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e Si(111), (100) backscattering diodes f. resolution/calibration
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« 3 Picomotors/Piezoactuators w. readout for pitch/roll

« Maximum Power on first crystal
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ine

Q
£
£
S
Q
a
&
0
X
-
Hl
O
V)
>
=
=
O
.
Q)
&
N -
>0
=
<
\
|
O
=
V4

Bending Magnet Beaml

top view

FWHM Y.
6580+ 02

EWHM X

X
1530400 3750402

sigma
sigis ¥
743e401

a0

i
WAy Sherd] TSI BA0Y 1

e
st sl

LB

o
S mnsa i g mh

T e
s et

aperture focus

<0.5 mrad

side view

distance between elements (mm)

d

11540 11800

Istance to source (mm)

beam divergence / crystal acceptance

- . . - .

70
.
.
.
.
.
.
.
.
.
.
.

-
-

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
)
) )
g

)

.

)

7
.

g
g
7
o~

-
-

.

\
_
y
y

.
_ .
_ .
s
ry
-
.
.
.
L

__

7
0
L

_
-
.
_
_

BESSY-ll beam divergence

.

-

crystal

beam d

t

ivergence a

in width

Crystal Darw

o
—

pea) yipim reinbuy

-

-

-

-

-

-

7 7

- - -  »~N.n9@vn... . . . % ~» _ &&@ vy

- $ @@L n9$------------- . - -----}-»-»--;-}}}}..}}......... 1",
7

-

. <~66G666G66G666G666666-6666.666,;-~.. . 6}

T
T
7

T
T

N
\
\

7

NN
AN
N\

AN
A
AN

N\

\
=,
g
- e
F
\sxsxs

N\
Y

NN
L

\
\
\
\

.
.
.
.
.

.
L

.
-

NN
NN
N

\
N
NN

\
N\
N

N\
AN
s

2 y

- y

- vy
0

-

e

g

9

)

-

-

.

0

.

- .,

-

- s
-

T
T

-

)
Ny
> 8
T
~ 4
@,
;7
s§§§

7

\i
0
-
-
- ...
- .
. 7
s @
g
- -
-
7
A
-
.
%
-
7
.

T
7
7

7

s
=
4 -
. -

T
T
T
T

7 .

.
-
g
4

_
_
o
- v
-
D
_

\
- >
v,
.
e,

____ .
- -

.
.
.
)
.
.
.

.

F
.

.
7 4
=

.
.
.
.
.
F
.
.
F

7
7
N
~ )

T
T
7

-

. .o~ -9 9 -
. ¢
. 4

T

.
.

.
.

7
7

N
\

T
T
T

N
NHTNNN
nnt

Nnnik

N
\
\

N\

N
nmng
RNk

N\
N\
N

N
\
N\

N
N\
2\

o o
oy
- B
o

T
T

e
_ \§§§§§§
%%%%%%% .
§§§§§§
§§§§§§
§§§§§§
Nwwww&
-

.
.
.

. = = === =@ @@
.

%%%%%
.
.

-

-

- g ] ] .. ZZD99o5__ ]  _ _ Z

oo ... o ooo90 -GGG 99JJJJOMN @

., . . ..G.C...--.............5, /D i.;...........,
- A

N

\
\\
N\

N
N\

N\

N\

\

\
NN
N
N

N
N
W

.
AN

AN

NN

\
nnnnt
NI
N\

\
\
\
\
N

N\

N\

\
N\

\
\
N\
NN
NN
NN
NN
NN
NN
N
Nkt

\
N\

\

\
NN
X

X

\
\
N
N\
X
N\
N

\

NN

\

\
\

\

N

N
R
N\

N
N\
N
\
N\
N\

N
N

N

N

N

N

\

N\

N\

N\
\
N
N
.

AN
N\

\

\

NN
\

N\

N\
AN

AN

N\

N\
Nk
Nk

\
N\
\
nmhini

N\
\
N\
N\

\
\
N\

\
NI

N\

N\
N

N
NN

\
nNihnnt

\
N\
N

N\

N\

X

N
N
N

\

N

N
\\

AN
N\
\

N\
\
\
\

\
N\
N\
N

\

\

\

N
N\

N\

\
\
\\

N\
N

\
N
N

N

\

\

\

\

\

N
N
g
N\

N\

\\\\\\
7
.
.. -
-
\\ -
§wwww&
w0
o

N\
A

N
\
\

\
8

.
\

N
N
A

Y 8
-
. = %B%9- - -~ - - %
. - B9~
. - B9~
o

\

AN

\

. Yy

vy

0
)

nnnt
N

AN
N\

NN

it

N
L
N

v

N\
N\
\
\

-
)

