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Subject Notes 

UNIT-IV 

 

Digital logic families: Bipolar and unipolar logic families, Digital IC specifications, 

RTL, DTL, All types of TTL circuits, ECL, IIL, PMOS, NMOS & CMOS Logic. 

 

4.1 Digital Logic families: 

It is a collection of different IC chips that have similar input, output and internal circuit 

characteristics i.e. group of compatible ICs with same logic levels and supply voltages but 

perform different logic functions.  

NOTE:  

1) Chips from same family can be interconnected.  

2) Chips from different family may not be compatible, means they may use different power 

supply voltages and input, output conditions. 

4.2 Bipolar and unipolar logic families 

Logic families are mainly classified as two types as  

Bipolar Logic Families: It mainly uses bipolar devices like diodes, transistors in addition to 

passive elements like resistors and capacitors.  

These are sub classified as Saturated bipolar logic family and Unsaturated bipolar logic family. 

1) Saturated Bipolar Logic Family: In this family the transistors used in ICs are driven into 

saturation.  

Examples:  

a) Transistor-Transistor Logic (TTL)  

b) Resistor-Transistor Logic (RTL)  

c) Direct Coupled Transistor Logic (DCTL)  

d) Diode Transistor Logic (DTL)  

e)High Threshold Logic(HTL)  

f) Integrated Injection Logic (IIL or I2L)  

2) Unsaturated Bipolar logic family: In this family the transistors used in ICs are not driven into 

saturation.  

Examples:  

a) Schottky TTL  

b) Emitter Coupled Logic(ECL) 
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Unipolar Logic Families: It mainly uses Unipolar devices like MOSFETs in addition to passive 

elements like resistors and capacitors. These logic families have the advantages of high speed 

and lower power consumption than Bipolar families.  

These are classified as  

PMOS or P-Channel MOS Logic Family  

NMOS or N-Channel MOS Logic Family 

CMOS Logic Family 

4.3 Digital IC Specifications: 

Miniature, low-cost electronics circuits whose components are fabricated on a single, 

continuous piece of semiconductor material to perform a high-level function.  This IC is 

usually referred to as a monolithic IC first introduced in 1958. The digital ICs are categorized 

as, 

1. Small scale integration SSI <12 no of gates 

2.Medium scale integration MSI 12 to 99 no of gates 

3.Large scale integration LSI 100 to 9999 no of gates 

4. Very large scale integration VLSI 10,000 or more 

In this section, we will be concern only with the digital IC. Digital IC can be further categorized 

into bipolar or unipolar IC. 

Bipolar ICs are devices whose active components are current controlled while unipolar ICs are 

devices whose active components are voltage controlled. 

IC Packaging 

1. IC packaging Protect the chip from mechanical damage and chemical contamination. 

2. Provides a completed unit large enough to handle. 

3. So that it is large enough for electrical connections to be made. 

4. Material is molded plastic, epoxy, resin, or silicone. Ceramic used if higher thermal 

dissipation capabilities required. Metal/glass used in special cases. 

Three most common packages for ICs are 

a) Dual-in-line (DIPS) (most common) 

b) Flat pack 

c) Axial lead (TO5) 
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Characteristics of Digital Logic ICs 

Input /Output voltage level: 

The following currents and voltages are specified which are very useful in the design of digital 

systems. 

High-level input voltage, VIH : This is the minimum input voltage which is recognized by the 

gate as logic 1. 

Low-level input voltage, VIL: This is the maximum input voltage which is recognized by the 

gate as logic 0. 

High-level output voltage, VOH: This is the minimum voltage available at the output 

correspondingto logic 1. 

Low-level output voltage, VOL: This is the maximum voltage available at the output 

corresponding to logic 0. 

High-level input current, IIH : This is the minimum current which must be supplied by a driving 

source corresponding to 1 level voltage. 

Low-level input current, IIL: This is the minimum current which must be supplied by a driving 

source corresponding to 0 level voltage. 

High-level output current, IOH: This is the maximum current which the gate can sink in 1 level. 

Low-level output current, IOL: This is the maximum current which the gate can sink in 0 level. 

High-level supply current, ICCh (1): This is the supply current when the output of the gate is at 

logic 1. 

