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1 Potentialstufe und Potentialbarriere

Potentialstufe

Transmissionsfaktor
E < V0 T = 0 und damit R = 1

E > V0 T =
4kII

kI(1 + kII
kI

)2
(2.46)

mit kI =

√
2mE

h̄2 und kII =

√
2m(E − V0)

h̄2

(2.42)

Reflexionsfaktor R = 1− T (2.45)

Potentialbarriere (Breite a)

Transmissionsfaktor
E < V0 (Tunneleffekt) T =

1 +
sinh2

(
a
h̄

√
2m(V0 − E)

)
4E(V0 − E)

−1

(2.55)

E > V0
T =

1 +
sinh2

(
a
h̄

√
2m(E − V0)

)
4E(E − V0)

−1

(2.55)

Reflektionsfaktor R = 1− T

Antreffwahrscheinlichkeit/Eindringtiefe
(langer Stab) dE(x)

dx
≈ e−2kII x mit kII =

√
2m(E − V0)

h̄2

⇒ Eindringtiefe xE =
1

2kII

DE BROGLIE-Wellenlänge λ =
h√

2mE

(2.47)
(2.130)
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2 Bändermodell für in- und extrinsische Halbleiter

(für intrinsische Halbleiter wird EF durch EFi ersetzt) n(T) 3.84

Besetzungswahrscheinlichkeit f(E) =
1

1 + e
E−EF

kT
(3.27)

effektive Zustandsdichten
NL = 2

(
2π m∗

n kT

h2

) 3
2

NV = 2

(
2π m∗

p kT

h2

) 3
2 (3.44)

(3.47)
(3.75)

Konzentration davon
besetzt: n = NL e−

EL−EF
kT p = NV e−

EF−EV
kT

NV = NL

(
m∗

p

m∗
n

) 3
2 Eg

2
= EFi − EV

Konzentration der Teilchen im Reser-
vebereich eines extrinsischen Halbleiters
(Aktivierungsenergie: ∆ED, ∆EA)

n =
√

NDNL e−
∆ED
2kT p =

√
NANL e−

∆EA
2kT (3.83)

Massenwirkungsgesetz
n2

i = np = NLNV e−
EL−EV

kT
(3.47)
(3.75)

EL = EV + Eg

im intrinsischen Halbleiter ist n = p = ni

Fermi-Niveau im intrinsischen
Halbleiter

EFi = EV +
1
2

Eg︸ ︷︷ ︸
EFi(T=0)

+
3
4

kT ln
m∗

p

m∗
n︸ ︷︷ ︸

∆EFi(T )

(3.49)

Ladungsbilanz im extrinsischen
Halbleiter

n + N−
A = p + N+

D (Neutralitätsbedingung)

N+
D = ND

1− 1

1 + e
ED−EF

kT

 (3.79)

N−
A = NA

 1

1 + e
EA−EF

kT



mit ND = N0
D + N+

D und NA = N0
A + N−

A
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thermische Geschwindigkeit vth =

√
3kT

m∗ Ekin =
3
2
kT (3.88)

Beweglichkeit µn =
qτn

m∗
n

µp =
qτp

m∗
p

(3.93)

Leitfähigkeit σ = κ = q(nµn + pµp) ( σ = qni(µn + µp)) (3.93)

Abstand der Bänder ηn = ELn − EF = kT ln
NL

nn

(4.2)
(7.81)

PN-Übergang
Diagramm
4.3

ηp = EF − EV p = kT ln
NV

pp

EINSTEINsche Beziehung und
Diffusionskoeffizient Dn = µnUT Dp = µpUT

(4.10)

mit UT =
kT

q
= 25, 9 mV bei 300 K

~S = −D gradn (4.8)

Austrittsarbeit [qΦHl = E0 − EF !!Vorsicht!! bitte nachlesen!!] (6.6)

Volumenpotential qΨb = EF − EFi (6.6)

Oberflächenpotential
ϕS =

qN−
A

2ε0εr
l2 (> 0 bei Verarmung eines p-Halbl.)

