International Standard

INTERNATIONAL ORGANIZATION FOR STANDARDIZATIONSMEXAYHAPOAHAR OPTAHU3ALKA MO CTAHAAPTUIALIUUSORGANISATION INTERNATIONALE DE NORMALISATION

O Quantities and units of solid state physics

1SO 31/13-1981 (E)

Grandeurs gt unités de la physique de !'état solide

Second edition — 1981-07-15

UDC 53.081

Ref. No.

1SO 31/13-1981(E)

Descriptors : quantities, units of measurement, solid state physics, international system of units, definitions, symbols.

Price based on 18 pages


https://standardsiso.com/api/?name=51dc611fa319d72bcb68d3a8d35ef157

Forewor

ISO (the Interpational Organization for Standardization) is a worldwide federation of
national standprds institutes (ISO member bodies). The work of developing Inter-
national Standards is carried out through ISO technical committees. Every member
body interested in a subject for which a technical committee has been set up has the
right to be repfesented on that committee. International organizations, governmental
and non-goverpmental, in liaison with 1SO, also take part in the work.

Draft Internatipnal Standards adopted by the technical committees are circulated to
the member bqdies for approval before their acceptance as International Standards by
the ISO Coundil.

International Sandard ISO 31/13 was developed by Technical Committee ISO/TC)12,
Quantities, units, symbols, conversion factors and conversion tables.

This second edlition was submitted directly to the 1SO Council, in accordance with
clause 5.10.1 df part 1 of the Directives for the technical work of 1ISQ. It cancels and
replaces the fist edition li.e. 1SO 31/13-1975), which had beenapproved by the
member bodies of the following countries :

Australig Germany, F.R. South Africa, Rep. of
Austria Hungary Spain

Belgium) India Sweden

Bulgaria Israel Switzerland

Canada Mexico Turkey
Czechogovakia Nethertands United Kingdom
Denmark New Zealand USA

Finland Norway USSR

France Romania Y ugoslavia

No member bddy had expressed disapproval of the document.

© International Organization for Standardization, 1981 ©

Printed in Switzerland



https://standardsiso.com/api/?name=51dc611fa319d72bcb68d3a8d35ef157

INTERNATIONAL STANDARD i

1ISO 31/13-1981 (E)

Quantities and units of solid state physics

Introduction

This docume
solid state :{h

tities and u

nt, containing a table of quantities and units of
ysics, is part 13 of ISO 31, which deals with quan-

its in the various fields of science and technology.

The compldte list of parts of ISO 31 is as follows :

Part O :
symbols

Part 1 :

Part5:

Part 6 :

General principles concerning quantities, units and

Quantities and units of space and time.

Quantities and units of periodic and. related

: lQuantities and units of mechanics.
: |Quantities and units of heat.
Quantities and units of electricity and magnetism.

Quantities and units of light_and related elec-

tromagrnietic radiations.

Part 7 :

Part 8 :
moleculgr

Part 9 :

Part 10

Quantities and units of-acoustics.

Quantities and-unjts of physical chemistry and

physics.

Quantities-and units of atomic and nuclear physics.

Quantities and units of nuclear reactions and ioniz-

ing radigtions.

Arrangement of the tables

The tables of quantities and_units in ISO 31 are Iranged so that
e

the quantities are presented on left-hand pag
on corresponding right-hand pages.

All units between two full lines belong to th
tween the cofresponding full lines on the left-

and the units

quantities be-
nd pages.

Wherexthe numbering of the items has been

tion is shown in parentheses on the left-hand

thanged in the

age under the

revision of a part of 1SO 31, the number in thekpreceding edi-

new number for the quantity; a dash is used to indicate that the

item in question did not appear in the precedin

Tables of quantities

The most important quantities within the field o
are given together with their symbols and,
definitions. These definitions are given merel
tion; they are not intended to be complete.

The vectorial character of some quantities :r

especially when this is needed for the defi
attempt is made to be complete or consistent.

In most cases only one symbol for the quan
where two or more symbols are given for one
special distinction is made, they are on an equa
a preferred symbol and a reserve symbol are gi
symbol is in parentheses.

g edition.

this document
n most cases,
for identifica-

pointed out,
itions, but no

tity is giventl);
uantity and no
footing. When
en, the reserve

Part 11 : Mathematical signs and symbols for use in the
physical sciences and technology.

Part 12 : Dimensionless parameters.

Part 13 : Quantities and units of solid state physics.

