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2 µm

Platinum
 nanostructures sputtered on nickel dendrites, im

aged  
w

ith G
em

iniSEM
 500. Sam

ple: courtesy of L. Schlag, TU
 Ilm

enau, 
G

erm
any.

The G
em

iniSEM
 fam

ily stands for effortless im
aging w

ith sub-nanom
eter resolu-

tion and high detection efficiency. You can rely on its surface sensitive analysis 
and profit from

 the highest sam
ple flexibility.

G
em

iniSEM
 500 com

es w
ith a novel design of G

em
ini 1 electron optics to  

deliver all-round better resolution, especially at low
 voltage. G

em
iniSEM

 450 w
ith 

its G
em

ini 2 double condenser guarantees flexibility and ease-of-use, com
bined 

w
ith reliable, excellent im

aging and analytics. G
em

iniSEM
 300 delivers in surface 

sensitive im
aging so you w

ill experience high contrast, high resolution and  
extrem

ely large fields of view
. That m

akes it especially good for novice users. 

C
hoose these flexible and reliable field em

ission SEM
s for your research, industrial 

lab, im
aging facility or educational organization. W

ith the G
em

iniSEM
 fam

ily you 
w

ill alw
ays get excellent im

ages and get reliable analyses from
 any real-w

orld 
sam

ple.

Yo
ur Field

 Em
issio

n
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G
em

iniSEM
 500 lets you achieve high resolution 

at low
 voltages. The novel optical design of its 

G
em

ini 1 technology introduces the N
ano-tw

in 

lens, m
aking your tim

e-to-im
age even shorter.  

It's easy to acquire sub-nanom
eter resolved  

im
ages w

ith high contrast at low
 beam

 voltages. 

A
t 500 V you can resolve 1.0 nm

 w
ith perfect  

im
age quality, w

ithout requiring beam
 dece- 

leration. O
r use the Tandem

 decel option to  

apply beam
 deceleration and achieve even up  

to 0.8 nm
 at 1 kV. The choice is yours. 

The G
em

iniSEM
 500 com

es w
ith significantly  

im
proved detection efficiency. D

epending on your 

individual experim
ent, use this advantage either  

to reduce tim
e-to-im

age—
or to w

ork w
ith very 

low
 currents and thus avoid sam

ple dam
age. 

M
o

re Sam
p

le Flexib
ility 

G
em

iniSEM
 300, like the w

hole fam
ily m

akes 

w
orking in variable pressure (VP) m

ode feels like 

w
orking in high vacuum

. N
ow

, for the first tim
e, 

you can use true Inlens detection of secondary 

and backscattered electrons at pressures of up to 

150 Pa—
w

ith high resolution, high contrast and 

high signal-to-noise ratio. A
cquire crisp im

ages 

and get reliable analyses even from
 your m

ost 

challenging, non-conductive sam
ples. 

Explore the benefits of the G
em

ini objective's 

field-free design. You w
ill achieve distortion-free 

im
ages and EBSD

 patterns to m
eet the highest  

dem
ands in im

aging and analytics—
and execute 

experim
ents in real in situ environm

ents, e.g. 

w
hen perform

ing pinpoint electrical and m
agnetic 

m
easurem

ents using integrated A
FM

.

Etched silicon nanostructures at 50 V, no sam
ple biasing.  

Im
aged w

ith G
em

iniSEM
 500. Sam

ple: courtesy of A
. Charai,  

A
ix M

arseille U
niversity, France. 

G
em

iniSEM
 500 offers a nano-tw

in lens for im
proved resolution 

at low
 beam

 voltages.
H

igh resolution im
age of steel surface inclusions. The sam

ple is 
highly ferrom

agnetic. Im
aged at 1 kV w

ith G
em

iniSEM
 500 and 

Inlens SE detector. 

M
o

re Surface Sen
sitivity fo

r Yo
ur A

n
alysis

G
em

iniSEM
 450 brings you the advantage of 

highest resolution and surface sensitivity for your 

ED
S or EBSD

 analysis, especially w
hen w

orking 

w
ith low

 voltages. Sim
ultaneously, G

em
ini 2  

optics let you sw
itch seam

lessly betw
een high  

resolution im
aging—

at low
 beam

 currents—
and 

analytical m
odes—

at high beam
 currents. N

o 

need for com
plicated or tim

e-consum
ing realign-

m
ents as you w

ork. A
nd no need for com

prom
ise 

either, w
hether on the speed or the quality of 

your im
ages and analyses.
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The G
em

iniSEM
 fam

ily is based on m
ore than  

20 years spent perfecting ZEISS G
em

ini techno- 

logy. That m
eans you can count on total and  

efficient detection, excellent resolution and superb 

ease-of-use.  

The G
em

ini objective lens design com
bines elec-

trostatic and m
agnetic fields to m

axim
ize optical 

perform
ance w

hile reducing field influences at the 

sam
ple to a m

inim
um

. This enables excellent  

im
aging, even on challenging sam

ples such as 

m
agnetic m

aterials. Inlens—
the G

em
ini detection 

concept—
ensures efficient signal detection by  

detecting secondary (SE) and backscattered (BSE) 

electrons in parallel. Inlens detectors are arranged 

on the optical axis, w
hich reduces the need for  

realignm
ent and thus m

inim
izes tim

e-to-im
age. 

G
em

ini beam
 booster technology guarantees 

sm
all probe sizes and high signal-to-noise ratios, 

right dow
n to very low

 accelerating voltages. It 

also m
inim

izes system
 sensitivity to external stray 

fields by keeping the beam
 at high voltage 

throughout the colum
n until its final deceleration. 

These advanced features —
the G

em
ini objective, 

Inlens detection and beam
 booster technology—

are shared by G
em

iniSEM
 300, G

em
iniSEM

 450 

and G
em

iniSEM
 500.

The G
em

ini optical colum
n consitsts a beam

 booster, Inlens detectors and a G
em

ini objective.
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T
h
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o
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etectio
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 System

: Sep
arate 

electro
n

s exit fro
m

 th
e sam

p
le acco

rd
in

g
 to 

th
e take-o

ff en
erg

y an
d

 an
g

le.

