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ABSTRACT

~
‘
Defocussing errors associated with the  use of a straight one

dimens iona l position sensitive detector on a diffractometer are

examined . Over a 10020 range the error is 0.02°2u at worst. - ‘
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GEOMETRICAL PROBLEM S WITH A POSITION S E N S I T I V E  DETECTOR ~ 4PLOYED ON

A DIF FRA CT OME TER : ITS USE IN THE MEASUREMENT OF STRESS

1. INTRODUCTION

In m e a s u r e m e n t s  of  latti ce strain a modifi ed torn of S t e m a n — B o h l i n

geometrical conditions for focusing are employed . This permits a diver-

gent pr imary  beam and hence illumination of a considerable area of the

speci men , yet results in a sharp diffract ed beam at the focal point . The

focusing circle defined by the target , specimen and r ec e iv ing s l i t as

shown in Fig. 1. is related to the radius of the diffracto rneNr circle ,

( 108)RG C ,  as fo l l ows

= Rcc / 2 s i f l ( 9 4
~~

) 1.

Where 
~ 

is defined in Fig. l .b. . Fig. 1. illustrat es two possible

conditions . For .
~ = 0, the focal point lies on the goniorneter circle at all

2G angles. This is termed syninetrical or Bragg-Brentano focusing . A receiv-

ing sl it pla ced on the 2~ arm at the position of the goniometer circle is al-

ways at the point of focus . For ~ not equal to zero , the point of focus

As pointed out by Kunze ’°9 the usua l symmetric or Bragg-Brentano arrange-
ment is geometrically (though not mechanically ) equivalent to a Seeman-
Boh l i n ar ran~~ rn&’nt w i t h  $= O . Residual stress measurements usually employ
t h e  m e c h a n i c a l  movement of the Rragg-Srentano diffrac t ometer with the geo-
m e t r i c a l  c o n d i t i o n s  of Se em a n -B o h l i n  fo c u s i n g . 

- ‘ . ——-- - -
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changes to point B in Fig. I .b. TL~ d ist -i:o-e from the samp l e  t o  B is

g iven  by (l~ l~~) -

R = B ~~~~~~~~~~~~~~ 
)

E q u a t i o n  2 . i s  v a l i d  t o r  e i t h e r  a p o s i t i  Ic t i l t

or for a nega t ive  ~ tilt. The receiving slit or counter may ho moved to

this position in the X-ray measurement of residual str -ss .

The position sensitive detector (PSD) used in this stud y is effec-

t ive ly a long, straigh t wire . Wi th parafocusing geometry the entir e de-

tector length cannot be located on the focusing circle . Only that portion

of the detector tangent to the  c i r c l e  w i l l  he at the  t r ue  f o c u s i ng  posi-

tion . The length of the PSD also prohibits its location on the focusing

circle at high angles (greater than l4O°2~) because the PSD is obstructed

by the X- ay source on most diffractometcrs.

In the Appendix it was shoi~n that for peak shifts less than 3°28, the

non—linear relationship between angles on the curved focusing circle and

along the straight detector is small and a linear relation can be used .

The defocusing error is shown oelow to be small SO that correction factors

are not necessary (over a range of 3°) in determining the true angular

position from the linear position along the PSD.

2. DEFOCUSING ERROR

2.1. Treatment of Diffraction Profile Aberrations

Al though £ crystal will reflect over a small range of 28 depending

on the spectial dispersion of the primary beam , the crystall ite size ,

microstrain , faults , etc., it will be assumed that there is only one

- -w- — — — - — . —. - • S — 
.—~~ — __r— ~~~~n —.— —— ~’..— - — - — - — — — — ——— . — —_- —-———-—

—
———------——_•--————— —. —
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w a v e l e n g t h  md t h a t  Br a~’~’ ‘ s law app i i t s  exat t ly. For any h k l  p l a n  the

d i f f r a c t  ion ang le  is I i Xe (I

A method devclop -d by A. J. C . Wi l son’~~ t e  stud y ab rrations arising

f rom the pract i c a l  i m p o s s i b i l i t y  of ncLiev in g t h e  i dea l  a r r a n g e m e n t  in

powd t r d i i  I r~o-t o m i t  cv w i l l  h u sed . W i l s o n ’ s purpos e  fo r  t r ea t  ing the~~e

a b e r r a t i o n s  was to de te rmine ’  what  could he done to  e l i m i na t e , as f a r  as

p r a c t i c a b le , the e~~r~- c t of the  a b e r r a t i o ns  on the observed p o s i t i o n s , h r e a d t h s

and profiles ot diffraction maxima . In this treatment , it is desired solely

to  d e t e r m i n e  i f  a b e r r a t i o n s  due to defocusing cause errors in the measure-

ment  of ro~~idual  s t r e s s  us ing  a p o s i t i o n  s e n s i t i v e  de t ec to r .

