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The NAND Gate
The circuit shown in Fig. 5 is similar 
to the inverter except that the lower 
part of the voltage divider comprises 
two transistors.

Using the same reasoning as before 
we can see that if both inputs are 
high then both transistors are 
conducting and their resistance is 
low. The output (Q) will then be low. 
If any input is low then the total 
resistance of the pair of transistors 
will be high and so the output voltage 
will be high. 

The simplest way to summarise all the possible 
states is to use what is called a truth table; on this 
a ‘1’ means ‘high’ and a ‘0’ means ‘low’. 

This circuit is called a NAND gate and its truth 
table is shown in the figure. 

The AND Gate
By swapping the position of the 
transistors and the series resistor 
from the previous circuit we get the 
the circuit shown in Fig. 6.

When A and B are high, then Q is 
high; otherwise Q is low. This is an 
AND gate; the output is high only 
when both inputs are high. Its output 
is the inverse of the output of a NAND 
gate. 

The symbols for the three basic 
gates (NOT, NAND, AND) are shown 
in Fig. 8 along with the symbols for 
the OR, NOR and XOR gates.

The NOR Gate and 
the OR Gate
Fig. 7 shows a NOR gate; if either 
input is high then the output is low. 
By swapping the position of the 
series resistor (R1) and the transistors 
we can make an OR gate.

The Exclusive   
OR Gate

This gate produces a high output if either input is high but not both. It 
can be constructed using four NAND gates. We don’t need to construct 
any of these gates from basic components. Packaged versions of them 
are more reliable and much less expensive. For example a 7400 chip 
costs less than 50 cent and contains four NAND gates.

A B Out

0 0 1

0 1 0

1 0 0

1 1 0

is shown more schematically in Fig. 3. The voltage across R2 could be 
measured by attaching a voltmeter to the terminals marked V2; this is the 
voltage we are generally most interested in. 

If R2 is twice R1 then the voltage across it (V2) will be 4 V or two thirds of 
the battery voltage. In other words, 
the battery voltage is split in a 2:1 
ratio. In all cases R2 is a fraction of 
the total resistance, and the voltage 
across it is the same fraction of the 
total voltage (i.e. the battery voltage). 
This is the key idea.

It can be stated mathematically as 
follows: R2/(R1 + R2) = V2/(V1 + V2). 
We can make two simple changes to 
this. The battery voltage is split into 
two parts, V1 and V2, so (V1 + V2) is 
equal to the battery voltage (V0 ) 
which is 6 V in our circuit.

So R2/(R1 + R2) = V2/(V1 + V2) now becomes R2/(R1 + R2) = V2/V0

We can rearrange this to isolate V2:  V0 × R2/(R1 + R2) = V2

and so 

For example, if the battery voltage is 6 V and R1 and R2 are 1000 Ω and 
100 Ω respectively then the output voltage (V2) is  
6 (100 ÷ 1100) = 0.55 V; in other words, since R2 is one eleventh of the 
total resistance, the voltage across it is one eleventh of the supply 
voltage.

Transistor Circuits
For our purposes here we can consider 
a transistor to be a special kind of 
resistor. An ordinary resistor has two 
terminals but a transistor has an extra 
one (the ‘base’) which controls the 
conductance. When the voltage at the 
base is low (typically less than 0.5 V) 
then the transistor is ‘off’ and its 
resistance is very high – some millions 
of ohms. When the voltage at the base is 
high (say, above 1.5 V) then the transistor 
conducts well; its resistance may be 
around 10 ohms (Ω). 

It is usual to connect a protective resistor 
to the base of the transistor; this is the 

purpose of the 2200 Ω (2k2) resistor in Fig.4.

When the input voltage (the voltage at the ‘base’) is low the transistor 
acts like a very large resistance (say 1 MΩ, i.e. one megohm or one 
million ohms). Using our formula 

V2 = (6 V) × (1000000/ 1004700) which is almost 6 V; the output is ‘high’. 
Conversely, when the input voltage is high (above 1.5 V) the resistance 
of the transistor drops to say 50 Ω. Therefore the output voltage (V2) is  
(6 V) × (50 / 4750) = 0.063 V, i.e. near 0 V. So when the input is low the 
output is high and vice versa. This important circuit is what is called and 
inverter or a NOT gate. 

Intel was founded in 1968 and initially its main product was 
memory ‘chips’. In 1971 the company launched the first 
commercial microprocessor chip while retaining its core 
business. From the mid 1970s home computers became 
more widely available – often in kit form and from the early 
1980s Intel’s focus moved to microprocessors. In the 1990s 
Intel became the most profitable supplier to the computer 
industry.

What is a ‘chip’?
Chips or integrated circuits (ICs) are ‘components’ that contain electronic 
circuits composed of many components such as diodes, resistors and 
transistors. ICs are more economical to produce and are much more 
compact than circuits made of discrete components; they have 
standardised inputs and outputs and so can be linked together very 
flexibly. The introduction of integrated circuits in the 1960s revolutionised 
not only electronics but the electronic design process. 

Many of the earliest ICs contained logic gates such as those described 
in this lesson. But first we’ll have a look at the basics.

We will examine the principles behind digital electronic circuits. 

Basics
A key concept is the voltage divider, 
an understanding of which will clarify 
the operation of basic digital 
electronic circuits such as logic 
gates. A voltage divider is very easy 
to set up; all you need is two resistors 
and a battery.

In Fig.2 a battery is connected to two 
resistors in series. If the two resistors 
are equal then the voltage of the 
battery (6 V) will be divided equally; 
the voltage across each of the 
resistors will be 3 V. The same circuit 

Intel Corporation is the world’s largest semiconductor company. 
Founded on July 18th, 1968 as Integrated Electronics Corporation 
and based in Santa Clara, California, USA, Intel makes 
microprocessors, motherboard chipsets, network cards and ICs, 
flash memory, graphic chips, embedded processors, and other 
devices related to communications and computing. Intel was 
founded by Robert Noyce and Gordon Moore, and is widely 
associated with the executive leadership and vision of Andrew 
Grove, who was Intel’s third employee. Since 1968, Intel has been 
dedicated to transforming the world through technology and today 
employees over 84,000 people worldwide and operates 
approximately 300 facilities in 50 different countries.

Intel decided to locate a manufacturing facility in Ireland in 1989 
and since then has invested over 6.0 billion Euro in turning the 360 
acre Leixlip stud farm into the most technologically advanced 
industrial campus in Europe. Over the years we have continued to 
expand and grow our Irish operation with two manufacturing 
facilities on the campus, Ireland Fab Operations, which includes 
Fab 10 and Fab 14, and Fab 24, which includes Fab 24 and Fab 
24-2. These facilities produce latest generation silicon 
microprocessors that power platforms and technology 
advancements which are essential to the way we learn, live and 
work today.

Fig. 8  Left: NOT, NAND, AND Right: OR, NOR, XOR 

Fig. 1 An extremely clean environment is required for the 
fabrication of complex integrated circuits

Fig. 3 Voltage divider.

