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TTL Families 

  

1. Introduction 

2. Basics of TTL  

3. Types of TTL 

4. TTL subfamilies 

5. Comparison of different TTL subfamilies 

6. Summary 

 

 

Learning Objectives: 

1. To know about TTL logic family 

2. To understand working of  basic logic gate in TTL  

3. To classify the TTL logic family into subfamilies 

4. To understand the importance and advantages of output configurations of TTL 

5. To compare subfamilies of TTL based on performance characteristics 

6. To know how to handle unused inputs of TTL 
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1 Introduction 

In this module, we will discuss about the bipolar logic family TTL. We begin with the basics of 
TTL and understand the working of the basic building block of the family NAND gate. TTL 
logic gate has totem pole arrangement at the output of the circuit. There are two variations in the 
output of this circuit namely open collector and tri-state. These are discussed in detail in the 
successive sections. TTL logic family is further classified based on the performance 
characteristics namely,  speed and propagation delay. Accordingly, it is classified as Low Power 
Schottky TTL, Schottky TTL etc. The subfamilies are then compared based on these key 
parameters. TTL is the abbreviation of Transistor-Transistor Logic. This logic family is 
implemented  using bipolar junction transistors;  NPN or PNP, PN junction diodes and diffused 
resistors. TTL (Transistor-Transistor Logic) is an incremental improvement over the DTL (Diode 
Transistor Logic) Family. As the technology progressed, additional improvements were added, 
so that it became the most widely used type in the design of digital circuits. NAND gate is the 
basic gate or building block of this logic family.  

2 Basics of TTL 

The Transistor Transistor Logic (TTL) family has heavily dependence on transistors to provide 
basic operation. Figure 1 shows internal schematic of basic two inputs TTL NAND gate.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Internal Schematic of TTL NAND gate 
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The basic NAND gate structure consists of three major sections. The input transistor Q1 forms 
the multi-emitter input stage.  Transistor Q2 is a phase splitter. In the output stage, transistor Q3 
sits above Q4, forms the totem pole arrangement.  Diodes D2 and D3 at input stage protects 
transistor from negative spikes of voltages at input. Diode D1 makes sure that transistors Q3 and 
Q4 do not conduct simultaneously.  

When both the inputs A and B are HIGH (+5V), both the base-emitter junctions of Q1 are 
reverse biased and no current flows to the emitters. However, the base collector junction of Q1 is 
forward biased and the current flows through the base-collector PN junction diode of transistor 
Q1 into the base of transistor Q2. Transistor Q2 is turned ON to saturation, with the result that 
transistor Q3 is switched OFF and transistor Q4 is switched ON. This produces a logic LOW at 
the output. Transistor Q4 is also referred to as the current-sinking or pull-down transistor.   
 
When either of the two inputs A or B or both inputs are LOW state, the base-emitter region of 
Q1 is forward biased and base collector junction is reverse biased. So the current flows to ground 
through emitter of transistor Q1. This drives Q2 to cut-off. When Q2 is in the cut-off state, Q3 is 
driven to conduction and Q4 to cut-off. This produces a logic HIGH output. Transistor Q3, acts 
as the current-sourcing or pull-up transistor.  The totem-pole arrangement at the output has 
certain distinct advantages. The major advantage of using a totem-pole connection is that, it 
offers low-output impedance in both the HIGH and LOW output states.  
 
3 Types of TTL family 
TTL logic families are classified based on the types of output configurations. They are  

1. Open collector output 
2. Totem pole or standard output 
3. Three state(or tri state) output 

 

3.1 Open Collector output: 
 
In the open collector TTL gate, the output stage does not have the active pull-up transistor i.e. Q3 

and the output is taken at the collector of transistor Q4.  In order to generate required HIGH and 

LOW states, an external pull-up resistor is connected to +Vcc from the collector of Q4.  The 

Figure 2 shows the internal schematic of a NAND gate with an open collector output. 
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Figure 2 Open collector output configuration of TTL NAND gate 

When transistor Q4 is OFF, the output is pulled to +Vcc through the external resistor typically of 

value 10 kΩ.  When Q4 is ON, the transistor is in saturation and the output is nearly at ground 

potential.   

The advantage of open collector outputs is that, the outputs of different gates can be wired 

together, resulting in wire-ANDing of the outputs.   This is called wired AND because the AND 

function is obtained by connecting the outputs of open collector gates together by a simple wire. 