Wilson ’s treatment mathematicall y correlat es the e ff ei t of each aber-

ration such j- i s  horizontal divergence , specimen shape , specimen transpar-

ency to the X-ray beam , receivin g slit position , etc. on the measured

Bragg angle. Iii this teeatment , we only need be concerned with the effect

of the receiving slit position on the measured Bragg angle.

Fig. 2. details the theoretical approach . A ray diverging from

point C , a distance Xf from A , the centroid of the source , is diffracted at

point P in the specimen a dibtance from 0, (the ideal position of the

specimen), and passes through the receiving slit at D, at distance X from
r

B, the point at which rays would be focused under ideal conditions . The

main concern here for a PSD is w’~th error s associated with the vector X~~.

The other missettings are included because of possible cross terms involving

X f and X 5.

Following Wilson ’s coordinate system , unit vec tors may be chosen w ith

- .  -~~ . S — ..
~
-- . . - -  

• ~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —----—- —~~— - —
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and j in the equatorial p lane , ~ radially outward from the focusing

c i rc le , j  t angent ia l  to the focusing circle , and k axial .  m e  ‘

~~~ direc-

tion is thus norma l to the c i rc le  and ~~ and ~~.
‘ 
are tangential to it. Ortho-

gonal components for the small vectors Xf ,  X5, X, may be chosen so that

(see Fig. 2. ) ,

x ,y
8,
z are parallel to 

~~~~

X
f~ and Yf are equatorial and respectively parallel

and perpendicular to S in Fig. 2. and

Z
f 

is parallel to ~

X , and 
~
‘r 

are equatorial and respectively parallel

and perpendicular to R, and Z
r 

is parallel

to k

Let 2~ represent the error in 28 due to the aberrations . Then

28 = 2~p+2€ 3.

where the angular reading on the diffractometer is actually Zp . To

calc ulate 2€ :

cos2 cp - cos28 = cos2cp - cos (2 cp-s-2c) 4.

= 2€sin2cp

or

2~ = Ecos2 cp — cos28]/sifl2p 5.

where 2€ is in radians. Letting cos2~ -cos29=~ this term can be separated

into its components:

5 = 

~f
+Sr+5s+ô fr +ó fs +ó rs 6.

wher e 
~~ 

5~ represent the scalar components involving only the focal

spot , receiving slit , and specimen respectively. 6fr’  6~~~, and ar e

cross t erms involving the designated constituents. These cross terms repre-

sent  the  c o r r e l a t i o n  of one abe r r a t i on  on the  o the rs .  For ins tanc e , if  the

- -—--—‘-.—,--—— . - — — .  — 
~~~~~~~~~

• .S4 ~
• • --. m-—-~-- • ~~~~~~~~~~~~~~~ - - ‘S. - - ‘ -~~•. — - -—— - .- - .  - - -  — . —  _ _ _ _ _  - - — -



8

focal spot and ,Lf u c t i v e  diffr ac ting p o s i t i o n  wore p e r f e c t l y  p o s i t i o n e d

w i t h  the  a n g u l a r  d i ver g e n c e  i i  t h u  b e am be ing  e x t r e m e l y  s m a l l , t h e re wou ld

be no r e u c e  iv ing s l i t  m i s s et t  ing because  t h e  d i f f r a c t e d  b e am won Id he - i

s t r a i g h t  l i n e . The ’ r e c e i v i n g  s l i t  c o u l d  he p la -d anywhere  a long  t h i s

l i n e . Th~ c o r r e l a t i o n  of t he  f o c a l  spot and r e c e i v i n g  s l i t  and specimen

p o s i t i o n  and r e c e i v i n g  s l i t  mus t  be a c co u n t e d  i o r .  As t h e  p r e s e n t  c o n cer n

is only w i t h  t e r m s  i n v o l v i n g  the  r e c e i v i n g  s l i t :

= 
~r~~ fr~~ rs 7.

The scalar terms as derived by Wilson are :

= R 2s i n2 p[Ryr
_x

ryr~f~ (yr
2+zr

2)cot?~ + . . . ‘ 8.

5 f r  
= (RS )~~

’(Y f Y CO S2cp+ Z f Z r ) 9.

= 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- xry 5 s i n ( 2 ~p .j ) s i r i ? i ~~l.~~z 5 (co s2 cp+ R ) +

- y~ y s(co5~,+ ~ cos~~cos2~p ) l

Some of the scalar components are an order of magnitude smaller than

others so the cross terms may be neglected . The term Yr represents the

missetting of the receiving slit normal to the vector R in Fig. 2 . For

a PSD this term is given by the spatial resolution of the detector and is

small , theref ore terms involving Y Y f 
and y y  and YrXs can be neglected

since Yf ,Y9, and x9 are also very small. From Eq. 5. and Eq. 7.

(ô r+órf +S rs )/S ifl2.) 11.

Neglec ting the axial divergence terms because the PSD slit height is

small (3m , equal to 1.2° for a diffrac tometer of radius 14.55 cm):
2

2cr = R 2[Ry~ -x1.yr+~~.3~ 
co t2çp - x~ x5cos (2 cp-$) 12.

2 sin2~p

— x~y9stn(2(p—gr) 

-

. . -
~~~~~~~ --. - - ‘ , - --.-