Low-level supply current, ICCL (0): This is the supply current when the output of the gate is at 

logic (0). 

 

 

 

Fig. 4.3.1  Various IC Packages 

 

DIP 
Flat Pack 

Axial Lead 
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Propagation Delay: 

Definition: The time required for the output of a digital circuit to change states after a change 

at one or more of its inputs. The speed of a digital circuit is specified in terms of the 

propagation delay time. The delay times are measured between the 50 percent voltage levels 

of input and output waveforms. There are two delay times, tpHL: when the output goes from 

the HIGH state to the LOW state and tpLH, corresponding to the output making a transition 

from the LOW state to the HIGH state. The propagation delay time of the logic gate is taken as 

the average of these two delay times. 

Fan-in: 

Definition: Fan-in (input load factor is the number of input signals that can be connected to a 

gate without causing it to operate outside its intended operating range. expressed in terms of 

standard inputs or units loads (ULs). 

Fan-out: 

Definition:Fan-out (output load factor) is the maximum number of inputs that can be driven 

by a logic gate. A fanout of 10 means that 10 unit loads can be driven by the gate while still 

maintaining the output voltage within specifications for logic levels 0 and 1. 

4.4 RTL:  

RTL is a type  of digital circuits built using resistors as the input network and bipolar 

junction transistors (BJTs) as switching devices. RTL is the earliest class of transistorized digital 

logic circuit used commercially. 

Two input RTL NOR Gate: A simple two input RTL NOR gate is shown in the Fig.4.4.1 

The circuit consists of four resistors and one transistor(T).Here the transistor acts as an 

invertor. 

Working : When both the inputs are zero(A=0,B=0), the input to the transistor is zero.So the 

output of the transistor is HIGH or Logic 1.Similarly,when one of the inputs is HIGH (logic1),the 

input to the transistor is HIGH. So the output Q is LOW or logic 0 

On the same lines when both the inputs are HIGH the input to the transistor is HIGH(logic1) So 

the output of the transistor is LOW or logic 0.This is the working of two input NOR gate which 

is also shown in the truth table 4.4.1. 
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A 

 

B 

 

Y= A+B 

 

0 0 1 

1 0 0 

0 1 0 

1 1 0 

 

Table.4.4.1 Truth table for two input RTL NOR gate 

 

Fig.4.4.1 Two Input RTL NOR gate circuit 

The basic  advantage of RTL technology is  that it uses a minimum number of transistors, 

which was an important consideration before integrated circuit technology ,as transistors 

were the most expensive component to produce. (Early IC logic production such as Fairchild's 

in 1961, used the same RTL approach briefly, but quickly transitioned to higher-performance 

circuits such as diode–transistor logic and then transistor–transistor logic , since diodes and 

transistors were no more expensive than resistors ). 

The obvious disadvantage of RTL is its high current dissipation when the transistor conducts to 

overdrive the output biasing resistor. Also another  limitation is  its limited Fan-In, 3 inputs 

being the limit for many circuit designs. 

Note: Now a days the RTL circuits are no more in use.They are obsolete 

 

4.5 DTL: It is a class of digital circuits built from bipolar junction transistors (BJT), diodes and 

resistors. It is called Diode–Transistor logic because the logic gating function (e.g., AND) is 

performed by a diode network and the amplifying function is performed by a transistor 

(contrast this with RTL and TTL). 
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TWO Input DTL NAND gate: 

A simple two input DTL NAND gate circuit is shown in the Fig.4.5.1.It consists of two 

Diodes,four resistors and one Transistor and a power supply V+.Here the Transistor acts as an 

invertor. 

Working :When the inputs A & B are at logic 0(LOW) , the current due to V+ flows through the 

Diodes to ground and the current through the resistors R3 is Zero.i.e the input to the 

Transistor T is zero and ,the Transistor is in off state and the output at Q is High (Logic1). 

Similarly when one of the inputs is HIGH (Logic1) ,the other will be at LOW.So the current due 

to V+ will pass through one diode and the other diode is in reverse bias..i.e the input to the 

transistor is zero or the transistor is in cut-off state. So the output at Q is HIGH or at logic1. 

