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Abstract—In this paper, a modification of the
traditional dynamic self-reset circuitry is introduced
for low power SRAM circuit design. The reset cir-
cuitry is localized, and the negative (trailing) trig-
ger edge of the data is used to generate the self-reset
signal to avoid the problem of crowbar current from
Vpp to Vss. It is demonstrated that fanouts of
6 < Figer <10, and 4 < Fuy < 7 give the best
delay-product values for a 0.5um CMOS process.

I. INTRODUCTION

Self-resetting logic is a commonly used piece of
circuitry that can be found in use with memory
arrays as word line drivers. It is a form of logic
in which the signal being propagated is buffered
and used as the precharge or reset signal. By us-
ing a buffered form of the input, the input load-
ing is kept almost as low as in normal dynamic
logic while the local generation of the reset assures
that it is properly timed and only occurs when
needed. The basic block of the self-reset circuit
is shown in Figure 1 where the block is config-
ured of two inverting stages. Each inverting stage
consists of a data transistor(Wystan or Waatap)s
a reset transistor(Wresetp 08 Wiesern) and a hold
transistor(Wiodp o Whoian). When datain goes
high, the gates evaluate. The data devices propa-
gate the leading edge of the data pulse, and the re-
set transistors return the nodes to their precharged
state. Once the reset has been de-asserted, small
static hold devices maintain the precharged node
over the noise and leakage. In the traditional self-
reset circuit[1]-[5], although there might be slight
variations, the reset pulse is generated from the ris-
ing (leading) edge of the input data pulse to se-
quentially reset each block and its inverting stages
within. The reset pulse has to be carefully con-
trolled to assure that the reset occurs only after
the data has completely passed through the corre-
sponding stage. The reset signal for each inverting
stage can be tapped from the output of an invert-
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Fig. 1. Basic Block of Self-Reset Circuit
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ing stage several delays down the chain if several
of these blocks are cascaded, or it can be generated
using a delay line external to the cascaded blocks.
Thus, the delay of the reset generation chain re-
ally defines the pulse width of the data propagating
through the self-reset blocks. A major design issue

with this traditional scheme is the possibility of a .

crowbar current from Vpp to Vsg. It is necessary
to design the delay between the data signal and the
reset signal to avoid having both the data and the
reset transistors on at the same time which would
result in direct Vpp to Vss path consuming a lot
of power or, worse yet, causing a malfunction in
the logic. More recently, delayed self-reset logic has
been introduced[6],[7]. This scheme makes use of
the trailing edge of the data input to generate the
reset signal and thus is easier to avoid the problem
of the crowbar current. The drawback of the scheme
is that the width of the data pulse will be increased
by at least the delay of an inverter and a nand gate
due to the fact the trailing edge is utilized for the
reset signal. When used as a global driver where
several of these logic may have to be cascaded, this
can become an issue as the signal will be cycle time
limited.

This paper presents one way to_get around this
problem. Instead of using the delayed self-reset
logic as a global driver, the reset circuitry can be
localized and the self-reset logic used as a local word
line driver. As the load will be smaller for each of
the local self-reset blocks, depending on the config-
uration of the memory, one block will be enough
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for most localized word lines. While this technique
does increase the area of the basic self-reset block,
it does not need the external inverter delay chains
and is not subject to the RC effect due to the rout-
ing across the several stages of cascaded self-reset
blocks.

