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Ab stract
This pa per deals with ba sics of Elec tron Back scat tered
Kikuchi Dif frac tion (EBSD) tech nique in scan ning elec -
tron mi cro scope, di rected to ex pla na tion of main terms and
spec i fy ing its field of ap pli ca tion in ma te ri als en gi neer ing. 

Ex am ples from EBSD in ves ti ga tion of mi cro-ori en ta -
tion re la tion ships in nirogen-added AISI 316LN austenitic
stain less steel type are pre sented. 

1. In tro duc tion

Elec tron back scat tered dif frac tion (or oth er wise called
BKD - Back scat tered Kikuchi Dif frac tion or OIM - Ori en -
ta tion Im ag ing Mi cros copy or ACOM - Au to mated Crys tal
Ori en ta tion Map ping) is a re cent ad di tion to the group of
elec tron- mi cro scopic tech niques, based on anal y sis of
back scat tered dif frac tion pat terns (EBSP) from highly
tilted bulk spec i men, us ing EBSD equip ment on a stan dard
scan ning elec tron mi cro scope. 

Al though back scat tered pattterns were in SEM first ob -
served 50 years ago, a ma jor new tech nol ogy be gan in early 
1980´s, when the real- time im ag ing of back scat tered dif -
frac tion pat tern us ing sen si tive low light TV cam eras was
in volved. Of par tic u lar im por tance in the emer gence of
EBSD as a ex per i men tal tech nique was the de vel op ment of 
rapid au to mated pat tern ac qui si tion and anal y sis dur ing the 
past de cade. Due to con se quent in crease of spa tial res o lu -
tion of mod ern elec tron mi cro scopes is this tech nique gain -

ing more pop u lar ity in var i ous ma te ri als anal y ses [1-3]. 
Com par ing to light mi cros copy for quan ti ta tive

metallography EBSD en ables im proved spa tial res o lu tion,
more ac cu rate data and more com plete microstructural
char ac teri sa tion. The main ad van tage over TEM is use of
bulk sam ples rather than thin foils and there fore more

avail able grains per spec i men [2, 3].
 EBSD is now rou tinely ap plied to many polycrystalline 

ma te ri als - com mer cially pro duced met als and al loys, ce -
ram ics, semi con duc tors, su per con duc tors and min er als. It
is used in var i ous fields of ma te ri als sci ence- for in ves ti ga -
tions of plas tic de for ma tion, nu cle ation and growth dur ing
recrystallisation, in the de ter mi na tion of recrystalised frac -
tions in par tially recrystalised ma te ri als [4, 5]. More over, it
can pro vide a lot of data con cern ing inter gra nu lar, brit tle
transgranular and fa tigue crack ing [6]. In multiphase ma te -
ri als, phases can be fast dif fer en ti ated us ing this tech nique,
based on sig nif i cant crys tal struc ture dif fer ences. The da ta -
base of such in for ma tion ob tained can be fur ther used for

qual i ta tive de ter mi na tion of phase con tents as well as
tex ture anal y sis for each phase [7, 8]. Also struc tural vari a -
tions in min er als can be re vealed in this man ner [9].

Above all ap pli ca tions, the ori en ta tion and in ter fa cial
stud ies us ing EBSD are pre ferred- the mod i fi ca tions in
grain bound ary net works and grain size and mor phol ogy
are lo cated eas ily- on mi cro scopic scale, still in a rep re sen -
ta tive and sta tis ti cally rel e vant sam ple area [10, 11].

In ad di tion, rel a tively new for EBSD is the use of
enviromental scan ning mi cro scopes for in ves ti ga tion of

un coat ed and non- con duct ing ma te ri als [12].  

2. Phys i cal prin ci ple of ex per i men tal method

2.1 Ba sic re quire ment

EBSD is very sur face sen si tive tech nique be cause of very
low back scat tered sig nal depth. There fore a very flat and
even dis tor tion free sam ple sur face is needed in or der to get 
EBSPs of good qual ity so that au to matic com puter eval u a -
tion is re li able. 

There are many types of ma te ri als ex am ined us ing
EBSD. They can dif fer in ba sic prop er ties and also in their
pro cess ing his tory that re sults in dif fer ent microstructure
and there fore in a dif fer ent prep a ra tion be hav iour. The
choice of the best suit able prep a ra tion will de pend on this

as well as on the avail able equip ment and time [13]. Rec -
om mended prac tices for sam ple prep a ra tion are sum ma -
rised in Fig. 1.  

   As is il lus trated in Fig. 1, the ma jor ity of ma te ri als re -
quire some de gree of me chan i cal pol ish ing, usu ally fol -
lowed by fi nal pol ish ing with fine- dis persed col loi dal
sillica. 
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Fig.1 Prep a ra tion strat e gies for EBSD [13]



   While me chan i cal pol ish ing can pro duce good EBSD
pat terns, it is of ten nec es sary to use an other step to im prove 
pat tern qual ity. Electropolishing or chem i cal etch ing are
meth ods which may be used for me tal lic ma te ri als.