Fig. 4 An inverter circuit.

Fig. 7 The NOR Gate.

Fig. 2 Resistors in series.

V0 (R1 + R2)
V2 = 

R2

Fig. 5 The NAND gate.

Fig. 6 The AND Gate.
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The NAND Gate
The circuit shown in Fig. 5 is similar 
to the inverter except that the lower 
part of the voltage divider comprises 
two transistors.

Using the same reasoning as before 
we can see that if both inputs are 
high then both transistors are 
conducting and their resistance is 
low. The output (Q) will then be low. 
If any input is low then the total 
resistance of the pair of transistors 
will be high and so the output voltage 
will be high. 

The simplest way to summarise all the possible 
states is to use what is called a truth table; on this 
a ‘1’ means ‘high’ and a ‘0’ means ‘low’. 

This circuit is called a NAND gate and its truth 
table is shown in the figure. 

The AND Gate
By swapping the position of the 
transistors and the series resistor 
from the previous circuit we get the 
the circuit shown in Fig. 6.

When A and B are high, then Q is 
high; otherwise Q is low. This is an 
AND gate; the output is high only 
when both inputs are high. Its output 
is the inverse of the output of a NAND 
gate. 

The symbols for the three basic 
gates (NOT, NAND, AND) are shown 
in Fig. 8 along with the symbols for 
the OR, NOR and XOR gates.

The NOR Gate and 
the OR Gate
Fig. 7 shows a NOR gate; if either 
input is high then the output is low. 
By swapping the position of the 
series resistor (R1) and the transistors 
we can make an OR gate.

The Exclusive   
OR Gate

This gate produces a high output if either input is high but not both. It 
can be constructed using four NAND gates. We don’t need to construct 
any of these gates from basic components. Packaged versions of them 
are more reliable and much less expensive. For example a 7400 chip 
costs less than 50 cent and contains four NAND gates.
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is shown more schematically in Fig. 3. The voltage across R2 could be 
measured by attaching a voltmeter to the terminals marked V2; this is the 
voltage we are generally most interested in. 

If R2 is twice R1 then the voltage across it (V2) will be 4 V or two thirds of 
the battery voltage. In other words, 
the battery voltage is split in a 2:1 
ratio. In all cases R2 is a fraction of 
the total resistance, and the voltage 
across it is the same fraction of the 
total voltage (i.e. the battery voltage). 
This is the key idea.

It can be stated mathematically as 
follows: R2/(R1 + R2) = V2/(V1 + V2). 
We can make two simple changes to 
this. The battery voltage is split into 
two parts, V1 and V2, so (V1 + V2) is 
equal to the battery voltage (V0 ) 
which is 6 V in our circuit.

So R2/(R1 + R2) = V2/(V1 + V2) now becomes R2/(R1 + R2) = V2/V0

We can rearrange this to isolate V2:  V0 × R2/(R1 + R2) = V2

and so 

For example, if the battery voltage is 6 V and R1 and R2 are 1000 Ω and 
100 Ω respectively then the output voltage (V2) is  
6 (100 ÷ 1100) = 0.55 V; in other words, since R2 is one eleventh of the 
total resistance, the voltage across it is one eleventh of the supply 
voltage.

Transistor Circuits
For our purposes here we can consider 
a transistor to be a special kind of 
resistor. An ordinary resistor has two 
terminals but a transistor has an extra 
one (the ‘base’) which controls the 
conductance. When the voltage at the 
base is low (typically less than 0.5 V) 
then the transistor is ‘off’ and its 
resistance is very high – some millions 
of ohms. When the voltage at the base is 
high (say, above 1.5 V) then the transistor 
conducts well; its resistance may be 
around 10 ohms (Ω). 

It is usual to connect a protective resistor 
to the base of the transistor; this is the 

purpose of the 2200 Ω (2k2) resistor in Fig.4.

When the input voltage (the voltage at the ‘base’) is low the transistor 
acts like a very large resistance (say 1 MΩ, i.e. one megohm or one 
million ohms). Using our formula 

V2 = (6 V) × (1000000/ 1004700) which is almost 6 V; the output is ‘high’. 
Conversely, when the input voltage is high (above 1.5 V) the resistance 
of the transistor drops to say 50 Ω. Therefore the output voltage (V2) is  
(6 V) × (50 / 4750) = 0.063 V, i.e. near 0 V. So when the input is low the 
output is high and vice versa. This important circuit is what is called and 
inverter or a NOT gate. 

Intel was founded in 1968 and initially its main product was 
memory ‘chips’. In 1971 the company launched the first 
commercial microprocessor chip while retaining its core 
business. From the mid 1970s home computers became 
more widely available – often in kit form and from the early 
1980s Intel’s focus moved to microprocessors. In the 1990s 
Intel became the most profitable supplier to the computer 
industry.

What is a ‘chip’?
Chips or integrated circuits (ICs) are ‘components’ that contain electronic 
circuits composed of many components such as diodes, resistors and 
transistors. ICs are more economical to produce and are much more 
compact than circuits made of discrete components; they have 
standardised inputs and outputs and so can be linked together very 
flexibly. The introduction of integrated circuits in the 1960s revolutionised 
not only electronics but the electronic design process. 

Many of the earliest ICs contained logic gates such as those described 
in this lesson. But first we’ll have a look at the basics.

We will examine the principles behind digital electronic circuits. 

Basics
A key concept is the voltage divider, 
an understanding of which will clarify 
the operation of basic digital 
electronic circuits such as logic 
gates. A voltage divider is very easy 
to set up; all you need is two resistors 
and a battery.
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The NAND Gate
The circuit shown in Fig. 5 is similar 
to the inverter except that the lower 
part of the voltage divider comprises 
two transistors.

Using the same reasoning as before 
we can see that if both inputs are 
high then both transistors are 
conducting and their resistance is 
low. The output (Q) will then be low. 
If any input is low then the total 
resistance of the pair of transistors 
will be high and so the output voltage 
will be high. 

The simplest way to summarise all the possible 
states is to use what is called a truth table; on this 
a ‘1’ means ‘high’ and a ‘0’ means ‘low’. 

This circuit is called a NAND gate and its truth 
table is shown in the figure. 

The AND Gate
By swapping the position of the 
transistors and the series resistor 
from the previous circuit we get the 
the circuit shown in Fig. 6.

When A and B are high, then Q is 
high; otherwise Q is low. This is an 
AND gate; the output is high only 
when both inputs are high. Its output 
is the inverse of the output of a NAND 
gate. 

The symbols for the three basic 
gates (NOT, NAND, AND) are shown 
in Fig. 8 along with the symbols for 
the OR, NOR and XOR gates.

The NOR Gate and 
the OR Gate
Fig. 7 shows a NOR gate; if either 
input is high then the output is low. 
By swapping the position of the 
series resistor (R1) and the transistors 
we can make an OR gate.

