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ﬂ D6 PHASER

D6 PHASER

The Benchtop Platform

POWERFUL VERSATILE ACCESSIBLE
SPEED, ACCURACY AND SENSITIVITY MEET EVERY NEED AUTOMATIC, AFFORDABLE, EASY-TO-USE
= 1.2 kW with internal cooling = Reflection and transmission = Dynamic Beam Optimization

Powder XRD

= Time-tested goniometer = Touch panel operation

= LYNXEYE XE-T detector = Non-ambient diffraction = Stage and optics exchange

= Motorized beam optics = GID, XRR, Stress, Texture



D6 PHASER - THE BENCHTOP PLATFORM

Residual Stress
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




DIFFRAC.WIZARD FOR D6

C><)
Data collection - Uniaxial STRESS BROKER
DIFFRAC.WIZARD

Sample: W Bl 5 g e G e = WIZARD Se’[’[mgs as

Wi
B g & &0 8§

Instrument: N6 - TR ... s | revesen for D8
Radius: 166.5mm ponmn s B o Py . o ,
Tube: Cu (e o e e e e e " it Psiis achieved

./ pAvmCt

. / XY positions v 2Theta TR Pst . .
Generator. 40kV/30mA = T | e o I C with Universal Stage
PI’I mSOl |e I 2 5d eg ;“'“5 Stop ] 133.999 Meas.points 17 B

H H Sample emvironment o 0.0292500951 ™
Divergence Slit: 0.2 mm e +”(@Nx) 7

Time/step  [s) 0.200 Pal sin3(psf) (signed

SecSoller: 2.5deg S = | P A
LE-XE-T, HRM, 1D fully open S s
Universal Stage =
Scan: 129-134° 26 o s
Psi tilt: +45° 17 steps 2 m;é
|ncr 0‘030 26 44.99919... 0.499986014

Time: 0.2s/step
Total: 19 min
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STRESS ANALYSIS OF D6 DATA

Data collection
DIFFRAC.WIZARD

W Stress Free
Reference

Sample:

Instrument: N6

Radius: 166.5mm
Tube: Cu
Generator: 40kV/30mA
PrimSoller: 2.5deg
Divergence Slit: 0.2 mm
SecSoller: 2.5deg
LE-XE-T, HRM, 1D fully open

Universal Stage

129-134° 26
+45° 17 steps

Scan:
Psi tilt:

B8 LEPTOS 7.14 (W reference)
File Edit Sample Simulation

Stress

Scripts  Options  Help

Incr:
Time:
Total:

© 2021 Bruker

0.03° 26
0.2s/step
19 min

=

REASRB R ag bkt B taiausBEED 2

710" 1314714
710"
131.1429.
6510
10" o 13018 145 207 257 30 34 378 414 45
B
55410’ £ 13toss7{ A Bis 07 CET twm o 378 14 s
S 131.0871
L4510
T 0] 131.0286
Eas0" 131 =
0" 0 01 02 03 0.4 05
250" sin2(Psi)
210
g Pii oAl [EO7N 570 3000 G0N AN EEN W50« |
110"
10" ot . . Phifngle [9539 ~
Paak Evaluatiorr ~Strass modet rystak
e ——— S S LSS Shess mad
129 1295 130 1305 131 1318 132 1325 133 1335 134 € Slding Gravity " Gravity & cor Theta -
“rangel —rangeZ  range3 — ranged  rangeS — rangeB — rangel —rangeB —range8  rangel0 — rangell " Stendard & Peasonvll || I Use s input
—rangel2 — rangel3 — rangel4  rangelS  rangels _rangell £ Parabolic © ultple Peal | She A m
Merged Flot | D ataset | Reduction/Fit | Resus | Elipscid Lame | Taiored Repor | Merged Plot | Dataset | Reduction/Fit_Results | Elipsoid Lame | Talored Fiepart
1z
Peal ~
o 2 ty [30 v Threshold Siress tensor (MPa)
nd [5 BOE., |  Sleing vty [[1D [0 [30 (a0 0 0 70 B0 [ [ e T2 e
¥ Folaisation ¥ Fasbolc [70) ] ok e e
¥ K-alpha 2 ratio [0.50 [ Fit Standard 7 -2 e e
' $mooth ' FitPearsonMIl [ Fithiuliple Peaks T Fdpha 2 2 "[7
a 7
amol 7
+
Material [HKL  [wavelength[2Theta_[Poisson [Young [51 [17252 Jam | | Om
W 321 01540649 131160 0290 401606 | T.2ZIE7 3216 1000 |
Stress orientatio
P mp— i
Sicalar st Phi. Psi}
c3lar sress 1. Pzl
. - -4.8 0.5
MWarrnal 1-2.1 =27 Shear I : il :
Save s defaut | Clear

