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1
NON-VOLATILE DYNAMIC RAM CELL

BACKGROUND OF THE INVENTION

1. Field of the Invention

-This invention relates to electronic memory circuits,
and more particularly, to a non-volatile memory circuit
capable both of volatile dynamic RAM storage and
non-volatile static ROM storage.

2. Description of the Prior Art

One of the disadvantages of semiconductor RAMs
(random access memories) is their volatile nature. These
memory devices retain their information only as long as
power is supplied to them. However, as soon as power
is lost, the stored information is also lost.

Different types of ROMs (read only memories) are
used for information which is required to be stored in a
non-volatile memory. Recently EPROMs (erasable
programmable read only memories) and EEPROMs
(electrically erasable programmable read only memo-
ries) have become widely available. In an EPROM the
user may program the device electrically and erase the
entire device by exposing it to ultraviolet light. In an
EEPROM the device is programmable and erasable
electrically.

While these devices have the desired features of non-
volatility, they are somewhat more incorivenient to use
than a RAM. The EPROM and EEPROM require
higher voitages to program (or WRITE) the device
than the operating semiconductor RAMs. Furthermore,
high voltages are required to erase information from the
EEPROM. The EPROM requires removal of the de-
vice from the system for exposure to ultraviolet light.
Thus these non-volatile devices do not have the ease by
which 2 RAM can store and change the stored informa-
tion.

This inconvenience was circumvented by designing a
memory cell including a shadow static non-volatile
memory portion connected in parallel with a volatile
memory portion. A fast WRITE is accomplished by a
WRITE into the volatile (dynamic) RAM portion of
the memory cell while the non-volatile portion is used
for more permanent storage.

A typical shadow static memory cell includes nine
transistors and seven access lines, of which six transis-
tors are the standard static memory cell and the addi-
tional three transistors and one capacitor are used in the
non-volatile portion of the cell. A detailed description
of such a memory cell is presented in an article by R.
Klein et al. entitled “Five Volt Only, Non-Volatile
RAM Owes It All To Polysilicon,” Electronics, Oct. 11,
1979, pp. 111--116. The large number of circuit elements
required to implement a typical shadow static memory
cell results in a low density memory circuit.

One way to improve the density of the memory cir-
cuit is to replace the static portion of the memory cell
by a dynamic memory circuit. In U.S. patent applica-
tion Ser. No. 558,647 by Rinerson et al. there is dis-
closed such a cell. This cell includes only two transis-
tors, three capacitors, and three lines. This cell uses a
floating gate structure to vary the capacitance of the
cell depending on whether the floating gate is charged
or discharged. A memory circuit incorporating this cell
requires a dummy cell having two capacitors for utiliza-
tion in sensing either the volatile or the non-volatile
data stored in the memory cell.

The presence of the dummy capacitors in that system
results in a memory cell having a large area and limits
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2
the use of the cell in systems requiring very densely
packed small scale memories.

Additionally, existing systems lack the capability of
simultaneously transferring information from the non-
volatile to the volatile portion of each cell of the mem-
ory circuit in a bulk mode RECALL operation. This
capability is important, for example, if an unexpected
powerdown erases the DRAM and it is desired to trans-
fer a compiete start up program from the non-volatile
memory.

Accordingly, a great need exists for non-volatile dy-
namic RAM (NVDRAM) memory circuit that may be
scaled for future products and is capable of performing
a bulk mode RECALL operation.

SUMMARY OF THE INVENTION

The memory cell of the present invention inciudes a
stacked gate structure that functions as a dynamic stor-
age capacitor in the volatile portion of the cell and also
functions as the storage element in the non-volatile
portion of the cell. The memory cell stores volatile
information by the storage of charge in the dynamic
storage capacitor and non-volatile information by the
storage of charge on the non-volatile storage element.
The quantum of charge stored indicates the value (0 or
1) of the data element stored.

The stacked gate structure includes first and second
terminals, a floating gate, a tunnelling structure, and a
control gate. The first terminal and control gate are the
bottom and top electrodes, respectively, of the dynamic
storage capacitor. The floating gate is the non-volatile

‘storage element.

The stacked gate structure also functions as a transis-
tor with the quantum of charge stored on the floating
gate determining the conductivity between the first and
second terminals of the stacked gate structure. The
memory cell includes an access transistor connecting
the dynamic storage capacitor to an input/output (I/0)
line. The access transistor is responsive to a control
signal so that the volatile information may be trans-
ferred between the 1/0 line and the dynamic storage
capacitor in a READ or WRITE operation.

The data element stored in the volatile portion of the
cell is transferred to the non-volatile portion in a
STORE operation. In a STORE operation the state of
the data element in the non-volatile portion of the cell is
determined by a READ operation. If a 1 is read, then
the voltage levels of the control plate and first terminal
of the stacked gate structure are adjusted so that elec-
trons tunnel from the floating gate to the first terminal.
On the other hand, if a zero is read, then these voltage
levels are adjusted so that electrons will tunnel from the
first terminal to the floating gate. The quantum of
charge stored on the floating gate determines the state
of the data element stored on the floating gate.

The memory cell also includes a recall transistor,
connected in series with the stacked gate transistor to
form a recall circuit, with the recall circuit connecting
the dynamic storage capacitor to a common line. The
recall transistor is responsive to an RCL control signal
so that information may be transferred from the com-
mon line through the floating gate transistor to the
dynamic storage capacitor.

