BRNO UNIVERSITY OF TECHNOLOGY

Faculty of Electrical Engineering
and Communication

Department of Foreign Languages

BACHELOR'S THESIS

Brno, 2020 Ondfej Halva



BRNO UNIVERSITY OF TECHNOLOGY

VYSOKE UCENI TECHNICKE V BRNE

FACULTY OF ELECTRICAL ENGINEERING AND
COMMUNICATION

FAKULTA ELEKTROTECHNIKY
A KOMUNIKACNICH TECHNOLOGII

DEPARTMENT OF FOREIGN LANGUAGES

USTAV JAZYKU

COMMENTED TRANSLATION OF A TEACHING MATERIAL
FOR ELECTRICAL ENGINEERING

KOMENTOVANY PREKLAD SKRIPT Z OBLASTI ELEKTROTECHNIKY

BACHELOR'S THESIS

BAKALARSKA PRACE

AUTHOR Ondrej Halva

AUTOR PRACE

SUPERVISOR Mgr. Petra ZmrzIa, Ph.D.

VEDOUCI PRACE

BRNO 2020



VYSOKE UCENI FAKULTA ELEKTROTECHNIKY

TECHNICKE A KOMUNIKACNICH
V BRNE TECHNOLOGII

Bakalarska prace

bakalafsky studijni obor Angli€tina v elektrotechnice a informatice

Ustav jazyku
Student: Ondrej Halva ID: 186513
Ro¢énik: 3 Akademicky rok: 2019/20

NAZEV TEMATU:
Komentovany preklad skript z oblasti elektrotechniky

POKYNY PRO VYPRACOVANI:

Ve vlastnim pfekladu minimalné patnacti stran odborného textu s elektrotechnickym zaméfenim do angli¢tiny
pomoci vhodné metodologie provedte analyzu pouzivanych jazykovych prostfedk(. Zaméfte se na rozdily
a shody ve vyjadfeni odborné informace v obou jazycich.

DOPORUCENA LITERATURA:

Krhutova Milena: Parameters of Professional Discourse, Tribun EU, 2009,
Knittlova Dagmar: Preklad a pfekladani, Olomouc, 2015

Krhutova Milena: The language of electrical engineering as a special province, CERM, Brno, 2007

Termin zadani: 31.1.2020 Termin odevzdani: 12.6.2020

Vedouci prace: Mgr. Petra Zmrzla, Ph.D.
Konzultant: Ing. Vilém Kledrowetz, Ph.D.

doc. PhDr. Milena Krhutova, Ph.D.
predseda oborové rady

UPOZORNENI:

Autor bakalarské prace nesmi pfi vytvareni bakalafské prace porusit autorska prava tretich osob, zejména nesmi zasahovat nedovolenym
zpUsobem do cizich autorskych prav osobnostnich a musi si byt pIné védom nasledku poru$eni ustanoveni § 11 a nasledujicich autorského
zakona €. 121/2000 Sb., véetné moznych trestnépravnich dusledkl vyplyvajicich z ustanoveni ¢asti druhé, hlavy VI. dil 4 Trestniho zakoniku
€.40/2009 Sb.

Fakulta elektrotechniky a komunika¢nich technologii, Vysoké uceni technické v Brné / Technicka 3058/10 / 616 00 / Brno



ABSTRAKT

Tato bakalaiska prace se zamétuje na pieklad skript z oblasti elektrotechniky s cilem ptelozit a
analyzovat odborny text. PfeloZzena skripta budou pak pouzivana k vyuce technickych pfedmétt
se zaméfenim na analogovou technikou. Prace ma dvé Casti. Praktickou cast, ktera prezentuje
kapitolu ze skript pfeloZzenou z ¢eského do anglického jazyka, a analytickou cast, kde je
poskytnut rozbor pielozeného textu, vcetné piikladi, ktery se prevazné zaméiuje na shody a

rozdily ve vyjadieni informace mezi ¢eskym ptivodnim a anglicky pieloZzenym textem.

KLICOVA SLOVA

styl védy a techniky, pieklad, odborny text, tranzistor, zdrojovy text, cilovy jazyk, terminologie

ABSTRACT

This bachelor thesis deals with the translation of a teaching material for electrical engineering
with the aim of translating and analysing a technical text. The translated material will be then
used for teaching in technical classes that focus on analog technology. The thesis has two parts.
The practical part presents a chapter taken from the material and translated from Czech into
English. The analytical part provides an analysis of the translated text along with examples.
The analysis mainly focuses on the similarities and differences in conveying information

between the original Czech text and English translation of the text.

KEY WORDS

the style of science and technology, translation, technical text, transistor, source text, target

language, terminology
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1. INTRODUCTION

There is no doubt in these modern times that the English language has the worldwide status
of a tool used for international communication or lingua franca in other words. This can be
further noted by the fact that English has become important for development and education in
a variety of scientific and technical fields.

As aresult, there is a value to translating texts from Czech to English which are intended to
be used for educational purposes by readers who are mainly assumed to be international
students in technical fields of study, particularly electrical engineering. However, translating a
text that deals with science and technology is generally a complicated task. It requires special
knowledge not only on a technical but also on linguistic level as well from both the translator,
who should be able to transmit the message properly, and the reader, who needs to comprehend
it correctly.

The main concern of this thesis is commented translation of a teaching material, meaning
this paper comments on the possible changes and compares the differences and similarities
between the Czech original and English tranlation. Specifically, a university textbook
concerned with the topic of analog technology has been chosen by the author for two reasons.
Firstly, it seems to be the ideal topic that can be utilized for the purpose of this thesis and
appropriately fits within the scope of the study programme of English in Electrical Engineering
and Informatics. Secondly, it is the author’s familiarity with the subject of transistor theory
which he would like to devote himself to in his future studies of microelectronics.

The thesis is divided into two main parts — a practical part, where the attempt is to translate
the technical text, and an analytical part, where an analysis of the translated text is provided.
The practical part includes the translation of the whole third chapter from textbook Navrh
analogovych integrovanych obvodii. The focus was to translate the text without corrupting the
meaning of the original while keeping its proper style. The analytical part is divided into four
subchapters. Initially, it introduces the style and function of the translated text. Then it describes
stylistic strategies - Parameters of Professional Discourse by Milena Krhutova served as an
inspiration for this chapter. Lastly, the remaining two chapters are dedicated to lexical and
syntactic analysis where many of the problems that occurred during the translation process are

revealed, along with their solutions.

The evaluation of this thesis is provided in the conclusion, followed by the Czech extended

abstract, list of references, and the source text in the Appendix.



2. TRANSLATION

3 Analog model of the MOS transistor

The MOS transistor can be designed by using several simulation models which vary in
the accuracy of describing its real behavior. The simplest model, suitable for hand calculations,
is referred to as LEVEL 1 in SPICE terminology. This model consists of basic parameters, such
as the threshold voltage Vo, the transconductance parameter K' (A/V?), channel length
modulation 4, resistances drain rp and source rs (Q), parasitic junction capacitances, and more.

The description of the model will be the focus of this chapter.

A more complex model, SPICE LEVEL 3, incorporates many phenomena which can be
found in modern technologies. These include e.g.: subthreshold conduction, limited charge
carrier velocity, conduction in the subthreshold region, carrier mobility degradation, and more.
The most advanced BSIM4 model involves other phenomena, for instance residual and reverse

currents, noise equations, and more. This model is included in the latest Cadence design tools.

3.1 Basic parameters of the MOS transistor

The following sections of this material will refer to a variety of parameters in the
equations. Knowledge of these parameters is important for understanding the design of analog
ICs. All the important parameters that will appear in subsequent sections of the materials are
listed in this chapter.

Symbol Parameter description Value Unit
q elementary charge 1.602 - 1071° C

k Boltzmann constant 1.381-10% JK

ni intrinsic carrier concentration (27 °C) 1.45 - 10% cm®

N permittivity of free space 8.854 - 101 F/cm

&g permittivity of silicon 11.7 g, F/lcm

Eox permittivity of SiO, 39 ¢, F/cm

Tab. 3. 1: Relevant physical constants



Basic model parameters of the MOS transistor for hand calculations (LEVEL 1) are
illustrated in Tab. 3.1. Tab. 3.2 represents the typical values for the ONSemi 12T100 (Lmin = 0,7

um) technology. The variance of these parameters caused by the manufacturing process is

expressed by a deviation from the typical value. These deviations must be taken into

consideration during the design of the circuit. In extreme cases, if, for instance, VrtHo is

increased, it can mean that the transistor will not operate in the desired region.

Typical value (12T100)

Symbol Parameter description Unit
NMOS PMOS
VHo threshold voltage (Vs = 0 V) 0.77+£0.12 1.01 £0.12 \Y
K' transconductance parameter 96.3+10 30+3 nA/V?
» bulk threshold parameter 0.78 (*o27 0.565 + 0.55 VV
. 01 (Lmin) Ol (Lmin)
yl channel length modulation (L) vl
0.023 (3x Lmin) 0.027 (3X Lmin)
oF surface bulk potential 0.38 0.38 \
Cox capacitance of the gate oxide 2+0.17 2+0.17 fF/um?
tox oxide thickness 17+1.5 17+1.5 nm

Tab. 3. 2: Model parameters of the MOS transistor along with typical values

Mathematical formulae for each quantity are given in the following paragraphs.

3.1.1 The threshold voltage

The threshold voltage is the voltage which creates a conductive channel between the

source and drain terminals. Tab. 3.2 refers to it as Vrwo. This is the threshold voltage for Vsg =

0V, i.e. when source and bulk are connected.
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Fig. 3. 1: The threshold voltage of the NMOS transistor

The threshold voltage is the sum of flat band voltage Veg, twice the amount of the bulk

(substrate) potential &r, and voltage across the oxide (generated by a charge in the depletion

region).

\/ZQES‘NSUBZ|¢F|
Vrro = Vg + 2|¢pp| + lC ) (3.1)
ox

where Nsug is the substrate doping (of acceptors in PMOS and donors in NMOS).

The flat band voltage is expressed as

Q
Vep = ¢ — ¢F(gate) - C_SS' (3-2)
ox
where Qss Is the oxide charge.
For &r holds true that
br = —n(=22) (33)
F q n;

Capacitance of the gate oxide Cox is given as the ratio of the permittivity of SiO, and
oxide thickness of the gate tox



Cop = —. (3.4)

At low doping concentrations, the threshold voltages of both types of transistors are
slightly negative, and their difference is four times the absolute value of the substrate (bulk)
potential. The threshold voltage of the NMOS transistor increases with a growing doping level.
In case of the PMOS transistor, the trend is opposite (decreasing). The change of the flat band
voltage because of the oxide charge will cause a drop in the threshold voltage if this charge is

positive and a rise in the case of a negative charge.

The given threshold voltage Vo holds true if Vsg = 0 V. Voltage applied to the substrate
affects the threshold voltage of the transistor (the body effect). The voltage difference between
source and bulk (Vsg) changes the width of the depletion region, thus changing the voltage
across the oxide (caused by the changes related to the charge in the depletion region).
Considering these changes, Eg. 3.1 can be adjusted

\/ZqSS'NSUB Clpr| + Vsp)
Vg = Vpg + 2|¢p| + l C : (3.5)
ox

The change in the threshold voltage can be also expressed as

Ve = Vo +v (V2105 ] + Vsg — +/21¢21)- (36)

The dependence of the threshold voltage on the substrate potential y can be

mathematically defined as

2V 2q&siNgyp (3.7)

‘y =
Cox

The response of the threshold voltage Vo to changes of Vsg is shown in Fig. 3.2.
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Fig. 3. 2: The response of the threshold voltage V1o to changes of Vas

If the source-bulk voltage is negative (Vs = -1 V), the threshold voltage increases. If
positive voltage Vsg was applied to the bulk, the p-n junction would be forward biased, and that

could lead to the destruction of the transistor caused by high current.

