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OBJECTIVES AND RELEVANCE

This course introduces the basic concepts logic gates which is the most useful for designing the IC Technology in
engineering discipline. The emphasis of this course is laid on the basic analysis of digital circuits.

SCOPE

The scope of this subject is to provide an insight into designing the DT1, TTL ECL circuits which are useful in digital
devices. This concept is more useful in further applications of minimizing the complexity of logic circuits.

PREREQUISITES
This subject recommends continuous practice of various simple arithmetic operations like addition, subtraction. It needs

requisite knowledge about assuming and designing the logic circuits. How to reduce the size and complexity of the
digital circuits.

SYLLABUS - JNTU

B.Tech. II Year I Sem.

Course Objectives:

To understand basic number systems, codes and logical gates.

To understand the concepts of Boolean algebra.

To understand the use of minimization logic to solve the Boolean logic
expressions.

To understand the design of combinational and sequential circuits.

To understand the state reduction methods for Sequential circuits.

To understand the basics of various types of memories.

Course Outcomes:

e Able to understand number systems and codes.

® Able to solve Boolean expressions using Minimization methods. Able to design the sequential and
combinational circuits.

e Able to apply state reduction methods to solve sequential circuits.

UNIT -1
Digital Systems, Binary Numbers, Number base conversions, Octal, Hexadecimal and other base numbers,

complements, signed binary numbers, Floating point number representation, binary codes, Error detection

and correction, binary storage and registers, binary logic, Boolean algebra and logic gates , Basic theorems
and properties of Boolean Algebra, Boolean functions, canonical and standard forms, Digital Logic Gates.
UNIT - 11

Gate—Level Minimization, The K-Map Method, Three-Variable Map, Four-Variable Map, Five-Variable

Map ,

sum of products , product of sums simplification, Don’t care conditions , NAND and NOR

implementation and other two level implementations, Exclusive-OR function.

UNIT - 11T
Combinational Circuits (CC), Analysis procedure, Design Procedure, Combinational circuit for different

code converters and other problems, Binary Adder-Subtractor, Decimal Adder, Binary Multiplier,

Magnitude Comparator, Decoders, Encoders, Multiplexers, De-multiplexers.
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UNIT -1V

Synchronous Sequential Circuits, Latches, Flip-flops, analysis of clocked sequential circuits, Registers,

Shift registers, Ripple counters, Synchronous counters, other counters. Asynchronous Sequential Circuits

-Introduction, Analysis procedure, Circuits with latches, Design procedure, Reduction of state and follow

tables, Race- free state assignment, Hazards.

UNIT -V

Memory: Introduction, Random-Access memory, Memory decoding, ROM, Programmable Logic Array,

Programmable Array Logic, Sequential programmable devices.

Register Transfer and Microoperations - Register Transfer Language, Register Transfer, Bus and Memory
Transfers,

Arithmetic Microoperations, Logic Microoperations, Shift Microoperations, Arithmetic Logic Shift Unit.

(4.2)

(4.3)

C))

SYLLABUS - GATE

UNIT I
Logic gates; Boolean algebra,

UNIT 11
Minimization of Boolean functions;

UNIT III
Combinatorial circuits: arithmetic circuits, code converters, multiplexers, decoders

UNIT IV
Sequential circuits: latches and flip-flops, counters and shift-registers.

UNIT V

SYLLABUS - IES
UNIT I
Transistor as a switching element, Boolean algebra, simplification of Boolean functions

UNIT II
K-map and applications

UNIT III
Combinational logic Circuits; Half adder, Full adder; Digital comparator, Multiplexer Demultiplexer

UNIT IV
Flip flops. R-S, J-K, D and T flip flops; Different types of counters and registers

UNIT V

SUGGESTED BOOKS



TEXT BOOKS:

1. Digital Design, M. Morris Mano, M.D.Ciletti, 5th edition, Pearson.(Units I, II, III, IV, Part of Unit V)

2. Computer System Architecture, M.Morris Mano, 3rd edition, Pearson.(Part of Unit V)
REFERENCE BOOKS:

1. Switching and Finite Automata Theory, Z. Kohavi, Tata McGraw Hill.

2. Fundamentals of Logic Design, C. H. Roth, L. L. Kinney, 7™h edition, Cengage Learning.

3. Fundamentals of Digital Logic & Micro Computer Design, STH Edition, M. Rafiquzzaman, John

Wiley.

(6) WEBSITES

. www.ieee.org

2. www.2dix.com

3. www.xillinx.com

4. www.cdac.com

5. www.vlsi.edu

6. www.vlsi.iitkgp.ernet.in

7. www.educypedia.be/electronic/digital.com

8. www.iitb.ac.in

9. www.iitm.ac.in

10. www.iitr.ac.in

11. www.iitg.ernet.in

12. www.bits-pilani.ac.in

13. www.metorgraphics.com

14. www.vlsi-reasearch.com

15. www.iisc.ernet.in

16. www.samsung.com

17. www.vedaiit.com

(7) EXPERT DETAILS

The Expert Details which have been mentioned below are only a few of the eminent ones known
Internationally, Nationally and Locally. There are a few others known as well.

INTERNATIONAL

1.

Prof. K Subbarangaiah is Director of VEDA IIT, Hyderabad

NATIONAL

1. DrK. LAL KISHORE, Ph.D., MIEEE, FIETE, MISTE, MISHM, JNTU, Hyderabad
2. Mr .Sundaram, AGM, CAD R&D, ECIL, Hyderabad..
3. Mr. Rajendra naik, Asst Prof, Dept of ECE, Osmania University, Hyderabad.
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http://www.metorgraphics/
http://www.vlsi/

REGIONAL
1. Dr. N.S.Murthy, Professor and Head Dept. of ECE, REC,Warangal - 506004 (India) email: nsm@recw.ernet.in

2.  S.G Vinayaka Prasad, Sr. App. Engineer, Silicon Micro Systems
3. DR. M. Madhavi Latha, INTU, Hyderabad

4. Dr. Sarat Chandra Babu, Centre Head C-DAC, Hyderabad email: Sarat_chandra@hotmail.com

(8) JOURNALS

INTERNATIONAL

1. IEEE transactions on DIGITAL DESIGNS

2. IEEE proceedings circuits, devices and systems

3. International journal of circuit designs and applications
4. IEEE transactions on IC design
5.

VSI vision
NATIONAL
1. DIGITAL DESGIN MAGAZINE

2. JOURNAL FOR DIGITAL SYSTEMS

3. IBM system magazine


mailto:Sarat_chandra@hotmail.com
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UNIT NO -1V
SEQUNTIAL CIRCUIT

Classification of sequential circuits: Sequential circuits may be classified as two types.

1. Synchronous sequential circuits
2. Asynchronous sequential circuits

Combinational logic refers to circuits whose output is strictly depended on the present value of
the inputs. As soon as inputs are changed, the information about the previous inputs is lost, that
is, combinational logics circuits have no memory. Although every digital system is likely to have
combinational circuits, most systems encountered in practice also include memory elements,
which require that the system be described in terms of sequential logic. Circuits whose output
depends not only on the present input value but also the past input value are known as sequential
logic circuits. The mathematical model of a sequential circuit is usually referred to as a
sequential machine.
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Comparison between combinational and sequential circuits

Combinational circuit Sequential circuit
1. In combinational circuits, the
output 1. in sequential circuits the output variables at
variables at any instant of time are any instant of time are dependent not only on
dependent only on the present input | the present input variables, but also on the
variables present state
2.memory unit is not requires in 2.memory unit is required to store the past
combinational circuit history of the input variables

3. sequential circuits are slower than

3. these circuits are faster because combinational
the delay between the i/p and o/p circuits

due to propagation delay of gates

only

4. easy to design 4. comparatively hard to design




Level mode and pulse mode asynchronous sequential circuits:

NEMES 22 Combinational Logic === outputs

—~e= Memory | ;-—--

Internal states

Figure 1: Asynchronous Sequential Circuit

Fig shows a block diagram of an asynchronous sequential circuit. It consists of a combinational
circuit and delay elements connected to form the feedbackloops. The present state and next state
variables in asynchronous sequential circuits called secondary variables and excitation variables
respectively..

There are two types of asynchronous circuits: fundamental mode circuits and pulse mode
circuits.

Synchronous and Asynchronous Operation:

Sequential circuits are divided into two main types: synchronous and asynchronous.
Their classification depends on the timing of their signals.Synchronous sequential circuits
change their states and output values at discrete instants of time, which are specified by the rising
and falling edge of a free-running clock signal. The clock signal is generally some form of
square wave as shown in Figure below.

{..Q.{QQH..PEH.QF’.....},é

Falling edge
{k .......... } .( .............
Clock width Rising edge

From the diagram you can see that the clock period is the time between successive
transitions in the same direction, that is, between two rising or two falling edges. State transitions
in synchronous sequential circuits are made to take place at times when the clock is making a
transition from O to 1 (rising edge) or from 1 to O (falling edge). Between successive clock pulses
there is no change in the information stored in memory.

The reciprocal of the clock period is referred to as the clock frequency. The clock
width is defined as the time during which the value of the clock signal is equal to 1. The ratio of
the clock width and clock period is referred to as the duty cycle. A clock signal is said to



be active high if the state changes occur at the clock's rising edge or during the clock width.
Otherwise, the clock is said to be active low. Synchronous sequential circuits are also known
as clocked sequential circuits.

The memory elements used in synchronous sequential circuits are usually flip-flops.
These circuits are binary cells capable of storing one bit of information. A flip-flop circuit has
two outputs, one for the normal value and one for the complement value of the bit stored in it.
Binary information can enter a flip-flop in a variety of ways, a fact which give rise to the
different types of flip-flops. For information on the different types of basic flip-flop circuits and
their logical properties, see the previous tutorial on flip-flops.
In asynchronous sequential circuits, the transition from one state to another is initiated by the
change in the primary inputs; there is no external synchronization. The memory commonly used
in asynchronous sequential circuits are time-delayed devices, usually implemented by feedback
among logic gates. Thus, asynchronous sequential circuits may be regarded as combinational
circuits with feedback. Because of the feedback among logic gates, asynchronous sequential
circuits may, at times, become unstable due to transient conditions. The instability problem
imposes many difficulties on the designer. Hence, they are not as commonly used as
synchronous systems.

Fundamental Mode Circuits assumes that:

1. The input variables change only when the circuit isstable
2. Only one input variable can change at a given time
3. Inputs are levels are not pulses

A pulse mode circuit assumes that:

1. The input variables are pulses instead of levels
2. The width of the pulses is long enough for the circuit to respond to theinput
3. The pulse width must not be so long that is still present after the new stateis reached.

Latches and flip-flops

Latches and flip-flops are the basic elements for storing information. One latch or flip-
flop can store one bit of information. The main difference between latches and flip-flops is that
for latches, their outputs are constantly affected by their inputs as long as the enable signal is
asserted. In other words, when they are enabled, their content changes immediately when their
inputs change. Flip-flops, on the other hand, have their content change only either at the rising or
falling edge of the enable signal. This enable signal is usually the controlling clock signal. After
the rising or falling edge of the clock, the flip-flop content remains constant even if the input
changes.

There are basically four main types of latches and flip-flops: SR, D, JK, and T. The major
differences in these flip-flop types are the number of inputs they have and how they change state.
For each type, there are also different variations that enhance their operations. In this chapter, we



will look at the operations of the various latches and flip-flops.the flip-flops has two outputs,
labeled Q and Q‘. the Q output is the normal output of the flip flop and Q° is the inverted output.

I _ a — normal output
al f—

= FF

o a' — Inwverted

T output

s

Figure: basic symbol of flipflop

A latch may be an active-high input latch or an active -LOW input latch.active ~-HIGH
means that the SET and RESET inputs are normally resting in the low state and one of them will
be pulsed high whenever we want to change latch outputs.

SR latch:

The latch has two outputs Q and Q‘. When the circuit is switched on the latch may enter
into any state. If Q=1, then Q‘=0, which is called SET state. If Q=0, then Q‘=1, which is called
RESET state. Whether the latch is in SET state or RESET state, it will continue to remain in the
same state, as long as the power is not switched off. But the latch is not an useful circuit, since
there is no way of entering the desired input. It is the fundamental building block in constructing
flip-flops, as explained in the following sections

NAND latch

NAND latch is the fundamental building block in constructing a flip-flop. It has the
property of holding on to any previous output, as long as it is not disturbed.

The opration of NAND latch is the reverse of the operation of NOR latch.if O°s are
replaced by 1‘s and 1°s are replaced by 0‘s we get the same truth table as that of the NOR latch

shown
S o N -
NOR latch
S -
= S R Q Q Function
0 0 Qt at Storage State
0 1 1 Reset
= Lo ] 1 o) 1 0 Set.
1 1 Q-7 0-7? Indeterminate
State




The analysis of the operation of the active-HIGHNOR latch can be summarized as follows.

1.

SET=0, RESET=0: this is normal resting state of the NOR latch and it has no effect on the
output state. Q and Q° will remain in whatever stste they were prior to the occurrence of this
input condition.

SET=1, RESET=0: this will always set Q=1, where it will remain even after SET returns to0
SET=0, RESET=1: this will always reset Q=0, where it will remain even after RESET
returns to 0

SET=1,RESET=1; this condition tries to SET and RESET the latch at the same time, and it
produces Q=Q*=0. If the inputs are returned to zero simultaneously, the resulting output stste
is erratic and unpredictable. This input condition should not beused.

The SET and RESET inputs are normally in the LOW state and one of them will be pulsed
HIGH. Whenever we want to change the latch outputs..

RS Flip-flop:

The basic flip-flop is a one bit memory cell that gives the fundamental idea of memory

device. It constructed using two NAND gates. The two NAND gates N1 andN2 are connected
such that, output of N1 is connected to input of N2 and output of N2 to input of N1. These
form the feedback path the inputs are S and R, and outputs are Q and Q‘. The logic diagram and
the block diagram of R-S flip-flop with clocked input

2

D
cP cP >
e — Kk

b) Block diagram

a) Logic diagram
Figure: RS Flip-flop

The flip-flop can be made to respond only during the occurrence of clock pulse by adding
two NAND gates to the input latch. So synchronization is achieved. i.e., flip-flops are
allowed to change their states only at particular instant of time. The clock pulses are
generated by a clock pulse generator. The flip-flops are affected only with the arrival of
clock pulse.

