Iecture One

Introduction to Digital Electronics

Introduction

- Electronics has been an important part of engineering and science world as
well as a normal human being from the mid twentieth century.

- Electronics deals with flow of current, but this current flow is due to a
controlled flow of electrons (or charge carriers, to be generic) in gas or
vacuum in early stages to solid state semiconductors in modern devices.

- In fact, the major breakthrough in the field of electronics is the use of
Semiconductor materials, which made electronic circuits and devices small,
cheap, reliable and consume very low power.

- Electronics circuits can be divided into two broad categories, digital and
analog.

- Analog electronics involves quantities with continuous values.

- Digital electronics involves quantities with discrete values (0,1). The

discrete values are achieved by using switching (transistor, diode).
Binary Digits

[0,1] are the two digits in the binary system which called bit.

0 1 0= no voltage
Low High 1= full source voltage
OFF ON 0= low voltage < 1V

False True 1=high voltage >4V
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Two system are presented

Positive logic Negative logic
HIGH =1 (+10V) HIGH =0 (-2V)
LOW =0 (+2V) LOW =0 (-10V)

- Groups of bits called CODES which represent number, symbols,

instructions..

- Analog Signals and Digital Signals

- Almost all the signals in the World are analog i.e. they are continuously
varying values. There is lot of continuously variable signals or simply
analog signals in nature like light, motion, sound, temperature, pressure etc.

- The following image shows typical analog signals.
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Digital Signals vary in discrete levels, in contrast to the continuous
representation of analog signals. Generally, the discrete levels in a digital
signal are just two values: ON and OFF. Even though all the physical signals
of the nature are continuous analog signals, representing signals as discrete

values has its own advantages.

* Analog
‘, m /\/\
0
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* Digital
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Digital Waveforms
A digital waveform is made up of a series of pulses.

1 1 1
0100110  digital word
0 0 0 0
1
HIGH . HIGH —
Falling or rising or
rising or trailling edge Failling or trailing age
leadge edge 0 low leadge age
(a) Pulse-positive (b) Pulse-negative

Logic Gates

A logic gates is an electronic circuit which makes logic decision. In an
electronic digital system, the instructions have to be converted into electrical
signals. It has one output and one or more inputs. The output signal appears only

for certain combinations of input signals.

Logic gates = building blocks

To express the logic operations of a gate the truth table lists all inputs and

outputs N=2"

No. of possibilities = n (N) combinations = 2
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Where (n) is the number of inputs
n=2 N=4
n=3 N=8

n =4 N=16 and so on
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LOGIC GATES

Logic gates: are physical devices which perform logic operation on one or more
logical inputs, and produces a single logical output.

There are three groups of logic gates

1- Basic gates : NOT, AND and OR
2- Universial gates: NAND and NOR
3- Arithmetic gate: XOR and XNOR

1- NOT —Gate
It is also known as an inverter because the output is opposite to the input. It

has one input and one output. Circuit diagram of NOT gate using transistor

AQ_DHY

Its Boolean equation is

Is shown below:

A=Y
“If A is NOT HIGH, then Y is HIGH”
+5V
Rc
VC_
VCC.

Rb



Iecture Jwo

Vee=lcRi+Vee=IcR+Ve
X =IcR +Y
When X=0
Low voltage level at the base of the transistor, the transistor will be cutoff, Ic
=0 s0 IcR =0 and Y=Vc=1 (high voltage level)
When X=1

High voltage level at the base of the transistor, the transistor will be ON, and

Ic = Ic (sat.) so IcR_ =V that leaves Y a low voltage level Y=0 (low voltage
level).

2- OR-Gate
An OR-gate has two or more inputs but only one output.

A
Y=A+B
B

2-input OR Gate

The Boolean equation of this gate is
A+B=Y (A orB)
If AorBisHIGH, then Y is HIGH

In an electrical system, a 2-input OR gate is equivalent to two switches in

parallel. When any of the switches are on, the circuit is on.

A
o

B
L e

) ® Lamp-ON="1"

Lamp-0OFF="0"

[

Switch A-Open ="0", Closed="1"
Switch B - Open =07, Clnsed; T



Iecture Jwo

D1

D2 R.

If all inputs are in LOW, both diodes are reverse biased hence acts as an
open switch. Hence the output voltage is OV.

If Ais HIGH and B is LOW, diode D; becomes forward biased hence act as
the closed switch. While D, is reverse biased so it acts as an open switch.
Hence the output is HIGH.

Also, If A is LOW and B is HIGH. Diode D, is forward biased and acts
as an open switch. Diode D; is reverse biased and so it acts as an open
switch. Hence the output is HIGH.

If both input are HIGH, the two diodes are forward biased, they act as closed
switches and so the output will be HIGH.

No. of combinations =2",
2%=4
Truth Table

A and B are both open, lamp OFF
A is open and B is closed, lamp ON
A is closed and B is open, lamp ON

i E=1k=)
Rlo|krLr|O
k=)

A is closed and B is closed, lamp ON
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Pulse Duration

[

Truth table for 3-inputs: it has 2°=8 combinations

PP, P[P OIOCIO| O
P PO O(FR|L|O|O
PRI O(RPR|O|FRL|O|(F—,|O
IR =)
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Pulsed Operation

1
A 0
1
S \
1
SN
1
y O
3- AND-Gate

An AND- gate has two or more inputs but only one output.

A @— 2
B o— x
Its Boolean equation is
A.B=Y, A and B=Y
“If both A and B are HIGH, then Y is HIGH”

In an electrical system, a 2-input AND- gate is equivalent to two switches in
series. When the two switches are on, the circuit is on.
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A B +V/
e e
. ® D1 R%
— Y
Lamp-0MN="1 An—H *
Lamp-0OFF="0"
Switch A-Open ="0", Closed="1" D2
Switch B-0pen =07, Closed="1" B ' ‘

- If Ais HIGN and B is LOW, the diode D, is reversed biased hence act as an open
switch, diode D, is forward biased hence act as the closed switch. Hence the output
iIs LOW.

