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ABSTRACT

The aim of this bachelor thesis is a translation of a technical text from Czech to the
English language and comment on the aspects of the translation and its problems. The
chosen text is an electronic textbook, distributed on e-learning and used by the Brno
University of Technology solely for educational purposes on the microelectronics field.
Theoretical part presents the translation theory, its processes, procedures and types. It also
contains a description of the functional styles, especially the style of science and
technology. The practical part is represented by the translation of the first two chapters -
Introduction and the CMOS technology. The final — analytical part contains the

commentary on various issues from different linguistic perspectives.

KEYWORDS

translation theory, style of science and technology, commentary, translation procedures,

CMOS technology

ABSTRAKT

Cilem této bakalarské prace je preklad technického textu z Ceského jazyka do anglického
a okomentovat aspekty prekladu a problémy s tim spojené. Vybrany text jsou elektronicka
skripta, sdilena na e-learningu a pouzivana Vysokym Ucenim Technickym v Brné
vyhradné pro vyukové ucely v oboru mikroelektrotechnika. Teoreticka ¢ast uvadi teorii
prekladu, jeji procedury, postupy a typy. Také obsahuje popis funkcnich stylt, obzvlasté
stylu odborného. Prakticka ¢ast je reprezentovana prekladem prvnich dvou kapitol —
Uvodem a technologii CMOS. Zavéreéna — analyticka &ast obsahuje komentate riiznych

problému z odlisnych lingvistickych hledisek.
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Introduction

English today undoubtedly represents the modern lingua franca, the leading language of
science, world trade, diplomacy, major media agencies, or tourism. In the field of science,
English is used as the sole language at almost all international meetings, and also all major

scientific journals are also published in English.

This thesis aims to translate a technical text from Czech to English language and comment
on the aspects of the translation and its problems. The source text is educational material
called Design of Analogue Integrated Circuits written by Ing. Vilém Kledrowetz, Ph.D.
and doc. Ing. Jifi Haze. Ph.D. (who is also a supervisor of the same-named course), in

Brno University of Technology, Faculty of Electrical Engineering and Communication.

I chose the topic "Commented translation of a text on science and technology" for my
bachelor thesis because I have always been interested in the translation issues and
electrical engineering. By studying the materials needed to elaborate this bachelor thesis.
Hopefully, I will gain theoretical knowledge and extend my practical skills and abilities,

mainly concerning the translation of professional texts.

Another reason why this electronic textbook was chosen is that the text should provide
enough content for the thesis as it contains several professional terms and abbreviations.
Furthermore, the translated electronic textbook could be used for the education of foreign
students of this course, which might be useful for the university. The students are
supposed to have basic knowledge about electronic components (especially transistors,

resistors and capacitors) which means that most of the terms are not explained.

The first part of the thesis is dedicated to the translation theory, presenting the processes,
procedures and types. Special attention is given to the topic of functional styles, especially
to the style of science and technology. Following with the practical part — the translation
of the first two chapters - Introduction and the CMOS technology. The final — analytical

part contains the commentary on various issues from different linguistic perspectives.



1 Theoretical part

1.1 Translation theory

The difference between the translator and the author of an artistic or professional text is
determined by the ultimate goal of their work. Levy (1998) says that the aim of the
translator's work is to preserve, capture, communicate the original work, not to create a
new piece of work which had no predecessor. The aim of the translation is reproductive,
according to him. The translator translates the author's work only stylistically, not
contently. If the translator changes the content of the translated text, either due to
inadequate knowledge of the language or cultural background of the country where the

language is spoken or for some other reason, it is an incorrect translation.

As stated above, specific requirements are demanded from translators. The translator
must have a good understanding of the text; in other words, he must know the language
from which he translates. Furthermore, he must know the language in which he translates
and substantive content of the text, i.e. local cultural background. The translator should
also be familiar with the translation methods and procedures and should be able to apply

them in practice.

According to Grygova (2009), quality translation must meet at least three basic
requirements:

a) language expression acts naturally in the target language,

b) the resulting communication has the same meaning in the target language (or meaning
as close as possible to the identical state) as its original in the source language, and
acts on the recipient in the same way as the original text acted on the native speaker

of the source language (in other words, the entropy is low as possible),

c) language expression in the target language preserves the dynamics of the original
expression formulated in the default language - the translation should cause the same

reaction as it caused in the default language
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1.2 Translation process

The first precondition for achieving good translation is a good understanding of the initial
text of the source language. Overall understanding of the text can prevent wrong
translation of more complex parts. The translated text of the target language must be
understandable; therefore, in case of professional style, the translator is often forced to

add various comments and additions (Levy, 1998).

Today's linguists agree on dividing the translation process into three parts, but the
individual parts differ from one linguist to another. For example, one of our most famous

linguists, Jifi Levy, divides the translation phases in his book Uméni prekladu as:

1. Understanding of translating text

The translator must first understand the origins of the translated text. This
understanding is not only about the language in which the original text is written, but
also about the aesthetic tuning of the original and the facts expressed in it. This phase
is crucial, especially in the translation of professional texts, considering their
sometimes very complicated sentence structure. Hence, it means that the translator

must primarily be a good reader.

2. Interpretation of translating text

The task of the translator is to identify the objective ideas of the translated text. On
the other hand, his task is not to translate ideas and qualities that are not in the original.

Then it would not be a translation, but a modification of the work.

3. Transcription of the original text

The final phase of translating is the transcription of the original text in SL (source
language) to TL (translation language) so that the original idea is understandable to
the recipient of the translated work. The translator must, first of all, be aware of the
semantic differences between SL and TL. Furthermore, a good translator should not
allow the stylistic features typical for SL, if these features are not present in TL, or

are present, but at a much lesser extent, to be reflected in the translation.
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The translation should begin with a translator’s analysis of the text. At this phase, the
translator tries to find all possible pitfalls of the text in order to be able to translate the
entire text correctly and comprehensible for the reader. Based on the interpretation, the
translator formulates a concept that forms the basis of his / her further process and
determines the methods used to reproduce the original. The last phase of the translator's
work is the creation of a new text. The purpose of translation is not just putting the word

behind the word, but the idea behind the ideas (Levy, 1998).

1.3 Translation procedures

The translation process uses different methods, paths, procedures, and different naming
of these methods, although they are essentially all leading to the solution of the same
problem (Knittlova a kol., 2010). If there is no suitable target language translation for the
term of the source language, the translator must choose such procedures to compensate
for the missing term. It cannot be avoided because the information or part of it can

disappear in the professional text, which can cause the loss of its precision.

Vinay and Darbelnet have distinguished seven basic procedures to solve the lack of a

target language equivalent (Knittlova, 2010). Sorting them from the simplest to the most

complex:

1) Transcription — also transliteration, transforming a term using a different language
system

2) Calque — literal translation

3) Substitution — replacing a term by its equivalent (noun/pronoun)

4) Transposition — grammatical modification due to a different language system
5) Modulation — change of viewpoint (e.g. e/lbow of the pipe: koleno potrubi)

6) Equivalence — expressing a term by different structural or stylistic means (my sweet

girl: dévenka)

7) Adaptation — the substitution of an event not present in a culture of the target language

using an equivalent event (idiom translation)

12



Assuming that there is no direct equivalent (equality between the expression in the source
language and the equivalent in the target language), Joseph L. Malone states the following

steps (Knittlova, 2000):

1) Equality (A =E)

2) Substitution (A : S)

3) Divergence (A : B/C)

4) Convergence (B/C : A)
5) Amplification (A : AB)
6) Reduction (AB: A)

7) Diffusion (AB : A/B)

8) Condensation (A/B : AB)

9) Reordering (AB : BA)

1.4 Translation types

Jakobson (1959) divides the translation according to the reproduction of word signs into

three types:

1) Imtralingual (or rewording) — word signs are reproduced by other signs in the same
language (e.g. dictionaries, reformulations of sentences, paraphrases).

2) Interlingual (or proper translation) — word signs are reproduced by means of another
language (translation between languages).

3) Intersemiotic (or transmutation) — word signs are reproduced by means of other sign
systems (e.g. verbal to nonverbal sign system - movie translated into a book)

(Levy, 1998).

M. Hrdlicka distinguishes in his work Literdrni preklad a komunikace three types of
approaches to interpreting the translations according to their relation to the original text:
1) The literal (faithful) translation aims to reproduce the original text
mechanically. The creativity is missing. The translator is limited by the source

text. The text is divided according to the original structure regardless of the word

order. Every detail matters. Nowadays, it is almost never used anymore.

13



2) Free (adaptation) translation is the opposite of literal translation. The free
translation tries to translate the original text sometimes in a too creative way. The
author often aims to achieve the beauty and likeness of the translated work. This
translation has been applied in the past, where, thanks to excessive freedom and
creativity in translation creation, translations have become challenging to
understand nowadays.

These two different ways of translation are the critical moments in the
development of the translation method and the concept of interpreting the original
text.

3) Adequate translation, on the one hand, aims to remain faithful to the original,
but on the other hand, tries to adopt expressive tools to contemporary readers.
Reader’s objective qualities and identity are respected, but they are rather
perceived as people living nowadays. The reproductive and creative components
should be applied in translation in the way of not distorting the values of the

original text in a new communication context (Hrdlicka, 1997).

1.5 Functional styles

This chapter is focused on the functional styles of written language. These functional
styles include administrative style, style of science and technology (or professional style),
newspaper style (journalistic), style of literature/arts (belles-lettres) and publicistic style.
A distinction is made in the purpose and manner of communication - the main task is to
convert invariant information. It is not only about factual information, but also about
aesthetic information. In the administrative, professional and publicistic style - factual
information plays a significant role, so the content of the message is the most important.
On the contrary, in the journalistic and artistic style, the emphasis is on aesthetic
information. When translating into a target language, the translator must select language

tools that have the same function in the default text (Knittlova, 2000).

The practical part of this bachelor thesis is focused on the translation of the text, which

belongs to the style of science and technology, specifically to didactic substyle.
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1.6 Didactic style

The didactic style is intended not only to convey certain necessary information but also
to activate interest in it, to control the process of acquiring information, etc. Intentional
action on the recipient (in addition to the professionally informative feature) is an
important factor shaping the style. It is also influenced by the fact that textbooks,
especially school textbooks, form a system that must meet both professional and didactic
content requirements. Traditionally, these texts were designed to assume the mediating
role of the teacher who led the perception. Furthermore, the teacher supplemented the
information according to the current situation and directed knowledge acquisition during
practice, etc. The link between the student and the teacher written textbook is now partly
disseminated by various e-learning courses that are used by the teacher for the necessary

interaction between them in the internet environment (Hausenblas, 1972).

The text should be logically structured to explain the topic step by step and helps to
orientate in it. The didactic style extensively uses professional terminology, in this case

from the field of electrical engineering (Hausenblas, 1972).

1.7 Style of science and technology

English professional language has its typical features and specifics. Its task is to convey
the information from the scientific or technical field as concisely and accurately as
possible. In the professional style, great emphasis is placed on the nature of things dealt
with in the text. The agent/executor of the action is not essential in this case, and therefore,
it is not usually mentioned in the texts. The brevity, accuracy and impersonality of
communicating certain information also affect the language of the professional style

(Knittlova, 2010).

In the professional style, a high emphasis is placed on the accuracy of expression. Above
all, impersonal forms are extensively used in the professional language, such as the verbal
nouns — infinitive and gerund, which are translated into the Czech language using a
subordinate clause, or a participle, and very often also usage of a passive voice is
particularly typical. Almost no pronouns appear in the texts in the 1st person of the

singular form (Knittlova, 2010).
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The main component of each professional text is professional terms with high information
content, such as very often used compounds. Furthermore, adverbs (again, however) are
an integral part of such text, as well as prepositions and conjunctions that determine the
relationships between words in a sentence (after, upon, moreover, aside from, besides,
after). Author’s attitude in the text is expressed mainly by phrases "to be sure"”, "beyond
doubt" or "of course", etc. To express probability in the English professional texts, there

n " n n n n

are widely used connections like "probably”, "perhaps", "possible", "apparently", and

n n

many more. Sentences are often introduced by "in the first place", "basically”, "more
specifically”, "to be more exact” or "with the exception of". Other typical phrases of
professional English are, for example “fo a certain degree”, “in general” and “take in
account”. For such connections, it is essential in translation to follow the meaning of the
whole phrase, since the meaning of the connection may be very different from the

meaning of its individual parts (Janata, 1999).

Compounds are frequently used in professional English texts. English, often referred to
as "business English" or "international English", is today the modern lingua franca - the
world's main international language of communication. That is why many new technical
terms (very often in the form of compounds) are formed in it, which are then used by the
whole world. However, there is also a powerful tendency in English to shorten these
terms. Therefore, a large number of acronyms and abbreviations in English texts could

be found (Krhutovéa, 2009).

Compounds in English are made up of at least two words, the basic word, and the word
that specifies the basic word. These compounds are divided into compound terms with
left or right attributes, also known as closed and open. In the first case, the compound
expression arises by the gradual expansion of the word (pocket-sized gadget —kapesni
zafizeni, family-run business — rodinna firma, etc.). In the second case, the attribute stands
behind the noun (water tank — vodni nadrz, machine under-test — testovany stroj).
Compounds can be almost indefinitely long. The opposite of long compound terms is

short one-syllable words, which are also part of professional texts (Janata, 1999).

Another very typical part of professional texts is the use of Latin terms; the most typical
are ad verbum - literally, et cetera - and so on, or ex-post - additionally. The gerund has

to be mentioned, as it is used very frequently in English professional texts, perhaps

16



because they can perform the function of almost any member of the sentence. For
translators, it is necessary not only to know these forms but also to be able to create them

(Knittlova, 2010).