Suppose both the inputs are HIGH (logic 1).The current due to V+  do not pass through the 

diodes.The input of the Transistor will be at Logic 1.i.e the transistor is in conducting 

state.Hence the output of the Transistor is LOW or at logic 0. This working of NAND gate is 

shown in the truth table 4.5.1 

 

 

 

 

 

 

 

 

Table 4.5.1 The truth table for two input DTL NAND gate 

 

Fig.4.5.1Two input DTL NAND gate circuit. 

 

A 

 

B 

____ 

Y= A.B 

 

0 0 1 

1 0 1 

0 1 1 

1 1 0 
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One problem that DTL suffers is its low speed, especially when the transistor is being turned 

off. Turning off a saturated transistor in a DTL gate requires it to first pass through the active 

region before going into cut-off. Cut-off, however, will not be reached until the stored charge 

in its base has been removed. The dissipation of the base charge takes time if there is no 

available path from the base to ground. This is why in DTL circuits a base resistor is connected 

to ground so that it provides a path for discharge as shown in the figure. Another problem 

with turning off the DTL output transistor is the fact that the effective capacitance of the 

output needs to charge up through R2 before the output voltage rises to the final logic '1' level, 

which also consumes a relatively large amount of time.   

But, one advantage of DTL over RTL is its better noise margin and greater fan-outs than RTL, 

but it suffers from low speed, especially in comparison to TTL. 

4.6 All types of TTL circuits: 

It is a logic family consisting completely of transistors.  It employs transistor with multiple 

emitters.  Commercially it starts with the 74 series like the 7404, 74S86 etc.  It was build in 

1961 by James L Bui and commercially used in logic design in 1963. 

 

Classification of TTL: 

TTLs are classified based on the output. 

1)Open Collector Output: The main feature is that its output is 0 when low and floating when 

high. Usually an external Vcc may be applied. 

 

Fig.4.6.1 Open collector TTL Configuration 

Transistor Q1 actually behaves as cluster of diodes placed back to back. With any of the input 

at logic low, corresponding emitter base junction is forward biased and the voltage drop 
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across the base of Q1 is around 0.9V, not enough for the transistors Q2 and Q3 to conduct. 

Thus output is either floating or Vcc, i.e. High level. 

Similarly when all inputs are high, all base emitter junctions of Q1 are reverse biased and 

transistor Q2 and Q3 get enough base current and are in saturation mode. Clearly output is at 

logi  low. For a tra sistor to go to saturatio , olle tor urre t should e greater tha  β 

times the base current). 

Applications of open-collector output:  

It is used in 3 major applications: 

1. In driving lamps or relays 

2. In performing wired logic 

3. In construction of a common bus system 

2. Totem Pole Output: 

Totem Pole means addition of an active pull up circuit in the output of the Gate which results 

in reduction of propagation delay. 

 

Fig 4.6.2 Totem pole Configuration 

Logic operation is same as the open collector output. Use of transistors Q4 and diode is to 

provide quick charging and discharging of parasitic capacitance across Q3. Resistor is used to 

keep the output current to a safe value. 

3. Three state Gate: 

It provides 3 state output. 

1. Low level state when lower transistor is ON and upper transistor is OFF. 

2. High level state when lower transistor is OFF and upper transistor is ON. 
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3. Third state when both transistors are OFF. It allows a direct wire connection of many 

outputs. 

 

Fig 4.6.3 Totem pole Configuration 

Features of TTL Family: 

1. Logic low level is at 0 or 0.2V. 

2. Logic high level is at 5V. 

3. Typical fan out of 10. It means it can support at most 10 gates at its output. 

4. A basic TTL device draws a power of almost 10mW, which reduces with use of schottky 

devices. 

5. Average propagation delay is about 9ns. 

6. The noise margin is about 0.4V. 

Series of TTL IC: 

TTL ICs mostly start with the 7 series.  It has basically 6 subfamilies given as: 

1. Low Power device with propagation delay of 35 ns and power dissipation of 1mW. 

2. Low power Schottky device with delay of 9ns 

3. Advanced Schottky device with delay of 1.5ns. 

4. Advanced low power Schottky device with delay of 4 ns and power dissipation of 1mW. 

In any TTL device nomenclature, first two names indicate the name of the subfamily the 

device belongs to. The first two digits indicate the temperature range of operation. The next 

two alphabets indicate the subfamily the device belongs to. The last two digits indicate the 

logic function performed by the chip. 

