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MEMORY CELL PROVIDING SIMULTANEOUS
NON-DESTRUCTIVE ACCESS TO VOLATILE AND
NON-VOLATILE DATA

CROSS-REFERENCE TO CO-PENDING
APPLICATION

Related, co-pending application of particular interest
to the present invention is U.S. patent application Ser.
No. 587,086, (now abandoned) filed Mar. 7, 1984, on
behalf of Ron Maltiel entitled “Single Gate Non-
Volatile Memory Cell” which description is incorpo-
rated herein.

FIELD OF THE INVENTION

This invention relates to electronic memory circuits,
and more particularly, to a memory cell capable both. of
volatile dynamic random access storage and non-
volatile static read only memory storage providing
non-destructive single memory-cycle reading of both
the volatile and non-volatile data.

BACKGROUND OF THE INVENTION

Known in the prior art are semiconductor devices
which provide volatile storage of information in a dy-
namic random access memory (RAM) portion and non-
volatile storage in a read only memory (ROM) portion.
For example, U.S. patent application Ser. No. 654,332,
(now U.S. Pat. No. 4,611,309) filed Sept. 24, 1984, on
behalf of Patrick Chuang, Robert Yau and Ron Maltiel,
entitled “An Improved Non-Volatile Dynamic RAM
Cell”, assigned to the assignee of the instant application
discloses one such device.

Oftentimes it is necessary to non-destructively access
both the volatile and non-volatile data for such purposes
as comparison in image processing and pattern recogni-
tion. It is desirable that both of these accesses take place
over a short period of time, ideally within one memory
clock cycle, because of the large number of data points
used in such applications as image processing and pat-
tern recognition. If each such comparison requires sev-
eral clock cycles, an undesirable time penalty would be
imposed during pattern recognition.

However, the memory cells of the prior art are inca-
pable of concurrently accessing both the volatile and
non-volatile data without over-writing the volatile data.
In addition, in these so-called shadow-memories, the
non-volatile portion merely duplicated the data stored
in the volatile portion. This duplication was necessary
to provide back-up for data which would be lost from
the volatile portion during a power failure. Therefore,
only one-half of the shadow-memory is being used, the
other one-half serving as back-up. On approach over-
coming these difficulties is to temporarily store the data
from, for example, the volatile portion of the memory
during one memory access cycle and then access the
data from the non-volatile portion of the memory dur-
ing the following memory cycle for subsequent compar-
ison. Such approach is described in a co-pending appli-
cation Ser. No. 717,348, filed Mar. 29, 1985, on behalf of
Ron Maltiel and Robert Yau, entitled “Method and
Apparatus for Non-Destructive Access of Volatile and
Non-Volatile Data in a Shadow Memory Array”, and
assigned to the assignee of the instant application.

SUMMARY OF THE INVENTION

As mentioned, it is desirable to avoid the time penalty
imposed by the use of more than a single memory cycle
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2

to non-destructively access both the volatile and non-
volatile data stored within a memory cell. Accordingly,
the memory cell of the present invention provides sepa-
rate volatile and non-volatile input/output signal (bit)
lines and separate access transistors for these bit lines
which permit independent non-destructive reading of
the volatile and non-volatile data within a single mem-
ory cycle.

The memory cell of the present invention provides
separate storage elements for volatile and non-volatile
data. The memory cell stores volatile information by
the storage of charge in a dynamic storage capacitor
connected to a dynamic random access memory
(DRAM) bit line via a DRAM access transistor. The
cell stores non-volatile information by the storage of
charge in a floating gate transistor connected to a static
electrically erasable programmable read only memory
(EEPROM) bit line via an EEPROM access transistor.
The quantum of charge stored on the floating gate indi-
cates the value (ONE or ZERO) of the non-volatile
data element.

A first portion of the floating gate forms a tunneling
capacitor, a tunneling region formed between a portion
of the floating gate and a conducting N+ region of the
substrate permits transfer of charge into or out of the
floating gate by the tunneling mechanism during writ-
ing of information to the non-volatile portion of the
memory cell. A second, coupling capacitor, portion of
the floating gate with an area approximately four times
that of the tunneling capacitor, shares an electrode with
the tunneling capacitor formed from the floating gate.
The floating gate is therefore held at a voltage which is
always in a fixed ratio between that of the other elec-
trodes of the coupling and the tunneling capacitors.
This property permits discharge of electrons out of the
floating gate through the tunneling region upon applica-
tion of a relatively high voltage at the DRAM bit line
and a relatively low voltage at the EEPROM bit line,
thereby writing a ONE to the non-volatile portion of
the cell. Similarly, application of a relatively low volt-
age at the DRAM bit line and a relatively high voltage
at the EEPROM bit line will cause a ZERO to be writ-
ten to the non-volatile portion of the cell. Writing of
information to the volatile portion of the memory cell is
achieved by a conventional DRAM write operation
involving a DRAM word line, the DRAM bit line and
a DRAM sense amplifier.