»12:38 41 - Project file saved W referen A

Merged Plot | Dataset Redustion/Fit | Resuts | Etipscid Lame | Talored Report |

PsHyd |-

x|~

According EN15305 the instrument is qualified for residual stress measurements if the

stress free W powder gives a result of |o| < 31MPa with uncertainty |u )| < 31TMPa
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STRESS ANALYSIS OF D6 DATA

C><)
STRESS Analysis BRGRER
DIFFRAC.LEPTOS — Normal/Shear stress only positive

Sample: W Kr Sputtered T
on Glass DEHROS R @ &S
== 8

imulation Stress  Scripts  Options  Help

~

| n St ru m e nt' N 5 P stressw-2GP_tensor [range 1)
N ~B stressW-2GP_tensor range 2)
. . B stressW-2GP_tensar [range 3) <= Psiz 0
Radius: 166.5mm B st w26 tores o 4] . 131083 wreicd
€ stressw/-2GF_tensor [1ange 5| - 10,8248 =
T b . C ¥ stressW-2GP_tensor [range B) 10
U e U B sltress'W-2GP_tensar [range 7) 1,8:10° 130,7954
B stressW-2GP_tensor f1ange 8] 1610 £ 1aesst
G ene rato r 40 kV/ 'I 5 m A B shiess W-2GF_tensor [range 5) 2 £
. B stressW-2GP_tensor [range 10) 21,4710 1305368
. ) B¢ stressw-2GP_tensor [range 11) Eq 2 o’ 130,4076
P rl m SO I | e r‘ 2 . 5d eg B¢ stressw-2GP_tensor (range 12) 1+10°
B stressw-2GP_tensor (range 13) R 1202784 |
H 4. - stressW-2GP_tersor [range 14) &e 130,149
D |Ve rg e ﬂ Ce S | It O . 2 m m ~B stressW-2GP_tensor range 15) s+10° ' c'r 0:1 D,IZ u:a u,‘A 0:5
. ~B stressw-2GP_tensor (range 16) s102 Sin*2(Psi)
P h I O 0/’] 8 O o B stressW-2GP_tersor [range 17) Ly B B s B S B B S LR
~B stressW-2GP_tensor (range 18) 124 126 128 130 132 134 135 Psi n - - - - - - m
. B stressw/-2GP._tensor (ange 13) “rangel —range?  range3 —ranged — range5 — rangeB — range? — rangeB — ranged
SeCSO | |e r. 2 . 5d eg 8 stross W-2GP._tensar (ange 20) — range10 — range11 —rangel2 — rangel3 —range14 — rangelS — rangel€  range17 — rangeld Phi Angle lm
B shessW-2GP_tersor [rangs 21] — range19 — range20 — range21 — range22 — range23 — range24 — range25 — range26 — range27 N e —
~B¥ stress'W-2GP_tensor [range 22) Peak Evaluation Stress modet Crystal

— range38 — range?9 — range30 — range31 — range3? — range33 — range34 — range35 — range3s
LE_X E_T, H R M, ’I D 4. 9 5| I “ I I — range37 — range38 — range39 — range40 — range41 — range42? — range43 — ranged4 — range4s ' Momel 2Theta |130,993