3.1.2 The transconductance parameter K’

The transconductance parameter K' (in saturation region) is a constant defined by the
technology used to produce the IC. It is dependent on the electron mobility of the channel wuo

and capacitance of the gate oxide Cox

, £ 3,9¢
K" = poCox = to to_x = Ho . (3.8)

ox tOX

In design rules, the parameter K" is usually not expressed directly, but via parameter f. It

IS given as
w
g = K,T' (3.9

Manufacturers provide parameter g for various W/L ratios of NMOS and PMOS

transistors.



3.1.3 Channel length modulation

Chapter 2.1.1 has shown that if the MOS transistor is in the saturation region, the drain
current is constant and independent of the voltage Vps. The drain current will actually not be
constant, and it will be dependent on the voltage Vps. This is caused by the increased width of
the depletion region around the drain area as a consequence of the voltage rise across this
terminal. As a result, the channel length is shortened, and the drain current Ip is increased. Fig.
3.3 shows that the current is not constant, but slightly increases while in the saturation region
(due to the channel length modulation). If the length of the channel L is selected appropriately,
it can reduce the effect of the modulation. A typical example of 4 (the channel length modulation
parameter) response to the length L is shown in Fig. 3.4.

VGS—L_ /= C; A [ L Vos> Ves- Vin Ohrr::aC/;[éir?de Vs = Vs - Vi f:t:g:tion
Tea J, D(Sa’% 5 1 S0, g 9
S - : Metal or IDT
&/ﬁ\—\a — polysilicon
L Induced
n-channel
p - substrate )
Depletion
B J_ region 0

Fig. 3. 3: Channel length modulation

A
v
01t
0,05 L
I—min 2|—min 5|—min ?
[nm]

Fig. 3. 4: The dependence of the channel length modulation parameter on the channel length



The parameter 4 reaches its maximum value by utilizing the minimal channel length
Lmin. It is appropriate to select L > Lmin in applications where a high output resistance of the
MOS transistor is required. It is evident that when L is extended over 3x Lmin, the drop in the
parameter A is already minimal. Therefore, if there is a need to acquire a high output resistance
of the MOS transistor, it is necessary to use more advanced circuitry (cascading, etc.), as

increasing L constantly would be pointless.

An extreme case of channel length modulation phenomenon is the so-called punch-
through, where the depletion regions around the drain and source areas merge into a single
depletion region. The electric field under the gate, as well as the output (drain) current, becomes
strongly dependent on the drain-source voltage. The punch-through effect causes a sharp
increase of the current with the rising of drain-source voltage. This effect is not desirable, and
it increases the output conductivity (decreases the output resistance) and limits the maximum

output voltage of the MOS transistor.

3.2 Large-signal model for the MOS transistor

Fig. 3.5 shows a large-signal model for the NMOS transistor. This model consists of
parasitic junction capacitances, source/drain resistances (typically 5-10 Q), and diodes. These
diodes represent p-n junctions between the source/substrate and the drain/substrate. For a proper
transistor operation, these diodes must be reverse biased. Their purpose is to model leakage

currents.

D

ﬁ o Ceap
||

Ceo I

J, —(%
I o i 1’2_2
UGS\_\ wy ’_({JIGS—“ QHTBD

Fig. 3. 5: Large-signal model for the NMOS transistor
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The current Ip is generally expressed as

W Vps
Ip = KPT (Vgs — VTH) - T] Vps - (3.10)

The MOS transistor can operate in the off, ohmic/triode and saturation region (Chapter
2.1.1). These regions of operation depend on a voltage difference Vgs — V1h. If Vs — VTH IS

equal to zero or negative, the transistor operates in the off region. Eq. 3.10 can be modified as
ID=0, VGS_VTHSO'

In the off region, the MOS transistor acts as an open switch.

3.2.1 Ohmic/triode region

An ohmic/triode model describes the behavior of the MOS transistor at low voltages Vps
(ohmic/triode region). As the name of the model suggests, it describes the MOS transistor in a
region where it operates as a voltage-controlled component. In this case, the transistor can be
modelled as a resistor controlled by the gate-source voltage. In this region, the MOS transistor

can act as a switch in analog and digital applications or as an analog divider.

ohmic/triode
region

!
I’DT 2

DS(sat)

VD S

Fig. 3. 6: Ohmic/triode region of the MOS transistor



For the ohmic/triode region holds true that

0 <Vps < (Vs — Vru) - (3.11)

The point of Ves — Vtn where the transistor enters saturation is termed as Vps(sat).

Thereafter, Eq. 3.11 can be also written as
0 < Vps < Vpssar)- (3.12)

The drain current in this region is given as follows:

w Vi
Ip = KPT [(VGS —Vry) — %S Vps. (3.13)

If the MOS transistor acts as a switch, its ‘‘on’’ resistance depends on the input signal

[4], or more precisely, on the gate-source voltage Ves

Vs 1
Ronnmos = 5lps =

W : (3.14)
KPN T (VDD - VGS - VTH)

As the voltage Vi increases, the voltage Ves is decreased and the resistance of the switch
is increased. If the voltage Vin surpasses the value of Vpp — V1H, Ves is smaller than Vrw, and
the switch is “‘off”” (R = ).

10



Rz

Fig. 3. 7: The MOS transistor as a switch and the dependence of its resistance on the input voltage

In fact, the drain current Ip flows through the transistor even in the subthreshold region.

The resistance of the switch is then given as

1 1

Ropp = —=7—7""—.
orF iD/1 ileakage/l (3'15)

3.2.2 Saturation region

At first, the current Ip grows linearly with the voltage Vps (the ohmic/triode region), then
it reaches its maximum. According to Eq. 3.13, the current can keep dropping and possibly even
become negative. When in maximum, the charge density at the end of the channel in the drain
is zero and changes its polarity as the drain current decreases. The inversion layer charge is
approaching zero and changes its polarity as the holes accumulate at the junction. These holes
cannot contribute to the drain current, because the drain/substrate p-n junction is reverse biased,
and the holes are not able to enter the drain area. Therefore, the current reaches its maximum
and proceeds to retain the same value even when the drain-source voltage is further increased.
This behavior is referred to as the current saturation. In this region, the MOS transistor is mainly

used in amplifiers.

11
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14 ,
PSsa)  region

Vos

Fig. 3. 8: Saturation region of the MOS transistor

In this region, it holds true that

0 < (Vgs = Vru) < Vps. (3.16)

As the voltage Vps increases, the current Ip does not. Assuming that Vps = Vpssat), EQ.

3.13 can be then modified as

1 14
ID = EKPT (VGS - VTH)Z. (317)

This equation 3.17 is valid for the ideal model. As was mentioned in Chapter 2.1.3, this
current does not rise anymore because of the channel length modulation. Therefore, it is
possible to expand Eq. 3.17 by adding the parameter A and the voltage Vps. However, this
voltage is not the same as the voltage Vps sat) (the voltage which forms the boundary between

the ohmic/triode and saturation regions), but it is the actual drain-source voltage.

1 w
Ip = EKPT (Vs — Vrr)?(1 + AVpg). (3.18)

Ideally, the dynamic output resistance of the transistor rou is infinite (Alout = 0). In the

real case, it can be expressed by using the parameter 4

1

Tout = m (319)

12



To increase output resistance rout, it is necessary to decrease the parameter /1 (by extending
the length L — Chapter 2.1.3).

3.3 Small-signal model for the MOS transistor

The large-signal model enables to calculate a DC operating point. The purpose of a small-
signal model is to set the parameters of the transistor (amplifiers, etc.) for very low AC input
signals [3]. The small-signal model for the MOS transistor is a linear model that facilitates hand
calculations. It is only valid in those regions where the voltage and current can be represented
by a linear characteristic. This chapter will focus on deriving of the formulae for the small-

signal model in the saturation region.

D I
G g D D
I l o——o0 * )
G o Vgs gmvgs$$ I'ds J/ Vds
AN ¥ I |
S

Fig. 3. 9: Simplified small-signal model for the NMOS transistor

Fig. 3.9 shows the small-signal model for the MOS transistor at vps = 0 V (with the
source-bulk connection). The output current Ip is the product of the transconductance gm and

voltage vgs.

The transconductance gm describes the response of the output current Ip dependent on
the voltage applied to the gate Vgs at a constant voltage Vps

68l
T Vg

Im (3.20)

Vps=const.

Eq. 3.17 shows the definition of the current Ip. The transconductance gm can be acquired

by deriving this equation with respect to Vgs as

13



w
Im = KPT Ves — Vru)- (3.21)

Eq. 3.21 also shows the dependence of the small-signal parameters on the operating point

derived from the large-signal model.

Substituting Ves — Vru from the equation for Ip (Eg. 3.18), another formula for the

transconductance gm is obtained:

w w
I = jZKPTID(l + AWp) = \]ZKPTID. (3.22)

The last equation for the transconductance gm can be obtained by substituting W/L. This

formula does not include any technological constants:

21,

_ 323
Ves —Vru (3.23)

Im =

Three equations for the transconductance gm were given. The question that remains is
when gn is dependent on Ip and when on the square root of Ip. After re-examination of the other
parameters in the given equations, the answer is clear. During the measurement of the results,
when the value of W/L is fixed and cannot be changed, it is Eqg. 3.22 that predominates, i.e. the
dependence on the square root of Ip. If the W/L ratio of the transistor is increased twofold
(2WIL), the transconductance gm grows by 41%. However, during the design process, the
designer can set Ves — VtH to a fixed value, e.g. 0.2 V. The transconductance gm will then be
directly proportional to the current Ip (Eq. 3.23). If the current Ip doubles in size, the
transconductance gm doubles too.

For resistance rps (resistance between the drain and source) holds true that

1 1+ AVps

1
= = — = . 24

IR

14
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Fig. 3. 10: Small-signal model for the MOS transistor without the source-bulk connection

The MOS transistor can be controlled by the bulk as well. Though this is potentially
dangerous in terms of the polarization of the bulk-channel junction (normally it is reverse
biased). Most of the time, these situations are solved by adding more circuits. Fig. 3.10 shows
the small-signal model for the MOS transistor without the source-bulk connection. Here the
current Ip is defined not only as the product of gm and vgs, but the current which is defined as
the product of gmns and vps is also added to it. The transconductance gmbs that describes the

response of the current Ip to changes of the voltage Ves is given as

olp 4

g = =g .
"5 Vg U™ 2 2m + Vgl

(3.25)

From the typical values illustrated in Tab. 3.2, it is possible to deduce that the

transconductance gmos IS many times smaller than the transconductance gm.

3.4 The MOS transistor regions of operation

In many amplifiers, the MOS transistor operates in saturation, i.e. Vps is bigger than

Ves — V. When looking at the dependence of the drain current Ip on the voltage Vgs, three
different regions can be observed. One of the most important design parameters is selecting the
Ves — VTn difference. This difference basically determines which region the MOS transistor
will operate in. For averagely large currents, the MOS transistor operates in the strong inversion
region (the most used one). In a region of low currents, the transistor reaches all the way to the
weak inversion region. This region is important for portable and low voltage applications and

circuits. The current changes exponentially in response to Vgs. If the operating point of the

15



MOS transistor is set to the maximum possible value of the transconductance (e.g. RF
applications and low-noise applications), then the current density of the channel is high, and
the transconductance of the MOS transistor is limited by velocity saturation of charge carriers.