When any of the NAND gate output goes to a LOW state, then the output of wire AND logic 

also goes LOW. This is possible because of shorting the transistor to ground through the ON 

transistor. Similarly, the wire AND output will be HIGH only when all the NAND gate outputs 

are HIGH.  

 

3.2 Tristate Gate 
In addition to totem-pole configuration and wire ANDing operation, there is third configuration 

i.e. Tristate gate, which is also popular.  Tristate logic gates have three possible output states, i.e. 

the logic ‘1’ state, the logic ‘0’ state and a high-impedance state. The high-impedance state is 

controlled by an external ENABLE input. The ENABLE input decides whether the gate is active 

or in the high-impedance state.  
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Figure 3 TTL Inverter with tristate output 

Figure 3 shows the circuit configuration for Tristate TTL inverter. The standard TTL NAND 

circuit is modified so as to act as an inverter with tristate logic. When enable input is active, the 

output changes the state and can be ‘0’ or ‘1’ depending upon input conditions. One of the main 

advantages of these gates is that, their inputs and outputs can be connected in parallel to a 

common bus line. 

When the enable input is HIGH, the circuit operates as normal inverter because transistor Q1 and 

Q2 have no effect and diode D1 is reverse-biased. In this enabled operation, the circuit behaves 

like an inverter.   

When the enable input is LOW, diode D1 becomes forward biased. A LOW enable input forces 

transistor Q2 to cut-off and which in turn forces Q4 to turn-off. Also, when enable is low a 

forward-biased D1 forces Q3 to cut-off. When both output transistors are in cut-off, the output 

essentially is an open circuit. Thus the output presents high output impedance state. 
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4 TTL Subfamilies: 

The speed-power product is an important parameter for comparing the basic gates. It is defined 
as the product of propagation delay and power dissipation measured in picojoules (pJ).  Value of 
this parameter indicates that, a given propagation delay can be achieved without excessive power 
dissipation. This product is also referred to as figure of merit for the logic family. Depending 
upon the value of figure of merit, a minor variation in the standard TTL family is implemented 
using components with either a less power dissipation or a high speed. These are as follows: 

1. Standard TTL: The standard TTL was the first gate in TTL family. The gate was 
constructed using different resistor values to produce gates with lower dissipation or 
high speed. The propagation delay of a saturated logic family depends largely on two 
factors: storage time and RC time constants. Reducing storage time reduces the RC time 
constant and decreases the propagation delay.  
 

2. Low Power TTL(L TTL): The low power TTL gate has resistor values higher than 
those in standard TTL so as to reduce power dissipation and increased  propagation 
delay. 

 
3. High Speed TTL(H TTL): In high speed TTL the resistor values are lowered to reduce 

the propagation delay but power dissipation is increased. 
 

4. Schottky TTL(S TTL): The schottky TTL removes the storage time of transistors by 
preventing them from going into saturation. In this way,  the speed of operation 
increases without excessive increase in power dissipation from Schottky TTL. Basic 
TTL family has a speed limitation due to turn off delays of transistors which are caused 
by transition from saturation to cutoff. This limitation can be removed by replacing the 
transistors of TTL gate by Schottky transistors. These transistors are prevented from 
entering the saturation and hence there is saving in turn-off time. The propagation delay 
of shottky TTL is of the order of 2 ns. In comparison, the propagation delay for standard 
TTL is 10 ns. The Schottky TTL therefore  is a non- saturating bipolar logic. 

 
5. Low Power Schottky TTL(LS TTL): The low power schottky TTL sacrifices  speed 

for areduced power dissipation. It has the same propagation delay as standard TTL,  but 
the power dissipation is reduced to a 1/5th that of standard TTL. It is the most popular 
version of in new digital circuit system design. 

