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Dear Readers,

the fact that we see different colors is purely because of physical laws concerning the absorption and 
reflection of different wavelengths at objects. light itself has no color, as isaac newton discovered as long 
ago as 1730 (“the rays are not colored”). the sensation of “color” is triggered as light stimuli are processed 
by our eyes and brain. Why evolution taught us to see in color is still a point of contention among experts 
today. one of the key functions of color is that it organizes our perception and helps us to identify and dif-
ferentiate objects. this effect plays a major role in light microscopy, too. the very first article in this issue 
vividly explains how color is used in metallography in the form of different contrasting techniques and color 
etching to give microscope images extra informative value.

forensic scientists inspecting the authenticity of printing dyes in a document have quite a different view of 
color than metallographists. restorers, on the other hand, are on the lookout for the tiniest traces of paint 
on antique sculptures to prove how magnificently colored the everyday life of the greeks and romans must 
have been.

naturally, this issue of resolution also features new developments in microscopy technology, such as 
surface analysis with digital microscopes, high-definition imaging and microscopes for wafer inspection.

anja schué Carola troll
Communications & Corporate identity european marketing manager industry
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the possibilities of microstructural Contrasting 

Metallography with 
Color and Contrast
ursula Christian and professor norbert Jost, university of pforzheim

the examination of microstructure morphology plays a decisive role in materials science and failure analysis. there are many 
possibilities of visualizing the real structures of materials in the light microscope. the image samples shown in this article de-
mon strate the information potential of some of the techniques used.

a clean section

the first step is always to produce a polished metal-
lographic section. however, the preparation of the 
real microstructure is only successful if the surface 
of the sample is completely clean and deformation-
free. after the section has been produced it is nor-
mally immediately etched in acids, lyes or salt solu-
tions to develop the microstructure. this attacks 
the grain boundaries or roughens certain grain and 
phase areas which then appear dark in brightfield.

Combining the right methods

if these techniques are not sufficient to allow a full 
examination, if the etching result does not meet the 
specifications or if the material is etch-resistant, ei-
ther color etching or other light microscopic tech-
niques such as polarization, darkfield and interfer-
ence contrast are used. often, it takes a combination 
of color etching and optical contrasting to get the 
best results. the great variety of possible imaging 
techniques is shown by the photos of the same detail 
of a copper alloy sample (figs. 1–6).

figures 7 to 12 show different ways of contrasting 
microstructural constituents in different materials. 
the color etching technique applied here caused the 
formation of sulphate layers of different thicknesses 
on the grain or mixed crystal areas.

the sections were etched in Klemm (K) or Beraha (B) 
etchants, which are tint etches based on potassium 
sulphite. the composition is given in “metallogra-
phisches, keramographisches, plastographisches 

1

2

3

figs. 1–3: images of a face-centered cubic (fcc) lattice of a copper 
alloy using different contrasting techniques, 1: brightfield, 2: dark-
field, 3: interference.
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Ätzen” by günter petzow and Veronika Carle, pub-
lished by Borntraeger, 2006. in figs. 7 and 8, the fer-
rite in the steel is colored, while the iron carbide is 
kept white to achieve a clear contrast of the carbide 
precipitations. Weld layers of austenitic steel are 
shown in figs. 9 and 10. the images highlight not only 
the cast structure, but also the segregation and heat-
affected zones. fig. 11 also shows a segregation in a 
tin bronze sample due to incipient melting. fig. 12 is 
a good example of how such an etching can even be 
used to visualize subgrain formation.

polarization with and without  
color etching

Color contrast and specific microstructure forma-
tions can frequently be enhanced by optical polar-
ization of the etched samples under the microscope. 
in figs. 13–18, this method is used to highlight differ-
ent deformation mechanisms (mainly induced in the 
manufacture of semi-finished products or compo-
nents) and ensuing specific deformation structures 
in the material microstructure.

the examination of the sample in polarized light is al-
so often helpful in cases where color etching fails to 
provide the desired contrast of individual microstruc-
ture components, or if only one phase is attacked in 
composite materials. examples are shown in figs. 19 
to 21. fig. 19 shows a much better image of the grain 
and twin structure in a 10 cent coin made of nordic 
gold, while in fig. 20, individual crystals and their nee-
dle structure can be seen in tungsten carbide. fig. 21 
shows the amount, size and shape of graphite fibers 
in black, carbon fiber reinforced plastic. if docu-
mentation is required of the different components of 
a composite material, additional optical contrasting 
is usually essential. fig. 22 documents the excellent 
result that can be achieved by optical imaging of 

7 8 9

figs. 4–6: images of an fcc lattice of a copper alloy in polarized light and from different angles.

4

5

6

figs. 7–9: Color etching of various grain or mixed-crystal areas and sulphate layers of different thicknesses. 7: ferrite-perlite microstructure, the ferrite is tinted while fe3C is kept white, Klemm (K) 
etch, 8: this contrasting visualizes the quality of a soft annealing (K), 9: microstructure of an austenitic cast produced by laser treatment, Beraha (B) etch.
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figs. 10–12: Color etching of various grain or mixed-crystal areas and sulphate layers of different thicknesses. 10: laser welding connection of various austenitic steel wires (B),  
11: Concentration differences in a bronze wire (K), 12: grain area etching and subgrain formation in a tin rod (K).

10 11 12

13

14

15

the microstructure of special brass and, at the same 
time, the glass fiber braid coating. in the photo of a 
severed capacitor, the glass fiber core can be seen in 
its thin copper sleeve welded onto a conductor track 
of tin bronze (fig. 23). the last photo of this series 
shows an anti-wear sintered layer of tin bronze with 
graphite components and ceramic particles (fig. 24).

these examples clearly demonstrate that the dis trib-
ution and formation of different phases are of great, 
if not overriding, significance for the properties of the 
material. this is why clear differentiation with the 
method presented here is particularly important. 

