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DeConvEELSSs the safware forrectifying Electron Energy Loss Spectrum
(EELS) by deconvoluting it with a lowoss or zerdoss spectrum. This is a
software monochromator, since it will eliminateergyspread of incident
electrons. TheDeConvEELSsoftware consists of a seibf scripts and a
PlugrIn for use in GatanOs DigitalMicrograph.

This DeConvEELSUserOs Guide is writtémprovideinformation onthe basic
functions of theDeConvEELSsoftware a procedure for installation of the
PlugIn, some general tips on operatiand troubleshooting. This Guide
assumes the user is familiar with image manipulation within DigitalMicrog
as well asVindows operating system

1.1 Features

1.1.1 Advanced deconvolution algorithms
TheDeConvEELSsoftwareuses a Maximum i&ropy Method (MEM) or the
RichardsorLucy Algorithm (RLA) for a spectrum deconvolution. Both
procedures will work on a usual spectrum data as well aslinvensional
spectrum data obtained by using a CCD camefdne DeConvEEL Ssoftware
gives an ideal ult for a good signab-noise data within a reasonably shor
processing time.

1.1.2 Easy-to-Use User Interface

TheDeConvEELSsoftwareis easy to use and normally works with default
setups. However, the user can change its setups easily aithgtommade
setup dialog (Segections 2.2 and 23

NOTE The image (spectrum) size should be a power of two. If your
spectrum size is not a power of two, you have to resample the
spectrum, or cut out a portion of the spectrum, or pad out with a
constant.

Furthermore, a low-loss spectrum and a spectrum to be processed
should have the same image size.

Some utilities routines are provided for your convenience.  Uskilpgst to
PowerOfTwo command in théJtilities menu you can make the sizeyofur
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data to a power of two (Sé&ection 4.3. Alternatively, you can use a
selectedarea thats a power of two (SeBection 4.2.

TIPS Create a new image of power of two from a selection. You can
easily create a new image of power of two using a ROI selection as
follows:

1. Select an area of power of two using a ROI tool.
2. Use aregular Copy short cut: Ctrl + C
3. Use amodified Paste short cut: Ctrl + Alt + V.

1.2 Deconvolution Overview

1.2.1 Observed Spectrum and Deconvolution

An obsered spectrum is a sum of ideal spectrums, each of which corresg.
to specific electron energy before inelastic interaction. Therefore, an
observed spectrum h(x) is given by a convolution of an ideal spectrum f(>
a lowloss spectrum g(x):

h(x)= g+ f(x) = [ g(x- ) f (Hdt.
This convolution integral is written as a product in the Fourier space as
H(8)=G(&) F(§)

Therefore, if we can ignore a noise, the ideal spectrum is easily restored
taking an inverse Fourigransformof H(&)/G(&), the observed spectrdn
Fourier transform divided by the leless spectrui® Fourier transform.
However, this Fourier deconvolution does not work for a real spectrum, s
we cannot ignore the noise.

1.2.2 Maximum-Entropy Method

Maximum Entrgy Method (MEM)triesto find a solution by using a concep
of entropy.

S(f)y="# flog(f),whereff f =1, $0

Here, the following constrained entropy is minimized
Qf)="S(H)#L(T)
where L(f) is called a Likelihood defined by

() _1g (h#(@S$h))
2 _2& 9%

L(f)=

There are seeral ways to minimize the constrained entropy. We choose
CollinsQiterative procedure, where the following Sharidagnes entropy is
employed
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Sf)= —E f.log(f./m) ,Wherez m =1 m =0(measurg

Here, we use a previous solution as the measure. Therefore, we have t
following iterdive formula

n (g %fk)i)Z
&

l

, where £’ =1

k n k k k"1 n h
our="# flro(rt 1) st

1.2.3 Richardson-Lucy Algorithm

RichardsorLucy Algorithm (RLA)triesto find a solution by the following
iterative formula:

kil _ ko Of P(XA)S(X) —
=" Yoo v g™ usine " A 31

This algorithm isexplainedas follows by using formulas in statistics. We
know an kernel function P(x) and observe a d€x3, and the data is given b
the following convolutiorintegralwith an unknown functiom(x):

"(x)= 8P (x#$)%$)d$= &P(x,9)%$)d$

If we can find an inverskernel function Q(x), we can estimate the unknow
functiony(x) by using the given datgx)

" (#) = 80#$ x) %) dx = 8O(# x)%x) dx

In the Richardsot.ucy algorithm the inversk&ernel function is iteratively
estimated by a previous solution by using the Bé@esorem as follows:

o o PGB
CONT S O

Thus, we have the Richardstncy formula given above.

