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Abstract

The aim of this semester thesis is to translate technical text from Czech language to
English language in order to show translating capabilities of the author. Furthermore,
author’s task is to comment on the topic of translation and differences between these two

languages.

This thesis, apart from introduction and conclusion, consists of two main parts. First
one is Czech text dealing with technical problematics and translation of this text into
English. In the thesis, both texts are present in order to be compared. This part is dominant
in the means of extent. The second main part of this thesis is commentary to this
translation, or rather commentary of the differences between target and source language.
In this part the procedure of translation is also described, as well as some linguistic

features that has been used.

Keywords: Translation, Technical text, Commented translation, Language differences,

Linguistic features



Abstrakt

Cilem této semestralni prace je prelozeni textu technického zaméfeni, z jazyka
¢eského do anglického, k demonstrovani piekladatelskych schopnosti autora. Dalsim

ukolem bylo okomentovan problematiky piekladu a rozdili mezi t€émito dvéma jazyky.

Tato prace sestava ze dvou hlavnich ¢asti, vyjma tivodu a zavéru. Prvni Casti je
puvodni Cesky text, zabyvajici se technickou problematikou a jeho pteklad do anglictiny.
Oba texty jsou obsazeny v semestralni praci kvali moznosti porovnani. Tato Cast je
v ramci rozsahu dominantni. Druha, neméné, dilezita ¢ast této prace je komentar tohoto
prekladu, respektive rozdilu mezi piekladanymi jazyky. V této Casti je také popsan postup
prekladu, stejné tak jako lingvistické vlastnosti, jez byly pouzity.

Kli¢ova slova: Pieklad, Komentovany preklad, Technicky text, Jazykové rozdily,

Lingvistické vlastnosti



Bibliographic citation

JIRAK, Jan. Komentovany preklad odborného textu. Brno, 2020. Dostupné také
z: https://www.vutbr.cz/studenti/zav-prace/detail/127145. Bakalarska prace. Vysoké uceni

technické v Bmé&, Fakulta elektrotechniky a komunikaénich technologii, Ustav jazyku.

Vedouci prace Alena Baumgartnerova.

r

Prohlaseni


https://www.vutbr.ez/studenti/zav-prace/detail/1

Prohlasuji, ze svou semestralni praci na téma Komentovany pieklad odborného textu jsem
vypracoval samostatné pod vedenim vedouciho semestralni prace a s pouzitim odborné
literatury a dalSich informacnich zdrojt, které jsou vSechny citovany v praci a uvedeny v
seznamu literatury na konci prace. Jako autor uvedené semestralni prace dale prohlasuji,
ze v souvislosti s vytvorenim této semestralni prace jsem neporusil autorska prava tietich
osob, zejména jsem nezasahl nedovolenym zptusobem do cizich autorskych prav
osobnostnich a jsem si pIn€ védom nasledkti poruseni ustanoveni § 11 a nasledujicich
autorského zakona ¢. 121/2000 Sb., v¢etné moznych trestnépravnich dusledka

vyplyvajicich z ustanoveni § 152 trestniho zdkona €. 140/1961 Sb.

Overview



A DS ACT . . e e 1
ADSITAKE . 2
Bibliographic CILATION. .. ... .. oottt 3
PrOR SN . oo 4
TEEOQUCH 0N . oo e e e e 6
OFIGINAL TEXE. .. ...ttt 7
TN S A 00, . oot e e 34
TeXt ANALYSIS. .. ... oottt e 35
CONCIUSI 0N oot e e e e e 37
RO O EIICES . . . oo ettt e 39
Introduction



As a part of my semester thesis I had chosen a technological text which I would
translate. Using advice from my thesis leader I have asked lecturers from my previous
studies whether they needed to have any textbooks translated for foreigners within
Erasmus programme. Fortunately, I received positive response from my HANA
(Analogue Technologies) lecturer. So, I received from him Textbook about CMOS
technologies, part of which I have translated. I was not the first one to translate this

textbook for foreigners and therefore, the part I have translated starts at chapter 4.

In the translation part the original text is translated from source (Czech) language into
target (English) language. In this part I tried to keep the meaning of the sentences as same

as possible, although it sometimes required certain syntactic changes.

In the commentary part there are differences between the two mentioned languages
described and commented from several points of view. Then there are procedures

employed during translation described.



Original Text

4 Proudova zrcadla

Predchozi kapitoly rozebiraly zékladni vlastnosti technologie CMOS a princip €innosti
tranzistort  MOS. Tato kapitola se jiz vénuje obvodovym principim, konkrétné
proudovym zrcadlim. Proudova zrcadla se stala vyznamnym stavebnim prvkem
analogovych obvodi. Proudova zrcadla se v integrovanych obvodech velmi Casto
pouzivaji jako zdroje konstantniho proudu ¢i proudové opakovace, ale také k nahradé
vysokoohmovych rezistori. Obvykle se vyuziva velkého vystupniho odporu proudového
zdroje pfi realizaci zatézovaciho rezistoru zesilovace, takze proudovy zdroj ma funkci
tzv. aktivni zatéze. V porovnani
s vysokoohmovymi rezistory, vyrobenymi difuzi, aktivni zatéze zabiraji mensi plochu na
Cipu a vykazuji 1 men$i parazitni kapacity. Aplikace aktivnich zatézi také dovoluje
realizovat nizkopfikonové rezimy funkcnich bloka elektronickych obvodd, umoziuje
dosazeni podstatn€ vysSich zisku zesilovacich stuptiti a kone¢né u diferencnich zesilovaca
dovoluje snadnou konverzi symetrického vystupu na nesymetricky, ¢imz je umoznéno
jednoduché ptipojeni dalSich obvodu.

o

IREFl J? A lrer

Obr. 0.1: Model idealniho proudového zrcadla

Proudové zrcadlo je tedy ve svém principu zdroj proudu fizeny proudem. Idealni
proudové zrcadlo zrcadli proud bez ohledu na jeho smér. Ve skutecnosti proudové zrcadlo
neni schopno plnit pfesné funkci zdroje proudu fizeného proudem. Zesileni muze byt
pouze kladné, vystupni impedance (malosignalova), dynamicky rozsah a rychlost ma
samoziejmé konecnou velikost. Navic proud tekouci referencni vétvi také neni ,,méfren”
(snimén) idealné (to by vstupni impedance této vétve musela byt nulova). Referencni
vétev tvori tranzistor v diodovém zapojeni.

4.1 Jednoduché proudové zrcadlo

Jednoduché proudové zrcadlo (obr. 4.2) je slozeno ze dvou tranzistorti stejného typu.
Tranzistor M; je zapojen v diodovém zapojeni a prochazejici proud nastavi referencni
napéti Ugsi, resp. nastavuje pracovni bod tranzistoru Mz (Ugs2). Oba tranzistory musi
pracovat v satura¢nim rezimu a pro proudy, které jimi prochazeji, plati rovnice 4.2.
Z téchto rovnic po Upravé (KP1 = KP2, Ucs1 = Ucs2, Utni = Umnz) 1ze ziskat vztah pro
velikost vystupniho proudu
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Obr. 0.2: Jednoduché proudové zrcadlo

loyr ~ (W/L),
Iy~ W/L),"

(0.1)

Z této rovnice pak plyne, ze kdyz bude pomér W/L tranzistoru M; stejny jako M, budou
1 proudy jimi prochazejici stejné. Bude-li pomér W/L tranzistoru Mz x-krat vétsi nez My,
pak vystupni proud bude také x-krat vétsi nez vstupni proud. Pro proud v saturaci plati

1 W
ID - EKPT(UGS - UTH)Z. (02)

Parametr 4 je zanedban (4 = 0, rovnice 3.18)
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Obr. 0.3: Pribéhy vstupniho a vystupniho proudu v zavislosti na napéti mezi drain a source
tranzistoru a) NMOS a b) PMOS

Na obr. 4.3 je prubéh vstupniho (/rer) a vystupniho proudu (lout) pro (W/L)1 = (W/L)s.
Na prabéhu Iour si 1ze vSimnout dvou dilezitych bodi. Prvnim z nich je bod oznaceny
Upsamin. Je to minimalni napéti, kdy je tranzistor M2 v rezimu saturace. Pokud napéti
Ups: klesne pod hodnotu Upsamin je tranzistor M» v linearnim rezimu a obvod se
nechova jako proudové zrcadlo, vystupni odpor rou je nizky. Odpor rou V rezimu



4.1.1

saturace je v idealnim pfipad€ nekonecny (prubéh lout by byl rovnobézny s osou x).
Vystupni odpor vSak dosahuje kone¢nych hodnot a je dan

1
Tout = m, (03)

kde 4 je parametr modulace délky kanalu (kapitola 3.1.3).

Druhym dulezitym bodem na prabéhu Jlour je bod, kde Irer = Iout, plati
Upsi = Ugs1 = Upsz2. V tomto bod€ je napéti na drainu tranzistori M; a M; stejné a tedy
oba tranzistory maji pfesné stejné pracovni podminky.

Postup navrhu

Postup navrhu jednoduchého zrcadla je vysvétlen na piikladu. Ukolem je navrhnout
proudové zrcadlo s tranzistory NMOS avystupnim proudem JIouti = 50 uA,
Iout2 = 100 pA, Iouts = 120 pA a dynamickym rozsahem lout 0,3 az 5 V. Dal§im tkolem
je vypocitat rour. Pouzita technologie je I2T100. Vstupni proud /v = 50 pA.

V prvnim kroku si musi navrhat nakreslit kompletni schéma proudového zrcadla. Jsou
pozadovany tii vystupni proudy. Proto na NMOS v diodovém zapojeni, ktery nastavuje
pracovni bod, jsou pfipojeny tfi vystupni tranzistory. Ve vstupni vétvi je proud nastaven
pomoci rezistoru Ry, ale mize byt pouZit napf. tranzistor v diodové konfiguraci.

Upp o
5V
R1
o (o] o
IN = Irer= h J7 l louti l lout2 L louts
50 pA 50 pA 100 pA 120 pA
||— Mo1 ||_ Moz | M03
My I > |
Uss © ® ®
oV

Obr. 0.4: Jednoduché proudové zrcadlo s nekolika vystupnimi proudy

Odpor R nastavuje hodnotu vstupniho proudu /ix. Aby mohla byt vypocitana hodnota
odporu, je nejdiive nutné urcit napeti Ugsi. Toto napéti mezi gate a source je stejné pro
vSechny tranzistory (maji gate na spoleném vodiCi a 1 source). Hodnota Ugsi neni
v zadani

a je tfeba ji zvolit. Tranzistory pracuji v silné inverzi (kap 3.4.2), a proto je zvolen rozdil
(Ugst — Urn1) vrozmezi 0,2 az 0,5 V. Volbou této hodnoty je ovlivnéna velikost
tranzistoru, Sumové vlastnosti, parazitni kapacity,..., ale hlavné tato hodnota urcuje
minimalni napéti, kdy bude tranzistor v rezimu saturace (Upsmin). V zadani je pozadovan
vystupni dynamicky rozsah od 0,3 V do 5 V. Znamena to, Ze v tomto piipad¢ 1ze zvolit
(Uasi - Utni) v rozmezi 0,2 az
0,3 V. Je tady zvoleno 0,3 V. Potom Ize pomoci Ohmova zakona dopocitat hodnotu R;



Ur _ Upp = Ugs1 _ Upp = (Upsimin + Urn1) _ 5-(0,3+0,77)

R, = =
! Iy Iy Iy 50

0.4)
= 78,6 k.

Nyni lze dopocitat rozméry (W/L): tranzistoru M; pomoci rovnice 4.2 pro proud
v saturaci, ze které je vyjadieno (W/L):

1

L) KP(Ugs — Ury)? B 96,31(0,3)2 =115 ©.5)

Pomoci této rovnice lze dopocitat rozméry zbyvajicich tranzistor nebo jednoduseji Ize
dopocitat rozméry zbyvajicich tranzistori pomoci poméru proudd (rovnice 4.1)

loyrs _ (W/L)o1 _ _oyra _ 50u _

L=, = W/e == W/L) =55 115 =115, (0.6)
lovra _ (W/L)oa _ oyt _100u ~

L=, = W/e === W/L)y =55 -+ 115 =23, ©0.7)
loyrs _ (W/L)os _ _loyrs _ 120p ~

=D, = W/ =T =W/l = 55 =115 =276, (08)

Byly vypocitany poméry W/L. Nyni je nutné zvolit hodnotu L, aby nasledné bylo
dopocitano W. Hodnota L ovlivni velikost tranzistorti a predev§im vystupni odpor rout
(kapitola 3.1.3). Pro nazornost je nejdiive pocitano s Lmin (0,7 pm). Potom

14
(f) =11,5=>W,; =Ly, -11,5=10,7-11,5 = 8 um, (0.9)
ol
14
(7) =23=>W,, =L,,-23=0,7-23 =16 um, (0.10)
02
14
(7) =27,6 =>W,3 =Ly3-27,6=0,7-27,6 = 19,3 um. (0.11)
o3

Pro Lmin 1ze odegist (z grafu zavislosti A na L) pro zvolné L parametr A = 0,105 V..
Vystupni odpory jednotlivych tranzistort budou

10



1 1

Toutr = 57— = (loss0p 190 k€, (0.12)
1
- - = 95 kQ, 1
Toutz = 50 = 0,105 100 ©.13)
1 1

- - = 79 kQ. 14
Touts = 57 T 0,105 1204 ©.14)

Pro srovnani jsou piepocitany rozméry W/L tranzistort, tentokrat sL = 3 pum
(A =0,02 V1. Postup je stejny jako u Lmin, proto jiz neni uvadén. Vystupni odpor potom
je

Toutr = —— = — ~=997,5kQ, (0.15)

AMouT1 0,02-50

1 1
T = =
OUL2 = A1ours | 0,02-100u

= 499 kQ, (0.16)

1
Touts = 57 T 0,02+ 120

= 414,8 kQ. (0.17)

Vystupni odpor vzrostl 5,25 krat (pomer ALmin/AL).

