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Chapter -V
Logic Family

All the digital circuits are available in IC form. While producing digital ICs, different circuit configurations and
manufacturing technologies are used. This results into a specific logic family. Each logic family designed in this way has
identical electrical characteristics such as supply voltage range, speed of operation, power dissipation, noise margin etc.

Almost all electronic gadgets make use of different digital systems
for their operation. All the digital systems use some kind of digital ICs. For the sake of simplicity in design and
compatibility in constructing any complex digital system, all digital circuits (ICs) used in the design process should be
from same logic family.

For the expansion of the system, it is necessary to connect different logic circuits together. In
order to connect the output of one logic circuit to the input of another logic circuit, one must have circuit with similar
characteristics. If the electrical 10 characteristics of these logic circuits are not similar, there is a need to design an
interfacing circuit to maintain the compatibility of digital logic ICs. This interfacing circuit will match the electrical
characteristics of the logic circuits. This ensures the compatibility for proper operation of the circuit.

This is the key concept behind family for logic circuits. In a logic family, the family members have
similar electrical characteristics. Digital logic circuit has to be designed considering these compatibilities of different logic
families in terms of different characteristics and parameters associated with the families.

A logic family refers to a group of digital logic circuits constructed using the same underlying semiconductor
technology. All circuits within a particular logic family share similar characteristics in terms of speed, power
consumption, input/output voltage levels, and switching behaviour.



Classification of Digital Logic Family

Logic families Schottky TTL

Non Saturated
Emitter
coupled Logic
Bipolar
RTL
<

Logic families are the logic circuits having identical electrical parameters. It is a group of compatible ICs with the same
logic levels and supply voltages for performing various logic functions. They are fabricated using a specific circuit
configuration which is referred to as a Logic family. The circuit design of the basic gate of each logic family is the same.
The logic family is designed by considering the basic electronic components such as resistors, diodes, transistors, and
MOSFET; or combinations of any of these components. Accordingly, logic families are classified as per the construction
of the basic logic circuits. Many different logic families of digital ICs have been introduced commercially are listed in

Table 1. Logic families and the components used for construction of logic family

Name of logic family Components used
DL(Diode Logic) Diodes
RTL(Resistor Transistor Logic) Resistors and transistors
DTL(Diode Transistor Logic) Diodes, transistors and resistors
TTL(Transistor Transistor Logic) Transistors and resistors
ECL{Emitter Coupled Logic) Transistors and diodes
PMOS(P channel Metal Oxide Semiconductor Logic) P- MOSFETs
NMOS(N channel Metal Oxide Semiconductor Logic) N- MOSFETs
CMOS(Complementary Metal Oxide Semiconductor Logic) | P-MOSFET and N-MOSFET

Logic families are classified according to the principle type of electronic components used in
their circuitry as shown in Figure 1. They are

a. Bipolar ICs: which uses diodes and transistors (BJT)
b. Unipolar ICs: which uses MOSFETs

table 1.



Characteristics of Digital Logic Family

8.3.1 FanOut
(s Sk
The fan out of a logic gate is defined as the maximurm number of stalnd:rii |§ss;ftif;zt ;hoeﬁj:tf)r_,t of the
gate can drive without degrading its normal operation. The term standard loa s the amayry 4
current needed by an |nput of another gate of the same logic family.
The fan out is some
a limited amount of current
the specified maximum nun
The fan out is the @
expressed by a number. H '
more gates. Figure 8.10(a ‘
connected to one or more in 1ge lt_avel or atlogic (1) tre
fan out is said to be HIGH & o a cur o 10 all the lnpgts connected ¢ +
Each gate input requires a i fO ion. Therefore HIGH state fan out is given by

output of a2 gate can 5
,be overloaded. Exces
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e output of a gate zr - .
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he output of one gz
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Similarly, if the output of the ogic gate is in low voltage level or at logic 0) (See Figure 8.10(0)). t
provides a current Sink 1, for all_the gate inputs connected to it. Each gate |nput supphes acurrent /. Thus.