Tables of units

Units for the corresponding quantities are given together with
the intemnational symbols and the definitions. For further infor-

mation, see also 1SO 31/0.

(1) When two types of stoping letters exist (for example as with 6; ¥; ¢; ¢; g: g} only one of these is given; this does not mean that the other is not
equally acceptable.
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The units are arranged in the following way :

1} The names of the Sl units are given in large print (larger
than text size). The Sl units and their decimal multiples and
sub-multiples formed by means of the SI prefixes are par-
ticularly recommended. The decimal multiples and sub-
multiples are not explicity mentioned.

2) The names of non-Si units which may be used together
with Si units because of their practical importance or
because of their use in specialized fields are given in normal

units”, deliberately leaving open the question of whether they
are base units or derived units, and consequently the question
of whether plane angle and solid angle are to be considered as
base quantities or derived quantities. (1)

In ISO 31, plane angle and solid angle are treated as derived
quantities (see also 1SO 31/0). In ISO 31, they are defined as
ratios of two lengths and of two areas respectively, and conse-
quently they are treated as dimensionless quantities. Although -
in this treatment the coherent unit for both quantities is the
number 1, it is convenient to use the special names radian and

print (text size)

3) The namgs of non-SI units which may be used tem-
porarily together with Sl units are given in small print
(smaller than text size).

The units in classps 2 and 3 are separated by a broken line from
the S| units for the quantities concerned.

4) Non-SI units which should not be used together with Si
units are given in annexes in some parts of ISO 31. These
annexes are rjot integral parts of the standards. They are
arranged in three groups :

a) Units ¢f the CGS system with special names

It is generally preferable not to use the special names and
symbols o] CGS units together with S| units.

b} Units based on the foot, pound and second and
some othef units

c) Other units

conversion factor. The use of those units marked with

These are ’_Liven for information, especially regarding the
is deprecated.

Remark on supplementary units

The General Cgnference of Weights and Measures has
classified the S| dinits radian and-steradian as ‘‘supplementary

5 ases.

the units radian and steradian would be base.units
not be considered as special names for the~-number
treatment would require extensive changes in 1ISO 31.

Number of digits in numerical statements 2

All numbers in the column “'Definition’” are exact.

In the column "’ Conversion factors”, the conversion factors on
which the calculation of others is based are normally given to
seven significant digits. When they are exact and contgin seven
or fewer digits, and where it is not obvious from the context,
the word"exactly” is added, but when they can be terminated
after'more than seven digits, they may be given in fll. When
the_conversion factors are derived from experiment,| they are
given with the number of significant digits justified Qy the ac-
curacy of the experiments. Generally, this means thdt in such
cases the last digit only is in doubt. When, however,
experiment justifies more than seven digits, the factor|is usually
rounded off to seven significant digits.

The other conversion factors are given to not more than six
significant digits; when they are exactly known and contain six
or fewer digits, and where it is not obvious from the context,
the word ""exactly’’ is added.

Numbers in the column "Remarks’ are given to a pregision ap-
propriate to the particular case.

(1) However, in October 1980 the International Committee of Weights and Measures decided to interpret the class of supplementary units if" ‘t.he
International System as a class of dimensionless derived units for which the General Conference of Weights and Measures leaves open the possibility
of using these or not in expressions of derived units of the international System.

{2) The decimal sign is a comma on the line. In documents in the English language, a comma or a dot on the line may be used.



https://standardsiso.com/api/?name=51dc611fa319d72bcb68d3a8d35ef157

Solid state physics



https://standardsiso.com/api/?name=51dc611fa319d72bcb68d3a8d35ef157

1SO 31/13-1981 (E)

13. Solid state physics

Quantities
13-1.1...137

Item . "

No. Quantity Symbol Definition Remarks

13-1.1 | lattice vector R R, T A translation vector which maps the
crystal lattice on itself.

13-1.2 fun?al-nental lattice a), a, a; Fr:mdamer;tlal t_ranslation vectors for | R = mey + nya, + myay

v \

ecto a b c the crystal lattice. where 7y, ny and ny arelintegers.

13-2.1 (circuelar) reciprocal G A vector whose scalar products with

latticel vector all lattice vectors are integral

muitiples of 2x.

13-2.2 | fundamental reciprocal | by, b,, B3 | The fundamental translation vectors ‘|’ @;-b, = 2nd;

lattice vectors a*, b* e* | forthe reciprocal lattice. In crystallography, however

a;-b, = J; is commonly used.

13-3 latticel plane spacing d Distance between successive lattice
planes.

