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least require another mask to obtain the isolation. Since the cell voltage
swing from its high to its Background of the invention
low state is from 0 volts to ([ERR] minus the diode 1. Field of the
invention                         voltage drop), the noise immunity of the
circuit is The present invention relates to semiconductor    5    reduced.
Dual polarity programming pulses (28 memory units, and more particularly to
electroni-  volts) are required, and the programming occurs cally
programmable nonvolatile memory units.     in two steps, erase and program.
The capacitor ratios would have to be carefully controlled to 2.
Description of the prior art                   avoid influencing the other
NMOS transistor Electronically erasable programmable read   to   when
programming the first transistor. Thus, the only memories (EEPROMS) are
presently being       Tokushige et al. memory unit appears to be of
fabricated with redundant memory locations, e.g.,  significant complexity,
both in terms of construc- rows or columsn, to realize an improvement in
tion and operation. yield. Defective locations may be corrected by
U.S. Patent 4,132,904 (Harari) discloses a vol- replacement with available
redundant locations.   15   atile/nonvolatile logic latch circuit in which
a pair In order that the corrections are made in a       of circuit
branches each comprise a field effect permanent manner, it is necessary
that the loca-  transistor and a floating gate field effect transistor
tions of the defects or errors be stored by a     connected in series. The
control gates of the nonvolatile technique, i.e., the information will be
respective floating gate transistors are cross- retained when power is no
longer applied to the   20   coupled to the respective junctions between
the memory.                                           series transistors in
the other circuit branch. The At least two existing techniques for
nonvolatile  Harari circuit not only can be programmed to storage of error
locations are known. Each tech-  assume a desired state when the circuit is
turned nique involves the separation of conductive links  on, but it also
can be intentionally overridden so or fuses at appropriate locations in the
memory   25   as to store complementary data. device to permanently store
the data. One tech-     Other nonvolatile memory devices are dis- nique,
known as the laser link technique, involves  closed in U.S. Patents Nos.
3,618,053; 4,102,348; the use of an impinging laser beam to selectively
4,185,319;  4,207,615;  4,228,527;  4,357,685; separate the fuses. A
disadvantage of this tech-  4,363,110; 4,387,444; and 4,408,303. However,
nique is that it requires a substantial investment   30   these memory
devices suffer from various dis- in capital equipment to implement. Another
tech-  advantages, such as requirements for sense nique, known as the
fusable link technique,       amplifiers, complexity in fabrication, high
cell involves burnout of a fuse by passing a relatively  count, and poor
noise immunity. large current through the link. A disadvnatage of
EP-A-0028935 of Hughes Microelectronics this technique is that it makes
inefficient usage of   35   Limited describes a nonvolatile semiconductor
chip area, since substantial chip area is needed  memory circuit according
to the first part of claim for the devices required to "blow" the fuses.
Both  1. the FATMOS transistors of that circuit should of these techniques
draw dc current unless two    not be operated in enhancement mode. If they
do fuses are used per bit, making them less attractive  shift into
enhancement mode high leakage cur- for use with CMOS circuits.
40   rent must be provided. This is undesirable from a U.S. Patent No.
4,403,306 (Tokushige et al.)    power consumption standpoint. discloses a
semiconductor memory operable as a      The structure of a particular
floating gate tran- static RAM or EAROM. In the EAROM operation a
sistor is described in JP-A-51-117838. nonvolatile memory is provided.
Nonvolatile data   It is an object of the present invention to is stored by
utilizing the hysteresis characteristics   45   provide a nonvolatile latch
circuit which assumes of a threshold voltage VTL of a pair of N-MNOS (N-
the proper state when power is applied to the metal nitride-oxide-silicone)
transistors. One of  circuit, irrespective of the power-applying con- the
transistors operates as a depletion mode      ditions, and which
automatically insures against transistor (having a negative threshold
voltage)  intentional or unintentional overriding. which conducts when its
gate voltage is 0 volts,   50    It is a further object of the invention to
provide a while the othertransistor operates as an enhance-  latch circuit
which requires a minimal amount of ment mode transistor (having a positive
threshold  support circuitry, such as sense amplifiers. voltage) which is
nonconductive when its gate      It is another object of the invention to
provide a voltage is 0 volts. The memory unit has a nominal  latch circuit
which minimizes the electrical power supply voltage of +5 volts, and
separate erase   55   required for circuit operation. and write pulses of
-28 volts and +28 volts,        It is yet another object of the invention
to respectively, are required to erase and write     provide a nonvolatile
latch circuit having low nonvolatile data.
power requirements, small cell size, high noise The cell count of the
Tokushige et al. memory   immunity and good data retention. unit is
relatively large, with eight transistors and    60 two diodes comprising
the cell. Since the diodes            the invention are forward biased when
the unit is operating as a  In accordance with the foregoing objects, a
RAM, the diodes should be isolated separately       nonvolatile
semiconductor memory unit is pro- from the other substrates. This increases
the      vided having first and second circuit branches complexity of
fabrication of the cell, and would at      coupled in parallel and
comprising first and    3              EP0172879B1                        4



second metal-oxide-semiconductor field effect     embodiment is
particularly adapted to fabrication transistor (MOSFET) devices
respectively dis-     using CMOS technology, although the invention posed
in said first and second circuit branches, the  can be implemented by other
technologies. respective gate of each MOSFET device being        Latch 10
comprises four interconnected MOS cross-coupled to the respective drain of
the other   5    transistors 20, 30, 50 and 70. Transistors 20, 30 of said
MOSFET devices; first and second floating  comprise CMOS P-channel field
effect transistors gate MOSFET devices, each having a control gate  (FET).