(6.11)

l =
N+

S

N−
A

(6.12)

l =

√
ε0εrUT

qN−
A︸ ︷︷ ︸

Debye-Länge LDp

√
2qϕS

kT (6.18)

Jeder weiß:
Energieerhaltungssatz: hν = qΦm + EKin

Driftgeschwindigkeit: ~vdn = −µn
~E; ~vdp = µp

~E (3.93)
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3 PN-Übergang

(Nicht alle Formeln gelten für den PIN-Übergang!)

Diffusionsspannung −qUD = Eg − ηp0 − ηn0 UD = −UT ln
NAND

n2
i

(7.81)
(7.91)

maximale Feldstärke E0max =
2UD

l0
für U = 0 (7.89)

Ausdehung der Raumladungszone
im p-Gebiet

lp =

√
2ε0εrND

qNA(NA + ND)
(−UD − U)

1
(7.93)

im n-Gebiet ln =

√
2ε0εrNA

qND(NA + ND)
(−UD − U)

1

(7.93)

Gesamtlänge

Diffusionsschwänze 7.100 l = ln − lp =

√
2ε0εr

q

(
1

NA
+

1
ND

)
(−UD − U)

(7.94)
(7.87)

Ideale Schockleysche HL-Diode
ID = I0

(
e

UD
UT − 1

)
(7.103)
(7.113)

Kennlinie IDu = I0 e
UD
UT (U � UT ) ISp = −I0 (U � UT )

Sättigungsströme
Langbasisdiode (w � lp bzw. ln) I0Langb. = qAUT n2

i

(
µp

lpND︸ ︷︷ ︸
Löcher

+
µn

lnNA

)
︸ ︷︷ ︸

Elektronen

(7.104)

Kurzbasisdiode (w � lp bzw. ln)
(Sperrstrom ∼ 1

w )
I0Kurzb. = qAUT n2

i

(
µp

(l1 − ln)ND︸ ︷︷ ︸
Löcher

+
µn

(l2 − lp)NA

)
︸ ︷︷ ︸
Elektronen

(7.104)

Temperaturabhängigkeit dT =
∆U

∆T
= αT

kT0

q
mit αT =

Eg

kT 2
0

(7.106)

Raumladungskapazität (pro Einheits-
fläche)

Heteroübergang
(Homoübergang folgt aus εr1 = εr2)

cR =

√
qε0εr1εr2NAND

2(εr1ND + εr2NA)
1

−UD − U

(7.158)
(7.108)

Bänder PN 7.79, PIN 7.133 (U 6= 0!) C/U-Diagr. 7.47 Kennl.: Tunnel 7.122; Backward 7.127

1Bei ND � NA kann bei lp ND gegen (ND + NA) gekürzt werden. Ähnliches gilt bei ln, wenn NA � ND.
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4 Bipolartransistor

Ersatzschaltbilder 12.6

Stromverstärkung AN =
IEC

IEE
= βγE (9.38)

Transportfaktor β =
1

cosh w
Ln

(β → 1 für w � Ln) (9.38)

Emitterwirkungsgrad
γE =

Elektronenstrom
Elektronen- und Löcherstrom

(vgl. Diode, I0) =
1

1 + µpENALn

µnBNDE lnE
tanh w

Ln

(9.38)

Stromverstärkung der Emitterschaltung BN =
AN

1−AN
(9.32)

Kollektorstrom IC =
AqDnnp

wBeff

(NPN-BipT)

gilt nur, wenn die Rekombination in der Basis ver-
nachlässigt werden kann

Dichte der Minoritäten in der Basis np = np0 e
UBE
UT (NPN-BipT)

Steilheit S =
∆IC

∆UBE

∣∣∣∣
UCE=const.

Leitwert gCE =
∆IC

∆UCE

∣∣∣∣
UBE=const.

