
1                 EP 0 334 550 B1                      2 Description
No. 5, October 1983, pages 525 to 531. The cell described in this document
does not control the This invention relates to a random  access
source/drain terminals of the nonvolatile transistor, memory cell having
nonvolatile characteristics,    leaving these nodes floating. This can,
after a pe- which is suitable for manufacture using silicon gate   5   riod
of time, lead to deterioration of the data stored fabrication techniques.
in the nonvolatile transistor during continued opera- Nonvolatile RAM cells
which use floating gate   tion of the cell in a volatile mode. tunnelling
metal oxide semiconductor transistors        US-A-4685085 describes a
further design of are known, having the ability to store data in a
memory employing a MOSFET non-volatile cell, volatile or nonvolatile
manner. Examples of such   10  and a volatile latch. cells, which are
implemented in metal gate technol-     US-A-4651303 describes a memory
circuit em- ogy are shown in patent documents GB-A-2000407       ploying a
non-volatile tunnel oxide floating-gate cell and US-A-4348745.
which is coupled to a floating gate transistor. In metal gate technology,
it is possible to place   The present invention seeks to provide an im- the
tunnel oxide over a source or drain diffusion in  15  proved nonvolatile
RAM cell, which is suitable for the floating gate transistor, or within the
channel  silicon gate implementation. area. The physical position of the
tunnel oxide has     According to the present invention, there is serious
implications for device application. When    provided a memory cell
comprising: used in its final application, the nonvolatile device   a
bistable latch having first and second storage [err] be expected to endure
1 million write/erase   20   nodes; a nonvolatile transistor having a
source, a cycles, or retain a single programmed event for 10   drain, a
control gate, a substrate, and a floating years. Simultaneously, there is
no limitation on the  gate between the control gate and the substrate,
number of times the device may be read. Obvi-       wherein the substrate
is electrically connected to ously in a period of 10 years, the memory
element   the source; may be read many millions of times, and it is  25
switching transistor means for enabling the therefore important that during
the reading action,  control gate during a nonvolatile write operation,
there is no distrubance of floating gate charge. In  wherein the switching
transistor is electrically coup- known devices, the action of reading the
cell (ir-  led between the control gate and the first node, respective of
whether the read action is reading of  and the second node is electrically
coupled to the volatile or nonvolatile data) causes a surge of cur-  30
source; characterised by: rent to pass through the nonvolatile device. If
the     transistor means for maintaining the control tunnel is located over
the drain diffusion or in the  gate and the substrate at approximately the
same channel, this current surge causes an instanta-      potential during
volatile operation of the bistable neous voltage pulse which stresses the
tunnel ox-   latch, said transistor means being electrically coup- ide.
This limits the endurance of the cell. For this  35  led between the
control gate and the substrate, reason, in known devices implemented in
metal       wherein during volatile operation of the bistable gate
technology, the tunnel is generally placed      latch the switching
transistor is off and the main- over the source diffusion, which is fixed
to the    taining means transistor means is on. negative voltage supply
line during read operations.    Since means are provided for maintaining
the Silicon gate technology offers significant ad-   40  control gate and
the substrate at substantially the vantages over metal gate technology in
terms of     same potential during volatile reading and writing, density,
speed and fabrication costs. One of the     there is no significant voltage
stress across the advantages of the silicon gate process is the self-
tunnel when a tunnel is provided between the float- aligning nature of the
sequence of fabrication      ing gate and the substrate. For this reason,
there is steps. Overlying gate regions can act as masks for  45  little or
no disturbance of the floating gate charge. subsequent doping of the
underlying substrate. In   The substrate may be connected to the source of
this manner, overlap of a gate and a doped region   the nonvolatile
transistor, in which case the said of substrate can be advantageously
avoided. As a     means may be a transistor between the control consequence
of this feature of the process, an       gate and the source. oxide tunnel
cannot easily be placed over a drain  50   It is preferred that the cell is
arranged such diffusion. To fabricate a nonvolatile floating gate  that
when the bistable latch is in a first state and transistor using the
silicon gate process, it is pref-  charge is allowed to transfer to or from
the floating erable to place the tunnel over the channel sub-     gate,
then upon subsequent influence from  the strate.
nonvolatile transistor on the second node, the bista- An example of a known
nonvolatile RAM cell  55   ble latch adopts the first state, irrespective
of the incorporating a floating gate transistor which can be  state it is
in immediately prior to said influence. In fabricated using the silicon
gate process is shown   this manner, inversion of data upon nonvolatile in
I.E.E.E Journal of Solid-State Circuits, Vol. SC18,  read-back is avoided.