Reading of the information written to the volatile and
non-volatile portions of the memory cell is accom-
plished non-destructively by application of voltages to
DRAM and EEPROM word lines of the cell and to a
conducting plate which forms the gate of an EEPROM
read transistor. This transistor isolates the positive volt-
age on the EEPROM bit line from the common line at
ground potential during the writing operation.

The novel memory cell of the instant invention there-
fore provides non-destructive single memory cycle
access to both the volatile and non-volatile data ele-
ments within the cell which is particularly advanta-
geous in pattern recognition and data calibration appli-
cations. An exemplary memory array circuit employing
the memory cell is provided which permits comparison
of these volatile and non-volatile elements within a
single memory cycle.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a top view of the memory cell of the present
invention;

FIG. 2A is a cross-sectional view along line 2A—2A
of the memory cell of the present invention;

FIG. 2B is a cross-sectional view along line 2B—2B
of the memory cell of the present invention;

FIG. 3 is a schematic representation of the memory
cell of the instant invention;

FIG. 4 is a timing- diagram for the signals used to
access the volatile portion of the memory cell of FIG. 3;

"FIG. 5A and 5B are timing diagram for the signals
used to write data to the non-volatile portion of the
memory cell of FIG. 3;

FIG. 6A and 6B are timing diagrams of the signals
used to read data from the non-volatile portion of the
memory cell of FIG. 3; and

FIG. 7 is a schematic representation of a memory
array utilizing the memory cell of FIG. 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The construction of a memory cell 10 of the present
invention is shown in plan of FIG. 1. The memory cell
10 utilizes a single-poly floating gate structure and is
manufactured in accordance with present day MOS
semiconductor technology in a lightly P-doped semi-

--conductor substrate 12. A conducting plate 14 is formed
from a conducting layer which extends above the sub-
strate occupied by the memory cell 10. A floating gate

~layer 16 is electrically isolated from the conducting
plate 14 and includes a portion which forms a volatile
tunneling capacitor (C;) 18 and a coupling capacitor
(Cy) 20. The floating gate 16 is electrically isolated from
all other regions of the memory cell 10. A heavily-

- doped, isolated region formed along the surface of the
semiconductor substrate 12 is disposed below the single-
poly floating gate layer 16 and is fully described in the
co-pending commonly-assigned U.S. patent application
Ser. No. 587,086, (now abandoned) filed Mar. 7, 1984,
on behalf of Ron Maltiel entitled “Single Gate Non-
Volatile Memory Cell” which description is incorpo-
rated herein.

A dynamic random access (volatile) memory
(DRAM) access transistor (M) 24 is formed by first and
second heavily-doped N+ regions 26 and 28 in the
substrate 12. Together with a conducting layer 30, the
N+ regions 26 and 28 form an MOS transistor. Con-
ducting layer 30 is the gate of the transistor, while the
regions 26 and 28 form first and second terminals, re-
spectively, of the DRAM access transistor 24. A posi-
tive voltage signal (VpwL) on the gate 30 permits the
surface region of the substrate 12 below the gate 30 to
become conductive so that signals can pass between the
regions 26 and 28. The region 26 is also part of a DRAM
input/output (I/0) line, commonly called the DRAM
bit line in semiconductor device terminology.

A volatile data storage capacitor (M3) 32 is formed by
the second N+ region 28 and an overlying portion of
the conducting plate 14, forming first and second termi-
nals of the storage capacitor 32. Transistor (M) 24 and
the volatile data storage capacitor (M) 32 share the
common node 28 which is at the volatile storage volt-
age level (Vsp).

N+ region 28, being first terminal of storage capaci-
tor 32, stores a quantum of charge indicating the state of
the data element in the volatile portion of the memory
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cell 10. The quantum of charge is introduced into the
volatile storage capacitor 32 via the DRAM access
transistor 24 and is stored in the second N+ region 28
which is termed a storage node. The floating gate 16
stores a quantum of charge indicating the state of the
data element stored in the non-volatile portion of the
memory cell 10.

A third N+ region 34 and a fourth N+ region 36 in
the substrate 12 form the first and second terminals,
respectively, of an MOS non-volatile (EEPROM) read
transistor (Ms) 38. The conducting layer 14 is the gate
of transistor 38, and a positive signal (V¢p) applied to
gate 14 of transistor 38 permits the surface region of the
substrate 12 below the gate 14 to become conductive so
that signals can pass between the third and fourth re-
gions 34 and 36. The third N + region 34 is connected to
a Vgg line which is held at ground potential.

