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Axynchromons sequential circwts effer improved speed of eperation when compared to their sywekeenous counterparts.
However. the standard methods of anweheanous design require carcfal exammation of the flow table for posable
critical races and hagurds. This complicates the design procedure and often leads 1o cxira wotes and addisona!
hardware A awmber of new design methodologies which inrolve locally generating w dock and uring it to self
synchromize the mackine have been propesed Such clock swnals are generated whenever an input changes. or by
controlicd cxesetion whencver @ chunge of inputs aecessitaics & change of siwic. Al such designs, where the circmit i
timed by locolly gemerated clocks, are called Neif Clock ed Sequential Crante This paper ases a devign methodology for
the Stase variable teggling through data driven clecks to implement a Direct Memory Access Comtrotler (DMAC) 35 @
design exumple. The dexign i awwdated on rofbvare and alse implemented using discrcte hardware components. The
methodology cam he extended to parallel controliers for newral metvawks and autommted uxing state assignment
rechwigues wirewdy developed for synchronows parellel conereliers.
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1 INTRODUCTION

Digial circuits are normally designed as networks of
nterconnected components There are two
approaches to the coordination of such components
Synchronous and Asynchronons

|, The components in a Synchronouns Circust
operate under the control of @ common clock. All
the operations must take place at the correet time
within each ¢lock evele The speed of operation
of synchronous arewts is always hmited by the
slowest element

2. Asynchronous means without synchronization
and i sequential machanes it meens without a
syochromzing clock Rather, these machines
respond directly to input changes and do not
have to wait for a clock edge. The basie reason
fer osynchronous designs 1s the enhanced speed
of operalion. Asynchronous controllers respond
mmediatledy 10 mput chenges snd ae much
faster thon ther synchironous counterparts

Recently there hus been a great resurgence of inlerest
mn asynchronous circuits [1] This nterest stems
patly  ffom  en  increase  in (@synchronous)
communication activity i digital circuts and panly
from a desire W achieve higha performance with
lower energy consumption and lower design cost. As
the mtegration dawsity of very large scale integration
(VLSD circuits inereases, synchronous cireuits fuce
clock skew and power dismbution problems. The
purpose of this paper 1s to mtroduce o sell-clocked
methodology  that  combines the advaniages ol
asvnehronous end synchronous designs

1.1 Advantages of Asynchronous Scquential
Circuits -

Much of today’s synchronoeus logic design 1s based
on Iwo major assumptions [2): all signals are binary
end time is discrete. Bath of these assumptions are
made m order to simplify logic design The
assumplion thot signals are binary permits us to use
Boolean algctra to describe and manipulate logic

newral networky

cireuits. The assumption tist tme is discrete permats
us to ignore hazards to o large exten!

Asynehronous digital circuls Keep the assumption
that signals are binary but remove the assumption
that time s diserete This has the following potential
benefils

(8} No Clock Skew: - Clock skew 15 the ditterence
m amrval times of the clock signal at different
parts of the global errcunt. As clocks get faster,
and VSLI chip density increases, racks get
thinner and it becomes mereasingly harder to
keep clock skew within tolerable lmits Smee
asynchronous areuits, by delimtion, have no
global clock, there 13 no need 10 worry about
clock shew. In controst, the designer of o
ssnchronous areat must often slow down 118
operation in order 0 sccommudate the shew

(b Power Efficency - Asynchronous circunts have
the potential for very low power consamption
sinee cach module operates only when there s
data 0 process hence saving power, which
would have been consumed by modules cloched
By 2 global dock i svechironous cireuits while
there is no dita o preeess This s un
meressingly  wmporianl  ssue e VSLLL
especinlly since more and more svstems are
becoming portable For these portable svstems
the advanuige of lower power consumption and
simpler power distribution 1s self-evident: lonper
hattery life

(1 Easing of Global Timing Issues: - In crcutts
sueh as synchronous microprocessors, the cloek
mte, and s pertormance, 15 dictated by the
slowest (entieal) path. Thus, the design must be
carefully optimized to achieve the highest clock
mie: this oplimizatien must be apphed 10 rarely
used portions of the cireuit. Since many
asynchronous circuits operate at the speed of the
path cwrently in operation, rurely used portions
of the circuit can be left unoptimized without
adversely alfecting overall performance.