All three regions are marked in Fig. 3.11.

A weak ! strong
inversion inversion
region region

velocity
saturation
region

0
o |

: : —
0 (Vas- Vitdmin (Ves- Viddmax Vgs
=02V =05V

Fig. 3. 11: The dependence of the MOS transistor regions of operation on the voltage Vgs

For the 350 nm technology, the typical boundaries of the regions are (Ves — VTH)min =
0.2V and (Ves — VTH)max= 0.5V (safe). With the latest technologies, the velocity saturation region
progressively approaches the value of Vgs — Vrn = 0.2V. In these technologies, it brings more
complexity into the formerly clear models of each region (Fig. 3.11).

3.4.1 Weak inversion region

A huge portion of the weak inversion region is located just below the threshold voltage
VTh. It is a region where the current changes exponentially in response to the voltage Ves. It
holds true that

W () (3.26)
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where Ipg is a process parameter which is also dependent on Vgs and Vh, n is the subthreshold

slope factor (typically has a value of 1-3).

The transconductance in this region is given as

IDsi

Imwi n (kT) : (3.27)

Absolute values of the current in weak inversion are very small, and a problem with
noise occurs here. Furthermore, the transistor is slow at weak inversion currents. Although,
there are fields where a problem with a small signal/noise ratio or low velocities is not the main
issue, and other features of circuits operating in this region come into use. These fields are

mainly biomedical applications and very weak-signal measurements.

3.4.2 Strong inversion region

The operating point is mostly selected at the strong inversion region because it is a good
compromise between current efficiency and speed. For this region, the formulae presented in

Chapter 2 for the saturation region are valid.

During the design, two variables must be determined for each transistor in the signal path.
They are the channel length L and the Ves — Vrn difference. A simple MOS transistor can
achieve large gain by choosing long channel length L (routincreases — Eq. 3.16) and a small Vgs
— Vrh difference (large gm — Eq. 3.23). This choice can be used in all applications where the
deciding parameters are large gain, low offset voltage, and low noise. Operational amplifiers

are primarily predominant among these applications.

Conversely, a short channel length L and a big Ves — Vtn difference are chosen in
applications where the speed is important. The result will be transistors which are smaller in
size and faster (small parasitic capacitances), applicable in RF applications, low-noise
operational amplifiers, oscillators (VCO), etc.

None of these variables can be decided by the equations; they must be selected at
beginning of the design. This compromise is one of the most fundamental compromises in

analog CMOS design. To put it simply, the gain and the speed oppose each other.
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High gain High speed

Ves — V1H low (0.2 V) high (0.5 V)

L long short

Tab. 3. 3: The compromise of selecting the channel length L a Ves — VTh.

The value of Ves — V indirectly sets the gm/lps ratio. Setting Ves — VtH Or gm/lps is

basically the same choice.

3.4.3 Velocity saturation region

If the value of Vas — VH rises over 0.5V, the transistor enters the velocity saturation
region. In this region, most of the carriers pass through the channel at maximum velocity. As a
result, the current will grow linearly with rising potential (Vgs), and the transconductance stops

increasing (Fig. 3.11).

Due to high electric field strength in the channel, the charge carriers reach their maximum
velocity. The velocity is affected by the collisions between the carriers in the channel, and its
average value is around 107 cm/s (vsar). It is possible to describe the linearization of the current

in the velocity saturation region by parameter O (theta) — carrier mobility degradation

KP W
Invs =~ Wos = Vra). (3.28)

The parameter @ is dependent on the channel length

gt L 3.29
T 2n vy (3.29)

Eqg. (3.28) can then be adjusted
Ipys = WCoxVsae (Vgs — Vrp). (3.30)
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The transconductance gm, which is derived from the current, is expressed very simply,

and it is not dependent on the channel length L anymore

Kp W
- T = WCOXvsat. (3'31)

Imsat = 7

In this region, the transconductance reaches the highest (absolute) values that the MOS
transistor can achieve. The gm/W ratio is dependent only on the technological parameter Cox and
the physical parameter vsat. It does not even respond to Vgs; it is constant. Therefore, this region
is not utilized by the analog designers. The transconductance does not grow any further, but the
current consumption does. Hence, the highest values of Vgs which are used in practice, are only

located near the junction boundary of the velocity saturation region.

The junction voltage Ves — V1H for the strong inversion region and the velocity saturation region
can be easily calculated. It is necessary to compute the transconductances gm for both regions
in a way that they would be equivalent. The resulting Ves — Vrn will be equal to the value that
marks a boundary value between both regions. The resulting value is

1 Usat
(Ves — Vrudvs = 7 = 2nl w (3.32)

©)

The parameter @ reaches large values for nanometer technologies. For 190nm
technology, the boundary value of Vgs — VTH is ~0.62V. It is still possible to use the strong
inversion region model, and a relatively precise value of the transconductance gm can be
acquired through having a low value of the coefficient ©. Then there are the 90 nm technology
transistors that operate in the velocity saturation region, and the parameter © reaches values
that are no more possible to be omitted.

3.5 The MOS transistor — parasitic capacitances

Parasitic capacitances of the MOS structure begin to play an important role during the
increase of operating frequencies. These capacitances must be added to capacitances within

each node of the circuit where the MOS transistor is connected [6].
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Fig. 3. 12: The parasitic capacitances of the MOS structure

Fig. 3.12 depicts the most important capacitances of the MOS structure are shown. The
capacitance of gate oxide Cox is the most crucial one, and it controls the current of the MOS

transistor. The total capacitance of the gate oxide is

Coxt = Cgs + ng- (3.33)

The size of the parasitic capacitances Cgs, Cga @ Cgp depends on the operating region of
the MOS transistor.

D Cap
Cga | Cab H
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Cgs Csb S
O - - A _d
Cop O

Fig. 3. 13: Small-signal model for the NMOS transistor with parasitic capacitances

In the ohmic/triode region, the whole channel is uniform (Fig. 2.4) between the drain and

source; that is why the capacitances Cgs a Cyq are equal
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1 1
Cos = Cga = 5 WLCox + CoxWlp ~ 5 WLCox, (3.34)

Cyo ~ 0. (3.35)

If the MOS transistor is pinched-off on the drain side while in the saturation region (Fig.
2.5), the capacitances Cgs a Cgq Will not be even at that moment

2 2
Cys = §WLCOX + CoxWLp = §WLCOX, (3.36)
ng = COXWLD = O , (337)

Cyp = 0. (3.38)

No channel is created in the off region (Fig. 2.3), therefore

Cs = Cgq = CoxWLp = 0, (3.39)

Cgb == WLCOX . (340)

From the given equations it is apparent that the largest total parasitic capacitance is in the
off region and the ohmic/triode region. In contrast, the lowest one is in the saturation region.
As it is evident from these equations, the total parasitic capacitance can be affected by altering
L and at the same time, regulate the speed of the transistor this way (Chapter 3.4.2). If L rises

at the given WI/L ratio, so does W (their ratio must remain the same).

21



3. ANALYSIS OF THE TEXT

3.1.Functions and Style

The source and translated text are written in the style of science and technology. With regard
to the subject matter, the translation is centred around the electrical engineering field of study.
Specifically, it focuses on transistors. In compliance with Brown and Yule’s (1983) division of
language functions, it can be said that the function of this material is transactional. The
transactional language primarily aims to convey factual and propositional information.
Essentially, grasping the content in this type of technical text largely depends on its designated
audience. Because the translated text is both technical in nature and uses language to transfer
information, it implies that the target group of readers are experts (or students) who possess
both systemic and schematic knowledge. To expand on this, systemic knowledge is important
to decode the language itself (whether it is the Czech original or English translation), while
schematic knowledge enables “to decode the specific information in spite of the fact that the
information is implicit and all terms used in it cannot be defined explicitly”(Krhutova, 2009:
29).

Subsequently, educated readers give the author of technical texts the freedom to be implicit,
rather than explain everything explicitly and possibly risking the text to become overwhelmed
with descriptions. As Knittlova (2010) specifies, the main function of this style is to pass an
idea in an accurate and relatively complete, yet concise manner. It can be mostly found in a
written form (e.g. theses, dissertations, research papers), which is similar to the style of
administration; however, the form is first and foremost monological. For a reader to
comprehend the text, Knittlova (2010) says, basic features typical for this style must be included
and to a greater or lesser extent be respected in all languages. These are objectivity, coherence,
impersonal and logical constructions, non-emotionality, unambiguity, density, exactness, and
the use of passive voice. Some of these features may blend with each other. For instance,
objectivity can be achieved by using impersonal constructions and passive voice (see Chapter
3.4). Coherence and unambiguity are achieved by utilizing logical constructions and cohesive

devices.
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3.2.Stylistics Strategies

3.2.1. Cohesion

Within the purview of stylistic strategies, Krhutova firstly mentions cohesion. Cohesion
ensures that a text is linked and consistent, thus hugely constituting to the coherence, which is
crucial in understanding the message, and basically making them inseparable (Zmrzla, 2013).
Cohesive devices can be divided into structural and non-structural which then further divide

into lexical and grammatical cohesion.

Lexical cohesion is “achieved by selection of vocabulary” (Halliday & Hassan, 1976: 274)

and comprises of 2 classes:

a) Reiteration has additional 4 subtypes:
1) repetition (or same word), e.g. rezim and oblast are both repeated as region in
the translation;
2) synonym (or near-synonym), e.g. bulk and substrate refer to the same thing;
3) superordinate (or subordinate), e.g. saturation region is a specific operating
region;
4) general word, e.g. phenomena can be considered as such in the scientific prose
style;
b) Collocation which “are achieved through the association of lexical items that
regularly co-occur” (Halliday & Hassan, 1976: 284), e.g. to apply voltage, reverse bias.

Reiteration is extensively utilized in the translated text, and the problem associated with the

selection of the same uniform vocabulary is dedicated to in Chapter 3.3.

Grammatical cohesion is based on context and comprises of 4 classes:

1) References are items in every language which have the property of reference,
“indicating that information is to be retrieved from elsewhere” (Halliday & Hassan,
1976: 31). Exophora refers to something concerned with the context of the situation.
Endophora may be either anaphoric (a reference to the preceding text) or cataphoric (a
reference to the following text). The only references found in the text are anaphora,
mainly through the definite article the;

2) Conjunctions join sentences together and determine the relation between them, e.g.

and, but, or, so;
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3) Ellipsis is replacing one item with nothing;

4) Substitution is replacing one item with another.

According to Urbanova (2008), substitution and ellipsis incline towards vagueness and
ambiguousness and are, therefore, typically found in spoken and informal communication,
rather than in technical texts. However, to stay true to the translation and also because the
retrievability span allows it, three instances of substitution can be found in the translated text,

with one illustrated as follows:

Fig. (3.12) depicts the most important capacitances of the MOS structure are shown. The
capacitance of gate oxide Cox is the most crucial one, and it controls the current of the MOS

transistor.
3.2.2. Signposting and Hedging

Another stylistic strategy that Krhutova (2009) classifies are signposting and hedging.
Signposting enables the writer to arrange the text chronologically and logically, which is
important in scientific and particularly electrical engineering texts. In both languages, this
strategy can be found in the form of connectors referring to previous or following topics. An
example of signposting is shown as follows:

As was mentioned in Chapter 2.1.3, this current does not rise anymore because of the

channel length modulation.
Mathematical formulae for each quantity are given in the following paragraphs.

