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Pass-Transistor Circuits 
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and Vojin G. Oklobdiija, Fellow, IEEE 

ACtracl "- A new pass-transistor circuit synthcsls method Is 
presented in this paper. Several pass-transbtor logic families 
werc introduced recently, but systematic fiyhthds method 
is avnilabble t i id  takes into nccaunt impact of signa! 
nrrungcment on circuit performance. The method is applied 
to pncrution of brs1c twu-input and th1.ec-Lnput logic Eatatrs in 
CPL, DPL and DVL, but it is gcnerni and can be expanded to 
synthesis of a random pass-tmirsistor circuit. 

I. hWKQDUCTION 

An extensive consideration was given to the use of pass- 
lrrnsistor Io& networks in the design of high-speed 
digiial systcms during the last decade, [1]-[12]. However, 
no systematic approach in the synthesis of pawtransistor 
circuits exists. that takes into account the impact oP circuit 
technology and signal mangements on circuit 
pcrformante. Traditionai approach to pass-transistor 
circuit, synthesis WRS based on binary decision diagrams 
(RDD), which USGS both NMOS aiid PMOS devices in 
circuit implementation. BDD approach does not guarantee 
hull swing of output voltage - it can be degraded by the 
Ihrcshald voltage of NMOS or PMOS devices for same 
input test vectors 161. Another commonly used design 
practice was library-based design, with library cells 
rcaliml as combination of  simple logic gates. Therefore, 
ninre ortention should he djrected to opijmjration of pass- 
transistor Logic gates, which i s  often overlooked. 

In the next section, we give brief overview of previously 
known pawtransistor Logic techniques. Section III 
preseiits the niies for algorithmic and systeinatic synthesis 
o f  cumplementary and dual logic functions, with emphasis 
on differcnt signal arrangerncnrs. 

11, PASS-TRANSlSTOR LOGIC FAMlLlES 

A. Camplementaty Pass-Transistor Logic (CPL) 

Complementary pawtransistor logic (CPL) 171 consists 
of complementary inpiitsloutputs, an NMOS pass- 
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transistor network, and CMOS output inverters. The circuil 
function is implcmcnted as a tree consisting uC pull-down 
and poll-up branches. Since the high level of pass- 
(tansistor output nodcs i s  degraded by the threshold 
voltage of NMOS rransistor, output signals have to be 
restored by CMOS inverrers. CPL has traditionally been 
applied to the full adders it1 the multiplier circuits and it 
has been shown to result in high-speed due to its low input 
capacitance and high logic functionality. 

A. Doubie Pass-Transislor Logic (DPL) 

To avoid probleins of reduced noise margins in CPL, 
twin PMOS transislor branches are added to N-tree in 
double pass-transistor logic @PL) I S ] .  This addition 
results in increased input capacitancc but its syminctricsl 
arrangement and double-transinission chnracterislics 
compensate for the speed degradation arising from 
increased input capacitance. The full swing operation 
improves circuit performance at reduced supply voltage. 

C. Dual Vdue Logic (DVL) 

The main drawbuck c i C  DPL i s  its redundancy, i.e. iiioie 
transistors than actually needed for the realization of a 
function. To overcome the probIein of redundancy ;i ncw 
logic Family, dual value logic (DVL) [9], [lo], i s  derived 
rrom DPL. It preserves the luH swing operation or DPL 
with reduced transistor count. As explained in 191, DVL 
circuit can bc derived from DPL circuit in three steps, 
consisting of; 

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

However, the load on different input signals is not 
necessarily symmotric and circuil optimizatioli rcqtrires 
more design effort. 

111. GENERAL SYNTHESIS METHOD 
The Iogic gnte design presents a systematic 

implementation of a logic Function. When new pass- 
transistor lamilies were introduced, [7 ] ,  [&]. ilie emphasis 
was given on their suitability for block design, and less 
attention was paid to tradeoffs in the design of basic logic 
gates. The method presented here is based on Karnaugh. 
map coverage and circuit transformatiolls as an  upprtmk 
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tu logic gate synthesis. In this section, we present 
algorithmic method for synthesis of basic logic gates in 
three conventional pass-transistor techniques. 