A floating gate transistor (M4) 40 is formed by the
fourth N+ region 36 and a fifth N+ region 42 in the
substrate 12. Together with a portion 43 of floating gate
16 which is the gate of transistor 40, N+ regions 36 and
42 form an MOS transistor. A positive voltage signal
(VFG) on the floating gate 16, permits the surface region
of the substrate 12 below the gate 43 to become conduc-
tive so that signals can pass between the fourth and fifth
regions 36 and 42.

The tunneling capacitor (C;) 18 is formed by the
portion of floating gate 16 overlying the second N+
region 28 while the coupling capacitor (C;) 20 is formed
from the fifth N+ region 42 and the portion of floating
gate 16 overlying the fifth N+ region 42.

The tunneling capacitor C; is formed by the portion
18 of floating gate 16 which is approximately one-fourth
in area that of portion 20 of floating gate 16 forming the
coupling capacitor C;. The regions below portions 18
and 20 of floating gate 16 are much closer to the sub-
strate 12 than other regions of the floating gate 16, as
will be described in connection with the cross-sections
of unitary FIG. 2, below. These regions of the lower
surface of the floating gate 16 closely disposed over the
regions 28 and 42 are termed the tunneling and coupling
regions, respectively, of the floating gate 16 formed of
tunnel oxide, approximately 100 Angstroms in thick-
ness. Since the coupling capacitor (Cy) is of four times
greater area than that of the tunneling capacitor (Cy), its
capacitance is also four times as great, and thus the
voltage on the floating gate 16 (V i) will be held closer
to the voltage (V) of the fifth N+ region 42 than to the
voltage (Vs7) of the second N+ region 32.

A non-volatile (EEPROM) access transistor (M3) 44
is formed by the fifth N+ region 42 and a sixth N+
region 46 in the substrate 12. Together with a conduct-
ing layer 48, the N+ regions 42 and 46 form an MOS
transistor. The conducting layer 48 is the gate of the
transistor, while the regions 42 and 46 form the first and
second terminals of the non-volatile access transistor 44.
A positive voltage (Vewr) on the gate 48 permits the
surface region of the substrate 12 below the gate 48 to
become conductive so that signals can pass between the
fifth and sixth regions 42 and 46. The sixth region 46 is
also part of an EEPROM input/output (I/0) bit line.

Some of the elements described above in connection
with FIG. 1, are shown in a cross-sectional view along
line 2A—2A, in FIG. 2A; the remaining elements are
shown in a cross-sectional view along line 2B—2B, in
FIG. 2B. As shown in FIG. 2B, the floating gate 16
includes the so-called tunneling capacitor (C)) area
where the floating gate 16 is much closer to the N4
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region 28 than other levels of the floating gate. A tun-
neling layer 52 is disposed between the tunneling region
18 of the floating gate 16 and the upper surface of the
second N+ region 28. Under appropriate biasing condi-
tions between the floating gate 16 and the second N+
region 28, electrons may tunnel through the tunneling
region 52 to charge or discharge the floating gate 16.

As shown in FIG. 2A, the floating gate 16 includes
the so-called coupling capacitor (C;) area where the
floating gate 16 is much closer to the N+ region 42 of
the substrate 12 than other levels of the floating gate 16.
A thin oxide layer, termed a coupling layer 50, is dis-
posed between the floating gate 16 and the upper sur-
face of the fifth N+ region 42. Since the capacitance of
coupling capacitor C; is four times as great as that of
tunneling capacitor Cj, V£g is held very close to the
voltage VE of N+ region 42. Accordingly, there is no
tunneling of charge in the region occupied by the cou-
pling capacitor Ca.

FIG. 3 is a schematic diagram of the memory cell 10
of the present invention. The tunneling capacitor, Cy, is
formed by two electrodes, where the bottom electrode
is connected to the first terminal of capacitor (M) 32,
the second N+ region 28 and the top electrode is the
portion 18 of the floating gate 16. The tunneling capaci-
tor Cj is coupled to a (volatile) DRAM bit line (DBL)
104 via the DRAM access transistor (M) 24. When a
.DRAM access signal is present on the DRAM word
line (DWL) 106, which controls the gate 30 of the
DRAM access transistor 42, the storage capacitor C; is
coupled to the DBL 104. The conducting plate 14 is
connected to a CP control line 108. The voltage (Vcp)
on the CP control line 108 controls and the conductiv-
ity of the EEPROM read transistor (Ms) 38. Vcp is
normally at ground potential except during a non-
volatile read operation when Vcp is set at 2.5 volts
thereby causing EEPROM read transistor 38 to become
conductive.

The coupling capacitor, Cy, is formed by two elec-
trodes, where the bottom electrode is the fifth N+
region 42 and thé top electrode is the portion 20 of the
floating gate 16. This capacitor C; is coupled to an
EEPROM (non-volatile) bit line (EBL) 110 via the
EEPROM access transistor (M3) 44. When an EE-
PROM access signal is present on an EEPROM word
line (EWL) 112, which controls the gate 48 of the EE-
PROM access transistor 44, the coupling capacitor Cz is
coupled to the EBL 110. The floating gate transistor
(M4) 40 is formed between the fourth and fifth N+
regions 36 and 42 with the voltage level, Vgg, on the
floating ‘gate 16 controlling the conductivity of the
floating gate transistor 40.

