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The present relates to the field of non-volatile integrated 

circuit analog signal recording and playback wherein an analog 

signal is directly stored in and read out from a storage cell. 

2. Pr1p- Ar"" 

U.S. Patent No. 4,890,259 discloses a high density 

integrated circui: analog signal recording and playback syste~ 

wherein an analog input signal is sampled a plurality cf times 

and then, as additional sa~ples are being taken and te~porarily 

held, a prior set o: 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 cells. In that system, writing of the groups o: samples 

into the respec~ive starage cells is done by repetitively 

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 read operations, the write 

pulse is increased in amplitude, with the write pulse to any 

cell being stopped or decoupled from the cell when the 

information read :rom 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 provided 

so that an equal plurality of cells may be loaded or written to 

at one time. Still, because of practical limitations in the 

:iumber of sample and hold circuits which may be provided d.'1j 'the 

limited length of time the integrated circuit sample and hold 
: 

circuits will accurately hold the same values once take~. t~e 

length of time available for writing the sample signals to the 
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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 of 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. Ii, 627, 027 discloses analog storage and 

reproducing apparatus utilizing nonvolatile memory elements. 

The apparatus disclosed 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 

completely 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 no: create distortion but in reality any 

practical realization would create some disturbance. In 

addition, the different conditions between read the write 

significantly reduce reproduction quality. 
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BRIEF StJMMl\RY OF THF. TNVENTION 