0y etter Technology Migration Potentsal - Crreust
functions are oflen implemented m several
Lilerent teehnologies  dunng  thewr  hiletme
Creater pertformance for synchronous  caircuits
can often be achieved by migrating all system
components 10 a new technology, since the
avernll pertormance 18 hased on the slowest
[ongest) path In many asynchronous circuls,
roatation of one o more erifical components 1 e
uppradimge or replacing individual modudes, can
jmprove  aversge  performance since  system
pertormance depends only on the current active
]uﬂl

(o0 Modulanty: < Ditlerent  synchronous  designs
wav have ditferent clock requirements, and
Henoe merging Mo campanents into a common
svstemn may prove very difficult  The modular
spproach 1o ssynchronous eircuits where cach
modular part making the whole system s self.
tmed monds this problem

(f Awematie Adaptation 1o Physical Properties: -
e delay through o creult can vary with
physteal  vanstions  such  as  temperature,
lubrication and  power supply.  Synchronous
cireutls must clock the system according to the
worst  possible  combinaton  of  factors
Asyactronous systems on the other hand slways
run ot the maxmum possible rate under the
cutrent operating conditions 95 long as the
design con guarontee the mtegrity of the signals

1.2 Problems Associated with Asynchronoas
Circuits: -

[ven though  Asvachronous controllas may  be
dvantogeous over the synchronous ones i terms of
peed, they have a few drawbecks These mnclude
provlans such as races, hazards, and the use of delay
clements. Adeguate canssderation must be given o
Uiae problems dutng the design stages 1o avosd
stam malluncuons due to reces and havcards

) Riees: = For an Asynchronons cucut 1o be of
use, itmust have more than one external mpat, 11
o of the multiple mpats sre mean! o change al
the same time Csimultancously), this can never be
g anteed [or @ real circun and one of them will
always change slightly before the other. This is
known as o Race Condition 1 ¢ whenever the
next gate diflers in mare than one varuble from
the present state This creates o possibihity of
uneeue| propagation dedavs within the cireut and
may cause the cirouit 1o reach o state other than
that intended This is ealled a Critical Race. All
othet taces are non-critical.

() Hazerds = A combinational crcunt 15 sad o
contain o Hazard 11, 10 Tesponse Wy one of more
mputs  an ouipit momentanly  assumes  an
ncomeet value  Huzards normally  occur in
combinational logic cwreuit mplementations of

Boolean lunctions bal do not prevent these
ciewits  from performmg ther  specilied
lunetions A eriical race hazard 1s one which
subsequently  eauses  the  system  to enter
unvanted  states  (and  operate  incorrectly ).
Asynchronous sequential cireunt design must not
penerate entical race hazards

-
s

Delay Elements: - All physieal elements have
some propagation delay associated with them
which can generally be assigned upper bounds,
Ihese delays play an importan! part in
determmnmng  the maximum  allowable clock
Irequency  an synchronous  circuits.  Delay
clements are  deliberately inserfed into the
ssynchronous svstem by the designer. These are
wdded mn the path of the clock to ensure that the
data 3¢ stable before the next ranation oceurs
and sugpests that the designer has to make extra
arcuitry to sccommodate the delay clements,
This complicates the overall circmtry of the
system

1t

To avod the wse of deday clements m self
clocked designs, it s possible to design
templates that ensure a longer delay for the path
of the clock then the dota. The Use of T type
thpdlops a3 memary clements i the self-
clocked schemes 15 one effective method to
avoid delay clements. By generating data draven
clochs and clocking only those registers that
need to change, the nead to establish stable data
before the amval of the ok edge is ramoved

"

SELF CLOCKED DESIGN
METHODOLOGY: - STATE VARIABLE
TOGGLING THROUGIH DATA DRIVEN
CLOCKS

This methed |3] proposes usng a set of
combinational logic blocks and & pair of master slave
latches for cach siate variable Each master-slave
fhip-flop 1s connected w the toggling mode such that
every input clock pulse complements the output
There are no cluck pulses unless the established
values of the inputs and the present state require
a change In the next state values, and even then,
the master latches of those mext state bits which
do not need to change recelve no pulses. The
notable feature of this amangement is that cach
varighle 15 being clocked sepamalely. The elock logie
ol each state vormble generates a pulse only when
that particular state varisble needs 1o be toggled The
simplicity  of this method enables it 10 be
implemented directly from the llow table or an
Algorithmic State Machine (ASM) Chart

I'he hasse design methodology can be summarized as
tollows.
e Construet the ASM  Chart  for the
Asynchronous conteoller’
e Allocsie a separate flip-flop per state