The sources 24, 34 of transistors 20, 30 are -and an insulated floating
gate, respectively dis-  coupled together at a node 12. The gate 22 of
posed in said first and second circuit brancheswith  transistor 20 is
coupled to the drain 36 of transistor their source and drain coupled in
series with the   10   30 at a node 38. Similarly, the gate 32 of
transistor source and drain of said respective first and     30 is coupled
to the drain 26 of transistor 20 at a second MOSFET devices; the memory
unit further    node 28. As is well known, the P-channel tran-
characterised by:                                 sistors 20, 30 are turned
on when their respective first charging means coupledtothe floating gate
gates are at a low supply potential [ERR] but are of said first floating
gate MOSFET device and   is  turned off when their respective gates are at
a high adapted to place either a net positive or a net   supply voltage
[ERR]. negative charge on said floating gate so that said  Transistors 50,
70 comprise floating gate N- first floating gate MOSFET device is
selectively  channel MOSFETs. Respective capacitors 56, 76 operable in the
depletion mode or in the enhance-  couple the respective floating gates 52,
72 of the ment mode;                                  20   respective
transistors 50, 70 to respective [ERR] type second charging means coupled
to the floating   regions 57, 77 formed in the cell substrate. These gate
of said second floating gate MOSFET device   capacitors comprise tunnel
oxide capacitances and adapted to place either a net positive or a net
formed by the floating gate and [ERR] regions negative charge on said
floating gate so that said  separated by a thin oxide layer. The [ERR]
region 57 of second floating gate MOSFET device is selectively   25
transistor 50 is coupled to the gate 74 of transistor operable in the
enhancement modewhen said first   70 at a programming node 78. Similarly,
the [ERR] floating gate MOSFET device is operable in the    region 77 of
transistor 70 is coupled to the gate 54 depletion mode, or in the depletion
mode when     of transistor 50 at a programming node 58. It is to said
first floating gate MOSFET device is operable  be understood that floating
gate transistor tech- in the enhancement mode; and                30
nology is well known in the art, as described, for data input means coupled
to said first and      example, in the aforementioned U.S. Patent No.
second charging means and said control gates of   4,132,904. said first and
second floating gate MOSFET         The drain 26 of P-channel transistor 20
is devices.                                          connected to the drain
60 of N-channel transistor 35   50 at node 28. Similarly, the drain 36 of
P-channel Brief description of the drawings                 transistor 30
is connected to the drain 80 of N- The various objects, features and
advantages of  channel transistor 70 at node 38. The respective the
invention will be readily appreciated by per-  sources 62, 82 of the
transistors 50, 70 are sons skilled in the art from the following detailed
respectively connected to the low voltage supply description when read in
conjunction with the   40   [ERR]. In the preferred embodiment, the stored
data accompanying drawings wherein:                    DATA OUT is read
from the memory unit at node Fig. la is a schematic drawing of a preferred
38, and the inverse of the stored data,DATAOUT embodiment of the invention,
with a program-      is read from node 28. ming circuit added so that the
composite circuit    Programming circuit 100 comprises NOR gates emulates a
"D" type flip-flop, as schematically   45   110, 120, and inverter 126. The
Input signals to represented in Fig. lb.
programming  circuit 100 comprises "PRO- Fig. 2 is a cross-sectional view
illustrative of the  GRAM*" and "DATA IN". In the read mode of the
structure of the floating gate transistors with   memory unit, PROGRAM* is
set to high supply tunnel oxide capacitors utilized in the preferred
voltage [ERR], which is typically about +5 volts. embodiment.
so   During the programming mode, PROGRAM* is set Figs. 3(a-h) show
waveforms of the voltage at   to the "low" level, i.e., the lowsupply
potential [ERR], various points in the circuit of Fig. la as a function
which may be O volts,forexample. Thevalue of the of time.
DATA IN signal during the programming mode, when PROGRAM* is "low",
establishes the data Detailed description of the invention        55
value to be stored by the latch. For programming a The purpose of the
nonvolatile latch is to store  "low" voltage level at node 38, DATA IN is
set to data, and to retain that data if power is interrupted.  the "low"
supply potential [ERR]. For programming a Moreover, the latch will assume
the correct state  "high" voltage level at node 38, DATA IN is set to a
regardless of the power-applying conditions.      potential [ERR] which is
higher than the potential Referring to Fig. 1 a, a preferred embodiment of
60   [ERR] used during the read mode, so that the the latch circuit is
illustrated, including external  potential difference between [ERR] and
[ERR] is circuitry to form a nonvolatile "D" typeflip-flop, as  typically
more than 12 volts in the preferred represented in Fig. lb. This is but one
use of the  embodiment, as will be described in more detail invention, and
other applications will be readily  below. apparent to those skilled in the
art. The preferred   65    It will be appreciated that, when the PROGRAM*
5              EP 0 172879 B1                    6 signal is at [ERR]
during the read mode, the      gate 230 and region 205, which are separated
by 



programming circuit 100 will provide the voltage  the oxide regions 215,
225 and 235. The N- [ERR] to both programming nodes 58, 78 and will
channel floating gate FET illustrated in Fig. 2 apply the voltage [ERR] to
node 12. This results  requires a gate bias threshold potential VT to from
the fact that the NOR gates 110, 130 require    5   "turn on" the
transistor, i.e., to allow significant both input signals to be "low" to
obtain a "high"  current flow between the source S and the drain output
signal. Therefore, with PROGRAM* at the  D. "low" level, the NOR gate
outputs will be "low"     When a "high" programming signal [ERR] is
regardless of the value of DATA IN.              applied to a programming
node, and the [ERR] During the programming mode, with PRO-   10  region is
connected to [ERR], a voltage [ERR] Is GRAM* at the "low" state, i.e.,
[ERR], the program-  applied across the tunnel oxide capacitor [ERR], [ERR]
ming circuit 100 will provide a "low" voltage    having a magnitude
equivalent to KVDDp, where K potential Vss to node 12, and will provide
comple-  is a coupling coefficient. The value of K is equiva- mentary
