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A 14-ns 1-Mbit CMOS SRAM with Variable
Bit Organization

YOSHIO KOHNO, TOMOHISA WADA, KENJI ANAMI, MEMBER, IEEE, Y UJI KAWAI,
KOJIRO YUZURIHA, TAKAYUKI MATSUKAWA, aND SHIMPEI KAYANO

Abstract — This paper will describe a 14-ns 1-Mbit CMOS SRAM with
both 1M word X 1-bit and 256K word X 4-bit organizations. The desired
organization is selected by forcing the state of an external pin. The fast
access time is achieved by use of a shorter divided-word-line (DWL)
structure, a highly sensitive sense amplifier, a gate-controlled data-bus
driver, and a dual-level precharging technique. The 0.7-pm double-
aluminum and triple-polysilicon process technology with trench isolation
offers a memory cell size of 41.6 pn? and a chip size of 86.6 mnr.

I. INTRODUCTION

WITH recent advances in process technologies and
new circuit techniques, high-speed, high-density
SRAM’s have been developed. These RAM’s have been
used mainly as main memory in supercomputers,
cache /buffer memory in minicomputers and workstations,
and as test pattern memory in VLSI test equipment. Re-
cently, 256K CMOS SRAM’s were reported which achieved
access times of faster than 25 ns [1]-[3] by utilizing the
address transition detection (ATD) techniques, configura-
tions with shortened bit lines and word lines, polycide
gates, and double-aluminum processes. Several medium-
speed 1-Mbit CMOS SRAM’s with byte-wide organization
have already been reported [4]-[7], however, their access
times are above 25 ns. This paper will describe a variable
bit-organization 1M word X 1-bit or 256K word X 4-bit
CMOS SRAM [8] with a typical access time of 14 ns. This
RAM was fabricated employing double-aluminum and
triple-polysilicon CMOS technology with a 0.7-pm mini-
mum design rule. In order to obtain the fast access time, a
32-block architecture with a divided-word-line (DWL)
structure [9)], a highly sensitive sense amplifier, a gate-con-
trolled data-bus driver, and a dual-level precharging tech-
nique were combined with an ATD scheme.

In Section II, circuit technologies, which include the
chip architecture, the modified DWL structure, the sense
amplifier, the gate-controlled data-bus driver, the dual-level
data-bus precharge, and the variable bit-organization func-
tion will be described. In Section III, the process technol-
ogy will be explained. Characteristics of the RAM and
conclusions are given in Sections IV and V, respectively.
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Fig. 1.

II. CirculT DESIGN

A. Chip Architecture

The block diagram of the RAM is illustrated in Fig. 1.
The RAM is organized as either 1M word X1 bit or
256K word X 4 bit. These organizations are controlled by
the X1/ X4 control pin. The address signals are split into
four groups— X, Y, Z, and W. The X-, Y-, Z-, and
W-address signals are used for row selection, column selec-
tion, block selection, and sense-amplifier selection, respec-
tively. The W address is only used in the 1M word X 1-bit
organization. Each address input buffer has a local ATD
pulse generator. A detection signal from any of the local
ATD pulse generators activates the internal clocks which
control the bit-line loads and the sense amplifiers in order
to accelerate a readout operation.

A block diagram of the memory architecture is shown in
Fig. 2. The 1-Mbit memory cell array is organized as 512
rows X 2048 columns and is divided into 32 blocks. Only
one memory cell block is activated at a time for power
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Fig. 3. Word-line selection circuit.

reduction. Each block contains 512 X 64 columns with one
redundant column. Only 65 memory cells are connected to
a word line (DWL). The word line has been formed from
tungsten-silicide polycide with a sheet resistance of 5 Q /sq.
The short word line with low-resistive material reduces the
word-line delay time to around 0.5 ns, which is one key
factor in reducing access time. Each block is further di-
vided into four submatrices of 512 rowsXx16 columns,
compatible with the nibble-wide organization (256K word
X 4 bit). Row address input signals are hierarchically de-
coded, using the DWL structure [9]. The block row de-
coders of the DWL structure are arranged between every
two blocks, resulting in a total of 16 block row decoders.
The global row decoder is placed at one side of the
memory array.