The G
em

iniSEM
 fam

ily offers a com
plete  

detection system
 w

ith a large variety of detectors. 

By com
bining Inlens EsB- (Energy selective Back-

scatter), Inlens SE- or aBSD
- (annular Backscatter 

D
etector) detectors, the system

 delivers inform
a-

tion about the m
aterial, topography or crystallinity 

of your sam
ple. The prim

ary electron beam
  

generates secondary electrons (SE) and back- 

scattered electrons (BSE). The SEs precipitate  

directly from
 the topm

ost nanom
eters of your 

sam
ple w

ith energy of less than 50 eV and show
 

the topography of the surface. A
s a result of the 

unique beam
 booster concept, these SEs are  

accelerated back into the colum
n and the G

em
ini 

objective lens directs them
 to the annular Inlens 

SE detector. D
epending on the surface condition 

of your sam
ple, G

em
iniSEM

s detect the SEs over  

a w
ide angular range.

BSEs are generated below
 the surface and pro- 

vide highly specific inform
ation about the m

aterial 

com
positions of your sam

ple. Their energy level is 

close to that of the prim
ary electrons hitting the 

sam
ple. BSEs appear conically at a 15 degree angle 

to the prim
ary electron beam

 and w
ill be attracted 

by the beam
 booster of the G

em
ini colum

n and 

projected into the colum
n. Because of the differ-

ent energies of SE and BSE,  they are follow
ing 

different trajectories w
ithin the beam

 booster and 

m
ost of the BSEs can pass the Inlens SE detector 

and w
ill be collected by the EsB detector. A

ddi-

tionally the Inlens EsB detector enables an energy 

selection of the BSEs. If the angle is larger than 15 

degrees, the BSEs cannot m
ake their w

ay into the 

colum
n, but can be stopped and detected by the 

retractable aBSD
 detector. The aBSD

 detector de-

livers com
positional, topographical and 3D

 sur-

face inform
ation. Both cham

ber backscattered 

(BSD
) and transm

itted electron detectors have 

been im
proved for high efficiency at low

 beam
 

voltages and ultra-fast im
aging. The annular STEM

 

(aSTEM
) detector brings m

axim
um

 flexibility so 

you can exploit all contrast m
echanism

s in trans-

m
ission im

aging, even in parallel.

ZEISS G
em

iniSEM
 450 w

ith G
em

ini 2 optical colum
n including 

beam
 booster, Inlens detectors and G

em
ini objective lens. 

The double condenser is unique to the G
em

ini 2 optics.
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N
anoVP technology, available in all G

em
iniSEM

 

m
odels, offers you the best w

ay to reduce  

charging on non-conductive sam
ples w

ithout 

com
prom

ising Inlens detection capabilities and 

resolution. By inserting a differential pum
ping  

aperture below
 the objective lens, you w

ill  

significantly shorten the path length of the  

incident beam
 in the gas. This reduces beam

 

broadening and thus enables both im
aging of 

high resolution details and true Inlens detection 

up to 150 Pa. That m
eans you can use Inlens SE 

and EsB detectors sim
ultaneously in VP m

ode for 

high resolution surface and m
aterials contrast  

im
aging. You can even elevate the pressure up  

to 500 Pa and using cham
ber VPSE detection for 

high contrast im
aging.

Silver nanoparticle coated natural fibers, im
aged w

ith N
anoVP 

at 80 Pa, at 10 kV. Left: Inlens SE, surface detail. Right: 
Inlens EsB, silver particles. Both im

ages acquired in parallel. 
Sam

ple: courtesy of F. Sim
on, Leibniz-Institute for Polym

er  
Research, D

resden e.V., G
erm

any.

Retractable N
anoVP differential pum

ping aperture inside the 
SEM

 cham
ber.

Schem
atic illustration of N

anoVP differential pum
ping aperture w

ith insulating o-ring underneath the G
em

ini objective lens  
in the SEM

 cham
ber.
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G
em

iniSEM
 500 com

es w
ith the im

proved elec-

tron optical design of the G
em

ini 1 colum
n. This 

lets you achieve sub-nm
 reso lution at low

 voltages 

w
ith excellent signal detection efficiency. The 

new
ly-designed N

ano-tw
in lens further im

proves 

resolution at low
 and ultra-low

 beam
 voltages  

by optim
izing the geom

etry and the electrostatic  

and m
agnetic field distributions. A

t the sam
e tim

e  

the Inlens detector signal is boosted significantly  

under low
 voltage im

aging conditions. In high  

resolution gun m
ode, the reduced energy spread 

of the prim
ary beam

 m
inim

izes the effect of chro-

m
atic aberration to allow

 even sm
aller probe sizes. 

In Tandem
 decel m

ode, a deceleration voltage is 

applied to the sam
ple. U

se this to further im
prove 

resolution below
 1 kV and boost the detection  

efficiency of backscattered diode detectors. 

G
old on carbon sam

ple im
aged using Tandem

 decel, Inlens 
EsB im

age at 1 kV landing energy w
ith 5 kV deceleration  

voltage applied.

N
ovel optical design of G

em
ini. Schem

atic cross-section of  
G

em
iniSEM

 300 and G
em

iniSEM
 500. H

igh resolution gun 
m

ode, Tandem
 decel and N

ano-tw
in lens as part of the novel 

optical design (highlighted). N
ano-tw

in lens only available in 
G

em
iniSEM

 500 (highlighted in red).
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M
agnetic field leakage of the G

em
ini lens com

pared to a tradi-
tional single-pole lens design. The m

inim
um

 m
agnetic field on 

the sam
ple allow

s highest electron beam
 perform

ance on a tilted 
sam

ple, enables undistorted EBSD
 pattern as w

ell as high resolu-
tion im

aging of m
agnetic m

aterials.

ZEISS G
em

iniSEM
 450: G

em
ini 2 colum

n w
ith double condenser, 

tw
o Inlens detectors and N

anoVP or local charge com
pen- 

sation.

alignm
ent rem

ains stable in the long term
. 

