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GENERALITIES


A net combinational is that that "combines" gates AND, OR, Negators and of the 3º State. A sequential one is this same one but with feedback. In the exits we will prefer to call to the states previous with small letter (q) to differentiate them of the present ones that it will be made with a capital (Q), and those of the entrance with a capital because being present, neither they changed during the transition (x = X).




FLIP-FLOP

Generalities


Being the Flip-Flop the basic units of all the sequential systems, four types exist: the RS, the JK, the T and the D. AND the last ones three are implemented then of the first —we can with anyone of the results to project the remaining ones.


All they can be of two types, that is: Flip-Flop activated by level (FF-AN) or Flip-Flop master-slave (FF-ME). The first one receives their name to only act with the "levels" of amplitudes 0-1, on the other hand the second it consists on two combined FF-AN in such a way that one "controls" to the other.

Activated Flip-Flop for Level

Flip-Flop RS


Their basic unit (with gates NAND or NOR) it is drawn next and, like it acts for "levels" of amplitudes (0-1), it receives name Flip-Flop RS activated by level (FF-RS-AN). When this detail is not specified it is of the type Flip-Flop RS master-slave (FF-RS-ME). Their equations and operation table are


Q  =  S + q R*


R S  =  0




Flip-Flop JK

Their basic unit it is drawn next and, like it acts for "levels" of amplitudes (0-1), it receives name Flip-Flop JK activated by level (FF-JK-AN). When this detail is not specified it is of the type Flip-Flop JK master-slave (FF-JK-ME). Their equations and operation table are


Q  =  J q* + K* q





Detail of its logical making is given starting from the FF-RS-AN.




and if we simplify using Veich-Karnaugh for example





R  =  K q


S  =  J q*

it is the circuit




Flip-Flop T

Their basic unit it is drawn next and, like it acts for "levels" of amplitudes (0-1), it receives name Flip-Flop T activated by level (FF-T-AN). When this detail is not specified it is of the type Flip-Flop T master-slave (FF-T-ME). Their equations and operation table are


Q  =  T   q





Starting from the FF-RS-AN this FF-T-AN can be designed following the steps shown previously, but it doesn't have coherence since when being activated by level it doesn't have utility.

Flip-Flop D

Their basic unit it is drawn next and, like it acts for "levels" of amplitudes (0-1), it receives name Flip-Flop D activated by level (FF-D-AN). When this detail is not specified it is of the type Flip-Flop D master-slave (FF-D-ME) commonly also denominated Latch. Their equations and operation table are


Q  =  D





Starting from the FF-RS-AN this FF-D-AN can be designed following the steps shown previously, but it doesn't have coherence since when being activated by level it doesn't have utility.

Flip-Flop Master-Slave


All the four FF-AN can be implemented following the orders from a FF-D-AN to their entrance as sample the drawing. The FF-D makes of latch. Each pulse in the clock will make that the sign enters to the system (as exit of the FF-D-AN) and leave at the end following the FF slave's table of truth. This way, if the slave is a FF-X-AN, the whole group behaves as a FF-X-ME —here X it can be a FF or a complex sequential system.




Accessories of the Flip-Flop

The Flip-Flop, usually and if another detail is not specified, they are always Master-Slave, and they usually bring other terminal like accessories. We name the following ones:


— Reset
puts to 0 to Q

— Set

puts at 1 to Q


— Clock



— Inhibition
inhibits (it doesn't allow to happen) the sign entrance

COUNTERS OF PULSES

Generalities


They are systems of FF in cascade and related with combinationals nets in such a way that count, with a binary code anyone predetermined (binary pure, BCD, Jhonson, etc., or another invented by oneself) the pulses that enter to the clock of the system. This way, if all the clocks are connected in parallel or not, the accountants are denominated, respectively


— synchronous  


— asynchronous

and we will study to the first ones.


The quantity «M» of pulses to count (including the corresponding rest) it is related with the number «n» of FF to use by means of the ecuation


2n-1 <  M    2n
Example of Design


We want to count the pulses of a code, for example the binary one natural until the number 5; that is to say that starting from the pulse 6 the count will be restarted (auto-reset). Indeed, we can choose the minimum quantity of FF to use (and that therefore they will be used)


M  =  6


2n-1 <  M    2n      n  =  3


We adopt the type of FF that we have, subsequently for example the RS.


