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Voltage Regulation =
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I __Vz
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Vps = Vpp — IpssRp
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T

MTBF = ——
To X fXa
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PART A — Answer ALL 8 questions.

Al. Determine the maximum allowable value of Rs for the zener voltage regulator circuit
shown in Figure A1 given that Vin = 10V, Vz = 2.5V, Izmin)= 1.2mA and Ry is variable
between 1kQ and 2kQ.

Ry ! ! L

+ -+ ; >
4

Vi?l VZ out

(UNREGULATED D.C.)

Figure Al
(4 marks)

A2. Show how the voltage regulator circuit shown in Figure A2 achieves a stable output:

Figure A2

(6 marks)

A3. Discuss the principle of a switch mode power supply and explain how voltage regulation

is generally achieved.
(5 marks)

A4. A MC7809CT voltage regulator in a TO-220 case is required to dissipate S00mW at a
desired junction temperature of 100°C. From the datasheet, 054 is 180°C/W, O¢s =
1.6°C/W and 0jc is 2.5°C/W.

1. Determine whether a heat-sink is required for the regulator to operate at normal
room temperature (22°C).
ii. If the power output was increased to SW and all other factors remain the same,

calculate the required heat-sink. The IC is to be mounted with heatsink compound
with a O¢s of 1.6°C/W.
(6 marks)
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AS. Explain with the aid of a diagram the operation of a N-channel depletion mode MOSFET.
(6 marks)

A6. Compare and contrast JFETs and bipolar transistors.

(4 marks)

A7. Show how an OR gate may be implemented on a PLD by showing the arrangement of the
fusable links.

(3 marks)

AS8. Evaluate three considerations which must be taken into account when selecting which
type of ASIC to choose for a specific design?
(6 marks)

Total Marks for Part A =40
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PART B — Only answer 2 of the following 3 questions (B1, B2, B3)

Question B1 — Power Supply Design and Thermal Management

a. A series voltage regulator shown in Figure B1.1 is required to supply a current of 1.2A at a

constant voltage of 6V. If the input voltage is 15V, f =50, Vgg = 0.6V and minimum zener
current = 5.6mA. Calculate:

1. The zener breakdown voltage
1i. The value for Rs
+ //’_ _\\ Id—\
S s
k3 N/ |
(7 f.’i + "z z;
-+ : ::‘;
Figure B1.1
(6 marks)
b. Explain the operation of the current limiting circuit shown in Figure B1.2.
0, Ry
e WA "
10
v,
e 3
Rl
+ Ry N
Vin <m 5 R; Vo
A/ s i
0,
R2
.4 T’ % l v
Figure B1.2
(5 marks)

c. A vertical heat sink solution is required for an IC delivering 5W in an environment with an
ambient temperature of 60°C. A 3” square and a 2” square fin of 0.01” oxidised copper is
available with an emissivity of 0.7. For each heat sink, determine the value of 6sa and state
which is most appropriate for the application given that Ty = 130°C, 0;c = 2.5°C and Ocs =

1.6°C/W. A nomograph is included at the end of this paper. (Remove it and insert it into
your answer book)

(14 marks)
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d. Discuss the operation of the ‘boost’ converter shown in Figure B1.3.

e L1 D1
O—— L ’l A +
d |
IDCt CL+ DC
npu Output
Vu —I_U—I- - C'T Load Vour> Vin

Squar:: wave MOSFET
driving switch Switch

Figure B1.3
(5 marks)

Total Marks for Question B1 = 30
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Question B2 — FETs and PLDs

a. Explain the principle of operation of a JFET

(5 marks)
b. A JFET has a drain current of 8mA. If Ipss = 12mA and Vs (ot = -4.5V, find the value of
Vas.
(4 marks)
c. Discuss the term metastability in FPGA design and how it can occur.
(5 marks)

d. The circuit shown in Figure B2.1 has two identical flip-flops which are clocked at 20MHz.
The synchronising flip-flop is sampling an asynchronous 2MHz input.