Contrasting with interference

figs. 25 to 28 show that a microstructure that has al-
ready developed due to etching reveals an additional 
dimension when imaged in interference contrast. 
this is particularly noticeable in the cast brass wire 
shown below (fig. 27), where the crystal structure 
and also the dendritic solidification typical of a cast 
can be seen in far greater detail.

figs. 29 to 31 are further impressive examples of the 
potential of interference contrast imaging. fig. 29 
shows the material behavior of tin, in which sudden 
stress leads to new grain formation and crystalline 
umklapp processes due to twinning. fig. 30 clearly 
shows the orientation of slip bands in the grain micro-
structure in accordance with the grain orientation. 
this technique can be used for most etch-resistant 
hard metals to obtain a much better image of sphero-
lithic carbides with their secondary adhesions – here 
embedded in a two-phase nickel-based alloy (fig. 31).

figs. 13–15: polarization with and without color etching. 13: niobium, 
cold-formed (B), 14: Cobalt, cold-rolled (B), 15: zinc with twinning 
due to dynamic deformation (K).
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Combinations of extremely different substances 
in one material are illustrated in figs. 32–34. fig. 32 
shows a silver solder ceramic/copper connection. 
fig. 33 depicts a composite of glass-plastic layer 
and glass fiber braid coating stuck to a ceramic sub-
strate. a cross-section of an electronic component 
can be seen in fig. 34, with the glass fiber-reinforced 
plastic on one side of the copper conductor and the 
ceramic structure on the other.

Contact
ursula Christian
material Development and testing laboratory
university of pforzheim, germany
ursula.Christian@hs-pforzheim.de

19 20 21

figs. 16–18: polarization with and without color etching. 16: snpb tin solder, twinning shows deformation at the solder 
point (K), 17: sn dynamically deformed, the pronounced formation of deformation twinning is a sign of a dynamic load 
(K), 18: slip bands due to pronounced deformation on a Cuzn wire with fcc lattice (K).

16

17

18

figs. 19–21: polarization with and without color etching. 19: 10 eurocent coin made of nordic gold (K), 20: structure of a cast tungsten carbide W2C consisting of a needle structure, etch-
polished with h2o2 and polarized, 21: Carbon fibers in a structural component, made of carbon fiber-reinforced plastic, unetched, polarized.

mailto:Ursula.Christian%40hs-pforzheim.de?subject=
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22 23 24

figs. 22–24: polarization with and without color etching. 22: Brass component with bonded glass fiber braid (K), 23: Capacitor with plastic – glass fiber core, copper-plated and soldered onto a 
bronze strip conductor (K), 24: sintered wear protection coating containing bronze and graphite and ceramic particles, clearly visible deformation in the bronze through the calibration (K).

figs. 25–28: improved contrast using interference. 25: Brightfield image of a cast austenite structure caused by a laser melting process, 26: the same sample in interference contrast show-
ing clear contrasting of the dendrites (B), 27: Center of a brass wire rod in brightfield, 28: the same sample in interference contrast with significantly better grain contrast and visualization of 
dendrites and their direction of solidification (K).

25 26

27 28
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figs. 29–34: examples of contrast enhancement using interference for samples with and without color etching. 29: Deformation twinning generated by abrupt reforming (K), 30: Contrasting of 
the slip bands in a deformed copper bronze sample (K), 31: a good image of the cast tungsten carbides in the nickel matrix is achieved with interference contrast, 32: silver solder in copper/
ceramic compound (etch-polished + K), 33: Cross-section view of a circuit board, composite of different plastics, polished, 34: Cross-section view of an electronic component, ceramics, metal 
and glass-fiber reinforced plastic (B).

31 32

33 34

29 30
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Contrasting Techniques in Incident Light

Brightfield

only direct light falls on the sample surface, where it is absorbed or re-
flected. the quality parameters of the image are brightness, resolution, 
contrast and field depth.

Darkfield

only refracted, diffracted or reflected light falls on the sample surface. 
Darkfield is suitable for all samples with structured surfaces and can also 
be used to visualize structures below the resolution limit. the surface 
structures appear bright on a dark background.

Polarized light

natural light consists of light waves with any number of vibration direc-
tions. polarization filters only let light waves through that vibrate parallel 
to the direction of transmission. two polarizers crossed at 90° generate 
the maximum extinction (darkening). if the sample between the polarizers 
changes the vibration direction of the light, characteristic birefringence 
colors appear.

Differential Interference Contrast (DIC)

DiC visualizes height and phase differences. a Wollaston prism splits  
polarized light into an ordinary and an extraordinary wave. these waves 
vibrate at right angles to each other, propagate at different rates and are 
physically separate. this results in a 3D image of the sample surface,  
although no real topographical information can be derived from it.
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stereomicroscopy exposes Counterfeiters

Genuine or Fake?
anja schué, leica microsystems

When martin fischer arrives at his desk in the re-
gional Council of stuttgart early in the morning, there 
are usually several suspicious iD cards already wait-
ing for his trained eye. they have been confiscated 
by the police in their night checks for fischer to ex-
amine their authenticity. a year ago, the Chief Detec-
tive superintendant qualified as a certified expert on 
certificate forgeries, fulfilling a professional aim that is 
perfect for his technical bent.

Competent in all techniques

“anything serving as a document, whether printed, 
signed or sealed on paper, plastic or metal – a car 
registration plate, for instance – that constitutes an 
authorization or that can be forged to gain advantages, 
can land on my desk,” says fischer. “to detect profes-
sional forgeries and to furnish watertight evidence for 

my appraisals, i have to keep up with the latest tech-
nology.” he knows all the document production tech-
niques from traditional printing to the rfiD chip and the 
new security criteria for iD cards.

from standard to strange

iD cards and driving licenses from all over the world 
account for roughly 80 per cent of his work, followed 
by birth certificates and proof of nationality. But there 
are plenty of strange and exotic cases, as well. “i re-
cently had a german certificate from a foreign goethe 
institute to examine. another unusual assignment was 
to check whether a-level math exam papers had been 
corrected afterwards to raise the quota,” fischer re-
counts.

“But my strangest case to date was a senegalese 
single status certificate – a long, narrow strip of paper 
with a sort of writing i had never seen before. Before 
i can make any kind of statement, i am faced with the 
challenge of finding out what a document of that type 
is supposed to look like.”

although there is a personal story behind many cer ti-
fic ate forgeries, or the verdict on a defendant may de-
pend on fischer’s report, he always approaches cases 
with scientific rigor. “i don’t read the circumstances of 
the case until i have provided the results, so that i can 
carry out the examinations in a neutral and unbiased 
way,” stresses the expert.

