A two-input 8-transistor SRAM cell with enhanced noise immunity
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Abstract

The paper presents 8-transistor SRAM cell with improved
noise immunity. The effect is reached by use an additional
supply bus. Simulation and experiment have been
demonstrated following characteristics SNM =222 mV,
WRM =1017 mV, lcell =114 uA. The test chip has been
fabricated using UM C 180 nm CM OS technology.

1. Introduction

With a decrease in resolution of CMOS technologyazess
spread of threshold voltage and carrier mobilitgvgs [1]. So,
in digital circuits, including SRAM'’s, ranges of lieglevel
values are expanded and the guard interval betvibem
diminishes, which deteriorates noise immunity. A 3RAs
characterized by the minimal amplitude and duratboontrol
pulses on word lines (WL) and bit lines (BL), whengting and
reading are ensured with specified probability ofwgrence of
non-operative cells from the array. These charaties are
determined by both parameters of the bus and tlodsthe

the retrieval switch transistors should be incrdase order to
increase WRM, the width ratio of the load p-chanmahsistor
to the retrieval switch transistor should be demeda As a
result, to achieve required SNM and WRM values, dineuit
area grows. In [2] the method of changing the adnipltage
for retrieval switches to increase noise immungypresented.
This method is based on reducing voltage on aveadtiL in
the read mode and supplying the nominal voltagéh@ write
mode. As a result, in the read mode the condugtofitretrieval
switch transistors in reduced and SNM increased, ianthe
write mode WRM is increased. The drawback is seiitsitof
the enumerated parameters to the spread of thesidtan
threshold voltages. Another way to increase naisenity is
based on controlling supply voltage of the trigiggr The width
of the retrieval transistor is specified similatty the previous
case. In the write mode the trigger supply voltagenderstated,
which reduces conductivity of the open p-channahgistor in
the trigger and increases WRM. The drawback is tewegp
sources. To increase noise immunity, also negatbl&age on
BL in the write mode [2] is used, the width of retral
transistors being specified lower than in the pesi case,

SRAM core. Bus parameters depend mostly on CMoOWhich increases SNM. To compensate for reductioiVRM,
technology. Core parameters as applied to SRAM atBe zero logic level on BL is selected as a negativiage.

determined by the circuit structure of the cell amclude static
noise margin (SNM), write margin (WRM), and cell chiarge
current. SNM is an additional voltage supplied taster nodes
of a SRAM trigger in the opposite phases, at whiwh trigger
changes its state to the opposite one. The parao@mtesponds
to inverter margin offset due to a process spread Roise
occurring due to a parasitic connection with thedsu WRM is
the voltage in the node of connection to BL, at \hiwe trigger
changes its state. The cell discharge currkg (s the current
flowing to SRAM from BL in the read mode.

In general a SRAM trigger is a negatron built on lblasis of
a non-linear voltage controlled voltage source (VEVBith
nonzero output impedance loaded on a retrievalchwiThe
node to which the VCVS switch and the output arenested is
a master node for the VCVS. The potential of theterasode
should be securely in the stable zone in the readerand in the
unstable zone in the write mode. Consider known autor
enhancing noise immunity. Existing circuit desigme divided
into groups by the number of transistors. Thoseba® and 10-
transistor SRAMs [1]. Logic states of the basic d@sistor
circuit are changed by the potential of the inpodieto which
the master node is connected through the retrisvatch
impedance. In the read mode the potential increasethe
master node corresponding to the inverter low-lemetput,
which may lead to the unstable zone. In order toeiase SNM,
the width ratio of n-channel inverter transistarshe trigger to

However, cross noise and power consumpti®g.d increases.

The use of an external discharge circuit maxim&i$/ due
to a reduced load of the trigger inverters [3]. Asctiarge
transistor connected in series to an additionaienet! transistor
which has been connected to an additional readingTBe gate
of the discharge transistor is linked to the triggatput. Such
solution allows the required read current to beusst without
reducing SNM, but requires an additional pair ahsistors and
buses. The methodology of controlling the accesstin is
given in [4]. In the read mode retrieval switches apened
during a shorter time than in the write mode. Aeesult the
varied voltage on the VCVS master node in the readlen
becomes lower than in the write mode therefore SNdveases.
The drawback of this approach is necessity of drobed pulse
generator.