Vyhodou jednoduchého proudového zrcadla je velky dynamicky rozsah. Nevyhodou je
nizky vystupni odpor rou, ktery je nedostaCujici pro vétSinu aplikaci. Dalsi zvySovani
L nepfinese vyraznéj§i zvyseni rou (4 sejiz zmensuje s rostoucim L minimalné — obr. 3.4),
ale vyrazné€ vzrostou rozméry tranzistort. Proto je nutné pro dalSi zvySeni rour pouzit
pokrocilejsi obvodové feseni.

4.2 Kaskodové proudové zrcadlo

Moznou cestou, jak dosahnout vyssiho vystupniho odporu rou je zapojeni podle obr. 4.5.

11
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Obr. 0.5: Kaskodové proudové zrcadlo s tranzistory a) NMOS b) PMOS

Tranzistory M2 a M4 jsou zapojeny v kaskodovém usporadani a ve vstupni vétvi jsou dva
tranzistory v diodové konfiguraci (M1, M3), které nastavuji jejich pracovni body. Stejné
jako

v predchozich pripadech, pokud budou tranzistory M; a M2 shodné, bude stejné 1 jejich
napéti Ugs a tedy bude tranzistor M> zrcadlit do vystupni vétve proud tranzistoru M.
Vystupni odpor zrcadla bude zvySen diky principu kaskodového zapojeni - tranzistor My
udrzuje konstantni napéti v bodé A. Pokud v tomto bodé€ napéti vzroste (plati pro zrcadlo
s NMOS, u PMOS naopak pokud napéti klesne), snizi se napéti Ugss a tranzistor My se
ptivie. Pro dosazeni co nejvétsiho vystupniho odporu je nutné, aby tranzistor M4 m¢l
vysokou citlivost zmény vystupniho proudu na napéti Ugs (gm). V tomto dusledku napéti
v bodé A klesne na pavodni hodnotu. Pro vystupni odpor rou pak l1ze po upravé odvodit

Tout = Tasa(1 + GmaTas2) + Tasz - (0.18)
Pokud budou tranzistory M2 a My stejné, 1ze psat

Tout = gmzl-rds2 + 21y = rdszgm4 . (0.19)

Typicky pribéh vystupniho proudu kaskodového proudového zrcadla v zavislosti na
napéti Uour je na obr. 4.6.

In J7 J7/OUT
Ib
M3 l—o——i M4 I|N1\ . ) In = lout
Uour <, i |-M2,M4-lineamirezim
l OUT I |I. M2 - saturace, M4 - linearnir.
.__| i 1l M2, M4 - saturace
M1 b_‘ M2 | i I i 1}
0 —_—
Uss © e ¢ © UouTmin Uour

Obr. 0.6: Prabéh vystupni proudu kaskodového proudového zrcadla s rostoucim napétim Ups

12



Vystupni prabéh lze rozdélit na tii Casti. V prvni Casti v oblasti, kde je Uout < 2Upsmin
jsou oba tranzistory (M2 a M) v linearnim rezimu. Pfi dal§im zvySovani napéti Uout nad
hodnotu 2Upsmin piejde tranzistor M> do saturace, My je stale v linearnim rezimu. Pfi
prekroCeni Uoutmin jsOu oba tranzistory v saturaci a je dosazeno maximalniho odporu rout.

Pro napéti UouTtmin plati

Uourmin = Ugs1 + Ugss — Ugsa + Upsamin-

Kdyz bude (Ucs - Urtn) vSech tranzistorl stejné

Uoutmin = Ugs + Upsmin = Ury + 2Upsmin.

/ Uss Ugs

Uss+Ubsmi

— 0o

" l )
@ 4 Ubsmin
=)

@ |
Ms }_‘ | y Uss
/Ues
Uss o ® ® o
oV

(0.20)
0.21)
|
° IT\ In = lout
In ; ;
= '
! four
AT T
0 ——
Uoutmin Uour

Obr. 0.7: Minimalni napéti na vystupu kaskodového proudového zrcadla

Ve srovnani sjednoduchym proudovym zrcadlem mé kaskadové proudové zrcadlo
vyrazn€ vyssi odpor. Nevyhodou je vy§§i minimalni napéti na vystupu Uoutmin, kKdy je
dosazeno maximalniho vystupniho odporu rou.

4.2.1 Postup navrhu

Postup navrhu kaskadového proudového zrcadla je ukazan na piikladu. Ukolem je
navrhnout kaskodové proudové zrcadlo s tranzistory PMOS a vystupnim proudem lout =
100 pA. Dalsim ukolem je vypocitat Ri, rou, Uoutmin. Pouzita technologie 12T100.
Vstupni proud /iv = 50 pA.

13
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Obr. 0.8: Schéma zapojeni kaskodového proudového zrcadla

Odpor R nastavuje hodnotu vstupniho proudu /iv. Aby mohla byt vypocitana hodnota
odporu, je nejdiive nutné urcit napéti Ucsi. Protoze neni v zadani zadny konkrétni
pozadavek na Upsmin (je rovno Ugs — Utn) je zvolena hodnota 0,25 V (hranice 0,2 az 0,5
V — kapitola 3.4.2). Pfi tomto napéti bude dosazeno vysokého dynamického rozsahu
(nizké Uourtmin) a také vysokého gm a tedy i rouw. Nevyhodou jsou velké rozméry
tranzistord.

_ % _Upp = Ugs1-Ugss _ Upp — 2(Upsizmin + Urni3)

Ry

- IIN IIN IIN
(0.22)
5—2(0,25+1,01)
= = 49,6 k().
50u
Ze znamé hodnoty Upsmin j€ dopocitano UouTmin
UOUTmin - UTH + ZUDSmin - 1,01 + 2 b 0,25 - 1,51 V (023)

Nyni l1ze dopocitat rozméry (W/L); tranzistoru M a M3 pomoci rov. 3.17 pro proud
v saturaci, z které je vyjadiena Sitka W. Délka kanalu L je zvolena 3 pm. Tato délka je
dobrym kompromisem mezi velikosti 4 a rozméry tranzistoru (kapitola 3.1.3)

2151 2-50u-3
il = E R 159.9 um. (0.24)

W, = = =
Y3 T KP(Ugs — Urg)? ~ 30u(0,25)?

Pomérem proudu lout a Iiv jsou dopocitany rozméry M, a M. Délka L je stejna pro
vSechny tranzistory

14



4.3

louyr  Wia loyr 100u
—_—=—=>W,, =—W,, = ——+1599u = 319,8 . .
Iy Wis > Was Iy L3 50p : Hm 0:29)

Zbyva urcit rouw. K tomu je nutné dopocitat gm podle rovnice 3.21 (popt. 3.22 nebo 3.23)

2, _ 200u
" Ugs—Upy 0,25

Im = 800 uS. (0.26)

A také vystupni odpor tranzistoru Mz a My

1 1
- - — 666,6 kQ). 2
Tas2 = Tase =377 = 1,015 - 100 0.27)
Potom
Fout = Tas2Gma = 666,6k2 - 800y = 355 MQ. (0.28)

Je nutné si uvédomit, ze tyto vypoCty neuvazovaly zménu prahového napéti tranzistort
M; a My, které nemaji spojeny bulk a source, ale maji source na vy§§im potencialu.
Dochazi

k nartstu prahového napéti (kapitola 3.1.1). Na odporu R; bude niz$i napéti, nez se
kterym bylo pocitano (rovnice 4.22) a vstupni proud /iv nebude 50 pA, ale o néco mensi.
Pro navrhare je vSak jednodussi pocitat s Utno (prahové napéti pro tranzistor se spojenym
source a bulk) a po té doladit hodnotu odporu R; v navrhovém softwaru na zakladé
vysledkt simulaci, nez presné dopocitavat zmény Uth.

Wilsonovo proudové zrcadlo

Dalsi moznosti, jak zvySit vystupni odpor proudového zrcadla, je pouziti Wilsonova
proudového zrcadla. Jeho zapojeni je na obr.4.9.
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Obr. 0.9: Wilsonovo proudové zrcadlo s tranzistory a) NMOS b) PMOS

Wilsonovo proudové zrcadlo je tvofeno tfemi tranzistory MOS. Princip je podobny
kaskodovému proudovému zrcadlu. V obvodu je vytvoiena pomoci M3 zpétnad vazba,
ktera udrzuje konstantni napéti v bodeé A (tedy 1 proud prochazejici M>). Pokud napt. u
obr. 4.9a stoupne napéti v bodé A, zvysi se napéti Ugs1 = Ucs:2 a také proud Iiv a lour.
Tranzistor M; se vice otevie a snizi se napeti na drainu M; — zaroven se snizi napéti Ugs3
a tranzistor M3 se privie a zmensi se tak napéti v bodé A. Je nutné, aby vSechny tranzistory
pracovaly v saturaci.

Tranzistor M; spolu s tranzistorem My (popf. odporem Ro) tvoii zesilovaci stupen
(obr. 4.10), ktery zesiluje zmény v bodé A. Pro maximalni vystupni odpor je tedy nutné,
aby toto zesileni bylo co mozna nejvyssi. Jak bude ukazano a vysvétleno v pozdéjsich
kapitolach, pro zesileni M; spolu s My (popf. odporem Ry) plati

A = gmiRio1 = Im1(ras1llRo), (0.29)

kde Ryo1 je celkovy odpor v uzlu, ke kterému je pfipojen drain Mj.

Pro dosazeni maximalniho vystupniho odporu je zapotiebi dosahnout co nejvyssiho gmi
a Rio1. U Wilsonova proudového zrcadla zavisi vystupni odpor rou na odporu Ro (popft.
M), na rozdil od jednoduchého nebo kaskodového proudového zrcadla, kde na ném rou
nezavisi.

16



UDD o0— UDD

R HL : Urias00—] IO

1] o e

A A

B W e Vi

a) b)

M2

Obr. 0.10: Wilsonovo proudové zrcadlo s a) odporem Rg b) tranzistorem Mg

Pro vystupni odpor rou 1ze nasledné odvodit

Tout = Tds3 [1 + gml(rdslllRO)]- (O~3O)

Nutno podoktnout, ze uvedeny vztah je po zjednoduseni. Jsou zanedbany nékteré cleny
plné rovnice, které se vSak nijak podstatné nepodili na celkové hodnoté odporu rout.
Vystupni odpor Wilsonova zrcadla je srovnatelny s vystupnim odporem kaskodového
proudového zrcadla.

Kaskodové proudové zrcadlo ma hlavni nevyhodu nizkého vystupniho dynamického
rozsahu (rovnice 4.21). U Wilsonova proudového zrcadla je minimalni napéti (UouTmin)
na vystupu (drain M3), kdy jsou tranzistory M2 a M3 v saturaci, dano

Uoutmin = Ugs2 + Upsamin = Ury + 2Upsmin- (0.31)

(o]
IIN l MS IOUT
@ o
0—' UDSSmin ; I|N = IOUT
IN T
UGS\> @ Uout E
M1l:l| "_| > Ubsz = Uas2 i
M 1
Uss g o 0 —
oV ~ e Uoutmn Uout

Obr. 0.11: Minimalni napéti na vystupu kaskodového proudového zrcadla
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4.3.1

Na obr. 4.11 je ukazan prabéh vystupniho proudu lour pii zvySovani Uout. V prvni Casti
ma proud diodovy prubéh. Je to dano diodovym zapojenim M> ve vystupni vétvi.
Pomoci Wilsonova proudového zrcadla lze dosahnout vysokého vystupniho odporu.
Nevyhodou je omezeni vystupniho dynamického rozsahu. Dalsi nevyhodou je, ze
v zrcadle tvofeném tranzistory M a M» (obr. 4.11) maji tyto tranzistory jiné napéti Ups.
Dochazi tak k systematické chybé vystupniho proudu (z divodu konec¢né hodnoty
vystupniho odporu -
obr. 4.3).

Postup navrhu

Postup navrhu Wilsonova proudového zrcadla je ukazan na piikladu. Ukolem je
navrhnout Wilsonovo proudové zrcadlo (obr. 4.10a) s tranzistory NMOS a vystupnim
proudem lout = 100 pA. Dalsim ukolem je vypocitat Ro, rou, Uoutmin. Pouzita technologie
12T100. Vstupni proud /Iiv = 50 pA.

Odpor Ry nastavuje hodnotu vstupniho proudu /iv. Aby mohla byt vypocitana hodnota
odporu, je nejdiive nutné ur€it napéti Uss2 a Ugss. Pii zanedbani zmény prahového napéti
Urns (rozdilny potencial na bulk a source) budou Ugs: a Ugss stejné. Protoze neni
v zadani zadny konkrétni pozadavek na Upsmin (je rovno Ugs — Utn) je zvolena hodnota
0,25 V (hranice 0,2 az 0,5 V — kapitola 3.4.2). Pfi tomto napéti bude dosazeno vysokého
dynamického rozsahu (nizké Uoutmin) a také vysokého gm a tedy i rour. Nevyhodou jsou
velké rozméry tranzistori

_ % _ Upp —Ugsz-Ussz  Upp — 2(Upsz,3min + Urnz,3)

R, = = =

! IIN IIN IIN
(0.32)

5—2(0,25+0,77)

= = 59,2 kQ).
50u
Ze znamé hodnoty Upsmin j€ dopocitano UouTmin

UOUTmin - UTH + ZUDSmin - 0,77 + 2 b 0,25 - 1,27 V (033)

Nyni lze dopoditat rozméry (W/L): tranzistoru M; pomoci rovnice 3.17 pro proud
v saturaci, z které je vyjadiena Sitka W. Délka kanalu L je zvolena 3 pm. Tato délka je
dobrym kompromisem mezi velikosti 4 a rozméry tranzistoru (kapitola 3.1.3)

W, = 2wk 20S0W3p g (0.34)
1T KP(Ugs — Up)2  96,3u(0,25)2 'O K™ '

Pomérem proudu lout a Iiv jsou dopocitany rozméry M, a Ms. Délka L je stejna pro
vSechny tranzistory

louyr Wi loyr 100u
—_—=—=>W. =—W, = ——
2,3 1 SO‘U—

- 49,81 = 99,6 um . (0.35)
IIN Wl IIN
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Zbyva vypocitat rou. K jeho vypoctu je potieba dopocitat gm1 podle rovnice 3.21 (popft.

