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Abstract. In this paper we present a new method for estimate of the timing recovery – trec, time removal – trem 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 – trec.
Usually, time removal – trem can be considered null, because from the calculations it has the negative value. 
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1. Introduction 

Like in [1], implementation of finite automata is 
quite easy to do if we use multifunctional 
sequential circuits, figure 1. 
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Figure 1. Finite automata. 

We will consider the next timing values: 

- trec – control mode setting up time (trecovery) 

- trem – control mode removal time 
     (tremoval)

These times has the same semnification such as: 
- ts-u(D) – time set-up data from clock’s 

command front; 
- th(D) – time hold data from the same clock 

front;
Logic circuits timing parameters discussion is 
showing in [2]. In [3] is showing the timing 

parameters for ts-u(D), th(D), T(clock period), 
f(frequency clock). 
In some databooks, trec, trem are associated with ts-u,
th, they must be mentioned separated. In  this paper 
we propose a procedure for estimate it. 
Lets consider the digital device showing in figure 
2.a, with functional table such as in figure 2.b. 
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Figure 2.a. Finite automata. 

Mode SR PE INC
CP

y[3:0]n+1 Descriptor

Hold 1      1
1      X y[3:0]n - 
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0      X
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1      0     
X d[3:0]n

Paralell 
load

Register
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(yn+1)mod16 
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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 Dj input signals: 

)]([ jjjj yINCINCPEdPESRD   (1) 

00 y ; 011 yy ; )( 0122 yyy ;
      )( 01233 yyyy
       Binary counter implemented with CBB D 
circuits. 

Mode inputs notated with INCPESR ,,  are 
asynchronous relatively with the CP clock, and 
they have the priority such as in figure 2.a. 

2. Calculation of the trec,trem 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 
)(),( DtDt hus  catalog variables must be 

respected according with CBB D 
implementation. 

From figure 4.a we have (2) equation: 

)()()(

)()()(

jphrem

jpusrec

DSRtDtSRt

DSRtDtSRt
 (2) 

Obs.
 The xx,  variables are represented the minim 
and maxim of x. 
From (2) equation, can be estimated that remt can

have negative values, usually set 0remt .

The minimum duration of the SR  signal is: 
)()()()()( jpjphusremrec DSRtDSRtDtDtttSRtd

(3)
Usually )( jp DSRt  isn’t indicated in 

databooks, so as to can be considered in the next 
equations: 
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)(
2
1)( jpjp DSRtDSRt  (4) 

)(
2
1)()()( jphusd DSRtDtDtSRt    (5) 

The other parameters, INCPE,  are calculated 
using the above algorithm. Finally, we can write: 

)](),(),([)(

)](),(),([)(

INCtPEtSRtMAXCSMt

INCtPEtSRtMAXCSMt

remremremrem

recrecrecrec

       (6) 
In calculation of the trec, trem 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 Dj, according with equation 
(1).
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Figure 4. Logic gates implementation. 

We will consider the propagation times through 
logic gates equals (t+=tpLH, t-=tpHL), with tt .
The trec time parameters will be calculated using 
the binary values jj y, . It will be 4 values, 
notated with trec(a), where Bya jj )( .

}3,2,1,0{

)]([

a

atMAXt recrec  (7) 

If 0jj y , 0)0(trec , hence Dj remains 

constant on the change of INC .

If 1,0 jj y , the change of 

)( LHINC propagates through the 7,3,4,5,6 
circuits, results (8) equation: 

)(32)1( Dtttt usrec  (8) 

If 0,1 jj y , the change of 

)( LHINC propagates through the 1,2,3,4,5,6 
circuits, results (9) equation: 

)(24)2( Dtttt usrec  (9) 

If 1jj y  the Dj must be constant. Hence 

Dj,n+1=Dj,n=1 on INC  signal change, will result 
that 0)3(rect .

Really, the situation could be presented in other 
way, because the (4) structure has static hazard. 
Indeed, for 1jj yPESR , the (1) 
euqation get: 

INCINCD j  (10) 
results a hazard generation form. From the t+>t-
condition, the signal diagram is showing in 
figure 5. 
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Figure 5. Timing analysis. 

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

)(3)( ttDINCt jp   (11) 

)()(3)3( Dtttt usrec   (12) 

From the above analysis, results that rect , 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 ])3(,)2(,)1(,)0([ recrecrecrecrec ttttMAXt

or )(24)2( Dttttt usrecrec

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

Examples: 
a) TTL circuits implementations: 

)474sec(20)(

sec17

sec22

CDBnDt
ntt

ntt

us
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We can say that
.sec14220172224sec nxxt

b)   CMOS circuits implementations: 

for the MMC-4011, 
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5
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VV
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VV

nDt
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5

sec40)(
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4. Conclusions 

a) This paper presents the calculation method 
for the timing parameters, trec, 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).

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