The “saving” form of English also includes the omission of words whose preservation is
not essential for the meaning of the sentence, for example, “Douf4, Ze on dodrzi slovo.”
— “She hopes he will keep his word.” (where Ze - that is omitted) or “To je ta nejlepsi véc,

co jsem kdy videl” — “That is the best thing I have ever seen” (where co — what is omitted).

There are also many "inconsistencies" in professional English, which are mainly related
to vocabulary. There are several closely related terms between which the difference is not
sufficiently defined (e.g. plate — sheet). Also, a dash/hyphen usage between individual
parts of a phrase is not clearly defined. Other incomprehensibility could be caused by
some differences between British and American English. Very often, the differences are
factual and therefore significant for the professional text, there are also formal differences

concerning mainly different word writing (Janata, 1999).

Tab. 1.1: Differences between British and American English

Czech equivalent British English American English
zemé, uzemnéni earth ground
ridici pdka gear lever gearshift
benzin petrol gasoline

17



2 TRANSLATION

2.1 Introduction

Dear students, you get to your hands an electronic textbook for the subject BNAO -
Design of Analog Integrated Circuits. In this course, students are acquainted with CMOS
technology and design of basic analogue integrated circuits. The subject requires basic
knowledge of electronic components - especially MOS transistors and operational
amplifiers. The introductory part of the script deals with the process of producing
semiconductor chips and describes the various process steps, including illustrative
images. This is followed by a detailed description of the MOS transistor principle, a
malignant model, modes of operation, and important mathematical relationships needed
for circuit design. Another part of the textbook is already devoted to the design of specific
analogue circuits. It starts with current mirrors, which are virtually part of most complex
circuits. Following are the current and voltage references, the differential pair. After a
detailed introduction to the design and function of these basic circuits, there is a chapter
dealing with operational amplifiers. The chapter describes the design principles of the
operational amplifier to achieve the required parameters. The problem of their stability is

described in detail. The last chapter describes the design of a chip layout.

2.1.1 Classification of the course in the study program

Course The design of analog integrated circuits is included in the bachelor study program
in subjects of optional specializations of studies Microelectronics and Technology
(summer semester of the 3 year) and Electronics and Communication Technology
(summer semester of the 2™ year) and also as an optional interdisciplinary course in

summer semester of the 2" year of the bachelor’s degree program in Teleinformatics.

2.1.2 Entry test

Ex. 1: Determine the output voltage Uour of the following circuits. Assume the ideal
parameters of the components. R = 100 Q. Calculate the current Ip in the circuit b) and

the current IR in circuits ¢) and d).

18



Fig. 1.1: Wiring diagrams for example 1
Ex. 2: Determine the amplitude Uour — Fig. 1.2a. C = 10 pF.

Ex. 3: Determine the frequency of the pole frin the circuit — Fig. 1.2b

O &«<——0O0 N

1 R=100kQ
_— C o —
| IS |
Uampi = 10 V<>
- N~ ———o° Un | U
f=1kHz IN\I/ ouT C=10 pF ==
- C \L UOUT o
I ' 'o) o
a) b)

Fig. 1.2: Wiring diagrams for examples 2 and 3
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Ex. 4: Calculate the output voltage Uour1 and Uout2. Assume ideal transistors.
R=100Q

+10V +10V

Tonp —| Mpwmos

R l/ Uour R \L Uour2

Fig. 1.3: Connection with transistors for example 4

Ex. 5: Calculate the output voltage Uour for each connection. Assume the ideal

operational amplifiers.

1 kQ 1 kQ
1 kQ 1 kQ
+1V - +2V -
——0 Upur ——0 Uout
[ e
+1V
a) b)
1 kQ
1 kQ

+1V +
——0 Uour

c)

Fig. 1.4: Connection with operational amplifiers for example 5

2.2 CMOS technology

Nowadays, bipolar technology and CMOS (Complementary Metal Oxide
Semiconductor) are the most widely used. In history, bipolar technology (operational

amplifiers, TTL circuits) have dominated the field of silicon integrated circuits (IC)
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In the 1970s, a number of circuits have been demonstrated in MOS technology —- DRAM
memories, microprocessors, and logic circuits series 4000. At the end of the 1970s, it was
clear that MOS technology is the right direction for achieving high-density integration on
the chip. Firstly, it was used for NMOS analogue and digital circuits. Then in the 1980s
for CMOS technology. This technology, in addition to the high density of integration,
also enabled low power consumption in digital IC. In contrast, bipolar technology
provides many benefits in purely analogue IC. For example, many times higher
transconductance at the same current. Therefore, bipolar technology is mainly used to
design purely analogue ICs and CMOS technology is used to design purely digital ICs.
However, integrated circuits often contain both parts — analogue and digital. For these
cases, BICMOS technology can be used, where it is possible to use bipolar and MOS
transistors. However, in terms of the price of these ICs, it is better to use pure CMOS

technology. These scripts are focused on CMOS technology only.

2.2.1 MOSFET transistor

Transistor MOSFET (Metal Oxide Semiconductor Field Effect Transistor) is an electric
field-controlled transistor. The conductivity of the channel between the source and drain
electrodes is controlled by the potential connected between the gate and source terminals.
The gate is isolated from the channel by a layer of silicon oxide (SiO2) - hence the name
of the transistor type. The source and drain electrodes can be of type N and P, but both
must be of the same type. If they are of type N, they are an NMOS transistor. Otherwise,
if they are type P, it is a PMOS transistor.
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Tab. 2.1: Symbols used for NMOS and PMOS transistors

Transistor NMOS Transistor PMOS
D D
Bulk is connected
to Uss (NMOS), and G o—] G o—|
to Upp (PMOS)
S S
D D
Bulk is not
G o—| B G o—‘ B
connected
S S
D D
Digital model G O—| G o—o|
S S

Upp voltage is positive and Uss negative supply voltage.

The name of the source electrode is derived from operating as the source of the charge
carriers (N-type channel electrons and P-type channel holes) that pass through the
channel. Similarly, the drain is called as the place where the carriers flow out from the

channel.

When the MOS transistor is type N, the drain and source areas are of the N+ type ("+"
signify a high dopant concentration) and the area under the gate is type P. If a positive
voltage Ugs is connected between the gate and the source, an inverse layer of the N-type
called channel is created under the gate. The channel connects the source-drain areas and
allows the passage of electric charge carriers (electric current) between these areas. If the
gate-to-source low voltage (less than the threshold) or negative is connected, the channel
disappears and the charge carriers cannot pass between source-drain areas (the transistor

is closed, the electrical current is not passing).

When the MOS transistor is type P, the drain and source areas are of the P+ type and the

area under the gate is type N. If a negative voltage Ugs is connected between the gate and
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the source, an inverse layer of the P-type called channel is created under the gate. The
channel connects the source-drain areas and allows the passage of electric charge carriers
(electric current) between these areas. If the gate-to-source higher voltage (higher than
the threshold) or positive is connected, the channel disappears and the charge carriers
cannot pass between source-drain areas (the transistor is closed, the electrical current is

not passing).

Source Gate Drain sSource Gate Drain
(S) (G) (D) (S) (G) (D)

7 | Nz | | gz wza Sio;
LH+J LH+J LD+J LD+J — Metal or

poly-Si

p - substrate n - substrate

a) b)

Fig. 2.1: a) NMOS b) PMOS Transistor structure

A condition for the amplification of the electrical signal is the power gain (this condition
basically says that an element can amplify, only when it is able to amplify a voltage or
current, or both). A component that can amplify current and voltage is, of course, highly

desirable. The MOSFET transistor is such a component.

The current gain of the MOS transistor can be explained simply by the fact that MOS
does not need any input current (and no current flows through the input terminal). Thus,
the structure has a theoretically infinite DC current gain. Current gain is inversely

proportional to the signal frequency and achieves unit gain at the transit frequency.

The voltage gain of the MOS transistor is due to current saturation in the area of higher

drain-source voltage, so a small change in current will cause a large voltage change.

2.2.1.1 Structure and principle of the MOS transistor

The structure of the NMOS and PMOS transistor on one substrate (type P) is shown in
Figure 2.2, where the length of the channel L is identical to the width of the channel W.
The actual length of gate L is not the same with the required length of the gate, but closer
to the distance of drain and source areas under the gate. The overlap between the gate

area and the drain/source is important for providing a conductive path (channel) between
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the drain-source. Usually, the aim is to make this overlap as small as possible - to

minimize parasitic capacities.

Substrate Source Gate Drain Source Gate Drain Substrate

: 7
/ &b I / ¢ % .

p+ n+ L n+ p+ L p+ n+
)

p - substrate n - well

Fig. 2.2: The structure of the NMOS and PMOS transistors on a single substrate

The substrate contact is added to the structure shown in Fig 2.3. This must be connected
so that the PN junction is always poled in the reverse bias configuration. Thus, the
substrate contact to P+ to the lowest potential in the circuit (Unap-) and the substrate

contact to N+ to the highest potential in the circuit (Unap+).

_L_ . linear Ups = Ugs -  saturation
S G D SiO» mode Uy mode
+ i ] n+ — Metal or IDT
N : L b polysilicon
| ! es
p - substrate
0 —
Bulk
U,
(B) DS

Fig. 2.3: NMOS transistor in the closed state

Figure 2.3 is the state where the gate, source, and drain are connected to the ground. There
is no inverse layer beneath the gate - a conductive channel that allows the passage of

electrical charge carriers between the drain and the source. The transistor is closed.

linear Ups = Ugg - saturation
Si0, mode U mode
/YTH
Metal or IDT
- polysilicon
== Induced T Uss
n-channel
p - substrate
== Depletion
B _l- area 0

Fig. 2.4: Creating the inverse layer in the NMOS transistor
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After connecting the positive voltage Ugs, the minority carriers (electrons) in the P-
substrate are attracted, and majority carriers (holes) are expelled from the area under the
gate (Fig. 2.4). Therefore, the N-type inversion layer, which connects the drain and source
areas with the conductive channel, is formed below the gate. At the same time, under the

dielectric-semiconductor interface, a depletion area is created.

Ups < Ugs- U )
Uss Il o esn linear Ups = Ugs - saturation
e oL Si0; mode
- Metal_c_)r
polysilicon
== Induced 1‘ Uss
n-channel
p - substrate
Pt Depletion
B_I_ area
Uns

Fig. 2.5: NMOS transistor in linear mode

After the connection of the voltage Ups, a current Ip starts to flow between the drain and
the source areas (Figure 2.5). As the voltage Ups increases, the potential difference
between the drain and the gate decreases, and the channel narrows down on the drain
electrode side and the depletion area is increased around the drain area. For small Ups <

Ucs — Utn,

the current Ip increases linearly with the voltage Ups. The transistor is in linear mode.

Ugs / 1 Ups=Ugs- U linear Vo = Us - saturation
1 5 I Sio mode U mode
S - ? sYTH
AN . . o T
S : —-— Metal_c_)r
polysilicon
| Induced T Vs
p - substrate n-channel
Depletion
BJ_ area 0
Ups

Fig. 2.6: NMOS transistor, the transition to saturation mode

If the voltage Ups = Ugs — Utn, then the channel closes on the drain side (pinched-off
channel) and saturation of the current Ip occurs. However, the current flowing does not

disappear but remains constant when the Ups increases (Figure 2.6).
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Uss /= ? A L Ups> Ugs - Uy linear Ups = Ugg - saturation
. I G D(sat) 5 I 777 SiO, mode Uny mode
775 | | (777 f T
Re ZZ'ZZ'ZZ'ZZ: ] - h1E1alOI ’
E I ] polysilicon
Induced T Uss
. == n-channel
p - substrate
== Depletion
area 0 [
B[ Uns

Fig. 2.7: NMOS transistor in saturation mode

With the increasing voltage Ups, the current Ip is no longer changing. The transistor is in

saturation mode (Figure 2.7).

2.2.2 Passive components

This chapter deals with the passive components used in the design of ICs that are
compatible with CMOS manufacturing process technology. These components include

resistors and capacitors.

2.2.2.1 Capacitors

Capacitors are used in analogue circuits such as filters, A/D and D/A converters, sampling
circuits, compensation elements in the operational amplifiers, etc. The switching
capacitor (SC) technology is also popular with the IC design. The characteristic features
of the capacitors used in the above applications are

a) good matching,

b) high capacity per unit area,

¢) low-temperature dependence,

d) good ratio of reached capacity and parasitic capacity.

The capacitor is implemented in the CMOS technology by the structure of two parallel
(mostly superimposed) electrodes. The electrodes should be implemented as conductive
layers that are available in the given technology (metal, polySi, diffusion). The insulating
dielectric between the electrodes is usually made of silicon oxide (Si02), silicon nitride
(Si3N4) or polySiO2. In IC technologies, mostly occurred capacitors are formed between

metallic layers (for example, metal3-metal2 at ONSemi I3T, metal6-metal5 at TSMC 180

26



nm, etc.), poly-poly or metall(M1) — poly. Ideally, the capacity value should not be
dependent on the ambient temperature and the applied voltage. Practically, it depends.
This dependency is expressed by the parameters t. (temperature) and v (voltage). Table

2.2 lists the parameters of capacitors from ONSemi 12T100 and I3T25 technologies.