The next strategy is hedging which are “expressions we use to indicate that what we're
saying may not be totally accurate [...] their usage is connected with the habit common among
native English users and that is the preference of indirect expression of one’s ideas.” (Krhutova,
2009: 89) Hedging expressions are more frequent in social sciences, where results cannot be
always verified by exact results. However, they can be present in exact sciences as well, only
not as much. Overall, hedging in the text is primarily found in the form of modal verbs. In the

translated text it is mostly can which expresses ability or possibility.

The MOS transistor can operate in the off, ohmic/triode and saturation region (Chapter
2.1.1). (ability)

If the length of the channel L is selected appropriately, it can reduce the effect of the

modulation. (possibility)
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Other modal verbs are would, indicating condition and could, implying lower certainty.

Their occurrence is very low; would is used only three times and could even once.

If positive voltage Vsg was applied to the bulk, the p-n junction would be forward biased,

and that could lead to the destruction of the transistor caused by high current.

Technical texts regularly describe cases where conditions have to be observed. Such cases
in the English language are, normally, indicated by should. Instead, to stay true to the original
again, a similar, yet stronger, i.e. hinting higher certainty, modal verb must is used for that. As

a result, no should expressions are used in the translation.
If L rises at the given W/L ratio, so does W (their ratio must remain the same).

Other typical hedging expressions like may, or that clauses (e.g., it might be suggested, it

could be that, ...) do not appear at all, and adverbs, such as usually or generally are used slightly.

3.3.Lexical Analysis

This material’s target audience are primarily, although not necessarily, the students of
electrical engineering or other technical fields. This is an important factor as there appears
another very distinctive feature typical for scientific writing, which serves an important role in
the comprehension of the text, i.e. terminology. According to Krhutova’s definition,
terminology ‘‘is a lexical entity creating superior inner coherence in such texts as they describe
conceptual systems. Terms of a specific discipline create its terminology and they associate the
schemata of professional language. The term is a lexical unit whose function is to define a
concept precisely, a phenomenon, an entity, which is a rather concrete matter in technical
sciences’’ (2009: 107). Both the source text and translated material have a frequent occurrence
of electrotechnical terms specific for the electrical engineering field of study, compounds in
particular (e.g., threshold/gate-source/source-bulk/drain-source voltage, transconductance
parameter, saturation/ohmic/triode/off region). Typically, the density of technical vocabulary
is very high in the style of science and technology. It is its very distinctive quality when
compared to other functional styles.

Additionally, as noted by Urbanova (2008), English terminology adapted many terms either
from Latin or Greek, and in English for electrical engineering, this is not just seen in the names
for qualities and phenomena but also in their symbols, for example, the parameter O (theta),

and units of measurement, for instance, um (micrometers), Q (ohms). Because of that,
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understanding them can prove to be a challenge for an uninitiated reader and sometimes even
the target recipient. Nonetheless, because the readers will be mostly students possessing the
necessary schemata, i.e. the specific technical knowledge and knowledge of electrical
engineering, along with their professional experience of the subject, they should be able to
interpret the electrotechnical expressions present in the material appropriately (Krhutova,
2009).

As it is expected in technical texts, the terminology utilizes words that are mostly non-
emotional. Knittlova (2010) claims that the rare usage of interjections and words lacking
emotion is what contributes to suppressing emotionality and expressiveness. Equally important,
non-emotionality and expressiveness are closely related to objectivity which Krhutova
(2009:45) declares to be “the essence of technical sciences as they deal with phenomena that
are possible to verify either in mathematics or by experiments. There is a little space left for the
subjectivity in opinion, which could be perceived as a synonym for unreliability.” Ultimately,
the presence of expressive terminology in the source and translated text is very low — one of the
few instances can be, for example, the punch-through effect (this term is exploited by Czech
since there is no equivalent for it) that radiates a certain amount expressiveness. It is generally
somewhat acceptable to name phenomena with undesirable effects or consequences in this way.
They express motivation to avoid them (Knittlova, 2010).

While translating from the source language, it became apparent that selecting appropriate
and consistent vocabulary is essential, because lexical distinctness allows for a smooth and clear
understanding of sentences. Also, terminology is, as mentioned above, relevant in professional
scientific translation. After all, special lexis is a significant characteristic of the style of science
and technology. and the vocabulary is stereotyped. For this stylistic variety, this fact is not
considered to be a negative attribute, though. There is an almost zero occurrence of synonyms
as the style uses them so rarely (Krhutova, 2007). Because repeating the same term is regarded
to be acceptable and adequate (Knittlova, 2010), in order to achieve that in the English text, the
terminology incorporates a lexical cohesion class of reiteration, mainly in the form of repetition,
i.e. using the same word, for almost every quantity, phenomenon, and quality, unlike the text
in the source language, which sometimes uses synonyms when referring to the same thing. As
a result, the English translation is nearly absent of them.

Given that a lot of specific technical, in this case electrotechnical, terms that appear in the
Czech text do not have many, if any synonyms, for instance, components or parameters like
tranzistor, napeti, and proud (excluding jargon where terms like voltaz and amperdz are present

but unwanted in technical texts), they could be easily translated as transistor, voltage, and
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current, in their respective order. These terms are unambiguous, and they posed no problem in
the translation process. However, as Lipka states, it is possible for different linguistic means to
denote the same extralinguistic object. There tends to be no clear-cut borderlines or distinctions
in the extralinguistic world. “The lines between certain categories are only drawn in a specific
language” (1992: 49). This concerns the more general terms, such as oblast, rezim, or vrstva.
The difficulties arising from this fact were challenging. Since terms like this have been
frequently repeated in the original text, it caused a dilemma while choosing the most appropriate
translation for them. Upon searching for the right translation equivalent of this rather general
terminology, the issue presented itself in the form of a translation procedure called convergence
where equivalents from the source language are both represented by one single term in the target
language.

An example of convergence dilemma encountered during the translation is shown here, cf:

Czech.: pracovni reZim / oblast

English.: operating region

For clarification, although it may seem that the problem here might not exactly be
considered to be the convergence as operating region is not the only possible option in English
when translating pracovni rezim and pracovni oblast (operating regime can also be suggested),
the aim here was to find a term that converges the two into a single word, thereby the vocabulary
can conform to the style. A possible solution to this is choosing a word with the highest number
of occurrences in the professional discourse. In this case, converging rezim and oblast to region
would be the more favoured alternative.

Another similar case emerged with vrstva, cf:

Czech.: depleticni vrstva / region

English.: depletion region
Again, region was selected over layer as a result of a higher number of occurrences.

Nonetheless, there was also a variety of other complications that demanded to be
approached differently. Apart from synonyms in the Czech text that had to be unified into one
word for the translation, a problem of opposite nature was also encountered where, as Lipka
explains, “the same referent may be designated, or referred to, by means of a variety of different
words. The choice of words with a different meaning depends on the speaker and his intentions”

(1992: 51). To solve this issue sometimes required different solutions than those mentioned. In
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this case, the form of translation technique adopted here is termed as divergence — the source
term in question has two or more possibilities for how to be expressed in the target language.
Let us look at an instance concerned with divergence, cf:

Czech.: linearni rezim

English.: linear / ohmic/triode region

Unlike in the previous example, a term with a fewer number of occurrences, which is
ohmic/triode region, was chosen for the translation. The reason for this intentionally selective
decision here is rather simple. It is the more preferred terminology in the technical course which
teaches the transistor theory.

Probably the most misleading terminological problem was translating the term odpor
which can be interpreted as follows, cf:

Czech.: odpor

English.: resistor / resistance

Under different circumstances, odpor can indeed refer to an electrical component and thus
be translated as resistor, whereas in this case, it would be a mistake because it actually indicates
a quantity, or more precisely, a property of the transistor. Therefore, the correct designation is
resistance.

Another interesting aspect that can be also observed in the Czech text are English loan-
words. “The fact that English is the leading language in electrical engineering, and therefore
even some English words are used in Czech as loan-words for electrotechnical terms, enables
even Czech students whose English competence is comparatively low, to follow the lexical
cohesive chains and thus to comprehend the information delivered in English”(Krhutova,
2007:66). The source language contains many borrowed words that amplify its terminology and
have certainly facilitated its translation. These words have a similar form and hold the same

meaning as the target language. For this reason, it is possible to identify them easily, e.g.:
drain current/proud drainem;
depletion region / depleti¢ni region;

oblast inverze / inversion region, and more.
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Abbreviations are quite common in technical texts as well and serve an important role. The
discussed Czech and English texts are no exception, and abbreviations can be found in both of
them.

Here are examples from both versions, cf:

Czech: Vysledkem budou rozmérove mensi a rychlejsi tranzistory (malé parazitni kapacity),
pouzitelné pro RF aplikace, nizkosumove operacni zesilovace, oscilatory (VCO)
atd.

English: The result will be transistors which are smaller in size and faster (small parasitic

capacitances), applicable in RF applications, low-noise operational amplifiers,
oscillators (VCO), etc.

Because these abbreviations are used in Czech and originate in English (RF — radio
frequency, VCO — voltage-controlled oscillator), they can be also considered as an example of
borrowing.

In the English text, there is also a case when abbreviation was employed instead of a word,
cf:

Czech: Model pro oblast velkych signalii umoziiuje vypocet stejnosmérného pracovniho
bodu. Malosignadlovy model je urcen pro stanoveni parametri tranzistoru (zesilovace apod.)
pro velmi malé stiidavé vstupni signaly [3].

English: The large-signal model enables to calculate a DC operating point. The purpose of
a small-signal model is to set the parameters of the transistor (amplifiers, etc.) for very low AC

input signals [3].

Here, the abbreviations DC (direct current) and AC (alternating current) have been used
because they are the corresponding equivalents for their Czech counterparts and are much more

common in English.

3.4.Syntactic Analysis

On the one hand, popular scientific literature tries to explain technical complexities in an
interesting manner, using the devices of the colloquial and journalistic style to appeal to most
people and making the structure of the text richer. On the other hand, the syntax in the style of
science and technology is, as Krhutova (2007) notes, fairly monotonous. The regarded approach
of the style is to simply present information objectively. Moreover, subjectivity is rather
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extraordinary in this style although writers occasionally expressing their own opinion is nothing
unheard of. This to a great degree manifest itself in the form of impersonal structures where the
personality of the author is suppressed, and the main attention is given to the description of
phenomena, data, and facts (Knittlova, 2010). As a result, English scientific texts, especially in
exact sciences like electrical engineering, widely utilize sentence construction with the passive
voice. It is no wonder that according to Duskova’s statistic, which is mentioned by Knittlova
(2010), the share of passive forms in the technical style is about as much as 20 %, whereas, in
a usual informal dialog, it is only 3%. Additionally, the occurrence of the general subject one
and personal pronouns is also very rare, atypical even. In comparison to technical texts in
English, Knittlova (2010) comments that the Czech didactic style maintains a reasonable
balance between both impersonal and personal expressions. Mainly the tendency to use we is
seen as nothing unusual — research is mostly done in teams anyway. Nevertheless, the first thing
which the reader might notice in the source text, and maybe even find surprising, is that the
structure is predominantly impersonal, and personal expressions that could be translated as we
or one were not detected even once. The possible reason for this may be perhaps caused by the
fact that the author of the Czech textbook drew information from English technical literature,
hence the source text is affected by some of its syntactic rules. As a result, both texts share
basically the same level objectivity and impersonality. Furthermore, the amount of content in
both versions seems basically identical as well since there were not any cases in the source text

where it might have been necessary to add or omit information.