3.22 nebo 3.23)
__ IO g s 0.36
I Uos —Upy — 025~ 1 00
Vystupni odpor tranzistoru M3
1 ! = 500 kQ 0.37
Tass = 5 T 0,02- 1000 ' (0.37)
a rds1
_ ! =1MQ 0.38
Tast = 5T 0,02-50u ' (0.38)
Potom

Tout = rds3[1 + gml(rdslllRO)] = 500k [1 + 400”(

1M + 59,2k

1M - 59,2k
)] =11 MQ.  (0.39)

Cesta, kterou by Sel zvysit vystupni odpor rou, je pouziti tranzistoru Mo (obr. 4.10)
namisto Ro. Tento tranzistor ma mnohem vétsi vystupni odpor nez Ry — je zapojeny jako
vystup jednoduchého proudového zrcadla s odporem v tadu stovek kQ - viz. kapitola 4.1.

4.4

Modifikované Wilsonovo proudové zrcadlo

Systematicka chyba proudového pienosu zpusobena rozdilnym napétim Ups tranzistora
M a M je feSena v zapojeni na obr. 4.12 pomoci pfidaného tranzistoru M. Napéti Ucs
tohoto tranzistoru kompenzuje stejné napéti tranzistoru Ms.

In = lour
Uss 0 e
oy © * * o Uoutmin Uour

Obr. 0.12: Modifikované Wilsonovo proudové zrcadlo
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4.4.1

4.5

Nyni je napéti na Ups tranzistoru M
Ups1 = Ugs2 + Ugss — Ugsy. (0.40)
V ptipadé, ze tranzistory M3 a Ms maji stejné (Ugs — Utn) 1ze rovnici 4.40 zjednodusit
Ups1 = Ugsz = Upsa. 0.41)

Pridany tranzistor My lehce zméni vystupni odpor zrcadla. Tranzistor M4 je zapojen
v diodové konfiguraci a ptidava do série s Mo (popt. Ro — odpor v referencni vétvi — viz.
obr. 4.10) odpor 1/gm4. Pro odpor Rro1 uzlu zesilovace (mezi drain M; a source M3) plati

1
Rio1 = Tasall (Ro + _) (0.42)

m4

Pro vystupni odpor zrcadla rou 1ze psat

Im3 RoGms
— Y9milL01 1

. 0.43)
+ RoGms (

Tout = Tds3
m2

Modifikované Wilsonovo proudové zrcadlo vyftesilo nevyhodu rozdilnych napéti Ups
tranzistord M; a M, nevyhoda redukce vystupniho dynamického rozsahu vsak zustala.

Postup navrhu

Postup navrhu modifikovaného Wilsonova proudového zrcadla je stejny jako obyc¢ejného
Wilsonova proudového zrcadla. Navic je zde pouze nutné dopocitat rozméry My a
prepocitat vystupni odpor roue. Pokud je rozdil (Ugs - Utn) tranzistort M a M4 stejny, pak
1jejich pomér W/L bude stejny.

Modifikované kaskodové proudové zrcadlo

Jak bylo ukazano, pro Wilsonovo (rovnice 4.31) a kaskodové (rovnice 4.21) proudové
zrcadlo plati, ze zvySeni vystupniho odporu je zaplaceno redukci dynamického rozsahu
vystupniho signalu (oblast vystupnich napéti, kdy jsou vSechny tranzistory v saturaci).
Velmi Casto ov§em byva tento rozsah jednim z kliCovych parametrii proudového zrcadla.
Je tedy pozadovan velky rozsah vystupniho napéti zaroven s vysokym vystupnim
odporem pii zachovani korekce systémové chyby vystupniho proudu. Pozadavky na
navrh proudové reference mohou byt Casteéné protichidné a je véci navrhafe tyto
pozadavky posoudit a najit vhodné kompromisni feseni.

V kapitole 4.2 bylo uvedeno, ze vysoky vystupni odpor kaskodového zapojeni je zajistén
za podminky prace obou kaskodovych tranzistorti v saturacni oblasti. Pfi této podmince
plati pro minimalni napéti na vystupu proudového zrcadla s tranzistory NMOS
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Uoutmin = Ugs + Upsmin = Ury + 2Upsmin. (0.44)

Pozadavkem je snizit minimalni vystupni napéti na hodnotu

Uourmin = 2Upsmin- (0.45)

Na obr. 4.13 je mozné feseni.

Upp ©
— 0o
hNi A lout
ve e[, ms L{l: Ms
B Uour
e

M I I M. ”: Ms
Uss o ® L’l ® ‘o)

Obr. 0.13: Modifikované kaskodové proudové zrcadlo

Podminkou pozadované funkce je, aby bylo udrzovano v bodé B napéti Upssmin. Na hradle
M; je pak udrzovano konstantni napéti Ucs + Ubsmin. U klasického kaskodového
proudového zrcadla bylo v bodé€ A napéti Uss. Nyni je potieba obvod upravit, aby v tomto
bodé bylo napéti Ugs + Upsmin. Pro napéti mezi gate a source tranzistoru M3 plati

Ugss = Ugsa + Upssmin- (0.46)

Pokud jsou vSechny tranzistory navrzeny na stejné napéti Upsmin, plati

-3,

Pokud budou tranzistory Ms a Mg stejné, 1ze psat

Tout = gmérds2 + 21y = rdszgmé . (0.48)

Napétové poméry v obvodu a typicky prubéh vystupniho proudu kaskodového
proudového zrcadla v zavislosti na napéti Uout jsou na obr. 4.14.
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Obr. 0.14: Minimalni vystupni napéti a typicky prabéh vystupniho proudu modifikovaného
kaskodového proudového zrcadla

Nevyhodou tohoto zapojeni je, ze tranzistory M; a Ms maji jiné napéti Ups a proud
tekouct tranzistorem M je zrcadlem s chybou (viz. kapitola 4.1).

4.5.1 Postup navrhu

Postup navrhu modifikovaného kaskodového proudového zrcadla je obdobny jako
v pfipadé obycejného kaskodového proudového zrcadla (kapitola 4.2). Rozdilem je
ctvrtinova velikost tranzistoru M3 a jiné napéti na rezistoru.

4.6 Dalsi proudova zrcadla s velkym dynamickym rozsahem

Priklady dalSich proudovych zrcadel, které maji vysoky vystupni dynamicky rozsah
(Uoutmin = 2Ubsmin), jsou uvedeny v této kapitole. Podstata zapojeni je vzdy stejna —
udrzovat na gate vystupniho kaskodového tranzistoru napéti Ugs + Upsmin. Na obr. 4.15
je zapojeni proudového zrcadla, které se sklada ze Ctyt tranzistort, kde Ugss nastavuje
tranzistor M3 a Ugs: tranzistor M. Tranzistor M3 je navrzen vyssim napéti Ugs, pro které
plati

Ugss = Ugsa + Upsamin- (0.49)

Pokud jsou vSechny tranzistory navrzeny na stejné napéti Upsmin, plati

-3,

Pokud budou tranzistory M2 a My stejné, 1ze psat

Tout = gmzl-rds2 + 21y = rdszgm4 . (0.51)
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Obr. 0.15: Proudové zrcadlo s velkym dynamickym rozsahem

Nevyhodou tohoto zapojeni je, ze tranzistory M; a M2 maji jiné napéti Ups a proud
tekouci tranzistorem M je zrcadlen s chybou (viz. kapitola 4.1).

Na obr. 4.16 je do zapojeni z obr. 4.15 pridan dalsi tranzistor Ms. Touto upravou je
dosazeno stejného napéti Ups tranzistoru M; a M, ¢imz je splnéna podminka pro presné

zrcadleni proudu (kapitola 4.1).

"NJ;T

J?/.N

v ]

Ya WL

(e,

1

Uour

@ O

Obr. 0.16: Modifikované proudové zrcadlo s velkym dynamickym rozsahem

Rovnice pro vystupni odpor se nezméni (rovnice 4.51).
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S5 Proudové reference

5.1

Vétsina zakladnich blokt integrovanych obvodu vyuziva referenénich proudu.
Pouzivaji se vétsinou pro spravné nastaveni pracovnich bodt samotnych bloki. Velikost
proudu urcuje prenosovou vodivost tranzistoru (gm) a tak ovliviuje statické i dynamické
vlastnosti obvodu. Navic pracovni proudy vétsinou urcuji celkovou spottebu Cipu, coz
je jeden z kliCovych parametrti témér vSech dnesnich aplikaci [5].

Vétsinou je pracovni proud v riznych blocich ¢ipu odvozen pomoci proudovych zrcadel
z jednoho proudu referen¢niho. Také z tohoto diivodu je nutné umét navrhnout blok, ktery
bude poskytovat dostatecné presny referencni proud, ktery bude pokud mozno nezavisly
na napajecim napéti a teploté. V nasledujici kapitole je popsano nékolik moznych feseni
proudovych referenci.

Jednoducha proudova reference

Zanejjednodussi proudovou referenci 1ze povazovat jednoduché proudové zrcadlo. Proud
v referencni vétvi je

_ Upp —Ugs1
Ler = —R1 . (0.1)

Tento proud protéka tranzistorem M; v diodové konfiguraci, ktery néasledné generuje
fidici napéti pro tranzistor M» zrcadlici tento proud do vystupni vétve.

Ubp o °

i H Ol lours
IREFJ: I[:

M2

M1 Ugsi

UGSKi

Uss © & ®

Obr. 0.1: Jednoduchéa proudova reference

Princip uvedené metody, vyuzivajici Ohmova zakona, je jednoduchy a je popsan
v kapitole 4.1. Presnost vystupniho proudu je ale u uvedeného obvodu nedostatecna,
protoze je zalozena na piesnosti vSech hodnot v rovnici 5.1. Kolisani napéjeciho napéti
Upp se obvykle uvazuje + 10 %, presnost realizace rezistoru na ¢ipu (v rovnici 5 Ry) je =
20 %. Napéti Ugs je zavislé na parametrech tranzistoru MOS (KP, Utno,..). Ty mohou
v zavislosti na vyrobnim procesu mit odchylku az + 20 %. Dals§imi faktory ovliviiyjici
piesnost je teplotni zavislost.
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5.2 Proudova reference nezavisla na napajecim napéti

Proudova reference, kterd umi generovat proud témet nezavisly na napajecim napéti je na
obr. 5.2b. V anglické literatufe je oznaCovana jako ,self-biased“ tedy ,,samo-
nastavovaci“. Jadro této reference je odvozeno z proudového zrcadla s regulovanou
kaskodou (obr. 5.2a). Toto zrcadlo vyuziva zaporné zpétné vazby (M a M») ke stabilizaci
vystupniho proudu /out. Funkce je néasledujici. Pokud vzroste vystupni proud Iout vzroste
napéti UpsMmr - tedy napéti v bodé A. VyS§si napéti v bodé A znamena vyS$si napéti Ugsi,
coz ma za nasledek vétsi otevieni tranzistoru (proud /pms je konstantni). Napéti v bode B
pak klesne, zmen$i se Ugs2 a tranzistor M se pfivie a snizi tim proud Ipz tedy lour.
Vyhodou tohoto zrcadla je velky rou.

Tout = gmlgmz(r01||r03)r02roMR- (0.2)

Uop o Upp © *

o |
J7/OUT Ms j}—g My
Usiast o—{[: Ms

h J7|: VEENEEN _ Mo
M :]}—®. M, :] ®
uBiaszo—”: M Re

Uss © ¢ Uss O——=
a) b)

Obr. 0.2: Obvod a) proudového zrcadla s regulovanou kaskodou a b) proudova reference
nezavisla na napéjecim napéti

Upravou obvodu regulované kaskody podle obr. 5.2b je vytvofen obvod proudové
reference, ktery je schopen generovat proud téméf nezavisly na napajecim napéti (zmeény
+ 10%). Je to zpusobeno tranzistory M2 a M3 a jejich vysokou vystupni impedanci, ktera
dokédze absorbovat zmény (AUps) v napajecim napéti, aniz by doSlo k vyznamnéjsi
zmeéné v proudech v jednotlivych vétvich. Tedy, pii zméné Ups bude proud Ip konstantni
(dosazeno pfi rou = ). Napéti Upsi a Ups4 se naopak libovolné ménit nemize. Tranzistor
M ma na elektrodé drain (bod B) vii¢i zemi dvé napéti Ugs (Ugs2+ Ugs1) a M4 jedno Ugs
pod Upp. Jakékoliv zmény
v napajeni musi byt tedy pohlceny pouze pomoci vystupniho odporu M> a Ms.