Counterfeiters – creative and amateurish

even experts like fischer never fail to be amazed by the 
skilled and professional way counterfeiters operate to-
day. iD cards and passports (as well as banknotes) are 
furnished with the highest security standards. yet the 
more high-tech features an iD card has been given, 
the more the counterfeiters upgrade their equipment, 

iD cards, driving licenses, birth certificates, a-level exams – the potential for individual perpetrators or gangs to gain 
advantages by forging documents is vast. and the more sophisticated the security standards, the better equipped ex-
perts have to be in order to clearly differentiate between genuine documents and fakes. in the forensic department of 
the regional Council of stuttgart, germany, a high-end stereomicroscope from leica microsystems is helping to track 
counterfeiters. every year, more than 1200 suspect documents are examined and assessed as a service for the regional 
police and public prosecutors.

fig. 1: for martin fischer, expert appraiser 
for document examinations at the Dis-
trict Council of stuttgart, the leica m165 C 
stereo microscope with leD illumination, hD 
camera and full-hD monitor is an indispens-
able tool for examining the authenticity of 
suspicious iD cards, visas and all kinds of 
documents.
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and may even try to forge rfiD chips, holograms and 
microtext or to imitate special printing techniques such 
as iris or intaglio printing or laser engraving. “never-
theless,” says fischer, “counterfeiters never master 
all the security features equally well. they usually 
concentrate on a few particularly prominent features 
and put a lot of technology into attempts to perfectly 
reproduce them.

however, they then make amateurish mistakes with 
other features, and that makes it easier for me to catch 
them out. a common trick is to stick in holograms, 
chips or other components from genuine iD cards. 
these collages are not always easy to detect with the 
naked eye or by running a finger over them – depend-
ing on the skill of the counterfeiter.”
 
the microscope – the most important tool

the first step in every new case is always to classify 
the document as authentic or fictitious. if fischer does 
not recognize the type of document, he searches in 
databases for a reference sample. the second step is 
to check for obvious signs of manipulation. his trained 
eye and sense of touch detect major signs of manipu-
lation immediately, for example if stamps have been 
rubbed out, numbers overwritten by hand or a new 
photo inserted in an amateurish way. this is followed 
by examination under a microscope. “i couldn’t do 
this job without a good microscope. most cases are 
decided during the microscopic examination,” fischer 
says. he works with the high-performance stereomi-
croscope leica m165 C which has a 16.5 :1 zoom and 
features leD right light, flexible leD fiber optic guide, a 
mobile swivel arm, a high-definition camera and a full 
hD monitor

3D image and leD illumination facilitate 
analysis

“the combination of good illumination and the 3D im-
pression of the stereomicroscope are critically impor-
tant for examining the finest details of the document’s 

surface structure. the details of better forgeries only 
show up under the microscope – for instance, attempts 
to imitate laser engraving, gravure or relief printing 
ele ments, or good collages where the chip, hologram 
or serial number, etc. have been added afterwards. 
there are always discrepancies somewhere – at the 
edges, the transitions of fine linear printing patterns, or 
the orientation of the paper fibers,” fischer explains. 

looking for clues under the microscope

if only the photo has been exchanged, and this has 
been carefully done, typographic examinations or data 
readouts do not provide any useful information. the 
only way to find clues is under the microscope. some-
times, fischer bends the iD card over the edge of the 
table to look under the edge of the photo that has been 
stuck in. if he finds torn fibers on the side of the iD card 
that do not correspond to the back of the photo, the 
case is clear.

“a false photo is still the most common way of ma nip-
ulating iD cards,” says fischer. “With good forgeries 
it’s not always easy to find the clues. this is where i 
use the highest magnifications of the microscope. for 
basic examinations, the low zoom range between 20 
and 30x is usually adequate.”

apart from the microscope, fischer also uses other 
instruments, e.g. to examine certain security features, 
inks or stamp dyes under uV or ir light or to read out 
the personal data of the chip.

at the end of every examination, fischer documents 
his results. his appraisal also includes the photos of 
the microscope images with thorough annotations. 
“i naturally take care to formulate the report in such 
a way that there are no outstanding issues,” fischer 
stresses. “i am rarely summoned to attend court pro-
ceedings to explain my reasons for an appraisal.”

fig. 2: a hologram inserted subsequently – the edges can be clearly seen under the micro-
scope.

fig. 3: the slightly impressed figures show that this is genuine relief printing.

fig. 4: this serial number was applied with 
an ordinary inkjet printer – not clearly de-
tectable with the naked eye.

fig. 5: this laser engraving is genuine. the 
laser actually burns the structure into the 
material. laser engravings are applied to 
plastics used for modern iD cards, for ex-
ample.

fig. 6: the raised ink can be clearly seen in 
this genuine gravure printing.
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Contact:
martin fischer
District Council of stuttgart, germany
Department 65 – forensic examinations 
martin.fischer@polizei.bwl.de

… is no doubt nearly as old as the use of official documents and con-
tracts. even the history of europe might have taken a different course 
had it not been for the famous Donation of Constantine, forged around 
the year 800, which gave the Church of rome and the pope authority 
over all other local churches and a secular claim to power equivalent 
to that of the emperor. the Vatican used this certificate to particular 
effect in the middle ages to defend itself against imperial paternalism.

it was not until 600 years later that it was proved that this certificate, 
allegedly issued by Constantine i in the 4th century, could not be au-
thentic. nowadays, forgeries of this scale would be impossible. how-
ever, the temptation to gain advantages by false or manipulated docu-
ments is still strong enough to keep the police force and the courts 
extremely busy pursuing crimes of this kind.

figs. 7a–c: a. on the left and underneath the photo, a manually applied cutting edge can be seen. here, the authentic 
security foil has been cut open and the original photo removed. the counterfeiter then inserted a different photo in-
side these cutting edges and covered everything with laminated foil. b. a microtool is used to raise this “alien foil” at 
one corner of the iD card. c. the security pattern print under the photo is missing – in this case the yellowish lettering. 
here the paper of the iD card was damaged when the original photo was removed.

