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2. Introduction 
 
 
Without Integrated Circuits (ICs) most technological devices of today’s society 
would not be able to function properly. Unlike their discrete macroscopic 

counterparts that link distinct electronic devices like resistors, capacitors, 
inductors, transistors and diodes by wire, Integrated Circuit Design makes it 

possible to cram billions of electrical devices on one single piece of semiconductor 
by directly creating the desired devices within the semiconductor. For that reason 

they are also referred to as monolithic semiconductors. Based on this technology 
companies like Intel are able to produce microprocessors like their latest “Intel 

Core i7-3930K” with a speed of over 3 GHz and nearly 3.3 billion transistors on a 
few square millimetres and they are still continuously improving on performance. 

 

Integrated Circuit Design can basically be divided into two different types: Analog 
and digital IC Design. Analog or linear ICs collect analog signals from the 

environment and modify that signal, e.g. amplifying it or filtering it. The signal is 
then feed back to an output device, e.g. a loudspeaker. 

While analog ICs can cope with continuous signals, digital ICs only accept 
discrete input voltages values. If there are only two signals, e.g. high and low, 

the circuit is called binary IC. It uses boolean algebra to store, load, modify or 
feed back the binary signals. 

 
In the following when it comes to signal modification we want to focus on the 

discussion of digital ICs. 
 

 
 

 

 
 

 
 

 
 

 
 
 25nm die in comparison to one cent 
 [Source: http://www.pcper.com] 

 

 
 
Intel 10-Core Xeon Westmere-Ex Processor (2011) with 2.6 billion transistors 
[Source: http://www.techreport.com] 
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Moore’s law 
 

In 1965 Gordon Moore published a prediction which states an exponential 
correlation between time and the number of transistors on an integrated circuit. 

It says that every 18 months the numbers of transistors will double. This 
correlation is called Moore’s law. Even though it has been slightly adjusted the 

general trend has been going according to this law. Today there are chips with 

2,600,000,000 transistors on an area of 512mm² (10-Core Xeon Westmere-Ex) 
and the trend still aims at even higher numbers. 

The limits of Moore’s law are expected to be hit in ten to twenty years when 
transistors reach atomic size. Limits have been predicted previously, but the law 

managed to prevail. However, in order to continue in this manner a new 
technology remains to be discovered by the time the physical limitations of the 

conventional production process are hit. 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
             [Source: http://en.wikipedia.org/wiki/Moore%27s_law] 
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3. History 

 

First developments of the Integrated Circuit date back to the middle of the 20th 

century. Before the transistor was invented the vacuum tube was used to 
perform the functions of a transistor. It could act as a switch or a current 

amplifier.  
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
[Source: http://en.wikipedia.org/wiki/Vacuum_tube] 

 

However there are several reasons, why the vacuum tube was replaced by the 
transistor: Similar to a light bulb, the vacuum tube generated a lot of heat and 

could burn out easily. Furthermore it was much bigger and slower than the 
transistor.  

The first digital computer ENIAC (1946) for instance, had around 18,000 vacuum 
tubes that constantly burned out and had to be replaced thus rendering it very 

unreliable. 
 

Due to the complexity of advanced circuits it was simply not possible to create 

them with the means available at that time as the numbers of devices need got 
bigger and bigger. Thus the invention of the Integrated Circuit was inevitable. 

 
 

 
The idea of the IC is accredited to two people who came up with their own ideas 

at almost the same time. The first was Jack Kilby, who worked for Texas 
Instruments. In summer of 1958 he came up with the idea of the monolithic 

circuit when he was working alone in the lab. Since he was newly employed he 
did not get holidays like the rest of the workers, but he saw it as an opportunity 

to work on his ideas. When he presented his idea to the company he was allowed 
to build a test version which worked perfectly. In 2000 he received the Nobel 

Prize for his and its contribution to modern technology. 
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Jack Kilby’s first Integrated Circuit  

based on germanium (1958) 
(Texas Instruments)                                                                  Robert Noyce’s first IC  
[Source: http://www.pbs.org]   based on  silicon (1959)  

  (Fairchild Semiconductor)  
                                                                                                          [Source: http://www.eetimes.com]                                                                          

 

 

The other person who is accredited with the invention of the Integrated Circuit is 
Robert Noyce. He is a co-founder of Fairchild Semiconductor and Intel and while 

working with the former company he invented his own version of the IC in 1958, 

half a year later than Kilby. His IC solved many practical problems of Kilby’s 
version. One of them was the interconnection of the devices which Noyce solved 

by adding metal as a final layer on the chip and then removing the unnecessary 
metal leaving only the connections, but further detailed explanation on the 

production process will follow later in this essay. Furthermore Noyce’s IC was 
based on silicon while Kilby’s was based on germanium. These improvements 

made the IC more suitable for mass production and were a breakthrough for 
commercial IC production. 
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4. Transistors 

 

4.1. The MOSFET 

 
MOSFET stands for Metal 

Oxide Semiconductor Field 
Effect Transistor. It is the 

most important element in 
digital integrated circuit 

design.  
 