Besides the impersonality aspect, another striking feature in technical style is the logical
continuity accompanied with precise wording. This is partly achieved by the linking words,
such as therefore, furthermore, however, and many more, which tend to be very beneficial for
the recipient. They help to link the sentences and paragraphs together, combine ideas, and thus
ensure that they are elegantly connected. Their high degree of formality is one of the typical
style markers in the language of science and technology.

An additional factor is also the structure of the sentence itself. Knittlova (2010) outlines the
reoccurring impersonal pattern initially described in The structure of technical English by A. J.
Herbert which is important to express the facts and ideas in the technical texts. The typical
sentence formula of the style of the science of technology found in modern texts is defined as

follows:

ITIS+ADJ+TO + INF
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This pattern with formal subject it often replaces long descriptive subjects used in Czech.

Here are a few examples, cf:

Czech: Linearizaci proudu v oblasti saturace rychlosti nosicii je moiné popsat parametrem
O (theta)...
English: It is possible to describe the linearization of the current in the velocity saturation

region by parameter @ (theta)...

Czech: Pro aplikace, kde je vyzadovan vysoky vystupni odpor tranzistoru MOS je vhodné
zvolit L > Lmin.

English: It is appropriate to select L > Lmin in applications where a high output resistance
of the MOS transistor is required.

Despite the fact that the formula is considered to be typical for the scientific style, the
occurrence of this pattern in the actual translation seems relatively not as frequent as one would

expect. Only around eight instances in total have been found.

Another similar impersonal formula is:

IT IS + ADJ/Vpp+ THAT

Czech: Z uvedenych rovnic vyplyvd, Ze nevétsi celkova parazitni kapacita je v rezimu
zahrazeni a v linearnim reZimu.

English: From the given equations it is apparent that the largest total parasitic
capacitance is in the off region and the ohmic/triode region.

This second formula appears even less frequently. Only two cases have been found.
Therefore, this may seem rather unconventional for technical texts, although the possible
explanation can be that the translator has not found many chances to use them. This is could be
further solidified by the fact the author of the English translation is not a native speaker. Unlike
him, the native speaker would perhaps find more opportunities to put the impersonal formulas

into use.

With regard to the first two examples employing the first formula, when we compare them,
it can be noted that while the pattern can be applied in both languages, there is a difference
observable in the change of the word order. This is a contrast to the second formula, where the
structures of both sentences match one another. Another instance where the word order of the

source and translated texts could not stay the same is provided here, cf:
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Czech: Proto pokud je potreba dosdhnout velmi vysokého vystupniho odporu tranzistoru
MQOS, nemd vyznam neustdle zvySovat L, ale je potieba vyuZit pokrocilejsi obvodové zapojeni
(kaskodovani atd.).

English: Therefore, if there is a need to acquire a high output resistance of the MOS
transistor, it is necessary to use more advanced circuitry (cascading, etc.), as increasing L

constantly would be pointless.

These changes of the word order in the translation sometimes seemed necessary because
of the discrepancy in the theme and rheme structure which also play an important role in the
logical continuity of a sentence. In Czech, the theme, which is the carrier of already known
information, comes first, and the rheme, which provides new information, is placed at the end.
Besides, most of the sentences do not begin with a subject but with an adverbial (of time, place,
manner), because the rules respecting the word order are more relaxed. Compared to that, the
English language cannot always imitate this theme and rheme placement during the translation,
as it has rather stricter rules, following the subject-verb-object order. Curiously enough, the
tendency of the English technical style to follow the word order lead to circumstances where
the adverbial, which is used in the Czech language very often, becomes a noun in order to serve
as an impersonal subject at the beginning of the English sentence. And this is seen in the

translated text as well.

Czech: V tab. 3.2 je oznacovdno jako Urho.

English: Tab. 3.2 refers to it as VrHo.

Czech: V kapitole 2.1.1 bylo ukdzdno, ze pokud se nachazi tranzistor MOS ...
English: Chapter 2.1.1 has shown that if the MOS transistor ...

Czech: Na obr. 3.5 je model tranzistoru NMOS pro oblast velkych signalii.

English: Fig. 3.5 shows a large-signal model for the NMOS transistor.

The use of active voice in this way can be considered an alternative to the impersonal
formula and could be further regarded as an additional reason for its low frequency of

occurrence.

Usually, because the Czech is more casual about the word arrangement, it can convey
complex ideas in one long sentence. Even though long sentences are not so exceptional in

English scientific texts, the language needs to be, at times, appropriately adjusted by splitting
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one sentence into two to make sure that the idea from the original is conveyed the same way
into the translation. This is very important, otherwise the result could become a confusing word
cluster for the reader and the meaning would get lost.

Czech: S nejmodernéjsimi technologiemi se oblast saturace rychlosti nosicii stale vice
priblizuje k hodnoté Ugs — Ut = 0,2 V, coz v téchto technologiich prindsi vetsi slozitost do
drive jasnych modelii jednotlivych oblasti (obr.3.11).

English: With the latest technologies, the velocity saturation region progressively
approaches the value of Vs — Vtn = 0.2V. In these technologies, this brings more complexity

into the formerly clear models of each region (Fig. 3.11).

Aside from that, splitting sentences was also a matter of adhering to the style. In the
following example, we can see that a full stop was written instead of a comma. If the target
language were to keep the same punctuation like the original, it would lead to a mistake called
a comma splice, i.e. when two independent clauses are separated by a comma only. This type
of fault is common in written English but considered to be informal. Therefore, it is not suitable
to be used in the technical style which aims for formality. Aside from using the full stop, other
possible solutions to correct it are either adding a conjunction behind the comma or swap it
completely with a semicolon. Altogether four instances in the source text have been spotted
where corrections had to be made because of the comma splice. Let us see one example, cf:

Czech: Prahové napeti tranzistoru NMOS roste se zvysujici se urovni dotace, v pripadé
tranzistoru PMOS je trend opacny (klesa).
English: The threshold voltage of the NMOS transistor increases with a growing doping

level. In case of the PMOS transistor, the trend is opposite (decreasing).

In exact sciences like electrical engineering, it is quite regular to define the direct relation
between phenomena. One of the common means of describing situations when one thing is or
can be dependent on another is sufficiently provided by the conditional clauses. These clauses
were more applied in the translation than the original. An example when if-clause was

employed is shown as follows, cf:

Czech: Zvysovanim hodnoty Ucs — Ut nad 0,5 V prechazi tranzistor do oblasti saturace
rychlosti nosicii ndaboje.
English: If the value of Vgs — Vru rises over 0.5V, the transistor enters the velocity

saturation region.
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4. CONCLUSION

Same as the thesis itself, this conclusion is also be divided into two parts. The first part
will deal with the translated text and the obstacles encountered while translating it. The second
part will be dedicated to the results acquired in the analytical part.

Regarding the practical part, the aim of this paper was the translation of the selected
technical text in its entirety. A chapter of the textbook for electrical engineering was selected
by the author and served as a reliable source for acquiring the appropriate content for
translation. The author’s choice was based on the fact that the translated excerpt is sufficient
for the objective of the thesis and his interest in the topic. During the translation of the text from
one language to another, it was revealed that dealing with some of the translation challenges is
not as simple as initially anticipated. There are many aspects where the English and Czech
language show their differences, mainly in style and syntax. The differences related to stylistics
in particular were relatively underestimated by the translator at the beginning of the translation
process. Mostly affected was the vocabulary of the target language by avoiding synonyms,
therefore narrowing the selection of possible terms that could be used in it. This presented the
biggest difficulty which, apart from simply searching in technical dictionaries, required
consultations with the consultant and conducting slightly deeper research into the scientific
discourse about the rate of occurrence of each disputed term in order to choose the more
preferable one. Overall, this resulted in terminology which, while maintaining the level of
translation, should be considered satisfactory for its function as educational material while

conforming to the style of technology and science in the English language.

Concerning the analytical part, the first thing that both texts share is possessing the type
of knowledge that Czech and English readers need for conveying and understanding the
message contained in the text. It is assumed that these recipients are already proficient English
speakers along with acquired technical knowledge of electrical engineering because when the
specific technical terms are stated, their meaning does not have to be explicitly described.
Similarly, both languages utilize the stylistic strategies, particularly cohesion which ensures the
correct understanding of the text. However, it can be noted that the English text adapted a
different cohesion class, unlike the Czech one. Instead of more commonly used synonyms in
the source language, the target language emphasizes the repetition of the same term to keep the
vocabulary stereotyped, leading to the complications during the translation as mentioned above.
Nevertheless, the density of terminology and its level of non-emotionality remains the same in

both languages.
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Furthermore, another interesting aspect that the analysis mentions are the English loan-
words employed by Czech which again prove the worldwide influence of English as the leading
language in science and technology. Additionally, what both texts also have in common is the
impersonal, objective, and formal approach in which they try to transfer the information to
recipients. Although personal expressions are rather more common in Czech, none were found
in the original excerpt, probably as the structure of the source text was influenced by the English
technical literature as well. However, other matters involving syntax demanded bigger or
smaller adjustments in sentences, including the word order (because of the different theme and
rheme structure), changing adverbials at the beginning of a Czech sentence into impersonal
subjects, or increasing the occurrence of conditional clauses to describe relations between

phenomena.

To conclude, due to the fact that English is lingua franca, it seemed to have a great impact
on the vocabulary and impersonal structure of the source text in general, thereby significantly
facilitating its translation to English without overtranslating or undertranslating it

unnecessarily.
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5. CZECH EXTENDED ABSTRACT

V dnesni moderni dobé neni pochyb o tom, Ze anglicky jazyk ma celosvétovy status
nastroje pouzivaného pro mezinarodni komunikaci coby lingua franca. Tento fakt lze dale
zduraznit skute¢nosti, Ze anglictina se stala dilezitou souc¢asti pro vyvoj a vzdélavani v riznych
védeckych a technickych oborech. Z toho divodu se vyplati prekladani textl z Cestiny do
anglictiny, které jsou pak ur€eny pro vzdélavaci ucely ctenditim, u kterych se predpoklada, ze

jsou hlavné zahrani¢nimi studenty technickych obori, zejména elektrotechniky.

Preklad textu, ktery se zabyva védou a technikou, je vSak obecné komplikovany ukol,
protoze vyzaduje mimofadné znalosti nejen na technické, ale i1 jazykové tirovni, a to jak u
ptekladatele, aby byl schopen spravné pielozit myslenku, tak i u Ctendfe, aby ji spravné
pochopil. Hlavni néplni této prace je navic komentovany pieklad ucebniho materialu, coz
znamend, ze bude komentovat mozné zmény a porovna rozdily a podobnosti mezi ¢eskym

origindlem a anglicky pfeloZzenym textem.

Jako zdroj prekladaného textu byla konkrétn€ vybrana univerzitni ucebnice zabyvajici se
tématem analogové technologie, a to ze dvou divodu. Zaprvé se jevi jako idedlni téma, které
muze byt vyuzito pro UcCely této prace a vhodné zapada do rozsahu studijniho programu
Angli¢tina v elektrotechnice a informatice. Za druhé je to autorova obeznamenost s teorii
tranzistord, coz je téma, kterému by se rad vénoval ve svych budoucich studiich

mikroelektroniky.