Pokud jsou poméry W/L tranzistort Ms a My stejné, pak i proudy v obou vétvich jsou
stejné (/1 = ). Proud vstupni vétve zrcadla M3, M4 je nastavovan pomoci odporu R>.
Tedy
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_ Ug

b=~ (0.3)

Napéti Ur: je stejné jako napéti Ugsi

21,1,

— 0.4
KP-W, 04

Ugs1 = Rzl = Uryq +

Protoze vSechny tranzistory v obvodu pracuji v saturaci, 1ze napéti Ugs: ziskat z rovnice
pro proud v saturaci (rovnice 3.17). Stejn€ tak rozméry ostatnich tranzistorti 1ze dopocitat
zrovnice 3.17. Proudy /i a > si vét§inou navrhat voli sam s ohledem na pozadované
parametry (napf. spotfebu, rozméry soucastek atd.).

Soustava rovnic 5.3 a 5.4 m4 dvé feseni. Reseni tohoto nelinearniho systému je provedeno
graficky na obr. 5.3. Jsou vidét dva mozné vysledky oznacené body A a B. Reseni v bodé
B je pro nulovy proud 7 a napéti Ugs. Pozadovany pracovni bod je A. AvSak neni pfedem
jasné,

v jakém bodé se bude po pripojeni napajeciho napéti obvod nachazet. Aby se tedy obvod
nachazel vzdy v pracovnim bodé€ A, vyzaduje pro spravnou funkci startovaci obvod.

ID1\

—
Usst1(p) Usst

Obr. 0.3: Pracovni body proudové reference
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5.3

startovaci obvod

Obr. 0.4: Proudova reference obsahujici startovaci obvod

Pokud je obvod reference v pracovnim bodé B, mél by startovaci obvod zajistit prechod
do bodu A. V pfipadé, Ze je obvod v pracovnim bodé A nem¢l by startovaci obvod nijak
ovliviiovat funkci reference. Tyto podminky spliiuje obvod na obr. 5.4. Funkce je
nasledujici. V pracovnim bod€ B jsou napéti Ugs: a proud /> nulové. Tranzistor Ms; je
otevien a sepne tranzistor M, ktery ma na hradle dostatecné napéti (bod B). Sepnutim
M zacne prochazet proud I, roste napéti Ur2 a otevira se Mi. To ma za nasledek
odebirani proudu Is; tranzistorem M;. Zaroven roste proud /1 a klesa Is;. Napéti v bodé B
roste a az dosdhne hodnoty napéti, kdy na tranzistoru Ms; bude Ugssi < Urth.
Tranzistorem Ms; prestane prochéazet proud a startovaci obvod piestane ovliviiovat obvod
reference. Hodnoty proudi Isi a Is» jsou opét kompromisem mezi spotiebou, velikosti
soucastek atd.

Nevyhodou této proudové reference je zavislost na presnosti vyroby rezistoru Ro, ktera je
+ 20%. Pro dosazeni lepsi presnosti je potieba tento odpor trimovat.

Proudova reference vyuzivajici nasobeni beta

Dalsi proudova reference nezavisla na kolisani napajeciho napéti je popsana v této
kapitole. Namisto umisténi rezistoru na drain tranzistoru MOS je umistén na stranu source
(obr. 5.5a). Pokud budou proudy tekoucti tranzistory M; a M» stejné, plati

Ugs1 = Ugsa + Ug = Ugsy + IgerR. (0.5)

Aby byly proudy tekouci tranzistory Mi a Mz stejné, je do zapojeni na obr. 5.5a pfidano
proudové zrcadlo tvorené tranzistory M3 a My (obr. 5.5b). Vystupni proud je zrcadlen do
vstupni vétve. Vystupy Ubiasp @ Upiasn mohou slouzit k nastaveni pracovniho bodu dalsich
tranzistord.

Uvedena rovnice 5.5 muze platit pouze za podminky Ugsi > Ugs2. Aby tato podminka
byla splnéna, je tranzistor M2 navrzen s vy$Sim parametrem beta (f) ve srovnani s M
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(odtud beta-nasobici reference). ZvysSeni parametru f (rovnice 3.9) lze jednoduse
dosahnout pomoci vyssiho Wa. Pro Ugs plati

21

kde f=KP- WiL a

B, =K By, 0.7

Upp © L2 "J
Ma
M3 :Il l o Ubiasp

o)
l Irer
Mz, (K- W)

M }—«—\”: Mz, (K- W) M| [ O Usias
Usst Uas?

Us L I /Hml /REleH R

kde K je pomér W>/W; (pfi stejném L).

Uss © * ® Uss © ® .
a) b)
Obr. 0.5: Proudova reference vyuzivajici nasobeni beta - a) jadro reference, b) obvodové
feSeni
V idealnim ptipadé plati
Irer1 = Irer2 = IRer, (0.8)

Tato reference vyuziva kladné zpétné vazby. Pridany rezistor R snizuje zesileni uzaviené
smycCky (obvod s kladnou zpétnou vazbou muze byt stabilni, pouze pokud je zesileni
uzaviené smycky mensi nez jedna). Pfi zmenSovani hodnoty rezistoru R se zvySuje
zesileni smycky
a obvod se muze stat nestabilni. Jako ptfiklad podminek, kdy mize obvod oscilovat je
velka parazitni kapacita mezi source a bulk (source a zem) tranzistoru M». Dochazi ke
snizovani odporu mezi sourcem M a zemi. Tento stav mize nastat, pokud je rezistor R
vyveden mimo Cip (vznika parazitni kapacita vstupniho pinu atd.).

Pro transkonduktanci M 1ze psat
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0.9)

2Irgr 2AUps 2 Upsa sat
Im1 1-—

UDSl,sat R- UDSl,sat R UDSl,sat

Protoze obéma tranzistory teCe stejny proud, maji pouze jinou Sitku kanalu W, plati pomér
Upssat (saturaéni napéti — minimalni napéti mezi drain a source, kdy je tranzistor
v saturaci)

UDSZ,sat _ Wl _

1
- (0.10)
Upsi sat W, K

Rovnici 5.9 1ze prepsat

Im1 = %(1—\/%). 0.11)

Transkonduktance gmi zavisi pouze na hodnoté rezistoru R a na poméru K. VSechny
parametry procesu (KP, Utho,...) ze zavislosti zmizi. To je velkéa vyhoda tohoto zapojeni.
Ve zvlastnim ptipadé, kdy je parametr K = 4 je gm1 zavislé pouze na rezistoru R

1
gm1 = g proK = 4. (0.12)

Z tohoto divodu se tato reference také nékdy nazyva reference s konstantnim g.

Stejné jako v proudové referenci popsané v predchozi kapitole i tato reference ma dva
mozné pracovni body. Aby se obvod nachéazel vzdy v pozadovaném pracovnim bodé
(druhy stav je, kdyz jsou proudy nulové) je potfeba pouzit startovaci obvod. Pokud je
obvod v pozadovaném pracovnim bodé€, nemél by startovaci obvod nijak ovliviiovat jeho
funkci. V pripadé, Ze je v nepozadovaném, donuti obvod prejit do pozadovaného stavu.
Na obr. 5.6 je mozné feSeni.
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startovaci obvod
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Obr. 0.6: Obvod proudové reference s pfidanym startovacim obvodem

Pokud se obvod nachazi v nepozadovaném stavu (gate Mi, M> jsou na Uss a M3, M4 na
Upp) je Cinnost startovaciho obvodu nasledujici. Gate Msoi je spojen s gate M; a M —
tyto tranzistory jsou uzavieny, neprochazi jimi zadny proud. Gate Mso> se nachazi nékde
mezi Upp a Upp — Utno. Tranzistor Msos, ktery se chova jako spina¢ NMOS, je sepnut a
protéka jim maly proud z gate Ms, My (podprahovy proud Upss) do gate Mi, M
(podprahovy proud Upsi). Dochazi ke snizovani napéti na gate M3, M4 a zvySovani napéti
na gate M, M. Obvod prejde do pozadovaného stavu. Soucasné se snizi napéti Ugs(so3)
a tranzistor Msos se uzavie — startovaci obvod uz nijak neovliviiuje funkci referencniho
obvodu.

Tim, ze tranzistory M1 a M2 maji jiné napéti Ups, dochazi vlivem zmeény 4 (kapitola 3.1.3)
k chybé referenc¢niho proudu. Rovnice 5.8 v realném piipadé€ neplati, Irer1 a Irer2 maji
rozdilné hodnoty. Zajisténim stejného napéti Upsi a Ups2 by bylo dosazeno vys§iho
vystupniho odporu 7,2 a tim k dosazeni presnéj§iho proudu Irer. Zapojeni spliyjici tuto
podminku je pfedstaveno na obr. 5.7.
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startovaci obvod
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Obr. 0.7: Modifikace proudové reference s vyuzitim diferen¢niho zesilovace

Do obvodu je pridan diferen¢ni zesilova¢ a My jiz neni zapojeny v diodové konfiguraci,
¢imz je umoznéno nastavit napéti na drainu Mz témeéf v celém rozsahu (neni dané jako
Upp — Ugss). Vstupy diferencniho zesilovace jsou zapojeny na drain M; a Mo,
porovnavany

a udrzovany na stejném napéti. Vysledkem je vyssi vystupni odpor ry2. Popis funkce lze
nazorné popsat na ptikladu, kdy napt. napéti na drainu M» (vstup +) je vys$si nez na drainu
M

(vstup -). Napéti na vystupu diferencni zesilovace se zvysi a tranzistory M3 a My se
ptiviou. Klesne proud /rer2 a napéti na drainu M. V prvni vétvi také klesne proud Ireri.
Tranzistor M je zapojen v diodové konfiguraci a v idealnim pfipadé€ je na ném napéti
nezavislé na protékajicim proudu (ve skutecnosti bude klesat, ale ne tolik, jako na M»).

Proudova reference vyuzivajici referencniho napéti

Vétsina 10 obsahuje napétovou referenci, kterou lze vyuzit pro generovani rtznych
referen¢nich proudd pro dalSi soucasti navrhovaného systému (operacni zesilovace,
komparéatory,...). Pfiklad proudové reference zalozené na presném napéti je uveden na
obr. 5.8.
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Obr. 0.8: Proudova reference vyuzivajici referen¢niho napéti

Zapojeni se sklada z napétového délice, tvoreného odpory Ri a Ra. Jejich pomér lze
realizovat s vysokou presnosti (0,1% - kapitola 2.2.2.). Vystupni napéti délice je
ptivedeno na operacni zesilovac (vstup +), jehoz druhy vstup je pfipojen na odpor Rrer a
udrzuje na tomto odporu pomoci fizeni tranzistoru Mp konstantni napéti. Vysledny
referencni proud je dan jako

Up-

RREF

Ipgr = (0.13)

Jak jiz bylo napsano, obvod udrzuje konstantni napéti U,.. Pfesna hodnota odporu Rrer
je v8ak nevyrobitelna a hodnota Rrer muze mit odchylku az 20% (kapitola 2.2.2). Proto
je nutné tento odpor trimovat (napft. elektronicky). Napéti U,- musi byt zvoleno s ohledem
na napet'ovy rozsah mezi Upp a Uss ve vétvi Rrer. Volba také ovliviiuje velikost Rrer.

Obvod lze rozsifit pomoci proudovych zrcadel tak, aby si navrhaf na vystupu mohl
nastavit libovolny pocet proudovych referenci (PMOS 1 NMOS) s libovolnymi
hodnotami referencnich proudu (zde je tieba si dat pozor na vystupni odpory dilcich
tranzistord — kapitola 4). Na obr. 5.9 je obvod z obr. 5.8 rozsifen o Ctyfi vystupni
referencni proudy (PMOS a NMOS). Tyto proudy maji vysoky vystupni odpor a velky
dynamicky rozsah napéti, zajistovany pomoci proudovych zrcadel probranych v kapitola
4.5 resp. 4.6.
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Obr. 0.9: Proudova reference vyuzivajici referenéniho napéti s vice vystupy

Uss©

U tohoto zapojeni je kriticky soubéh tranzistora NMOS a soubéh tranzistori PMOS
v proudovych zrcadlech. Také napéfova nesymetrie se projevi v celkové presnosti
vystupnich prouda.
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Translation

4 Current mirrors

Previous chapters dealt with basic technology of CMOS and basic operation of MOS
transistors. However, this chapter will deal with circuits, namely current mirrors. Current
mirrors have become a rather significant element in construction of analogue circuits. In
integrated circuits, the current mirrors are very often used as a source of constant current
or current repeater or as a substitution of high resistance resistors. Usually the high output
resistance of current source is utilized when performing load resistor of the amplifier. In
this setup the current source functions as an active load. Compared to simple high
resistance resistor created by diffusion, the active load covers considerably smaller area on
the chip and also shows smaller parasitic capacitance. Application of the active load
allows for following things: realisation of low input power modes of active blocks of
electronic circuits, reaching much higher gain in amplifiers, and finally in differential
amplifiers it allows easy conversion from symmetrical output to asymmetrical one, which

makes further connection of circuits very easy.

IREFl l A-lrer

Fig. 4.1. Ideal Current Mirror Model

As shown in the figure the current mirror is, in its principle, source of current
controlled by current. Ideal current mirror reflects the current regardless of direction of its
flow. However, the real-life current mirror is not able to operate as ideal current source
controlled by current. Gain can only be positive, output impedance, dynamic range and
velocity have finite value. Furthermore, current flowing through control branch is not
measured ideally (in order to fix this, the input impedance of this branch would need to be

zero). Referential branch is realised by transistor in diode configuration.
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4.1 Simple current mirror

Simple current mirror (fig. 4.2) consists of two transistors of the same type. Transistor
M; is connected in diode configuration and the flowing current sets referential voltage
Vasi, i.e. it sets working point of the second transistor M2(Vgs2). Both transistors need to
operate in saturation region and currents flowing through them are given by equation 4.2.
By altering these equations, (KP1 = KP2, Vgsi = Vas2, Va1 = VtH2) we can determine

relation for calculating output current.