- If Ais LOW and B is HIGH, the diode D, is forward biased hence act as a closed
switch, diode D, is reversed biased hence act as an open switch. The output is
LOW.

- If all inputs are O then both diodes are forward biased and act as closed switch.
Hence the output is LOW.

- When both inputs are HIGH then both diodes are reversed biased hence act as an

open switches. Hence the output is HIGH.

No. of combinations =2", 2?=4
Truth Table

A and B are both open, lamp OFF
A is open and B is closed, lamp OFF
A is closed and B is open, lamp OFF

|| OO
R Ol OO

P Ok | O

A is closed and B is closed, lamp ON
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Pulse Duration

Truth table for 3-inputs: it has 2°=8 combinations

I—‘OOOOOOO\

PP PPOIOC|O|O
PP OO, |O|O
R Ol | O, | O|kF | O




Iecture Jwo

Pulse Duration

1
A_0O
1 ‘
B 0
o R R N
C o L ]
Y
4- NOR-Gate

A NOR gate is a combination of OR gate and NOT gate, it is NOT-OR, i.e.
an OR function with an inverted output. It has two or more input signals but

only one output signal. All input must be low to get a high output.

ho A+B o ov-AE A
S Y e e ) S,

Z-input "OR™ gate plus a "MNOT gate

Its Boolean equation is

Y=A+B
“If both A and B are NOT true, then Y is true”
Logic Operation: A low output occurs when any of its inputs are high. Only

when all the inputs are low is the output high.

8
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R R O o
=l =)
=)
o o o k-

5- NAND-Gate
A NAND gate is a combination of AND gate and NOT gate (NOT-AND)

I.e. an AND operation with an inverted action. It has two or more input signals

but only one output signal.

Ao—— AB B A ©0——
Bo—| & Y=AB Bo D—QY

Z-input "AND" gate plus a"NOT gate

Its Boolean equation is
Y =A.B
If both A and B are HIGH, then Q is NOT HIGH

Logic operation: a low output occurs only when all inputs are high. If any of

the inputs are low, the output will be high.
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Truth table
0 0 0 1
0 1 0 1
1 0 0 1
1 1 1 0

Parity
Even parity: a logic word with an even no’s of 1°s
11,11011,10111
Odd parity: a logic word with an odd no’s of 1°’s
111, 1101

6- XOR-Gate (Exclusive OR gate)

An exclusive OR gate recognizes words which have an odd number of ones.

Do

.. 15 equivalent 1o, |

8 > o
>

A®B = AB +AB

10
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Its Boolean equation
Y=AB+AB=A®B
“A OR B but NOT both”
Truth Table N=4

A B A B | AB | AB | AB+AB=A®B
0 0 1 1 0 0O |0 evenparity

0 1 1 0 0 1 |1 odd parity

1 0 0 1 1 0 |1 oddparity

1 1 0 0 0 O |0 evenparity

7- XNOR (Exclusive-NOR gate)
XOR- followed by an inverter NOT-XOR. It recognizes even parity words.

S

2-input "Ex-OR" gate plus a "NOT gate

11
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Its Boolean equation
Y=A@®B=(A.B) + (A.B)

A A | B  AB | AB | 4B + AB AB @ AB
0 1 1 0 0 0 1
0 1 0 0 1 1 0
1 0 1 1 0 1 0
1 0 0 0 0 0 1
AMND Gate
A® AB
E @ &
. Q= (AB)+(A.B)
D 5] & )55 ORGat

NOT Gate  AND Gate

12
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1- Combinational Circuits
A combinational circuit is the digital logic circuit in which the output
depends on the combination of inputs at that point of time with total
disregard to the past state of the inputs.
Example 1: Give the logic equation for the given logic circuits and give the
truth table

Y=AB + BC
A O—
-
==
Y=A.B+B.C
A B C Y
0 0 |0 0
0 0 |1 0
0 1 |0 0
0 1 1 1
1 0 |0 0
1 0 |1 0
1 1 1|0 1
1 1 1 1
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Example 2: Give the logic equation for the given logic circuits and give the truth

table
A o—
B o——io

Y=AB+C

5/

@]

R P P P O O o o P
| k| O O k| R o o W
| | O | O Rl o k| <X

| O k| O k| O |l O
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Example 3: Give the logic equation for the given logic circuits and give the truth
table

Loge Gates
4 & B Boolesn Expression
Digtal B —pf } Q = (AB).(A+B).C
Inpuls
e — Qudput (Q)
e Daoya
Lagic Deagram VI I 1
B10}0
01140
1001
Typical 10110
Tuth Taple 1 101 @
T11]0@
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2- Applications

2-1 Controlled Inverter

L . . . A, A, Aoy
This is inverter with 3-bit register. a
INVERT
Low inverter (y =0) =A,A1As=Y,Y1Yo —t 1
High inverter (y=1) = AA1A=Y; V1Yo
This circuit can transmit the register contents or the Y Y Yo

I’s complement of the register contents.
Low INVERTER y,=A,
High INVERTER vy,=4,,

It’s used in solving arithmetic and logic problems.

