T.Y. Diploma : Sem. VI [EJ/ET/EX/EN/EI/IE]
Very Large Scale Integration
Prelim Question Paper Solution

Time : 3 Hrs.

Marks : 100

Q.(a) Attempt any THREE questions.
[12]
Q.1(a) (i) Differentiate between Xiliv and Atmel series architecture of CPLD. (four points)
[4]
(A)
Sr.
Xilinx CPLD
ATMEL CPLD
No.
1. XC9536, XC9572, XC95108 these
ATF1502, ATF1504, ATF1508
have 36, 72 and 108 macro-cells.
these have 32, 64 and 128 macro- cells.

4.

The most current version only works
on windows XP.
In conversion application XC4000
FPGAs the equivalents are
1. XC4002,XC4003
XC5200 SERIES XC5202 AND XC5204
XC505((SPARTAN SERIES) XC 10.

The most current version only
works on Windows XP.
In conversion application atmel
series FPGAs equivalent are
1. AT40K05,AT40K05/10
2. AT40K05,AT40K05/10
3. AT40K05,AT40K05/20

an

5.

Available in variety of packages
but 44, 68 and 84 pins PLCC or J-lead
packages are more popular.
ATMEL offers their WinCUPL
PLD compiler for free download.

r

3.

Available in variety of packages but
44 and 84 pins PLCC or J-lead packages
are more popular.
Xilinx offers their web packs free
download.

ka

2.

al

Q.1(a) (ii) Compare synchronous and asynchronous sequential circuit on the basis of :
(i) Definition
(ii) Clock requirement
(iii) Output affected by
(iv) Memory element
(A)
Asynchronous
It is sequential circuit whose
behaviour depends upon the
sequence in which the input
signals change

Synchronous
It is a sequential circuit whose
behaviour can be defined from
the knowledge of its signal at
discrete instants of time.

It does not use a clock
The state of circuit can change
immediately when an input
change occurs
Either latches(unclocked FF)
or logic gates

It uses a clock pulse
A change of state occurs only
in response to a synchronizing
clock pulse.
Clocked FF

dy

Parameter
Definition

Clock required
o/p affected by

Vi

Memory element

[4]

Q.1(a) (iii) What is Test bench and write down a typical test bench format.
[4]
(A)
A test bench is a model that is used to exercise and verify the correctness of a hardware
model. The design which allows verifying the functionality of design at each step in VHDL
synthesis based methodology is known as test bench.

1

A typical test bench format is
entity TEST_ BENCH is
end;
architecture TB_ BEHAVIOR of TEST_ BENCH is
component ENTITY_ UNDER_TEST
port ( list- of- ports-their-types-and-modes);
end component;
Local-signal-declarations ;
begin
Generate-waveforms-using-behavioral-constructs;
Apply- to-entity-under-test;
EUT: ENTITY_UNDER_TEST port map ( port-associations) ;
Monitor-values-and-compare-with-expected-values;
end TB_ BEHAVIOR;

[4]

al

an

ka

Q.1(a) (iv) Write VHDL code to implement 4:1 multiplexer.
(A)
Library IEEE;
Use IEEE. Std_logic_1164.all;
Entity MUX4_1 is
Port(I : in bit_vector (3 downto 0);
S: in bit_vector (1 downto 0);
Y: out bit);
end MUX4_1;
architechture MUX of MUX4_1 is
begin
with S Select
Y <= I(0) when “00”
I(1) when “01”
I(2) when “10”
I(3) when “11”;
‘0’ when others; -- optional
end MUX;

r
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Vi

dy

Q.1(a) (v) List and explain data types used in HDL.
(A)

[4]