The G
em

ini 2 colum
n m

akes G
em

iniSEM
 450 ideal 

for high resolution im
aging at high beam

 current 

and for fast analytics, too. W
hat’s m

ore, it builds 

on all the other advantages of previous G
em

ini 

optics. For exam
ple, G

em
ini optics w

on’t expose 

your specim
en to a m

agnetic field so you w
ill 

achieve a distortion-free EBSD
 pattern and high 

resolution im
aging over a large field of view

.  

You can also tilt the specim
en w

ithout influencing 

the electron optical perform
ance. Even m

agnetic 

sam
ples can be im

aged easily.

G
em

iniSEM
 450 offers the best overall flexibility 

for a w
hole range of diferent applications.

C
ap

italize o
n

 G
em

in
i 2

 O
p

tics

G
em

iniSEM
 450 is equipped w

ith a specialty:  

The m
ain feature of its G

em
ini 2 optics is the  

double condenser arrangem
ent w

hich enables 

continuous beam
 current adjustm

ent sim
ul- 

taneously w
ith optim

ized beam
 spot size. This  

ensures the highest beam
 current density for high 

resolution im
aging and analysis at both low

 and 

high beam
 current, independently of w

hich beam
 

energy you select. You can also sw
itch seam

lessly 

betw
een different im

aging m
odes or change  

im
aging param

eters. It’s fast and effortless  

because there’s no need to realign the beam
  

after changing im
aging param

eters and the SEM

EBSD
 analysis of a cross-section of Canadian coin at 20 kV and 5 nA

. The total characterization of 185 thousand points takes just  
20 m

inutes. G
em

iniSEM
 450 lets you achieve high current and high density sim

ultaneously.

Magnetic field strength (in arbitrary units)

Single-Pole Lens 

G
em

ini lens
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Typical A
pplications, Typical Sam

ples
Task

ZEISS G
em

iniSEM
 Fam

ily O
ffers 

M
aterials Sciences

Serve a variety of users in im
aging facilities by offering cutting edge im

aging  
perform

ance and m
axim

um
 sam

ple flexibility for a w
ide range of research fields.

• 
Com

bining high perform
ance, high resolution im

aging w
ith variable pressure capa-

bilities of up to 500 Pa m
akes every G

em
iniSEM

 tool ideally suited for a w
ide range 

of options, application-specific m
odules and w

orkflow
s. You can satisfy a grow

ing 
range of application requirem

ents on a single system
, now

 and in the future.
• 

The N
ano-tw

in lens of G
em

iniSEM
 500 lets you im

age beam
-sensitive, nanom

eter-
scale structures w

ith m
inute detail at low

 beam
 energy. The efficient detection allow

s 
you to operate at low

 currents for m
inim

um
 beam

 dam
age w

hile enjoying excellent 
m

aterials contrasts.
• 

G
em

iniSEM
 450 is your ideal tool for getting high resolution im

gages at speed:  
the G

em
ini 2 colum

n achieves high resolution even w
ith high probe currents.  

This also guarantees speed in analytics for quick capture of ED
X, W

D
X, EBSD

 and 
CL signals. A

dditionally the optional Inlens EsB detector allow
s you to achieve ideal 

m
aterial contrast.

• 
U

se the optional N
anoVP m

ode to im
age alm

ost any kind of sam
ple, no m

atter  
w

hether it is beam
-sensitive, uncoated or outgassing.

Characterize nanom
aterials such as carbon nanostructures, engineered and self  

organized nanosystem
s, and nanocom

posite m
aterials w

ith the highest resolution.

Characterize nanom
aterials by com

bining analytical procedures w
ith im

aging  
perform

ance for highests dem
ands and retrieve a m

axim
um

 am
ount of inform

ation 
from

 your sam
ple.

Industrial A
pplications

A
nalyze failures in sem

iconductor m
aterials.

• 
W

ith its N
ano-tw

in lens, G
em

iniSEM
 500 enables rapid, reliable and dam

age-free 
characterization of nanom

eter-scale defects and sensitive resist structures at low
 

beam
 energies.

• 
The G

em
ini com

plete detection system
, com

bined w
ith the distortion-free  

G
em

iniSEM
 500 N

anotw
in lens, allow

s characterization of both steel and inclusion 
m

icrostructure, chem
istry, crystal phases and strain, using m

ultiple accessories in 
parallel at high resolution w

ith unparalleled contrast.
• 

W
ith N

anoVP technology you can characterize challenging, charging sam
ples w

ith 
unprecedented detail and contrast.

• 
G

em
iniSEM

 500 enables com
prehensive characterization for battery developm

ent  
on one system

. Thanks to its low
 voltage and low

 current im
aging capabilities,  

you can observe sensitive binder and separator m
aterials free from

 dam
age. At 

the sam
e tim

e full analytical capabilities are available for com
positional analysis of 

electrode m
aterials.

• 
H

igh strength, chem
ically resistant or low

 clinker cem
ent form

ulations, including 
beam

-sensitive and hydrated phases, can be characterized in high resolution at low
 

voltage, requiring m
inim

al im
age processing, w

hile sim
ultaneously analyzing porosity, 

com
position and crystal phases w

hich determ
ine cem

ent durability

A
nalyze high perform

ance steel.

Characterize polym
ers.

U
nderstand the aging process of batteries.

Perform
 advanced cem

ent form
ulation.
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Typical A
pplications, Typical Sam

ples
Task

ZEISS G
em

iniSEM
 Fam

ily O
ffers 

 Life Sciences
A

nalyze sam
ples easily w

ith high throughput and achieve large volum
es of data.

• 
G

em
iniSEM

 450 delivers high beam
 current, allow

ing you to capture high resolution, 
large area im

ages of cell structures quickly.
• 

The prealigned colum
n offers the best conditions for your im

aging every tim
e:  

even less experienced users w
ill achieve excellent results.

