrated circuit of a preferred embodiment
using an analogy to an au-  25  sound recording and playback system of the
inven- dio tape recorder. The invention applies generally to  tion.
Acommand input means 10 has provision for va- analog signal recording;
however, a preferred em-  rious control functions, including switches for
power bodimentof the invention provides a recording device  on, record,
playback, pause, fast forward, fast re- capable of operating like a
magnetic tape recorder,  verse, erase and stop. These control functions are
termed a "tape recorder on a chip", where the mag-  30  the same ones as
those found on magnetic tape re- netictape is replaced by semiconductor
memory. The  corders. The command Input means 10, coupled to invention
provides a totally non-mechanical system. It  control and timing logic
circuitry 11, may be Imple- may not produce the precise sound quality of a
fully  mented as a microprocessor compatible serial inter- digital
recording and playback system such as digital  face. Control and timing
circuitry 11 coordinates the audio tape recorders, but can provide a
quality equal  35  various components of the recording and playback
tothatof normal telephone lines, making it ideallysuit-  system and Is also
coupled to test circuitry 12. Test edfortelephone answering machines. The
present in-  circuitry 12 Is not an essential component of the sys- vention
is capable of dramatically reducing the size of  tem, but such circuitry is
common for evaluation and the storage element required to store the audio
infor-  testing to detect errors in the control and timing logic mation
compared to what is required by conventional  40  circuitry, to avoid the
faulty components and to speed digital sound storage systems. Forexample, a
system  up testing of the memory array. where 256 different analog levels
can be differentiat-  Central to the system Is memory array 13. Mem- ed in
one cell is equivalent to the storage of 8 bits of  ory array 13 has rows
and columns of non-volatile digital information. Using digital storage
recording,  memory cells, preferably EEPROM cells. Bordering this would
require 8 digital cells. Yet, using the inven-  45   memory array 13 Is a
row decoder 14 and analog tion, an analog signal containing the equivalent
infor-  read/write circuitry 15 used to control the column driv- mation of
eight digital bits can be stored in the same  ers. The memory array 13 uses
page mode address- amount of hardware as the prior art digital recording
ing where row decoder 14 activates a particular row requires for a single
digital bit. Thus, the storage  and the read/write column drivers 15
sequentially ac- space saving is a factor of eight.            50  cess the
individual cells of the activated row. The preferred embodiment of the
present inven-     Memory array 13 also is adjacent to row high vol- tion
uses erasable, electrically programmable read-  tage circuitry 16, which is
used to provide high vol- only memory cells (EEPROMs) as are well known in
tage levels to an activated row for recording or writing. the art. They are
normally used to store binary digital  On the chip is a high voltage
generator circuit 17 for information, that is information represented as
one of  55  generating the recording voltages. Generator 17 in- two
different voltage states. Typically the two voltage  cludes high voltage
timing and logic circuit 18 coupled states are zero and a positive voltage
between two  to high voltage oscillator 19, row high voltage gener- and
five volts. Prior to this invention, very short term  ator20 and column
high voltage generator 21 for pro- 3    



5                   EP0440653B1                     6 viding timing signals
used for recording. High voltage  array of the present Invention. The
memory array 40 oscillator 19 is coupled to row high voltage generator  is
comprised of rows and columns of EEPROM mem- 20 and to column high voltage
generator 21 to provide  ory cells 41. The cells of each row of array 40
are cou- timing for the row and column generators. Row high  pled together
as shown. Each row is coupled to row voltage generator 20 is coupled to row
high voltage   5   decoder 42. The cells of each column of array 40 are
circuitry 16. Column high voltage generator21 is cou-  also coupled
together as shown, and each column is pled to read/write column drivers 15.
also coupled to an individual read/write driver 43. All The system of the
invention is synchronous,     read/write column drivers 43 are in turn
coupled to timed by a clock addressing sequencer 22. Clock ad-  column
decoder44. Column decoder 44 Is coupled to dressing sequencer 22 is
comprised of a combined   10  I/O device 45. A shift register can be used
for column clock and oscillator 23 and an addressing sequencer  decoder 44
in many applications of the present Inven- 24. These provide for timed
generation of addresses  tion because a shift register occupies a small
area of from sequencer24. The timed generation of address-  the integrated
circuit. es combined with page mode addressing enables the      I/0 device
45 is a representation of both an input system to store analog Information
in real time. Ad-  15  circuit and an output circuit. As described earlier,
the dress sequencer 24 is coupled to column address    Input circuit can
include such devices as a micro- buffers 25 and to row address buffers 9.
These buf-  phone, an inputfilter, and an amplifier. The outputcir- fers
are intermediaries between address sequencer  cult can contain such devices
as a filter, an amplifier, 24 and the row and column decoders 14 and 15,
re-  and a speaker. These Input and output devices are all spectively. Row
address buffers 9 provide the row ad-  20  well known In the art. dresses
to the row decoder 14. Column address buf-    Still referring to Figure 2,
a clock address se- fers 25 provide, through column decoder 26, the ad-
quencer46 Is coupled both to column decoder44 and dresses of read/write
column drivers 15 that are to be  to row decoder42. Clock address
sequencer46 prop- accessed. Column decoder 26 is coupled to          erty
times the input and outputsignalstoand from the read/write column drivers
15.                 25   memory array 40. Column decoder 26 is also coupled
to node 27 of    Control and timing logic 47 Is coupled to column I/O
interface device 28. I/O interface device 28 com-  decoder 44, high voltage
circuit 48, and command in- prises a microphone 29, an input filter 30, an
input  put means 49. Control and timing logic 47 has circui- amplifier 31,
an automatic gain control 32, an output  try to coordinate the storage and
retrieval of analog filter 33, an output amplifier 34, and a speaker 35.
