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Abstract -- A new pass-transistor circuit synthesls method is
presented in this paper. Several pass-transistor logic families
were introduced recenily, but no systematic synthesls method
is available that takes into account impact of signal
arrangement on circuit performance, The methed s applied
v generation of hasic two-input and three-input logic pates in
CPL, DFL. and DV, bat it is general and can be expanded to
synthesis of a random pass-transistor cirewit,

I INTRORUCTION

An extensive consideration was given to the use of pass-
wransistor jogic networks in the desipn of high-speed
digital systems during the last decade, [1]-[12]. However,
no systematic approach in the synthesis of pass-transistor
circuits exists, that takes into account the impact of circuit
technology and signal  arrangements on  cireuit
performance. Traditional approach to pass-transistor

circuil synthesis was based on binary decision diagrams.

(BDD), which vses both NMQS and PMOS devices in
cireuit implementation, BDD approach dees not guarantes
full swing of output voltage — it can be degraded by the
ihreshold voltage of NMOS or PMOS devices for some
inpui test vectors [G}. Another commenly used design
practice was library-based design, with library cells
realized as combination of simple logic gates. Thesrefore,
maore attention should be directed to optimization of pass-
transistor togic pates, which is often averlocked.

In the next section, we give brief overview of previously
known pass-transistor logic techniques. Section I
presents the rules for algorithmic and systematic synthesis
of complementary and dual logic functions, with emphasis
on different signal arrangements.

11, PASS-TRANSISTOR LOGIC FAMILIES
A. Complementary Pass-Transistor Logic (CPL}

Complementary pass-transistor logic (CPL) [7} consists
of complementary inpulsfoutputs, an NMOS pass-
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trangistor network, and CMOS outpui inverters. The cirenil
funetion is implemented as a tree consisting ol pull-down
and pull-up branches. Since the high level of pass-
iransistor owtput nedes is degraded by the threshold
voltage of NMOS transistor, omput signals have to be
restored by CMOS inveriers, CPL has waditionalfy been
applied to the full adders in the multiplier circuits and it
has been shown to result in high-speed due 1o its low input
capacitance and high logic functionality.

B. Doubie Pass-Transistor Logic (DPL}

To avoid problems of reduced noise margins in CPL,
twin PMOS transistor branches are added to N-tree in
double pass-transistor logic {(DPL} 18], This addition
results in increased input capacitance bul its symmetrical
arrangement and  doubleransmission  characteristics
compensate for the speed depradation arising from
increased input capacitance. The full swing operation
improves cireuit performance at redoced supply voltage.

C. Dual Value Logic (DVL)

The main drawback of DPL is its redundancy, i.e. more
transistors than actually needed for the realization of a
function. To overcome the problem of redundancy a new
logic Family, dval value logic (DVL) [9], {10}, is derived
from DPL. & preserves the [0}l swing cperation of DPL
with reduced transistor count, As explained in [9], DVL
circuit can be derived from DPL circuit in thiee steps,
consisting of:

- Elimination of redundant branches,
- Signal rearrangement (resize),
- Selection of the faster halves.

However, the load on different input signals is not
necessarily symmetric and circuil oplimization requires
more design efforl.

111, GENERAL SYNTHESIS METHOD

The Iogic gate design preseats a systematic
implementation of a logic function. When new pass-
transistor families were imroduced, [7], {8, the emphasis
was given on their suitability for block design, and less
attention was paid to tradeoifs in the design of basic lngic
gates. The method presented here is based on Karnaugh-
map coverage and circuit transformations as an approach

698


mailto:vojin@riuc.bcrkelcy.edu

to logic gate synthesis. In this section, we present
algorithmic method for synthesis of basic logic gates in
three conventional pass-transistor techniques.

A CPL

Logic function can be implemented in CPL following the
algorithm given below:

L. Cover the Karnaugh-map with largest possible
cubes (overlapping allowed)}

2. Express the value of the function in each cube in
terms of input signals

| 3. Assign one branch of transistor(s) to each of the

cubes and connect all the branches to one common
node, which is the output of NMOS pass-transistor
network

Complementary function can be implemented from the
same circuit structure by applying complementarity
principle, as given below. By applying duality principle, a
dual function is synthesized,

Complementarity Principle: Using the same circuit
topology, with pass signals inverted, complementary logic
{unction is constructed in CPL.

Duality Principle: Using the same  circuit
topology, with gate signals inverted, dual logic function is
constructed, Following pairs of basic functions are dual:

r  AND-OR (and vice-versa}
= NAND-NOR {and vice-versa)
r XOR and XNOR are self-dual (dual 1o itself)

Proof of complementarity principle is tivial since the
pass variables are dircctly passed from inputs to the
ouiputs, so for obtaining complementary function an
inversion of pass variables is needed,
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Fig. 1. Conatruction of dual logic function

Proof of duality principle follows from De Morgan 1ules
and it is illustrated on the example how OR gate can be
cbtained from AND gate, Fig. 1.

el
Fig. 2. Two-input CPL logic: {a} AND fanction Karnaugh map,
(b) AND/NAND circuit, {c) OR/NOR circnit

The logic gate synthesis procedure is shown on two-
inpot AND example, Fig. 2a, £. All the input vectors of
Fig. 2a are covered with cubes L) and L,. The value of the
function covered with cube I; is equal to B, which
begomes pass signal at the sowrce of transistor branch,
representing L,. Branch L, is driven withk B on its gate,
Therefore B is passed when B is high. Similarly for the
cube L, pass signal is input variable A, driven by gate
signal B (A is passed when B is high). These two cubes
are represented with two NMOS transistor branches,
implementing the desired function. By applying
complementatity principle on AND circuit we obtain
NAND circuit, Fig. 2. Furthermore, by applying dvality
principle ont AND we synthesize two-input OR function.
NOR circuit is generated from OR (compiementarily) or
from NAND (duality), Fig. 2¢.

