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_ . mory takes the form of integrated circuits, RAM js
{lormally associated with volatile types of memory (such as DRAM modules), whete stored ,
information is lost if po

: wer is removed, although non-volatile RAM has also been
developed." Other types of non-volatile memories exi

operations, but either do not allow write operations or
These include most types of ROM and a type of flash memory called NOR-Flash,

The two widely used forms of modern RAM are static RAM (SRAM) and dynamic
RAM (DRAM). In SRAM, a bit of data is stored using the state of a six transistor memory cell,

, SRAM is often used as cache memory for
the CPU. DRAM stores a bit of data using a transistor and capacitor pair, which together

comprise a DRAM cell. The capacitor holds a high or Jow charge (1 or 0, respectively), and the
transistor acts as a switch that lets the contro] circuitry on the chip read the capacitor's state of
Charge or change it. As this form of memory is less expensive to produce than static RAM, it is
the predominant form of computer memory used in modern cor..puters.

Both static and dynamic RAM are considered volatile, as their state is lost or reset when power
s removed from the system. By contrast, read-only memory (ROM) stores data by
permanently enabling or disabling selected transistors, such that the memory cannot be a¥ered,
Writeable variants of ROM (such as EEPROM and flash memory) share properties of b;n'fh
ROM and RAM, enabling data to persist without power and to be updated without reqrring
gpecial equipment. These persistent forms of semlcondu.ctor ROM include USB flash anv.es,
emory cards for cameras and portable devices, a{ld sphd-state drives. ECC memov:t_f (which
an be either SRAM or DRAM) includes special circuitry to detect and/or correct 7indom

ults (memory errors) in the stored data, using parity bits or error correction codes. -

Ih general, the term RAM refers solely to solid-state memory dgvices (eithe.r DRAMQr -
R%XM) a’nd more specifically the main memory in most computers. In optxc:q: Stprage, the
term D\;D-RAMis somewhat of a misnomer since, unlike CD-RW or DVD-AW it doe§ not
ed to be erased before reuse. Nevertheless, a DVD-RAM behaves muck; jike a hgd disc
ive if somewhat slower.
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ROMisa type of memo

ry that does not lose its contents when the power is turned off. For thi
reason, ROM is also cal - For this

led non volatile memory.
Different Types of ROM

There are different types of read-only memory, such as
PROM (Programmable ROM)

EPROM (Erasable Programmable ROM)

EEPROM (electrically erasable programmable ROM)

Flash EPROM
T
Programmable ROM

N N

Mask ROM

i 1O T "'4;.“‘}“?’7 X

~ EEPROM

Erasable ElectricallyErasable -
programmable ROM Programm able ROM

PROM (programmable ROM) and OTP

PROM refers to the kind of ROM that the user can burn information into. In other words,
PROM is a user-programmable memory:

For every bit of the PROM, there exists a fuse. PROM is programmed by blowing the fuses. If
the information burned into PROM is wrong, that PROM must be discarded since its internal

fuses are blown permanently. For this reason, PROM is also referred to as OTP (One Time
Programmable).

Programming ROM, also called burning ROM, requires special equipment called a ROM
burner or ROM programmer.

EPROM (erasable programmable ROM) and UV-EPROM

EPROM was invented to allow making changes in the contents of PROM after it is burned.

In EPROM, one can program the memory chip and erase it thousands of times. This is
especially necessary during development of the prototype of a microprocessor-based project.

A widely used EPROM is called UV-EPROM, where UV stands for ultraviolet. The only
problem with UV-EPROM is that erasing its contents can take up to 20 minutes.

All UVEEPROM chips have a \'zvﬁ\%c;w through which the proér er can shine ultraviolet
\\{\;/) radiatiqn to erase the chip’s ¢ nEt)ents. For this reason, EPRQM is also referred to
or simply UV-EPROM.