Ladungsträgerkonzentration 9.9/9.10
Strom-Spannungskennlinien (Ebers-Moll-Gleichungen) 9.16
Minoritätenkonzentration in der Basis (Diffusionsdreiecke) 9.18/9.20
Admittanzen und Grenzfrequenzen in Kapitel 11
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5 Schottky-Diode (Metall-Halbleiter-Kontakt)

Diffusionspannung

Bändermodell 7.34 UD =
ηn

q
− ΦBn mit ΦBn = ΦM − χ (7.35)

Ausdehnung der Raumladungszone l =

√
2ε0εrHl

qN+
D

(−UD − U) (U ≤ −UD) (7.45)

Kennlinie IDu = I0

(
e

U
UT − 1

)
(U ≥ 0) (7.56)

ISp = I0

(
1− e

U
UT

)
(U ≤ 0) (7.58)

mit Berücksichtigung
des Bahnwiderstandes

I = I0

(
e

U−I RB
UT − 1

)
(U ≥ 0) (7.65)

Sättigungsstrom
nach der Diodentheorie (mfw � 1) I0 = F

m∗

m0
AT 2 e−

qΦBn
kT

(7.56)

mit Richardson-Konst. A = 120
A

cm2K2

und F dem stromdurchflossenen Querschnitt

nach der Diffusionstheorie (mfw � 1)
I0 = FqvdnR

(7.58)

mit ~vd = µn
~ER (Randfeldstärke)

und nR = NL e−
qΦBn
kT (Elektronenkonz. am Rand) (7.55)

Verhalten der Diode für sehr kleine
Spannungen (Näherung)

R =
UT

I0
für |U | ≤ 10mV (7.65)

Temperaturabhängigkeit I0(T0+∆T ) = I0(T0) eαT ∆T mit αT =
qΦBn

kT 2
0

=
a

T 2
0

(7.67)

Temperaturdurchgriff dT =
∆U

∆T
= αT

kT0

q
(7.71)

Raumladungskapazität (pro Einheits-
fläche) cR =

√
qε0εrHlN

+
D

2
1

−UD − U
(U ≤ −UD) (7.45)
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6 MIS-Struktur bzw. MOS-Struktur

Flachbandspannung
UFB = ΦMHl︸ ︷︷ ︸

Differenz der
Austrittsarbeit

− QIs

cIs︸︷︷︸
negative

Oxidladung

− Qss

cIs︸︷︷︸
Oberflächen-

zustände

(7.17)

Ausdehnung der Raumladungszone im
n-Halbleiter

(gleich Schottky-Kontakt, wenn
−UD durch UFB ersetzt wird)

l =

√
2ε0εrHl

qN+
D

(UFB − U) (U ≤ UFB) (7.20)

(Raumladungs-)Kapazität der Diode
für die Verarmung

cR =

√
qε0εrHlN

+
D

2
1

UFB − U
(U ≤ UFB)

(7.21)

für Anreicherung und Inversion cIs =
ε0εrIs

dIs
(7.18)

Ideale MIS-Struktur 7.5ff
Reale MIS-Struktur 7.10ff
C (U, f) 7.28
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7 Feldeffektransistor

Ersatzschaltbilder 12.6, 11.16
Modell 13.8
Typen-Übersicht/Gegenüberstellung 8.10
Kennlinie für MESFET und JFET 8.48
Kennlinie MOSFET 8.30ff

Beim Feldeffektransistor ist UT die Schwellenspannung, im Gegensatz zur Temperaturspannung beim PN-Übergang
oder Bipolartransistor.

Entwurfsparameter für MOSFET 2k =
µCG

L2
=

εrOxε0µ

dOx

w

L
(8.16)

Kennlinie
für kleine Aussteuerungen

ID =
1
R

UDS
(8.17)

Diagramm 8.18 mit R =
1

2k (UGS − UT )
(UDS � UGS)

in der Sättigung IDSS = k (UGS − UT︸ ︷︷ ︸
=UDSS

)2 (8.19)
(8.24)

Diagramme 8.20 und 8.23
für (UGS − UT ) < UDS z.B. Sourceschaltung

allg. bis zum Sättigungsbereich
ID = 2k [(UGS − UT )UDS −

1
2
U2

DS ]
(13.8)

für (UGS − UT ) > UDS

Steilheit S =
dID

dUGS

∣∣∣∣
UDS=const.