The Idea of Forging Documents…

a

b

c

mailto:Martin.Fischer%40polizei.bwl.de?subject=
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Digital microscope sheds light on Classical sculptures

Ancient Feast of Color
Kerstin pingel, leica microsystems

everyone knows that antique marble sculptures were white. or were they? scientists of the Copenhagen polychromy  
network (Cpn) help to show that the statues of the greeks and romans were decorated with extravagant ornaments and 
sumptuous colors. using the leica DVm3000 digital microscope, the conservators detect tiny traces of paint pigment that 
suggest a veritable feast of color in ancient times.

minerals like blue azurite or green malachite were 
finely ground and mixed with binding agents such 
as egg or casein. the polychromy of the sculptures 
enhanced their three-dimensional impression and 
gave the viewer important clues on understanding 
the work of art. for instance, visitors to the acropolis 
in ancient times could only recognize the figure of the 
“persian horseman” as coming from the orient by the 
typical diamond-shaped pattern on the trousers. 

interdisciplinary network for basic
research

“We know that color was an integral part of all greek 
and roman sculptures,” says Jan stubbe Østergaard,
research Curator of 
ancient art in the 
ny Carlsberg 
glyptotek. “But 
we are far 
from really 
understand-
ing this 
phenom-
enon.” the 
aim of the 
Copenhagen 
polychromy 
network, an 
interdisciplin-
ary research 
team consisting of 
various Danish in-
stitutes, is therefore 
to conduct research

on sculptures in the glyptotek and document traces of 
color. the matter is urgent because such traces are 
gradually disappearing.

microscope images the only evidence

the microscope is the most important tool of con-
servator maria louise sargent, as some of the re-
mains of paint on the sculptures are so minimal that 
samples cannot be taken. “the only evidence of color 
is what i see through the microscope,” explains the 
conservator. “so it’s vital that i examine the sculp-
ture systematically to enable the pigment traces to 
be found again at any time.” maria louise sargent 
uses a leica m651 surgical microscope and a leica 
DVm3000 digital microscope. 

“the digital microscope offers great flexibility,” 
says the conservator. “the statues are up to two 

meters tall and we have to scan every centi-
meter. What’s more, the digital microscope 

can magnify up to 160x. the color pigments 
and residues of the original paint are no 

more than traces and we are now able 
to detect them more 

fig. 1: sumptuous colors give life to this an-
tique greek statue of a lion (around 550 B.C.). 
reconstruction of polychromy by V. Brink-
mann and u. Koch-Brinkmann
photo: ny Carlsberg glyptotek

materials    13
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fig. 2: the limestone statue from 
palmyra in syria dates from 190–210 B.C. 
it was decorated with rich jewelry.  
photo: ny Carlsberg glyptotek



easily and analyze them in detail. the digital tech no-
logy allows us to record videos and images and show 
them on a monitor for discussion.” after having ex-
amined the areas with paint residues on the monitor, 
digital images are recorded for documentation.

traces of 2000 years revealed

Currently, maria louise sargent is working on “the 
Beauty of palmyra”. the limestone statue from pal-
myra in syria dates from around 190–210 B.C. it was 
decorated with rich jewelry, which may have held 
a glass ball in its center. “the works of art are over 
2000 years old, and they have quite a story to tell,” 
says sargent. “that is to say, i can see a lot of traces, 
including traces of pollution or aggressive cleaning 
agents. the difficult part is to identify the traces cor-
rectly.” after all, the ancient painters used materials 
like red ochre as a colorant, which is an earth color. 
so what is paint, and what is just earth from the find 
spot? Charcoal was used for the black color, but mod-
ern air pollution is indicated by carbon particles, too. 

still a lot to do in polychromy research 

although the Cpn has already delivered significant 
research results, polychromy research is still in its 
early stages. “even though we can identify colors on 
antique sculptures, we don’t know what they really 
looked like,” says Østergaard. “We need to know a 
lot more about the refined details of technique and 
about the esthetic effects of the ancient polychrome 
works of art.” 

the new discoveries made examining the many 
sculptures of the ny Carlsberg glyptotek with the  
leica m651 and the leica DVm3000 digital micro-
scope will be shown in a large exhibition in Copen-
hagen in 2012.

Contact
Jan stubbe Østergaard
Copenhagen polychromy network, Denmark
jso@glyptoteket.dk
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fig. 3: traces of red, ochre-colored and black pigments can be detected looking through the digital microscope. 
photo: ny Carlsberg glyptotek

fig. 4: With the help of a digital microscope, conservator rikke hoberg documents traces of color on a syrian statue. 
photo: ny Carlsberg glyptotek

fig. 5: microscope image of the right eye of a greek portrait. eyelashes and other painted details are clearly visible. 
photo: ny Carlsberg glyptotek

mailto:jso%40glyptoteket.dk?subject=
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archeological research on the Battle of the teutoburg forest

Where the Germanic Forces 
Beat the Romans 
Kerstin pingel, leica microsystems

“germanic barbarians defeat super army!” that is the kind of news headline you might have seen in the year 9 aD about 
the victory of the germanic tribes over three roman legions under the command of publius Quinctilius Varus. the Battle 
of the teutoburg forest is regarded as one of the most momentous battles of antiquity, and for a long time scientists have 
puzzled over where the fighting may have taken place. at this point, everything seems to indicate that the romans met 
their demise on Kalkriese hill north of osnabrück, germany. 2000 years later in the Kalkriese museum, people are trying to 
reconstruct the events based on archeological finds and using a stereomicroscope from leica microsystems for restoring.

returning to the roman winter camp on the rhine, 
publius Quinctilius Varus, governor in germania, had 
no idea of the impending danger when he received a 
message from his confidant arminius, a born Cherus-
can and leader of germanic auxiliary troops in roman 
service, asking him for support against rebellious ger-
manic tribes. Varus had his three legions turn around 
– and ran right into a catastrophe. arminius had lured 
the romans into an ambush that left the most powerful 
army of antiquity almost defenseless.

surprise attack from the underbrush

the germanic forces were far inferior to their op pon-
ents – both in terms of number and weaponry – and 
would have had no chance on an open battlefield. 
therefore they turned to a kind of guerilla tactic. from 
the protection of the forest they repeatedly attacked 
the slow and totally surprised roman platoon. 

the germanic forces had taken advantage of the pe-
culiarity of the landscape. Between Kalkriese hill and 
the great moor to the west, there was a natural nar-
row pass which prevented the about 20,000 men in 
the legions from keeping close together. there was 
no hope of getting into battle formation or reaching 
an agreement between the groups. Days of rain and 
heavy marching equipment also afflicted the romans. 
By the third day the romans suffered a devastating de-
feat and commander Varus took his own life. after that, 
in the following decades, the romans retreated behind 
the rhine border.

