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Abbreviations

Abbreviation
BSE

EDS

SE

SEM

WD

Description

Backscattered electrons

Energy dispersive X-ray spectrometry
Secondary electrons

Scanning electron microscope
Working distance



1. Introduction

The Geo Lab at the Natural History Museum, University of Oslo, is equipped with a Hitachi S-3600N
Scanning Electron Microscope (SEM), installed in 2004, which is suitable for high-resolution imaging
of geological materials (minerals, microfossils) and semi-quantitative X-ray microanalysis of both
conductive and non-conductive specimens.

The Hitachi S-3600N SEM can be operated in two modes:

= High-vacuum (HV) mode (< 1 Pa). Used for high-resolution imaging and semi-quantitative X-
ray microanalysis of conductive samples or coated samples.

» Variable pressure (VP) mode (10-200 Pa). This allows observation of non-conductive
samples in their natural state or in a wet condition, without the need for coating.

Instrument features:
* High-resolution secondary (SE) and backscattered (BSE) electron detectors.

= Bruker XFlash® 5030 energy dispersive X-ray detector (EDX), running on Quantax 400 (Esprit
1.9), for semi-quantitative elemental analysis and hyperspectral mapping, with <127 eV
FWHM at MnKa energy resolution.

= Large chamber accommodating samples up to 150 mm in diameter and ~50 mm in height.

» A 5-axis motorized stage with eucentric tilt (0 — 52°, depending on sample size) and 360°
rotation.

Sample preparation equipment:

Electrically insulating samples may be coated with a thin layer of conducting material, e.g. carbon,
gold or some other metal alloy. The choice of material depends on the data to be acquired; carbon
is most desirable for elemental analysis, while metal coatings are most effective for high-resolution
imaging.

= Agar Auto Carbon Coater B7367A, designed to evaporate conducting carbon layers.

= Jeol Fine Coat lon Sputter JFC-1100, with a PtPd metal alloy target.

Operation of this instrument is restricted to trained personnel familiar with the analyze system as
well as the product documentation, general safety precautions, and laboratory rules. New users
need to undergo a training period before they are allowed to work with this equipment
independently. Contact the laboratory manager or deputy (e.g. your supervisor, your group leader,
or your contact person at NHM) if you want to be trained to operate this instrument independently.



2. Hygiene and safety in the laboratory

2.1. General safety rules

All equipment in this laboratory uses high-voltage.

Laboratory users are NOT allowed to:

° Walk in the back of the equipment

° Touch equipment or computer cables

° Remove protection covers of the equipment
° Touch the interior of the equipment

Not attending these rules can lead to:
° Electrocution

° Burns

2.2. Emergency contacts

Fire: 110
Ambulance: 113

Police: 112

In case of unexpected incidents during the use of the equipment (for example if an alarm
goes off), contact immediately one of the persons listed below.

Lab manager, Nélia Castro

tlf: 228 51641 e-mail: nelia.castro@nhm.uio.no

Associate Professor, Henrik Friis

tlf: 228 51622 e-mail: henrik.fris@nhm.uio.no



2.3. Other rules

= The computers in this lab are not for personal use (e.g. e-mail or internet search); their use
is limited to data collection and data processing.

= Users are only allowed to use the computer(s) of the instrument they have booked.

= Users are not allowed to connect any device (including USB devices) to the computers in
this lab.

= The use of laptops in the laboratory shall be avoided. Users are welcome to use the
common area outside the laboratory to work in between analysis (computers available for
UiO users).

= |f the users need to connect a personal device to the electricity (e.g. laptop, mobile, etc.),
the electricity plugs available in the column in the middle of the room must be used.

=  Food or drinks are not allowed in the lab.

2.4. Safety summary for Hitachi S-3600N

Personal injuries can result from the inappropriate use of the instrument. The following warnings
apply to the use of the Hitachi S-3600N SEM:

WARNING Consequences Safety measures
Beware of high voltage! Electric shock can cause fatal or DO NOT remove the protective
serious injury. covers from the instrument.

Do not disconnect the high-voltage
cable.

Beware of high temperature! Can cause burns. DO NOT remove the protective
covers from the instrument.

Beware of radiation! Exposure to radiation. SEM is serviced and safety checked
regularly.

The sample chamber is shield to stop
the scape of any radiation and
interlocked, meaning that cannot be
opened when in use.

The operator will not be exposed to
X-rays or any radiation when the
machine is in working under normal
working mode.

DO NOT deviate from normal
working mode.

NEVER try to override the interlock.




The following cautions should be taken when using the Hitachi S-3600N SEM:

Action

Consequences

Safety measures

Prolonged use

Eye strain, tiredness, and
musculoskeletal strain or injury.

Take regular breaks (about 10-15
minutes break per hour during
operation).

Adjust height of the seat, so that the
back and neck and upright.

Opening and closing the specimen
chamber to exchange sample

Personal injuries caused by jamming
your hand.

Handle the specimen chamber with
care.

Damage to the instrument can result if the following prevention measures are not contemplated
when using the Hitachi S-3600N SEM:

Instrument part

Danger and consequences

Prevention measures

BSE detector

The BSE detector is vulnerable to
shock. If the surface of its
semiconductor element is flawed
due to any shock, degradation in
performance could result.

Always leave the BSE detector in the
OUT position when not using the
instrument.

Always use the camera unit to
control the movements of the BSE
detector and/or specimen inside the
chamber.

Before inserting or withdrawing the
BSE detector, be sure to move the
specimen to the specimen exchange
position (see Sections 3.4 and 7.2 for
details).

When loading a new sample make
sure to check the specimen height
using the height gauge (Section
6.2.1).

Before proceeding to observation,
specify a specimen size value and a
specimen height offset value
properly on the Stage Control dialog
box (Section 6.2.2).

NOTE: Be aware that the minimum

WD for BSE detector is 7 mm. There
is no sound alarm if you exceed the
minimum WD.

CL detector

The CL detector and the BSE detector
cannot be used at the same time.
The CL detector will shock with the
BSE detector if inserted before
withdrawing the BSE detector.

Always withdraw the BSE detector
before inserting the CL detector (and
vice-versa).