Operation:

1. When CP=0 the output of N3 and N4 are 1 regardless of the value of S and R. This is

given as input to N1 and N2. This makes the previous value of Q and Q‘unchanged.

2. When CP=1 the information at S and R inputs are allowed to reach the latch and

change of state in flip-flop takes place.

3. CP=1, S=1, R=0 gives the SET state i.e., Q=1,Q*=0.



4. CP=1, S=0, R=1 gives the RESET state i.e., Q=0,Q‘=1.
5. CP=1, S=0, R=0 does not affect the state of flip-flop.

6. CP=1, S=1, R=1 is not allowed, because it is not able to determine the next state. This
condition is said to be a -race conditionll.

In the logic symbol CP input is marked with a triangle. It indicates the circuit responds to
an input change from O to 1. The characteristic table gives the operation conditions of flip-flop.
Q(t) is the present state maintained in the flip-flop at time _t°. Q(t+1) is the state after the
occurrence of clock pulse.

Truth table

5 R Dy Comments
0 0 Q, No change
0 1 0 Reset / clear
1 0 1 Set

1 1 * Not allowed

Edge triggered RS flip-flop:

Some flip-flops have an RC circuit at the input next to the clock pulse. By the design of the
circuit the R-C time constant is much smaller than the width of the clock pulse. So the output
changes will occur only at specific level of clock pulse. The capacitor gets fully charged when
clock pulse goes from low to high. This change produces a narrow positive spike. Later at the
trailing edge it produces narrow negative spike. This operation is called edge triggering, as the
flip-flop responds only at the changing state of clock pulse. If output transition occurs at rising
edge of clock pulse (0711), itis called positively edge triggering. If it occurs at trailingedge 17

0) it is called negative edge triggering. Figure shows the logic and block diagram.

s a [———————

s R Q@
N1 Q
1y I ) 58
| ( b) Block diagram of positive edge triggered flip-flop
1

CP
1
N2 Q
R s Q ————

cP —>
—R o —

a) Logic diagram of edge triggered RS flip-flop
¢) Block diagram of negative edge triggered flip-flop

Figure: Edge triggered RS flip-flop
D flip-flop:

The D flip-flop is the modified form of R-S flip-flop. R-S flip-flop is converted to D flip-flop by
adding an inverter between S and R and only one input D is taken instead of S and R. So one
input is D and complement of D is given as another input. The logic diagram and the block
diagram of D flip-flop with clocked input



a) Logic diagram

b) Block diagram

When the clock is low both the NAND gates (N1 and N2) are disabled and Q retains its
last value. When clock is high both the gates are enabled and the input value at D is transferred to
its output Q. D flip-flop is also called -Data flip-flopl.

Truth table

CP D Q
] x Previous state
1 0 0
1 1 1
Edge Triggered D Flip-flop:
PRESET
B
Q
cp_| Q]—
4 P
r
CLEAR J’
— 1D Q
a) Logic diagram
cpP > a'
T Cir

b) Block diagram

Trwth table

PRESE L CLE~R | O =] [&]
O (5] = > = forbidden )
0 1 = = 1

1 O > > 0

1 0 0 = ~NC

1 1 1 > ~NC

1 1 1 = ~NC

1 1 T 0 0

1 1 T 1 1

Figure: truth table, block diagram, logic diagram of edge triggered flip-flop
JK flip-flop (edge triggered JK flip-flop)

The race condition in RS flip-flop, when R=S=1 is eliminated in J-K flip-flop. There is a
feedback from the output to the inputs. Figure 3.4 represents one way of building a JK flip-flop.
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Jo—DiD 1+ Q

cP
[
_—a
| cLK - @
— Q’
a) Logic diagram b) Block diagram
Truth table
J K (Jy-1, | Comments
0 0 Q No change
0 1 0 Feset / clear
1 0 1 Set
| l Q’ Complement.
togele.

Figure: JK flip-flop

The J and K are called control inputs, because they determine what the flip-flop does
when a positive clock edge arrives.

Operation:

1. When J=0, K=0 then both N3 and N4 will produce high output and the previous
value of Q and Q° retained as itis.

2. When J=0, K=1, N3 will get an output as 1 and output of N4 depends on the value
of Q. The final output is Q=0, Q‘=1 i.e., reset state

3. When J=1, K=0 the output of N4 is 1 and N3 depends on the value of Q°. The final
output is Q=1 and Q°=0 1i.e., set state

4. When J=1, K=1 it is possible to set (or) reset the flip-flop depending on the current
state of output. If Q=1, Q‘=0 then N4 passes ‘O‘to N2 which produces Q‘=1, Q=0 which is
reset state. When J=1, K=1, Q changes to the complement of the last state. The flip-flop is said to
be in the toggle state.

The characteristic equation of the JK flip-flop is:

Qne;z:f = J@-FFQ



JK flip-flop operation®®!

Characteristic table Excitation table

J K Quext Comment Q Quext |J | K|Comment

00 Q hold state |0 O 0 X No change

0/1 |0 reset 0|1 1 X |Set
10 |1 set 110 X |1 |Reset
1'1TQ toggle 11 X 0 |No change

T flip-flop:

If the T input is high, the T flip-flop changes state ("toggles") whenever the clock input is
strobed. If the T input is low, the flip-flop holds the previous value. This behavior is described by
the characteristic equation

Figure : symbol for T flip flop
Qnext =T EQ=TQ+TQ (expanding the XOR operator

When T is held high, the toggle flip-flop divides the clock frequency by two; that is, if
clock frequency is 4 MHz, the output frequency obtained from the flip-flop will be 2 MHz This
"divide by" feature has application in various types of digital counters. A T flip-flop can also be
built using a JK flip-flop (J & K pins are connected together and act as T) or D flip-flop (T input
and Previous 1s connected to the D input through an XOR gate).


http://en.wikipedia.org/wiki/Flip-flop_(electronics)#cite_note-manokime-28
http://en.wikipedia.org/wiki/State_transition_table
http://en.wikipedia.org/wiki/Excitation_table
http://en.wikipedia.org/wiki/XOR_gate

T flip-flop operation22!

Characteristic table Excitation table

T ) ()cet Comment () Oezi T Comment
00 |0 hold state (no clk)|0 |0 0 |No change
01 |1 hold state (noclk) |1 |1 0 |No change

1 0 1 toggle 0 1 1 |Complement
11 0 toggle 1 0 1 | Complement

Flip flop operating characteristics:

The operation characteristics specify the performance, operating requirements, and
operating limitations of the circuits. The operation characteristics mentions here apply to all flip-
flops regardless of the particular form of the circuit.

Propagation Delay Time: is the interval of time required after an input signal has been applied
for the resulting output change to occur.
Set-up Time: is the minimum interval required for the logic levels to be maintained constantly
on the inputs (J and K, or S and R, or D) prior to the triggering edge of the clock pulse in order
for the levels to be reliably clocked into the flip-flop.
Hold Time: is the minimum interval required for the logic levels to remain on the inputs after
the triggering edge of the clock pulse in order for the levels to be reliably clocked into the flip-
flop.
Maximum Clock Frequency: is the highest rate that a flip-flop can be reliably triggered.
Power Dissipation: is the total power consumption of the device. It is equal to product of supply
voltage (Vcc) and the current (Icc).
P:Vcc-Icc

The power dissipation of a flip flop is usually in mW.
Pulse Widths: are the minimum pulse widths specified by the manufacturer for the Clock, SET
and CLEAR inputs.
Clock transition times: for reliable triggering, the clock waveform transition times should be
kept very short. If the clock signal takes too long to make the transitions from one level to other,
the flip flop may either triggering erratically or not trigger at all.


http://en.wikipedia.org/wiki/Flip-flop_(electronics)#cite_note-manokime-28
http://en.wikipedia.org/wiki/State_transition_table
http://en.wikipedia.org/wiki/Excitation_table

Race around Condition

The inherent difficulty of an S-R flip-flop (i.e., S = R = 1) is eliminated by using the
feedback connections from the outputs to the inputs of gate 1 and gate 2 as shown in Figure.
Truth tables in figure were formed with the assumption that the inputs do not change during the
clock pulse (CLK = 1). But the consideration is not true because of the feedback connections

Trailling or negative edge
—

—u |
Leading or positive edge -
\ ¢ Tg "

! T

.
s Il |

e Consider, for example, that the inputs are J = K =1 and Q = 1, and a pulse as shown in
Figure is applied at the clock input.

e After a time interval t equal to the propagation delay through two NAND gates in series,
the outputs will change to Q =0. So now we have J =K =1 and Q =0.

e After another time interval of t the output will change back to Q = 1. Hence, we
conclude that for the time duration of tP of the clock pulse, the output will oscillate
between 0 and 1. Hence, at the end of the clock pulse, the value of the output is not
certain. This situation is referred to as a race-around condition.

e Generally, the propagation delay of TTL gates is of the order of nanoseconds. So
if the clock pulse is of the order of microseconds, then the output will change thousands
of times within the clock pulse.

e This race-around condition can be avoided if tp< t < T. Due to the small propagation
delay of the ICs it may be difficult to satisfy the above condition.

e A more practical way to avoid the problem is to use the master-slave (M-S) configuration
as discussed below.

Applications of flip-flops:

Frequency Division: When a pulse waveform is applied to the clock input of a J-K flip-
flop that is connected to toggle, the Q output is a square wave with half the frequency of the
clock input. If more flip-flops are connected together as shown in the figure below, further
division of the clock frequency can be achieved

Parallel data storage: a group of flip-flops is called register. To store data of N bits, N
flip-flops are required. Since the data is available in parallel form. When a clock pulse is applied
to all flip-flops simultaneously, these bits will transfer will be transferred to the Q outputs of the
flip flops.

Serial data storage: to store data of N bits available in serial form, N number of D-flip-
flops is connected in cascade. The clock signal is connected to all the flip-flops. The serial data is
applied to the D input terminal of the first flip-flop.



Transfer of data: data stored in flip-flops may be transferred out in a serial fashion, i.e.,
bit-by-bit from the output of one flip-flops or may be transferred out in parallel form.

Excitation Tables:

| Previous State -> Present State “

0-=0 0

0->1 1

1-=0 0

1->1 1

[ Previoustate -» Present State | J | K |

0->0 0 X
0->1 1 X
1->0 X 1
1->1 X 0

Previous State -> Present State —“

0--0 0
0->1 1
1->0 0
T->1 X

Previous State -> Present State

X
0
1
0

0->0 0
0->1 1
130 1
1-> 1 0

Conversions of flip-flops:

Twpe A FF

= .
0 - Clonver sion
H (given)

—_t = Logic

LLLY)

Twpe B FF (desired)



The key here is to use the excitation table, which shows the necessary triggering signal
(S,R,J.K, D and T) for a desired flip-flop state transition :

Qe Qe+ |S R|J K|(D|T
0 0 0 x|0 x |00
0 1 I O |1 1
1 0 0 41 40|11
1 1 x 01z D1110
Convert a D-FF to a T-FF:
Q
T Y D-FF

— | S > — .
|;0ck °

We need to design the circuit to generate the triggering signal D as a function of T and Q:
. Consider the excitation table:

D = {(T,Q).
@t Q| T|D
0 0 (00
0 Q0
1 0 |1]0
1 1 [0]1

Treating as a function of and current FF state , we have

FD_ D-FF .

D Q
D=TQ+TQ' =T Q ClDCk|_

Convert a RS-FF to a D-FF:

We need to design the circuit to generate the triggering signals S and R as functions of
and consider the excitation table:



5 L S Q Q Qu|D[S R
-1 9 S 0 0 [0]0 «x
— R , B 1. ['T|%L 8
Q 1 o0 (o]0 1

clock 1 1 L Ix 0

The desired signal and can be obtained as functions of and current FF state from
the Karnaugh maps:

0|l 0 0] X1 1
1|1 X 1 0
S=D R=Dr

clock

Convert a RS-FF to a JK-FF:

We need to design the circuit to generate the triggering signals S and R as functions of, J,
K.
Consider the excitation table: The desired signal and as functions of, and current FF state

can be obtained from the Karnaugh maps:

Qx Q+1|J K|S R
1Y S Q 0 0 [0 x|0 x
- ? > 0 1 1 x|1 O
K — R Q' 1 0 x 1|0 1
1 1 x 0|x O

clock




K-maps:

QJ QJ

00 01 11 10 00 01 11 10

K K
ol ol 1 |[x |x ol x| olo]| o
1| 0] 1 1| X o] 1] 1
§=0’J R=0QK
J—) S 0
D>
c—{r -
S=QJ R=0QK [
clock

The Master-Slave JK Flip-flop:

The Master-Slave Flip-Flop is basically two gated SR flip-flops connected together in a
series configuration with the slave having an inverted clock pulse. The outputs from Q
and Q from the "Slave" flip-flop are fed back to the inputs of the "Master" with the outputs of the
"Master" flip-flop being connected to the two inputs of the "Slave" flip-flop. This feedback
configuration from the slave's output to the master's input gives the characteristic toggle of the
JK flip-flop as shown below.

The input signals J and K are connected to the gated "master" SR flip-flop which "locks"
the input condition while the clock (Clk) input is "HIGH" at logic level "1". As the clock input of
the "slave" flip-flop is the inverse (complement) of the "master" clock input, the "slave" SR flip-
flop does not toggle. The outputs from the "master" flip-flop are only "seen" by the gated "slave"
flip-flop when the clock input goes "LOW" to logic level "0". When the clock is "LOW", the
outputs from the "master" flip-flop are latched and any additional changes to its inputs are
ignored. The gated "slave" flip-flop now responds to the state of its inputs passed over by the
"master" section. Then on the "Low-to-High" transition of the clock pulse the inputs of the
"master" flip-flop are fed through to the gated inputs of the "slave" flip-flop and on the "High-to-
Low" transition the same inputs are reflected on the output of the "slave" making this type of
flip-flop edge or pulse-triggered. Then, the circuit accepts input data when the clock signal is
"HIGH", and passes the data to the output on the falling-edge of the clock signal. In other words,
the Master-Slave JK Flip-flop is a "Synchronous" device as it only passes data with the timing of
the clock signal.