II. MODIFIED SELF-RESET BLOCK.

The modified self-reset circuit is very similar to
the traditional self-reset circuit except that the re-
set, circuitry is included. This technique localizes
the reset generation for each self-reset block to that
block only. The reset signal can only be triggered
following the negative (trailing) edge of the input
pulse, thus avoiding a potential crowbar current
problem. As shown in Figure 2, upon receiving the
rising (leading) edge of the data pulse, reset_enable
is low and delayed_out is high so the nand gate keeps
the reset transistors Myesetp and Myesetn, off. How-
ever, once the forward going pulse starts to transi-
tion away, reset_enable starts to go high, causing the
nand gate to activate the reset transistors Mesetp
and M, egetn and restore the nodes of the two in-
verting stages to their precharged conditions. Once
the precharging action occurs, the result is fed back
to the nand gate, causing delayed_out to go low and
deactivate the reset devices, leaving the hold de-
vices Mpotap and Mpoign to sustain the node until
the next incident data pulse. The inverters in the
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Fig. 2. Modified Self-Reset Block
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reset connection are used to provide delay margins
between the actions on the data nodes and their
subsequent reactions on the reset nodes. The re-
set_enable inverter(inverter 1) and the nand gate
ensures that Mgaten is completely shutoff before
Mesetp turns on, thus preventing crowbar current
in that inverting stage. Also, the inverter between
resetp and resetn(inverter 4) ensures that there is
enough gate delay between the two signals so that
Miesetn will not turn on before Mgqtap has finished
turning off. The pulse width is determined by either
the delayed_out delay loop (datain — interout —

dataout — delayed_out — resetp — resetn) or the
reset_enable path (datain — reset_enable — resetp
— resetn). While the path through the reset_enable
offers the minimum widening of the pulse, for a more
precise control of the pulse width the delay through
delayed_out loop should be utilized. The simple tim-
ing of the signals for the minimum pulse widening
are shown in Figure 3. The key concern is to size
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Fig. 3. Simplified Waveform of Modified Self-Reset Block
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these gates to avoid an incomplete reset as the sig-
nal self terminates before it becomes fully active,
but at the same time, minimize the extra loading
on the datain and dataout nodes due to the local
reset circuitry.

III. BLocKk DESIGN

A. Terminology

The modified self-reset, circuit is simulated with
HSPICE using a 0.5um CMOS technology to find
the optimal sizing for the transistors. The following
terminology are used throughout the simulation:

Winter: the loading on the intermediate out node
(interout) in terms of gate width

Waatan: the width of the data transistor Mystan
in the first inverting stage

Finter: fanout of the data transistor in the first
inverting stage ("Vinter/Wdatan)

Wout: the loading on the dataout node in terms
of gate width

Waatap: the width of the data transistor Mygsap
in the second inverting stage

F,.: fanout of the data transistor in the second
inverting stage (Wout/Waatap)

Fresetp: fanout of the reset transistor Myegerp in
the first inverting stage (Winter /(Wresetp + Whotdp))

Flresetn: fanout of the reset transistor Myegetn
in the second inverting stage (Wout/(Wiesetn +
Whotdn))



B. Sizing Rules

The following rules are used to size the transistors
of the self-reset circuit. It is assumed that all the
wire loading effects are included in the gate width
(W) terms.

I’Vdatap = Wout /Fout

Wresetn = Wout/Fresgtn - Wholdn

Whotan = 0.05 * Wdatap

"Vdatan = Wz‘nter/Finzer

Wresetp = Winter/Fresetp - Wholdp

I’Vh,oldp = 0.10 * Waatan

The hold transistors (Wheiap and Wheia,) need
to be large enough to guarantee that the noise
immunity is not reduced when the data transis-
tors (Waatan and Wiatap) are leaky. The num-
bers used here for the hold transistors are the val-
ues that gave reasonable results in the simulations.
Winvan = Wdatap/Finter

Win'vzip = 2% Winvan

Wnandn = ("Vdatan + Winv4n + Wirbv4p)/Finter

VVnandp = Wnandn '

WlﬁnvSn = (Wdatan + Winwln + Winu4p)/Finter =
WinvZn

WinvSp =2x% Wmv?;n. = Winva

Wim)ln = (Wianp + Winv2n)/Finter

Winvin = 2% Winpin

The reset path needs to be sized so that the ex-
tra loading effects due to the localized reset circuitry
can be minimized, but it also needs to satisfy the re-
quirements that the reset pulse has adequate width
and that there is adequate delay between the adja-
cent reset pulses to avoid the crowbar current in the
second inverting stage.

IV. SIMULATION RESULTS

The circuit was simulated for different values of
Wout. From Figure 4 and Table 1, it can be seen
that the best delay numbers are given for ranges of
6 < Fipter < 10 and and 4 < F,,e < 7. This data is
for when Wo,; = 400um, but is true for most of the
cases. The value of the block delay, BD, is given in
nano-second units.

