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Abstract— A new memory architecture integrating SRAM and
Flash within the same array is presented and demonstrated
in a standard 0.25ym CMOS process with a memory access
time of 20ns. Differential pair Flash cells with low programming
current share the same bit-lines as SRAM cells within the same
array. This enables row-to-row transfer of data between Flash
and SRAM cells as well as access data through I/O directly,
in return improving speed and lowering power. Area is saved
through the shared usage of column decoding, sense-amplifier,
and write-driver circuitry.

I. INTRODUCTION

Many of today’s system architectures, including those used
for cellular phones, digital cameras, and mobile platforms,
utilize both volatile memory and non-volatile memory. Volatile
memories, such as SRAM or DRAM, have the advantage
of having relatively faster access times, while non-volatile
memories such as Flash have the advantage of retaining data
when the power is turned off.

An “ideal” memory technology would have the fast speed
of SRAM, the non-volatility of Flash, and the high density of
DRAM, and thereby eliminate the need for multiple types of
memories. There are a number of emerging memory technolo-
gies, such MRAM, FeRAM, and PC-RAM, with the potential
to deliver these qualities. However, while these technologies
are promising, there are still a number of challenges and issues
associated with each technology [1]-[3], thus necessitating the
usage of two or more types of memories in many systems.

The inherent disadvantage of having multiple types of
memory in the same system lies in the frequent need to transfer
data among the memory types, often incurring penalties in
terms of speed, power, manufacturability, and in the additional
logic required to facilitate the transfer. High voltages and high
programming currents exceeding 30uA prohibit sharing of the
Flash source/drain nodes with any node of a low voltage RAM
cell, as this would cause damage and degradation to the RAM
cell. In addition, floating gate based Flash devices require a
different manufacturing process than RAM, and require a large
number of additional mask steps to fabricate. Thus Flash and
RAM are generally implemented separately.

In the present paper, we describe a new architecture in which
both SRAM and Flash are integrated on the same array and
demonstrated in standard 0.25pm CMOS. This integration is
enabled by the use of polysilicon-oxide-nitride-oxide-silicon
(SONOS) technology in combination with a split gate structure
for reducing programming currents, and is demonstrated using
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Fig. 1. Cross section of the non-volatile device.

an architecture in which the SRAM and Flash devices on the
array share the same set of bit lines.

Inclusion of both Flash and RAM within the same memory
array provides significantly higher bandwidths between the
two memories, faster speeds, lower power, lower effective chip
area, reduced board area, practical manufacturing, lower costs,
and greater flexibility than previously realized.

II. NON-VOLATILE DEVICE

The integrated memory utilizes a SONOS device with a
split-gate structure. Split-gate structures have been previously
shown to provide high efficiency source side injection [4], in
which low programming currents are made possible [5]. The
non-volatile device utilizes this principle in a self-aligned split
gate SONOS structure with improvements to support practical
manufacturing [6], [7]. The SEM cross section is shown in
Fig. 1. An ONO (oxide-nitride-oxide) dielectric lies under a
control gate, which in turn lies next to a self-aligned select
gate. The select gate is used for source side injection, thereby
increasing the threshold voltage.

Programming of the non-volatile device is performed by
applying the following voltages: 8.0V - 9.5V to the control
gate (Vcg), 1.0V - 1.5V to the select gate (Vsg), 4.5V - 7.5V to
the drain (Vd, VPP), and OV to the source (Vs). The measured
threshold shift with respect to programming time is shown in
Fig. 2 for Vs=0V and different control gate voltages.

The threshold shift was found to have little dependence
on the drain bias. Programming of the device is however
dependent on the source bias. If the source is biased to a
voltage larger than 1.5V, the select gate voltage Vgs will be
less than the threshold voltage of the select gate, so there
will not be any source side injection current and the non-
volatile device will not be programmed. This is shown in
Fig. 3, where the curves for Vs=0V, 1.0V, and 2.0V are
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Fig. 2. Threshold voltage shift vs. program time, at different control gate
voltages.
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Fig. 3. Threshold voltage shift vs. program time, at different source voltages.

drawn, and Vcg=9.5V, Vd=6.5V, and Vsg=6.5V. The Vs=1.0V
curve shows very little shift in the threshold voltage, and the
Vs=2.0V curve shows no shift in the threshold voltage.