€ Sliding Gravity ¢ Gravity
— range46 — ranged47 — range4d — range49 — range50 — rangeS1 — rangeS2 — rangeS3 — rangeS4

— rangeS5 — rangeS6 — rangeS7 — rangeS8 — rangeS8 — range60 — rangef1 — rangeS2 — range63 " Standard @ Pearsan Vil ; g!ax!a: - = Use as input
— rangeB4 — range5 — rangeSs iawial + Shear
" Parabalic  Trisdal dofo0e47 G —I
U n |Ve rS a | Sta g e Merged Plot IMI Reduction/Fit IM‘ Ellipsoid Laﬁl Tailored Report Merged Plot | Dataset | Reduction/Fit Results IEHlEsmd Lamne I Tailored Feport

arection Peak Evaluatior -
¥ Absorption W Graviy [30 - Thieshald W sigmall
SCa n: «I 23_—] 3 8026 W Backgound  [5 gfg‘ésges [ Sliding Gravity _.|[10 [20 30 |40 [50 60 [70 80 [ [ sigmalll
[ Palarisation ¥ Parsholic [70 sigma
° ° ¥ K-alpha 2 ratio 0,50 ¥ Fit Standard
si tilt: , 11 steps —_—
. 7 Smath @ Ftearsontl Scalar stresz [Phi, Pzl
Incr: 0.2°20 ¥ | oot
* N < >
. . R e Material [H kL  [wavelength [2Theta [Poisson [Young |_51 : [172 52_ [an | Marmal I.EDHB?E + ISELD Shear 32;? + ?,?
Ime: S/S1e p e i s W 321 01540543 131160 0290 401606 -7221E7 321266 1,000
31214 - Opened MDB: defaul dbm

+
-

. >9:12:14 - Opened Stiess MDB: stress.dbm
TOta | . 2 2X 1 5 28 58:1227 - Praject fle opened: Stress W-26GPa & F'SH_'.-'Ij 4=
Merged Plot | Dataset Reduction/Fit | Results | Elipsoid Lame | Tailored Repart
[ \
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STRESS ANALYSIS OF D6 DATA

Data collection - Stress Tensor
DIFFRAC.WIZARD

%2 DIFFRACWIZARD - User: Bruker Service - Application Type: Powder Diffraction NEW - Instrument: MeasSrv(D6-251668)/D6-251657

Sample: W Ar Sputtered

on Glass

File Edit View Wizard Help | |

WIZARD settings as

@ A + v?oH +
E B B v B
WIZARD DETECTOR COMMANDER START JOBS JOBLIST DA VINCI TOOLS COMFIGURATION DB MANAGEMENT | RESULTS MANAGER LOG

Instrument:
Radius:
Tube:

N5
166.5mm
Cu

./ pavmna

DAVINCI

& Stress BASIC modul  ~

Stress BASIC

v Total ime  [s]

[hh:mm:ss.s]

13200
3:40:00.0

Classic stress for 0D/1D + Stress for grazing inddence Pre-measurement

for D8

= Tilt Psiis achieved

Generator: 40kV/15mA /e A — e -2 with Universal Stage
PrimSoller: 2.5deg oo 11 wss | | e Sl ||
| 1+ ./ Sampleenvironmen ~ || ¢ M [ommmmn ° PRI hd + . .
DI\{ergence Slit: O2rz1m . | e T e - . + EW:;Q”Ed) ohi u n AZlmUth posrtlons Set
Phi 1) 0°/180 seeps - - Bo0ta ] 0.00000000 15 . .
2) 45°/225° — = with Phi attachment
3) 90°/270° I =
SecSoller: 2.5deg o —
LE-XE-T, HRM, 1D 4.95mm . s e
Universal Stage with Phi Attachement |“ :
iy
Scan: 123-138°206
Psi tilt: +45°, 11 steps g
Incr: 0.2°20 '"
Time: 2s/step
Total: 66x152s
© 2021 Bruker Innovation with Integrity | 9 October 2023 | 6