(11.12)

Gleichstromwiderstand RDS =
UDS

ID

differentieller Ausgangswiderstand rDS =
∆UDS

∆ID
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8 Halleffekt

Wichtigste Meßmethode zur Bestimmung der Beweglichkeiten im Halbleiter.

Hallspanung UH = −vdBz = RH
IxBz

w
(4.14)

Hallkonstante
für n-Halbleiter im extr. Ber. RH = − 1

nq
(4.14)

für p-Halbleiter im extr. Ber.
RH = +

1
pq

für gemischte Halbleiter
RH = r

pµ2
p − nµ2

n

q(pµp + nµn)2
(4.15)

Widerstandseffekte 4.19–4.22
mit r = 3π

8 wg. gekrümmter Bahnen; kann im All-
gemeinen weggelassen werden (r = 1)

µn = −RHκn (4.15)
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9 Photoleitung

Photoleitfähigkeit κPh = q(µn ∆n + µp ∆p) mit ∆n = ∆p (4.40)

stationärer Zustand 1 ∆n = n1 =

√
L

B

=

√
Lη

B

 (4.36)

L = Generationsrate;
B = Proportionalitätskonstante;
η = Quantenwirkungsgrad

2 ∆n = n1 = Lτn
(4.36)

τn = 1
C = Lebensdauer der Elektronen

Anklingen nach Einschalten ∆n = Lt (4.36)

Abklingen nach Abschalten (bei t = t1) 1 ∆n =
∆n1

1 + ∆n1B(t− t1)

2 ∆n = ∆n1 e
− t−t1

τn ∆n1 = n1 (4.38)

Verstärkungsfaktor v =
∆nvn

Ll
=

τ

Td
mit Td =

l

vn
=

l2

µnU
(4.42)

1 Elektronen im Leitungsband rekombinieren nur mit Löchern im Valenzband
2 viele Rekombinationsmöglichkeiten

und weiter gehts . . .



Bauelemente (15.12.93) Seite 11

Lichtabsorption im Halbleiter
Lichtintensität I(x) = I0 e−αx (5.1)

Absorption ∼ Störstellenkonzentration (5.9)

Laser-Bedingung
g >

1
L

ln
1
R

+ α
(5.29)

R = Reflexionsvermögen ≈ (1− n̄)2

(1 + n̄)2
mit n̄ =

√
εr (5.26)

verfügbare Leistung einer Solarzelle

Diagramm 7.134 PV = ULIL = FUL0IK0 UL0 ≈ UD F = Füllfaktor (7.132)

Quantenenergie
EPh = h ν =

hc

λ
= mPh c2 (2.5)

(2.130)

absorbierte Photonenenergie = Bandabstand Eg
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10 Was weiß ich

” switched capacitor “ R =
1

CfC
mit fC � fmax (10.9)

V ×B - Produkt V×B =
S

ca
ca = wirksame Kapazität am Ausgang (12.34)

Neue Norm der Gattersymbole 13.4 und 13.7
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11 Vermischtes zum Fragenteil

Bandabstand~wwwwww
GaAs höherer Bandabstand
Si → geringere Eigenleitungsdichte
Ge → höhere Betriebstemperaturen

direkter Halbleiter Valenz- und Leitungsbandmaximum liegen im Impulsraum gegenüber
→ höhere Rekombinationsrate → kürzere Trägerlebensdauer

Durchbruchmechanismen (7.115):

Lawinendurchbruch mit zunehmender Temperatur kürzere freie
Weglänge
(TK > 0; |U | > 5..6V)
→ Durchbruchspannung steigt

