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Fabricate sub-10 nm
 nanostructures w

ith speed and precision w
ith your 

O
RIO

N
 N

anoFab. U
se its neon beam

 to m
achine nanostructures at great 

speed and achieve high throughput. U
se the helium

 beam
 to create delicate 

sub-10 nm
 structures that dem

and extrem
ely high m

achining fidelity. 
Equip your O

RIO
N

 N
anoFab w

ith the optional gallium
 FIB colum

n and it 
becom

es one of a kind: the only system
 in the w

orld that covers the com
plete 

range of m
icrom

achining to nanom
achining applications using gallium

, 
neon and helium

 ion beam
s integrated into a single instrum

ent.

T
h

ree Io
n

 B
eam

s fo
r En

h
an

ced
 Flexib

ility in
 Sub

-1
0

 n
m

 Fab
ricatio

n
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Sim
p

ler. M
o

re In
tellig

en
t. M

o
re In

teg
rated

. 

Fast M
ach

in
in

g
 o

f sub
-1

0
 n

m
 Structures

C
reating nanostructures w

ith feature sizes sm
aller 

than 10 nm
 is not possible w

ith traditional 

gallium
 FIBs. U

sing neon and helium
 ion beam

s 

in O
RIO

N
 N

anoFab, you can m
ake delicate 

sub-10 nm
 structures that dem

and extrem
ely 

high m
achining fidelity w

ith speed and ease. 

W
hether your application is m

aterial rem
oval 

using sputtering, gas induced etching or 

deposition, or lithography, O
RIO

N
 N

anoFab  

excels in sub-10 nm
 fabrication.

T
h

ree B
eam

s in
 O

n
e In

strum
en

t

Seam
lessly sw

itch betw
een gallium

, neon and  

helium
 beam

s w
ith O

RIO
N

 N
anoFab. U

se optional 

gallium
 FIB to rem

ove m
aterial in the m

icron 

range. Take advantage of the neon beam
 for  

precision nanom
achining of 10-100 nm

 features. 

U
se the helium

 beam
 to fabricate delicate  

sub-10 nm
 structures that dem

and extrem
ely high 

m
achining fidelity. A

void deposit contam
ination 

using neon and helium
 ion beam

s.

H
ig

h
 R

eso
lutio

n
 Im

ag
in

g

Take advantage of the high resolution perfor-

m
ance of your O

RIO
N

 N
anoFab: w

ith im
aging 

resolution of 0.5 nm
, O

RIO
N

 N
anoFab generates 

high resolution im
ages of your sam

ple in the  

sam
e instrum

ent that you used for fabrication. 

O
RIO

N
 N

anoFab especially excels in im
aging  

non-conductive sam
ples due to charge com

pen-

sation technology. G
ain new

 insight from
 im

ages 

w
ith a 5 to 10 tim

es greater depth of field  

com
pared to im

ages acquired w
ith FE-SEM

s,  

and w
ith higher surface sensitivity.
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G
as Field

 Io
n

 So
urce Tech

n
o

lo
g

y 

Takes M
aterial R

em
o

val to
 a N

ew
 Level 

A
 finely sharpened needle is m

ade even sharper through a proprietary process. Individual atom
s are stripped 

aw
ay from

 the source until an atom
ic pyram

id is created w
ith just three atom

s at the very end of the source 

tip – a configuration called the trim
er. This repeatable process can be accom

plished in-situ. O
nce the trim

er  

is form
ed, the tip is m

aintained under high vacuum
 and cryogenic tem

peratures w
ith helium

 or neon gas 

flow
ing over it. A

pplying a high voltage to the needle produces an extrem
ely high electric field at its apex. 

The helium
 or neon atom

s are attracted to the energized tip w
here they are ionized. W

ith ionization  

happening in the vicinity of a single atom
, the resulting ion beam

 appears to be em
anating from

 a region 

that is less than an angstrom
 in size. This produces an extrem

ely bright beam
 that can be focused to an 

extraordinarily sm
all probe size.

A
d

van
ced

 C
o

lum
n  

fo
r U

ltra-accurate B
eam

 Fo
cus

This G
FIS source is com

bined w
ith an advanced 

electrostatic ion colum
n that focuses the beam

 

w
ith sub-nanom

eter precision. M
uch like an SEM

, 

the beam
 is rastered across the sam

ple pixel by 

pixel for im
aging. For nanofabrication, the beam

 

can be controlled to execute an user selected pat-

tern w
ith prescribed dosages.

Im
age of the atom

s at the end of the source tip em
itting helium

 ions.