   The rel a tively new for EBSD work is the use of ion
etch of spec i men sur face, in some cases used also for re -
mov ing un de sir able, pat tern qual ity de creas ing ox ide and
sur face lay ers. Sim i larly, to re move ox i da tive lay ers from

the sur face plasma clean ing can be help ful [13, 14].

2.2 Other re quire ments

   Ex cept suit able sam ple sur face prep a ra tion there are other 
es sen tial steps needed for EBSD op er a tion. 

   The first is that the an gle be tween in ci dent elec tron
beam and the spec i men sur face should be small, in or der to
min i mize the amount of sig nal, which is ab sorbed and to
max i mize the re sult ing back scat tered in ten si ties. There -
fore, the sam ple is in mi cro scope cham ber highly tilted
from hor i zon tal, usu ally em ploy ing spe cial de signed sam -
ple holder. As a stan dard EBSD tilt an gle 70 de grees was

kept, Fig.2 [2, 3]. 
  In ad di tion, all sam ples in ves ti gated us ing this tech -

nique should be crys tal line, have a grain size larger than 0,5 
ìm and should be sta ble in elec tron beam. 

2.3 Pat tern for ma tion

When a sta tion ary elec tron beam in mi cro scope strikes the
sam ple, are the pri mary elec trons scat tered through large
an gles within the spec i men and di verge from the point
source in all di rec tions. Part of in ci dent pri mary elec trons is 
sub se quently col lid ing with spec i men at oms and scat tered
out the sam ple. Some of these back scat tered elec trons are
elas ti cally scat tered from the few tenth nanometers (~50
nm) bel low the ma te rial sur face with nearly no en ergy loss
(~1%) and are car ry ing informations used for lo cal ori en ta -
tion mea sure ments in submicron scale [2, 15].

By guid ing the elec tron beam from point to point over
the sur face of highly tilted bulk sam ple, Fig. 2, forms this
elas tic scat ter ing for each set of crys tal planes two cones of

rel a tive in tense ra di a tion, when ever the Bragg con di tion is
sat is fied. 

   Plac ing the sen si tive phos phor screen suit ably near
the sam ple, so as to in ter cept the cones, re sults in ob tain ing
of conic sec tions, which ap pear as a pair of lines, called
Kikuchi lines, Fig. 3. Ge om e try of formed EBSP-an ar ray
of Kikuchi lines is de ter mined com pletely by the crys tal
struc ture and ori en ta tion of the sam ple. 

Ob tained EBSPs are then cap tured us ing CCD cam era
con nected to an im age pro ces sor and fi nally fed into PC for
dis play and eval u a tion. The com puter at first has to de ter -
mine the possition of the clear est Kikuchi bands and then to 
cal cu late interzone an gles be tween zone axes lo cated in the 
pat tern. Mu tual an gles mea sured are next com pared with
a stan dard set of interzone axes of pre vi ously de ter mined
type of crys tal struc ture pres ent. When the best fit be tween
ex per i men tal and ex act an gles in the da ta base is  found,  the  
zone  axes  are au to mat i cally in dexed. The ori en ta tion is
then dis played, par al lel with sit ting the sam pling probe on
se lected grains or points of microstructure im age, as
Miller’s in di ces su per im po si tion to the im age of Kikuchi
bands,  Fig. 4 [2, 3, 17].

  All pa ram e ters of  the this pro cess (e.i. phase al lo ca -
tion, co or di nates of each point of in ves ti ga tion and oth ers)
are stored in a data file. The ac cu racy of mea sure ment is
better than 1°.

3. EBSD ap pli ca tion pos si bil i ties

3.1 Grain ori en ta tion anal y sis

   The larg est in ter ests in EBSD are con cerned with
grain ori en ta tion and in ter face ori en ta tion stud ies. Ba sic
in for ma tion on grain ori en ta tions and grain morphologies
can be ob tained in so-called ori en ta tion map or ori en ta -
tion im age. Ex am ple of  such map from an nealed austenitic 
stain less steel is given in Fig. 5a. Col our cod ing (in this
case us ing a rain bow scale) al lows to dis tin guish in di vid ual 
grain ori en ta tions and morphologies as well as their dis tri -
bu tion over the sam pled area. Com puter rou tine also fig -
ures pro por tions of ori en ta tion com po nents in the form of
his to gram,  Fig. 5b.   
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Fig. 2. SEM- EBSD com po si tion with sche matic il lus tra tion of in -
for ma tion out put [15]

Fig. 3.  For ma tion of one pair of Kikuchi lines from dif frac tion of
the elec tron beam with one fam ily of lat tice planes [16]



For sta tis ti cal ori en ta tion anal y sis pole fig ures or in -
verse pole fig ures can be ob tained. In the form of dis crete
data points or smoothed into con tours pres ent these plots
im por tant di rec tions on a 2D ste reo graphi cal pro jec tions
for each in di vid ual mea sure ment. Us ing this kind of data
pro cess ing it is pos si ble to re veal preffered ori en ta tion of
pres ent fam i lies of grains (tex ture)[3]. Ex am ples of pole
fig ures from stain less steel sam pled area are given in Fig. 6.