Use the same prevention measures
mentioned to the BSE detector when
it comes to monitor the movement
of the CL detector and specimen
inside the chamber, loading new




The CL detector is sensible to light
(e.g. from the camera unit inside the
chamber or room light when the
chamber is vented).

samples, and proceeding to
observation.

Make sure the CL detector is OFF
before turning on the camera unit
and before opening the chamber.




3. Configuration

3.1. Appearance of Hitachi S-3600N

Figure 1 shows the appearance of the Hitachi S-3600N.
column unit and the display unit.

The instrument has two main units: the

-

Column unit

Display unit

Fig. 1: Appearance of the Hitachi S- 3600N.



3.2. Control knobs and switches on column unit

Figure 2 shows the appearance of the column unit.

Secondary electron Cathodoluminescence
detector (SE) detector (CL)

Electron gun Energy-dispersive
X-ray spectroscopy
detector (EDS)

Column

Objective movable
apperture

Backscattered
electron detector
(BSE)

Specimen
goniometer stage

Specimen chamber

Evacuation control
panel

Specimen chamber
EVAC/DISPLAY

POWER switch
Specimen goniometer

stage — open position

Fig. 2: Appearance of the column unit.



3.3. Control knobs and switches on display unit

Figure 3 shows the appearance of the display unit.

SEM and EDS CL
keyboard and mouse keyboard and mouse

SEM monitor EDS monitor CL monitor

Camera unit

Camera monitor
Trackball

Rotary knob unit

EDS / CL switch

SEM computer CL computer

EDS computer

Fig. 3: Appearance of the display unit.

The camera unit and monitor are used to visualize the inside of the specimen chamber and monitor
the movement of the specimen goniometer stage.

The EDS / CL switch is used to switch between the EDS and the CL detectors. CAUTION: The CL
detector and the BSE detector cannot be used at the same time. Check the prevention measures
that apply to the CL detector in Section 2.3.

The trackball is used to move the specimen stage on the X and Y axes.

The rotary knob unit is used to adjust the image magnification, contrast, brightness, focus and
astigmatism. Figure 4 shows the appearance of the rotary knob unit.

- Magnification knob is used to change magnification. Buzzer sounds upon reaching lowest or
highest magnification.

- Contrast and brightness knobs are used to adjust contrast and brightness of image. Turning
contrast clockwise increases the contrast. Turning the brightness clockwise make the image
brighter. If the busser sounds, it indicates the limit of the adjustable range.

- Focus knob is used to adjust the focus. The variation degree of this knob is linked with
magnification, and the lower the magnification, the larger the variation in focus. First adjust
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the focus roughly at low magnification, then increase the magnification and finely adjust the
focus.

- Stigmator/aligment XY knobs are normally used to correct astigmatism. IMPORTANT: Do not
use these knobs without the presence of the laboratory manager.

- Image shift/multi function X/K1 Y/Kz knobs are assigned the functions given in the rotary
knob K1, K2 display area of the status bar. IMPORTANT: Do not use these knobs without the
presence of the laboratory manager.

MAGNIFICATION

Fig. 4: Appearance of the rotary knobs unit.

3.4. BSE detector

The BSE detector it is situated in the left side of the column unit. CAUTION: The BSE detector is
vulnerable to shock. Check the prevention measures that apply to the BSE detector in Section 2.3.

Figure 5 shows the BSE detector in the position OUT (left) and COMPO/TOPO mode (right)
respectively. For observation of composition and topographic images insert the BSE detector fully,
COMPO/TOPO mode. For observation of 3D images insert the BSE detector to the midpoint position
(not pictured in the image). In order to move the BSE detector pull up the lock knob.

BSE lock knob

BSE detector

Fig. 5: Detail of the column where BSE and EDS detectors are visible. BSE detector can be seen in the position OUT (left)
and COMPO/TOPO (right). EDS detector it is in INN position in both images.
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3.5. EDS detector

The EDS detector is situated in the left back side of the column unit. Figure 5 shows the EDS
detector in the position INN. In order to move the EDS detector the screw in the back of the
detector has to be turned. The EDS detector can be left at the position INN at all times since there is
no incompatibility between the EDS detector and other detectors.

3.6. SEM software

The software Hitachi S-3600, installed in the SEM computer, is used to control the operation of the
SEM, including the BSE and SE detectors. Described next is the operation window (Fig. 6) used to
control the Hitachi S-3600N.

Menu bar HV
indication/control Stage Control
menu

Scanning Image
display window

Tool bar

i HITACHI 5-3600 _|&] =]
FilelF) Edit(E) Setup(S) Operate(C) Scan(h) age(l) View(¥) Analysis(A) Option(0} Tool(T)  Window(W)  Help(H)

v contral |
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Scan | Output_| Sample Size/ Detectors
» olg 2|0 _oo | S Height =
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Run T¥ JSlow 1 SlowS| Red | Monit
QU NEE I Faraday
Speed ¥ xRV Zmit
L. " HIW imagenavigationTool

HivIR
16.0

Amm) imm)

100.000 | 55.000 L

™ Eucentric

0| [
Spot | Area

840
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vo= 6o | @0 1390
zm"%msnumm] m
e e W [

Titt [15.0 ~ 66.0deg]
T | B TR
™ Eucentric Tilt Go Position

Image Navigation Taol |

I” Focus Link It Holder:

Memary |
WY Slep Mowe St
I Over Drive H(mm)  Y{mm) I Step Mode

100 [ 100 Set
Eucentric Calibration

Sarmple Calibration
Stage Calibration

Close
[vac ]

& SEM (High Yacuum Mode)
" WP-SEM (Lowe Viacuum ot

Yacuum

‘,—HHH.H. CLOBE

v Stigma

BSE2 15-Jan-18 NHM WD15 .2mm 0.00kY x40 I hues Maiker
W Scrall Bar

Current Level

=630Pa

[K1 Image Shift X [K2 Image Shift Y | Chamber Vacuum is not Ready(55)

|Vacuurﬁ\

Status bar Vacuum meter

Fig. 6: Overview of the operation window of the software used to control the Hitachi S-3600N SEM.
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Scanning Image display window

Displays the image under observation (Fig. 7). Also contains dedicated buttons for changing the
scanning speed, adjust the image brightness and contrast, etc., and functions for adjusting the
image via mouse operation.

