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Bruker X-ray Diffraction
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Á D8 ENDEAVOR
XRD for process and 
quality control

Á D6 PHASER
All-in-one
benchtop XRD

Á D8 ADVANCE
Versatile and future-proof 
XRD solution

Á D8 DISCOVER
All-purpose cutting edge 
XRD solution



02 ƧBeyond Powder ƧD6 Phaser



The Benchtop Platform

D6 PHASER 

Á600W or 1200W with internal 

cooling

ÁTime-tested goniometer

ÁMultimode LYNXEYE XE-T 

detector

ÁReflection and transmission 

ÁVaried stages

ÁSource, stage, optics 

exchange

ÁMotorized beam optics

ÁFull Bruker software suite

ÁIntegrated components 

POWERFUL VERSATILE ACCESSIBLE
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What information can the D6 PHASER provide?
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Traditional Powder Methods

Phase
Identification

Phase
Quantification

Structure
Solution & 

Refinement

Non-
Ambient

Nano
Materials

(PDF)
Texture

Residual
Stress

Film
Thickness

(XRR)

Depth 
Dependent

(GID)

V V V V V V V V V

Materials Research Methods
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Sample 
Types

D6 Phaser Ƨsample types

8Innovation with Integrity 7 August 2025

Capillary

PowderCoating

Filter

MountedFoil

Bulk Gel

Slurry

Sintered Ceramics
Metal Alloys

Rocks

Glass and Metal Coatings
Semiconductor Films

Crystalline
Mesoscopic
Amorphous

Acrylic, Epoxy or Bakelite PVC or Silver
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D6 PHASER - THE BENCHTOP PLATFORM

Capillary Diffraction

Generator 1200W
X-ray Tube Cu
Incident Optic Advanced Optic with Axial Soller
Sample Stage Capillary Stage
Air Scatter Control Guard Slit Holder with Beam Stop
Diffracted Beam Optic Telescopic Slit Shaft
Detector LYNXEYE XE-T

With Stage
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D6 PHASER with Capillary Stage
Instrument Configuration
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Cu tube

LE XE-T
(High Res.)

0.05 mm DS

2.5 S̄oller slit

0.6 mm guard slit

2 mm slit

4 S̄oller slit

Beam stop
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ÁLisinopril (C21H31N3O5) in 

0.5mm capillary

D6 PHASER in Capillary Geometry
Organic Sample
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Measurement Conditions

Scan range 5 Ƨ120 deg 2th

Time/step
Step size

0.3 Ƨ1.5 s
0.021 deg

Total time 8 x 90 min = 12 h

Pawley refinement
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ÁLisinopril (C21H31N3O5) in 

0.5mm capillary

ÁDivergent beam geometry

D6 PHASER in Capillary Geometry
Organic Sample

7 August 2025 12Innovation with Integrity

Measurement Conditions

Scan range 5 Ƨ120 deg 2th

Time/step
Step size

0.3 Ƨ1.5 s
0.021 deg

Total time 8 x 90 min = 12 h

D6P
D8A (w/slits)



|©!3136!Csvlfs |
- confidential -

©!3136!Csvlfs ||

ÁLisinopril (C21H31N3O5) in 

0.5mm capillary

ÁDivergent beam geometry

D6 PHASER in Capillary Geometry
Organic Sample
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Measurement Conditions

Scan range 5 Ƨ120 deg 2th

Time/step
Step size

0.3 Ƨ1.5 s
0.021 deg

Total time 8 x 90 min = 12 h

D6P
D8A (w/slits)
D8A (fGM)
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D6 PHASER - THE BENCHTOP PLATFORM

Grazing Incidence 
Diffraction &
X-ray Reflectometry

Generator 1200W
X-ray Tube Cu
Incident Optic Advanced Optic with Axial Soller
Sample Stage Universal Stage with Phi Attachment
Air Scatter Control None
Diffracted Beam Optic Equatorial Soller(GID) or

Telescopic Slit Shaft (XRR)
Detector LYNXEYE XE-T

With Stage
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THIN FILM ANALYSIS
Components for GID

Universal stage

ÁDecoupling of the incident and 
diffracted beam angle

ÁMotorized Z height for to 
accommodate various samples

7 August 2025 15Innovation with Integrity

ċ

z

Equatorial Soller collimator

ÁReproducible positioning with 
two fixing screws

ÁExtra slot for Cu absorber

Primary side advanced optics

ÁMotorized variable divergence slit

ÁAxial Soller collimator

ÁSecond pluggable slit or Cu 
absorber
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THIN FILM ANALYSIS
GID data aquisition