2-2 decimal-to-binary encoder
The output number is the binary number equivalent to the decimal number
of the closed switch, i.e. if switch no.4 is closed the output number is the binary

number of 4.
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0o+ -
1 .
2 ¢ -
3 ol
g 4 . -
; 5 —
HE |
7 ¢ .
8 / -—
9 - . u "
S 5V ? o . .J-‘u
Y Y: Y; Yo
When key 1 is pressed YoY1Yo=001
When key 2 is pressed YoY1Yo=010
When key 3 is pressed Yoy1Yo=011
When key 4 is pressed YoY1Y0=100
When key 5 is pressed YoY1Yo=110
When key 6 is pressed YoY1Yo=111

2-3  Binary to Decimal Decoder

The input number is a binary. Its decimal equivalent is the number assigned to
the AND-Gate whose output will be 1.
All inputs for this AND gate are high so the output high

XYZ=101 Ds=ON 101=5
ABC=100 ys= ON 100=4
Since only 1 of 5 output lines has a high voltage
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% Y 7
X o 7
Bl T Cas B nTan 0 ] ———
0| Do=XYZ
| |
|
1| b =XYZ
[ —
, : | D:=Xv7Z
o 1 I _
3 D=XVYZ
M — ‘
' 4 Da=XY Z
L’.: —
5 Ds=XY Z
x 6 1 l
0y __* |
- { 1 Di=XYZ

2-4  Odd parity generators

The odd parity generator maintains the binary data in an odd number of 1's,
for example, the data taken is in even number of 1's, this odd parity generator is
going to maintain the data as an odd number of 1's by adding the extra 1 to the

even number of 1's. So 1 is added to the real even no. to change it to odd parity.
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Odd Parity Generator

o If Dbgob.bobsbsbsbgb; is a number of odd parity, the output of the XNOR-Gate
IS0 i.e. bg = 0 and the output will be the same as the input, of odd parity.

Input number =1110101(odd parity)
Output number = 01110101 (odd parity)

o If Dbgb.bobsbsbsbgb; is a number of even parity, the output of the XNOR-Gate
=1 i.e. bg=1 and the 1 will be added to the output number. This means that a 1
will be added to the input even number, making the number of 1’s odd ,odd
parity.

Input number = 1100110(even parity)
Output number=11100110 (odd parity)
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3- bit Register

e When ENABLE=0 all AND-Gates are disabled.
Y5Y,Y1Y,=0000 (no matter what the register content).

e When ENABLE=1 the output of the AND-GATE will be according to the
second input on each gate.

Y3Y,Y;1Y, =ABCD (the output of each gate depends on the data inputs)
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Arithmetic Logic Circuits
1- Addition
There are many information-processing tasks performed by the digital
computer, which include arithmetic operations.
The most basic arithmetic operation is the addition of two binary digits.
The simple-addition consists of four-possible elementary operations.

0+0=0

0+1=1

1+0=1

1+1=10 [0 with carry 1]
Carry

A combinational circuit that performs the addition of two bits is called a
half-adder and the one which performs the addition of three bits is called

a full-adder.

1-1 The Half- Adder
The half adder is a logic circuit that performs the addition of two binary

bits. The inputs to the circuit are two bits, say A and B, and the outputs of
the circuits Carry and Sum, denoted by C and S separately.
The sum (or S) is 1 when A and B are different and the carry (orC) isa 1l

Aand B are 1s. Inputs  Outputs

A B S C
S=A®B 0 0 0
C=AB o 1 0
1 0 0
1 1 1

0
1
1
0




Lecture 5

EE}::_"”}} S=AGB o &y

C=AB

* Carry

b}.l‘:'l.l I | & SUM
Be eCarry

1-2 The Full- Adder
A full adder is a combinational circuit that forms the arithmetic sum of

three input bits. It consists of three inputs and two outputs.

Two of the input variables, denoted by A and B, represented the two
significant bits to be added.

The third input, C- , represents the carry from the previous lower
significant position. The two outputs are designed by the symbols S and
C for carry.

The binary variable S gives the value of the least significant bit of the

sum. The binary variable C gives the output carry.

S = AGB®C
C, = AB + BC+AC
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Inputs Outputs
A B C S Co
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

- When all inputs bits are 0’s, the output is 0.

- The S output is equal to 1 when only one input is equal to 1 or when all
three inputs are equal to 1.

- The C, output is equal to 1 when two inputs are equal to 1.

>
A — ﬁ B 5
c_ﬂlD

&J

>

@)

I
QLJ

S

C
Carry Out
Half Adder 5

Half Adder
Carry In S Sum

w
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Fig. 1 a- Logic diagram of the full-adder, b- block diagram of full- adder

1-3 The Binary Adder

4 bit binary adder:

As Az Ar A
B; B, B; By
Cs S3 S, S1 S

Ex1:
111 C
0111 A
0101 B
1100
Ex2:
C
1000 A
1000 B

10000



Lecture 5

2- Binary Subtraction

0-0=0
1-1=0
1-0=1
10, -1=1

- When we have 0-1 we have to borrow from the next higher column so 10,

Is created and the last of the four rules is applied (exactly as decimal)

EX.
010 0110

11 11 101 1001

-01 -10 _-011 -0110

10 01 010 0011

2-1 Half — Subtractor

It performs the subtraction of two binary numbers. Hence it has 2-inputs

and 2-outputs (D and B). B for borrow, gives the binary signal that informs the

next stage that a 1’s has been borrowed.

Inputs  Outputs

X Y D B

X - \ 0O 0 0 0
‘ } — Difference c 1 1 1

Y , 1 0 1 0
1 1 0 0

| e
\— Borrow
—e
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X>Y 0-0=0
1-0=0
1-1=0

X<Y 0-1=you need to borrow from the next stage

010

101
- 011
010

2-2 Full-Subtractor
The full subtractor is a combinational circuit which has three inputs and
two outputs. It performs subtraction in two bits taking account that a 1 may

have been borrowed by a lower significant stage.