The MOSFET is actually a 
four-terminal device, but 

often the bulk terminal is 

grounded and connected to 
the source, making it a 

three-terminal device: 
Source, gate and drain. 

There are two different types 
of MOSFET, which are 

characterized by the charge carriers in the channel between source and drain: N-
MOSFET and P-MOSFET. The NMOS uses electrons (negative) and the PMOS 

holes (positive) as carriers. The type is thus determined by the doping of the 
silicon. If the substrate is p-doped, there will be an n-channel and if it is n-doped 

a p-channel will be established. The source and drain terminals are usually very 
highly doped compared to the substrate.  

For exemplary analysis we will in the following focus on a NMOS device. 
 

Varying the Gate-Source Voltage VGS will influence the depletion layer of the two 

pn-junctions.  
If VGS is negative or zero there will be no current flowing between source and 

drain and the transistor acts like an open switch. This is due to the reverse 
biasing of the pn-junction which acts like a diode and allows current flow only in 

one direction. This is state called accumulation because the majority carriers of 
the substrate are accumulated between source and drain. 

If VGS is further increased, but still lower than the threshold voltage VTN the 
electric field will deplete the region between source and drain of the substrate’s 

majority carriers and thus the state is called depletion. The transistor still does 
not conduct. 

If VGS is now increased to be higher than VTN, a conducting path, an n-type layer, 
is created between source and drain, which is called inversion layer. Therefore 

this state is called inversion. Only under this condition the transistor is able to 
conduct. 

 

The amplification of the drain current ID is now controlled by the voltage between 
source and drain, VDS. Varying this voltage will result in different regions of 

operation that can be classified according to the output characteristics of ID as a 
function of VDS. 

[Source: http://people.seas.harvard.edu] 
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     Output characteristics of a MOSFET 

 
Symbol for an NMOS-
Transistor  

 

 
 

 

 
 

 
 

 
 

Cut-off region 
 

If VGS is smaller than or equals the threshold voltage VTN, the region of operation 
is called cut-off region and the drain current ID is zero no matter the value of  the 

drain voltage VDS.  

 

For the following regions we assume VGS to be greater than VTN. 

 

 

Ohmic region 
 

If VDS is increased to a value greater than zero a drain current ID will flow. As 
long as VDS is smaller than VGS–VTN, the region of operation is called ohmic or 

linear region. 
 

 
Saturation region 

 
If VDS rises to a value greater than VGS–VTN, the channel will be pinched off at the 

drain since there is no voltage to induce an inversion layer. 
Further increasing of VDS will cause the pinch off point to move in the direction of 

the source. When the electrons reach that point, they are injected into the 
depleted region and the electric file sweeps them to the drain. 

This region is referred to as saturation region. IDS is independent of VDS and our 

model behaves as an ideal current source. 
 

[Source: http://www.vlsibank.com] 

[Source: http://www.national.com] 
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4.2. The BJT 

 

BJT stands for Bipolar Junction 
Transistor. It also is a very 

common element used in 
integrated circuits. Even though 

the basic functions (switching 
and amplification) are the same 

as for the MOSFET, there are 
some fundamental differences 

between the two: 
 

 
 

 The BJT is current controlled while the MOSFET is voltage controlled.  
 The BJT is bipolar while the MOSFET is unipolar. 

 The BJT has high power consumption while the MOSFET has a low one. 

 The BJT is a good linear amplifier while the MOSFET is not. 
 The MOSFET takes up less room than the BJT and therefore is cheaper to 

produce. 
 

The BJT is a three-terminal device with the terminals being emitter, base and 
collector. As in the MOSFET, there are two different types of BJTs: NPN- or PNP-

type. In the following we will use the example of an NPN-type transistor.  
The picture above shows how the semiconductor is doped to form a BJT. 

Adjoining regions are alternatively doped with the well around the emitter being 
more highly doped.  

