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A NEW MULTI-DECODER PLA DESIGN

tAdly T. Fam

Department of Electrical and Computer Engineering
Unuversity at Buffalo, State Unuversity of New York
Buffalo. New York :4260

Matthew R. Vitallo
Merk T. Pronobis

Rome Air Develcpment Center
Griffiss AFB NY

Abstract -A multi-decoder design for PLA devices is intro-
duced and found to be superior to both two decoder ROM and
single decoder PLA devices in impiementing a special class of
Boclean expressions. [n this class the logic expressions may
be lengthy but are restricted in the number of input variables
comprising each pterm. A theoretical analysis of the area
efficiency of the new design is supplemented by CAD design
examples which verify its superiority. [mplementation of the
muliti-decoder design asing three dimensional microcircuit
tovography to attain even greater savings in area and speed is
considered in the conclusion of this paper.

1. INTRODUCTION

A ROM dewnice with two decoders, n inputs and ¢ out-
puts requires an area proportionai to the number of cells
or craosspouwnts which totai 2n2(*/2 -~ 12" For simplicity
we assume the two decoders are identical. The usefui
space for data storage is of size 2n 2" ? ceils. It a ROM is
impiemented in a one decoder design. equvalent to a
singie decoder PLA capable of accommeodating the max-
imum aumbper of p-terms (2") given n total inputs. it
weuid be of size {2n ~ {)2" with an unacceptable decoder
area of 2n2". In addition to requnng less area, a two
decoder design has a propagation delay proportional to
vI2"/? while a single decoder ROM has a delay propor-
tional to 2" as an order of magnitude estimate for both
cases. Since PLA devices are usually designed wmith a sin-
gle decoder. the transition to a two decoder PLA design
is justifiable oniy if a suficiently larze number of p-
terms are required for the output expressica{s). Nor-
mally the decomposition to a two decoder architecture
requires a preconditionung of the given Boolean expres-
sions that 1s likely to resuit in the decision to utilize a
two decoder ROM architecture.

In Section Il we consider a particular class of
expressions n whuch the n inputs are partitioned into s
subsets of r inputs each and in which each subset can
contribute at the most g variables to each p-term. Each
p-term wn the final output expression may then contain
up to s x 7 1nput varitables. It 1s ‘ound that there are
combinations of values of 3, n and s for whuch a tweo
decoder PLA. capable of impiementing any expression 1a
the above class. 1s quite super:or to both a one decoder
PLA and to a reguiar two decoder ROM. The new muiti-
decoder PLA designs are ROM-like in the sense that the
AND arrays {the decoders) are preprogrammed. and are
PlA-like 1n the sense that they unpiement oniy a res-
tricted class of expressions. Potential applications where
such large but restricted expressions mught anse
inciude pattern recogmtion, knowledge based systems

me B DR s RN

and aruficial intelligence. The proposed muiti-decoder
PLA devices need not be restricted to the aforemen-
tioned cases with preprogrammed decoders. This is done
in Section 11 only to establish the need and utility of such
devices whuch then could be designed without prepro-
gramming the decoders to supply greater flexibility and
potential use.

The muiti-decoder PLA design is compared to a ROM
desizn by using both the simplified theoretical analysis
in Section Il as well as the more precise area assessment
made in Section [l based on actual CAD layout design
examples. The ROM design n Section Il is based on an
interesting approach utilizing a dual decoder architec-
ture which can be wviewed as a cascade of two one
decoder ROMs. Thuis design consequently lends itself for
iterative cascading of single decoder ROVs to produce
multi-decoder ROMs and PLAs. Also. 1n the case of a ROV.
the exact allocation of inputs to each decoder 1s decided
upon by minimizing a desired cost function such as total
silicon area as explained in Section Il The possibility of
a multi-decoder ROM implemented with three-
dimensional mucrocircwit topography having substan-
tially reduced propagation delay. is among the topics
recommended for further research in the conciusion.
Section IV.

0. A NULTI-DECODER DESIGN FOR A CLASS OF PLA DEV-
ICES

In this section we consider the performance of a
new class of multi-decoder PLA devices that implement a
class of Boolean expressions with restricted p-terms as
mentioned above. These new dewices are found to be
more area eflictent than a ROM or single decoder PlA
implementation of s'ch expressions. The following
definitions are used

n = number of inputs
= number of outputs
s = number of subsets of inputs, each of size r
¢ = maxunum contribution [rom each of the input
subsets to each p-term

W, = width of decoder for one decoder PLA design

W, = width of each decoder for a multi-decoder
PLA design

#4 = width of each decoder for a two decoder
ROV design .

