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Abstract 

A backscattered electron detector 
with a cylindrical detecting surface has 
been constructed and installed in a scan
ning electron microscope. The detector 
surrounds the specimen and accepts elec
trons emitted into a specific r a nge of 
zenith angle s . In the case of untilted 
specimens it collects electrons eme r ging 
from the spec i men surface at lo w exit 
angles rel a ting to it. Th is enables us to 
obt a in a good r e s olution of ima ge s of un 
t ilted s pe c im e ns. More over , t he de tec t or 
gi ve s ver y hi gh level of to poGr aphi c c on 
t r ast and good t hre e -di mens i on a l i mpr e s 
s i on of the specimen s hape. 

KEY WORDS: Scanning electron microscopy, 
backscattered electrons, electron detec
tor, topographic contr Rst, resolution. 
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Int r oduct i o n 

Many different backscattered elec
tron (BSEl detectors have been construct
ed for the use in a scanning el e ctron mi
croscope (SEM). They differ in a collect
ing angle, a response to electrons with 
d if f ere n t en e rgi e s , a unifor mity o f the 
d e tectio n eff i c i en cy over a det e cto r s u r 
f a ce. The y c an b e di ffe r entl y si t ua t ed i n 
rel a tion to an e le c tro n be am a nd a s p ec i 
men. The y give d if f er en t infor mat io n 
a bout the s pecimen s urf oce . The det ect ors 
hav e b e en r eviewed by Robin s on ( 1980 . 
1984). The most po p ul a r one s a re wid e 
a ngle de t ec t o r s pl a ced a bove the s pec i men. 
They show ma inly ma te ria l con tras t, Th e 
topo g r aphic contr a st i s low and the i n
formation depth (thic kness o f a l ay er in 
which a signal orig i nates) i s l ar ge 
becau s e electron s rea ching th e detector 
mai nly diffuse through the s pec i men. The 
topographic contrast is mor e pronounc e d 
when the detector is pl a ce d a t on e s ide 
of the electron beam. Scintill a tion de 
tectors are mainly used in s uch a case. 
They subtend different collecting an gles 
and a re loc a ted at differ e nt take - off 
a ngles. The decrease of t he take - off 
angle (me a sured between a s pecime n su r 
face a nd the direction from the specimen 
to the detector) increases a topogr a phic 
contr i bution to the obta i ned contr as t. In 
a specific c a se, when the specimen is 
highly tilted and the take - off angl e is 
low, the topogr aphic contrast domi nates 
and the inform a tion depth is sma ll (Wells, 
1970). However, because of a foreshorten
ing of images and strong shadowing effect, 
such configuration is not widely used. 

In the present paper a r i ng scint i l
lation detector for BSEs is proposed. It 
surrounds the specimen and accepts elect
rons emitted into a specific range of 
zenith a ngles. In t he case of untilted 
specimens it collects electrons which 
emerge at low exit angles from the speci
men surf a ce. Bet ween such electrons, 
there a re many which have lost s mall 
amounts of their initial energies and 
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penetrated a thin layer below the surface. 
We can expect that in the case of the 
ring detector the material contrast will 
be suppressed, the resolution of images 
will be improved and the shadowing effect, 
in comparison to the case when a disc de
tector is placed at one side of the spe
cimen, will be reduced. The problem of 
detection of electrons with a ring detec-
tor has been studied theoretically by 
other authors. George and Robinson 11977) 
found that detection of BSEs emerging 
from the surface at low angles enables 
one to detect small topographic features 
on untilted specimens. Reimer and Riepen
hausen (1985) found that the ring detec-
tor gives very high levels of topographic 
contrast. They studied the case when 
topographic features are larger than the 
interaction volume of the electron beam, 
i.e., in low and medium magnification 
ranges. 

Experimental arrangement 
of the ring detector 

The detector design is shown in 
Fig. 1. It consists of a cylindrical hole. 
25 mm in diameter, in a glass light guide. 
The inner surface of the hole is covered 
with a plastic scintillator by painting 
the surface with the solution of scintil
lator material in toluene. The whole 
light guide, except for the surface fac
ing photomultiplier, is coated with a 
thin layer of aluminium. The aluminium 
coating prevents charging of the light 
guide surface and maximizes the light 
output from the light guide. 

The specimen is placed at the centre 
of the hole. Its position in z direction 
is adjusted to fit the required ran ge of 
an gles accepted by the detector. When the 
specimen surface coincides with the bot
tom plane of the light guide (working 
distance WD: 15 mm). elect rans leaving 
the specime~ surface at take-off a ngles 
from o0 to 20° are collected by the det
ector. This is the best condition for 
detection of the small topographic feat
ures on the surface of a flat. untilted 
specimen (George and Robinson. 1977) and 
the topographic contrast is very high 
(Reimer and Ri epenhausen, 1985). A shadow
ing effect will occur if there are deep 
depressions in the specimen surface. When 
we place the specimen below the bottom 
plane of the light guide, the range of 
take-off angles collected by the detector 
will change. For instance, when the spec
imen surface is situated 2 mm below the 
bottom plane of the light guide (WO= 17 
mm) the detector accepts electrons leav
ing the surface at angles from 100 to 300. 
In such a case the topographic contrast 
decreases, the resolution worsens but the 
shadowing effect is less pronounced. At 
normal incidence of the primary beam an 
angular distribution of BSEs fulfils a 
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Fig. 1 Schematic diagram of the ring 
detector (a) - cross section. (b) - top 
view. 1- microscope lens. 2- primary beam 
3- _ backscattered electrons. 4- light