So, the existing solutions complicate circuitry 8RAMs
that, consequently, increase the area of the didaefmemory
cell [3] and, in a number of cases, power consuwnpf2]. The
purpose of this work is to develop a SRAM circuitttwi
enhanced noise immunity and decreased power corigump
The SRAM does not require the die area to be ineckaad the
peripheral circuits complicated. The paper is prepaas
follows. The second section presents the develapechory
cell, the third section gives the methodology ofmpater
modeling, and the last section reviews the expearime
methodology and compares the design and experiiraatta



2. A memory cell with enhanced noise immunity

To enhance noise immunity an additional supply IS
connected to the cell trigger. The bus potentialigher than the
potential of the core common bus. It was demoredrat [5]
that the additional supply bus can decries thed4wete” time
of the memory cell. Our proposal is to use the tiaithl supply
bus to optimize SNM and WRM of the cell. The sugeést
solution reduces conductivity of retrieval switchéeerefore
SNM increases. Besides write margin of trigger itesmsr
increases also. It causes WRM of the cell to grdwe area and
P.ons Of the cell with the additional bus is unchang&d.reduce
Peonss the method of two-coordinate retrieval [6] is dis&@he
SRAM is activated both by lines and columns, unl&kene-
coordinate retrieval where the potential in all Blairp is
changed by a WL signal. It allows the potentiab® changed
only in BL pairs transmitting information to a détas.

The suggested circuit is given in Fig. 1. The teiges built
on two CMOS inverters formed by transista¥-T7. To master
nodes of inverters retrieval switches realized ramgistorsT3
and T8 are connected. The logic element «AND» consi$ts

transistorsT1 andT2, gates of them are connected to column

select lines CL+ and CL-. Pairwise inverse contrghais are
supplied to the lines. The drain of the transidtbris connected
to the address bus WL. The proposed cell was edkailand
optimized using parameters of UMC 180 nm CMOS teaimol
As a result, following transistor sizes are obtdiriEhe length of
transistor channels is 180 nm; widths of n-chanmragisistors in

the trigger are 450 nm;channel ones are 250 nm. Widths of n-

channel transistors in the logic element are 350 nm
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Fig. 1. Circuit of the proposed memory cell

3. Memory cell simulation

The method of a SRAM circuit quasi-static modeliragsédxd
on linearly varying voltage sources with slew ratech slower
than slew rate of the node potentials upon switghire circuit
is used [7]. The source voltage upon changing ttaes
corresponds to the parameter being measured. Aitcifor
SNM simulation is given in Fig. 2. BSIM3 models arsed for
transistor modeling. Linearly varied voltage sosr3 and V4
serve to imitate noise signals and have followirsgameters.
The minimal and maximal voltages are 0.0 V and\i,.@nd rise
time is 30 ns. Sources V1 and V5 serve to genehatesupply
voltage 1.8 V and the voltage of the additional@ypus of the
trigger. Source V2 serves for initial setup. Whela potentials
CL- and CL+ are equal the noise signal voltage isrceéhed as
SNM. WRM measuring differs from the discussed SN\ an
that the noise signal is missing, but the BL pos#nthanges
using source V2 (Fig. 3). The drain voltage of siator T3 on
switching the trigger corresponds to WRM value. Satian of

lar in the read mode is effected by a direct curresihgi a
circuit with disconnected feedback (Fig. 4). Thettsource
current at the BL voltage pre-charge correspondsli o
parameter. The temperature corresponds taC.2Bimulation
was performed under the potential of the triggeditamhal
supply bus GNDT (Fig. 1) varying from 0.0 V to 0/7
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Fig. 2. Circuit for SNM simulation and measuring
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Fig. 3. Circuit for WRM simulation and measuring
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Fig. 4. Circuit for discharge current simulation and meigur

4. Experiment and measurement of the cir cuit
parameters

A test SRAM chip with a disrupted feedback loop basn
designed. The test circuit is given in Fig. 5. Thputs of the
inverters IPC and PC are disconnected from the masiges
and led to separate pads to pass an additive s@gal. The
master nodes of the trigger are OUT1 and OUT2. Diese
fabricated by Europractice using UMC 180 nm CMOS
technology. The die is 8.0 um per 5.2 um and inetud 33*33
test core, bus drivers, and a source buffer. The di
microphotography is shown in Fig. 6.



