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Ab stract
Pa per deals with ap pli ca tion of elec tron dif frac tion for de -
ter mi na tion of point-group sym me try. Two elec tron-dif -
frac tion meth ods, SAED and CBED, were dis cussed.
De ter mi na tion of point-group sym me try was dem on strated 
on the sin gle crys tals of Si and sphalerite (ZnS). CBED
opens the way for de ter mi na tion any of 32 point groups re -
gard less of their centro- or non-centrosymmetric char ac ter.

1. In tro duc tion

In for ma tion about point-group sym me try of crys tal line
mat ters is use ful tool in the iden ti fi ca tion pro cess of crys tal, 
char ac ter iza tion and spa tial dis tri bu tion of phases and/or
tex tures. In ad di tion to X-ray and elec tron dif frac tion, point 
group de ter mi na tion can be per formed us ing mor pho log i -
cal study, by etch fig ures and us ing some of phys i cal prop -
er ties [1].

In for ma tion ob tained by rou tine X-ray as well as elec -
tron dif frac tion ex per i ments (Se lected Area Elec tron Dif -
frac tion - SAED) leads only to one of 11 Laue groups.
Us ing CBED (Con ver gent Beam Elec tron Dif frac tion) ex -
per i ments, it is pos si ble to de ter mine point-group sym me -
try with out any re stric tions even if the crys tals are smaller
as are nec es sary for X-ray and SAED ex per i ments.

2. Work ing ex am ples

We used cu bic sin gle crys tals of sil i con (centro symetric
space group Fm m3  ) and sphalerite ZnS (acentric space
group F m43  ). Both crys tals be long to the same Laue group 
 and their types of crys tal struc tures are fre quently des ig -
nated as  fcc struc tures.

Cor re spond ing point-group sym me try is m m3  for sil i -
con and 43m for sphalerite, re spec tively. Sym me try of spe -
cial pro jec tions (de fined as one of 10 plane point-groups)
is:

· for Si in di rec tion [100]  4mm, [110] 2mm and [111]
6mm (com mon sym me try for both crys tals as ap pears on
the Laue and SAED pho to graphs),

· for ZnS in [100] 4mm, [110] m and [111] 3m. 

3. Ex per i men tal

Sam ple prep a ra tion and ap pa ra tus
TEM sam ples from Si was pre pared by me chan i cal grind -
ing and pol ish ing down to 0,05 mm. Fi nal thin ning was car -

ried out by means of the sam ple dou ble-side bom bard ment
by neu tral Ar+ ions on the ION-TECH ion mill, op er at ing at 
an ac cel er at ing volt age of 5 kV and 10° in ci dence an gle.

Nat u ral ZnS crys tals were pow dered in ag ate-mor -
tar. Wa ter sus pen sion of par ti cles was mounted on car -
bon-coated collodium mem brane. 

TEM pat terns were re corded from thin parts of the crys -
tals which were trans par ent for elec tron beam. All ex per i -
ments were car ried out on JEOL 2000 FX trans mis sion
elec tron mi cro scope op er ated at 120 and 160 kV. In or der
to ob tain the proper ori en ta tion of the crys tal, dou ble-tilt
holder was em ployed.

Meth ods
Al though many terms are used to de scribe elec tron dif frac -
tion in TEM, they es sen tially re fer to one of two ba sic ap -
proaches: 

1. Se lected Area Elec tron Dif frac tion (SAED) 
2. Con ver gent Beam Elec tron Dif frac tion (CBED).
In SAED method, spot dif frac tion pat tern can be ob -

tained from sin gle crys tal with op ti mal thick ness. Ev ery
spot of the pat tern cor re sponds to the crys tal plane for
which Bragg’s law is ful filled. Dif frac tion pat tern is an al -
most pla nar sec tion of the weighted re cip ro cal lat tice by
plane nor mal to pri mary elec tron beam (as an Ewald sphere 
of re flec tions with very large ra dius cuts it) and is cre ated
by all re cip ro cal lat tice spots ly ing in this plane. These
spots be long to Zero-Or der Laue Zone (ZOLZ) and ful fil
the con di tion hu + kv + lw =0, where h, k, l are Miller in di -
ces of the dif fract ing plane and u, v, w are in di ces of the di -
rec tion par al lel to pri mary elec tron beam. Dif frac tion
pat tern com pris ing only ZOLZ spots is two-di men sional
(2-D) pat tern that pro vides in for ma tion about pro jected
sym me try rather than true sym me try of a zone axis. From
2-D pat terns only point-group sym me try op er a tions and
the cor re spond ing sym me try el e ments par al lel to pri mary
beam are pos si ble to as cer tain, i.e. only plane point group
of the pat tern can be de ter mined. From sym me try of more
spe cial pro jec tions of SAED pat terns only Laue group of
the crys tal can be iden ti fied [1,2]. 