Ml-  30  information from the memory array 40. High voltage crophone 29 and
speaker 35 (or other analog Input  circuit 48 is used to supply the row
voltages neces- signal transducer and output transducer) are external  sary
in transferring the analog input into the memory to the semiconductor chip.
Input and output filters 30  40. Command input means 49 is the user
interface and 33 may preferably be of a digital design using an  between
the circuitry of the present invention and the on-board active filter
oscillator as is well known in the   35  human user. art.
The various functions of a typical audio tape re- in a prior art digital
recording system, node 27  corder can be analogized to various circuit
functions contains an additional analog-to-digital converter for  of the
invention. For example, the power-on switch of input and a second
digital-to-analog converterforout-  a common tape recordercan be thought of
as the chip put. The present invention eliminates the need for  40  enable
In the present invention. Similarly the record these converters. Microphone
29 is coupled directly  switch is analogous to a write enable. The playback
to Input filter 30. Input filter 30is coupled to input am-  switch Is an
output enable with the fast forward and plifier 31 which may be coupled to
an automatic gain  rewind buttons indicating a speeding up of address-
control 32, if desired, which in turn is coupled back to  ing in the
forward and backward directions. input amplifier 31 to providefeedback. AGC
32 iscou-  45  Figure 3 shows in more detail one of the pled to node 27
where it can send the analog input sig-  read/write column drivers of the
present Invention. In nal to column decoder 26. Node 27 is also coupled to
actual practice, there are many such column drivers, output filter 33 which
is In turn coupled to output am-  one for each column. For an 8 KHz sample
rate, 320 plifier 34 that is coupled to speaker 35. Thus I/O In-  such
column drivers may be employed. The actual terface device 28 provides a
mechanism for translat-  5o  number is not preordained, but may be chosen
by the Ing an analog input signal from a transducer to a sig-  practitioner
depending on signal quality desired. In- nal capable of being directly
stored on a memory cell  putline60 from column decoder61 is coupled tosam-
without A-to-D conversion, as well as for translating  ple/hold phase-1
circuit 62 and to sample/hold phase- stored analog Information to a form
appropriate for  2 circuit 63. Sample/hold phase-1 circuit 62 is In turn
driving an output transducer without D-to-A conver-  55  coupled to analog
transfer-1 circuit 64. Sample/hold sion. For sound information, the input
and output  phase-2 circuit 63 is coupled to analog transfer-2 cir-
transducers would be a microphone and a speaker.   cuit 65. Both analog
transfer-1 circuit 64 and analog Figure 2 shows a block diagram of the
EEPROM    transfer-2 circuit 65 are coupled to comparator 66. 4    



7                   EP 0440 653 B1                  8 Comparator 66 is
coupled to both comparator entry  over time, for example from 7-15 volts to
8-16 volts. circuit 67 and to comparator send circuit 68. Both  Because of
these practical considerations, a reason- comparator entry circuit 67 and
comparator send cir-  able choice for the number of increments for the 5 to
cult 68 are coupled to high voltage column charger 69.  20 volt range is
about 400. With 400 Increments it is High voltage column charger 69 is
coupled to an out-   5   possible to be certain of approximately a 200
incre- put line 70 which in turn Is coupled to column 71. Col-  ment
resolution in the recording of information for umn read gate 72 Is coupled
to input line 60 and to  cells that had a response range of, for example, 7
to high voltage column charger 69.                    15 volts. The basic
operation of the array of the invention  It is clear that at an 8 KHz
sample rate which is is described below. Referring to Figure 2, the array
is  10  applied for 40 milliseconds, where 320 samples are powered on and
the record command is given by com-  taken, a minimum of 320 columns must
be written to mand input means 49. This powers on most of the cir-  in
order to record that duration of sound. To accom- cuitry except the output
circuits of I/O Interface de-  modate these timing practicalities, one set
of sample vice 45. This also starts the clock address sequencer  and hold
circuits must be recording real time forabout 46. Afirst row and column are
selected in the memory  15  40 milliseconds while simultaneously a second
set of array and the analog information representing sound  sample and hold
circuits already containing informs- patterns is processed through the
input circuitry of  tion is writing into the 320 columns. Thus a two phase
I/O interface device 45. The analog signal is directed  sample and hold
system, where each phase either re- to column decoder 44 and on to one of
read/write col-  ceives samples over 40 milliseconds or is used to re- umn
drivers 43. The analog signal is sampled and   20  cord samples over 40
milliseconds, is practical and held in the read/write column driver 43.