~~ 
— - —

~~~~~
- - - - -. .

-
.--- = - - - -- - -  - —-- - ,.— -- —- - - --.~—--
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The displaceme nt is found by averaging 2~.over the focal spot , spec imen ,

and receiving sl it. Neither x~. and nor Xr and YB are correlated , thus :

2e~ = R
2[R<y r> - ~OC ><)Tr > + <Yr > cot2p -

2 sin2c.p

- 
~
c
~
> ~~r~> sin(2cp- m~)J 13.

where ocryr> ~ r> <Yr> is assumed . Now ~ c6> = x9 as x8 is approxi-
*

mately constant for a flat specimen . If the center of gravity of the

illuminated area lies on the axis of rotation of the specimen, ~y9> = 0.

This is never possible because of the variation in intensity across the

beam , but the average is still small. Both Xr and Yr w ill be func t ions

of 2~ and the position of the PSD . Formulations for each are derived .

2.2. Derivation of ~~r> and <Yr>

In the coordinate system for ICr , Xr is the distance between the

ideal f ocal point given by Eq. 2. and the detector in the direction

parallel to R. Yr is defined as being perpendicular to R and dependent

on the divergence of the primary beam . An estimate of both these quan-

titites can be made following a method presented by H. Zantopulos and

C. F . Jatczak ”1~~~in which they compared the errors in parafocusing

and stationary or non-focusing method s of residual stress analysis.

Equations are derived for the path of the incident and diffracted beams .

Defining the position of the PSD by an equation in the same coordinate

sys tem , the intersection of the diffracted beam and the PSD can be spe-

cified . The distance from the focus , point B in Fig . 1., to the in-

tersection of the diffracted ray and the PSD can then be determined and

Xr and 
~r 

found .

*,( is the (Ii sp lac ement of the ci Icc t ive center of the di ft r5ic t ing vo luinc

from the  cen t e r  of the diffractomcter.

~
_w ’ . _ •_

_
~~~

_ _ _
~~~~

’
~~~ 

.
~~ s ’ ~~~~~~~~ - ‘ . . . S -. -— .

~~~~~~~~~~
- - . — — —..- - . - - -. — .-
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Th e or igin , O~ in Fig . 3. is the  ax i s  of r o t a t i o n  of the specimen

and the cartesian coordinates ~,j d e f i n e  t he  equatorial plane . Assuming

a f l a t sampl e, a pr imary beam divergence of 2a and ‘2-c as the obs erved Bragg

angle , equations are derived for a divergent beam .

A. Equation for the incident beam .

In Fig. 3., the slope of the central incident beam is given by

-cots , where 
~
=9O-q

~
. Using the law of sines in the triang le AOB to find

the j axis intercept , the eq uations for the r igh t and lef t inciden t beam

are , respe ctive ly

j = -cot(~ -sy)t + Rsincy/sin(~ -y) 14.

j  = —cot (~l+~y)t. - R sinc~/ s i n (~ -4o’)

To generalize , le t :

= 1 for the right beam

L - 0 for the cen tral  beam

£ = -l for the left beam

Then the equation for the incident beam becomes

j = —cot(~ -2a)z. + msinc~/sia (~ -L~y) 15.

B. Intersection of incident beam and specimen surface.

The specimen surface can be defined by:

i.tan$ 16.

wher e 
~ 

is d e f i ned in Fig . 1. Equating Eq. 15 and Eq. 16 , the

coordinates of the intersections are:

~ £Rsina/ s in(~~—2a)
8 17.

Ecot (~ — g ~~ +t an$J

= t..8tan$ 18.

-•
~~~~ 

, -— =.—,- - _—,-.I-..— -• ~~~~~~~~~~ 
—

~~~~
— — --- —--—-.. - _ “ _

~~~
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The subscript s in Eq. 18. refers to the intersection of th~ incident

beam and specimen.