Current Source

J

To other inputs

To other inputs
(a) High State Fan out (b) Low State Fan out

Figure-8.10 Fanoutcomputation,



83.2 Fanin

The Fan in of a logic gate.is the number of inputs connected to the gate without impairing its normal
operation. The Fan in parameter determines the functional capability of a logic circuit.

8.3.3 PowerDissipation

Every logic gate requires a certain amount of power for its operation. The power dissipation ‘P, of alogic
gate expressed in milliwatt (mW), is the power required by the gate to operate with 50% duty cycle at 2 specified
frequency. The amount of power that is dissipated in a gate is calculated from the supply voltage V. znd the
current I,drawn by the circit, The current drain from the power supply depends on the logic state of the gatz
when output of the gate is in-.if\e high voltage level the current is I,0;and when the output is in the low voltage
level, the currentis 1, . Therefore the average current s -

=}
Lo

CClavg) —  FSgte

and is used to calculate the average power dissipation as

o P ;Vccxlcc(avg) »milliseconds

* Astandard TTL NAND gate uses a supply voltage V;;0f 5V and has current
drains I,,.,, = 1 mA'and7,, = 3mA. Then the average power dissipation s

Solution :

_ Toon tlog 143 _
ICC(an) = 2 — 2 —2mA

Average power dissipation = Iop (X Ve |
Py =2x5=10mW |

834 Propagation Delay
The propagation delay of a logic circuit limits the speed (frequency) at which circuit can operate and itis

measured in “nanoseconds (ns)". It is defined as the average transition delay for the signal to propagate from
input to output when the binary input signal changes its value. Ifthe average transition delay is expressed by {4

then

TR

od 5 nanoseconds




omalogicOtoa logic 1and tp ;i the SiIgng

; : ; fr ;
where t,,, is the signal delay time when the output goes  fomary o measure the time betweer, g

delay time when the output goes from a logic 1to a logic 0-8 't1'15
re 8.11.

c %

point on the input and output transitions as shown in Figu

8.3.5 Figure of Merit

The product of “proj
is also called Speed Power|
It is specified in Pico Joules

Ina digital circuit, if n there is corresponding

increase in the power dissipati

8.3.6 Voltage and Cu

There are various systems as follows:

High level input voltage (V,,)
e IRADE EASY
Low Level input voltage (V;,

feﬁw“@aﬁ'mf the gate.

This is the maximu

High level output voltage (Vo)

This is the minimum voltage level required at the output of a gate as logic 1.
Low level output voltage (Vo)

This is the maximum voltage level that can be treated as logic 0 at the output of the gate.
High level input current (1,,))

This is the minimum current supplied by a driving source corresponding to HIGH level voltage.
Low level input current (/)

This is the minimum current that is supplied by a driving source corresponding to low logic level.
High level output current (1 )

This is the maximum current which the gate can sink at high level



Low level output current (/)
Itr:isils . "gaXimum current that the gate can sink is low level (0 level).
e Figure 8.12 lllustrates the currents and voltages in the HIGH and LOW states.

15V

- il
+ ¢ ® >4 ==
oH Vi Vi Vi
° o— - o o
(a) HIGH State i = (b) LOW State

Figure-8.12 Currentsandvoltages in the HIGH and LOW states

8.3.7 Noise Margin

When the digital circuits operate in noisy environment the gates may malfunction if the noise is beyond
certain limits. The noise immunity of a logic circuit is defined as the ability of a cwcuﬁto a quantitative measure
of noise immunity is called noise margln g

The noise margin is the maximum nonse voltage added to an mput signal ofa dugntal circuit that does not
cause an undesirable change m the circuit's output. ltis expressed in volts and repreeems the maximum noise
signal that can be tolerated by the gate.

The noise margin can be calculated from the knowledge of the voltag > il available in the output of
the gate and the voltage signal requu'ed in the input of the gate. Figure 8.13(a) show: the range of output voltage
that can occur in a typical gate. Any voltage in the gate output between Vi and 'V, is considered to be at high
level state and between 0 to V,,, is considered to be at low level state. Voliages between V; and V,,, are indeter-

minate and do not appear under normal operating conditions, except during transistio

del normal operating condmons, except dunng trans:stson between two levels.

