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Abstrakt: The process of production contemporary digitalicks is a complex computer
aided process. The process of production of modagital devices are highly dependent
on the quality of digital components, and espegitibm their temporal characteristics. In
this article the methods of determining the timeapzeters of digital devices on the basis of
the time parameters of components are examined. possibility of the methods of
continuous logic with the analysis of transientqasses in the digital units is examined. It
shows that it is expedient to use the technicampaters of digital components obtained in
the process of their production with the analy$ithe time parameters of digital units.
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During the construction of digital units the cakbtibn of real physical parameters of
elements has great significance[1]. Especiallg itmportant with the development of the
digital modules, in which there is no general syoafzation for the environment and
digital automaton, and the environment, which fiored in the general case in the
continuous time, acts on the entrances of automatahit thus initiates its working. It is
completely clear that since the real logic elemeet®ive at the entrances and generate at
the outputs signals it is limited by spectrum, signwith the infinitely steep leading edge
and steep trailing edge in the real digital cirs@ite not encountered. Being the filter of low
frequency, logic element during the supplying tmithe entrance of signal with the infinite
steepness edge at the output forms signal witkltpeng leading edges.

Let us suppose to the circuit of two inverters (Higa) is given signal “log. 0” with the
ideally rectangular edges (Fig. 1, b, c). Becaddhefiltering properties of logic element
at its output we will obtain the signal, leadinggedand trailing edge in which with practical
accuracy they frequently approximate by the sttaligies (Fig. 1, b). In this case, taking
into account the threshold properties of logic elamset that the signal at the output is
equal “log. 1", if voltage on the input higher thaealue of threshold level 4)and is equal
“log. 0", if it lower than .

Delay time to the switch oty of logic element is counted off from the momemihen
input signal reached threshold level, to the momehen output signal reaches threshold
level. Analogously is determined delay time to siétch offt,o. The signal with the same
delays for the switch on and the switch off isnfied at the output of the second logic
element in the circuit. Frequently occurs the iradify of 1o, # t10. Their relationship takes
in account by different slope of the inclinationstfaight lines upon transfer from the state
“log. 1" into “log. 0" and vice versa. For the apsik of transient processes in the logic
circuits it is convenient to use an apparatus aftinoous or infinitely-valued logic [2].
However, let us note that the introduction of tiadue of threshold divides off entire range
of values of the output voltage of logic elementhwn parts.

One part of them with L), > Uy is received by the following logic element as sign
“log. 1", and the second part of them with,,JJ< Uy as signal “log. 0". This circumstance
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makes it possible to consider signals at the eocétmiand the outputs as square-wave, but
moved relative to each other the delay time tosiwéch on and switch off respectively
(Fig. 1, c). This representing of signals gives slagne result as approximation by their
inclined straight lines. We analyze transient pssce the conjunctor (Fig. 2, a) with the
appearance at its entrances of two signalardl A moved relatively on the interval of the
time 6, from which A is changed from “log. 1" to “log. 0" and.As changed from “log.

0" to “log. 1” (Fig. 2, b, ¢). Through the timetéval, equak®, from the moment, when
the input signal A exceeds threshold level and will be interpretgdcdinjunctor as “log.

1", at the output of conjunctor signal will reachrdshold level and will be during
exceeding of it classified as “log. 1" (Fig. 2, b).
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However, after tim® signal A becomes below threshold level and is interpretethé
entrance of conjunctor as “log. O». From this paifitime is formed the process of the
switching off by conjunctor. When the output signafl conjunctor becomes below
threshold level, thus is classified as “log. O»eThaded region of correspondent to the
interval of the time, when at the output of conjiangs a signal “log. 1”. In the hypothetical
model with the signals with the infinitely steepdiing edge and steep trailing edge and two
parameters - the intervals of delay time to theahing ont®*and intervals of delay time to
the switching on process flows as follows: throu§jtfrom the moment of establishing the
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signal A (Fig. 2, c) in “log. 1" at the output of conjunctwill appear signal “log. 17,
which after a change of the signaj i “log. 0” also with delay tima'® converts to state
“log. 0".

Let us build transient process in the conjunctddn@ into account the possible
dispersion of time of delays. In Fig. 2,d,e areveidhe output signals of conjunctor, built
on the assumption that of the delayfand*° are increased in comparison with the
previous case by 60%. In this case signal “log.at’the output of conjunctor not at all take
place. Analogous results are obtained by otheraastiwho show that the signals at the
output of logic element do not appear, if the dorabf input signals does not exceed delay
time for the switch on and switch off respectivalye will consider that if the duration of
signal on the entrance of logic element is withia timits oft®< © < 2t upon transfer
from “log. 0" to “log. 1" or in the limits oft™® < © < 2t*° upon transfer from “log. 1” to
“log. 0.

With these conditions the duration of output sigealefined according to the formulas

t01 — (9_ TOl)(l + TIO/T01) (1)
th — ( 6— Tlo)(l + TOl/TIO) ,

with the level of threshold 4J= 0.5U,. In practice, the threshold properties of digital
components are significant changes, depending@nuhlity of the process of production.
This parameter is very difficult to control and itef®re more frequently in the analysis of
the temporal characteristics of the componentsntakeeshold is close to half the voltage
signal corresponding to the logical unit. This saassumption was adopted in the analysis
of transients on the temporal characteristics efpftocess of switching logic element of the
state of the logical unit in the state of logicak@ It is assumed that the switching time
from the state of the logical unit in the statéagfical zero are equal.
These formulas are used with the condition thatptocess of switch on and switch off of
the logic element starting immediately upon trangfé the input signal through the
threshold level. The durations of delays for thecess of switch on and switch off
linearly depending on how up to the moment of thémsition output signal is differed
from threshold level, not achieving of value “Id@j.or “log. 1. Formulas (1) is simplified
with the condition ot®* =1'°:

t° =2(0 - )
= 2(0- 1)

As we see, the results of the analysis of the igabhgrocess of conjunctor with the
approximation of input and output signals by inetinstraight lines after the classification
of the output voltage of conjunctor according te #ign “log. 0" and “log. 1" with respect
to the level of threshold coincide with the resutibtained on the model, which operates
only with two parameters - delays to switch on awitch off.