Source follower storage cell and improved method and 

apparatus fo= iterative write for integrated circuit analog 

recording and playback which provides increased resolution in 

the stored signal and increased accuracy and stability of the 

storage and readout capabilities of the device. The storage 

cell is configured wherein the electrically alterable MOS 

s~orage device is connected in a source follower configura~icn, 

which provides a one to one relationship between the variation 

in the floating gate storage charge and the variation in the 

output voltage, and for high load resistance, relative 

insensitivity to load characteristics. The write process and 

circuitry provides a multi iterative programming technique 

wherein a series of coarse pulses program a cell to the 

approximate desired value, with a series of fine pulses 

referenced to the last coarse pulse being used for programming 

the respective cell in fine increments to a desired final 

programming level. Still finer levels of programming can be 

used. 



~~~---~=...:....:=..:.::.:.: ----···' ·······---·---·- -~--· --- ·--... - ---···· ·-·-··. .:-=...... ___ ,___ ___ _ 

WO 92/12519 

BRIF.F DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic circuit diagram of a part of a 

m~mory array and associated circuitry of an analog storage 

device in accordance with the present invention. 

Figure 2 is a schematic block diagram of a part of a memo=y 

array and associated circuitry of an analog storage device in 

accordance with an alternate and preferred embodiment of the 

present invention. 

Figure 3 is a detailed schematic diagram for the diaqram o: 

Figure 2. 
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D.EJ'AILF.D DESCRIPTION OF THE INYENTIO!.'l 

First referring to Figure 1, a basic implementation of the 

present invention may be seen. This figure represents a section 

of a typical memory array with one column driver consisting of 

comparator COMP, latch, high voltage (HV) switch and column 

load, column multiplexer comprising switches CHl to CHm and a 

memory array consisting of n rows and m columns of transistor 

pairs Snm and Fnm. This figure of course is representative of 

one specific embodiment as, for example, there may be more than 

one column driver multiplexed (or not multiplexed) into the 

array, there may be more than one level of multiplexing of each 

column driver into the array, etc. Also the figure shows a 

single common node VCCA, but it may equally be separated into 

different nodes. For the purposes of the description of the 

first embodiment disclosed herein, the high voltage switch is 

shown as a simple switch, though in another embodiment disclosed 

herein the same consists of two switches, together with means to 

superimpose a fine adjustment voltage o~ a coarse voltage to 

more accurately program the storage cell within the typical 

available time for doing so. 

A recording is made by the following sequence. The cells 

to .b.e written (prog::arnmedJ are first erased (cleared) . This is 

done by applying a ~igh voltage to the clear gate CGn while 

maintaining a low voltage on the drain of the cell. In the 

preferred embodiment circuits, each row has an independent 

connection on order to facilitate the clearing of each row 

other parts of the memory. The low drain voltage is achieved by 

applying a low voltage to VCCA. Since the high voltage on the 

clear gate causes the floating gate transistor to be in a 

conductive state, the low voltage is transposed to the drain. 
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It would also be possible to apply the drain voltage through the 

column and select gate. 

The voltage to be written is applied to ANALOG IN, a SET 

signal is applied to set the latch and turn on the HV switch, CL 

is taken low, all CG lines are taken low, and the desired column 

multiplex lines (CMml and select gate lines (SGnl are taken 

high. Unselected columns and rows have their CH and SG lines 

low. The first high voltage pulse is then applied to HV and via 

the c~~ and SGn transistors to the drain of the addressed cell. 

The level on CM.~ and SGn must be sufficient to pass the desired 

level onto the cell drain. In the preferred embodimen~, CM and 

SG are higher than HV so that HV, the regulated signal, is 

connected onto the drain without any loss of voltage. It would 

also be possible to regulate CM and/or SG in order to pass the 

desired level onto the drain. As HV is appli~d to the drain, 

VCCA is also brought positive. In the preferred embodiment the 

VCCA level, at this point in the procedure, is about 7 volts-

this being higher than the maximum level to which the Fnm 

transistor would otherwise pull VCCA by follower action. (Note 

that although CGn is at VSS, the capacitive coupling onto 

the floating gate causes the transistor to conduct even though 

it may be strongly cleared.) The purpose is to ensure that the 

column voltage does not become suppressed due to a current path 

to vcc~. Non-Suppression of VCCA could also be achieved by 

allowing VCCA to float, which may be satisfactory for VCCA nodes 

with small capacitance values and high voltage source~ with lo~ 

::..:.-...:.re.:: impt:uc111c..:e values. "Inese values generaiiy cio not occur in 

practice. Now that the cell is in this writing condition, 

electron tunneling may occur from floating gate to drain, 

