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SEVERAL TIMING PARAMETERS FOR MULTIFUNCTIONAL DIGITAL CIRCUITS

' Alexandru VALACHI
2 Mihai TIMIS
Technical University “Gh.Asachi”lasi
Automatic Control and Computer Science Faculty
Computer Science & Engineering Department
! avalachi@cs.tuiasi.ro
2 .. ..
mtimis@cs.tuiasi.ro

Abstract. In this paper we present a new method for estimate of the timing recovery — tye. time removal — t,e,y, for
the digital logic structures with memories and asynchronous mode inputs. Is prove that isn’t necessary to
implement the free hazard digital structure, but in this case it need a carefully analysis of the time recovery — ty,.
Usually, time removal — t,,, can be considered null, because from the calculations it has the negative value.
Keywords: Finite State Machine, Time recovery, Time removal, TTL circuits, CMOS circuits, Medium Scale
Integration, Lower Scale Integration.

1. Introduction parameters for t.u(D), ty(D), T(clock period),
f(frequency clock).

Like in [1], implementation of finite automata is In some databooks, t.c, trem are associated with tg_,

quite easy to do if we use multifunctional tn, they must be mentioned separated. In this paper

sequential circuits, figure 1. we propose a procedure for estimate it.

Lets consider the digital device showing in figure

Data 2.a, with functional table such as in figure 2.b.

Input Data
p Input
4
q, decoded control inputs _
<+ 3] S7R High priority
CSM — PE
—Cp (T) CSM INC Low priority
y[3:0] —  CP
p 4
Data Data
Out Out
Figure 1. Finite automata. Figure 2.a. Finite automata.

We will consider the next timing values: Mode glli PE IN( y[3:0].s1 | Descriptor
trec — control mode setting up time (trecovery) 1 1 ) i
trem — control mode removal time Hold 1 X y[3:0n

(tremoval) 0 X
These times has the same semnification such as: Reset x 1 0000 -
- teu(D) - zlirtr}e stet—up data from clock’s L o Paralell
command front;
’ P. Load d[3:0], load
- ty(D) — time hold data from the same clock X 7 [3:0] Reoi
egister
front; .
L . L I 1 0 Binary
Logic circuits timing parameters discussion is Increment 2 (Yot Dmod16
showing in [2]. In [3] is showing the timing counter

Figure 2.b. Functional table.
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The digital circuit from figure 2.a can be
implemented like in figure 3.

!
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Figure 3. Implementation.

Using the functional table from figure 2.b, we
can write equations for the D; input signals:

D, =SR[PE-d,+ PE(INC-¢,+INC-y,)] (1)

@0 = Vo5 =2 O Yy; 0= 1, ®(113);
@3 =y D (V1))
Binary counter implemented with CBB D
circuits.
Mode inputs notated with ﬁ,ﬁ, INC are

asynchronous relatively with the CP clock, and
they have the priority such as in figure 2.a.

2. Calculation of the t¢c,t,em parameters

If the circuit is on HOLD state, the functional
mode change is accepted if the correspondent
input is activated on a minimum time before the
clock front CP.
In figure 4.a is showing the RESET command
timing diagram.
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Figure 4.a. Timing analysis.

It can be observed that in the respective case, the

t, ,(D),t,(D) catalog variables must be

respected according with CBB D

implementation.

From figure 4.a we have (2) equation:
t..(SR)=t_,(D)+t,(SR~>D,) o

trem

(SR)=1,(D)~t,(SR=>D))

Obs.
The x,x variables are represented the minim

and maxim of x.
From (2) equation, can be estimated that 7, can

have negative values, usually set lLew =0.

The minimum duration of the SR signal is:

tdSR=t,,+,,,~t, (D) +1,(D)+1,(SR->D))~1,(SR->D))
B 3)

Usually 7,(SR—> D)) isn’t indicated in

databooks, so as to can be considered in the next
equations:



tp(S_R—>Dj)=%tp(S_R—>Dj) (4)

t,(SR)=1t, (D)+t,(D) +%tp (SR—>D,) (5)

The other parameters, ﬁ, INC are calculated

using the above algorithm. Finally, we can write:

t (CSM)= MAX[t. (SR),t, (PE),t, (INC)]

rec rec rec rec

t (CSM)= MAX[t, (SR),t. (PE),t. (INC)]

rem rem rem rem

In calculation of the tic, tem timing, was not
considered the hazard generated from the
combinational logic structure.

3. Static hazard considerations

In figure 4 is presented a possible
implementation for D;, according with equation
(D).
2 7
a a
PE

D

Figure 4. Logic gates implementation.
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We will consider the propagation times through
logic gates equals (t=ty n, t=tpnr), with?, >7_.
The t.. time parameters will be calculated using
the binary values ¢;,y,. It will be 4 values,

notated with tr(a), where a =(¢;y,)B.

t,,. = MAXTt,, ()]

ae{0,1,2,3! @)

If o, =y, =0, trec(0)=0, hence D; remains
constant on the change of INC'.

If ¢,=0,y,=1 , the change of

INC(H- > L) propagates through the 7,3,4,5,6
circuits, results (8) equation:
t. (1)=2t, +3t_ +1_ (D)

rec

®)

If ¢,=1Ly,=0 , the of

INC(H- > L) propagates through the 1,2,3,4,5,6
circuits, results (9) equation:

change

t.(2)=4t, +2t +1t_, (D) )

If ¢, =y, =1 the D; must be constant. Hence

D;+1=Dj,=1 on INC signal change, will result
that 7,,.(3)=0.

rec

Really, the situation could be presented in other
way, because the (4) structure has static hazard.

Indeed, for S_R:P_E:(pj:yjzl , the (1)

euqation get:

D, = INC +INC (10)

results a hazard generation form. From the t;>t.
condition, the signal diagram is showing in
figure 5.



INC

t

INC

a

&

as

I..

1L,(INE>D)
Figure 5. Timing analysis.

Follow the figure 5 result the INC timing
propagation signal, as (11) equation:

t,(INC-=>D,)=3(t, +1.) (11)
t..(3)=3@, +t )+t _,(D) (12)
From the above analysis, results that 7, in case

of existing the static hazard condition, is
different than zero (# 0). But generally we can’t
say that is maxim.

In this situation, if we had tried to synthesis the
logical structure without static hazard, the costs
of the implementation increases.

From the 1,,, = MAX[t,,,(0),1,, (D1,,. (2),1,.. (3)]
or trec ~“rec (2) = 4Z + 2Z + ts—u (D)

=t

Hence just in static hazard situation, the time
set-up for the command remains unfavourable
for (¢, =1,y;, =0), in our case.

Examples:
a) TTL circuits implementations:
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Ly =1, =22nsec

=1 =17nsec

~

p.
t, ,(D)=20nsec(CDB—474)

We can say that

to. =4x22+2x17+20=142nsec.

b) CMOS circuits implementations:

t,m =1, =250nsec

for the MMC-4011, V,, =5V

tPHL, =t =120nsec

For the MMC-4013 (CBB-D),
t._ (D)=40nsec

S=u

V,, =5V
t . =4x250 + 2x120 + 40 = 1,28 s sec.

4. Conclusions

a) This paper presents the calculation method
for the timing parameters, tre, trem fOr
asynchronous control inputs.

b) Combinational logical structure of the
multifunctional digital circuit may give static
hazard, but it’s necessary to estimate timing

parameters (trec, trem)-

Removal time for the control mode, tem, can
be considered null, usually it has negative
values.
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