The source node of the non-volatile device can be tied to a
bit-line node. Thus, in order to program the device, the bit-line
should be biased to OV. If the bit-line is biased high, e.g. to
3V, the device is not programmed, even when programming
voltages are applied to the control gate, the select gate, and
the drain.

The charge in the trapped ONO layer can be erased by
tunneling through the bottom oxide layer. This is accomplished
by introducing a high negative voltage on the control gate,
and applying ground to the bulk region. In the system and
experimental results described here, tunneling erase is used
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TABLE 1
PROGRAM, READ, AND ERASE VOLTAGES

Vcg Vsg Vpp bit-line
Program 9.5V 12V 6.5V ov
Read 20V 3.0V 30V ov
Erase -9.5V  -1.5V  floating floating

and is performed by applying -9.5V to the control gate. It was
found that applying a tunneling erase operation for 100ms
results in a 3.4V threshold drop.

The use of the select gate prevents over-erase problems.
Traditionally, specific measures must be taken in the design
process to avoid this. However, in the split-gate structure, a
select-gate prevents any drain current, thereby circumventing
the over-erase problem.

Reading is accomplished by applying 3V to the select gate,
2V to the control gate, and 1.0V - 3.0V to the Vpp/drain. The
device current is 40 A for the erased state and less than 1.0uA
in the programmed state. Optimum conditions for program,
erase, and read are summarized in Table I.

III. NON-VOLATILE DEVICE INTEGRATION WITH SRAM

There are many possible methods for integrating the non-
volatile device with RAM. One approach, storage node sharing
(“SN sharing”) involves attaching the non-volatile device
inside RAM via an internal node. Another approach is to share
the bit line for both Flash and RAM.

The BL sharing approach is applied here, using two non-
volatile devices that are arranged in a differential pair configu-
ration. The drain of both non-volatile devices are connected a
global Vpp line, while the control gates are connected together
and the select gates are connected together. The source of one
device connects to a bit line while the source of the other
connects to the complementary bit line.

Programming of the differential pair Flash cell occurs by
first biasing the bit-lines to a low voltage on one side and a
high voltage on the other through either SRAM or external
I/0. Then programming voltages are applied to both devices
so that one side is programmed and the other side remains in
the erased state. Note that an erase step must be performed
before programming.

To read the contents of a programmed differential pair Flash
cell, the bit-lines are first discharged to ground. Then the
Flash read voltages are applied to the differential pair. The
programmed non-volatile device does not conduct current and
the erased non-volatile device conducts current according to
the read bias conditions.

IV. BIT-LINE SHARING TEST CHIP ARCHITECTURE

A test chip combining differential pair Flash and SRAM,
integrated in the manner of Fig. 5, was fabricated. For the
array, a combination of 8 rows of SRAM and 128 rows of
Flash was implemented, with each row containing 32 columns,



bl<31> bl<31>bl<30> bl<30> bl<0> bl<0>
wl<0>
kG
wi<7>
sl e
Vpp
Veg<0> 9= 1 1
Vsg<O> T ¢ % (] ]
Veg<lom T P o
DA L I - -
Vsg<I27>T% ¢ 1 [ 3 | 5 ]

Fig. 4. Circuit diagram of the bit-line sharing array.

Fig. 5.

Die photo of the bit-line sharing array.

for a total of 256 SRAM cells and 4096 Flash cells. The
processed array is shown in Fig. 4.

The column decoder, sense amplifier, and write driver
circuitry were used for both the SRAM and Flash arrays, thus
saving area. The following operations were implemented using
the bit-line sharing approach: SRAM read, SRAM write, Flash
read, Flash program, Flash Erase, Flash to SRAM transfer, and
SRAM to Flash transfer.

The SRAM read and SRAM write operations are the same
as the normal SRAM operations. The Flash read and Flash
program operations are also bit level operations that read and
write to a single Flash cell.