)
'~

\
\\
N\
\\
N
N\

NN
NN
NN
NN
NN
\
N\
N

vt
oy
-
. Y
g .
e .
A -
\ -
o

\
\
\

\
AR
AN
NN
NN
A\ \\
N

\
N
\

\

NN

N
TN
N\

-

-
-
-
-
-
-

M M M MM M H M M M M M M MM NN

i M M M  H N Hp M M MR M S R R R R **RRhhR=:::Rm
MITHTHHiiiDHHhwn
\

-
.
_

)
\

\
D

\
A

N

N\
NN
AN

)
-
-

-
)

A
N
N
\
\
\

N
N\
N\
N\

-

\
X
A\

Nk
\
\
N

ARLLRR

AN
AN

N

N\

\
N
N
Nnnik
nNnnnunt
nNnnnunt
nNnintnneg

\\
.

N
R
N

N\
N N\
ninng
\\

N\
N\
A
AN
N

\

&

N

N\
\

AN

\
N
AN

N\ N
NnNHi1HRRN

SN.
AT

AN
A

N
N\

N
AT

AN

AT

N\
N

N
Nlhiinna

N
NN

Y

NN

\
8
N
N\
\
Q

NN

AN

N\

o
)

N\

N\
T

N

N\

7
4

A
\
N
N
X

\
)
\
\
D

D

\
N\
N
N\
N\

\\

N
\
A

NN
N\
N\
N

7

\\N
N\
Y
N\
\\
N
N
N\

\
\
A

N\
nnikikt
\
AN
RNk
\

N\
\

.
\\\\
.

\
\
NN

N\
N
N\
N\
.
AN
AN

N\
N

N

\
\

N\

N\
N\
N

\
AN
AN
N
\
\
N\

7

\
AN
NN\
\S\\\\\\
\
NN
NN
\\

7

AN
\

X
N

W

\
NN

N\

A
N

N
N
ninkt

AR

\

\

\
AN

\
N\

N
NN
Nt
\

\
7
. g

N
N\

NN

NN
N\

\
X
N

N
\

7

v
-
o _

/
g
%

%

o
-

U ]

-

.
)

-

- =~ . . . .
4

-
s
Y
.

\
NN
NI
nnt
A
W

o
Y
o

N
N
N
N
AN
NN
AN
AN\

\

N\
N\
N\
N

7

\
N\
N\
N

\
o
.
o
.

e
AN
AN
AN
\
AN
N
NN
M
NN
N\

ARNNNNA

X
W
nnnt
\

\
NN
N\
N\
\

\\
|
%
xixg\
)

N
N
N\
N\
\

7

AN
NN
NN

\
L
)

S
N
\
A

N
NRKK

\
NN
N
NN
N

-

N\ N\
nanng
NN

\
N\
\
N\
\

N\
A
AN
\

\\

7

\
\
L

\
N
N\

.
A

\
.
y
-
- xxxxx
g g .
M K .
i) .7 .
a4
vyl

___
.
-

y

-
AN
N\
NN
N\

7
|

\
N\
N\

\
N\
\

0
)

N\
N\

o

N\
\
\

N

N

Z

;.

\
\
.

\

N
N
N

AN
AN

N\
N

AN
QN
N N
N
MR
N\
AN
nme
NN\
\ N

\

\

N\
\

i
AN
N
N\
AN
NN

AN
AN

\

N
AN

\
\\
AN

N\
AT

AN
NN

\
N\
N
N\

N
N\

ARNNNNN

A

AT

N

\
\
\
NN

L
S

D

\
N
N
\

.
\

\
L
N
N
N
N

\
\
\

.
;

;g
.

-
)

X
X
\

AN

N\

N\
N\
NN
\

\\\\

_
4
]

\\

N
\
\

\

\
\
AN

AN

\

\
AN

N

\

AN
N\

N

N\

—
AN

\

\

NN
\

AN

N\
N\
N

AN
N

AN

AN
S

o
.
.
.
.
Y

\
\

7

N
NN

AN
ARNNNNA

S

N\

N\

W

\
\
N
NN
N\

\

Q
N
nNiihnik

N a nnmnst

nmiinithnring

N
MMM
NN N
N X
N X
N X
N X
N X
N X
N X
N
NN

I
N
N\

N\
N\
N\
\

N
N\
N\
R
N
\
\

.
.