Prace je rozdélena na dvé hlavni ¢asti — praktickou ¢ast, kde se nachazi pieklad vybraného
technického textu, a analytickou cast, kde je poskytnuta analyza tohoto pfeloZeného textu.
Prakticka ¢ast zahrnuje pieklad celé tieti kapitoly z ucebnice Ndvrh analogovych integrovanych
obvodii. Cilem bylo prelozit text tak, aby nedoslo k naruseni informace obsazené v originalu, a
ptitom si zachoval svij patficny styl. Analyticka ¢ast je rozdélena do ¢ty podkapitol. Zpocatku
uvadi popis stylu a funkcei pfelozeného textu. Dale vyjmenovava stylistické strategie — zdrojem
inspirace pro tuto kapitolu byla kniha doc. Mileny Krhutové Parameters of Professional
Discourse. Zbyvajici dvé kapitoly jsou vé€novany lexikalni a syntaktické analyze, kde je

odhaleno mnoho problémi, ke kterym doslo béhem procesu prekladu, a jejich feseni.

S ohledem na praktickou cast, béhem prekladu textu z jednoho jazyka do druhého se
ukazalo, Ze vyftesit nékteré vyzvy, které se pii prekladu vyskytly, neni tak jednoduché, jak se
puvodné ocekavalo. Existuje mnoho aspekti, kde anglicky a ¢esky jazyk ukazuji své rozdily,
zejména ve stylu a syntaxi. Rozdily tykajici se zejména stylistiky byly ze zacatku autorem
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piekladu relativné podcenovany. Nejvice postihnut byl slovnik cilového jazyka, tim, Ze se
v ramci dodrzeni stylu vyhnul synonymtm, ¢imz se zuzil vybér moznych termini, které by v
cilovém jazyce mohly byt pouzity. To pfedstavovalo nejvétsi problém, ktery, vyjma prostého
vyhledavani v technickych slovnicich, vyzadoval konzultace s odbornym konzultantem a
provedeni mensiho vyzkumu o mife vyskytu kazdého sporného terminu se védeckém diskurzu,
aby se vybral ten nejvyhodné;jsi. To celkové vedlo k vybéru terminologie, ktera by pfi zachovani
urovng prekladu méla byt povazovana za uspokojivou pro svou funkci vzdélavaciho materialu

a v souladu se stylem védy a technologie v anglickém jazyce.

Co se tyce analytické Casti, prvni véc, kterou oba texty sdileji, je typ znalosti, které Cesti
a anglicti Ctenafi potiebuji k tomu, aby pochopili informaci obsazenou v textu. Da se
ptedpokladat, ze tito piijemci jiz ovladaji anglicky jazyk spolu se ziskanymi technickymi
znalostmi elektrotechniky, jelikoz kdyZz jsou uvedeny konkrétni technické pojmy, jejich
vyznam nemusi byt vyslovné popsan. Podobné oba jazyky vyuzivaji stylistické strategie,
zejména kohezi, kterd zajiStuje spravné porozuméni textu. Je vsSak tfeba poznamenat, ze
anglicky text na rozdil od ceského vic vyuziva jiny typ koheze. Misto b&ézné pouZzivanych
synonym ve zdrojovém jazyce klade cilovy jazyk diiraz na opakovani stejného terminu, aby si
tak udrzel stereotypni slovni zdsobu, coz vedlo ke komplikacim béhem piekladu, jak je uvedeno
vySe. Hustota terminologie a jeji absence citové zabarvenych vyrazi vSak zlstavaji v obou

jazycich stejné.

Dalsim zajimavym aspektem, ktery analyza uvadi, jsou anglicka piejatd slova pouzivana
v cestin€, ktera opét slouzi jako dikaz celosvétového vlivu anglictiny jako hlavniho jazyka
pouzivaného ve véde a technice. Co maji zdrojovy a preloZeny text jesté spolecného, je také
zpusob, kterym se snazi ptredat informace ¢tenaifim. Jde o neosobni, objektivni a formalni
piistup. Ackoli osobni vyrazy jsou v ¢estiné spiSe béznéjsi, zadné nebyly ve zdrojovém jazyce
nalezeny, pravdépodobné proto, ze struktura ¢eského textu byla taky ovlivnéna anglickou
technickou literaturou. Dalsi zalezitosti tykajici se syntaxe vSak v prekladu vyZadovaly vétsi
nebo mensi Gpravy vét, véetné poradi slov (kviili odlisSnému umisténi tématu a rématu), zménu
piislovecného urceni na zacatku Ceské véty na neosobni podméty ve vétach anglickych nebo

zvyseni vyskytu podminkovych vét, které popisuji vztahy mezi jevy.

V zavéru prace je provedeno shrnuti vysledkl a jejich vyhodnoceni, nasleduje cesky

roz§ifeny abstrakt, seznam citované literatury a dodatek s ¢eskym originalem.
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7. APPENDIX

Source text

3 Analogovy model tranzistoru MOS

Pro modelovani tranzistoru MOS existuje n¢kolik modeli, které se 1i8i presnosti popisu
jeho realného chovani. Nejjednodussi model, vhodny pro rucni vypocty, je v SPICE
terminologii oznaCovan jako LEVEL 1 model. Tento model zahrnuje zakladni parametry, jako
jsou prahové napéti Utho, transkonduktanéni parametr KP (A/V?), modulaci délky kanalu A,
odpory drain rp a source rs (Q), parazitni kapacity pfechodt a dalsi. Popisem tohoto modelu se

bude vénovat tato kapitola.

Komplexnégjsi model, SPICE LEVEL 3, zahrnuje mnoho jevi, které se vyskytuji
v modernich technologiich. Patfi mezi n€ napi. podprahova vodivost, omezena rychlost nosici
naboje, vodivost v podprahové oblasti, degradace hybnosti nosi¢i a dalsi. Nejdokonalejsi
model BSIM4 zahrnuje dalsi jevy, jako jsou zbytkové a zavérné proudy, Sumové rovnice a

dalsi. S timto modelem pocitaji nejmodernéjs$i navrhové néstroje Cadence.

3.1 Zakladni parametry tranzistoru MOS

V dalSich ¢astech skript bude v rovnicich odkazovano na celou fadu parametrd. Znalost
téchto parametrti je dulezitd pro pochopeni navrhu analogovych IO. VSechny dulezité

parametry, které se budou vyskytovat v dalSich ¢astech skript, jsou uvedeny v této kapitole.

Tab. 3.1: Dulezité fyzikalni konstanty

Symbol Popis konstanty Hodnota Jednotka
q elementarni naboj 1,602 - 1071° C
k Boltzmannova konstanta 1,381 - 10 JIK
ni intrinzicka koncentrace nosiét (27 °C) | 1,45 - 101° cm®
£ permitivita vakua 8,854 - 1014 F/lcm
&g permitivita kfemiku 11,7 &, F/cm
Eox permitivita SiO> 3.9 ¢, F/cm
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V tab. 3.1 jsou uvedeny zékladni parametry tranzistoru MOS pro ru¢ni vypocty
(LEVEL 1). Typické hodnoty uvedené v tab. 3.2 jsou hodnoty technologie ONSemi 12T100
(Lmin = 0,7 um). Rozptyl téchto parametrd, zplsobeny vyrobnim procesem, je vyjadien
odchylkou od typické hodnoty. S t€mito odchylkami je nutné pocitat béhem navrhu obvodu.
V krajnim ptipadé¢ miize napi. zvySeni Utn znamenat, Ze tranzistor nebude pracovat

V pozadovaném rezimu.

Tab. 3.2: Parametry modelu tranzistoru MOS v¢etné typickych hodnot

Typicka hodnota (I12T100)

Symbol Popis parametru Jednotka
NMOS PMOS
Utho | prahové napéti (Uss=0V) | 0,77 £0,12 1,01 £0,12 \V
KP transkondukta¢ni parametr | 96,3 £ 10 30£3 nA/V?

zavislost prahového napéti
y . 078 (*27) | 0.565+0.55 N
na potencidlu substratu '

0,1 (Lmin) 0,1 (Lmin)
A modulace délky (L) kanalu Vi
0,023 (3X Lmin) | 0,027 (3X Lmin)

potencial pii povrchu
P 0,38 0,38 \Y/
substratu

parazitni kapacita gate
Cox _ 240,17 240,17 fF/um?
oxidu

tox tloustka oxidu 17+1,5 17+1,5 nm

Matematické vztahy pro jednotlivé veli¢iny jsou uvedeny v nésledujicich odstavcich.

3.1.1 Prahové napéti

Prahové napéti je napéti, pii kterém dochazi k vytvofeni vodivého kandlu mezi
elektrodami source a drain. V tab. 3.2 je oznacovano jako UtHo. Toto je prahové napéti pti

napéti Usg = 0 V, tedy kdyz je spojen source a bulk.
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Obr. 3.1: Prahové napéti tranzistoru NMOS

Prahové napéti je souctem flatband napéti Urs, dvojnasobku potencialu bulku (substratu)

@F a napéti na oxidu (vznika diky naboji depleti¢ni vrstvy).

V2qesiNoyp2| Pl

Urno = Upp + 2|¢p| + C ) (3.1)
ox
kde Nsug je dotace substratu (akceptort u PMOS, donortt u NMOS).
Napéti flatband je
_ QSS
UFB = d)F - ¢F(gate) - C_’ (32)
ox
kde Qss je naboj oxidu.
Pro ¢ plati
=— 3.3
br =In (= (33)

Kapacita oxidu Cox je dana pomérem permitivity SiO2 a tloustky oxidu hradla tox

41



Cox = —. (3.4)

Prahova napéti obou typtl tranzistori jsou v ptipadé nizkych koncentraci dotaci lehce
zaporng, a jejich rozdil je roven Ctyfnasobku absolutni hodnoty potencialu substratu (bulk).
Prahové napéti tranzistoru NMOS roste se zvySujici se urovni dotace, v pfipad¢ tranzistoru
PMOS je trend opacny (klesa). Zména flatband napéti v disledku naboje oxidu zptsobi snizeni
prahového napéti, pokud tento naboj bude kladny, a zvyseni v piipadé zaporného naboje.

Uvedené prahové napéti UtHo plati pro podminku Usg = 0 V. Napéti ptipojené k substratu
pusobi na prahové napéti tranzistoru (body effect). Potencial mezi source a bulk, Uss, méni
Sitku depletiéni vrstvy a tim také méni napéti na oxidu (diky zménam néaboje v depleti¢ni

vrstve). Pi uvazovani t€chto zmén Ize rovnici 1 upravit

\/zngiNSUB (2l¢pr| + Usp)

Ury = Upp + 2|¢pp| + C (3.5)
ox
Zménu prahového napéti 1ze také vyjadrit
Urg = UTH+V(\/2|¢F| + Usp _\/2|¢F|)- (3.6)

Zavislost prahového napéti na potencialu substratu y 1ze matematicky popsat

_ V2q&siNsyp (3.7)

‘y =
COX

Vliv zmény prahového napéti Uth pii zméné Ugs ukazuje obr. 3.2.
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Obr. 3.2: Vliv zmény prahového napéti Uth pii zméné Uss

Pokud je na bulk pfivedeno zdporné napéti vici source (Uss = -1 V), prahové napéti se
zvy$i. Pokud by bylo na bulk pfipojeno kladné napéti Ugs, byl by ptechod PN polovan

V propustném sméru a vlivem vysokého proudu by mohlo dojit ke zniceni tranzistoru.