A write operation is per- 2    



3                EP 0 334 550 B1                      4 formed by setting
the latch to a particular state,   better for transmitting a negative
voltage, and P- charging or discharging the floating gate in accor-
channel transistors are better for transmitting a dance with that state.
The cell may then be used in  positive voltage. volatile manner, and
eventually, when a non           Although the circuit could be implemented
in volatile read operation is carried out, the nonvolatile   5   metal gate
technology, it is particularly suitable for transistor toggles the cell to
the original state. In  fabrication using a silicon gate process, and ac-
the case where the nonvolatile transistor has a      cordingly it is
preferred that the nonvolatile transis- channel of N-type semiconductor the
non-inversion   tor has a tunnel region between the floating gate of data
upon read-back can be achieved by arrang-    and a channel formed in the
substrate, for transfer ing for the nonvolatile transistor to connect the
10  of charge to and from the floating gate (eg by second node with a
source of positive voltage.       Fowler-Nordheim tunnelling). A switching
transistor is provided between the      According to a further aspect of
the invention, a first node and the control gate of the nonvolatile
method of reading of nonvolatile data from a mem- transistor. Such a
switching transistor serves to   ory cell as described above is provided,
compris- connect the first node to the control gate only when   15  ing the
steps of setting the bistable latch to a a nonvolatile write operation is
to be performed.   predetermined state, allowing the second node to When
the switching transistor is on, the potential  float at a first potential
and connecting the non- difference between the nodes of the latch appears
volatile transistor into the circuit, whereby, depend- across the tunnel
between the substrate and con-    ing only on the charge stored on the
floating gate, trol gate of the nonvolatile transistor. By reducing   20
if the nonvolatile transistor is in a conducting state, the potential of
the negative supply (or increasing  the second node is driven by the
non-volatile tran- the potential of the positive supply), this potential
sistor to a second potential, whereas, if the non- across the tunnel allows
charge transfer between     volatile transistor is in a nonconducting
state, the the substrate and the floating gate.                 second node
remains at the first potential. With such a switching transistor, a problem
can   25  The memory cell according to the invention exist in that the
voltage achieved at the control    has the following advantages over prior
art cells: gate may be degraded vis-a-vis the voltage on the      (i)
Static RAM volatile operation node to which it is switched. For example, if
the      (ii) Single action programming for the whole switching transistor
is P-type and is required to      array transmit a voltage equal to the
negative supply  30    (iii) No inversion of data on read-back voltage to
the control gate, the pull-down voltage     (iv) Option of volatile RAM
operation without achieved will be degraded by a PMOS threshold
nonvolatile data corruption voltage and a body bias effect. To address this
(v) No read disturb problem, means may be provided for suppling a
In use, the circuit is for example arranged such voltage lying outside the
voltage supply of the   as  that in the event of mains power failure, DC
power bistable latch to the gate of the switching transistor.  is
maintained for just long enough to allow all the In the case where the
switching transistor has a    data in the volatile latches of the memory
array to channel of P-type semiconductor, the said voltage    be written
into the nonvolatile transistors, so that supplied to the gate may be more
negative than       upon subsequent restoration of AC power, the the
negative supply to the bistable latch.      40  original data can be
retrieved into the volatile Preferably the bistable latch comprises two in-
latches. There are, however, many other situations verters driving the two
storage nodes, wherein       where a nonvolatile operation of the array
could be means are provided for switching off the inverter    carried out.