Inputs Outputs
X Y Z D B
0 0 0 0 0
0 0 1 1 1
0 1 0 1 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1
D =X®YDC

B=YZ+XZ+XY
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Complement Subtractor

HS
B
Bin JNI
HS A l') / Di
A A + Di
B 2 ) Bo
—So—\ 20 Bo
—_j
Half Subtractor | Half Subtractor '
1 X2Y I =y S8 Sum
X : SUM > 2310 SR AAR AL -
HE , ' HS |
e 7 H) ‘ | BiIN(XsY
‘ BORROW r- BORROW b—t—n
| |
S - o — Ly, 18
Full Subtractor —_—
S

- Invert each 1 to 0 and each 0 to 1. Exp. 0011 , 1¥ complement is 1100,
1001 , 1% complement is 0110
When there is endround carry. The answer is positive.
When there is no endround carry. The answer is negative and then
recomplementry the results

B Ao s i: B l ) l'
Comt Full Cia Com Full Cin Com Full Caa Com Full Cin
Adder ‘ Adder ‘¢ Adder ¢ Adder “ \
‘ v v A\ 4
S S: St Sa
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Exp: using 1% complementary method subtracte 111, from 101,, 01101,

from 11011,

111 01101
- 101 -11011
111 01101
+ 010 (1* complement) +00100
1001 10001 (-) no carry then
s 1+ recomplementry the results

010 (+) endround

-01110

Exp: using 1% complementary method subtracte, 11011, from 01101,

11011 =1% complement 00100

11

01101
+00100

10001 then recomplementry the results

2" Complement Adder/Subtractor

-01110

To get2's complement of binary number is 1's complement of given

number plus 1 to the least significant bit. For example 2's complement of

binary number 10010 is (01101) + 1 = 01110.

S=A+B

- When there is no last carry, the answer (-ve) and in the 2™ complement of

the actual magnitude.
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¥

I
3

i

| T 1 I

5

SUB B bits through the XOR-gates= controlled inverter

When SUB is low then B-bits pass through the controlled inverter to the

full adders. The circuit produce the SUM of AxB.

When SUB id high , then the B-bits are inverted before reaching the full

adders.

1111
+0101 1's complements

Carry 1 0100

1 Add

0101

3

L

Carry @ 0
o=

1

0

1

Answer
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1 0 0 O
+

D 1 1 9

11 1 0

' 2's Complement

(') 0 0 1 0 <gfmm True difference

t

Put minus sign

(+)

1's complement mmp- 0 1 0 1
1 1 0o 1

‘ 1's complement

L] 0

. Put (-) sign

()0010 Answer

10
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Chapter Five: Memory elements: Flip-Flops

Till now we concern with combinational logic circuits which are composed
of a number of different logic gates. The output is based on the input variables. The
output is either expressed by a Boolean equation or truth table or both.

A Sequential circuit combinational logic circuit that consists of inputs

variable (X), logic gates (Computational circuit), and output variable (Z).

Outputs
£ =1(X)

Figure: Combinational Circuits

Combinational circuit produces an output based on input variable only,
but Sequential circuit produces an output based on current input and previous
input variables. That means sequential circuits include memory elements which
are capable of storing binary information. That binary information defines the

state of the sequential circuit at that time. A latch capable of storing one bit of
information.

External

External Combinational Outputs

Inputs Circuit

Current Mext
State State

Infernal
Cutput

Internal
Inputs

Figure: Sequential Circuit

1
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Types of Sequential Circuits — There are two types of sequential circuit:

1. Asynchronous sequential circuit — this circuit do not use a clock signal but uses

the pulses of the inputs. These circuits are faster than synchronous sequential
circuits because there is no clock pulse and change their state immediately when
there is a change in the input signal.

2. Synchronous sequential circuit — this circuit uses clock signal and level inputs

(or pulsed). The output pulse is the same duration as the clock pulse for the
clocked sequential circuits. Since they wait for the next clock pulse to arrive to
perform the next operation, so these circuits are bit slower compared to
asynchronous. Level output changes state at the start of an input pulse and remains
in that until the next input or clock pulse.

Flip-flops circuits can maintain a binary state indefinitely until directed by
an input signal to switch states. The major differences between flip-flops types are
based on the number of inputs and the manner in which the inputs affected the

binary states.

1- RS Flip-flop

- It is simplest storage devices called reset-set (RS) flip-flop which can be
constructed by using two NAND or two NOR gate. It has two inputs, one is
called “SET” which will set the device (output =1) and is labelled S and
another is known as “RESET” which will reset the device (output = 0)
labelled as R. The RS stands for SET/RESET. In our study we will take
NOR gate as RS flip flop.
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Input Output

:

- O = O |

O O O =

Q

- R is equal to 1, Q becomes 0, The
Q inputs to NOR-2 are (0,0), so its output will
change to 1 , Q=1. So now we have the
binary digit 0 at Q. This means the logic
level 0 1is stored at Q and logic level 1 is
stored at Q.
- The data is stored even if the inputs
= removed. Let us put R=0, and S stay =0, Q
=1 and R=0 depending on the truth table

Q=0. i.e. the data stored (memory condition).
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R Here we also depend on the truth table, when
Q S=1 Q =0, which feedback to NOR 1 so R=0,
Q =0 then Q=1. Again if we removed the
inputs (R &S=0) Q is still equal to 1 and
according to the truth table 0 1=0 so Q =0. It’s

a memory state. So RS flip-flop is an

asynchronous device.

S
3- R=1, S=1 (NOT USED)
R _ _
1 Q In this case Q=0 & Q =0, i.e. Q= Q =0,
which can’t be since Q is the complement of
Q. but if we make S=0, R=0 stating from
Q=0, Q=1 and that is not stored data . now
if we started from Q=0, Q=1
S _
S R Q Q
0 0 Memory (as before)
0 1 0 1
1 0 1 0
1 1 NOT USED
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2- CLOCKED RS Flip-flop

The clocked RS flip-flop adds a valuable synchronous feature to the RS latch.

The clocked RS operates in steps with the clock or timing devices [it operates

synchronously]. The output won’t work randomly

Positive
(leading)

HIGH g8

Negative
(trailing)
edge

kY

1LOW

Set

Inputs  Clock

Reset

,

> Fp @

CLK

+5V (1)
GND ()
QOutputs

-Clocked RS Flip-Flops is the addition of two AND gates at the R and S inputs and
the CLOCK (C) to control whether a flip-flop can be enabled or disabled.
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- When CLK=0: no matter what the logic level of R or S are, the output of the
AND-Gates will be 0. The inputs of the flip-flop are (0, R=0, S=0, so there will be
no change of the state of the flip-flop i.e. the flip flop store its value.
- When CLK=1: with S=1, AND-Gate 2 is enabled and its output will be 1. The S
signal has gone through the AND-Gate to SET the flip-flop. R=0, AND-Gate 1 will
be disabled and R=0 will be at the input of the flip-flop.
The same happens for the rest of the truth table.