desired. This technique is referred to as Interleaving. Referring now to
Figure 3, the sample and hold     Figure 4 is a schematic circuit diagram
of most of function In the column driveremploys eithersample/hold  the
circuitry of Figure 3. Where possible, the same phase-1 circuit 62 or
sample/hold phase-2 circuit 63.  numbers are used in both Figures. Acommon
I/O ana- The actual passing of signals to the two sample/hold  25  log line
80 is used to transfer analog signals to and circuits is Interleaved. For
example, sample/hold  from the memory array. Column decoder 61 controls
phase-1 circuit 62 may be the first sample/hold circuit  the transfer of
analog signals from analog I/O line 80 to receive an analog inputsignal,
starting a first phase  through transfer transistor 81. Analog I/O line 80
Is of storage of a series of input signals. This first phase  coupled, via
column access gate 81, to column trans- proceeds until all sample/hold
phase-1 circuits 62 are  30  fer transistors 82 and 83, sample/hold phase-1
dr- completely full of information. At this point, a second  cults 62, and
sample/hold phase-2 circuits 63. The phase begins where the input data from
input line 60  timing of column access gate 81 is Important because Is
sampled and held by the sample/hold phase-2 cir-  during the input cycle,
the voltage on analog I/O line cuits 63. While sample/hold phase-2 circuits
63 are  80 is generally changing. Transistor 81 must conduct receiving the
analog input signals from input line 60,  35  during the input cycle for
its respective column and be the Information from sample/hold phase-1
circuits 62  non-conducting when signal sampling is completed. are being
written into columns 71.                 This can be accomplished by a
clock signal that syn- The two phase interleaving approach is neces-
chronizes column decoder 61 during the write cycle. sary for practical
considerations. With a sample rate  In the preferred embodiment, the clock
signal runs at of 8 kilohertz for real time sound recording, the re-  40
a rate of 8 KHz. cording would require that each successive cell would
Column read gate 84 controls the coupling be- have to be written to In 125
microseconds. As a prac-  tween analog I/O line 80 and [err] line 85. When
col- tical matter, a much longer time is required for the  umn access
transistor 81 and column read transistor high voltage pulse to sequence
through 400 incre-  84 are rendered conductive, the analog signal from
ments. For example, at 100 microseconds per incre-  45  [err] line 85 can
be sent directly to analog IO line 80. ment, 40 milliseconds would be
required to write an    Sample/hold phase-1 circuit 62 comprises gate
analog level into a group of cells. The preceding ex-  86 and capacitor 87.
Transistor 86 is coupled to ample was based on the assumption that the
Incre-  phase-1 sample/hold line 88. During the first phase, ments were
spread over a 5 to 20 volt range. How-  transistor 86is rendered conductive
by phase-1 sam- ever, differing cells might have different analog writ-  50
ple/hold line 88, thus allowing a signal from analog I/O Ing response
ranges. For example, some cells may   line 80 to charge capacitor 87.
Capacitor 87 stores an have a response range between 7 and 15 volts. Ad-
analog signal. justing between this reduced range and the full 5 to
Similarly sample/hold phase-2 circuit 63 com- 20 volt range is referred to
In the art as scaling. In ad-  prises transistor 89 and a capacitor 90.
Transistor 89 dition, memory cells age after many writings due to  55  is
coupled to phase-2 sample/hold line 91. During the electron trapping, a
phenomenon well known In the  second phase, transistor 89 is activated by
phase-2 art of floating gate EEPROM devices. As a result of  sample/hold
line 91, thus allowing a signal from I/O this electron trapping, the values
may In fact shift  analog line 80 to charge capacitor 90. Capacitor 90 5



9                   EP 0440 653 B1                  10 stores an analog
signal. Sample/hold circuits 62 and  cord one minute of sound, this number
is multipiled by 63 respectively, are coupled to transistors 82 and 83  60,
requiring 480,000 cells. Assuming each cell con- of analog transfer
circuits 64 and 65, respectively.  tains an analog signal which can be
differentiated be- Analog transfer -1 circuit 64 is comprised of a line
tween approximately 256 possible levels, each ana- 93 and transistors 82
and 94 and 95. The gate of tran-   5   log signal stored In a cell of the
present invention car- sistor 82 is coupled to sample/hold circuit 62, and
is  ries information that otherwise would require eight used to present an
image of the voltage stored on ca-  digital memory cells to be stored
digitally. Therefore pacitor 87 to comparator 66. The gate of transistor 94
to store one minute of sound information digitally re- is coupled to
transfer-1 line 97. Transistor 95 has its  quires 8 times the number of
memory cells required drain coupled to line 93 between transistor 82 and
10  by the present invention. comparator 66 such that only when transfer-1
line 97   Comparator 66 has two input lines 102 and 103, is activated does
the image of the voltage on capac-  as well as two output lines 105 and 104
coupled re- itor 87 appearon line 93as an inputtocomparator66.  spectively
to comparator output transistor 106 and The gate of transistor 95 is
coupled to dean-up switch  matching transistor 107. Comparator 66 is
symmetri- line 96 and its drain terminal connected to line 93   15  cal,
with input line 102 on one side receiving the ana- through transfer
transistor 94. When clean-up switch  log input signal from analog I/O line
80 and input line line 96 is activated, line 93 Is set to a level near  103
on the other side coupled to receive an image of ground.
the signal present on [err] line 85. Comparator output Similarly, analog
transfer-2 circuit 65 is com-  transistor 106 and matching transistor 107
are match- prised of a line 98 and transistors 83,99, and 100. The   20  ed
such that they have the same capacitance, even gate of transistor 83 is
coupled to sample/hold phase-  though only comparator output transistor 106
is ac- 2 circuit 63, and is used to presentan Image of the vol-  tually
used, with matching transistor 107 being a tage stored on capacitor 90 of
sample/hold phase-2  dummy transistor used only to mimic the capacitance
crcuit 63 to comparator 66 through transfer transistor  of comparator
output transistor 106. 99. Transistor 99, having its gate coupled to
transfer-  25  Comparator 66 commences operation by a signal 2 line 101, is
connected between the Intersection of  from comparator isolation line 108.