The Exclusive   
OR Gate

This gate produces a high output if either input is high but not both. It 
can be constructed using four NAND gates. We don’t need to construct 
any of these gates from basic components. Packaged versions of them 
are more reliable and much less expensive. For example a 7400 chip 
costs less than 50 cent and contains four NAND gates.
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is shown more schematically in Fig. 3. The voltage across R2 could be 
measured by attaching a voltmeter to the terminals marked V2; this is the 
voltage we are generally most interested in. 

If R2 is twice R1 then the voltage across it (V2) will be 4 V or two thirds of 
the battery voltage. In other words, 
the battery voltage is split in a 2:1 
ratio. In all cases R2 is a fraction of 
the total resistance, and the voltage 
across it is the same fraction of the 
total voltage (i.e. the battery voltage). 
This is the key idea.

It can be stated mathematically as 
follows: R2/(R1 + R2) = V2/(V1 + V2). 
We can make two simple changes to 
this. The battery voltage is split into 
two parts, V1 and V2, so (V1 + V2) is 
equal to the battery voltage (V0 ) 
which is 6 V in our circuit.

So R2/(R1 + R2) = V2/(V1 + V2) now becomes R2/(R1 + R2) = V2/V0

We can rearrange this to isolate V2:  V0 × R2/(R1 + R2) = V2

and so 

For example, if the battery voltage is 6 V and R1 and R2 are 1000 Ω and 
100 Ω respectively then the output voltage (V2) is  
6 (100 ÷ 1100) = 0.55 V; in other words, since R2 is one eleventh of the 
total resistance, the voltage across it is one eleventh of the supply 
voltage.

Transistor Circuits
For our purposes here we can consider 
a transistor to be a special kind of 
resistor. An ordinary resistor has two 
terminals but a transistor has an extra 
one (the ‘base’) which controls the 
conductance. When the voltage at the 
base is low (typically less than 0.5 V) 
then the transistor is ‘off’ and its 
resistance is very high – some millions 
of ohms. When the voltage at the base is 
high (say, above 1.5 V) then the transistor 
conducts well; its resistance may be 
around 10 ohms (Ω). 

It is usual to connect a protective resistor 
to the base of the transistor; this is the 

purpose of the 2200 Ω (2k2) resistor in Fig.4.

When the input voltage (the voltage at the ‘base’) is low the transistor 
acts like a very large resistance (say 1 MΩ, i.e. one megohm or one 
million ohms). Using our formula 

V2 = (6 V) × (1000000/ 1004700) which is almost 6 V; the output is ‘high’. 
Conversely, when the input voltage is high (above 1.5 V) the resistance 
of the transistor drops to say 50 Ω. Therefore the output voltage (V2) is  
(6 V) × (50 / 4750) = 0.063 V, i.e. near 0 V. So when the input is low the 
output is high and vice versa. This important circuit is what is called and 
inverter or a NOT gate. 

Intel was founded in 1968 and initially its main product was 
memory ‘chips’. In 1971 the company launched the first 
commercial microprocessor chip while retaining its core 
business. From the mid 1970s home computers became 
more widely available – often in kit form and from the early 
1980s Intel’s focus moved to microprocessors. In the 1990s 
Intel became the most profitable supplier to the computer 
industry.

What is a ‘chip’?
Chips or integrated circuits (ICs) are ‘components’ that contain electronic 
circuits composed of many components such as diodes, resistors and 
transistors. ICs are more economical to produce and are much more 
compact than circuits made of discrete components; they have 
standardised inputs and outputs and so can be linked together very 
flexibly. The introduction of integrated circuits in the 1960s revolutionised 
not only electronics but the electronic design process. 

Many of the earliest ICs contained logic gates such as those described 
in this lesson. But first we’ll have a look at the basics.

We will examine the principles behind digital electronic circuits. 

Basics
A key concept is the voltage divider, 
an understanding of which will clarify 
the operation of basic digital 
electronic circuits such as logic 
gates. A voltage divider is very easy 
to set up; all you need is two resistors 
and a battery.

In Fig.2 a battery is connected to two 
resistors in series. If the two resistors 
are equal then the voltage of the 
battery (6 V) will be divided equally; 
the voltage across each of the 
resistors will be 3 V. The same circuit 
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The NAND Gate
The circuit shown in Fig. 5 is similar 
to the inverter except that the lower 
part of the voltage divider comprises 
two transistors.

Using the same reasoning as before 
we can see that if both inputs are 
high then both transistors are 
conducting and their resistance is 
low. The output (Q) will then be low. 
If any input is low then the total 
resistance of the pair of transistors 
will be high and so the output voltage 
will be high. 

The simplest way to summarise all the possible 
states is to use what is called a truth table; on this 
a ‘1’ means ‘high’ and a ‘0’ means ‘low’. 

This circuit is called a NAND gate and its truth 
table is shown in the figure. 

The AND Gate
By swapping the position of the 
transistors and the series resistor 
from the previous circuit we get the 
the circuit shown in Fig. 6.

When A and B are high, then Q is 
high; otherwise Q is low. This is an 
AND gate; the output is high only 
when both inputs are high. Its output 
is the inverse of the output of a NAND 
gate. 

The symbols for the three basic 
gates (NOT, NAND, AND) are shown 
in Fig. 8 along with the symbols for 
the OR, NOR and XOR gates.

The NOR Gate and 
the OR Gate
Fig. 7 shows a NOR gate; if either 
input is high then the output is low. 
By swapping the position of the 
series resistor (R1) and the transistors 
we can make an OR gate.

The Exclusive   
OR Gate

This gate produces a high output if either input is high but not both. It 
can be constructed using four NAND gates. We don’t need to construct 
any of these gates from basic components. Packaged versions of them 
are more reliable and much less expensive. For example a 7400 chip 
costs less than 50 cent and contains four NAND gates.
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is shown more schematically in Fig. 3. The voltage across R2 could be 
measured by attaching a voltmeter to the terminals marked V2; this is the 
voltage we are generally most interested in. 

If R2 is twice R1 then the voltage across it (V2) will be 4 V or two thirds of 
the battery voltage. In other words, 
the battery voltage is split in a 2:1 
ratio. In all cases R2 is a fraction of 
the total resistance, and the voltage 
across it is the same fraction of the 
total voltage (i.e. the battery voltage). 
This is the key idea.

It can be stated mathematically as 
follows: R2/(R1 + R2) = V2/(V1 + V2). 
We can make two simple changes to 
this. The battery voltage is split into 
two parts, V1 and V2, so (V1 + V2) is 
equal to the battery voltage (V0 ) 
which is 6 V in our circuit.

So R2/(R1 + R2) = V2/(V1 + V2) now becomes R2/(R1 + R2) = V2/V0

We can rearrange this to isolate V2:  V0 × R2/(R1 + R2) = V2

and so 

For example, if the battery voltage is 6 V and R1 and R2 are 1000 Ω and 
100 Ω respectively then the output voltage (V2) is  
6 (100 ÷ 1100) = 0.55 V; in other words, since R2 is one eleventh of the 
total resistance, the voltage across it is one eleventh of the supply 
voltage.