- In summary, when CLK=1 the S and R has their effect on the flip-flop.
This is the idea of synchronizing; the flip-flop can change its state only when the
CLK=1. The appropriate timing of the CLK is chosen according to the time we

want to retain (store) a certain state of the flip-flop.

— CLK
6 l—
— R
3- D flip-flop

- From RS flip flop we saw that S and R are complement to each other (S=0,
R=1 and S=1, R=0). So instead using two inputs we can use only one input

and use inverter (NOT gate) to have second input.

- . 5 :—-;
Dtype [ D-type

1 Fllp_flop . 1 F|Ip‘ﬂ'3'$3‘

@0 omt R —0.
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The effect is that D input condition is only copied to the output Q when the
clock input is active.

When D=0: S=0, R=1 the flip-flop will RESET Q=0

When D=1: S=1, R=0 the flip-flop will SET Q=1

This can be seen in the truth table.

It can be seen that Q=D

Clocked D flip-flop

The D flip-flop has only a single data input (D) and a clock input (CLK).
Why we use CLK? To avoid an additional inputs “ If If this data input is
held HIGH the flip flop would be “SET” and when it is LOW the flip flop
would change and become “RESET”. However, this would be rather
pointless since the output of the flip flop would always change on every
pulse applied to this data input”.

As it can be seen that the truth table is valid when CLK=1. When CLK=0
both AND-Gates are disabled and D is prevented from the flip-flop.
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- In this case only when CLK=1, D=Q and the input signal will transfer to the

output.
D S,
x| SK
> Fip flop
—Q
D—?— D CLK Q(t+1) Comments
& @ § = 1 Set
EN T 0 Resst

R Ol— T = clock transition LOW to
HIGH

4/ )

1
%
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1- J-K Flip-Flop
- A gated S R flip flop with the addition of a clock input circuitry is
basically the J k flip flop.
This circuit prevents the invalid output condition which occurs when both
inputs are high. The new addition here gives us four possible outputs of
the flip flop. The output may be — No Change, Logic 0, Logic 1 &
Toggle.

—Q

Clk

Memory

Memory
0
1

Toggle (Q)

P r|Oo|O| X | o

|
ol

Rk |R, |, |O
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1- CLK=0, Memory

2- CLK=1, J and K =0 (Memory)

Here J=K=0 both AND gates are disabled and there is no effect of the
CLK pulse and the output remains what it was before the arrival of the

pulse.

3- J=0, K=1 (RESET)

When J=0, K=1, and input gave is 0 then the output at point Q is Q=0

4- J=1, K=0 (SET)

When J=0, K=1, and input gave is 0 then the output at point Q is Q=1

5- Jand k =1 (HIGH)

It’s a problem. If we take Q=0, Q = 1 .And when Q=1, the output value

Q will 0. We see that the value of the Qand Q will complement each

other means system is not an invalid state or not in a running state.

l Timing diagram for JK Flip-flop

Negative Edge Triggered
clock
J
K
Q
toggle hold reset set
J=K=1 J=K=0 J=0K=1 J=1K=0
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b
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CLK —|

Fimang diagram for positive edge-tnggered JK lip-fiop

Figure 3
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The following waveform specifies the inputs of a negative-edge triggered JK flip-flop.
Assuming that the output Q of the flip-flop is initially undefined, add the timing diagram of
Q to the waveform.
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2- Master-Slave Flip-flop

- A master-slave flip flop is constructed from two separate flip-flops. One
circuit services as a master and the other serves as a slave.
- The mater-slave JK flip-flops can constructed by using NAND gates

Sar Slaster Slave

L=

Feomi

| CLE
Flraces.caom

- As we can seeg, it consist two JK flip-flop one is called master and the other
is called slave.
Working of a master slave flip flop

1- When the clock pulse goes to 1, the slave is isolated; J and K inputs may
affect the state of the system. The slave flip-flop is isolated until the CP
goes to 0. When the CP goes back to 0, information is passed from the
master flip-flop to the slave and output is obtained.

2- Firstly the master flip flop is positive level triggered and the slave flip flop
Is negative level triggered, so the master responds before the slave.

3- If J=0 and K=1, the high Q’ output of the master goes to the K input of the
slave and the clock forces the slave to reset, thus the slave copies the
master.



Lecture 7

4- If J=1 and K=0, the high Q output of the master goes to the J input of the
slave and the Negative transition of the clock sets the slave, copying the
master.

5- J=1and K=1, it toggles on the positive transition of the clock and thus the
slave toggles on the negative transition of the clock.

6- If J=0 and K=0, the flip flop is disabled and Q remains unchanged.

3- Preset and Clear
Asynchronous inputs on a flip-flop have control over the outputs (Q

and not-Q) regardless of clock input status. These inputs are called
the preset (PRE) and clear (CLR). The preset input drives the flip-flop to a

set state while the clear input drives it to a reset state.
D S j
Q

{a) Logic diagram

]|

cC D Next state of Q

0 X No change

i 0 Q = 0; Resst state
1 1 _Q: 1; Set state

(b) Function table
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Field Effect Transistor

Field Effect Transistor (FET) is a unipolar device and its operation depends
on only one type of charge carriers either holes or free electrons, thus FET has
majority carriers not minority carriers. While BJT has two types of charge carriers,

I.e. holes and free electrons and thus we call it a bipolar device.