driving the second node, so as to allow that node       A preferred
embodiment of the present inven- to float. In this manner, a cell is
constructed requir-  45  tion will now be described, by way of example,
with ing only one nonvolatile transistor. This is particu-  reference to
the drawing, in which: larly advantageous because in the actual construc-
Figure 1 shows the circuit diagram of the pre- tion of the circuit, it is
necessary to duplicate the  ferred embodiment of the invention; and
nonvolatile transistor to provide a degree of redun-   Figure 2 shows the
circuit of Figure 1, with dancy, in case of failure. Thus, the nonvolatile
50   certain improvements. transistor occupies substantially more space
than a     Referring to Figure 1, the circuit comprises a normal
transistor.                                   RAM latch consisting of two
back-to-back inverters The transistor means for maintaining the con-    11
and 12. The inverters are formed in a manner trol gate and the substrate at
substantially the     standard in the art. The latch is accessible via two
same potential may comprise P-and N-channel  55   pass transistors N1 and
N2, which allow the latch transistors in parallel, arranged to be driven by
to be both established and interrogated via data complementary signals
supplied to their gates. This  lines BIT and BITN. At the inputs of
inverters 11 is advantagous because N-channel transistors are    and 12,
there are nodes NODE 1 and NODE 2    5                 EP 0 334 550 B1
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respectively.                                      WORD line is then
lowered and the procedure can The requirement for nonvolatility has been
met  be repeated for the next address. by incorporating a specially
fabricated transistor     During the above volatile operation, transistor
'1, capable of Folwer-Nordheim tunnelling. This  P1 is switched off and
transistor P2 maintains the transistor has a floating gate FG, with a
tunnelling   5   gate of nonvolatile transistor NV1 at approximately region
between the gate and substrate of the tran-  the same potential as its
source. Thus, there is no sistor. The substrate and source are connected
significant potential difference across the floating together. The source
of the non-volatile transistor  gate FG of the nonvolatile transistor. Any
charge on NV1 is connected to node 2. The drain is con-      the floating
gate is therefore preserved and pro- nected via transistor P3 to the
positive voltage  10  tected from influence by the volatile operation of
supply VPRAM. The gate of transistor P3 connects   the cell. with the
nonvolatile read control line NVR, which      To program  the nonvolatile
transistor NV1, also controls the gate of a further transistor N3,  whether
by erasing data stored therein or writing connected between inverter 11 and
D negative sup-  data thereto, it is necessary to provide an in- ply line
VNRAM. The gate of the nonvolatile tran-  16  creased voltage between the
source and gate of sistor NV1 is effectively connected to node 1 via  the
transistor, a suitable voltage being 13 volts. transistor P1. The gate of
transistor P1 connects  This increased voltage is achieved by "pumping"
with nonvolatile activate line NVA. A further transis-  the negative supply
rail VNRAM 8 volts below its tor, P2 is connected between the gate of NV1
and   normal potential. A programming step is then as [err] 2, the gate of
P2 being connected to RAM-   20  follows. activate control line RAMA.
To erase the nonvolatile transistor, data is es- The transistors N1, N2 and
N3 are all N-type,   tablished in the bistable latch such that node 1 is a
and the transistors P1, P2 and P3 are all P-type.  logical low and node 2
is a logical high. The NVA The supply potential at VPRAM may be between 3
and  RAMA  signals are  then  simultaneously and 7 volts, for example 5
volts.             25  switched from their default logic level to logic low
The operation of the cell is as follows.        and logic high
respectively, causing transistor P1 to When there is no activity to either
program or  conduct and transistor P2 to switch off. The voltage read the
memory, the control signals NVR and       at node 1 is thereby transmitted
to the control gate NVA are held at logic high and the control lines   (the
voltage at node 2 being present at the RAMA and WORD are held at logic low.
The BIT  30  source/well terminal of NV1). At this point, VNRAM and BITN
lines are used to interface the memory    undergoes a proprietary
modulation, causing its cell to the input/output data bus of the integrated
potential to drop through 8 volts. The potential of circuit.
the node 1 drops a corresponding amount, and this To input data, BIT and
BITN are held at op-     voltage (less the drain-to-source drop across P1)
posite logic conditions and the address line WORD   35  appears between the
source and gate of nonvolatile is taken from a default logic low to a logic
high.  transistor NV1. This causes charge to be removed This transition of
WORD switches on transistors N1  from the isolated floating gate of the
nonvolatile and N2 and allows the logic states held on the BIT  transistor
by a process of Folwer-Nordheim tunnel- [err] BITN lines to become
established on node 1      ling. The mechanism causes the nonvolatile tran-
and node 2 respectively. This in turn sets the latch   40  sistor to
experience a threshold shift, causing it to formed by the two inverters 11
and 12. The inverters  behave as a depletion device. must not, of course,
be able to resist the influence   By inverting the data In the bistable
latch and of the devices driving BIT and BITN.               repeating the
VNRAM modulation, a charge of op- If the address line WORD is now returned
to     posite polarity is placed on the floating gate, caus- the logic low
condition the bistable latch retains the   45  ing an opposite threshold
shift, resulting in an in- digital information formerly stored on the BIT
and  creased condition of enhancement of the non- BITN lines. These lines
can now be used to input   volatile transistor. data to another memory
address defined by an-          Having either written or erased the
nonvolatile other WORD line. The action described is a volatile
transistor, the power to the circuit can be denied memory program
operation; if the power supply to  50  and the data programmed will be
available upon the circuit is denied the information contained in
subsequent application of supply voltage. the memory cell will be lost.