Comparator iso- transistors 83 and 100 and comparator 66 such that  lation
line 108 Is used to control input lines 102 and onlywhentransfer-2 line 101
isactivateddoestheim-   103 through transistors 109 and 110, respectively.
age of capacitor 90 of sample/hold circuit 63 appear  When the comparator
signal on line 108 Is activated, at comparator 66. The gate of transistor
83 is coupled   3o  the signals on input lines 102 and 103 charge compar-
to dean-up switch line 96 and the source-drain circuit  ator capacitors
111. Comparator capacitors 111 rep- is connected such that when dean-up
switch line 96  resent the node capacitance of the nodes where input is
activated, line 98 is set to a voltage level near  lines 102and
103entercomparator66.Transistor112 ground.
is coupled between the common node of comparator The transfer of
storedsignals from a sample/hold  35  66 and ground, as is known in the
art. Terminal 113 circuit 62 or 63 to the storage cells Is accomplished by
connected to the gate of transistor 112 carries a signal an analog
transferdevice, such as analog transferde-  that starts the first stage of
amplification of the signal vices 64 and 65. Referring to Figure 1, the
clock ad-  difference across comparator 66. Second stage am- dressing
sequencer 22 continues to pass the series  plifler terminal 114 is coupled
to MOS transistors 115 of analog signals to be stored, one at a time, to
one   40  and 116. The second stage amplification signal at sample/hold
circuit and corresponding column and   transistor 114 renders transistors
115 and 116 con- then tothe next ata predetermined sampling rate. For
ductiveto complete the amplification of the signal dif- telephone quality
sound, an 8 KHz rate is used. As the  ference across the comparator 66.
Comparator 66 sequencing continues, all of the columns will have  provides
the necessary amplification and resolution been addressed for a particular
row. The sequencer  45  for differentiating between hundreds of graduations
then continues the recording by smoothly selecting  of voltage levels, for
example over an Input voltage the next row and returning to the first
column, fol-  range of approximately 1 to 3 volts. lowed by sequencing
through the columns. During the    Comparator send circuit 68 is coupled to
an out- recording, the various read/write column drivers 15  put line 117
of comparator 66 and to [err] line 85. Com- are actively charging a memory
cell in its correspond-  50  parator 66 produces a signal indicating that
one Input Ing column with a stored signal corresponding to a  is either
higher or lower than the other. Clock line 118 value In a sample/hold
phase-1 circuit, as well as re-  controls transistor 119 which is used to
charge line ceiving a new signal corresponding to a value in a  117 to at
or near the power supply voltage. Clock line sample/hold phase-2 circuit.
When one phase fills up,  123 controls decoupling transistor 122. When both
the roles switch.                             55  transistors 119 and 122
are off, line 117 is free to For example recording one second of speech at
move with the [err] potential of line 85. Line 85 must a sample rate of 8
kilohertz requires 8,000 analog  be biased only by the circuitry shown in
Fig. 5 during sample signals each stored in one cell. In order to re-
comparator set-up. If transistor 122 were absent, a 6    



11                  EP 0 440 653 B1                 12 voltage on the gate
of transistor 106 could cause tran-  continue the high voltage charging
cycles during the sistor 106 to become conductive and undesirably bias
periods between write signals at terminal 144. Tran- lines 117 and 85.
Comparator output transistor 106  sistor 149 latches the column to either
ground or to has its source-drain circuit between line 117 and  the power
supply level, depending on the polarity ground. When clock line 118 is
deactivated and tran-   5   characteristic of the EEPROM cells used. An
optional sistor 122 is activated, line 117 Is pulled down to  connection is
shown to Vcc or to ground for selector ground if the gate of
comparatoroutput transistor 106  circuit 148, the choice depending upon the
needs of has a high voltage potential. If transistor 106 is off,  a
specific design. line 117 remains at a potential near the power supply
Column 71 Is coupled to high voltage column level vcc.
10  charger 69, and is comprised of column load 154, col- Comparator entry
circuit 67 comprises line 103  umn reset 155, and memory cells 156. Column
load and transistors 120 and 121. Line 103 Is coupled   154 is a load
transistor connected as Is known In the through transistor 120 between a
voltage source Vcc  art. Column reset 155, coupled to ground, is a circuit
and comparator 66. The gate of transistor 120 is cou-  capable of resetting
the memory cells of the column pled to [err] line 85, and its source-drain
circuit is be-  15  by grounding the column. Each memory cell 156 is tween
a voltage source Vcc and comparator 66. Tran-  coupled to Its respective
row line 157. The column sistor 120 has the same characteristics as
transistors  load 154 is also coupled to a voltage source, to pro- 82 and
83so thatthevoltage drop of both the sampled  vide voltage for reading from
the memory cells 156. signal in capacitors 87 or 90 and the trial signal
from  A high voltage source at terminal 150 supplies [err] line 85 are
approximately equal. Transistor 121   20  column 71 with programming
voltage pulses for writ- has its gate coupled to clean-up switch line 96
and  ing. The high voltage source at terminal 150 is cou- has Its
source-drain circuit between line 103 and  pled to a first side of
capacitor 151 and to the drain of ground. Transistor 121 provides for
setting compara-  transistor 152. The source-drain circuit of transistor
tor line 103 to a voltage level at or near ground when  152 is coupled
between high voltage source 150 and clean-up switch line 96 is activated.