C-. Equations for the’ diffracted beam.

The slope of the diffracted beam is given by cot (~ -i-f&).

F ig. 3. def ines the j axis  in terc ept f or the lef t and r ight beams . For

the d if f r a c ted beam :

j = co t (~3+~ y)t  - ~8tan(~~f~ y) 19.

D. Intersection of the diffracted beam and the PSD

It is convenient to describe the position of the PSD by ~he point

at which it is tangent to the focusing circle , D2 in Fig. 
4. The

angle between the line connecting D2 and the origin and the j axis can be

described by ~~
‘ . Th e equa tion of the line pass ing thro ugh D 7 and the

origin is

j = (cot~~’)~. 20.

The PSD is perpendicular to O-D2 and , theref ore , the l ine r epresen ting

the PSD has a slope of -tans’. The intercept of the line on which the

PSD lies and the j axis is —R/cos8’ as seen in Fig. 4. The equation for

the line on which the PSD lies is given by

I = — ttan~
’—R/cos ~~

‘ 21.

The simultaneous solution of Eq. 19. and Eq. 21. will yield the

coordinates of Dl (the intersection of any diffracted beam and the PSD).

— (z 5tan(S+ky)’—R/cos8’) ( 1/(cot(~3+Lcr)+tanb ’)) 22.

— _t- .tan~
1 _R/cosB 1

- -— . - - ._- — - -; • —
~~~~~~~~~~~ 

- . ~~~ — .-S - - - - —.- - — .—_. . - • ~—— * - - — — - - -~ -— —.
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The’ distance from the samp le to the detector is given by

RPSD = (
~ D

2 
+ J

2
)½ 23.

F i g .  5 d e t a i l s  the  error  of Xr w h i c h  h a s  been d e f i n e d  as b e i n g  p a r a l l e l

to R. The magnitude of X.r fo r  the left , centr al , and right beams are almost

identical as the divergence angle is small. The distance from the t o e - il

point B , given by Eq. 2 ., and the intersection of the beam on th e PSD is

given by:
Xr 

- - RPSD -

+ - R 
cos(u~+~) 24 .
CO 5 — S)

wher e 
~~ 

and 3D are calculated for the central beam.

Def ining 
~L 

as the angle between the origin and a line connecting the

origin with the interesection of the left beam and the PSD and 
~R 

similarl y

corresponding to the right beam , from Fig. 6.:

2~~ = lBO~~L~~ c 
25.

2~~ =

wher e ~ — tan
~~

(Z
~D/jD) using the appropriate values of ~ m d  j f r o m

Eq. 22. and Eq. 23. The average error is given by the difference

between the angle of the central beam , 28c, and the midpoint of the two

extreme rays .

~~~ 2q
~ 

- (2(pc+2ccR
) / 2  26.

An average val ue of Yr is given by

<Y r > - R~tan~ 2q, 27.

‘~~~~ 

.

~~~~ 

- - .  ~~~~~~~~~~~~~~~~ ~~~~~~~ - • .~. •.- ...- . - .  - ~~~~- .  -~~~. _— _______
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It has been shown~~
111

~the proper value is more like 1/3 of this average

because the beam decreases in intensity rap idly on its ed ges. Eq. 27 is

a very liberal estimate .

3 Res ults

The defocusing error is given by Eq. 13. The terms X
r 

and y
~ 

per-

taining to the d is tanc e of the PSD f ro m the focus ing c i rc l e are g ive n by

Eq. 24. and 27. respectively. The remaining terms ~oc5> and

account for the interaction between the defocusing and sample position

and a reasonable estimate of each must be used to determine the defocusing

error .

An estimate of ~y5> is difficult as it depend s on the alignment , how-

ever , Wil son (UO)  
suggests a value of .25mm as the upper boundary. The term

~~~~ represents the point of diffraction in the specimen . For CrKa rad-

iation this is less than .05mm in all cases.