There are mainly two types: 1. Scalar 2. Composite
Scalar Types :
1. Integer: Defines the value with Integer. (Integer Range).
2. Real: Defines the value with number.
3. Enumerated: Defines the set of user defined values consisting of identifiers and
character literals
4. Physical : used to represent physical quantities e.g. distance ,time
Composite :
1. Array: Contain many elements of same type.
2. Record : Contain elements of different types
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The state table for the above diagram:

a
b
c
d


Next State
x = 0
x = 1
a
b
c
b
a
d
c
b

Output

x = 0
0
0
0
0

x = 1
0
0
1
0

an

Present state

ka

r

Q.1(b) Attempt any ONE questions.
[6]
Q.1(b) (i) Design a sequence detector to detect the sequence 101.
[6]
(A)
(This solution is designed by Moore logic, marks to be given if designed by Mealy logic, any
other relevant method marks to be given)
 A sequence detector is a sequential state machine. In a Moore machine, output depends
only on the present state and not dependent on the input (x). Hence in the diagram, the
output is written with the states.
 The state diagram of a moore machine for a 101 detector is:

Four states will require two flip flops. Consider two D flip flops. Their excitation table is
shown below.



Excitation table:

al



Input

Present State

dy

X
B
A
B+1
0
0
0(a)
0
0
0
1(b)
1
0
1
0(c)
0
0
1
1(d)
1
1
0
0(a)
0
1
0
1(b)
0
1
1
0(c)
1
1
1
1(d)
0
K-maps to determine inputs to D Flip flop:

Vi


Next state

A+1
0(a)
0(c)
0(a)
0(c)
1(b)
1(b)
1(d)
1(b)

F/F inputs
DB
0
1
0
1
0
0
1
0

DA
0
0
0
0
1
1
1
1

Output
Y
0
0
0
0
0
0
0
1
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Circuit diagram for the sequence detector:

[6]

dy

al

an

ka

Q.1(b) (ii) Draw architecture of CPLD and explain in brief.
(A)
Architecture of CPLD

r



Vi

Architectural Description:
 Each external I/O pin can be used as an input, an output, or a bidirectional pin according
to device programming. The I/O pins at the bottom are also used for special purposes.
 Any of the 3 pins can be used as “Global Clocks” (GCK).Each macro cell can be
programmed to use a selected clock input.
 One pin can be used as a “Global Set/Reset ”(GSR).Each macro cell can use this signal as
an asynchronous Preset or Clear.
 Two or Four pins depending on the devices can be used as “Global Three State
Controls”(GTS).One of the signals can be selected in each macro cell to output enable
the corresponding output driver when the macro cell’s output is hooked to an external
I/O pin.
 Only four Functional Blocks(FB) are shown but XC9500 scales to accommodate 16 FB’s in
the XC95288. Regardless of the specific family member each FB programmable receives
36 signals from the switch matrix. The inputs to the switch matrix are the 18 macro cell
outputs from each of the functional blocks and the external inputs from the I/O pins.

4
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Each Functional block also has 18 outputs that run under the switch matrix and connect
to the I/O blocks. These are the output-enable signals for the I/O block output drives;
they’re used when FB macro cells output is hooked up to an external I/O pin. Each
Functional Block has programmable logic capability with 36 inputs and 18 outputs. Fast
Connect Switch Matrix connects all Functional Block outputs to the I/O blocks and the
input signals from the I/O block to the Functional Block.

Program:
library IEEE;
use iccc sid_logic_1 164 all;
use iee.ste_logic_unsigned all;
entity counter is
port(Clock, CLR; in sted_logic;
Q : out std_logic_vector(2 downto 0));
end counter,
architecture archi of counter is
signal tmp: sid_logic_vector(2 downto 0);
begin
process (Clock. CLR)
begin
if(CLR-‘1’)then
tmp <- "OOO":
elsif (Clack ‘event and Clock='1') then
tmp <- tmp + 1;
end if,
end process;
Q <= tmp;
end archi:

al

an

ka

(A)

[16]
[4]

r

Q.2 Attempt any FOUR questions.
Q.2(a) Write VHDL code for 3-bit up-counter.