25  column 71. The drain of transistor 153 is coupled to Figure 5 shows a
circuit diagram of the remainder  the other side of capacitor 151. The
source of transis- of the read/write column driver of Figure 3 not shown
tor 153 is coupled to the drain of transistor 146. Tran- in Figure 4. [err]
line 85 is coupled to high voltage col-  sistor 146's source is coupled to
ground. The gate of umn charger 69. Both a digital input path 140 and an
transistor 153 is coupled to a voltage source [err] so analog output path
141 are shown along [err] line 85.  30  that transistor 153 is permanently
conducting. Tran- The analog output path 141 starts at the right at col-
sistor 152 has a lighter drain doping to increase the umn 71, passes
through transistor 142 whose gate   breakdown voltage of its drain
junction. The function terminal 143 Is coupled to the read signal to [err]
line  of transistor 153 is to increase the breakdown voltage 85.
of the node connected to the gate of transistor 152. Referring Figure 4,
the signal then passes   35   Capacitor 151 is used as a bootstrap to
charge the through column read/write transistor 84 through col-  gate of
transistor 152. On-chip high voltage source umn access transistor81 to
analog I/O output line 80.  150 must provide a high voltage signal for
hundreds Referring to both Figures 4 and 5, reading is accom-  of column
chargers of the present invention. Because plished by the coordinated
activation of the read sig-  of this constraint, high voltage column
chargers 69 nal at terminal 143, the column read circuit 84 and col-  40
must draw very low currents. The design described umn access transistor 81.
The digital input path 140  above uses capacitor 151 to accomplish this.
starts at comparator 66, through comparator send cir-  In high voltage
column charger 69, as shown In cuit 68, through [err] line 85, to high
voltage column  Figure 5, some elements are not essential for the charger
69.                                        present Invention. Transistor
153 and the light doping Referring now entirely to Figure 5, the write
signal  45  of the drain of transistor 152 are not necessary, but at
terminal 144 is coupled to the gate of transistor 145  are used to Increase
the junction breakdown of the that controls access to the high voltage
charging sec-  circuit, allowing for a wider range of voltages to be tion
of high voltage column charger 69. The gate of  used. Also selector circuit
148 is not necessary be- transistor 146 is coupled to the end of digital
input  cause ideally once the comparator outputs a high dig- path 140
through transistor 145. Holding capacitor  50  italsignal, it should
continue to outputsuch signal dur- 147 is coupled between ground and the
digital input  ing the rest of the cycle. However, for practical rea- path
140 between the gate of transistor 146 and the  sons, the circuitry,
because of noise, leakage, or source-drain circuit of transistor 145. Also
coupled to  other Imperfections could produce an anomalous re- digital
input path 140 is a selector circu it 148. Transis-  suit in the case of a
low-high-low series of signals. tor 145  is for controlling input signals.
When write sig-  55   Such an anomalous series could cause a significant
nal at terminal 144 turns on transistor 145, a digital  error on the
charging of the memory cell. Thus, selec- input signal charges capacitor
147. Capacitor 147  tor circuit 148 is used to latch [err] line 85 to
prevent works with transistor 146 either to continue or to dis-  this. 7
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writing into memory cells 156   the signal in sample/hold phase-1 circuit
62 produces first involves activating one of the row lines 157 to se-  an
image in analog transfer circuit 64. lect the row of memory cells to be
programmed. Then    Next a trial high voltage pulse is imposed upon a
voltage is supplied by high voltage source 150 to the  the column by the
high voltage column charger. After selected column of memory cells, such as
illustrated   5   the initial high voltage pulse, the column signal vol-
column 71. This sequence identifies a selected one  tage is coupled to
comparator 68 through comparator of cells 156. The programming voltage
continues to  entry circuit 67. The comparator 66 now compares increment
higher until comparator 66 signals high vol-  the column signal to the
sampled input signal stored tage column charger 69 to stop. Many hundreds
of in-  on analog transfercircuit 64. The comparator66 com- crementations
may occur. At that point, the selected   10  pares the images of the actual
voltages present in the memory cell is charged to the appropriate analog
lev-  sample/hold circuit with the voltage on the selected el and latching
circuit 148 insures that the selected  cell and determines which has a
higher amplitude. At cell will not be charged further. When the high
voltage  each step the trial voltage is incremented. When the column
charger 69 is reset in the next phase, another  column signal from
comparator entry circuit 67 row line 157 will be activated. Thus, all of
memory  15   matches or very slightly exceeds the input signal val- cells
156 are programmed.                          ue from analog transfer
circuit 64, the comparator 66 For a further description of the writing
process,  outputs a logical low level onto line 105 to the com- Figure 3
will be used. The analog signal from input  parator send circuit 68. Send
circuit 68 inverts the low line 60 is first passed to one of the
sample/hold  voltage level from comparator 66 and sends a logical phase-1
circuits 62. In a preferred embodiment of the   20  high level signal to
high voltage column charger 69 invention, this continues for 320 samples,
at which  (Figure 5). Now referring to Figure 5, this logical high time the
signals from line 60 are switched to the other  level signal disables
further charging of the column sample/hold phase-2 circuits 63. At the same
time,  even though high voltage pulses continue to be deliv- thesignals
already stored in sample/hold phase-1 cir-  ered to the individual column
charging circuits via cuits 62 are now written to the memory array.  25
node 150. Writing is an iterative, trial and error process be-  The write
operation is such that the trial charg- cause the analog input signal is
low voltage, 1-2 volts  ings of the column will occur until the columns are
for example, and the voltage required to charge a  charged to a level which
matches the Input sample floating gate memory cell may be in the 7-17 volt
