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Abstract— VLS| digital design, the signal delay
propagation, power dissipation, and area of circuits are
strongly related to the number of transistors (switches).
Hence, transistor arrangement optimization is of special
interest when designing standard cell libraries and custom
gates. Switch based technologies, such as CMOS, FinFET,
and carbon nanotubes, can take advantage of such an
improvement. Transistor network optimization represents an
effective way of improving VLSI circuits. This paper
proposes a novel method to automatically generate networks
with minimal transistor count, starting from an irredundant
sum-of-products expression as the input. The method is able
to deliver series—parallel (SP) and non-SP switch
arrangements, improving speed, power dissipation, and area
of CMOS gates.
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I. INTRODUCTION

IN VLSl digital design, the signal delay propagation, power
dissipation, and area of circuits are strongly related to the
number of transistors (switches) [1]. Hence, transistor
arrangement optimization is of special interest when
designing standard cell libraries and custom gates [4].
Switch based technologies, such as CMQOS, FIinFET [6], and
carbon nanotubes [7], can take advantage of such an
improvement.  Therefore, efficient algorithms to
automatically generate optimized transistor networks are
quite useful for designing digital integrated circuits (ICs).
Several methods have been presented in the literature for
generating and optimizing transistor networks. Most
traditional solutions are based on factoring Boolean
expressions, in which only series—parallel (SP) associations
of transistors can be obtained from factored forms [8]. On
the other hand, graph-based methods are able to find SP and
also non-SP (NSP) arrangements with potential reduction in
transistor count.

Despite the efforts of previous works, there is still a
room for improving the generation of transistor networks
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Fig. 1: Transistor networks corresponding to (1). (a) SP
solution from factored form. (b) NSP from existing graph-
based generation methods. (c) Optimum NSP solution.

For instance, consider a given function represented

by the following equation;
F=za-b+a-c+a-d+b-c-d. (D)

For this function, factorization methods are able to
deliver the SP network shown in Fig. 1(a), comprising seven
transistors. Existing graph-based methods, in turn, are able
to provide the NSP solution shown in Fig. 1(b), also with
seven transistors. However, the optimal arrangement
composed of only five transistors, as shown in Fig. 1(c), is
not found by any of these methods [8].

Il. IMPLEMENTATION

A. Transistor Stacks Bounding

Switch networks can be exploited by switch-based
technologies, which present some restrictions or guidelines
to be followed by designers. For example, in the
conventional CMOS design technology, the maximum
number of stacked transistors is usually limited to four. Such
restriction is done in order to avoid performance
degradation. Notice that there is a lower bound on the
stacked transistors in switch networks. This lower bound
corresponds to the minimum decision chain (MDC) property
of the represented Boolean functions [19]. In this sense, an
interesting feature to control (or to limit) the number of
stacked transistors was included in our method. The method
can operate in two execution modes, bounded and
unbounded, as described below.

1) Bounded Mode

In this execution mode, a bound variable is used as reference
to control the maximum number of transistors in series. The
bound value must be equal or greater than the number of
literals of the smallest cube from F, i.e., the maximum
number of literals in a single cube. When the method is
running in the bounded mode, the kernel identification
module accepts only switch networks in which maximum
stacked transistors do not exceed the bound value. Hence,
the networks satisfying such a bound are added to the list S
of found networks. This control is also performed during the
network composition module when applying switch sharing,
since it can increase the transistor stack.

2) Unbounded Mode

When running in the unbounded mode, there is no
restriction of transistor stacking, i.e., the bound variable is
not considered. Basically, just the total transistor count of
the network is taken as metric cost. Hence, there are cases
that the networks generated through the unbounded mode
result fewer transistors when compared with bounded
solutions. Moreover, these different modes are quite useful
to explore the tradeoff between circuit area and
performance.
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In order to demonstrate these two execution modes, consider
the following equation:
F=la-b-d+la-lc-d+!b-!c-!d. (13)
The network shown in Fig. 21(a) is obtained when
running the method in the unbounded mode. Notice that, in
this network, the size of the transistor stack !'a - d - 'b - d is
>3, which is the number of literals of the smallest cube from
(13). When running the method in the bounded mode, it is
possible to ensure transistor stacks with at most three
devices, as shown in Fig. 21(b). On one hand, the bounded
network presents an overhead of one transistor in
comparison with the unbounded solution. On the other hand,
the bounded solution has smallest transistor stacks. In this
sense, one can consider the bounded solution when targeting
performance or the unbounded solution for smaller area.

I1l.  EXPERIMENTAL WORK

A. Logic Synthesis

An irredundant sum-of-products (SOP) expression have
been designed in Verilog described at the RTL level,
synthesized with XILINK ISE 14.1 technology library
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Fig. 3: Working figure
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IV. CONCLUSION

This paper described an efficient graph-based method to
generate optimized transistor (switch) networks. Our
approach generates more general arrangements than the
usual SP associations. Experimental results demonstrated a
significant reduction in the number of transistor needed to
implement logic networks, when compared with the ones
generated by existing related approaches. It is known that
the transistor count minimization in CMOS gates may
improve the performance, power dissipation, and area of
digital ICs. In a general point-of-view, the proposed method
produces efficient switch arrangements quite useful to be
explored by different IC technologies based on switch
theory.
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