1. Cover Uie Karaaugh-map with largest possible 

2. Express the value of the fuiiction in ench cube in 

3 .  Assign onc branch of iransistor(s) to each of the 
cubes and connect nil the branches to one common 
node, which is the output of NMOS pas-transistor 
network 

' cubes (overlapping allowed) 

' terms of input signals 

A. CPL 

nlgorithm given below: 
Logic function can be implemented in CYL following the 

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

Conapkmentdty Principle: Using the same circuit 
topology, with pass signals inverted, complementary logic 
function i s  constructed In CPL. 

Duality Principle: Using the same circuit 
topology, with gate signals inverted, dual logic function i s  
constructed. FolIowing pairs of basic functions are dual: 

r AND-OR (and vice-versa) 
E NAND-NOR (and vice-versa) 

XOR and XNOR are self-dual (dual to i tsel f )  
Proof of complcmentwity principie is trivial since the 

pass variables are directly passed from inpuh to the 
outputs, so for obtaining complementary fiinction an 
inversion o l  pass variables is needed. 

A R  

Fig. I .  Conatructinn of dual logic function 

Proof of dualily principk follows from De Morgnn rules 
and it is illustrated on the example how OR gate can be 
obtained from AND gate, Fig. 1. 

B .* 
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Fig. 2. Two-input CPL logic: (a) AND function Karnaugfi map, 

The Iogic gate synthesis procedure is shown on two- 
inpat AND example. Fig. 2a, 6. All the input vectors of 
Fig. 2a are covered with cubes Ll and K+ The value of the 
function covered with cube Li is equal t.0 R, which 
becomes pass signal at the source of transistor branch, 
representing Ll. Brunch L1 is driven with on its gate. 
Therefore B js passed when Tfis high. Similarly for the 
cube L2 pass signal is input variable A,  drjvcn by gate 
signal B (A is passed when D is high). These two cubes 
are represented with two NMOS transis tur brmches, 
implementing the desired function. By applying 
complementarity prjnciple on AND circuit we obtain 
NAND circuit, Fig. 2 h  Furthermore, by applying duality 
principle on AND we synthesize two-input OR function. 
NOR circuit is generated from OR (complementarily) or 
from NAND (duality), Fig. 2c. 

(b) AND/NAND circuit, ( G )  OFUNOR circuit 

X A h z  
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Fig. 3. Two-input O L  logic: (a) XOR fiinction Karnaugh mnp, 

Implementation of 2-input XOWXNOR function is 

(b) XORlXNOR circuit 

shown in  Fig. 3. 

, L a  Lii , ' 
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Pig. 4. Three-input CPL logic: (a) AND function Knrnaugh Inup. 

The synthesis or three input AND hurlclion i s  show11 in  
Fig. 4. The cubes Ll and L.3 are overlapped. 11 has il 
consequence that the corresponding branches are active for 

(b) ANDNAND circuit 
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the h p u t  wc1ors at which the cubes are uverlqped. Thnt 
saves the circnit area. 

Fig. 5.  Threc-input CPL logic: ORlNOR circuit 

Three-input OR/NOR circuit is shown in Fig. 5 .  Three- 
input XOWXNOR circuit in CPL is implemented 1s 
cascade of two-input XOR/XNOR modules 171. 

a. IlPL 

Karnaugh-map as follows: 
Randarn logic hirctiorr irr DPL can be synthesized fimi 

1. Two NMOS branches can not bc overlapped 
covering logic 1s. Similarly, two PMOS branches 

or supply. Every input vector has to be covered 

can not be overlapped covering logic Os. 
2, piss signals are exprcssd in terms of  input signals 

with exnctIy two branches. 1 
AI any time, excluding trnnsitians, exactly two transistor 

branches are active (any of the pairs NMOSRMOS, 
NMDSINMOS and PMOUPMQS nre pussible). i.e. they 
both provide output current, 