Transistor Circuits
For our purposes here we can consider 
a transistor to be a special kind of 
resistor. An ordinary resistor has two 
terminals but a transistor has an extra 
one (the ‘base’) which controls the 
conductance. When the voltage at the 
base is low (typically less than 0.5 V) 
then the transistor is ‘off’ and its 
resistance is very high – some millions 
of ohms. When the voltage at the base is 
high (say, above 1.5 V) then the transistor 
conducts well; its resistance may be 
around 10 ohms (Ω). 

It is usual to connect a protective resistor 
to the base of the transistor; this is the 

purpose of the 2200 Ω (2k2) resistor in Fig.4.

When the input voltage (the voltage at the ‘base’) is low the transistor 
acts like a very large resistance (say 1 MΩ, i.e. one megohm or one 
million ohms). Using our formula 

V2 = (6 V) × (1000000/ 1004700) which is almost 6 V; the output is ‘high’. 
Conversely, when the input voltage is high (above 1.5 V) the resistance 
of the transistor drops to say 50 Ω. Therefore the output voltage (V2) is  
(6 V) × (50 / 4750) = 0.063 V, i.e. near 0 V. So when the input is low the 
output is high and vice versa. This important circuit is what is called and 
inverter or a NOT gate. 

Intel was founded in 1968 and initially its main product was 
memory ‘chips’. In 1971 the company launched the first 
commercial microprocessor chip while retaining its core 
business. From the mid 1970s home computers became 
more widely available – often in kit form and from the early 
1980s Intel’s focus moved to microprocessors. In the 1990s 
Intel became the most profitable supplier to the computer 
industry.

What is a ‘chip’?
Chips or integrated circuits (ICs) are ‘components’ that contain electronic 
circuits composed of many components such as diodes, resistors and 
transistors. ICs are more economical to produce and are much more 
compact than circuits made of discrete components; they have 
standardised inputs and outputs and so can be linked together very 
flexibly. The introduction of integrated circuits in the 1960s revolutionised 
not only electronics but the electronic design process. 

Many of the earliest ICs contained logic gates such as those described 
in this lesson. But first we’ll have a look at the basics.

We will examine the principles behind digital electronic circuits. 

Basics
A key concept is the voltage divider, 
an understanding of which will clarify 
the operation of basic digital 
electronic circuits such as logic 
gates. A voltage divider is very easy 
to set up; all you need is two resistors 
and a battery.

In Fig.2 a battery is connected to two 
resistors in series. If the two resistors 
are equal then the voltage of the 
battery (6 V) will be divided equally; 
the voltage across each of the 
resistors will be 3 V. The same circuit 

Intel Corporation is the world’s largest semiconductor company. 
Founded on July 18th, 1968 as Integrated Electronics Corporation 
and based in Santa Clara, California, USA, Intel makes 
microprocessors, motherboard chipsets, network cards and ICs, 
flash memory, graphic chips, embedded processors, and other 
devices related to communications and computing. Intel was 
founded by Robert Noyce and Gordon Moore, and is widely 
associated with the executive leadership and vision of Andrew 
Grove, who was Intel’s third employee. Since 1968, Intel has been 
dedicated to transforming the world through technology and today 
employees over 84,000 people worldwide and operates 
approximately 300 facilities in 50 different countries.

Intel decided to locate a manufacturing facility in Ireland in 1989 
and since then has invested over 6.0 billion Euro in turning the 360 
acre Leixlip stud farm into the most technologically advanced 
industrial campus in Europe. Over the years we have continued to 
expand and grow our Irish operation with two manufacturing 
facilities on the campus, Ireland Fab Operations, which includes 
Fab 10 and Fab 14, and Fab 24, which includes Fab 24 and Fab 
24-2. These facilities produce latest generation silicon 
microprocessors that power platforms and technology 
advancements which are essential to the way we learn, live and 
work today.

Fig. 8  Left: NOT, NAND, AND Right: OR, NOR, XOR 

Fig. 1 An extremely clean environment is required for the 
fabrication of complex integrated circuits

Fig. 3 Voltage divider.

Fig. 4 An inverter circuit.

Fig. 7 The NOR Gate.

Fig. 2 Resistors in series.

V0 (R1 + R2)
V2 = 

R2

Fig. 5 The NAND gate.

Fig. 6 The AND Gate.

Truth table.
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The NAND Gate
The circuit shown in Fig. 5 is similar 
to the inverter except that the lower 
part of the voltage divider comprises 
two transistors.

Using the same reasoning as before 
we can see that if both inputs are 
high then both transistors are 
conducting and their resistance is 
low. The output (Q) will then be low. 
If any input is low then the total 
resistance of the pair of transistors 
will be high and so the output voltage 
will be high. 

The simplest way to summarise all the possible 
states is to use what is called a truth table; on this 
a ‘1’ means ‘high’ and a ‘0’ means ‘low’. 

This circuit is called a NAND gate and its truth 
table is shown in the figure. 

The AND Gate
By swapping the position of the 
transistors and the series resistor 
from the previous circuit we get the 
the circuit shown in Fig. 6.

When A and B are high, then Q is 
high; otherwise Q is low. This is an 
AND gate; the output is high only 
when both inputs are high. Its output 
is the inverse of the output of a NAND 
gate. 

The symbols for the three basic 
gates (NOT, NAND, AND) are shown 
in Fig. 8 along with the symbols for 
the OR, NOR and XOR gates.

The NOR Gate and 
the OR Gate
Fig. 7 shows a NOR gate; if either 
input is high then the output is low. 
By swapping the position of the 
series resistor (R1) and the transistors 
we can make an OR gate.

The Exclusive   
OR Gate

This gate produces a high output if either input is high but not both. It 
can be constructed using four NAND gates. We don’t need to construct 
any of these gates from basic components. Packaged versions of them 
are more reliable and much less expensive. For example a 7400 chip 
costs less than 50 cent and contains four NAND gates.

A B Out

0 0 1

0 1 0

1 0 0

1 1 0

is shown more schematically in Fig. 3. The voltage across R2 could be 
measured by attaching a voltmeter to the terminals marked V2; this is the 
voltage we are generally most interested in. 

If R2 is twice R1 then the voltage across it (V2) will be 4 V or two thirds of 
the battery voltage. In other words, 
the battery voltage is split in a 2:1 
ratio. In all cases R2 is a fraction of 
the total resistance, and the voltage 
across it is the same fraction of the 
total voltage (i.e. the battery voltage). 
This is the key idea.

It can be stated mathematically as 
follows: R2/(R1 + R2) = V2/(V1 + V2). 
We can make two simple changes to 
this. The battery voltage is split into 
two parts, V1 and V2, so (V1 + V2) is 
equal to the battery voltage (V0 ) 
which is 6 V in our circuit.