• 
You can capture up to four different detector signals sim

ultaneously, w
ith  

individually-adjusted detector channels. 
• 

G
em

iniSEM
 450 provides high resolution im

ages of non- conducting 
biological sam

ples. The im
age quality is alw

ays brilliant because your sam
ples  

are cleaned in situ.
• 

Im
age your sam

ples in or below
 the nanom

eter range and benefit from
 achieving 

sam
ple transfers in less than 60 seconds. Its m

odular architecture w
ill keep your 

system
 at the cutting edge for decades to com

e.
• 

You w
ill achieve high resolution transm

ission im
ages of resin em

bedded cellular  
ultrastructure, w

ith optim
um

 contrast and m
inim

al sam
ple dam

age.
• 

G
em

iniSEM
 300 or 450 are the ideal choice for challenging biological applications 

that require large fields of view
. Choose from

 application- specific m
odules for array 

tom
ography, 3View

® in cham
ber m

icrotom
y and correlative m

icroscopy.

Investigate sub-cellular ultrastructure.

M
ap large volum

es or areas of cellular tissue w
ith high throughput.
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 Facilities

Ceram
ics, backscattered electron detector, at 3 kV.

N
anom

eter spaced FeO
(O

H
) crystals, at 1 kV. Sam

ple: courtesy 
of L. M

aniguet, IN
P G

renoble, France.

Sem
iconductor, com

puter chip, Inlens EsB detector, at 3.5 kV.
Catalyst: Silver nanoparticles em

bedded in Zeolite, Inlens SE  
detector (left) and EsB detector (right). EH

T 1.5 kV. Sam
ple:  

courtesy of G
. W

einberg, Fritz-H
aber-Institute of the M

ax-Planck 
Society, G

erm
any.

Silver nanoparticle coated natural fibers im
aged w

ith N
anoVP  

at 80 Pa, at 10 kV. Sam
ple: courtesy of F. Sim

on, Leibniz-Institute 
for Polym

er Research D
resden e.V., G

erm
any.
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N
an

o
scien

ce

Precursor m
aterial for functional surface, gold nanoparticles on polystyrol sphere, im

aged w
ith G

em
iniSEM

 500, at 3 kV. Left: Inlens SE  
im

age, surface topography. Right: EsB im
age, m

aterial contrast. Sam
ple: courtesy of N

. Vogel, U
niversity Erlangen-N

urem
berg, G

erm
any.

M
esoporous Silica, at 500 V, Inlens SE detector, im

aged w
ith 

G
em

iniSEM
 500.

Catalysts, Zeolite w
ith Ag nanoparticles, im

aged at 5 kV using dual 
channel Inlens SE detector (left) and EsB detector (right). Sam

ple: 
courtesy of G

. W
einberg, Fritz H

aber Institute of the M
ax Planck  

Society, G
erm

any.

Catalysts, Zeolite w
ith A

g nanoparticles, im
aged w

ith Tandem
 

decel at 2 kV landing energy using 3 kV beam
 deceleration.  

Left: Inlens EsB for SE detection, Right: Inlens SE
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al M

aterials

M
etal foam

s like this open cell nickel foam
 are w

idely  
used as cathode substrate in batteries or super-capacitors.  
This highly topographic foam

 is characterized w
ith large depth 

of focus (D
O

F) using the Inlens SE detector in a G
em

iniSEM
 450 

at 8 kV.

300 µm
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o
m

aterials

The m
agnetic grains of a hard disk platter, a m

agnetic data 
storage m

edium
, are only a few

 nanom
eters in scale, w

hich  
affects the bit density and thus the data capacity of the hard 
disk. The different gray levels of the grains are the effect of 
channeling contrast that provides inform

ation on how
 the 

nanocrystals are differently oriented. Im
age taken w

ith the 
aBSD

 detector at 20 kV in G
em

iniSEM
 450. 

Fe
2 O

3 /ZrO
2 , a com

posite nanom
aterial that is used as a catalyst for chem

ical-looping hydrogen production processes, can be characterized 
com

prehensively by com
bining the inform

ation from
 im

ages of the Inlens SE (left) and the Inlens EsB detector (right). Im
ages taken w

ith 
G

em
iniSEM

 450 at 2 kV.

Copper nanocrystals im
aged at 1 kV landing energy, (left) w

ithout bias, and (right) using the Tandem
 decel option and applying a bias  

of -3 kV. This enables you to get im
ages of enhanced contrast and resolution. Im

age is taken w
ith G

em
iniSEM

 450. 
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aterials

BaFe
12 O

19  nanoparticle w
ith 1.1 nm

 (002) lattice spacing  
im

aged w
ith the annular STEM

, at 22 kV w
ith G

em
iniSEM

 500: 
(left) oriented darkfield and (right) high angle annular darkfield  
im

ages show
 m

ass thickness contrast betw
een Ba and Fe w

ith 
lattice resolution. Sam

ple: courtesy of H
. Rom

anus, TU
 Ilm

enau, 
G

erm
any. 

To characterize nanom
eter-scaled particles of m

ontm
orillonite, take advantage of reduced sam

ple charging by im
aging w

ith Tandem
  

decel. Both im
ages w

ere collected at 2 kV landing energy. N
o bias w

as applied to the sam
ple on the left, w

hich resulted in charging  
artifacts and loss of surface detail. H

ow
ever, after applying a bias of -5 kV the Inlens SE detector collected m

ore backscattered electrons 
than low

 energetic secondary electrons, the latter being sensitive to charging. The overall effect w
as that charging artifacts w

ere  
suppressed and surface details becam

e visible at once (right).

Silica-supported Cobalt catalyst is characterized by m
eans of high 

resolution im
aging and ED

S analysis at 25 kV using G
em

iniSEM
 450. 