Flip-flop in

Synchroniser
y design

Asynchronous D Q Combinational D Ql—
input logic
> < > >
r 6.7 ns !/
CLOCK
Figure B2.1

Given that:

7=0.2ns,

To=9.6x 1085

tsu = Ins

1. Calculate the resolution time and MTBF of the circuit.

i1. If the clock frequency in the circuit above is quadrupled, calculate the effect on
MTBF and comment on its change.

iii. Show how the circuit can be redesigned to improve the MTBF. Give an expression
to estimate the new MTBF and calculate the new value. Use the quadrupled clock

frequency.
(16 marks)

Total Marks for Question B2 = 30
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Question B3 — VHDL and ASIC Technology

a. Evaluate the four main types of Application Specific Integrated Circuits (ASIC).

(8 marks)
b. Compare the following coding methods:
1. Gray State Encoding
ii.  One-hot State Encoding
(6 marks)

c. Compare block diagrams representing the design flow for an ASIC and the design flow for
a Field Programmable Gate Array (FPGA).

(8 marks)
d. For the the VHDL file shown below:
1. What are the inputs to the device “Gate 1”” and what are outputs?
il. Draw an entity of this device.
iii. Explain the operation of the device with the aid of a truth table and suggest a use
for this device in digital communication.
(8 marks)

library IEEE;
use [IEEE.STD LOGIC 1164.ALL;

entity Gate 1 is

port (

A :in STD_LOGIC;

B :in STD LOGIC;
C:in STD_LOGIC;

D :in STD_LOGIC;
LT :in STD_LOGIC;
RBI: in STD LOGIC;
BI:in STD LOGIC;
YO : out STD_LOGIC;
Y1 :out STD _LOGIC;
Y2 :out STD_LOGIC;
Y3 : out STD_LOGIC;
Y4 : out STD_LOGIC;
Y5 :out STD_LOGIC;
Y6 :out STD _LOGIC
);

end Gate 1;
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architecture BEHAVIORAL of Gate 1 is

signal O : STD_LOGIC VECTOR(0 TO 6);

begin

process (BLLT,RBLLA,B,C,D)
begin
if BI='0' then O<="1111111";
elsif LT="0' then O<="0000000";
elsif (A='0' and B='0' and C='0" and D='0' and RBI="1") then O<="0000001";
elsif (A="1' and B='0" and C='0' and D='0") then O<="1001111";
elsif (A='0' and B="1" and C='0" and D='0") then O<="0010010";
elsif (A="1' and B='1' and C='0' and D='0") then O<="0000110";
elsif (A='0' and B='0' and C='1" and D='0") then O<="1001100";
elsif (A="1' and B='0" and C='1"' and D='0") then O<="0100100";
elsif (A='0' and B='1" and C='1" and D='0") then O<="1100000";
elsif (A="1' and B="1' and C='1"' and D='0") then O<="0001111";
elsif (A='0' and B='0' and C='0" and D="1") then O<="0000000";
elsif (A="1" and B='0" and C='0" and D="1") then O<="0001100";
elsif (A='0' and B="1" and C='0" and D="1") then O<="1110010";
elsif (A="1' and B="1' and C='0' and D="1")then O<="1100110";
elsif (A='0' and B='0' and C='1" and D="1") then O<="1011100";
elsif (A="1" and B='0' and C='1" and D="1") then O<="0110100";
elsif (A='0' and B="1" and C='1" and D="1") then O<="1110000";
elsif (A="1' and B="1' and C='1' and D="1") then O<="1111111";

end if;

end process;

Y 6<=0(6);

Y5<=0(5);

Y4<=0(4);

Y3<=0(3);

Y2<=0(2);

Y1<=0(1);

Y0<=0(0);

end BEHAVIORAL;

Total Marks for Question B3 = 30
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Remove this page and insert into your answer booklet
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Programme: BSc in Electrical & Electronic Engineering Level: 6
Module: PSDE 6015 / SGEE6000 Electronic Design
Author: M Hall Page: Page 1 of
Part A Question Marks
o Ve 25 _ ) 5ma
L(max) — = = <.oln 2
Ri(miny 1000
Vinh — V2 10 — 2.5
RS(max) = = 2kQ 2

ILmax) + lzminy  2-5m+1.2m

A2 The unregulated DC supply is fed to the voltage regulator. The circuit maintains a
constant output voltage irrespective of the variations in load or input voltage. It
does this in the following way:

Suppose the output voltage increases due to any reason. This causes an increase
in voltage across R2 as it is a part of the output circuit. This in turn means that
more VF is fed back to the base of transistor Q1; producing a large collector
current in Q1. Most of this collector current flows through R3 and causes the
base voltage of Q2 to decrease. This results in less output voltage i.e. increase in
voltage is offset. Thus output voltage remains constant.