+  Listablish the matin] conditivn of the thp-lop

= ldentify all the conditwrad paths thst reguise
virch path 1o be active

o |denify the comdition that requimes  the
mischine to leave thal susic

& Generale a clock luneton tor each flip-llop
liy sel and reset i

The ASM chan  represents  the  maschine  and
emphascees the crestion of o clear ol detailed
detimton of the algonthm prer o mmplementaton 1w
detailed herdware desipn, 11 cosssts of & netwark of
stutes with  wnconditional ouatpds,  branches  and
conditional oulpiils

The self clocked methodology uses ene lip-flop per
state. I is eloar thal ot anv onpe tome only the thip-tlep
corresponding to the active state i the ASAM chart is
sednve. The conditton thet selwates the nest flip-tlop
aleo deactnantes the previous one. The svitem ressl
puts the mackine in the initial conditisn, pomuelly the
dle state. [hereafler the topplmg Mip-flops camy the
machine through the various states dictated by the
ASM chart.

3 DIRECT MEMORY ACCESS CONTROLLER
(DMAC)

As o design example, o Dircet Memorv Acocss
Controller (DMALCY hus been mmplemented uang the
obovementioned methodology, The example only
serves (o show how this design methodology cun
be wsed in proctical desipns, However, Direct

Memery Access (DMA) controllers, in reality are
very complex devices, and this example in no wuy
prm‘ilhs an sliernutive asvnchronous device for
the present clocked controllers availuble in the
market! taday. The vanows: mput snd eutput signals
based  of the RICITA LSl and ZR41D 1WA
controllors [4 & 3] were studined to eoone up wilh an
psymchromous cireuit that gives sumilar signale. There
are many intamal registars in these controllers that
e hewe i concemmed ourselves with.

31 Whial does a DMAC do?

Digezt Memory Access (IMAY 6], s an
mpetfoutput stretegy  that mowes dota between o
peripheral and the CPUs main memory without the
direet marvention of te CPU il DMA provides
the fastest possible means of Lransferrmg data
between an mterface and memery, as 1 carmes oy
CPU overtwead and leaves the CPL free o do wseful
wih

Fhe DMA echnigque provides a direct access 9 the
meanery whale he processor 15 emporanly disabled
This allews data w be rarsfemed Detween mens
and the 110 device st o rme that s limated onby by the
specd of the memorv/peripheral devices i the
system or the DA controller. The DA conuoller
issues signals (o the peripheral deviee and muin
memery 10 execuie read and write commands.
tohes over contral of the oddress and dote buses [on
the dusation of the data transter and then retums
comtrel of these buses on completion of the ds
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tronsier
3.2 Asynchronous DMAC Design
From  studving  the vanous synchronous DMA

cnirollers cumrently in use, the followmg block
drogram (Figue 1) can be dravwn. For the

The DMAC warks with two address registers called
the base address regista and the current address
registae. These are syncluomized with the main
system clock ond the manory wxl paripheral
devices. The basc address holds the starung address
for the DMA operation and the current address

INPUTS

OUTPUTS

w1 DREQ DMA request input used by peripheral

deviees to request DMA service

Z1. HRQ  HolM request culput 1o the
IICTOPICCEsSOr W Tequest control of the system
bus

%2 HLDA Tlold Acknowlodge, aciive high input
om the microprocessor indicating that 11 has
relinguished contral of the systen buses

Z72: DACK DMA  acknowledge wed to
scknowledge o DMA request

3 MSI Mode sclect pin 1, used w speaify the
tope of dota tnsla

Z3° AEN Address enable used to enable the DMA
address Intch and disable any buffers connectad to
the microprocessor

S MS2 Mode select pin 2, used 10 speeity the
tope of dute trasfr

/40 ASIB Address strobe used by the DMA
controller to latch address AS-A15 dwing DMA
transter

30 Read/Wrte ready. A signal to the controlle
by a penipheral when 1t s ready {07 & read or write
uperation

Z5: MEMR  Memory read signal used 1o access
data from the seleeted memory location during o
DMA sead ar a memosy-lo-memary transfer,

XOUTC Terminal count signal, ongmates from the
merement/decrement  register o indicate  data
tansier completion m the block transfer mode

Z6: MENIW  Manury wiiie signal used (o wrile
date to the selected memory focation dunng o
DMA write or a ey -lo-memory tansfer

RESET: An actwe high ipat that clears all the
termporary address segisters (hase and current) and
brings the device in the e state (T1)

/7 1OR 1O read signal used to aceess data from
a periphieral duning a DMA write transter

Z8 10W [£) write signal used to lcad data to a
penipheral dunng o DMA read transter