7 August 2025 16Innovation with Integrity
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Materials Research
Grazing Incidence Diffraction (GID)

7 August 2025 17Innovation with Integrity

GIDvs Symmetric Scan
ITO thin film on glass
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VERSATILE. Thin-Film Analysis
Gracing Incidence Diffraction (GID) for Phase Identification 

October 24th, 2023 18

Both instruments efficiently 
separate the thin-film signal 
from the glass background

ÁIntensity of the D6 
PHASER is about 2x 
stronger than for the floor 
standing unit

ÁThe separation is better 
for the D8 DISCOVER due 
to the superior 
parallelization of the 
beam for a Hʹcfmmirror 
compared to double-slit 
collimation

CONFIDENTIAL

The same sample (20 nm ITO on glass) was measured with the D6 PHASER (red, 
61!´n!tmju*!boe!uif!E9!EJTDPWFS!)cmvf-!HN!xjui!1/2!nn!tmju*!gps!tfqbsbujoh!uif!
thin-film signal from the intense bulk material signal (black).
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THIN FILM ANALYSIS
Grazing Incidence Diffraction
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Á20 nm Indium Tin Oxide (ITO) layer 
on glass

ÁComparison of symmetric and 
asymmetric diffraction geometry

ÁControl of the angle of incidence 
to minimize the glass substrate 
signal

Á20 nm W layer on silicon

ÁGID measurement up to high 
angle to enable residual stress 
evaluation

ÁDemonstration of the need to 
account for residual stress to 
properly refine GID data
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THIN FILM ANALYSIS
XRR Principle

7 August 2025 20Innovation with Integrity

Å Layer thickness   < 1 nm to > 200 nm

Å Material density  < 1 -2%

Å Roughness of surfaces and buried interfaces  < 3 -5 nm

50nm Pt on 
quartz
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THIN FILM ANALYSIS
Components for XRR

7 August 2025 21Innovation with Integrity

Primary side advanced optics

ÁMotorized variable divergence slit 
closed to 0.04 deg

ÁTypically no axial Soller slit

Á0,2 mm or 0,1 mm or no Cu 
absorber

Universal stage with vacuum finger

Telescopic slit shaft

Á0,1 mm antiscatter slit

ÁTypically no axial Soller slit

ÁLYNXEYE in 0D mode, 1 channel
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THIN FILM ANALYSIS
Reliable XRR data

7 August 2025 22Innovation with Integrity

D6 PHASER
D8 DISCOVER
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THIN FILM ANALYSIS
X-ray Reflectometry (XRR) Data

Measurement Geometry

Á Low incident and exit angle

Á Sample height and rocking offset 
determined using theUniversal 
Stage

Á Scan collected from ~0-10 2̄ÿ

Á Multiple scans collected with 
different Cu absorbers

Analysis in DIFFRAC.XRR

Á Data is imported and auto-merged 
into a single data set

Á One button FFT analysis reveals film 
thickness

Á Fitting allows determination of 
thickness, density and roughness

7 August 2025 23Innovation with Integrity

One button FFTanalysis of XRR data 

collected on a W film. The inset 

shows the result of the analysis.

Fitting analysis of W film on Si. The resulting structure is 

seen in the inset while the table contains the thickness, 

density and roughnessof the film sub-regions.
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D6 PHASER ƧCase Study

Dedicated film thickness analysis

ÁHigh end thin film growth lab specializing in 

functional oxides, typically 10-30 nm thickness.

ÁExtensive experience with XRD, looking for simple 

solution to check film thickness.

ÁPush button method including sample alignment 

and measurement.

ÁMeasurement time of 5 minutes.

October 24th, 2023 24CONFIDENTIAL

Nd2O3 on Sapphire
D6: 23.33 nm
D8: 23.40 nm 

NbO2 on TiO2
D6: 14.07 nm
D8: 13.25 nm 

Lu2O3 on YSZ
D6: 12.58 nm
D8: 12.37 nm 

NbO2 on MgF2
D6: 19.77 nm
D8: 19.87 nm 
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THIN FILM ANALYSIS
X-Ray Reflectometry - XRR

7 August 2025 25Innovation with Integrity
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D6 PHASER - THE BENCHTOP PLATFORM

Residual Stress &
Texture Analysis

Generator 1200W
X-ray Tube Cu or Cr
Incident Optic Advanced Optic with Axial Soller
Sample Stage Universal Stage with Phi Attachment
Air Scatter Control None
Diffracted Beam Optic Axial Soller
Detector LYNXEYE XE-T

With Stage
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ÁMechanical Stress

ÁResidual Stress

Residual stresses are stresses that remain in a solid material after the original cause of the stresses has been 

removed. 