Similarly, if the output voltage tries to decrease, the feedback voltage VF also
decreases. This reduces the current through Q1 and R3. This means more base
voltage at Q2 and more output voltage. Consequently, the output voltage 6
remains at the original level.
A3 A SMPS uses a high frequency square wave to drive an electronic power
switching circuit. This circuit is used to convert the DC supply into a high
frequency, high current AC, which by various means, depending on the design of
the circuit, is reconverted into a regulated DC output. The high frequency AC
produced during the conversion process is a square wave, which provides a
means of controlling the output voltage by means of pulse width modulation.




A4

A5

This allows the regulation of the output to be much more efficient than is
possible in linear regulated supplies.

Voltage Regulation

This is achieved by altering the mark to space ratio of the oscillator waveform
before applying it to the switches. Control of the mark to space ratio is achieved
by comparing voltage feedback from the output of the supply with a stable
reference voltage. By using this feedback to control the mark to space ratio of the
oscillator, the duty cycle and therefore the average DC output of the circuit can
be controlled.

TA = T] - PD®]A
T, = 100 — (500m x 180) = 10°C

Since Ta = 10°C a heatsink is required.

T, —T,
Pp

—@jc— Dcs

Dsq =

100 — 22
Osq=——5——25-16=115C/W

Therefore a 11.5°C /W heatsink is required.

The diagram below shows a depletion-mode n-channel MOSFET. Since the gate
is negative, it means electrons are on the gate as shown. These electrons repel
the free electrons in the n-channel, leaving a layer of positive ions in a part of the
channel. In other words, we have depleted the n-channel of some of its free
electrons. Therefore, lesser number of free electrons are made available for
current conduction through the n-channel. This is the same thing as if the
resistance of the channel is increased. The greater the negative voltage on the
gate, the lesser is the current from source to drain. Thus by changing the negative
voltage on the gate, we can vary the resistance of the n-channel and hence the
current from source to drain. Because the action with negative gate depends
upon depleting the channel of free electrons, the negative-gate operation is
called depletion mode.

Drain
—

Z P —
= Vpp

®

®

s
]'(F{} —




A6

A7

A8

Any 4 from following 5
They have a very high input impedance (of the order of 100MQ). This permits
high degree of isolation between the input and output circuits.

The operation of a JFET depends upon the bulk material current carriers that do
not cross

junctions. Therefore, the inherent noise of tubes (due to high-temperature
operation) and those of transistors (due to junction transitions) are not present in
a JFET.

A JFET has a negative temperature co-efficient of resistance. This avoids the risk
of thermal

runaway.

A JFET has a very high power gain. This eliminates the necessity of using driver
stages.

A JFET has a smaller size, longer life and high efficiency.

Any 3 from following 4

Time to Market

Time to market is a primary driver

Dramatic increase in profit with earlier time-to-market landing
Cutting one month off schedule increases profit roughly 10%

Cost

Standard cell synthesis can cost £125k per license

Typical standard cell non-recurring engineering (NRE) costs are £50K to £200K
If you can’t spend at least a million, you are not in the game

One bug in a standard cell design can be a disaster

A standard cell “re-spin” takes possibly 8 weeks and a lot of money

Really cheap tools are available for FPGA implementation — free!

FPGAs cost £10-100 each in single quantity

FPGA bugs are fixed at zero cost in minutes




Technical Feasibility

Can it run fast enough?

Is it low enough power?

Can it operate at 1.2V?

Is the required IP (Intellectual Property) available?

Financial Analysis
What is the cost to get first prototypes (NRE)
What is the volume piece part price?

How many will we ship?
How much market share would we lose?

