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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.
I:
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Fig. 1. MFR register

Input command signals:

- S_R , asynchronous reset (High Priority Level)
- PE , Parallel Enable

- SH, logical shift

- CE, count enable (low priority level)

Data:

- d[ p—1:0], input data in parallel load mode

- DR, DL, serial input data, right shift, left shift
Conditional input data signals:

- L/R - fixed shifted direction ( L/R=0 — right shift,
L/R =1 — left shift)

- U/D - fixed binary count direction (U/ D=0-

decrement, U/ D=1- increment)
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- 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 L/R U/D ck | @p=1:0Lu
Hold 1 1 0 0 X X X Olp-1:0],
Reset 0 x X X X X X 00...0
Parall
—el 1 0 X X X X T dlp-1:0],
Load
Shift
Right 11 ox o x 7T DROp1--0201
Shift
Left o1 ox o1 o x 7 Op-20p5-- QDL
Count
Down 110 1 x o T (9, ~1lmod 27
Count
Slljn P10 o1ox o1 71 [0, +1Jmod2?

Taking account the signals inputs priority levels, the
equations of D; are, (1), (2):

D; = SR(PE-d; + PE(SH(L/R-Q;1 + L/ R-Q;_y)+

SH(CE(U /D -(Q; ®,)+U/D-(Q; ®y;)) +
+CE-Q))),

when

1<i<p-2,

(1)

here ¢;— represents the function of the “i” bit from the

binary down counter; y; — represents the function of the

1332
1

bit from the binary up counter:

i1

@i =110,
k=0
i1

Vi= Hka
k=0

0 =¢i1- 01,

Wi=vi1 Qi1

Po=wo =1

2)




The reader can consider the (1) relation for D, and
D,_y, for the shift operations with DL and DR data

signals.
A possible implementation is considered in Fig. 2.
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4
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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.
1/6(SN74LS04) iy iy
\{>¢
SE {E_ 1/2(SN74LS126A)

Fig. 3. Implementation with MUX 2x1
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The equation of this multiplexer is
OUTMUX = iys +is. 3)

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

Lo (MUX) =1, (MUX) =1,(MUX) =15ns,,  (4)
the propagation times from DATA INPUT to OUTMUX

1 () =1, () =i-1,(08) =20i[ns] , 1,,(86)=30ns. (5)

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

ty = MAX[t 1 17 ().t oy (O)] = 40ns , (6)
here ¢, — the switching time.
ty_,(D)=20mns, (7

here ¢, , — 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 (t;,) is
obtained

ﬁ:ZS;M(D)‘*E“L;(%,%HE(%)+4;(MUX): )
=t (D) +1p + iZ(OS) + ;(86) + 4Z(MUX),

In the case of system implemented with 4 binary
ranks (i = 4) and replacing in equation (5) values from
equation (4) is obtained

T,=230ns, (f;=435MHz). )
T
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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



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 L/R U/D cx | 9AP=1:0lu
Hold 1 0 0 1 X X X Olp-1:0],
Reset 0 x X X X X X 00...0
Cound »
Down I 1 x x X 0 T [Qy —Tlmod2
Count

Si)n 1 1 X X X 1 T [Q, +1Jmod2”
Shift

Right 1o 1 x o x T DROp-1--020)
Shift

Left o o1 ox 1 ox 1T Cp-2Cp-s- LoDl
Par. .
Load 1o o 0o x x 7T d[p-1:01,

The logical relation for the D; data input of the D type
circuits, according to the new order of priorities from
equation (7), is implemented as in Fig. 7.

D; = SR(CEU/D-(Q, ® ¢,)+U I D,

(O; ® )+ CE(SH(LIR -0, +LIR-0;_)+  (10)
+SH(PE -d; + PE -Q)))).
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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)

Bo=to oDt hy o)+ 1,60
+21, (MUX) = 200nsec( f, = SMHz).

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 %

AT -100

1

AT%= =13%. (12)

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 (Q; => D;).

From the (8) and (11) relations, can be observed that
when the MFR, (i), range number is increased, the relative
values for speed AT% decreases. As a conclusion, on a
greater number of binary positions, the commands
priorities order is no semnificative.
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This paper presents the further on researches which were done in [1], that is synthesis of digital systems using MFR (Multifunctional
Register) with commands inputs signals synchronised with clock and scheduled priority setting signals. The authors proposed a new



method for setting the priority orders of the input command signals, thus the synchronization clock have the maximum frequency upper
limit settings. I11. 5, bibl. 5, tabl. 2 (in English; abstracts in English, Russian and Lithuanian).
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OmnuceIBatoTesl JaNbHeHIIas HUCCIEeNOBaHUS CHHTE3a IU(POBBIX CHCTEM Ha OCHOBE MHOTO(YHKIIMOHAIBHBIX PETHCTP C YUETOM
KOMAaHJ| BXOJHBIX CHUTHAJIOB, CHHXPOHU3UPOBAHHBIMM C YacaMd U HAMEUCHHBIMH CHTHAJaMU YyperylupOBaHHs IPUOPUTETA.
Ipemnoxxuny HOBBIN METOX ISl yperyJIMpOBaHUs IIePBOOYEPETHBIX 3aKa30B KOMaHIbl BXOAHBIX CUTHANOB. M. 5, 6u6m. 5, Tabm. 2 (Ha
AHTJIMICKOM si3bIKe; pe)epaThl Ha aHIIMHCKOM, PYCCKOM U JIMTOBCKOM $3.).

Al. Valachi, M. Timis, S. Tarcau, B. Aignatoaie. Parametry Kriterijy prioritety nustatymas daugiafunkciame registre //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 4(100). — P. 87-90.

Pateikti atlikto tyrimo duomenys [1]. Skaitmeninése sistemose naudojami daugiafunkciai registrai, kai jéjimo signalai
sinchronizuojami su taktiniy impulsy generatoriumi ir nustatyty prioritety signalais. Pasiiilytas naujas metodas jvesties signaly prioritety
tvarkai nustatyti, sinchronizuojant didesniu taktiniy impulsy dazniu uz nustatyta ribinji. Il. 5, bibl. 5, lent. 2 (angly kalba; santraukos
angly, rusy ir lietuviy k.).
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