programming signals to programming       lent to the value [ERR]. Thus, for
the polarity nodes 58, 78. The respective values of the pro-   15   of
[ERR] shown in Fig. la, i.e., measured from the gramming signals depends
upon the value of       floating gate to the [ERR] region, application of
the DATA IN. Thus, when DATA IN equals [ERR], [ERR]     complementary
programming signals [ERR] to the appears at the output of NOR gate 110 and
is     gate of an N-channel transistor and [ERR] to the [ERR] applied to
programming node 58. In this event,   region B of the transistor results in
a voltage [ERR] the complementary programming signal at the   20
equivalent to [ERR] across the tunnel oxide output of NOR gate 120 is at
the "low" state and is  capacitance. The converse situation, with [ERR]
applied to programming node 78. Conversely,      applied to the gate and
[ERR] to the [ERR] region 8, when DATA IN is at the "low" level, the values
of  results in a voltage [ERR] equivalent to [ERR]. As a the respective
programming signals are inverted,  result of the selection of the
fabrication para- i.e, [ERR] is applied to programming node 78, and   25
meters defining [ERR] and [ERR], the coefficient K [ERR] is applied to node
58.                       typically has a value of 0.8 in the preferred The
simplified structural configuration of a   embodiment. floating gate
N-channel transistor and the [ERR]      During the programming mode, the
voltage region as used in the preferred embodiment is  [ERR] causes
tunnelling of carriers through the shown in Fig. 2. The construction of
floating gate   30  tunnel oxide capacitance. The population of N-channel
CMOS transistors is well known to      carriers transferred through
tunnelling is pro- those skilled in the art, and need not be described
portional to [ERR] [log(programming time)]. Thus, in great detail. Region
205 comprises P-type    to decrease the required programming time, i.e.,
silicon in which highly doped [ERR] regions B, S, D  the time the device
must remain in the program- form  respectively, one side of tunnel oxide
35   ming mode to program the device to the desired capacitance [ERR] the
source S, and the drain D. [ERR]  state, the level of [ERR] may be
increased. In the region B does not form a part of the N-channel
preferred embodiment, the potential difference FET, its function being to
form one side of the  between [ERR] and [ERR] typicallyexceeds +12volts.
tunnel oxide capacitor. Transistor gate 240 com-  It will be apparent to
those skilled in the art that prises a conductive layer. Insulation layer
210   40   when [ERR] is applied across the tunnel oxide separates the
floating gate 230 from gate 240.   capacitor, electron carriers will tunnel
through the Field oxide regions 235, tunnel oxide layer 225,  oxide layer
225 from the [ERR] region B to the and gate oxide layers 215 separate the
floating  floating gate 230. This will result in a net negative gate 230
from region 205.                     charge on the floating gate 230 which
will remain Floating gate 230 is a conductive layer formed   45   when
[ERR] is brought to zero. This negative charge of polycrystalline N-type
silicon, which is conduc-  will shift the normal threshold voltage of the
N- tive at all times. Floating gate 230 is disposed  channel transistor as
seen from the gate 240 to a adjacent the [ERR] region B. The tunnel oxide
layer     more positive threshold, well into the enhance- 225 between the
floating gate and the top surface  ment mode. of region 205 adjacent N'
region B Is substantially   so  Conversely, when a negative voltage [ERR]
is thinner than the gate oxide region 216 between   applied across the
tunnel oxide capacitor CT, the floating gate and the channel region of the
electrons tunnel from the floating gate 230 to the transistor. The field
oxide region 235 is sub-   N' region B. This decrease in the electron
carrier stantially thicker than the gate oxide layer 215.  density in the
floating gate will remain after [ERR] is Depending upon the particular
technology with   55   brought to zero. The resultant net positive charge
which the latch is fabricated, the N' region B may  on the floating gate
will shift the threshold volt- be disposed directly beneath the tunnel
oxide    age in a negative direction, well into the depletion layer 225,
rather than adjacent to the area beneath  mode, i.e., with the device being
turned on even the tunnel oxide.                                with zero
gate bias. The. floating gate 230, the tunnel oxide layer   60  During the
read mode, it may be seen that the 225, and the N' region B form a tunnel
oxide     voltage applied across the tunnel oxide capacitor capacitor CT.
Since the gate 240 is separated from  is zero, facilitating data retention.
The tunnelling floating gate 230 by insulating layer 210, an    effect is
negligible, leading to very long retention effective capacitor [ERR] is
formed. Similarly, an  times (on the order r of ten years or longer), since
effective capacitor C2 is formed between floating   65   no voltage is
applied across the tunnel oxide    7              EP 0172879 B1
8 capacitor, and the devices remain programmed to   data nonvolatily, and
does not require external their respective depletion and enhancement
sensing amplifiers to help drive the circuit into the 



states.                                           correct state. The
circuit provides output logic As described, an N-channel transistor having
signals, i.e. either at [ERR] or [ERR], whenever power [ERR] applied to its
gate is programmed to a    5    is applied. The latch may be fabricated
efficiently, positive threshold voltage VT (enhancement). In   using the
same technology as used to construct the enhancement mode, a positive
external volt-    other elements of the device such as the EEPROM age must
be applied to the gate to turn the       in which the latch is
incorporated. transistor on; with its gate at [ERR], the transistor  While
the invention has been described in the will be turned off. The N-channel
device with the   10   context of a "D" type flip-flop memory cell, the
[ERR] level voltage applied to its gate is pro-    invention may be readily
adapted to many other grammed to a negative threshold voltage (deple-
applications requiring a nonvolatile memory. For tion); with its gate
grounded, the transistor will be  example, the invention can be adapted to
such turned on.                                        applications as
nonvolatile counters or coded As may be seen with reference to the   15
security devices requiring that a predetermined waveforms, of Figs. 3(a-h),
during the read      code be entered into the device to allow entry mode,
PROGRAM* is at [ERR]. This forces both N-   (such as garage door openers).