3.1.2 Transkondukta¢ni parametr KP

Transkondukta¢ni parametr KP (v rezimu saturace) je konstanta, ktera je dana pouZzitou

technologii pro vyrobu I0. Zavisi na pohyblivosti elektront v kanalu uo a na kapacité oxidu Cox

£ 3,9¢g
KP = pugCox = .Uoto_x = HUo

ox tOX

(3.8)

V technickych dokumentacich technologii vétSinou neni parametr KP uveden pfimo, ale

pomoci parametru f. Pro ten plati

B =KP—. (3.9)

Vyrobci uvadéji parametr S pro vice rozméru W/L tranzistord NMOS a PMOS.
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3.1.3 Modulace délky kanalu

V kapitole 2.1.1 bylo ukazéano, ze pokud se nachazi tranzistor MOS v rezimu saturace, je
proud drainem konstantni a nezavisly na napéti Ups. Ve skutecnosti tento proud nebude
konstantni a nezavisly na napéti Ups . Je to zpisobeno nartistem $itky depleticni vrstvy kolem
oblasti drain vlivem zvySeni napéti na této elektrod¢. Vysledkem je zkraceni délky kanalu
a nartst proudu drainem (Ip). Na obr. 3.3 je vidét, ze v rezimu saturace (vlivem modulace délky
kanalu) neni proud konstantni, ale mirné roste. Vhodn¢ zvolena délka kanalu L mize redukovat

vliv modulace délky kanalu. Typicky prib¢h zavislosti A (parametr modulace délky kanalu) na
L je na obr. 3.4.

L 1,/=0A Ups> Ugs-U rezim _ ) rezim
???)l_‘ T G J7 lD(Sat)J7 I DSS SiOTH finearni "2 = U837 UM sarurace
D < 2
— BEERl b4 Metal nebo IDT
n+ ettt ) - n
t=)[——.\L.\\;J polysilicon
L = Indukovany
n-kanal
p - substrat o
__ Depleti¢ni
- oblast 0
8|

Obr. 3.3: Modulace délky kanalu

A
v
0,1 {—
0,05 L
0 Lmin  2Lmin SLmin ?
[um]

Obr. 3.4: Zavislost parametru modulace délky kanalu na délce kanalu
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Pti pouziti minimalni délky kanalu Lmin nabyva parametr 4 maximalni hodnoty. Pro
aplikace, kde je vyzadovan vysoky vystupni odpor tranzistoru MOS je vhodné zvolit L > Lin.
Pii zvySovani L nad 3XLmin je vidét, Ze parametr A se jiz zmenSuje minimalné. Proto pokud je
potifeba dosdhnout velmi vysokého vystupniho odporu tranzistoru MOS, nemé vyznam neustéle
zvySovat L, ale je potieba vyuzit pokrocilej$i obvodové zapojeni (kaskodovani atd.).

Extrémnim piipadem jevu modulace délky kanalu je tzv. punch through, kdy depleti¢ni
vrstva okolo oblasti drain a source se spoji v jeden depleti¢ni region. Elektrické pole pod
hradlem se stane velmi siln¢ zavislé na napéti drain-source, stejné jako vystupni (drain) proud.
Efekt punch through zpisobuje strmy nartst proudu pfi zvySovani napéti drain-source. Tento
jev je nezddouci a zvySuje vystupni vodivost (snizuje vystupni odpor) a limituje maximalni

velikost vystupniho napéti tranzistoru MOS.

3.2 Model tranzistoru MOS pro oblast velkych signali

Na obr. 3.5 je model tranzistoru NMOS pro oblast velkych signali. Model obsahuje
parazitni kapacity piechodi, rezistory mezi source/drain (typicky 5 — 10 Q) a diody. Tyto diody
jsou pirechody PN mezi oblasti source/substrat a drain/substrat. Pro spravnou funkci tranzistoru
musi byt diody polovany v zavérmém sméru. Tyto diody slouZi k modelovani svodovych

(leakage) proudi.

Obr. 3.5: Model tranzistoru NMOS pro oblast velkych signalt
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Obecné Ize proud Ip popsat

w U
Ip = KPT [(UGS — Urp) — % Ups - (3.10)

Tranzistor MOS muze byt v rezimu zahrazeni, v linearnim nebo v rezimu saturace
(kapitola 2.1.1). Tyto rezimy zaviseji na rozdilu napéti Ugs — Utn. Pokud Ugs — Ut je nulové

nebo zaporné, nachazi se tranzistor v rezimu zahrazeni. Rovnici 3.10 Ize upravit
ID=01 UGS_UTHSO'

V tomto rezimu se chova tranzistor MOS jako rozpojeny obvod.

3.2.1 Linearni rezim

Linearni model popisuje chovani tranzistoru MOS pii nizkych napétich Ups (linearni
rezim). Jak odkazuje samotny nazev modelu, model popisuje tranzistor MOS v oblasti, kde
pracuje jako linearni soucastka. V této oblasti mize byt tranzistor modelovan jako rezistor
fizeny napétim gate-source. V tomto rezimu muze tranzistor MOS slouzit jako spina¢ pro

analogové 1 digitalni aplikace nebo jako analogovy d€lic.

rezim
linearni

Ups(sat)

Obr. 3.6: Linearni rezim tranzistoru MOS

V tomto rezimu plati
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0 < UDS S (UGS - UTH) . (311)

Hranice Ugs — Uth, kdy tranzistor piechazi do saturace je ozna¢ovan Upsgay. ROVNicCi

3.11 pak lze také napsat
0 < Ups < Upssar) - (3.12)

Pro proud v tomto rezimu plati
w U
Ip = KPT (Ugs — Urn) — %] Ups. (3.13)

Pokud je tranzistor MOS zapojen jako spina¢, jeho odpor v sepnutém stavu zavisi na

vstupnim signalu [4], resp. rozdilu napéti mezi gate a source (Ugs)

SUps 1
Ronnmos = 5l =

W : (3.14)
KPNT(UDD - UGS - UTH)

Se vzristajicim napétim Ujn se snizuje napéeti Ugs a odpor spinace roste. Pokud piekroci

napéti Uiy hodnotu Upp — Uth, je Ugs mensi nez Uth a spinac je rozpojen (R = «).

UDD R =

Rz

Obr. 3.7: Tranzistor MOS jako spina¢ a zavislost jeho odporu na vstupnim napéti
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Ve skutecnosti 1 v podprahovém rezimu protéka tranzistorem proud Ip. Pro odpor spinace

pak plati

1 1
R X —=T""7. i
OFF lD/1 lleakage/l (3 15)

3.2.2 Rezim saturace

Proud Ip nejdiive roste linearné spolu s napétim Ups (linearni rezim), pak dosahuje
maxima. Podle rovnice 3.13 proud Ip mize dale klesat a eventualné se stat i zapornym. Hustota
naboje na konci kanalu u oblasti drain je nulova v maximu a méni znaménko pti poklesu proudu
oblasti drain. Naboj inverzni vrstvy se blizi nule a méni znaménko spolu s tim, jak dochazi
k akumulaci dér u piechodu. Tyto diry nemohou piispét k proudu drainu protoze oblast
drain/substrat je reverzné polarizovany ptechod PN a diry se nemohou dostat do oblasti drain.
Proud tedy dosahne svého maxima a dale ztistava stejny i pii dal§im zvySovani potencialu drain-
source. Toto chovani se oznacuje jako proudova saturace. V tomto rezimu je tranzistor MOS

vyuZivan piedevSim u zesilovaci.

rezim
Upsesa)  gsaturace
/

b —_—

/
S

/
A///_ /]\ UGS
/
7
0 —
Ups

Obr. 3.8: Rezim saturace tranzistoru MOS

V tomto rezimu plati
0 < (UGS - UTH) S UDS . (316)

Se zvysujicim se napétim Ups proud Ip neroste. Rovnici 3.13 1ze potom za piedpokladu

Ubs = Ups(sat) Upravit
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1 w
ID = EKPT(UGS - UTH)Z. (317)

Tato rovnice 3.17 plati pro idealni model. Jak jiz bylo zminéno v kapitole 2.1.3, vlivem
modulace délky kanalu tento proud dale poroste. Rovnici 3.17 je tedy mozné rozsifit o parametr
A anapéti Ups. Toto napéti vSak neni napéti Ups(sat) (napéti, které tvofi hranici mezi linedrnim

rezimem a rezimem saturace), ale je aktualni napéti mezi drainem a sourcem.

1 w
Ip = EKPT(UGS — Ury)?(1 + AUps). (3.18)

Vystupni dynamicky odpor tranzistoru royt je v idealnim piipadé nekoneény (Alout = 0).

V redlném piipadé jej 1ze vyjadrit pomoci parametru A

1

Tout = m (319)

Pro zvyseni vystupniho odporu rout je potfebné zmensit parametr 4 (zvétSenim délky L —

kapitola 2.1.3).

3.3 Malosignalovy model tranzistoru MOS

Model pro oblast velkych signalii umozituje vypocet stejnosmérného pracovniho bodu.
Malosignalovy model je urCen pro stanoveni parametrti tranzistoru (zesilovace apod.) pro velmi
malé stiidavé vstupni signaly [3]. Malosigndlovy model tranzistoru MOS je linedrni model,
ktery zjednodusuje ru¢ni vypocty. Je platny pouze v téch rezimech, kde napéti nebo proud Ize
nahradit linedrni zavislosti. V této kapitole budou odvozeny vztahy pro malosigndlovy model

V rezimu saturace.
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Obr. 3.9: Zjednoduseny malosignalovy model tranzistoru NMOS

Na obr. 3.9 je malosignalovy model pro tranzistor MOS pfi Ups = 0 V (spojeny bulk

a source). Vystupni proud Ip je dan soucinem transkonduktace gm a napéti Ugs.

Transkonduktace gm popisuje zménu vystupniho proudu Ip V zavislosti na vstupnim

napéti hradla Ugs pfi konstantnim napéti Ups

_ bl
~ SUgs

Im (3.20)

Ups=konst.

Vztah pro Ip byl ukdzan v rovnici 3.17. Derivaci této rovnice podle Ugs lze ziskat vztah

pro transkonduktanci gm

w
Im = KPT(UGS — Ury). (3.21)

Rovnice 3.21 zaroven ukazuje zavislost malosignalovych parametrd na pracovnim bodu

odvozeného z modelu pro velké signaly.

Provedenim substituce Ugs — UtH z rovnice pro Ip (rovnice 3.18) je ziskan dalsi vztah pro

transkonduktanci gm.

w w
Im = \/ZKPTID(l + AWpg) = \/ZKPTID. (3.22)
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Posledni rovnici pro transkonduktanci gm lze ziskat substituci za W/L. V tomto vztahu se

jiz nevyskytuje zadna technologicka konstanta

21,

_ 3.23
Ugs = Urn (3.23)

Im =

Byly uvedeny tfi rovnice pro transkonduktanci gm. Otazkou zGstava, kdy je gm zavislé na
Ip a kdy na odmocning Ip. Odpovéd’ je jasnd po prezkoumani ostatnich parametrii v ptislusnych
rovnicich. Pfi méfeni vysledkt, kdy je hodnota W/L jiz pevné stanovena a nemuze se ménit,
ptrevazuje rovnice 3.22, teda zavislost na odmocning Ip. Pfi zvétSeni tranzistoru 2x (2WI/L) se
zvetsi gm 0 41 %. Ale v prubéhu navrhu muze navrhar nastavit Uss — UTH na fixni hodnotu,

napft. 0,2 V. Potom gm bude piimo tmérné proudu Ip (rovnice 3.23). Zdvojnasobeni proudu Ip
zdvojnéasobi gm.