Cobalt nanoparticles of about 10 nm
 in size em

bedded in m
eso-

porous silica are show
n in high resolution, im

aged w
ith aSTEM

 
detector overlayed w

ith the ED
S m

ap. In the Fischer–Tropsch  
synthesis, the 10 nm

 supported Co catalyst proved to be the m
ost 

active and selective catalyst for hydrocarbon form
ation. 
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ag

n
etic M

aterials 

Investigation of the fractured surface of an N
dFeB m

agnet (dem
agnetized) w

ith G
em

iniSEM
 450. Im

ages are acquired using the annular Backscatter D
etector (aBSD

) in G
em

iniSEM
 450 at 3 kV w

ithout bias,  
taking advantage of the 6-segm

ented aBSD
 detector having angle selective BSE detection. Left: The BSEs w

ith a high scattering angle contain m
ore com

positional surface inform
ation and are detected by the  

inner ring of the aBSD
 detector. This results in im

ages w
ith high m

aterial contrast. Center: The BSEs are detected by the m
iddle ring, providing im

ages w
ith a m

ixture of surface topographical and com
positional  

inform
ation. Right: The BSEs w

ith a low
 scattering angle contain m

ainly topographical surface inform
ation and are detected by the outer ring, w

hich is divided into four individual segm
ents. (The segm

ents of the 
detector that w

ere active during im
aging are highlighted in green, respectively.)
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N
dFeB m

agnet: Visualization of surface topography w
ith the aBSD

 detector and the 3D
SM

 softw
are m

odule for 3D
 surface m

odeling.  
Im

ages collected w
ith the outer, segm

ented ring of the aBSD
 diode are used by 3D

SM
 to create a m

odel of the fractured surface.  
The m

odule provides surface topography visualizations as w
ell as num

erous functions for quantifications and m
easurem

ents. A
bove:  

Four topography im
ages taken w

ith corresponding diode segm
ents. Right: surface m

odel created w
ith 3D

SM
. (G

em
iniSEM

 450)
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Topography im
age of the fractured surface of the N

dFeB 
m

agnetic m
aterial, im

aged w
ith G

em
iniSEM

 450 at 15 kV w
ith 

the SE detector. (O
verlay w

ith ED
S m

ap below
.) 

Fractured surface of a N
dFeB m

agnet: overlay of the SE im
age 

at the top w
ith a color-coded elem

ental m
ap (pink: N

eodym
ium

, 
turquoise: Praseodym

ium
, yellow

: Iron, blue: O
xygen, gray: SEM

 
im

age), collected w
ith G

em
iniSEM

 450 at 15 kV. (SE topography 
im

age above.)

A
 com

parison of elem
ental m

aps at 3 kV (left) and at 15 kV (right) show
s the advantage of low

 voltage ED
S m

apping w
hen aim

ing for 
high spatial resolution (N

d in pink). The low
 voltage m

ap taken at 3 kV show
s m

ore details w
hen characterizing the N

d distribution in  
the m

aterial, even nanom
eter sized particles w

ithin the m
atrix (arrow

). ED
S analytics done w

ith G
em

iniSEM
 450.

A
fter Boron (in green) is added to the results show

n in the elem
ental m

ap, it is easy to resolve the fine distribution of B against N
d (pink) 

on the m
ap taken at 3 kV (left)—

w
hereas the m

ap taken at 15kV (right) show
s few

er details (O
xygen in blue). ED

S analytics done w
ith 

G
em

iniSEM
 450.
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In
d

ustrial A
p

p
licatio

n
s

FinFET transistor, top view
, 22 nm

 technology, 3 kV, pure  
BSE im

aging using EsB, high m
aterial contrast.

D
ata storage, hard disk read head. Left: Inlens SE detector.  

Right: Inlens EsB detector.

Lithium
 ion battery cathode show

s no beam
 dam

age of sensi-
tive binder m

aterial at 500 V. Sam
ple: courtesy of T. Bernthaler,  

M
aterials Research Institute A

alen, G
erm

any.

Lithium
 ion battery cathode. ED

S com
positional m

apping show
s   

m
ain constituents of the different oxides. Sam

ple: courtesy of  
T. Bernthaler, M

aterials Research Institute A
alen, G

erm
any.

Inclusions in steel, Inlens SE detector, 500 V.
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Life Scien
ces

G
uinea pig liver, ultrathin section, hem

osiderosis, fixed w
ith  

osm
ium

 tetroxide in araldite. N
o further poststaining w

ith  
additional heavy-m

etal salts w
as perform

ed. Single ferritin  
m

olecule (diam
eter approxim

ately 8 nm
) can be clearly identi-

fied in STEM
. Left: brightfield. Right: H

A
A

D
F im

age (high angular 
annular darkfield), at 28 kV.

M
ouse brain tissue, ultrathin section, STEM

, brightfield, at 10 kV. 
M

ouse m
uscle tissue, ultrathin section, backscattered electron 

detection, contrast inverted, at 8 kV. Sam
ple: courtesy of  

I. Röder, Bioquant, H
eidelberg U

niversity, G
erm

any.

M
oth w

ing, Inlens SE detector, at 50 V, in high vacuum
.  

N
o charging effect if ultra-low

 voltage like 50 V is applied.

M
ouse brain tissue, ultrathin section, detail of M

yelin sheats, 
STEM

, brightfield, at 28 kV.
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Turn your ZEISS G
em

iniSEM
 300 or G

em
iniSEM

 450 into a super-quick high reso-

lution 3D
 im

aging system
 w

ith 3V
iew

® technology from
 G

atan, Inc. 3V
iew

® is an  

ultram
icrotom

e inside the SEM
 cham

ber that lets you acquire high resolution 3D
 

data from
 resin-em

bedded cell and tissue sam
ples—

in the shortest possible tim
e 

and the m
ost convenient w

ay. The sam
ple is continuously cut and im

aged so you 

can produce thousands of serial im
ages in a single day. U

nique ZEISS G
em

ini  

colum
n technology m

akes the G
em

iniSEM
s ideally suited to support this applica-

tion. N
ow

 you can also enhance your G
em

iniSEM
 w

ith Focal C
harge C

om
pensation 

to elim
inate charging effects. ZEISS has released this gas injection system

 in colla-

boration w
ith the N

ational C
enter for M

icroscopy and Im
aging. W

ith Focal C
harge 

C
om

pensation, the result is spectacular im
age quality. W

hen perform
ing 3D

 nano-

histology, electron m
icroscopic investigation of tissue sam

ples such as liver, kidney 

and lung by block-face im
aging is extrem

ely valuable for pathological research.  

By using Focal C
harge C

om
pensation to elim

inate charging, these charge-prone  

tissue sam
ples can be im

aged w
ith high resolution and speed in three dim

ensions.