channel gates 54,75 and [ERR] regions 57,77 to Vss.   it is understood that
the above-described During the programming mode, when PRO-
embodiment is merely illustrative of but one of GRAM* is brought to [ERR],
and DATA IN is at [ERR]   20   the many possible specific embodiments which
(logic "1"), gate 74 of the transistor 70 and the [ERR]  can represent
applications of the principles of the region 57 of the transistor 50 are
driven to [ERR].  present invention. For example, the N- and P- The gate 54
of the transistor and the [ERR] region 77  channel devices may be reversed,
such that the of the transistor 70 are driven to [ERR]. Also, since
nonvolatile devices are P-channel floating gate PROGRAM* is applied to node
12, the memory   25   devices, and the P-channel transistors of the unit
does not draw any current during the pro-    preferred embodiment would be
N-channel tran- gramming mode. A voltage equal in magnitude to    sistors.
Polarity reversals would be required; for [ERR] is therefore placed across
the tunnel oxide  example, the programming circuit would be layer of each
transistor, the polarity of the voltge  adapted to provide a voltage [ERR]
to the gates of applied to the two N-channel transistors 50, 70   30   the
nonvolatile devices during the programming being complementary as discussed
above.           mode. Those skilled in the art will readily appreci-
During the read mode, when PROGRAM* is at       ate the various changes to
the preferred embodi- [ERR], the memory unit is energized and both N-
ment when P-channel floating gate transistors are channel gates 54, 74 are
brought to [ERR]. The      utilized as the nonvolatile devices. depletion
N-channel transistor will be turned on,   35  Moreover, it is to be
understood that the pro- the enhancement N-channel transistor will be
gramming circuit utilized in the preferred embodi- turned off, and the
memory unit will assume its   ment is merely illustrative. Many other
circuits only stable state. If transistor 50 is in the depletion  can be
devised to program the latch, including mode (DATA IN is at [ERR] during
the program-      circuits which program the latch in two or more ming
mode), it will be turned on during the read   40   steps. Thus, for
example, either the gates of the mode, and the transistor 70, in the
enhancement  nonvolatile devices or the [ERR] regions could be mode, will
be turned off. The DATA OUT node 38    connected together, with the [ERR]
regions or gates will be pulled to [ERR] by conducting transistor 30,
which are not connected together forming two which is turned on, since its
gate is coupled to the  additional programming nodes. In the first pro-
drain of conductive transistor 50 and, therefore, is   45   gramming step,
the connected nodes are brought at the [ERR] potential. Transistor 20 will
be turned  to a high potential, and the additional two pro- off, since Its
gate is coupled to node 38, and the  gramming nodes are forced to a low
potential, to DATAOUT node 28 will be driven to [ERR]. Since       program
both nonvolatile devices into the same transistors 20 and 70 are both
turned off, no dc  state. In the second programming step, the current is
drawn during the read mode.      so   second and third programming nodes
are driven If DATA IN is at [ERR] (logic "0") during the     by
complementary programming signals to programming mode, then the voltage
levels and     reverse the state of one nonvolatile device. transistor
states are inverted from that described above. Transistors 30 and 50 will
be turned off,  Claims DATA OUT will be at Vss (logic "0"), and  DATA 55
will be at [ERR] (logic "1").                   1. A nonvolatile
semiconductor memory unit The preferred embodiment of the invention
having first and second circuit branches coupled draws no dc current and
assumes the correct       in parallel and comprising first and second
metal- state during both fast and slow power-applying
oxide-semiconductor field effect transistor (MOS- conditions. The memory
unit cannot be "flipped"   60   FET) devices (20,30) respectively disposed
in said by setting it to the wrong state, illustrating the  first and
second circuit branches, the respective high noise immunity of the circuit.
Very small    gate (22, 32) of each MOSFET device (20, 30) supply voltages
(for example, thirteen volts at one  being cross-coupled to the respective
drain (36, milliseconds) are able to program the unit.       26) of the
other of said MOSFET devices (30, 20); The preferred embodiment stores one
bit of   65   first and second floating gate MOSFET devices 5    7
EP 0172 879 B1                      8 capacitor, and the devices remain
programmed to     data nonvolatily, and does not require external their
respective depletion and enhancement          sensing amplifiers to help
drive the circuit into the 



states.                                             correct state. The
circuit provides output logic As described, an N-channel transistor having
signals, i.e., either at [ERR] or [ERR], whenever power [ERR] applied to
its gate is programmed to a    5    is applied. The latch may be fabricated
efficiently, positive threshold voltage VT (enhancement). In     using the
same technology as used to construct the enhancement mode, a positive
external volt-     other elements of the device such as the EEPROM age must
be applied to the gate to turn the         in which the latch is
incorporated. transistor on; with its gate at [ERR], the transistor   While
the invention has been described in the will be turned off. The N-channel
device with the    to   context of a "D" type flip-flop memory cell, the
[ERR] level voltage applied to its gate is pro-       invention may be
readily adapted to many other grammed to a negative threshold voltage
(deple-     applications requiring a nonvolatile memory. For tion); with
its gate grounded, the transistor will be  example, the invention can be
adapted to such turned on.
applications as nonvolatile counters or coded As may be seen with reference
to the    ts   security devices requiring that a predetermined waveforms of
Figs. 3(a-h), during the read          code be entered into the device to
allow entry mode, PROGRAM* is at [ERR]. This forces both N-      (such as
garage door openers). channel gates 54, 75 and N' regions 57, 77 to Vss.