Un like SAED, CBED pat terns con sist of discs of vari -
able in ten sity and pro vide more in for ma tion than spot pat -
tern. The in ten sity dis tri bu tion within the discs is the
func tion of in cli na tion be tween the in ci dent elec tron beam
and par tic u lar crys tal di rec tion, thick ness of the crys tal and
its struc ture [2, 3, 4]. CBED pat terns can carry im por tant
in for ma tion on true point 3-D crys tal sym me try (not only
2-D point sym me try as in SAED pat terns), if there are
present de fi cient High-Or der Laue Zone (HOLZ) lines in -
side the 000 disc. They orig i nate due to elas tic scat ter ing
from hkl planes in non-zero or der layer of re cip ro cal space.
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HOLZ lines have large scat ter ing an gles and there fore are
not vis i ble in a reg u lar dif frac tion pat tern. In CBED pat -
terns they are de tected be cause of com ple men tary na ture of 
in ten sity. A dark de fi cient HOLZ lines in a cen tral disc cor -
re spond to an ex cited re flex on the HOLZ cir cle. Ar range -
ment of the HOLZ lines is very sen si tive to ex act crys tal
ori en ta tion and lat tice pa ram e ters [2, 4]. 

The de ter mi na tion of point groups from CBED pat terns 
can be per formed by means of two meth ods:

1. Ap proach of Bux ton et al. [5] re quires the knowl edge 
of: 

· Bright-Field Pattern Sym me try (BP) - sym me try of 
         cen tral disc 

· Whole Pattern Sym me try  (WP) – sym me try of ZOLZ
         and HOLZ 

· Dark-Field Pattern Sym me try (DP) - sym me try of 
         dif fracted discs

· Sym me try of pair dif fracted discs, for which the 

        dif frac tion in di ces have op po site signs (±DP). 
There ex ist flow di a grams and ta bles, which are nec es -

sary to em ploy in point group as sign ing pro cess. Very of -
ten, three CBED pat terns taken from the same zone axis are 
suf fi cient to iden tify the crys tal point group.

2. Ap proach of Tanaka et al. [6] – rep re sents an eas ier
method as de scribed above, dif frac tion group is de duced
from sym me try of in ten sity dis tri bu tion in dif fracted discs
ap pear ing in hex ag o nal 6-beams, rect an gu lar 4-beams and
squared 4-beams pat terns. For point-group de ter min ing
there are elab o rated flow di a grams and ta bles and may be
suf fi cient to in spect only one CBED pat tern.

4. Re sults and dis cus sion

As a first step, SAED tech nique was used. SAED pat terns
served to as sign the rel e vant zone-axis ori en ta tion. The de -
ter mi na tion of point groups by means of SAED is shown on 
fig. 1a, b, c. SAED spot pat terns of Si sin gle crys tal in di -

rec tions á111ñ, á100ñ, and á110ñ have sym me tries 6mm,
4mm and 2mm, re spec tively and so point group of Si is 
m m3  [1]. SAED pat terns of ZnS (fig. 2a, b, c) in spe cial

zone axis á111ñ, á100ñ and á110ñ are iden ti cal with those of
Si (from the view of pat tern sym me try) so the de ter mined
point group of sphalerite is  m m3 , as well. This is not con -
sis tent with its true point group.

CBED pat tern sym me try and point-group stud ies are
per formed ac cord ing to the method pro posed by Bux ton et
al. [5].