signal. In a preferred embodiment, the column high range. The initial trial
voltage is incremented by small  3o  voltage pulse will Increment from
approximately 5 fractions of a volt up to 400 times by 38 millivolts per
volts to approximately 20 volts in approximately 400 increment. The analog
column read/write circuitry co-  steps. After each step the column signal
feedback to ordinates an Iterative trial and error comparison proc-  the
comparator is the result of conduction between ass whereby the conductivity
of the memory cell is in-  the column load 154 and the particular cell to
be pro- telligently adjusted in relation to the size of the analog   35
grammed. As programming continues, the cell con- input voltage. For an
embodiment of the invention  ductance changes incrementally. After each
trial high with 320 columns, the data contained in all 320 analog  voltage
pulse, the cell becomes slightly less conduc- column read/write circuits,
only one of which is shown  tive. At a certain point the comparator will
determine in Figure 3, are transferred to memory simultaneous-  that the
column level is high enough to match the ly, using the same iterative
process carried out in par-  40  sample signal. At that time the high
voltage charging allel.                                             will
cease for that column from that particular phase In more detail, referring
to Figure 4, to write an  of the sample/hold and transfer circuits. analog
signal to the array, the array cells must first be  When this occurs,
capacitor 147 charges and cleared or erased. This is done by the action of
the  transistor 146 becomes conductive, pulling down the row decoder, as is
known In the art of EEPROM cells.  45  gate voltage of transistor 152,
causing transistor 152 Depending on the polarity characteristic of the
cells,  to become non-conductive, thereby disabling any fur- the cells will
be rendered either non-conductive or  therhigh voltage charge of the column
represented by highly conductive. After erasing, writing can proceed.
Figures 4 and 5. Simultaneously, the same voltage The column decoder 61
selects a column to connect  across capacitor 147 renders transistor 149
conduc- to a signal from the input circuits of I/O interface de-  50  tive.
Transistor 149 thereby latches the illustrated col- vice 28 (shown on
Figure 1). The analog signal is stor-  umn to either ground or to a voltage
near Vcc via se- ed in a holding capacitor in one of the sample/hold cir-
lectorcircuit 148. This provides fora stable logic feed- cults described
earlier. For purposes of this descrip-  back to the comparator over analog
output path 141. tion, the stored signal will be assumed to be in one of
Referring to Figure 1, during playback or read out the sample/hold phase-1
circuits 62, although the   55   of the recorded-information, command
selector 10 is identical procedure occurs if the stored signal is in  used
to activate the output circuitry. This causes the one of the sample/hold
phase-2 circuits 63. When the  output circuit of I/O Interface device 28 to
become ac- comparator 66 is ready to charge a new memory cell,  tive for
transmitting the signals stored in the memory 8    



15                  EP 440 653B1                    16 array. These signals
are measured by the degree of     and writing through the cells and in said
memory conductance of each of the cells. The clock address-   array; ing
sequencer22 is started atthe first rowand column        characterised in
that said write circuitry in- and operates at 8 KHz. The 8 KHz rate Is
maintained    cludes means for iteratively applying a series of to yield a
faithful reproduction of the sound. Analog   5  write pulses in parallel to
all of said selected plur- signal Information is extracted directly from
the mem-  ality of cells, said series of write pulses having a ory columns
and is routed to the output circuits of I/O  series of predetermined
voltages starting from a Interface device 28.
low voltage and increasing in voltage with time; Referring to Figure 5,
during reading, column 71   and in that comparator means are provided for
sends the sensed cell signal to output line 85. Refer-  10  iteratively
comparing the relationship of the ring to Figure 4, column read transistor
84 receives   charge stored in said selected cells to said prede- the
sensed cell signal and sends It on through tran-  termined analog signal,
said comparator means sistor 81 to analog I/O line 80. Column decoder 61
being coupled to said means for applying said controls the transfer of the
signal to the output circui-  iterative series of write pulses, thereby
causing try 28 shown in Figure 1.                     15      the cessation
of the application of said write puls- The present invention uses no
mechanical parts     es when the stored charge correctly relates to or
magnetic tape. In contrast to prior art digital mem-  said predetermined
analog signal. ory, where column signals are amplified to produce only two
discrete levels, the analog memory of this in-  2. The memory array as
described in claim 1 where- vention outputs the actual analog column signal
di-  20  in said non-volatile memory cells are electrically rectly. Thus
the Intermediary A-to-D and D-to-A con-   erasable programmable read only
memories. verters are eliminated. The present invention may also be used
for multi-  3. The memory array as described in claim 1 where- level
storage. Multi-level storage is a term used to de-  in said non-volatile
memory cells are erasable scribe storing digital information by placing two
or  25  programmable read only memories. more bits in one analog cell. For
example a single analog storage cell may store the values of binary  4. The
apparatus for storing analog information as 0000 through 1111 if sixten or
more differentvoltage   described In claim 1 wherein said non-volatile
levels are distinguished from the output signal from   memory cells store
two or more bits of digital in- the single analog storage cell. Using this
technique,  30  formation, whereby said digital information may portable
recording devices can record using analog     be stored in said cell as
multi-level analog infor- storage, convert the analog information to
digital,    mation. then store the digital Information. Although the
quality of that recording may be less than full digital record- ing, much
more may be recorded in the same number  35   PatentansprOche of cells than
was possible using prior art digital tech- niques.
