
Ektron Microscope 



The Merits of 400kV Are Given the Fullest Play inThis Next-Generation EM. LPX(ET~U PPSIT~O" PIISC-E 
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under analysis is obtained. Improved spatial 
resolution and improved PIE! ratio are also 
essential to an electron microscope that is 
equipped with an Energy Dispersive X-ray 
Spectrometer (EDS) and Energy Loss 
Spectrometer (ELS), not only for analyzing 
specimen ultramicroareas in the Transmis- Cancra chamber 

sion Electron Microscope (TEM) mode while 
accurately maintaining the above corre- 
spondence, but also for obtaining information 
on the binding state of elements. If the 
specimen thickness is constant, the higher 
the electron beam energy, the smaller is the 
spread of electron beam scattertng within the 
specimen. And the higher the accelerating 
voltage, the higher is the PIB ratio of ED5 
and ELS. On the other hand, increased 
acceleratlng voltage Increases the syste 
noise generated at the aperture, energy 
and other portions. Thus an 

Why a 400kV electron microscope now? 
What are required of today's electron micro- 

As an electron microscope with high 
penetrating power 
The electron beam is subjected to nonetastc- 
scattering and therefore to energy loss, thus 
resulting in image blur. The thicker the 
specimen, the more unclear appear its micro- 

structures, thus reducing the amount of 
information obtainable on three-dimensional 
structures. 
Theoretically, the penetrating power of the 
electron beam depends upon the veloclty of 
the electron beam, therefore, an electron 
microscope wlth a higher acceleratlng 
voltage has a greater penetratlng power. A 
400 kV accelerating voltage is effective also 
for the observation of a thick specimen with 
a threedimensional spread 

Features 

scopes are the observation of molecular- and 
atomic-level structures of biological speci- 
mens and solid materials, observation of their 
threedimensional structures, and elementary 
analysis of specimen ultramlcroareas and, if 
possible, the identification of individual atoms. 

High resolution 
'he JEM-4000FX offers a theoretical resolut~on of 

0 19 nm as an analytical electron microscope 
uslng a fully eucentrlc slde entry gon~ometer 
(AHP40S) 

As a high resolution electron 
microscope 
Theoretical resolution is higher in an EM of 
higher accelerating voltage which makes the 
wavelength (l) of the electron beam shorter. 
With the increase of the accelerating voltage, 
however, the specimen is inevitably more 
damaged by beam irradiation. The highest 
possible voltage that is lower than the critical 
voltages which cause beam irradiation 
damage to many types of materials is 400 kV. 
The spherical aberration coefficient (Cs)- 
another important factor for theoretical 
resolution-inevitably becomes larger with 
the increase of the accelerating voltage. The 
400 kV accelerating voltage is a rational one 
in that it practically minimized Cs X3 
(theoretical resolution) in an analytical EM 
that effectively detects various types of 
signals generated by the interaction between 

0 Newly designed 5-stage L 

system 
The probe dlameter can be changed over a w~de 
range from 2 pm to 2 nm In the TEM mode uslng a 
4-stage independent condenser lens and the 
condenser freld of a condenser objective (C/O) lens. 
The illuminating system is equipped with the cu- 
selector functlon that can change the llluminatlng 
angle at will while malntainlng the prove d~ameter- 
a useful function in cmvergent beam electron 
dtffraction (GEED) 

Newly designed 6-stage imaging system 
The newly des~gned 6-stage lmaglng system can 
change the magnlf~cation over a wlde range from 
a very low magnlf~cat~on of 60x to a hlgh magn~fl- 
catlon of 1,200,000x and prov~des a hlgh qual~ty 
Image (AHP40S) 

Clean specimen environment 
The JEM serles electron microscopes have been 
developed and engineered w~th the des~gn 
ph~losophy "Keep the speclmen envlronment 
clean " Equipped wrth a 150PIsec sputter Ion pump 
for the speclmen chamber, rad~al evacuat~on 
system, cyllndrlcal anti-contam~nat~on trap, metal 
bellows, metal gasket seal, lens llner tube, 
differential pumping apertures for the projector 
lenses, and column bakeout mechan~sm, the JEM- 
4000FX prov~des a clean spectmen envlronment 
When ~t IS not used at n~ght or over the weekend, 
the speclrnen envlronment can be kept clean by the 
energy saving mode, In whlch only the Ion pumps 
for the acceleratlon tube and the speclmen 
chamber are run, wlth the pumps for the camera 
chamber and vlewlng chamber shut down 

As an electron microscope with high- 
precision ultramicroarea analysis 
capability 
The analysis of ultramicroareas is meaning- 
less unless the correspondence between the 
fine structure under observation and that 

electrons that have undergone energy loss when 
transm~ttlng the speclmen 

High-brightness electron gun 
The acceleratlon tube conslsts of 12 electrodes. It 
IS evacuated by a 75Plsec sputter ion pump for ~ t s  
exclusive use and maintamed In a clean vacuum, 
making ~t possible to use the standard high- 
brightness single crystal LaB, cathode. Also the 
emitter tip high-voltage stabilization method 
provides a highly stabillzed electron beam even 
when the bias voltage is changed. 

Safety provision 
The JEM-4000FX IS complete w~th safety devlces 
agalnst such troubles as power failure, water 
failure, and erroneous operation, For operator 
safety, X-rays are shielded in compliance with the 
IEC recommendat~ons and pertinent Japanese 
laws and regulat~ons Also an area monitor 
(option) can be Installed 

Ease of installation, operation and 
maintenance 

The JEM-4000FX IS deslgned for ease of 
operation and ma~ntenance. It can be Installed ~n 
an ordlnary room measuring 5 m wtde x 7 m deep 
x3 2 m h~gh (ce~l~ng) or more. 