Block-face im
ages of m

ouse lung tissue (A
) w

ith Focal Charge Com
pensation and (B) w

ithout Focal 
Charge Com

pensation. Scale bar: 1 m
icron. Im

ages: courtesy of N
CM

IR.
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N
anoVP brings you the unique advantage of being able to use 

your Inlens SE detector in com
bination w

ith variable pressure.  
This enables high resolution structural im

aging of sam
ples 

prone to charging. Typically higher resolution requires a higher 
probe current and so the probability of charging is elevated. 
N

ow
, using N

anoVP, you can im
age the delicate features of an 

uncoated diatom
 at 2 kV w

ith a resolution of 4 nm
/pixel under 

variable pressure conditions. N
evertheless, in this close-up view

 
the surface as w

ell as deeper lying structures can be visualized 
artefact-free and w

ithout loss of resolution, thanks to N
anoVP. 

The detailed ultrastructure of the diatom
 cytoskeleton are  

visualized in the pictures. Im
aged w

ith G
em

iniSEM
 500.
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Life sciences often deal w
ith low

 contrast sam
ples and approaches such as correlative m

icroscopy are especially lacking features rich  
in contrast. W

ith Tandem
 decel you can introduce an electrical deceleration or bias betw

een the sam
ple and objective lens and achieve  

a dram
atic increase in contrast. The figure show

s a low
 contrast brain section im

aged w
ithout the Tandem

 decel option (left). A
pplying 

Tandem
 decel (right) increases contrast to such an extent that all cell organelles are clearly visible at high resolution. Im

aged w
ith  

G
em

iniSEM
 500.

The high sensitivity of the STEM
 detector allow

s the use of low
 

voltage electrons w
ith high scan speeds, thus enabling fast 

STEM
 im

aging w
ith the highest resolution. The picture show

s  
a negative stained T4-Phage im

aged w
ith a STEM

 detector.  
N

otice structural details such as the helical tail as w
ell as the 

tail fibers associated w
ith the virus. Im

age: courtesy D
. Frey,  

S. M
odla &

 J. Caplan, U
niversity of D

elaw
are, U

SA
. Im

aged w
ith  

G
em

iniSEM
 500.
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The advanced capabilities of G
em

iniSEM
 500 com

bined w
ith  

the STEM
 detector allow

 you to im
age ultastructural details to 

such an extent that lipid bilayers becom
e visible in biological 

specim
ens such as brain cells. M

ouse brain: courtesy of  
M

arco Cantoni, EPFL Lausanne, Sw
itzerland. Im

aged w
ith  

G
em

iniSEM
 500.

U
ltrastructural details are clearly visible in m

uscles im
aged w

ith 
Tandem

 decel applied and a backscattered electron detector. 
M

ouse brain: courtesy I. W
acker &

 R. Schroeder, U
niversity of 

H
eidelberg, G

erm
any. Im

aged w
ith G

em
iniSEM

 500.

N
europhile granulocytes offer a perfect exam

ple of how
  

features such as the the N
ano-tw

in lens of G
em

iniSEM
 500  

allow
 im

aging under low
 voltage conditions and provide the 

best possible contrast. Coatom
ers of vesicles are clearly visible. 

Im
age: courtesy of I. W

acker; U
niversity of H

eidelberg.  
G

erm
any. Im

aged w
ith G

em
iniSEM

 500.
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ces

G
em

iniSEM
 300 enables scientists to analyze large fields  

of view
 of a sam

ple, even under low
 voltage conditions.  

W
hen com

bined w
ith the Variable Pressure m

ode, sputter  
coating is not necessarily needed to analyze the topology of  
biological sam

ples. This insect leg w
as im

aged at 1 kV w
ith 

G
em

iniSEM
 300.

Root nodules of Fabaceae beans. The large field of view
 is also an im

portant feature for analyzing rare events in section ribbons or for  
statistical analysis of infections, as in these root nodules that are infected w

ith root nodule bacteria (left). Im
aged w

ith G
em

iniSEM
 300. 

The A
rray Tom

ography m
odule of Atlas 5 allow

s you to build 3D
 volum

es out of serial sections. The m
ovie (right) show

s 78 sections out of 
a section ribbon of infected root nodules. Im

aged w
ith G

em
iniSEM

 300.

Statistical analysis of large fields of view
 in 3D

 is im
portant  

in life science. H
ere, this is done using the A

rray Tom
ography 

m
odule of Atlas 5 on serial sections of granulocytes, w

ith  
different populations of granulocytes being analyzed.  
Left: overview

 on a ribbon of nine sections. Right: detail.  
Im

aged w
ith G

em
iniSEM

 300.

H
ere, one section out of a G

atan 3View
® data set is im

aged 
w

ith the G
em

iniSEM
 300. VP capabilities com

bined w
ith serial 

block-face technology allow
 you to section and im

age large 
fields of view

 w
ithout charging artefacts, thus providing optim

al  
contrast. Typical hepatocytes w

ith a large num
ber of m

itchron-
dia are visible. Im

aged w
ith G

em
iniSEM

 300.

Large field of view
 of a brain section im

aged using 3View
® in 

com
bination w

ith G
em

iniSEM
 300. Even large unsputtered  

sam
ples up to 1 m

m
² can be im

aged artefact-free using a  
com

bination of variable pressure and low
 voltage im

aging to 
elim

inate charging artefacts. Im
aged w

ith G
em

iniSEM
 300.
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G
em

iniSEM
 450 offers the best possibilities for im

aging struc-
tural details on sam

ples w
ith low

 contrast. Fibroblasts w
ere  

im
aged show

ing connections betw
een the cells. 

Cilia, im
aged w

ith the BSD
 detector in G

em
iniSEM

 450. Centrins 
are special proteins in the cilia of eurkaryotes. The centrin-rich 
region of the basal apparatus is clearly visible (arrow

). The new
 

BSD
 detector used here illustrates the sm

allest differences in 
heavy contrast. Sam

ple: courtesy of P. Purschke, U
niversity of 

O
snabrück. G

erm
any.