13-4 Bragg| angle 6 2d.sinf = ni In 1SO 31, plane angle is regqdrded as
where A is the wavelength of the dlmensu:rnless. St?e ISO 31/, 1-1.1
radiation in question and n is an | @nd the introduction.
integer.

135 order pf reflexion n This quantity is dimensioniegs.

13-6.1 | short fange order g The fraction of nearest neighbour | These gquantities are dimensionless.

parareter atom pairs in an Ising ferromagnet Similar definitions apply tI) other
hgvmg parallel m_agnetlc .moment.s order-disorder phenomena.
minus the fraction having anti-
parallel magnetic moments.

13-6.2 | long range order s The fraction of atoms in an lIsing

parameter ferromagnet having their magnetic
moments directed in one direction
minus the fraction with magnetic
moments in the opposite direction.

13-7 Burgers vector b Vector characterizing a dislocation,
being the closing vector of a Burgers
circuit encircling a dislocation line.
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1SO 31/13-1981 (E)

Units
13-1.a...13-7b
Item International
No Name of unit symbol Definition Conversion factors Remarks
' for unit
13-1.a | metre m
_____________________________________ R [
13-1.b | dgetiom A 1A = 1010 m 1A = 100 m 1A = 0,1 n;l‘w
(exactly) The use of the nanometre
is re¢commengled.
13-2.a eciprocal m-1
metre, metre
o the power
minus one
13-2.b | feciprocal &ngstrom, A1 1 A1 = 1010 m= 1 A1 = 10 np~1
fngstrm to the power {exactly) The use of the reciprocal
e ene nanometre |is  recom-
mended.
13-3.a | metre m
_______________________ k——_—-—.——_._.___-_._——_—_—.-__--—-—_...—-——.—.__.......________._...
13-3.b | dngstrém A See remark tp 13-1.b.
L The radian is{used here in-
13-4.a | [adian rad stead of thé pure num-
—————————————————————————————————————————————————— ber 1.
_ o 1° = 0,017 453 3 rad For other | units, see
13-4.b | fegree 1SO 31/1, 1-].1.
13-7.a | metre m
13-7.b | angstrém A See remark to 13-1.b.
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13. Solid state physics {continued)

Quantities
13-8.1...13-13
I:\Ie:' Quantity Symbol Definition Remarks
13-8.1 particle position R To distinguish between electron and
vector ion position vectors, small and
capital letters are used, respectively.
13-8.2 | equilibrium position R
vect]' of-ion
13-8.3 | displdcement vector u u=R-R,
of io
13-9 Debyg-Waller factor D Factor by which the intensity of a | This quantity, is dimensionlegs.
diff_ractic_m Iir_ne is reduced because of | |, is  sdfetimes expresEed as
lattice vibrations. exp( —2W); in Méssbauer Bpectro-
scopy_it is also called f-fagtor and
denoted by f.
13-10.1 | circulpr wavenumber k, q k =2n/A The corresponding vector fuantity
' where 1 is the wavelength. k or q is called the propagation
vector.
When a distinction is neefled be-
tween Kk and the symbol |for the
Boltzmann constant, kg can|be used
for the latter.
When a distinction is neefled be-
tween k and ¢, g should be lsed for
phonons and magnons, k [for par-
ticles like electrons and neutrons.
13-10.2 | Ferm circular kg Circular wave number of electrons in
wavepumber states on the Fermi sphere.
- 13-10.3 | Debye circular dp Cut-off circular wave number in the | The methods of cut-off must be
wavehumber Debye model of the vibrational spec- | specified.
trum of a solid.
13-11 Debye circular wWp Cut-off circular frequency in the | The method of cut-off must be
: frequency Debye model of the vibrational spec- | specified.
trum of a solid.
13-12 Debye temperature “p kO = hwp Kk = (1,380 662 T U,0000&4)
- 1
where k is the Boltzmann constant x 1028 J/KM
and 2 is the Planck constant divided | & = (1,054 588 7 + 0,000 005 7)
by 2r. x 1073 J.g(l)
13-13 spectral concentration | g, N, The number of vibrational modes in (@) = N.(@) = dN(w)
of vibrational modes an infinitesimal interval of circular | & '%@/ = Nol®@) = =477
{in terms of circular frequency, divided by the range of | o0 () is the total number of
frequency) that interval and by volume. vibration modes with circular fre-
quency less than w, divided by
volume.