TTL Applications: 

1. Used in controller application for providing 0 to 5Vs 

2. Used as switching device in driving lamps and relays 
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3. Used in processors of mini computers like DEC VAX 

4. Used in printers and video display terminals 

4.7 ECL: 

ECL was invented in August 1956 at IBM by Hannon S. Yourke. Originally called 

current-steering logic, it was used in the Stretch, IBM 7090, and IBM 7094 computers. 

Emitter coupled logic (ECL) is the fastest of all logic families and therefore used in applications 

where very high speed is needed. The ECL is fastest because ,the transistors are used in 

difference amplifier configuration in which they are never driven into saturation .The 

transistor is driven between On and OFF states(cut-off & active) only.Hence propagation delay 

of less than 1ns per gate has become possible.(In other transistor based logic 

circuits ,switching is  between cut-off and saturation states.Hence delay is more).Basically 

ECL is realized using difference amplifier in which the emitters of the two transistors are 

connected and hence it is referred to as emitter-coupled logic. 

The ECL circuits usually operate with negative power supplies (positive end of the supply is 

connected to ground) in contrast to other logic families in which negative end of the supply is 

grounded. This is done mainly to minimize the influence of the power supply variations on the 

logic levels as ECL is more sensitive to noise on the VCC and relatively immune to noise on VEE. 

Because ground should be the most stable voltage in a system, ECL is specified with a positive 

ground. 

Basic ECL Circuit : The basic circuit configuration consists of a pair of NPN transistors with their 

emitters connected together and fed by a current source IE as show in the Fig.4.7.1. 

 

 

 Fig.4.7.1 Basic ECL Configuration 

Emitter coupled logic is basically a combination of differential amplifier  with Q1 &Q2 and 

Emitter followers with Q3 & Q4. This emitter-follower provides low output impedance 
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typically of the order of 6-8 Ω.I  the steady state, either Q1 or Q2 is ON but not both, and the 

output logic state is determined by the voltage difference between the bases of Q1 and Q2. If 

Vb1 – Vb2> 200 mV, Q1 will be turned ON and Q2 turned OFF, and vice versa. 

The inputs can be driven either differentially or single-ended. In the single-ended mode, the 

non-driven base must be connected to a suitable bias voltage, VBB, which is either supplied 

internally by the device, or externally. The voltages developed at the collectors of Q1 and Q2 

are connected to a pair of emitter followers, Q3 and Q4. The outputs are taken at the emitters 

of Q3 and Q4.The two outputs are complements of each other.So if one is  OR the other will 

be  the NOR output. Note that the output emitters are open, and, unlike TTL/CMOS circuits, 

there will be no output until a pull-down resistor is connected to the open emitter. This 

pull-down resistor plays a very important role in determining the performance of the ECL 

circuit. 

The important specifications of ECL are : The power dissipation is of the order of 50mW and 

Fan-out is typically around 15 to 20.Due to the disadvantage of high power dissipation and 

relatively low noise margins ECL family has limited applications ,except in high frequency 

applications. 

4.8 IIL(Integrated Injection Logic:I2L):  

 Integrated Injection Logic eliminates the need for any resistors, capacitors or transistor isolation. 

Thisenables an extremely compact logic circuit to be formed which has low power consumption 

while maintaining the normal speed of transistor-transistor logic. I2L is built with multiple collector 

bipolar junction transistors. Although the logic levels are very close (High: 0.7V, Low: 0.2V), I2L has 

high noise immunity because it operates by current instead of voltage. It is also known as 

merged-transistor logic. 

Operation :IIL circuit The heart of an I2L circuit is the common emitter open collector inverter. 