1.2.4 Convergence Criteria

For the iteration processes, it is very important to use a useful convergen
criterion. The following shows some criteria used in the DeConvEELS:

R-factor: R= Y[, (1) = Gl X 0,0)
variance( "%): "*=0#  $#,)’ /N
dQ dQ=Q(f)" Q(f*") (applicable to MEM only)
The useful convergence criterion may be a difference-fafckor at each cycle

not the Rfactor itself. The Likelihood]cz) is always decreases at each cy
while the congained entropyQ will oscillateat certain point of cycle. Thus,
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dQ may becomaegative when a selected convergence factor is too large.
Therefore, wheiiterationis stopped bylQ criteria, you may have to
recalculate using a smalleonvergencédactor.In this waydQ is another useft
criterion for the case of MEM processing.

Note dQis not a criteria to stop iteration but a measure to cheakagpropriate
convergencapeed onvergencéactor).

1.2.5 Important Note

Theoretically a consant background will not affect the result of deconvolut
since a convolution between a constant value and any kernel is a constal
the other hand, both techniques of deconvolution used in thismpllgrays
give a positive result all over the regiaand guarantee a noegative result.
However, they are apt to give an overshoot around a strong peak. Even t
this overshoot will not become negative, but gives a deep valley if there i
appreciable background. Thiitsis advisable to subtra@n unnecessary
constant background before performing deconvolutidns isawell-known
pretreatment of the data.
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2.1

The DeConvEEL Ssoftwareis a plugin for the Gatd® DigitalMicrograph, anc
thus only works under the Digitaiistograph. TheDeConvEELSconsists of
a suite oflmenu commands and a dynamic link library.

DeConvEELS Commands

Figure 2-1

TheDeConvEELS commands will appear under the EELS menu as show
below.

DeconvEELS commands under the EELS menu

About DeConvEELS...
Deconvolution
Utilities

Convolution

Check Residue

Variouscontrolparameters for Maximum Entropy or Richarddarcy
deconvolution processing will be specified through a di#thag will be openel
by selectinga corresponding commandWhen the command is launched w
the ALT-key down you carbypasshese setup dialogs and use previous se
parameters

DeConvEELS Software Monochromator



2.2 Maximum Entropy Setup

The Maximum Entropy command will open a dialog to control the proces:
and display the results.

2.2.1 Control tab-panel

The front most talpanel has some general control®r deconvolutior
processing.

Figure 2-2 Maximum Entropy Deconvolution (Control Tab)

i Maximum Entropy Deconvolution @

Control I Options ] Displa,'l

Maximum lteration Cycles: |1 00

Sawve Results at INI Cycles L]

v Check R-Factor difference: [0.01

v Smoothing Width: [1 .0
Conwergence Factor: |03

Conwvergence: |Strong v

HREM Research / wwwhremresearch.com

oK | Cancel I

Maximum Iteration Cycles: Maximum number of iteration cycles.

Save Results atThis controls a frequency of saving the resultsrauthe
progress of deconvolution. A tadimensional deconvolution usually requi
a plenty of memory to save all the intermediate results. You can select 1
All Cycles/Every Two Cycles/Every Four Cycles/Every Eight Cycles
/R-Factor (1/3, 1, 3).

Check R-Factor difference: When selected, the iteration will stop when the
difference of RFactordivided by the RFactor itself becomes smaller than ti
value specified here.

"’ R = (R previous cycle #R)/R
Smoothing Width: Whenselectedtheraw data will be smobed out by
convoluting a Gaussian with a specified haifith (in pixels). This is
especially effective for a noisy spectrum
Convergence Factor This controls a speed of convergence. The default
value is 0.3. A smaller value results in a slower converge
Convergence There is a selection of convergence betwggang andWeak.
The default setting iStrong.
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NOTE: All the convergenceriteria will be used logicalDR Oso iteration will stop
when one of theriteriais satisfied

Weak convergencehanges the convergence factor automatically, wen
difference of Q value starts oscillating. Therefore, dQ criteria in the Opt
tab has no effect for th&/eak convergence.

2.2.2 Options tab-panel

Thenexttab-panelis designed fospecifyirg some optional controfer
deconvolution processing. These controls will be useful for deconvolutic
a low-loss area, where a zelwss is far dominant than the leless signal.