UNIT 4
Sequential circuit design and analysis
Sequential Circuit Design

e Steps in the design process for sequential circuits
e State Diagrams and State Tables
e Examples

e Steps in Design of a Sequential Circuit
1. Specification — A description of the sequential circuit. Should include a detailing of the
inputs, the outputs, and the operation. Possibly assumes that you have knowledge of digital
system basics.
2. Formulation: Generate a state diagram and/or a state table from the statement of the problem.
3. State Assignment: From a state table assign binary codes to the states.
4. Flip-flop Input Equation Generation: Select the type of flip-flop for the circuit and generate
the needed input for the required state transitions
5. Output Equation Generation: Derive output logic equations for generation of the output from
the inputs and current state.
6. Optimization: Optimize the input and output equations. Today, CAD systems are typically
used for this in real systems.
7. Technology Mapping: Generate a logic diagram of the circuit using ANDs, ORs, Inverters,
and F/Fs.
8. Verification: Use a HDL to verify thedesign.
Mealy and Moore
e Sequential machines are typically classified as either a Mealy machine or a Moore
machine implementation.
e Moore machine: The outputs of the circuit depend only upon the current state ofthe
circuit.
e Mealy machine: The outputs of the circuit depend upon both the current state ofthe
circuit and the inputs.

An example to go through the steps
The specification: The circuit will have one input, X, and one output, Z. The output Z will be 0
except when the input sequence 1101 are the last 4 inputs received on X. In that case it will be a
1
Generation of a state diagram

e Create states and meaning for them.
State A — the last input was a 0 and previous inputs unknown. Can also be the reset state.
State B — the last input was a 1 and the previous input was a 0. The start of a new sequence
possibly.

e Capture this in a state diagram



0/0

1/0

71 Capture this in a state diagram

[

Circles represent the states

Lines and arcs represent the transition between states.

T The notation Input/output on the line or arc specifies the input that causes this transition
and the output for this change of state.

e Add a state C — Have detected the input sequence 11 which is the start of the sequence

[

0/0

[0 Add astate D

State D — have detected the 3" input in the start of a sequence, a 0, now having

110. From State D, if the next input is a 1 the sequence has been detected and a 1
is output.

0/0

[l The previous diagram was incomplete.

| In each state the next input could be a 0 or a 1. This must be included




e The state table

e This can be done directly from the state diagram

e Now need to do a state assignment

Select a state assignment

Prresent State

Will select a gray encoding
For this state A will be encoded 00, state B 01, state C 11 and state D 10

Next State

X=0

X=1

Next State Output
Prresent State | X =0 | X=1 X=0 | X=1
A A B 0 0
B A C 0 0
C D C 0 0
D A B 0 1

Output
X=0 X

00
0]
[
10

Flip-flop input equations

00
00
10
00

01
[
11
01

e Generate the equations for the flip-flop inputs
e Generate the Do equation

(‘)l an

X 00 0]

11 10

0

A

1 Q)

g

e Generate the D; equation

I)ll Qu ()l ¥

= O o o
—_—0 = O

X Q



Ql)()I
X 00 01 11 10

D =X

i e

The output equation
e The next step is to generate the equation for the output Z and what is needed to generate
it.
e C(Create a K-map from the truth table.

QQ
X N00_ 01 1110

Z=XQQ

[ 1
Now map to a circuit
e The circuit has 2 D type F/Fs

D SET Q

> 0
CLR U

X
L 4

Clk




Shift registers:

In digital circuits, a shift register is a cascade of flip-flops sharing the same clock, in
which the output of each flip-flop is connected to the "data" input of the next flip-flop in the
chain, resulting in a circuit that shifts by one position the "bit array" stored in it, shifting in the
data present at its input and shifting out the last bit in the array, at each transition of the clock
input. More generally, a shift register may be multidimensional, such that its "data in" and stage
outputs are themselves bit arrays: this is implemented simply by running several shift registers of
the same bit-length in parallel.

Shift registers can have both parallel and serial inputs and outputs. These are often configured

as serial-in, parallel-out (SIPO) or as parallel-in, serial-out (PISO). There are also types that

have both serial and parallel input and types with serial and parallel output. There are also bi-

directional shift registers which allow shifting in both directions: L—R or R—L. The serial

input and last output of a shift register can also be connected to create a circular shift register
Shift registers are a type of logic circuits closely related to counters. They are basically for the

storage and transfer of digital data.

Buffer register:

The buffer register is the simple set of registers. It is simply stores the binary word. The buffer

may be controlled buffer. Most of the buffer registers used D Flip-flops.

X1 X2 X3 X4

rL:, )

Clock

Figure: logic diagram of 4-bit buffer register
The figure shows a 4-bit buffer register. The binary word to be stored is applied to the data
terminals. On the application of clock pulse, the output word becomes the same as the word
applied at the terminals. i.e., the input word is loaded into the register by the application of clock
pulse.
When the positive clock edge arrives, the stored word becomes:
Q4Q3Q2Q1=X4X3X2X
Q=X
Controlled buffer register:
If goes LOW, all the FFs are RESET and the output becomes, Q=0000.
When is HIGH, the register is ready for action. LOAD is the control input. When
LOAD is HIGH, the data bits X can reach the D inputs of FF*s.
Q4Q3Q2Q1=X4X3XoX]
Q=X
When load is low, the X bits cannot reach the FF*s.



Data transmission in shift registers:

datain _, |, dataout

clock

stage A stage B stage C stage D

Serial-in, serial-out shift register with 4-stages
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Parallel-in, parallel-out shitt register with 4-stages
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Serial-in, parallel-out shift register with 4-stages

D, Ds Dc Dp
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datain __, .~ data out

clock __,|

stage A stage B stage C stage D

Parallel-in, serial-out shift register with 4-stages

A number of ff‘s connected together such that data may be shifted into and shifted out of them is
called shift register. data may be shifted into or out of the register in serial form or in parallel
form. There are four basic types of shift registers.

1. Serial in, serial out, shift right, shift registers

2. Serial in, serial out, shift left, shift registers

3. Parallel in, serial out shift registers

4. Parallel in, parallel out shift registers



Serial IN, serial OUT, shift right, shift left register:

The logic diagram of 4-bit serial in serial out, right shift register with four stages. The register
can store four bits of data. Serial data is applied at the input D of the first FF. the Q output of the
first FF is connected to the D input of another FF. the data is outputted from the Q terminal of
the last FF.

0 [0 0
Serial
DE”E'_ p ol allp ol’p allso
dain | FEa FFB FFC FFD Serial
Data out
CLK CLK CLK CLK
Clock [

When serial data is transferred into a register, each new bit is clocked into the first FF at the
positive going edge of each clock pulse. The bit that was previously stored by the first FF is
transferred to the second FF. the bit that was stored by the Second FF is transferred to the third
FF.

Serial-in, parallel-out, shift register:

A A A
Serial
Datain = - : ~ : ; )
ey O Qb D Qb O J el B

FFB EFE( EFD Data out

Clear l
Clock | _I'L_ ‘

In this type of register, the data bits are entered into the register serially, but the data stored in
the register is shifted out in parallel form.

Once the data bits are stored, each bit appears on its respective output line and all bits are
available simultaneously, rather than on a bit-by-bit basis with the serial output. The serial-in,
parallel out, shift register can be used as serial-in, serial out, shift register if the output is taken
from the Q terminal of the last FF.



Parallel-in, serial-out, shift register:
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For a parallel-in, serial out, shift register, the data bits are entered simultaneously into their
respective stages on parallel lines, rather than on a bit-by-bit basis on one line as with serial data
bits are transferred out of the register serially. On a bit-by-bit basis over a single line.

There are four data lines A,B,C,D through which the data is entered into the register in
parallel form. The signal shift/ load allows the data to be entered in parallel form into the register
and the data is shifted out serially from terminalQ4

Parallel-in, parallel-out, shift register
Parallel oulpuls

QA OB Q 3
] ._T | j
D Q D Q D Q ._J D Q
FFA FFB FFC FFD
CLK CLK CLK CLK
Clock
= PC PD

-
> ’
‘ ) 5

Parallel inputs

In a parallel-in, parallel-out shift register, the data is entered into the register in parallel form,
and also the data is taken out of the register in parallel form. Data is applied to the D input
terminals of the FF‘s. When a clock pulse is applied, at the positive going edge of the pulse, the
D inputs are shifted into the Q outputs of the FFs. The register now stores the data. The stored
data is available instantaneously for shifting out in parallel form.



Bidirectional shift register:

A bidirectional shift register is one which the data bits can be shifted from left to right
or from right to left. A fig shows the logic diagram of a 4-bit serial-in, serial out, bidirectional
shift register. Right/left is the mode signal, when right /left is a 1, the logic circuit works as a
shift-register.the bidirectional operation is achieved by using the mode signal and two NAND
gates and one OR gate for each stage.

A HIGH on the right/left control input enables the AND gates G1, G2, G3 and G4 and
disables the AND gates G5,G6,G7 and GS8, and the state of Q output of each FF is passed
through the gate to the D input of the following FF. when a clock pulse occurs, the data bits are
then effectively shifted one place to the right. A LOW on the right/left control inputs enables the
AND gates G5, G6, G7 and G8 and disables the And gates G1, G2, G3 and G4 and the Q output
of each FF is passed to the D input of the preceding FF. when a clock pulse occurs, the data bits
are then effectively shifted one place to the left. Hence, the circuit works as a bidirectional shift
register

LEFT F RIGHT

o

g o g o g ]
MSH Dutput data
—s —= — —=
g il il B
CLEAR T T T o
CLK
Input data

Figure: logic diagram of a 4-bit bidirectional shift register
Universal shift register:

A register is capable of shifting in one direction only is a unidirectional shift register. One that
can shift both directions is a bidirectional shift register. If the register has both shifts and parallel
load capabilities, it is referred to as a universal shift registers. Universal shift register is a
bidirectional register, whose input can be either in serial form or in parallel form and whose
output also can be in serial form or I parallel form.

The most general shift register has the following capabilities.

1. A clear control to clear the register to O
A clock input to synchronize the operations

3. A shift-right control to enable the shift-right operation and serial input and output lines
associated with the shift-right



4. A shift-left control to enable the shift-left operation and serial input and output lines
associated with the shift-left

5. A parallel loads control to enable a parallel transfer and the n input lines associated with
the parallel transfer

6. N parallel output lines

7. A control state that leaves the information in the register unchanged in the presence of
the clock.

A universal shift register can be realized using multiplexers. The below fig shows the logic
diagram of a 4-bit universal shift register that has all capabilities. It consists of 4 D flip-flops and
four multiplexers. The four multiplexers have two common selection inputs s1 and s0O. Input O in
each multiplexer is selected when S1S0=00, input 1 is selected when S1S0=01 and input 2 is
selected when S1S0=10 and input 4 is selected when S1S0=11. The selection inputs control the
mode of operation of the register according to the functions entries. When S1S0=0, the present
value of the register is applied to the D inputs of flip-flops. The condition forms a path from the
output of each flip-flop into the input of the same flip-flop. The next clock edge transfers into
each flip-flop the binary value it held previously, and no change of state occurs. When S1S0=01,
terminal 1 of the multiplexer inputs have a path to the D inputs of the flip-flop. This causes a
shift-right operation, with serial input transferred into flip-flopA4. When S1S0=10, a shift left
operation results with the other serial input going into flip-flop Al. Finally when S1S0=11, the
binary information on the parallel input lines is transferred into the register simultaneously
during the next clock cycle
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4-bit universal shift register

Figure: logic diagram 4-bit universal shift register



Function table for theregister

mode control

S0 | S1 | register operation

0 |0 | Nochange
0 |1 | Shift Right

1 |0 | Shiftleft

1 |1 | Parallel load

Counters:

Counter is a device which stores (and sometimes displays) the number of times
particular event or process has occurred, often in relationship to a clock signal. A Digital counter
is a set of flip flops whose state change in response to pulses applied at the input to the counter.
Counters may be asynchronous counters or synchronous counters. Asynchronous counters are
also called ripple counters

In electronics counters can be implemented quite easily using register-type circuits such as
the flip-flops and a wide variety of classifications exist:

e Asynchronous (ripple) counter — changing state bits are used as clocks to subsequent state
flip-flops

e Synchronous counter — all state bits change under control of a singleclock

e Decade counter — counts through ten states per stage

e Up/down counter — counts both up and down, under command of a controlinput

e Ring counter — formed by a shift register with feedback connection in aring

o Johnson counter — a twisfed ring counter

Cascaded counter

Modulus counter.

Each is useful for different applications. Usually, counter circuits are digital in nature, and count
in natural binary Many types of counter circuits are available as digital building blocks, for
example a number of chips in the 4000 series implement different counters.

Occasionally there are advantages to using a counting sequence other than the natural binary
sequence such as the binary coded decimal counter, a linear feed-back shift register counter, or
a gray-code counter.

Counters are useful for digital clocks and timers, and in oven timers, VCR clocks, etc.



Asynchronous counters:

An asynchronous (ripple) counter is a single JK-type flip-flop, with its J (data) input fed
from its own inverted output. This circuit can store one bit, and hence can count from zero to one
before it overflows (starts over from 0). This counter will increment once for every clock cycle
and takes two clock cycles to overflow, so every cycle it will alternate between a transition from
0 to 1 and a transition from 1 to 0. Notice that this creates a new clock with a 50% duty cycle at
exactly half the frequency of the input clock. If this output is then used as the clock signal for a
similarly arranged D flip-flop (remembering to invert the output to the input), one will get
another 1 bit counter that counts half as fast. Putting them together yields a two-bit counter:

Two-bit ripple up-counter using negative edge triggered flip flop:

Two bit ripple counter used two flip-flops. There are four possible states from 2 — bit up-
counting L.e. 00, 01, 10 and 11.