The d e f o c u s i n g  er ror  was c a l c u l a t e d  assuming  the  C e n t e r  of the  PSD is

tangent to the $=0° focusing circ le at l56°20 . Table 1 t a b u l a t e s  t h e ’

error assuming both x~> and y5~ are zero for a radius of 14.55cm. The

error , 2€ , in degrees is given for various values of the observed angle

2c~ (column I), ~ (column 2) and ~ (column 3). The error , 2€ , is given

in column 4 and the true diffraction angle , 2~~, as given by Eq. 3. in

column S. The’ defocusing error is seen to be very small over t h e ’ 10 0

range . In terms of stress for a peak sh ift from l54~~2~ at ~~~~ to 156° 2$

at ~=45~ represent i ng a stress of opprox i mat ely 1200 MPa (174000 kSi), the

error  due  to d e f o c u s i n g  is only 4-1MPa (-t-290 psi) for a beam divergence (2G’)

of 2 0 
. Table 2 t a b u l a t e s  t he  e r ro r  f o r  .:X

5 > = .05mm and <Ye > = .2 S m m .

In thi s case t h u  defocusing errors are larger , especially at $=600 beca use

—— — - — - - ‘ ~~-- .. . - — -~~~~.- . -
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TABLE I

D e l o c u s i n g  E r r o r  for P o s i t i o n  S e n s i t i v e -  O tect o r

PSD tangent to -i=~
° f u . n s i n g  circle ’ at 156~ 28

~~~ , <y~ -=0)

20 2~
(degrees) (degrees) ( d e g r e e s )  (degr~ es) (degrees)

150 0.0 0.5 0.0023 l5h.002
152 0.0 0.5 0.0022 152.002
154 0.0 0.5 0.0020 154 . 002
156 0.0 0.5 0.0019 l h .002
158 0.0 0.5 0.0017 158.002
160 0.0 0.5 0.0015 160.002

150 0.0 1.0 0.0093 150.009
152 0.0 1.0 0.0087 152.009
154 0.0 1.0 0.0081 154.008
156 0.0 1.0 0.0074 156 .008
158 0.0 1.0 0.0068 158.007
160 0.0 1.0 0.0062 160.006

150 45.0 0.5 0.0013 150.001
152 45.0 0.5 0.0013 152 .001
154 45 .0  0 .5  0.0012 154.001
156 45.0 0.5 0.0012 156.001
158 45.0 0.5 0.0012 158.001
160 45.0 0.5 0.0011 160.001

150 45.0 1.0 0.0050 150.005
152 45.0 1.0 0.0050 152.005
1~4 45.0 1.0 0.0049 154.005
156 45.0 1.0 0.0048 156 .005
158 45.0 1.0 0.0047 158.005
160 45.0 1.0 0.0045 160.005

150 600 0.5 0.0007 150.001
152 60.0 0.5 0.0008 152.001
154 60.0 0.5 0.0008 154.001
156 60.0 0.5 0.0009 156.001
158 60.0 0.5 0.0009 158.001
160 60.0 0.5 0.0009 160.001

150 60.0 1.0 0.0028 150.003
152 60.0 1.0 0.0031 152.003
154 60.0 1.0 0.0033 154 .003
156 60.0 1.0 0.0034 156.004
158 60.0 1.0 0.0035 158.004
160 60.0 1.0 0.0036 160.004

—-. — — - ~~~~~~-=-----~~ - - —- - -
~~~