resulting in a net increase in the positive charge residin~ on 

the float gate. After a certain time period HV {and VCCAI '.­.... 
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brought low - i~ the preferred embodiment and the discharge rate 

is controlled to avoid unnecessary perturbations onto other 

nodes. 

The cell is now configured into the read mode. CL is taken 

high (connecting the current load onto the column),CMm and SGn 

remain high to keep the same cell addressed (although not 

necessarily at the same high voltages as before) and VCCA is 

taken to a positive voltage. Note that this configuration is a 

reversal from digital memories where the VCCA node would be 

grounded. The total resistance of the Snm transistor and the 

colur:t.~ multi?lex transistor(s) should be small compared to the 

effective resistance of the load. The clear gate CGn voltage is 

taken to a fixed level which is chosen to optimize the voltage 

storage range - in the case of the preferred embodiment both 

VCCA and CGn are connected to 4V. The voltage which is now 

output on the column is compared with ANALOG IN. EN is brought 

high and if ANALOG OUT is greater than ANALOG IN, the output of 

the comparator goes high and resets the latch. The HV switch is 

thus opened and the subsequent HV pulses are not connected to 

the cell. (Typically such_high voltage pulses are of 

successively increasing amplitude.) If, however, ANALOG OUT is 

less than ANALOG IN, then the latch remains set and the next HV 

pulse is applied to the cell and the cells obtains another 

increment of tunnel curren~. The cell is alternatively 

configured in write mode and then read mode until a comparison 

is reached or a maximum number of cycles has been reached. 

70 :;:;lay '- - -,_ 
.UCll...h Lc(;u.tc..iiu~, U11:: t:ircuit is configured 

con~inuously into the read mode. The configuration and the cell 

operating conditions are exactly the same as during the write 

comparison and thus an accurate reproduction is achieved. 
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The resolution of analog recording is improved if the 

voltage increment on the EEPROM floating gate resulting fro~ 

each high voltage iteration is as small as possible. In the 

case of commercially available speech recording devices, 

resolutions range from 6 bits to 16 bits of equivalent digital 

resolution. The recording method employed herein causes the 

voltage on the floating gate to be incremented during each high 

voltage pulse. The resolution achieved depends on the width o: 

the high voltage write pulses and also on the amount of voltage 

increment between each successive pulse. Better resolution 

(i.e. smaller voltage increments) is achieved with narro~ pulses 

and/or with smaller voltage increments of the high voltage 

pulse. However, this means that to cover the same range of 

floating gate voltages (i.e. the same dynamic range), there must 

be an increased number of applied high voltage pulses. In a 

given recording architecture there is a certain amount of time 

available to perform the writing of one row before beginning the 

write of the next row. This limits the number of pulses which 

can be applied and consequently limits the resolution whi=h ca~ 

be achieved. If the high voltage pulses increase linearly ove: 

the complete range, then each increment would give approximately 

equal increments to the floating gate. The first few pulses 

(which generally would follow an erase cycle) would probably 

cause a larger increment than subsequent pulses, but this is the 

major except.ion. 

The technique used in the preferred circuit of Figure 2 

u~~~ lwo nurs~s of voitage puises (tne method could be 

extended to more bursts). The first burst of pulses has 

monotonically increasing voltage levels (beginning with a 

level which produces a weakly prograrruned cell and ending with 

a level which produces a strongly programmed cell - i.e. from 



·-····· -·· ·-~ ·-·· --~ _,._ ···········-· ···-·· ,.·----·-···--

WO 92/12519 

9 

8 volts to 18 volts). These will be called the coarse 

pulses. Coarse pulses are applied to the cell until the cell 

reaches a point where an additional pulse would program it to 

-~ level which is beyond the desired level. A second burst of 

pules is now applied which has a reduced voltage increment 

between adjacent pulses. These are termed the fine pulses. 

The voltage level of the first pulse in the fine burst is 

related to the level of the last coarse pulse applied to the 

cell. It can be the same level, slightly higher or slight!y 

lower, but the important thing is that ~t is function of the 

last coarse pulse height. Fine pulses are applied to the 

cell until the cell is programmed to the desired level. The 

voltage level of the fine pulses may also have monotonically 

increasing values, but the voltage increment is much smalle~ 

than the incrernen~ during the coarse cycle. The fin~ pulses 

may also be of a narrower width than the coarse pulses. 

In this scheme, the resolution of the floating gate 

voltage is determined by the voltage increment attained 

during the fine cycle. The voltage range, however, is 

determined by the coarse cycle. 

Consider an ideal situation where: 

Vr Dynamic voltage range. 

Ve Floating gate voltage increme~t during coarse 

pulses 

Vf Floating gate voltage increme~~ during fine pulses 

Ne = Number of coarse pulses 

- ,,. 