Buttons to adjust the
Buttons to control contrast, brightness and

the scan speed focus automatically  gyton for capture of

an image
Scanmnglmag: e . .
Scan Auto [ :é.t:ﬂﬁ. 10 Magnification
E R . h
R:n %I Isl§1 5\?5 Ig M?rilt Aaif AF'C( AiF E ¥ M m 1ok | \ Indlca_t_or and pre_set
X — 2o z magnification
O = buttons

Spot | Area

~Beam

J;l Stage control at a
‘;Iﬂ /pre-set step size in

& the axis x and y

™ Over Drive

¥ Stiama

BSE2 15-Jan-18 NHM WD15 .2mm 0.00kY x40 I AreaMarker
¥ Scroll Bar

Detailed information about the image under observation:
signal, date, laboratory, working distance (WD), emission
current, magnification, and scale.

Fig. 7: Overview of the Scanning Image display window.

Menu bar
Each item in the Menu bar opens menus for a group of related operations. In Figure 8 are described
the most commonly used menus and operations. Note that most of these can also be opened using
buttons in the Tool bar or in the Scanning Image window.

I | ger Setup are the (CTMETEET I nder Scan is the operation:

Fils(F) EditE) | Sebup(S) Operate(C) Scanih) File(F) EdiE) Setup(S) Operate(C) | Scan() Imagell) Viewty) Anal

v RUNR) = . H.R Capture

: Column Setup(Ch.. s .
Copture(c) (capture of high

following important menus:
. HV control

P 1 = Signal Setup Tntogration Coptirel resolution image)
Data Display(D). " Vacuum Mode Split DM Mode(R) 3
Sean Speed(S) 3}
v Scan Indicator(a) &
I
i léguracsgso0 | i ;
Fie(F) EditE) Setup(S) | Operate(C) Scan(M) Image(l} Under_op?rate is the File(F) EditE) Setup(S) OperatefC) Scanil) | Image() View(¥) Analysis(d) ¢ .Under Image is the fOIIOW'ng
Aligrmert(a).. —  following important menu: important menu:
Filamert Image(L}... - Stage Operation E Quarter Viewl Q). . L] Capture Images
Image Adj.(1).. Data Entry(D) h th
) D (where the
Auta Focus Fine(F) Also under Operate is Color(C) capture images
. T —
possible to perform the o g:zgg;f’) can be managed)
romonticai®). | following operations: Video Prict mage{V)..
T —— | Show Status(Bitr IR
= ABC (auto P
contrast and
brightness)
- AFCC (auto focus
coarse)

- ASF (auto stigma)

Fig. 8: Overview of the most important menus and operations found under each item in the Menu bar.
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Tool bar and HV indication/control

The buttons in the Tool bar are configured to enable the fast execution of operations and the fast
opening of dialogs for the items that are used most frequently (Fig. 9). At the right end of the tool

bar is a HV ON/OFF button and an indication/control area showing the present accelerating voltage
and emission current values.

le
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1) 250
= E— Y
FESE el [ |

AFS C Low & Middle © Hogh

GunBas  f————————— [0
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x
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§ ~Signal ~SE Detector —
o SEM (High Yacuum Mode)

o} Lo . Full/ Lett - SE Bias
S VR YR R SEZ £ HSE Mode (HR) ~Full Auto Mode
" SSE Mode (Standard)

" TSE Mode (Topog.) AFS > BGA > AFC » ABC

v aBC

AGA > AFC > ABC
¥ PostHy

~BSE Detector ————————
Sl Select | BSE
% COMPO

Auto Startup
I~ HY OM »>> AFC > ABC ‘

15.0k x1.7k
131228

Wacuum

3 4

3 " TORO
3D
5 6

(z'ei"\.owﬁ' Midel:  High
I oo Used to select the

lemert Select emission current
Used to change the [ e |
vacuum mode

Signal Process. ——
 Invert

" Differential
 Dif. & I

" Gamma

" Gamma & Inv.
 OFF

Batch Delete Batch

Save | cave Delete

Cond. | Move
Wem. | Stage

Close
Close 1

x1/2 PCI

Used to select the
Used to manage the signal mode
captured images

Fig. 9: Overview of the Tool bar and its most used buttons.
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Stage Control menu

Controls the specimen stage inside the chamber (Fig. 10). Contains dedicated buttons to set the
specimen size and height, move the stage to the exchange (home) position and to the analysis
position, among other functions.

The Stage Control menu can be opened in Operate in the Menu bar.

Button used to send
the specimen to the
exchange position

I 3 / Button used to stop the stage if the
;mple;m?"g;ecm o specimen or specimen holder is in risk
Size e of collide with detectors or other objects
[ Zinch Standard _ Set Bz ;

inches [ standard |_SELe= | in the chamber

Speed IV AR v ZiTil
Lo U H |7 ImagenavigationTool
R ]
16.0 ) )

. Kmmy  Yimm) Size Height I~ BEE1
Stage rotation 100000 [ 55 000 [somm x| {+5mm =] ERER
control :
¥ Eucentric I EDx
Rotationideg) 940 5 mm
W . " i I~ ManRay
| 0= oo 10 138.0 B
Stage tilt control 10.0 ~ &0.0mim]
g \ —IJ:J—I 500 Standard «

~T|It [15 n A Ddeg]

Analysis
l_ Eucentric Tilt GU Position
Irmage Mavigation  Tool | Sample
W Focus Link T B Button used to send Size/Detector
Memary | the specimen to the window used for
—— standard analysis input the specimen
ep Move Set o A heigh
¥y Yimm) ¥ Step Mode position (15mm) size and height.

o [10 _ se

—Eucentric Calibration
Sample Calibration |

Stage Calibration |

Close

Fig. 10: Overview of the Stage Control menu. This menu can be opened in Operate in the Menu bar.