@ VDDCOM 300

T ‘ T4 T6 220
|J T3 T8 —
— — 200 A
BLO out{ "C lout2 2 4
T2 S S S i
T5 T7 s 150
| GNDC® IPC E —— AVE
_E‘ L 100 S
GNDT & s0
Fig. 5. Circuit for quasi-static measurements a

0 02 04 06 08

VGNDT, V

Fig. 8. Dependency of SNM on the potential of the supply b

of the trigger
1200
1000 ‘.%ﬁ
- 800
Fig. 6. Die microphotography E
E‘ 600
= —4—AVE
For measuring the sources of linearly varied vatage 2 00
substituted by voltage summators with high inputl dow M
output impedances. The output voltage is the suthefinput 200
voltage and the offset voltage specified manudllgise signal 0
summators and controlled constant voltage sources a 0 05 0a o o8

implemented on operational amplifiers (OpA) on st teoard
(Fig. 7). On DAl and DA2 OpAs voltage sources are VGNDT, V
implemented with low output resistance imitating BRBLO
terminal) and the supply bus of the trigger (GNIEFmtinal)
respectively. The respective voltages are specifieg

Fig. 9. Dependency of WRM on the potential of the supply bu
of the trigger

potentiometers R1 and R2. MicroammePRx1 measuresqg;. 250

On DA3 and DA4 OpAs the sources +1.8V and —-1.8% a

implemented. Voltage +1.8 V is supplied also to plogver bus 200
VDDCOM. On DA5 and DA8 OpAs voltage buffers with hig \\‘

input resistance isolating the master nodes framthise signal < 150 '\:\-\
summators are implemented. The noise signal sumshat®@ = \
based on DA6 and DA9 OpAs, the noise signal beimpked g 0 P —— AVE
with the opposite polarity from the buffer based @A7 OpA ‘\‘ e
and the voltage inverter based on DA10 OpA. The 50

corresponding SNM is specified using R3 potentiomete
Switches S1 and S2 serve to preset the trigger. damh 0
parameter a series of measurements is carried ithutvaltages 0 02 04 06 08
on the supply bus of the trigger varying from 0.G¢/0.7 V
with the step 0.1V. The results are shown jointligh the
simulation results in Fig. 8-10 (AVE index denotéise Fig. 10. Dependency df on the potential of the supply bus of
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averaged experimental values, SIM is for the sitedaresults). the trigger

oA1 | 18V As it is seen from Fig. 8-10, it is appropriatertorease the

DA BLo ourz DA% DA ¢ IPC potential of the trigger additional supply bus tal ¥, the

R1 % further increase does not result in any improvem&mM is
DA2 GNDA increased by 26% to 222 mV, WRM by 6% to 1017 mV

R2 %—D—o compared to the standard 6-transistor circuit. Tiecharge

A3 A9 current is decreased two times from 205 uA to 1A4which

+1.8v PC doubles data delay through the data bus. In higladity

Ll > out1 “ o memory this does not lead, however, to a consideriabrease

DA4 -1.8V . of response time due to high delays in the addbess and

+1.8V peripheral circuits. Divergences between the rssolft the

L DA10 experiment and the simulation did not exceed: 12908¥RM,

16% for SNM, 27% fol ).
Fig. 7. Circuit of the test board ° o el



5. Conclusions

This paper proposes the SRAM cell with two addragsits
and enhanced noise immunity. The technical solutias been
illustrated using 180 nm CMOS technology. Table &spnts
comparative results for memory cells with close cpss
parameters. SNM of the suggested circuit is sedonkhown
results, but the cell is essentially simpler andnsequently,
occupies less die square. The additional triggex dhoes not
increaseP s

Table 1. Comparison to existing solutions

Work{ProcessSNM, Advantages Disadvantages
mV
This [180 nm 222 | - reducedP,s Up to |- decreasing oOffy
work 3 times; in 2 times.
- small size;
- high WRM,;
- simple supply
circuit.
[8] (180 nm 220 |- small size; - decreasing of
- simple control WRM;
circuit. - high Pegpe.
[9] [130 nm 270 |- high speed; - complicity of
- highlcg). control circuits;
- large size;
- hlgh Pcons-
[10] {130 nm 200 | - small size; - complicity of
- high WRM; control circuits;
- low Pgope. - decreased speed.
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