UJ.. 

7.hen, 

Ne -= Vr/Vc 

Nf Vc/Vf. 

and 
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Ntotal = Ne + Nf 

If the circuit did not use this dual (or multi) 

increment technique however, and the same resolution was 

~equired, then the total number of pulses required to cover 

the range would be: 

Ntotal = Vr/Vf = Vr/(Vc/Nf) = Nc*Nf 

As an example, suppose we have a range of lV, a coarse 

increment of O.lV and a fine increment of lOmV. Using the 

dual increment technique a total of 20 high voltages would be 

required versus 100 pulses with pulses of uniformly 

increasing magnitude. 

In practice, the number of pulses required is greater 

than the id~al case because: 1) one must begin the coarse 

high voltage pulses a: a lower level and continue past the 

ideal high level in order to account for manufacturing 

tolerances which change the relationship between the applied 

high vol:age signals and the resulting voltages on the 

floating gate (e.g. variations in t~nnel threshold). This is 

necessary when using either technique. 2) there must be a 

sufficient nu~ber of fine pulses to cover the complete 

voltage span of a single coarse step. At the upper end this 

is a similar problem to 1), but at the lower end it is due to 

practica~i~ies in circuits which are used to implement the 

technique. 

A block diagram of a circuit which utilizes a dual 

incremen: (coarse/fine) technique is shown in Figure 2. Ir. 

+ho __ """'_'"'_'°_ ... C" --= 'C".: -· .. ---·-- --···r--··-··- ... -- - _":1 __ _ 

switch SW2, transistors Tl, T2 and T3, capacito= Cl and a 

voltage summing junction. To initialize the circuit, a pulse 

is applied to CLSET to se~ the latch, CENis set high to close 

SW2 and a pulse is applied to RCA.PEN to discharge Cl. The 
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burst of course pulses is then applied to CHV and 

consequently is also applied to the cell provided that the 

latch remains set and SWl is closed, as described previously. 

One important difference with this implementation compared to 

the basic circuit is that the connection of CHV to COLN is 

through the transistor Tl. Tl requires a voltage on its gate 

which, in turn is provided by SW2 and T2. During the time 

that the cell voltage is read and compared with ANALOG IN, a 

voltage Vos is added to the voltage on COL~. The value o: 

Vos is equal to or slightly greater than the floating gate 

voltage increment that results from a single coarse pulse. 

Adding Vos before the comparison is made with ANALOG 1N 

ensures that the latch is reset one coarse pulse earlier t~an 

would otherwise occur. At this time, the latch is reset and 

the cell is thus programmed to a level which is no more than 

one coarse increment below the desired level. Also the gate 

voltage on Tl which corresponds to the last coarse pulse 

before comparison is stored on Cl. 

The latch is now set once more by applying a pulse to 

CLSET, CEN is taken low to open SW2 and the second burst o~ 

high voltage (fine) pulses are applied to CHV. These pulses 

are all of maximum amplitude, but the voltage which is 

transferred ~nto COLN through Tl depends on the stored level 

on Cl and the follower action of Tl. The stored level o~ Cl 

is modulated by the signal FV, which in the preferred 

embodiment, is a ramp which begins at a low level (VSS) a: 

(2V) at the end of the fine cycle. The magnitude of the high 

voltage pulses which are connected to the cell during the 

fine cycle is therefore dependent on the highest value 

reached during the coarse cycle and with increasing 
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amplitudes as determined by FV. As with the coarse cycle, 

after each high voltage pulse the cell voltage is read and 

compared with ANALOG IN. During the fine cycle, however, Vos 

--is held at VSS and the cell voltage is incremented in fine 

increments until a comparison is made. 

Figure 3 shows a detailed schematic of the circuit. T2, 

TJ, T4, T6, T8 together with Cl and C2 create an offset 

canceled comparator; TS, T7, T9, TlO, Tll, Tl2, TlJ a~d Tl~ 

create an additiona~ gain stage and latch; TlS, Tl6, Tl7, 

Tl8, T23 and C3 create a high voltage switch; T19, T20, T21, 

T22, T24 and C4 crea:e another high voltage switch; CS is a 

holding capacitor and T29 acts as a source follower. 

The write sequence begins with an erase cycle. In the 

following desc=iption it is assumed that the addressed cell 

has already been fully e=ased. hnen reading, the cell is 

configured in a source follower mode as previously described. 

The signal VCL applies a bias to T32 such that T30, T31, a~c 

T32 act as a load to VSS. (T30 is i~cluded to increase the 

voltage breakdown on the COLN node). This technique could 

also be utilized if the cell were configured in the 

'arrangement which is m.ore conventional to memory arrays, bu~ 

an inversion would be necessary (for instance between the 

cell and COLN). 

At the beginning of the write (programming) cycle, a 

negative pulse is applied to CLSET and a positive pulse is 

applied to RCAPEN. This sets the latch (HVEN goes high) and 

~ischdrges CS ~o 0V. VCOM? provides a bias such thot T4 and 

TS act as high impedance load devices. Likewise, VCOLHV 

cause TlB and T22 to behave as load devices, in this case to 

VSS. P/R is held low and is only allowed to go high during 

playback. CEN is initially held low. CL is low during write 