The actions required to read the nonvolatile To perform a volatile memory
read the BIT and   data are as follows: BITN lines are both precharged to
approximately       The control signals NVA, RAMA and WORD half supply
voltage and then released to an un-  55  are held at their default
conditions (high, low and driven condition. The address line WORD Is taken
low respectively). The BIT and BITN lines are es- to logic high and the
condition of the bistable latch  tablished to a condition of logic high and
logic low is superimposed on the BIT and BITN lines. The     respectively
and the WORD line is then momentar- 4    7.                EP 0 334 550 B1
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ily pulsed high, to superimpose the BIT line con-    The circuit described
with reference to Figure 1 ditions on node 1 and node 2. The NVR control
line  has a limitation, which is addressed by the circuit is then taken to
a logic low which acts to connect  of Figure 2. The draw-back is the
current consump- the nonvolatile transistor NV1 to the positive supply
tion necessary to drive the signals RAMA and NVA line VPRAM, and denies the
negative supply   5   by voltages more negative than VNRAM, when VNRAM from
inverter 11. This modification to the  they are at logic low. While in the
circuit of Figure negative supply of the bistable latch (removal of  1,
driving these signals by an increased negative the negative supply from
inverter 11) is a feature  voltage is facilitated by the fact that a
voltage that distinguishes this latch from a standard RAM  pump is in any
case necessary for programming arrangement.
10  the nonvolatile transistor, the need to operate the The conditions now
reached in the cell mean    voltage pump for driving NVA and RAMA in addi-
that node 2 is floating at zero potential. Whether  tion to VNRAM increases
the current consumption. node 2 remains at that potential, or rises to a
logic  This is particularly so in the case of the RAMA high, depends on the
condition of the nonvolatile  signal, since this signal is maintained low
through- transistor. If the nonvolatile transistor has been   15  out RAM
operation (i.e. virtually all the time). In that erased into the depletion
condition, node 2 is pul-  case, the pumped negative voltage represents a
led to a high voltage level, thus toggling the con-  permanent current
consumption requirement, even dition of the latch. If, on the other hand,
the non-  if the rest of the integrated circuit is inactive. volatile
device is in an enhancement mode (and       The circuit of Figure 2
overcomes this limita- noting that device P2 is in the default state of  20
tion by including two further N-type transistors N4 connecting the control
gate to node 2, thus denying  and N5. These transistors are placed in
parallel gate drive), then node 2 will not rise in voltage, and  with
transistors P1 and P2 respectively. The gate of the latch will remain in
its established state. It is to  N4 is connected to RAMA and the gate of N5
is be noted that it is also this default action of P2 that  connected to
NVA. In this embodiment, the signals short circuits the sensitive terminals
of the non-  25  RAMA and NVA must be complementary and non- volatile
transistor during volatile RAM action, and  overlapping. prevents
nonvolatile data corruption during opera-   In the operation of this
circuit, during RAM tion in this mode.
operation, RAMA is held low and NVA high, where- It should also be noted
that to erase a non-   by P2 and N5 provide parallel paths connecting the
volatile memory cell, node 1 is required to be a   30  gate of NV1 to its
source. Thus, when node 2 is logic low and node 2 a logic high; this is the
same  low, P2 does not have to pull down the potential of state as is
achieved from nonvolatile read of an  the gate of NV1 (for which a P-type
transistor is ill erased device. Thus the data does not suffer inver-
suited), but this is more effectively done by transis- sion upon read-back.
tor N5. Conversely, however, when node 2 is high, Reference has been made
to the modification   35  the gate of NV1 can readily be pulled high by of
the negative supply of the bistable latch. This  transistor P2. Similarly,
during nonvolatile opera- has the further advantage of limiting the supply
tion, NVA is low and RAMA is high, whereby P1 current during the
nonvolatile read operation.    and N4 conduct. In this way, both a P-type
and N- Whereas the use of PMOS transistors to trans-  type channels are
provided between the gate of mit pull-down voltages from node 1 and node 2
to  40  NV1 and node 1. the gate of the nonvolatile transistor could be a
Since both signals RAMA and NVA are turning source of difficulty because
the pull-down voltage  on one transistor and turning off another, it is
achieved is degraded by a PMOS threshold voltage  important that they do
not overlap (i.e. RAMA and and a body bias effect in P1 or P2, such a
difficulty  NVA must switch simultaneously from one logic is overcome by
pumping the NVA and RAMA sig-  45  state to the other). To ensure that
problems do not nals approximately two PMOS threshold voltages    arise at
the point of change over, when there exists below the VNRAM. This
counteracts the voltage     a possibility of causing a short between each
side degradation introduced by the PMOS transistors,   of the latch, P1 and
N4 can be made long-channel when acting as pull-down devices. This feature
in relation to the devices in inverter 12. makes use of the "pump" which Is
required to  50     As has been explained, the need to pump provide the
increased gate-to-source voltage re-  RAMA in the circuit of Figure 1
creates a greater quired for programming the nonvolatile transistor.  drain
on current than the need to pump NVA. For The need to pump signals NVA and
RAMA does        this reason, the inclusion of transistor N5 in the not
therefore over-complicate the circuit. Degreda-  circuit of Figure 2 is of
greater importance than the tion due to body bias effects are minimised by
55  transistor N4. In an alternative embodiment, there- using PMOS
transistors and are therefore easier to  fore, transistor N4 is omitted and
line NVA is compensate for.                                   pumped
negative whenever P1 is to conduct and a nonvolatile operation is to be
made. The omission 5    9                 EP 0 334 550 B1
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of transistor N4, of course, reduces the chip area      age to the first
inverter (11) so as to allow that occupied by the cell.
