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Outline

ÁIntroduction XFlash® 7 for SEM 

ÁFast signal processing

ÁData/spectrum quality at high speeds

ÁEsprit LiveMap: real time chemical imaging

ÁAchieving sub-10 nm EDS spatial resolution on bulk specimen in SEM

ÁSpatial resolution in SEM: Influencing factors, beam diameter, kV, optimal pixel size

ÁOptimal mapping settings for high resolution measurement. What to consider?

ÁApplication examples:

Ásemiconductor structures (FinFET) 

ÁNi-based single crystal superalloy

24 March 2023 3Innovation with Integrity
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The Generations of Bruker SDD

24 March 2023 4Innovation with Integrity

LN2 cooling 
Si(Li) detector 
Energy resolution 136 eV(Mn-kɸ+"

Peltier cooling 
Silicon Drift Detectors (SDD) 
Best energy resolution 121 eV (Mn-mɸ+"

2nd generation
XFlash®2000
2000

XFlash®3001
2002

3rd generation

1st generation
XFlash®1000
1997

4th generation XFlash®4010
2006

5th generation
XFlash®5010
2008

6th generation

XFlash®6|100
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XFlash® 7

24 March 2023 5Innovation with Integrity

Fast. Precise. Reliable.

XFlash® 7 - the detector  
for SEM and FIB-SEM

XFlash® 7T - the detector 
for TEM and STEM
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XFlash® 7 ҭBe faster!

With up to 1,000,000 cps the XFlash® 7 offers the highest 

real analytical throughput on the market for EDS 

detectors, meaning:

ÁGet best results in the shortest time

ÁFast survey maps

ÁFast particle analysis

ÁNo risk of signal loss caused by slow read-out 

electronics

ÁMaximize your sample throughput without 

compromising quality

ÁESPRIT LiveMap for real-time chemical imaging: use 

chemical information instead of BSE image signal to 

navigate on your sample
24 March 2023 6Innovation with Integrity
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Spatial resolution

ÁDiscern or separate distinct two features -> Spatial resolution

ÁSeparate fine scale features -> High spatial resolution

ÁFine scale/High magnification? -> Application

Sharp features ҭgood spatial resolution Blurred features ҭbad spatial resolution
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Interaction volume ҭsignal generation 

SE

EDS

BSE

Polepiece
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Interaction volume ҭdifferent materials & kVs

Monte Carlo 

electron-trajectory simulations

Carbon  Rdå 2 Õm Iron  Rdå 0.6 Õm Gold  Rdå 0.2 Õm

Z=79Z=26Z=6

Monte Carlo 

electron-trajectory simulations Rdå 2.5 ÕmRdå 1.3 ÕmRdå 0.4 Õm

Fe EHT = 10 kV Fe EHT = 20 kV Fe EHT = 30 kV

Å Montecalo Simulation casino

Å http://www.gel.usherbrooke.ca/casino/

XFLASH® 7 DETECTOR WEBINAR
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Interaction volume generation  Si ҭW ҭSi 
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Á5 kV beam scanning across a 20 nm tungsten (W) layer in Silicon (Si)

W (20 nm)

Si (500 nm) Si (500 nm)

Si

W

500ɛm

100ɛm

300ɛm

60ɛm
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Radial distribution of x -ray intensity vs. Beam diameter

ÁIntensity of generated x rays is higher for 

smaller beam diameter ïlower noise 

around signal 

Importance of beam focusing

24 March 2023 11Innovation with Integrity

W - 5 kV 

Distorted beam ï

more noise in map

Well focused beam ï

Sharp interfaces

XFLASH® 7 DETECTOR WEBINAR
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Pixel size

24 March 2023 12Innovation with Integrity

100 nm

Image res: 10 × 6 pixels, pixel size = 100 nm 

Map = 60 pixels (Under sampling)

Map counts = 200,000 Map counts = 200,000 Map counts = 200,000

Mean = 3333 counts/pixel Mean = 8.33 counts/pixel Mean = 200 counts/pixel

Map = 24000 pixels (Oversampling)

Image res: 200 × 120 pixels,    pixel size = 5 nm 

Map = 1500 pixels (reasonable sampling)

Image res: 50 × 30 pixels,    pixel size = 20 nm 

XFLASH® 7 DETECTOR WEBINAR
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Image drift in SEM ҭTypes

24 March 2023 13Innovation with Integrity

Thermal drift

-"52ǉE

-"44ǉE

Mechanical drift Charge accumulation drift

e-

Å Beam conditions

Å Pixel dwell time

XFLASH® 7 DETECTOR WEBINAR

e-



|© 2021 Bruker | |© 2023 Bruker |
-Bruker Confidential-

© 2021 Bruker ||© 2023 Bruker ||

ÁImage drift is corrected using the SEM image overlay 

compensation.

ÁPixel XY position retained on a feature or interface  

ÁIn-lens detector input can also be used (SE contrast is 

too low) 

ÁReduced area mapping ïbetter drift correction range

Drift compensation and SEM image shift

24 March 2023 14Innovation with Integrity

Drift Co. ҭa must! 