fig. 1: an oversized copy of the roman face mask serves as the upbeat to the permanent exhibition.
© VarussChlaCht im osnabrücker land gmbh, photo: hermann pentermann



materials    17

a p p l i C a t i o n  r e p o r t

fragments also tell a story

since the first finds pointing to a battle between 
romans and germanic peoples were recovered in 
Kalkriese in 1987, approximately 6000 other pieces 
have surfaced. these include roman weapons such 
as spearheads, fittings for weapon belts, sling ammo, 
and fragments of blades and sheathes. among the 
most spectacular finds is the iron face mask of a ro-
man cavalry helmet. “this face mask was originally 
covered with silver. since the germanic forces hardly 
had any metal of their own, however, the silver was 
an especially welcome booty when plundering the 
battlefield,” explains gisela söger, press spokesper-
son for Kalkriese museum and park.
 
only metal has survived

traces of the plundering can be found on almost all 
of the finds. most pieces have survived only as frag-
ments, because the germanic forces forcefully tore 
off clasps and buckles to get to the desired metallic 
body armor. unwieldy sheets of metal were folded or 
pressed together, but were then probably left sitting. 
Civilian equipment is also among the finds: tent pegs,

cookware, pruning knives, and axes for clearing 
woodland, even sewing needles. the remnants of 
transport crates, medical instruments, pens, and  
pieces of jewelry indicate that doctors, writers,  
merchants, and other civilians accompanied the 
train. that way the legions could be self-sufficient, as 
it were, in the enemy territory of germania.

“the ground in Kalkriese is sandy, therefore only 
metal can survive over time here. organic pieces de-
compose,” explains Christiane matz, a conservator. 
this means the transport crates remain identifiable 
only by their metal nails, which were found in a rect-
angular arrangement. the wood has decayed.

penetrating into the past millimeter 
by millimeter

since metal corrodes, the finds are concealed by 
thick layers of corrosion. By the color of the corro-
sion, however, matz can already see what material 
she is dealing with. iron has a rust-red layer of sand, 
while bronze has a compact, green-colored layer. 
finally, silver finds have a black corrosion crust. 
“When uncovering an archeological find, i have to 

fig. 2: millimeter by millimeter, conservator 
Christiane matz uses a microscope to work 
toward the original surface of the 2000-year-
old finds. photo: hermann pentermann

fig. 3: the Kalkriese finds enable the equipment of the roman legionaries to be reconstructed.
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fig. 4: ornamental iron studs, partly covered in silver. © VarussChlaCht im osnabrücker land gmbh, 
photo: Christian grovermann

apply careful mechanical precision to approach the 
original surface with its patterns and signs of usage,” 
explains the expert. “the objects are not supposed to 
look like new. rather the goal is to discover and work 
out details that can still provide us with information 
about the find after such a long time.”

millimeter by millimeter the restorer removes the cor-
rosion. to do so, she has micro sand blasters, dental 
instruments, diamond cutting tools, and an ultrasound 
chisel at her disposal. Depending on an object‘s state 
of preservation and size, she may work on it for one or 
more days. “the most important instrument, however, 
is the microscope,” says matz. “that is the only way 
i can control the micrometer-small instruments and 
examine the results.” 

the leica s6 e stereomicroscope has a particularly 
large working distance, which enables easy access 
to the object while it is being processed. “since i 
work at the microscope for hours, the ergonomic 
viewing angle is very important to me,” she adds.
 
human and animal bone finds

Despite the particular ground conditions, two mule 
skeletons and a large number of unconnected hu-
man bones were also found in Kalkriese. “the mule 
skeletons were lying in an area where a defensive 
wall constructed by the germanic peoples probably 
stood. When the wall collapsed, the mule was buried 
under the sod and thereby conserved by exclusion of 
oxygen,” explains gisela söger. the human skeleton 
remains, on the other hand, were taken from the eight 
bone pits found to date.

anthropological examinations show that they must 
have lain on the surface for several years before 
being buried. “from the sources we know that the 
roman commander germanicus visited the place 
six years after the battle and ordered the remains of 
the fallen to be buried,” says söger. “as the romans 
were on enemy territory, they no doubt buried them in 
a hurry in bone pits.” 
 
new field of research: 
battlefield archeology

Kalkriese is the first battlefield of antiquity to be 
researched with modern scientific methods. that 
means that, apart from examining the finds them-
selves, their distribution is also studied. for the first 
time, fragments of finds are also playing a key role in 
the reconstruction of events.

international research scientists from a wide variety 
of disciplines are working together on the Kalkriese 
project. as well as archeologists, there are paleo-
zoologists contributing knowledge on the animal 
bone finds, archeobotanists examining the traces 
of vegetation of over 2000 years ago and geologists 

fig. 5: Witness of plundering: a breastplate torn off a roman lorica segmentata
© VarussChlaCht im osnabrücker land gmbh, photo: Christian grovermann

fig. 6: Contents of a roman soldier’s money bag. © VarussChlaCht im osnabrücker land gmbh, 
photo: Christian grovermann
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showing how the ground was cultivated by germanic 
tribes.

“the methodic basics elaborated in Kalkriese can 
now be compared with other find sites of military ac-
tivity and further developed,” says Dr. susanne Wil-
bers-rost, archeological Director in Kalkriese. large 
areas in Kalkriese still await archeological inves-
tigation. most of the find area, however, will be left 
to future generations, so that they can use improved 
methods to research this special place. 