0 

guide. 5- layer of scintillator. 6- spec
imen. ~ is an acceptance angle of the 
detector. 

cosine law and for this. the number of 
electrons reaching the detector increases 
With an increase of the take-off angle 
Shifting the range of angles accepted b; 
the detector to higher values causes an 
increase of the mean value of the signal. 
In the case of a normal incidence of a 
primary beam. backscattered electrons 
emitted in the range of zenith angles 
from o0 to 20° are equal to about 11.7 % 
of the total number of BSEs emitted from 
the specimen. By shifting angles accepted 
by the detector to the range from 100 to 
30° we increase this value to about 22 % 
of the total number of BSEs. 

A light collection efficiency of the 
light guide, i.e., the amount of light 
generated at a certain point of the hole 
and reaching a photomultiplier is not 
uniform over the detector surface. The 
highest contribution to the signal origi
nates in the part of the hole nearest to 
the photomultiplier, the lowest contribu
tion originates at the opposite side. 
Therefore the detector is a directional 
one. This will be an inconvenience when 
we intend to obtain quantitative results 
but it will become an advantage when we 
perform qualitative assessment of the 
topography. Micrographs taken with the 
directional detector are more similar to 
those we meet in our daily experiences 
when we observe things illuminated by 
light (Reimer et al •• 1984). 



A ring scintillation detector for BSEs 

The detector was installed in a 
Cambridge Stereoscan 180 SEM. It was 
mounted in the place of a standard 
Everhart-Thornley (E.T.) detector for 
secondary electrons ISEs) • Changing from 
BSE to SE imaging was performed by repla
cing the detectors. A thermionic W 
cathode was used as an electron s ource in 
the microscope. 

Experimental results 

In order to evaluate the usefulness 
of the ring detector, we recorded micro
graphs of different specimens. Fig. 2 
shows a high magnification image of a 
magnetic tape. A resolution (as a gap 
between two grains) of 20 nm is shown and 
a better one can be claimed. This is a 
satisfactory result in the case of a rela
tively high beam current of 5•10-10 A, 
It has been mentioned earlier that OSEs 
emerging from the surface at angles from 
oo to 20° a re only About 11,7 % of the 

Fig. 2 An image of a gold coated ma gn8tic 
tape taken with the ring detector, U

0
= 40 

kV, I 0 = 5•10-10 /',, untilted specimen, \'iD = 
15 mm, 

Fig. 3 A comparison of images taken with the ring detector for BSEs and the [ ,T.detec
to r for SEs. (a) and (c) - SE images, (b) and (d) - BSE images, (a) and (b) - a su rfa
ce of chemically etched GaAs wafer, (ci and (d) - an iron grain. U0 = 20 kV, I 0 =4•10- 10 
A, untilted specimens, WO= 17 mm. 
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total number of BSEs emitted from the 
specimen. Assuming normal incidence of 
the primary beam and backscattering coef
ficient Q= 0.3 we obtain a value of 
1.8•10- 11 A for the electron current re
aching the detector. This fact does not 
enable one to use a low beam current and 
obtain a low beam diameter, With an 
increase of a beam voltage the beam 
parameters improve (beam current increases 
and beam diameter decreases) but an 
available contrast decreases because of a 
larger penetration volume of an electron 
beam. An accelerating voltage of 40 kV 
was a balance between improving of 
beam parameters and worsening of the 
contrast. 

In Fig. 3, SSE images taken with the 
ring detector and SE images taken with an 
E.T. detector are compared. In the topo
graphic contrast we · can distinguish two 
contributions. One depends on the number 
of electrons emitted from the specimen 
surface as a function of its roughness 
(emission contrast), the second depends 
on the number of detected electrons as a 
function of their exit momenta (collect
ion contrast). In the case of the E.T. 
detector an emission contrast predomina
tes, while in the case of the ring detec
tor a collection contrast plays an impor
tant part. For this reason, the ring 
detector is more sensitive to small vari
ations in the inclination of the specimen 
surface (compare apparently flat regions 
in Fig. 3a with the same regions in Fig. 
3b). Moreover, BSEs are not so sensitive 
to a contamination of the surface as SE§. 
Comparing the images of an iron grain 
(Figs. 3c and 3d) we can notice that the 
ring detector gives images with better 
three-dimensional (30) impression of the 
shape of the specimen. The strong edge 
effect in SE images defines exactly an 
extension of the feature but it leads to 
a wrong interpretation of the specimen 
shape. 

Discussion and conclusions 

It is clear from the examples shown 
that the ring detector can be very useful 
in observing different specimens. It 
should be added that similar to other BSE 
detectors it is less sensitive to the 
specimen charging and can be used to the 
study of uncoated specimens. 