 
A voltage applied between base and emitter will cause the electrons of the n-

doped emitter and the holes of the p-doped base to move towards the junction. 
Only if the voltage is high enough a current will flow. The threshold voltage for 

the BJT is 0.6V (in some literature also 0.7V). In order for a current to flow 

between the collector and the emitter a voltage needs to be applied between the 
two terminals. The carriers are now able to pass the very thin layer of the base 

and thus a collector-emitter current can flow. Under the mentioned conditions 
this current is much higher than the base-emitter current. Therefore the BJT is 

most commonly operated in this setting which is called the forward-active region. 
According to the biasing of the two pn-junctions four different regions of 

operation can be created. 
 

These regions can be seen in the graph of the output characteristics of the BJT 
where the collector current IC is shown as a function of the collector-emitter 

voltage VCE. 

[Source: http://en.wikipedia.org/wiki/Bipolar_junction_transistor] 
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           Output characteristics of a BJT 
 

 
 

 
 

 

 
 

 
 
        Symbol for a NPN-BJT-Transistor 
 

[Source: 

http://en.wikipedia.org/wiki/File:BJT_NPN_sym

bol.svg] 

 

 
[Source: http://www.eng.auburn.edu] 

 

Cut-off region 
 

Both junctions are reverse biased, i.e. VC and VE are both greater than VB. In this 
region the BJT acts like an open switch. No matter how high VCE, there will be no 

collector current IC. 
 

 
Saturation region 

 

Both junctions are forward biased, i.e. VC and VE are both smaller than VB. In this 
region the BJT acts like a closed switch. A high current is flowing between the 

collector and the emitter. The saturation region of the BJT is not to be mixed up 
with the saturation region of the MOSFET. 

 
 

Forward-active region 
 

The base-collector junction is reverse biased while the base-emitter junction is 
forward biased, i.e. VB is higher than VE and VC is higher than VB. BJTs are most 

commonly operated in this region, because they act as good amplifiers. IC is 
controlled by IB, but much higher. 

 
 

Reverse-active region 
 

The biasing of the junctions is opposite to the forward-active region. In this 

region the current gain is very low. Because of the poor amplification BJTs are 
only seldom used in this configuration. 
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5. CMOS Logic 

 

CMOS stands for Complementary Metal Oxide Semiconductor. CMOS logic uses 

complementary networks of PMOS transistors and NMOS transistors respectively. 
In order to implement boolean functions. Either the PMOS or the NMOS network 

is on while the other is off and because the PMOS network is connected to a 
voltage supply while the NMOS network is grounded, the output will either be 

high or low, interpreted as “1” or “0” respectively. 
 

 

5.1. Basic boolean functions 

 
There are three basic gates when implementing boolean functions: The inverter, 

the NAND- and the NOR-gate. For the sake of a general overview about 

integrated circuits it shall be sufficient for us to examine only those three gates. 
Furthermore instead of focusing on the boolean algebra the emphasis shall be 

put on the implementation of those gates through a CMOS network. For further 
and more detailed information please refer to specific literature about the 

subject. 
 

 
The Inverter 

 
For an inverter the PMOS 

network consists of one single 
PMOS transistor and respectively 

the NMOS network of one NMOS 
transistor. 

 

For this example it shall be 
sufficient to see the transistors 

as simple switches. 
 

If we apply the boolean value of 
“0” at the input, the NMOS 

transistor will be switched off 
and because the structure of the 

PMOS transistor is opposite to 
the NMOS transistor, it will be 

switched on. Thus the output will 
have the value of Vdd or “1” respectively. 

 
If the input is “1” the switching of the transistors is reversed and the output will 

be connected to ground which will be interpreted as “0”. 

 
 

 
 

[Source: http://et.nmsu.edu] 
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The NAND- and NOR-gate 
 

The NAND- and NOR-gates consist 
of two PMOS and two NMOS 

transistors. What is parallel in the 
NAND gate becomes serial in the 

NOR gate and vice versa. 

 
Also for this example it shall be 

sufficient to see the transistors as 
simple switches. 

 
Let us examine what happens in the 

NAND gate: There are four possible 
configurations of input signals. An 

AND gate would have a “1” as an 
output if at least one of the input 

values is “1”, in other words only a 
“0” for the configuration that A and B are both “0”. The NAND gate simply inverts 

the output. This results in the following truth table: 
 

For the second input, i.e. A=”0” and B=”1”, the 

serial connection of the NMOS network to ground 
will be disconnected because one transistor is 

switched off. On the contrary the PMOS network 
will be connected to the supply voltage because 

one transistor in the parallel connection will be 
switched on. Thus the output will be “1” as is 

stated in the truth table. 
 