\

.
.
&xxs

o .
7 vy
Gt

.

y
g4
)
-
7
_

)
.

o

7
.

Q
Q
AT

.
0
7

Y
7
9

\
NN
AN

A
R
\

i
7
-

-

)

-
L 7 G
\
A

v

N\
\!

\&
N

\
)
.
- vy
\

-

.
y
Yy

N
N

N

AN

N\
\
N\
\

7

\
\
N\

o

7
7
7
7
7 0

\
\

7

AN
\
\

AT

AT Y

\
N\
N\

7

N

7
7
7
7

Nnink
NN
N
N\
X

.
N

AT
AT
ARNRIE RN

\
N\

AT
N

7
7
7
7
7
7

N
N
NNNNNNaaaa

N\

7
7
7
7
7

Q
N\

AN

N
N

7
7
7
7
7
7
7
7
7
7
7
7

N

S
N

.

\
\
NN

\
.
.
\\
\\
7

\
\
AN

\
\
\

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

AT

N
N
\
N
IR NN RN R RN
RN RN NN R R R R
AR RN TR R

N
N\
Y
NN
Y
N
N
Y

N

N\

\
A

NN

\

N\

L Y
AMINMIMIDIINIRRNRTN
A I T T T

\
\
\
N

.
.
§§

N
N\
\
\
\

7
7

7
7
7
7
7

NN
NN
NN
\

\

N

\

\

\
N
N
N
N

NN
\

7
7
7
7
7

AN
AN

N\

N\
N

ARNNNIR RN

_

N
N\

7
7
7
7
7
7

N
\
\
N

\
\
\

o
.
.
o
.

N\
\
N\

7
7

nNntt

N\

N\
AT

AN
AT

\
\

\
AT

N
N
A
N\

\
\
MMM

N\
N
.
N\
AT
AT
NI

N\
\
\
\
\
AT

AT

N\
\
\
N
N

N\
N\
N\
N\
lhihiiiiin

N\
\
N\
AT

AN

\
\
\

Q\
%&
.

N
\
Y
N\
N\

7

.
s
-

.
-

U

.,
o

i

5

N
N
\

.
-

N\

AN
N\
N\

A
N
N\

7

N\
NN
N\

NN

NN

N
N
\\
AN
XY
N
Y

N\
AN

\
N
ARNN

R
\
\
\
\\

.
X
\
\
L
\
\
\

A

ARNA

NN\
AN
N\

\

7
550
-

N\
N
AN
AN
N\
AN

N
\
Nk

N\
N\

A

1Y

AN

P

N\
\
N

AN
N\

\
W
N
N
R
W
X

\
\
N
N
\

\
\\

Y

7

7
v

\\\
-
-
_
_
-
_

\ \
N\ \
\\§§§ N

-
-
-
-
-
4

A
N \
NMii i nnn
R nhnnn
\

NN

\
\
\
\
\
\
ARNRIE RN

N\
\
\
\
\
\
\

NN

NN
\
\
N
N
N
\
\

N\

N\

A

N\

AT Y
NN

\

N\

\

N\

N\

N

N\

N\

\
AT

\
\
\
\
\
N\
N\
\
N\

\

N\
AT

AT

\
N\
N\
NN
W

\
N

N
N\

N\
N\
N

N

NN
AT
NN

N\

N\
AT

AT

N\

N\
N
.

N

N\
N
N\
\
A
N
Nl

N

N\
N\
AN

N\

7

s

N\
\

\
.
7
.
-

.
.

AN

NN
A\
NN
NN
NN
\

NN
N

N\

N\
N

\

S
N
N\

\
N
N
R
N

N\
N\
LA

7
D

o
N
N

N\

\

N\
N

N\
\
N

AN

N
N
\
X

N
N
\

N

Q
R
N
Q

NN
A\
N\

N\
\
\

\
R

N\
N.

AN
ARNNNAN

\

N

\
\
N\
NN
N
X

N\
N

o
4
Y &
&

|
L ----------;-;°©°©

-y
., zZZ___ B } } BB BB BB  ,
. .

-

7
. -..----“-“-----.

)
-
-
-

-
-

N
N
AN
NN
N
N\ .

.
_
_
-
)
.