Programming a UX.EPROM

a UV-EPRQM chip, the following'steps must be takqn: -
1. Its contents must be'erased. To erase a chi;}?ove i.t from its sgcl:;t ofo\trlg jés(t)c::hl:sgs-
rasure equipment to expose it to UV radiation
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e |
d Window through which the programmer can shine ultrm
(UV) radiation to erase the chip’s contents. For this reason, EPROM is also referred to as Uy.
erasable EPROM or simply UV-EPROM. -

Programming a UV-EPROM

To program a UV-EPROM chip, the following steps must be taken:

1. Its contents must be erased. To erase a chip, remove it from its socket on the system board
and place it in EPROM erasure equipment to expose it to UV radiation for 5—20 minutes.

2. Program the chip. To program a UV-EPROM chip, place it in the ROM burner
(programmer). To burn code or data into EPROM, the ROM burner uses 12.5 volts or

higher, depending on the EPROM type. This voltage is referred to as Vpp in the UV-
 EPROM data sheet.

3. Place the chip back into jts socket on the system board,

As can be seen from the above steps, not only is there an EPROM programmer (burner), but
there is also separate EPROM erasure equipment. The main problem, and indeed the major
disadvantage of UV-EPROM, is that it cannot be erased and programmed while it is in the
system board. To provide a solution to this problem, EEPROM was invented. ’

EEPROM (electrically erasable programmable ROM)

EEPROM has several advantages over EPROM, such as the fact that its method of erasure is

electrical and therefore instant. as opposed to the 20-minute erasure time required for UV-
EPROM,

In addition, in EEPROM one can select which byte to be erased, in contrast to UV-EPROM, in
which the entire contents of ROM are erased.

However, the main advantage of EEPROM is that one can program and erase its contents
while it is still in the system board. it does not require physical removal of the memory chip
from its socket. In other words, unlike UV-EPROM, EEPROM does not require an external
erasure and programming device. : '

To utilize EEPROM fully, the designer must incorporate the circuitry to program the
EEPROM into the system board. In general, the cost per bit for EEPROM is much higher than
for UV-EPROM. % |

Flash memory EPROM

Since the early 1990s, Flash EPROM has become a popular user-programmable memory chip.
and for good reasons. : S
» First, the erasure of the entire contents takes less than a second, or one might say in a
flash, hence its name, Flash memory. :
 Inaddition, the erasure method is electrical, and for this reason it is sometimes referred to
as Flash EEPROM. To avoid confusion, it is commonly called Flash memory,

The major difference between EEPROM and Flash memory is that when Flash memory's
contents are erased, the entire device is erased, in contrast to EEPROM, where one can erase a
desired byte.
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Although in many Flash memories recently made available the contents are divided into blocks

and the erasure can be done block by block, unlike EEPROM, Flash memory has no byte
erasure option,

Because Flash memory can be programmed while itis in its socket on the system board, it is

widely used to upgrade the BIOS ROM of the PC. Some designers believe that Flash memory
will replace the hard disk as a mass storage medium,

This would increase the performance of the computer tremendously, since Flash memory is
semiconductor memory with access time in the range of 100 ns compared with disk access. |

time in the range of tens of milliseconds. For this to happen, Flash memory's program/erase
cycles must become infinite, just like hard disks,

Program/erase cycle refers to the number of times that a chip can be erased and reprogrammed
before it becomes unusable, At this time, the program/erase cycle is 100,000 for Flash and
EEPROM, 1000 for UV-EPROM, and infinite for RAM and disks.

Mask ROM

Mask ROM refers to a kind of ROM in which the contents are programmed by the IC
manufacturer. In other words, it is not a user-programmable ROM.

The term mask is used in IC fabrication. Since the process is costly, mask ROM is used when
the needed volume is high (hundreds of thousands) and it is absolutely certain that the contents
will not change.

It is common practice to use UV-EPROM or Flash for the development phase of a project, and
only afier the code/data have been finalized is the mask version of the product ordered.