This experiment of thought can be done for all the configurations and will yield 
the mentioned results. However, for the sake of brevity the single configurations 

will not be discussed here. 
 

The same can be done for the NOR gate and it will yield the following truth table: 
 

 

The NAND- and NOR-gate are both universal 
gates, which means that any boolean function can 

be implemented by using only one type of gate. 
 

 
 

Symbols for the above mentioned gates: 
    

   NOT                                       NAND                                   NOR 
 

 

A B OUT=A NAND B 

0 0 1 

0 1 1 

1 0 1 

1 1 0 

A B OUT=A NOR B 

0 0 1 

0 1 0 

1 0 0 

1 1 0 

[Source: 

http://www.iclay

outonline.com] 

[Source: http://tr.wikipedia.org] 
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5.2. Programmable Logic Devices 

 

For a brief introduction of how the basic boolean gates can be connected to form 

more complex combinational programmable logic devices (PLDs) we want to 
examine the function of a PLA – a programmable logic array. Again this is only 

for the sake of a general overview of how the before mentioned gates can be 
included in a more complex structure. For further and more detailed information 

it is once more advised to refer to specific literature about the subject. 
 

 
The Programmable Logic Array 

 
A PLA consists of an 

array of AND gates and 
an array of OR gates 

that are interconnected 
with each other. 

Furthermore there are 

inverters after the input 
variables in order to be 

able to obtain their 
complementary values. 

The advantage of a PLA 
is that it can be 

personalized by 
specifying which 

connections between the 
variables and the arrays 

shall be made and which not.  In our example the black dots on the junctions 
symbolize a connection while lines that cross without a black dot are not 

connected. Here the AND array connects vertically and creates the expressions 
that are seen in the bottom row. The OR array then connects these expressions 

horizontally and creates the boolean functions seen on the right. In this manner 

any boolean function 
containing the input 

variables and their negations 
can be formed by placing the 

connections accordingly.  
 

On the left another example 
of a PLA shows how 

MOSFETs form the 
connections between the 

AND- and OR-arrays. A 
MOSFET represents a logic 

“0” and thus the negation of 
the respective variable is 

promoted. 

[Source: http://fourier.eng.hmc.edu] 

[Source: http://www.ami.ac.uk] 
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Other logic building blocks are: 
 

 PALs (Programmable Array Logic) 
 

PALs also consist of an AND array and an OR array. 
However, the difference to the PLA is that the OR array is 

fixed and cannot be programmed by the user. 

 
 

 
 PROMs and (E)EPROMs (Programmable Read-Only Memory and 

(Electrically) Erasable Read-Only Memory) 
 

PROMs also consist of an AND array and an OR array. 
However, now the AND array is fixed. All possible 

combinations of the input variables are decoded. 
 

EPROMs or EEPROMs can be reprogrammed by erasing 
the saved information either electrically or through UV-

    light. 
  

 GALs (Generic Array Logic) 

                 
 GALs are an improvement on PALs. It has the same logic  

properties as the PAL, but can be erased and 
reprogrammed. 

 
 

 
 CPLDs (Complex Programmable Logic Device) 

 
CPLDs are used for bigger and more complex logic circuits. 

They contain the equivalent of several PALs linked by 
programmable interconnections, all in one integrated 

circuit. CPLDs can replace thousands, or even hundreds of 
thousands of logic gates. 

CPLDs include AND/OR-Matrixes, programmable feedbacks and            

input/output-blocks. 
 

 FPGAs (Field-Programmable Gate Array) 
 

FPGAs use a grid of logic gates, and once stored, the 
data does not change, similar to that of an ordinary gate 

array. The term "field-programmable" means that the 
device is programmed by the customer, not the 

manufacturer. 
 

 

[Source: http://www.enotes.com] 

[Source: http://en.wikipedia.org/wiki/Complex_programmable_logic_device] 

[Source: http://en.wikipedia.org/wiki/Field-programmable_gate_array] 

[Source: 
http://transponder.c

o.za] 

[Source: http://www.enotes.com] 

http://en.wikipedia.org/wiki/Integrated_circuit
http://en.wikipedia.org/wiki/Integrated_circuit
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6. Manufacturing Process 

 

The manufacturing process of an Integrated Circuit is a complex procedure that 

is done in several steps. It takes place in a tightly controlled environment called 
the clean room where air is filtered to remove foreign particles and the few 

manual workers that enter the room have to wear special garments, gloves and 
coverings for head and feet that don’t emit any particles. Even the light is filtered 

since parts of the IC might be light sensitive. These precautions have to be 
undertaken because already the tiniest particles entering the integrated circuit 

during the production process can cause shortcuts or intercept the nanoscale 
circuit. 