Subsequently we will not consider the nature ofhange of the signals in the sub-
threshold and after-threshold zones at the entsasod the outputs of logic elements, since
diagnostics of the behavior of logic circuits o tthevelopment of transient process after
threshold level below be examined will not be. Thasting that the signals in the real
diagram never can have infinitely steep edges ahdt vheir simplest and convenient
approximation is, apparently, linear, we will operanly with the signals, which in the
case of equality or threshold crossing level aterpreted as signals “log. 1", and into the
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cases - “log. 0”. For simplicity of conducting sieisl of transient processes in the logic
circuits let us agree to operate with the analgsly with times of their delays to the switch
on and switch off ' , 1), taking into account inertia properties of logitements
connected with these parameters. We will in otherds, assume that:

1) logic elements operate with square-wave signals;

2) a change of the parameters of the functioninipgit element in the dependence on
the capacity of loadC,,, temperature T, value of the threshold level &hd
fluctuations of the feeding voltage E affects oalghange in the time of delays for
the switch on and the switch off* =t°%(Cyy, T, Ur, E), 1% =t"%(Cou T, Uy, E);

3) the inertia properties of logic elements abqgear in the fact that signal “log. 0” or
“log. 1" at their outputs take place only in theseawhen the duration of signal at
the entrance is not lower than the delay’dandt*’respectively;

4) delays in the circuits, which connect the loglements between themselves, are
equal to zero, it means that the circuits of comications are inertia-free.
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The limitations indicated lead us to the equivaleintuit of logic element. In it logic
element is considered ideal, and its output sigahlany moment of time are equal to
Boolean function of input signals. The inertia pedjes of logic element are considered by
inertia parasitic delayt (1,0) [3], which changes depending on whether wahlis element
on the switch on or the switch, moreovét) =t°* andt (0) =*°.

Thus, the duration of transient process in thecla&ment, strictly speaking, depends
on state, into which it comes over, sine€1) # 1 (0), but this circumstance is not always
considered, they frequently consider for simpliditatt (1) =t (0) =1; = t. Such more
simple the model is necessary when task it cang$tthe checking, can occur the
undesirable behavior of circuit. If it appears witle adopted assumptions, then it can arise,
also, in the real circuit, in which all variations the delay factors are in the first
approximation, equally probable and, consequeniso simplified model it can prove to
be sufficiently precise.

At present the creation of quick special operatifigjtal systems (industrial robots,
onboard navigation complexes, controllers for aattiom of the physical experiments and
so on) is developed in two basic directions. Theyl@ased on asynchronous principals of
the organization of computational processes.

The first direction is connected with the introdantto asynchronism on about the
programmed or micro programmed level of organizattbe calculation process. The
second - with the asynchronous organization theuation process at the circuit
technology level.

In the computing systems in the majority of theesass organized the synchronous
working of the flow of data on the base of standayhchronous algorithms,
microprogrammed realized in the microprocessortagstems. Clock frequency in this
case is determined by time parameters of comporentdy quantity of levels of the logic
in the combination circuits, according to whichungignals are propagated to the outputs.
It is natural that the maximum clock frequency &eimined by the duration of transient
processes which they occur in the combination @scuts duration is determined by a
maximum quantity of levels of logic with propagatiof input signals to the outputs, and
by the time parameters of logic elements, thatetemnined by time of delays of logic
elements for the switch on and the switch off.

In connection with the fact that computational @®ses in the combination circuits of
synchronous blocks far from always have maximum atiem, introduction to
synchronization leads to the fact that the comimnafragments of large synchronous
blocks stay the part of the time in the expectatidnsync signals. This leads to the
incomplete use of a speed of the combination dsaoofi asynchronous blocks[4]. The first
step on the road to using the asynchronous caicoatit is the creation of those
specialized and universal computer systems, synoliin the apparatus performance, but
asynchronous with respect to program or micropmognad realization. As starting
moment with the asynchronous program realizatiorthef work of the data processing
systems serves existence of rapid asynchronousithlgs for fulfilling the operations of
multiplication, of division, taking the logarithmnd others. In this case a quantity of
synchronous steps of algorithm is determined bydtta. With the end of the fulfillment of
operation it is easy to form the signal of completiwhich can be used with the chain
calculations for the load of obtained data as iitéal into the subsequent parallel blocks. A
quantity of synchronous steps of asynchronous #hgorin the computational process
becomes the value of variable, which leads to mapél obtaining of results; however, the
reserves for an increase in the speed this areomtined by, since on the circuit level
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organization calculate process it remains synchusno

Summary

In the article the method of determining the daratdf transient process in the logical
nets is examined. Is produced the comparison ohaaist one of which it is based on the
application of continuous logic and with anothertbe use of the technological parameters
of components for determining the duration of transprocess in the logic circuits. The
process of computer modeling of transients usirg tliscussed above analysis techniques
give identical results. However, it is expedientuse the second method in the process of
the production of digital units in view of its silfigity.
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