—
~~~ : 
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1\ It I

5 u i u - , u u u ~ - I ~~~~il I i  I’s i t  I I I  ~ u e a ~~t vu u

l i t  t :- i l l -  j i ~ ~: ( ~ i t  I

S 
— ~ • — 

“~ 
— . 2 ‘ iii uni

(degrees) (degrees) (degrees) (d~~ r es) ( d i - g r i s

150 0.0 0.5 0.uiu l. ’3 [50.002
152 0.0 0.5 0.1)022 1j2.002
154 0.0 0. 0.0020 154 .002
156 0.0 0.5 0.0019 156.002
158 0.0 0.5 0.0017 158.002
160 0.0 0.5 0.0015 160.002

150 0.0 1.0 0.huu9 3 150.009
152 0.0 1.0 0.0087 152.009
154 0.0 1.0 0.0081 154 .008
156 0.0 1.0 ~ .h)74 156 .008
158 0.0 1.0 0.0068 158.007
160 0. 0 1.0 0.1)0e 2 160 . 006

15 0 45.0 0 . 5  - 0.0181 149.982
152 45.0 0.5 - 0.01h7 151.983
154 45 .0 0.5 - 0.0153 153. 985
15 6 45.1) 0.5 - 0.0139 155 .986
158 4 5 .0 0.5 - 0.0126 157.988
36 ) ~ 45 .0  (1 . i — 0 .0 122 159.989

150 45 .a 1.0 - 0. o14~+ 149.986
152 +5.0 1.0 — 0.0130 151.987
154 45 .0 1.0 - 0.01 lh 153.988
156 45.0 I .0 — 0 . 1 1 3  155.990
158 4 5 . 0 1.0 — 0.0011 1 157.991
160 -‘u 5. 0 1. 1) — 0.0079 159.992

150 60.0 0.5 - 0. 0311 1 49 . 469
152 60.0 0.5 — 0.0~ 92 151.9/1
154 60.0 0. - ( j . 02 73  153.973
156 1 0 .0 0 .5 — 0 .0254 155 .975
158 l0 )~ 0 ( 1 .5 — r j 1 ) ) ) ’~ 157 .977
160 iQ~ () 0 .5  — 0.0214 159.979

150 60 . 0  1 .0  - O. 1) . MY I ~~ .97 1
152 60.0 1.0 — 0 .02 1,9 l u !  . 9 7 3
154 ( 0 .0 1.0  — 0.1)248 i53.~~75
15 6 60 .0 1. 0 — 0. u 2 2 8  l S ~~~. u 7 7

1S8 60. 0 1.0 — o .0. uu ,’ 157 .979
160 60.0 1.0 — J .0 i~1 159 .481

— - -- ~ -,
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-

of the correl ation between the specimen aturl h i m  miss tt i rugs ~ i t hu the re-

ceiving slit misse tting . From Eq. 13 . it u - t I C  he see n that - ) ~~~~~~- - is most

Important at -~=0 where the cosine te r m  is 1;u r~ and ~~~~~~~~~ is most i mp ortant

at .jr=~c ’~ where th e- s i n  term is i or . . A ssuming the same  pi-ak shift

as b e f o r e , the error in the peab ~ ~h it t t w i n  :.=00 and .=65 ‘ is s - i  . ZMP a

(+6 00 psi), still a small error considering the Iuu rg - peak sh i ft.

Table 3 tabulates the s -ins quantities , 
~~~~~ 

= .05m m and -~y = .25mm ,

for the PSD being tangent to the ~~~~ focusing circle at 1 (9~~2~- , a t yp i-

cal diffraction angle for thu . - CrKO. 311 diffracti on p lane in A l .  T b -  e r r o r

is small for jt=0 but is quite large at -~=4’ ’ and ~~~~~~~ T h i s  is h i-cause

the sine term in Eq. 13. is l a r g e  at  t h i s  an g i - and t h u  term ~y~ > was

.25mm . Assuming a peak shift from 1391’2J to L4 1~~2 0 u s i n g  -
• t i l t s  of 0~ and

60° respec ti vel y, the error due to defocusing f or Al , having a stress

cons tant of 255 MPa/°2~ (37 ,000 psi/°2~~
) is -6.4 MP8 (-920 psi~~. For ~~~~~ 

=

0 , the defocusing error is less t h a n  . 006 2 0  at *=45°. This effect is

expec ted because at smaller 2- - , the effective sample positioning and beam

al ignment are more critical.

In summary , the defocusing error is small in the measurement of

residua l stress using the PSD and it Is  not  neces sa ry  to app l y mathemati-

cal correc tions , espec ia l l y if the X-ray tube is aligned properl y so tha t

the term ~y >  is small .

• . —‘ . -. - - 
- ~

-_l. - S . - — ~~ - .- — —  - --  - - - - —.-—— .— -~~~ -
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TABLE 3

Defoc using Error for Position Sensitive Detector
PSD tangent to i,=0° focusing circl e at 139°2~

= .OSmm , <y 5> = . 25mm)
2c~ * 2

~ r 28
(degrees) (degrees) (degrees) (degrees) (degrees)

135 0.0 0.5 0.0036 135 .004
137 0.0 0.5 0.0034 137.004
139 0.0 0.5 0.0033 139.003
141 0.0 0.5 0.0031 141.003
143 0.0 0.5 0.0029 143.003
145 0.0 0.S 0.0027 145.003

135 0.0 1.0 0.0144 135.015
137 0.0 1.0 0.0138 137.014
139 0.0 1.0 0.0131 139.013
141 0.0 1.0 0.0124 141.012
143 0.0 1.0 0.0117 143 .012
145 0.0 1.0 0.0110 145.011

135 45.0 0.5 - 0.0279 1 3 4 . 9 7 2
137 45.0 0.5 - 0.0266 136.974
139 4 5 . 0  0. 5  - 0 . 0 2 5 3  138 .975
141 45 .0  0 .5  - 0.0240 140.976
143 45.0 0.5 — 0 .0226  142.977
145 45 .0  0.5 - 0 .0213 144 .979