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and high during read. The voltage which is desired to be 

written into the EEPROM cell is applied to ASA.'1PN. The first 

high voltage pulse of the coarse cycle is applied to CHV. It 

__ could typically be about lOV amplitude with a finite rise 

time and pulse duration. Since HVEN is low, Tl7 is off and 

the voltage on the gate of T23 rises as a result of the CHV 

ramp on C3. Other capacitances on the gate of T23 are small 

relative to C3 and consequently there is very little 

capacitive or voltage division. There is also the self 

bootstrap effec: of T23 itself and so the gate of T23 

increases i~ voltage by an amount almost equal to CHV. The 

starting voltage on T23 gate was (VCC - Vt) or about 4V, so 

with Vt typically about lV, the transistor T23 is turned 

fully on and CHV is conducted onto C4. The components TlS, 

Tl6, Tl7, and Tl8, T23 and CJ operate like a high voltage 

switch enabled by HVEN (other implementations of the switch 

are possible) . In a similar fashion, the other switch using 

T24 also conducts and CS is charged to (CHV - Vt) - the Vt 

drop is due to T25. T29 now conducts and allows COLN to rise 

to (CHV - Vt - Vtn) . Vt is the enhancement threshold (of 

T25), and Vtn is the threshold of native transistor T29. It 

is assumed that the Vt of T28 is less than or equal to T25. 

Hence the CHV pulse is applied to COLN and subsequently to 

the cell with a small amount of voltage drop due to 

thresholds. After CHV is returned to its low level, the 

voltage read from the cell is compared with ASAMPN. CCK and 

cc~ are inverse signals; cc~ is initially nigh and gates 

ASA.MPN on to Cl via T2. T6 is also driven by CCK and biases 

the inverter T8/T4 in its linear region and cancels the 

offset. T7 gate has the same voltage as (matched) TB and its 

source is at VSS, so the invertor TS, T7, T9 is also in the 
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linear region. CCK then goes low and CCK goes high. The 

cell has since been configured in its read mode and thus the 

cell voltage is coupled onto Cl. The change in voltage on 

the LHS of Cl is coupled onto the gate of TB. (It is 

important that CCK goes low before CCK goes high in order to 

ensure that there is no charge loss through T6l . 

Simultaneously, a positive going signal is applied to Vos (in 

the preferred embodiment it is l.SV, derived from analog 

signal ground) and couples additional charge onto T8. The 

value of capacitor C2 is chosen so as to couple charge that 

is equivalent to a voltage slightly greate= than the voltage 

increment that results on the floating gate during each 

coarse pulse. Since the inverter is in its linear regio~, 

the change at the gate of T8 causes a corresponding change in 

the drain of TB, multiplied by the gain of the inverter. The 

size of T6 is kept small so as to minimize the capacitive 

coupling from CCK to the input of the inverter. The coupling 

can be reduced further by connecting an equal capacitor to 

the gate of T8 but within equal and opposite phase of signal. 

This can be a "dummy" transistor similar to T6, or, as is 

often done, it can be a P-channel transistor in parallel with 

T6 and driven by an opposite signal. these steps were no~ 

taken, however, because the offset introduced here is a 

systematic offset which is equal in all similar circuits, 

including the reference circuit and is therefore canceled 

out. If the comparator were realized by some of the other 

::e:cl':..1,iq-..;e:.s, sue.:-. ei.:; u.u:H~ witi1 differem:ial inpur. pairs oi 

transistors, the random offset is ultimately superimposed on 

the recorded cell voltage. The comparator circuit is thus 

realized with a small number of components. The gain of the 

inverter (and the subsequent stage T7l, can be increased by 
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using a high impedance load device. In the case of this 

implementation the high impedance is achieved by using 

current mirror devices T4 and TS in their saturated regions. 

With the change is state of CCK and CCK, an amplified 

difference level exists on the gate of T7. After a short 

settling time, COMPEN is brought low. The drain of T7 was 

previously held low by TlO, but it now is allowed to function 

as an additional gain stage, providing an amplified, 

noniverted difference level at this point. The transistors 

Tll through T14 form a CMOS nand gate which is connect ed in 

a cross-coupled latch arrangement with the last gain stage. 

Transistors TS, T7, T9 and TIO serve a dual function - a gain 

stage and a latch. If the cell voltage plus the 0.2V offset 

caused by Vos is less than ASAMPN the latch remains set (HVEN 

is high); if the cell voltage plus 0.2V is greate~ than AS.A.MP 

the latch becomes reset when enabled by COMPEN. The 

comparator is sensitive to input differences in the order of 

lmV. The systematic offset due to T6 coupling is about 17mV, 

which is expected to be consistent to within 2mV across chip. 

With 3mV of overdrive the latch settles to the final logic 

state in 1 microsecond. 

The signal HVEN is used to enable the first switch on 

the high voltage path. As iong as the latch remains set, the 

switch is enabled and CHV pulses of continually increasing 

magnitude are applied to the cell. After the latch has been 

reset, the switch is disabled. CHV pulses may cont~nue to be 