Active drift  
correction 

No drift  
correction 

XFLASH® 7 DETECTOR WEBINAR
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High spatial resolution EDS measurements - Checklist

ÁDiameter of primary electron beam

ÁPixel and map size ïavoiding oversampling

ÁCharging samples ïStarting with low kV and low beam current settings

ÁDrift correction

24 March 2023 15Innovation with Integrity

ÁClean sample, holders and stage

Minimize beam/carbon 

contamination on the samples!!

micro-XRF map of a fingerprint

XFLASH® 7 DETECTOR WEBINAR
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XFLASH® 7 DETECTOR WEBINAR SERIES PART II

Application examples

1. CPU (FinFET)

24 March 2023 16Innovation with Integrity

XFLASH® 7 DETECTOR WEBINAR
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Below M0

Deprocessed CPU (FinFET) ҭPFIB delayering

17Innovation with Integrity

20 mMAG: 3100x 5 kV

100 m
MAG: 1500x 5 kV

Sample courtesy: Dr. Andrey Denisyuk, TESCAN ORSAY HOLDING, a.s, Brno, CZ

10 mm

24 March 2023

XFLASH® 7 DETECTOR WEBINAR
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Below M0

Deprocessed CPU (FinFET) ҭPFIB delayering

18Innovation with Integrity

100 m
MAG: 1500x 5 kV

Sample courtesy: Dr. Andrey Denisyuk, TESCAN ORSAY HOLDING, a.s, Brno, CZ

24 March 2023

Above M0

FEOL+BEOL
(M1 ~ M10..)

Exactly M0

Below M0

M0

Exactly M0

Above M0

XFLASH® 7 DETECTOR WEBINAR



|© 2021 Bruker | |© 2023 Bruker |
-Bruker Confidential-

© 2021 Bruker ||© 2023 Bruker ||

5 kV, 300kx MAG, Below M0

24 March 2023 19Innovation with Integrity

SE Cobalt Silicon

Aluminum

Hafnium

Tungsten TitaniumGermanium

500 nmMAG: 300,000x          HV: 5 kV

XFLASH® 7 DETECTOR WEBINAR
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5 kV, 300kx MAG, Exactly M0
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SE Cobalt Silicon

Aluminum

Hafnium

Tungsten TitaniumGermanium

500 nmMAG: 300,000x          HV: 5 kV

~7 nm

~7 nm

XFLASH® 7 DETECTOR WEBINAR
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5 kV, 300kx MAG, Above M0
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SE Cobalt Silicon

Aluminum

Hafnium

Tungsten TitaniumGermanium

500 nmMAG: 300,000x          HV: 5 kV

~15 nm

XFLASH® 7 DETECTOR WEBINAR
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Automatic peak deconvolution ҭAbove M0

24 March 2023 22Innovation with Integrity
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Measurement parameters

24 March 2023 23Innovation with Integrity

EDS MEASUREMENT PARAMETERS

Count rate 15600 cps

Probe current 390 pA

Total counts 4.6E+7 (46M)

Map size 300 x 225 px

Above M0Exactly M0Below M0

EDS MEASUREMENT PARAMETERS

Count rate 15200 cps

Probe current 350 pA

Total counts 4.2E+7 (42M)

Map size 300 x 225 px

EDS MEASUREMENT PARAMETERS

Count rate 15500 cps

Probe current 380 pA

Total counts 4.6E+7 (46M)

Map size 300 x 225 px

XFLASH® 7 DETECTOR WEBINAR
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Drift correction 

24 March 2023 24Innovation with Integrity
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5 kV, 1Mx MAG, Below M0

24 March 2023 28Innovation with Integrity

EDS MEASUREMENT PARAMETERS

Measurement time 545 s

Count rate 15,600 cps

Probe current 390 pA

Dead time 18%

Total counts 7E+6 (7M)

H-FOV 300 nm

Map size 200 x 150 px

SiCo

AlGe

50 nm

XFLASH® 7 DETECTOR WEBINAR
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Application examples

2. Ni based single crystal super alloy

24 March 2023 29Innovation with Integrity

10 mm

1,00,000x
500 nm

XFLASH® 7 DETECTOR WEBINAR
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5 kV measurement at 50,000x magnification

24 March 2023 30Innovation with Integrity

500 nmMAG: 50,000 x  HV: 5 kV

Nickel Aluminum

Chromium Cobalt Molybdenum Tungsten

TantalumSE

ɵ~ 60 nm

XFLASH® 7 DETECTOR WEBINAR
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5 kV measurement at 50,000x magnification

24 March 2023 31Innovation with Integrity

EDS MEASUREMENT PARAMETERS

Measurement time 15 min

Count rate 39,000 cps

Dead time 23%

Total counts 3.6E+7 (36M)

Magnification
50,000 x (FOV 
2.4 µm)

Map size 600 x 450 px

Tungsten

Tantalum

ɵ~ 60 nm

XFLASH® 7 DETECTOR WEBINAR
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EDS MEASUREMENT PARAMETERS

Measurement time 35 min

Count rate 20,000 cps

Dead time 12%

Total counts 3.4E+7 (34M)

Magnification
50,000 x (FOV 
2.4 µm)

Map size 500 x 375 px

3 kV measurement at 50,000x magnification

24 March 2023 32Innovation with Integrity

ɵ~ 30 nm

Tantalum

Tungsten

XFLASH® 7 DETECTOR WEBINAR