It is understood that the above-described During the programming mode, when
PRO-              embodiment is merely illustrative of but one of GRAM* is
brought to [ERR], and DATA IN is at [ERR]    20   the many possible
specific embodiments which (logic "1"), gate 74 of the transistor 70 and
the [ERR]  can represent applications of the principles of the region 57 of
the transistor 50 are driven to [ERR].  present invention. For example, the
N- and P- The gate 54 of the transistor and the [ERR] region 77  channel
devices may be reversed, such that the of the transistor 70 are driven to
[ERR]. Also, since  nonvolatile devices are P-channel floating gate
PROGRAM* is applied to node 12. the memory   25   devices, and the
P-channel transistors of the unit does not draw any current during the pro-
preferred embodiment would be N-channel tran- gramming mode. A voltage
equal in magnitude to      sistors. Polarity reversals would be required;
for [ERR] is therefore placed across the tunnel oxide   example, the
programming circuit would be layer of each transistor, the polarity of the
voltge  adapted to provide a voltage [ERR] to the gates of applied to the
two N-channel transistors 50, 70    30   the nonvolatile devices during the
programming being complementary as discussed above.             mode. Those
skilled in the art will readily appreci- During the read mode, when
PROGRAM* is at         ate the various changes to the preferred embodi-
V00R, the memory unit is energized and both N-      ment when P-channel
floating gate transistors are channel gates 54, 74 are brought to [ERR] The
utilized as the nonvolatile devices. depletion N-channel transistor will be
turned on,   35  Moreover, it is to be understood that the pro- the
enhancement N-channel transistor will be        gramming circuit utilized
in the preferred embodi- turned off, and the memory unit will assume its
ment is merely illustrative. Many other circuits only stable state. If
transistor 50 is in the depletion  can be devised to program the latch,
including mode (DATA IN is at [ERR] during the program-        circuits
which program the latch in two or more ming mode), it will be turned on
during the read    40   steps. Thus, for example, either the gates of the
mode, and the transistor 70, in the enhancement     nonvolatile devices or
the [ERR] regions could be mode, will be turned off. The DATA OUT node 38
connected together, with the N' regions or gates will be pulled to VDDR by
conducting transistor 30,  which are not connected together forming two
which is turned on, since its gate is coupled to the  additional
programming nodes. In. the first pro- drain of conductive transistor 50
and, therefore, is   45   gramming step, the connected nodes are brought at
the Vss potential. Transistor 20 will be turned  to a high potential, and
the additional two pro- off, since its gate is coupled to node 38, and the
gramming nodes are forced to a low potential, to DATAOUT    node 28 will be
driven to Vss. Since       program both nonvolatile devices into the same
transistors 20 and 70 are both turned off, no dc    state. In the second
programming step, the current is drawn during the read mode.        50
second and third programming nodes are driven If DATA IN is at Vss (logic
"0") during the       by complementary  programming  signals to programming
mode, then the voltage levels and       reverse the state of one
nonvolatile device. transistor states are inverted from that described
above. Transistors 30 and 50 will be turned off,    Claims DATA OUT will be
at Vss (logic "O"), and DATA    55 OUT will be at [ERR] (logic "1").
1. A nonvolatile semiconductor memory unit The preferred embodiment of the
invention         having first and second circuit branches coupled draws no
dc current and assumes the correct         in parallel and comprising first
and second metal- state during both fast and slow power-applying
oxide-semiconductor field effect transistor [MOS- conditions. The memory
unit cannot be "flipped"    60   FET) devices (20,30) respectively disposed
in said by setting it to the wrong state, illustrating the  first and
second circuit branches, the respective high noise immunity of the circuit.
Very small      gate (22, 32) of each MOSFET device (20, 30) supply
voltages (for example, thirteen volts at one  being cross-coupled to the
respective drain (36, milliseconds) are able to program the unit.
26) of the other of said MOSFET devices (30, 20); The preferred embodiment
stores one bit of   65   first and second floating gate MOSFET devices 5
9              EP 0172879 B1                     10 (50,70), each having a
control gate (54,74) and an  memory unit programming mode, whereby sub-
insulated floating gate (52, 72), respectively dis-  stantially no dc
current flows through said first 



posed in said first and second circuit branches   and second circuit
branches during said program- with their source (62, 82) and drain (60, 80)
ming mode. coupled in series with the source (24, 34) and    5  6. A memory
unit according to any of Claims 1 drain (26, 36) of said respective first
and second  to 5, characterized in that said first and second [ERR] devices
(20, 30); the memory unit fur-    MOSFET devices (20, 30) comprise
P-channel ther characterized by:                            MOSFET devices,
and said first and second float- first charging means (56) coupled to the
floating  ing gate MOSFET devices (50, 70) comprise N- gate (52) of said
first floating gate MOSFET device   10  channel floating gate MOSFET
devices. (50) and adapted to place either a net positive or a  7. A memory
unit according to any of Claims 1 net negative charge on said floating gate
(52) so  to 5 characterized in that said first and second that said first
floating gate MOSFET device (50) is  MOSFET devices (20, 30) comprise
N-channel selectively operable in the depletion mode or in  MOSFET devices,
and said first and second float- the enhancement mode;
15  ing gate MOSFET devices (50, 70) comprise P- second charging means (76)
coupled to the       channel floating gate MOSFET devices. floating gate
(72) of said second floating gate     8. A memory unit according to Claim 6
charac- MOSFET device (70) and adapted to place either a  terized in that
each of said charging means (56, net positive or a net negative charge on
said     76) comprises: thin insulator means (225) dis- floating gate (72)
so that said second floating gate   20   posed adjacent the floating gate
(52, 72; 230) of MOSFET device (70) is selectively operable in the  the
respective N-channel device (50, 70), and an enhancement mode when said
first floating gate      [ERR] semiconductor region (57, 77; B) disposed
MOSFET device (50) is operable in the depletion   adjacent said insulator
means (225) whereby each mode, or in the depletion mode when said first
of said charging means (56, 76) comprises a floating gate MOSFET device
(50) is operable in   25   tunnel capacitor formed by said floating gate
(52, the enhancement mode; and                         72; 230), said thin
insulator means (225), and said data input means (100) coupled to said
first and  [ERR] semiconductor region (57, 77; B). second charging means
(56, 76) and said control     9. A memory unit according to Claim 8 charac-
gates (54,74) of said first and second floating gate  terized in that said
first and second charging MOSFET devices (50, 70).                    30
means (56, 76) are adapted such that a potential 2. A memory unit according
to Claim 1, charac-  difference is developed between said respective
terized in that said first and second charging    floating gates (52, 72)
and said respective [ERR] means (56, 76) each comprise a thin dielectric
regions (57, 77) so as to induce charge carrier region (225) disposed
adjacent to the respective  tunnelling  through  said  respective  tunnel
floating gate (52,72; 230) of said first and second   35   capacitor.