Tab. 2.2: Overview of typical capacitors parameters in ONSemi technologies

Type Technology | Capacitance Temperature Voltage
[fF/pm?] dependence dependence
[ppm/°C] [ppm/V]
M1-poly 12T100 0,75 - 25
poly-poly I3T25 0,94 25 15
M3-M2 I3T25 1,5 45,5 -32,03
(MIMC)

The implementation of the on-chip capacitor itself has a considerable inaccuracy due to
the technological deviations of the production process. For example, for I3T25
technology, the datasheet shows a typical capacity value of 1.5 fF / um? However, the
extreme values of the manufacturing process are 1.3 fF / um? and 1.7 fF / um?, making
the error up to = 15%. In integrated circuits, the ratio of two or more capacitors is often
used. This ratio can be realized with an accuracy of around 0.1%. The resulting accuracy
of the ratio depends on the size of the capacitor surface (/-L), the concurrency coefficient
A [%-um] and the chip topology. It holds that

2<AC> A?
o’l—) = .
C W-L

In I13T25 technology, the capacitor has between M3-M?2 a concurrency coefficient A =
1.48%:um. For two capacitors, each of 1.5 pF (W-L = 1000 um?) is concurrence 0.04%.

This value assumes a well-designed topology (Chapter 8).
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silicon
nitride

Fig. 2.8: Structure of the MIMC capacitor

Figure 2.8 shows the structure of the M3-M2 capacitor — MIMC (Metal — Insulator —
Metal capacitor). Between the M3 and M1 layer, it is connected to the M2.5 over the VIA
M3. In modern technologies, there are also structures of two capacitors superimposed

connected in parallel. This will double the capacity per unit area.

2.2.2.2 Resistors

The main components used in the IC design are MOS transistors and capacitors. In some
circuits, resistors are also used. These circuits include, for example, A/D and D/A
converters, voltage dividers, and so on. In general, the resistor is formed by a layer
(rectangle or stripe) of resistive material which at its ends is contacted with the layer of
metal 1. The actual body of the resistor is electrically insulated from the substrate
(washer) using an oxide semiconductor layer or transition in the reverse direction/bias.
When the so-called square resistance - R o is introduced as a parameter, then the total

resistance of the resistor will be determined as
L
R=R W + 2Ry onts

where Rxont 18 the contact resistance, which is in units of Q and can be neglected.

The most widely used resistor that efficiently utilizes space in the IC design is a PolySi-
based resistor. The value of its resistance per square is in the range of hundreds of Q to

kQ units - for resistor HIPOR (Hi-Ohmic polySi - without salicidation)
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and in the order of Q units for resistor LOPOR (Low-Ohmic polySi - with salicidation).

metal/poly contact polySi

Fig. 2.9: Resistor made by a polySi layer

Another type of resistors are resistors formed by diffusion - N+ or P+. These resistors

achieve less square resistance than HIPOR ones.

metal 1 Sio, metal 1 Sio,

n-well n-well
p - substrate p - substrate
a) b)
metal 1 Si0, metal 1 SiO2 polySi resistor

FOX h FC> i\ FOX ‘ A& FOX %/
/

\_ n - well
p - substrate p - substrate
c) d)

Fig 2.10: Resistor formed by a) P+ diffusion, b) N+ diffusion,
c) the n-well, d) the PolySi layer

Structures using polySi can better cope with shielding problems. PolySi is not sunk
directly in the substrate, and so these parasitic capacities are much smaller than in the
case of a resistor made by a diffusion. A pit can be used for shielding (need to be polarized
properly). Even better shielding is achieved if the resistor is formed from the polySi 2

layer and the polySi 1 layer is used to shield together with the pit.
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Tab. 2.3: Overview of typical parameters of some resistors in ONSemi technologies

Type ONSemi | Resistance Temperature
technology [Q/O] dependence
[ppm/°C]

Nwell 12T100 1300 4900
P+ 12T100 96 1300
N+ 12T100 67,5 1400
HIPOR 12T100 1825 -2100
HIPOR 12725 975 -1420
LOPOR 12725 24 3470

As with capacitors, the inaccuracy of the resistors with respect to the nominal value due
to technological deviations from the manufacturing process is considerable. For example,
for I3T25, the datasheet shows a typical HIPOR resistance value of 975 Q/0. However,
the extreme manufacturing process values are 775 Q/o and 1175 Q/o, which means an
error of up to = 20%. Also, the ratio of two or more resistors is often used. This ratio can
be realized with an accuracy of around 0.1%. The resulting accuracy of the ratio depends
on the size of the resistor surface (W-L), the concurrency coefficient A [%-um] and the

chip topology. As with capacitors, equation (1) holds for concurrency.

2.2.3 CMOS manufacturing process

The production of semiconductor chips consists of several process steps. To understand
the entire manufacturing process of semiconductor chips, it is necessary to know the
following procedural steps. These include oxidation, diffusion, deposition, ion
implementation, and etching. An important process is photolithography, which is used to
prepare topologically defined structures by curing the exposed photoresist on a prepared
sample and delimits areas that will be in the next technological step, subject to local

operations.

The basis for semiconductor chips production is a single-crystal semiconductor (Si, Ge

or GaAs) with high purity. The most common monocrystalline semiconductors are
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produced using the Czochralski process (which was discovered in 1917). The input of
polycrystalline silicon with the addition of a small amount of dopant which determines
the electrical properties of the resulting product is melted in a quartz crucible, and a
monocrystalline seed is immersed in the melt. By regulating the drawing speed, the melt
temperature, the revolutions, and a number of other technological parameters, the silicon
atoms are gradually built into precisely defined positions in the crystal lattice (100 or 111)
and form a monocrystal of the required diameter (75 mm - 450 mm) and properties. The
resultant product is a silicon monocrystal (ingot), which is then cut into 300 um thick
slices (160 pum is planned in the future). Silicon wafers are alloyed with boron,
phosphorus, arsenic or antimony. According to the cut parts of the wafer, it is possible to

recognize its crystallographic orientation and type (Fig. 2.11).

91010

(111) p-type (111) p-type (100) p-type (100) p-type

Fig. 2.11: Wafer types and their crystallographic orientation

The five basic procedural steps are described in the following sections (oxidation,

diffusion, ion implementation, deposition, and etching).

2.2.3.1 Oxidation

The first basic process step is oxide growth or oxidation. Oxidation is the process of
forming the SiO> layer on the silicon wafer surface. Oxide increases not only on the

surface of the wafer but also partly below the surface of the silicon wafer.
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the original
substrate surface

L 0,44 tox

substrate

Fig. 2.12: Increase in oxide on the wafer surface

Typically, 56% of the oxide is above the original surface and 44% under the original
surface. Oxide thickness, referred to as fox, can grow by dry (equation 2.3) or wet

oxidation in water vapour (equation 2.4) to achieve a minimum defect density.
Si+ 0, ——Si0,, (2.1)
Si + H,0 ——— Si0O, + H,. (2.2)

The oxide thickness ranges from the nm units of gate oxides (for example, I2T100 rox =
17.5 nm) to hundreds of nm of insulation oxides (FOX). The oxidation takes place at
temperatures of 700-1100 ° C and is proportional to the thickness of the oxidation layer -

provided that it is always done for the same period.

2.2.3.2 Diffusion

The second process step is diffusion. Diffusion is a chemical process that occurs when
the wafer is heated to 800-1400 ° C (melting point of Si is 1415 © C) and when exposed
to the vapour of the dopant. The dopant atoms in this process move to an area of lower
concentration - the doping gas is allowed to act as long as the doping molecules penetrate
to the required depth. To achieve greater depth after diffusion, the distribution of the
doped atoms to the depth and to the width follows. The total depth of diffusion varies
from 0.1 pm to 10 um or more. Figure 2.13 shows two graphs of admixture concentrations
depending on the penetration depth for different times of exposure. The first Fig. 2.13a
shows a diffusion graph from a source with an infinite number of dopants and Fig. 2.13b
with a limited amount of dopants. Concentration Ny is the concentration on the substrate

surface. With increasing depth, the concentration decreases.
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a) b)

Fig. 2.13: Dependence of admixture concentration on the depth of penetration for

different times a) source with infinite quantity b) limited amount of dopants

The concentration Np in Fig. 2.13a is constant (infinite source of dopants). In Fig 2.13b,
due to the finite number of dopants with increasing time and depth, the concentration No

is decreasing.

For diffusion, it is necessary to ensure high concentration, respectively the rate of
concentration of the diffusion additive (P, As, Sb - donor-type admixtures in silicon, B,
Al, Ga - acceptor type admixtures) and supply the necessary energy - the diffusion of the

admixtures takes place in the reactors at high temperatures.

2.2.3.3 Ion implantation

Another process step is ion implantation, which is very often used in the production of
MOS components. In ion implantation, the ions of the dopant are accelerated by the
electric field and implemented into the substrate in order to alter the electrical properties.
This process is being done at low pressure. The average depth of penetration is from 0.1
to 0.6 um, depending on the speed and angle of ion impinging on the substrate. The
impinging angle is chosen outside the substrate grid axis to collide with the substrate
crystal lattice atoms to prevent the unwanted channel effect. The disadvantage is that the
impinging angle is too acute (less than 90°) and the mask applied shades to some substrate
locations. Another way to prevent the channel effect is to use a thick layer of SiO2 through
which the dopant ions are fired. The SiO2 layer changes the dopant penetration direction
randomly before penetrating into the substrate. The ion implantation process causes
disruption of the crystal lattice of the substrate, and many implanted ions are thus

electrically inactive. This damage can be corrected by annealing at about 800 ° C. The
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concentration profile of the implanted admixture is shown in Fig. 2.14. Unlike diffusion,
the highest concentration of admixture is not present at the surface, respectively at the
point where the diffusion takes place, but at a certain depth below the surface, which can

be controlled by the energy of impinged ions.

!
N

0 depth —>

Fig. 2.14: The concentration profile of implanted dopants depending on the depth of

penetration

The advantage of ion implantation compared to diffusion is precise dopant dose control
(+ 5%), excellent reproducibility and accurate depth control. Thus, it is possible to adjust
the threshold voltage of the transistor or to create precise resistors. Another advantage is
that ion implantation takes place at room temperature. It is only necessary to use a high
temperature during the subsequent repair of the crystal lattice of the substrate by

annealing.

2.2.3.4 Deposition

A deposition is a chemical process used to prepare thin films of various materials on a
silicon wafer. Thin films can be prepared by various techniques — for example, by

vapouring, sputtering or chemical vapour deposition (CVD).

During the deposition by vapouring, the solid material is placed in a vacuum and heated
(high-frequency, ionic heating) until it starts to evaporate. The evaporated molecules hit
the cold wafer and condense on the surface of the wafer in a thin film. The thickness of
the applied film depends on the temperature and the time of vapouring. This technique

requires a vacuum. Sputtering can be accomplished, for example, by a magnetron, ion, or
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cathode. In general, it is the application of atoms of material (Al, Cu) to the contacts of
the chip (anode) of energy that emit these atoms from the target (cathode). These atoms
are carried on the substrate due to the electric field between the material and the plate.
This technology does not place high demands on temperature and pressure, as in the case
of vapour deposition. It is controlled by the voltage and pressure (not need such a high

vacuum as in vapour deposition).

Chemical Vapor Deposition (CVD) is the technological process of forming thin layers,
which utilizes a chemical reaction in the gas phase. These may be reactions between
multiple precursors or a decomposition reaction of one substance. The reaction product
subsequently forms a thin layer on the substrate. The CVD method takes place at elevated
temperature, and the by-products of the chemical processes are vacuum aspirated or
removed by a gas stream. However, it usually takes place at atmospheric pressure, but
can also at low vacuum (referred to as LPCVD - Low-Pressure CVD). This type of
deposition is mainly used to form layers of polySi, SiO2 or Si3N4.

2.2.3.5 Etching

The etching is the process of removing exposed material. The photolithography technique
described in the next chapter is used to determine which parts of the material will be
removed and which parts will stay. In Fig. 2.15a there are three layers of material - top
protective layer (mask), then below there is a thin film of the deposited material. The
bottom layer is a substrate. The goal of etching is to remove only a film unprotected by
the mask. The etching process must have two essential properties. First, the selectivity
(S) - the etching process must act only on the desired layer (thin film) and must not affect
the mask or substrate. The selectivity can be evaluated as the ratio of the etching rate of

the desired layer and the undesired layer

desired layer etching rate

Sa-p = :
A=B " undesired layer etching rate (2.3)

The second important feature is anisotropy (A). Maximum anisotropy - one direction of

rapid etching (value 1), is required. Anisotropy can be categorized as
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side etching rate

A=1- :
vertical etching rate 2.4)

In practice, neither perfect selectivity nor anisotropy can be achieved, resulting in the
etching of a part of the mask and the bottom layer part (Fig. 2.15b). The dimension x,
shows what part of the mask was etched and x, what part of the bottom layer was etched
(non-ideal selectivity). The y. dimension shows the underetched part under the mask layer
- related to non-ideal anisotropy. Thin film etched materials (Figure 2.15) include polySi,

Si02, Si3N4 and aluminium.

- mask ]
film

bottom layer

bottom layer

b)

Fig. 2.15: Etching process

There are two basic types of etching - wet and dry etching. Wet etching uses chemicals
that etch the desired material. Hydrofluoric acid (HF) is used for etching SiO2, phosphoric
acid for etching Si3zNa4. Nitric, acetic or hydrofluoric acid is used to remove polySi,
potassium hydroxide for silicon, and phosphoric acid mixtures to remove metallic layers.

The wet etching process is heavily dependent on exposure time and temperature.