›   In Brief

›   T
h

e A
d

van
tag

es

›   The A
pplications

›   The System

›   Technology and D
etails

›   Service



SEM
  Focused Beam

 of Electrons

A
rea of 

surface
interaction

Excited
Volum

e

H
IM

  Focused Beam
s of H

elium
 or N

eon Ions

SE1
SE1

SE2
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M
in

im
ize D

iffractio
n

H
elium

 ions are about 7,000 tim
es heavier than  

electrons and neon ions are 40,000 tim
es heavier 

than electrons. Because of this, a helium
 or neon 

beam
 exhibits very little diffraction w

hen passed 

through an aperture or across an edge. D
iffraction is  

a significant problem
 for an SEM

 w
here the diffraction 

effect lim
its its ultim

ate spot size. Since the helium
 or 

neon ion beam
 is not affected by diffraction, it can  

be focused to a very sm
all spot size.

Localized B
eam

-sam
ple Interaction for H

igher R
esolution Im

ages

W
hen an electron beam

 strikes a surface, it is subjected to a beam
 scattering effect caused by interaction w

ith 

the surrounding m
aterial. This results in the em

ission of secondary electrons from
 an area that is som

ew
hat 

larger than the size of the beam
 itself. The sm

aller the area of surface interaction, the higher the ultim
ate  

im
age resolution w

ill be. W
hen the helium

 or neon ion beam
s strike the sam

ple w
ith its larger and heavier  

particles, the particles do not scatter near the surface. This translates into a sm
aller area of surface interaction 

and m
uch higher resolution im

ages for the helium
 ion m

icroscope.

The helium
 and neon ions have a D

eBroglie w
avelength that is 

m
uch sm

aller than an electron beam
 resulting in m

uch less  
diffraction.

Yo
ur In

sig
h

t in
to

 th
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n
o
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g
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Exp
an

d
 Yo

ur Po
ssib

ilities

Fab
ricate U

ltra-fi
n

e Structures 

w
ith

 G
as In

jectio
n

 System
 

Extend the nanofabrication capabilities of your  

O
RIO

N
 N

anoFab w
ith the optional gas injection 

system
. By com

bining a targeted delivery of  

chem
ically active species w

ith a sub-nm
 ion probe 

you w
ill be able to deposit and etch ultra-fine 

structures. Thanks to a higher secondary electron 

yield, the helium
 and neon beam

s provide faster 

etching and deposition rates as w
ell as higher  

purity film
s com

pared to gallium
 beam

 deposits.

N
anopatterning w

ith Three Ion B
eam

s

O
RIO

N
 N

anoFab has m
ultiple patterning and data 

visualization tools. Select betw
een a patterning 

tool that com
es directly w

ith your ZEN
 user inter-

face or decide for the optional advanced nano-

patterning m
odule N

PVE. A
 dedicated 16 bit scan 

generator for each colum
n features dual signal  

acquisiton and supports real-tim
e patterning and 

visualization. C
om

pletely control the beam
 by a 

G
U

I that allow
s you to create a range of fully  

editable shapes including rectangles, trapezoids, 

polygons, lines, polylines, ellipses and spots.
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G
ain Your R

esults Sim
ply and Q

uickly

Profit from
 the ZEN

 im
aging softw

are user inter-

face. C
orrelate sam

ple m
aps betw

een different 

im
aging m

odalities. This user friendly softw
are 

supports patterning, system
 presets and w

izards 

that guide you to form
 the ion source. Easily  

m
anage your experim

ents and create reports. 

A
chieve true correlative w

orkflow
s betw

een  

light-, electron- and ion m
icroscopes by using  

the Shuttle &
 Find softw

are m
odule.

C
orrelate Your D

ata w
ith ZEISS Shuttle &

 Find

The Shuttle &
 Find softw

are m
odule allow

s an 

easy-to-use, productive w
orkflow

 to overlay data 

from
 your light, electron and ion m

icroscopes. 

C
om

bine the optical contrast m
ethods of your 

light m
icroscope w

ith the high resolution  

and excellent surface sensitivity of your ion  

m
icroscope. D

iscover inform
ation about the  

function and structure of your sam
ple.

Profit from
 ZEN

 im
aging softw

are: set up your instrum
ent 

quickly by using preset functions.

Register the fiducials on your correlative sam
ple carrier w

ith 
Shuttle &

 Find.