(0, ®
In= 1 ! / i \\‘J/SGFVsc?/
IN= /REI
ouT M1 [: Mz

(WIL), (WIL),
M

M2
(WIL) l: (WIL), In= IRer laut
/V Gs1= Vé J7 0J7

Vss© ®

a) b)

Fig. 4.2 Simple current mirror

loyr _ (W/L), 4.1)
Iy~ (W/L),

This equation states that if the W/L ratio of transistor M; equals the W/L ratio of transistor
M, the currents flowing through them will be the same. Then if the W/L ratio of transistor
M3 is x-times larger than M; the output current will also be x-times larger than input

current. Saturation current equals:

1 w 4.2
Ip = EKPT(VGS _VTH)Z- (4.2)

Parameter A is neglected in this case (A = 0, more in equation 3.18)
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Fig. 4.3. Graphs showing input and output currents in dependence on voltage between

drain and source electrodes of transistor a) NMOS and b) PMOS

In the figure 4.3 we can see the diagrams of input current (Irer) and output current
(Iout) for (W/L); = (W/L)2. We can see two important points on the diagram of Iour. First
one is marked as Vpsomin. It is the minimal voltage, at which the M; transistor is in
saturation region. If the voltage Vps2 drops below Vpsamin transistor M» is in linear region
and does not operate as current mirror and output resistance rouis low. Resistance rou in
saturation region is ideally infinite (Iout diagram would be parallel to x axis). However,

the output resistance is finite and given.

Tout =27 (4.3)

Second important point on the diagram of Iout is where Irer= lourand Vpsi = Vagsi =
Vbs2. At this point both transistors, M and M, have the same voltage on the drain

electrode. Therefore, both transistors have the same operation conditions.
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4.1.1 Design procedure

The procedure of designing simple current mirror is explained using following
example. Task of this example is to design current mirror using NMOS transistors with
following properties: output current Iouti = 50 pA, Iout2 = 100 pA, Iouts = 120 pA and
dynamic range of Iour 0,3 — 5V. Associated task is to calculate Rout. Used technology is

I2T100 and input current is Iw = 50 pA.

In the beginning the designer draws complete diagram of the current mirror. Three
output currents are required, therefore, there are three output transistors connected to
NMOS transistor in diode setup, which sets the working point. Current flowing through
output branch is set using resistor Ri, however, other methods may be used, for example

transistor in diode setup.

Vo o *

& 1

(0] (0] (0]
In= Irer= /1J7 l laut 1 l laut 2 i lour 3
50 pA 50 pA 100 pA 120 pA
||_ IV|01 ||_ Moz | MoS
z I
Vss © ® ’
ov

Fig. 4.4 Simple current mirror with multiple output currents

Resistor R; sets the value of input current Iin. In order to calculate the value of this
resistor, it is required to determine the voltage between gate and source electrodes. The

value of the Vgs is the same for all transistors, because they all share the conductor for
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gate and source. This value is not given and must be decided. These transistors work in
strong inversion (more in chapter 3.4.2.), and thus the difference (Vgsi — VTH1) is chosen
in range from 0,2V to 0,5V. This value then influences size of the transistor, noise
properties, parasitical capacitances and most importantly minimal voltage required to
reach saturation region (Vpsmin). In assignment there is required dynamical range from
0,3V to 5V. This means that in this case it is possible to choose difference (Vagsi — V1H1)
in range from 0,2V to 0,3V, which is used in this example. Then it is possible to calculate

the value of R; resistor using Ohm’s law.

R, = YR _ Yop=Ves1 _ Vop=(Vpsimin+Vru1) _ 5-(0,3+0,77) (4.4)
=== = = =

Iin Iin Iin 50p
78,6kS)

Now it is possible to calculate dimensions (W/L); of transistor M; using equation 4.2, that
deals with saturation current. The equation needs to be transformed to calculate

dimensions.

(K) _ 2Ly . 2:50p 115 (4.5)
L)y, KPWWs —Vr)? 96,3u(03)2

Using the same equation, it is simple to calculate dimensions of the remaining transistors,
or more conveniently, the dimensions can be calculated thanks to the ratios of currents

flowing through them (using equation 4.1.)

lovrs _ W/L)or _ _oyr _ 50u _ (4.6)
=, = W/er === W/L)y =550 115 = 115

loyra = (W/L)oz lours _ 100y ) @7
L~ (W/L), => (W /L)y = —11 W/L), = Wp 11,5 = 23,

lovrs _ W/L)os _ _oyrs _ 120u ~ (4.8)
I, = W/L), => (W/L)y3 = I, W/L), = WM 11,5 = 27,6.
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Here the W/L ratios have been calculated, and now, in order to determine W, it is required
to choose the value of L. Magnitude of this value influences size of the transistor and
mainly output resistance rouc (see chapter 3.1.3.). In order to demonstrate this fact properly,

the equations are calculated with Lvin (0,7 um).

w 4.9)
) = 11,5 =>W,;, = L,,-11,5=0,7-115 = 8 um,
o1
W
(—) =23=>W,, =L,,-23=0,7-23 = 16 um, 4.9
L 02
(4.11)

w
(T) = 27,6 => W3 = Lys - 27,6 = 0,7 - 27,6 = 19,3 um.
03

From the chart of dependence of A on L it is easy determine A for the given L. Then A =

0.105 V. Output resistances of separate transistors will be:

1 1 (4.12)
Toutt = 31— = 5105 5o 00 F
1 1 (4.13)
Touz = 37— =108 - 1000~ > K
1 1
= 79 kQ. (4.14)

Touts = 47 .~ 0,105 1204

To demonstrate the importance of the L parameter, below are the very same equations,
only now with L value changed to L = 3 um (in that case A = 0.02 V™). Calculation

procedures are the same as for Lmiv and therefore they are not written.

1 1 (4.15)
Tout1 = MOUTl - 0,02 ; 50” = 997,5 kQ
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1 1 (4.16)
Toutz = 57~ = 0,02 - 100

1 1 (4.17)
Touts = 57 T 0,02 120

Output resistance grew 5.25 times (ratio of ALmin/ AL).

An advantage of simple current mirror is broad dynamic range. On contrary, the
disadvantage is low output resistance rou, Which is insufficient for most applications.
Further increasing of L parameter does not deliver significant increase in rou (With
increasing L parameter, the A decreases just slightly), but dimensions increase greatly.
Because of this fact, a more complex circuit solution needs to be introduced, in order to

increase output resistance.
4.2 Cascode current mirror

One of the possible ways of achieving greater output resistance is to create circuit as

shown in fig. 4.5.

J’ —— S v

M1 }_*’—i M2 " |—<>——|[: -

th J7 lour
Vss © * o

a) b)

Fig. 4.5 Cascode current mirror constructed using a) NMOS b) PMOS transistors

M; and My transistors are connected in cascode setup and in the output branch there are
two transistors in diode setup (M1, M3). M1 and M3 transistors set the working points of M2
and Ma. Just like in previous cases, if M| and M transistors are the same, then the voltage
Vs will have the same magnitude and therefore the Mo transistor will reflect current of M

transistor into the output branch. Output resistance of such current mirror is increased thanks
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to utilization of cascode technique — transistor M4 keeps the same voltage at point A. In the
case of increasing voltage at this point (only for NMOS mirror, in case of PMOS mirror the
voltage shall decrease), the Vgs4 deceases and that causes the My transistor to close to some
extent. In order to achieve greatest possible output resistance, it is required for M4 transistor to
be highly sensitive to the change of output current at Vgs (gm). As a result of this, the voltage
at point A decreases back to its original value. After proper interpretation it is possible to

calculate output resistance.

Tout = rds4(1 + gm4rdsz) + Tgs2 - (4.18)

In case of transistors M2 and M4 being the same the formula is

Tout = gmzl-rds2 + 21y = rdszgm4 . (4.19)

Typical output current diagram of cascode current mirror in dependence on output voltage
Vour is shown in fig. 4.6.
———0
N l i lour

M3 }—*’—”: w4

hn=lour

I. M2, M4 - linear region
IIl. M2 - saturation,  \# linear region
. M2, M4 - saturation

0 —=>

Vss 0 e v 0 Voutmin Vaur

Fig. 4.6 Graph of output current through cascode current mirror depending on raising voltage

Vbs

The output diagram can be divided into three parts. In the first part, where Vour
<2VDsmin, both transistors (M2 and My) are in linear region. With further increase of output
voltage above the value of 2V psmin the transistor M reaches saturation, while M4 remains in
linear region. After exceeding the value Vourmin both transistors reach saturation and maximal

possible output resistance is achieved. Formula for Voutmin is

Vourmin = Ves1 + Vess — Vesa + Vpsamin- (4.20)

In case, where difference between Vgs and Vry is the same
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Vourmin = Ves + Vosmin = Vru + 2Vpsmin- (4.21)

In @Nh N
Ms l;vles V&&Ii IN= lour
W

Vsso -/'/VCB v —

Fig. 4.7 Minimal output voltage of the Cascode current mirror

Compared to simple current mirror, the cascode current mirror has significantly
greater output resistance. Its disadvantage is higher minimal output voltage in order to achieve

maximal possible output resistance.
4.2.1. Design procedure

Design procedure of cascode current mirror is shown in following example. The task
is to design cascode current mirror using PMOS transistors with output current lour =
100 pA. Further task is to calculate Ry, Tout, Vourmin. Used technology is I2T100. Input
current Iiv = 50 pA.
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Fig. 4.8 Circuit diagram of Cascode current mirror

Resistor R is used to set value of input current Iin. In order to calculate the value of
this resistor, firstly the voltage Vgs1 must be decided. Since there is no specific requirement
on Vpsmin (Ves— Vth), the value 0,25V is chosen. (limits 0,2V — 0,5V see chapter 3.4.2). With
this voltage the high dynamic range will be achieved as well as high gn and rou. The

disadvantage of such setup is the large size of transistors.

V_R ~ Vop = Ves1-Veszs  Vpp — 2(Vpsizmin + Vruis)

R, = = =
! Iy Iy Iy (4.22)
5—-2(0,25+1,01)
= = 49,6 kQ
50u
Voutmin can be calculated thanks to known value Vpsmin
UOUTmin = UTH + ZUDSmin = 1,01 + 2 " 0,25 = 1,51 V (423)

Now it is possible to calculate dimensions (W/L) of transistors M| and M3 using
equation 3.17 for current in saturation, namely width W. Then the length L is chosen to be 3
um. This length is good compromise between magnitude of A and transistor dimensions. (see
chapter 3.1.3)

B 21;yL _2-50u-3p
 KP(Vgg — Ve)?2  30u(0,25)2

(4.24)
Wis

= 159,9 um

Afterwards the dimensions of M2 and My are calculated using output and input

currents ratio. Length is same for all transistors
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loyr  Waa loyr 100u
_— =2 S W,,, = —— =—:159,9u = 319,8
Iy Wigs ” Wea Iy %7 50p : K

(4.25)

Then it is necessary to determine rou. For this gm must be calculated using equation

3.21 (eventually 3.22 or 3.23):

21p 200pu 800 1S
Im =y Voy 025
21, 200u (4.26)
= = = 800 uS
Im = Vos —Viy 0,25
And also, output resistance of Mz and My transistors:
1 1 (4.27)
Tas2 = Tase =377 = 0,015 - 100
And then:
Tout = Tas>Gma = 666,6k? - 800u = 355 MQ (4.28)

It is necessary to realise that these calculations do not consider change of threshold
voltage of transistors M3 and Ms, which do not have common bulk and source, but instead
they have source electrode on higher potential (see chapter 3.1.1). There will be smaller
voltage on resistor Ry than what value which has been calculated with, (equation 4.22) and
input current will be slightly smaller than required 50 pA. However, it is easier for the
designer to calculate the result with Vtno (threshold voltage for transistor with common
source and bulk) and afterwards adjust R resistor in design software based on the simulation,

rather than precisely calculate changes of threshold voltage.
4.3 Wilson current mirror

Another possible way of increasing output resistance of a current mirror is to use

Wilson current mirror. Diagram of such current mirror is shown in figure 4.9.
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Fig. 4.9 Wilson current mirror constructed using a) NMOS b) PMOS transistors

Wilson current mirror consists of three MOS transistors connected in similar way as in
cascode current mirror. M3 transistor creates feedback in the circuit, which keeps constant
voltage at point A (and thus also current flowing through M>). So, for example if there is an
increase in voltage at point A in the figure 4.9a, there will also be increase of Vagsi = Vasz, and
also in input and output currents. M transistor then opens more and decreases voltage on
drain electrode, at the same time voltage Vgs3 of M3 transistor is decreased and this transistor
closes and as a result voltage at point A is decreased. It is required for all transistors to be in
saturation. The combination of transistors M1 and Mo (or eventually resistor Ro) works as
amplifier (figure 4.10) which amplifies any changes at point A. In order to achieve greatest
possible output resistance, this amplification must be as high as possible. From following
chapters there is formula to determine amplification of the beforementioned transistor

combination.

A = gmiRio1 = gm1(ras1liRo) (4.29)

In this instance the Rio; parameter is resistance in the node to which the drain
electrode of M transistor is connected. In order to achieve greatest possible output resistance,
it is required to have greatest possible parameters Rror and gmi. In Wilson setup of current
mirror, the output resistance is directly proportional to Ry (eventually My), unlike simple or

cascode one, where the output resistance is independent of this parameter.
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Fig. 4.10 Wilson current mirror with a) resistor Ro b) transistor Mo
For output resistance there is formula

Tout = Tds3 [1 + gml(rdslllRO)] (4~30)

It is worth mentioning that this formula has undergone certain simplification. Some
parts of the full equation are left out because they do not influence the overall value of output

resistance. Output resistance of Wilson current mirror are comparable to the cascode one.