Residual Stress
What is it?

7 August 2025 27Innovation with Integrity

Á Tensileresidual stress

Opens crack and increases crack propagation

Á Compressiveresidual stress

Closes crack and slows crack propagation

Á Compressive

Á Tensile

Á Shear
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Residual Stress
Stress in Iso-inclination Mode

October 24th, 2023 28

Same setup of the  
measurements in WIZARD 
and evaluation in LEPTOS 
as for the D8s

Intensity and resolution are 
no limiting factors of a D6 
PHASER over D8s for 
Stress analysis

The capability of the D6 for 
stress analysis is proven by 
showing norm compliance 
with EN15305

CONFIDENTIAL

A stress-free tungsten sample is shown to have stress below 31 MPa
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Residual Stress Analysis
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ÁStress-free sample (W-Powder)
Results according EN 15305

ÁW Thin Film
(one sputtered under Ar-
atmosphere the other under Kr-
atmosphere)

ÁResidual Stress Analysis using the 
Iso-Inclination method is fully 
implemented
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Texture Analysis
What is Crystallographic Texture?
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Á Texture deals with grain orientations (Crystallite orientations) in a polycrystalline material

Á Polycrystalline material consists of a large number of small crystallites 

Á Each of these crystallites has a specific orientation of the crystal lattice.

Á Strong textured sample
(crystallites arranged like 
a single crystal)

Á Non-textured sample
(crystallites are 
completely random, like in 
an ideal powder)
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Definition
Pole Figure

ÁIf we consider a lattice plane, the 

orientation of the plane can be 

given by its normal vector. 

ÁIf we draw a sphere with the 

center on the plane, then the 

intersection of the normal line 

and the sphere is the pole.

7 August 2025 31Innovation with Integrity

ND

TD

RD

RD

TD

Pole Figure
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Pole Figure
Example
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ND

TD

RD
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TEXTURE ANALYSIS with D6
Rolled Al Sheet Metal

ÁTexture Analysis using high angle reflections yield to same texture 

results compared to traditional data collection (with cradle)

ÁD6 requires flat samples

ÁBeam size can be controlled with fixed sample illumination

ÁBeam height can be controlled with height limiting slits

ÁLarge sample averaging due to larger beam size compared to point 

focus texture.

ÁConstant sample illumination (even at high tilt angles)

7 August 2025 33Innovation with Integrity



|©!3136!Csvlfs |
- confidential -

©!3136!Csvlfs ||

Recalculated Pole Figures

7 August 2025 34Innovation with Integrity

D6 Phaser

D8 ADVANCE / D8 DISCOVER
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Texture Analysis
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ÁRolled Al sheet metal

ÁShort data collection on high angle 
Pole Figures

ÁShort interpretation on the results

ÁTexture Analysis can be performed 
using the Iso-Inclination method



03 ƧHard Radiation ƧPDF and Batteries
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What is PDF Analysis?

ÁPDF analysis is an analytical 

technique that can provide local 

structural information from:

ÁAmorphous materials

ÁNanocrystalline materials

ÁDisordered materials

ÁRequires high energy X-rays 

(Mo or Ag source)

7 August 2025 37Innovation with Integrity

Schematic representation of a PDF Accessible Q-range using different X-ray 
anodes, highlighting importance of high 
energy sources for PDF analysis
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D6 PHASER with Capillary Stage
Instrument Configuration
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Mo tube LE XE-T
0.1-0.2 mm DS

2.5 S̄oller slit

0.6 - 1 mm guard slit

2 mm slit

4 S̄oller slit

Beam stop
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ÁSi powder in 0.5mm capillary

ÁStandard material, good for validating instrument setup

ÁPDF processing using DIFFRAC.EVA V7

D6 PHASER with Capillary Stage
PDF Analysis ƧMo tube

7 August 2025 39Innovation with Integrity

Measurement Conditions

Scan range 3 Ƨ145 deg 2th

Time/step
Step size

0.5 - 14 s
0.03 deg

Total time 3 x 5 h = 15 h
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ÁC60 powder in 1mm Kapton capillary

ÁLow absorbing, big capillary: ideal sample for D6P

ÁPDF processing using DIFFRAC.EVA V7

D6 PHASER with Capillary Stage
PDF Analysis ƧMo tube

7 August 2025 40Innovation with Integrity

Measurement Conditions

Scan range 3 Ƨ145 deg 2th

Time/step
Step size

0.6 - 18 s
0.04 deg

Total time 3 x 5 h = 15 h
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D8 Family ƧPDF analyses
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D8 Advance with EIGER500K ƧPDF analyses
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D8 Discover Plus with TXS ƧPDF analyses
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ÁLargestCdTedetector on the market for XRDlab systems

