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Introduction 
 
  Already are known methods for synthesis of FSM [1], 
complex digital automata with wired sequencers systems 
[2], [3], [4], using the multifunctional registers (MFR). In 
this paper, the authors propose an original method for 
designing and implementing a MFR register. 
Let’s consider a such digital register structure like in Fig. 
1: 
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Fig. 1.  MFR register 

 

- 

Input command signals: 

SR , asynchronous reset (High Priority Level) 

- PE , Parallel Enable 
-  SH, logical shift 
-  CE, count enable (low priority level) 
 

- 
Data: 

]0:1[ −pd , input data in parallel load mode 
- DR, DL, serial input data, right shift, left shift 

- 
Conditional input data signals: 

RL /  - fixed shifted direction ( 0/ =RL  – right shift, 
1/ =RL  – left shift) 

- DU /  – fixed binary count direction ( 0/ =DU – 
decrement, 1/ =DU – increment) 

- CK – clock input, active on positive edge signal 
 

The thruth table of MFR is illustrated in Table 1: 
 
Table 1. The MFR thruth table 
 

Mode SR  PE  SH  CE  RL /   DU /    CK  1]0:1[ +− npQ  

Hold      1     1        0       0          x        x          x npQ ]0:1[ −  
Reset 0     x       x       x        x        x        x 00…0 
Parall

–el 
Load 

1     0       x       x        x        x        ↑  npd ]0:1[ −  

Shift 
Right 1     1       1       x        0        x        ↑  121... QQDRQp−

 

Shift 
Left 1     1       1       x        1        x        ↑  DLQQQ pp 032 ...−−

 

Count 
Down 1     1       0       1        x        0        ↑  p

nQ 2mod]1[ −  

Count 
Up 1     1       0       1        x        1        ↑  p

nQ 2mod]1[ +  

  

Taking account the signals inputs priority levels, the 
equations of iD  are, (1), (2): 
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here iϕ – represents the function of the “i” bit from the 
binary down counter; iψ – represents the function of the 
“i” bit from the binary up counter: 
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The reader can consider the (1) relation  for 0D  and 

1−pD , for the shift operations with DL and DR data 
signals. 

A possible implementation is considered in Fig. 2. 
 

1 0

t

DU / s

1 0

t

CE s

iQ

1 0

t

RL / s

1−iQ 1+iQ

1 0

t

SH s

1 0
PE s

id

iD

iQ iψ 1−iQ

1−iψ
iϕ 1−iϕ

1−iQ

iQ

08

08
86 86

Qi

iQ

Di

CK

CBB D

SR

MUX1

I1 I0

 
Fig. 2. Implementation of CLS from Table 1 
 

The calculation of the minimum period (maximum 
frequency) of the clock (alternative 1 – according to the 
implementation of Fig.  2). Consider the multiplexer 
implemented with “buffers with three states” 
(SN74LS126A), [6], as in Fig.  3. 
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Fig. 3.  Implementation with MUX 2x1 
 

 

The equation of this multiplexer is 

.01 sisiOUTMUX +=    (3) 

We extract from the same component data book, [6], 
the following time parameters: 

nsMUXtMUXtMUXt ppHLpLH 15)()()( === ,     (4) 

the propagation times from DATA INPUT to OUTMUX 

][20)08()()( nsititt pipip =⋅== ψϕ , nst p 30)86( = .  (5) 

 

It is used D flip–flop circuits, of type SN74LS74A, 
with the following parameters: 

nsQtQtMAXt pHLpLHb 40)](),([ == , (6) 

here tb – the switching time. 

nsDt us 20)( =− ,   (7) 

here  ts–u – the set–up time. 
We denote by x , x  – the minimum value, 

respectively the maximum value of the (x) magnitude. In 
Fig.  4 is illustrated a time diagram for the implementation 
from Fig.  2 (it was proposed the most unfavorable mode, 
"COUNT"). 

From condition of ensuring a minimum (ts–u) is 
obtained 
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In the case of system implemented with 4 binary 
ranks (i = 4) and replacing in equation (5) values from 
equation (4) is obtained 
 

                  nsT 2301 = , )35,4( 1 MHzf ≅ .  (9) 
 

 
Fig. 4. The signal diagram for the most unfavorable case of the 
implementation from Fig. 3 
 

The calculation of the minimum period (maximum 
frequency) of the clock (alternative 2). The alternative 2 of 
the synthesis / implementation will correspond to another 
order of priorities, for example: SR (High 
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Level), CE , SH , PE (Low Level). The table in Table. 2 
represents the truth table for this case. 
 
Table 2. The truth table (alternative 2) 

Mode SR  CE  SH  PE   RL /  DU /     CK  1]0:1[ +− npQ  

Hold      1     0        0       1          x        x          x npQ ]0:1[ −  
Reset 0     x       x       x        x        x        x 00…0 
Cound 
Down 1     1       x       x        x        0        ↑  p

nQ 2mod]1[ −  

Count 
Up 1     1       x       x        x        1        ↑  p

nQ 2mod]1[ +  

Shift 
Right 1     0       1       x        0        x        ↑  121... QQDRQp−

 

Shift 
Left 1     0       1       x        1        x        ↑  DLQQQ pp 032 ...−−

 

Par. 
Load 1     0       0       0        x        x        ↑  npd ]0:1[ −  

 

The logical relation for the Di data input of the D type 
circuits, according to the new order of priorities from 
equation (7), is implemented as in Fig.  7. 
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Fig. 5. The implementation according with table from Table 2 
 

Using the same idea as in previous paragraph (2), it is 
obtained the minimal value of the clock (11) 
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Considering a 4 bit binary number (i=4), the 
implementation was done with the same circuit types, [6]. 
It is obtained with the same hardware cost, with only 
modification of priorities orders for command signals, the 
minimal clock period was reduced from 230nsec to 
200nsec or, the relative speed of the system was increased 
by 13 % 
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Conclusions 
 
 From the minimal delay propagation of MFR 
synchronised clock signal, we have the conclusion that it 
depends by the command choosed priorities.  
 From the previous example, the most advantageous 
situation (maximal frequency) is when the maximal 
priority  (after reset) is assigned to input command signal 
with minimal propagation time )( ii DQ => . 

From the (8) and (11) relations, can be observed that 
when the MFR, (i), range number is increased, the relative 
values for speed %T∆  decreases. As a conclusion,  on a 
greater number of binary positions, the commands 
priorities order is no semnificative. 
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