Pro odpor rps (odpor mezi drain a source) plati

1 14AUps 1 2.4
D G 42 D B
|DJ7 o——o0 . . 0 0—o
G o_{ B Ugs gmugsig gmbsUst7$ lds Uds\l/ \I/ Ubs
Ugs\ /ubs S o ® ® 8 (P

S

Obr. 3.10: Malosignalovy model tranzistoru MOS, ktery nema spojeny bulk a source

Tranzistor MOS se muze také fidit bulkem. Toto je ale potenciondlné nebezpecné
Z hlediska polarizace pfechodu kanal — bulk (normalné je polarizovan zavérn¢). VéEtSinou je
nutné tyto situace oSetfit dalSimi obvody. Na obr. 3.10 je malosignalovy model tranzistoru

MOS, ktery nema spojeny bulk a source. Proud Ip je nyni dan nejen soucinem gmugs, ale
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k tomuto proudu se pfi¢ita proud dany souc¢inem gmbsUss. Kde transkonduktance gmns popisuje

zménu proudu Ip pii zméné€ napéti Ups. Plati

élp y

g = :g .
™ 8Ups "™ 2265 + |Ups]

(3.25)

Pro typické hodnoty z tab. 3.2 lze odvodit, ze transkonduktace gmos je nékolikrat mensi

nez gm.

3.4 Pracovni oblasti tranzistoru MOS

V mnoha zesilovacich pracuje tranzistor MOS v saturaci, tzn. Ups je vétsi nez Ugs — UTh.
Pti pohledu na zavislost proudu Ip na napéti Ugs jsou vidét tfi rizné oblasti. Jednim
urcuje, v jaké oblasti bude tranzistor MOS pracovat. Pro primémé velké proudy pracuje
tranzistor MOS v silné inverzi (nej¢astéji pouzivany). V oblasti nizkych proudu se tranzistor
dostava az k oblasti slabé inverze. Tato oblast je dulezitd pro pfenosné a nizkonapétové
aplikace a obvody. Proud je exponencialné zavisly na Ugs. Pokud je nastaven pracovni bod
tranzistoru MOS na nejvyS$$i moznou transkonduktanci (napt. RF aplikace a nizkoSumové
aplikace), potom proudova hustota v kanalu je velka a transkonduktance tranzistoru MOS je
omezovana saturaci rychlosti nosi¢li naboje (velocity saturace). Na obr. 3.11 jsou vyznacené

vSechny tii oblasti.
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Obr. 3.11: Pracovni oblasti tranzistoru MOS Vv zavislosti na napéti Ugs

Pro technologii 350 nm jsou typické hranice oblasti (Ugs — UtH)min = 0,2 V
a (Uss — UtH)max = 0,5 V (bezpecné). S nejmodernéjsimi technologiemi se oblast saturace
rychlosti nosi¢l stale vice priblizuje k hodnoté¢ Ugs — Utn = 0,2 V, coZ v téchto technologiich

piinasi vétsi slozitost do diive jasnych modela jednotlivych oblasti (obr.3.11).

3.4.1 Oblast slabé inverze

Velka ¢ast oblasti slabé inverze se nachazi tésné pod prahovym napétim Urw. Je to oblast,

kde proud je exponencidlné zavisly na napéti Ugs a plati

w en(kq—T) (3.26)

kde Ipo je parametr procesu, ktery je také zavisly na Ugs a UtH, n je parametr sklonu
V podprahové oblasti (typicky nabyva hodnoty 1-3).

Transkonduktace v této oblasti je dana
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Imwi = N (kT) ’ (3.27)

Absolutni hodnoty proudu pfi slabé inverzi jsou velmi malé a objevuje se zde problém se
Sumem. Navic tranzistor pii proudech slabé inverze je pomaly. Existuji vSak oblasti, kde
problém malého poméru signal/Sum nebo malé rychlosti neni hlavnim problémem a vyuZziva se
jinych vlastnosti obvodt pracujicich v tomto rezimu. Jsou to hlavné biomedicinské aplikace

nebo méfeni velmi slabych signali.

3.4.2 Oblast silné inverze

Vétsinou se nastavuje pracovni bod do oblasti silné inverze, protoze je to velmi dobry
kompromis mezi proudovou efektivitou a rychlosti. Pro tuto oblast plati vztahy uvedené

v kapitole 2 pro rezim saturace.

Pfi navrhu se musi pro kazdy tranzistor v signdlové cesté urcit dvé proménné. Jsou to
délka kanalu L a rozdil Ugs — Uth. Jednoduchy tranzistor MOS mtize dosahnout velkého
zesileni zvolenim dlouhého kanalu L (vzroste royt - rovnice 3.16) a malého Ugs — Uth. (velké
gm — rovnice 3.23). Tuto volbu Ize pouZit u vSech aplikaci, kde jsou rozhodujicimi parametry
velky zisk, nizk4 napét'ova nesymetrie (offset) a maly Sum. Mezi tyto aplikace patii ptedevsim
operacni zesilovace.

Naopak aplikace, kde je dilezitd rychlost, se voli kratkd délka kandlu L a velké
Ugs — Uth. Vysledkem budou rozmérové mensi a rychlejsi tranzistory (malé parazitni

kapacity), pouZzitelné pro RF aplikace, nizkoSumové operacni zesilovace, oscilatory (VCO) atd.

Z4dné rovnice nemohou urdit tyto proménné, musi byt zvoleny na podatku navrhu. Tento
kompromis je jednim z nejzakladngjSich kompromist v analogovém CMOS navrhu.

ZjednoduSené proti sobé€ stoji zisk a rychlost.

Tab. 3.3: Kompromis volby délky kanalu L a Ugs — UTH.

Vysoké zesileni | Vysoka rychlost

Ucs — Uth nizké (0,2 V) vysoké (0,5 V)

L dlouhé kratké
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Hodnota Ugs — UtH nepfimo nastavuje pomér gm/lps. Nastaveni Ugs — UTH nebo gm/lps

je v podstat¢ stejnou volbou.

3.4.3 Oblast saturace rychlosti nosicii naboje

ZvySovanim hodnoty Ugs — Utn nad 0,5 V piechazi tranzistor do oblasti saturace
rychlosti nosi¢ii naboje. V této oblasti vétSina nosicli prochazi kanalem maximalni rychlosti.
Dusledkem toho proud poroste linearné se zvysujicim se potencialem (Ugs) a transkonduktance
prestava rust (obr. 3.11).

Diky velké intenzité elektrického pole v kanalu dosahuji nosi¢e naboje své maximalni
rychlosti. Ta je ovliviiovana koliznimi srazkami mezi nosici v kanale a jeji praimérna hodnota
je kolem 107 cm/s (usar). Linearizaci proudu v oblasti saturace rychlosti nosi¢ti je mozné popsat

parametrem © (theta) — degradace hybnosti nosi¢t

KP W

Ipys = 7 ’ T(UGS - UTH)- (3-28)

Parametr O je zavisly na délce kanalu

o=ttt 3.29
T (3.29)

Potom lIze rovnici 3.28 upravit
Ipys = WCoxusqe(Ugs — Urp). (3.30)

Transkonduktance gm, ktera je opét odvozena z proudu, ma velmi jednoduché vyjadieni

a uz neni zavisla na délce kanalu L

KP W
L

Imsat = ? = WCoxUsqt- (331)

Transkonduktance v této oblasti dosahuje nejvyssich hodnot (absolutnich), jakych miize

tranzistor MOS dosahnout. Pomér gmsa/W zavisi pouze na technologickém parametru Cox

55



a fyzikalnim parametru Usat. Nezéavisi ani na Ugs, je konstantni. Z tohoto diivodu neni tato oblast
vyuzivana analogovymi navrhafi. Transkonduktance se dale nezvysuje, ale proudova spotieba
ano. Z tohoto divodu také nejvyssi hodnoty Uegs, které se prakticky vyuzivaji, lezi pouze

Vv blizkosti hranice pfechodu do oblasti saturace rychlosti nosi¢i.

Piechodové napéti Uss — UtH pro oblast silné inverze a oblast saturace rychlosti nosic¢t
1ze jednoduse vypocitat. Je nutné vypocitat transkonduktance gm pro obé& oblasti tak, aby si byly
rovny. Vysledné Ugs — Uth bude rovno hrani¢ni hodnoté mezi obéma oblastmi. Vysledna

hodnota je

Usqt

1
(Ugs — Urp)vs = o 2nl w (3.32)

Parametr © nabyva velkych hodnot pro nanometrové technologie. Pro technologii
130 nm je hrani¢ni hodnota Ugs — UtH asi 0,62 V. Je stale jest¢ mozné pouZivat model pro
oblast silné inverze a diky malé hodnot¢ koeficientu O lze ziskat i pomérné piesnou hodnotu
transkonduktance gm. Tranzistory 90 nm technologie pak pracuji pfevazné v oblasti saturace

rychlosti nosi¢l a parametr @ nabyva hodnot, které neni jiz mozné zanedbavat.

3.5 Tranzistor MOS — parazitni kapacity

Pti zvySovani pracovnich kmitoctl zacnou hrat diileZitou roli parazitni kapacity struktury
MOS. Tyto kapacity je nutné ptipocitat ke kapacitam v jednotlivych uzlech v obvodu, kde je
tranzistor MOS pftipojen [6].

Source Gate Drain
(S) (g) (D)
Lp

%’i L A %

nt 1 Cgs __Cgb Cga [ n+
Cs Cab

p - substrat

Bulk

Obr. 3.12: Parazitni kapacity struktury MOS
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vvvvvv

wevr

Coxt = Cgs + Cyq. (3.33)

Velikost parazitnich kapacit Cgs, Cga @ Cgp zavisi na rezimu, ve kterém tranzistor MOS

pracuje.
D Cab
Cqd | Cab I I
G OB
Cys | Cop
Cop

Obr. 3.13: Malosignalovy model tranzistoru NMOS zahrnujici parazitni kapacity

V linearnim rezimu je kanal stejny (obr. 2.4) v celém rozsahu mezi drain a source, proto

jsou kapacity Cgs a Cep stejné

1 1
Cos = Cga =5 WLCox + CoxWLp ~ 5 WLCoy, (3:34)
Cop ~ 0. (3.35)

Pokud je tranzistor MOS v rezimu saturace priskrcen na strané drainu (obr. 2.5), nebudou

nyni kapacity Cgs @ Cyq stejné

2 2
Cgs = gWLCOX + COXWLD ~ §WLCox, (336)
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ng = COXWLD =0 ) (337)

C

g = 0. (3.38)

V rezimu zahrazeni neni vytvofen kanal (obr. 2.3), proto

Cgs = gd = COXWLD =~ O, (339)

Cgp = WLCoy . (3.40)

Z uvedenych rovnic vyplyva, Ze nevétsi celkova parazitni kapacita je v rezimu zahrazeni
a V linearnim rezimu. Naopak nejnizsi je v rezimu saturace. Jak je ziejmé z téchto rovnic,
celkovou parazitni kapacitu 1ze ovlivnit volbou L a zaroven tim upravit rychlost tranzistoru
(kapitola 3.4.2). Pfi daném poméru W/L zvySenim L vzroste i W (musi byt zachovan jejich

pomgr).
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