Zenerdurchbruch mit zunehmender Temperatur größere Tunnelwahr-
scheinlichkeit
(TK < 0; |U | < 5..6V)
→ Zenerspannung sinkt

thermischer Durchbruch

Bipolartransistor

Dotierung

~wwwwww
Emitter
Basis
Kollektor

wide-gap-Emitter (7.155, 7.137) größerer Bandabstand des Emittermaterials (PN-Heteroübergang)
→ hohe Basisdotierung möglich
→ höher Emitterwirkungsgrad
→ verbesserte Hochfrequenzeigenschaften

FET mit steigender Temperatur sinkt die Ladungsträgerbeweglichkeit und die Sättigungsgeschwindigkeit im
Kanal
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12 GNU Free Documentation License

Version 1.1, March 2000

Copyright c© 2000 Free Software Foundation, Inc.
59 Temple Place, Suite 330, Boston, MA 02111-1307 USA
Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not
allowed.

Preamble

The purpose of this License is to make a manual, textbook, or other written document “free” in the sense of
freedom: to assure everyone the effective freedom to copy and redistribute it, with or without modifying it,
either commercially or noncommercially. Secondarily, this License preserves for the author and publisher a
way to get credit for their work, while not being considered responsible for modifications made by others.

This License is a kind of “copyleft”, which means that derivative works of the document must themselves
be free in the same sense. It complements the GNU General Public License, which is a copyleft license designed
for free software.

We have designed this License in order to use it for manuals for free software, because free software needs
free documentation: a free program should come with manuals providing the same freedoms that the software
does. But this License is not limited to software manuals; it can be used for any textual work, regardless of
subject matter or whether it is published as a printed book. We recommend this License principally for works
whose purpose is instruction or reference.

Applicability and Definitions

This License applies to any manual or other work that contains a notice placed by the copyright holder saying
it can be distributed under the terms of this License. The “Document”, below, refers to any such manual or
work. Any member of the public is a licensee, and is addressed as “you”.

A “Modified Version” of the Document means any work containing the Document or a portion of it, either
copied verbatim, or with modifications and/or translated into another language.

A “Secondary Section” is a named appendix or a front-matter section of the Document that deals exclusi-
vely with the relationship of the publishers or authors of the Document to the Document’s overall subject (or
to related matters) and contains nothing that could fall directly within that overall subject. (For example, if
the Document is in part a textbook of mathematics, a Secondary Section may not explain any mathematics.)
The relationship could be a matter of historical connection with the subject or with related matters, or of
legal, commercial, philosophical, ethical or political position regarding them.

The “Invariant Sections” are certain Secondary Sections whose titles are designated, as being those of
Invariant Sections, in the notice that says that the Document is released under this License.

The “Cover Texts” are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover
Texts, in the notice that says that the Document is released under this License.

A “Transparent” copy of the Document means a machine-readable copy, represented in a format whose
specification is available to the general public, whose contents can be viewed and edited directly and straight-
forwardly with generic text editors or (for images composed of pixels) generic paint programs or (for drawings)
some widely available drawing editor, and that is suitable for input to text formatters or for automatic trans-
lation to a variety of formats suitable for input to text formatters. A copy made in an otherwise Transparent
file format whose markup has been designed to thwart or discourage subsequent modification by readers is
not Transparent. A copy that is not “Transparent” is called “Opaque”.

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input
format, LATEX input format, SGML or XML using a publicly available DTD, and standard-conforming simple
HTML designed for human modification. Opaque formats include PostScript, PDF, proprietary formats that
can be read and edited only by proprietary word processors, SGML or XML for which the DTD and/or
processing tools are not generally available, and the machine-generated HTML produced by some word
processors for output purposes only.



Bauelemente (15.12.93) Seite 15

The “Title Page” means, for a printed book, the title page itself, plus such following pages as are needed
to hold, legibly, the material this License requires to appear in the title page. For works in formats which
do not have any title page as such, “Title Page” means the text near the most prominent appearance of the
work’s title, preceding the beginning of the body of the text.

