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Abstract: An improved high fan-in domino circuit is proposed. The nMOS pull-down network of the circuit is divided into

several blocks to reduce the capacitance of the dynamic node and each block only needs a small keeper transistor to main-

tain the noise margin. Because we omit the footer transistor,the circuit has better performance than the standard domino

circuit. A 64-input OR-gate implemented with the structure is simulated using HSPICE under typical conditions of 0. 13xm

CMOS technology. The average delay of the circuit is 63. 9ps, the average power dissipation is 32. 4.W, and the area is

115pm* . Compared to compound domino logic, the proposed circuit can reduce delay and power dissipation by 55% and

38% ,respectively.
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1 Introduction

High fan-in AND/OR gates are widely used in
the critical path of high performance microprocessor,
such as Cache tag comparison circuits and zero detec-
tion circuits'’’ . As the bit-widths in the microproces-
sor increase,high fan-in AND/OR gates may deterio-
rate the speed. So it is important to optimize the cir-
cuit to meet high performance requirements.

There are several different kinds of circuit struc-
tures to implement a high fan-in AND/OR gate. In a
static CMOS circuit, the nMOS/pMOS network always
contains serial transistors. Because of the large source
and drain capacitance of serial transistors, the static
CMOS gate usually contains less than 4 serial tran-
sistors. So we need to adopt a multi-level tree struc-
ture to implement a high fan-in AND/OR gate with a
static CMOS circuit. The disadvantage of this kind of
circuit is that as the number of inputs increases,im-
plementation requires more levels, which will increase
delay and area.

A pseudo-nMOS circuit is suitable for implemen-
ting a high fan-in OR/NOR gate. The circuit can not
only reduce the number of transistors but also im-
prove performance because it can eliminate the pMOS
serial transistors. However,the circuit has high power
dissipation due to its high bias current.

Dynamic circuits, which are faster than static
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CMOS circuits, are widely used to implement high
fan-in circuits"”’. A dynamic circuit has low latency
because it does not require a pMOS transistor stack,
unlike the static CMOS circuit. Figure 1 (a) shows an
n-input dynamic domino OR-gate with a footer tran-
sistor and Figure 1 (b) shows a footless dynamic dom-
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Fig.1 Traditional domino logic for n-input OR-gate
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Fig.2 Domino structure in Ref.[6]

ino OR-gate. In order to enhance the noise margin of
the gate,a keeper transistor is added to the output to
compensate the loss of the charge in the pull-down
leakage path.

As the number of inputs increases, the capaci-
tance of the dynamic node also increases, deteriora-
ting the speed of the circuit and worsening the relia-
bility. A wide keeper transistor not only maintains the
large noise margin of the dynamic circuit, but also in-
creases competition between the keeper transistor and
the nMOS pull-down network,increasing power dissi-
pation and reducing speed. A high-speed domino'*',
skew-tolerant high-speed domino'*',conditional keep-
*!, and four-phase, non-full swing keeper®’ have
been proposed to make a tradeoff among power dissi-
pation, performance,and noise margin in high fan-in
domino gates. Different from these complicated keep-
er transistor technologies, we divide the high fan-in
domino logic into several blocks, simplifying the
keeper transistor design and maintaining a reasonable
noise margin. In this paper, we propose an improved
high fan-in domino circuit. In 0. 13m CMOS technol-
ogy,the delay of the circuit is 63. 9ps and the area is
115m* , which is faster and smaller than static CMOS
circuits and traditional domino logic.

cr

2 An improved high fan-in domino cir-
cuit

Reference [6] proposed an improved domino

s

logic,shown in Fig. 2. Compared to traditional domi-
no logic, the circuit uses an nMOS transistor MN1 to
precharge the dynamic node A. The footer transistor
is absorbed into the clock tree and the discharge
process is quickened by saving one serial transistor.
Based on this circuit structure,we propose an im-
proved high fan-in domino circuit. For high fan-in
domino logic with more than 16 inputs,we divide the
nMOS pull-down network into several blocks, which
can effectively reduce the capacitance of the dynamic
node. Figure 3 shows the proposed circuit structure.
For a 64-input OR-gate, the nMOS pull-down net-
work is divided into 4 blocks. In each block,as in the
structure in Fig. 2,the CLK input is directly connect-
ed to the source of the nMOS pull-down network
equivalent to omit the footer transistor in standard domi-
no logic. Four dynamic nodes are connected to the gate of
4 parallel pMOS transistors, respectively. The output is
connected to the gates of 4 pMOS keeper transistors.
The circuit works as follows. In the precharge
phase (CLK =1),dynamic nodes D0, D1,D2,and D3
are precharged to Vpp — Vi, by nMOS transistors
MN1,MNZ2Z, MN3, and MN4 because the nMOS tran-
sistor produces “weak ones”. At the same time, the
nMOS transistor MNO is turned on to pull down the
output to 0,which turns on 4 pMOS keeper transistors
to pull up 4 dynamic nodes to Vpp. In the evaluation
phase (CLK =0),the nMOS transistor MNO is turned
off. As long as one input of the 4 blocks is 1,the dy-
namic node (DO, D1,D2 or D3) is discharged to O,
which can turn on one of 4 parallel pull-up transistors
(MP1,MP2,MP3 and MP4) to pull up the output to 1.
three advantages. First, the
nMOS pull-down network is divided into several small
blocks,which reduces the capacitance of the dynamic
node efficiently and simplifies the keeper transistor
design. In order to enhance the noise margin of the
wide dynamic OR gate,a large keeper transistor is of-
ten used. However.it deteriorates the speed of the cir-
cuit. In our proposed circuit, because of the small ca-
pacitance of the dynamic node of each block,we can
use a small keeper transistor to maintain the noise

This circuit has
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Improved high fan-in domino circuit
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margin with very low performance degradation. In
addition,the pMOS keeper transistor can compensate
the disadvantage of using the nMOS transistor to pre-
charge.