2 each
(6 total)




Q.B1 Question Marks
a. VZ = Vout — VBE =6— 0.6 =54V 2
Vin—V I 1.2
Rg=-—2—%2 Wherelzg =<=="=24mA 1
IB+IZ ,8 50
R =—= 2% _ 3340 3
7 24m +5.6m
b. | The main drawback of any series regulator is that the pass transistor can be
destroyed by excessive load current if the load is accidentally shorted. To avoid
such an eventuality, a current limiting circuit is added to a series regulator. A
current limiting circuit consists of a transistor (Q3) and a series resistor (R4) that is
connected between base and emitter terminals.
When the load current is normal, the voltage across R4 equals the voltage across
base-emitter of Q3 and Q3 is biased off. Under this condition, the circuit works as
normal.
If load current becomes excessive, the voltage across R4 becomes large enough to
turn on Q3. The collector current of Q3 flows through R3, thereby decreasing the
base voltage of Q2. The decrease in base voltage of Q2 reduces the conduction of
pass transistor Q2, preventing any further increase in load current. Thus, the load 5
current for the circuit is limited.
C. (Z) 3 T] _ TA
JA P,
130 - 60
Q)]A = T = 14-°C/W
Required @5y = @y — Bcs — Dyc
=14—-16—-25=99°C/W 2
Ts =T, — (@;c X Pg) =130— (2.5 x5) =117.5°C
3 1
10 T, + Ty
h, =147 x 107" x 5( + 273)
3
=147 x 10710 x 0.7 (22522 + 273) = 4.87 x 107°W/°Cm? ,

For 3” sink.

A=

T.—T
h. =221 %1073 (S—A)
c H




1

117.5 — 60\2
—) =4.62 x 1073w /°Cm?

=221 x1073 (
3

h=h,+h, =487 x1073 + 4.62 x 1073 = 9.49 x 1073 W /°Cm?

From nomograph
a=041
B=H/2=3/2=15
n=75%

1 1

Pt = T x 7 xh 2x3% x 075 x 949 x 103

=7.8°C/W

For 2” sink.
1
T — T3
h. =221 x1073 (S—A>
c H
1

117 — 60\2
—) = 5.1 x 1073w /°Cm?

=221 x1073 (
2

h=h,+h,=487x1073+ 51 x1073 = 9.97 x 1073 W /°Cm?

From nomograph
a=0.5
B=H/2=2/2=1
n =90%

1 1
T 2H?Z xnp xh 2x22x09 x 997 x 1073

Do =13.93°C/W

The 3” sink is therefore the better option




Although a DC supply, such as a battery may be available, its available voltage is
not always suitable. For example, the motors used in driving electric cars require
much higher voltages than could be supplied by a battery alone. The answer is to
boost the available DC voltage to the required level by using a boost converter.
Another problem with batteries is that their output voltage varies as the available
charge is used up, and at some point the battery voltage becomes too low to
power the circuit being supplied. However, if this low output level can be boosted
back up to a useful level again, the life of the battery can be extended.

During the initial ON period of the high frequency square wave the MOSFET
conducts, placing a short circuit from the right hand side of L1 to the negative
input supply terminal. Therefore a current flows between the positive and
negative supply terminals through the inductor, which stores energy. There is
virtually no current flowing in the remainder of the circuit as the combination of
diode, capacitor and the load represent a much higher impedance than the path
directly through the heavily conducting MOSFET.

During the OFF period of the switching square wave cycle the MOSFET is rapidly
turned off, the sudden drop in current causes the inductor to produce a back
e.m.f. in the opposite polarity to the voltage across the inductor during the on
period, to keep current flowing. This results in two voltages, the supply voltage and
the back e.m.f. across the inductor.

This higher voltage, forward biases the diode and the resulting current charges up
the capacitor to Vi +V.L.




Q.B2 Question Marks
a. The two PN junctions at the sides form two depletion layers. The current
conduction of charge carriers (i.e. free electrons in this case) is through the
channel between the two depletion layers and out of the drain. The width and
hence *resistance of this channel can be controlled by changing the input
voltage VGS. The greater the reverse voltage VGS, the wider will be the
depletion layers and narrower will be the conducting channel. The narrower
channel means greater resistance and hence source to drain current decreases.
Reverse will happen should VGS decrease. Thus JFET operates on the principle
that width and hence resistance of the conducting channel can be varied by
changing the reverse voltage VGS. 5
b.
Ves |’
Ip = Ipss [1 - V—]
GS(of f)
Ip 8m
VGS = VGS(off) [1 - E] = —45 [1 - E] = —0.83V a
c. Metastability within an FPGA design will typically occur in one of two ways:
When an incoming signal is asynchronous with regard to the clock domain. This
may be an external input signal or a signal crossing between clock domains. In this
case, the design engineer is expected to resynchronise the signal to address
metastability, which is certain to occur eventually. This is where a multi-stage
synchroniser is typically employed.
When multiple register elements in a synchronous design are using the same clock,
but phase alignments or clock skew issues mean that the output from one register
violates another register's setup and hold time. This may be addressed by
modifying the place-and-route constraints or by changing the logic design itself. 5
d. Given:
fak  =20MHz, tak =50 ns
a = 2MHz
torop =6.7NS
T =0.2nS
To =9.6x1018S
tsetup = 1NS
Resolution time: t, = tox — tsetup — tprop
=(50ns —1ns —6.7ns) 5