Vacuum meter
Shows the vacuum status (Fig. 11).

vacum I Red: not ready
Vacuum . Green: almost ready
Vacuum I  Blue: ready for observation

Fig. 11: Vacuum meter and its different status.
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3.7. EDS software

The software Esprit 1.9 Quantax 400, installed in the EDS computer, is used to control the operation
of the EDS detector. The software icon and startup screen are shown in Figure 12.

QUANTAX

_togin D 99e®

s | §
Fig. 12: Icon and startup screen of the software Esprit 1.9 Quantax 400 used to EDS operation.

On the top section of the main program window (Fig. 13) one has access to different workspaces
and Sections.

Spectra  Imaging Swste

" _Object Mods

=

© Spectrometer = & t i 11,4 k.;D; Duange 10 keV / 30 keps aad 1 13 %

@ Imaging system < t 1024 x 788 25,0 kv Magnif 300 ¥ 20,0 mm e hilt 0°

Fig. 13: Top section of the main program window, software Esprit 1.9 Quantax 400.
The workspaces most commonly used in our lab are Objects and Report:

Objects consists of a group of workspaces that combine electron beam scanning with X-ray
spectrometry:

e Point allows analysis of one point with electron beam control.

e MultiPoint allows analysis of one or more points with electron beam control. It is also used
to analyze arbitrarily shaped objects.

e Line scan performs qualitative or quantitative line scans.

e Mapping allows you to generate qualitative or quantitative element maps.

e HyperMap is a position tagged spectrometry tool (spectral imaging).
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Report starts the Report editor. It can be used in parallel to all workspaces that provide
measurement data acquisition and processing.

Instructions on how to use the Objects and Report workspaces can be found in Section 7.4.
Additionally, the main program window includes the Device and the Project screen sections.

Under the section Device one can check important information such as the signal input (kcps). If the
signal input is too low (signal bar is less than 1/3) try to choose another point or area on your
sample for analysis or increase the accelerating voltage (HV) in the SEM software (see Section 7.3
for details).
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4. Booking the instrument

You are required to book time for your analysis using the instrument calendar on Outlook or
Webmail. The name of this instrument calendar is: @kern: Geologisk museum, SEM. Instructions
are available at the Geo Lab webpage:
https://www.nhm.uio.no/english/research/infrastructure/geo-lab/sem-edx/

If you don’t have access to the instrument calendar (e.g. if you are an external user), please contact
the laboratory manager or deputy and ask if they can book time for your analysis.

5. Logbook

You are required to log the time you use the instrument using the excel file named Logbook
available at the EDS computer (check the Desktop). At the beginning of your session please fill in
the relevant information and the start time. At the end of your session, please remember to fill in
the finish time and save the document before you leave.

18


https://www.nhm.uio.no/english/research/infrastructure/geo-lab/sem-edx/

6. Sample preparation

6.1. Types of samples

This Hitachi S3600N SEM is used primarily for geological materials, such as rocks, minerals and
fossils. Hand-specimens, polished sections and thin-sections are commonly investigated in this
instrument. The specimen chamber in this instrument is relatively large, allowing specimens with
fairly large dimensions (up to ca. 150 x 150 x ~50 mm) to be used.

Non-conductive specimens must be coated for imaging in high vacuum conditions (see Section
6.1.1), but can be imaging without coating using low/environmental vacuum conditions.

CAUTION: Samples that may release oil vapors or magnetic dust must not be placed in the chamber
without prior permission. When analyzing hydrated samples, WD shall be kept above 10mm.

Biological materials can be accepted for analyze under specific circumstances.

6.1.1. Coated samples

The laboratory is equipped with two coating equipment:
e Agar Auto carbon coater
e Jeol Fine Coat lon Sputter JFC-1100 for platinum-palladium (PtPs) metal coating

Instructions for use of the above mentioned equipment can be found in the sample preparation
laboratory (room U 560) next to the respective equipment. Additionally, user instructions are also
available at the Geo Lab webpage:
https://www.nhm.uio.no/english/research/infrastructure/geo-lab/other-equipment/

Only authorized personnel can use the coaters. Contact the laboratory manager or deputy the first
time you want to use these.

6.2. Specimen holders

There are a number of different specimen holders available for the Hitachi S-3600N SEM. The
appearance and size of the specimen holders most commonly used in the Geo Lab are listed in
Table 1. Figure 14 shows schematically how the different parts of the sample holder are assembled.

Choose a proper specimen holder to the size and height of the specimen to be observed.
Carbon tape is the most common method used to attach the specimen to the specimen holder.

Contact the laboratory manager or deputy if you plan to use a different method to attach your
specimen to the sample holder.
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Table 1: Appearance and size of the specimen holders most commonly used in the Geo Lab.

Specimen holder Size

6 inches

50 mm

e
L

¢ 15 mm

3 inches

-
S
I T 1

Specimen stub

i

i ) / Lock screw

S

Lock nut

=

! Specimen

@/ h

Fig. 14: Specimen holder parts and assembly.
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6.2.1. Specimen height adjustment

The specimen height must be determined using the height gauge as seen in Figure 15. The
specimen holder and height gauge must be on a level plane to a correct measurement.

Graduations q Height gauge

\

50 mm |

Specimen

Specimen stub

e W

-
Specimen holder e 50 mm
0

Fig. 15: Specimen height determination with the height gauge.

Height 40 mm is considered standard. Specimens shall be mounted at standard height when
possible. Loosen the lock nut of the specimen holder to adjust the specimen height if necessary.

If the specimen height is inevitably higher than 40 mm (standard) there will be an offset value
corresponding to the excess beyond the height level of 40 mm. This value can be read in the height
gauge (the value in bracket, e.g.: 0, +5, +10, ...).

For example if the specimen height is 50 mm, the offset value will be +10 (Fig. 15).

6.2.2. Set specimen size and height

Specimen size and height must be input in the software to help moving the specimen inside the
chamber in a safe way. If this setting is improper, the specimen may collide with the objective lens
or BSE detector and cause damage to it.

Usually the specimen is smaller than the specimen holder and therefore, is the size of the specimen

holder that is entered as specimen size. If the specimen is larger than the sample holder, enter the
size of the specimen.
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Step

1 Set the specimen size and height by clicking in the
button Set in the Stage Control window. The Stage

Control menu can be found in Operate (Section 3.5).