The counter is initially assumed to be at a state 00 where the outputs of the tow flip-flops
are noted as Q1Qo. Where Q; forms the MSB and Qo forms the LSB.

For the negative edge of the first clock pulse, output of the first flip-flop FFi toggles its
state. Thus Q; remains at 0 and Qo toggles to 1 and the counter state are now read asO1.

During the next negative edge of the input clock pulse FF; toggles and Qo = 0. The output
QO being a clock signal for the second flip-flop FF> and the present transition acts as a negative
edge for FF. thus toggles its state Q= 1. The counter state is now read as 10.

For the next negative edge of the input clock to FFi output QO toggles to 1. But this
transition from O to 1 being a positive edge for FF> output Qi remains at 1. The counter state is
now read as 11.

For the next negative edge of the input clock, Qo toggles to 0. This transition from 1 to 0
acts as a negative edge clock for FF> and its output Qi toggles to 0. Thus the starting state 00 1s
attained. Figure shown below

Qy
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Two-bit ripple down-counter using negative edge triggered flip flop:

HIGH

CLOCK CLK J CLK

Q ° —

0 1 2 3 4 5 6 7 0

A 2-bit down-counter counts in the order 0,3,2,1,0,1....... Jd.e, 00,11,10,01,00,11 .....,etc. the
above fig. shows ripple down counter, using negative edge triggered J-K FFs and its timing
diagram.
e For down counting, Q1° of FF1 is connected to the clock of Ff2. Let initially all the FF1
toggles, so, Q1 goes froma0toa 1 and Q1° goes froma 1 to a0.



The negative-going signal at Q1° is applied to the clock input of FF2, toggles Ff2 and,
therefore, Q2 goes from a 0 to a 1.so, after one clock pulse Q2=1 and Q1=1, Le., the state
of the counter is 11.

At the negative-going edge of the second clock pulse, Q1 changes from a 1 to a O and
Ql‘froma0toal.

This positive-going signal at Q1° does not affect FF2 and, therefore, Q2 remains at a 1.
Hence , the state of the counter after second clock pulse is 10

At the negative going edge of the third clock pulse, FF1 toggles. So Q1, goes from a 0 to
a 1 and QI° from 1 to 0. This negative going signal at Q1° toggles FF2 and, so, Q2
changes from 1 to 0, hence, the state of the counter after the third clock pulse isO1.

At the negative going edge of the fourth clock pulse, FF1 toggles. So Q1, goes from a 1
toa0and Q1° from O to 1. . This positive going signal at Q1° does not affect FF2 and, so,
Q2 remains at 0, hence, the state of the counter after the fourth clock pulse is 00.

Two-bit ripple up-down counter using negative edge triggered flip flop:

Up/Down . ?
. Qu | > ] Q

\A:\_ Ql [ B e =

Figure: asynchronous 2-bit ripple up-down counter using negative edge triggered flip flop:

As the name indicates an up-down counter is a counter which can count both in upward
and downward directions. An up-down counter is also called a forward/backward counter
or a bidirectional counter. So, a control signal or a mode signal M is required to choose
the direction of count. When M=1 for up counting, Q1 is transmitted to clock of FF2 and
when M=0 for down counting, Q1° is transmitted to clock of FF2. This is achieved by
using two AND gates and one OR gates. The external clock signal is applied toFF1.

Clock signal to FF2= (Q1.Up)+(Q1°. Down)=Q1m+Q1‘M*

Design of Asynchronous counters:

To design a asynchronous counter, first we write the sequence , then tabulate the values of

reset signal R for various states of the counter and obtain the minimal expression for R and R*
using K-Map or any other method. Provide a feedback such that R and R* resets all the FF*s after
the desired count



Design of a Mod-6 asynchronous counter using T FFs:

A mod-6 counter has six stable states 000, 001, 010, 011, 100, and 101. When the sixth
clock pulse is applied, the counter temporarily goes to 110 state, but immediately resets to 000
because of the feedback provided. it is -divide by-6-counterll, in the sense that it divides the
input clock frequency by 6.it requires three FFs, because the smallest value of n satisfying the
conditionN<2"is n=3; three FFs can have 8 possible states, out of which only six are utilized and
the remaining two states 110and 111, are invalid. If initially the counter is in 000 state, then after
the sixth clock pulse, it goes to 001, after the second clock pulse, it goes to 010, and so on.
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After sixth clock pulse it goes to 000. For the design, write the truth table with present state
outputs Q3, Q2 and Q1 as the variables, and reset R as the output and obtain an expression for R
in terms of Q3, Q2, and Qlthat decides the feedback into be provided. From the truth table,
R=Q3Q2. For active-low Reset, R* is used. The reset pulse is of very short duration, of the order
of nanoseconds and it is equal to the propagation delay time of the NAND gate used. The
expression for R can also be determined as follows.

R=0 for 000 to 101, R=1 for 110, and R=X=for111
Therefore,

R=0Q3Q2Q1°‘+Q3Q2Q1=Q3Q2
The logic diagram and timing diagram of Mod-6 counter is shown in the above fig.

The truth table is as shown in below.



After States
pulses Q3 Q2 Q1 R
0 0 0 0 0
1 0 0 1 0
2 0 1 0 0
3 0 1 1 0
4 1 0 0 0
5 1 0 1 0
6 1 1 J' OJ' 1
0 ¢ 0 0 0
7 0 0 0 0

Design of a mod-10 asynchronous counter using T-flip-flops:

A mod-10 counter is a decade counter. It also called a BCD counter or a divide-by-10
counter. It requires four flip-flops (condition 10 <2"is n=4). So, there are 16 possible states, out
of which ten are valid and remaining six are invalid. The counter has ten stable state, 0000
through 1001, i.e., it counts from O to 9. The initial state is 0000 and after nine clock pulses it
goes to 1001. When the tenth clock pulse is applied, the counter goes to state 1010 temporarily,
but because of the feedback provided, it resets to initial state 0000. So, there will be a glitch in
the waveform of Q2. The state 1010 is a temporary state for which the reset signal R=1, R=0 for
0000 to 1001, and R=C for 1011 to 1111.
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The count table and the K-Map for reset are shown in fig. from the K-Map R=Q4Q2. So,
feedback is provided from second and fourth FFs. For active —-HIGH reset, Q4Q?2 is applied to
the clear terminal. For active-LOW reset 4 2 is connected 1sof all Flip=flops.



After _Count
pulses Q4 Q3 Q2 Q1
Q201 0 0 0 0 0
Qa03 N\ 00011110 1 0 0 0 1
o 2 0 0 1 0
[ : 00 1
LR 5 0o 0 0 1
6 0 1 1 0
7 0o 1 1 1
8 1 0 0 0
9 0 1 0 1
10 0 0 0 0

Synchronous counters:

Asynchronous counters are serial counters. They are slow because each FF can change state
only if all the preceding FFs have changed their state. if the clock frequency is very high, the
asynchronous counter may skip some of the states. This problem is overcome in synchronous
counters or parallel counters. Synchronous counters are counters in which all the flip flops are
triggered simultaneously by the clock pulses Synchronous counters have a common clock pulse
applied simultaneously to all flip-flops.[] A 2-Bit Synchronous Binary Counter
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Design of synchronous counters:
For a systematic design of synchronous counters. The following procedure is used.

Step 1:State Diagram: draw the state diagram showing all the possible states state diagram which
also be called nth transition diagrams, is a graphical means of depicting the sequence of states
through which the counter progresses.

Step2: number of flip-flops: based on the description of the problem, determine the required

number n of the flip-flops- the smallest value of n is such that the number of states N<2"--- and
the desired counting sequence.

Step3: choice of flip-flops excitation table: select the type of flip-flop to be used and write the
excitation table. An excitation table is a table that lists the present state (ps) , the next state(ns)
and required excitations.



Step4: minimal expressions for excitations: obtain the minimal expressions for the excitations of
the FF using K-maps drawn for the excitation of the flip-flops in terms of the present states and
inputs.

StepS: logic diagram: draw a logic diagram based on the minimal expressions

Design of a synchronous 3-bit up-down counter using JK flip-flops:

Stepl: determine the number of flip-flops required. A 3-bit counter requires three FFs. It has 8
states (000,001,010,011,101,110,111) and all the states are valid. Hence no don‘t cares. For
selecting up and down modes, a control or mode signal M is required. When the mode signal
M=1 and counts down when M=0. The clock signal is applied to all the FFs simultaneously.

Step2: draw the state diagrams: the state diagram of the 3-bit up-down counter is drawn as

Step3: select the type of flip flop and draw the excitation table: JK flip-flops are selected and the
excitation table of a 3-bit up-down counter using JK flip-flops is drawn as shown in fig.

PS mode | NS required excitations

Q3 |Q2 |Q1l | M Q3 [Q2 |Q1 |J3 | K3 [J2 | K2 |J1 |KI1
0 0 0 0 1 1 1 1 X 1 X 1 X
0 0 0 1 0 0 1 0 |x 0 |x 1 X
0 0 1 0 0 0 0 0 X 0 X X 1
0 0 1 1 0 1 0 0 X 1 X X 1
0 1 0 0 0 0 1 0 X X 1 1 X
0 1 0 1 0 1 1 0 X X 0 1 X
0 1 1 0 0 1 0 0 X X 0 X 1
0 1 1 1 1 0 0 1 X X 1 X 1
1 0 0 0 0 1 1 X 1 1 X 1 X
1 0 0 1 1 0 1 x |0 0 |x 1 X
1 0 1 0 1 0 0 x |0 0 |x X 1
1 0 1 1 1 1 0 x |0 1 X X 1
1 1 0 0 1 0 1 x |0 X 1 1 X
1 1 0 1 1 1 1 X 0 X 0 1 X
1 1 1 0 1 1 0 X 0 X 0 X 1
1 1 1 1 0 0 0 X 1 X 1 X 1

Step4: obtain the minimal expressions: From the excitation table we can conclude that J1=1 and
K1=1, because all the entries for J1and K1 are either X or 1. The K-maps for J3, K3,J2 and K2
based on the excitation table and the minimal expression obtained from them are shown in fig.
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StepS: draw the logic diagram: a logic diagram using those minimal expressions can be drawn as
shown in fig.
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Design of a synchronous modulo-6 gray cod counter:

Step 1: the number of flip-flops: we know that the counting sequence for a modulo-6 gray code

counter is 000, 001, 011, 010, 110, and 111. It requires n=3FFs (N<2", i.e., 6523). 3 FFs can have
8 states. So the remaining two states 101 and 100 are invalid. The entries for excitation
corresponding to invalid states are don‘t cares.

Step2: the state diagram: the state diagram of the mod-6 gray code converter is drawn as shown

in fig.
@ @O

@@



Step3: type of flip-flop and the excitation table: T flip-flops are selected and the excitation table
of the mod-6 gray code counter using T-flip-flops is written as shown in fig.

required

PS NS excitations

Q3 ([Q2 |1Q1 Q3 Q2 Q1 |T3 T2 |11
0 0 0 0 0 1 0 0 1
0 0 1 0 1 1 0 1 0
0 1 1 0 1 0 0 0 1
0 1 0 1 1 0 1 0 0

1 1 0 1 1 1 0 0 1

1 1 1 0 0 0 1 1 1

Step4: The minimal expressions: the K-maps for excitations of FFs T3,T2,and T1 in terms of
outputs of FFs Q3,Q2, and Q1, their minimization and the minimal expressions for excitations
obtained from them are shown if fig
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StepS: the logic diagram: the logic diagram based on those minimal expressions is drawn as
shown in fig.
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Design of a synchronous BCD Up-Down counter using FFs:

Step1: the number of flip-flops: a BCD counter is a mod-10 counter has 10 states (0000 through
1001) and so it requires n=4FFs(N<2",, i.e., 10524). 4 FFS can have 16 states. So out of 16 states,
six states (1010 through 1111) are invalid. For selecting up and down mode, a control or mode
signal M is required. , it counts up when M=1 and counts down when M=0. The clock signal is
applied to all FFs.

Step2: the state diagram: The state diagram of the mod-10 up-down counter is drawn as shown
in fig.

Step3: types of flip-flops and excitation table: T flip-flops are selected and the excitation table of
the modulo-10 up down counter using T flip-flops is drawn as shown in fig.

The remaining minterms are don‘t cares(>.d(20,21,22,23,24,25,26,37,28,29,30,31)) from
the excitation table we can see that T1=1 and the expression for T4,T3,T2 are asfollows.
T4=>m(0,15,16,19)+d(20,21,22,23,24,25,26,27,28,29,30,31)
T3=Ym(7,15,16,8)+d(20,21,22,23,24,25,26,27,28,29,30,31)
T2=Ym(3,4,7,8,11,12,15,16)+d(20,21,22,23,24,25,26,27,28,29,30,31)

PS NS

mode required excitations
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Step4: The minimal expression: since there are 4 state variables and a mode signal, we require 5
variable kmaps. 20 conditions of Q4Q3Q2QIM are valid and the remaining 12 combinations are
invalid. So the entries for excitations corresponding to those invalid combinations are don‘t
cares. Minimizing K-maps for T2 we get

T 2= Q4Q1°‘M+Q4‘QIM+Q2Q1‘M*‘+Q3Q1‘M*

StepS: the logic diagram: the logic diagram based on the above equation is shown in fig.

Ca Q1M

B —
72 0oL M 1
s 01 M ’
— T4 04—
FF4
o1 | Q2 - @ o —

CLE

Shift register counters:

One of the applications of shift register is that they can be arranged to form several types of
counters. The most widely used shift register counter is ring counter as well as the twisted ring
counter.

Ring counter: this is the simplest shift register counter. The basic ring counter using D flip-
flops is shown in fig. the realization of this counter using JK FFs. The Q output of each stage is
connected to the D flip-flop connected back to the ring counter.