=42.3ns




42.3n
eo02n 211.5

MTBF = = =1.86 x 10%°S
(9.6 X 10718) x (20 x 10) x (2 x 106) 384u

Equivalent to 5.89 x 10*° years

Quadrupling the clock frequency

Given:
Fok = 80MHz, tak = 12.5ns

Resolution time: t, = tox — tsetup — tprop

=(12.5ns—1ns—6.7ns)

=4.8ns
tr
et
MTBF =
To X fclk X a
4.8n
e0.2n 624
MTBF = = =1.725 x 103§

(9.6 x 10718) x (80 x 10°) x (2 x 10%) 1.536m

Equivalent to 546852 years.

Synchroniser Flip-flop in

design
Asynchronous ﬂmblnanonal
input D Q o @ Ioglc D Q
’_ 1 ’7 2 G 7ns
CLOCK

& tr

et et
- )(k -
To X fclk X a To X fclk

MTBF =

Where k=1 for one extra flip-flop

4.8n
e0.2n

MTBF =
(9.6 x 10718) x (80 x 10°) x (2 x 10%)

e0.2n
(9.6 x 10718) x (80 x 10°)

New MTBF = 5.95 x 10°%S

Equivalent = 1.89 x 10%° years




Q. B3

Question

Marks

Full Custom

Each transistor is hand drawn

Analogue parts are done this way

Highest performance, longest design time
Hand optimized parts of high-end uPs
Full set of masks needed

Standard Cell ASIC

Predesigned (standard) cells in a library are used

These cells are connected together to form the design

High performance, much shorter design time than full custom
Most digital ASICs are designed this way

Usually uses HDLs with logic synthesis

Full set of masks needed

Gate Array ASIC
Pre-drawn transistors are on a die

These transistors are connected together to form cells
The cells are connected to form a design

Usually digital in nature

Lower performance, but very quick to fabricate

Only metallization masks are needed

Usually uses HDLs with logic synthesis

FPGA ASIC

Fully predesigned silicon, logic functions and interconnect
Programmed with a ”bit file” to configure logic and interconnect
Medium performance, higher power consumption

Very quick to implement, minutes

Better for more limited volume applications

Almost always uses HDLs plus logic synthesis

No DFT structures required

Popular for ASIC prototyping

Gray State Encoding

Guarantees that only one bit switches between two consecutive states. It is appropriate
for controllers exhibiting long paths without branching.

Minimizes hazards and glitches. Good results can be obtained when implementing the
state register with T flip-flops.

Can be used to minimize power dissipation.

One-hot State Encoding

One-Hot State Encoding is the default encoding scheme. It assigns a distinct bit of code to
each FSM state. As a result, the state register is implemented with one flip-flop for each
state. In a given clock cycle during operation, one and only one bit of the state register is
asserted. Only two bits toggle during a transition between two states. One-Hot State
Encoding is usually a good choice for optimizing speed or reducing power dissipation.
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:in STD_LOGIC;
:in STD_LOGIC;
:in STD_LOGIC;
:in STD_LOGIC;
:in STD_LOGIC;
:in STD_LOGIC;
:in STD_LOGIC;

YO
Y1
Y2
Y3
Y4
Y5
Y6

:out STD_LOGIC
:out STD_LOGIC
:out STD_LOGIC
:out STD_LOGIC
:out STD_LOGIC
:out STD_LOGIC
:out STD_LOGIC

Verify in Circuit




Entity Block Diagram

— A YO |—
— B Y1l f—
— C Y2 |—
— D Y3 |f—
— LT Y4 |—
—— RBI Y5 f—o
—— RB Y6 |—

The VHDL file converts a binary/hex code into the corresponding digit on a
7 segment display. LT is the lamp test input which turns all LEDs on to check
they work. RB and RBI are ripple blanks which can be used to turn off
unwanted displays in a multi digit system.
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