[4]

Vi

dy

Q.2(b) Explain P well process with suitable diagram.
(A)

5
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Explanation:- (Explanation need not to write all the steps)
Step1- Initially thick SiO2 layer is grown on the entire n-type silicon surface.
Step2- Using photoresist layer and a mask, which defines the area of deep p-well diffusion,
the SiO2 layer is etched off.
Step3- Oxide in the p transistor region is removed and thin oxide layer is grown all over the
surface.
Step4- The polysilicon is patterned on thin oxide regions using a Mask forming pMOS and
nMOS gates.
Step5- The area of nMOS transistor is covered using p+ mask, and p diffusion is carried
out to form source and drain of pMOS transistor.
Step6- Using negative p+ mask the area of pMOS transistor is covered and n diffusion is
carried out to form source and drain of nMOS transistor.
Step7- Thick oxide layer is grown on the entire chip surface and the transistor areas
where contact cuts are to be made are defined.
Step8- The metal layer is deposited on the entire chip surface and is patterned.

an

Q.2(c) What is event scheduling and zero modelling.
[4]
(A)
Event scheduling:
Event is nothing but change on target signal which is to be updated.
Ex. X <= a after 0.5ns when select=0 else
X <= b after 0.5ns
The assignment to signal x does not happen instantly. Each of the values assigned to x
contain an after clause.
The mechanism for delaying the new value is called scheduling an event. By assigning port x a
new value, an event was scheduled 0.5ns in the future that contains the new value for signal
x. when the event matures, signal receives a new value.

Vi

dy

al

Zero Modelling :
The ordering of zero delay events is handled with a fictitious unit called delta time. Delta
time represents the execution of a simulation cycle without advancing Simulation time. The
simulator models zero-delay events using delta time. Events scheduled at the same time are
simulated in specific order during a delta time step. Related logic is then re-simulated to
propagate the effects for another delta time step. Delta time steps continue until there is
no activity for the same instant of simulated time.
OR
In VHDL zero delay circuits and designs that depends on zero delay components can never
be built. Simulation deltas are used to order some types of events during simulation.
Specifically zero delay events must be ordered to produce consistent results. If they are
not properly ordered results can vary between different simulation runs.

Q.2(d) List the features of FPGA.
[4]
(A)
Features of FPGA
1. Capacity is defined in term of number of gates available.
2. FPGA consumes less power than CPLD.
3. Numbers of input and output pins on FPGA are less than CPLD.
4. FPGA is suitable for designs with large number of simple blocks with few number of
input.
5. FPGA based design requires more board space and layout complexity is more.
6. It is difficult to predict the speed performance of design.
7. FPGA are available in wide density range.
8. Gates more than 10,000.
9. Higher I/O count.
10. Complex architecture.

6

Prelim Question Paper

[2]

Q.2(d) (ii) Write the syntax of CASE statement.
(A)
Case expression is
When choices =>
{sequential-statement}
When choices =>
{sequential-statement}
end case

[2]

Q.2(f) Explain the shift operations and logical operations.
(A)

[4]

SHIFT
Shift Left Logical
Shift Right Logical
Shift Left Arithmetic
Shift
Right
A i h Left
i Logical
Rotate
Rotate Right Logical

[16]
[4]

dy

al

an

Q.3 Attempt any FOUR questions.
Q.3(a) Explain HDL design flow for synthesis.
(A)

LOGICAL
AND
OR
NAND
NOR
XOR
XNOR
NOT

ka

SLL
SRL
SLA
SRA
ROL
ROR

r

Q.2(e) (i) Give the syntax of signal used in VHDL.
(A)
SIGNAL signal_name : signal_type [:= initial value];

Vi

Synthesis is an automatic method of converting higher level of abstraction to lower level of
abstraction.
1. The process that converts user, hardware description into structural logic description.
Synthesis is a means of converting hdl into real world hardware. It generates a gate
level net list for the target technology. The synthesis tool converts register transfer
level (RTL) description to gate level netlist. These gate level netlists consist of
interconnected gate level macrocells.
2. The inputs to the synthesis process are RTL (register transfer level) VHDL description,
circuit constraints and attributes for the design, and a technology library.
3. The synthesis process produces an optimized gate level net list from all these inputs.
The translation from RTL description to Boolean equivalent description is usually not
user controllable.
4. The intermediate form that is generated is a format that is optimized for a particular
tool and may not even be viewable by the user. All the conditional signal assignments and
selected signal assignment statements are converted to their boolean equivalent in this
intermediate form. The optimization process takes an un optimized Boolean description
and converts it to an optimized Boolean description. For this it uses number of algorithm

7
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r

and rules. This process aims to improve structure of Boolean equations by applying rules
of boolean algebra. This removes the redundant logic and reduces the area requirement.
OR
Simple steps
1. Describe your design with HDL
2. Perform RTL simulation
3. Synthesizing your design
4. Create Xilinx Netlist Files (XNF/EDIF etc)
5. Perform Functional Simulation
6. Floor planning of design (optional)
7. Placing and routing
8. Perform a timing simulation (post layout)
(2 Marks for flow 2Marks for description)
Note :flow may vary

Output
M4
y
OFF
0
ON
0
OFF
0
ON
1

using CMOS logic.