Figure 2-3 Maximum Entropy Deconvolution (Options Tab)

i Maximum Entropy Deconvolution @

Control  Options | Display |

v Check R-Factor: |0.01
v Checkd®

Interest Area

[~ Start Channel: IU.U
|7 Last Channel: |IJ.IJ

MNoise Statistics
[7 Use Poisson Statistics

Conwersion Factor: |1 0 electron/count
Background Noise (sigma) |0,0 count

HREM Research / wwwhremresearch.com

Cancel
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Note

Check R-Factor: When selected, the iteration will stop whefFRctor
becomes smaller than the value specified Here not recommended to
activate this criterion, when you donOt know an approximate noise level.
Check dQ: Whencheckedthe iteration will stop Wenthe difference of Q
value starts oscillating.

Interest Area: You can specify an interest area (ROI; a regiomigfrest) of
your spectrum. This is useful for deconvolution of a-logs area, since
convergenceestingwill not be affected by the damant zereloss area.
Noise Statistics You can explicitly us€oisson Statistics for noise
distribution. In this case you have to specifgnversion Factor in order to
convert a signal count to a number of electrons. You can specify also a
constanBackground Noise (Gaussian) such as a readt noise.

WhenQUJse Poisson StatisticsOis deselected, a constant noise model is u
for the EELS signal. Although this is not a real noise model for EELS si
it seems to work very well for a celesssignal.
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2.2.3 Display tab-panel

Thelasttab-panelis designed foselecting the various results to dhsplayedat
the end of processing.

Figure 2-4 Maximum Entropy Deconvolution (Display Tab)

i Maximum Entropy Deconvolution @

Control] Options Display |
[7 Result Log
[ R-Factor
[T Kai2 (variance)
[T d@ (Correction)

HREM Research / wwwhremresearch.com

Result Log All the intermediate resultspecified by(Bave Results atOwill

be saved.
R-Factor: History of Rfactor.
+2 (Variance): History of squared sum of differences.

dQ (Correction): History of sum of absolute corrections.

DeConvEELS Software Monochromator
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2.3

Richardson-Lucy Setup

Figure 2-5

231

NOTE:

TheRichardsoA_ucy command will open a dialog to control the processini
and display the results.

Control tab-panel

The front most talpanelhas some controf®r deconvolution processing.

Richardson-Lucy Deconvolution (Control Tab)

i Richardson-Lucy Deconvolution

Control | Giptions | Display |
Maximum lteration Cycles: |1 00

Save Results at |All Cycles -

¥ Check R-Factor difference: [0.01
v Smoothing Width: 1.0

HREM Research / wwwhremresearch.com

oK | Cancel I

Maximum Iteration Cycles: Maximum number of iteration cycles.

Save Results atThis contols a frequency of saving the results during the
progress of deconvolution. A tadimensional deconvolution usually requi
a plenty of memory to save all the intermediate results. You can select 1
All Cycles/Every Two Cycles/Every Four Cycles/Every Eight Cycles
/R-Factor (1/3, 1, 3).

Check R-Factor difference: When selected, the iteration will stop when the
difference of RFactordivided by the RFactor itself becomes smaller than ti
value specified here.

AR = (Rpreviouscycle - R)/R
Smoothing Width: Whenselectedtheraw data will be smoothed out by
convoluting a Gaussian with a specified haifith (in pixels). This is
especially effective for a noisy spectrum

All the convergenceriteria will be used logicaBDR Oso iteration will stop
when one of theriteriais satisfied
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2.3.2 Options tab-panel

Thenexttab-panelis designed fospecifying some optional contrdisr
deconvolution processing. These controls will be useful for deconvolutic
a lowloss area, where a zelwss is far dominant than the leksss signal.

Figure 2-6 Richardson-Lucy Deconvolution (Option Tab)

i Richardson-Lucy Deconvolution @

Control  Otions | Display |

v Check R-Factor: |0.01

Interest Area

[ Start Channel: |0.0
|7 Last Channel: |0,0

|7 Conwvergence Factor: |0,5

HREM Research / wwwhremresearch.com

, ........... OK‘l Cen cel |

Check R-Factor: When selected, the iteration will stop whefFRctor
becomes smaller than the value specified Here.not recommended to
activae this criterion, when you donOt know an approximate noise level.
Interest Area: You can specify an interest area (ROI; a regiomigfrest) of
your spectrum. This is useful for deconvolution of a-logs area, since
convergenceestingwill not be affeted by the dominant zeftoss area.
ConvergenceFactor: Actual mdlification of each cycle is an estimated
change multiplied by this factor. Default value is one (1).