Dry etching uses ionized gases. The emergence and development of dry etching processes
required increasing miniaturization in microtechnologies (as well as nanotechnologies)
because wet etching processes do not meet submicron dimensions (selectivity,
anisotropy). Dry etching is characterized by excellent anisotropy (no overetching) and is

therefore used for submicron technology.
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2.2.3.6 Photolithography

Most of the basic process steps in semiconductor chip manufacturing are applied only to
the selected wafer, except for oxidation and deposition. Selected parts can be defined
using photolithography. The essential component of photolithography is a photoresist and
a photomask that covers some parts from UV radiation. All ICs consist of different layers,
which together form part structures. Each layer must be geometrically defined. These

layers are formed on a large scale and then optically adjusted to the desired size on the

wafer.
- light source
radiation A =248 nm
h 4
lens
photomask
detail
substrate i
resolution 8 = 130 nm

Fig. 2.16: Principle of photolithography

The minimum size (resolution) that can be implemented using the principle shown in

Figure 2.16 is defined

37



Cl'l

- (2.5)

M =

where M is the resolution, A is the wavelength of the emitted UV radiation, c; is the index
dependent on the particular photolithography device (values ranges from 0.5 to 1) and NA
(numerical aperture). Numerical aperture expresses the effective aperture of the lens. It is

a dimensionless number that can be expressed as

NA =n-sin(0), (2.6)
where 7 is the refractive index in the space between the lens and the wafer (through which
the radiation passes), O is the maximum angle of incidence of light (Fig. 2.17). The higher
the numerical aperture, the higher the resolution of the lens and the greater the

magnification (equation 2.7)

lens

wafer

Fig. 2.17: The refractive index in the space between the lens and the wafer

The photoresist is an organic polymer that reacts by changing its structure when exposed
to UV radiation. The photoresist may be positive or negative. The positive photoresist
exposed parts are etched (irradiation breaks the polymer chains). The negative photoresist

exposed parts remain (cross-linking and curing occurs by photochemical reaction).

The first step in photolithography is to apply a drop of photoresist to the surface of the
layer, which has to be selected. When applying a photoresist, the wafer is rotated at a
thousand revolutions per minute, thereby achieving a uniform stratification photoresist.

Then the photoresist is cured at 85 to 90 ° C for about 3 minutes (soft-bake). The next
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step is exposure - irradiation (by UV radiation) of the photoresist through the mask. The
process of exposure and subsequent selective etching of the photoresist is referred to as

induction. The remaining photoresist is cured at 110 ° C (hard-bake).

rl rl rl photoresist polySi l etching

UV light d = "L —

b)lllllillll{lllll 2/_/_/_/./_/
s y Do

* poiySi

photoresist polySi

Fig. 2.18: Basic steps of photolithography to create polySi geometry: a) photomask, b)

enlightenment, ¢) invocation, d) etching, e) photoresist removal

The above Fig. 2.18 illustrates the basic steps of photolithography, where the geometric
shapes are formed in the layer of polySi.
2.2.3.7 The manufacturing process of MOS transistor in n-well

technology

The manufacturing process of PMOS and NMOS will be shown in this chapter. Individual
process steps such as oxidation, diffusion, etc. have been described in the previous

chapters. An example of the technological process is simplified [2].

Fig. 2.4: Manufacturing process of NMOS transistor in n-well technology

1. | The first step is the growth of photoresist Si0,
a thin layer of SiO> (by

oxidation) on the surface of

the p-substrate (wafer). A
p - substrate
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photoresist is deposited on

the SiO2 layer by deposition.

The lithographic process of
the first mask and etching
over the areas of the next
transistors with the P channel
removes the photoresist and
subsequently SiO2 (using an
n-well mask), and by ion
implantation, a donor (five
valence electron element —
phosphorus, arsenic,

antimony) is implanted on

the wafer surface.

donor implementation

TR EEEEEEEEE RN
B8

p - substrate

N-well is created for the
PMOS transistor. In the next
step, both the photoresist and
SiO2 are removed, and the
thermal diffusion at high
temperatures  causes the
donors to distribute into p-
substrate. After that, the
original SiO2 is removed,
followed by a thin layer of
SiO2 (protects the substrate
from the stress caused by
differential thermal
expansion of the silicon
substrate and silicon nitride

Si3Ng) and the SizNg layer is

covering SizNy
Si0; \
gl
\__ n-well J

p - substrate
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deposited throughout the

wafer.

Subsequently, a photoresist
is deposited and removed by
of a

means lithographic

process at the locations
where the active regions
(MOS transistors) will be
located. Then, Si3N4 and the
rest of the photoresist are also

selectively removed.

phoresist

p - substrate

Due to the isolation of the
active moieties, a relatively
thick layer of insulating
oxide (FOX) grows in the
next step by oxidation in
places that are not covered by

Si3Ns (which prevents oxide

growth). FOX  growth
extends below the SizNy
boundary and the active

region narrows.

SisNy

T T T e T e e
n - well

p - substrate

The remaining Si3N4 is
removed, and the thin SiO02
layer will form a gate oxide.
A polySi is  applied
throughout the wafer layer by
deposition, which is needed
to form the transistor gate.

The applied polySi is heavily

gate 510,

.........

p - substrate
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doped to achieve good

conductivity.

Using a photolithographic

process, polySi and gate

oxide are removed. It is left
where  the

only gate

electrodes will be located.

p - substrate

Subsequently, the entire
is covered with a

Then,

wafer
photoresist. using
photolithography results in
uncovering places where the
n+ regions (source, drain,
bulk) are created by means of
diffusion or ion

implementation.

drain/source

p - substrate

Again, the entire wafer is
covered with a photoresist.
Then, using
photolithography results in
uncovering places where the
p+ regions (source, drain,
bulk) are created by means of
diffusion or ion

implementation.

PMOS
drain/source bulk

NMOS
drain/source bulk

p - substrate

10.

The entire chip is covered
with a thick oxide layer. This
layer is usually
borophosphosilicate  glass
(BPSG), which has a low

melting point. In places

FOX

Les] [ n=]

=] B RN
1= 0 L=l W |

p - substrate
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where contacts are to be
found, holes in the BPSG are
created using the
photolithography  process
and etching. Subsequently,
the remaining photoresist is
etched, and a metal 1 layer
(aluminium or aluminium/
copper compound) is
deposited throughout the
chip by deposition. Again,
using the photolithographic
process and etching, only the
required metal paths remain

on the wafer.

1.

For the preparation of the
second metal layer, another
layer of dielectric material is
applied - most commonly
sandwich structure SiO2 +
glass (SOG) + SiO2.
Through the
photolithography  process
and etching, holes are created
in the sandwich structure for
inter-metallic jumpers (via).
As with the metal 1 layer,
metal 2 is deposited and by
using the same followed
process, only required metal
2 connection will remain. If

no metallic layer follows, a

metal 1 metal 2 passivation layer

p - substrate
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protective passivation layer

is applied - SiO2 or SiN3.
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3 Analytical part

3.1 Source text analysis

The translated text is called Design of Analog Integrated Circuits and was written by Ing.
Vilém Kledrowetz, Ph.D. and doc. Ing. Jifi Haze. Ph.D, who is also a supervisor of this
course. They are experts in this particular electrotechnical field, which is reflected in the
vocabulary used and the style in which the textbook is written. The text matches the
properties of professional discourse. It is characterized by using a codified language and
vocabulary from a particular field of science or engineering. The discourse focuses on
various methods of delivering scientific ideas and thoughts to a diverse range of
audiences. The author's opinion is practically omitted in contrary to the Czech
professional discourse, where the author's opinion on the given issue is expressed

significantly.

The text is written mainly for educational purposes. Therefore, the recipients are
university students of the course named Design of Analog Integrated Circuits. The
primary purpose of this text is to inform and educate the students in the field of

microelectronics.

3.1.1 Horizontal dividing of text

A typical horizontal division is a division into main chapters as an introduction, main part
(there can be more main parts), and conclusion. These main chapters are divided into
subchapters, and these subchapters can be divided into their own subchapters. The

number of chapter levels depends on the total size of the text.

The Design of Analog Integrated Circuits is following this typical horizontal structure.
The translated text consists of three levels of chapters. The whole textbook starts with a
short introduction explaining the content briefly and the requirements of the course,
followed by an entry test. Then, every chapter is dedicated to any course problem

developed further by subchapters explaining more details.
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3.1.2 Vertical dividing of text

A vertical dividing of text is represented by specific tools. The text is usually
accompanied by footnotes, explanatory notes or critical apparatus. A font size, crossover,
italics, underline, different line spacing, parentheses, etc. are used to distinguish relevant

and less important information in the text.

Examples of usage in this text are graphs, schemes and text division using the numbers

(or letters).

3.2 Translated text analysis

This chapter will analyse the differences between source text (ST) and translated text (TT)

and used devices in the style of science and technology.

3.2.1 Used translation procedures analysis

The translation procedures were presented in the practical part of this thesis and are

further analysed in this part.

1) Equivalence - expressing a term by different structural or stylistic means. Some
SL words are culturally very specific, and it would be misunderstood in TL’s
cultural context. In such cases, the use of a functional equivalent, i.e. a term that

is culturally non-specific, is used.

V 70-tych letech — In 1970s: The 1970s form of expressing time period is
culturally specific to English speaking countries only. There is no such short form
in the Czech language. In Czech, it is necessary to proceed to a definitive version

of the expression of the time period, which is also the most accurate translation.
navrh - design

subject - predmét

voltage — napéti

circuit — obvod

component — soucdstka

2) Transposition - when transposing, grammatical changes are necessary due to a

different language system.
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3)

4)

5)

6)

7

Nasleduje kapitola — There is a chapter: a situation where a literal translation is

possible, but in a given case, it is not in accordance with TL.

Modulation - is a variation by changing perspective (point of view). It is used

when a literal translation is not appropriate.

zesitovani — cross-linking: refers to a chemical bond of one polymer chain to
another. Czech word probably refers to the graphical representation of a polymer
chain, as it looks like a web — sit, but something as dewebbing would not be
appropriate.

Borrowing — words adopted by one language from another language and
normally used.

amplituda — amplitude

frekvence — frequency

tranzistor — transistor

rezistor — resistor

depozice — deposition

wafer — wafer

substrdt - substrate

Calque — literal translation word (word-for-word).

zesilovac — amplifier

vinova délka — wavelength

krystalova mrizka — crystal lattice

Reordering — change of word order or sentence structure.

Realizace samomého kapacitoru na cipu - The implementation of the on-chip

capacitor

Reduction — omitting the redundant element

vyrobni process technologie CMOS — CMOS manufacturing process: the word
technologie — technology was omitted as it does not need to be specified. The

word order is changed so it can be considered as reordering as well.

47



3.2.2 Lexical analysis

This part will deal with analysis from a lexical point of view.

3.2.2.1 Transition words

The use of a large number of transition words contributes to the logical continuity of

individual statements and to the organized structure and hierarchy of the text. Thanks to

them, the text is coherent and clear.
ST: “Casto viak je na IO jak analogova tak digitdalni édst. “

TT: “However, integrated circuits often contain both parts — analogue and digital.”

This transition word “However” reinforces ideas, and express agreement with preceding

material.
ST: “Naopak bipoldrni technologie poskytuje mnoho vyhod v cisté analogovych 10. “

TT: “In contrast, bipolar technology provides many benefits in purely analog IC.”

In this case, the transition phrase “in contrast” express that there is evidence to the

contrary or point out alternatives.

ST: “Oxidace probiha pri teplotach 700 az 1100 °C a je umérna tloustce oxidacni vrstvy

¢

— za predpokladu, Ze vzdy probiha po stejnou dobu. ‘

TT: “The oxidation takes place at temperatures of 700-1100 ° C and is proportional to
the thickness of the oxidation layer - provided that it is always done for the same period.”

This transitional phrase present specific condition.

¢

ST: “Obecné se jednd o nandseni atomii... *
)

TT: “In general, it is the application of atoms...’

This transitional device is used to introduce an example, supporting the information stated

in the previous sentence.
ST: “Struktura ma tedy teoreticky nekonecné velké stejnosmérné proudové zesileni.“

TT: “Thus, the structure has a theoretically infinite DC current gain.”
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“Thus” in this case serves the purpose of showing that there is a consequence or an effect
after what was stated in the previous sentence. It has infinite DC current gain, because

MOS does not require any input current.

3.2.2.2 Terminology

Terminology is an integral part of any scientific discipline, and special attention needs to
be paid to translating it. The science and technology style records exact science
information. Therefore, it is vital to ensure that the terms used are exact - to be clear and
accurate. The book “O ceské terminologii” states that terms are usually context-
independent and can, therefore, be also used separately. The terminology of each field is
closely related to the history of the industry. The terms are continually being updated,
usually by linguists, who are also experts in the field and theory. The terms may be

completely new, or the meaning in the field may be reduced. (Postolkova, 1983)

As this text written in the style of science and technology contains a large number of
general technical terms from the field of electrical engineering, it also contains few

branch-specific terms related to the microelectronic field of study.

Krhutova (2009) classified terms used in electrical engineering into three groups:
1) General scientific terms (analyze, classify, research)
2) General technical terms (semiconductor, operational system)
3) Branch-specific electrotechnical terms (cache, output stage, Fortran)

Few of these terms are shown in the following figures.

Tab. 3.1: General technical terms

Czech English

tranzistor transistor

napeéti voltage

odpor, rezistor resistor

obvod circuit

kondenzator capacitor

zesilovac amplifier
usmeérrnovac rectifier
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Tab. 3.2: Branch-specific terms used in microelectronics

Czech English
wafer wafer
fotomaska photomask
fotolitografie photolithography
difiize diffusion
depozice deposition

Most of these terms are loanwords, as they were adopted from English and incorporated
into the Czech language without translation. These new words are very often taken into
Czech and used as the only way to express some things or are used as synonyms of Czech
equivalents. Typical loanwords here could be transistor (translated as a transistor) or
resistor (translated as rezistor or sometimes as odpor — but it refers rather to the word
resistance — it’s use in the communication can be specified as a professional slang).
Another example is word capacitor — in czech kondenzdtor, but also kapacitor as well.
In fact, kondenzdtor is a passive electrotechnical component, but it also represents the
heat exchanger used for cooling and converting steam (condensation) in the different

scientific field, so it has context-based multiple meanings.