135 45.0  1.0 - 0 . 0 23 7  134 .976
137 45.0 1.0 — 0.0223 136 .978
139 45.0 1.0 - 0.0208 138.979
141 45.0 1.0 - 0.0194 140.981
143 45.0 1.0 - 0.0181 142.982
145 45.0 1.0 - 0.0167 144.983

135 60.0 0.5 - 0.0421 134.958
137 60.0 0.5 - 0.0408 136.959
139 60.0 0.5 - 0.0394 138.961
141 60.0 0.5 - 0.0380 140.962
143 60.0 0.5 - 0.0365 142.964
145 60.0 0.5 - 0.0349 144.965

139 60.0 1.0 - 0.0407 134.959
137 60.0 1.0 - 0.0190 136 .961
139 60.0 1.0 - 0 . 0 3 7 3  138 .96 3
141 60.0  1.0 - 0.0356 140.965
143 60.0 1.0 - 0.0338 142.966
145 60.0 1.0 - 0.0320 144 .968

S
. -
!

.

- 
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Calibration Procedure

A position s e n s i t i v e  d e t e c t o r  d e t e r m i n e s  onl y the relat ive position

of incomming photons in linear units along the detector. For Y-ray

d iffraction studies , this relative position must he related to absolute

units of the diffraction angle , 2 -~. Three factors must b e  de termined ;

1) the absolute 2~ position of one point on the detector , 2) the

relation between a fixed increment of distance along the detector to a

2-~ increment , and 3’) errors caused by the detector being flat rath er

than curved to the focusing circle of the diffractouneter.

The third factor arises because in parafocus -ing geometry, the entire

de tector cannot be located at the true focal position. This produces

a de focus ing  er ror in the determination of the real 26 position. This

problem i s anal yzed in depth in the main text and shown to be neg l i g i b l e , (an

error of .002 0 was found when located 50 off the tangent to t he  f o c u s i n g  c i r c l e .

The resolution between a fixed increment along the detector and

the inc rement in degrees 20 is not a cons tan t  quantit y due to the curved

focusing circle. Increments along the detector are measured in units

of channels on the MCA from any reference position along the detector

so that it is most convenient to calibrate the detector in terms of

degrees 2 3 per channel Increment.

Referr ing to Fig. A .l the angle 2cp is given by

2~ = tan ’ (!~) (A. !’)