2.3.3 Display tab-panel

Thelasttab-panelis designed foselecting the variousesults to balisplayedat
the end of processing.

Figure 2-7 Richardson-Lucy Deconvolution (Display Tab)

i Richardson-Lucy Deconvolution @

OontroI] Options Display |
|7 ResultLog
[ R-Factor
[T Kai2 (variance)

HREM Research / wwwhremresearch.com

...............................

OK Cancel
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Result Log All the intermediate results specified G3ave Results atOwill
be saved.

R-Factor: History of Rfactor.

%2 (Variance): History of squared sum of differences.

DeConvEELS Software Monochromator
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This chapter describes hardware and software requiretoents the
DeConvEEL Ssoftwareand arinstallation procedure of tHeeConvEELS

plugin.

3.1 Requirements

TheDeConvEELSuns under DigitalMicrograph environment, and the
software and hardware requirements are similar to those for DigitalMicrog

3.1.1 Hardware requirement

The DeConvEELS requires a user key properly installed at a USB
Therefore, you havetinstall a driver for the user key. Moreover, if
you will to process a twdimensional spectrum, you need an enougt
memory to store the ResultLog.

3.1.2 Software requirement
The following is a list of the software requirements necessary to rui
DeConvEELS
I DigitalMicrograph for Windows (GMS1.6.xor later)
I User Key Driver (suppliedwith your user key)
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3.2 Software Installation

The following plugins should be placed in the folde?I@gIn® on the same
level of the DigitalMicrograptior Windows

I DeConvBasicLib.gtk (DeConvBasicLib)

I DeConvEELS.gtk (DeConvEELS)

I DeConvEELS.dll (DeConvEELS.lib)

ThePluglnsfolder should exist under a normal installation of the
DigitalMicrograph.

DeConvEELS menu commands will Bppearedinder the EELS men when
the DigitalMicrograph is launched after placing the pingthe Pluginsfolder.

3.3 User Key Installation

Windows Installing User Key Driver

NOTE: follow the procedurewithout insertingthe USB ke
into an USB port

Installing User Key Driver
1. Execute HASP HL GUI installer.
2. Continue installation by selecting 'Typical' from Setup type.

A driver corresponding to your Operation System
be installed.

Installing User Key

Simply plug your user key into an USB port. Your compt
needsot to be restarted.
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4. Getting StartedE

This chaptebriefly explains typical steps e DeConvEELS. Before doir
this section, you have to install the DeConvEELS phgyas well as the drive
for your user key, and insert your ugey.

4.1 Deconvolution

This sectionbriefly describes steps spectrum deconvolution using the
Maximum Entropy method. Deconvolution using the Richardsacy
algorithm follows the same steps.

4.1.1 Open Spectrum

The deconvolution routie will work on open images. Therefore, you n
open a spectrum to be restored and allwsg spectrum as a kernel function.

4.1.2 Launch Deconvolution

SelectOMaximum EntropyOor CRichardson-LucyOcommand from the
Deconvolution menu as shown belo Here, we use the MEM as an exam|

About DeConvEELS.. ]
; Maximum Entropy
| Utilities » Richardson-Lucy
Convolution >
Check Residue

SI Richardson—-Lucy
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4.1.3 Select Spectrum

SelectSpectrum and Kernel from the image list, and clickK to continue
processing, or clickancel to stop the procedure.

Maximum Entropy aleorithm @

Select Spectrum and Kernel

Spectrum |B: NED image 100K 200ueV 190V profile 4k v |

Kernel  |E: NBD image 100K 200ueV OV profile Sk v|

Cancel | OK

4.1.4 Setup Deconvolution Parameters

The deconvolutin routine will work normally with defaults parameters
shown here.

i Maximum Entropy Deconvolution

Control IOptions] Displa.»]

Maximum lteration Cycles: |1 00

Save Results at |All Cycles -

| Check R-Factor difference: W

[V Smoothing Width: [1.0

Convergence Factor: W
Convergence: |Strong v

HREM Research / wwwhremresearch.com

oK | Cancel |

However, if your spectrum quality is too bad (noisy)egtremelygood (higt
signalto-noise ratio), you may change-fRctor difference toa largeror a
smaller value rather than tidefault value 0.01.

The default Convergence Factor is 0.3. If an iteration stop thiehdQ
criterion,you may use a smallealue.