The branch-specific terms include more specific information. Therefore, these are used
in the texts for experts in individual disciplines and can be understood by highly instructed
readers. Illustrated examples in Fig. 4-2, such as diffusion or deposition, are referring to
the chemistry field of study, but are also used in microelectronics when describing the

manufacturing process of the integrated circuits.
Terms occurrence of translated text has also been analysed, with the following results:

Tab. 3.3: Most occurred terms in the translated text

Term Occurrences
layer 47
process 41
transistor 33
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etching 31

source 28

The repetition index tends to be high, as only narrow vocabulary is used in individual

disciplines.

3.2.2.3 Acronyms and abbreviations

The abbreviation is a steady way to shorten a word or phrase. Most often, abbreviations
are used to write frequently used words or, in the case of science and technology — to
shorten long terms. The acronym is a type of abbreviation that, unlike standard
abbreviations, is not spelt out and can be read as one word. For example, MOS (Metal
Oxide Semiconductor) is usually pronounced in Czech as [m-o-s] — as one word, but in
English, it is usually spelt out with single letters [em-ou-es]. This acronym is then
extended with another information, such as CMOS (Complementary Metal Oxide
Semiconductor), PMOS/NMOS (P-type or N-type MOS) or even MOSFET (Metal Oxide
Semiconductor Field Effect Transistor) pronounced in English as a single word [m-ou-s-
f-e-t] and in Czech as well [m-o-s-f-e-t]. Some of these abbreviations are not even
specified as the author relies on the fact that the reader is already acquainted with the
meaning, such as TTL (Transistor-Transistor Logic) or DRAM (Dynamic Random
Access Memory). In this type of text, the abbreviations represent mostly the electronic
components (IC — Integrated Circuit) or manufacturing processes (CVD — Chemical

Vapor Deposition).
3.2.3 Grammatical analysis

This part will deal with analysis from a grammatical point of view.

3.2.3.1 Passive voice

The author's opinion is practically omitted, and the message is centred on describing facts
and phenomena. This is very typical for technical texts in both languages, as it is one of

the approaches of expressing impersonality, thus being objective. (Krhutova, 2009)

Examples from the text:
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...have been demonstrated — byla demonstrovdna, ...is controlled by - .. je Fizena
potenciondlem, ...can be explained — ...Ize vysvétlit, .. which has to be selected - ... kterd
ma byt vyselektovdana, ..the wafer is rotated - ..je wafer otacen, ...the ions of the dopants

are accelerated by - Pri iontové implantaci jsou ionty daného dopantu urychlovany ...

Active voice in Czech technical texts or in English exact science texts are quite common
and accepted by using pronoun “we” (for example: “we deduced”, “we assume”, “we
consider’”), but this case was not found in the source text as the whole textbook aims to
be impersonal. According to the Duskova’s statistic (Knittlova, 2010), the English
scientific text contains in average of 20% of the passive voice from all sentences. Using
the passive voice detector tool on the internet, 18% has been concluded from analysing
the translated text, proving the nature of given style (from https://datayze.com/passive-

voice-detector.php).

3.2.4 Stylistic analysis

As mentioned before, the style of science and technology uses many examples, graphs or
tables to support the facts. The didactic style also uses imperative sentences in order to
instruct the student/reader to calculate the examples. The entry test is a part of this
textbook, serving as a measurement of student’s knowledge for teachers, or can represent

what is needed to know for further understanding of given topics (Knittlova, 2010).

Examples from the text:

determine - urcete,

assume - predpoklddejte,

calculate - vypocitejte

Because the author cannot rely on the reader’s feedback, or use intonation, gestures or
mimics, the message/content has to be formal and complete. To achieve this, the text has
to be stylistically clear, allowing the communication process to be smooth, without any
complex parts and most importantly, to be understandable. This is facilitated by the
arrangement of expressions, the division of text and the continuity of sentences. The well-
organised structure is using transition words, auxiliary conjunctions and referencing and

denoting terms (Knittlova, 2010).
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However, the syntax is relatively simple. Similarly to administrative style, sentences are
relatively closed units with a logically consistent structure with a concentrated
composition that is stereotyped to some extent. Strict objectivity is achieved by passive
voice and impersonality. The author of the text is only objectively and impartially passing

facts, providing a view of a certain verifiable fact (Krhutova, 2009).

The uncertainty is not present in this type of text, as the Czech experts in the field of
electrical engineering tend to express rather a high degree of certainty and the original
text is written in the Czech language. Hence, the certainty has been transferred to the

translated text. All the information stated is proved and certain. (Krhutova, 2009)
Examples from the text:

“The reaction product subsequently forms a thin layer on the substrate.”, “The basis for
semiconductor chips production is a single-crystal semiconductor (Si, Ge or GaAs) with
high purity.”

Defining in the style of science and technology is done by using formal lexis and other

semiotic signs, such as presenting figures and tables, together with specific fonts (e.g.

Greek letters) (Krhutova, 2009).
Examples from the text:

“The structure of the NMOS and PMOS transistor on one substrate (type P) is shown in
Figure 2.2,..”7, “Table 2.2 lists the parameters of capacitors from ONSemi I12T100 and

I3T25 technologies.”, “The first Fig. 2.13a shows a diffusion graph from a source with

)

an infinite number of dopants and Fig. 2.13b with a limited amount of dopants.’

The formality has a significant role in texts on electrical engineering. Increasing the
specificity of the information causes increasing of its wording formality. Krhutova (2009)
states that “the more objective the statements, the more formal is the language”. The
translated text show signs of strict word order, without slang, taboo or colloquial forms.
Therefore, it can be categorized as a formal text. Additionally, the author has no intention

to impact the reader emotionally.

Objective word order is the word order that proceeds from the theme (known) to the
rheme (new information). For this reason, the new information is always listed at the end

of the sentence.
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Examples from the text:

“At the end of the 1970s, it was clear that MOS technology is the right direction for

achieving high-density integration on the chip (R). Firstly, it was used for NMOS

analogue and digital circuits.”

“To understand the entire manufacturing process of semiconductor chips, it is necessary

to know the following procedural steps (R). These include oxidation, diffusion, deposition,

ion implementation, and etching.”

As mentioned above, the impersonality can be achieved by using a passive voice. The
facts are conducted on real experiments and real facts, which means that the author is
expressing general idea impersonally. Personality and impersonality can be determined
from the author’s personal approach to the readers. This translated text can be considered
as highly impersonal, but still, a few examples of personality can be found (Krhutova,

2009).
For example:

“Dear students, you get to your hands..” — the author is interacting with readers in the

introduction part

“Calculate”, “Determinate”, and “Assume” — can be considered as a personal approach

to the readers/students in the Entry test part, instructing them to do a particular activity.

These examples are the only ones representing the personality in the text.

3.2.5 Pragmatic analysis
This part will deal with analysis from a pragmatic point of view.

3.2.5.1 Implicitness and explicitness

Another distinctive feature of the style of science and technology is the degree of
explicitness and implicitness. As the translated text is written using the didactic style, it
is supposed that everything should be clearly described - explicitly. However, this given
textbook is intended for the further education of the university students of the second year
in the particular field of electrotechnics. Therefore, it can be somewhat considered with

its signs closer to scientific prose and categorize it as a scientific book. With that in mind,
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the author relies on the professional knowledge of the readers, allowing him to omit some
definitions of specific terms. For example, fundamental laws of electrotechnics or

description of basic electrotechnics components (Krhutova, 2009).

It is also mentioned in the introductory part: “The subject requires basic knowledge of

)

electronic components - especially MOS transistors and operational amplifiers.’
Examples of implicitness in the translated text:

“Nowadays, bipolar technology and CMOS (Complementary Metal Oxide
Semiconductor) are the most widely used. In history, bipolar technology (operational

amplifiers, TTL circuits) have dominated the field of silicon integrated circuits (IC). In

the 1970s, a number of circuits have been demonstrated in MOS technology — DRAM

memories, microprocessors, and logic circuits series 4000.”

Definitions:

“An operational amplifier (or an op-amp) is an integrated circuit (IC) that operates as a

voltage amplifier “ (https://www.chegg.com), “Transistor-transistor logic (TTL) is a

class of integrated circuits which maintain logic states and achieve switching with the

help of bipolar transistors.” (https://www.techopedia.com), “Dynamic random access

memory (DRAM) is a type of random-access memory used in computing devices

(primarily PCs). DRAM stores each bit of data in a separate passive electronic
component that is inside an integrated circuit board. ” (https://www.techopedia.com), “A

microprocessor is a component that performs the instructions and tasks involved in

computer processing. In a computer system, the microprocessor is the central unit that
executes  and  manages  the  logical  instructions  passed to it.”

(https://www.techopedia.com).
Examples of explicitness in the translated text:

“A condition for the amplification of the electrical signal is the power gain (this condition

basically says that an element can amplify, only when it is able to amplify a voltage or

current, or both).” — This condition is explicitly described by added information in the

parentheses.
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“However, the current flowing does not disappear but remains constant when the Ups
increases (Figure 2.6).” — This fact is supported by the graphical content, where it can be

easily seen and understood in the graph.
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Conclusion

The aim of this bachelor thesis was to translate the science and technology text and
comment on its problems on the theoretical and practical level. For this purpose, the
electronic textbook Design of Analog Integrated Circuits was chosen, as it might prove
useful for the university for further education of foreign students of this same-named
course. Another reason was that electrical engineering is also a significant part of my
studies, therefore extending the technical knowledge of microelectronics field is

considered as a positive outcome. The thesis was divided into three main parts.

The theoretical part presented the proper ways and tools used for creating the functional
and quality translation from a source language to a target language. This can be achieved
by following the procedural steps, according to Malone, and Vinay and Darbelnelt.
Additionally, the types of translations described by Jakobson and Hrdlicka were
introduced. The final chapter of the theoretical part deals with the features of the
professional, functional style. Hence, the acquired knowledge could be applied in the

practical part of this thesis.

The practical part is represented by the translation of two chapters - Introduction and the

CMOS technology.

The analytical part presented a translation commentary created on the basis of the
problematic phenomena in the translation process. These problems were commented from
the lexical, grammatical, stylistic and pragmatical perspective, such as the extensive use

of passive voice and specific terms in the style of science and technology.

This bachelor thesis has expanded my knowledge of translation theory and enriched me
with valuable practical experience, which could be useful for the upcoming state exams
and in my future career. I was reassured that a good translator must have not only an
excellent knowledge of the source language but also excellent knowledge of the target
language. In translating professional texts, at least a basic knowledge of the field is an
essential part of the translator's arsenal, without which it would be difficult to understand
the text itself, which is the first prerequisite for translation. Nowadays, the internet can
be beneficial in searching for a particular information or specific term. As I can tell
myself, the translation activity is very demanding, lengthy and sometimes very

exhausting.
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Source text

4 Uvod

Vazeni studenti, dostava se vam do rukou elektronicky text skript pro predmét
BNAO - Navrh analogovych integrovanych obvodu. V ramci tohoto predmétu jsou
studenti seznadmeni s technologii CMOS a navrhem zakladnich analogovych
integrovanych obvodu. Pfedmét vyzaduje zakladni znalosti z oblasti elektronickych
soucastek - zejména tranzistord MOS
a operacnich zesilovagt. Uvodni &ast skript se vénuje procesu vyroby polovodicovych
¢ipy, jsou zde popsany jednotlivé procesni kroky vcetné nazornych obrazkt. Nasleduje
detailni popis principu ¢innosti tranzistoru MOS, malosignalovy model, rezimy ¢innosti
a dulezité matematické vztahy potiebné pro navrh obvodu. Dalsi ¢ast skript se jiz vénuje
navrhu konkrétnich analogovych obvodd. Zacdina se proudovymi zrcadly, které jsou
prakticky soucasti vétSiny slozit€jSich obvodu. Nasleduji proudové a napétove reference,
diferencni par. Po detailnim seznameni s navrhem a funkci téchto zakladnich obvodua
nasleduje kapitola zabyvajici se operacnimi zesilovaci. V kapitole jsou popsany zasady
navrhu operacniho zesilovace pro dosazeni pozadovanych parametrt. Detailné je popsana

1 problematika jejich stability. Posledni kapitole popisuje navrh topologie (layout) Cipu.

4.1 Zarazeni predmétu ve studijnim programu

Predmét Navrh analogovych integrovanych obvodi je zafazen v bakalarském
studijnim programu do predméti volitelnych oborovych oboru Mikroelektronika a
technologie (letni semestr 3. ro¢niku) a oboru Elektronika a sdélovaci technika (letni
semestr 2. ro¢niku) a dale také jako volitelny mimooborovy v letnim semestru 2. ro¢niku

bakalarského studijniho programu pro obor Teleinformatika.
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4.2 Vstupni test

Pi. 1: Urcete vystupni napéti Uour nasledujicich obvodi. Predpokladejte idealni
parametry soucastek. R = 100 Q. U obvodu b) vypocitejte proud Ip a u obvodu ¢) a d)
proud Ir.

Q+10V +10V +10V
RU R J7/R R J7/R
——o0 »—————O O

Obr. 4.1: Schémata zapojeni k ptikladu 1

Pr. 2: Urcete amplitudu Uour— obr. 1.2a. C = 10 pF.

Pr. 3: Urcete kmitocet polu fp obvodu na obr. 1.2b.