STRESS ANALYSIS OF D6 DATA

C><)
STRESS Analysis BRGRER
DIFFRAC.LEPTOS - Stress Tensor only positive g

Sample: W Ar Sputtered

on Glass DEEROS R S Rl %D ok b
| n St rU m e nt: N 5 = pﬂ‘ stressw/-2GP_tensor (range 1) "

File Edit Sample Simulation Stress Scripts Options Help

Paivongd BREA 2

- stressw-2GP_tenser range 2] |
Ra d I U S . ’I 6 6 5 m m P stress 2GR _tensor range 3 == Psi=0
N . P stressw/2GP_tensor (range 4] a 131,0538 2r Psi=<0
2210 — Regression
P stressW/-2GF _tensor [range 5) B 30,9245 |
T U b e ° C U ~ ¥ stressw-2GP_tensor range B) 2410 !
° P stressw-2GF_tensor range 7) 1,840° 130,7854
. B stressW-2GP_tensor range &) 164 o? ﬁ 130,6861
e n e ra O r, I - stressW-2GP_tenser range 9] = N =
P stressw/-2GP_tensar (range 10 % 14410 130,5369
P rl I ' ISOl |e r' 2 5d e P stressw/-2GP_tensar (range 11 =21 o 1304078
. . stress /- ensor [range a
P stressw/-2GP_ 0212 10
. . - stressw/-2GP_tensor range 13, R 120,2784 ||
Divergence Slit: 0.2mm I st e oo —
° ° B stressw-2GP_tensor range 15 &10° 0 0,1 0z 03 04 0,5
. o o - stressw-2GP_tenser range 16 102 Sin"2(Psi)
I P stressw/-2GP_tensar (range 17

P stressw/2GP_tensor (range 18

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
2 4 5 o /2 2 5 o ¥ stressw/-2GP_tensor [range 19
€ stress'w/-2GP_tensor [range 200
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
i

124 126 125 130 132 134 136 Pii

{500 M2 [Eaz meaN [smEN faon RN [ o

—range! — range2 range3 —ranged —rangeS —rangeé —range7 —ranged — ranged
—range10 — range11 —rangel2 — range1d —rangeld — rangelS — range18  rangel7 — rangeld Phi Angle |-359,9¢ -I
o o ¥ stressw-26F _tensor [range 21 — range19 — range20 — range21 — range22 — range23d — range24 — range25 — range26 — range27 Peak Evaluation ~Siress modet Crstat &
3 9 O /27 O - stressw-2GP_tensor (range 22 — range28 — range29 — range30 — range3! — range32 — range33 — range34 — range3S — rangelds  Nomal
~ P stressW/-2GP_tensor range 23 — range37 — range3d — range39 — range40 — ranged! — ranged2 — rangedd — rangedd — ranged5 " Slding Gravity ¢ Gravity 2Thetal |13U,993
— rangeS4 — rangeSS — rangeSs  Parsbol " Biaxial + Shear
P stressw/-2GP_tensar (range 28 arabolic & Triasial d0|0.0947 nm
LE-XE-T,HRM, 1D 4.95mm : P , o -
] ) . < stressw-2GF _tensor (rangs 28 Merged Plot | Dataset | Reduction/Fit | Results | Elipsaid Lame | Tailoed Report Merged Plot | Dataset | Reduction/Fit Results | Elipsoid Lame | T ailored Report |