where nz is the length along the PSD from the reference p o s i t i o n , q ,

where q is taken as the point  of tangency of the detector  to the focus ing

— _ a — . .. — ‘‘.~
. - . .- • ~

1 . - 
~~~~~~~~~~~ — — — — - — ‘ - - - - - ____________________________
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FOCUSING PSD
CIRCLE

R— ’ q 
_ _ _

FI GURE A. l Ill u stration of the terms used in the calibration
of the PSD. The term 2~ represents the angular
range covered by the  detector , nz is the total
nuimh er of channels and r~ is the angular increment
for one channe l , termed z, near the point of
tangency of the PSD t o  the focusing circle.

_ —
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_
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circle. The distance from the center of Ch e- gon iome ti- r c i r c l e  ,R , is not

known preci sely because the po sition of t h e  anode wire in the d e t e u  tor

is difficult to determine . APso R and nz must he  expressed in t h e  same

u n i t s  t e i t h e r  c h a n n e l s  or nun ’) w h i c h  i s  i n c o n v e t u e n t .  I t  i s  practical in

t h i s  case to e l i m i n a t e  R b y d e f i n i n g  a c o n s t a n r . k , SuCh that

k = ( A . 2

where ~ is the ang le determining the distance z, which can he made to

be 1 channe l (see Fig. A.!). Substituting tan -
~ = z / R  and Eq . A .2 into

Eq. A .1:

= tan
k 
(n tan a’) = tan

1 
(n tan kz) . ( A . 3 b

The true 20 position is given by

20 = 2 + 2~ (A. 4’)

where 26 is the 28 value for the point  of tangency of the PSD to the

goniorneter c i rcle .

By determining a calibration constant k in units of °2~~/ ch a nnel

which is related to the conversion of d is tance  (or channe l s )  to ang le

nea r the point of tangency of the detector  to the focusing c i r c l e , E q .

A. 3 is subsequent ly  used to ca l cu la t e  the angular position along the

de tector .

Ca l ib ra t ion  of the PSD requires two quant i t i es , k and the p o s i t i o n

of q in terms of channe l number. These were obtained in the f o l l o w i n g

manner :

1’) The 1090-1 samp le ex h i b i t i n g  a sharp d i f f r a c t i o n  p r o f i l e  w i t I ~

excel len t-k 051 -K 0,2 separation from the 211 planes was moun ted

- ‘ ~~~~~~~~
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FIGURE A.2 Diffraction profile from HYH-l samp le.us ing th e
p o s i t i o n  s e n s i t i v e  d e t e c t o r . 2 1 !  peak , -~= ft ’ , (r~~
radiation , 4OKV-l4mA , K~ f i l t e r , l~ d i v e r g e n t  s l i t .
The pattern was obtained in 100 seconds wit h t h e
pea k hav ing 6107 col%nts .

FIGURE A .3 Diffraction profile from the 1045-2 sample . Same
parameters as in Fig. 2.10 . ihe pattern was ob t a i n e d
in 100 secbnds with the peak having 2155 counts.
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and the 2 11 K. and 211 
~a’2 

peak positions determined using

the scintillation detector .

2 u  The 20  arm was set to the 211 20 peak position and the

PSI) was mounted . The position of the two 211 peaks were

det ermined in terms of channel number. Figure 4.2 shows the

prof i le from this  sample as ob tained b y the PSI) .

‘I hi e r e f e r ence  0 2 1! p o s i t i o n , q ,  in terms of channe l number  i s  g i v e n

by t h e  K ,1 peak w h i l e  the sepa ra t ion  between the - R ,2 peaks yield

a val ue for k where z is taken as 1 channel. In this stud y k was usuall y

.O2O 2~ 2 Vchannel using 1024 channels  for f ull s torage o f the  PSI) ou t p u t

i n  the  MCA . Translating the detector perpendicular to t u e  d i f f r a c t e d

beam changes the absolute position , q, while moving the detector along

th e goniometer radius effects the calibration constant , k. Changes in

the delay ti mes (see Fig. A.4) on the crossover pickoffs will effect

bo th  k and q.

This calibration procedure is simp ler than trying to appl y Eq.  A . ! ,

because both the goniometer radius , R , and the conversion of channels i n to

nun must be determined , neither of which is practical for rapid measurements .

To determine how serious is the non-linear relation between channels

and °2~
j , a comparison of the exact relation , Eq. A .3 , to a constant

calibration relation , 2~
) = 2i + k(nz) where k, n and z are as de f i ned

previousl y is given in Table A.!. For angles less than abou t 4 the

ap proximat ion is accurate enough for peak determination . (The top 15

of a diffraction peak in the back reflection region is not usuall y

u;reater than h~ wide or + 3° from the tangency point. ’) Figure A.3

dep i c t s  t iti- broad pro f i l e  obtained from the 1045—2 sample. For other types

oh d i I I rae I I on s rod I es , not~~i ’ I y s m a l l  ang le  s c a t t e r i n g ,  data may hi~ 

. 
~~~~~~~~~~~ ——e ’~ ~~~~~~~~~~ ~~~~~~~~~ - -
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F I G U R E  A.4 Si gn a l  processing diagram depicting the
timing sequence in determining the position
ol the I n c o m i n g  photon .
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TABLE A. !

TABULATED VALUES FOR NO THETA INCREMENTS 
*

USING THE EXACT CALCULATION (EQ.  A . 3 )  AND APPROXIMATE (:ALCI l Al ’ !~~ N

Eq .  2 .5  K * N
N (° 23)

0 0 0

25 .0505 .0505

50 1.0099 1.0 100

75 1 .5147 1. 5 15 0

100 2 .0192 2.0200

125 2 .5234 2.~~250

150 3.0272 3.0300

175 3. 5305 3 .535 0

200 4 .0333 4 . ii4H u

225 4 .5355 4.5450

250 5.0370 5.0500

*
The calibra tion constant K was taken as .0202 °2 8/ channe l . N is the
d i s t ance a long the PSD (in terms of channels on the MCA) from t~ e t a ngent
point  of the  det ector to the focusing c ircle  (N~nz) .

- - - —.— - .- r -  - —‘ — — . - ._ ;_ • ‘ - ,-_- - • 
- .a—,w —. - .—r~~ - — S  - — •-__.-_--~~~_ — - . — ——. - - — — - - -  - ___________________________
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col lec ted  out t o 7° or 8° 28 from the point of tangency neces s i t a t ing

use of the exact fo rmalizat ion , u n less R is made lar ge r , say 1.5 t Im e s

that  for a s tandard d i f f ractomet er  of radius 14.5 cm. 

. — . - -
‘
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