D4 04
FF4

—T1D01L Q1 D2 Q2 N Q3
FF1 FF2 FF3

ar L S a3 | QF

CLK

FIGURE: logic diagram of 4-bit ring counter using D flip-flops

Only a single 1 is in the register and is made to circulate around the register as long as clock
pulses are applied. Initially the first FF is present to a 1. So, the initial state is 1000, i.e., QI=I,
Q2=0,Q3=0,Q4=0. After each clock pulse, the contents of the register are shifted to the right by
one bit and Q4 is shifted back to Q1. The sequence repeats after four clock pulses. The number



of distinct states in the ring counter, i.e., the mod of the ring counter is equal to number of FFs
used in the counter. An n-bit ring counter can count only n bits, where as n-bit ripple counter can
count 2" bits. So, the ring counter is uneconomical compared to a ripple counter but has
advantage of requiring no decoder, since we can read the count by simply noting which FF is set.
Since it is entirely a synchronous operation and requires no gates external FFs, it has the further
advantage of being very fast.

Timing diagram:

State o0 1 2 3 0]
1 2 3 4 5
Shift
Pulses
Qi
1 0 0 0 1
Qg
0 1 0 0 0
Qe
0O 0 1 o0 o0
Qp
0 0 0 1 0

./\

(el

Figure: state diagram



Twisted Ring counter (Johnson counter):

This counter is obtained from a serial-in, serial-out shift register by providing feedback
from the inverted output of the last FF to the D input of the first FF. the Q output of each is
connected to the D input of the next stage, but the Q‘ output of the last stage is connected to the
D input of the first stage, therefore, the name twisted ring counter. This feedback arrangement

produces a unique sequence of states.

The logic diagram of a 4-bit Johnson counter using D FF is shown in fig. the realization
of the same using J-K FFs is shown in fig.. The state diagram and the sequence table are shown

in figure. The timing diagram of a Johnson counter is shown infigure.

Let initially all the FFs be reset, i.e., the state of the counter be 0000. After each clock
pulse, the level of Q1 is shifted to Q2, the level of Q2to Q3, Q3 to Q4 and the level of Q4‘to Q1

and the sequences given in fig.

Shift
Pulses

Reset

Figure: timing diagram

Qa Qg Qe Qg
Q‘A J Q.a Qc J QD e
CLK A —4>CLK B —4>CLK C —d4>CLK D
K ﬁ.ﬁ K ﬁa aC K aD
Figure: Johnson counter with JK flip-flops
1 2 3 5 7 8 2 3 4
Stale T o] [a] [a] [s 7| |8 1| [1] 2
Shift
Pulse [T T T T [ T T T
1 1 1 1 1 1 1 1 1
Qofj1 1 1 1|0 0 0 0 1 1]
- | | | T T T | |
| | 1 1 1 1 1 | | |
1 1 1 1 1 1 | I E—
Qg o1 1 1 1 |0 0 0 1 1
/T 1 1 1 1  — I
1 | 1 1 1 1 1 | | |
1 1 1 I I 1 1 1
Q0 0 0|1 111110 o0 0 |1
- 1 ' ! I I |
[ T o I I
1 1 1 1 1
Qp 0 0 0 1 1 1 1 0 0 0 r




State diagram:

after

clock

r N _Q1 Q2 Q3 Q4 pulse
0O 0 0 0 0
1 0 0 0 1
X1 1 0 0 2
@ L 1 1 1 0 3
1 1 1 1 4
X y 0 1 1 1 5
0o 0 1 1 6
% . o 0 0 1 7
' 0O 0 0o 0 8
1 0 0 0 9

Excitation table
Synthesis of sequential circuits:
The synchronous or clocked sequential circuits are represented by two models.

1. Moore circuit: in this model, the output depends only on the present state of the flip-
flops

2. Meelay circuit: in this model, the output depends on both present state of the flip-
flop. And the inputs.

Sequential circuits are also called finite state machines (FSMs). This name is due to the fast that
the functional behavior of these circuits can be represented using a finite number of states.

State diagram: the state diagram or state graph is a pictorial representation of the relationships
between the present state, the input, the next state, and the output of a sequential circuit. The
state diagram is a pictorial representation of the behavior of a sequential circuit.

The state represented by a circle also called the node or vertex and the transition between
states is indicated by directed lines connecting circle. a directed line connecting a circle with
itself indicates that the next state is the same as the present state. The binary number inside each
circle identifies the state represented by the circle. The direct lines are labeled with two binary
numbers separated by a symbol. The input value is applied during the present state is labeled
after the symbol.



I _7@) oo fil NS,0/P
e INPUT X

- g PS X=0 X=I
7 (= (s a a0 bo
A e B b bl ¢0
R r;wdﬁ_z 1 c d0 ¢l
Wh.2 (\j/ d_ d0 _ al
)
Fig :a) state diagram (meelay circuit) fig: b) state table

In case of moore circuit ,the directed lines are labeled with only one binary number representing
the input that causes the state transition. The output is indicated with in the circle below the
present state, because the output depends only on the present state and not on the input.

N NS
Ry T INPUT X
i PS X=0 X=1 O/P
2 7 () (o) a a b 0
- R =— b b b c 0
0 \@ = c d ¢ 1
ht:} d a d 0
1
Fig: a) state diagram (moore circuit) fig:b) state table

Serial binary adder:

Stepl: word statement of the problem: the block diagram of a serial binary adder is shown in
fig. it is a synchronous circuit with two input terminals designated X1land X2 which carry the
two binary numbers to be added and one output terminal Z which represents the sum. The inputs
and outputs consist of fixed-length sequences Os and 1s.the output of the serial Z; at time tis a
function of the inputs Xi(t;) and X»(t;) at that time t;.; and of carry which had been generated at ti-
1. The carry which represent the past history of the serial adder may be a O or 1. The circuit has
two states. If one state indicates that carry from the previous addition is a 0, the other state
indicates that the carry from the previous addition is a 1



SERIALADDER | X2

Y Y
FF -

Figure: block diagram of serial binary adder

Step2 and 3: state diagram and state table: let a designate the state of the serial adder at tjif a
carry 0 was generated at ti-;, and let b designate the state of the serial adder at t; if carry 1 was
generated at t;.; the state of the adder at that time when the present inputs are applied is referred
to as the present state(PS) and the state to which the adder goes as a result of the new carry value
is referred to as next state(NS).

The behavior of serial adder may be described by the state diagram and state table.

PS NS,O/P
00/0 11/0 01{0 5)(1 X20 1 1
01/1 [ A B 10/0 0 | h !
10/1 11/1 A A0 BO B¢ B0

00/1
B Al BO BO B.

Figures: serial adder state diagram and state table

If the machine is in state B, i.e., carry from the previous addition is a 1, inputs X;=0 and X>=1
gives sum, 0 and carry 1. So the machine remains in state B and outputs a 0. Inputs Xi=1 and
X2=0 gives sum, 0 and carry 1. So the machine remains in state B and outputs a 0. Inputs X=1
and X>=1 gives sum, 1 and carry 0. So the machine remains in state B and outputs a 1. Inputs
X1=0 and X»=0 gives sum, 1 and carry 0. So the machine goes to state A and outputs a 1. The
state table also gives the same information.

Setp4: reduced standard from state table: the machine is already in this form. So no need to
do anything

Step5: state assignment and transition and output table:
The states, A=0 and B=1 have already been assigned. So, the transition and output table is as
shown.



PS NS O/F
0
0

[—y
=
-y

0 1
1 0 1 1 1

- =

STEPG: choose type of FF and excitation table: to write table, select the memory element the
excitation table is as shown in fig.

PS I/P NS I/P-FF  O/P
N x1 x2 Y D y4
0 0 0 0 0 0
0 0 1 0 0 1
0 1 0 0 0 1
0 1 1 1 1 0
1 0 0 0 0 1
1 0 1 1 1 0
1 1 0 1 1 0
1 1 1 1 1 1

Sequence detector:
Stepl: word statement of the problem: a sequence detector is a sequential machine which
produces an output 1 every time the desired sequence is detected and an output O at all other
times

Suppose we want to design a sequence detector to detect the sequence 1010 and say that
overlapping is permitted i.e., for example, if the input sequence is 01101010 the corresponding
output sequence is 00000101.

Step2 and 3: state diagram and state table: the state diagram and the state table of the sequence
detector. At the time ti, the machine is assumed to be in the initial state designed arbitrarily as A.
while in this state, the machine can receive first bit input, either a 0 o r a 1. If the input bit is 0,
the machine does not start the detection process because the first bit in the desired sequence isa
1. If the input bit is a 1 the detection process starts.

PS NS.,Z

X=0 X=1
A A0 B.,0
B C,0 B.,0
C A0 D,0
D C.1 B.0

Figure: state diagram and state table of sequence detector



So, the machine goes to state B and outputs a 0. While in state B, the machinery may receive 0
or 1 bit. If the bit is 0, the machine goes to the next state, say state c, because the previous two
bits are 10 which are a part of the valid sequence, and outputs 0.. if the bit is a 1, the two bits
become 11 and this not a part of the valid sequence

Step4: reduced standard form state table: the machine is already in this form. So no need to
do anything.
StepS: state assignment and transition and output table: there are four states therefore two
states variables are required. Two state variables can have a maximum of four states, so, all
states are utilized and thus there are no invalid states. Hence, there are no don‘t cares. Let
a=00, B=01, C=10 and D=11 be the state assignment.

NS(Y1Y2) O/P(z)
PS(yly2 X=0 X=1  X=0  X=I
A=00 0 0 0 1 0 0
B=01 1 0 0 0 0
c=z10 0 0 1 0 0
D=11_1 1 01 1 0

Step6: choose type of flip-flops and form the excitation table: select the D flip-flops as
memory elements and draw the excitation table.

INPUTS -
PS I/P NS FFS o/P
vl Y2 X YIL Y2 DI D2 Z
0 0 0 0 0 0 0 0
0 0 1 0o 1 0 1 0
0 1 0 10 1 0 0
0o 1 1 0o 1 0 1 0
1 0 0 0 0 0 0 0
1 0 1 1 1 1 1 0
1 1 0 1 0 1 0 1
111 0 1 0 1 0

Step7: K-maps and minimal functions: based on the contents of the excitation table , draw the
k- map and simplify them to obtain the minimal expressions for D1 and D2 in terms of y1, y2
and x as shown in fig. The expression for z (z=y1,y2) can be obtained directly from table

Step8: implementation: the logic diagram based on these minimal expressions



SLINE

P e

PMlemot
T

o QDJ\ADM A(LUA Memor - 33€¢

i
’Aﬁ q‘_‘?% Ot RO'\" — 24/ ﬂjn{'eth .
/9— tho‘ d_Q_LOCi:f\ S e N
’//-"‘ gepvu_axoj NQWU“Z AR
= M@ Mﬁmofy i
ol

r,l\vm'# e RES

Pn?mmma\o\@ Loa\‘c
Mmoﬂa \-\—(umd"ﬁ Friver o O\ Ca.):o-um

Scanned by CamScanner



N

TMe MO L L')f\\‘-\ .\ S (@8 C(‘.K\‘:(\hr\ . ¢
C;_\“t\\o\ .AL (\k

S*gw"’n o &o. u::\‘f\L
s PO Tn OV\ L %
ey Bl

A W“\cn

ofand

Ry
\:rés-0 m;&‘
i pele '\a .

q*\m‘*\x o device lach \Omz]
YQN’%(‘ ‘lé ﬁj@ &)wao\j ond '&wom

Vs ’Yej‘fagé RE S T AQA

2§ L’leh c\cﬂq Procaning “ava P\ch o Yol o
‘%‘uom T‘ﬁamova <Y JY-VCH\L\)Q“QA *\D SL\EQ\(A

EE\Z‘(S "\ '_A\'e\q TTCJC{M\{\_ Db’\“\\ : Ms(ﬁfch\\.‘ﬁ

Pfo@ r\'\ Qe A‘T@\f\x eyLa.
gﬁ;ﬁ chmma_ *% A boug*%o be.

—> %‘-\)(\o@\«(& \r\‘\tﬁ NY&\OT\ ‘?\ecuvﬂC\ tﬂm Gy \

Aevee ¥ V& Shoed I premo s e mJE-mm
rfﬂl%%wig Yo an b\’P AQ\)\CQ e oxen ‘t‘:tvn

' JBeed ém\ﬁ Memwa CROM>

Scanned by CamScanner



i AN
RAM 4

—————

Randor e Mooy S
o
C:)CG’ \QXQ_‘( ke . |

— rTﬁQ PTOCCJJB% S’\Dﬁﬁagxhuo ‘;f\‘tvi‘hﬁﬁ“ﬂn 5

¢ i ey ‘
a Pnemo™ o ‘\<
S ——— Fas®

TR FOCS “
¢n\gm“\5§hP OMIL of Moefontng St
o6 ®‘ ‘b O O \\6 ( "5‘(,{~U“LN Cl
S anmcrr% E%QQC\’ OFQC‘ﬁ Yo -

RAM 1 B Lol leand
™ n P“ﬂ%ﬂxm oo LTl and

@]amﬁnm |

, Read @) ™
5 etnory . Y Can
On e F 5
| R t"&eo,A @)3 ¢ Tﬁ‘rg meo\n:%U o
Suitalle . §q on i

e ermos
"Q AN e QIMLV(A OF Fread a¥

Sk, A‘:‘N . q"\'UKDWQ_c ~ '
o iiae e B

a\eyec) \ogé m 4 \mhmmﬁfm Cannol e
eom 1a ol '

G P i
Pl

Scanned by CamScanner



Pch Oj koMF s

% o F\QC‘@.(\ On Me ros
/

¢ ROMC g C\Q)A'Aﬁ,tcx a5

\.\é\ei\'ﬁ
f:::p Evas Q;\ALU
i Wczvmml)e P;J ol

(e prom CEEPRDM)

i MQA\(Q:\ M(mm\d CROM)

—  Marged progrom Sudh s ,mnu%admm@

- e N R ocqvcxmmzé
0 Non VQ\OS\_\G\Q, ‘sz&&ﬁ A;&a» aven when oy S
X Q\T%

Scanned by CamScanner



o

2) '}\(T'unmnu l\_)\f \(\f TNos ‘(/ ( 1) V()M ) '