Fig. 3. Two-input CPL logic: (1) XOR fupction Karnaugh map,
(b) XOR/XNOCR eircuit

Tmplementation of 2-input XOR/XNOR fonction is
shown in Fig. 3.

AND RAND
L]

Fig, 4. Three-input CPL logic: (a) AND function Karnaugh map,
{b) AND/NAND circuit

The synthesis of three input AND function is shown in
Fig. 4. The cubes L, and L; are overlapped. It has a
consequence that the corresponding branches are active for
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the ipput veclors at which the cubes are overlapped. That
saves the circuit area.
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Hig, 5. Three-input CPL logic: OR/NOR circuit

Three-input OR/MNOR circuit is shown in Fig. 5. Three-

input XOR/XNOR circuit in CPL is implemented as
cascade of two-input XOR/XNOR modules [7].
B, DPL

Randam logic funsction in DPL can be synthesized fram
Karnaugh-map as follows:

!, Two NMOS branches can not be overlapped
covering logic 1s. Similatly, two FMOS branches
can not be overlapped covering logic Os.

2. Pass signals are expressed in terms of input signals
or supply. Every input vector has to be covered
with exactly two branches,

At any time, excluding transitions, exactly twa transistor

branches are active (any of the pairs NMOS/PMOS, -

NMOS/NMOS and PMOS/PMOS are possible), i.e. they
both provide eutput current,

Complementarity Principle: Complementary logic
fupetion in DPL is generated after the following
modifications: _

» Exchange PMOS and NMOS devices
= Invert all pass and gate signals

Duality Principle: Dual togic fonction in DPL is

generated when PMOS and NMOS devices are exchanged,
and signals Vop and GND are exchanged.

In obtaining complementary function it s necessary t0
invert pass signals and gate signals also, since we
exchanged PMOS and NMOS devices. Proof of dwality
principle is similar to that in CPL,

=
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Fig. 6. Two-input DPL logic: (a) AND function Karnaugh map,
{b} AND/NAND circuit

The synthesis meshod is ilostrated on the example of
two-input AND function, Fig. 6. Cube L, of Fg. 6a is
represented with WMOS transistor, with the source

connected to GND and the gate connected to A . PMOS
branch of I, passes B, when gate signal A is low etc.
Complementary circnit (NAND), Fig. 6b, is generated
fraom AND, according to complementarity principle,

According to duality principle OR circuit is formed from
AND cireuit, its dual counterpart, Fig, 7.
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Big, 7. Two-input DPL logic: OR/NOR circuit

Differenl two-input XOR/XNOR circuit arrangements
are shown in Fig. 8 and Fig, 9. Mapping from Fig. 8 results

XOR s B ]
Foed [~ 2

Fig. 8. Two-input DPL logie: (a) Mapping strategy I,
{0} XOR/XNOR circuit 1

in balanced load on both true and complementary input
signals. But, it is also possible to cover map as shown in
Fig. 9.
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Fig. 9. Two-input DPL logic: (a) Mapping strategy 11,
{b) XOR/XNOR circuit IT

This mapping strategy results in different load on input
sighals A and B, which could be advantageous in case
wheu switching probability of signals A and & is different.

Three-input  functions in DPL are implemented as
cascaded combinations of two-input DPL modules.

C. DVL

Random logic funetion jn DYL can be synthesized from
Karnaugh-map according to the algorithm given below:
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1. Cover all input vectors, which produce 0 at the\J
output, with largest possible cubes {overlapping
allowed) and represent those cubes with NMOS
devices, which sources are connected io GND

2. Repeat step 1 for input vectors, which produce 1 at
the output, and represent those cubes with PMOS
devices, which sources are connected to Vpp

3, Finish with mapping input vectors, not mapped in
steps 1 and 2 {ovetlapping with cubes from steps |
and 2 allowed), which preduce 0 or 1 at the output.
Represent this cubes with parallel NMOS (geod
pull-down) and PMOS {good pull-up) branches,
which sources are connected to one of the input
signals

L.

Mapping strategy and circuit implementation in DVL is
shows on three-input AND example, Fig. 10

Fig. 10, Thres-input DVE logic: (a) AND function Kamaugh
tnap, (b} AND circuit

Prom Fig. 10 we see that by overlapping cubes Ly and I,
we save the area, which would be otherwise wasted on
additional transistor in Ly or L, That allows wider
transistors of cube Ls, OR/NOR circuit, which is directly

generated from AND circuit, is shown in Fig. 11,
& Voo . o
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Fig, 11, Three-input DVL logic: OR/NOR circuit
Complementarity and duality principles in DVL are the
same as in DPL (both are CMOS structures).

IV. CONCLUSION

General rules for synthesis of pass-ransistor gates in
three  representative  conventional  pass-transistor
techniquoes were established in this paper. From those ruies
an algorithmic way for generation of various circuit
topologies (compiementary and doal circuits), is
esiablished. This lays the foundation for development of
computer aided desigh (CAD) tools capable of generating
fast and power-efficient pass-transistor logic,
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