Vi

dy

Q.3(c) Design Z = XY  UV
(A)

8

[4]

an

MOS
M2
M3
OFF
OFF
ON
OFF
OFF
ON
ON
ON

al

Inputs
A(bar) B(bar) M1
0
0
OFF
0
1
OFF
1
0
ON
1
1
ON

ka

Q.3(b) Draw CMOS AND Gate and write it with Truth Table. (2 input)
(A)

[4]
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[4]

r

Q.3(d) Draw 3 : 8 decoder and write VHDL code for it.
(A)
Library IEEE;
Use IEEE .std Jogic =1164.all;
Entity decoder is
Port ( a,b,c: in std logic;
Stb :in std logic ;
Y : out std_logic _vector(7 downto 0) ); End decoder;
Architecture beh of decoder is signal temp : std_ logic
vector(3 downto 0); begin
temp <=stb & a & b &c ; Y <="01111111" when temp ="
0000" else ■•10111111" when temp = "0001" else ( and so
on for each input)
"11111110" when temp="011 l"else "zzzzzzzz; End beh;

an

ka

Q.3(e) Define the following terms :
[4]
(i) Meta stability
(ii) Set-up time
(iii) Hold time
(iv) Fan-out
(A)
(i) Metastability: Metastability is the ability of digital system to persist for an unbounded
time in an unstable equilibrium or metastable state. In this state the circuit may be
unable to settle into a stable 0 or 1 logic level within the time required for proper
circuit operation.
(ii) Set-up time: Set up time during which the input must be stable before the clock
transistion takes place.

dy

al

(iii)

Vi

(iv) Hold time: Hold time is the minimum time for which the input must be held constant
after the transistion occurs.
(v) Fan-out: Fan-out of an output a logic gate output is the number of gate inputs it can
feed or connect to. The maximum fan-out of an output measures its load driving
capacity. It is the greatest number of inputs of gates of the same type to which the
output can be safely connected.

Q.3(f) Explain various operators used in VHDL.
[4]
(A)
The various operators in VHDL are:
 Logical Operators: These are defined for type bit and Boolean, one dimensional array of
bit and Boolean type. The logical operators are: AND, OR, NAND, NOR, XOR, XNOR,
NOT


Relational operators: The relational operators are used to check the conditions. The
relational operators are:



For example:
c (< =) a and b;
z < = A nand B nand C; -- is illegal.

9
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Relational Operators :
1. = Equality
2. /= Inequality
3. < Less than
4. <= Less than or equal
5. > Greater than
6. >= Greater than or equal.
The equality and inequality are defined for all types except file types. For array types
operands are aligned in the left and compared to the right. These operators return the
TRUE logic value where the condition is met.
For example:
type MUL is (‘U’, ‘0’, ‘1’, ‘Z’)
type MUL (‘U’) < MUL ('Z'),
is true, since 'U' occurs to the left of ‘Z’.



Shift Operators: These are defined for one dimensional array with elements of the
type bit and Boolean. The various shift operators are
1. sll
shift left logical
2. srl
shift right logical
3. sla
shift left arithmetic
4. sra
shift right arithmetic
5. rll
rotate left logical
6. rrl
rotate right locial.

an

ka

r



Adding Operators: The three adding operators are +, - and &. The + and – operators
must be of same numeric type and the result is of the same numeric type. Whereas &
(concatenation) operator can be one dimensional array type as an element type.

dy



al

Assume A is a bit_vector equal to 10010100' and then
1. A sll 2 is '01010100" (shift left logical, filled with '0' at LSB side)
2. A srl 3 is '00001010' (shift right logical, filled with '0' at MSB side)
3. A sla 3 is '10101111' (shift left arithmetic, filled with MSB at LSB

Multiplying operators: These operators are predefined in VHDL for all integer and real
data types and the result is of same type.