Assnehronous controller. the design can be reduced
f0 o total of seven nput signals and aght output
spnals. For case of understunding, symbols have
een assigned to the vanous mpal and output siznals
A deseription of cach follows

DMA TRANSFERS: - Sumndtancors [DMA provides
lastest transfers, with read snd wine opaations
performed ot the same tme Thas requires MEMR
and TOW (¢ TOR and MEMR) 0 be sctnve
simuloncously In this wav, data does nat flow
through the DMA Controller, bt rather moves
directly ficm te memony 10 the 1O part (or viee
versal |71

Fwo ypes of dow vansfers are considered for the
design example

L Memory to Peripheral

i Penipheral 10 Memary

A DMA Read transters data trom the memory device
10 the 170 device whale o DMA Write transtors dota
from an 1O device to memory, In both operations,
the memory oand 1O devices are controlled
simultaneosly and that 15 why the system contains
separate memory and control signals.

repnsta conwins the address of the next Horage
location 1o be accessed. Writing a value into the base
address register antomatieally losds the same value
o e current address register. In this way the
currentasddress register ponts to the starting momory
of 1O adidress. These registers are in faet intemal
registers of the X2037A DMA controller but for the
asynchronoas design we are only concerned with the
TC mpat signal that they provide and not with the
actual workings of the regasters

Additionally, the DMA controllers that were siudicd
have o word count registas called the base count
register and cwrent count register, The number of
bytes that are to be transferred are specified by the
vitlue m the base count, and the current word count
register tells how many bytes remain 0 be
transfarred. For the design example, how these
values ere updated is not # coneem and only the 1C
signel thet becomes active indicating  transter
completion 1s used

HANDSHARING. - [nitially st start the controller 1s in

stte T Quital sae) 17 any error ocetrs in the
DMA  wansfer process a reset signal from  the



micraprocessar brings the controlier baek to state 1)

When a penipheral wants 10 perform a DMA
operation 1t makes a request o the contreller ot iis
DREQ (XT) mput by swatching the mput to loge |

In respensa to an achive DMA request, the DMA
controller swatches the Hold Regoest (71) output to
logie 1 (State 12) This signals (o the microprocesson
that the DMA controller needs 1o 1nke control of the
system bus (Reler to ASM Chart)

]

Wit

1 0
(noos)| [ assa

ASM (hart for the Asynchroneis
Direct Memory Access Controller

The muetoprocessor responds within a few cloeks, by
suspending the exceution of the progrem and placung
s oddress, data and control buses i therr high
mpedinee states and signals ek o the DMA
controller v swatching the Hold Acknowledge (X2
mput of the controller to logse | The hgh
impedanee state causes the microprocessor to appear
as i1l has been removed from its socket and ellows
extermnal memory or penipheral devices aecess to the
svslem hases (Reler to ASM Chart)

When the DMA Controller has control of the svstem
buses, it tells the requesting penpheral deviee thot ot
i ready by gnang out o DMA acknowledge (Z22)
signal (State T3), The DMA Controller also outputs
the high-order memory address on D-D- and raises
AEN (Z3} and ADSTB (Z4) The address represents
the source or destiration of the dote ranster. AEN
enubles the wi-state outputs of the latch. This
completes the Penpheral-Controller-Microprocessor
requestiichnowledge  handshshang,  giving  the
peripheral device direct occess 10 the svsten buses
and memory under control of the DMA Controller

DMA ReEar: - A DMA Read wansters data (rom the
Memary deviee to the 1A device 1e. Manony Read
and [/0 write. Alter the Handshoking procede 1s
votmpleted the controllar 15 m state T2 and depending
on the Mode select pins (MS1 and MS2) e
conteoller can pow tehe one of o paths, aamel
DMA Read or DMA Wiite,

ast | aise |
o | 0 Do Nothurg:
0 ] DMA Read
| 0 DMA Wiite
1 | Do Nothung (For Future impros ement <)

Far the DMA Read Mode mput signal X2 s 0 while
X4 1= 1. The controller now enters state T4 The
HRQ (1), AEN (£3), MEMR (Z5) and LOW (Z8)
outputs are turned ON. The active MEMR and 10W
signals enable data tronsfer from memory 1o the /O
Device  while the HRQ signal 15 used 10 hold the
buses and AN ensbles the respective addresses. The
DMA Read contnues i state T4 unul the Tamnal
Count (X06) signal 15 received, indicating that the
transler 15 over. The vontroller then rehnquishes
control of the svstam buses and retums o State 71