TTL versions are available in SSI, MSI and LSI packages. As mentioned earlier, the TTL 
versions do not vary functionally; they vary in terms of the values of resistors used and the type 
of transistors that the basic gate uses. These subfamilies are compared on the basis of figure 
merit as shown in the Table 1.  
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Table 1: Comparison of TTL subfamilies 

Name Abbreviation Propagation 
delay (ns) 

Power 
Dissipation(mW) 

Figure of merit 
Speed power 
product(PJ) 

Standard TTL TTL 10 10 100 

Low power TTL LTTL 33 1 33 

High speed TTL HTTL 6 22 132 

Schottky TTL STTL 3 19 57 

Low power schottky 

TTL 

LSTTL 9.5 2 19 

 

Characteristics of TTL Family 

TTL 5400/7400 series is the most popular and commonly used series in digital ICs. 7400 devices 
are used for commercial applications whereas, the 5400 devices are used for military 
applications. The only difference in two series is in the temperature range and power supply 
range. The temperature range for 7400 series is 0oC to 70oC, and that for 5400 series is -55oC to 
125oC. The supply voltage range is 5±0.25V for 7400 and is 5±0.5V for 5400 series. There are 
five categories of TTL ICs. These are as listed in Table 2 

Table- 2:  TTL subfamilies 

Category Prefix Examples 

Standard TTL 74- 7402,74193 

High power TTL 74H- 74H02, 74H193 

Low power TTL 74L- 74L02, 74L193 

Schottky TTL 74S- 74S02,74S193 

Low power Schottky TTL 74LS- 74LS02,74LS193 

 

Summary of typical values of various specifications is as given in Table 3 
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Table-3: Electrical characteristics of TTL subfamilies 

Parameter 5400/ 
7400 

54H00/ 
74H00 

54L00/ 
74L00 

54S00/ 
74S00 

54LS00/ 
74LS00 

Units 

VIH 2 2 2 2 2 Volts 
VIL 54 
        74 

0.8 
0.8 

0.8 
0.8 

0.7 
0.7 

0.8 
0.8 

0.7 
0.8 

Volts 

VOH 54 
           74 

2.4 
2.4 

2.4 
2.4 

2.4 
2.4 

2.5 
2.7 

2.5 
2.7 

Volts 

VOL 54 
         74 

0.4 
0.4 

0.4 
0.4 

0.3 
0.4 

0.5 
0.5 

0.4 
0.5 

Volts 

IIH  40 50 10 50 20 µA 
IIL -1.6 -2.0 -0.18 -2.0 -0.36 mA 
IOH 16 20 2 20 4 µA 
IOL 54 
        74 

16 
16 

20 
20 

2 
3.6 

20 
20 

4 
8 

mA 

ICC(1) 8 16.8 0.8 16 1.6 mA 
ICC(0) 22 40 2.04 36 4.4 mA 
tpHL 15 10 60 5 15 ns 
tpLH 22 10 60 4.5 15 ns 
 

It is observed that, for all subfamilies input and output voltage and current level requirements are 
almost same. However, one can distinguish them on the basis of total propagation delay. In Low 
power, TTL it is about 30ns whereas for schottky TTL is very small of the order of 2.5ns. In low 
power schottky TTL it is about 15 ns. It is  a  trade- off between the LTTL and STTL.  

Fan-out capabilities of different subfamilies, are dependent on the output source current 
capabilities. It is observed from the table that, if the source device is S TTL and output device is 
L TTL  maximum number of gates can be connected.  

Table-4: Summary to TTL fan out capabilities 
 

Source TTL  
Device 

5400/ 
7400 

54H00/ 
74H00 

54L00/ 
74L00 

54S00/ 
74S00 

54LS00/ 
74LS00 

5400/7400 10 8 40 8 20 
54H00/74H00 12 10 50 10 25 
54L00/74L00 2 1 20 1 10 
54S00/74S00 12 10 100 10 50 
54LS00/74LS00 5 4 40 4 20 
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5 Handling unused TTL inputs 
The floating input of TTL family devices behaves as if a logic HIGH has been applied to the 

input. Such a behaviour is explained from the input circuit of a TTL device as shown in Figure 5 

When the input is HIGH, the input emitter-base junction is reverse biased, and the current that 

flows into the input is the reverse-biased diode leakage current. The input diode will be reverse 

biased, even when the input terminal is left unconnected or floating. This implies that a floating 

input behaves as if there were a logic HIGH applied to it. 

As an initial thought, we may tend to believe that it should not make any difference if we leave 

the unused inputs of NAND and AND gates as floating, as a logic HIGH- like behaviour of the 

floating input makes no difference to the logical behaviour of the gate, as shown in Figures 4(a) 

and 4 (b). 