The PDP (power-delay product:nano-second-
milli-watt) decreases as the fanout number increases
and tends to flatten out as shown in Figure 5. For
the simulation values above, Fj,ter of 9 was used as
the fanout of choice and applied to the sizing of the
reset chain. Beta ratio of two was used for all the
static gates in the chain. Figure 6 shows the actual
simulated values of the signals given in Figure 3.
The following values were used for the simulation.
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Fig. 4. BD Plots for Different Fanouts for Wyt = 400um

TABLE 1
BD for Wyt = 400um when Foyur=5

ljinter I Fout | F’r‘esetp Fresetn l BD J
2 5 1.3 10 1.06 ns
3 5 2.0 10 0.99 ns
4 5 2.6 10 0.97 ns
5 5 3.3 10 0.95 ns
6 5 3.9 10 - 0.93 ns
7 5 4.5 10 0.93 ns
8 5 5.3 10 0.94 ns
9 5 5.9 10 0.94 ns
10 5 6.6 10 0.95 ns

V. NOISE SENSITIVITY

Noise problem can be reduced to basically three
sources. The first is the capacitive noise coupling
on datain due to an adjacent signal line. The sec-
ond is the DC ground bounce in datain, and the
third is the leakage current to Vg on interout node.
These will combine to decrease the noise immunity
of the circuit. While the ground bounce and the
leakage current are overall layout and process de-
pendent where the individual designer has no con-
trol, it is possible to minimize the effect of noise
coupling. For capacitive coupling to driven logic
node, the coupled noise voltage can be expressed as

Va(s) = Vs(s)Res

where V},(s) is the coupled noise voltage, Vs(s) is the
effective noise signal, R, is the equivalent resistance
of the active output transistor of the driving gate,
C. is the coupling capacitance, and s = jw. De-
pending on the particular design constraints, each
individual designer must determine how this trans-
lates into the actual design in terms of the transistor
sizing and the routing.
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Fig. 5. PDP Plots for Different Fanouts for Wy, ¢ = 400um
TABLE II

Minimum PDP for Wiyt = 400um when Fgy ¢ =5

rFinteﬂ FourrFresetp l Fresetn 1 PDLI

2 5 1.3 10 2.03
3 5 2.0 10 1.79
4 5 2.6 10 1.71
5 5 3.3 10 1.65
6 5 3.9 10 1.60
7 5 4.5 10 1.61
8 5 5.3 10 1.62
9 5 5.9 10 1.65
10 5 6.6 10 1.66

VI. CONCLUSION

Using the modified self-reset circuit, it is easier
to avoid the occurrence of crowbar current that
is inherent in these types of circuits. For the
0.5um CMOS process used, the best delay values
were achieved for fanouts of 6 < Finer < 10 and
4 < Fyyt < 7. These values are subject to the de-
vice parameters. The major design issue is to ensure
that the delay of inverter 4 is large enough so that
M atap will turn off before My esetn turns on. To re-
duce the penalty of added loading on the datain and
the dataout nodes, minimum sized devices should be
used whenever possible. Owing to the nature of the
circuit where the trailing edge of the data input is

TABLE III

Transistor Sizes Used in the Simulation

[ transistor | size[um] | transistor | size[um] ]

Waatan 7.4 Wdatap 67.0
Wrssetp 11.9 Wresetn 33.5
Whotdp 0.7 Whotdn 3.3
Whandp 8.0 Winvop 3.6
‘}Vnandn 8.0 Winvan 1.8
Winvlp 1.2 WinvSp 12.0
Winvin 0.6 Winysn 6.0

resetp

——

enger

Fig. 6. Simulated Waveforms for Wy,¢ = 400um

used for the reset signal generation, the data pulse
width is extended by the delay of the inverter and
the nand gate in the reset_enable path. This mini-
mum delay was about 250ps for the 0.5um CMOS
device parameters. This indicates that the modified
version of the circuit can become cycle time limited
if there are many levels of cascading. Noise sen-
sitivity issue is not discussed in this paper, but it
should be taken into account when sizing the tran-
sistors and laying out the circuit. Insertion of a
latch transistor between the two inverting stages of
the block will also improve the noise immunity.
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