So R2/(R1 + R2) = V2/(V1 + V2) now becomes R2/(R1 + R2) = V2/V0

We can rearrange this to isolate V2:  V0 × R2/(R1 + R2) = V2

and so 

For example, if the battery voltage is 6 V and R1 and R2 are 1000 Ω and 
100 Ω respectively then the output voltage (V2) is  
6 (100 ÷ 1100) = 0.55 V; in other words, since R2 is one eleventh of the 
total resistance, the voltage across it is one eleventh of the supply 
voltage.

Transistor Circuits
For our purposes here we can consider 
a transistor to be a special kind of 
resistor. An ordinary resistor has two 
terminals but a transistor has an extra 
one (the ‘base’) which controls the 
conductance. When the voltage at the 
base is low (typically less than 0.5 V) 
then the transistor is ‘off’ and its 
resistance is very high – some millions 
of ohms. When the voltage at the base is 
high (say, above 1.5 V) then the transistor 
conducts well; its resistance may be 
around 10 ohms (Ω). 

It is usual to connect a protective resistor 
to the base of the transistor; this is the 

purpose of the 2200 Ω (2k2) resistor in Fig.4.

When the input voltage (the voltage at the ‘base’) is low the transistor 
acts like a very large resistance (say 1 MΩ, i.e. one megohm or one 
million ohms). Using our formula 

V2 = (6 V) × (1000000/ 1004700) which is almost 6 V; the output is ‘high’. 
Conversely, when the input voltage is high (above 1.5 V) the resistance 
of the transistor drops to say 50 Ω. Therefore the output voltage (V2) is  
(6 V) × (50 / 4750) = 0.063 V, i.e. near 0 V. So when the input is low the 
output is high and vice versa. This important circuit is what is called and 
inverter or a NOT gate. 

Intel was founded in 1968 and initially its main product was 
memory ‘chips’. In 1971 the company launched the first 
commercial microprocessor chip while retaining its core 
business. From the mid 1970s home computers became 
more widely available – often in kit form and from the early 
1980s Intel’s focus moved to microprocessors. In the 1990s 
Intel became the most profitable supplier to the computer 
industry.

What is a ‘chip’?
Chips or integrated circuits (ICs) are ‘components’ that contain electronic 
circuits composed of many components such as diodes, resistors and 
transistors. ICs are more economical to produce and are much more 
compact than circuits made of discrete components; they have 
standardised inputs and outputs and so can be linked together very 
flexibly. The introduction of integrated circuits in the 1960s revolutionised 
not only electronics but the electronic design process. 

Many of the earliest ICs contained logic gates such as those described 
in this lesson. But first we’ll have a look at the basics.

We will examine the principles behind digital electronic circuits. 

Basics
A key concept is the voltage divider, 
an understanding of which will clarify 
the operation of basic digital 
electronic circuits such as logic 
gates. A voltage divider is very easy 
to set up; all you need is two resistors 
and a battery.

In Fig.2 a battery is connected to two 
resistors in series. If the two resistors 
are equal then the voltage of the 
battery (6 V) will be divided equally; 
the voltage across each of the 
resistors will be 3 V. The same circuit 

Intel Corporation is the world’s largest semiconductor company. 
Founded on July 18th, 1968 as Integrated Electronics Corporation 
and based in Santa Clara, California, USA, Intel makes 
microprocessors, motherboard chipsets, network cards and ICs, 
flash memory, graphic chips, embedded processors, and other 
devices related to communications and computing. Intel was 
founded by Robert Noyce and Gordon Moore, and is widely 
associated with the executive leadership and vision of Andrew 
Grove, who was Intel’s third employee. Since 1968, Intel has been 
dedicated to transforming the world through technology and today 
employees over 84,000 people worldwide and operates 
approximately 300 facilities in 50 different countries.

Intel decided to locate a manufacturing facility in Ireland in 1989 
and since then has invested over 6.0 billion Euro in turning the 360 
acre Leixlip stud farm into the most technologically advanced 
industrial campus in Europe. Over the years we have continued to 
expand and grow our Irish operation with two manufacturing 
facilities on the campus, Ireland Fab Operations, which includes 
Fab 10 and Fab 14, and Fab 24, which includes Fab 24 and Fab 
24-2. These facilities produce latest generation silicon 
microprocessors that power platforms and technology 
advancements which are essential to the way we learn, live and 
work today.

Fig. 8  Left: NOT, NAND, AND Right: OR, NOR, XOR 

Fig. 1 An extremely clean environment is required for the 
fabrication of complex integrated circuits

Fig. 3 Voltage divider.

Fig. 4 An inverter circuit.

Fig. 7 The NOR Gate.

Fig. 2 Resistors in series.

V0 (R1 + R2)
V2 = 

R2

Fig. 5 The NAND gate.

Fig. 6 The AND Gate.
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Examination Style Questions

Leaving Certificate Physics, 2008 Higher Level Q. 10 b

1.  The transistor was one of the most important inventions of the 
twentieth century.

 (a) Draw the basic structure of a bi-polar transistor.

 (b) Name the three currents flowing in a transistor

 (c) State the relationship between them. 

2.  The diagram shows the circuit of a voltage amplifier. What is the 
purpose of:

(i) the bias resistor;

(ii) the load resistor? 

3. A varying voltage is 
applied to the 
amplifier.

(i) Draw a sketch of 
the input and output 
voltages, using the 
same axes and 
scales. 

(ii) A NOT gate is a 
voltage inverter.

(iii)  Draw a circuit diagram to show how a transistor can be used as a 
voltage inverter.

(iv) Give the truth table of a NOT gate. 

Leaving Certificate Physics, 2006 Higher Level Q. 10 b

What is a transistor? Describe the structure of a bipolar transistor.

The circuit diagram represents a voltage inverter.

(i) What is the function of 
each resistor in the 
circuit?

(ii) Explain why the 
output voltage is almost 
0 V when the input 
voltage is 6 V.

Calculate the collector 
current when the input 
voltage is 6V. (Assume 
that the output voltage is 
0 V).

(iii) A voltage inverter is also a NOT gate.

(iv) Draw the symbol and truth table for a NOT gate.

(v)  What is the significance of the work of George Boole in modern 
day electronics?

For further examples of past questions check www.sta.ie

Syllabus Reference

Junior Certificate Science (p.30)
OP57 – understand that a diode is a device that allows current to • 
flow in one direction only, and that a light emitting diode (LED) 
requires less current than a bulb

OP58 – set up simple series circuits using switches, buzzers, LEDs • 
and resistors

OP59 – measure the resistance of a light-dependent resistor (LDR) • 
under varying degrees of brightness of light

OP60 – identify everyday applications of the diode, including the • 
LED, and of the LDR.

Leaving Certificate Physics – Option 2 (Applied 
Electronics) (p.4)

Logic gates AND, OR and NOT gates. Boole.• 

Leaving Certificate Technology (p. 27, 44)
Logic Circuits: AND, OR, NOT, NAND, NOR; combos of gates• 

Inputs and Outputs: use of logic gates w/sensors & output devices• 

Counters: counters, seven segment displays and display drivers• 

Did You Know?