(1) . CODATA Builetin 11 (1973).



https://standardsiso.com/api/?name=51dc611fa319d72bcb68d3a8d35ef157

13. Solid state physics (continued)

1ISO 31/13-1981 (E)

Units
13-8.a...13-13.a
Item International
No Name of unit symbol Definition Conversion factors Remarks
: for unit

13-8.a | metre m

13-10.a | feciprocal m-1
metre,
metre to the
bower minus
bne

13-10.b | {feciprocal &ngstrém, A-1 See remark to 13-2.b.
hngstrém to the
ower minus one

13-11.a | feciprocal §1
econd,
econd to.the
power minus
pne

13-12.a | kelvin K

13-13.a | second per s/m3
cubic metre
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13. Solid state physics (continued)

Quantities
13-14 ... 1319
I't“e(:n Quantity Symbol Definition Remarks
13-14 Griineisen parameter y, I y = ay/{k cy o) This quantity is dimensionless.
where ay is the cubic expansion
coefficient, x is the isothermal com-
pressibility, ¢, is the specific heat
capacity at constant volume and @ is
the mass density.
13-15 Madelluing constant o For a uni-univalent ionic crystal of | This quantity is difensionless.
specified structure, the electrostatic
energy per pair of ions is
e2
a'
dnega
-where e is the elementary charge, ¢,
is the permittivity of vacuum and a s
a lattice constant which should\be
specified.
13-16.1 | mean [free path of lpn A
phondns
13-16.2 | mean [free path of /1
electrgns
13-17 density of states Ng, o The -number of one-electron states dN(E)
. N . olE) = N(E) = ————
in gn jinfinitesimal interval of energy, d{E)
d'v('jdgd by, the range of that interval where N(E) is the total nurmnber of
and by volume. electron states with energy lgss than
E, divided by voiume.
13-18 residual resistivity Or For metals, the extrapolated
resistivity at zero thermodynamic
temperature.
13-19 Lorenz coefficient L L=2A1/cT
where A is the thermal conductivity,
g is the electric conductivity and T is
the thermodynamic temperature.
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13. Solid state physics (continued)

I1ISO 31/13-1981 (E)

13-16

Units
a...13-19.a

Item
No.

Name of unit

International
symbol
for unit

Definition

Conversion factors

Remarks

13-16.a

metre

13-17.a

|

eciprocal
oule recipro-
tal cubic
metre, joule
o the power
Minus one
metre to the
bower minus
hree

reciprocal ele¢:
tronvolt recipro-
tal cubic.metre,
Blecttonvolt to
the-power minus

J-tm-3

1eV-im-3 =
6,241 46 x 1018 J-1.m-3

See ISO 31/

8, 3-24.c.

+ %
TG OICTTCeTY

the power

minus three

13-18.a

ohm metre

13-19.a

volt squared
per kelvin
squared

V2/K2
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13. Solid state physics (continued)

Quantities
13-20 . ..13-26

Item . _—

No Quantity Symbol Definition Remarks

13-20 | Hall coefficient Ay, Ry In an isotropic conductor, the rela-
tion between electric field strength
E and current density J is

E = oJ+ Ry (BxJ)
where g is the resistivity and B is the
magnetic flux density.

13-21 | thermpelectromotive Epp The positive direction for E,|is from
force petween sub- substance a to substance H at the
stancgs a and b cold junction.

13-22 | Seebeck coefficient | Sy, €ap dE,, Saip = Sa— Sp
for Sg t:)stances Sav = 47 where S, is the Seebeck cogfficient
a an

where T is the temperature of the of substance a.
hot junction.

13-23 | Peltien coefficient 1T, Peltier (heat power developed at a | IT,, = IT, — I,
for s: t:)stances :‘unctlonbdtlvnded bty eletc):tnc curtr)ent where IT, is the Peltier coefficient of
aan rom substance a to substance b. substance a.

13-24 | Thompon coefficient u,a Thomson heat power developed | u is positive if heat is deyeloped
divided by electric current and | when the temperature decrgases in
temperature difference. the direction of the electric ¢urrent.

13-256 | work function (/7 Energy difference between an elec- | The contact potential differance be-
tron at rest at infinity and an electron | tween substances a and b i
at the Fermi level in the interior of a AN P (Hij/ e
substance. where e is the elementary charge.