floating gate MOSFET devices (50,70) and in that,   10. A memory unit
according to Claim 9, charac- during a memory unit programming mode, each
terized in that the respective control gates (54,74) of said charging means
(56, 76) is adapted to     of said first and second N-channel MOSFET
provide a potential difference across said thin   devices (50, 70) are
cross-coupled to the dielectric region (225), and the direction of carrier
40   respective [ERR] semiconductor regions (77, 57) of tunnelling is
dependent upon the polarity of said  said tunnel capacitor means coupled to
the float- potential difference.                            ing gate (72,
52) of the other N-channel MOSFET 3. A memory unit according to Claim 2,
charac-  device (70, 50). terized in that each of said charging means (56,
76) further comprises a semiconductor region (57,   45   Patentansprfche
77; 8) adjacent said thin dielectric region (225), said semiconductor
region (57, 77; B) being         1. Nichtflichtige
Halbleiterspeichereinheit mit adapted to supply charge carriers.
einem  ersten  und zweiten Schaltkreiszweig, 4. A memory unit according to
Claim 3, charac-  welche parallel gekoppelt sind, und welche auf- terized
in that each of the control gates (54,74) of   so   weisen: erste und
zweite Metall-Oxid-Halbleiter- said floating gate MOSFET devices (50, 70)
is     Feldeffekt-Transistor (MOSFET)-Elemente  (20, respectively
cross-coupled to the respective semi-  30), welche in dam ersten bzw.
zweiten Schalt- conductor region (77, 57) of the charging means
kreiszweig angeordnet sind, wobei die entspre- (76, 56) coupled to the
other of said floating gate  chenden Gates (22, 32) eines jeden MOSFET-
MOSFET devices (70, 50).                    su   Elementes (20, 30) Ober
Kreuz mit dem entspre- 5. A memory unit according to Claim 2, charac-
chenden Drain (36,26) des anderen der MOSFET- terized in that said first
and second branches are  -      (30, 201 gekaoppelt sind; ein erstes und
connected together at the sources (24, 34) of said         OSFET-Element
(50, 70) mit floating first and second MOSFET devices (20, 30), and in  Ga
isen, von denen jades ein Steuergate that said memory unit further
comprises pro-   60 ?54, 7     ein isoliertes floating Gate (52, 72)
gramming means (130, Vss) adapted to bring said   ' 9     if 1iJ wel  in
dam ersten bzw. zweiten Schalt- sources (24,34) of said first and second
MOSFET  ,kreiazwei   it ihrer Source (62, 82) und ihrem devices (20, 30) to
substantially the same voltage  Drain (60! ) angeordnet sind und in Serie
mit as the sources (62, 82) of said first and second i    der Source24, 34)
und dam Drain (26, 36) der floating gate MOSFET devices (50,70) during said
65   antsprachendan ersten und zweiten MOSFET-    ii              EP
0172879 B1                     12 Elemente (20, 30) gekoppelt sind; wobei
das       V86) aufweist, welche angepaSt ist, urn die Sour- Speicherelement
weiterhin gekennzeichnet ist      cen (24, 34) der ersten und zweiten
MOSFET- durch:                                            Element. (20, 30)
auf im wesentlichen dieselbe 



eine erste Ladevorrichtung (56), welche mit     Spannung zu bringen wie die
Sourcen (62,82) des dem floating Gate (52) des ersten MOSFET-Ele-    5
ersten und zweiten MOSFET-Elementes (50, 70) mentes (50) mit floating Gate
gekoppelt ist und   mit floating Gate, wahrend des Programmiermo- angepalt
lst, um entweder netto eine positive     dus der Speichervorrichtung,
wodurch  im \,.9 oder netto eine negative Ladung auf das floating
wesentlichen kein Gleichstrom durch den ersten Gate (52) aufzubringen, so
dag-das ersten MOS-    und zweiten Schaltkreiszweig wahrend des Pro-
FET-Element (50) mit floating Gate selektiv im   10   grammiermodus flieSt.