% })W\)“mm“\ \)\i Nrw‘ﬂ’(} ba Ay, 1 ,, ‘J\/L
T 'mgrwammmmj
& Oceupy  more ,&’Dow, leach T6 low mame
danstl '
- Ron volatle

- Ul fpor mall velume oo &\'0‘7.
e \Xex yor Toble .
) O‘Om‘"‘“

203 € Yato e \OWTIJ rameaale Memc«y CE Pro M)

L EvasaMe P'Ororqmn{qk\c; Ronq

b ) %):;egy\émmgd bv S’fbc’(‘na QD\CLY?,Z SN \ﬂsq\c

— E \ :
=Tatadde o'W UW»Q\; oled Lc]hlx

i Refmcd YA mnabe Q~\§KQ1 Cx aStiye
sl N on \,'o\o:k?kn

i) Eleﬁwm\iv Erosadde cprammale

Nem (e EPRO
i cle *‘ﬁ%\\\v e norp e 7

P“’DVQ“\U\L&\Q\Q K@M.
A5 P‘b‘j"&mm\m& \D ‘Mh

B ﬁ% d«-.w?% G

Scanned by CamScanner



Mnr’\m7 PPYTY 14 D

0
. l L (u\r\n\ lhn \b

Memory. o e\ U(QLVL“ e
Clye u?\\ \t Qv\r‘c\ R e b

3 Q. ra
"o K\“\ﬁ\ﬁ\ Qn\a\:nm ' mo‘U

. h\

‘f’\ o

¢ ‘A‘:\.Q\ Cﬂh§\"&ut“'hﬁ e

3

o \V\‘A’- '{‘:\\M aod Qm;\“fui\“%
L LO G el and N’ \:5\\
LARE N o ¥ Pea

cx o RAM ’

?Q"ﬂ Lo Cans'\.s.'\\. O‘S‘t

A0 ond  conocded
% c_hc_uu\v Soh\ab:&nn Tndiyidua) Goer

— TRe \a\mw\% SYevosge Cﬁ-\&‘\& YRe Vot e bgﬁ\d.
Yoo t,.\ o Mmemary’ WA\ .

gk BTl , Ye e\ \S an Mmst Civaud\
\'\'R WO Ly -‘»’TQ!\&nStM n : |

i '.‘.e.m_ \6 C.;"'U‘ﬁe-’a G'ne. \o'\ v \:\S
m\am& o Sheg, 1% il

AR o .- &1 Len ‘“ A\Qﬁt
m\wv\ﬁmmw‘ ?’B”‘A"“ o b
G‘Y nede - k) w““’ Rl e B &

Scanned by CamScanner



MG b 5 B ey
L (

N

e\l ’}.',br»( v f\.Vl{)'luH.

el

l

:Pn\_xd _____,_,7/'\66 /;_,_\? OUJ Uﬁ :

reed Jurile
Memcf(:\ ce\y (c@\(, A‘f@rim
i,\a&
1
|

— v |
B[ L) o
o e i e

L’——-—G%‘r = ‘hcocl)torft
The Storage food g e Celw meddel by an
QR Ak Lat ot aNd 7&% Yo fon ol D lade,

;

Scanned by CamScanner




-J\ t(m.‘i( (AC\L‘\\'IH(&‘IE\[-) (ﬂl O [{XLP P”nm ;
INEATY Conse Q&x ! Lf LY c;-\ Lo b'\\\ calr cnrt:\

o o '\O\c& 'c,lh \6 VYifaxy cIN . TRe Lol Hloces
\ove \e Q) \Bc'

«dxzci\ btaec C_OU @‘x"(@\\é@
3 ‘\P} anA U(::\YD C)\P ! 6

el o \ |
[T e L [ e

oag

Scanned by CamScanner



“ \.c C\L. ( Csr'L: & R | A6 U 8 \,,\&A “"“\{4"“' d \(\““ o Sy C/o
\\1\\'3\:\ ' (VNS \' \‘C\( T (MOt ) @ r‘\(,\r;\C’ i

()] >

0\\\‘ a\\ c_r\ “Yra cAaLcc&o« O O anc ) O HA
“\Qmmd LQ(NAS ama C\PC\(C\

T O R tamey geldk o A, e of R 4,
L@G‘(O\h - Sa\tLecl e A\C{C;&LA bg‘_ﬁ‘l VQ‘\\*@ ¢
e oe S AKsON Witiesy »
\

ety (‘jhcg a vaYerat \N\DQEL\’\ QA&L\G-A '\J‘ﬁc YQQC\‘MM 1
. ‘h?\_ﬂ C;—YL\W\ TNeA “\'ﬁ'\Q %Qqﬂﬁ\‘o

O ‘e gdedh A ¢ wmc\

Rougn
% i QL&T”& "J(Qrmro@ ﬁ OQ CDOJQ
3P e SRl

?\'m\& e 2 Tl TR,

o ‘-\-&Q,'_WCDLN \Q
e mm@ el B @AQLQQI

e ‘&. \-')\‘\'—\QJ'L
1Y 0 e e T e N ol
oL du&cx\o C\, o\r\A h\{—\yz_x i

QFQYA’O“ m \ &
\S‘V\Du& K\ﬁ

\[Q\ sl 2 Qmﬂ,. \)r\L\\Q ‘71 €N \OLKL \D\f\q‘na
e sl @ |
oo>h -'\o*f‘;. mem@o Sei TP R
? i C&QLD&Q\ e Q"V\’LC&%
ene O Ry LSoFaN ama QQ\Q&Q$ ol
oo e\ e o ey g
\ ui\ 8\ T Mlm,ﬂ

Scanned by CamScanner



i

SN

‘/ /‘// = Cornm
Q

Q‘;“\Cc,& QKM}

'\'ﬁcm(ﬂx “\Q“i\ Nawe o ('aTut'I\L, %

BX e and  each oo ma

» Wf@g Tc;m \ o CL; i

‘A\’ an\m\_é \-D\\‘\e\

K .
Woid L woids G)Y 0 oks Pt

Kx 3% Aﬂwm A @ \Nines ) ‘DO LTS OPeN
S _ooceder’  Eah on o e c

QLQ‘FC&X sy Ore oo | D\S\\\‘\TN

*07@&::1 Y‘—odif\? o wf‘?‘?nn :

N :Du@&r\@ 3

R e el SN S \m?f&\\ orc @ﬁéw\yv&k ool ge
Lo‘\é&\ X ‘\“YC&;\ \-;e< : 1‘?&%‘\0&

4
> >4, ‘\n&x ey 5&1
ot ?l BF WBas, uenleey B SRS R

iy @\m@g \cNQ @ mT\o\Q':MQ
o oo -Aummenss O‘“A

Ao Aecodaw
T R R

Scanned by CamScanner



‘V Loty . 2};\\
\.‘.\pc\“(ﬁf—, 3w\\\¢q, -3‘1\1 Ca ?/

R et B Q- D
‘ ‘ \ (O X { Ol I{l r"flcl.(rkl_‘ )

\\-\\\(A (-* Ot ¢ “'.ja\ @
5X 32 \c\czcoa\ms -
edh VR TR _g‘mO\( C\ec(r\m , WS
faoxo. SER B ey e eoch - L
5&_». \*\:\% 9.‘}&5
nad Gl AND 9

Q,-f\v\(’

Uwe o

‘(\LﬁA \O2 p At

e jh 2'9 ’ we

T C’_O.t."ﬁ' | ‘I\
—o lop R e
Re B MSB &l‘ e aA::\ﬂw UO

s, N e COO o “Re \\\:P Y - i
A oL | Yee rvemer N ORE i Seledl\e
el of o= X Lt ancl’emey line

b\U e CD\OC\A-QQCQ
memc'f'(] e &.a\cz\ec&

Uomé N
o\ o 2 WO i
c-tcn ‘Re ")V'Dl(o.& Cf'k (o> Hp oy

—p ‘_TQLAL J Q&Lh
b‘} 0 onG dante
REETee B2 ce\uns ;

*"—9 No‘h_ "\'agj e Qnsnz&;&ﬁv\ m’)‘;;::'e*h\ QLOOxC:\
'\'ﬁo'k m\-G \'\oye_ QGU O @h 3 1

T c\)mans\-c-r\c& Aecody S\zur&‘u-ta\ju a \k-toos Mfmtfj
o -

Scanned by CamScanner



——

TRe | SR a  medium S nh ’\‘"m\.\-k'( =4

P00 cne A Yo SYRex AR
Comtlese. . ;DCSL o e ngm‘: \::\wco.w
s S'\VD“OESL A TRe Frounscst o&:m SN
Asvite el o lasy  wlbich he e &Y eeam
oy, Qméf-«m AR Gl o) Ale in pareld,

¥

Thete ase mc:‘u\‘Q AT *"0"0’ *\ by

0 alo Yous,
2) ANAA=us oo,

3) C@n‘\\o\ &:M-L t
oh Bu> ol i
e MR
i \ +l\o
B i RPTRRER
FERE ﬂ“=
o -

ey

Scanned by CziScanner




%

P

: : “}§ i \ Cyr ~}.
'/\" O N -\l'\-\)‘).\t'u‘,\ \‘\ &, \,.r'r.\ L s :

Lot GY\\(YCJ)NO(.('B{J”J,V,O Ofr\ ”\“"‘U‘U deuicen

P '\~\ s \—.)‘\C&1 ¢ (ﬁ‘Omo& A griC « OTT AL e INOT ’XQCJY\U(f
O Send o1 ~tacewey c\f;‘&a -
-7 e AN s olxoy woorks ad Hbur 2 b1
Q.Dnm ‘
< > r‘A}\ QY‘)
S The  voo) \e;‘g\—% tﬁ o Y‘IOC/UJ\O
_ N

CAS&@_\(}A' =1 g08S , )6 bAS N RO 4 ¥

and S b¥R‘w 20286 .

s

APAdsey Boss

T T

’3‘)4¥ \\S O)‘uov\/s\d t}-* &é\-((_}) O \:lﬁ()a '_\NS o0 \_’)W-C‘\
o el N oM of | wamor) o Do dea

—“+Co o \suys Caosles ""f\a(‘ﬂo\\ C‘C\—\‘CA:LLM -

-

o % ac “\T_xh\'dfb‘) Con b= V& ‘in 183 , SCBRE - 20
C'J‘ﬂ'd A ¥ Sl Ny o586 -

By DA 18 omidhgeeNonet e bk less 10 onlyone

Az
TN, (T }

) (\.\ ~ 'i)\ s i :
o e —~Ra Co (‘\@\ ooy (oo ‘e Con ‘rc)\ g\‘j\'ﬁ»&
bq_ﬁ"\m n TR UN’(‘»‘ G\ CC%'“‘P\;S&«

?)“Ca&’s Uixe QEQDIWME/ Q'TA*P:T/{ML’J?
Lpscsz b-ﬁ a Cordrel bas :

Scanned by CamScanner



/ U LR
] Coele  Memery  Ns o Cies o}) ﬁwmo‘d USJ""""’
B 1oy St da, '\ Cothe memely HSEEEE
-m,\ck.\,c\Q Srrad\ , Yol | Ve Lonk SRR wacn%c&‘a

Shera \%P;\CS‘“% TR \;Kc.\o tobe ud aag‘-'-m

.
\

— MO&‘( Wb \;}10 wWikesy ke CQ_Q\'\Q%‘OQC\ WQZJQM\

Viewsea, ‘/Odc’)fn@Q, -bo:il

r/1|-’—> Tﬁ)\eﬁ V’\C:S& F{n\?mf&of\ *\Qpe_ O\) Coche mm&7 4
| Bforveel PopCan:

R TS
4 @
Coche % moake we_\omm \vod . bQ
> W (&N \C) \ 5
Sxotng o Copy o e \DTC%Q £\ ma
g\_s.c&\ & ON L@Co& Qm‘:::&ev. AL s T@%erh\

-‘kt:ma‘mdﬁad\é-

Sl

We b Yoo ve ‘—\Up\m\\ Uxe a

C,PO Cacthe .
/—rﬁ N VR RN R RV e T
‘3 % P Nab* —=e \r\;\m&‘&m\! Powe.

e c:m.rckm L \
: i’: b \p "ﬁh “Re CPYV JD—uc'—\%a. VorosS 'Pos&b

Scanned by CamScanner



F. 2% . o 4 E’ “0;/ > - {‘;
_ 3
@C\\X

- \ ~
C e (.\ . ‘\\ . )
' 2 \\»\(\\,\x‘ < Ot \ : /
j ¥ (TSD CCH\\ )\X\-“\ \ ;/ 5

"\\ - TR (. 0 \ ;
LB w\\c NOXC Km \')( Vo e o TRe e P £ e %
“\Q\‘g ) 5 e i Cﬁ H\) ‘\
LR RVSNEEN Mem 0\‘1 N ‘ J ' | |
( o I ) %s\c\r M J\( &

‘\’V‘\( \'Y\C“ ,®
( R r\'(\ ; jm‘( o&\“\ Mose me e,

:;\ Luax[), - Qo\\&e‘\ 2 o oW rey
2 Nre B TR e (N alcwy & mamm'n

(S
S (J\,*

> S8 0 D &mo& ‘*;QYm @\\ TRe i \qu\ \
d:\ e L"\YU o™ ~3\'?\€ C\'&F ‘\\&L\k 3 L,Q\Jb \'\ 3 CD&)\LA 3
Cache .