Conqhmentarity Principle: Complementary logic 
function in DPL is generated after the following 
modifications: 

1 Exchange PMOS md NMOS devices 
8 Jnwrr all pass and gate signals 

1halir;v PrincipLe: Dual logic function in DPL is 
generated when PMOS and NMOS devices are exchanged, 
and signals VDD and GND are exchanged. 
In obtaining complementary function it is nscessury ta 

invert pass signals and gate signals also, since we 
exchanged PMOS and NMOS devices. Proof of duality 
principIc is similar tu that in CPL, 

(8)  F4 

(b) AND/NAND cii-cuit 
Pig. 6: Two-input DPL logic: (a) AND function Karnnugh map, 

The synthesjs method is illushalted on the example oi 
two-input AND function, Pig. 6. Cube L ,  or Fig. 6a is 
represented with NMOS transistor, with ihc souccc 

connected to GND and the gate connected to 2 I PMOS 
branch of passes 3, when gate signal A i s  low etc. 
Complementary circuit (NAND), Fig. hb, i s  generated 
fmm AND, according to complementarity principle. 

According to duality principle OR circuit is formed from 
AND circuit, its dual counterpart, Fig. 7. 

th tw 

a 4  K4tj E+ OR :-# NOR 

B n  QND GNI) 

Fig. 7. Two-input DPL l q i c :  OR/NOR circui; 

Different two-input XOWXNOR circuil arrangements 
are shown in Fig. 8 and Fig, 9. Mapping from Fig. 8 results 

KOR 

@l Ibl 

Pig. B. Two-input DPL logic: (a) Mapping stratogy I, 

in balanced load on both true and conipiementary iiiput 
signals. But, it is also possible to cover map as shown in 
Pig. 9. 

(b) XORMVOR circuit 1 

I P U W  

(81 PI 
Pig. 9. Twoinput DPL logic: (a) Mapping strntegy 11, 

This mapping strategy results in  different load on input 
signals A and B, which could be advantageous in case 
when switching probability of signals A and H i s  different. 

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

(b) XOWXNQR circuit ll 

c, DYL 

Karnaugh-map according lo the algorithm given below: 
Random lagic function jn DVL can be synhsized from 
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I .  Cwver all input vwtors, wtiich produce 0 ut the 
outpui, with Isi~gcst possible cubes (overlapping 
aliowcd) and represent those cubes with NMOS 
dcvices, which sources ace connected tu GND 
Repeat step 1 for input vectors, which produce 1 at 
the output, and represen1 those cubes with PMOS 
devices, which sources we connected to VDn 

3. Finish with mapping input vectors, not mapped in 
steps 1 and 2 (overlapping with cubes from steps 1 
and 2 allowed), which produce 0 or 1 a i  the output. 
Represent this cubes with parallel NMOS (good 
pull-down) and PMOS (good pull-up) braiiches, 
which souces arc connected to one of the input 
signals 

2. 

- - 
Mapping strategy and circuit implemenlatiun in DVL is 

shown on three-input AND example, I’ig. IO. 

Fig. 10, Thrce-input DVL logic: (a) AND function Ktwaugh 
map. (b) AND circuit 

From Fig. 10 we see that by overlapping cubes LI and & 
we save the area, which would be otherwisc wasted on 
additional iransistor in LI at h. That allows wider 
transistors of cube L.3. ORlNOR circuit, which is directly 
generated from AND circuit, i s  sbown in Fig. 11, 

*vm . 

NOR OR 

Fig, I t .  Three-input DVL logic: OlUNOR circuit 

same as in DPL [both are CMOS rcructures). 
Complementurity and duality principles in DYL ure the 

IV. CONCLUSION 
General rules for synthesis of pass-transistor gates in 

lhree representative conventional pass-transistor 
techniques were established in  this paper. From those ruies 
an algorithmic way for genoration of various circuit 
topologies (complementary and dual circuits), is 
eslablishcd. This lays the foundation for development of 
computer aided design (CAD) tools capable of generating 
fasl and Dower-efficient pass-transistor Ionic. 
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