The Field Effect Transistor, FET, is a three terminal active device that uses
an electric field to control the current flow and it has high input impedance which
Is useful in many circuits. It is a key electronic component using within many areas

of the electronics industry.

A FET is a voltage-controlled semiconductor device. Its advantages over

bipolar junction transistors are:

1- FET is a unipolar device. Transistor is bipolar.

2- FET is a voltage controlled device. Transistor is a current controlled device.

3- FET has very high input resistance. Transistor has low input resistance.

4- FET has small voltage gain. Transistor has higher voltage gain than the FET.

5- The gate in the FET is reverse biased. The base in the transistor is forward
biased.

There are two types of FET: Junction FET (JFET) and metal oxide semiconductors
(MOSFET)or insulated gate FET.
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1- Junction Field Effect Transistor (JFET)

a) Structure

A JFET has a base semiconductor known as channel; it can be N or P-type. A
voltage supply across the ends of the channel causes the flow of current. The two
ends of the channel are known as source and drain. If the channel is N-type the
current is due to the electrons, while if the channel is P-type the current is due to
holes. The majority carriers enter the channel from source (S) and source current is
denoted as Is. The current entering the drain is denoted by Ip. The drain is positive
with respect to the source (drain to source voltage Vps). If the channel is N-type
materials, two heavily doped p-type regions are founds on opposite sides of the
channel. Each of these p-regions is called a gate; they are connected together and
appear with only one terminal. There is no current in the gate because of the
reverse biasing on the gate —source junction. There is a junction between the gate
and the channel so there exists a depletion layer on both sides of the junction in the
channel and in the gate. The depletion layer on the gate side is of no importance
but the depletion layer in the channel side is of importance in the operation of the
JFET. Since the gate is on both sides of the channel the depletion layers on both
sides of the channel will reduce the width of the channel thus reducing the current

from the source to the drain.

DCirain

R | N 1 R Ves

.+ N-type cannel Epitaxial .- e

P Type Substrate
* O

Geometry of JFET
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Operation

¢ Figure below shows the normal polarities for biasing an N-channel JFET.
The idea is to apply a negative voltage between the gate and the source.
Since the gate is reversed-biased, only a very small reverse current flows
in the gate 14=0.

Iy
Drain (D) | f
—
Gate (G) %
T N
o
Veeo
V- '_-::_. G5
s -
| l Source (S)

« The name field effect is related to the depletion layers around each PN
junction. Free electrons moving between the source and the drain must
flow through the narrow channel between depletion layers. The size of
these depletion layers determines the width of the conductive channel.
The more negative the gate voltage the narrow the conductive channel
becomes, i.e. the conductivity is reduced, because the depletion layers
get closer to each other. Therefore, the gate voltage controls the current

that flows between the source and drain. The more negative the gate

Vs
voltage, the smaller the current. , =
i —
Source Orain
L—J | P-iypeGate [
Vas Ip

—:.! M-type Channel
7

P-type Gate \

Gate \l

Depletion
3 Layer
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b) Symbol and circuit configuration

JFET Channel
Construction

Source Source

N-channel JFET P-channel JFET

Fig. above shows the symbol and circuit for n- and p-channel JFET. For n-channel
JFET, Ip and Vps are positive and Vs is negative.

¢) JFET Characteristics

The curves plotted between the current value at the drain and the voltage
applied in between drain and the source for different values of the gate-source
voltage are the output characteristic curve that are also referred to as the drain

characteristics.
The regions of the drain characteristics of the JFET are

1. Ohmic Region: When small values of Vgsthe depletion layer of the
channel is very small and the JFET acts like a voltage controlled resistor. It

Is also known as the linear region.
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2. Saturation or Active Region — The JFET becomes a good conductor and
Is controlled by the Gate-Source voltage, (Vgs) while the Drain-Source

voltage, (Vps) has little or no effect.

3. Breakdown Region — The voltage between the Drain and the Source,
(Vps) is high enough to causes the JFET’s resistive channel to break down
and pass uncontrolled maximum current. But if the drain to source voltage
Is increased further then the device reaches the breakdown region in which

the drain current increases indefinitely.
NOTES

% Cut-off Region: This is also known as the pinch-off region were the Gate

L)

voltage, Vgs is sufficiently negative so as to cause the channel to close
making the drain current equal to zero. As the drain voltage is increased
the channel tends to become narrower and narrower and current at the
drain terminal gets smaller. At a particular drain to source voltage called
the pinch-off voltage the drain current reaches the saturation level. [Cut
off region is due to Vgs but the pinch off voltage is due to Vpg).

% Pinch —off voltage V,: is the drain voltage above which the drain current
become almost constant for shorted gate condition. When the drain voltage
equals V,, the conducting channel becomes extremely narrow and the
depletion layers almost touch, further increase in drain voltage produce
only the slightest increase in drain current.

s Now if a negative voltage is applied to the gate terminal then, in that case,

the channel present at the gate reverse biases and the saturation current
starts decreasing further. At a particular gate voltage the device stops

conduction this is called the cut-off-voltage.
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% Shorted-gate condition- if the gate voltage is reduced to zero, the gate is
effectively shorted to the source. This is called the short-gate condition.

s lpss- it is the maximum drain current at shorted gate.

When Vgs= Vesorr the depletion layers touch, cutting off the drain current.