Exp
an

d
 Yo

ur Po
ssib

ilities
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Typical A
pplications

Task
ZEISS O

RIO
N

 N
anoFab Provides

D
N

A
 Sequencing/N

anopores
M

ake sub-10 nm
 pores in m

ultilayered thin film
s for m

olecular detection  
and sequencing.

O
RIO

N
 N

anoFab offers m
aterial rem

oval at a very fine rate allow
ing 

you to m
ake nanopores in film

s in a single step. 

Photonics/Plasm
onics

Create sm
aller structures w

ith fidelity reaching sub-10 nm
 w

ithout gallium
 

contam
ination of the sam

ple. 
O

RIO
N

 N
anoFab offers fabrication of structures that are too sm

all  
to be m

ade w
ith gallium

 based traditional FIB system
s. 

Lithography
Electron beam

 lithography suffers from
 “proxim

ity effect“ as the patterns 
becom

e dense and sm
all. 

O
RIO

N
 N

anoFab offers lithography w
ithout any proxim

ity effect.

G
raphene

M
ake nanoribbons w

ith sub-10 nm
 w

idth in sensitive m
aterial. 

O
RIO

N
 N

anoFab enables precision cutting of delicate sam
ples such  

as graphene.

Ion Beam
 Induced D

eposition
D

eposit high quality conductive and insulating m
aterial.

O
RIO

N
 N

anoFab enables the deposition of m
aterial w

ithout gallium
 

im
plantation and the consequential changes to physical properties.

O
il and G

as: Shale Rock Im
aging

Identify pores w
ith a diam

eter <5nm
.

O
RIO

N
 N

anofab provides high resolution im
ages of insulating  

rock-core sam
ples.

Tailo
red

 P
recisely to

 Yo
ur A

p
p

licatio
n

s
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ZEISS O
R
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 at W
o
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P
lasm

o
n

ic Structure Fab
ricatio

n    
C

ircuit A
n

alysis
Lith

o
g

rap
h

y

O
RIO

N
 N

anoFab is ideal to m
ake sub-10 nm

  

structures by sputtering. M
uch sm

aller structures 

w
ith better accuracy can be m

ade than w
hat is 

possible using a gallium
 FIB.

O
RIO

N
 N

anoFab is ideal for m
aking cuts and  

conductive connections in sem
iconductor circuit 

analysis applications. 

O
RIO

N
 N

anoFab is ideal for lithography as photo-

resist can be exposed w
ithout proxim

ity  

effects using helium
 and neon beam

s resulting in 

sm
aller and m

ore uniform
 features than w

hat is 

possible using electron beam
 lithography. 

A
 plasm

onic antenna fabricated in 3 steps in a gold film
 using 

gallium
, neon and helium

 ion beam
s.

Rectangular hole m
illed through approxim

ately 300 nm
 of  

dielectric to expose buried copper lines in a sem
iconductor chip. 

Fabrication: neon, im
aging: helium

.

6 nm
 nested lines in H

SQ
 fabricated by helium

 ion lithography.
Courtesy of: H

P Labs
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ZEISS O
R
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 N
an

o
Fab

 at W
o

rk 

2
0

 n
m

20 nm
 (left) and 10 nm

 (right) suspended nano-ribbons in  
graphene created by ion m

illing. Fabrication and im
aging:  

helium
. Courtesy of D

. Pickard, N
ational U

niversity of Singapore.

Scanning transm
ission electron m

icrograph of an array of 4 nm
 

diam
eter nanopores drilled through a 30 nm

 silicon nitride 
m

em
brane. Pores w

ere drilled in about 1 second each.  
Fabrication: helium

, im
aging: electron. Courtesy of A

. H
all, JSN

N
.

100 nm
 w

ide tungsten w
ire deposited on a test structure.  

Fabrication: neon, im
aging: helium

.

1
0

0
 n

m

A
rray of platinum

 nano-pillars (pillars: 35 nm
 diam

eter, tight  
array pitch: 50 nm

), exam
ple of the helium

 ion beam
 deposition 

capability. Fabrication and im
aging: helium

.
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Yo
ur Flexib

le C
h

o
ice o

f C
o

m
p

o
n

en
ts

O
p

tio
n

s

G
a FIB

 co
lum

n

Single needle gas injection system
(G

IS) w
ith up to three sim

ultaneous
precursors (W

, Pt, PM
C

PS, TEO
S,  

W
ater, X

eF
2 ) 

State of the art gallium
 colum

n 
for high rate ion m

illing w
ith a 

resolution of 3 nm
 @

30 kV, 1 pA
 

beam
 current. 