—> Chat ¢ & m\u‘&\ &nmi\,\z\, A\ n be ascored
el ,%oj,\@( “Ran —YRa AN e oy

[

1o Coun“ (9&1{? @ P@:L\'\Qu\cl‘{ \?{g\m&\m ', Re
o ctme B B e oy fponclen. Yhe
Cpo WAL _gﬂ\:\ Cheek o Seo *w\) —eus ) néﬁmn&m EEN
avaslale o TR QFO Cacke. . 1)6 e ‘\t\'fmmo&mn\s
doudd | AR in Coled o Coshe Wi B g
G \“%m oo y&  nok Found, e L called “aacde s, o
YRé C?U T RN Yo FRe N_kﬁ s
Whee © G HRa Cane o CE_L\Q SR Plece of
5w\ de andd ‘0 YRe ol e o)

‘¥ m‘\k %m?\\a M&Q \bﬁr(a]cf §

Scanned by CamScanner

2



34
//
C /
. 4
-

\ Yl‘( o ‘)(

MCW\C‘H \({.

g ‘t\( i’\(‘n’\e.‘d W h"-\ i an R f’\\;&\ Covr

‘\:h feideh L‘} Af‘ E\\C‘L\\ C‘(.""\“;\&\Gv %’\ncc’ .f\ S NAAC&
Qh"("'\m \Ovc:avum oy | ;d}ﬁo.. g

- CQN\FLL\QM Wle v o e \Vie wq;c\'\\d & o “‘:‘A -S‘c'u@!l
: Pitfers; “va Ccmmcm\ ved Yo \\\\ug\’w:&g Ao &\‘ar{,i.}ag:a
dﬂﬁ%mm% kac\fm Nm»b "\L\WQ_& P

\36&%\ e a0 CON Q}TQA R Vo R 0 Al

S Memory 'Hl"do\rc\wl e Yo Q\D'\?uﬂ Ra X »\Q*
Yo
Lystem. 3

e ok A\ Y= mmm'a
MQW\E(‘"‘-( W((QTC”ka_é'\i?TOm Ty G
s e |

Scanned by CamScanner



.‘{;’ s - LV 4 ;—s Y

‘)7
: >
*‘hc IR L4 "\7 4,/

i\(\'(ﬁfb \}

L ¥ .
|

Smalex,
A poses ‘

Loc“ef
Ldox b
aa\fc.l:b:;, .

Famndls ga.ma\wg S‘\-afaj’
Lg C,{?"-f"’, A biled € & s, hﬁ‘o‘llu(ﬂ»)\

.« lq_yd e~ &

Levd o Procomso Qa%ls‘lﬁﬁ ’km\ \e“&\ e Q,FLJ WM

| S }Eﬁ : - \'\tc"au _ Z’w“t& ! \le_vq Qm.fcnﬁvzcv\c;

Scanned by CamScanner |



‘lvVC\ . S Mak n (\’\emcw]‘
L

e \avd o v . i memony . Thew om
A Memery Aevicen Wan e levd b es ot |
Cﬁm"(ﬂ\r\\‘x\)\x \DLQLY -’ﬁ)‘Q(\ \QVJ §, 9508 Lo 'Tﬁc.bﬂ Py

Clva:xkcﬂo\s les oeelle brice Vo i T Ra S-\-erroig cofn,p,\'j

Vs SV S
QZL 2

~— MD&* 0”& k\—QO rola memc,-pa o a K\QVO-%’}'J{’DJ':

S —

Cﬁ“\’f&x i ﬁ\oé,xgv c,% M\T\, me ?m_\_;m% =
e w\mﬂ\cﬁ‘d mxf Yo Conslvade 4 e %Nd-‘q
Ty RAM _ Random Decon mftnc\'z) _
ROM = RQ_QA @n\ . \\/\em ;
j ey :
QKO‘MF\': @!‘ﬁ Levd) o Aoticos cou SD-Ram,
PR - RAM, Rp- RAM ( Rombxs DU“Q“V— RAM ) e

LQ\:(&”— - B M&%

FRon o Oveimsy  EPes )

oy X Rt i e S e eh,Dvde
| Qmos)Q— CD-?O& ) QNEOWNT QAT. B ~ 8

Price)  sussoob\e

Scanned by CamScanner



CDMb\,vji.l\:h’\()\ ‘_ '\ ‘ )‘f‘ £
j*'\é PRC/M \‘-\ a (’(Y\'T\\'DI';"- ‘(‘W\C)\ Y)v %"(7'4"’\""\"‘\")b
Loanc Device C Pl D’B 4 Pos ¥ 5 SR 5 Lo TR Ptha mm“\"\c
C% Ahv\afé Redos PR . m\A an OR goody

o AL e R & S - o - '}><oclut\ (SO?)
?N?\Q“\Qr\\o&oﬁ.

e 2 m\'jm &Q"%f’\ Cantsraliond Pros. B

Y P:oaﬂmmmc\\é( W_Qx\_@m\\q Wcm\or'a C P ROMB

K P‘"O'ammm&\o\a | N \—DCO"Q Cpar)
g PTOshmmmo\\o\g LD%:QQ J}«‘fa‘-( C PLAD

RO v

s o

=30l

"y 'y:‘* ed P esvwey QGY:&\MC-\QA X



G0l
(PTaahmnﬂe
3
‘/)P "‘_"—">' A-ND J > O,P
O:n;g.i
FY&C PAL \\O& (@3 PYOQTO"W)\( .{\!\\D (r,('.za\/ ()r\r\ ‘
e 'Q;*cA oOR ocow « “1Re AND rz)c'ﬁu GTW }31'-1‘)'rmnrrw
) \ (
© o povde R podid b Yoo Re  Bedenfud,
L»D\A«C.\m ) Su \ S o
a3n \*&b‘“ﬂ\o ”\\Y\-&é “n CCLL\'\ OR foc,.&.t p
R PLA .
o e Pl O} p

The mo&“\ ‘tqe‘:‘\g\e PLD Vo YRe - 1 RPN 2 b
L’D\"\Q\'\ \OC:\{J\ '\'{f)\e AND qné (§)% o:vmw.t% Con be
Pm‘a\bmmgé g

W ?TD&A—QL* ”[mmg “a e NS osaay rf\gT Jaz’ ch

e\ bd an ©OR aﬁ‘-\ o povide Yo auqdned

)

Sga.l-nnéd by CamScanner



\))‘({ - “‘(‘ ‘_.’\ \( \ ‘.‘( [\ .
| ] X « ROkt )

e Pby  que Pod Yews s a seup
S R org)  Sum Xewns g o Lp
M R g

ana S CcmF\e e\ Volue

30’& Lt
!

0. Fusess oo Ke,\‘;'\ bc&kocnn al n \\p}
An cock D\* Ro AND

S e
Scanned by CamScanner



Yo '
ionple .%\M Ve AND-oR o
Atfopm\’*&% Wit e, @;}m E - N\_/( w@Y
:\m?\p\‘h& s, R 24 ve s
p—y . :
3 = e
A Stedited \
\\’%l r Produd 'J(U\ﬂr?;, Sy O\va bd“h‘\( v\c,.(‘\
TR PAerna)
i Qm‘ﬁﬁ:;_\:\m
\\-ge €ner
. <§ c& :g\mtk,,\r\? PL‘
' Pormma.bk
¢ \N T Nkﬁb&aﬁ ;'Qmm"‘b‘t\
:;\ ‘\\g | Funes f P~ 2R Al
: M.j ’, ( !
i l : v f : g «I
; ’ R [ Pwe

Scanned by CamScanner



(\ \ “
EO L \\7 an\ \\‘
» ( L\T\\>\Cn\“\'\ ot Sk ('0'\'\;‘\(’ y)g

| P
: 1P ¢ :
The Yo % A b '\, a\l' .AND «:'u\c\ , “YRe C"’P "\

F & Q\L)‘ . . \
i \ ' uwo -\'\.Q\c.\ ONe &1 YRe ()U*ru\
- : :
Vay lesy . R , \J\m\?\‘ a
C*{“\Q X *‘»\\\h \ \ “

Slealed %“Q(X Qr\('\ \eain
3“. o ‘im?\tmtn'\ \o(c\LDf\ a

ToSon ' Lop e
» jﬁ\e

jmmmq\év\ \Q‘(]\Q =soy  (MPLR)
) Pag ?1cchmmmo\\c§<1 \GD\C oy (FPLA)

=,
— N3 MPLA r THRe Conaumey o\ Lo a PL-A

meq)‘rckm ‘\?@6& "YD KRe Hm».é“oihﬁug . \/Qném P s B
O Cmi\DmQ‘ Moo PLA accesin o € takle
wWWath  os “Re eyt & s Wl Ve \pe ol

— e (FPLOL G = PrO P COTM by TRe \Rey
Q ?f(tﬁ\u‘@s )

\ow Yaons Q—\\) Cerdin ¥C (ommende

Com(fxat & cb‘ o ?ﬂ)‘nmmrﬁ@f S 5\"\}‘\ o C\\rol\o,\o\q
*50{ Lo p\ﬁ C ary U\“&G“ﬁ m‘\‘ﬂ\ LQ?ACQ':Q‘(\ Y-P Lshy %

uid*ﬂfﬂ Wigaeis

Bo. 2 CosSs of 3 Cdumes - Ve Lol
C.A\th\ \‘19:?; R ?"OAUC\Y Jfo:\m% Y‘lumﬁ"\‘cok\ ( TL\:
- U
bl e A\ uonn 9}.\3&.\‘“@ “\'%a *pdﬁx ‘_\o\\p aq &
and “fhe ©F v&‘ '
v olp vasehe , W Lorils 75"“ T"“L3
; gy BE W be b s e, 0&&

bl

Scanr*lecﬂl\ by‘aScanner



CM\\‘\Q (RS (‘(\\f A \\‘\.\"!\‘ \\4‘.‘“ C \ﬁ’ '\‘f VAt \\ L

u ‘)P ('l,‘

111
AREAY VLG o T

——t

B e 0 Fodeiiur®
A PEme™ TRe loookean ‘\D\m@lmx Fiael I
M‘ﬁmm\o& \oa\Q Q‘"‘C.ug_r\ B S p) "’*’ 3

Shew By (A®, ) - A (s 45,3
Fo(Rir): 2014,6)

‘i'l A

F\(ﬂ,%,c) o (800

s ‘@E-FAC—\-%C '

CFao PBc+pBC 4 ARC

Scanned by CamScanner



Scanned by CétﬁS;:anner



T 7 ,\C/ SRR » N c/
Pt 1) 'Pwuwuﬂ\ “Yal,\ € (A\
J ‘
A
{ TDYOAL_l k{’ TQ‘ PA
A% \
AC o
R c 3
IR e
A o 4 :
AR O L
Arc [
R T

& /"AC,%C,{;\@Q

AT an -L\P;Q

‘: L. 4 ; A\ >$€_ \' mn F S ‘—k m& Ct nry A\ Q
N LD Y b e 3 y \ f\(\

7>

Scanned by CamScanner

\

LYa% <



// _ .
‘\L\ C N\f\\".‘ ‘\Ck\; C‘f\n_‘ F.‘r(n:\ V& AL*}‘\( > (}

t»’%'tkﬂ(‘.b\f‘u\

SHENSEEE WG
o [ peie): [ Slpin T

: L P i
:?mf\cmm\\ B it S S A Yo Qf’
"‘“:\TLL \\\?S} , Tl | o

R
T &

y Gt ol e 9"7’““’“”

& A T

Scali‘l;ed b CamScanner



G, A Q. \'3\‘\ ‘,c(\
“'\e (Uh\j»\cm\c.\\\trx \}(“AHC (T*\) \\'\( V'\ \)

o \51 ON) O ATt

3, ‘E{l ‘V)k ¢

\7'0\‘» T\ ;; @
B
Qﬂf»CDL o) (B
M)
5+ At 4+ PBTCC '
Noﬁ.' £
2 A i s -~'- £ i @C%—Q&’rﬁ
B e e - P e

.
e L R

D LN heore

3 L_F} HQ&?
aﬁ C\{_(_Lu Lka\*% P r\? ’—%MXQ‘FF

\P ) Q- Pﬁ:&LLQSV -\ orureds

Scanned by CamScanner



UNIT NO 5

— Register Transfer and Microoperations —
Register Transfer Language

e Digital systems are composed of modules that are constructed from digital
components, such as registers, decoders, arithmetic elements, and controllogic
e The modules are interconnected with common data and control paths to forma
digital computersystem
e The operations executed on data stored in registers are calledmicrooperations
e A microoperation is an elementary operation performed on the information stored
in one or moreregisters
e Examples are shift, count, clear, andload
e Some of the digital components from before are registers thatimplement
microoperations
e The internal hardware organization of a digital computer is best defined by
specifying
o The set of registers it contains and theirfunctions
o The sequence of microoperations performed on the binaryinformation
stored
o The control that initiates the sequence ofmicrooperations

e Use symbols, rather than words, to specify the sequence ofmicrooperations

e The symbolic notation used is called a register transferlanguage

e A programming language is a procedure for writing symbols to specify a given
computationalprocess

e Define symbols for various types of microoperations and describe associated
hardware that can implement themicrooperations

— Register Transfer

Designate computer registers by capital letters to denote itsfunction

The register that holds an address for the memory unit is calledMAR

The program counter register is calledPC

IR is the instruction register and R1 is a processorregister

The individual flip-flops in an n-bit register are numbered in sequence from Oto
n-1

e Refer to Figure 4.1 for the different representations of aregister



Figure 4-1 Block diagram of register.

R1 7 6 54 3210
(a) Register R (b) Showing individual bits
15 0 15 8 7 0
R2 PC (H) PC (L)
(¢) Numbering of bits (d) Divided into two parts

Designate information transfer from one register to anotherby
R2 «R1

This statement implies that the hardware isavailable
o The outputs of the source must have a path to the inputs of thedestination
o The destination register has a parallel loadcapability

If the transfer is to occur only under a predetermined control condition, designate
it by
If (P =1) then (R2 < R1)
or,
P: R2 <RI,
where P is a control function that can be either O or 1

Every statement written in register transfer notation implies the presence of the
required hardwareconstruction



Figure 4-2 Transfer from R1 to R2 when P = 1.