B stressw-2GP_tensor range 29

- stressw-2GP_tenser range 30

% stressw-26P_tesor [range 31 Conrection Peak Evaluation = IBBS,S e | Stress tensor MPa) A
. . . ¥ stress W26 _tensor [range 32 [ Absorption W Gravity |30~ Threshold 14013 +EB3 429+377 437 +38
Universal Sta gew ith Phi Attachement BE stessw-26P_tensor iange 33 W Backgound [5 B | R Sing Graiy |10 20 30 40 50 60 [f0 B0 [ [ 22 232377 TamaeETE BB +00
¥ stiessw-2GP_tensor [range 34 ) & ) [y I
¥ shressW-2GP _tensor [range 35 [V Polarisation ¥ Parabolic |70 .
% stressw-26P_bensor [rangs 36 [ Kealpha 2 ratio[050 W Fit Standard —Stress tensor [M PEI_]
° B stress/-2GP_tensor range 37 .
SCa n * ’I 23-" 3 8 26 ~P¥ stressw-2GP_tensor range 39 [ Smacth [ Fit Pearson VI

)
]
)
)
)
)
)
)
)
)
)
)
)
! (el |+ Sh
. ~B stressw-2GP_tensor [range 24 — rangedS — ranged7 — ranged8 — rangedS — rangeS0 — rangeS1 — rangeS2 — rangeS3 — rangeSd ot - Sheat
SeCSO | |e r 2 5d eg e stress /0GP _tensor [range 25] — rangeSS — rangeS6 — rangeS7 — rangeS8 — rangeS9 — rangeS0 — range§1 — ranges2 — ranges3 " Standard @ Pearson VIl || (" Biasial [ Use as input
)
!
)
)
)
)
)
)
)
)
)
)
)
Il

B stess S IGP tensnr ranne 39

. Y| e -1401,3 £ EBE.3 4232377 43,7 £98

PS| tllt +45° ’I ’I Ste S WMaterial [ kL [wavelengh[2Theta |Poisson [roung |51 [zsz o |
. ) p igglj'[-)iugi;;g:sf"fim W 321 01540549 131,060 0,290 400606 -F.2ZIET  3212E6 1000 _429 + 3?? N 42?’2 + E?’E BEE + ‘||:||:|
. o 31214 - Opened MOB: defaul: dbm
| nCr. O. 2 29 >912‘14—Dpenad_8trass MDB: stress.dbm
) . >8:12:27 - Project file opened: Stress‘w-2GPa < | _43’? + S-’B IBE.-E + 1':'__':' EEH.’S + 31 ..4
TI e. zs/step Merged Plot | Dataset  Reduction/Fit IHesuIts Ellipscid Lame | Tailored Heportl

Total: 66X1525 | | | | |

+
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STRESS ANALYSIS OF D6 DATA

Data collection — Parallel Beam Geometry
DIFFRAC.WIZARD

RD - User: Lab Manager - Application Type: Materials Research

Sa m p | e W Kr Sputtered [:le Ed View Wizard Help

WIZARD settings as

@ 2 v? o/ ¥

On Gl a S S H B B B vy O
PZUGM DETECTOR = COMMANDER | STARTJOBS | JOBLIST | DAVINCI | TOOLS | CONFIGURATION | DB MANAGEMENT | RESULTS MANAGER & LOG f r D8
/ pavinc UMl \/ Stress for grazing incidence | Pre-measurement :

Classic stress for 00/1!
DAVING
. v Totltime [s] 1162.8
| nStru ment N 6 ( Stress BASIC modub ~ [hh:mm:ss.s] 0:19:22.8

Radius: 1 66.5mm ‘ :Y:::BASIC Mode Iso incination - Scan type Offset coupled TwoTheta/Theta *  Mode Continuous PSD fast - u Tllt PSI |S aChIeVed
° /XY positions v 2Theta Tt Psi . .
TU be . C u Jopons  ~ e © 128.999 :Z:::; ml(”);?:;;m = 2 B W |t h U n |Ve rS a | Sta g e
Generator: 40kV/30mA oprs o 01 129 | | vesrons -
. . e ciieenlol | RO 0.0292500951 +D X r* e T
F{nmSoIIer. ' 2.5deg . | Bt
Divergence Slit: 0.2 mm o] | == R
SecSoller: equatorial soller 0.4° el e
LE-XE-T, HRM, OD fully open e e
Universal Stage - —
Scan: 129-134° 26 . e
PSI tll-t i_ 450, 'I 7 Steps 44.99919... 0.499986014