1. Vorrichtung zur Spelcherung von Anaiogdaten, welche folgendes umfalt:
ein Spelcherfeld zur Spelcherung eines i   Claims
40      Analogsignals, wobei das Speicherfeld eine Vlel- zahl von Zeilen
und Spalten nichtflOchtiger Spel- 1. Apparatus for storing analog
information corn-     cherzellen mit schwebendem Gatter umfalt; prising:
Schreibschaltkreiselemente, welche an a memory array for storing an analog
sig-     die Zellen und Spalten des Spelcherfelds gekop- nal, said memory
array Including a plurality of  45  peltsind, zurAnsteuerung elnerVielzahl
von Zel- rows and columns of floating gate non-volatile     len und zur
Speicherung elner Reihe von Abtast- memory cells;
werten einesvorgegebenenAnalogsignals in den write circuitry means, coupled
to said rows   ausgewihiten Zellen; and columns of said memory array, for
selecting          Leseschaltkreiselemente, welche an die a plurality of
cells and for storing a series of sam-   50  Zeilen und Spalten des
Spelcherfelds gekoppelt pies of a predetermined analog signal on the se-
sind, zur Ermittlung des Analogsignalpegels inje- lected cells;
der Einzelzelle und zur Ausgabe des Anaiogsi- read circuitry means coupled
to said rows     gnalpegels; and columns of said memory array for detecting
Steuerungsmittel, weiche an die Schreib-e- the analog signal level on each
individual cell and   55  seschaltkreiselemente gekoppelt sind, und wel-
for outputting said analog signal level;           che daflr sorgen, daB
die Ablesewerte und die control means coupled to said read and
Schreibwerte die Zellen und das Spelcherfeld write circuitry means
operating to cycle reading   durchlaufen; B    
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N111 11 HIIlI H ! array. These signals are measured by the degree of
and writing through the cells and In said memory conductance of each of the
cells. The clock address-    array; ing sequencer22 is started atthe
firstrow and column         characterised in that said write circuitry in-
and operates at 8 KHz. The 8 KHz rate Is maintained     cludes means for
iteratively applying a series of to yield a faithful reproduction of the
sound. Analog   5  write pulses in parallel to all of said selected plur-
signal information Is extracted directlyfrom the mem-   ality of cells,
said series of write pulses having a ory columns and is routed-to. the
output circuits of 110  series of predetermined voltages starting from a
Interface device 28.                                    low voltage and
increasing In voltage with time; Referring to Figure 5, during reading,
column 71    and in that comparator means are provided for sends the sensed
cell signal to output line 85. Refer-  io  iteratively comparing the
relationship of the ring to Figure 4, column read transistor 84 receives
charge stored in said selected cells to said prede- the sensed cell signal
and sends it on through tran-    termined analog signal, said comparator
means sistor 81 to analog 1/0 line 80. Column decoder 61      being coupled
to said means for applying said controls the transfer of the signal to the
output circui-  iterative series of write pulses, thereby causing try 28
shown in Figure 1.                      15      the cessation of the
application of said write puls- The present invention uses no mechanical
parts      es when the stored charge correctly relates to or magnetic tape.
In contrast to prior art digital mem-  said predetermined analog signal.
ory, where column signals are amplified to produce only two discrete
levels, the analog memory of this in-  2. The memory array as described In
claim I where- vention outputs the actual analog column signal di-  20  In
said non-volatile memory cells are electrically rectly. Thus the
Intermediary A-to-D and D-to-A con-    erasable programmable read only
memories. verters are eliminated. The present invention may also be used
for multi-  3. The memory array as described in claim I where- level
storage. Multi-level storage is a term used to de-  In said non-volatile
memory cells are erasable scribe storing digital information by placing two
or   25  programmable read only memories. more bits in one analog cell. For
example a single analog storage cell may store the values of binary  4. The
apparatus for storing analog Information as 0000 through 1111 if sixteen or
more different voltage  described in claim I wherein said non-volatile
levels are distinguished from the output signal from    memory cells store
two or more bits of digital in- the single analog storage cell. Using this
technique,  3o  formation, whereby said digital information may portable
recording devices can record using analog      be stored in said cell as
multi-level analog infor- storage, convert the analog Information to
digital,     mation. then store the digital information. Although the
quality of that recording may be less than full digital record- ing, much
more may be recorded In the same number  35   Patentansprruche of cells
than was possible using prior art digital tech- niques.