Miscellaneous operators: The two miscellaneous operators are abs [absolute] and **
[exponential]. The abs is defined for any numeric type and ** is defined for integer or
floating point number.

Vi







For example:
2 ** 8 = 256
3.8 ** 3 = 54.872
Unary operators: These are sign operators and there are two sign operators positive
and negative.

Q.4(a) Attempt any THREE questions.
[12]
Q.4(a) (i) Explain Twin-tube process with suitable diagram.
[4]
(A)
In this process the substrate can be of any type. Consider n type silicon substrate. The twin
tub fabrication process is:

10
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4.
5.
6.
7.
8.

r

ka

3.

an

2.

The process is carried out on N type silicon substrate with lower doping or higher
resistivity so that the lesser current flows through the substrate. On this, the n+ Si
substrate is grown further i.e. epitaxial layer of required thickness is grown.
SiO2 layer is grown all over the surface and the areas of P well and N well are defined. P
well is diffused by masking N well area and N well is diffused by masking P well area.
A thin layer of SiO2 thin ox is deposited all over the surface. Using masking and etching
process unrequired thin ox is removed. The thin ox is required only on gate areas of
both the transistors.
The polysilicon is deposited all over the surface and using a mask it is removed from
areas other than the gate area.
Then the P well is covered with a photoresist mask and p+ diffusion is carried out to
form the source and drain of pMOS transistor.
Now the N well is covered with a photoresist mask and n+ diffusion is carried out to
form the source and drain of nMOS transistor.
The thick layer of SiO2 is grown all over the surface for isolation. This SiO2 layer is
etched off to expose all the terminals.
The metal is deposited and patterned all over the wafer surface so that it makes
contact with source, drain and gate terminals.

al

1.

Vi

dy

Q.4(a) (ii) Explain Event based and cycle based simulator.
[4]
(A)
1. Event based simulator :
 Event driven signal keeps track Of any change in the signal in the event queue.
 The simulator starts simulation as soon as any signal in event list changes its value.
 For this the simulator has to keep record of all the scheduled events in future. This
causes a large memory overload but gives high accuracy for asynchronous design. It
simulates events only.
 Gates whose inputs have events are called active and are placed in activity list.
 The simulation proceeds by removing a gate from the activity list. The process Of
evaluation stops when the activity list becomes empty.
2. Cycle-based Simulator :
 Cycle-based simulation ignores intra—cycle state transitions. i.e. they check the
Status Of target signals periodically irrespective of any events. This can boost
performance by 10 to SO times compared to traditional event-driven simulators.
 Cycle-based technology offers greater memory efficiency and faster simulation runtime than traditional pure event-based simulators.
 Cycle-based simulators work best with synchronous design but give less timing
accuracy with asynchronous design.
 Signals are treated as variables. Functions such as AND. OR etc. are directly
converted to program statements.
 Signal level functions such as memory blocks, adders. Multiplier’s etc. are modeled
as subroutines.
11
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For every input vector. the code is repe executed until all variables have attained
steady value.
Compiled code simulator is efficient when used for high-level design verification.
Inefficiency is incurred by the evaluation of the design when only few inputs are
changing.

ka

al

an

Example 1:
DFF : PROCESS (CLK,RST)
BEGIN
IF RST = '1'
THEN Q <= '0';
ELSIF (CLK'EVENT) AND (CLK = '1')
THEN Q <= D;
END IF;
END PROCESS DFF;
DFF : PROCESS
BEGIN
IF RST = '1'
THEN Q <= '0';
ELSIF (CLK'EVENT) AND (CLK = '1')
THEN Q <= D;
END IF;
WAIT ON RST, CLK;
END PROCESS DFF;

r

Q.4(a) (iii) Explain sensitivity list and zero modeling.
[4]
(A)
Sensitivity List:
 The sensitivity list is a compact way of specifying the set of signals, events on which
may resume a process. A sensitivity list is specified right after the keyword process.