Verbatim Copying

You may copy and distribute the Document in any medium, either commercially or noncommercially, provided
that this License, the copyright notices, and the license notice saying this License applies to the Document
are reproduced in all copies, and that you add no other conditions whatsoever to those of this License. You
may not use technical measures to obstruct or control the reading or further copying of the copies you make
or distribute. However, you may accept compensation in exchange for copies. If you distribute a large enough
number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.

Copying in Quantity

If you publish printed copies of the Document numbering more than 100, and the Document’s license notice
requires Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all these Cover
Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover. Both covers must
also clearly and legibly identify you as the publisher of these copies. The front cover must present the full
title with all words of the title equally prominent and visible. You may add other material on the covers in
addition. Copying with changes limited to the covers, as long as they preserve the title of the Document and
satisfy these conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed
(as many as fit reasonably) on the actual cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you must either
include a machine-readable Transparent copy along with each Opaque copy, or state in or with each Opaque
copy a publicly-accessible computer-network location containing a complete Transparent copy of the Docu-
ment, free of added material, which the general network-using public has access to download anonymously
at no charge using public-standard network protocols. If you use the latter option, you must take reasonably
prudent steps, when you begin distribution of Opaque copies in quantity, to ensure that this Transparent
copy will remain thus accessible at the stated location until at least one year after the last time you distribute
an Opaque copy (directly or through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before redistributing
any large number of copies, to give them a chance to provide you with an updated version of the Document.

Modifications

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and
3 above, provided that you release the Modified Version under precisely this License, with the Modified
Version filling the role of the Document, thus licensing distribution and modification of the Modified Version
to whoever possesses a copy of it. In addition, you must do these things in the Modified Version:

• Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and
from those of previous versions (which should, if there were any, be listed in the History section of the
Document). You may use the same title as a previous version if the original publisher of that version
gives permission.

• List on the Title Page, as authors, one or more persons or entities responsible for authorship of the mo-
difications in the Modified Version, together with at least five of the principal authors of the Document
(all of its principal authors, if it has less than five).

• State on the Title page the name of the publisher of the Modified Version, as the publisher.



Bauelemente (15.12.93) Seite 16

• Preserve all the copyright notices of the Document.

• Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.

• Include, immediately after the copyright notices, a license notice giving the public permission to use
the Modified Version under the terms of this License, in the form shown in the Addendum below.

• Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the
Document’s license notice.

• Include an unaltered copy of this License.

• Preserve the section entitled “History”, and its title, and add to it an item stating at least the title,
year, new authors, and publisher of the Modified Version as given on the Title Page. If there is no
section entitled “History” in the Document, create one stating the title, year, authors, and publisher of
the Document as given on its Title Page, then add an item describing the Modified Version as stated
in the previous sentence.

• Preserve the network location, if any, given in the Document for public access to a Transparent copy of
the Document, and likewise the network locations given in the Document for previous versions it was
based on. These may be placed in the “History” section. You may omit a network location for a work
that was published at least four years before the Document itself, or if the original publisher of the
version it refers to gives permission.

• In any section entitled “Acknowledgements” or “Dedications”, preserve the section’s title, and preserve
in the section all the substance and tone of each of the contributor acknowledgements and/or dedications
given therein.

• Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section
numbers or the equivalent are not considered part of the section titles.

• Delete any section entitled “Endorsements”. Such a section may not be included in the Modified Version.

• Do not retitle any existing section as “Endorsements” or to conflict in title with any Invariant Section.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sections
and contain no material copied from the Document, you may at your option designate some or all of these
sections as invariant. To do this, add their titles to the list of Invariant Sections in the Modified Version’s
license notice. These titles must be distinct from any other section titles.

You may add a section entitled “Endorsements”, provided it contains nothing but endorsements of your
Modified Version by various parties – for example, statements of peer review or that the text has been
approved by an organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words
as a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version. Only one passage of
Front-Cover Text and one of Back-Cover Text may be added by (or through arrangements made by) any
one entity. If the Document already includes a cover text for the same cover, previously added by you or by
arrangement made by the same entity you are acting on behalf of, you may not add another; but you may
replace the old one, on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their names
for publicity for or to assert or imply endorsement of any Modified Version.