1. Vorrichtung zur Speicherung von Analogdaten, welche folgendes umfaat:
sin Spelcherfeld zur Spelcherung eines Claims
40       Analogsignals, wobei das Speicherfeld elne Viel- zahl von Zellen
und Spalten nichtflchtiger Spei- 1. Apparatus for storing analog
information com-        cherzellen mit schwebendem Gatter umfallt; prising:
Schreibschaltkreiselemente, welche an a memory array for storing an analog
sig-     die Zeilen und Spalten des Spelcherfelds gekop- nal, said memory
array including a plurality of  45  pelt sind, zurAnsteuerung einerVielzahl
von Zel- rows and columns of floating gate non-volatile      len und zur
Speicherung einer Reihe von Abtast- memory cells;
werten eines vorgegebenen Analogsignals In den write circuitry means,
coupled to said rows    ausgewahlten Zellen; and columns of said memory
array, for selecting           Leseschaltkreiselemente, welche an die a
plurality of cells and for storing a series of sam-   6o  Zeilen und
Spalten des Speicherfelds gekoppelt pies of a predetermined analog signal
on the se-    sind, zur Ermittlung desAnalogsignalpegels inje- lected
cells;                                       der Einzelzelle und zur
Ausgabe des Analogsi- read circuitry means coupled to said rows
gnalpegels; and columns of said memory array for detecting
Steuerungsmittel, weiche an die Schreib-Le- the analog signal level on each
individual cell and   66  seschaltkreiselemente gekoppelt sind, und wel-
for outputting said analog signal level;            che daffir sorgen, daM
die Ablesewerte und die control means coupled to said read and
Schreibwerte die Zellen und das Speicherfeld write circuitry means
operating to cycle reading    durchlaufen; 9    
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dadurch  gekennzeichnst,  dag  das          commandant le cycle de lecture
et d'ecriture a Schreibschaltkreisolement Ober Mittel verfOgt,    travers
les cellules et dans ladite matrice de me- um eine Reihe von
Schrelbimpulsen iterativ ab-    moire; zugeben, und zwar parallel an jede
der ausge-           caractbrise en ce quo ledit moyen formant wahiten
Vieizahl von Zeilon, wobei die Reihe an   5  circuit d'criture comprond des
moyens pourl'ap- Schreibimpulsen Ober sine Reohe vorgogebener
plicatlon iterative d'une serie d'impulsions d'ecrl- Spannungen verftgt,
weiche bel olner niedrigen    ture en paralleie A l'ensembie de ladite
piuralite Spannung beginnt und sich im Laufe derZeit or-    de collules
selectlonnees, ladite seris d'impul- h6ht;
sions d'Acriture disposant d'une serue de tensions und dadurch, dal
Verglelchermittbl vorgesehen   10  pred~terminees demarrant a partir d'une
tension sind, um das Verhaltnis der in den ausgewAhiten   basso et dont la
tension augmente avec Is Zellen gespeicherten Ladung mit dem vorgege-
temps ; et en ce quo des moyens de comparai-
benenAnalogsignaliterativzuvergieichen,wobeI      sons sont prevus pour Ia
comparaison de facon dieVerglehchermittel an die Mittel zurAbgabe der
iterative de la relation entre la charge memorlsae itbrativen Reihe von
Schrelbirnpulsen gekoppelt  i5  dans leadites coellules selectionnees et
ledit si- sind, um die Elnatellung derAbgabe von Schrelb-   gnal analogique
pred~termine, ledit moyen de lmpulsenzu bewirken, wenn diegespelchert La-
comparaison etant couple audit moyen d'applica- dung mit dom vorgogebonen
Analogsignal im         tion de ladite serle iterative d'impulsions
d'ecfitu- richtigen Verhaltnis steht.                       re, provoquant
par ce moyen lafin de I'application 20      desdites impulsions d'criture
lorsque la charge K   2. Spelcherfeld nach Anspruch 1, worin die nicht-
mhmorise s'identifie correctement audit signal flfchtigen Spelcherzellen
elektrisch loschbare    analogique preddtermina.
Halbleiterfeastwertspekcher sind. 2. Matfice de memoire selon la
revendication 1, 3. Spelcherfeld nach Anspruch 1, wormn die nicht-  25
dans laquelle lesdites cellules de memoire non flfchtigen Speicherzellen
loschbare Halbleiter-   volatiles sont des memoires a lecture soul. pro-
festwertapeicher sind.                            grammables effagables
electriquement. 4. Vorrichtung zur Speicherung von Analogdatbn    3.
Matrice de mbmoire selon la revendication 1, nach Anspruch 1, worin die
nichtfluchtigen Spei-  3o  dans laquelle leadites cellules de memoire non
cherzellen mindestens zwei odor mehr bit digita-  volatiles sont des
memoires A lecture seule pro- ler Datn spelchern, wodurch die digitalen
Daten   grammables et effagables. in den Zellen als Analogdatbn mit
Mehrfach-Pe- gel gespeichert werden k8nnen.                 4. Appareil de
memorisatlon d'information analogi- 36      quo solon la revendlcation 1,
dans lequel lesdites cellules de memoire non volatiles memorisent
Revendliatlons                                       deux ou plusieurs bits
d'informations numeri- ques, ce par quol ladite Information numerique 1.
Appareil de mbmorisation analogique d'informa-    peut Atre memorisee dans
ladite cellule sous for- tion comprenant:                          40
me d'information analogique multi-niveau. une matrice de memoire pour la
memori- sation d'un signal analogique, ladits matrice de memoire comprenant
une pluralitA de rangees et de colonnes de cellules de memoire non
volatiles a grille flottante;                       45 un moyen formant
circuits d'ecriture, cou- p1 auxdites rangbes et colonnes de ladito matri-
ce de memoire, pour la selection d'une pluralltb de cellules et pour la
mbmorisation d'une sbrie d'6chantillons d'un signal analogique predbtermi-
50 ne dans les cellules sblectionn6es; un moyen formant circuit de lecture
coupl6 auxdites rangbes et colonnes de laditb matrice de mbmoire pour Ia
d~tection du niveau de signal analoglque sur chaque cellule Individuelle et
pour  55 d6livrer ledit niveau de signal analogique; un moyen de commande
couplb audit moyen formant circuits de lecture et d'dcriture 10    