supplied, but they do not pass througn tne switch transistor 

T23 and no further coarse pulses are applied to COLN (the 

cell) . The voltage on C4 has been increasing during each CHV 

pulse that HVEN was low. After HVEN goes high and the switch 
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T23 stays open, the highest value reached is retained due to 

the diode action of T25 (RCAPEN is held low). 

CHV pulses continue until their voltage level (and the 

number of pulses) has been sufficient to strongly program a 

cell. In this preferred design and process, the maximum CHV 

level is 21V. After the last coarse CHV pulse, all latches 

in the column driver circuits should have been set (provided 

that all the ASA."1.PN voltage levels are in the dynamic signal 

range) . 

The fine cycle now begins. CEN is taken high, thus 

disabling the second switch; CLSET is pulsed low and then 

high again, resetting the latch and enabling the first 

switch. Another burst of CHV pulses is supplied, this time 

of equal magnitude (21V) but with half the repetition period 

of the coarse pulses. The shorter pulses allow a smaller 

amount of charge to be tunneled onto the floating gate during 

each high voltage pulse, as well as allowing more pulses of 

smaller voltage increments. The CHV pulses which are input 

to the circuit are of maximum amplitude, but the voltage 

which is applied to COLN depends on the stored voltage on the 

gate of T29 and the high voltage storage capacitor. As COLN 

rises with CHV, the coupling action onto the gate returns the 

gate voltage to precisely the Sjme level that existed during 

the last coarse pulse and consequently the level applied to 

COLN is the same level as that which was applied during the 

last coarse pulse. There is provision in the circuit for 

bottom plate of CS is driven by another external signal ~ .. 
I: .., . 

The circuit would function if FV remained at a fixed voltage 

throughout the complete write operation, but enhanced 

performance is attained by manipulating FV. The preferred 
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implementation of the circuit and its support circuits 

applies a ramp to FV. During the coarse cycle, FV is held at 

a fixed level of about 2V and is brought to ov at the 

_beginning of the fine cycle. FV ramps up linearly from OV at 

the beginning of the fine cycle to 2V at the end of the fine 

cycle. This ramp is superimposed on the stored on CS and 

consequently on the voltage amplitude of the high voltage 

pulses applied to COLN. 

During the fine cycle, Vos is held at a fixed voltage 

and not pulsed, as was the case during the coarse cycle. 

Thus the cell floating gate continues to increment in fine 

voltage steps until the read voltage is greater than ASAM?N, 

at which time the latch is set, switch T23 remains open and 

the cell does not receive any further pulses. 

In the preferred embodiment, the coarse and fine 

programming characteristics are as follows: 

Number 

Number 

Minimum 

Maximum 

Minimum 

Maximum 

Coarse 

of coarse pulses 

of fine pulses 

coarse CHV voltage 

coarse CHV voltage 

coarse COLN voltage 

coarse COLN voltage 

CHV rise time 

45 

90 

llV 

21V 

9V 

18V 

'12urnv/µsec 

Fine CHV rise time B40mv/µsec 

Coarse CHV pulse width {~ lv) 100 µsec 

Fine CHV pulse width (@ lV} 50 µsec 

i:·v ramp 0 - 'Lv 

Vos pulse height l.5V 

In the embodiment of the invention just described and 

for both series of programming pulses, once the read and 

compare operations find that the desired programming level 
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for that series of pulses has been reached, a latch blocks 

further programming pulses of that series from passing to the 

cell, even though the read and compare operations are in fact 

continued until the end of the respective series of 

programming pulses. The continuance of the read and compare 

operations is an arbitrary design choice, but the blocking of 

further programming pulses of that series from passing to the 

cell once the desired compare is obtained is important, as 

otherwise subsequent noise might disturb a subsequent compare 

operation, allowing a much higher pulse of that series to 

pass to the cell, resulting in a single but large prograrruning 

increment above the programming level desired. 

While the preferred embodiment of the present invention 

has been disclosed and described herein, it will be obvious 

to those skilled in the art that various changes in form and 

detail may be made therein without departing from the spirit 

and scope thereo:. 
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1. A method of iterative writing a signal sample to an 

MOS storage cell for integrated circuit analog recording and 

subsequent playback comprising the steps of: 

(a) providing a first series of programming pulses of 

increasing amplitude to the MOS storage cell; 

(b) after each programming pulse of step (a), reading 

the MOS storage cell and comparing the signal read therefrom 

with the signal sample desired to be written thereto; 

(c) terminating the application of the first series of 

progranuning pulses to the MOS storage cell when the signal 

read from the storage cell in step (bl reaches a 

predetermined relationship to the signal sample to be 

recorded; 

(d} providing a second series of programming pulses of 