Combining Documents

You may combine the Document with other documents released under this License, under the terms defined
in section 4 above for modified versions, provided that you include in the combination all of the Invariant
Sections of all of the original documents, unmodified, and list them all as Invariant Sections of your combined
work in its license notice.
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The combined work need only contain one copy of this License, and multiple identical Invariant Sections
may be replaced with a single copy. If there are multiple Invariant Sections with the same name but different
contents, make the title of each such section unique by adding at the end of it, in parentheses, the name of
the original author or publisher of that section if known, or else a unique number. Make the same adjustment
to the section titles in the list of Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections entitled “History” in the various original documents,
forming one section entitled “History”; likewise combine any sections entitled “Acknowledgements”, and any
sections entitled “Dedications”. You must delete all sections entitled “Endorsements.”

Collections of Documents

You may make a collection consisting of the Document and other documents released under this License, and
replace the individual copies of this License in the various documents with a single copy that is included in
the collection, provided that you follow the rules of this License for verbatim copying of each of the documents
in all other respects.

You may extract a single document from such a collection, and distribute it individually under this License,
provided you insert a copy of this License into the extracted document, and follow this License in all other
respects regarding verbatim copying of that document.

Aggregation With Independent Works

A compilation of the Document or its derivatives with other separate and independent documents or works,
in or on a volume of a storage or distribution medium, does not as a whole count as a Modified Version
of the Document, provided no compilation copyright is claimed for the compilation. Such a compilation is
called an “aggregate”, and this License does not apply to the other self-contained works thus compiled with
the Document, on account of their being thus compiled, if they are not themselves derivative works of the
Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the
Document is less than one quarter of the entire aggregate, the Document’s Cover Texts may be placed on
covers that surround only the Document within the aggregate. Otherwise they must appear on covers around
the whole aggregate.

Translation

Translation is considered a kind of modification, so you may distribute translations of the Document under
the terms of section 4. Replacing Invariant Sections with translations requires special permission from their
copyright holders, but you may include translations of some or all Invariant Sections in addition to the original
versions of these Invariant Sections. You may include a translation of this License provided that you also
include the original English version of this License. In case of a disagreement between the translation and the
original English version of this License, the original English version will prevail.

Termination

You may not copy, modify, sublicense, or distribute the Document except as expressly provided for under
this License. Any other attempt to copy, modify, sublicense or distribute the Document is void, and will
automatically terminate your rights under this License. However, parties who have received copies, or rights,
from you under this License will not have their licenses terminated so long as such parties remain in full
compliance.

Future Revisions of This License

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License
from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail
to address new problems or concerns. See http://www.gnu.org/copyleft/.
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Each version of the License is given a distinguishing version number. If the Document specifies that a
particular numbered version of this License ör any later versionäpplies to it, you have the option of following
the terms and conditions either of that specified version or of any later version that has been published (not
as a draft) by the Free Software Foundation. If the Document does not specify a version number of this
License, you may choose any version ever published (not as a draft) by the Free Software Foundation.

ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document and put
the following copyright and license notices just after the title page:

Copyright c© YEAR YOUR NAME. Permission is granted to copy, distribute and/or modify
this document under the terms of the GNU Free Documentation License, Version 1.1 or any later
version published by the Free Software Foundation; with the Invariant Sections being LIST THEIR
TITLES, with the Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST. A
copy of the license is included in the section entitled “GNU Free Documentation License”.

If you have no Invariant Sections, write “with no Invariant Sections” instead of saying which ones are
invariant. If you have no Front-Cover Texts, write “no Front-Cover Texts” instead of “Front-Cover Texts
being LIST”; likewise for Back-Cover Texts.

If your document contains nontrivial examples of program code, we recommend releasing these examples
in parallel under your choice of free software license, such as the GNU General Public License, to permit their
use in free software.