Main disadvantage of cascode current mirror is low output dynamic range (see
equation 4.21). For Wilson current mirror is given by following formula, in case when

transistors M> and M3 are in saturation.

Vourmin = Vesz + Vbsamin = Vru + 2Vpsmin (4.31)
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Fig. 4.11 Minimal output voltage of Wilson current mirror

Figure 4.11 shows diagram of output current in dependence of increasing output
voltage. In the first segment the current behaves like it would do in diode. This is caused by

diode setup of transistor M», located in the output branch.

With Wilson current mirror it is possible to reach high output resistance. Drawback of
this current mirror is the limitation of output dynamic range. Another drawback is that in the
mirror consisting of Mz and My (see figure 4.11) there is different voltage Vps on these
transistors. Because of that there is systematic error of output current (because of the final

value of output resistance — see fig. 4.3).
4.3.1 Design procedure

Design procedure of Wilson current mirror is shown in the following example. The
task is to design Wilson current mirror (fig. 4.10a) using transistors NMOS with output
current Iout = 100 pA. An associated task is to calculate Ro, rour, Vourmin. Technology

I2T100 is used and input current equals Iy = 50 pA.

The value of the input current I is set by resistor Ro. In order to calculate the value of
the resistor, it is firstly required to determine voltages Vgs2 and Vgs3. When not considering
changes of threshold voltage Vru3 (different potential on bulk and source electrodes), the
voltages Vgs2 and Vgss will have the same value. Since there is no specific requirement of
parameter Vpsmin (equals Vs — Vr) it is decided to be 0,25V (limits are 0,2V — 0,5V see
chapter 3.4.2). With this voltage high dynamic range, high gn and rou will be achieved (due to

Voutmin). This setup has the disadvantage of having large dimensions of transistor.

_ V_R ~ Vop = Vess-Vesz  Vop = 2(Vpsa 3min + Vruz3)

- IIN IIN IIN

Ry
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_ 5-2(0,25+0,77)

S0n = 59,2 kQ).

V_R — VDD - VGS3—VG.S'2 — VDD - 2(VD.S'2,3min + VTH2,3)

R, =
"y Iin Iin 4.32

520,25 +0,77)
B 50u

= 59,2 kQ).

From known value Vpsmin the parameter Uourtmin 18 calculated.

VOUTmin - VTH + ZVDSmin - 0,77 + 2 b 0,25 - 1,27 V 433

Now the dimensions(W/L) of the transistor M; can be calculated. For this the formula
for calculating current in saturation is transposed to calculate width W. Length of channel is
chosen as 3pum. This Length is a good compromise between magnitude of A and dimensions
of transistor (see chapter 3.1.3)

2I1yL _2-50p-3p (4.34)

W, = - — 498
1T KPWes — Vo2 96,31(0,25)2 pm

Using the ratio of input and output currents the dimensions of transistors M, and M3

can now be calculated. Length L is same for all transistors.

loyr  Was loyr 100u (4.34)
—=—=>W,,=—W, = ———-49,8u = 99,6
Iy W, > Was Iy ' 50u " H

Now the calculation of rou remains. This requires calculation of gmi using equation

3.21 (eventually 3.22 or 3.23)

21 100
_ D _ K_ 400 S 4.36
Ves — Vg 0,25

Im1

Output resistance of M3 transistor then equals

1 1 4.37)
_ = = 500 kQ
Tass = 5 = 0,02 100
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And rqs1 equals

1 1 (4.38)
Tas1 = 37 = 0,0z 500 - M

Output resistance equals

1M - 59,2k >]

Tout = Tas3[1+ Gm1(Tas1llRo)] = 500k [1 + 400u (m

(4.39)
=11 MQ.

One possible way of increasing output resistance is to use My transistor (see fig. 4.10)
instead of Ry resistor. This transistor has much greater output resistance than Ro — it is
connected as output of simple current mirror with resistivity in hundreds of k) (see chapter

4.1).

4.4 Modified Wilson current mirror

In Figure Fig. 4.12 there is an example of modified Wilson current mirror used to
eliminate systematic error caused by different voltage Vps of transistors M and M». This
error is being eliminated by introducing an additional transistor M4. Voltage Vgs If this
transistor compensates for the same voltage of the transistor M3.

hn=lour

IOUI'

UO U'mi VO ur

Fig. 4.12 Modified Wilson Current Mirror

In this case the voltage Vps of M transistor is dependent as following:
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Ups1 = Ugsz + Ugsz — Ugsa (4.44)

If the M3 and My transistors have same value of (Vgs - Utn), the equation can
be simplified to the following form:

Upsi = Ugsz = Ups, (4-45)

The additional transistor My slightly changes the output resistance of the current
mirror. The My transistor is implemented in the circuit in diode configuration and adds
the resistance 1/gma in series with My (eventually Ry — resistance in the reference branch —
see fig. 4.10). There is equation to calculate resistance of the node of amplifier (node between
drain of the M transistor and source of the M3 transistor):

1 (4.46)
Rio1 = rasill (Ro + _>

m4

And then the output resistance of the current mirror rout can be calculated:

9ms3 Rogms3 (4.47)

T, =71 D E——
out ds3 Im2 Imi1fiLo1 1+ Rogm3

Modified Wilson current mirror can be used to eliminate the disadvantage of
having different voltages Vps of the transistors M1 and M». Nevertheless, this
modification does not resolve the reduction of dynamic output range.

4.4.1 Design Procedure

Procedure of designing a Modified Wilson current mirror is the same as
designing an unmodified one. The additional task in this case is to calculate the
dimensions of the My transistor and recalculate the output resistance rou. If the
difference (Vs - Vu) of transistors M and My is the same, they will have the same W/L
ratio as well.
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4.5 Modified cascode current mirror

As demonstrated with Wilson current mirror (equation 4.31) and Cascode current
mirror (equation 4.21), when increasing output resistance of current mirror there is reduction
in dynamic range of output signal (area of output voltages with all transistors in saturation).
However, very often this parameter is one of the key parameters of current mirror. Therefore,
it is required to ensure high output voltage range, with high output resistance, whilst
preserving means of correcting systematic error of output current. Requirements on design of
current reference can sometimes be ambiguous and it is the designer’s task to evaluate all
possibilities and find the best compromise of the key parameters.

Chapter 4.2, which dealt with normal cascode current mirror, states that high output
resistance of cascode configuration is ensured when both cascode transistors operate in
saturation region. When this condition is met it is possible to calculate minimal output voltage
of current mirror with NMOS transistors:

Uourmin = Ugs + Upsmin = Ury + 2Upsmin. (4.48)

It is required to lower the minimal output voltage to the value:

Uourmin = 2Upsmin (4.49)
One of the possible solutions:
Vpp ©
——O
I i 2 lout
I I
M3 | | M4 Me
B Uout
e
M I I M2 ”: Ms5
A\
Vss © ® o

Fig. 4.13 Modified Cascode Current Mirror
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The required function has a condition and that is to retain voltage Vpssmin at point B. On gate
of the M3 transistor is constant voltage Vs — Vbsmin. When considering usual cascode current
mirror, there was voltage Vgs at point A. However, in this case the circuit shall be
reconfigured in order to have voltage Vs — Vpsmin at this point. Voltage between gate and
source electrodes of the M3 transistor can be calculated using following formula:

Ugss = Ugsa + Upssmin (4.50)

If all the transistors are designed for the same voltage Vpsmin:

3.,

If transistors Ms and Mg are the same, it can be calculated:
Tout = gmérds2 + 21y = rdszgmé (4.52)

Voltage ratios in the circuit and usual behaviour of output current in dependence on
output voltage can be seen in fig. 4.14.

) o v |
Me F+— ma —{l: M I/TNT in=lout
v Yo

Vss o ® Ll

Fig. 4.14 Minimal output voltage and expected output current of Modified Cascode Current
Mirror

Vbp ©

lout

® O 0 —>
VouTmin Vour

There is a disadvantage to this configuration and that is the fact that the M; and M5
transistors have different voltage Vps and the current flowing through the M transistor is
reflected with an error (see chapter 4.1).
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4.5.1 Design Procedure

Procedure for designing a modified cascode mirror is similar to designing a regular
one (chapter 4.2). Difference in the modified cascode current mirror design procedure is the
quarter size of the transistor M3 and different voltage on the resistor.

4.6 Further examples of current mirrors with high dynamic range

In this chapter, there are further examples of current mirrors, having high output
dynamic range (Vour = 2Vpsmin). The intention of the following examples is always the same,
and that is to retain voltage Vs - Vpsmin On the gate electrode of the output cascode transistor.
In the figure 4.15 there is an example of current mirror, comprised of four transistors, where
Vas4 sets voltage on the transistor M3 and voltage Vgs2 sets the voltage on the transistor Ma.
The M3 transistor is designed to accommodate for higher voltage Vgs, for which there is a
formula:

Ugss = Ugsa + Upsamin (4.53)

If all the transistors are designed to work with the same voltage Vpsmin then the
dimensions can be computed using following formula:

),=3(%).., o

In the case that the transistors M> and M4 have the same dimensions, the output
resistance is:

Tout = gmzl-rds2 + 21y = rdszgm4 (4.55)
(@] —————O
I|NJ7 LHN i louT
M3 > M4
v WIL wiL Vout

M 4 M >
wiL > wiL

Vsso ® ® O

Fig. 4.15 Current mirror with high dynamic range

53



However, there is a disadvantage to this current mirror, which is that the transistors M
and M; have different voltage Vps and therefore the current flowing through the M; transistor
is reflected with an error (see chapter 4.1).

In the picture 4.16 there is a transistor Ms added to the previous current mirror. Same
voltage on the transistors M| and M2 can be ensured by this adjustment, which fulfils the
condition for current reflection without error (see chapter 4.1).

—o0
/|NJ7 l/m il
our
Ms
WIL | |
M3 [ |l: M,

Y WIL WL

Vour

Fig. 4.16 Modified Current Mirror with high dynamic range

5 Current references

Most of the modern integrated circuits uses reference currents. These currents are
usually used to properly set operation points of the integrated circuits. The current magnitude
determines transmission conductivity of the transistor (gm) and thus it influences both static
and dynamic properties of such circuit. Furthermore, operating current tend to determine the
overall power consumption of the integrated circuit, which is one of the key parameters of
almost all applications of such circuit.

Usually the operating currents in different parts of the circuit are derived from one
reference current, using current mirrors. Because of this it is crucial that the designer is able to
design reference current block, which can supply accurate reference current, ideally not
disturbed by difference in voltage or ambient temperature. Some possibilities are described in
the following chapters.

5.1 Simple current reference

The simple current mirror could be considered the simplest form of current reference.
The current flowing through the reference branch can be calculated using the formula:
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_ Upp — Ugsa (5.1)
TR

This current flows through the transistor M1 connected in diode configuration, which
then produces control voltage of the My transistor, which then reflect this current into the
output branch.

R, o
IOUT1

o | O
—\| M Ve

VG S$1

Vs © ®

Fig. 5.1 Simple current reference

Basic principle utilized in this method, using Ohm’s Law, is simple and is described in
chapter 4.1. However, the accuracy of the output current is insufficient, because it is based on
the accuracy of all values mentioned in the equation 5.1. The fluctuation of the source voltage
Vop is usually considered to be + 10 %, the accuracy of the resistor realisation on the chip is
considered + 20 %. The voltage Vgs is directly dependant on the parameters of the MOS
transistor (KP, Vtro...). These parameters can have deviation up to + 20 % due to
imperfections in the production process. Another factor highly influencing accuracy is
thermal dependence.

5.2 Current reference independent of source voltage

In the figure Fig 5.2b there is a diagram of current reference that is almost independent
of the source voltage. This circuit is often called self-biased. Basis for this current reference is
divided from regulated cascode current mirror (see figure 5.2a). This current utilizes the
negative feedback (transistors M and M>) to stabilize the output current Iour by following
means. When the output current Iour raises the voltage Vpsmr (voltage at point A) raises as
well. This consequently causes the voltage Ugs: to raise, which then causes the transistor to
open more (whilst keeping the current Ipms constant). Voltage at the point B then decreases,
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as well as Ugs2 and then the transistor M» closes and by that it lowers the current Ip2 and lout
as well. This current mirror has the advantage of having high output resistance rout.

Tout = gmlgmz(rolllro3)r02roMR- (5.2)

v 1w

v ] ®

R2

Vs ©
a) b)

Fig. 5.2 a) Circuit of a current mirror with regulated cascode b) current reference independent
of source voltage

It is possible to create current reference circuit capable of generating current, which is
almost independent of the source voltage (fluctuation + 10%), by modifying the circuit of the
regulated cascode according to the figure 5.2b. This behaviour is caused by the M> and M3
transistors and namely their high output impedance, capable of absorbing changes in source
voltage AUps without any significant changes in the currents in separate branches. In other
words, with changes of voltage Vs the current Ip remains the same (this is achieved when rou
= o0). On contrary the voltages Vpsi and Vpss can not change arbitrarily. The M; transistor
has two voltages (Vgsi and Vgs2) on the drain terminal (point B) and the M; transistor has one
voltage Vgsunder the voltage Vpp. This means that any changes in the source voltage have to
be absorbed by the output resistance of the transistors M> and M3s.

If the W/L ratios of the transistors M3 and My are equal, then the current in both branches
are equal (I1 = I2). In order to set the current of the output branch of the current mirror a resistor
R> can be used.