(Refer to ASM Clunt)

DMA Witk - The DMA Write Mode is enabied
when signal X3 s 1 while X4 is (. The contolla
now enters swie T3 and the HRQ (21, AEN (73,
MEMW (Z6) and VOR (Z7) cutputs are tumed ON
The active MEMW und TOR signals caable data
tansfer from the VO Device 1o memory while the
HRQ signal is used 10 hold the buses and AEN
cnables the respective addresses. Similarly 1o the
DMA Read, the DMA Write transfor oceors m state
T35 il the Terminal Count (X6) signal is received,
indicating that the wansfer s over The controlier



then relngushes contol of the svstem buses amd
ceturns 10 Sate T1 (Refer 10 ASM Chart)

From the design methedology desciibed in chapter
tan. each state m e ASM chait s assigned a
sepurate Flip=fop. This mens that,  sinee the
Controller as five states, five D-type hip-flops are
needed for implementing the controtler

[V ARE IMPLEMENTATION. <The design example
e been amplemented usmg  disarcic hawdware
components. These nclude TALS74 (D Fhp flops),
71800 INOT gales), 74L508 (wo put. AND
gates), TLS3Z (two  input OR  puics), wegle
autehes, SV opower supply and  various  colour
LS

[LIT0AL CONDITIONS OF [HE FLE-HLOPS: = Initially
stute T11s ON while states T2-TS5 are OFF. [n order
1o obtsn TL=1. the condinon C7R=1, PRE =(), mus!
be estublished. This condition forees T1 to be ON
urespective of the cloek and data mputs

Sates T2-T5 are mtially st to logie () by making
(7=t and later CLR s changed 10 logic 1. CLR=1
14 achieved by observing from the ASM chart which
condiions clears a particular state through grounding
ol the wpue. The 1 mputs of T2-T3 are always Kept
at logae 1 v applving SV Ifa Particular state has 10
e sl or cleared tis can be achieved by making
(12070 hence forcang that stale to logie O wrrespective
of the logie 1 that 1s alweyvs mamntamed at the DD
wpet Under nuemal operation the CLK and PRI are
hopt ot logie b, and datr at the I opat will only be
manskerred o the O outpal when a cloek pulse s
generaed

TDENHFICATION OF ALL CONDITIONAL PATHS THAL
YTIVATE EACH STATE. ~The condition that requires
cach siate o be aetive s derved directly from the
YSM Chart. The condinon for activating o thip-flop
and hence the required state, is obtamned from the
condition spectfied in the directed Iine going into thot
corresponding state ANDed with the peevious flip-
tlop state 1t there 1s more than one directed Ine
poing mnto a state, all the condittons are ORed

In order to wetivate 11, there ure three paths that lead
to that state. There are two paths from T4 and T3 and
another from 11 stsell (see ASM Chart) [n oeder to
generuie the logie expression that activates T1, T4 s
ANDed wath X6, T5 15 ANDed with X6 and T1 18
ANDed with V1 These tuce expressions aie than
ORad and the logic expression that activates 1'1
becomes TAXHTSXA+11 X1

Ihe Jogie expression 18 used to penemate o cloek
cirent that aetnates 11 lowever, there s an
eipression that defines that the controller 15 not
moving out of 1t present stote. In this case this
expression a5 TIA] and s term con be omittad
when making the clock circuits for the states, This s

bused on the Knowledge thiat when the C7R and
PRI are made to logie 1 while the clock 1s at logse
0, the Q output of the (hp-flop will not change This
means that the expressson lor the clock cirent of
state T1 reduces to T4X6+T5X6 and the cireut 15
simphified

The expressions for the other states are dertved in the
same manner as follows

CLOCK CIRCUITS
| Statell  T4Xo-I3X0
Stz XITI
State 13 X212x1
StateT4 T3 X3AX4
State & 13X3 V4

The clock crcuits for the states were obtained from
the logic expressions denved above. Whenever a
porticular state 15 required to be aclive, its clock
aramt generales o clock pulse, which sets that
porticular stste ON und hance cach stale can be
activated separately and indmadually. The condition
st achvates une stale rescty/clears the previous
sate

PRESET AND CLEAR CIRCUITS: =The inputs of the
(1) and the PRE termmnals must be able to change
between logic | and () as required.