node to float, the means for switching being It will, of course, be
understood that the above    coupled between the first inverter (11) and
its description has been given by way of example           negative supply
voltage. only, and that modifications of detail can be made    5 within the
scope of the invention.                  5. A memory cell according to any
preceding claim, wherein the nonvolatile transistor (NV1) Claims
includes a channel region in the substrate and a tunnel region between the
floating gate (FG) 1. A memory cell comprising:                   10
and the channel, whereby charge may be a bistable latch (11, 12) having
first and      transferred between the substrate and the second storage
nodes (NODE 1, NODE 2);              floating gate by Fowler-Nordheim
tunnelling. a nonvolatile transistor (NV1) having a source, a drain, a
control gate, a substrate, and  6. A cell according to any preceding claim,
a floating gate (FG) between the control gate   15  wherein when the
bistable latch (11, 12) is in a and the substrate, wherein the substrate is
first state and charge is allowed to transfer to electrically connected to
the source;               or from the floating gate (FG), then upon sub-
switching transistor means (P1; P1, N4) for      sequent influence from the
nonvolatile transis- enabling the control gate during a nonvolatile
tor (NV1) on the second node, (NODE 2), the write operation, wherein the
switching transis-  20  bistable latch (11, 12) adapts the first state, tor
is electrically coupled between the control     irrespective of the state
it is in immediately gate and the first node (NODE 1), and the
prior to said influence. second node (NODE 2) is electrically coupled to
the source; characterised by:                7. A method of reading of
nonvolatile data from a transistor means (P2; P2, N5) for maintain-   25
memory cell according to any of the preceding ing the control gate and the
substrate at ap-       claims, comprising the steps of setting the
proximately the same potential during volatile      bistable latch (11, 12)
to a predetermined state, operation of the bistable latch, said transistor
allowing the second node (NODE 2) to float at means (P2; P2, N5) being
electrically coupled       a first potential and connecting the nonvolatile
between the control gate and the substrate,  30     transistor (NV1) into
the circuit, whereby, de- wherein during volatile operation of the bistable
pending only on the charge stored on the latch the switching transistor
(P1; P1, N4) is off  floating gate (FG), if the nonvolatile transistor is
and the maintaining means transistor means          in a conducting state,
the second node is (P2; P2, N5) is on.
driven by the nonvolatile transistor to a second 35     potential, whereas,
if the nonvolatile transistor 2. A memory cell according to claim 1,
wherein         is in a nonconducting state the second node the switching
transistor means (P1) is formed       remains at the first potential. of
P-type semiconductor and wherein the maintaining means transistor means
(P2) is      PatentansprUche formed of P-type semiconductor.             40
1. Speicherzelle, mit: 3. A memory cell according to claim 1, wherein
einem bistabilen Zwischenspeicher (11, 12), the switching transistor means
(P1, N4) com-        der einen ersten und zweiten Speicherknoten prises a
P-type transistor (P1) and an N-type       (NODE 1, NODE 2) aufweist;
transistor (N4) is parallel, and the maintaining   4s   einem
nichttl~chtigen Transistor (NV1), der means transistor means (P2, N5)
comprises a         eine Source, ein Drain, ein Steuergate, ein P-type
transistor (P2) and an N-type transistor     Substrat und ein schwebendes
Gate (FG) zwi- (N5) is parallel, said transistors each having a    schen
dem Steuergate und dem Substrat auf- gate and said P-and N-type transistors
being        weist, wobei das Substrat mit der Source elek- driven by
complementary signals at their  50        trisch verbunden ist; gates.