Typically, an inverter consists of an NPN transistor with the emitter connected to ground and the 

base biased with a forward current. The input is supplied to the base as either a current sink (low 

logic level) or as a high-z floating condition (high logic level). The output of an inverter is at the 

collector. Likewise, it is either a current sink (low logic level) or a high-z floating condition (high 

logic level). Like direct-coupled transistor logic, there is no resistor between the output (collector) 

of one NPN transistor and the input (base) of the following transistor. To understand how the 

inverter operates, it is necessary to understand the current flow. If the bias current is shunted to 

ground (low logic level), the transistor turns off and the collector floats (high logic level). If the bias 

current is not shunted to ground because the input is high-z (high logic level), the bias current 

flows through the transistor to the emitter, switching on the transistor, and allowing the collector 
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to sink current (low logic level). Because the output of the inverter can sink current but cannot 

source current, it is safe to connect the outputs of multiple inverters together to form a wired AND 

gate. When the outputs of two inverters are wired together, the result is a two-input NOR gate 

because the configuration (NOT A) AND (NOT B) is equivalent to NOT (A OR B). This logical 

relationship is known as De Morgan's Theorem. 

 

Fig.4.8.1 IIL Configuration Logic 

4.9 PMOS, NMOS & CMOS Logic: 

PMOS: 

P-type metal-oxide-semiconductor logic uses p-channel metal-oxide-semiconductor field 

effect transistors (MOSFETs) to implement logic gates and other digital circuits. PMOS 

transistors operate by creating an inversion layer in an n-type transistor body. This inversion 

layer, called p-channel, can conduct holes between p-type "source" and "drain" terminals. The 

p-channel is created by applying voltage to the third terminal called gate. Like other MOSFETs, 

PMOS transistors have four modes of operation: cut-off (or subthreshold), triode, saturation 

(sometimes called active), and velocity saturation. The p-type MOSFETs are arranged in a 

so-called "pull-up network" (PUN) between the logic gate output and positive supply voltage, 

while a resistor is placed between the logic gate output and the negative supply voltage. The 

circuit is designed such that if the desired output is high, then the PUN will be active, creating 

a current path between the positive supply and the output. 
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Fig 4.9.1 Pmos Logic for NAND Logic 

NMOS: 

N-type metal-oxide-semiconductor logic uses n-type metal-oxide-semiconductor field effect 

transistors (MOSFETs) to implement logic gates and other digital circuits. NMOS transistors 

have four modes of operation: cut-off (or sub-threshold), triode, saturation (sometimes called 

active), and velocity saturation. The n-type MOSFETs are arranged in a so-called "pull-down 

network" (PDN) between the logic gate output and negative supply voltage, while a resistor is 

placed between the logic gate output and the positive supply voltage. The circuit is designed 

such that if the desired output is low, then the PDN will be active, creating a current path 

between the negative supply and the output.  

 

Fig 4.9.2 Nmos Logic for NOR Logic 

 

 

CMOS: 

Complementary metal–oxide–se i o du tor CMOS  /ˈsiː ɒs/ is a technology for 

constructing integrated circuits. CMOS technology is used in microprocessors, microcontrollers, 
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static RAM, and other digital logic circuits. CMOS technology is also used for several analog 

circuits such as image sensors (CMOS sensor), data converters, and highly integrated 

transceivers for many types of communication. Frank Wanlass patented CMOS in 1963 (US 

patent 3,356,858). CMOS is also sometimes referred to as complementary-symmetry 

metal–oxide–semiconductor (or COS-MOS).The words "complementary-symmetry" refer to 

the fact that the typical digital design style with CMOS uses complementary and symmetrical 

pairs of p-type and n-type metal oxide semiconductor field effect transistors (MOSFETs) for 

logic functions. Two important characteristics of CMOS devices are high noise immunity and 

low static power consumption. Since one transistor of the pair is always off, the series 

combination draws significant power only momentarily during switching between on and off 

states. Consequently, CMOS devices do not produce as much waste heat as other forms of 

logic, for example transistor–transistor logic (TTL) or NMOS logic, which normally have some 

standing current even when not changing state. CMOS also allows a high density of logic 

functions on a chip. It was primarily for this reason that CMOS became the most used 

technology to be implemented in VLSI chips. 

 

Fig 4.9.3 Cmos Logic for NAND& NOR Logic 

 

 

 

 

 

 

 

 

 

 

 

 

Downloaded from  be.rgpvnotes.in

Page no: 14 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

 

Summary of Comparison of Various Characteristics of Logic Families: 

 

 
 

Table 4.9.1 Comparison of Various Characteristics of Logic Families 

 

 

 

---------------------END OF UNIT------------------------ 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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