B. Modified DWL Structure

Fig. 3 shows a word-line selection circuit in the modified
DWL structure introduced for improvement of the con-
ventional DWL, X0- X8 and Z0-Z4 are address signals
for row selection and block selection, respectively. The
upper X address group of X2- X8 is predecoded in the
global row decoder which activates one of the row-group
select lines. The row group consists of four rows. Each of
the row-group select signals is input to eight NAND gates of
each block row decoder. One of the four rows is selected
by the predecoded signals of the lower addresses of X0
and X1. Fig. 4 shows the effect of the modified DWL
structure on the capacitance of the bit line and row select
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line, and the width of the row decoders (including the
global row decoder and the block row decoders). The bit
lines and the row select lines are fabricated by the first-
and second-level aluminum, respectively. As the number of
rows in a group (njy) increases, the bit-line capacitance
decreases because the crossover capacitance with the row
select lines decreases. However, the slope of the curve is
very broad, especially beyond 4 of ng. In contrast, the
capacitance of the row select lines increases rapidly as n,
increases. Moreover, the capacitance on the predecoded
signals of X0 and X1 decreases. On the other hand, the
width of the global row decoder decreases and the width of
the block row decoder increases as ny is larger. Therefore,
the width of the row decoders is minimized at 4 of n,.
Consequently, this modified DWL structure has been ap-
plied to the 1-Mbit SRAM, setting n, at 4. The modified
DWL architecture with the small bit-line capacitance con-
tributes to the fast access time by a 1.5-percent decrease of
chip size compared to the conventional DWL.

C. Sense Amplifier

Fig. 5 shows the readout circuitry, which includes the
sense amplifier, data-bus driver, dual-level data-bus pre-
charger, and data-output buffer. The sense amplifier is
comprised of three stages. The first and second stages are
symmetric types, which have dual inputs and dual outputs.
This symmetric sense amplifier is suitable to amplify the
1/0 line’s signals with a small voltage swing. Therefore,
both ZERO READ and ONE READ access times coincide with
each other. The third stage is a normal current mirror
circuit, which has dual inputs and a single output. Each
stage has a gain of around 3. In total, a voltage difference
of less than 50 mV between 1/0 lines is successfully
amplified. The pulses (SEQ1, SEQ2, SEQ3, DEQ, and
DEQ) are generated from an internal clock, which is
caused by the ATD signal. The signals SEQ1 and SEQ2
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equalize the complementary signals in the sense amplifier.
Bit lines and 1/0 lines are also equalized by this internal
clock. These equalizations accelerate the sensing speed.

D. Gate-Controlled Data-Bus Driver

The data-bus driver is also shown in Fig. 5. The data-bus
driver is a tri-state CMOS inverter whose gates are con-
trolled by the sense-enable signal SE. If it is selected, the
SE signal is high and the SE signal is low. Accordingly,
this data-bus driver works as a CMOS inverter with the
same drivability. As shown in Fig. 2, when the memory cell
array is divided into many blocks, the parasitic capacitance
of the data bus becomes larger, because of the long wiring
capacitance and the output capacitance of the data-bus
driver. Fig. 6 shows the relation between data-bus capaci-
tance and the number of memory cell blocks. The solid
line (curve a) and the broken line (curve b) correspond to
the gate-controlled tri-state data-bus driver and a conven-
tional tri-state data-bus driver with a CMOS transmission
gate [5], respectively. In order to maintain the drivability
of the data-bus driver, the channel width of the conven-
tional data-bus driver is doubled. The data-bus capaci-
tance increases gradually as the number of blocks in-
creases. In the 32-block architecture, which is applied to
the 1-Mbit SRAM, the gate-controlled data-bus driver
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reduces the data-bus capacitance by around 40 percent.
This reduction is effective in minimizing the delay time of
the data bus.