 

              

   Y= A.B.1=A. B                          Y= A.B.1=A. B 

                                               

                                                                                                                +5V 

(a)                               (b)                               (c) 

Figure 4 Handling unused outputs of AND and NAND gates 
In spite of this, it is strongly recommended that the unused inputs of AND and NAND gates be 

connected to a logic HIGH input [Figure4(c)] because, floating input behaves as an  antenna and 

may pick up stray noise and interference signals, thus causing the gate to function improperly. 1 

kῼ resistance is connected to protect the input from any current spikes caused by any spikes on 

the power supply line. More than one unused input (up to 50) can share the same 1 kῼ 

resistance, if needed. 

In the case of OR shown in Figures 5(a) and 5(c) and NOR gates , unused inputs are connected to 

ground (logic LOW), as shown in Figure 5(b), for obvious reasons. A floating input or an input 

tied to logic HIGH in this case produces a permanent logic HIGH (for an OR gate) and LOW 

(for a NOR gate) at the output as shown in Figure  5(a) and 5(b) respectively. An alternative 

solution is shown in Figures. 5(d) and 5(e), where the unused input is tied to one of the used 
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inputs. This solution works well for all gates, but one has to be conscious of the fact that the fan-

out capability of the output driving the tied inputs is not exceeded.  

 

 

 

 

 

   Y=A+B+1  

                                      (a)                          Y=(A+B+0)=(A+B)   (b)        Y=(A+B+B)=(A+B) (c) 

 

 

 

Y=(A+B+1)=0   (d)                                                                              Y=(A.B.B)=(A.B)(e) 

 
Figure 5 Unused inputs of NAND and NOR gates 

  

Current Transients and Power Supply Decoupling 
TTL family devices are prone to occurrence of narrow-width current spikes on the power supply 

line. Current transients are produced, when the totem-pole output stage of the device undergoes a 

transition from a logic LOW to a logic HIGH state. The problem becomes severe when in a 

digital circuit, a large number of gates are likely to switch states at the same time. These current 

spikes produce voltage spikes due to any stray inductance present on the line. On account of the 

large rate of change in current in the current spike, even a small value of stray inductance 

produces voltage spikes large enough to adversely affect the circuit performance.  
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Figure 6: Current transient and power supply decoupling 

 

Figure 6 illustrates the phenomenon. When the output changes from LOW to HIGH, there is a 

small time interval during which  both the transistors are conducting; because the pull-up 

transistor Q3 has switched on and the pull-down transistor Q4 has not yet come out of saturation. 

During this time interval, there is an increase in current drawn from the supply; ICCL 

experiences a positive spike before it settles down to a usually lower ICCH. The presence of any 

stray capacitance C across the output owing to any stray wiring capacitance or capacitance 

loading of the circuit being fed also adds to the problem. The problem of voltage spikes on the 

power supply line is usually overcome by connecting small-value, low-inductance, high-

frequency capacitors between VCC terminal and ground. It is standard practice to use a 0.01 or 

0.1 _F ceramic capacitor from VCC to ground. This capacitor is also known by the name of 

power supply decoupling capacitor, and it is recommended to use a separate capacitor for each 

IC. A decoupling capacitor is connected as close to the VCC terminal as possible, and its leads 

are kept to a bare minimum to minimize lead inductance. In addition, a single relatively large-
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value capacitor in the range of 1–22 µF is also connected between VCC and ground on each 

circuit card to take care of any low-frequency voltage fluctuations in the power supply line. 

 

6. Summary: 

This module mainly discusses about the TTL i.e. Transistor Transistor family which is the next 

step of DTL family. It uses transistors, diodes and diffusive resistors as the basic components. 

These are classified on the basis of improvement in the performance parameter which is figure 

merit of the family. Low power TTL uses resistors of low value while Schottky TTL uses 

schottky transistors as the basic components. Other alternatives are high power TTL and Low 

power schottky TTL. These are referred as subfamilies of TTL. TTL is further classified on the 

basis of output configuration as a standard Totem pole arrangement: Open collector and tri-state. 

In order to eliminate the shortcomings of totem pole arrangement, where wired AND is not 

possible, open collector configuration is most suitable. However tri-state configuration has the 

additional input known as Enable which  disconnects output for logic circuit itself. Different 

characteristics of the TTL family such as  voltage and current requirements, noise margin, 

propagation delay, power dissipation, fan out etc are compared for different subfamilies.  

 