13-26 | Richardson constant A The thermionic emission current
density J from a metal is

J = AT2 exp{— ®/kT)
where T is the thermodynamic
temperature, k is the Boltzmann
constant and @ is the work function.
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13. Solid state physics (continued)

I1SO 31/13-1981 (E)

Units

13-20.a . . . 13-26.a

It International
Ne;n Name of unit symbol Definition Conversion factors Remarks
' for unit
13-20.a | cubic metre m3/C
per coulomb
13-21.a | yolt \Y
13-22.a | Jolt per V/K
Kelvin
13-23.a | volt \"
13-24.a | Jolt per V/K
Kelvin
13-25.a | jpule J
13-25.b | electronvolt eV 1eV = 1,602 189 2
' x 10-19J
13-26.a | ampere per A/(m2.K2)
square metre
kelvin squared

"
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13. Solid state physics (continued)

Quantities
13-27.1 . .. 13-31
Ilt“e(:n Quantity Symbol Definition Remarks
13-27.1 | Fermi energy Ep, e In a metal, the highest energy of | At 7 = 0, Eg is equal to the
occupied states at zero thermo- | chemical potential per electron.
dynamic temperature.
13-27.2 | gap ephergy Eg Difference in energy between lowest
level of conduction band and
highest level of valence band.
13-27.3 | donoi ionization E,
energ
13-27.4 | accegtor ionization E,
energ
13-28 Fermi|temperature Te Tr = Eplk
where k is the Boltzmann_constant.
13-29.1 | electrpn number n,n, n_ Number density of electrons in con- | In general, subscripts n and p or
density duction band. — and + are used to dendte elec-
trons and holes, respectively.
13-29.2 | hole number p. np, Ny Number density of holes in valence | n, and n, are also used for glectron
density band. number densities in n-tyEe and
p-type regions of a p—n junction,
respectively.
13-29.3 | intringic number n; np = n?
density
13-29.4 | donof number ny, Ny Number density of donor levels.
density
13-29.5 | acceptor_number n, N, Number density of acceptor levels.
density.
13-30 | effective mass m* m¥and mJ for electrons and holes
in semiconductors.
13-31 mobility ratio b b= p,/p, This quantity is dimensionless.
where u, and u,, are the mobilities of | For mobility, see ISO 31/10, 10-26.1.
electrons and holes respectively.

12
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13. Solid state physics (continued)

1SO 31/13-1981 (E)

Units

13-27.a. .. 13-30.a

International

I't\Ie;n Name of unit symbol Definition. Conversion factors Remarks
: for unit
13-27.a | joule J
13-27.b | glectronvoit eV eV —= 16021892
x 10719

13-28.a | Kelvin K
13-29.a ciprocal m-3

ubic metre,

etre to the

ower minus

hree
13-30.a | kilogram kg

13
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13. Solid state physics (continued)

Quantities
13-32.1...13-36.3
Item . .
No Quantity Symbol Definition Remarks
13-32.1 | relaxation time T Time constant for exponential decay | For electrons in metals,
towards equilibrium, t=1Ilvp
where / is the mean free path and vg
is—the—vetotity of efectrons] on the
Fermi sphere.
13-32.2 | carrief life time T, Toe Tp Time constant for recombination or | See remark to 13-29.1.
trapping of minority charge carriers
in semiconductors. -
13-33 diffusjon length L L,L, L =+/Dt See remark to 13-29.1.
where D is the diffusion coefficient | For.D, see 1SO 31/8, 8-38.1|
and T is the life time.
13-34 exchgnge integral J Interaction energy arising from-elec-
tron exchange.
13-35.1 | Curie|temperature Tc Critical, itemperature of a ferro- | T (or, in case of ambiguity, T¢,) is
magnet. used for critical temperdture in
general.
13-35.2 | Néel femperature N Critical temperature of an antiferro-
magnet.
13-35.3 | superconductor T, Critical temperature of a supercon-
transition temperature ductor.
13-36.1 | thermodynamic critical ™ | H, G. = 1 H2.y in type | superconductors, M, is the
field gtrength G- Gs = 2 Ho 1™ critical field strength forl disap-
where G, and G, are the Gibbs free | Pearance of superconductivjty.
energies at zero magnetic field of
normal conductor and superconduc-
tor t H H
bility of vacuum and V is the |, symbol H_; is used for the
volume. critical field strength for disap-
pearance of surface superconduc-
13-36.2 | lower critical H, For type |l superconductors, the tivity.
field strength threshold magnetic field strength for
magnetic flux entering the super-
conductor.
13-36.3 | upper critical H, For type Il superconductors, the

field strength

threshold magnetic strength for
disappearance of bulk superconduc-
tivity.

For the corresponding Gaussian
quantities, see ISO 31/5, annex A,

14
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