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Noise-Tolerant XOR-Based Conditional Keeper for
High Fan-in Dynamic Circuits

Chung-Hsien Hua and Wei Hwang

Institute of Electronics
National Chiao-Tung University
Hsin-Chu 300, Taiwan
{cshua, hwang} @eic.nctu.edu.tw

Abstract—Noise-tolerant XOR-based conditional keeper for
high fan-in dynamic circuits is presented in this paper. Noise
immunity is enhanced by conditionally turning on the
conditional keepers. The conditional keeper is turned off at
some critical moments to reduce the delay and power
consumption. The timing of control signals and their effects on
noise immunity, power and delay are also examined. High fan-
in dynamic circuits are used to demonstrate the effectiveness of
the conditional keeper on noise immunity. Distributed power
gating combined with clock gating design is also examined. All
the simulation results are based on TSMC 100nm CMOS
- technolggy. Compared to conventional techniques, under the
same unity-gain DC noise criteria, more than 20% power
reduction and 20% delay reduction are achieved. Under the
same delay criteria, more than 1.25X noise immunity
improvement is attained.

I INTRODUCTION

High fan-in dynamic circuits are widely used in high
performance microprocessors and DSP circuits, such as high
fan-in multiplexer or comparator circuits. Although high
speed high fan-in dynamic circuits are especially susceptible
to all kinds of noises, they must be guaranteed to function
correctly. With the advance of technology, leakage current,
coupling noise and power/ ground fluctuation noise are
increasing the soft-error rate of dynamic circuits. A figure of
merit called Unity-Gain DC Noise Margin (UGDN) is used
to measure the ability to resist lumped DC noises applied to
all input terminals of dynamic circuits.

Shown in Fig. 1 is an N to 1 multiplexer circuit with the
presence of vital noise sources. Power or ground bouncing
affects the voltage level during the pre-charge period;
leakage current and coupling noises discharge the floating
nodes. The leakage currents in nano-scale technology are
strongly related to process parameter variations [1].
Therefore, for dynamic circuits, keepers as shown in Fig. 1

The work is supported by National Science Council, R.O.C., under the

Chih-Kai Chen

Department of Electrical Engineering
Stanford University
Stanford, California, USA
chihkai@stanford.edu

Figure 1. High fan-in dynamic multiplexcr circuit with conventional

keeper and the presence of noisc sources
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are necessary to maintain the correct voltage level stored on
the floating node after evaluation mode.

With the scaling of the threshold voltage and the
minimum distance between adjacent wires, leakage current -
of transistors and coupling noises between .wires are both
getting worse. These two factors reduce the noise margin of
dynamic circuits. Conventionally, upsizing the keeper solves
most of the problems and restores the required noise margin
[2] [3]. However, this causes the propagation delay and
dynamic power consumption penalties for enhancing the
noise margin. In this paper, we present a new XOR-based
conditional keeper to improve noise immunity without
significantly sacrificing the delay and power consumption.

The rest of this paper is organized as follows. Section 2
will demonstrate the enhanced noise immunity of the XOR-
based conditional keeper without dramatically increasing the
propagation delay and power consumption. Meanwhile,
circuit design considerations will be shown. Distributed
power gating technique combined with clock gating will be
presented in section 3. The sensitivity of the conditional
keeper to lumped DC noise will be discussed in section 4.
Finally, we will discuss the advantages for the proposed
conditional keepers and then conclude this paper.

project NSC 92-2220-E-009-011 and TSMC grant. The authors would like
to thank MIRC SOC Research Center in NCTU for support of this rescarch.