1 R =100 kQ 2
—_— C o 1 o
Uampl = 10 VC
_ ’\> —oO U U U
f=1kHz IN ouT C =10 pF == ouT
- C \L UOUT o ‘ o

a) b)

Obr. 4.2: Schémata zapojeni k ptikladu 2 a 3
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Pr. 4: Vypocitejte vystupni napéti Uour: a Uourz. Predpokladejte ideédlni tranzistory.
R =100 Q.

+10V +10V

Mpmos

Tene

R \l/ Uourt R \L Uoute

Obr. 4.3: Zapojeni s tranzistory k piikladu 4

Pr. 5: Vypocitejte vystupni napéti Uour u jednotlivych zapojeni. Pfedpokladejte idealni

operacni zesilovace.

1 kQ 1 kQ
1 kQ 1 kQ
+1V - +2V -
——0 Uour ——0 Uour
[* e
+1V
a) b)
1 kQ
1 kQ

+1V +
——0 Uour

c)

Obr. 4.4: Zapojeni s opera¢nimi zesilovaci k ptikladu 5
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S Technologie CMOS

V soucasné dobé jsou nejvice rozSifené technologie bipolarni a CMOS
(Complementary Metal Oxid Semiconductor). V historii mnoho let dominovala v oblasti
kiemikovych integrovanych obvodid (IO) bipolarni technologie (operacni zesilovace,
obvody TTL). V 70-tych letech byla demonstrovana v technologii MOS tada obvodu —
paméti DRAM, mikroprocesory a logické obvody série 4000. Na konci 70-tych let bylo
ztejmé, ze technologie MOS je spravnym smérem pro dosazeni vysoké hustoty integrace
na Cipu. Nejdfive byla pouzivana pro analogové a digitalni obvody technologie NMOS.
V 80-tych letech to byla jiz technologie CMOS. Tato technologie umoziiuje v oblasti
digitalnich IO kromé moznosti vysoké hustoty integrace také nizkou spotfebu. Naopak
bipolarni technologie poskytuje mnoho vyhod v Cisté analogovych I0. Napiiklad
mnohonasobné vyssi transkonduktanci pfi stejném proudu. Proto je tedy pro navrh cCisté
analogovych IO pouzivana predevs§im bipolarni technologie a pro navrh ¢isté digitalnich
IO technologie CMOS. Casto viak je na IO jak analogova tak digitalni &ast. Pro tyto
ptipady lze pouzit technologii BICMOS, kde je mozné pouzivat bipolarni tranzistory i
tranzistory MOS [1]. Avsak pro tyto kombinované IO je z hlediska ceny vhodné pouzit

Cisté technologii CMOS. Tato skripta jsou zamétena jen na technologii CMOS.

5.1 Tranzistor MOSFET

Tranzistor MOSFET (Metal Oxide Semiconductor Field Effect Transistor) je
tranzistor fizeny elektrickym polem. Vodivost kanalu mezi elektrodami source a drain je
fizena potencidlem pfipojenym mezi terminaly hradlo (gate) a source. Gate je izolovan
od kanalu vrstvou oxidu kiemiku (Si02) — odtud pochazi v nazvu typu tranzistoru oxid.
Elektrody source a drain mohou byt typu N 1 P, ale obé musi byt stejného typu. Pokud
jsou typu N, jedna se o tranzistor NMOS. V opac¢ném piipad€, pokud jsou typu P, jedna
se o tranzistor PMOS.

Tab. 5.1: Pouzivané symboly pro tranzistory NMOS a PMOS

Tranzistor NMOS Tranzistor PMOS
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w)
w)

Bulk je spojen s Uss

(NMOS), resp. s G o—| G o—|

Upp (PMOS)

Bulk neni pfipojen G o—| B G o—{ B

w)
w)

Digitalni model G O—| G o—o|

Napéti Upp je kladné a Uss zaporné napajeci napéti.
Nazev elektrody source je odvozen od toho, ze slouzi jako zdroj (source) nosicu

naboje (elektront pro kanal typu N a dér pro kanal typu P), které prochazeji kanalem.

Podobné je nazvan drain jako misto, kde nosice z kanalu odtékayji.

Pokud je MOS tranzistor typu N jsou oblasti drain a source typu N+ (,,+ znaci
vysokou koncentraci dopantu) a oblast pod hradlem je typu P. Pokud je pfipojeno mezi
gate a source kladné napéti Ugs, vytvoii se pod hradlem inverzni vrstvicka typu N
nazyvana kanal. Kanal spojuje oblasti source-drain a umoziuje pruchod nosicl
elektrického naboje (elektricky proud) mezi témito oblastmi. Pokud je pfipojeno mezi
gate a source nizké napéti (mensi nez prahové) nebo zaporné, kanal mizi a nosi¢e naboje
nemohou mezi oblastmi source-drain prochazet (tranzistor je uzavien, elektricky proud
neprochazi).

Pokud je MOS tranzistor typu P jsou oblasti drain a source typu P+ a oblast pod
hradlem je typu N. Pokud je pfipojeno mezi gate a source zaporné napéti Ugs vytvori se
pod nim inverzni vrstvi¢ka typu P nazyvana kanal. Kanal spojuje oblasti source-drain a
umoziuje pruchod nosica elektrického naboje (elektricky proud) mezi t€émito oblastmi.

Pokud je ptipojeno mezi gate a source vyssi napéti (vyssi nez prahové) nebo kladné, kanal
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mizi a nosiCe naboje nemohou mezi oblastmi source-drain prochazet (tranzistor je

uzavten, elektricky proud neprochazi).

Source Gate Drain Source Gate Drain
(S) G) (D) (S) (G) (D)
) T (77 oA T (=3 23 SiO;
LM n+ @ @ Metal nebo
| .
poly-Si
p - substrat n - substrat
a) b)

Obr. 5.1: Struktura tranzistoru a) NMOS b) PMOS

Podminkou pro proces zesilovani elektrického signalu je vykonové zesileni (tato
podminka v podstaté fika, ze zesilovat mize prvek, ktery umi zesilit napéti nebo proud,
ptipadné oboji). Soucastka, ktera umi zesilovat proud i napéti je samozieymé velmi
zadana. Tranzistor MOSFET takovou soucastkou je.

Proudové zesileni MOS tranzistoru lze vysvétlit jednoduse tim, ze MOS Zzadny
vstupni proud nepotiebuje (a ani zadny proud vstupni svorkou netece). Struktura ma tedy
teoreticky nekonecné velké stejnosmérné proudové zesileni. Proudové zesileni je nepfimo

umérné kmitoctu signalu a dosahuje jednotkového zesileni na tranzitnim kmitoctu.

Napétové zesileni MOS tranzistoru je zpusobeno proudovou saturaci v oblasti
vysSich hodnot drain-source napéti, takze mala zména proudu zpisobi velkou zménu

napéti.

5.1.1 Struktura a princip tranzistoru MOS

Struktura tranzistoru NMOS a PMOS na jednom substratu (typu P) je na obr. 2.2,
kde délka kanalu L je identicka s Sitkou kanalu W. Skute¢na délka hradla L neni shodna
s pozadovanou délkou hradla, ale spiSe se blizi vzdalenosti oblasti drain a source pod
hradlem. Piekryv mezi oblasti hradla a drain/source je dilezity pro zajisténi vodivé cesty
(kanalu) mezi drain-source. Obvykle je snahou, aby tento pfekryv byl co mozna nejmensi

— z davodu minimalizace parazitnich kapacit.
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Substrat Source Gate Drain Source Gate Drain  Substrat

Py Y [ / (i y
(5 e 7 R Ry s 3 R

p - substrat n- well

Obr. 5.2: Struktura tranzistoru NMOS a PMOS na jednom substratu

Na struktufe uvedené na obr. 2.3. je pfidan kontakt na substrat. Ten musi byt
zapojen tak, aby byl pfechod PN vzdy polovan v zavérném sméru. Tedy substratovy
kontakt na P+ na nejnizsi potencial v obvodu (Unap-) a substratovy kontakt na N+ na

nejvyssi potencial v obvodu (Unaps).

] rezim Ups = Ugs - rezim
J;‘ £ G D’_‘L - 3 Sioe linearni Ut saturace
A i I
: L :

Metal nebo DT
polysilicon

T Uss

p - substrat

0 —>
-

Obr. 5.3: Tranzistor NMOS v zavieném stavu

Na obr. 2.3 je stav, kdy je gate, source a drain pfipojen na zem. Pod hradlem se
nevytvoii inverzni vrstvicka — vodivy kanal, ktery by umozioval prichod nosica

elektrického naboje mezi drain a source. Tranzistor je uzavien.
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Uss T . rezZim  Ups = Ugs- rezim
‘g‘ G D ’_‘L SiO2 linearni  ,Um  saturace
§7N (2 IDT

Metal nebo
n+ T n+

polysilicon
p - substrat

T Uss

Indukovany
n-kanal

IR A

Depleticni
BJ_ oblast

Ubs

Obr. 5.4: Vytvoreni inverzni vrstvicky v tranzistoru NMOS

Po pfipojeni kladného napéti Ucs jsou minoritni nosice (elektrony) v P-substratu
pfitazeny a majoritni nosice (diry) odpuzeny z oblasti pod hradlem (obr. 2.4). Pod
hradlem je tedy vytvofena inverzni vrstvicka typu N, ktera spojuje oblasti drain a source

vodivym kanalem. Zarovei se pod rozhranim dielektrikum - polovodi¢ vytvoii depleti¢ni

oblast.
U Uss -
Uas T J7 IDJ7_—|I_ bs < ~es .UTH rezim  Ups=Ugs- rezim
‘E‘ G D EZa SiOz linearni /Um  saturace
77 ¢ / T
Nt : { Metal nebo
~——— polysilicon
= o P
p - substrat
—— Depleticni
oblast 0 —
BJ— Ubs

Obr. 5.5: Tranzistor NMOS v linearnim rezimu

Po pripojeni napéti Ups zacne mezi oblastmi drain a source protékat proud Ip (obr.
2.5). Pti zvySovani Ups zaroven klesa rozdil potenciali mezi drain a hradlem a zuZuje se
kanal na stran¢ elektrody drain a zvétSuje se depleti¢ni oblast kolem oblasti drain. Pro
mala Ups < Ugs — Utn proud Ip roste linearné s napétim Ups. Tranzistor se nachazi

v linearnim rezimu.
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Ueslr J7 b J7__L Ups = Uas - Ui rezim  Ups = Ugss- rezim
S G D = SiO, linearni U saturace
b\ ! - | (7R DT

Metal nebo
polysilicon

T Uas

Indukovany
n-kanal

[

p - substrat

Depleticni
oblast 0 —=
BJ— Ubs

]

Obr. 5.6: Tranzistor NMOS, prechod do rezimu saturace

Pokud je napéti Ups = Ugs — Utn dojde na stran¢€ drainu k uzavieni kanalu
(,,zaskrceni®)
a k saturaci proudu Ip, prochazejici proud ovSem nezanikne a zustava konstantni pfi

dal§im zvySovani Ups (obr. 2.6).

I=0A
UGSI $ OID(sat)$_f|[_ Uos > Uas- .UTH rezim Ups = Ugs -  rezim
‘L_‘ G D SiO2 linearni , Uy saturace
7S — | (77 IDT
n s

g ___:_:_:::_:_:l N+ | Metal nebo

polysilicon

T Uss

Indukovany

| — ,
n-kanal

p - substrat

__ Depleticni
- oblast 0 —
BJ— Ubs

Obr. 5.7: Tranzistor NMOS v rezimu saturace

Se zvySujicim se napétim Ups se proud Ip jiz nemeéni. Tranzistor se nachazi

v rezimu saturace (obr. 2.7).

5.2 Pasivni soucastky

Tato kapitola se vénuje pasivnim soucastkam, pouzivanych pti navrhu 10, jez jsou

kompatibilni s vyrobnim procesem technologie CMOS. Mezi tyto soucastky patii
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rezistory

a kapacitory.

5.2.1 Kapacitory

Kapacitory se pouzivaji v analogovych obvodech, jako jsou filtry, pfevodniky DA
a AD, vzorkovaci obvody, kompenzac¢ni prvky v operacnich zesilovacich apod. Oblibena
je pii navrhu IO také technika spinanych kapacitori (SC). Charakteristickymi rysy
kapacitora pouzivanych ve vySe uvedenych aplikacich jsou

- dobry soubéh (matching),

- vysoka kapacita na jednotku plochy,

- nizka teplotni zavislost,

- dobry pomér dosazené kapacity a parazitni kapacity.

Kapacitor je v technologii CMOS realizovan strukturou dvou paralelné (ve velké
vétsiné nad sebou) umisténych elektrod. Elektrody by mély byt realizovany vodivymi
vrstvami, které jsou v dané technologii k dispozici (metal, polySi, difuze). Izolacni
dielektrikum mezi elektrodami je vétSinou z oxidu kifemiku (SiO2), nitridu kiemiku
(Si3N4) nebo polySiO». V technologiich 10 se vyskytuji nejcastéji kapacitory vytvorené
mezi metalickymi vrstvami (napf. metal3-metal2 u ONSemi I3T, metal6-metal5 u TSMC
180 nm, atd.), poly-poly nebo metall(M1) - poly. V idealnim piipad€ by hodnota kapacity
neméla byt zavisla na teploté okoli a pfilozeném napéti. Ve skuteCnosti zavisla je. Tato
zavislost je vyjadfena parametry fc (teplotni) a ve (napétfova). V tab. 1 jsou uvedeny

parametry kapacitora z technologii ONSemi I12T100 a I3T25.