eine Schalttransistoreinrichtung (P1; P1, N4), urn das Steuergate wahrend
eines nicht- 4. A memory cell according to claim 1, 2 or 3,
flUchtigen Schreibvorgangs freizugeben, wobei wherein said bistable latch
comprises first and     der Schalttransistor elektrisch zwischen das second
inverters (11, 12) between said second   ss  Steuergate und den ersten
Knoten (NODE 1) and first storage nodes respectively (NODE 2,
geschaltet ist und der zweite Knoten (NODE 2) NODE 1), and wherein means
(N3) are pro-            elektrisch mit der Source verbunden ist; vided for
switching off a negative supply volt-     gekennzeichnet durch 6    9
EP0334550B1                        10 



of transistor N4, of course, reduces the chip area      age to the first
inverter (11) so as to allow that occupied by the cell.
node to float, the means for switching being It will, of course, be
understood that the above     coupled between the first Inverter (11) and
its description has been given by way of example            negative supply
voltage. only, and that modifications of detail can be made   5 within the
scope of the invention.                   5. A memory cell according to any
preceding claim, wherein the nonvolatile transistor (NV1) Claims
includes a channel region in the substrate and a tunnel region between the
floating gate (FG) 1. A memory cell comprising:                    10
and the channel, whereby charge may be a bistable latch (11, 12) having
first and      transferred between the substrate and the second storage
nodes (NODE 1, NODE 2);              floating gate by Fowler-Nordheim
tunnelling. a nonvolatile transistor (NV1) having a source, a drain, a
control gate, a substrate, and  6. A cell according to any preceding claim,
a floating gate (FG) between the control gate  15   wherein when the
bistable latch (11, 12) is in a and the substrate, wherein the substrate is
first state and charge is allowed to transfer to electrically connected to
the source;               or from the floating gate (FG), then upon sub-
switching transistor means (P1; P1, N4) for      sequent influence from the
nonvolatile transis- enabling the control gate during a nonvolatile
tor (NV1) on the second node, (NODE 2), the write operation, wherein the
switching transis-  20    bistable latch (11, 12) adapts the first state,
tor is electrically coupled between the control      irrespective of the
state it is in immediately gate and the first node (NODE 1), and the
prior to said influence. second node (NODE 2) is electrically coupled to
the source; characterised by:                 7. A method of reading of
nonvolatile data from a transistor means (P2; P2, N5) for maintain-   25
memory cell according to any of the preceding ing the control gate and the
substrate at ap-        claims, comprising the steps of setting the
proximately the same potential during volatile       bistable latch (11,12)
to a predetermined state, operation of the bistable latch, said transistor
allowing the second node (NODE 2) to float at means (P2; P2, N5) being
electrically coupled       a first potential and connecting the nonvolatile
between the control gate and the substrate,  30     transistor (NV1) into
the circuit, whereby, de- wherein during volatile operation of the bistable
pending only on the charge stored on the latch the switching transistor
(P1; P1, N4) is off  floating gate (FG), if the nonvolatile transistor is
and the maintaining means transistor means          in a conducting state,
the second node is (P2; P2, N5) is on.
driven by the nonvolatile transistor to a second 35      potential,
whereas, if the nonvolatile transistor 2. A memory cell according to claim
1, wherein          is in a nonconducting state the second node the
switching transistor means (P1) is formed       remains at the first
potential. of P-type semiconductor and wherein the maintaining means
transistor means (P2) is        PatentansprUche formed of P-type
semiconductor.             40 1. Speicherzelle, mit: 3.  A memory cell
according to claim 1, wherein              einem bistabilen
Zwischenspeicher (11, 12), the switching transistor means (P1, N4) com-
der einen ersten und zweiten Speicherknoten prises a P-type transistor (P1)
and an N-type       (NODE 1, NODE 2) aufweist; transistor (N4) is parallel,
and the maintaining   45   einem nichtflUchtigen Transistor (NV1), der
means transistor means (P2, N5) comprises a         sine Source, ein Drain,
ein Steuergate, 'en P-type transistor (P2) and an N-type transistor
Substrat und emn schwebendes Gate (FG) zwi- (N5) is parallel, said
transistors each having a    schen dem Steuergate und dem Substrat auf-
gate and said P-and N-type transistors being         weist, wobei das
Substrat mit der Source elek- driven by complementary signals at their  50
trisch verbunden ist; gates.
eine Schalttransistoreinrichtung (P1; P1, N4), urn das Steuergate wahrend
eines nicht- 4. A memory cell according to claim 1, 2 or 3,
fltchtigen Schreibvorgangs freizugeben, wobei wherein said bistable latch
comprises first and      der Schalltransistor elektrisch zwischen das
second Inverters (11, 12) between said second   55   Steuergate und den
ersten Knoten (NODE 1) and first storage nodes respectively (NODE 2,
geschaltet ist und der zweite Knoten (NODE 2) NODE 1), and wherein means
(N3) are pro-            elektrisch mit der Source verbunden ist; vided for
switching off a negative supply volt-      gekennzeichnet durch    11.