0-7803-8834-8/05/$20.00 ©2005 IEEE. 444
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TABLE L. CONTROL SIGNALS AND THEIR CORRESPONDING KEEPER
STATUS
CLK Floating Proposed control signal
Node on gate of keeper
Low Low | Low, to speed up the process of pre-charge
Low High High, to avoid the .lm;')act on peﬁoqnance
at the very beginning of evaluation
High Low High, keeper should be off
High High Low, keeper should be activated to

enhance the capability of noise immunity

Figure 2. Proposed conditional keeper with an (a) XOR (b) XNOR gate

o Ly DA o e Ly P

SAL sAC sl sH {>°§0—| sHL S={lsHL o

DALBHC ALDAC  2ALBHL DeiCoA
cLk— cLk—|

(a) XOR-based (b) XNOR-based

II.  XOR-BASED CONDITIONAL KEEPER

The conditional keeper proposed by Intel in [4] contains
a buffer chain, a size-fixed static keeper, and an up-sizing
conditional keeper for larger noise immunity. As shown in
[3], the performance of dynamic circuits with Intel’s
conditional keeper strongly depends on the buffer chain
delay which requires tedious design.

The main idea of the proposed XOR-based conditional

keeper is to avoid using delayed clock signal. The new

. control signals and their corresponding keeper status are
shown in Table I and described as follows:

When clock signal and the floating node are both low, the
dynamic circuit is in the beginning of the pre-charge period
and we should turn on the conditional keeper to speed up the
pre-charge process.

When clock signal is low and the floating node is high,
the pre-charge process is completed and the gate is ready for
evaluation. Therefore, the conditional keeper should be
turned off to avoid the impact on the delay and power
consumption.

When clock signal and the floating node are both high,
the dynamic circuit either is at the beginning of the
evaluation process or stores state HIGH on the floating node
at the end of the evaluation process. If it is at the beginning
of the evaluation process, the floating node will be

445

Figure 3. Schematics of the (a) XOR (b) XNOR gate using in the
proposcd conditional kecper

Inverter
Output

XOR
output

XNOR
output

Floating
Node

(a) XOR gatc (b) XNOR gate

Figurc 4. Timing diagram for XOR-based conditional kecper

CLK / \ \
XOR —\ I
output / \
Input
Floating
Node R
PR v
Keeper on Keeper on

eventually at the correct voltage level as long as the delay of
the XOR gate is larger than the propagation delay of
dynamic circuits. Since the delay time of dynamic circuits is
shorter, the conditional keeper is slightly turned on at the
beginning of the evaluation process and is fully turned on or
off according to the final value stored on the floating node.

When clock signal is high and the floating node is low,
the evaluation mode is finished and the final value stored on
the floating node is low. Therefore, the conditional keeper
should be fully turned off.

According to the desired control signals, an XOR gate is
what we need for generating these signals. Shown in Fig. 2
are the XOR-based and XNOR-based conditional keepers.
The XOR and XNOR gates we use ate shown in Fig. 3. The
timing diagram for the XOR-based conditional keeper is.
shown in Fig. 4. ' ' a £

The reason why we choose this XOR gate is that it
requires fewer transistors and generates rail to rail output.
There are still other 4 transistor XOR gates appeared in
publications. However, most of those XOR gates are pass-
transistor-based, so the gates cannot have full swing output.
This disadvantage degrades the noise immunity of
conditional keepers.

A 64 fan-in dynamic NOR circuit with footer is adopted for .
the performance comparison. Although the keeper strength is

generally proportional to the size of keeper, among different

configurations, the actual strength of keepers with the same
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Figure S. Dclay versus Unity-Gain DC Noisc margin for threc different

keepers

0.20
—e— XOR-Based ,’

0.19 o-- XNOR-Based F4
g —-—- Conventional . v
> 0.18 |
Ky
[
o
§ 0.17
®
o
8 0.16 1
o
o

0.15 1

0.14 T T T T

0.20 0.22 0.24 0.26 0.28 0.30
Unity-Gain DC Noise (V)
Figure 6. Power consumption versus Unity-Gain DC Noise margin for
three different keepers
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size varies. For the noise tolerance comparison, what we
concern about is not the actual size of the keeper device but
the ability to resist DC noises. This ability is testified by the
widely used Unity-Gain DC Noise margin.

25% delay reduction and 24% power saving, compared
to conventional keeper up-sizing, are achieved in the
proposed keeper when the Unity-Gain DC Noise margin is at
295mV. Additionally, 1.34X DC noise immunity
enhancement is obtained under the same propagation delay
criteria.