_ Uk (5.3)
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The voltage Vg2 is the same as the voltage Vasi

2L, (5.4)

Usgi = R, I, =U —_—
GS1 202 TH1 T KP-W,

Since all transistors in the circuit operate in the saturation region, the voltage Vgsi can
be obtained from the equation for computing current in saturation (equation 3.17). The
dimensions can also be obtained from the same equation. The currents I; and I» are usually
chosen by the designer himself, regarding the desired parameters of the current reference (such
as power consumption, dimensions of the components etc.).

The simultaneous equations 5.3 and 5.4 have two possible solutions. Solutions of this
nonlinear system is realised graphically in the figure Fig.5.3. Two possible results can be seen
there, marked by points A and B. The result at point B works with zero current I and zero
voltage Vgs. Point A is a desired operating point. However, in real situation it is not predefined
at what state the circuit will be after connecting the circuit to the source. To compensate this
fact and to ensure that the circuit is always operating in the point A, it is required to add starting
circuit.

Ip 1\ I b

low) Ap)

0 y
VG S1(p) VGS1

Fig. 5.3 Operating points of the current reference
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starting circuit

Fig. 5.4 Current reference with starting circuit

In the case of the reference current circuit being at the operating point B, the starting
circuit should facilitate transition to operating point A. In the other case, the circuit being in the
operating point A, the starting circuit should not influence the function of the current reference
in any way. These conditions are met in the circuit in the figure Fig. 5.4. At the operating point
B, the voltage Vgsi and the current I, are zero. Because of that, the Ms; transistor is open and
opens the transistor M2, which has sufficient voltage on the gate terminal (point B). By opening
the M, transistor, the current I, starts flowing through it, the voltage Vr» raises and the transistor
M; starts to open. This results in the current Is; starting to flow into the M; transistor.
Consequently, the magnitude of the current I; raises and the magnitude of the Is; current lowers.
The voltage at point B increases until it reaches the value where the voltage on the Ms; will be
Vassi < Vru. The current ceases to flow through the Ms; transistor and then the starting circuit
ceases to influence the reference circuit. Values of the Is; and Is> currents are once again a
compromise between power consumption, component dimensions and other parameters.

The main disadvantage of this current reference is its dependency no the accuracy of
production of the resistor Ro, which is = 20%. In order to achieve better accuracy it is required
to trim this resistor.

5.3 Current reference utilizing multiplication of beta

Another possible realisation of current reference circuit independent on the fluctuation
of the source voltage is described in this chapter. In this case the resistor is placed on the source
terminal of the MOS transistor (see figure Fig.5.5b), instead of the drain terminal, as in the
previous chapter. If the currents flowing through the transistors M| and M; are equal, then the
following equation can be used.
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Ugs1 = Ugsy + Ug = Ugsz + IgerR (5.5)

To ensure the equality of the current flowing through the transistors M| and M2 a current mirror
realised by the transistors M3 and My is added to the circuit (figure Fig.5.5b). The output current
is reflected into the output branch. The outputs Viiasp and Viiasn may serve the purpose of setting
the operating points of further transistors.

The equation 5.5 is valid only if the condition Vgsi > Vgsz21is met. To achieve this the
M; transistor is designed with higher parameter beta compared to that of the transistor M(this
is the reason for naming this method multiplication of beta). Increasing the parameter (equation
3.9) can be easily achieved by increasing the W>.

21, (5.6)
Ugs = B + Urno
In this equation f = KP - W/L and
B, =K- B, (5.7
In this case the K is ratio of W2/W (with keeping the L constant).
Vop O * *
v n‘] Me oy
.| I bisp

Fig. 5.5 Current reference using the beta multiplication a) principle of the reference,
b)solution circuit
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In the ideal situation following statement is true:

Irgp1 = Irer2 = Iggr (5.8)

This current reference circuit utilizes the positive feedback. The additional resistor R
reduces the closed loop amplification (positive feedback circuit can only be stable when its
closed loop amplification is lower than 1) When decreasing the value of the resistor R, the
closed loop amplification is increasing, and this may result in the circuit becoming unstable.
An example of the conditions, when the circuit oscillates, is large parasite capacitance between
source and bulk terminals of the M» transistor. In this case, the resistance between source
terminal of the M; transistor and the ground is decreasing. This can occur when the resistor R
is not on the same circuit board with the rest of the circuit.

For the calculation of the transconductance of the M; the following equation is true

Im1

UDSl,sat R- UDSl,sat R UDSl,sat

2IREF 2AUDS _ E <1 _ UDSZ,Sdt) (59)

Since the same current flows thorough both transistors, they only differ in the width of
the channel W, the ratio Vpssac applies (saturation voltage — minimal value of the voltage
between the drain and source terminal to obtain saturation of the transistor).

5.10
Upspsar _ [Wa _ 1 19
UDSl,sat WZ \/E
The equation can then be rewritten
2 1 (5.11)
om = (1~ 7%)

The transconductance gmi depends only on the value of the resistor R and the ratio K.
All parameters of the process (KP, Vru...) disappear from the dependence. This is the
undisputed advantage of this configuration. There is also a special case where the gmi is only
depend on the resistor R, and that is when the parameter K = 4. In that case:
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1 (5.12)
Im1 = E

This current reference is sometimes called a constant g, current reference because of
this. Same as the previous type of a current reference, this reference also has two possible
operating points. And same as the previous case it is required to utilize the starting circuit in
order to ensure the proper operating point (the other operating state occurs when the currents
are zero). If the circuit is operating in the desired operating state, the starting circuit should not
influence its function in any way. If the circuit is not operating in the desired operating state,
the starting circuit forces it to change into the desired operating state. Figure 5.6 shows a
possible solution.

starting circuit

-—————————
Vp O :
|
| My
:Msoz Mo 5 V basp
|
|
|
|
| My, (K-Ws)
:Mm1 jI O Vb'asn
|
|
|
| R
|
|
ve o4 .

Fig. 5.6 Current reference circuit with starting circuit

If the circuit is not in the desired operating state (gate of the M1, M are powered by Vss and
the M3, M4 by Vpp) the operation of the starting circuit is following. The gate terminal of the
Mso1 is connected to the M and M transistors — these transistors are closed and thus no current
flows through it. Gate of the Msc2 is located somewhere between Vpp and Vpp — VrtHo. The
transistor Mscs operates as a NMOS switch. When it is switched on a very small current from
the gate of the M3 and My transistor flows through it into the gate terminal of the M; and M»
transistors. Decrease of the voltage on the gate terminals of the M3 and M4 transistors is taking
place alongside an increase on the gate terminals of the M and M; transistors. Then the circuit
transits into the desired state. Consequently, the Vgsscs) voltage decreases as well and the
transistor closes — starting circuit does not influence function of the reference circuit.

Since the transistors M; and M have different voltage Vps there is an error of the
reference current due to the change A (see chapter 3.1.3). Therefore, the equation 5.8 does not
apply in real conditions, because the currents Irer1 and Irer2 have different values. If the
voltages Vpsi and Vpsz would have the same value, the higher output resistance 1,2 could be
achieved a that would lead to achieve more precise reference current Irger. In the figure Fig. 5.7
there is configuration of a current reference meeting these conditions.
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starting circuit

Moz | s © Voo
| | Mo, (K-Wy)
Mgo 1 | ] OV pisn

Fig. 5.7 Modified current reference utilizing differential amplifier

There are two additions into the circuit: differential amplifier and a transistor M4 not
connected in the diode configuration, which allows for the tuning of the voltage on the drain
terminal of the M transistor in almost whole range (which is not given by the Vpp — Vgsa).
Inputs of the differential amplifier are connected to drains of the M1 and Mz transistors. These
are being compared and kept on the same voltage level. This result in higher output resistance
Io2. This configuration can for example function as following. The voltage on the drain terminal
of the M transistor (input +) is higher than that forcing on the drain terminal of the M transistor
(input -). Voltage on the differential amplifier increases and the transistors M3 and My close a
little. Then the Irer2 current and drain voltage of the M; transistor decreases. The current Irgrs,
located in the first branch, also decreases. The M; transistor is presented in the diode
configuration and ideally there is voltage completely independent on the current flowing
through it (in real scenario it will decrease as well, but not to such extent as on the M transistor).

5.4 Current reference using the referential voltage

Most of the Integrated circuits includes the voltage reference, which can be used for
generating referential currents for the other parts of the designed system (example being
operational amplifiers or comparators). An example of such current reference based accurate
source voltage is shown of figure Fig 5.8.
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Ve O ° *

Fig. 5.8 Current reference utilizing referential voltage

This connection consists of voltage divider, realised using resistors Ry and R». Their
ratio may be realised with high accuracy (0,1% - see chapter 2.2.2). Output voltage of the
divider is then brought to the + terminal of the operational amplifier. The other input node of
the amplifier is connected to the resistor Rrer and is used to keep a constant value of the control
voltage on this resistor, by controlling the transistor Mp. The resulting referential current can
be calculated employing the following formula.

Uop- (5.13)

RREF

Iggr =

As stated before, the circuit keeps a constant value of voltage V.. Accurate value of the
RRer resistor is hard to realise and can have deviation of up to 20% (see chapter 2.2.2). Due to
this fact, this resistor must be finely tuned (electronical tuning is one possibility). The Vo.
voltage must be chosen with respect to the voltage range of Upp and Uss in the referential
branch.

The circuit may be enhanced by adding current mirrors in such way that the designer
can create any number of current references (both PMOS and NMOS), with any values of
referential currents (in this case it is required to add adequate output resistors to the individual
transistors — see chapter 4). In the figure Fig 5.9 there is a diagram of the circuit used in Fig.
5.8 with added four output referential currents (PMOS and NMOS). These currents have high
output resistance and high voltage dynamic range. These parameters are ensured by employing
current mirrors discussed in chapters 4.5 and 4.6.
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Fig. 5.9 Current reference utilizing referential voltage with multiple outputs

In this connection the concurrency of NMOS and PMOS transistors used in the current
mirrors is crucial. The voltage asymmetry can influence the overall accuracy of the output
currents.
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Commentary

This part of my thesis deals with commentary of the translated text. There are few parts
on which this commentary is aimed. The logical way of dividing the commentary would be as
following. Firstly, there should be the commentary of the differences between the target and
source language including the problems and difficulties of translation originating from said
differences. Secondly, after properly commenting on the differences between the languages,
there should be a part focused only on the translated text and it should be presented in the form

of discourse analysis.
Language Differences

In this chapter I would like to describe both, the subtle and major differences between
the Czech (source) and English (target) languages. It is expected that these two languages have

certain differences just from looking at two basic features.

First of the features is the distinction in the Indo-European language family. Indo-
European language family is the biggest language family, with about 3.5 billion people using a
language from this family as their native language. Both source and target language belong to
this language family as well. However, this language family can be divided further into many
branches and subbranches which may differ to various extent. An example would be (on the
specific language level) Czech and German languages. Despite the countries using the
languages neighbour each other, the languages are quite different, and the translators require
extensive study of the given language in order to be fluent in it. However, the northern or eastern
border (Polish or Slovak languages), the language users can communicate much more easily.
This is because these languages belong to the same language family as the Czech language.
Now, with this stated, the source of the differences between Czech and English language is the
different language families (as with the German language). Namely the Czech is a Slavic

language and the English is Germanic language.

The second feature is type of the language. The English is mostly analytic (apart for
some exceptions) while Czech is mostly synthetic language. Both language types have some

unique features.

Analytic language, unlike a synthetic one, is any language that uses specific
grammatical markers words or particles, to express syntactic relations within sentences,

according to Britannica. In general usage this means that the sentence has given word order
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with little or no possibility to change it, without shifting the meaning. The example of the given
word order in sentence can be seen in the following example: You are looking quite handsome
today and Are you looking quite handsome today are almost identical sentences, the only
difference is the words are and you being switched. This however causes the whole sentence to
shift meaning. In the first instance, the producer of the message is complimenting someone,
they are declaring the fact of someone looking handsome. In the other instance the producer is
not declaring anything, in this case the sentence is question and the producer awaits some

response to this sentence.

The other type of language from this point of view is a synthetic language, a category
to which even the Czech language belongs. According to Britannica a synthetic language is any
language that uses inflection (the change in the form of a word that indicates the distinction of
tense, person, gender, number, mood voice and case) to express relations within the sentence.
This can be demonstrated on the following example: Prijela. Despite this being just one word,
it is a full sentence. From this one-word sentence we can deduct several facts. Just like in the
definition we can conclude that the subject of the sentence is feminine gender, probably Ona or
some name, then we can conclude that the action of arriving already happened because the verb
is in the form of past tense. In the matter of number and voice it is possible to distinguish that
the subject is in the singular number and the verb is in active voice. These grammatical
distinctions can be concluded just from one-word sentence which is typical feature of the

synthetic language.
Translation difficulties occurring from the differences

Some difficulties occur from the differences described in the previous chapter. Keeping the

chronological order of that chapter, the language family differences will be covered first.

As stated above, the source and target language belong to different language families.
In practical usage this means that, apart from specific professional terms and some exceptions,
the lexicology and syntax are completely different and the person translating text between these
languages is required to fully (if possible) understand both languages. Nevertheless, the process
of learning a language is rather complicated task which can take several years to master. And
this is one of the main sources of the translation difficulties, because in most cases, one of the
languages (either source or target) is native to the translator while the other is taught and a less

known to some extent. Because of this, translation may get tricky thanks to the lack or
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incompleteness of the translator’s vocabulary and the translator need to seek help of a dictionary

or other translation tools.

There are some difficulties originating from the different types of source and target
languages (analytical and synthetic language). As shown on the example, when translating into
an analytic (English) language the resulting word order is very important for proper
understanding of the translated text. This is even more important when translating from
synthetic language as the word order has much smaller importance. When translating it is also
important to transfer all the meaning included in the inflection of the language (tense, voice and

others).