The m
ovie show

s an im
age stack acquired from

 a block-face 
sam

ple w
ith a 3View

® in a G
em

iniSEM
 w

ith a double condenser 
system

. N
otice the rhodopsin discs and the insertion points.  

Im
age: courtesy of Christel G

enoud, FM
I Basel. Im

aged w
ith 

G
em

iniSEM
 450.

U
ltrathin section of the upper brain cortex. G

em
iniSEM

 450  
provides the best possible resolution com

bined w
ith fast im

age 
acquisition. Structural details such as vesicle coatings are  
clearly visible in this STEM

 im
age.
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 Yo
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Fast an
d

 C
o

n
ven

ien
t 3

D
 Im

ag
in

g  

fo
r Tissue Sam

p
les in

 th
e FE-SEM

C
om

bine your G
em

iniSEM
 300 or G

em
iniSEM

 450 

w
ith 3V

iew
® technology from

 G
atan Inc. to  

acquire high resolution 3D
 data from

 resin- 

em
bedded cell and tissue sam

ples in the shortest 

possible tim
e and m

ost convenient w
ay. 3V

iew
®  

is an ultram
icrotom

e inside the SEM
 cham

ber. 

The sam
ple is continuously cut and im

aged to 

produce thousands of serial im
ages in a single 

day—
each perfectly aligned because they are all  

generated from
 one fixed block.

G
em

iniSEM
 300 and G

em
iniSEM

 450 from
 ZEISS 

are ideally suited to support this application. 

The unique G
em

ini colum
n technology delivers 

high resolution transm
ission im

ages and allow
s 

fields of view
 of hundreds of m

icrons at 

nanom
eter resolution.
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ZEISS A
tlas 5

 –  

M
aster Yo

ur M
ulti-scale C

h
allen

g
e

Atlas 5 m
akes your life easier by creating com

pre-

hensive m
ulti-scale, m

ulti-m
odal im

ages w
ith a  

sam
ple-centric correlative environm

ent. This pow
er-

ful yet intuitive hardw
are and softw

are package 

extends the capacity of your G
em

iniSEM
.

U
se its efficient navigation and correlation of  

im
ages from

 any source. Take full advantage  

of high throughput and autom
ated large area  

im
aging. U

nique w
orkflow

s w
ill help you gain  

a deeper understanding of your sam
ple. Its  

m
odular structure lets you tailor A

tlas 5 to your 

everyday needs in m
aterials or life sciences  

research. Extend your possibilities even further 

w
ith m

odules—
e.g. for nanopatterning or array 

tom
ography.

Easy-to-use, w
orkflow

-oriented G
U

I for autom
ated im

aging.

M
edicago root nodules. SEM

 im
ages by Atlas 5 Array Tom

ography. 
Sam

ple: courtesy of J. Sherrier, J. Caplan &
 S. M

odla, U
niversity of 

D
elaw

are, U
SA.

Light m
icroscope and SEM

 im
ages of an integrated circuit are 

m
erged in the Atlas 5 correlative w

orkspace.
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C
o

rrelative M
icro

sco
p

y w
ith 

Sh
uttle &

 Fin
d 

The Shuttle &
 Find softw

are m
odule allow

s an 

easy-to-use, productive w
orkflow

 to overlay data 

from
 your light m

icroscope and scanning electron 

m
icroscope. By com

bining the optical contrast 

m
ethods of the light m

icroscope w
ith the analyti-

cal m
ethods of your electron m

icroscope, you w
ill 

discover inform
ation about the function, structure 

and chem
ical com

position of your sam
ple. 

H
o

w
 it w

o
rks:

U
sing a special specim

en holder w
ith three fiducial 

m
arkers, a coordinate system

 is generated w
ithin 

seconds. U
se the light m

icroscope to define  

interesting regions in your sam
ple. Then relocate 

the defined regions in the electron m
icroscope 

w
here you w

ill be able to im
prove the resolution 

by several orders of m
agnitude. N

ow
 you can  

continue exam
ining the sam

ple m
ore extensively. 

Finally, use the Shuttle &
 Find softw

are to corre-

late the im
ages taken by the different m

icros- 

copical techniques.

Lithium
 Ion battery. Top: light m

icroscope im
age. Center: SEM

 
im

age. Bottom
: O

verlay of both, com
bined w

ith ED
S analysis.

Platelets stained w
ith A

F647 (cellular platelet protein, false  
color: green) and A

F555 – Phalloidin (false color: red). Top:  
Laser Scanning M

icroscopy fluorescence im
age. Center: SEM

  
im

age. Bottom
: O

verlay. Courtesy of D
. W

oulfe &
 J. Caplan,  

U
niversity of D

elaw
are, U

SA
. 
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ZEISS G
em

in
iSEM

 Fam
ily: Yo

ur Flexib
le C

h
o

ice o
f C

o
m

p
o

n
en

ts

A
irlo

ck

ST
EM

P
lasm

a C
lean

er

In situ clean
in

g
 /  

Local C
harge C

om
pensation

W
D

S

EB
SD

ED
S
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ZEISS G
em

in
iSEM

 Fam
ily: Yo

ur Flexib
le C

h
o

ice o
f C

o
m

p
o

n
en

ts

Selected D
etectors and A

ccessories
D

etectors and A
ccessories O

ffer
ZEISS G

em
iniSEM

 500
ZEISS G

em
iniSEM

 450
ZEISS G

em
iniSEM

 300

Inlens SE D
etector (Inlens secondary electron)

U
ltra-high resolution surface inform

ation
z

z
z

Inlens BSE D
etector (Inlens energy selective backscatter)

M
aterial contrast

|
|

|

Cham
ber SE D

etector
Topographical inform

ation
z

z
z

V
PSE D

etector
H

igh efficiency im
aging in variable pressure m

ode
z

* 
z

*
z

*

A
sB4 D

etector (angular selective backscatter)
Com

positional and crystallographic contrasts, 3D
 surface m

odeling
–

|
|

aBSD
 D

etector
6 segm

ent backscattered electron detector w
ith up to 4 parallel channels  

for com
positional and crystalline surface analysis, 3D

 surface m
odeling

|
|

|

aSTEM
 D

etector (annular STEM
)