The main advantage of mask ROM is its cost, since it is significantly cheaper than other kinds
of ROM, but if an error is found in the data/code, the entire batch must be thrown away. It '
must be noted that all ROM memories have 8 bits for data pins; therefore, the organization is

x8.
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Preset and Clear of counters

Preset will make the output high irrespective of input conditions if taken low. Clear will make
the output low irrespective of input conditions if taken low. If not in use both preset and
clear pins are tied to Logic High.

Synchronous Counter

In the previous Asynchronous binary counter, we saw that the output of one counter stage is
connected directly to the clock input of the next counter stage and so on along the chain. The
result of this is that the Asynchronous counter suffers from what is known as “Propagation
Delay” in which the timing signal is delayed a fraction through each flip-flop.

However, with the Synchronous Counter, the external clock signal is connected to the clock
input of EVERY individual flip-flop within the counter so that all of the flip-flops are clocked
together simultaneously (in parallel) at the same time giving a fixed time relationship. In other
words, changes in the output occur in “synchronisation” with the clock signal. The result of this
synchronisation is that all the individual output bits changing state at exactly the same time in
response to the common clock signal with no ripple effect and therefore, no propagation delay.

Modulo 10 or Decade or BCD Counter

Design mod-10 synchronous counter using JK Flip Flops.Check for the lock out condition.If
so,how the lock-out condition can be avoided? Draw the neat state diagram and circuit diagram
with Flip Flops.

1) Truth Table:
Counter State Flip flop inputs
Q3 Q2 Q1 Qo JOIKO [J1 [Ki|J2 [R2 )3 | K3
0 0 0 0 1 X 0 X |0 X |0 |X
0 0 0 1 X 11 R SEE HEE
0 0 1 0 1 X |X]10 |0 | X |0 |X
0 0 1 1 x 14 % |°3 1 X |0 |X
0 1 0 0 1 X 0 | X |X |0 0 |X
0 1 0 1 X |1 1 X |IX |0 0 X
0 1 1 0 1 X X |0 |X |0 0 |X
0 1 1 1 X |1 X (1 |[X |1 1 |1X
1 0 0 0 1 X 0" 3 [0 12 X 14
1 0 0 1 X |1 O 135 '8 15X [ |4
0 0 0 0
2) K-maps:
T80z [ TQaQz (|32

Q1Q0 //1’/ 1 X \

QLQ? x X X X \

Q1 Q\ X X X X /

Q1 Q0 \l\ 1 X /)/

Jo=1



K0=1

J1=Q0Q3

K1=Q0

007 (B TR [B0
QIQD )//x X \52\
QT [T X [T )
IV U D D S
Q10 X X 37

Q3Q2 [Q3Q2 |Q3Q2 [Q3Q2
00 [0 [0 [X [0
QlQO/I 1 \»X 0
JNx X X X
QTo0 [X T/x X

Q3Q2 | Q3Q2 |Q3Q2 | Q3Q2
0l00 XX X X
oIQ0 ¥ [X [X
Q0 N [T XX
Qioo [0 |0 X




J2=Q0Q1

K2=Q0 Q1

13200Q1 Q2

Q3Q2 (Q3Q2 |Q3Q2 |Q3Q2
o0 [0 [X X |0
Q0 XX |0
et ~ v
Qo [X [¥_[%
Q@0 X XX
Q3Q2 (Q3Q2 |Q3Q2 |Q3Q2
o0 X [0 [X X
aw X [0 X |X
Q1Q0<'Q X X
QX [0 X |X
Q3Q2 1Q3Q2 [Q3Q2 |Q3Q2
Q0 [0 [0 (X X
Qe [0 0 [X X
Q|00 |X X




Q2 [ OQ PR [BR2
» '7 X,'
00 [X X =
olQo | X |X X T
QI Q0 [X X X X
QI Q0 [X X 3 X

K3=Q0

2) Logic Circuit:

l;v l;v Pr

10 Q(l. —{1 QI 2 Q2
F/FO ~X 5 F/F2
; . C 2 ; .

KO clr Q0 _im clr Q1 K2 dr Q2
QL '

CLK d

3) Lock out condition:

e In the above counter the logic states 1010, 1011, 1100, 1101, 1110 and 1111 are not used.
If by chance, the counter happens to find itself in any one of the unused states, its next
state would not be known. It may just be possible that the counter might go from one
unused state to another and never arrive at a used state. A counter whose unused states

Ql

have this feature is said to suffer from LOCK OUT.