Tab. 5.2: Prehled typickych parametra kapacitorti v technologiich ONSemi

Typ Technologie | Kapacita | Teplotni zavislost | Napétova zavislost
[fF/um?] [ppm/°C] [ppm/V]
M1-poly 12T100 0,75 - 25
poly-poly 13T25 0,94 25 15
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M3-M2 I3T25 1.5 45,5 -32,03
(MIMC)

Realizace samotného kapacitoru na Cipu ma vlivem technologickych odchylek
vyrobniho procesu znacnou neptresnost. Napt. u technologie 13T25 uvadi katalogovy list
typickou hodnotu kapacity 1,5 fF/um?. Krajni hodnoty vyrobniho procesu viak jsou 1,3
fF/um?a 1,7 fF/um?, coz déla chybu az £15 %. V 10 se ¢asto vyuziva poméru dvou a vice
kapacitord. Tento pomér lze realizovat s presnosti kolem 0,1 %. Vysledna presnost
pomeéru zavisi na velikosti plochy kapacitoru (W-L), koeficientu soubéhu A [%-um] a na

provedeni topologie Cipu. Plati

02<£>= A . (5.1)

V technologii I3T25 ma kapacitor mezi M3-M2 koeficient soubeéhu A = 1,48 %-um.
Pro dva kapacitory, kazdy o velikosti 1,5 pF (W-L = 1000 pm?) je soubéh 0,04 %. Tato
hodnota predpoklada kvalitné navrzenou topologii (kapitola 8).

IN+ IN-

nitrid

VIA kiremiku
S METAE P Lttt o\
g

Obr. 5.8: Struktura kapacitoru MIMC

Na obr.2.8 je ukéazana struktura kapacitoru M3-M2 — MIMC (Metal — Insulator —
Metal capacitor). Mezi vrstvou M3 a M1 je pres via M3 pfipojen na vrstvu M2,5.
V modernich technologiich existuji také struktury dvou kapacitor nad sebou zapojenych

paraleln¢. Dojde tak k dvojnasobnému zvyseni kapacity na jednotku plochy.

70



5.2.2 Rezistory

Hlavnimi soucastkami pouzivanymi v navrhu IO jsou tranzistory MOS a
kapacitory. V nekterych obvodech nachazeji uplatnéni i rezistory. Mezi tyto obvody patii
napi. pifevodniky AD a DA, délice napéti apod. Obecné je rezistor tvofen vrstvou
(obdélnikem ¢i prouzkem) rezistivniho materialu, ktery je na svych koncich kontaktovan
s vrstvou metal 1. Samotné telo rezistoru je elektricky izolovano od substratu (podlozky)
pomoci oxidové vrstvy nebo polovodicovym prechodem v zavérném sméru. Pokud je
zaveden jako parametr tzv. odpor na Ctverec - RO, pak celkovy odpor rezistoru bude urcen

jako
L
R = Rg—+ 2Riont, (5.2)

kde Rxontje odpor kontakti, ktery se pohybuje v jednotkach Q a lze jej zanedbat.

Nejpouzivanéjsim rezistorem, ktery nejefektivnéji vyuziva plochu, pouzivanym pfi
navrhu IO je rezistor tvoreny vrstvou PolySi. Hodnota jeho odporu na ¢tverec se pohybuje
v rozmezi stovek O az jednotky kQ - pro odpor HIPOR (Hi-Ohmic polySi - bez
salicidace)

a v fadu jednotek Q pro odpor LOPOR (Low-Ohmic polySi — se salicidaci).

metal/poly kontakt polySi

I< 21

Obr. 5.9: Rezistor vytvoreny vrstvou polySi

Dalsim typem rezistort jsou rezistory vytvorené pomoci difize — N+ nebo P+. Tyto

rezistory dosahuji mensiho odporu na ¢tverec nez rezistory typu HIPOR.
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metal 1

SiO2

n - well

p - substrat

a)

n - well

p - substrat

metal 1

SiO»

n+

FOXX

\

n - well

p - substrat

FOX

c)

b)

polySi rezistor

=

metal 1 Siiz

e

FOX

p - substrat

d)

Obr. 5.10: Rezistor vytvoreny a) difuzi P+, b) diftizi N+, ¢) v nwell, d) vrstvou polySi

Struktury vyuzivajici polySi muzou lépe Celit problémiim s odstinénim. PolySi neni

potopena piimo v substratu a tak jsou i tyto parazitni kapacity mnohem mensi nez v

pfipadé¢ rezistoru vytvoreného pomoci difuze. Ke stinéni je mozno vyuzit jamu (nutno

vhodné polarizovat). Jeste lepsi odstinéni je dosazeno, pokud se rezistor vytvofi z vrstvy

polySi

a vrstvy polySi 1 je vyuzita ke stinéni spolu s jamou.

2

Tab. 5.3: Prehled typickych parametra nékterych rezistorti v technologiich ONSemi

Typ Technologie Odpor Teplotni zavislost
ONSemi [Q/o] [ppm/°C]
Nwell 12T100 1300 4900
P+ 12T100 96 1300
N+ 12T100 67,5 1400

72



HIPOR 12T100 1825 -2100

HIPOR 12T25 975 -1420

LOPOR 12T25 24 3470

Stejné jako u kapacitord, i rezistory maji vlivem technologickych odchylek
vyrobniho procesu zna¢nou nepiesnost vzhledem ke jmenovité hodnoté. Napiiklad u
technologie I3T25 uvadi katalogovy list typickou hodnotu odporu HIPOR 975 Q/o.
Krajni hodnoty vyrobniho procesu vSak jsou 775 Q/oa 1175 Q/o, coz znamena chybu az
+ 20 %. Rovnéz se Casto vyuziva poméru dvou a vice rezistord. Tento pomér lze
realizovat s presnosti kolem 0,1 %. Vysledna pfesnost poméru zavisi na velikosti plochy
rezistoru (W-L), koeficientu soubéhu A [%-um] a na provedeni topologie Cipu. Stejné jako

u kapacitort plati pro soubéh rovnice (1).

5.3 Vyrobni proces technologie CMOS

Vyroba polovodicovych ¢ipua se sklada z n€kolika procesnich krokti. K pochopeni
celého vyrobniho procesu polovodicovych ¢Cipu je nutné znat tyto procesni kroky. Mezi
né patii oxidace, difuze, depozice, iontova implementace a leptani. Dilezitym procesem
je také fotolitografie, ktera slouzi pro ptipravu topologicky presné definovanych struktur
vytvrzenim exponovaného fotorezistu na pripraveném vzorku a ohranicuje oblasti, které
budou

v nasledujicim technologickém kroku pfedmétem lokalnich operaci.

Zakladem pro vyrobu polovodicovych ¢ipta je monokrystal polovodice (Si, Ge nebo
GaAs) s vysokou cistotou. NejcCastéji se monokrystaly polovodi¢e vyrab&ji pomoci
Czochralského metody (ten ji objevil vroce 1917). Vstupni polykrystalicky kremik
s ptfidavkem malého mnozstvi dopantu, ktery urcuje elektrické vlastnosti vysledného
produktu, je roztaven v kiemenném kelimku a do taveniny je ponofen monokrystalicky
zarodek. Regulaci rychlosti tazeni, teploty taveniny, otacek a ftady dalSich
technologickych parametrii se docili toho, ze atomy kiemiku se postupné zabudovavaji
do presné definovanych poloh v krystalové miizce (100 nebo 111) a tvoii monokrystal o

pozadovaném pruméru (75 mm — 450 mm) a vlastnostech. Vyslednym produktem je
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monokrystal kiemiku (ingot), ktery se po té nafeze na platky tloustky 300 pum (v
budoucnu se planuje 160 um). Kiemikové desky (wafery) jsou legovany borem,
fosforem, arzenem nebo antimonem. Podle odfezanych casti waferu 1ze poznat jeho

krystalografickou orientaci a typ (obr. 2.11).

OO0 C

(111) p-typ (111) n-typ (100) p-typ (100) n-typ

Obr. 5.11: Typy waferu a jejich krystalograficka orientace

Zakladnich pét procesnich kroku je popsano v nasledujicich kapitolach (oxidace,

difuze, iontova implementace, depozice a leptani).

5.3.1 Oxidace

Prvni zakladni procesni krok je rast oxidu nebo oxidace. Oxidace je proces, kdy
dochazi k vytvareni vrstvicky SiO2 na povrchu kifemikového waferu. Oxid nartsta nejen

na povrchu waferu, ale také caste¢né pod povrch kiemikového waferu.

pGvodni povrch
substratu

L 0,44 fox

substrat

Obr. 5.12: Nartst oxidu na povrchu waferu

Typicky 56 % oxidu se nachazi nad pivodnim povrchem a 44% pod pivodnim
povrchem. Tloustka oxidu, oznaovana fox, muze rast pomoci suché (rovnice 2.3) nebo

mokré oxidace ve vodni pafe (rovnice 2.4) a dosahnout tak minimalni hustoty poruch
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Si + H,0 —— Si0, + H,. (5.4)

Tloustka oxidu se pohybuje od jednotek nm u gate oxidua (napf. u I2T100 tox = 17,5
nm) po stovky nm u izolac¢nich oxida (FOX). Oxidace probiha pfi teplotach 700 az 1100
°C a je umeérna tloustce oxidacni vrstvy — za pfedpokladu, ze vzdy probiha po stejnou

dobu.

5.3.2 Difuze

Druhym procesnim krokem je difuze. Difuze je chemicky proces, ktery probiha, je-
li wafer zahtaty na 800-1400 °C (teplota taveni Si je 1415 °C) a je-li vystaven param
dopantu. Atomy dopantu se v tomto procesu pohybuji do oblasti s niz§i koncentraci -
necha se pusobit dotujici plyn tak dlouho, az dotujici molekuly proniknou do pozadované
hloubky. Pro dosazeni vétsi hloubky po difuzi nasleduje rozdifundovani atomu
pfimésovych atomud do hloubky i do Sitky. Celkova hloubka difuze se pohybuje od 0,1
um do 10 um i vice. Na obr. 2.13 jsou dva grafy koncentrace piimési v zavislosti na
hloubce proniknuti pro rizné Casy pusobeni. Prvni obr.2.13a znazomuje graf difuze ze
zdroje s nekoneCnym mnozstvim dopantt a obr. 2.13b zdroje s omezenym mnozstvim
dopanti. Koncentrace Ny je koncentrace na povrchu substratu. S rostouci hloubkou

koncentrace klesa.
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No No
h<b<ls h<b<ls
t b b t b b
0 hloubka —= 0 hloubka —=
a) b)

Obr. 5.13: Zavislost koncentrace pfimeési na hloubce proniknuti pro rizné Casy a) zdroj

s nekoneénym mnozstvim b) omezenym mnozstvim dopantt

Koncentrace Ny u obr. 2.13a je konstantni (nekonecny zdroj dopantti). U obr 2.13b

vlivem konec¢ného poctu dopantil s rostoucim casem a hloubkou klesa koncentrace No.

Pro difuzi je potifebné zajistit vysokou koncentraci, resp. spad koncentrace
difundujici ptimési (P, As, Sb — pfimeési donorového typu v kiemiku, B, Al, Ga — pfimési
akceptorového typu) a dodat potiebnou energii — difiize ptimési probiha v reaktorech pfi

vysokych teplotach.

5.3.3 lontova implantace

Dalsim procesnim krokem je iontova implantace, ktera je velmi ¢asto pouzivana pii
vyrobé komponenti MOS. Pfi iontové implantaci jsou ionty daného dopantu urychlovany
elektrickym polem a zavadény do substratu s cilem zmeénit elektrické vlastnosti. Tento
proces probiha pfi nizkém tlaku. Primérna hloubka proniknuti je 0,1 az 0,6 um a zavisi
na rychlosti
a uhlu nastfelovani iontd do substratu. Uhel nastielovani je volen mimo osu miizky
substratu, aby dochazelo ke kolizim s atomy krystalové mfizky substratu a zabranilo se
tak nezadoucimu kanalovému efektu. Nevyhodou je, ze uhel nastfelovani je pfili§ ostry a
pouzita maska stini nékterym mistim na substratu. Jinou moZznosti jak zabranit
kanalovému efektu je pouziti tlusté vrstvy SiOz, pfes kterou jsou nastfelovany ionty
dopantu. Vrstva SiO2 méni ndhodné€ smér proniknuti dopantu nez pronikne do substratu.
Proces iontové implantace zpusobuje naruseni krystalické miizky substratu a mnoho

implantovanych iontu je tak elektricky neaktivnich. Toto poSkozeni mize byt napraveno
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zihanim pii teploté cca 800 °C. Koncentracni profil implantované pfimeési je znazorneén
na obr. 2.14. Na rozdil od difuze neni nejvétsi koncentrace pfimesi na povrchu, resp. v
misté odkud diftize probihd, ale v jisté hloubce pod povrchem, kterou lze fidit energii

dopadajicich iontt.

2 >

0 hloubka —=

Obr. 5.14: Koncentracni profil implantované pifimési v zavislosti na hloubce proniknuti

Vyhodou iontové implantace ve srovnani s difuzi je precizni kontrola davky
dopantu
(= 5 %), velmi dobra reprodukovatelnost a presné fizeni hloubky. Je tak mozné upravit
prahové napéti tranzistoru nebo vytvaret precizni rezistory. Dalsi vyhodou je, ze iontova
implantace probiha pfi pokojové teploté. Je pouze nutné pii nasledné opravné krystalické

miizky substratu zihanim pouzit vysokou teplotu.

5.3.4 Depozice

Depozice je chemicky proces vyuzivany pro pfipravu tenkych filmu riznych
materiall na kfemikovou desticku. Tenké filmy muzou byt pfipravovany riznymi
technikami - napf. napafovanim, napra§ovanim nebo chemickou depozici z plynné faze
(CVD - Chemical Vapour Deposition).