Verarmungsmodus oder im Anreicherungsmo-            6. Speichervorrichtung
nach einem der AnsprO- dus betreibbar ist;
che 1 bis 5, dadurch gekennzeichnet, daB das eine zweite Ladevorrichtung
(76), welche mit    erstie und' zweite MOSFET-Element (20, 30) P- dim
floating Gate (72) des zweiten MOSFET-        Kanal MOSFET-Elemente
aufweist, und das erste Elementes (70) mit floating Gate gekoppelt ist und
15   und zweite MOSFET-Element (50, 70) mit floating angepaat ist, urn
entweder eine netto positive    Gate N-Kanal MOSFET-Elemente mit floating
oder eine netto negative Ladung auf das floating  Gate aufweist. Gate (72)
aufzubringen, so dag das zweite MOS-      7. Speichervorrichtung nach einem
der Anspru- FET-Element (70) mit floating Gate selektiv im    che 1 bis 5,
dadurch gekennzeichnet, daB das Anreicherungsmodus betreibbar ist, wenn das
20   erste und zweite MOSFET-Element (20, 30) N- erste MOSFET-Element (50)
mit floating Gate im    Kanal MOSFET-Elemente aufweist, und das erste
Verarmungsmodus betreibbar ist, oder im Verar-    und zweite MOSFET-Element
(50, 70) mit floating mungsmodus, wenn das erste MOSFET-Element
Gate P-Kanal MOSFET-Elemente mit floating Gate (50) mit floating Gate im
Anreicherungsmodus      aufweist. betreibbar ist; und
25      8. Speichervorrichtung  nach Anspruch 6, eine
Dateneingabevorrichtung (100), welche      dadurch gekennzeichnet, daB jede
der Ladungs- mit der ersten und zweiten Ladevorrichtung (56,
vorrichtungen (56,76) aufweist: .ine dOnne Isola- 76) und den Steuergates
(54, 74) des ersten und   tionsvorrichtung (225), welche benachbart zu
zweiten MOSFET-Elementes (50, 70) mit floating    dem floating Gate (52,
72; 230) 'des entsprechen- Gates gekoppelt ist.                        30
den N-Kanalelementes (50, 70) angeordnet ist, 2. Speicherelement nach
Anspruch 1, dadurch     und einen N' Halbleiterbereich (57, 77; B), der
gekennzeichnet, dag die erste und zweite Lade-    benachbart zu der
Isolatorvorrichtung (225) ange- vorrichtung (56, 76) jeweils elinen dOnnen
dielek-  ordnet ist, wodurch jede der Ladungsvorrichtun- trischen Bereich
(225) aufweist, welcher zu dem   gen (56, 76) einen Tunnel-Kondensator
aufweist, entsprechenden floating Gate (52, 72; 230) des   35   welcher
durch das floating Gate (52, 72; 230), die ersten und zweiten
MOSFET-Elementes (50, 70)      dOnne Isolationsvorrichtung (225) und den N'
mit floating Gate benachbart angeordnet ist, und  Halbleiterbereich (57,
77; B) gebildet wird. das wahrend eines Speichervorrichtung-Pro-
9. Speichervorrichtung  nach Anspruch 8, grammiermodus jede der
Ladevorrichtungen (56,     dadurch gekennzeichnet, daB die erste und zweite
76) angepaBt ist, um eine Potentialdifferenz Ober   40   Ladungsvorrichtung
(56, 76) so angepa~t sind, den dunnen dielektrischen Bereich (225)
auszubil-  daB eine Potentialdifferenz zwischen den entspre- den, und wobei
die Richtung der tunneInden        chenden floating Gates (52, 72) und den
N+ Ladungstrager von der Polaritit der Potentialdif-  Bereichen (57, 77)
entwickelt wird, um  so ferenz abhingig ist.
Ladungstriger zu induzieren, welche durch den 3. Speichervorrichtung  nach
Anspruch  2,   45   entsprechenden Tunnel-Kondensator tunneln. dadurch
gekennzeichnet, daB jede der Ladungs-       10. Speichervorrichtung nach
Anspruch 9, vorrichtungen (56, 76) welter einen Halbleiterbe-  dadurch
gekennzeichnet, daB die entsprechenden reich (57,77; B) aufweist, welcher
zu dem dunnen  Steuergates (54, 74) des ersten und zweiten N-
dielektrischen Bereich (225) benachbart ist, wobei  Kanal MOSFET-Elementes
(50, 70) kreuz-gekop- der Halbleiterbereich (57, 77; B) angepalt ist, um
so   pelt mit den entsprechenden N* Halbleiterberei- Ladungstrager zu
liefern.                         chen (77, 57) der
Tunnel-Kondensatorvorrichtung 4. Speichervorrichtung  nach Anspruch  3,
sind, welche mit dim floating Gate (72, 52) des dadurch gekennzeichnet, dag
jedes der Steuerga-   anderen N-Kanal MOSFET-Elementes (70, 50) tes (54,
74) der MOSFET-Elemente (50, 70) mit     gekoppelt sind. floating Gate Ober
Kreuz gekoppelt mit dam ent-   u sprechenden  Halbleiterbereich  (77, 57)
der      Revendications Ladungsvorrichtungen (76, 56) ist, welche mit dem
anderen der MOSFET-Elemente (70, 50) mit        1. Unite m6moire 3
semi-conducteur r6ma- floating Gate gekoppelt ist.
nente comportant des premibre et second. 5. Speichervorrichtung  nach
Anspruch  2,   60   branches de circuit couplees en parallele et corn-
dadurch gekennzeichnet, daB der erste und         prenant des premier et
second dispositifs (20, 30) zweite Zweig an den Sourcen (24, 34) der ersten
3 transistor A effet de champ m6tal-oxyde-semi- und zweiten MOSFET-Elemente
(20,30) miteinan-     conducteur (MOSFET) disposes respectivement der
verbunden sind, und daB die Speichervorrich-   ,,   dans tesdites premiere
et seconde branches de tung weiter eine Programmiervorrichtung (130,  t'
circuit, la grille respective (22, 32) de chaque    13              EP
0172879 B1                       14 dispositif MOSFET (20,30) etant couplke
transver-  (50, 70) a grille flottante est respectivement cou- salement au
drain respectif (36, 26) de l'autre     p16 transversalement A la
regionsemi-conductrice desdits dispositifs MOSFET (30, 20); des premier
respective (77, 57) des moyens de chargement et second dispositifs MOSFET
(50, 70) a grille     (76, 56) couplee A I'autre desdits dispositifs MOS- 



flottante, comportant chacun une grille de corn-    5    FET (70, 50) a
grille flottante. mp_nde (54, 74) et une grille flottante isolde (52,   5.