The Flash to SRAM transfer operation entails the simulta-
neous transfer of data from one selected row of Flash cells
to one selected row of SRAM cells. Any row of Flash and
any row of SRAM can be independently selected for the
transfer. This transfer is performed without the use of a sense-
amplifier or the use of a write driver, and the transfer occurs
simultaneously across the entire row. The SRAM to Flash
transfer operation moves data from one selected row of SRAM
cells to one selected row of Flash cells simultaneously. The
row-based transfer operations have the advantage of allowing
programming an entire row at the same time and in parallel,
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Fig. 7. Access Time Waveform.

without having to perform the reading and programming of
individual cells serially. The Flash erase operation is an array-
based operation and causes all Flash cells within the array
to be erased at the same time. Additional control logic was
implemented to manage the address decoder, sense amplifier,
and write driver circuitry during these various operations.

V. FABRICATION AND VALIDATION

The bit-line sharing architecture was successfully demon-
strated in a test-chip in a 0.25pm CMOS logic process with
an appropriate process modification. The micrograph of the
array is shown in Fig. 5. The modification of the process
was made as a non-volatile process module to retrofit the
logic process. One additional mask step was used for the non-
volatile memory devices, and three additional mask steps were
used for the high voltage gates.

The size of the non-volatile device was 10.8F2. Gate oxide
thickness for the logic device was 55A. The non-volatile
device can be scaled to a .04um CMOS logic process with
the appropriate process modification; e.g. the device structure
does not impose any new scaling limitations. Data retention at
room temperature is estimated to be over 200 years, as shown
in Fig. 6. At 85C it is anticipated to be at least 20 years.

Results from the measurements on integrated memory array
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TABLE 1T
TIMING RESULTS

Time  Vcg
9.5V
-9.5V

3.0V

Vpp
6.5V
ov
ov

Program 10 pus
20 ms

20 ns

Erase

Access

for the typical bias case are presented in Table II. Programming
current per cell was measured at 1.2uA. The programming
time of the differential pair Flash cell using the external
write driver was 10us. Moreover, the programming time when
performing simultaneous programming of 32 Flash cells via
the SRAM-to-Flash transfer was also 10us, corresponding to
a normalized equivalent programming time of 0.31us per cell.
The read access time of the SRAM was measured at 20ns, as
shown in the access time waveform in Fig. 7. The erase time
was found to be 40ms. The operating range of voltages of
the bit-line sharing memory array for programming operations
were measured and are shown in Fig. 8.

Simultaneous data transfer of 32 bits between SRAM and
Flash was also verified. Moreover, due to the low programming
current of ~1pA, it is possible to design an architecture that
performs a simultaneous data transfer operation on a much
larger number of cells, limited only by the charge pump-
ing capability. For example, if 4096 cells are programmed
simultaneously with a charge pumping circuit capable of
4mA, the equivalent normalized programming time per cell
would be about 25ns, compared with approximately 500ns for
conventional Flash.

The operating voltage range of the SRAM to Flash transfer
and the Flash to SRAM transfer was also measured, and is
given along with the Programming and Erase operating voltage
ranges in Table III.

VI. CONCLUSIONS

The integration of SRAM and Flash cells on the same array
using bit-line sharing has been described and demonstrated
using an array fabricated in a 0.25um CMOS logic process.
The bit-line sharing architecture concept has the advantage of
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TABLE III
OPERATING VOLTAGE RANGE

Voltage Range

Programming

Vcg 8.0V to 9.5V

Vpp 4.5V to 7V
Erase

Veg -8.5V to 9.5V
SRAM to Flash Transfer

Vcee 2.5V to 3.7V
Flash to SRAM transfer

Vcee 2.5V to 3.7V

allowing parallel transfer of data between SRAM and Flash
for fast operation. Through a low Flash programming current
of 1uA per 1 bit, the application of the bit-line sharing
architecture concept can enable programming of over 4096
Flash cells in parallel with a charge pumping circuit of ~4mA.
In the presented test chip architecture, parallel transfer of 32
bits between SRAM and Flash was successfully demonstrated.
In addition, the architecture has the advantage of being able to
operate as independent memories of SRAM and Flash, with
SRAM read/write and Flash read/write operations. The Flash
access time through SRAM was measured to be 20ns.

Area is saved by sharing the sense-amplifier, write driver,
and column-decoding circuitry across both memory types.
Furthermore, by using bit line sharing between Flash and
SRAM, the chip area can be greatly reduced, in return reducing
the production cost. Thus, potential uses lie in embedded
memory applications and in system on chip (SoC) designs,
with potential applications in a range of devices including
cellular phones, digital cameras, and other platforms requiring
multiple memory types and the ability to move data between
them.
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