E. Dual-Level Datu-Bus Precharge

In order to further reduce the delay time on the data
bus, the data bus is precharged at a middle voltage level
{1], [4]. However, a special receiver circuit of the middle-
level data bus is required to suppress a wrong data output
during the middle-level precharging period. For example,
the Schmitt trigger latch STL circuit {1] and the dual-
threshold data transfer circuit [4] have been reported.
These receiver circuits are connected between the READ
data bus and data-output buffer, so that they introduce an
undesirable delay time. To remove this delay time in the
receiver circuits, the dual-level data-bus precharging tech-
nique is newly introduced. This technique does not need
any special receiver circuits. The timing diagram of the
readout operation is shown in Fig. 7. The pulses (SEQ3,
DEQ, and DEQ) are used for the data-bus precharging.
The precharged level of the data bus is split into two levels
according to the previous READ data, which are stored in
the small latch circuit connected to the input of the data-
output buffer (Fig. 5). The low and high levels are around
2 and 3 V, respectively. As the logical input threshold level
of the data-output buffer is set to 2.5 V, a wrong data
output during the precharge period is suppressed. The
gate-controlled data-bus driver and the dual-level pre-
charge technique realize a high-speed data transfer from
the sense amplifier to the data-output buffer.

F. Variable Bit-Organization Function

The testing time of RAM’s consists of dc parametric test
and ac (functional and operating margin) tests. The ac test
time increases in proportion to the memory capacity when
N-test patterns (linear addressing patterns) are used.
Therefore, the test time of 1-Mbit SRAM’s is quadrupled
compared with that of 256-kbit SRAM’s when the bit
organizations are the same. To overcome this problem in
DRAM’s the test mode [10] is introduced. However, the
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Fig. 9. Circuit schematic of the variable bit-organization function.

test mode in DRAM’s is not suitable to measure precise
access times, because plural memory cells are written with
the same data and only the logical relation among the
READ data of these memory cells is checked. This means
that the route of the data flow in the test mode is different
from that of ths normal READ operation. In high-speed
SRAM’s, the precise evaluation of the access time is im-
portant as well as the reduction of test time. The variable
bit-organization function is newly applied to reduce the
test time while keeping the measurement accuracy of the
access time. Fig. 8 shows the pin configurations of the
1-Mbit SRAM. This RAM can be used for 1M word X 1-bit
organization or 256K word X 4-bit organization. The inner
pin names are used for the 256K word X 4-bit RAM and
the outer for the 1M word X 1-bit RAM. These organiza-
tions are controlled by pin #21. Pins 12, 13, and 15-19
serve different functions according to the X1/ x4 control
signal. All other pins have the same function for both
organizations. Fig. 9 shows the circuit schematic of the
variable bit-organization function. The memory cell block
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TABLE [
PROCESS PARAMETERS

Twin-well CMOS, N-Sub
Double Level Aluminum
Triple Level Polysilicon
(NMOS)  0.7um (LDD)
(PMOS) 0.9um (LDD)
Gate Oxide Thickness 180A
Junction Depth (NMOS) 0.2um
. (PMOS) 0.3um
Trench N (width/space) 1.0um / 0.7um
LOCOS N* (width/space) 2.0um / 1.5um
1st Poly Si (width/space) O.7um / 0.8um
2nd Poly Si (width/space) 1.0um / 1.0um
3rd Poly Si (width/space) 1.0um / 1.0um
1st Al (width/space) 1.4um / 1.0um
2nd Al (width/space) 2.0um / 2.0um
Contact Hole 0.8um x 0.8um
Direct Contact Hole 0.8um x 0.8um
Via Hole 1.0um x 1.0um

Procoss

Gate Length

corresponds to four sense amplifiers/WRITE drivers. Each
sense amplifier is connected to the READ data bus. In the
case of 256K word x4 bit, the READ data-bus signals are
transferred to the four data-output buffers. In the case of
1M word X1 bit, one of the ReaD data-bus signals is
transferred to the one data-output buffer according to the
1/0 select signals (10Si). The READ data selector circuit is
composed of CMOS transmission gates. As the READ data-
bus signals are used for both organizations, the route of
the data flow is the same. Consequently, the variable
bit-organization function preserves the same access time
for both organizations. As the 1M word X 1-bit RAM is
changed to 256K word X4 bit, the testing time of the 1M
word X 1-bit RAM is reduced while keeping the measure-
ment accuracy of the access time. A short and precise test
methodology has been realized.

