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What is EDS map data quality?

01
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Map data quality
Signal generation in SEM: Electron beam ƿmaterial interaction

Backscattered Electrons (BSE) (~50 eV to E0)

Primary energy (E0)

Secondary Electrons (SE) (~1-50eV)

Auger Electrons (~50-2000 eV)

Characteristic X-rays

Cathodoluminescence

Bremsstrahlung / Continuum  X-rays

+ heat

Interaction volume 
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SEM imaging vs EDS: Raw data
Mapping with SEM EDS

SE EDSBSE

Pure black White
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What is an EDS map?
Hypermap - data cube

Material Heterogenous

Aim of the analysis Chemical distribution/Quantified maps

Data type Hyperspectral imaging (counts per pixel)

Acquisition Slower (few minutes)

SEM EDS mapping
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SEM image vs EDS maps
Frame overlay

SEM image ƿ1 frame EDS map ~ 230s frames

Acquisition time = 2.6 s Acquisition time = 600s

Innovation with Integrity



|© 2025 Bruker |
-Bruker Confidential-

|© 2025 Bruker |© 2025 Bruker ||© 2025 Bruker || 8|| || || ||Innovation with Integrity

EDS map generation
Peak intensity map

Total counts  
(with background)

Total counts  (with background)
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What is map data quality?

Map data quality =

Map image quality

High-signal low-noise, 
Spatial resolution, 

Phase differentiation

Spectral quality

Total counts spectrum, 
Counts per pixel, 

Dead time, 
Spectral resolution
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Factors influencing map data quality

02
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Factors influencing map data quality

Interaction 
parameters

Count 
statistics

EDS 
hardware

Map data quality

Sample 
conditions
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Interaction 
parameters

ÅSEM Acceleration voltage (HV)

ÅProbe current

ÅDwell time

ÅBeam alignment

ÅWorking distance

02
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W - 15 kV W - 5 kV W - 3 kV 

40 nm 40 nm 40 nm

Z = 74 ą!>!2:/4!h0dn3 Mù!>!9/4:!lfW

ö~ 30 nm ö~ 15 nmö~ 120 nm

Interaction parameters
SEM primary energy (HV) penetration depth 

Subsurface signal Better spatial resolutionBulk specimen
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Interaction parameters
EDS mapping ƿprobe dose

D - Probe dose / electron dose

D
ᶻ

ᶻ

I probe current

t dwell time/pixel 

Apx pixel area

e charge of electron

Lower probe dose Higher probe dose 

Å Lower signal / higher noise

Å Grainy image

Å Lower charge accumulation

Å Less beam induced damage

Å Lower contamination

Å Better signal / lower noise

Å Sharper edges

Å Higher charge accumulation

Å Higher beam induced damage

Å Higher contamination

Double probe current -> D is doubled
Double dwell time -> D is doubled
Increase magnification -> D increases
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ÁLonger dwell time (better SNR) ÁShorter dwell time (poor SNR)

Lower noise, better map data

Interaction parameters
Dwell time ƿSNR effect

Noisy map data
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Interaction parameters
Beam alignment

Sharp features ƿgood beam alignment
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Blurred features ƿnon optimal beam alignment
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 1 nm beam

 3 nm beam

 5 nm beam

 10 nm beam

ÁIntensity of generated x rays is higher for 

smaller beam diameter ƿlower noise 

around signal 

Importance of beam focusing W - 5 kV 

1 nm

3 nm

5 nm

10 nm

Interaction parameters
Beam diameter vs radial distribution of x -ray intensity
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o

Interaction parameters
Pixel size (px) vs probe diameter (d) consideration

Px >> d

Pixel (100 nm)

Electron probe (3-5 nm)o

Particles of interest
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Active drift  correction No drift  correction 

Interaction parameters
Drift effect and compensation during EDS mapping

Smear effect

Wobble effect
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ÅMaterial density (z)

ÅMatrix effects

ÅSample conductivity

ÅSurface contamination

ÅSample drift/stage stabilization

Sample 
conditions

03
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Si - 15 kV 

ÁMonte-carlo simulation (Signal generation depth) at 15 kV for different materials