Second ,because we omit the footer transistor,the
circuit has a smaller delay than traditional domino
logic with the footer transistor. During the precharge
stage,the nMOS pull down network is turned off by
the footer transistor,so the footless domino logic usu-
ally cannot be used as the first level of the domino
logic. But the proposed circuit can be used as the first

level because the CLK input is connected to the source
of the pull-down network and an nMOS transistor is
used to precharge. During the precharge phase (CLK
=1), even if one of the inputs transits from 0 to 1,
the dynamic node cannot be pulled down. Moreover,
the circuit eliminates the inverter between the two
standard domino logics, which also ameliorates the
performance.

Third, the circuit is better than the compound
domino logic™ ., which uses a complex static CMOS
gate to combine the outputs of multiple dynamic
gates. Because the static CMOS gate in the compound
domino is often not more than 4 fan-ins, the number
of blocks is also not more than 4. As the number of
inputs increases,cach block contains more transistors.
However,different from the compound domino logic,
the second level of the circuit uses only one nMOS
transistor instead of nMOS serial transistors of a com-
plex static CMOS gate,so the circuit has a smaller de-
lay from high to low and can contain more blocks
than the compound domino logic. Furthermore, each
block has fewer transistors. In addition, the circuit
avoids the back-gate coupling effect'”, which exists
in dynamic gate driving multiple-input static CMOS
gates such as the compound domino logic.

In the dynamic circuit, the half of clock cycle is
used to precharge. During the precharge time,the log-
ic in the gate cannot be utilized. In order to hide the
precharge time, we design a circuit that generates a
pulse from the global clock to precharge the circuit.
The circuit and the precharge waveform are shown in
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Fig.5 Layout of the improved 64-input domino OR-gate

Fig. 4. The width of the pulse depends on the number
of inverters in the circuit, but the number of inverters
must be odd and must ensure that the pulse can pre-
charge the dynamic node to Vpp. The circuit gener-
ates a high-level pulse. To generate a low-level pulse,
it only needs to use a NAND gate instead of the AND
gate in the circuit. Using the pulse generator,the pre-
charge of the circuit can be done with other functions
at the same time equivalent to hide the precharge
time. For example, if the register is followed by the
high fan-in circuit, the width of the pulse can be the
delay of the register. The precharge of the high fan-in
circuit could coincide with the data propagation of
the register. When the data of the register is ready,
the precharge of the circuit is complete and the high
fan-in circuit can be evaluated immediately, which
can improve the performance sufficiently.

3 Implementation and results

We implement the improved high fan-in domino
circuit with 0. 13um CMOS technology. The layout of
the 64-input OR-gate is shown in Fig. 5. The 64 nMOS
transistors in the pull-down network are placed on the
left of the layout,while the precharge transistors,foot
transistors,and keeper transistors are on the right of
the layout,which is beneficial for placement and rou-
ting. In addition, we use only two metal layers in the
layout.

In order to evaluate the performance of the im-
proved circuit, we also implement a 64-input static
CMOS OR-gate,a 64-input standard domino OR-gate,
and a 64-input compound domino OR-gate with
0.13pm CMOS technology. The 64-input static CMOS
OR-gate is based on the 0. 13um standard cell library,
which has three logic levels. The first level of the cir-
cuit contains 16 4-input NOR gates followed by 4 4-
input AND gates and the last level is a 4-input NAND
gate. The 64-input standard domino OR-gate has two
levels. The first level of the circuit contains 4 16-input
domino OR-gates with the footer transistor. The sec-
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Table 1 Simulation results of four structures
Number of
Delay/ps  Power/uW  PDP/f] .
transistors
Static CMOS 256.9 24.4 6.3 176
Standard domino 162.3 62.3 10.1 92
Compound domino 141.3 52.6 7.4 84
Proposed circuit 63.9 32.4 2.1 77

ond level is a 4-input footless domino OR-gate. The
64-input compound domino OR-gate is implemented
with 4 16-input dynamic NOR gates with the footer
transistor followed by a 4-input static CMOS NAND
gate.

We simulate the layout of the four structures
using HSPICE under the typical conditions ( Vpp =
1.2V, Temperature = 25C) of 0.13um CMOS tech-
nology. The simulation results are shown in Table 1,
which lists the average delay,average power dissipa-
tion, product of power and delay (PDP), and the
number of transistors. Compared to the static CMOS
circuit, the dynamic domino circuit is better due to its
speed and area,although its power dissipation is a bit
larger. The compound domino circuit has smaller de-
lay than the standard domino circuit because it omits
the inverter of the first level. The proposed circuit
can reduce the delay and power by 55% and 38% ,re-
spectively,compared to the compound domino circuit,
and has the smallest number of transistors. The simu-
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Fig.6 Simulation waveform of the layout

lation waveform of the proposed circuit is shown in
Fig. 6. The transition delay from low to high is
103. 7ps and the transition delay from high to low is
24. 1ps,so the average delay of the circuit is 63. 9ps.

4 Summary and conclusion

A high fan-in circuit, which is used in control
logic of high performance microprocessors, is often
implemented with domino logic. In this paper, we pro-
pose an improved high fan-in domino circuit that di-

vides the nMOS pull-down network into several

blocks,so each block does not require large keeper
transistors. The delay of the circuit is smaller than
traditional domino logic because the footer transistor
is omitted. The power dissipation is smaller than other
domino circuits. Additionally, the number of tran-
sistors is also fewer than the static CMOS circuit and
other domino circuits. We apply the circuit to the
float-unit of a 64bit high performance microprocessor
and achieve better results.
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