 The sensitivity list is equivalent to the wait on statement, which is the last statement of
the process statement section.
 Only static signal names, for which reading is permitted, may appear in the sensitivity
list of a process, i.e. no function calls are allowed in the list.

dy

Here, the process is sensitive to the RST and CLK signals, i.e. an event on any of these
signals will cause the process to resume. This process is equivalent to the one described in
the comment section.
A process with a sensitivity list may not contain any explicit wait statements. Also, if such a
process statement is a parent of a procedure, then that procedure may not contain a wait
statement as well.

Vi

Zero Modelling:
 While describing any system for synthesis circuit delays are determined by the target
technology. While writing VHDL for synthesis signal, assignment statements never
included a delay assignment.
 All digital circuit elements have a delay [propagation delay] which is very small in terms
of nano sec. This nano sec delta delay will have little impact while writing the VHDL
code. But for circuit realization this delay must be incorporated. The physical circuits
always have finite delays.
 In VHDL zero delay circuits and designs that depends on zero delay components can
never be built.
 Simulation deltas are used to order some types of events during simulation. Specifically
zero delay events must be ordered to produce consistent results. If they are not
properly ordered results can vary between different simulation runs.

12
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[4]

Q.4(b) Attempt any ONE questions.
Q.4(b) (i) Explain CZ process for wafer fabrication, with neat diagram.
(A)
Czochralski (CZ) Process:

[6]
[6]

dy

al

an

ka

r

Q.4(a) (iv) Draw full Adder using gates and write VHDL code for it.
(A)
library IEEE,
use IEEE.std_logic_1164.all,
entity f_Adder is
port ( a, b,cin: in BIT;
Sum,Carry : out BIT );
end f_Adder;
architecture dataflow of f_adder is
begin
sum <= A xor B xor Cin;
carry <= (A and B) or (A and Cin) or (Cin and B); end dataflow;

Vi

It consists of Quartz crucible, which is surrounded by a graphite radiator. The graphite is
heated by radio frequency induction heating and temperature maintained a few degrees
above the melting point of silicon (approx. 14250C), the atmosphere just above the
polysilicon melt is typically helium or orgon for freezing.
A polycrystalline Si is melted in the crucible and controlled amount of impurities (p type or n
type) are added to the melt to provide the crystal with required electrical properties.
After the seed (single crystal silicon piece) is dipped into the melt, the seed is gradually
withdrawn vertically from the melt while simultaneously being rotated. The molten
polycrystalline silicon melts the tip of the seed and it is withdrawn, refreezing occurs. As
the melt freezes, it assumes the single crystal form of the seed. This process is continued
until the melt is consumed. The diameter of the ingot (rod of silicon) is determined by the
seed withdrawn rate and seed rotation rate.
The produced crystalline silicon rod is then slicing into wafers using cutting tools like
diamond blades. Following slicing at least one face of the wafer is polished to flat scratch
free mirror finish surface.

13
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Q.4(b) (ii) List and explain the main steps carried in typical n-well, CMOS fabrication
[6]
process with neat sketches.
(A)
n-well, CMOS fabrication process : The fabrication steps are as follows :
Step 1 : Formation of n-well regions.
Step 2 : Define nMOS and pMOS active areas.
Step 3 : Field and gate oxidation (thinox)
Step 4 : Form and pattern polysilicon.
Step 5 : p+ diffusion.
Step 6 : n+ diffusion.
Step 7 : Contact cuts.
Step 8 : Deposit and pattern metallization.
Step 9 : Over glass with cuts for bonding pads.
The first mask defines the n-well regions. This is followed by a low dose phosphorous
implant driver in by a high temperature diffusion step to form the n-well. The well-depth is
optimized to ensure against p-substrate to p+ diffusion breakdown without compromising the
n-well to n+ mask separation. The next steps are to define the devices and diffusion paths,
grow field oxide, deposit and pattern the polysilicon, carry out the diffusion, make contact
cuts and finally metallize.