Contact
gisela söger
media and public relations
Kalkriese museum and park, germany
gisela.soeger@kalkriese-varusschlacht.de

Kalkriese Museum
archeological examinations have been carried 
out in Kalkriese systematically since 1989. how-
ever, Kalkriese is not only a spectacular archeo-
logical excavation site, but also an archeological 
monument whose character and size pose un-
precedented challenges for the research and 
monument conservation community. apart from 
research, there is also a focus on communicating 
discoveries out to a wide public. the museum sees 
itself as a window to current science, harnessing 
an innovative overall concept to teach history and 
research. the museum has won several awards 
since it was opened in the year 2002.

www.kalkriese-varusschlacht.de

fig. 7: Doctors traveled with the legions, too: bone elevator and handle of a scalpel. 
© VarussChlaCht im osnabrücker land gmbh, photo: Christian grovermann

mailto:Gisela.Soeger%40kalkriese-varusschlacht.de?subject=
http://www.kalkriese-varusschlacht.de 
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Christoph fankhauser,
Customer support, sanitizeD ag

Bacteria are part of our world. there are countless numbers of them in the human body and they are completely harmless. But in 
people with a weak immune system or at the wrong place they can cause serious illness. educational microscopes that pass through 
many hands are potential breeding grounds for germs. to solve this problem, leica microsystems and sanitizeD ag in Burgdorf, 
switzerland have designed agtreattm – an antimicrobial coating technique using the active substance silver for the leica educational 
microscopes. Christoph fankhauser, Customer support sanitizeD ag, is responsible for the initialization and coordination of the 
antimicrobial inspection of customer samples. he reports on the benefits of agtreattm.

antimicrobial Coating for educational microscopes

A Contribution to 
laboratory Hygiene
Janika Wiesner, leica microsystems 

Why are plastic surfaces like those of 
microscopes a particularly good breeding 
ground for germs and fungus?

to be able to spread, germs need a carbon source 
to feed on. many plastics provide such a source. an-
other major factor, though, are the people working at 
the microscope, who contaminate the surfaces with 
an ultrathin film of dead skin flakes, saliva or per-
spira tion. particles of dust that settle on microscope 
surfaces can also help bacteria to spread. regular 
disinfection is important. if a cleaning cycle cannot 
be carried out occasionally, or between two cleaning 
cycles, an antimicrobial coating with agtreattm helps 
keep germ growth in check. 

Why are silver ions so effective against 
microbial surface pollution?

silver has long been known as an active substance. 
even the romans were hygiene pioneers in that they 
used silver cutlery to prevent germ growth. silver 
tablets are used to disinfect groundwater wells in 
africa, for example. silver is highly active, particu-
larly in relation to germs, unicellular organisms and 
microbes, although this property also has undesir-
able effects such as staining. the crucial point is: 
how can this reaction be controlled? to do this, we 
have incorporated silver particles in a glass ceramic 
container. this releases the silver particles exactly 
when they are needed – i.e. at body temperature 
and high humidity, which are ideal conditions for 
microbial growth. the positively charged silver then 
reacts with the negatively charged bacteria. this 

the silver ion finds the bacterium with the help of humidity and inactivates it. 

Bacterium

humidity substrate with silver ions 

Bacterium

substrate

this is how silver ions act on 
bacteria:

1. Destabilization of cell  
 membrane
2. Blocking of respiration
3. inhibition of ingestion
4. inhibition of cell division
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destabilizes the cell membrane of the unicellular or-
ganism, preventing cell division and thus inhibiting 
bacterial growth. 

What harmful bacteria does agtreattm 
protect against?

the agtreattm coating protects users from a large 
number of bacteria types. We examine the particular-
ly relevant germs in our laboratory. some of them are 
hospital germs like the methicillin-resistant Staphy-
lococcus aureus (mrsa), which is resistant to cer-
tain antibiotics and is a particular risk for antibiotic 
patients whose own immune system is incapacitated. 
a temperature of about 37 °C is ideal for mrsa to 
multiply and eventually paralyze the complete organ-
ism. however, we’re also talking about food-relevant 
germs such as Escherichia coli bacteria which mainly 
populate the intestinal tract but can lead to danger-
ous infections elsewhere. food can also often contain  
salmonella, which cause serious diarrhoeal diseases. 

how do you test the efficacy of the  
agtreattm coating on leica microscopes? 

the surface we are testing is seeded, i.e. brought 
into contact with, a liquid containing bacteria. the 
liquid is covered with a film to create an evenly dis-
tributed layer. this is then incubated for a day under 
ideal growth conditions for bacteria at 37 °C storage  
temperature and at least 90 per cent relative humid-
ity. after 24 hours, the counting procedure is begun to 
see how many of the original number of about 100,000 
germs have survived this test. 

What result did you get for the agtreattm?

on an untreated sample there are about a million germs 
after a 24-hour incubation period. on a treated sample, 
we ideally only find a fraction of the germs that were 
put there. in the case of the leica Dm500 und Dm750 
with the agtreattm coating, we found that germs had 
been reduced by between 90 and 99.9 per cent. 

how high do you rate the importance of 
the antimicrobial function of agtreattm for 
school and university microscopes?

Being young and active, students are usually in 
contact with a large number of people – not only at 
university, but also in their free time. this means that 
any germs they encounter could multiply very rapidly. 
the danger is when germs are passed on to people 
whose immune system is temporarily or permanently 
weakened in some way. large groups of people with 
different physical conditions and hygienic require-
ments are always a potential risk in this respect.

Contact
Christoph fankhauser 
Customer support polymer 
sanitizeD ag, Burgdorf, switzerland 
christoph.fankhauser@sanitized.com 
www.sanitized.com

fig. 4: the set of dilution is stroked out with the micro pipette for 
determining the exact germ count. 

Eileen Sylves supervises the general and Developmental Biology student laboratories 
at the university of Buffalo, ny. there, the students examine various types of cells un-
der the microscope. she explains why the faculty deliberately chose the leica Dm750: 
“Besides their excellent optics and illumination, we liked the fact that the educational 
microscopes of leica microsystems are easy to pack and to move from one laboratory 
to another. however, the key deciding factor was the agtreattm coating. We have up to 
twelve different people using each microscope. 
the silver ion coating protects our students from 
the germs they would otherwise be exposed to, 
particularly in the winter months.” 

mesylves@buffalo.edu
http://www.biologicalsciences.buffalo.edu/

fig. 2: sanitizeD carries out around 20,000 microbiological 
tests every year in accordance with standardized methods. 

mailto:christoph.fankhauser%40sanitized.com?subject=
http://www.sanitized.com
mailto:mesylves%40buffalo.edu?subject=
http://www.biologicalsciences.buffalo.edu/
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3D Visualization of surface structures

Vertical Resolution – 
small steps, Big Effect
Daniel göggel and georg schlaffer, leica microsystems 

the three-dimensional imaging of the leica DVm2000 –  
5000 digital microscopes is based on the principle of 
focus variation. the limited depth of field of the optics 
is utilized to determine depth information for the speci-
men. Vertical movement of the specimen relative to the 
objective determines the focus information along with 
the distance to the optics. for each vertical position, 
the area of the image that is in sharp focus is sep ar-
ated from the blurry area, and both are processed by 
the software to create a surface model. one of the ad-
vantages of this method is that in addition to the height 
information, the texture of the specimen is also docu-
mented. Which influencing factors are determinative 
for successful creation of a 3D surface model and how 
do these variables influence lateral and vertical res-
olu tion?