Fe - 15 kV W - 15 kV 

Z = 14 ą!>!3/44!h0dn3 Lù!>!2/85!lfW!Z = 26 ą!>!8/97!h0dn3 Lù!>!7/51!lfW!Z = 79 ą!>!2:/4!h0dn3 Mù!>!:/81!lfW

500 nm 500 nm 500 nm

ö~ 250 nm ö~ 120 nmö~ 1100 nm

Sample conditions
Material density dependence
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Sample conditions
Interaction volume generation  Si ƿW ƿSi 

Á5 kV beam scanning across a 20 nm tungsten (W) layer in Silicon (Si)

W (20 nm)

Si (500 nm) Si (500 nm)
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Sample conditions
Intensity of X -rays generated at Si ƿW ƿSi 

W (20 nm)

Si (500 nm) Si (500 nm)

Á5 kV beam scanning across a 20 nm tungsten (W) layer in Silicon (Si)

W (5 kV)

Si (5 kV)
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~2 nm ~6 nm

5 kV 20 kV 

Sample conditions
Intensity of X -rays generated at Si ƿW ƿSi
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ÁLonger dwell time (Higher charge accumulation) ÁShorter dwell time ( Lower charge accumulation)

Higher sample drift Lower sample drift

Sample conditions
Dwell time ƿ(non conductive samples)
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Count 
statistics

ÅOutput count rate

ÅMap image size (X × Y pixels)

ÅMeasurement time

04
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Count 
statistics

Data quality in numbers

e-beam 1E8 counts

1000 x 1000 px

(map summation spectrum)

100 counts/pixel
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Statistics

Count 
statistics

Data quality in numbers

<20 counts/pixel
Poor

Basic qualitative 
analysis

~ 50 counts/pixel
Threshold

Qualitative analysis

~ 100 counts/pixel
Good

QUANTitative analysis

> 200 counts/pixel
Excellent/oversampling

QUANTitative analysis
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Output count rate: 391,800 cps
800 x 600 pixel
Mapping time: 60 seconds

σωρψππσzπ

ψππzφππ
τψὧέόὲὸίȾὴὭὼὩὰ

Output count rate: 391,800 cps
800 x 600 pixel
Mapping time: 600 seconds

Count Statistics
Measurement time

σωρψππφzππ

ψππzφππ
τωπὧέόὲὸίȾὴὭὼὩὰ

Innovation with Integrity



|© 2025 Bruker |
-Bruker Confidential-

|© 2025 Bruker |© 2025 Bruker ||© 2025 Bruker || 31|| || || ||Innovation with Integrity

Output count rate: 391,800 cps
800 x 600 pixel
Mapping time: 60 seconds

σωρψππσzπ

ψππzφππ
τψὧέόὲὸίȾὴὭὼὩὰ

Output count rate: 391,800 cps
800 x 600 pixel
Mapping time: 600 seconds

Count Statistics
Measurement time

σωρψππφzππ

ψππzφππ
τωπὧέόὲὸίȾὴὭὼὩὰ
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Output count rate: 12,100 cps
300 x 250 pixel
Mapping time: 300 seconds

ρςςππσzππ

σππzςυπ
τωὧέόὲὸίȾὴὭὼὩὰ

σπωπππφzπ

σππzςυπ
╬▫◊▪◄▼Ⱦ▬░●▄■

Output count rate: 309,000 cps
300 x 250 pixel
Mapping time: 60 seconds

Count Statistics
Count rate dependence
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Output count rate: 537,400 cps
1024 x 768 pixel
Mapping time: 300 seconds

Output count rate: 537,400 cps
4096 x 3072 pixel
Mapping time: 300 seconds

υσχτππσzππ

τπωφzσπχς
ρςὧέόὲὸίȾὴὭὼὩὰ

Count Statistics
Map image resolution (pixels OR points in map)

υσχτππσzππ

ρπςτzχφψ
╬▫◊▪◄▼Ⱦ▬░●▄■
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