Vi

dy

al

an

Q.5 Attempt any FOUR questions.
[16]
Q.5(a) Define following terms related to fabrication process.
[4]
(i) Oxidation
(ii) Diffusion
(iii) Ion-implantation
(iv) Deposition
(A)
(i) Oxidation:
Oxidation is a process by which a layer of silicon dioxide is grown on the surface of a
silicon wafer.
The oxidation of silicon is necessary throughout the modern integrated circuit
fabrication process.
(ii) Diffusion:
It is the process by which impurities may be introduced into selected region of a
semiconductor. In the silicon technology diffusion allows formation of sources and
drains for metal-oxidesemiconductor devices. It is extensively used because it is ideally
adopted to batch processes where many slices are handled in single operation. It does
not produce crystal damage, thus high quality junctions with minimum leakage current
can be made easily by this method. It is achieved by heating the wafer to a high
temperature and passing a gas containing the desired impurity.
(iii) Ion- Implantation:
Ion implantation can be defined as the process by which impurity ions are accelerated to
high velocity and physically lodged into the target material.
(iv) Deposition:
Deposition is a process followed by an implantation step to reduce poly resistance.
Q.5(b) Define the following terms.
[4]
(1) Metastability
(2) Noise Margin
(A)
Metastability:
Metastability in electronics is the ability of a non- equilibrium electronic state to persist
for a long (and theoretically unboundable) period of time.
(OR)
A metastable state is half way between logic ‘0’ and logic ‘1’. It is undefined state.
Noise Margin:
It is a measure of noise immunity of a gate or circuit (noise immunity is the ability of a gate
or circuit to tolerate any noise present in a signal without performing a wrong operation).
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Q.5(c) Compare BJT and CMOS.
(A)
Sr. No.
BJT

[4]
CMOS

1.
2.
5.

High power dissipation
Low input impedance
Low packing density

Low static power dissipation
High input impedance
High packing density

4.
5.

Low delay sensitive to load
High output drive current

High delay sensitive to load
Low output drive current

6.
7.
8.

Essentially unidirectional
It is not an ideal switching device
Current driven

Bidirectional capability
It is an ideal switching device
Voltage driven
[4]

an

ka

r

Q.5(d) Write VHDL program to Implement JK flip-flop with + ve edge trigger.
(A)
Note: Program in any modeling should be considered and marks to be given
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
ENTITY JKff IS
PORT (clk: IN STD_LOGIC;

Vi

dy

al

J, K: IN STD_LOGIC;
Q, Qbar: OUT STD_LOGIC);
END JKff;
ARCHITECTURE BEHAVIORAL OF JKff_arch IS
BEGIN
PROCESS (clk)
BEGIN
if (clk’event and clk = ‘1’) then
if (J = ‘0’ and K = ‘0’) then
Q < = Q;
elsif (J = ‘0’ and K = ‘1’) then
Q < = ‘0’;
elsif (J = ‘1’ and K = ‘0’) then
Q < = ‘1’;
elsif (J = ‘1’and K = ‘1’) then
Q < = not Q;
End if
End if
End process
Qbar < = not Q;
End behavioural JKff_arch

Q.5(e) Explain the basic architecture of SPARTAN  3 FPGA series.
(A)

[4]
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Vi

dy

al

OR

The Spartan-3 family architecture consists of five fundamental programmable functional
elements:
Configurable Logic Blocks (CLBs): Contain flexible Look-Up Tables (LUTs) that implement
logic plus storage elements used as flip-flops or latches. CLBs perform a wide variety of
logical functions as well as store data.
Input/ Output Blocks (IOBs): Control the flow of data between the I/O pins and the
internal logic of the device. Each IOB supports bidirectional data flow plus 3-state
operation. Double Data-Rate (DDR) registers are included.
Block RAM : Provides data storage in the form of 18-Kbit dual-port blocks.
Multiplier Blocks : Accept two 18-bit binary numbers as inputs and calculate the product.
Digital Clock Manager (DCM): Blocks provide self-calibrating, fully digital solutions for
distributing, delaying, multiplying, dividing, and phase-shifting clock signals.
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Q.5(f) Compare FPGA and CPLD.
(A)

Vi

dy

al

Q.6 Attempt any FOUR questions.
[16]
Q.6(a) Explain with syntax.
[4]
(1) Entity
(2) Architecture
(A)
Entity:
 A VHDL Entity specifies the name of the entity, the ports of the entity, and other
entity related information.
 All designs are created using one or more entities.
 Syntax:
Entity <entity_name> is
Generic (<generic_list>);
Port (<port_list>);
End <entity_name>
 The keyword entity signifies that this is the start of the entity statement. The
standard type provided is BIT.