D, = area of decoder in a one decoder PLA design

D, = total decoder area in a multi-deceder
PLA design
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Dy = total decoder area in a two decoder ROV
A\ Ag & Ay = total chip area for a one & two decoder
PLA. and two decoder ROM respectively
M, M & My = total data storage area for above three
cases

where all areas are measured in terms of number of cells
or crosspoints.

We consider first the case of a one decoder PLA
design. The maxymum wdth of the decoder. which
corresponds to generation of the maximum number of
p-terms giwven the above restriction of having q entries
from each of the s input subsets, is

- s

LA [WZ"] (2.2)
and its size 1s

D, =2nW, (2.2)
The data storage space 1s of

M, =W, ' (2.3)
locations and the total device size 1s '

A=Dy+ Hy=(2n + )W, (2.4)

For an s decoder PLA design. with each decoder having
one of the s input subsets as its input. we get

rl

W, = Wa‘ (2.5)
The total size of the s decoders s

Dy =s(2riy = 2nHy = 2nW,V* (2.8)
and the data storage space 1s of size

My=1IW* =W, = M, (2.7)
The chip size is then

A2 = DatMz = ?ﬂWz*le' (2.8)

The memory space in both the one and multi-decoder
PLA’s are of identical size. but the size of the decodersis
reduced dramatically in the multi-decoder design. as 1s
apparent from the ratio,

L. . 1

D, - Wt (2.9)
from which we get
Wt
Ao _@n/Whiel 1 (2.:0)

Ay 2n+l 2n +!l

The approximate expression above likewise applies to the
ratio of the areas of the one and two decoder ROM's as
mentioned 1n the introduction. which illustrates that the
new multi-decoder PLA design achieves the same advan-
tages in comparison to a one decoder PLA for imple-
menting the class of Booican expressions defined above

In addition to demonstrating the superiority of the
muiti-decoder PLA 1n comparison to a one-decoder PLA
design. we need o consider the conditions under which
it compares favoraply with a two-decoder ROV for which
we have.

Wy =22 )
Dy =z 2n(277%) (2:2)
Hy =2 2:3)
Ay = Dy + My=(2n + (2773202 2 12)

memmﬂ-—w'"~ i

From (2.5). the following sufficient condition for 4z < 43
is easy to deduce

n
thd 2(: +loger)
and for s =2 we get

n

sz_log—n (2.:5)

q

which gets closer to an equaiity as n increases and g
becomes smail. As n ncreases. the ratio Az/A»
decreases rapidly The main source of the inefliciency of
the ROM impiementation for ttus range of values of n 1s
that it contains much more memory space than 1s
needed for the restricted class of expressions of
interest. For example. for s=2 and a given ! and 7. 4.
increases as O{n??) while A4y increases as 0{2"). So the
area of a ROM increases exponenuially 1n n versus the
polynomial increase in the PLA implementation.

To 1llustrate the performance of the proposed
multi-decoder PLAs we consider the following examples

Example !: Forn=18, s=2, g=2 and I = we derive

Wp=164, A;=259z .:0*
while
W3=5:2 and A4+=28:z :0°
and
A/ A3=0.092
A one decoder PLA will requre
W,=207z .0* and A4,=767z 0°
and
A2/ A,=0.033

Clearly the two decoder PLA 1s superior to both the ROM
implementation. which has more area and capability
than is needed for the task at hand. and to the one
decoder PLA. which is too long for practical impiementa-
tion.

Example 2: Same as in Example . but with ! =10 outputs.

In this case we get

Ap=2.:3z 0%

A/ A2=0081
and

A2/ A =022

where the RO)N. becomes more nefflicient wtule the per-
formance of the one decoder PLA improves shghtly as
predicted by Eq (2.:0). but still rematns inferior to the
two decoder design

Example 3. Here we let n =22 s=2 73=3 and (="

In this case we get
A;=3:.8z :0°
and

A2/ Ay=2 187 427 4,=002




The same case with g =2 would have resuited in
Az=825z .0

and
A2/ As=0.0048. A,/ A, =002

whuch ilustrates the small range of values of 7. &s1s aiso
suggested by Eq. {2.15) for which the new technique 1s
superior to regular two decoder RO devices.