Another alternative of our conditional keeper is using
XNOR gate. The inputs of this XNOR gate are clock and
output instead of clock and the floating node. The logic
function will be the same as the XOR-based conditional
keeper. However, compared to XOR-based conditional
keepers, the inability to real-time monitor the changes of the
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Figure 7. Distributed power gating and clock gating
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floating node degrades Unity-Gain DC Noise margin.

Simulation results are shown in Fig. 5 and Fig. 6.

Global Clock Signal

Sleep Signal

Gating Device

In an 8-bit wide NOR dynamic circuit, adopting this
technique increases about 6% of area overhead compared to
conventional keeper technique. In a 64-bit  wide NOR
dynamic circuit, the area overhead is about 1.5% compared '
to the conventional keeper technique. -

From Fig. 5, we know that circuits with XOR-based
conditional keepers are faster than circuits with conventional
keepers under the same Unity-Gain DC Noise constraint.

III. DISTRIBUTED POWER GATING

Traditional power gating technique cares about the total
size of the power gating devices. These devices act like a’
parasitic resistance during active mode operation [5] [6].
However, it’s impossible to insert one single big power
gating device between virtual ground and real ground.
Therefore, the power gating devices must be inserted in a
distributed way for two main reasons.

1) to avoid long path from virtual ground to real ground
2) to reduce area overhead of power gating devices
3) to integrate power gating devices into local circuits

Since the footer is controlled by clock signal, clock
gating technique and power gating devices can be merged in
a distributed way. A cluster of dynamic circuits is controlled
by two signals, Sleep Signal and CLK as shown in Fig. 7.
When Sleep Signal is high, the circuits within this cluster are
in active mode. When Sleep Signal is low, the clock signal is
gated and all the circuits within this cluster are power gated
in a distributed way at the same time.
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Figure 8. Sensitivity comparison on noisc margin immunity and
propagation dclay
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Figurc 9. Sensitivity comparison on noisc immunity and power
consumption
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IV. SENSITIVITY OF CONDITIONAL KEEPERS

For Intel’s conditional keeper [3], the width of the transition
window directly affects the propagation delay and power
consumption under the same noise immunity

capability. As shown in Fig. 8 and Fig. 9, when transition
window is smaller than the propagation delay of dynamic
circuits, the delay and power consumption increase in
proportion to noise immunity enhancement.

The size ratio between the static keeper and the
conditional one also affects the performance of Intel’s
conditional keeper. There are two ways to decide the actual
sizes of these devices: one is to fix the size of static keeper;
the other is to fix the ratio between the static and conditional

keepers. The first method requests a fixed transition window.
The noise immunity is improved by increasing the size of
conditional keeper. The second method requires a variable
transition window according to the desired noise immunity.

The proposed conditional keeper does not require a delay
chain to create a transition window and is not sensitive to the
width of transition window. Our proposed conditional keeper
does not require a small static keeper, either. Therefore,
problems regarding keeper sizing are simplified.

V.  DISCUSSIONS AND CONCLUSIONS

Noise immunity enhanced dynamic circuit design
techniques are examined in this paper for high fan-in circuits.
The performance of conventional keeper up-sizing is
compared to conditional keeper up-sizing techniques. We
proposed an XOR-based conditional keeper to reduce the
propagation delay and power consumption while keeping the
noise immunity capability. It shows 25% delay reduction and
24% power consumption reduction compared to
conventional keeper up-sizing when the unity-gain DC noise
level is at 295mV. In addition, 1.34X DC noise immunity
enhancement is achieved under the same propagation delay
criteria in a 64 fan-in NOR dynamic circuit with footer.
Dynamic circuits with different fan-in numbers show the

-same tendency. All the simulation results are based on:
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TSMC 100nm CMOS technology.

Distributed power gating technique applied to dynamic
circuits is also examined in this paper. Due to the nature of
dynamic circuits, clock gating and distributed power gating
can be combined to further suppress standby power .
consumption.
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