4.1.5 Check Optional Parameters

Thefollowing shows a typical setting for a cel@ss processing. It is usuall
not necessary taeither specifyinterest Area nor selecPoisson Statistics

for a coreloss processing.
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75 Maximum Entropy Deconvolution

Control  Options | Display |

v Check R-Factor: |0.01

v Checkd®

Interest Area

[ Start Channel: IEI.EI
[ Last Channel: |IJ.IJ

Noise Statistics
[ Use Poisson Statistics

Conwersion Factor: |1 0 electron/count
Background Noise (sigma} |0,0 count

HREM Research / wwwhremresearch.com

| Cancel

4.1.6 Select Results to Display

The final result after deconvolution will be always shown. If you check

(Result LogObox, you can save all thet@rmediate results at specified cycl

of deconvolutionprocess, and check the results later by using aRioéle

tool or a Slice tool. By selecting other three check boxes, you can see t

histories.

75 Maximum Entropy Deconvolution @

Corttrol I Options Display I
|7 Result Log
[ R-Factor
[T Kai2 (variance)
[T d@ (Correction)

HREM Research / wwwhremresearch.com

Cancel
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4.1.7

4.1.8

i

Standard Tools

i

a,

AlS

O

N

R 3

Start Deconvolution

After setting onditions you can start deconvolution by clickidg, or stop the
procedure by clickingancel below the tab panels in the setup dialog.

Then, you will see arogresof deconvolution in the restored spectrum
window as shown below:

Il D: ME Be=zult at 34

Survey Results

The final result is displayed in the restored spectrum window as shown
Some information on the progress of deconvolution will be shown i
DigitalMicrograpi3 Results Window.

If you select(Result Log check box in the setugialog, youcan save th
intermediate results at specified cycles in the ResultLog.

!'#: ResultLoe

The RestltLog image is easily surveyed by using a utiliijow as MovieOas
explained later in the Utility section

By using the Line Profile tool ithe Standard Tools patie, you can also che
this result at any cycle as shown below.
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I D: Profile Of Besuliloe

401

20

= 1043

20

e’

4.1.9 SI-Richardson Lucy

Using this command you can processEELS-SI data spectrurdy-spectrun
using the Richardsehucy algorithm.

It is advisable to processsingle spectrunextracted from the Sl dataith a
kernel (low loss spectrum) usirthe regular RL deconvolution command
order todetermine processing conditions before using this command.

Note The optimizedSI deconvolution module based on Maximum Entropy Meth
(MEM) and Richardsotucy algorithm(RLA) will be commercially available
as an extension of the DeConvEELS. Please send your inquiry to
support@hremresearch.com.
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4.2 Selection and 2D Spectrum

4.2.1 Selection of Spectrum

Both deconvolution procedures vkoon a selection of spectrum, if its size
power of two. If your original spectrum is not a power of two, the proce
of the selection may be used effectively.

A selection is created by using a ROI tool, and its size is made a power
by clicking theALT -key when yowdraga mouse.

Selection on the Spectrum

C y
& - [E]x)
500 - -
! n :
450 ! '
1
1
® 400 : :
= 1 |
% 350 : ]
1
300 ! :
1
250 - ; ——— '
0 200 400 600 800 1000

4.2.2 2D Spectrum

Both deconvolution procedures work on a 2D spectrum, if its size is a po
two. As mentioned above, the procedures work also on a selection
spectrum The following shows an example of a 2D spectrum processing

4.2.2.1 Sample 2D Spectrum

The following shows two sample 2D spectra of a doss region and a
low-loss region.

= Si=]t3

It - O]
T —
. |

(These spectra were kindly provided by Dr. A. Gloter for tgstime procedurt
Please consult their original paper: Ultramicroscopy 96 (2003Y88%
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4.2.2.2 Deconvoluted 2D Spectrum
The following shows a result obtained by the MEM procedure.

4.2.2.3 Survey your results

< A The ResultLog of a 2D ingee deconvolution is a 3D image, agakily
surveyed by using a utilitghow as Movi€as explained later in the Utility

S ——
Low: 15 cycle section..
High: 16 cycle . . . .
By using a Slice todimage as shown below, you can easilyveythrough the
width: 1 cycle ResultLogimage.

. Display Center

You can also check a decowted spectrum at a selected cycle by extracti
slice (section) from the 3D image usif@Extract Slic®© command in
QutilitiesOsubmenu.

th

DeConvEELS Software Monochromator
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4.3 Utilities

Some useful commands to greocess or pogirocess a spectrum are provid
for your convenience.