7 segm
ents transm

ission electron detection for high resolution  
transm

ission im
aging

|
|

|

ED
S D

etector (energy d
ispersive spectroscopy)

Elem
ental analysis

|
|

|

EBSD
 D

etector (electron backscatter d
iffraction)

Investigation of crystalline orientation
|

|
|

CL D
etector 

M
aterial characterization by cathodolum

inescence
|

|
|

W
D

S D
etector (w

avelength d
ispersive spectroscopy)

H
igh energy resolution elem

ental analysis
|

|
|

3D
SM

 (3 d
im

ensional surface m
odeling)

M
odule for real tim

e three dim
ensional surface m

odeling
|

|
|

80 m
m

 A
irlock

Sam
ple transfer in less than 45 seconds

|
|

|

Plasm
a Cleaner

G
entle rem

oval of sam
ple contam

ination
|

|
|

N
anoV

P
Variable Pressure vacuum

 up to 500 Pa to reduce charging effect of  
non-conductive sam

ples 
|

|
|

Local Charge Com
pensation

Local gas injection to reduce charging effect of non-conductive sam
ples

|
|

|

Local Charge Com
pensation and In situ O

xygen Cleaning
In situ cleaning of sam

ple surface, reducing charging effect  
of non-conductive sam

ples
|

|
|

Tandem
 decel

Beam
 deceleration of up to 5 kV for resolution and contrast enhancem

ent 
at low

 landing energies
|

|
|

z
 included   |

 optional

*included in N
anoVP option
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Tech
n

ical Sp
ecifi

catio
n

s

Essential Specifications
ZEISS G

em
iniSEM

 500
ZEISS G

em
iniSEM

 450
ZEISS G

em
iniSEM

 300

Resolution*
0.4 nm

 @
 30 kV (STEM

)
0.6 nm

 @
 30 kV (STEM

)
0.6 nm

 @
 30 kV (STEM

)

0.5 nm
@

 15 kV
0.7 nm

 @
 15 kV

0.7 nm
 @

 15 kV

0.9 nm
 @

 1 kV
1.1 nm

 @
 1 kV / 500 V

1.2 nm
 @

 1 kV

0.8 nm
 @

 1 kV TD
1.0 nm

 @
 1 kV / 500 V TD

1.1 nm
 @

 1kV TD

1.0 nm
 @

 500 V
1.5 nm

 @
 200 V

–

A
nalytical Resolution

–
2.0 nm

 @
 15 kV, 5 nA

, W
D

 8.5 m
m

–

Inlens BSE Resolution
1.0 nm

 @
 1 kV

1.2 nm
 @

 1 kV
1.2 nm

 @
 1 kV

Resolution in Variable Pressure m
ode (30 Pa)

1.4 nm
 @

 3 kV
1.4 nm

 @
 3 kV

1.4 nm
 @

 3 kV 

1.0 nm
 @

 15 kV
1.0 nm

 @
 15 kV

A
cceleration Voltage

0.02 - 30 kV

Probe Current
3 pA

 - 20 nA
(100 nA

 configuration also available)
3 pA

 - 40 nA
(100 nA

 or 300 nA
 configuration  

also available)

3 pA
 - 20 nA

(100 nA
 configuration also available)

M
agnification

50 – 2,000,000
12 – 2,000,000

12 – 2,000,000

Electron Em
itter

Therm
al field em

ission type, stability better than 0.2 %
/h

D
etectors available in basic configuration

Inlens Secondary Electron detector

Everhart Thornley Secondary Electron detector

H
igh efficiency VPSE detector (included in variable pressure option)

Selected O
ptional D

etectors
–

A
ngular selective backscattered detector (A

sB4)

A
nnular STEM

 detector (aSTEM
4)

Store Resolution
U

p to 32k × 24k pixels

Specim
en Stage

5-axes m
otorized eucentric specim

en stage

X = 130 m
m

; Y = 130 m
m

Z = 50 m
m

T = -4º to 70º

R = 360º (continuous)

A
dditional stage options available on request

* U
pon final installation, the resolution is proven in the system

s acceptance test at 1 kV and 15 kV in high vacuum
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Because the ZEISS m
icroscope system

 is one of your m
ost im

portant tools, w
e m

ake sure it is alw
ays ready  

to perform
. W

hat’s m
ore, w

e’ll see to it that you are em
ploying all the options that get the best from

  

your m
icroscope. You can choose from

 a range of service products, each delivered by highly qualified  

ZEISS specialists w
ho w

ill support you long beyond the purchase of your system
. O

ur aim
 is to enable you  

to experience those special m
om

ents that inspire your w
ork.

R
ep

air. M
ain

tain
. O

p
tim

ize. 

A
ttain m

axim
um

 uptim
e w

ith your m
icroscope. A

 ZEISS Protect Service A
greem

ent lets you budget for  

operating costs, all the w
hile reducing costly dow

ntim
e and achieving the best results through the im

proved 

perform
ance of your system

. C
hoose from

 service agreem
ents designed to give you a range of options and 

control levels. W
e’ll w

ork w
ith you to select the service program

 that addresses your system
 needs and  

usage requirem
ents, in line w

ith your organization’s standard practices.

O
ur service on-dem

and also brings you distinct advantages. ZEISS service staff w
ill analyze issues at hand 

and resolve them
 – w

hether using rem
ote m

aintenance softw
are or w

orking on site. 

En
h

an
ce Yo

ur M
icro

sco
p

e System
. 

Your ZEISS m
icroscope system

 is designed for a variety of updates: open interfaces allow
 you to m

aintain  

a high technological level at all tim
es. A

s a result you’ll w
ork m

ore efficiently now
, w

hile extending the  

productive lifetim
e of your m

icroscope as new
 update possibilities com

e on stream
.

Profit from
 the optim

ized perform
ance of your m

icroscope 
system

 w
ith services from

 ZEISS – now
 and for years to com

e.

C
o

un
t o

n
 Service in

 th
e True Sen

se o
f th

e W
o

rd

>
>

 w
w

w
.zeiss.co

m
/m

icro
service

3333
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