State T1:-[has stle 18 cleared by X1 and the clear
wput s mitaally at logie | X1 15 also 1mtially at
logic 0. Tn arder 10 obtan CLR =1 for the clear mput,
X1 15 Inverted and ANDed. When X1=0 (7R will
be 116 X1 goes high the (LR =0 ond henee state |1
can be cleared The clear expresswons for states T2-
T5 were worked our similarly. The preset mputs for
these states wore mamtamned at logic |

CLEAR CIRCUITS

Preset State T1: - Initally PRE =0 for 11 At
apyiime when any of the states, 1215, beeame ON,
the eondition PRE =0 must be prevented because
this condition forces T'L to be ON. The preset input
must theefore be chunged to logic 1. This s
achicved by making sure that the state that goes ON
15 wsed to drive the presel loge of T1 to 0,



Combinng  the above vields  PRE

TI=T24T3+ 14475+ RES
Outpat Expressions:- 1he expressions for the
outputs Z1 {o Z8 were worked out similarly to the set

conditions for cach state Ihe Tables below give a
summary of the expression far the various mputs of

resulis

previously. Photographs of the arcunt i its various
states are given below,

the flip-flops.
State T1 State 12 State 13
CIK T TAX6+T5X0 ClK 12 XIT] CLKT3 X212
CLR T X1 CIRT? | T3 RES CLRT3 X3 Y4 RES
PRE TI T2+T34 14+ rv[u.s I‘RI;. 12 Y PRET} 5V
D loput 5V D Input SV D Input sV
State T4 State TS Outputs
CLKT | TaX3xy | ferks TX3Td i | J 2X1-T4X4 V3 -TSX3 XA
CLR T4 V6 RES CLR TS \o m;s 2 | nx2
[ PRE T4 -5V ) PRE TS SV (23 [ 1axz- Taxs V3 T3X3 N4
Disput | +3V D Input v | & | pxe
25 | x4 Y3
26 | rsxava et
Z7 | 15X304
2R | T4X443

In the circunt that was built, the signals were
controlled using topele switches The circist was
simulated o Electronics Wockbench ad then built
wsing the discrele hardware compenents described

_~Anitially in State T1

-

e “State T2 (Handshaking)
i g 3% 4

: : - 4

. e g

. * T b1 'l .

Input X4
ln:u:j\l A Z3(Address Mode Select 2 75 73
Enable) (Memory Read) (/O Write)
At‘kn(';:kdcf Z1 and Z3 also active
. 74 (Address

Straha)



#7777, State T5 (DMA Write)

\

76 (Memory
Write)

Z7(1/0
Input X3 Read)

Mode Select 1
Z1 and Z3 are also active

- RESULTS

e Stute vanable toggling through data driven
clocks  methodology was used 10 develop an
usviachronous Direct Memory Access Controller. The
design was tested  successfully using  Electropic
Workbench and also tuill usimg Discrete Hardware
copanents The controller responded immediately
tonput changes and only one swate was activated at a
tme Also, it moved from one state to another as
dictared by the ASM chart and gave the required
output sigrals

s CONCLUSIONS

Selt clocked  design methadology  provides
avitematic and easy 1o apply technigue for desipning
avnchronous sequential errcusts which do not need
pecs] considerstion to averd ontical races and
Pazards. This method combines elegance, sumphicity
and relabity and can be mplemented using
stundard components as well as semi-custom or VSLI
tecknology (8]

The design example built m this project retains the
fundomental characteristic of asynchronous circuits,
that 15, 10 respond immediately 1o mput changes. The
cleck of cach flipflop 15 gencrated locally and
separately  whenever  that particular  flip-Nop 15
required to change sate. Therefore, the crcuit is self
cleeked, but there 1s ao synchronization of the fip-
tleps

Ihis technigue uses meore ten the minimum number
of fap-flops. However, dus should not pose a great
problem sinee Programmable Logic Devices (PLD'S)

such as Logie Cell Ammays (LCA's) offcr many flip-
flops Allecation of cne (Tip-flop per slae also
means that the oulputs associated with cach state
arc readily avalable and no external decoding is
required,

6 RECOMMENDATIONS AND
FUTURE WORK

Asynchremous  design offers  the  polennal 10
minimize consiraings imposed by traditional design
The methodology used here is enly one of many
interesting asynchronous  design technigques  that
have been proposed recentiy

The abundance of flip-flops n LCA’s suggests that
each state can be assigned its own flip-flop. The
actual design method can be implemented directly
from the ASM chart.

The self-clocking methedology can be applied t©

parallel controllers through decomposition, perallel

fate sssipnment or isomorphic encoding and of

particular interest 15 its epplication i ncural
networks
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