EP0334550B1                        12 eine Transistoreinrichtung (P2; P2,
N5),        det und eine LadungsUbertragung zum oder 



um das Steuergate und das Substrat wahrend         vom schwebenden Gate
(FG) erlaubt ist, sowie des flUchtigen Betriebs des bistabilen Zwi-
auf elnen anschlieflenden EinfluS aus dem schenspeichers auf ungefohr dem
gleichen Po-       nichtflUchtigen Transistor (NV1) auf den zwei- tential
zu halten, wobei die Transistoreinrich-   5  ten Knoten (NODE 2) hin, der
bistabile Zwi- tung (P2; P2, N5) elektrisch zwischen das
schenspeicher (11, 12) den ersten Zustand ein- Steuergate und das Substrat
geschaltet ist,        nimmt, und zwar unabhangig von demjenigen wobel der
Schalttransistor (P1; P1, N4) wah-       Zustand, in dem or sich
unmittelbar vor die- rend des flUchtigen Betriebs des bistabilen        som
Einfluf3 befindet. Zwischenspeichers aus ist und die Halteein-  10
richtung-Transistoreinrichtung (P2; P2, N5) ein  7. Verfahren zum  Auslesen
von nichtflUchtigen ist.
Daten aus elner Speicherzelle nach einem der vorangehenden Anspr~che, mit
den Schritten 2. Speicherzelle nach Anspruch 1, bei der die          des
Einstellens des bistabilen Zwlschenspei- Schalttransistoreinrichtung (P1)
aus einem P-  t5  chers (11, 12) auf einen vorbestimmten Zustand,
Typ-Halblelter geblldet ist und bel der die Hal-   des Erlaubens, daB der
zwelte Knoten (NODE teeinrichtung-Transistoreinrichtung (P2) aus ei-   2)
bel elnem ersten Potential schwebt, und des nem P-Typ-Halbleiter gebildet
ist.                 Verbindens des nichfflUchtigen  Transistors (NV1) in
die Schaltung, wobel in ausschlieBli- '\i3. Speicherzelle nach Anspruch 1,
bei der die  20      cher Abhingigkoit von der auf dem schweben-
Schalttransistoreinrichtung (P1, N4) eonen P-      den Gate (FG)
gespeicherten Ladung, falls sich Typ-Transistor (P1) und einen
parallelgeschal-     der nichtflUchtige Transistor in einem leitenden teten
N-Typ-Transistor (N4) aufweist, und die      Zustand befindet, der zweite
Knoten durch den Halteeinrichtung-Transistoreinrichtung (P2, N5)
nichtflUchtigen Transistor auf ein zweites Po- eonen P-Typ-Transistor (P2)
und einen parallel-  25  tential gebracht wird, wahrend der zweite Kno-
geschalteten N-Typ-Transistor (N5) aufweist,       ten auf dem ersten
Potential verbleibt, falls wobel diese Transistoren jeweils ein Gate auf-
sich der nichtflUchtige Transistor in einem weisen und die P- und
N-Typ-Transistoren           nichtleitenden Zustand befindet. durch
komplementgre Signale an ihren Gates angesteuert werden.
3o   Revendlcatlons 4. Speicherzelle nach Anspruch 1, 2 oder 3, be!    1.
Cellule de memoire comprenant: der der bistabile Zwischenspeicher zwischen
une bascule bistable (11  12) ayant des dem  zweiten  und  ersten
Speicherknoten          premier et second noeuds de memorisation (NODE 2,
NODE 1) eonen ersten bzw. zweiten   35    (NOEUD 1, NOEUD 2); Inverter (11,
12) aufweist und be! der Einrichtun-     un transistor non volatil (NV1)
ayant une gen (N3) zum Ausschalten einer am ersten           source, un
drain, une grille de commande, un Inverter (11) anliegenden negativen
Versor-        substrat, et une grille flottante (FG) entre la X ,
gungsspannung  vorgesehen  sind, um  ein            grille de commando et
le substrat, dans loquel Schweben dieses Knotens zu erm6glichen,  40
le substrat est connectd dlectriquement A la wobei die Einrichtungen zum
Schalten zwv-         source; schen dem ersten Inverter (11) und seiner ne-
des moyens (P1; P1, N4) a transistor de gativen  Versorgungsspannung
angeordnet           commutation pour valider la grille de comman- sind.