Since V, is the drain voltage that pinches off current for the shorted-gate

condition. V,=- Vgs(ofn

In (mA)
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Drain-Source Channel Resistance

_ AVps 1
Rps =7 ~-=5-
D Im
Om = - 2Ipss [1 _ _VYes ]
=
VGs(oFF) VGs(oFF)

Where: gn is the “transconductance gain” since the JFET is a voltage controlled

device and which represents the rate of change of the Drain current with respect to

the change in Gate-Source voltage.

d) JFET Biasing
1- Self-Bias

The idea is to use the voltage across the source resistor Rs to produce the gate-

source reverse voltage.
From the above fig., since Vgs is reverse voltage negligible I
flows through Rg. Therefore, the gate voltage with respect to
ground is zero:

Vs =0

The source voltage

Vs: I dRS

VGSZVG-VS:-ldRS, VG =0

‘.lbli
Q

2"

—©

il

Rs make a reverse bias between the gate and the source and maintain the

value of 14 constant.
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2- Voltage divider bias
V=V.-V,  for V. to be negative V>V,

O + Voo

2-Metal Oxide Semiconductor FET (MOSFET)

The MOS (metal-oxide- semiconductor) transistor (or MOSFET) is the basic

building block of most computer chips, as well as of chips that include analog and
digital circuits. The MOSFET is a voltage controlled field effect transistor that
differs from a JFET in that it has a the gate is insulated (by a metal oxide layer)
from the channel which is electrically insulated from the main semiconductor n-
channel or p-channel by a very thin layer of insulating material usually silicon

dioxide.
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Enhancement

Type

Depletion

Type

1- Depletion Type MOSFEET

Because the gate is insulated from the channel, one can apply negative or

positive voltages to the gate,
a/ IGFET region

To begin with, there is an N-region with a source and drain as in fig.a,
as (+ve) voltage applied to the drain-source terminals forces free electrons
to flow from the source to the drain.

The MOSFET has a region called the substrate. This P-region
reduces the channel between the source and the drain so that only a small

passage remains at the left side in fig.b. Free electrons flowing from the

source to the drain must pass through thin narrow channel (lightly doped).

T

spurce

SCeE

substrate
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A thin layer of silicon dioxide (SiO,) ,an insulator, is deposited

over the left side, fig.c, of the channel.

) ) ) . ) 5102 substrate
Finally, a metallic gate is deposited on the insulator;
Fig. d. because of the gate is insulated from the channel dgain
a MOSFET is also known as IGFET.
Gate
substrate
Si02

Sousce (S) Gate 1G) Drain (D)
g 9

soce

Onide (S10,) Mesal

Buody

The depletion type MOSEFET can be operated in two modes:

The depletion mode and the enhancement mode.
1- Depletion Mode:

This happens when negative voltage is applied on the gate .the operation
here is similar to that of the JFET.
When Vgs is negative voltage, it depletes the N-channel of its electrons by
inducting (+Ve) charge in it as shown in fig. a. The greater the negative voltage

on the gate, the greater is the reduction in the number of electrons in the

channel, and, consequently, the smaller it’s the conductivity of the channel. So

10
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the more (-Ve) gate voltage is, the smaller the current through the channel.
Enough negative voltage on the gate (Vgs(fr) cuts off the current between the
source and the drain. Therefore, with (-Ve) gate voltage the action of a
MOSFET is similar to that of a JFET.

2) Enhancement mode

In this mode the gate is made positive with respect to the source. The input
gate capacitor is able to create free electrons in the channel which increasing Ig.
this positive voltage will attracts the electrons into the channel opposite to the gate
thus increasing the conductivity of the channel. A increasing the positive voltage
on the gate, increases the conductivity of the channel thus increasing the drain

current

MOSFET Characteristics

This fig. shows typical drain curves for an N-channel D-MOSFET. For
Vs less than zero, we get depletion-mode operation, on the other hand, Vgs

greater than zero given enhancement-mode of operation.

Vgs <0 depletion Vs >0 enhancement

11
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Fig.a
Output characteristics

The transconductance curve, fig.b, Ipps is no longer is the maximum possible

current. As you can see, the transconductance curve extends to the right, so that I4

Is greater than Ipps in the enhancement mode. MOSFETS with a transconductance

curve just like this fig. are easy to use since it does not require bias voltage. Q-

value can be indicate by the vertical intercept where 1y =lppst+Vgs=0. This means

we do not have to provide any gate voltage at all, which simplifies biasing circuit.

Schematic Symbol
Drain(D) Drain(D)
Substrate Substrate
Gatel(G) g Gate(G) g E
Source(S) Source(S)
N-Channel P-Channel

12
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Biasing
D-MOSFET

1. The zero bias circuit.
V.=0

Being able to use zero Vgs is an advantage when it comes to
biasing. It permits the unique biasing circuit in fig. b.
this simple circuit has no applied gate or source voltage.

Therefore, Vgs =0, 1¢=Ipps the drain voltage:
Vbp- Vs =lpssRp
The zero bias of fig.a is unique with D-type MOSFET.

2. The voltage divider bias circuit

Field Effoct Transistors

This circuit can be operated in the enhancement mode or the depletion

mode according to the relation between the gate and the source

voltage.
Veszve_vs
V.>V. enhancement mode

V.>V, depletion mode.

Enhancement mode
VGS = + VG

13
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2- Enhancement Type MOSFET (normally OFF mode)

E-MOSFET is a four-terminal device: source(S), gate (G), drain (D) and substrate
(Sub.) terminals. The substrate of the MOSFET is in connection with the source

terminal thus forming a three-terminal device.

Here, for N channel E-MOSFET V¢ must be positive.

cs Must be >>V ggqny for current flow.
Tranconductance equation is :

Io =k (Ves -V esm)’

A/ Construction
Fig. a shows the construction of E-MOSFET. It shows the normal biasing

polarities. As seen the substrate extends all the way to the insulating layer, there is
no N-channel, no connection between the drain and the source. When gate voltage
Is zero, the Vpp supply tries to force free electrons to flow from the source to drain,
but the P substrate has only a few thermally produced free electrons. As a result,

the drain current is almost zero. The E- MOSFET is a normally OFF.

Voo
9 ¢ Niss: & !‘
Enhancement MOSFET |
S "
d N channel construction d P '—{14 8 :)D
O‘l P (}—{ N =)
IJ N JEE
w . Flg' a oi; ’ Induced N-channel
0 (@
4 : P ~ TYPE SUBSTRATE
N-channel MOSFET P-channad MOSFET [ OPerstioniafilN-Channel =~ MOSEET

14
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B/ Operation

When Vs is positive (Vgs>0), the gate attracts
free electrons into the P-substrate region. These
i: ¥on

free electrons recombine with the holes in

the p-substrate near the silicon dioxide layer.