 Example




ENTITY mux is
PORT (a, b, c, d: IN_BIT;
s0, s1: IN_BIT;
Y: OUT_BIT);
END mux;
 Name of the user created object is mux. The name of the entity is mux.
 The entity has seven ports in the PORT Clause.

Six of them are input ports and one is output port which is notified as IN and OUT
respectively.
 The four data input ports (a, b, c, d) and two select input ports (s0, s1) and one output
port (y) are of type BIT.
 The entity describes the interface to the outside world. It specifies the number of
ports, direction of the ports, type of ports, etc.
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Architecture:
 The entity describes the interface to the VHDL model.
 The architecture specifies behaviour, function, interconnection or relation between
input and output of an entity.
 Syntax:
Architecture architecture_name of entity_name is
architecture_declarations
Begin
concurrent_statements
End [architecture] [architecture_name];

It describes the contents of an entity. The reason for connection between the
architecture and the entity is that an entity can have multiple architectures describing
the behaviour of the entity.
 The keyword ARCHITECTURE signifies that this statement describes architecture for
an entity.
 The statement of the architecture starts with the keyword BEGIN and ends with the
END netlist statement.
 Example:
Architecture AND1 of ANDGATE is
--declarations
Begin
--statements
Y <= A AND B;
End architecture AND1;

dy

Q.6(b) Compare Mealy Machine with Moore Machine.
(A)
Moore machine

[4]
Mealy Machine

Definition :output is function of state of Definition :output is function of state of
machine
machine and present input condition
Requires more number of states
Requires less number of states
slower

Design simple

Design complex

Output in state

Output is at the time of state transition

Vi

Faster

Block diagram
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Q.6(c) Draw and explain working of CMOS Transmission gates.
(A)



an




r



It consists of one nMOS and one pMOS transistor in parallel.
The gate voltages, applied to these two transistors are also set to be complementary
signals.
The CMOS Transmission gate operates as a bidirectional switch between the nodes A &
B which is controlled by C.
If the control signal C is logic high, VDD, then both the transistors are turned ON and
provides a low resistance current path between the nodes A & B.
If C is low, then both the transistors are off & path between A & B is open circuit.
This condition is called high impedance state.

ka




[4]

dy

al

Q.6(d) Draw and Implement the T flip-flop using Moore machine.
[4]
(A)
Let’s consider a sequence detector 101 which can be implemented with T flip flop using
Moore machine.
The state diagram will be

Vi

Transition table will be
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K – maps for implementing design using T flip-flop (1 mark)
AB
X
0
1

00

01

11

10

0

1



1

0

0



1

AB
X
0
1

00

01

11

10

0

1



0

1

0



1

[4]
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Q.6(e) Draw the general FPGA chip architecture and explain the same.
(A)

al

Field programmable Gate Arrays (FPGA):
 A field programmable gate array (FPGA) ha large number of programmable logic blocks that are
individually smaller than a PLD. The basic structure of a FPGA is sown in figure.
 The programmable logic blocks are arrange in the matrix form with programmable
interconnections and the entire array is surrounded by programmable I/O blocks. Each logic
block is less capable than a typical PLD, but it has lot more logic blocks than a CPLD of the same
size.

Vi

dy

Q.6(f) Compare software and hardware description languages.
[4]
(A)
Sr.
Software language
Hardware Description Language
No.
The events (change in value) in hardware
1.
In a software language, all assignments
are sequential. That means the order in are concurrent, and they must be
which the statements appear is significant represented in that way.
because they are executed in that way.
2. A software language cannot be used to
A hardware language is used to describe
describe hardware and so a hardware the hardware.
language is required.
3. In software language, the statements
In VHDL, concurrent statements are
are evaluated sequentially.
defined to take care of concurrency
hardware.
4. We get different results when the order is The HDL is always concurrent.
changed.
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