increasing amplitude to the MOS storage cell, the second 

series of programming pulses increasing in smaller increments 

than the first series of programming pulses; 

(e) after each programming pulse of step (d), reading 

the MOS storage cell and comparing the signal read therefrom 

with the signal sample desired to be written thereto; and 

(f) terminating the application of the second series of 

programming pulses to the MOS storage cell when the signal 

read from the storage cell in step (e) reaches a 

predetermined relationship to the signal sample to be 

2. The method of claim 1 wherein the second series of 

programming pulses as applied to the MOS storage cell is 

referenced to the magnitude of the first series of 
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progranuning pulses when the application of the first series 

of programming pulses to the MOS storage cell was terminated 

in step (c). 

3. The method of claim 2 wherein each pulse in the 

second series of pulses are of shorter duration than the 

pulses in the first series of pulses. 

4. The method of claim 3 wherein the maximum time 

allotted for the application of the second series of pulses 

is substantially equal to the maximum time allotted for the 

application of the firs: series of pulses. 

5. The method of claim 1, 2, 3 or 4 wherein the MOS 

stora9e cell comprises a floating gate MOS storage device 

connectable in a source follower read configuration, whereby 

there is a substantially one to one relationship between the 

voltage on the floating gate MOS storage device of a cell and 

the respective signal read therefrom. 

6. The method of claim 5 wherein the reading of the MOS 

storage cell of steps (b) and (e) is carried out in the same 

as subsequent playback of the signal sample written to the 

MOS storage cell. 

7. A method of storing a signal sample for integrated 

~ir~uit analog recording and subsequent playbacK comprising 

the steps of: 

(a) providing a storage cell having a floating gate MOS 

storage device connectable in a source follower read 

configuration; 
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(b) providing a first series of programming pulses of 

increasing amplitude to the MOS storage cell; 

(c) after each programming pulse of step (b}, reading 

the MOS storage cell and comparing the signal read therefrom 

with the signal sample desired to be written thereto; and, 

(d) terminating ~he application of the first series of 

programming pulses to the MOS storage cell when the signal 

read from the storage cell in step (c) reaches a 

predetermined relationship to the signal sample to be 

recorded. 

8. The method of claim 7 wherein the reading of the MOS 

storage cell of step (c) is carried out in the same way as 

subsequent playback of the signal sample written to the MOS 

storage cell. 

9. A method of storing signal samples for integrated 

circuit analog recording and subsequent playback comprising 

the steps of: 

(a) providing a plurality of storage cells, each having 

a floating gate MOS storage device connectable in a source 

follower read configuration; 

(b) taking a plurality of samples of an analog signal 

and temporarily holding the same in an equal plurality of 

sample and hold circuits; 

(cl providing a first series of programming pulses of 

increasing amplitude to each or the MOS storage cells; 

(d) after each programming pulse of step (c), reading 

the MOS storage cells and comparing each signal read 

therefrom with the signal temporarily held in the respec~ :ve 

sample and hold circuit; and, 
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(e) for each respective MOS storage cell, terminating 

the application of the first series of prograr.ming pulses of 

step (c) to the respective MOS storage cell when the signal 

read from the respective storage cell in step (d) reaches a 

predetermined relationship to the signal held in the 

respective sample and hold circuit. 

10. The method of claim 9 further comprised of the 

steps of: 

(f) providing a second series o! prograr..ming pulses of 

increasing amplitude to each of the MOS storage cells; 

(gl after each programming pulse of step (fl, reading 

the MOS storage cells and comparing each signal read 

therefrom with the signal temporarily held in the respective 

sample and hold circuit; and, 

(h) for each respective MOS storage cell, terminating 

the application of the second series of programming pulses of 

step (f) to the respective MOS storage cell when the signal 

read from the respective storage cell in step (g) reaches a 

predetermined relationship to the signal held in the 

respective sample and hold circuit. 

11. The method of claim 9 wherein the reed-ing of tr.e 

HOS storage cell of step Cd) is carried out in the same way 

as subsequent playback of the signal sample written to the 

MOS storage cell. 

12. Apparatus for writing a signal sample to an MOS 

storage cell in an integrated circuit analog recording and 

playback system comprising: 



----···-~·~· -·-·· - .. - ... ~,.--.... -.. -.-----·---.. -~,~--·-----------------· 

WO 92/12519 

1111111111111111111 11111111111 
* C L M S * 23 

first means for providing a first series of programming 

pulses of increasing amplitude to the HOS storage cell; 

second means for reading the MOS storage cell after each 

programming pulse and comparing the signal read therefrom 

with the signal sample desired to be written thereto; 