Large scale integration
In 1965 Gordon Moore, later co-founder of Intel, predicted that the 
number of transistors per chip would roughly double every year, at least 
initially. Since the 1960s the density of integrated circuits has increased 
from less than a hundred transistors per square millimetre to over a 
million. The chips have also become larger and even multi-layered. 

Moore later (1975) predicted that chip densities would approximately 
double every two years. ‘Moore’s Law’ seems to hold.

Biographical Notes

Robert Norton Noyce (1927–1990)
Robert Noyce was born in Burlington, Iowa in 
1927. He graduated with a BA in physics from 
Grinnell College in 1949 and a Ph.D. in physics 
from Massachusetts Institute of Technology in 
1953. He and Jack Kilby are regarded as the 
independent co-inventors of the integrated circuit 
or microchip. Kilby’s circuit (1958) was based on 
germanium and Noyce’s (1959) was based on 
silicon.

In 1955, William Shockley, co-inventor of the transistor, founded 
Shockley Semiconductor. His hand-picked team of eight included 
Robert Noyce and Gordon Moore. After only two years all eight left 
Shockley in 1957 and, under the leadership of Noyce, set up Fairchild 
Semiconductor. In 1968 Noyce and Moore left Fairchild and founded 
Intel. Many hi-tech companies can trace their origins to the Fairchild 
team.

Intel’s headquarters in Santa Clara, California, is named after him. In 
1978 he was awarded the IEEE Medal of Honor “for his contributions to 
the silicon integrated circuit, a cornerstone of modern electronics.” 
(IEEE, The Institute of Electrical and Electronics Engineers).

Neither Noyce nor Moore saw themselves as entrepreneurs and had 
not set out to become the dominant players in the semiconductor 
market. Noyce said “There is such a thing as a natural-born entrepreneur, 
for whom the entrepreneurial urge drives everything, and who can 
make a business out of almost anything. But the accidental entrepreneur 
like me has to fall into the opportunity or be pushed into it. Then the 
entrepreneurial spirit eventually catches on.”

Revise The Terms

Revising the terminology is a powerful aid for recall and 
retention. Can you recall the meaning of the following terms? 
battery, circuit, conductance, digital electronics, diode, in series, 
integrated circuit, logic gate, microprocessor, ohm, resistor, 
semiconductor, transistor, truth table, volt, voltage, voltage divider, 
voltmeter 

Check the Glossary of Terms for this lesson at www.sta.ie

Learning Outcomes

On completing this section, the student should be able to:
Appreciate the scope of digital electronics• 

Explain the operation of a voltage divider.• 

Calculate the output voltage from a given voltage divider circuit.• 

Describe the structure and operation of NOT, NAND and AND gates.• 

Draw the symbols for basic logic gates.• 

Explain how logic gates can be used to construct more complex • 
circuits.

Construct a truth table for a basic logic gate.• 

General Learning Points

Although integrated circuits may look like discrete devices they • 
contain whole circuits within a single ‘package’.

Complex circuits can be constructed from discrete devices such as • 
diodes, resistors and transistors.

The operation of the voltage divider forms a basis for understanding • 
the operation of logic gates.

The ratio of the voltages across resistors in series is equal to the • 
ratio of the resistors. 

In the case of two resistors in series, the voltage across any one • 
resistor is a fraction of the voltage across the pair; that resistor will 
be the same fraction of their combined resistance.

V• 2 = V0 × R2/(R1 + R2) : The output voltage (across R2) is equal to the 
input voltage (V0) multiplied by the ratio of R2 and R1 + R2.

Integrated circuits may contain several logic gates that can be used • 
independently (although they are in the same package and have 
the same power supply).

Student Activities

Connect two resistors (• R1, R2) in series with a 6 V battery. Measure 
the battery voltage (V0) and the voltage across each resistor (V1, V2). 
Calculate the following fractions: V1/ V0, V2/ V0, R1/ (R1+ R2), R2/ (R1+ 
R2). What do you notice?

Construct a voltage divider that will produce a voltage output of 2 V • 
when connected to a 6 V battery.

Construct a NOT gate (an inverter) as described in Fig. 4 of the • 
lesson. (The following are suitable NPN transistors: ZTX300, BC108, 
BFY51, 2N4401). Connect a 6 V battery. Connect the input resistor 
(2k2) to the zero volt line and measure the input voltage. Measure 
the output voltage and record your findings. Next connect the input 
resistor to the 6 V line and measure the input voltage. Measure the 
output voltage and record your findings. Does the circuit act as a 
NOT gate?

Investigate the operation of a 7400 integrated circuit. • 
Note that the power supply should be 5 V (± 0.25 V).  
The first NAND gate has inputs on pins 1 and 2 and the output on 
pin 3. Set the inputs ‘high’ or ‘low’ by connecting them to the 0 V 
line or the 5 V line. For each arrangement record the input state  
(H, L or 1, 0) and the output state. Construct a truth table showing 
all possibilities.

True/False Questions

(a) Integrated circuits were independently invented in  
1950 by ack Kilby and Robert Noyce T F

(b) The introduction of integrated circuits made electronic  
design more difficult T F

(c) Logic gates are digital electronic circuits whose outputs  
are related in a logical way to the inputs T F

(d) The output of a voltage divider is either high or low T F

(e) A NAND gate has four possible output states T F

(f) Logic gates are the basic building block of digital  
electronic circuits T F

(g) If two equal resistors are used to construct a voltage  
divider the output voltage will be twice the input voltage T F

(h) Standard logic gates can be linked together to form more  
complex circuits T F

(i) Modern microprocessor chips can have over a million  
transistors per square millimetre T F

(j) Diodes, resistors and transistors are discrete electronic  
components T F

Check your answers to these questions on www.sta.ie
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The NAND Gate
The circuit shown in Fig. 5 is similar 
to the inverter except that the lower 
part of the voltage divider comprises 
two transistors.

Using the same reasoning as before 
we can see that if both inputs are 
high then both transistors are 
conducting and their resistance is 
low. The output (Q) will then be low. 
If any input is low then the total 
resistance of the pair of transistors 
will be high and so the output voltage 
will be high. 

The simplest way to summarise all the possible 
states is to use what is called a truth table; on this 
a ‘1’ means ‘high’ and a ‘0’ means ‘low’. 

This circuit is called a NAND gate and its truth 
table is shown in the figure. 

The AND Gate
By swapping the position of the 
transistors and the series resistor 
from the previous circuit we get the 
the circuit shown in Fig. 6.

When A and B are high, then Q is 
high; otherwise Q is low. This is an 
AND gate; the output is high only 
when both inputs are high. Its output 
is the inverse of the output of a NAND 
gate. 

The symbols for the three basic 
gates (NOT, NAND, AND) are shown 
in Fig. 8 along with the symbols for 
the OR, NOR and XOR gates.

The NOR Gate and 
the OR Gate
Fig. 7 shows a NOR gate; if either 
input is high then the output is low. 
By swapping the position of the 
series resistor (R1) and the transistors 
we can make an OR gate.