Example ¢. For n=32. s =2, g=2 and [ =" we obtain
A2=R81z 10°, A2/ A2=607z :07°

and
A2/ Ay=00:5

reflecting the increased e licitency of the new approach
as n mcreases

M. CIRCUIT DESIGN EXAMPLES & ANALYSIS

When considering the class of Boolean expressions
mentioned above the use of a muiti-decoder PLA with
restricted input partiorung is the only single chip solu-
tion for large n. The use of a standard single decoder
PLA to impiement the class of expressions i1s not practi-
cal because of the very lonz and narrow chip that would
resuit. A two decoder ROM would not be possible because
of the unacceptable amount of siicon area necessitated
by large n. To demonstrate the implementation of a two
decoder PLA where the decoders {AND arrays) are pre-
programmed. two single decoder PLAs are cascaded
together with the outputs from one PLA input to a
second PLA This approach allows for several sum of pro-
ducts expressions formed from one PLA to be ANDed with
any indinnidual p-term generated by the decoder of ‘he
second PLA The resuiting expressions. also in sum of
products form. may then be ORed together in the output
OR array to form the fnal output expression The basic
archutecture on wiuch the two decoder PLA design 1s
based 1s the standard PLA arcrutecture (1.2.3) using the
“AND-OR" structure.

For umpiementation of the two decoder PLA design,
“NOR" structures are used for the AND and OR arrays
with two-phase nenoveriapping clocks {$1. $2) and array
precharging. Fig ! depicts the schematic representa-
tion of the two decoder PLA wmith PLA: bewng the upper
arrav and PLA2 being the lower array. A new aput can be
suppiied every ¢1 period. Given an tpput at tirne t=9,
the desired output 1s available at tume t=t - 2¢:. Let us
censider logie fow through the PLA starting at t=0.
When $1 s hugh the AND pianes are precharged and the
mputs from t=0 are allowed to propagate wnto the AND
pianes ANDi and AND2 wiule inputs from t=t - $1 pro-
pagate 1nto AND3. As i goes low the inputs from t=0
are latched. When $2 goes high the product terms are
evaiuated {AND pianes), then propagate wto the OR
planes that are being precharged and are latched when
$2 goes low As the next $1 goes high the OR planes are
evajuated by allomng the value of the sum of products
expression lo discharge the precharged OR line {the line
may or may not be discharged depending on the value of
the expression) and the outputs {rom PLAL and PLA2 are
latcned. [t akes one rore period of 9i to eveiuste the
OR 2 plane and latch the output {OUT).

A 'C" program was written tu automatically layout
the two decoder PLA design described apove. The physi-
cau lavout of “he design :s baseq on the scalable V07 :

- - ] ” '...’.f' -.’"-J- "I".,. 'f. - .I‘I-"'.“.."
M m«*;\m&ﬁﬂi‘;‘;m E\M& PN,

design rules. Fig. 2a depicts a two decoder PLA having
the functionai capapiity of 2 RCM. wmith 16 totai inputs
and one output. The decoders are fully decoded. each
hawving 8 inputs and 256 8-bit p-terms. Fig. 2b depicts a
two decoder PLA also having 16 total inputs and one out-
put but with restricted input partioming {g=2) wauch
resujts 1n .12 2-bit pterms per decoder. Both designs
are capable of implementing the ciass of exvressions of
\nterest. however the ROV. design has more capabdity
than 1s needed for the task at hand. These des:gns form
the basis for the f{ollowing comparative anaivsis between
a two decoder ROV, and two decoder PLA.

Given the two designs iulustrated in Fig. 2. we can
deterrmune precisely the silicon area Adp requred to
impiement a two decoder PLA {s=2) with restricted
input partitioning as defined in Section L. Ap is then com-
pared to the total silicon area Ap required to implement
a two decoder PLA with unresunicted ROM capability.

Adhering to the scaiable MOSIS design rules and the
particular design shown in Fig. 2. a set of equations were
empiricaily deveioped to determine absoiute layout
dimensions for any size two decoder PLA. The length Lp
and wmidth #p of the layout are given by

- n/2!
Le = O\ sy zv] * Cpll +1 HOD 2)
+ Cg (31)
_ n/2!
Wo = K\n + Kal W?ﬂ + Ky (3.2)

where
n = totai number of inputs

7 = number of vanables each decoder
contributes to a p-term

{ = total number of outputs

representing the relevant parameters affecting dewvice
area and C,. Cp C3 K, K. and K3 are all design and
technology dependent constants. These constants
represent the contribution of device substructures {eg.
latches. pullups. various metallizations. OR and AND
cells) to total device proportions. Eqs (3.1) and (32)
apply oniy to the particuiar design impiemented in fig 2
and may vary somewhat in form with even slight archi-
tectural alterations. Normahizing Eqs (3 1) and (32} to
the feature size A and inserting values for constants we
obtain