optics

in microscopy, depth of field is in many cases an em-
pirically understood metric. in practice, the correla-
tions between the numerical aperture, resolution and 
magnification determine this parameter. With their 
adjustment options, today‘s microscopes create a bal-
ance between depth of field and resolution that is op-
timal for the visual impression – two parameters that in 
theory are inversely correlated. 

in Din/iso standards, the specimen-side depth of field 
is defined as the “axial depth of the space on both 
sides of the specimen plane in which the specimen 
can be moved without detectable loss of sharpness in 
the image focus, while the positions of the image plane
and objective are maintained.“ however, the standard 
does not give any clues on how to measure the detec-
tion threshold of the deterioration of focus. particu-
larly at low magnifications, the depth of field can be 

significantly increased by stopping down, i.e. reducing 
the numerical aperture. this is usually done using the 
aperture diaphragm or a diaphragm that is on a con-
jug ated plane to the aperture diaphragm. however, the 
smaller the numerical aperture, the lower the lateral 
resolution. thus it is a matter of finding the optimum 
balance of resolution and depth of field depending on 
the structure of the specimen.

texture of the specimen

the texture of the specimen surface encompasses 
all of its features and characteristics. these include 
color and brightness characteristics of the surface. 
as described above, the principle of focus variation 
is based on the methodical approach. the better the 
specimen can be divided into sharp and out-of-focus 
areas, the better the results of the surface model will 
be. this method is particularly well suited to textures 
that have a good contrast. as in many application 
areas of microscopy, the illumination is given an es-
pecially important status, as it frequently determines 
success or failure. selecting a suitable illumination 
makes it possible to document even a specimen with 
little texture. for example, you can select an oblique 
incident illumination that makes even hidden struc-
tures visible.

mechanical resolution in the vertical 
direction

the third influencing factor in this equation is the 
mech anical resolution in the vertical direction. this 
term means the smallest possible steps in the z-di-
rection of the focusing drive, which is usually motor-
ized. to make full use of the performance capacity of 
the  optics, the smallest possible step must be smaller 

fig. 1: the leica DVm5000 digital micro-
scope with flexible tilting stand and rotary 
xy stage allows reliable inspection and ana-
lysis of the sides of samples or inclined sur-
faces.

one of the main features of a digital microscope is the speed and ease with which it enables surface models to be created of 
macroscopic and microscopic structures. in a qualitative evaluation, these provide a better understanding and a more detailed 
documentation of the specimen. in addition, quantification of the surface provides valuable information about the composition 
of the surface and its wear. Which specimens are suitable for use with a leica digital microscope, and what are the limitations 
of the method used?
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than the currently used depth of field, as otherwise 
image data are lost. a motorized focus drive with a 
resolution of 10 μm, for example, is suitable at a depth 
of field of 15 μm.

the lateral and vertical resolutions that are possible 
with a leica DVm system depend on various in flu-
encing factors, such as the surface structure or il-
luminator, and thus must be determined depending 
on the application. interpolation attains a vertical 
resolution of one-half of the applied depth of field. 
the lateral resolution is determined by the numerical 
aperture of the magnification used.

Depth of field – Berek’s formula
the author of the first publication on the subject of visually perceived depth of field 
was max Berek, who published the results of his extensive experiments as early as 
1927. Berek‘s formula gives practical values for visual depth of field and is therefore 
still used today. in simplified form, it is as follows:

tVis: Visually perceived depth of field
n:  refractive index of the medium in which the specimen is situated. if the  

specimen is moved, the refractive index of the medium that forms the chang-
ing working distance is entered in the equation.

l: Wavelength of the light used; for white light, lambda = 0.55 μm
na: specimen-side numerical aperture
mtot Vis: Visual total magnification of the microscope

if in the equation above, we replace the visual total magnification with the relationship 
of the useful magnification (mtot Vis = 500 to 1000·na), it becomes clear that in a first 
approximation, the depth of field is inversely proportional to the square of the nu mer-
ical aperture.

maximum vertical resolutions of leica DVm systems
Zoom Depth of field at Vmax Vertical resolution
leica Vz75 C @ 160x 250 μm 125 μm
leica Vz80 C / leica Vz80 rC @ 400x 80 μm 40 μm
leica Vz100 @ 350x (10450392) 420 μm 210 μm
leica Vz100 @ 700x (10450393) 110 μm 55 μm
leica Vz100 @ 1400x (10450394)  4 μm 2 μm
leica Vz100 @ 1400x (10450395) 3 μm 1.5 μm
leica Vz100 @ 3500x (10450411) 1 μm 500 nm
leica Vz100 @ 7000x (10450412) 700 nm 350 nm
leica Vz700 C @ 2500x (10450531) 1.6 µm 800 nm

tVis = n · λ +
340 µm

2 · na2 na · mtot Vis
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Illumination
selecting the suitable illumination is critical to the success of the examination. the modular design of the leica Digital microscopes enables you to 
combine the selected optics with the optimal illumination for the application. there are the following methods to choose from:

Diffuser:  
for shiny surfaces, the dynamic range of the cam-
era is insufficient in many cases and many areas of 
the specimen are overexposed. a diffuser provides 
reliable reduction of the overexposed area. 

a solder point without a diffuser 
b solder point with a diffuser

Variable oblique incident illumination:  
this method changes the illumination direction 
from vertical to lateral. this approach is particu-
larly suitable for visualizing scratches or small 
recesses. 

a Coin in incident light 
b Coin in oblique incident light

Coaxial illuminator with directed light: 
here, the directed light creates a three-dimensional 
impression of the specimen. this is helpful in many 
cases for determining the surface with greater 
accuracy.

a semiconductor structures with coaxial illumination 
b  semiconductor structures with directed coaxial 

illumination

Coaxial illuminator: 
a coaxial illuminator is used for very shiny or re-
flective surfaces, such as wafers or metal sections. 

a, b semiconductor structures with coaxial 
illumination

Polarized light: 
polarized light is used to suppress reflections or for 
documentation of plastic materials. 

a plastic with polarized light 
b Clockwork with polarized light

a b

a b

a b

a b

a b
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new inspection microscopes leica Dm8000 m and Dm12000 m 

Detect Faster!
stefan motyka, leica microsystems

inspection, process control and defect analysis of wafers or lCDs and tfts has to be fast, accurate and ergonomical. With 
the leica Dm8000 m and the leica Dm12000 m leica microsystems launches a new line of products for the inspection of 
8 and 12 inch wafers. the new optical functions can ensure higher resolution and throughput.

to detect macro defects, the inspection microscopes 
have a micro/macro mode for rapid scanning of large 
components. the macro magnification captures an 
object field of approx. 40 mm – that’s almost four times 
more than with conventional scanning objectives.