The im por tant con se quence of ori en ta tion mea sure -
ments is that misorientation be tween crys tals can be ac -
cessed- in other words, the grain or phase bound aries can

be in ves ti gated, if the ori en ta tions on ei ther side of
in ter face are known. Ori en ta tion changes re vealed in ori en -
ta tion map de pict all grain bound aries, so that grain bound -
ary sta tis tics can be ex tracted from it. This sta tis tic usu ally
quoted is the length of cer tain grain bound ary types, such
low an gle, high an gle, twin bound aries, which can be mea -
sured and outputted as the pro por tion of the to tal grain
bound ary length. As in the for mer case, it is at tain able in

the form of his to gram [18, 19]. 
Sim i larly, di rect graph i cal vi su al iza tion of grain bound -

aries in the map, choos ing ap pro pri ate colours and line
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a) b) 

Fig. 4.  In dex ing con se quence for one grain in ba sic state sam ple: a) ex am ple of  band im age cap tured by de tec tor unit; b)
the same im age af ter over lay of Miller´s in di ces of zone axes  

 

75° 0° 

a) b) 

Fig. 5. Ori en ta tion map (a) from austenitic stain less steel sam ple an nealed 30 min. at 700°C, with col our cod ing done with de vi a tion
an gle from ideal cube tex ture us ing a rain bow scale. Low-, high-an gle and twin bound aries col our clas si fi ca tion are also shown. Dis tri -
bu tion of in di vid ual grain ori en ta tions is il lus trated in his to gram (b).



width for in di vid ual grain bound ary cat e go ries, is also pos -
si ble (Fig.5).   

   Fur ther more, EBSD can be used for grain bound ary
ge om e try stud ies. It is based on fact that neigh bour ing
grains can be iden ti fied in the microstructure and se lected
for ori en ta tion mea sure ment. The misorientation be tween
neigh bour ing grains can then be cal cu lated in terms of 
axis/an gle  pair. [18] The re sult of such misorientation
mea sure ment can be plot ted into misorientation pro file,
rep re sented as a func tion of an gle vs. dis tance along the
line be tween op er a tor se lected grain pair.    

3.2 Spe cial grain bound ary sta tis tics

If the aim of in ves ti ga tion is to an a lyze ´spe cial´ or so-
called CSL  bound aries, ad di tional graph i cal pro cess ing of
ob tained map is nec es sary. Re lat ing to pres ent CSL bound -
aries, sim i lar data out puts as in the case of pre vi ous ex am -
ple are pos si ble, Fig. 7.

3.3 True grain size

Tra di tional grain size mea sure ments rely on ob ser va tion of
grain bound aries in an im age of the microstructure, which
is com pli cated in ma te ri als where the grain in ter faces are
dif fi cult to ob serve, in the case of heavily twinned micro -
struc tures (fcc and hcp met als) or when are grain bound -
aries not re vealed by con ven tional etch ing. 

   If the dis tance be tween sam pled points on the sur face
has been prop erly cho sen with re spect to the micro -
structure, it is pos si ble to make a di rect mea sure of the true
grain size and to de ter mine dis tri bu tion of in di vid ual grain
sizes on the par tic u lar sec tion through the microstructure
us ing EBSD tech nique. Ex cept mean, min i mum or  max i -
mum  grain  size  value  rep re sents  com puter rou tine grain
size dis tri bu tion in the form of his to gram.[3]

4. Con clu sions

Elec tron Back scat tered Dif frac tion be came very pop u lar
among ma te ri als sciencists in the last years as a far su pe rior 
method for the rapid and ac cu rate gen er a tion of crys tal lo -
graphic data in stan dard scan ning elec tron mi cro scope
equipped with EBSD de tec tor unit. This tech nique is valu -
able by rec og ni tion and misorientation anal y sis of grain
bound aries, with out any de struc tion of bulk sam ple and
with min i mal op er a tor out put us ing suit able soft ware. 

   The the o ret i cal ba sis and main ap pli ca tion fields of
EBSD in ma te ri als en gi neer ing were shown. Dem on stra -
tion of ex am ples from in ves ti ga tion of ori en ta tion re la tion -
ships in ni tro gen-added austenitic stain less steel was
per formed. 
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Fig. 6. Ex am ples of  dis crete data point pole fig ures from sam pled area in Fig. 5

 

Fig. 7. CSL bound ary map from the area in Fig.5, with de lin ea tion of cho sen fam i lies of CSL bound aries.
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