7/, @ High state
7;;!’ 4 noise margin
’}% T R

Low state
noise margin

(b) Input Voltage Range

(a) Output Voltage Range

Figure-8.13 Evaluation of Noise margin
The corresponding ranges of voltage that are recognized by the input of the gate are shown in Figure 8.13.
In order to compensate the effect of noise, the circuit must be designed such that vy >V, and Vi, <V,

Hence, the noise margin is given by
(NM),; = (Vo =Vin) or (NM), = (Vi =Vou) | (which ever is smaller)







Successive Approximation type ADC

Successive Approximation type ADC is the most widely used and popular ADC method.
The conversion time is maintained constant in successive approximation type ADC, and
is proportional to the number of bits in the digital output, unlike the counter and
continuous type A/D converters.

The basic principle of this type of A/D converter is that the unknown analog input
voltage is approximated against an n-bit digital value by trying one bit at a time,
beginning with the MSB.

The functional block diagram of successive approximation type of ADC is shown below.

s0C EQC
Comparator L T
Va ———- Successive CLK
Analog Input Approximation
Register
+
Vb
{M5B)
T (LSB)
Y
DAC

It consists of a successive approximation register (SAR), DAC and comparator. The
output of SAR is given to n-bit DAC. The equivalent analog output voltage of DAC, VD is
applied to the non-inverting input of the comparator. The second input to the
comparator is the unknown analog input voltage VA. The output of the comparator is
used to activate the successive approximation logic of SAR.
When the start command is applied, the SAR sets the MSB to logic 1 and other bits are
made logic 0, so that the trial code becomes 1000.

Working Principle: The principle of successive approximation process for a 4-bit
conversion is explained here. This type of ADC operates by successively dividing the
voltage range by half, as explained in the following steps.
(1) The MSB is initially set to 1 with the remaining three bits set as 000. The digital
equivalent voltage is compared with the unknown analog input voltage.
(2) If the analog input voltage is higher than the digital equivalent voltage, the MSB is
retained as 1 and the second MSB is set to 1. Otherwise, the MSB is set to 0 and the
second MSB is set to 1. Comparison is made as given in step (1) to decide whether to
retain or reset the second MSB.



Advantages:
1 Conversion time is very small.

2 Conversion time is constant and independent of the amplitude of the analog input
signal VA.

Disadvantages:
1 Circuit is complex.
2 The conversion time is more compared to flash type ADC.



The Parallel Comparator/Flash Type ADC

The parallel comparator type ADC is also called flash type or simultaneous ADC. It is the fastest ADC, but it require much
more circuitry than the others.

This type of converter utilizes the parallel differential comparators that compare reference voltage with the input analog
voltage.

To convert an analog signal to digital signal of 'N bits, it requires (2"-1) comparator, 2N resistors, and a (2Nx N) priority
encoder.

Working:

Figure shows a 3 bit flash type A/D converter which requires (23-1) = 7 comparators. The analog input which is to be
converted is connected to the non-inverting terminal. Input terminal of comparator where as the inverting input
terminals of Op-amps are connected to a set of reference voltage provided by voltage divider that divides it into seven
equal increment levels.

Each level is compared to the analog input by a voltage comparator.

All comparator outputs are connected to a priority encoder, which produces a digital output corresponding to the input
having highest priority. Thus, the digital output represents the voltage that is closest in value to the analog input.

The flash converter uses no clock signal. The conversion takes place continuously. The only delays in the conversion are
in comparators and priority encoders. Thus the maximum number of clock pulse required for conversion is '1'.



The truth table of 3 bit flash ADC is shown in Table

Table-9.1 Truth table of 3 bit flash ADC

It is clear that, when Va < Vr / 8 all the comparator outputs. C1 to C7 will be HIGH, whereas with Va > Vr/ 8 One or more
comparator outputs are LOW.

For example, when Vp = 3.5V outputs C1, C2 AND C3 will be LOW and all others will be HIGH. The priority encoder will
respond only to the at C3 and will produce a binary output ABC=011, which represents the digital equivalent of V4 when

the resolution 1 V. When Vp is greater than 7V, C1 TO C7 will all be LOW, and the encoder will produce ABC =111 as
the digital equivalent of Vp,