Now we complete the design tables





We simplify the results, for example for Veich-Karnaugh


R0  =  q1*q2

S0  =  q1q2

R1  =  q1q2

S1  =  q0*q1*q2

R2  =  q2

S2  =  q2*

and we arm finally with her the circuit




DIVIDERS OF FREQCUENCY

Generalities


They can be made with asynchronous or synchronous counters.

Asynchronous


Subsequently we see an asynchronous divider of frequency manufactured with a FF-T (remembers you that a FF can be manufactured starting from any other FF) that possess the property of taking out a pulse for each two of entrance. For it the last division is


sal  =  ent 2n



Synchronous

Example of Design


Now then, let us suppose that we don't want to divide for a number 2n but for any other. For we use it the synchronous counter. When the quantity of pulses arrives to the quantity M, it will be designed the last FF in such a way that changes the state detecting this way with this the division. Following the project steps as newly it has been exposed when designing an counter anyone synchronous, we can achieve our objective.


Let us suppose that our fact is to divide for 3. We adopt, for example a FF-JK and then, with the previous approach, we design it in the following way


M  =  3

2n-1 <  M    2n      n  =  2




MULTIPLIERS OF FREQUENCY

Generalities


They can be made with a Phase Look Loop (LFF) and a divider for M that is in the feedback —M is  the accountant's pulses like it was seen precedently. Being hooked and maintained the LFF, the internal OCV will maintain the ent multiplied by M. This way then , the output frequency will be a multiple M of that of the entrance


sal  =  OCV  =  M ent



Example of Design


Let us suppose that one has an entrance frequency that varies between a maximum fentmax and a minimum fentmin, and it wants it to him to multiply M times


fentmax= ...


fentmin= ...


M = ...


The circuit following sample a possible implementation. To design the OCV it should be appealed to the multivibrators chapter with the data


fmax= ...   >   fentmax

fmin= ...   <   fentmin




The net R0C0 of the filter is suggested that it is experimental, although it can be considered its constant of time in such a way that filters the detected pulses


0  =  R0C0 = ...  >>  2 Tentmax  =  4 / fentmin

The maintenance range RM will be


RM [Hz]  =  M (fmax - fmin)  = ...  >  fentmaxfentmin
DIGITAL COMPARATORS


Two digital words (bytes) will be compared A and B of «m» bits each one of them according to the classification


A  =  Am ... A1 A0

B  =  Bm ... B1 B0
with «m» the bit of more weight


A  >  B 

   
A B*


A    B 

   
A + B*


A  =  B 

   
(A  B)*


A    B 

   
A* + B


A  <  B 

   
A* B




Indeed, to determine the case of equality it will be enough to compare each one of the bits respectively with gates OR-Exclusive


(A = B) 
 =  (Am  Bm)* ...  (A1  B1)* (A0  B0)*





To explain the detection of the difference in excess or deficit we will use an example. Be m = 2 and being A > B; then just by that the bit of more weight is it it will be enough


A2 > B2
or


A2 = B2
   y   A1 > B1

A2 = B2
   y   A1 = B1   y   A0 > B0
what will allow to arm the net following


(A > B)   =  (A2 > B2) + (A2 = B2) [ (A1 > B1) + (A1 = B1) (A0 > B0)  


    A2B2* + (A2  B2)* [ A1B1* + (A1  B1)* + A0B0* ]




and of the table


(A < B) 
 =  (A > B)* (A = B)*  =  [ (A > B) + (A = B) ]*

REGISTER OF DISPLACEMENTS


They are chains of FF-D in cascade fed synchronously, in such a way that for each pulse in clock the digital information goes moving of FF in FF without suffering alteration —to remember that the table of truth of the FF-D it allows it. Their output can be series or parallel.




MULTIPLEXER AND DI-MULTIPLEXER


It consists on a digital key and, for this, it can be to select (multiplexer) or reverse (di-multiplexer).


Their diagram like multiplexer offers in the drawing, where we have called with «q» to the number of channels and «p» to the number of selection entrances —combinations that will select them. It will be completed then that


2 p  =  q




Design of Combinationals Nets with Multiplexer


It is useful the design this way and not in discreet form because many gates and complications are saved in the circuit. But clearing will be that same they are inside the sophistication integrated by the maker the multiplexer.





Let us suppose like fact to have a function anyone F(A,B,C) (chosen at random) like sample the following table that we will design.





Firstly we choose a multiplexer of the biggest quantity in possible channels because this will diminish the additional gates. Let us suppose that we have obtained one of 2 selections (p = 2) that will be enough for this example. Subsequently we arm the table like it continues and then we simplify their result for Veich-Karnaugh.
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