Unit6 memoire selon la revendication 2, 7r disposes respectivement ment
dans lesdites       caracterisee en ce quo lesdites premiere et pAihire et
seconde branches de circuit, leurs       seconds branches sont reliees
ensemble aux source (62, 82) et drain (60, 80) couples en serie  sources
(24, 34) desdits premier et second dispo- avec les source (24, 34) et drain
(26, 36) desdlts  *ro   sitifs MOSFET (20, 30), et on ce quo ladite unite
premier et second dispositifs MOSFET (20, 30)       memoire comprend en
outre des moyens de respectifs; l'unite m6moire etant caract6risee en
programmation (130, Vsi) adaptes pour porter outre par:
lesdites sources (24, 34) desdits premier et des premier moyens (56) de
chargement cou-        second dispositifs MOSFET (20, 30) A sensible- ples
A la grille flottante (52) dudit premier disposi-   Js   ment la meme
tension que les sources (62, 82) tif MOSFET (50) A grille flottanto et
adaptds pour  desdits premier et second dispositifs MOSFET placer soir une
charge positive nette soit une      (50, 70) a grille flottante pendant
ledit mode de charge negative nette sur ladite grille flottante
programmation d'unite momoire, de sorte quo (52) de sorte que ledit premier
dispositif MOSFET   sensiblement aucun courant continu de circule A (50) a
grille flottante est utilisable selectivement   20   travers lesdites
premibre et seconds branches de en mode de deplotion ou en mode
d'enrichisse-       circuit pendant ledit mode de programmation. ment;
6. Unite memoire selon l'une quelconque des des seconds moyens (76) de
chargement cou-        revendications 1 A 5, caracterisee en ce que ples a
la grille flottante (72) dudit second disposi-  lesdits premier et second
dispositifs MOSFET (20, tif MOSFET (70) A grille flottante et adaptes pour
25   30) comprennent des dispositifs MOSFET a canal placer soit une charge
positive nette soit une      P. et lesdits premier et second dispositifs
MOS- charge negative nette sur ladite grille flottante   FET (50, 70) A
grille flottante comprennent des (72) de sorte que ledit second dispositif
MOSFET    dispositifs MOSFET A grille flottante A canal N. (70) A grille
flottante est utilisable selectivement  7. Unite memoire selon l'une
quelconque des en mode d'enrichissement lorsque ledit premier   30
revendications 1 A 5, caracterisee en ce quo dispositif MOSFET (50) A
grille flottante est utilisa-  lesdits premier et second dispositifs MOSFET
(20, ble on mode de depletion, ou en mode do deple-      30) comprennent
des dispositifs MOSFET A canal tion lorsque ledit premier dispositif MOSFET
(50)   N, et lesdits premier et second dispositifs MOS- A grille flottante
est utilisable en mode d'enrichis-  FET (50, 70) A grille flottante
comprennent des sement; et                                    35
dispositifs MOSFET A grille flottante A canal P. des moyens (100) d'entrde
de donnees couples        8. Unite memoire selon la revendication 6,
auxdits premiers et seconds moyens de charge-       caractdrisee en ce qus
chacun desdits moyens de ment (56, 76) et auxdites grilles de commande
chargement (56, 76) comprend: des moyens iso- (54, 74) desdits premier et
second dispositifs     lants minces (225) disposes adjacents A la grille
MOSFET (50, 70) A grille flottante.           40   flottante (52, 72; 230)
du dispositif A canal N (50, 2. Unite momoire selon la revendication 1,
70) respectif, et une rbgion semi-conductrice N' caracterisbe en ce que
lesdits premiers et seconds  (57, 77; B) disposee adjacente auxdits moyens
moyens de chargement (56, 76) comprennent           isolants (225) de sorte
que chacun desdits chacun une rbgion dielectrique mince (225) dispo-
moyens de chargement (56, 76) comprend une see adjacente A la grille
flottante (52, 72; 230)   4w   capacitd tunnel formee par ladite grille
flottante respective de chacun desdits premier et second      (52, 72;
230), lesdits moyens isolants minces dispositifs MOSFET (50,70) A grille
flottante et en  (225), et ladite region semi-conductrice N' (57, ce que,
pendant un mode de programmation            77; B). d'unite memoire, chacun
desdits moyens de char-       9. Unite memoire selon la revendication 8,
gement (56, 76) est adapte pour fournir une   50   caracterisbe en ce quo
lesdits premiers et seconds diffErence de potentiel A travers ladite region
moyens de chargement (56, 76) sont adaptds de dielectrique mince (225), et
en ce que la direction  sorte qu'une difference de potentiel est develop-
d'effet tunnel de porteur dbpend de la polarite de  p6e entre lesdites
grilles flottantes (52,72) respec- ladite difference de potentiel.
tives et lesdites regions N' (57, 77) respectives de 3. Unite mbmoire selon
la revendication 2,   w    fagon A induire un effet tunnel de porteur de
caracterisbe en cs quo chacun des dits moyens de    charge A travers ladite
capacite tunnel respective. chargement (56, 76) comprend en outre une
10. UnitE memoire selon la revendication 9, region semi-conductrice (57,
77; B) adjacente A     caractbrisee en ce quo les grilles de commande
ladite region diblectrique mince (225), ladite      (54i 74) respectives
desdits premier et second region semi-conductrice (57, 77; B) etant adaptee
80   dispositifs MOSFET A canal N (50, 70) soot cou- pour fournir des
porteurs de charge.                plees transversalement aux rbgions
semi-conduc- 4. Unite mbmoire selon la revendication 3,        trices N'
(77, 57) respectives desdits moyens de caracterisee en ce quo chacune des
grilles de  -    capacitE tunnel couplEs A la grille flottante (72,52)
commands (54, 74) desdits dispositifs MCOSFETii '   de l'autre dispositif
MOSFET A canal N (70, 50).    