Control
circuit

P Load
—

R2

< Clock

Clock

Load

R1

(a) Block diagram

t

—

t+1

Transfer occurs here —-T

(b) Timing diagram

e [tis assumed that all transfers occur during a clock edgetransition
e All microoperations written on a single line are to be executed at the same time
T: R2 < R1,R1 «<R2

TABLE 4-1 Basic Symbols for Register Transfers

Symbol

Description

Examples

Letters

(and numerals)

Parentheses (
Arrow «
Comma ,

)

Denotes a register

Denotes a part of a register

Denotes transfer of information
Separates two microoperations

MAR, R2

R2(0-7), R2(L)
R2 « R1
R2 « R1, R1 « R2




— Bus and Memory Transfers

e Rather than connecting wires between all registers, a common bus isused

e A bus structure consists of a set of common lines, one for each bit of aregister

e Control signals determine which register is selected by the bus duringeach
transfer

e Multiplexers can be used to construct a commonbus

e Multiplexers select the source register whose binary information is then placed on
thebus

o The select lines are connected to the selection inputs of the multiplexers and
choose the bits of oneregister

Figure 4-3 Bus system for four registers.

—— 4- line
common
5 > bus
So |
-] 4x1 = 4% ) 4x1 4x1
i MUX 3 MUX 2 o MUX 1 e MUX 0
3 2 1 0 3 2 1 0 3 2 1 0 32 10
R bt R
D, C;, B, A. D, C; By, A Dy Cy By Ap

D, D, Dy C C G B, B, By Ay A A
it Pt 1t i
l
32 1 0 3 2 1 0 32 1 0 3 2 1 0
Register D Register C Register B Register A

e In general, a bys system will multiplex & registers of n bits each to produce an n-
line commonbus

This requires n multiplexers — one for eachbit

The size of each multiplexer must be & x 1

The number of select lines required is logk

To transfer information from the bus to a register, the bus lines are connected to
the inputs of all destination registers and the corresponding load control line must
be activated

e Rather than listing each stepas



BUS « C, R1 « BUS,
use R1 « C, since the bus isimplied

Instead of using multiplexers, three-state gates can be used to construct the bus
system

A three-state gate is a digital circuit that exhibits threestates

Two of the states are signals equivalent to logic 1 and0

The third state is a high-impedance state — this behaves like an open circuit, which
means the output is disconnected and does not have a logicsignificance

Figure 4-4 Graphic symbols for three-state buffer.

N o ] S Output Y = A if C = 1
P L1 High-impedance if C =0

Control input C

The three-state buffer gate has a normal input and a control input which
determines the outputstate

With control 1, the output equals the normalinput

With control 0, the gate goes to a high-impedancestate

This enables a large number of three-state gate outputs to be connected with wires
to form a common bus line without endangering loadingeffects



Bus line for bir 0

P
|//
P

L//’
co P
oo >

0

— s,
Select{ S S 1
decoder »

Enable E
3

Figure 4-5 Bus line with three state-buffers.

e Decoders are used to ensure that no more than one control input is active at any
giventime

e This circuit can replace the multiplexer in Figure4.3

e To construct a common bus for four registers of n bits each using three-state
buffers, we need n circuits with four buffers ineach

e Only one decoder is necessary to select between the fourregisters

e Designate a memory word by the letterM
e It is necessary to specify the address of M when writing memory transfer
operations
e Designate the address register by AR and the data register byDR
e The read operation can be stated as:
Read: DR <—MJ[AR]
e The write operation can be stated as:
Write: M[AR] <RI

— Arithmetic Microoperations

e There are four categories of the most commonmicrooperations:
o Register transfer: transfer binary information from one register toanother
o Arithmetic: perform arithmetic operations on numeric data stored in
registers



o Logic: perform bit manipulation operations on non-numeric data storedin
registers
o Shift: perform shift operations on data stored inregisters

The basic arithmetic microoperations are addition, subtraction, increment,
decrement, andshift

Example of addition: R3 <— R1+R2

Subtraction is most often implemented through complementation andaddition
Example of subtraction: R3 <~ R1 + R2+ 1 (strikethrough denotes bar on top —
1’s complement ofR2)

Adding 1 to the 1’s complement produces the 2’scomplement

Adding the contents of R1 to the 2’s complement of R2 is equivalent to
subtracting

Figure 4-3 Bus system for four registers.

—— 4- line
common
5 > bus
So |—~
-] 4x1 = 4% ) 4x1 4x1
i MUX 3 MUX 2 o MUX 1 e MUX 0
3 2 1 0 3 2 10 3 2 1 0 32 10
R bt R
D, C; B, A; D, C, By A Dy Cy By A
D, Dy Dy C, C, Cy B, B, By Ay A Ay
Pt Pt Pt Pt
|
3 2 10 3 2 10 3 210 3 2 1 0

Register D Register C Register B Register A

Multiply and divide are not included asmicrooperations

A microoperation is one that can be executed by one clockpulse

Multiply (divide) is implemented by a sequence of add and shift microoperations
(subtract andshift)

To implement the add microoperation with hardware, we need the registers that
hold the data and the digital component that performs theaddition
A full-adder adds two bits and a previouscarry



e A binary adder is a digital circuit that generates the arithmetic sum of two binary
numbers of anylength

e A binary added is constructed with full-adder circuits connected incascade

e An n-bit binary adder requires nfull-adders

B4 Aj B, A; B, A By Ag

S SN S SR S TN N

T

C‘ 53 32 S 1 S 0

Figure 4-6 4-bit binary adder.

e The subtraction A-B can be carried out by the followingsteps
o Take the 1’s complement of B (invert eachbit)
o Get the 2’s complement by adding1
o Add the result toA
e The addition and subtraction operations can be combined into one common circuit
by including an XOR gate with eachfull-adder

B]_ Aj 83 Al B A By Ag

G, i o - hasa Cy
r A |~ R |~ R =
C4 53 Sl Sﬂ

Figure 4-7 4-bit adder-subtractor.

e The increment microoperation adds one to a number in aregister

e This can be implemented by using a binary counter — every time the count enable
is active, the count is incremented byone

e If the increment is to be performed independent of a particular register, then use
half-adders connected incascade



e An n-bit binary incrementer requires nhalf-adders

,43 ‘43 A'l Ag 1

Y l Y Y l I'

x ¥ x y X v X v
HA HA HA HA

C S C \) e k) C S

C4 53 S: Sl SO

Figure 4-8 4-bit binary incrementer.

Each of the arithmetic microoperations can be implemented in one composite
arithmeticcircuit

The basic component is the paralleladder
Multiplexers are used to choose between the differentoperations

The output of the binary adder is calculated from the followingsum:
D=A+Y +Ci,



Ag

By

By

Ay

B,

Az

B;

0 —

Figure 4-9 4-bit arithmetic circuit.

Xo Co
b—— SI
So FA Dy
0 4x1
| I>O | MUX Yo Ci
2
3
X C,
—{ S,
So FA Dl
4x1
| |>o (1) MUX Yy G
2
3
X, C,
— S,
So FA —— D,
0 4x1 C
Ll >G ,  MUX Y2 3
2
3
X3 C3
—15,
So FA i DJ
0 4x1 C
L—[>C | MUX Y3 4
2
3

e Coux

10



TABLE 4-4 Arithmetic Circuit Function Table

Select
Input Output

S S Ga Y D=A+Y+Cy Microoperation
0 0 0 B D=A+B Add
0 0 1 B D=A+B+1 Add with carry
0 1 0 B D=A+B Subtract with borrow
0 1 1 B D=A+B +1 Subtract
1 0 0 0 D=A Transfer A
1 0 1 0 D=A+1 Increment A
1 1 0 1 D=A-1 Decrement A
1 1 1 1 D=A Transfer A

— Logic Microoperations

Logic operations specify binary operations for strings of bits stored in registers

and treat each bitseparately
Example: the XOR of R1 and R2 is symbolizedby

P: R1 «R1® R2
Example: R1 = 1010 and R2 =1100
1010 Content of R1
1100 Content of R2
0110 Content of R1 after P =1

Symbols used for logicalmicrooperations:
o OR: v
o AND: A

o XOR: &

The + sign has two different meanings: logical OR andsummation
When + is in a microoperation, thensummation
When + is in a control function, thenOR
Example:
P+ Q:R1 <« R2+R3,R4 <« R5VR6

There are 16 different logic operations that can be performed with two binary
variables

11



TABLE 4-5 Truth Tables for 16 Functions of Two Variables

x Yy F, F, F F; Fs Fs F¢ F;, Fs Fo Fio Fu Fn Fis Fis Fys
00j]0 0 0 0 0 O O O 1 1 1 1 1 1 1 1
61fj0 0 0 0 1 1 1 1 0 0 O 0 1 1 1 1
10,0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
1170 1.0 1 0 1 O 1 O 1 O 1 0 1 0 1
TABLE 4-6 Sixteen Logic Microoperations
Boolean function Microoperation Name

FF=20 F<(0 Clear

F, = xy F—ANB AND

F, =xy’ F—ANB

Fy=x F<A Transfer A

Fo=x'y F<—A N\B

Fs=y F<B Transfer B

Fs=x®y F—A®B Exclusive-OR

FF=x+y F<—A\/B OR

Fs=(x+y) F—A\/B NOR

Fo=(x®Dy) F—A®B Exclusive-NOR

Fo=y' F<—B Complement B

Fnu=x+y' F—A\ B

Fiz = x' F—A Complement A

Fs=x"+y F—A \B

Fiis = (xy)' F—AANB NAND

Fis=1 Feall 1’s Set to all 1's

e The hardware implementation of logic microoperations requires that logic gates
be inserted for each bit or pair of bits in theregisters
e All 16 microoperations can be derived from using four logicgates



Aj

Bi

Figure 4-10 One stage of logic circuit.

S —

So —
4x1
MUX

S1 So | Output Operation

— Ei 0 0| E=AAB | AND

0 1 E=AvB | OR

E=A®B| XOR

1 1 E=A Complement

yOUe

(b) Function table

(a) Logic diagram

Logic microoperations can be used to change bit values, delete a group of bits, or
insert new bit values into aregister

The selective-set operation sets to 1 the bits in A where there are corresponding
I’s inB

1010 Abefore

1100 B (logic operand)

1110 Aafter

A «<AvB

The selective-complement operation complements bits in A where there are
corresponding 1’s inB

1010 Abefore

1100 B (logic operand)

0110 Aafter

A<A® B

The selective-clear operation clears to O the bits in A only where there are
corresponding 1’s inB

1010 Abefore

1100 B (logic operand)

0010 Aafter
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A <—ANB

The mask operation is similar to the selective-clear operation, except that the bits
of A are cleared only where there are corresponding 0’s inB

1010 Abefore

1100 B (logic operand)

1000 Aafter

A «<AnB

The insert operation inserts a new value into a group ofbits
This is done by first masking the bits to be replaced and then Oring them with the

bits to beinserted
01101010
0000 1111
0000 1010

00001010
1001 0000
1001 1010

Abefore
B(mask)
A aftermasking

Abefore
B (insert)
A afterinsertion

The clear operation compares the bits in A and B and produces an all 0’s result if
the two number areequal

1010 A
1010 B

0000 A «<A®B

— Shift Microoperations

Shift microoperations are used for serial transfer ofdata
They are also used in conjunction with arithmetic, logic, and other data-

processing operations

There are three types of shifts: logical, circular, andarithmetic
A logical shift is one that transfers O through the serialinput
The symbols shland shrare for logical shift-left and shift-right by one position

R1 «-shlR1

The circular shift (aka rotate) circulates the bits of the register around thetwo
ends without loss ofinformation

The symbols ciland cirare for circular shift left andright

14



TABLE 4-7 Shift Microoperations

Symbolic designation Description
R<«shl R Shift-left register R
R <shr R Shift-right register R
R<«cilR Circular shift-left register R
R «cir R Circular shift-right register R
R «<ashl R Arithmetic shift-left R
R «ashr R Arithmetic shift-right R

The arithmetic shift shifts a signed binary number to the left orright
To the left is multiplying by 2, to the right is dividing by2
Arithmetic shifts must leave the sign bitunchanged

A sign reversal occurs if the bit in Ry.1 changes in value after theshift
This happens if the multiplication causes anoverflow

An overflow flip-flop Vs can be used to detect the overflow

Vs=Ru.1 ®Rn2

1 Ry _1 | Ry -> ———— R, Ry
Sign
bit

Figure 4-11 Arithmetic shift right.

A bi-directional shift unit with parallel load could be used to implementthis

Two clock pulses are necessary with this configuration: one to load the value and

another toshift

In a processor unit with many registers it is more efficient to implement the shift

operation with a combinationalcircuit

The content of a register to be shifted is first placed onto a common bus and the

output is connected to the combinational shifter, the shifted number is then loaded

back into theregister
This can be constructed withmultiplexers

15
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0 for shift right (down)
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input (/g) 1 for shift left (up)
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AS S Ho HI H, H3
) 0 Ip Ag Ay A,
o MUX —— H, 1 Al A A
1
S
o MUX —— H,
1
Serial
input (/)

Figure 4-12  4-bit combinational circuit shifter.

— Arithmetic Logic Shift Unit

o The arithmetic logic unit (ALU) is a common operational unit connected toa
number of storageregisters

e To perform a microoperation, the contents of specified registers are placed in the
inputs of theALU

e The ALU performs an operation and the result is then transferred to a destination
register

e The ALU is a combinational circuit so that the entire register transfer operation
from the source registers through the ALU and into the destination register can be
performed during one clock pulseperiod

16



Figure 4-13  One stage of arithmetic logic shift unit.
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TABLE 4-8 Function Table for Arithmetic Logic Shift Unit

Operation select

Ss S, S, So Cin Operation Function

0 0 0 0 0 F=A Transfer A

0 0 0 0 1 F=A+1 Increment A

0 0 0 1 0 F=A+B Addition

0 0 0 1 1 F=A+B~+1 Add with carry

0 0 1 0 0 F=A+B Subtract with borrow
0 0 1 0 1 F=A+B +1 Subtraction

0 0 1 1 0 F=A-1 Decrement A

0 0 1 1 1 F=A Transfer A

0 1 0 0 X F=ANB AND

0 1 0 1 X F=A\vB OR

0 1 1 0 X F=A®B XOR

0 1 1 1 X F=A Complement A

1 0 X X X F=shrA Shift right A into F
1 1 X X X F=shl A Shift left A into F
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