« To avoid lock out and make sure that at the starting point the counter is in its initial state
or it comes to its initial state within few clock cycles, external logic circuitry is to be
provided and so we design the counter assuming the next state to be the initial state, from

each unused states.




Sequential Machines

We know that synchronous sequential circuits change affect their states for every positive Or
negative transition of the clock signal based on the input. So, this behavior of synchronous
sequential circuits can be represented in the graphical form and it is known as state diagram.

A synchronous sequential circuit is also called as Finite State Machine FSM, if it has finite
number of states. There are two types of FSMs.

e Mealy State Machine
o Moore State Machine

Now, let us discuss about these two state machines one by one.
Mealy State Machine
A Finite State Machine is said to be Mealy state machine, if outputs depend on both present

inputs & present states. The block diagram of Mealy state machine is shown in the following
figure.

Combinational

Logic

Inputs |:> :(> Outputs
=

Vem— Memory <:/

As shown in figure, there are two parts present in Mealy state machine. Those are
combinational logic and memory. Memory is useful to provide some or part of previous outputs
and present states as inputs of combinational logic. So, based on the present inputs and present
states, the Mealy state machine produces outputs. Therefore, the outputs will be valid only at
positive or negative transition of the clock signal.

Mealy Diagram —

0/0 1/0 ; O i |

0/0



In the above figure, there are three states, namely A, B & C. These states are labelled inside the
circles & each circle corresponds to one state. Transitions between these states are represented
with directed lines. Here, 0/ 0,1 /0 & 1/ 1 denotes input / output. In the above figure, there
are two transitions from each state based on the value of input, x.

In general, the number of states required in Mealy state machine is less than or equal to the
number of states required in Moore state machine. There is an equivalent Moore state machine
for each Mealy state machine.

Moore State Machine

A Finite State Machine is said to be Moore state machine, if outputs depend only on present
states. The block diagram of Moore state machine is shown in the following figure.

Combinational

Logic

Inputs |:>
f:D

—— Memory

:D Outputs

As shown in figure, there are two parts present in Moore state machine. Those are
combinational logic and memory. In this case, the present inputs and present states determine
the next states. So, based on next states, Moore state machine produces the outputs. Therefore,
the outputs will be valid only after transition of the state.

The state diagram of Moore state machine is shown in the following figure.

1
B
0]

0

In the above figure, there are four states, namely A, B, C & D. These states and the respective
outputs are labelled inside the circles. Here, only the input value is labeled on each transition. In
the above figure, there are two transitions from each state based on the value of input, x.

In general, the number of states required in Moore state machine is more than or equal to the
number of states required in Mealy state machine. There is an equivalent Mealy state machine
for each Moore state machine. So, based on the requirement we can use one of them.



Moore Machine —

Output depends only upon present state.

If input changes, output does not change.

More number of states are required.

There is more hardware requirement.

They react slower to inputs(One clock cycle later)
Synchronous output and state generation.

Output is placed on states.

. Easy to design.

aly Machine —

Output depends on present state as well as present input.
If input changes, output also changes.

Less number of states are required.

There is less hardware requirement.

They react faster to inputs.

Asynchronous output generation.

Output is placed on transitions.

It is difficult to design.
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VHDL Introduction

VHDL stands for very high-speed integrated circuit hardware description language. It is a
programming language used to model a digital system by dataflow, behavioral and structural
style of modeling.