Example/hints
x|
= _ GoHome | Stop |

—Sample Size ! Detectors
iZe Height

dinches

IR

Speed v iR 2l
L+ " H|¥ ImagenavigationToo

16.0
Himm)  Yimm)
|1UD.DDD I 56.000
¥ Eucentric j
Rotation{ded) 940

[Too= oo | &0 139.0

=
‘Z-'T 110 0~ 50.0mm] Size Height I BBE1
i, l— somm | [+smm | T EEER
I a0

B I cL
_I_I _I_I e |~

! I~ | MaxRay
Tilt [ 16.0 ~ BB. Ddeg] Lo
0 I I Analysis

™ Eucentric Tilt Ga | Position

Details on when to Set the specimen size and height can
be found in Section 7.2.
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7. Operating instructions

The procedures for instrument startup, specimen exchange, image observation (SE and BSE),
chemical analysis (EDS), and shutdown are explained in this section.

7.1. Startup
Step

1 When arriving at the laboratory make sure that the
lamp HIGH (for high vacuum) in the evacuation
control panel is ON and the BSE detector is in OUT
position. All computers shall also be ON with the
respective screens off or in sleep mode.

2 Fill in the logbook

3 Now you are ready to insert your first sample in the
instrument.

Example/hints

Contact the laboratory manager or deputy immediately if
at your arrival to the laboratory the SEM conditions differ
from the description above.

Excel file in the EDS computer.

Follow the instruction for specimen exchange (Section
7.2) from point 2 on.

23



7.2. Specimen exchange

Step

1 When the accelerating voltage is ON, click HV on the
tool bar or OFF in the HV Control dialog box to turn
OFF the voltage. The HV Control dialog can be open by

clicking in the HV indication/control (blue letters) in
the Tool bar.

2 Move the stage to the specimen exchange position by
pressing the Go Home button in the Stage Control

dialog box. The Stage Control dialog box can be found
in Operate.

3 Press EVAC/AIR switch on the evacuation control panel
to set it at AIR. The LOW lamp comes on and air is
introduced into the specimen chamber.

Example/hints

IrAulu Startup

HY Control

~ HiLGantsql

x|
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| [0 3
l—l—uA
[

(" Low (" Micille: r‘ High

Emiz=ion
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Gun Bias

¥ Low Acc. Bias (5kY or lower)

I~ HYOMN »>> AFC >> ABC

Full Auto Mode

AFS > AGA > AFT » ABC

BG4 > AFC > ABC

Vace e

0.00kV QuA

Clicking the HV button wi

voltage ON and OFF.

ill turn the accelerating

CAUTION: If the stage is pulled out at other position,
the specimen and instrument may be damaged.

—Samp g
Size

Ciors——————
H9| ht
| dinches |Btandard |EISE2
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L _I_I
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4 Wait until the chamber door opens by itself, pull out

the specimen stage and remove the specimen holder
(if there is any).

5 Mount your specimen in an appropriate specimen
holder and determine the specimen size and height
(the value in brackets).

6 Set the specimen holder containing the specimen to
be observed onto the stage.

7 Insert the stage into the specimen chamber, close the
chamber door and set the EVAC/AIR switch to EVAC

while holding the chamber door closed for a few
seconds.

8 Use the Vacuum Mode menu to select the vacuum
mode you want to work with: SEM (High Vacuum
Mode) or VP-SEM (Low Vacuum Mode). The Vacuum
Mode menu can be found in Setup or in the Tool bar.

If you select VP-SEM (Low Vacuum Mode) set a
vacuum level using the slider at Vacuum in the
Vacuum Mode window. The current vacuum level
indication will advance toward the set level. It takes

Remember to use gloves when handling the specimen
holder to avoid contamination of the specimen
chamber.

See Section 6 for details about sample preparation.

While waiting to the chamber to evacuate, which can

take about 6 minutes (5min 45s), continue to points 8)
to 12) in this section.

vacuumode S lacum vioce Y

——

.y

(+ SEM (High Yacuum Made) ,z L SEhiiste

m: 5 /P-SEM (Lowr Yacuum Mode) >
—

acuum
————— I CLOSE

WACULIM

Current Lewvel Current Level

L LLL LT —

Close |

I =1Pa
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about 2 minutes for the specimen chamber to reach
the set vacuum level.

9 Set the specimen size and height by clicking in the
button Set in the Stage Control window. The Stage
Control menu can be found in Operate.

10 Turn on the camera unit and monitor. Move the
stage to Analysis Position using the Stage Control
window.

After clicking in the button Analysis Position, position
the mouse on top of the Stop button immediately.

Monitor the movement of the Specimen holder inside
the chamber. Click Stop immediately if the Specimen
Holder is in risk to collide with the BSE detector or any
other object inside the chamber.

11 If you are planning to use the BSE detector you can
insert it in the specimen chamber now. Use the
camera unit to monitor its movement inside the
specimen chamber.

In order to move the BSE detector pull up the lock
knob. For observation of composition and topographic
images insert the BSE detector fully, COMPO/TOPO
mode. For observation of 3D images insert the BSE
detector to the midpoint position.

12 When the vacuum meter on the status bar turns blue
the accelerating voltage can be applied, meaning you
are now ready for image observation.
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See Section 6.2 for details about sample size and height.
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The Stage Control wmdow can be found in Operate.

CAUTION: The BSE detector is vulnerable to shock. Check

the prevention measures that apply to the BSE detector
in Section 2.3.