Lp = 23.5[—"’-"L—gv] UL+ LMODD)
s {{n/2-9)'3" J

+ 6386 A 33

1
_N/2'  o¢i . 288 A 24)
(n/2-9)'73' |

#o=1in + .3l
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where A may equai .75, 1.0 c- 1.5 microns, corresponding
to 1.25. 2.0 or 3.0 mucron geometries as designated by
the MOSIS scalable design rules. The modulus operator
(MOD) present in Egs. (3.1) and (3.3) sumply reflects the
architectural imposition that an even opumber of output

‘lines must be present in the layout regardless of actual

number of outputs. to maintain structurai symmetry in
the output OR array. Total silicon area for the two
decoder PLA architecture. 4p. is then sumply the product
of Eas. {3.3) and (3.4) gziven by

Ap = Lp Wp A2 (3.5)

where area is expressed in terms of A2 It shouid be
noted that the design chosen here to implement the PLA
architecture is highly compact, leaning very little unused
real estate within layout boundanes.

We next empioy an approach sumilar to that above
to determine Az. The length Ly and wmidth #p of the sui-
con layout are given by

Lp =C 2™ + Co{l + L MOD2) + Cy2n™™
+ C, (3.8)

Wr=Kim + Kpl20° ™ + Ky (3.7)

where

m = number of inputs entering upper
decoder (PLA)

n = total number of inputs

! =%total number of outputs

It should be noted that the variable g is not considered
here since there are no restrictions placed on the length
of any p-term, each of which may contain up to n van-
ables i1n the final output expression. Once again normai-
u;ng to A and tnserting precise values for constants we
obtain

Lp = 10.5(2™) + 11(L + L HOD2) + 13(2~~™)
+848 A (3.8)

Wg =22m + (3L{2""™) + 288 A (3.9)

Total silicon area for thus structure 1s then
Ap = La Wp A? (3.10)

A particular value for m can be determined. m which
munirmuzes Ag given a particular n and {. For thus design
m 1S always greater than n/2 resuiting tn a fully munim-
1zed Ag but having an unacceptabiy long rectanguiar sili-
con layout. A chosen m (n the range n/2 < m < m’ wil,
for most seiected values of n and {. result in a more
squarish and practical silicon layout at the expense of a
slight increase 1n Ag provided n 13 not too large

Area efficiency comparisons can be made between
the duai decoder ROM and PLA layouts described above
by examining the .atio Ap/Ag. Table 3.1 lists several
vaiues for Ap/Ap given sample values for n. ! and g. Also
listed are absolute vajues for Ap given in terms of A2 For

"n > 16. Ap was calculated using m =n /2 for comparative

purposes only, since practicai implementation is unpos-
sibie.

It can be deduced from Table 3.. that the ratio
Ap/Age based on the particular design given above, cown-
cides closeiy with the ratio A;/A45 derived by theoretical
analysis 1n Section [I. It can aiso be noted that for 3 > 2,
either Ap becomes too large for practical impiementa-
tion or the ratio Ap/Ag favors usage of the two decoder
ROM. However, for 32, it can be concluded that the two
decoder PLA design implemented above prowides for a
practical impiementation of a particular class of logic
expressions wnereas a two decoder ROM implementation
is either unpractical or less area efficient.

IV. CONCLUSION

In this paper we have established the need for a new
class of multi-decoder PLA devices that are supericr o
both ROM and singie decoder PLA implementations of
certain logic expressions that contain many p-terms but
satisfy certain restrictions. Such dewvices could have
wider applicability bevond this ciass of expressions. For
exampie. the proposed muiti-decoder design could be
used for ROM impiementations empioying more than two
decoders based on the design techmique exemplified in
Section [I. A particular ROM design using three decoders
would most likely resuit in some savnings n total decoder
area. but more umportantly. would result in even greater
sanings if impiemented in three dimensional microcir-
cwt topogravay. In this case the propagation delays
would be approximately proportional to {¥32"/3 This is
an unportant topic for further research that can com-
bine the proposed technigues presented in this work with
new advarces and current research in three dimensional

“microcirsunt devices.
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