Its main disadvantages are a low 
signal level which implies the use of 
relatively high beam currents and a limi
tation of the space at the specimen. The 
first disadvantage is a common one for 
all SSE detectors used for imaging of a 
specimen topography of untilted specimens. 
It should be pointed out that the present 
construction enables us to detect elec
trons at low take-off angle with relativ 
ely high efficiency, compared to oth er 
dete ct ors. The signal level of a ring 
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detector can be increased to some e xtent 
by using a better scintillator material 
(e.g., YAG crystal). The standard E.T. 
detector cannot be placed simultaneously 
with the ring detector. A new E.T. detec
tor needs to be constructed. Both detec
tors could be coupled to the same photo
multiplier, similarly as in Autrata's 
double detector system (Autrata, 1984), or 
to separate photomultipliers. Another 
possibility, limited only to microscopes 
with an open polepiece bore geometry, is 
to place the SE detector above an object
ive lens of the microscope (Kawamoto et 
al., 1984). The space at the specimen can 
be enlarged by increasing the diameter of 
the hole in the detector. The detector 
can be divided into segments and coupled 
to the photomultiplier by means of flex
ible light guides. 

The performances of the detector 
were checked with untilted specimens. 
Sometimes, we need to look at a specimen 
from particular direction by tilting the 
specimen. It can be done in the present 
construction, but in order to increase 
the signal from tilted specimens they 
should be placed at the top of the hole. 
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Discussion with Reviewers 

R. Autrata: Your detector is placed at a 
great distance from the polepiece so that 
·vo may be shorter than 15 mm. The s ample 



A ring scintillation detector for BSEs 

~ i~. ~ Images of a 0.9 mm steel ball taken with a ring detector for B~Es. (a) 
ma image, ( b) - isodensi ties, (c) - Y-modulation image of a lower half of 

- nor
the 

ball. U0 =20 kV, WD=15 mm. 

may be then tilted ir. the direction to 
the photomultiplier or away from it. In 
this way it is possible to measure the 
directivity of your detector. Could you 
evaluate the efficiency of light collect
ion from the side of the detector facing 
the photomultiplier or from that diverted 
from the PMT? 
Author: The directivity of the detector 
can be also evaluated by making micro
graphs of a ball. Such specimen scatters 
electrons in all directions. In Fig. 4 
images of 0.9 mm steel ball are shown. 
From the linescan across a ball centre we 
can evaluate the efficiency of light col
lection from the side of the detector 
diverted from the photomultiplier as 
equal to 0.4 of that from the side facing 
the photomultiplier, 

o.c . Joy: The spatial resolution of the 
image could be further improved by res
tricting the detector to only high energy 
electrons- i.e. those which have lost 
little or no energy in the sample. Have 
you experimented with either a metal 
coating on the scintillator, or even a 
retarding field, to try and achieve this 
result ? 
Author: I have not done such experiments. 
I think that a metal coating on the scin
tillator would not be a good solution 
because it would cause a decrease of the 
sig n~ l stren g th. A retarding field anal
ys e r seems to be a very useful device in 
a ring detector system. 

R. Autrata: The plastic scintillator has 
~ very low electron radiation damage 
re5istance. And t his resistance decreases 
··1ith incre ,,sing the ene r~1y of the primary 
beam and consequ ently also the energy of 
BSEs. You used Ea= 40 keV, which is 
rather a high value, or Ea= 20 keV. Can 
you give the dependence of converse 
efficiency of your thin film scintillator 
on time? 
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,\uthor: I have not studied a resistance 
of my scintillator to an electron radiat
ion damage. We can expect that the resis
tance is rather low and replacing a plas
tic scintillator with a monocrystalline 
scintillator would improve performances 
of the detector. I used a thin film plas
tic scintillator because of simplicity of 
its preparation. 

o.c. Joy: Would it be possible to put 
two, or even three, such rings one above 
another so that you could switch to whi c h 
ever gave the most useful contrast ? 
Author: There is such a possibility but 
it would need an optical switch between 
detectors and the photomultiplier to con
nect only one detector with the PMT. I 
have mentioned in the paper that, to some 
extent, the range of angles accepted by 
the detector can be changed by varying a 
position of the specimen in X direction. 
Additionally, a movable screen, in the 
form c f a tube, can be inserted into the 
hole of the detector. Setting the heights 
of the specimen and the screen we would 
be able to choose the best conditions for 
obtaining the most useful contrast. 

R. Autrata: Our experiments have shown 
that by coating the light guide with 
aluminium the light signal output 
strength is affected, The reasons are im
perfect reflectivity of light by alumin
ium and increased absorption due to mul
tiple reflections. What is your exper
ience with the uncoated or Al-coated 
light guide ? 
Author: The reason for Al coating of my 
detector was its complicated shape. With
out such a coating, the amount of light 
generated at the side of the detector 
diverted from the photomultiplier and 
reaching the PMT would be very small. I 
have not used an uncoated light guide in 
the present construction. 
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