Pfi depozici napafovanim je material v pevném skupenstvi umistén ve vakuu a
zahtivan (vysokofrekvencni, iontovy ohfev), dokud se nezane vypafovat. Vyparované
molekuly zasdhnou chladny wafer a kondenzuji na povrchu waferu v tenky film. Tloustka
nanesencho filmu zavisi na teploté a na Casu, po ktery probiha napatovani. Tato technika

vyzaduje vakuum.
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NapraSovani lze zrealizovat napf. magnetronovym, iontovym nebo katodovym
zpusobem. Obecné se jedna o nanaseni atomu materialu (Al, Cu) na kontakty Cipu (anoda)
energii, ktera vyrazi tyto atomy z terCe (katoda). Tyto atomy jsou undSeny na substrat
vlivem elektrického pole mezi materialem a destickou. Tato technologie neklade velké
naroky na teplotu a tlak, jako tomu je u napafovani, je fizena napétim a tlakem (neni tfeba
tak vysoké vakuum jako pii napatovani).

Chemicka depozice z plynné faze (Chemical Vapour Deposition - CVD), je
technologicky postup tvorby tenkych vrstev, ktery vyuziva chemické reakce v plynné
fazi. Mlze se jednat o reakce mezi vice prekurzory nebo rozkladnou reakci jedné latky.
Reakéni produkt vytvaii nasledné na substratu tenkou vrstvu. Metoda CVD probiha za
zvySené teploty a vedlejsi produkty chemickych procest jsou odsaty vakuem nebo
odstranény proudem plynu. Obvykle vSak probiha pfi atmosférickém tlaku, ale muze i pfi
nizkém vakuu (oznacuje se LPCVD - Low Pressure CCD). Tento typ depozice se pouziva

predevsim pro vytvareni vrstev polySi, SiO2 nebo SizNa.

5.3.5 Leptani

Leptani je proces odstranéni exponovaného materialu. Ktera ¢ast materialu bude
odstranéna a ktera ne je dano technikou fotolitografie, ktera je popsana v dalsi kapitole.
Na
obr. 2.15a jsou tfi vrstvy materialu - vrchni ochranna vrstva (maska), pod ni se nachéazi

tenky film nanesené¢ho materialu depozici. Spodni vrstva je substrat.

Cilem leptani je odstranit pouze maskou nechranény film. Leptaci proces musi mit
dveé dulezité vlastnosti. Zaprvé selektivitu (S) - leptaci proces musi pasobit pouze na
pozadovanou vrstvu - tenky film a nesmi piisobit na masku ani na substrat. Selektivita
muze byt vyhodnocena jako pomér rychlosti leptani pozadované vrstvy a nepozadované

VIStvy

rychlost leptani poZadované vrstvy

A—B (5.5)

~ rychlost leptani nepoZzadované vrstvy’
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Druhou dulezitou vlastnosti je anizotropie (A). Pozadovana je maximalni
anizotropie, tj. jeden smeér rychlého leptani (hodnota 1). Anizotropie mize byt

kvalifikovana jako

bo¢nirychlost leptani

A=1- _
vertikalni rychlost leptani (3:6)

Ve skutecnosti nelze dosahnout perfektni selektivity ani anizotropie, vysledkem
cehoz je odleptani 1 Casti masky a spodni vrstvy (obr. 2.15b). Rozmér x, ukazuje, jaka
cast masky byla odleptana a xp jaka ¢ast spodni vrstvy (neideélni selektivita). Rozmeér yc
ukazuje podleptani pod maskou - souvisi s neidedlni anizotropii. Mezi materialy (na obr.

2.15 tenky film), které jsou leptany, patii polySi, SiO2, Si3N4 a hlinik.

film

spodni vrstva

spodni vrstva

Obr. 5.15: Proces leptani a) struktura pied leptanim b) po leptani

Existuji dva zéakladni typy leptani - mokré a suché leptani. Mokré leptani vyuziva
chemikalie, které odleptavaji pozadovany material. Kyselina fluorovodikova (HF) se
pouziva pii leptani SiOa, kyselina fosfore¢na pii leptani SizNa. Kyselina dusi¢na, octova
nebo fluorovodikova se pouziva pro odstranéni polySi, hydroxid draselny pro kiemik a
smesi kyseliny fosfore¢né pro odstranéni metalickych vrstev. Mokry leptaci proces je

siln€ zavisly na Case pusobeni a teplote.
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Suché leptani vyuziva ionizované plyny. Vznik a rozvoj suchych leptacich procest
si vyzadala stale vétsi miniaturizace v mikrotechnologiich (a také nanotechnologiich),
protoze mokré leptaci procesy nevyhovuji submikronovym rozmérim (selektivita,
anizotropie). Suché leptani se vyznacuje vybornou anizotropii (nedochazi k podleptani),

a proto se pouziva pro submikronové technologie.

5.3.6 Fotolitografie

Vétsina zakladnich procesnich kroku pii vyrobé polovodicovych €ipt je aplikovana
pouze na vybranou c¢ast waferu s vyjimkou oxidace a depozice. Vybrané Casti lze
definovat pomoci fotolitografie. Zakladni komponentou fotolitografie je fotorezist a
fotomaska, ktera zakryva nékteré Casti pred pasobenim UV zafeni. VSechny 10 se skladaji
z ruznych vrstev, které dohromady vytvareji struktury soucastek. Kazda vrstva musi byt
geometricky definovana. Tyto vrstvy jsou vytvoreny ve velkém méfitku a po té jsou

opticky upraveny do pozadované velikosti na waferu.

svételny zdroj

zareni A = 248 nm

fotomaska

detail

\/

substrat
rozliSeni a =130 nm

Obr. 5.16: Princip fotolitografie
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Minimalni rozmér (rozliSeni), realizovatelny pomoci principu uvedeného na obr.

2.16, je definovan

(5.7)

kde M je rozliSeni, Zje vinova délka emitovaného UV zéfeni, c1 je index zavisly na
konkrétnim zafizeni pro fotolitografii (nabyva hodnot od 0,5 do 1) a NA (numericka
apertura). Numericka apertura vyjadiuje ucinnou svételnost objektivu. Je to bezrozmérné

Cislo, které Ize vyjadrit jako

NA =n-sin(0), (5.8)

kde 7 je index lomu v prostoru mezi cockou a waferem (kterym prochézi zafeni), ©
je maximalni uhel dopadu svétla (viz. obr. 2.17). Plati ¢im vyssi numericka apertura, tim

vyS$$i rozliSovaci schopnost objektivu a vétsi zvétSeni (viz. rovnice 2.7)

wafer

Obr. 5.17: Index lomu v prostoru mezi ¢ockou a waferem
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Fotorezist je organicky polymer, ktery reaguje zménou struktury pii vystaveni na
UV zafeni. Fotorezist mize byt pozitivni nebo negativni. U pozitivniho fotorezistu
exponované Casti se odleptaji (ozafenim dochazi k poruseni vazeb polymernich fetézcit).
U negativniho fotorezistu exponované Casti zustavaji (fotochemickou reakci dochazi
k zesitovani a vytvrzenti).

Prvnim krokem fotolitografie je naneseni kapky fotorezistu na povrch vrstvy, ktera
ma byt vyselektovana. Pti aplikaci fotorezistu je wafer otaCen rychlosti tisice otacek za
minutu, ¢imz je dosazeno rovnomeérného rozvrstveni fotorezistu. Tloustka fotorezistu
zavisi pouze na uhlové rychlosti otacejiciho se waferu. Poté je fotorezist vytvrzen pii
teploté 85 az 90 °C po dobu cca 3 minut (tzv. soft-bake). V dalsim kroku probiha expozice
- ozareni (UV zafenim) fotorezistu pfes masku. Proces expozice a nasledného selektivni
odleptani fotorezistu se oznacuje jako vyvolani. Zbyvajici fotorezist je vytvrzen pfi

teploté 110 °C (tzv. hard-bake).

fotomaska

I I fotorezist polySi

£

leptani

ctlo d) : ,/ 4 4
S WA,
'

A oS

fotorezist polySi

Obr. 5.18: Zakladni kroky fotolitografie pro vytvoreni polySi geometrie: a) fotomaska,

b) osviceni, c¢) vyvolani, d) leptani, e) odstranéni fotorezistu
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Vyse uvedeny obr. 2.18 nazorné ukazuje zakladni kroky fotolitografie, kdy jsou
vytvoreny geometrické tvary ve vrstvé polySi.
5.3.7 Proces vyroby tranzistoru MOS v n-well technologii

Proces vyroby tranzistoru PMOS a NMOS bude ukazan v této kapitole. Jednotlivé
procesni kroky, jako jsou oxidace, difuze atd., byly popsany v predchozich kapitolach.
Ukazka technologického postupu je zjednodusena [2].

Tab. 5.4: Proces vyroby tranzistoru NMOS v N-well technologii

1. | Prvnim krokem je rust tenké

vIstvy Si02 (pomoci fotorezist SiO,

oxidace) na povrchu p- TN

substratu (waferu). Na vrstvu

SiO2 je pomoci depozice D - substrat

nanesen fotorezist.

2. | Litografickym procesem
prvni masky a leptanim se
nad oblastmi ptistich

tranzistora s kanalem P
implementace donord

R R R R R R

odstrani fotorezist a nasledné

SiO2 (za wvyuziti nwell

masky) a iontovou

implantaci se na povrch .
p - substrat

waferu implantuje donor
(prvek s péti  valencnimi
elektrony - fosfor, arsen,

antimon).
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Je vytvofen nwell pro
tranzistor PMOS. V dal§im
kroku se odstrani fotorezist 1
SiO2 a termickou difuzi za
vysokych teplot dochazi
k rozdifundovani donord do
p-substratu.  Po té jJe
odstranén puvodni  SiOo,
nasledné nanesend tenka
vrstvy kryciho SiO» (chrani
substrat pred stresem
zpusobenym rozdilnou
teplotni roztaznosti
kifemikového substratu a
nitridu kifemiku SisNs) a
nanesena depozici po celém

waferu vrstva SizNua.

kI'yCi Si3N4

Si0, \

¥

\ n-well J

p - substrat

Nasledné je nanesen

fotorezist a pomoci
litografického procesu se
odstrani v mistech, kde se
budou nachazet aktivni
oblasti (tranzistory MOS).
Po té se selektivné odstrani i

Si3Ng a zbytek fotorezistu.

fotorezist

U n-well J

p - substrat

Kvuli izolaci aktivnich ¢asti
dochazi v dals§im kroku za
k rustu

vrstvy
(FOX)

pomoci  oxidace
relativné tlusté
izolaénitho  oxidu

v mistech, které nejsou

SiszNy

FOX FOX

p - substrat
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pokryty SizN4 (ten zabraiuje
rastu  oxidu). Rast FOX
zasahuje 1 pod hranice Si3N4
a dochazi k zizeni aktivni

oblasti.

Je odstranén zbyvajici SizNy
a tenka vrstva SiO2 bude
tvorit gate oxid. Pomoci
depozice je po celé vrstvé
waferu nanesen polySi, ktery
je potfebny pro vytvoreni
gate tranzistorli. Naneseny
polySi je silné dotovan kvuli

dosazeni dobré vodivosti.

gate SiO,

“'}4?"‘?4?45;‘:“
F——_FOX

p - substrat

Vyuzitim fotolitogratického
procesu je odstranén polySi a
gate oxid. Je ponechan pouze
v mistech, kde se budou
nachazet elektrody gate.
Néasledné se cely wafer
pokryje  fotorezistem a
pomoci fotolitografie jsou
odkryta mista, kde pomoci
diftze popft. iontové
implementace jsou
vytvoreny oblasti n+ (source,

drain, bulk).

ate SiO;

g polySi
3 =
FOX FOX

p - substrat

Néasledné se cely wafer
pokryje  fotorezistem a
pomoci fotolitografie jsou

odkryta mista, kde pomoci

bulk drain/source

p - substrat

85




diftze popft. iontové
implementace jsou
vytvoreny oblasti n+ (source,

drain, bulk).

Opét se cely wafer pokryje
fotorezistem a  pomoci
fotolitografie jsou odkryta
mista, kde pomoci difuze
popt. iontové implementace
jsou vytvoreny oblasti p+

(source, drain, bulk).

PMOS

NMOS

drain/source bulk drain/source pulk

p - substrat

10.

Cely cCip je pokryt tlustou
vrstvou oxidu. Tato vrstva
byva obvykle boro-fosfo-
silikatové sklo (BPSG), které
ma nizkou teplotu pretaveni.
V mistech, kde se maji
nachazet kontakty, jsou
vyuzitim fotolitografického
procesu a leptani vytvoreny
diry v BPSG. Nasledné je
zbyvajici fotorezist odleptan
a pomoci depozice je
nanesena po celém Cipu
vrstva metal 1 (hlinik popft.
slouCenina hliniku a médi).
Opét pomoci
fotolitogratického  procesu
a leptani zustanou na waferu
pouze pozadované metalové

cesty.

p - substrat
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1.

Pro pfipravu depozice druhé
vrstvy metalu je nanesena
dalsi wvrstva dielektrického
materiallu —  nejCastéji
sendviCova struktura SiO2 +
sklo (SOG) + SiO2. Pomoci
fotolitogratického  procesu
a leptani jsou vytvoreny
v sendvicové struktuie diry
pro mezi-metalické propojky
(via). Stejné jako u vrstvy
metal 1 je metal 2 nanesen
depozici a stejnym
naslednym procesem
zustanou pouze pozadované
spojeni metalem 2. Pokud jiz
nebude nasledovat zadna
metalickd vrstva, je nanesena
ochranna pasivacni vrstva —

Si0; nebo SiNs.

metal 1
AN

metal 2 / pasivacni vrstva

[
[+]

iggp o

AR LY

p - substrat
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