DRAM capacitor (M3) 32 acts as a storage element
for volatile data. For a digital “ONE”, 5 volts is stored
between the voltage of N+ region 28 “storage node”
(Vs7) and Vcp, for a digital “ZERO” 0 volts is stored
between Vsrand Vcp. During reading of volatile data,
the digital “ONE” is represented as Vppr =+ 5 volts on
the DBL 104 and a “ZERO” as V pg; =0 volts thereon.
Transistor (M4) 40 is storage element for the non-
volatile EZPROM data, a digital ONE is represented by
positive voltage at Vpg of approximately +2 volts,
whereas ZERO is represented by negative voltage of
Vrg of approximately —2 volts. During reading of
non-volatile data, the digital “ONE” is represented as
VEprL=0 volts thereon. This inversion of the non-
volatile data when compared with the volatile data
must be taken into account.
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The steps necessary to read and write volatile
(DRAM) data from the memory cell 10 of the present
invention will be described in connection with FIG. 4.
The CP voltage Vcpis held to 0 volts throughout access
to the volatile (DRAM) data, as shown on the voltage
vs. time waveform 200 of FIG. 4. This assures that
transistor (Ms) 38 is non-conducting, since the gate of
transistor 38 is connected to CP 14. V pp; is initially set
to 5 volts as shown in waveform 206 and V pyis initially
set to 0 volts as shown in waveform 208.

To read volatile data, Vppy is pulled to 7 volts as
shown in waveform 208. As set forth above, this causes
DRAM access transistor 24 to conduct and a maximum
charge transfer will occur between the first and second
(storage node 28) terminals of transistor 24 as the volt-
age at gate 30 approaches 7 volts. If the voltage, V57, as
storage node 28 was 5 volts, i.e., a ONE was stored, the
voltage Vppr will remain essentially unchanged, as
shown in the solid line of waveform 206. However if the
voltage Vsrat storage node 28 was 0 volts, i.e., a ZERO
was stored, the voltage V ppy will decay to 0 voits after
sensing, as shown in the dashed line of waveform 206.

To write volatile data, Vppy is pulled to 7 volts, as
shown in waveform 208 which causes access transistor
24 to conduct. Therefore, by applying either 5 volts for
Vpar or 0 volts for V ppy, the volatile storage capacitor

" transistor 32 will be charged to either 5 volts, thereby
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storing a ONE, as shown in the upper dashed portion of
waveform 206, or storing a ZERO, as shown in the
lower solid portion of waveform 206, respectively.

The steps necessary to write non-volatile EEPROM)
data to the memory cell 10 of the present invention will
be described in connection with unitary FIG. 5. The
floating gate 16 can be placed in either a “‘charged” or
“discharged” state to represent either the storage of a
ZERO or a ONE, respectively. As set forth above, a
ONE is stored on the floating gate 16 by causing elec-
trons to tunnel from the floating gate 16 to the N+
region 28. Thus a positive voltage on the floating gate
16 represents storage of a ONE, a negative voltage
representing storage of a ZERO.

A ONE can be written to the non-volatile portion of
memory cell 10 by application of the voltages shown in
the waveforms of FIG. 5A. Initially all of the Vpu and
Vewr, Vep, Vpar, and Vg are at 0 volts, as shown in
waveforms 300, 302, 304 and 306, respectively. Vppy is
pulled to 16 volts while Vgpy is held at O volts as shown
in waveforms 304 and 306, respectively, Also Vpwz and
V Ewr are pulled to 18 volts as shown in waveform 300.
This causes access transistors 24 (M) and 44 (M3) to
become fully conducting. With Vppr at 16 volts and
VEggr at O volts; the voltage of storage node 28 (Vsr)
with respect to the voltage at storage node 42 (V) will
be approximately 16 volts. Since the capacitance of C;
is approximately four times that of Cj, as described
earlier, the voltage of the floating gate (V) 16 inter-
mediate between Vg7 and Vg, which is the point of
commonality between C; and Cj, will initially be at
approximately 4 volts. Since this results in a relatively
large voltage of 12 volts across Cj, electrons will be
discharged from the floating gate 16 through the tunnel-
ing area 52 to the storage node 28, leaving V rg approxi-
mately 6 volts positive, as. shown in waveform 308,
VFG couples to approximately 2 volts positive upon
return of Vppgr to 0 volts.

A ZERO can be written to the non-volatile portion of
memory cell 10 by the application of the voltages
shown in the waveforms of FIG. 5B. Initially, all of