third means for terminating the application of the first 

series of programming pulses to the MOS storage cell by the 

first means when the signal read from the storage cell by the 

second means reaches a predetermined relationship to the 

signal sample to be recorded; 

fourth mea~s for providing a second series of 

programming pulses of increasing amplitude to the MOS storage 

cell, the second series of programming pulses increasing in 

smaller increments than the first series of programming 

pulses of the first means; 

the second means also being a means for reading the MOS 

storage cell and comparing the signal read therefrom with the 

signal sample desired to be written thereto after each 

programming pulse of the second series; and 

fifth means for terminating the application of the 

second series of programming pulses to the MOS storage cell 

when the signal read from the storage cell reaches a 

predetermined relationship to the signal sample to be 

recorded. 

13. The apparatus of claim 12 wherein the fourth means 

___ .. :..J.:--
,t-1 .... vv..1r.U-L.l.•'":J t.::-.t:: st::cursd .5t::.L it:::. uI programming pulses is a 

means referenced to the magnitude of the first series of 

programming pulses when the application of the first series 

of programming pulses to the MOS storage cell was terminated. 
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14. The apparatus of claim 13 wherein each pulse in the 

second series of pulses are of shorter duration than the 

pulses in the first series of pulses. 

15. The apparatus of claim 14 wherein the maximum time 

of the second series of pulses is substantially equal to the 

maximum time of the first series of pulses. 

16. The apparatus of claim 12, 13, 14 or 15 wherein the 

M8S storage cell comprises a floating gate MOS storage device 

conneccable in a source follower read configuration, whereby 

there is a substantially one to one relationship between the 

voltage on the floating gate MOS storage device of a cell and 

the respective signal read therefrom. 

17. The apparatus of claim 16 wherein said second means 

is also a means for subsequently reading the MOS storage =ell 

for playback, whereby the read operations when writing a 

signal sample to the MOS storage cell are the same as the 

read operations for playback. 

18. Apparatus for storing a signal sample for 

integrated circuit analog recording and subsequent playback 

co:nprising: 

a storage cell having a floating gate MOS storage devi=e 

connect.able in a source follower read configuration; 

means for providing a first series of programming pulses 

of increasing amplitude to the MOS storage cell; 

means for reading the MOS storage cell after each 

programming pulse and comparing the signal read therefro~ 

with the signal sample desired to be written thereto; and, 
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means for terminating the application of the first 

series of programming pulses to the MOS storage cell when the 

signal read from the storage cell reaches a predetermined 

relationship to the signal sample to be recorded. 

19. The apparatus of claim 18 wherein said means for 

reading after each progra~~ing pulse is also a means for 

subsequently reading the MOS storage cell for playback, 

whereby the read operations when writing a signal sample to 

the MOS storage cell are the same as the read operations for 

playback. 

20. Apparatus for storing signal samples for integrated 

circuit analog recording and subsequent playback comprising: 

a plurality of storage cells, each having a floating 

gate MOS storage device connectable in a source follower read 

configuration; 

a plurality of sample and hold circuits for taking ar. 

equal plurality of samples of an analog signal and 

temporarily holding the same; 

first means for providing a first series of programming 

pulses of increasing amplitude to each of the MOS storage 

cells; 

second means for reading the MOS storage cells after 

each programming pulse and comparing each signal read 

therefrom with the signal temporarily held in the re~pective 

sample and hoid circuit; and, 

third means for terminating the application of the first 

series of programming pulses to the respective MOS storage 

cell for each respective MOS storage cell when the signal 

read from the respective storage cell by the second means 
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reaches a predetermined relationship to the signal held in 

the respective sample and hold circuit. 

21. The apparatus of claim 20 wherein the plurality of 

HOS storage cells comprise a two dimensional array of MOS 

storage cells. 

22. The apparatus of claim 21 further comprised o~· 

fourt~ means :or providing a second series of 

progra~~ing pulses of increasing amplitude to each cf the P.OS 

sto::age cells; 

the second means also being a means for reading the ~OS 

storage cells after each programming pulse of the second 

series and comparing each signal read therefrom with the 

signal temporarily held in the respective sample and hold 

circuit; and, 

fifth means for te::minating the application of the 

second series of progra~~ing pulses to the respective MOS 

storage cell when the signal read from the respective storage 

cell by the second means reaches a predetermined relations~ip 

to the signal held in the respective sa~ple and hold circuit. 