Incr: 0.2° 26
Time: 2s/step
Total: 17 min

© 2021 Bruker Innovation with Integrity | 9 October 2023 | 8



STRESS ANALYSIS OF D6 DATA

Data collection — Parallel Beam Geometry
DIFFRAC.WIZARD

Sample:

der 1 a
= W
B W/ 200rm Ar sputterec 1307 = Psi=0
B W/ 200nm Ar sputterec 1206 o ;Z‘ ‘r;'ssim
In strument: N 6 W/ 2000m & st 1205 2
. W 200nm &r sputterec 1304
. W/ 200nm &r sputteres
R a d ius: '] 6 6 5 mm P  2000m Ar spultercc g e
. . B W 20nm Ar sputterec 5 1302
B W 200nm Ar sputterec 1301
T u b e: C u ¥ W 200 b sputere . 10
. € " 200 & spuiterss 2 1298
% W 200nm Ar sputterec 5 oy I -
Generator: 40kV/30mA N i B Y
. W 200nm &r sputterec N 01 o ) 04 05
. W 200nm &r sputterec Sin"2(Psi)
PrimSoller: 2.5deg e ¢
. . - nm A sputerec = Al " O —
B W 200nm A sputterec P N N EEN ENN SN

Divergence Slit:

L B B L L B L [Peak Evaluatior ?EE;SMD‘;EI Crystat
M o armal
. 126 127 128 129 130 131 132 133 134 135 136 137 -/

SecSoller: equatorial soller 0.4 C sty Camb || g | T
‘—rang:ﬂ — range2 range3 — ranged - rangeS — range8 — range’ — range® — range9 - rangel0 " Standaid @ Peaison Vil ||  Biawal [T Use as input
— rangel1 — range12  range13 —rangeld  rangelS  rangel8  rangelT & Biawial + Shear

LE-XE-T, HRM, 0D fully open Ok Cwisrrep o ™ | ol - -

) )

W Kr Sputtered
on Glass

0.2 mm

{55 LEPTOS 7.14 (New Project)

mgmt Sample  Simulation

Stress Scripts  Options  Help

=lolx]

DS RO

B3 New Project

f2 @ M ¢# 5

B uS k% B 2aiaond BRREE| 2

Phi Angle [9399

Merged Plat | Dataset | Reduction/Fit | Results | Elipsoid Lame | Tailored Report |

Merged Plot | Dataset | Reduction/Ft  Results | Elipsoid Lame | Tailored Report |

[Comeson | Peak Evalualion
. ¥ Absorption W Gaviy [0~ Thisshold N
Universal Stage © Bkgond [ 508 | 5 Siinatuavy 1025 % 00 B0 0 B3 e - —
¥ Polaisation W Parabolic [70 Fw ) i
¥ Kealpha 2 ratio [050 ¥ Fit Stardard |+ s Ted
°  Smocth ¥ FitPearsonll [ FitbiuliplePesks [ Kealpha 2 2 [
Scan: 129-134° 20 Soll
Material H K L wavelength [2Theta [Paisson [Young  [51 [17252  [am | [ il—""
F) S | tl |-t + 4 5 o ’I 7 S-te p S it 321 01540543 131160 0,290 401606 72217 321266 1,000
[ Stress orientatio
. - )
° sigmal | [~ -
Incr: 0.2°26 B =
. il -/
Time: ZS/Step Scalar stress [Phi, Psi)
<
. 1 < >
Total: 17 min Nomal [20068 =[884  Shear [S0E  =[16:4
317:11:42 - Project file opened: % A
317:11:50 - New project stated
$17:1151 - New Siress obiect cre —
>17-12.50 - New Stress object cre PsHyd I,." + I,."
2171942 New Stress ot ere | ¢ | | 0 =l
< > Meiged Plot | Dataset Rreduction/Fit | Results | Elipsoid Lame | Tailored Report |
| | | /4
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D6 PHASER

MATERIALS RESEARCH

Residual Stress Analysis

= Stress-free sample (W-Powder)
Results according EN 15305

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

= Residual Stress Analysis using the
Iso-Inclination method is fully
implemented!