II. 0.7-pm CMOS PROCESS TECHNOLOGY

In order to achieve a high-density and high-speed SRAM.
a 0.7-um CMOS process technology was developed. The
SRAM was fabricated with a double-level aluminum and
triple-level polysilicon (including polycide) twin-well
CMOS technology. The key process parameters are sum-
marized in Table I. Fig. 10 describes the cross-sectional
view of the memory cell.

In order to obtain the small-area memory cell, triple-level
polysilicon and trench isolation technology is adopted as
in the 128K X 8-bit 1-Mbit SRAM [5]. The first polysilicon
layer (WSi_/polysilicon) is used for the MOS transistor
gate electrodes. The second polysilicon layer is used for V,
lines and the third polysilicon is for the high-resistive
loads. The first aluminum layer is utilized for the bit lines
and the second layer is for the row-group select lines. Fig.
11 shows a photograph of the memory cells and block row
decoder. The second-level aluminum lines of the row-group
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Fig. 10. Cross-sectional view of memory cell.

Fig. 11. Photograph of memory cell and block row decoder.

select line cross the first-level aluminum bit lines every
four memory cells. The intermediate insulator between the
first and second aluminum is p-CVD oxide. In the periph-
eral circuits, the second-level aluminum electrode is utilized
for signal lines, V,., and ground lines.

The triple-level polysilicon process enables a smaller
memory cell in comparison with the double-level polysili-
con process, and the higher resistive load can be obtained
easily.

One of the key process technologies in realizing a small
memory cell is the bird’s beak free isolation. Instead of the
conventional LOCOS isolation, a shallow trench isolation
technique is adopted. The narrowest isolation width is 0.7
pm. After silicon etching and boron implantation for
channel cut, the trench wall is slightly oxidized to reduce
leakage current. Then a silicon dielectric oxide is buried in
the trench, and a successive etching-back process for
surface planarization is carried out. After the trench isola-
tion process, the conventional LOCOS isolation process is
employed for peripheral circuit formation. The most im-
portant electrical characteristic for the trench-iso-
lated memory cell is the subthreshold-current curve of
NMOSFET’s. If the level of the leakage currens through
the driver transistor is the same as or much larger than the
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current through the high-resistive load connected to the 1,
line, the memory cell cannot hold data. Fig. 12 shows the
subthreshold current of NMOSFET’s (W/L=5/0.7 pm,
10000 FET’s are arranged in parallel) isolated by the
conventional LOCOS and by the trench. An explicit dif-
ference is not observed for the subthreshold slope and the
Jjunction leakage current level.

In this RAM, 0.7-um NMOSFET’s and 0.9-um
PMOSFET’s help to achieve the high-speed circuit oper-
ation. Both NMOSFET’s and PMOSFET’s are formed
with a lightly doped drain (LDD) structure. This transistor
structure assures reliability against hot-carrier-induced de-
gradation for NMOSFET's and prevents degradation
caused by the offset phenomenon for PMOSFET's.

IV. CHARACTERISTICS

Fig. 13 shows oscillographs of the data-output wave-
forms under typical conditions of ¥, =5V and T, = 25°C.
The address access time and the CS access times are 14 ns
with a load capacitance of 30 pF. An active current of 100
mA (40 MHz), a standby current of 20 mA (40 MHz), and
a typical standby current at CMOS inputs of 2 pA have
been obtained.

Fig. 14 shows the die photomicrograph. The memory
array is divided into 32 blocks to shorten the word-line
length. There are 16 block decoders and a global row
decoder. Each block has one redundant column (512 cells).
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