ÁFully integrated for D8DISCOVER,including all scanningmodes

ÁRequires: water -cooling, dry air (included)

High Energy Solutions
EIGER2 R 500K CdTe for D8 DISCOVER

EIGER2CdTe 

EIGER2Si

LaB6 measured with Ag source
(~3.7x intensity compared to Si sensor)

EIGER2R 500K
Si

EIGER2R 500K
CdTe

Sensor 450 µmSi 750 µmCdTe

Active Area 2960 mm2 2960 mm2

Efficiency (Mo) 47% >99%

Efficiency (Ag) 27% >99%

26 May2025 |© 2025151Bruker Innovationwith Integrity | 17-Bru- kceornCfidoennfitdiaeln-tial-
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Batteries ƧIn Operando solutions
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Operando Battery Research

7 August 2025 46Innovation with Integrity

Fully integrated into DIFFRAC.SUITE

VPerform charge/discharge cycles 

synchronized with diffraction 

measurements.

ÁVoltage Range: +/- 10V

ÁCurrent Range: +/- 800 mA

BioLogic SP-50
Single Channel Potentiostat Two types of battery cell holder stage attachment:

Á Reflection Battery Cell Holder Á Pouch Transmission Battery Cell 
Holder
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MfSjDifƫTBattery Cell Type 2 Ƨfor in situ XRD

7 August 2025 47Innovation with Integrity

Cell designed by LRCS, Univ. Amiens (France)

ÁDesigned for XRD by battery experts

V Lightweight, compact design

V Easy to assemble and use

V Reliable electrochemical performance

ÁReflection geometry

ÁDifferent window materials available

Features

Easy materials 
loading

Exchangeable screw 
for reflection or 
transmission

Easily exchangeable 
windows
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Full Integration of Potentiostat SP-50 from BioLogic

7 August 2025 48Innovation with Integrity

ÁPlan sequence of cycles and XRD 

measurements in the non-ambient 

tab of the WIZARD

ÁMeasure at defined points of the 

cbuufszƫt!dibshf-discharge cycle

ÁWriting of the corresponding current 

& voltage parameters to the 

measurement result file (.brml)

Features

Á Build modular experiments in WIZARD, 

combining XRD scans with different 

operation modes

Experiment Planning

Á Plot current/voltage parameters with 2D 

data view in DIFFRAC.EVA

Data Visualization

# CC/CV/OCV = Constant Current/Constant Voltage/Open Circuit Voltage
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ÁHigh quality data in just 6 min measurement time

ÁDischarged state: NMC622, graphite, Al, and Cu clearly identified

ÁAdditional peaks from separator

Measurement Results and Phase ID

Instrument Parameters

Source
Cu Sealed Tube
(40 kV, 30 mA, 1200 W)

Prim. Optics
0.1 mm Fixed Slit
4 S̄oller Slit

Stage Pouch Cell Holder

Sec. Optics
Telescopic Slit Shaft
4 S̄oller Slit

Detector LYNXEYE XE-T (4.9̄ )

7 August 2025Innovation with Integrity 49

Measurement Parameters

Range 15 Ƨ62¯

Increment 0.03¯

Time/Step 0.2 sec

Total Time 6 min per scan
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In-Operando Data Visualization in DIFFRAC.EVA

Á2 complete charge/discharge cycles 

using C/10 charge rate

ÁVisualize individual XRD datasets, or 

the complete experiment with 

waterfall display or 2D view

ÁPlot current/voltage parameters 

alongside 2D view for easy 

identification of new species or 

transition points

7 August 2025 50Innovation with Integrity

NMC

LiC6 C

LiC12

LixC
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ÁAvailable for D8ADVANCEand D8 DISCOVER

ÁFits on floor-standing UMCstagesfor mapping on D8DISCOVER

ÁFits on modified CompactUMCstage(extended Z-rangeto fit stage) for D8

ADVANCEand D8DISCOVER

ÁPouch cells up to Width 120 mm x Height 80 mm

ÁLargerpouch cells can be mounted without cover

ÁPeltier heating/cooling, temperature range: -10ÁCto +80ÁC

ÁTemperatures below RTrequire dry air (not included) to avoid condensation

Battery Solutions
Non-Ambient Operando Stage for Pouch Cells

26 May2025 |© 2025151Bruker Innovationwith Integrity | 21-Bru- kceornCfidoennfitdiaeln-tial-