The Exclusive   
OR Gate

This gate produces a high output if either input is high but not both. It 
can be constructed using four NAND gates. We don’t need to construct 
any of these gates from basic components. Packaged versions of them 
are more reliable and much less expensive. For example a 7400 chip 
costs less than 50 cent and contains four NAND gates.

A B Out

0 0 1

0 1 0

1 0 0

1 1 0

is shown more schematically in Fig. 3. The voltage across R2 could be 
measured by attaching a voltmeter to the terminals marked V2; this is the 
voltage we are generally most interested in. 

If R2 is twice R1 then the voltage across it (V2) will be 4 V or two thirds of 
the battery voltage. In other words, 
the battery voltage is split in a 2:1 
ratio. In all cases R2 is a fraction of 
the total resistance, and the voltage 
across it is the same fraction of the 
total voltage (i.e. the battery voltage). 
This is the key idea.

It can be stated mathematically as 
follows: R2/(R1 + R2) = V2/(V1 + V2). 
We can make two simple changes to 
this. The battery voltage is split into 
two parts, V1 and V2, so (V1 + V2) is 
equal to the battery voltage (V0 ) 
which is 6 V in our circuit.

So R2/(R1 + R2) = V2/(V1 + V2) now becomes R2/(R1 + R2) = V2/V0

We can rearrange this to isolate V2:  V0 × R2/(R1 + R2) = V2

and so 

For example, if the battery voltage is 6 V and R1 and R2 are 1000 Ω and 
100 Ω respectively then the output voltage (V2) is  
6 (100 ÷ 1100) = 0.55 V; in other words, since R2 is one eleventh of the 
total resistance, the voltage across it is one eleventh of the supply 
voltage.

Transistor Circuits
For our purposes here we can consider 
a transistor to be a special kind of 
resistor. An ordinary resistor has two 
terminals but a transistor has an extra 
one (the ‘base’) which controls the 
conductance. When the voltage at the 
base is low (typically less than 0.5 V) 
then the transistor is ‘off’ and its 
resistance is very high – some millions 
of ohms. When the voltage at the base is 
high (say, above 1.5 V) then the transistor 
conducts well; its resistance may be 
around 10 ohms (Ω). 

It is usual to connect a protective resistor 
to the base of the transistor; this is the 

purpose of the 2200 Ω (2k2) resistor in Fig.4.

When the input voltage (the voltage at the ‘base’) is low the transistor 
acts like a very large resistance (say 1 MΩ, i.e. one megohm or one 
million ohms). Using our formula 

V2 = (6 V) × (1000000/ 1004700) which is almost 6 V; the output is ‘high’. 
Conversely, when the input voltage is high (above 1.5 V) the resistance 
of the transistor drops to say 50 Ω. Therefore the output voltage (V2) is  
(6 V) × (50 / 4750) = 0.063 V, i.e. near 0 V. So when the input is low the 
output is high and vice versa. This important circuit is what is called and 
inverter or a NOT gate. 

Intel was founded in 1968 and initially its main product was 
memory ‘chips’. In 1971 the company launched the first 
commercial microprocessor chip while retaining its core 
business. From the mid 1970s home computers became 
more widely available – often in kit form and from the early 
1980s Intel’s focus moved to microprocessors. In the 1990s 
Intel became the most profitable supplier to the computer 
industry.

What is a ‘chip’?
Chips or integrated circuits (ICs) are ‘components’ that contain electronic 
circuits composed of many components such as diodes, resistors and 
transistors. ICs are more economical to produce and are much more 
compact than circuits made of discrete components; they have 
standardised inputs and outputs and so can be linked together very 
flexibly. The introduction of integrated circuits in the 1960s revolutionised 
not only electronics but the electronic design process. 

Many of the earliest ICs contained logic gates such as those described 
in this lesson. But first we’ll have a look at the basics.

We will examine the principles behind digital electronic circuits. 

Basics
A key concept is the voltage divider, 
an understanding of which will clarify 
the operation of basic digital 
electronic circuits such as logic 
gates. A voltage divider is very easy 
to set up; all you need is two resistors 
and a battery.

In Fig.2 a battery is connected to two 
resistors in series. If the two resistors 
are equal then the voltage of the 
battery (6 V) will be divided equally; 
the voltage across each of the 
resistors will be 3 V. The same circuit 

Intel Corporation is the world’s largest semiconductor company. 
Founded on July 18th, 1968 as Integrated Electronics Corporation 
and based in Santa Clara, California, USA, Intel makes 
microprocessors, motherboard chipsets, network cards and ICs, 
flash memory, graphic chips, embedded processors, and other 
devices related to communications and computing. Intel was 
founded by Robert Noyce and Gordon Moore, and is widely 
associated with the executive leadership and vision of Andrew 
Grove, who was Intel’s third employee. Since 1968, Intel has been 
dedicated to transforming the world through technology and today 
employees over 84,000 people worldwide and operates 
approximately 300 facilities in 50 different countries.

Intel decided to locate a manufacturing facility in Ireland in 1989 
and since then has invested over 6.0 billion Euro in turning the 360 
acre Leixlip stud farm into the most technologically advanced 
industrial campus in Europe. Over the years we have continued to 
expand and grow our Irish operation with two manufacturing 
facilities on the campus, Ireland Fab Operations, which includes 
Fab 10 and Fab 14, and Fab 24, which includes Fab 24 and Fab 
24-2. These facilities produce latest generation silicon 
microprocessors that power platforms and technology 
advancements which are essential to the way we learn, live and 
work today.

Fig. 8  Left: NOT, NAND, AND Right: OR, NOR, XOR 

Fig. 1 An extremely clean environment is required for the 
fabrication of complex integrated circuits

Fig. 3 Voltage divider.

Fig. 4 An inverter circuit.

Fig. 7 The NOR Gate.

Fig. 2 Resistors in series.

V0 (R1 + R2)
V2 = 

R2

Fig. 5 The NAND gate.

Fig. 6 The AND Gate.
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Examination Style Questions

Leaving Certificate Physics, 2008 Higher Level Q. 10 b

1.  The transistor was one of the most important inventions of the 
twentieth century.

 (a) Draw the basic structure of a bi-polar transistor.

 (b) Name the three currents flowing in a transistor

 (c) State the relationship between them. 

2.  The diagram shows the circuit of a voltage amplifier. What is the 
purpose of:

(i) the bias resistor;

(ii) the load resistor? 

3. A varying voltage is 
applied to the 
amplifier.

(i) Draw a sketch of 
the input and output 
voltages, using the 
same axes and 
scales. 

(ii) A NOT gate is a 
voltage inverter.

(iii)  Draw a circuit diagram to show how a transistor can be used as a 
voltage inverter.

(iv) Give the truth table of a NOT gate. 

Leaving Certificate Physics, 2006 Higher Level Q. 10 b

What is a transistor? Describe the structure of a bipolar transistor.

The circuit diagram represents a voltage inverter.

(i) What is the function of 
each resistor in the 
circuit?