4.3.1 Utilities Menu

The following showshe QUtilitiesOsubmenu.

About DeConvEELS...

Deconvolution 4

Projection 2D->1D)
Convolution »  Adjust to PowerOfTwo
Check Residue Extract Current Slice

ExtractSlice...
Show as Movie

4.3.2 Projection Spectrum

Deconvolution of a 1D spectrum is quicker than that of a 2D spectrum, ar
mathematically deconvolution of a projected data gitiessame result as
obtained by deconvolution of the original 2D data. Therefore, if yoddon
need to analyze an angular dependence of the spectrum, you may use 1
deconvolution. You can get a 1D spectrum from your observed 2D spet
using this command. To use this command, you have to select a 2D spec
before launching this command.

4.3.3 Adjust to Power of Two

Using this command you can adjust the size of your spectrum a selectiol
spectrum to a power of two, which is required by teeatvolution routine:
The size is adjusted to a next larger number that is a power of two. in or
to reduce resolution of the original image

To use this command, you have to select a spectrum before launchi
command.

4.3.4 Extract Current Slice / Extract SliceE

Using these command you can extract a 2D spectrum (a slice) from the
ResultLog (a 3D image) of a 2D deconvolution. Udiixgract Current Slice
command, you can extract the slice that is currently displayed. On the ¢
hand,you will be asked to specify a slice number to be extracted, when y«
Extract SliceE command.

To use these command, you have to select the ResultLog image before
launching this command.
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4.3.5 Show as Movie

Using this command you can survey thgbuthe ResultLog image like a
movie. To use this command, you have to select the ResultLog image |
launching this command. You can change an interval between the fram
using the Left/Right Arrow keys, and change a direction (Forward/Backwi
usingthe Up/DownArrow keys. You can stop the movie pyessinghe
Space bar.  This command will work for the ResultLog either from a 1C
spectrum or a 2D spectrum..
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4.4 Convolution

Two convolution routines are provided for your convenience

4.3.1 Convolution Menu

The following showshe GConvolutiorOsubmenu.

Kerne
Check Residue omoothing Gaussian

4.3.2 Kernel

You may check your result by convoluting the restored spectrum and the
function (lowloss spectrum). The convolution should be close to
obsened spectrum.

When you want to get a convolution for a final result, just select the final
and choose this command. Then, a result of convolution will be disp
This is because the final result keeps information of the Kernel function.

When you want to get a convolution for other than the final result, you t
specifya kernel image. In this case the step s will be as follows:

1. ChooseConvolution from EELS menu.

Then, the following windows to select images will appear. You ha
open tke images to be convoluted beforehand.

Select Ideal Spectrum and Kernel

Spectrum |D: ME Result at 34 4k v |

Kernel |4 lowloss 4k ~|

Cancel | OK

2. Choose Spectrum and Kernighages, andclick OK to continue th
process or clickCancel to stop the procedure.

A convoluted spectrum will appear in a minute.

4.3.3 Smoothing Gaussian

Using this command you nacheck a smoothespectrumhatwill be used at
deconvolution when you choose the Gaussian smoothing. When the
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smoothing widths specified for the MEM and RLA are different, you may
asked the value you want to use. To use this command, you havectoese
spectrum before launching this command.

i DieitalMicroeraph

Which peak width do you want touse, 100or1?

[10.0]

oK Cancel |
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4.5 Check Residue

You can check residue for a result of deconvolution. Here, the residue r
a difference between the observed spectrum and a convolution between
kernel and a deconvolutepectrum. You can manually calculate the resic
by subtracting a result obtained by the previGosvolution command from
the observed spectrum. However, this is a handy command to calculate
residue.

When you want to get a residue for a final regukt select the final result a
choose this command. Then, a residue will be displayedihis is becaus
the final result keeps information of the original observed spectrum ai
Kernel function.

When you want to get a result for other than timal result, you haveo
specify an observed spectrum and a kernel image. In this case the ste
be as follows:

1. ChooseCheck Residue from EELS menu.

Then, the following windows will appear to select images. You ha
open three images to be udsforehand.

Select Three Spectra

Deconwoluted Spectrum IC: ME Result at 34 4k ;l

Kernel ’B: low-loss 4k ;,
Obserwved Spectrum IA.' core=loss 4k ;l
oK | Cancel |

2. ChooseDeconvoluted Spectrum, Kernel andObserved Spectrum
then clickOK to continue the process or cli€flancel to stop the
procedure.

A residue spectrum will appear in a minute.
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5. Tips and Troubleshooting
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