Describing a Design

In VHDL an entity is used to describe a hardware module. An entity can be described using,

« Entity declaration

e Architecture

« Configuration

o Package declaration
o Package body

Entity Declaration
It defines the names, input output signals and modes of a hardware module.

Syntax —

entity entity name is
Port declaration;
end entity name;

An entity declaration should start with ‘entity’ and end with ‘end’ keywords. The direction will
be input, output or inout.

In Port can be read

Out Port can be written




Inout  Port can be read and written
Buffer Port can be read and written, it can have only one source.

Architecture —
Architecture can be described using structural, dataflow, behavioral or mixed style.

Syntax —

architecture architecture_name of entity _name
architecture_declarative_part;

begin
Statements;
end architecture_name;

Here, we should specify the entity name for which we are writing the architecture body. The
architecture statements should be inside the ‘begin’ and ‘énd’ keyword. Architecture declarative
part may contain variables, constants, or component declaration.

Data Flow Modeling

In this modeling style, the flow of data through the entity is expressed using concurrent
(parallel) signal. The concurrent statements in VHDL are WHEN and GENERATE.

Besides them, assignments using only operators (AND, NOT, +, *, sll, etc.) can also be used to
construct code.

Finally, a special kind of assignment, called BLOCK, can also be employed in this kind of code.

In concurrent code, the following can be used —

o Operators

e The WHEN statement (WHEN/ELSE or WITH/SELECT/WHEN);
e The GENERATE statement;

e The BLOCK statement

Behavioral Modeling

In this modeling style, the behavior of an entity as set of statements is executed sequentially in
the specified order. Only statements placed inside a PROCESS, FUNCTION, or PROCEDURE
are sequential.

PROCESSES, FUNCTIONS, and PROCEDURES are the only sections of code that are
executed sequentially.

However, as a whole, any of these blocks is still concurrent with any other statements placed
outside it.

One important aspect of behavior code is that it is not limited to sequential logic. Indeed, with
it, we can build sequential circuits as well as combinational circuits.

The behavior statements are IF, WAIT, CASE, and LOOP. VARIABLES are also restricted and
they are supposed to be used in sequential code only. VARIABLE can never be global, so its
value cannot be passed out directly.




Structural Modeling

In this modeling, an entity is described as a set of interconnected components. A component
instantiation statement is a concurrent statement. Therefore, the order of these statements is not
important. The structural style of modeling describes only an interconnection of components
(viewed as black boxes), without implying any behavior of the components themselves nor of
the entity that they collectively represent.

In Structural modeling, architecture body is composed of two parts — the declarative part
(before the keyword begin) and the statement part (after the keyword begin).

Logic Operation — AND GATE

Symbol:
A_

B—

X Y Z
0 0 0
0 1 0
1 0 0
1 1 1
VHDL Code:
Library ieee;

use ieee.std_logic_1164.all;

entity andl is
port(x,y:in bit ; z:out bit);
end and1;

architecture virat of and1 is
begin

z<=xandy;
end virat;

Logic Operation — OR Gate




0 0
0 1
1 0
1 1
VHDL Code:
Library ieee;

use ieee.std_logic_1164.all;

entity orl is
port(x,y:in bit ; z:out bit);
end orl;

architecture virat of orl is
begin

z<=Xory;
end virat;

VHDL Code for a Half-Adder

VHDL Code:

Library ieee;
use ieee.std_logic_1164.all;

entity half_adder is
port(a,b:in bit; sum,carry:out bit);
end half_adder;

architecture data of half_adder is
begin

sum<=a xor b;

carry <= aand b;
end data;

VHDL Code for a Full Adder

Library ieee;
use ieee.std_logic_1164.all;

entity full_adder is port(a,b,c:in bit; sum,carry:out bit);

end full_adder;

architecture data of full_adder is
begin




| sum<=a xor b xor c;
carry <= ((aand b) or (b and c) or (a and c));
end data;