The  zone á111ñ axis CBED pat tern from Si crys tal is in
fig. 3. At first sight it ex hibit a hex ag o nal sym me try (6mm), 
but from the dis tri bu tion of fine de fi cient HOLZ lines in
000 disc is ap par ent that the BP sym me try de gen er ated to

3m. Whole pat tern (WP) from Si sin gle crys tal in á111ñ di -
rec tion has the sym me try 3m, as well (fig.4). This plane
point group is de ter mined on the ba sis of the sym me try of
First Or der Laue Zone (FOLZ), which do not re spect the
6-fold sym me try of ZOLZ. From fig. 5a, b is pos si ble to as -
sess sym me try of in ten sity dis tri bu tion in equiv a lent dif -
fracted discs with in di ces 220 and 220 (±DP). The 220 DP
in ten sity maps has only one mir ror plane m per pen dic u lar
to the re flec tion vec tor, which con nects the cen tral beam
with rel e vant dif fracted disc (ap par ent sym me try 2mm is 
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a)

c)

Fig ure 1. SAED pat terns of Si crys tal (2-D in for ma tion only). (a)

View down á111ñ  zone axis show ing 6mm sym me try, (b) view

down á100ñ zone axis shows 4mm symmetry, (c) á110ñ zone axis

shows 2mm sym me try.

a) b)

c)

Fig ure 2. SAED pat terns from  ZnS crys tal (2-D in for ma tion).

(a) View down á111ñ zone axis show ing 6mm sym me try, (b)

view down á100ñ zone axis, pat tern sym me try is 4mm, (c)  á110ñ

zone axis show ing 2mm sym me try.

b)



de creased be cause of pres ence of de fi cient HOLZ lines in
dif fracted disc). The sym me tries of both dif frac tion discs 
220 and  220 are con sis tent. They are trans lated to wards
each other only. There fore, ±DP sym me try is called trans -
la tion sym me try (la belled 2R,) and it in di cates the pres ence
of an in ver sion cen tre [5]. Us ing tab. 1, on the ba sis of al -

ready known plane point groups of  á111ñ  zone axis CBED
pat terns (BP, WP, DP, ±DP sym me tries), dif frac tion group
of Si crys tal is 6RmmR. Two point groups – trigonal 32/ m
and cu bic m m3  are re sult ing from this dif frac tion group,
tab. 2. To find true point group, ex per i ment must be re -
peated for other zone axis. That point group, which ap pears 
in iden ti fi ca tion pro cess for all ori en ta tions, is true crys tal
point-group sym me try. In our case is suf fi cient to tilt Si

crys tal to á100ñ di rec tion. Since sym me try 4mm, which is
shown in fig.6, can not be pres ent in trigonal crys tal sys tem, 
the only con ve nient point group is cu bic m m3 . m m3  is
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Fig. 3. á111ñ zone axis CBED pat tern from Si sin gle crys tal.
When the sym me try of HOLZ lines is taken into con sid er ation,
plane point sym me try of 000 disc (BP) is 3m with three mir ror
planes per pen dic u lar to the plane of the pat tern (ar rowed).

Fig. 4. Si  á111ñ zone axis CBED pat tern. ZOLZ and FOLZ are 
reg is tered (WP). The sym me try as shown by ZOLZ re flec tions
only is 6mm. When FOLZ re flec tions are taken into con sid er -
ation, the whole sym me try is re duced to 3m. 

a)

b)

Fig ure 5. Si  á111ñ  off-zone axis pat terns. (a) 220 and (b) 220
DP sym me try is m with mir ror plane nor mal to dif frac tion vec -
tor. 

Fig ure 6. Si á100ñ zone axis CBED pat tern. BP plane
point-group sym me try is 4mm.



centrosymmetric point group, there fore  this re sult is con -
sis tent with that one ob tained by SAED method. 

Point group of ZnS was de ter mined from CBED pat -
terns shown in fig.7a, b and 8a, b. At elec tron beam in ci -

dence par al lel to á111ñ di rec tion, sym me tries of BP and WP 
are 3m (fig.7a, b). If elec tron beam is per pen dic u lar to the
{100} plane, sym me tries of BP and WP are 4mm and 2mm,
re spec tively (fig.8a, b). These data with pos si ble dif frac -
tion and point groups, which are de duced by means of tab.1 
and 2, are listed in tab. 3. The 43m is the only one point
group, which oc curs for both crys tal ori en ta tion. Con se -
quently it is true point group of ZnS. 