With the leica macro mode you detect defects which 
are invisible for conventional light microscopes such 
as an insufficient development at the edge or within 
the center of a wafer. if you want to take a closer look, 
just press a single key to switch from macro to micro 
mode and inspect the defect in brightfield, darkfield 
or DiC. press another key to switch to the uV mode 
for even higher resolution or the oblique illumination 
(ouV) mode.

oblique uV mode 

the ouV mode combines oblique illumination and uV 
light, enabling you to view your sample in top reso-
lution from any angle. this is especially helpful for 
edge inspection in wafer production, the inspection 
of pyramid shaped parts on solar panels, or of surface 
structures on microelectronic components, as infor-
mation on the topography of the sample often helps 
to better understand the structure. the accuracy of 
the inspection results can be enhanced within a min-
imum of time.

integrated leD illumination 

the illumination is based on the latest leD technology 
and is fully integrated into the microscope. Due to the 
low heat radiation and the absence of a lamphous-
ing, the impact of the microscope on the cleanroom 
environment is minimized. for the first time, leD illu-
mina tion is also used in uV mode, so that conven-
tional ozone-producing high-pressure lamps can be 
banned from the cleanroom. the power leDs have 
a long life time and a very low power consumption. 
there is no need for bulb change or downtimes due 
to maintenance.

ergonomy means quality

it has been proved that ergonomically designed work-
places help to increase productivity and enhance 
work quality. the leica Dm8000 m and Dm12000 m 
are optimally adaptable to any user with their individu-
ally adjustable ergo tube and height adjustable focus 
knobs. this prevents hand, arm, and shoulder tension 
and ensures a comfortable, fatigue-free grip – without 
additional arm supports. all the controls are easy to 
reach, so that users don’t have to take their eyes and 
hands away from the microscope to switch to a differ-
ent contrasting technique.
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Bringing high Definition imaging into the Classroom

Discovering the World in HD 
urs schmid and Vince Vaccarelli, leica microsystems

the high Definition signal has over twice the sharp-
ness and clarity of analog video signals together with 
a far superior color resolution. the specimens appear 
clearer and more lifelike. as the live stream image is di-
rectly created inside the camera, the live image speed 
rate is much higher.

Working independently at the hD  
microscope workstation

eileen sylves is the lab supervisor of the state univer-
sity of new york at Buffalo. her lab is equipped with 
various microscopes. additionally she has set up a sta-
tion with a leica Dm750, a leica iCC50 hD microscope 
camera and a laptop computer. the students of the 
Developmental Biology Course, an advanced course 
for senior students who are planning a career in life 

sciences, have to monitor the development of zebra 
fish embryos over time, including photos. “the leica 
iCC50 hD microscope camera delivers excellent color 
images with a high resolution. and it is very easy to 
operate: it encourages students to take ownership of 
their images,” says sylves.

the more time an instructor has to actively teach, the 
more students can learn. therefore, the leica Dm750 
educational microscope with integrated camera pro-
vides outstanding high resolution and fast live images. 
this allows instructors and students to look at the live 
monitor image together to discuss specimen details.

even when the student is viewing the sample through 
the eyepieces, the instructor is able to watch the work 
on screen. Besides the possibility of connecting a now 

Viewing, capturing, annotating and archiving microscope images has become indispensable for the education of univer-
sity-level microscopy classes. leica high Definition imaging systems provide a complete solution for efficient learning in 
the microscopy classroom.

fig. 1: Working in real time thanks to ultra high resolution and high-speed live imaging: the leica 
iCC50 hD microscope camera is an indispensable tool for the students at the state university 
of new york.

fig. 2: the workstation is equipped with a leica Dm750, a leica iCC50 hD microscope camera 
and a laptop computer.
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.more easily affordable hD monitor, the system also 
allows the use of computers and even special educa-
tional networks.

perfect integration:  
high-resolution camera module

the leica iCC50 hD is a fast, high-resolution camera 
module that seamlessly fits between the viewing tube 
and the microscope body of the leica Dm series. it 
delivers up to full hD resolution (1920 x 1080 pixel). the 
user can either display the images on a hD display or 
save the images on a sD card. 

most functions can be controlled on the camera itself 
or the optional ir remote control. pushing one of the 
two buttons on the camera quickly switches camera 
modes, performs white balancing or saves the image 
on an sD card.

Camera software with many extra features

leica las ez software is an easy-to-use camera soft-
ware that is provided free with every leica microscope 
camera. it enables the student to control and capture 
images, annotate, take measurements and documents 
on his or her project. With the new version 2.0 freehand 
annotation is available on the live and saved image.

Basic program for apple users

leica acquire is a basic software for mac os operat-
ing systems. it provides an ideal common, easy-to-use, 
consistent platform for basic education, industry and 
life science applications. leica acquire guides the us-
er through the camera settings for high-quality imaging 
and allows easy fine-tuning of the image to obtain the 
best quality.

Register for upcoming
resolutioN issues
Would you like to read future issues of resolution, too?
the link below will take you straight to the registration form:

www.leica-microsystems.com/registration.01

Choose between different resolution editions and we would also be
glad to hear your opinion of our magazine and any suggestions for topics.
you can find this issue and all past issues of resolution on our
website at:

www.leica-microsystems.com/magazines.01
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A New Light for Your Samples!
Leica DM750 M – Perfect for material testing, inspection and simple metallography in QC-labs
The LED-illumination provides a cool, white light. Brightfield, polarized light, four segmented lighting 
allows for oblique illumination and an iris diaphragm offers surpassing versatility. The intuitive cross 
stage has a self adjusting specimen holder for samples form 25 to 30 mm in diameter.  
This guarantees ease of use and fast results in routine labs. 
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