CHAMMEL

When Vs is large enough, all these holes near

the silicon dioxide layer are with electrons and

Working of MOSFET in Enhancement mode

the free electrons then acts as a channel between

the drain and the source electrons start flowing from source and drain. This layer
will become N-type because of the induced free electrons. The effect is as though
an N-type layer between the source and drain has been created (a channel has been
induced). This N-type layer is known as n-type inversion layer or induced channel.
This E-MOSFET is called the N induced channel E-MOSFET. When this layer is
formed, the terminal is turned on and free electrons can easily flow from the source
to drain. The minimum value of gate to source voltage Vgs which can create
inversion layer is known as gate threshold gate voltage Vgsin).

Thus, the transistor is off when Vs < Vgs@ny and is on, when Vgs > Vgsm). Thus
the conducting capability of enhancement type MOSFET depends on the action of
N-type inversion layer.

The same can be said about the E-MOSFET where the drain and the source are of
P-type semiconductor, the substrate will be of N-type semiconductor but of course
the channel will a P-induced layer. What must the polarity of the voltage on the

gate be?

15
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n-channel eMOSFET 2
b I Vas#+40V
Z
|'_ E « 8
&
. 5 ; Vgg=+20V
Symibal & Zz a .
o [I g’— 4 \'GS-'2\
i |—h1l I — g ' \().5"“\
0 I. : Yy = - . ? o YGst
i ' 4 3 12 18 20
— L5 DRAIN-SOURCE VOLTAGE, Ve INVOLTS
-|- 3 ——————>
) Drain Characteristics
C/Symbol
MOSFET Body
Dirain (D) usally connected D ain (D

1:- source ferming
H“ T
f’fﬁrf 'l El i
N ;
\ ‘L:i cate (@) & 1 |ve
I:r — L — izate (G I::I 5

Source (5] Source (S

M-channel P-channel

D/ Characteristics

For Vgs < Vs Ip =0 .

The characteristic curves start for Vgs > Vgsiny. As V GS increases the drain
current increases. For a certain value of Vgs, three regions are noticed: the ohmic
region, the saturation region and the breakdown region (not drawn in the figure,
which happens when the values of Vps and Vgs exceeds the values that the

16
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MOSFET can stand. These voltages values will result in the destruction of the
insulating layer).

From these curves, the transconductance curve can be drawn, which shows the
relation between Iy and Vgs. The equation of this curve is:

lg = K (Vas -Vesan)® Where K is a constant

A1, (mA) A, (mA)
10 Vos=+8V
9 -
8 |-
7 Vos=+7V
6| —
5+ Vgs=+6V
4 =
3 Vge=45V
2 L3
1= Vgs=+4V
l =! | | VGS=+3 V =
o 1 10 15 20 25\\ Vos
Vas(th) Vasith) =2V
homemade-circuits.com Fig.3-34: the characteristic curves and the
transconductance curve of the common drain E-
MOSFET
E/ Biasing

1) Drain feedback bias, Fig. a, a type of bias that you can use only with
enhancement type MOSFETs. When the MOSFET is conducting, it has a drain
current lgon and a drain voltage of Vpgn). Since the gate current is approximately

Zero.
VG :VD

Vb -Vp=Ip Rp

17



'G/tdcy»ter Four Fz’efffﬁd Transistors

Vb -Ve =Ip Rp

2- Voltage divider bias circuit

r
Fig b E:MOSFET Biasing Arrangements.

+Voo +Voo

Ve=Vr2

(a) Voltage-divider bias (b) Drain-feedback bias

18



The Universal Property of NAND and NOR Gates
The NAND Gate as a Universal Logic Element

The NAND gate is a universal gate because it can be used to produce the
NOT, the AND, the OR, and the NOR functions. An inverter can be made from a

NAND gate by connecting all of the inputs together and creating, in effect, a single

input.
NAND GATE
Truth Table .
A INPUT | OUTPUT
. C A B ANANDB
C=A.B 0|0 1
0] 1 1
T | 0 1
1 || 1 | 0
1- NAND gate as NOT gate
AA=A

A
‘ NAND Out

2- NAND gate as AND gate

Y=AB AB = AB . AB =AB



A— AB AB
NAND MAND
B ——

3- NAND gate as OR gate

A ) AB
AND
B

H.W.: In a similar manner, it can be shown that NOR gates can be arranged to implement
any of the Boolean operations.



Q1/ N-channel JFET in a self-biased circuit 1pps=1.65MA,Vgsorr=-2V, Vpp=24V.

It is desired to bias at 1,=0.8mA. Find the values of Vs, R, gm.
Sol.

1_I_d=[1_ VGs ]2

Ipps VGs(oFF)

0.8mA [ 1%
_ 1 _ GS

1.65mA o | VGS(OFF)_ §"'.

0.4848= [1 — 265 | (o kl )

VGs(oFF) .
0.696 =1- V_—"‘;

VGS =-0.607V

2- Vgs=-1pRs
1% -0.6078V
RS: _ 2GS —_

Iq 0.8mA

Rs= 758.75Q

2Ipps [1_ Vgs ]
VGs(oFF)

3- Om =

VGs(oFF)

_ 2x2x1.65mA B
o -2V

—-0.607V
-2V

]

Om = 2.29845mA/V



Q2/ Design a self-biased circuit of N-channel JFET at 13=1.6mA, Vgs=-3V,
VDD:18V, VDS:].OV.

Ves=Vs-Vs

=0-1I4Rs
? Ry
Vpp=l4(Rs+Rp)+Vps ' @
18V = 1.6mA (RstRp) + 10 V §f~ g R

(Rs+Rp)= 5KQ =3

Rp =3.2 KQ