An abundance of functions to cope 
with a wide range of applications 

Because of the employment of a 16-b~t CPU and 
the state-of-the-art computer technology, the JEM- 
4000FX offers the following advantages *Free 
Lens Control (optlon) that allows settlng the 
deslred lens exc~tatron and alignment cond~t~ons 
020-channel User's Funct~on memory that can 
store those condlt~ons for later readout, as 
necessary 05-channel dark-fleld memory that 
allows easy comparison of low- and h~gh-order 
darkfield Images a5-channel OL stlgmator 
memory that facllltates the observat~on of mag- 
netlc mater~als 05-channel speclmen pos~t~on 
memory that can store 5 speclmen positions w~th 
comments 

Upgradable into an analytical electron 

the electron beam and specimen. 

microscope 
For the JEM-4000FX IS available a large var~ety of 
attachments, such as the Scannlng Image 
Observation Devlce (ASID). Energy D~epers~ve 
X-ray Spectrometer (EDS), Energy Analyzer (ASEA), 
and varlous types of speclmen holders The use of 
these attachments prov~des lnformatlon carrled by 
secondary electrons, backscattered electrons 
and X-rays from the speclmen, and transmttted 

accelerating voltage of 400 kV is 
ideally suited as the hlghest 
possible voltage that holds the 
system noise at the lowest level. 

- The JEM4CWFX is a new analysis-oriented 400kV electron 
microscope designed for researchers working in advanced fields 
of materials science, such as semiconductors, new materials, and 

3 catalysts. It represents JEOL's total capability of electron 
, microscopy that has been acquired in the past over 30 years. 

Analytical configuration 



S~ecimen: ~olvcrvstall~ne silicon 

I Se A w n 
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X-ray spectrum of catalyst by UTW detector - 
Si(ll1)zone axls convergent-Deam electron alrtractlon (LBu) pattern 



I .EiU--FX Performance 

Gu@ranteed Resolution 
TEM Latt i i  image 

Point image 
STEM edge to edge 
SEM edge to edge 

Acteleralng Voltage 

014 nm 0.14 nm 
0 22 nm 0 26 nm 
1 nrn 1 nm 
1 nrn 2 nm 
200, 250, 300, 350, 400 kV 100, 150, 200, 250, 300, 

350,400 kV 
Min. step 1 OOV 1 00v I Gt@ility 2 x 10dlmln. 2 x  IOYmln 

Objective Lenr 
Focal length 3.1 mm 
+cal abetfration 1.8 mm 
Chmmfrc abrrabon 2 2 mm 
Mln, tsacrrS step 1 5 nm 
SWl~ ty  I x 10dlm~n 

Bpdm Diameter (steps) 
%M L [Fi:Fare f m s  mode) 2-0.02 fl$ (8) 

S (Super focus mode) 50 - 2 nm9 (8) 
SEMISEM 20 - 2 nm+ (3) 

Mggnification (steps) 
TEM MAG 5,000- 1,200,000X (25) 

- E M  LOW MAG 60-3,000X (18) 
TEM SA MAG 25,000 -250,MMX (1 1) 
STEM MAG 2,000-800,~X (27) 
SEM MAG 2,000 - 800,QeoX (27') 
SEM LOW MAG 3 0 0 X  (1 

Diffraction (steps) 
TEM SA DIFF 0.2-3 nm . mrn (13) 
E M  HD RIFF 6-90 nm 9 mm (13) 
E M  HR DIFF 30 cm (1) 

~ k m g  angJe *25°-;t150 (11) 
_ -M micro DlFF 02-3nm mm(13) 
Max. eBD angle 15 mrad (2 nm4) 

16O 

025-4 nm . mm (13) 
6-90 nm . mm (13) 
30 cm (1) 
+2.5O- a15O (11) 
0.25 - 4 nrn . mm (1 3) 
20 mrad (6 nm$) 
16' 

(option EM-ASID40) 
(option EM-ASID40) 

(option EM-ADLO) 
(option EM-ASID4O) 
(option EM-ASID4O) 

6 tilt anglew t3O (X, Y) a3" (X, Y) 

. Specimen Chamber 
Number of spec~rnendload 2 2 
Tilt angle t15*  + 45O 

8 m m O  

Installaeon ~ayout 
Un~t mrn 

1 - 5 6 4 0  I ' I  

Installation Requirements 
- - -  - 

Environment 
Floor space: Min. 5,000W x 7,000D (mm) 
Ceiling height: Min. 3,200 mm 
Entrance: Min. 1,600W x 2,000H (mm) 
Temperature: 15OC to 20°C 
Humid~ty Less than 60% 
Floor vibration: lPm(2Hz), Z~m(3 - 9Hz). 

3qn(lOHz- ) 
Stray magnetic field: 0 3 PT (3 mG), fluctuation 

less than 0.1 fiT (1 mG) 
• Power dphase, X)f) Y, 

20 kVA (60 A) (ncludlng 
. n 1 ASID40, ASEA40, CP10, 
41 ' A,,% DSClO or DSC20) Lr:?. y, Tolerable fluctuation * 10% 

Ground term~nd One, Less than 100 0 
a Water 
Flow rate: 1 Ollmin. 
Pressure. 0.2 to 0.5 MPa 

(2 to 5 kglcmr) 
Temperature: 15OC to 20°C 
Faucet. One, IS0 1/2", female 

One, natural drain, I.D. 
more than 25 mrn 

- . . , #. 
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