Consult section 3 for details.

wacuurn I
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7.3. Image observation (SE and BSE)

Step

1 Select the input signal (e.g. SE, BSE, ESED) using the
Signal Setup dialog box.

2 Apply a suitable accelerating voltage according to
specimen and image quality.

a) If you want to use the same accelerating voltage
as in the last observation, click HV in the Tool bar.

b) If you want to change the accelerating voltage,
open the HV Control window by clicking in the
HV indication/control in the Tool bar. Select an
accelerating voltage from the Vacc dropdown list
box.

|
~ Signal Select
~Signal ~SEDetector —————
& e
ull fLeft _)E Bas————
HRAYT - % HSE Mode (H.R)
" SSE Mode (Standard)
Right " TSE Mode (Topog )
= [ F ABC
Line ¥ PoztHY
I e j ~BSE Detector
Sig. Select BSE
& COMPO
£ TOPO
30
Gain
£ Low (& Middle ¢ High
I~ 2BC
Element Select
ESED/AEE
~Signal Pr
Recusive Filter Signal Process. ——
= £ Invert
4 -
= " Differential
o[ - £ Dif. & Inv
- " Gamma
[= .  Gamma & v
E- orF = * OFF
Close

The Signal Setup dialog box can be found in Setup or in
the Tool bar.

Both SE and BSE can be observed in high vacuum mode.

In low vacuum mode, BSE signal can be observed the
same way as in high vacuum mode, and SE signal can be
collected with ESED (environmental secondary electrons
detector).

Flanert - [

AFS | € low 5 Mode  Hgh

[ Low Acc. Bias (5K or lower)
Auto Startup
lrl' HY ON > AFC »> ABC

Full
RFS » ABA > AFC > ABC
AGA> AFC > ABC

Gun Blas

The accelerating voltage is set at the same value as it was
left in the last observation, even after the accelerating
voltage is turned off.

When HV is on, the HV frame turns red and the set
accelerating voltage appears on the data display. Check
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3 Adjust the image brightness and contrast.

This can be done:

a)

b)

Automatically by pressing ABC in the Scanning
Image window, or selecting ABC in the Operate
menu.

Manually using the Brightness and Contrast
rotary knobs in the Rotary Knobs unit.

4 Adjust the focus. Focus adjustment is carried out from
a status in which the image is barely visible to a status
where field selection is possible.

This can be done:

a)

b)

Automatically by pressing AFCC in the Scanning
Image window, or selecting Auto Focus Coarse
in the Operate menu.

Manually using the Focus rotary knob in the
Rotary Knobs unit

Important: It is good practice to focus at higher
magnification than the one needed for your
observations.

Note: Comparing the focus WD and the specimen WD
one can check for discrepancies:

If the focus WD value is higher or equal to the
specimen WD, the specimen height was
calculated correctly and there is no risk of

on the high voltage indication/control area that the
emission current is flowing.

During the auto adjustment, the image is “frozen”
and a message dialog indicating “A.B.C. Mode In
Progress” appears on the screen. A buzzer sound
indicates that the auto adjustment is completed.

g

During the auto adjustment, the image is “frozen”
and a message dialog indicating “A.F.C. Mode In
Progress” appears on the screen. A buzzer sound
indicates that the auto adjustment is completed.

See section 3 for details.
Usually leads to better focus than the automatic
option.
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accidentally running the specimen into a
detector or other objects inside the chamber.

=  [f the focus WD is lower than the specimen WD,

may have been an error in the measurement of
the specimen height and there is a risk of
collision with detectors or other objects inside
the chamber. Move the specimen to the
exchange (home) position, remove it, and
measure its height again (see section 7.2 for
more details on specimen exchange and
measuring the specimen height).

5 Set a suitable magnification using the Magnification
rotary knob in the Rotary Knobs unit. The
maghnification is indicated in the Scanning Image
window.

For setting to a pre-set magnification, press the pre-
set magpnification buttons on the Scanning Image
window.

x|
| Go Harme Stap
’—Samme Size/ Detartors

3inches Standard Set Boe

Speed VxR VAt
L 7 H/F ImagenavigationTool

KIIR
’VX(mm) Y(r'nrn)1
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Rotation{dedy a4

[Too=] oo @0 138.0
- ZITilt

Z‘ 10.0 ~50.01 ,m
Y

Tilt [15.0 ~ 66.0deg]
s el 00 anaysis
" Eucentric Tilt Go Position

When the sample isin focus the focus WD (working
distance) is indicated in the Scanning Image window. The
focus WD corresponds to the distance from the objective
at which your sample is in focus.

In the Stage Control window is indicated the specimen
WD, which is the distance at which the software
calculates that your specimen is from the objective,
based on the specimen height that you measured and
input in the software (Section 6.2). If there was an error
in the measurement of the specimen height and/or input
of the data in the software, the real distance at which the
specimen is from the objective is going to differ from
what is indicated in the software increasing the risk of
collision.

The minimum maghnification is restricted by the WD
accelerating voltage and scan speed.

The maximum maghnification is restricted by WD and
accelerating voltage.

The magnification is set at the same value as it was left in
the last observation, even after the HV is turned off.
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6 Select a suitable visual field for your analysis.

First, at a setting near the minimum magnification,
search the specimen using the Trackball or Stage
Control menu (Section 3.5), then gradually increase
the magnification and select a visual field.

At a high magnification (several thousand or higher) it
is convenient to use the Image Shift function
(electrical field shift). This function is found in the
Scanning Image window (Section 3.5).

7 Astigmatism may need to be corrected for observing
images at magnifications higher than 2000 times.

This can be done:

a)

b)

Automatically by pressing ASF in the Scanning
Image window, or selecting Auto Stigma in the
Operate menu.

Manually using the Stigmator/Alignment rotary
knobs in the Rotary Knobs unit.

Image shift
function

/

Stage control

BSE2 15-Jan-18 NHM WD15 . 2mm 0.00kvV x40

During the auto adjustment, the image is “frozen”
and a message dialog indicating “A.S.F. Mode In
Progress” appears on the screen. A buzzer sound
indicates that the auto adjustment is completed.

J o ¢

e

Usually leads to better astigmatism correction than
the automatic option.
See Section 3.3 for details.

Remember that to achieve a good astigmatism correction
you should start and finish by adjusting the focus. Using
the reduced field option (Red button in the Scanning
Image window) can be useful during astigmatism
correction.

Note: Astigmatism correction can be challenging. Contact
the laboratory manager if you need help with this step.
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8 Record a photo by pressing the button H.R. in the
Scanning Image window.

The photography settings can be adjusted prior to the
capture in the menu Photo Condition that opens by
pressing the arrow next to the HR button. The
conditions are stored and do not need to be input
every time.