In the following we will divide up the process into 8 steps. 
 

 
 

“From sand to chips” – the production process of an Integrated Circuit 
 

 

 
Step 1: Creating the Silicon Ingot and the wafers 

 
 

Silicon is produced from sand, one of the 
earth’s most common raw materials. The 

sand used for creating integrated circuits is 
usually a very pure form of sand called silica 

sand. The silicon is obtained by removing 
the oxygen from the silica which is done by 

heating a mixture of silica and carbon to 
temperatures of 2000°C. The carbon reacts 

with the oxygen to form carbon dioxide and 
silicon. Further processes are then 

undertaken to purify the silicon to a state 

where it is 99.999999% pure. 
The silicon in this form has a polycrystalline structure with defects in the atomic 

grid. In order to use it for semiconductor manufacturing it has to be grown into 
single crystals that have regular atomic 

structure. This is done by dipping a tiny 
silicon crystal into the molten silicon 

which is then slowly withdrawn while 
being rotated.  

The diameter of the created ingot varies. 
A typical value would be 300mm. The 

ingots are then sliced into thin wafers on 
which the integrated circuits will be 

implanted. A typical thickness for a wafer 
with a diameter of 300mm is 0.775mm 

 

[Source: http://encyclopedia2.thefreedictionary.com/Silicon] 

[Source: http://www.jetro.go.jp] 
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Step 2: Polishing the silicon wafer 
 

In the next step one side of the wafer is polished to be flat within 2µm. The 
procedure is called ‘lapping’.  

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Step 3: Applying an insulating layer of SiO2 

 
The wafer surface is coated with a 

layer of silicon dioxide to form an 
insulating base and prevent any 

oxidation of the silicon which would 
cause impurities.  

This is done by exposing the wafer 
to superheated steam under high 

temperature and pressure. 
Controlling the temperature and 

length of exposure will determine 
the thickness of the SiO2 layer. 

 

[Source: http://www.semi-tech.com.sg/service2.aspx] 

 
 

 
 

 
 

 
 

 
 

 
 

[Source: http://www.memc.com] [Source: http://www.siliconwafers.net] 
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Step 4: Photolitography 
 

In this step a procedure similar to the one of creating photographic films is used 
to create the desired patterns on the wafer. 

 
First a photoresist (light-sensitive 

chemical) is applied on top of the SiO2 

layer.  
 

In the next stage the wafer is 
exposed to ultraviolet light through a 

photographic mask that defines the 
required pattern of the circuit 

features. This process has to be 
repeated many times, once for each 

chip on the wafer. 
 

[Source: http://www.semi-tech.com.sg/service2.aspx] 
 
 

 
 

 

 
 

 
 

 
 

 
 

 
 
[Source: http://www.semi-tech.com.sg/service2.aspx] 
 
Step 5: Etching 

 
 

The areas of the photoresist that were exposed 

to the ultraviolet light have softened and are 
washed away with an alkaline solution. 

Next a hydrofluoric acid is used to etch away 
the silicon dioxide layer at those parts where 

the photoresist has been washed away. 
Finally a solvent is applied to dissolve the 

remaining photoresist, leaving a patterned 
oxide layer in the shape of the required circuit 

features.  

[Source: http://levelx.me/technology/from-sand-to-silicon-how-a-intel-cpu-is-built/] 
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Step 6: Ion-Doping 
 

The fundamental building blocks of an Integrated 
Circuit are the transistors. As discussed earlier 

transistors require specifically doped areas. An n-
channel MOSFET for instance needs two p-type 

wells in an n-type substrate. A p-channel MOSFET 

would need n-type wells respectively. 
In order to achieve these doping attributes, the 

areas of the silicon that have been exposed 
through the photolithography process are being 

exposed to either boron (p-type) or phosphorus 
(n-type) ions. The ions are shot on the surface of 

the wafer at very high velocities to create the 
desired wells. For each type of doping a new 

photoresist pattern has to be applied and the 
process is repeated until all the desired wells are established. 