G
IS
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Tech
n

ical Sp
ecifi

catio
n

s

Product N
am

e
D

escription

O
RIO

N
 N

anoFab
Scanning ion m

icroscope

G
as Field Ion Source (G

FIS) and colum
n including helium

 and optional neon source gas operation

A
dvanced N

anopatterning

ET secondary electron detector

Electron flood gun for charge com
pensation

5 axis m
otorized stage

A
dvanced w

orkflow
 based user interface on 64 bit W

indow
s 7

® operating system

Pow
ervar Security Plus uninterruptible pow

er supply

G
FIS Colum

n
Field of view

: 800 µm
 – 100 nm

 @
 8 m

m
 w

orking distance

H
elium

 Ion Beam
Resolution: 0.5 nm

 @
30kV

Beam
 energy: 10 – 30 kV

Beam
 current: 0.1 to 100 pA

*

N
eon Ion Beam

Resolution: 1.9 nm
 @

 25kV

Beam
 energy: 10 – 25 kV

Beam
 current: 0.1 to 50 pA

Cham
ber

Internal dim
ensions: 280 × 280 × 260 m

m
 (L × W

 × H
)

Plasm
a cleaner

80 m
m

 loadlock

Custom
izable access door

6 line of sight ports for options

Tim
e to transport sam

ple: 3 m
inutes

Sam
ple Stage

M
otorized 5 axis eucentric stage

x, y, z, r are all piezo driven

O
rder of stage stracking (bottom

 to top): tilt, y, x, rotate, z

Stage travel: x = 48 m
m

, y = 48 m
m

, z = 8 m
m

Rotation: 0 - 360°

Tilt: 0 – 54°

Coincidence point for gallium
 FIB option is nom

inally at 8 m
m

 helium
/neon beam

 w
orking distance                               
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Tech
n

ical Sp
ecifi

catio
n

s

Product N
am

e
D

escription

D
etector

Everhart Thornley Secondary Electron D
etector

Source Cooling
Liquid nitrogen, on-board D

ew
ar w

ith com
puter controlled autofill

Vacuum
 System

Fully autom
atic, pneum

atic colum
n isolation valve

Tw
o 450 L/sec M

ag-Lev turbom
olecular pum

ps backed by oil-free and particle-free roughing pum
ps

O
ne 40 L/sec ion pum

p

Ionization gauge for high vacuum
 m

easurem
ent 

Pirani / M
agnetron gauge for m

easurem
ent of pressure in sam

ple cham
ber

Cam
era

Cam
era for view

ing sam
ple position

Scan and A
cquisition System

Im
age size: up to 2 k × 2 k pixels

D
w

ell tim
e: 100 ns – 100 m

s

64 k × 64 k D
AC for beam

 positioning

A
uxiliary inputs for detectors

External input for third party scan control

Charge Com
pensation

Low
 energy electron flood gun

Line by line or fram
e by fram

e m
ultiplexing

U
ser Interface and Softw

are
A

dvanced w
orkflow

 based user interface on 64 bit W
indow

s 7
® operating system

ZEN
 U

ser Interface on 64 bit W
indow

s 7
® operating system

Inbuilt N
anopatterning Capabilities

O
ptional: Shuttle and Find for Correlative W

orkflow
s

System
 Presets and Source Form

ing W
izards

Region of analysis and im
age analysis functions including FFT, CFT (contrast transfer function), and Pow

er Spectrum
 Function

›   In Brief

›   The A
dvantages

›   The A
pplications

›   The System

›   Tech
n

o
lo

g
y an

d
 D

etails

›   Service



14

Tech
n

ical Sp
ecifi

catio
n

s

O
ptions

D
escription

G
allium

 FIB
G

allium
 Focused Ion Beam

 w
ith Liquid M

etal Ion Source (LM
IS)

Resolution: 3 nm
 @

 30 kV, 1 pA

Beam
 energy: 1 – 30 kV

Beam
 current: 1 pA

 – 100 nA

Source life: 2000 µA
h

G
as Injection System

Single needle gas injection system
 (G

IS) w
ith a choice of 3 precursor gases out of 6 (Pt, W

, PM
CPS (siloxane), TEO

S, XeF
2 , and w

ater)

N
anopatterning and V

isualization Engine
(optional)

D
ual Signal acquisition m

odules

N
anopatterning and Visualization Engine Softw

are

Recipe builder

G
rayscale bitm

ap N
anoPatterning

D
eflection lists

A
rray builder

Real tim
e im

age processing &
 FFT

A
utom

ated drift correction
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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
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