The data element stored in the non-volatile portion of
the memory cell is transferred to the volatile portion in
a RECALL operation. In this RECALL operation, the
access transistor and I/0 line are utilized to initialize the
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quantum of charge stored in the dynamic storage capac-
itor to a specified level. The access transistor is then
made non-conducting to isolate the dynamic storage
capacitor from the I/0 line. Next, the recall transistor is
made conducting so that the second terminal of the
stacked gate transistor is connected to the common line.
If the quantum of charge stored on the floating gate
causes the stacked gate transistor to be conductive then
charge will be transferred between the dynamic storage
capacitor and the common line, thereby changing the
state of the data elements stored in the storage capacitor
from the initialized state. If, on the other hand, the
quantum of charge stored on the floating gate causes the
stacked gate transistor to be non-conductive then the
state of the data element stored in the volatile portion of
the memory will be equal to the initialized state. Thus,
the state indicated by the quantum of charge stored on
the floating gate determines the state stored in the vola-
tile portion of the memory at the end of the RECALL
operation. It is apparent that the recall operation is
achieved by simply static sensing the quantum of charge
on the floating gate.

The RECALL operation may be implemented in a
positive or a negative logic mode. In the negative logic
mode the storage node is initialized to a positive voltage
level. If a 1 is stored on the floating gate then the stor-
age node will discharge through the conducting stacked
gate transistor and the resulting 0 voltage level encodes
the 1, in negative logic, in the non-volatile portion of
the cell. In the positive logic mode, the storage node is
initialized to O volts. If a 1 is stored on the floating gate
then the storage node is charged by the V common line and
the resulting positive voltage 1 level encodes the 1, in
positive logic, in the non-volatile portion of the cell.

Generally, a higher value of Vg (floating gate volt-
age) is required to fully charge the storage node than to
fully discharge the storage node. Thus, the voltage level
on the floating gate, VFg, required to program a 1 in the
negative logic mode is lower than in the positive logic
mode. This reduction of programming voltage is advan-
tageous in many applications.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of the memory cell of
the present invention.

FIG. 2 is a schematic drawing of the memory cell
shown in FIG. 1.

FIGS. 3A and 3B is a graph depicting the voltage
levels on the various components of the memory cell
during READ, STORE, and RECALL operations of a
first operating mode.

FIGS. 4A and 4B is a graph depicting the voltage
levels on the various components of the memory cell
during READ, STORE, and RECALL operations of a
second operating mode.

FIG. 5 is a schematic diagram of a first embodiment
of a memory circuit which utilizes the memory cell
depicted in FIG. 1.

FIG. 6 is a schematic diagram of a second embodi-
ment of a memory circuit which utilizes the memory
cell depicted in FIG. 1.

FIG. 7 is a top view of an embodiment utilizing a
single poly floating gate structure.

FIG. 8 is a cross-sectional view of the embodiment
depicted in FIG. 7 taken along line 8—8.

FIG. 9 is a cross-sectional view of the embodiment
depicted in FIG. 7 taken along line 9—9.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The construction of a memory cell of the present
invention is shown in FIG. 1. The memory cell 8 is
manufactured in accordance with present day MOS
semiconductor technology in a lightly P doped semi-
conductor substrate 10, typically silicon. The memory
cell is formed by an access transistor 12, a stacked gate
structure 14, and a recall transistor 16.

The access transistor 12 is formed by first and second
heavily doped N+ regions 17 and 18 in the substrate 10.
Together with a conducting layer 19, the N+ regions
17 and 18 form an MOS transistor. Conducting layer 19
is the gate of the transistor, while the regions 17 and 18
form first and second terminals respectively, of the
access tramsistor 12. A positive voltage signal on the
gate 19 permits the surface region of the substrate 10
below the gate 19 to become conducive so that signals
can pass between the regions 17 and 18. The region 17
is also part of an input-output line, commonly called the
bit line in semiconductor device terminology.

The stacked gate structure 14 has a conducting layer
or conducting plate 20, and a floating gate 22. The
stacked gate structure 14 also includes the second heav-
ily doped N+ region 18 and a third heavily doped N+
region 24. Between regions 18 and 24 and above the
substrate 10 is the floating gate layer 22 which is electri-
cally isolated from the regions 18 and 24 and the capaci-
tor plate layer 20. The floating gate layer 22 has a dou-
ble level construction such that the floating gate layer
22 is much closer to the substrate 10 above the region 18
than above other regions of the substrate 10. The region
of the lower surface of the floating gate 22 closely dis-
posed over the region 18 is termed the tunneling region
of the floating gate 22. A very thin specially fabricated
oxide layer, termed a tunneling layer 26, is disposed
between the tunneling region of the floating gate and
the upper surface of the second N+ region 18. Under
appropriate biasing conditions between the floating gate
22 and the second N+ region 18 electrons may tunnel
through the tunneling region to charge or discharge the
floating gate 22.

The recall transisior 16 is formed by the third N4-
region 24 and a fourth N+ region 28 in the substrate 10.
Together with a conducting layer 30, the N+ regions
24 and 28 form an MOS transistor. The conducting
layer 30 is the gate of the transistor, while the regions 24
and 28 form the first and second terminals of the recall
transistor 16. A positive voltage signal on the gate 30
permits the surface region of the substrate 10 below the
gate 30 to be conductive so that signals can pass be-
tween the third and fourth regions 24 and 28. The
fourth region 28 is also part of a common line.

The memory cells are electrically isolated by well
known field oxidation techniques, which result in a
thick field oxide layer and a field implant layer below.
This isolation technique prevents undesired leakage
currents from forming between neighboring memory
cells. The surface of the substrate 18 is covered by an
insulating layer 32 of silicon dioxide. The layer 32 also
separates the floating gate 22 from the second N+
region 18. Though the layer is shown as unitary, in
actual practice it is formed by a series of insulating
layers by semiconductor manufacturing techniques well
known to practitioners in the field. The gates 19 and 30
of the access and recall transistors 12 and 16 and the
floating gate and control electrode 22 and 20 of the


