Select a photo and click Save in the Captured Images
dialog to save the selected photo. All photos will be
saved in the SEM computer. All photos shall be saved
in the folder D:\User data under a folder with your
name (e.g. D:\User data\Waldemar Brggger).

9 Rotating the stage may be necessary for some
observations. This is done in the Stage Control menu.

The current angle of rotation in indicated in black.
Input a target value and press Enter, the stage will be
driven to the specific angle. Using the two arrow
buttons, rotation can be adjusted manually.

The eucentric rotation function can be turned on
(checked) to assure that the visual field will not
escape when the stage is rotated. When the eucentric
rotation function is selected the rotation menu is
changed. Key in a target value or selected using the
arrow buttons, then press the button Go.

ﬁﬂ?:u 9l 1|0

H.R. Capture can also be found under Scan in the Menu
bar (Section 3).

When clicking H.R., the image disappears and then is
newly displayed from top to bottom. When the scan
reaches the bottom line, a buzzer sounds, and the Photo
Condition dialog opens (if not opened yet). The Captured
Images dialog can also be opened by clicking in the first
button of the Tool bar (Section 3) or under Image(s) in
the Menu bar (Section 3).

In the course of photographing, all functions except
photo recording cancellation will not work.

No more than 16 images can be active in the Captured
Images dialog. After saving the images of interest in the
right folder delete the images from the Captured Images
dialog using the button Delete or selecting several images
at the same time and clicking Batch Delete.
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It is recomended to decrease the magnification to
approx. 250x before attempting eucentric rotation.
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10 Tilting the stage can also help some observations.

The current tilting angle in indicated in black. Input a
target value and press Enter or adjust it by adjusting
the slider and press the Go button. Then, the stage
will be moved to the specific position. Using the two
arrow buttons, tilting can be adjusted manually about
0.5° at the time.

The eucentric tilt function can be turned on (checked)
to assure that the visual field will not escape when the
stage is tilted.
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Note: range is sample size dependent. It is
recomended to decrease the magnification to approc.
250x before attempting eucentric tilt.

The eucentric tilting function may require sample
calibration. Please contact the laboratory manager if the
visual field is systematically lost when the stage is tilted.
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7.4. Chemical analysis (EDS)

In this section we describe the most common operations within Objects workspaces. For advanced
operations such as Fully Quantitative Line Scan, Fully Quantitative Mapping and Phase Analysis talk
with the laboratory manager or consult the document Quantax Quick Reference Guide available at
the Geo lab webpage https://www.nhm.uio.no/english/research/infrastructure/geo-lab/other-

equipment/.

7.4.1. Point Analysis (automatic standardless)

Step

1 Click New to acquire an image.
2 Adjust measurement point.

3 Click Acquire.

4 When acquisition is finished click A to adjust the scale
of the spectrum (if necessary).

5 Open the Interactive identification tool (Periodic Table
of the Elements). Click Auto to perform an automatic
search of the elements present. You can also select the
elements manually.

6 Click Quantify and follow the instructions in the new
window to perform a quantification of the elements
present in your sample.

7 Click the button Export next to the image to save the
image.

8 Click the button Export next to the spectrum to save
the spectrum, the table data, and the spectrum image

(graphic).

Examples/hints

Save the spectrum in .spx, the table data in .xls.

Note that if you have analyzed several points you can
save an excel table with all results by selecting all
spectrums lines (need to be all yellow) and them
pressing the Export button and Save table.
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Spectrum
Open. ..

Add to project
Save ...
Print . . .

Add to report
Element selection
Open. ..
Add to project
Copy

Paste

Save ...
Result table
Copy

Save. ..
Add to report
Graphic

Copy

7.4.2. Multi point analysis

Step
1 Click New to acquire an image.

2 Position any desired number of points, draw any
number of rectangles, ellipses or polygons.

3 Use Select all to highlight all objects.

4 Check if automatic analysis after acquisition is selected
by clicking in the arrow next to the button Acquire.

5 Click Acquire to start spectrum analysis.

6 When acquisition is finished click A to adjust the scale
of the spectrum (if necessary).

7 Open the Interactive identification tool (Periodic Table
of the Elements). Click Auto to perform an automatic
search of the elements present. You can also select the
elements manually.

8 Click Quantify and follow the instructions in the new
window to perform a quantification of the elements
present in your sample.

9 Click the button Export next to the image to save the
image.

10 Click the button Export next to the spectrum to save
the spectrum, the table data, and the spectrum image

(graphic).

Save ...

o Twain export

Examples/hints

Objects are automatically analyzes in sequence, the
exact procedure depends on the analysis mode settings.

If after the automatic search there is peaks that were not
identified, place the marker on top of that peak and
press Finder to get a list of suggested elements.

Save the spectrum in .spx, the table data in .xls.

Note that if you have analyzed several points you can
save an excel table with all results by selecting all
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Image scan

© Real time [s] [10
N e —
O Counts 500000

Region start [kev] 0,25
Region end [keV] 20,00

® Coating carrection Carbon only.
© Coating calibration

Ma Mg
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spectrums lines (need to be all yellow) and them
pressing the Export button and Save table.

060,52 Si12,65 Fe10S1 AI10,15 Mg3,15 Ca3,02

06450 535,50

060,63 519,68 AI1085 Na606 Ca255 K024

7.4.3. Line fast scan

Step
1 Click New to acquire an image.
2 Adjust the scan line if desired.

3 Select elements of interest using the Interactive
identification tool (Periodic Table of the Elements).

4 Click Acquire.

5 Click the button Export next to the image to save the
image.

6 Click the button Export next to the line scan to save
the line scan, the table data, and the line scan image

(graphic).

Examples/hints

If the sample is of unknown composition perform step 4
first and then identify the elements by using the
Interactive identification tool (Periodic Table of the
Elements).

Adjust the acquisition parameters by clicking in the
arrow next to the button Acquire.