(ii) Explain why the 
output voltage is almost 
0 V when the input 
voltage is 6 V.

Calculate the collector 
current when the input 
voltage is 6V. (Assume 
that the output voltage is 
0 V).

(iii) A voltage inverter is also a NOT gate.

(iv) Draw the symbol and truth table for a NOT gate.

(v)  What is the significance of the work of George Boole in modern 
day electronics?

For further examples of past questions check www.sta.ie

Syllabus Reference

Junior Certificate Science (p.30)
OP57 – understand that a diode is a device that allows current to • 
flow in one direction only, and that a light emitting diode (LED) 
requires less current than a bulb

OP58 – set up simple series circuits using switches, buzzers, LEDs • 
and resistors

OP59 – measure the resistance of a light-dependent resistor (LDR) • 
under varying degrees of brightness of light

OP60 – identify everyday applications of the diode, including the • 
LED, and of the LDR.

Leaving Certificate Physics – Option 2 (Applied 
Electronics) (p.4)

Logic gates AND, OR and NOT gates. Boole.• 

Leaving Certificate Technology (p. 27, 44)
Logic Circuits: AND, OR, NOT, NAND, NOR; combos of gates• 

Inputs and Outputs: use of logic gates w/sensors & output devices• 

Counters: counters, seven segment displays and display drivers• 

Did You Know?

Large scale integration
In 1965 Gordon Moore, later co-founder of Intel, predicted that the 
number of transistors per chip would roughly double every year, at least 
initially. Since the 1960s the density of integrated circuits has increased 
from less than a hundred transistors per square millimetre to over a 
million. The chips have also become larger and even multi-layered. 

Moore later (1975) predicted that chip densities would approximately 
double every two years. ‘Moore’s Law’ seems to hold.

Biographical Notes

Robert Norton Noyce (1927–1990)
Robert Noyce was born in Burlington, Iowa in 
1927. He graduated with a BA in physics from 
Grinnell College in 1949 and a Ph.D. in physics 
from Massachusetts Institute of Technology in 
1953. He and Jack Kilby are regarded as the 
independent co-inventors of the integrated circuit 
or microchip. Kilby’s circuit (1958) was based on 
germanium and Noyce’s (1959) was based on 
silicon.

In 1955, William Shockley, co-inventor of the transistor, founded 
Shockley Semiconductor. His hand-picked team of eight included 
Robert Noyce and Gordon Moore. After only two years all eight left 
Shockley in 1957 and, under the leadership of Noyce, set up Fairchild 
Semiconductor. In 1968 Noyce and Moore left Fairchild and founded 
Intel. Many hi-tech companies can trace their origins to the Fairchild 
team.

Intel’s headquarters in Santa Clara, California, is named after him. In 
1978 he was awarded the IEEE Medal of Honor “for his contributions to 
the silicon integrated circuit, a cornerstone of modern electronics.” 
(IEEE, The Institute of Electrical and Electronics Engineers).

Neither Noyce nor Moore saw themselves as entrepreneurs and had 
not set out to become the dominant players in the semiconductor 
market. Noyce said “There is such a thing as a natural-born entrepreneur, 
for whom the entrepreneurial urge drives everything, and who can 
make a business out of almost anything. But the accidental entrepreneur 
like me has to fall into the opportunity or be pushed into it. Then the 
entrepreneurial spirit eventually catches on.”

Revise The Terms

Revising the terminology is a powerful aid for recall and 
retention. Can you recall the meaning of the following terms? 
battery, circuit, conductance, digital electronics, diode, in series, 
integrated circuit, logic gate, microprocessor, ohm, resistor, 
semiconductor, transistor, truth table, volt, voltage, voltage divider, 
voltmeter 

Check the Glossary of Terms for this lesson at www.sta.ie

Learning Outcomes

On completing this section, the student should be able to:
Appreciate the scope of digital electronics• 

Explain the operation of a voltage divider.• 

Calculate the output voltage from a given voltage divider circuit.• 

Describe the structure and operation of NOT, NAND and AND gates.• 

Draw the symbols for basic logic gates.• 

Explain how logic gates can be used to construct more complex • 
circuits.

Construct a truth table for a basic logic gate.• 

General Learning Points

Although integrated circuits may look like discrete devices they • 
contain whole circuits within a single ‘package’.

Complex circuits can be constructed from discrete devices such as • 
diodes, resistors and transistors.

The operation of the voltage divider forms a basis for understanding • 
the operation of logic gates.

The ratio of the voltages across resistors in series is equal to the • 
ratio of the resistors. 

In the case of two resistors in series, the voltage across any one • 
resistor is a fraction of the voltage across the pair; that resistor will 
be the same fraction of their combined resistance.

V• 2 = V0 × R2/(R1 + R2) : The output voltage (across R2) is equal to the 
input voltage (V0) multiplied by the ratio of R2 and R1 + R2.

Integrated circuits may contain several logic gates that can be used • 
independently (although they are in the same package and have 
the same power supply).

Student Activities

Connect two resistors (• R1, R2) in series with a 6 V battery. Measure 
the battery voltage (V0) and the voltage across each resistor (V1, V2). 
Calculate the following fractions: V1/ V0, V2/ V0, R1/ (R1+ R2), R2/ (R1+ 
R2). What do you notice?

Construct a voltage divider that will produce a voltage output of 2 V • 
when connected to a 6 V battery.

Construct a NOT gate (an inverter) as described in Fig. 4 of the • 
lesson. (The following are suitable NPN transistors: ZTX300, BC108, 
BFY51, 2N4401). Connect a 6 V battery. Connect the input resistor 
(2k2) to the zero volt line and measure the input voltage. Measure 
the output voltage and record your findings. Next connect the input 
resistor to the 6 V line and measure the input voltage. Measure the 
output voltage and record your findings. Does the circuit act as a 
NOT gate?

Investigate the operation of a 7400 integrated circuit. • 
Note that the power supply should be 5 V (± 0.25 V).  
The first NAND gate has inputs on pins 1 and 2 and the output on 
pin 3. Set the inputs ‘high’ or ‘low’ by connecting them to the 0 V 
line or the 5 V line. For each arrangement record the input state  
(H, L or 1, 0) and the output state. Construct a truth table showing 
all possibilities.

True/False Questions

(a) Integrated circuits were independently invented in  
1950 by ack Kilby and Robert Noyce T F

(b) The introduction of integrated circuits made electronic  
design more difficult T F

(c) Logic gates are digital electronic circuits whose outputs  
are related in a logical way to the inputs T F

(d) The output of a voltage divider is either high or low T F

(e) A NAND gate has four possible output states T F

(f) Logic gates are the basic building block of digital  
electronic circuits T F

(g) If two equal resistors are used to construct a voltage  
divider the output voltage will be twice the input voltage T F

(h) Standard logic gates can be linked together to form more  
complex circuits T F

(i) Modern microprocessor chips can have over a million  
transistors per square millimetre T F

(j) Diodes, resistors and transistors are discrete electronic  
components T F

Check your answers to these questions on www.sta.ie