 
 

Step 7: Contacts and metal interconnections 
 

The wafer is coated with a SiO2 layer and like in the 

steps before with the technique of photolithography and 
masking the areas of the gates are first etched away 

and then a conducting metal is implanted in the 
respective regions.  

 
At this point the wafer contains billions of transistors 

that need to be connected for the circuit to work 
properly. Another SiO2 layer is applied so that the metal 

doesn’t short all the transistors. Once more through the 
methods of photolithography and etching the metal 

interconnections are formed. The metal used can be 
copper, gold or aluminium. Usually several layers of 

connections are created on top of each other, separated 

by SiO2 layers. 

 
On the picture to the left a segment of a chip from IBM 

can be seen that has 6 different levels of copper 
interconnections. 

 

 
 

 
 

 
 

 

[Source: 

http://levelx.me/technology/from-

sand-to-silicon-how-a-intel-cpu-is-

built/] 

[1st and 2nd picture: 

Source: http://levelx.me/technology/from-sand-to-silicon-how-a-intel-cpu-is-

built/] 

 

[3rd picture: 

Source: http://cc.ee.ntu.edu.tw] 
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Step 8: Testing, Slicing, Packaging, Testing 

 
These are the final steps of the production of the computer chip (die). Each wafer 

now contains a couple of hundred of dies, but in reality not every die is working 
properly. The dies are tested, the wafer sliced into their individual dies and the 

bad ones are discarded. Some dies might not be fully functional, but still work 

partially. They can still be sold as a lower-specification product and are therefore 
kept. 

 
Even though the chip could operate correctly at this state, it would be far too 

fragile to transport it and not very practical to implant it on a circuit. The die is 
therefore packaged and the connections of the package are connected to the 

chip. One last test is performed on the packaged dies before the processor is 
ready to be shipped to a manufacturer. 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
                                  [Source: http://www.geek.com] 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 [Source: http://levelx.me/technology/from-sand-to-silicon-how-a-intel-cpu-is-built/] 
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7. Summary 

 

 

An Integrated Circuit (IC) or monolithic circuit is an advanced electrical circuit 
that is implanted on one single piece of semiconductor material. They can be 

generally divided into the two groups of analog and digital ICs. Integrated circuits 
are the basis of modern technology. 

 
 

 History: First integrated circuit in 1958 by Jack Kilby. Robert Noyce 
invented his own version half a year later. Since then the number of 

transistors on a chip has been growing exponentially (Moore’s law). 
 

 Transistors: The most important device of a digital IC is the MOSFET. The 
BJT is another important element, but more commonly used in analog 

circuits. Transistors can act as switches or amplifiers. MOSFETS are 
unipolar and voltage controlled by modifying a conducting channel between 

source and drain while BJTs are bipolar current controlled by modifying the 

base-emitter current. 
 

 CMOS-Logic: Digital ICs implement boolean functions through the use of 
CMOS logic. The three basic functions are Inverter, Nand-gate and Nor-

gate.  
For more complex processors advanced programmable building blocks are 

used like CPLDs and FGPAs that can carry out the function of several PALs 
and GALs. 

 
 Manufacturing Process: The production process of computer chips takes 

place in different steps to get „from sand to chips“. It is performed in a 
tightly controlled environment: The clean room. The fundamental 

processing stages are: Creating a silicon ingot and slicing it into wafers, 
polishing the wafers, applying an insulating layer of SiO2, photolithography, 

etching, ion-doping, forming contacts and metal interconnections, testing 

the wafers, slicing the wafers, packaging the dies, testing the dies. 
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8. Vocabulary list 

 

 

 
 
 
 

English German 

  

integrated circuit Integrierter Schaltkreis 

semiconductor Halbleiter 

monolithic monolitisch (aus einem Stück) 

one billion eine Milliarde 

vacuum tube Elektronenröhre 

metal oxide field effect transistor 
Metall-Oxid-Halbleiter-
Feldeffekttransistor 

accumulation Anreicherung 

depletion Verarmung 

inversion Inversion (Umkehrung) 

to pinch off abschnüren 

to bias mit einer Vorspannung beaufschlagen 

bipolar doppelpolig 

junction hier: Übergang  

generic allgemein 

ingot Barren 

silicon  Silizium 

wafer Scheibe 

pattern Muster 

to etch ätzen 

photolitography Fotolithografie 

photoresist Fotolack 

ion-doping Dotierung mit Ionen 

die hier: Plättchen   sonst auch: Würfel  
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