Translation approach

For this paper I have been tasked with translation of educational textbook for study
programme Analogue Technologies. This textbook, or at least the part I have been assigned
with, is written in fully formal, impersonal style. I tried to reflect this fact in the translation
and therefore have translated the English text in rather formal and impersonal style. This, for
example, required substituting active voice in Czech original text with passive voice in
English translation, as it is more formal. Another required alteration was decreasing the
subjectivity in translated text. This means that sentence miiZzeme dopocitat rozméry tranzistoru
could be translated as dimensions of the transistor can be calculated. In the Czech sentence
the verbs states that there is plural subject My, although it is not written down. In the
translation I would translate this sentence using rather passive voice instead of an active one. |
have decided for such an approach because English professional or scientific texts tend to be
absent of singular subject, although plural subject may appear. This needed to be
acknowledged and as a result I tried to avoid using subjects at all. However, this approach,
although it is advisable, requires much more syntactic changes in order to sound natural to
English speaker. This text is very closely related to the study programme I am currently
studying because last year I attended Analogue Studies as it is compulsory to complete this
study programme. This specific task has been given to me by the lecturer, because he teaches

this subject to Erasmus students, as well as local ones, and he needs this textbook in English.
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Lexicology

The most obvious lexicological aspect of this professional text is, of course,
terminology. In both languages we may find many professional terms mainly from the field of
electrical engineering. This is quite convenient, because we may say that electrical
engineering or study of electricity started in the 1800s, and by that time the world was already
globalized to some extent. As a result of this, the terminology for this, newly created, field of
study was accepted in the whole western civilization. However, because of some historical
influences there are some differences, and specifically these differences are making
translating of such terminology rather tricky. Let me demonstrate on few examples. For
example, transistor in English is completely the same in Czech transistor, and even in
German Transistor or French transistor. The very same with minor differences is applied to
other electrical components such as condenser, which in Czech is kondenzator, in German it
is Kondesator and in French it is condensateur. Of course, there are terms that are completely
different in respective languages. Such bright example is voltage, because into Czech it
translates as napéti, into German as Stromspannung, and into French as Tension. As seen on
the examples, we can state that a word by word translation is not the best procedure, as it may
cause incorrect translation. In order to avoid such mistakes, I obtained texts dealing with the
same problematics in both languages. From these texts I was able to identify the correct

translation for words and terms.

Helpful fact is that despite source and target language belong to different language
families they share some scientific terms originating from Greek or Latin, although slightly
changed to fit the nature of the given language. For example: literature — literatura, grammar —

gramatika, technology — technologie.

Another troublemaker in translation of the text are synonyms. By this I mean that if
one of the languages (target or source) has a synonym for a word where the other does not, it
creates another obstacle in translation. Let me demonstrate this on an example. In original
Czech text there is often used the word vzorec, and this word in English translation has two
possibilities, since they are synonyms. These are equation and formula and this fact is rather
complicating the translation process because it is often difficult to decide which one is more

adequate.
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Conclusion

In the translation we can see that both languages, although dealing with the same
matter, employ a little different approach to conveying information. This had been required to
remain during the translation process. Both languages differ in some aspects, such as
morphology, syntax, lexicology and even pragmatics. These little differences must be
considered when translating, despite the fact that one could think that it is not required since
this is a technical text and these differences are mostly applied in general use of the language.
Another source of such differences is different cultural background of source and target
language. Although this fact does not influence the translation of technical text so much, it

still does.

Both languages also differ in way the academic or technical text is written. For
example, in English, which is the target language of this thesis, personality is hugely avoided.
This resulted in replacing active voice in original text with passive voice and avoiding first
person both singular and plural. This on the other side is not the case of source language. In
the Czech text there are both active voices and first persons used to create the feeling that the

author of the text is directly addressing the reader.

With technical text there is one more important feature to consider and that is mental
schemata, or cohesion. This translation has technical meaning, so it is expected that the
reader, or rather recipient to be more general, has certain mental schemata that allows them to
understand such technical text. If a person without beforementioned mental schemata reads
the text, for example an artist, they would not comprehend the information that is conveyed

here as they do not have any electrical or technical education.

As I mentioned in previous paragraphs the process of translation of such text is not as
simple as it may seem. Obvious approach would be just directly translating the text (also
known as word-by-word translation), but hopefully I cleared that such approach is not just
insufficient but could render the translation incomprehensible. So, the next logical step is to
translate the text with respecting proper syntax, lexicology and morphology so that the
translation makes sense and is easily understandable. But that is still not best outcome and not
just because that everyone who would read it would know that the translator does not
understand target language very much. Therefore, the proper formation of the text must be
introduced. This means, for example, avoiding personal terms, first person, active voice and

other mentioned differences. It is also wise to consider adding some form of hedging to the
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text, as it is considered polite and formal. When all of these properties are carefully and

properly applied to the text, we finally get the desired, properly translated text.
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RozsiFeny abstrakt

Téma mé bakalarské prace je komentovany preklad odborného textu (v anglicting
Commented translation of a text on science and technology). Abych mohl splnit téma zadani,
bylo tfeba splnit dva separatni ukoly, které se ve vysledné praci spoji. Prvni ukol, a tedy prvni
cast vysledné prace, je samotny pieklad odborného textu. Preklada se z Cestiny do anglictiny,
kvuli tomu ze obor, jenz studuji, a¢ je zaméfen na studium angliCtiny, je oficialné vyucovan
v Cestiné. Na tomto se také projevi, jak dobfe student rozumi anglickému jazyku. Neméné
dulezitym faktorem je volba spravného textu k prekladu. Samoziejmé nelze pouzit ledajaky
Cesky text, ale je potieba aby spliioval urcité nalezitosti. Napiiklad je tfeba aby se jednalo o
odborny text, nikoliv o popularni ¢i popularné nau¢ny. Déle je vhodné, aby se text zaméfoval
na techniku, idealné na elektrotechniku ¢i informatiku, vzhledem k tomu ze tyto zameéteni jsou
soucasti oboru, jenz studuji. Po zvoleni nejvhodnéj§iho textu je na misté samotny preklad
zminéného textu. V piekladu je tieba uplatnit veSkeré zatim dosazené znalosti predevsim
z oblasti odborné angli¢tiny. Po prelozeni textu nasleduje druha, neméné podstatna Cast, a to
komentat. Komentar obsahuje naptiklad jazykovy rozbor piekladu nebo zhodnoceni obtiznosti
prekladu textu. V praci nesmi samoziejmé chybét nalezitosti jako Uvod a zavér, seznam

referenci a abstrakt.
Postup reSeni

V této kapitole rozsireného abstraktu se budu vénovat postupu feSeni tkold které jsem
nastinil v pfedchozi kapitole. Tyto ukoly samoziejmé& vychéazi ze zadani bakalaiské prace
Skolou. Zde budu popisovat, jak jsem zadanou problematiku fe§il v mém piipade, ¢imz
rozhodné nedavam najevo ze se jedna o nejlepsi mozny postup fesenti, ¢i o nejspravnéjsi, je to

pouze mnou zvoleny postup, u kterého jsem se snazil splnit v§echna kritéria a nalezitosti.

Prvnim tkolem byl pfeklad. Ve vysledku je tato ¢ast dominantni svym rozsahem, ne
vSak svou dulezitosti. Prvnim krokem pro zpracovani piekladu bylo ziskani materialu, jenz by
bylo mozné prelozit. Zde bylo mozné vybrat si z nékolika variant. Jak jiz jsem zminil
v pfedchozi kapitole je tfeba najit vhodny text k piekladu, idealn€ odborny text technického
razu. Prvni moznost, kterou jsem zvazoval bylo vyuziti internetu k nalezeni vhodného textu.
Nicméné s timto fesenim vyvstalo hned nékolik moznych obtizi. Prvni bylo Ze pii nalezeni textu
by se mohlo jednat pouze o uryvek textu z néjakého obsahlejsiho dila. V tomto pripadé je dost

pravdépodobné ze by rozsah nestacil na pokryti potieb mé bakalarské prace. DalSim problémem
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pii pouziti obsahu ziskaného z internetu je samoziejmé mozné poruseni autorskych prav.
V ptipadé ze by se mi podafilo najit adekvatni text v potfebné délce, stale bych se mohl jeho
preloZzenim a prezentovanim v mé bakalarské praci dopustit poruseni autorskych prav. Tomuto
by se dalo predejit zkontaktovanim autora onoho textu a pozadanim o moznost pouziti v mé
bakalarské praci. Vzhledem k tomu Ze puvodni text ma byt v Ceském jazyce tak by tato
komunikace s autorem mohla byt jednodussi, ovS§em mohlo by dojit i k tomu ze autor bych chtél
poplatek za poskytnuti textu. Tomu jsem se chtél vyhnout, a tak jsem moznost vyuziti internetu
k nalezeni vhodného textu zavrhl. Lepsi feseni mi poradila vedouci prace. Timto feSenim bylo
osloveni vyucujicich na VUT, ideéalné vyucujicich, s nimiz jsme jiz méli néjaky predmét, zdali
by nestali o pieklad jejich skript do anglictiny. Volba vyucujicich naSeho oboru bylo vhodna,
jelikoz takovy vyucujici ma blizko k angli¢ting. S touto prosbou jsem oslovil hned tfi vyucujici.
Postupné se mi s kladnou odpovédi ozvali vSichni. Nicméné jako prvni se mi ozval vyucujici
predmétu HANA — Analogova Technika. Proto jsem se rozhodl pravé pro skripta do predmétu
HANA. Bylo mi feCeno ze predmét HANA je vyucovan i pro zahrani¢ni studenty v programu
Erasmus nebo Erasmus+. Nicméné nas vyucujici nemél €as vytvorit skripta i v anglické verzi,
prave pro ony zahrani¢ni studenty, a proto mi navrhl spolupraci a to takovou, ze on mi poskytne
skripta jako text na preklad a ja mu po prelozeni poskytnu pielozenou verzi kterou nasledné
pouzije v anglické verzi skript. Nicméné se nemohlo jednat o plnou verzi skript, kvili jejich
rozsahu, a tak jsme se domluvily pouze na dvou kapitolach, konkrétn€ 4. a 5. protoze nejsem
prvni, kdo do predmétu HANA preklada skripta. Takto jsem ziskal velmi dobry zdroj
puvodniho textu a mohl jsem zacit prekladat.

Pii prekladani jsem se opiral hned o né€kolik riznych pomucek a zdroju, jenz mi
proto je znacna, predevsim pak diky studiu anglictiny na VUT. Nicméné, tato znalost nestacila
na vSechny problémy, s nimiz jsem se v prekladu setkal. Tudiz bylo tfeba sahnout po jinych
pomuckach. Prvnim logickym krokem bylo samoziejmé pouziti slovniku. Vyuzil jsem volné
dostupnych slovnikli na internetu, ovSem ty nékdy nebyly nejvhodnéjsim feSenim v piipadé
potieby prelozeni vysoce odbornych termind, pro ty jsem musel zvolit jiny postup. Reseni
tohoto problému mi poskytl sam vyucujici predmétu HANA, jelikoz spolu s jeho skripty mi
poskytl i knihu ze které Cerpal informace pfi vytvareni skript, ktera je sepsana v anglicting.

V této knize jsem nasledné mohl vyhledat vhodny termin, pfipadné ¢etnost uziti tohoto terminu.

Neznalost spravného terminu nebyla ovSem jedinad prekéazka pti prekladani textu, se

kterou jsem se setkal. Dal§im nezbytnym krokem pii prekladani bylo zohlednit spravné
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vytvareni slov a vét v anglickém jazyce tak aby vyznély pfirozené a spliiovaly nalezitosti
odborného, akademického stylu. To pfedevsim spociva v nahrazovani rodu ¢inného v Ceském
jazyce rodem trpnym (jeho ekvivalentem passive voice) v jazyce anglickém. Dale bylo tieba
upustit od subjektivity v Ceském jazyce 1 kdyz ta se objevovala spiSe sporadicky. Tyto dva
fenomény dohromady jsou divodem, pro¢ bylo nékolikrat potieba rozdélit pivodni vétu nebo

pridat vétu ktera 1épe vystihuje vysvétleni v anglickém jazyce.

Praveé tyto rozdily a obtize z nich vznikajici jsou popsany v ¢asti Commentary. Tato Cast
ma tfi oddélené sekce. Prvni sekci je popis rozdilii mezi obéma jazyky, a to jak z hlediska
rozdeleni mezi indoevropskymi jazyky, tak i z hlediska typu jazyku (synteticky, analyticky).
Nasleduje cast, kde popisuji obtize v prekladu, které vyvstavaji prave z téchto rozdilt. Treti

cast komentare je vénovan diskurzni analyze prekladaného textu.
Shrnuti vysledki

Zaveérem abstraktu bych rad shrnul vysledky moji bakalarské prace. Zadanim prace bylo
preklad textu odborného textu a nasledny komentar. Véfim, ze pozadavky ze zadéani jsem splnil.
Text, jenz jsem prekladal se dozajista da povazovat za odborny vzhledem k jeho vyuziti pro
studium na vysoké Skole. Text jsem prielozil, a diky kontrole podle poskytnuté knize
v anglickém jazyce, jsem piesvédcen ze dostateCné. Déle se tento pieklad bude pouzivat pro
studium na VUT zahrani¢nimi studenty, coz nasvédcuje dostate¢né urovni prekladu. V ¢asti
komentare jsou jednak popsany rozdily jazykt a jednak je zde jazykovédny rozbor piekladu.
Toto povazuji za dostateCny komentar piekladu. Na konci bakalaiské prace je samoziejmeé

uveden seznam pouzitych zdroji vcetné jejich bibliografické citace.
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