de au cours d'une op6ration d'6criture non 46      volatile, dans lesquels
le transistor de commu- 5. Speicherzelle nach einem der vorangehenden
tation est couple electriquement entre la grille AnsprUche, bei der der
nichtfllchtige Transi-      de commando et le premier noeud (NOEUD stor
(NV1) einen Kanalbereich im Substrat und      1), et le second noeud (NOEUD
2) est coupl4 einen Tunnelbereich zwischen dem schweben-
dlectriquement A la source; caract6risee par: den Gate (FG) und dem Kanal
aufweist, wo-  5o          des moyens (P2; P2, N5) A transistor pour durch
zwischen dem Substrat und dem schwe-         maintenir la grille de
commande et le substrat benden Gate aufgrund eines Fowler-Nordheim-
approximativement au  m8mne potentiel au Tunnelvorgangs Ladung Ubertragen
werden            cours d'un fonctionnement volatil de la bascule kann.
bistable, lesdits moyens (P2; P2, N5) a transis- 55     tor etant coupls
6lectriquement entre la grille 6. Zelle nach einem der vorangehenden
Ansprt-          de commando et le substrat, dans lesquels, au che, be!
der, wenn sich der bistabile Zwischen-    cours du fonctionnement volatil
de la bascule speicher (11, 12) in einem ersten Zustand befin-   bistable,
le transistor de commutation (P1; P1, 7  !I IHH] 1III I Il 11111    13
EP 0 334 550 B1                    14 N4) est hors circuit et les moyens
(P2; P2, N5)    l'une quelconque des rovendicatlons pr6c~den- a transistor
des moyens de maintien sont en        tes, comportant les 6tapes de
positionnement 



circuit.                                           de la bascule bistable
(11, 12) dans un etat predetermine, ce qui permet au second noeud r
Cellule de memoire selon la revendication 1,   6    (NOEUD 2) de flotter a
un premier potentiel, et dans laquelle le moyen (P1) a transistor de
de connexion du transistor non volatil (NV1) commutation est formS d'un
somiconducteur          dans le circuit, grace a quoi, en fonction uni- de
type P et dans laquelle les moyens (P2) A       quement de la charge
stockbe sur la grille transistor des moyens de maintien sont form~s
flottante (FG), si le transistor non volatil est d'un semiconductour de
type P.             10      dans un etat conducteur, le second nooud est
alimente par le. transistor non volatil a un so- 3. Cellule de m6molre
selon la revendication 1,        cond potentiol, tandis que, sl le
transistor non dans laquelle les moyens (P1, N4) a transistor     volatil
est dans un 6tat non conducteur, le de commutation comportent un transistor
de         second noeud reste au premier potentiel. type P (P1) et un
transistor de type N (N4) en   15 parallble, et les moyens (P2, N5) A
transistor des moyens de maintien comportent un tran- sistor (P2) de type P
et un transistor (N5) de type N on parallele, ledits transistors ayant
chacun une grille et lesdits transistors de type   20 P et N 6tant
aliment6s par des signaux corn- pl~mentaires sur lours grilles. 4. Cellule
de memolre selon la revendication 1, 2 ou 3, dans laquelle ladite bascule
bistable  25 comporte des premier et second inverseurs (11, 12) entre
lesdits second et premier noeuds de memorisation respectivement (NOEUD 2,
NOEUD 1), et dans laquelle des moyens (N3) sont prdvus pour couper une
tension d'alimen-  30 tation n~gative au premier inverseur (11) de maniere
& permettre a ce noeud de flotter, les moyens de commutation 6tant couples
entre le premier inverseur (11) et sa tension d'alimenta- tion n6gative.
35 5. Cellule de m6moire selon l'une quelconque des revendications
precedentes, dans laquelle k~, le transistor non volatlI (NV1) comporte une
region de canal dans le substrat et une r6gion   40 de tunnel entre la
grille flottante (FG) et le canal, grace & quoi la charge pout Otre
transfd- ree entre le substrat et la grille flottante par un effet tunnel
de Fowler-Nordheim. 45 6. Cellule selon l'une quelconque des revendica-
i tions pr6c6dentes, dans laquelle, lorsque la bascule bistable (11, 12)
est dans un premier etat et que la charge pout Stre transferee vers ou
depuis la grille flottante (FG), lors d'une   5o influence ultbrieure du
transistor non volatil (NV1) sur le second noeud (NOEUD 2), la bascule
bistable (11, 12) s'adapte au premier etat, quel que soit l'etat dans
loquel elle 6tait. immidiatement avant cette influence.       5 7. Proc6d:
de lecture de donn6es non volatiles a partir d'une cellule de m6moire
conforme A 8    