5. Con clu sions

In this pa per was shown, that by CBED method is en abled
to de ter mine not only centrosymmetric point groups of the
crys tals but non-centrosymmetric point groups, as well.

Sin gle crys tals Si and ZnS be long to the same m m3
Laue group. It is a con se quence of in spec tion of SAED pat -

tern sym me try. The same non-real re sults can be ob tained
by CBED method too, if HOLZ lines will not ap pear in 000
disc. But in the case of their pres ence, the true point group
can be unambiguosly de ter mined in clu sive non- centro -
symmetric (i.e. non-Laue) groups, as well. By CBED
method the sphalerite point-group sym me try 43m is rec og -
nized.
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a)

b)

Fig ure 7.  á111ñ  zone axis CBED pat terns from ZnS crys tal. (a)
Dis tri bu tion of de fi cient HOLZ lines in 000 disc (BP) shows 3m
sym me try (3-D in for ma tion), (b) WP plane point- group sym me -
try is 3m be cause of FOLZ cir cle sym me try.

a)

b)

Fig ure 8. ZnS á111ñ zone axis CBED pat terns. (a) BP shows 4mm
sym me try with four mir ror planes per pen dic u lar to the plane of
pat tern (ar rowed). (b) WP plane point-group sym me try is 2mm
with two or thogo nal mir ror planes nor mal to CBED pat tern (ar -
rowed). ZOLZ 4mm sym me try is de creased to 2mm be cause of
FOLZ sym me try.
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Diffraction 
group 

Bright 
field 
(BP) 

Whole 
pattern 
(WP) 

Dark 
field 
(DP) 

(general) 

Dark 
field 
(DP) 

(special) 

±DP 
(general) 

±DP 
(special) 

Projection 
diffraction 

group 

1 1 1 1 none 1 none 1R 

1R 2 1 2 none 1 none 1R 

2 2 2 1 none 2 none 21R 

2R 1 1 1 none 2R none 21R 

21R 2 2 2 none 21R none 21R 

mR m 1 1 m 1 mR m1R 

m m m 1 m 1 m m1R 

m1R 2mm m 2 2mm 1 m1R m1R 

2mRmR 2mm 2 1 m 2 - 2mm1R 

2mm 2mm 2mm 1 m 2 - 2mm1R 

2RmmR m m 1 m 2R - 2mm1R 

2mm1R 2mm 2mm 2 2mm 21R - 2mm1R 

4 4 4 1 none  2 none 41R 

4R 4 2 1 none 2 none 41R 

41R 4 4 2 none 21R none 41R 

4mRmR 4mm 4 1 m 2 - 4mm1R 

4mm 4mm 4mm 1 m 2 - 4mm1R 

4RmmR 4mm 2mm 1 m 2 - 4mm1R 

4mm1R 4mm 4mm 2 2mm 21R - 4mm1R 

3 3 3 1 none 1 none 31R 

31R 6 3 2 none 1 none 31R 

3mR 3m 3 1 m 1 mR 3m1R 

3m 3m 3m 1 m 1 m 3m1R 

3m1R 6mm 3m 2 2mm 1 m1R 3m1R 

6 6 6 1 none 2 none 61R 

6R 3 3 1 none 2R none 61R 

61R 6 6 2 none 21R none 61R 

6mRmR 6mm 6 1 m 2 - 6mm1R 

6mm 6mm 6mm 1 m 2 - 6mm1R 

6RmmR 3m 3m 1 m 2R - 6mm1R 

6mm1R 6mm 6mm 2 2mm 21R - 6mm1R 

 

Ta ble 1. Re la tion be tween the dif frac tion groups and plane sym me try of CBED pat terns pub lished in [3, 5]
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Ta ble 2. Re la tion be tween dif frac tion groups and point groups sym me try [3, 5]. Some of point-group no men cla tures are cor -
rected ac cord ing to [1].

Zone axis BP sym me t ry WP sym me t ry
Possi ble diffracti on
groups

Possi ble point
groups

<111> 3m 3m 3m, 6RmmR 3m, 43m , 3m, m m3  

<001> 4mm 2mm 4RmmR  42m, 43m

Ta ble 3. Flow di a gram for ZnS crys tal lo graphic point-group de ter mi na tion.