Save the line scan .spx, the table data in .xls.
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Devices

Line scan
{100 |
Filter

Quant range

Rb Sr Y Z¢ Nb Mo Te Ru Rh Pd Ag Cd In Sa Sb Te | Xe

CoBaLa M Ta W Re Os Ir Pt Aubg TI Pb Bi Po At RN

FrR8AS Co pr Nd PmSm Eu Gd Tb Dy Ho Er Tm Yb Lu
Th Pa U Np Pu AmCm Bk Cf Es fm Md No L

7.4.4. Mapping (fast)

Step
1 Click New to acquire an image.
2 Adjust the map area if desired.

3 Select elements of interest using the Interactive

identification tool (Periodic Table of the Elements).

4 Click Acquire.

5 Adjust colors and image controls.

Examples/hints

Mapping elements has to be carried out before starting
the acquisition.

Terminate acquisition when image quality is sufficient.

The acquisition parameters can be adjusted by clicking in
the arrow next to the button Acquire.

Image mixing can be changed at any time.

Try different image mixing modes for optimum results.
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6 Click the button Export next to the image to save the
image.

7 Click the button Export next to the map to save map
data and result table.

Information 24.05,2017 15:17:03
0 Objects

Save the map in .spx, and the table data in .xls.

Map size QMap resolution
s |

Image fiiter Map filter
o

Froe regions
RS

UBe  lnpus B CNOFN
HRDWISEUS AEe s aA
Ti v crMn il Co Ni Cu Zn Ga Ge As Se Br Kr
Rb Sr Y Zr Nb Mo T Ru Rh Pd Ag Cd In Sn Sb Te | Xe
CsBa s H Ta W Re Os Ir Pt Aubg Tl #b 8i Po At Rn

1R AS o pr ua o B G Th Dy Ho B Tm Y L
Th Pa U Np Py AmC Bk CF £ Fm M No L

7.4.5. HyperMap

Step
1 Click New to acquire an image.
2 Adjust the map area if desired.

3 Set up acquisition by clicking in the arrow next to the
Acquire button.

4 Select elements of interest using the Interactive
identification tool (Periodic Table of the Elements).

Examples/hints

Preferably use manual start/stop or cyclic acquisition
(total duration depends on pixel dwell time set for the
Image system).

In contrast to classical mapping you can select and
deselect elements any time, also during acquisition.

37



5 Click Acquire.

6 Adjust colors and image controls.

7 Click the button Export next to the image to save the
image.

8 Click the button Export next to the map to save
Hypermap database, map data and result table.

9 Process Hypermap data as desired.

Devices.

© Spectrometer T lnou NN 17,1 keps Range 10keV/30keps Deadtime 15% Resitme 1498

Manual start/stop: for reasonably reliable quantification
don’t terminate acquisition before pixel spectra contain
at least 5000 counts.

Image mixing can be changed at any time.

Try different image mixing modes for optimum results.

Save the map in .spx, and the table data in .xls.

You can perform quantitative analyses, line scans, phase
analysis, etc.

© Imeging system v format 1024 x 768
Project
Information 24082017 _15:17:01
0 Objects

v 200 kv Magnfication 90

) it

Image scan

Map size QMap resolution

Image filter Map filter

2 fegions
F1 F2 F3 F4 FS F6 F7 F8.
B8 CNOFNe

Inputs
NRDMISIETE AEe s dA
Ti v Cr Mol Co N CuZn Ga Ge As Se Br Kr

R AS Ca pr N Pro S B0 G Th Dy Ha €5 Tm Yo L
Th Pa U Np Py AmCmBk Cf Es Fm M No L

Element images

WO 16,0 mm_Sample tik_0°

7.4.6. Creating a report

Step

1 Perform an analysis in a workspace of the Objects
group.
2 Select Add to report from the Export menu.

3 Open the report editor.

Examples/hints
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4 Add texts or legends, draw objects, or rearrange items
as desired.

5 Save your work using the Report Export menu. Possible to save in word format.
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7.5. Saving data

High resolution images will be saved in the SEM computer (Section 7.3). All files shall be saved in
the folder D:\User data under a folder with your name (e.g. D:\User data\Waldemar Braggger).
There is a shortcut to this folder in the computer desktop.

Data from chemical analysis (e.g. spectra, data tables, images, maps, etc.) will be saved in the EDS
computer (Section 7.4). All files shall be saved in the folder C:\Quantax\Users\Edx\Data under a
folder with your name followed by EDS (e.g. C:\Quantax\Users\Edx\Data\Waldemar Brggger_EDS).
There is a shortcut to this folder in the computer desktop.

USB devices are NOT allowed in any of the SEM computers.

A copy of your data will be transferred to the following folder \@kern-GeoLab\Geolab_Users
data_Temporary storage\”yourname”

The data will be available from Monday the week after your booking and for a period of one month.
Contact the lab manager or deputy if you do not have access to this folder or if you need your data
earlier.
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7.6. Shutdown

Step

1 When the accelerating voltage is ON, click HV on the
tool bar or OFF in the HV Control dialog box to turn
OFF the voltage.

2 Move the stage to the specimen exchange position by
pressing the Go Home button in the Stage Control
dialog box.

3 Press EVAC/AIR switch on the evacuation control panel
to set it at AIR. The LOW lamp comes on and air is
introduced into the specimen chamber.

4 Pull out the specimen stage and remove the specimen
holder. Remember to use gloves when handling the
specimen holder to avoid contamination of the
specimen chamber.

5 Select SEM (High Vacuum Mode) from the Vacuum
Mode menu in Setup.

6 Insert the specimen stage into the specimen chamber
and set the EVAC/AIR switch to EVAC.

7 Wait until the HIGH lamp comes on and the vacuum
meter on the status bar turns blue (about 6 minutes).

8 Pull out the BSE detector.

9 Fill in the end time in the logbook (Excel file in the EDS
computer) and save the document.

10 Close the EDS program but leave the SEM program
open. DO NOT turn off the computers.

11 Remove your sample(s) from the specimen holder(s).
Put the specimen holder(s) away in the drawer. Clean
and organize any material that you may have used to
sample preparation. Trash your gloves.

Examples/hints

CAUTION: If the stage is pulled out at other position than
the specimen exchange position (Home), the specimen
and instrument may be damaged.

If you need more details how to perform these instructions consult Section 7.2.
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