© 2021 Bruker

X-RAY DIFFRACTION

D6 PHASER - Benchtop
Residual Stress Analysis

Application Report 40

The D6 PHASER is a multipurpose benchtop diffractometer that is
uniquely suited for modem materials research characterization. In this
report, we present the capabilities of this system in a reflection diffrac-
tion configuration for residual stress analysis.

Residual stress is the localized stress that remains in a material after it
has undergone processes such as welding, casting, forming, machin-
ing, or thin film deposition. The analysis of rasidual stresses is import-
ant to understand how these stresses affact the parformance and
lifetime of a component. Additionally, the residual stress can be used
to identify specific material properties and failure mechanisms which
can be used in the design of components and parts.

Tungsten layers are components of thin-film transistors in TFILCD
screens. They are used when large screen formats, high image defi-
nition, and optimized contrast are required. Tungsten is also used in
microslectronics, for example for creating layers in frequency filtars.
Other applications for tungsten includes diffusion barriers made of
tungsten-nitride, conductor tracks in microelectronic components as
well as reactively sputtered transparent layers made from tungsten
oxide for OLED displays and for usae in electrochemistry. In this study
the residual stress of a tungsten layer created by PVD under Ar atmo-
sphere and one sputtered at Kr atmosphere is analyzed. The thicknass
of the films is in the range of 200nm.

univ

Figure 1

Wwith sprng sampla h

The 321} refiection of tungsten was chosen due to its high angle, 131"
2¢ for Cu radiation, resulting in high sensitivity to d-spacing changes.
For the ISO-inclination method 17 psi steps were chosen between
-45° and +45° with 3 constant step size in sin?w.

The Cu source was operated at 40k\V/30mA, while the divergence was
controlied with a 0.2mm slit and a 2.5° axial Soller. The LYNXEYE XE-T
datector was used in high count rate mode with a 5° detector opening.
Additionally, a 0.2mm Ni filter was positioned in the beam path. The
Universal stage was selected to mount the sample.

The measurement was planned using the WIZARD plugin of DIFFRAC.
MEASUREMENT.

The diffractometer is verified for residual stress measurements based
on the EN15305 by measuring a stress-free sample. According to this
norm the equipment is certified if a stress-free tungsten spacimen
gives a normal stress smaller than +/-31MPa with an uncertainty of +/-
31MPa and 3 shear strass smaller than +/- 15.6 MPa with uncertainty
of 15.6 MPa.

The stress-free sample was found to exhibit a normal stress of -9.1+/-
2.7 MPa with a shear stress of 4.8 +/0.5 MPa. The film deposited in a
krypton atmosphere exhibits a strong compressive strass of -1.3 GPa
with a minimal shear stress of 8.1 MPa while the film deposited under
an Ar atmosphere pushed the stress to -2.0 GPa with shear stress of
-20 MPa.

Tongren oot scae o

Tengrie P peresni Sy dnsnns

Bruker AXS

info_baxs@bruker.com

bruker.com

Innovation with Integrity |

Sonpen Cawng by S O R N——

Fongree Contag orares) beromisman avwyrs P ——

Sy 1S

Worldwide offices Onilne Information
bruker.com/baxs-offices bruker.comEphaser

OF=210)
L
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RESIDUAL STRESS ANALYSIS with D6
Conclusion

Residual Stress Analysis with D6 can be performed according European Norm
for Residual Stress measurements (EN 15305)

Very good for flat samples

Line focus allows high intensity -> short data collection

Control of spot size with fixed sample illumination and height limiting slits

© 2021 Bruker Innovation with Integrity | 9 October 2023 | 11
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