\
N\
\\
NN
\
\
\
\
\

\
A\
N\
N

MMM
YA

N

N

N

AN
N

\
AN
N\
N\

N\

AN
\

N
Y
N\
NN
NN
N\

7

.
o
o

)

N
N\
\

AT

N\
NN
\

N
Y
N N
N N
N N
N N
N N
N N
N N
N
N R

2
7

A
N

NN
N\
N

AT
N\
N
N\

AT

N\

N
AT

\
\

\
\
NN

\
N\
A1

N\

AT Y

N

N\
N\

M aamn iniaanann
NN

N\
AT
ARLLRR

N\

N\
\
N\

7

AN

D

N

\
N

s

N\

X
\\
\\
\\

AT
N\
N\

N\

\\\\
o
) €
)

.

\
N
\
AN
N
N
\

AT
A

N
AT
AT

AT

NN

N

NN
N
\

\
\
AN

N

\\
AN

A

.
N
N

N

\

N\
\
N
N
N
NMHinng
N

N\
\

7
Vs

.

-
-
-

n
\
N
N
ARNNN N
L
L
AN
\

N\

\\
o
o
.
.
4

é

nnte

NN

NN

\

\\
NN

N

NN

AN

y
y
)
.
)
)
;
§§§

N
\
\
NN

\
\\

S
\

AN

Y
NN

ARNNN

N\
AN

\
)
\
\
AN
N\
S
\
N

N
N
\\
\

s
.

Y
) 7

\
O )
g
- .

\\\\\
|
;,
.
-
-

NN
N\
N

N\

0
7

-
-
L

AR
N

N

\
\
AN

N
N

N\
N\
NN

N
N\
N
AT
N\

N
N\

N
N\
N
\

7

N
\
A

N\

N\

N\

N\

0
0
)
i

AN
A

\
N
N

Photon energy (keV)

S
N\
N

\
N\
NN
AN

-
.
_

AN

N\
N\
N\
N

NN
N\

\
MMNNNR
N\
\
N\

\\

MR
N
Y

N
N\
\\
N
X

AN
N\

N
A

N\

S\
N

AN
N\

N

N\

N\

N
N\

AT

N\

N
N\

AT

N\
\
N

N
A
A
D
N\
\\
\

N
N\

AN
AN
AN

\

\
\
\
\
N\
N\
N

N\
\
N

N\

\\

\

\\
N\

N\

N
S
AN

NN

N

N

N\

N

N

N

N

N

N

NN

NN
N\
N\
N\
N
NN
NN
NN
NN
NN
R
N
N
N
AN

N\
N\
\
\
\
\
\

N\
AN

AN

S
N\
N\

\
\
\
N

N\
AN

N
\

N
N\
N\
N\
N\
N\
\
\
W\
N\
lhihiiiing

N

AT

N\
NN

\

\

N

\

N

A

A

\

\\

Z

\
Q
NN
AN
\
A
N\
N
A
A
\
N

N
N\
\\
\
\
N
\
\\

N\
N\
AN

AT

N
\
\
\
N\
\

X
X
NN
N\
W
N\

X
N\
\\
\
N\
\\

)
\
AN
N
\
N

N\
N\
AT
N\
N

\
NN
N\
N\
\
\
NN
\
X

AT

AT

\

N\
AT

N\
N
\

N
N\

\

AT

AT

N\
W

N\
NN

AT

N

N\
AT

ARNNINR RN

N
\
N\
L
T T G NN s _ i

N

AT

NN

AT

AT

N
N
\

N\
NN

N\

N\
\
\
N\
\

AT
N\

AT

\
\
\
AN
\

N\
N
\

\

N\
N\
AT
lnhinnm

N\
\
\
\
N\
\
\
N\
N
N\
N

A

A

\
\
X
\
\
\
\
\

X
\
\
N\
N\
N
\

N
\
\

\\

\
N\
N\
N

\
\
\

\
\

NN
nn
N
N\
\\
N
\

N\
N\
N

N\

NN rk
\

\

\

N

N
N\
N\
\

\
N
N
N\
N
\
N\

i

N

AN

SN\
N\

N
N\
N
AT

AT Y
AT
AL

N
N
N\

X

N\

N\
AT

AT Y

\
\

N\
AT TN

I minn

N\

AN

AN
N

\
\

N\
AT

N
N
N

N\
N
\
AT TN

Nk
Y
N\

\

N\
AT TN

AT

N\
N

N\
AT

7
o,
.
<

N

N\
AT

AT Y

N
N

NN

N N n n nn_nnit

N\
N

N\
AT

ARNIINR RN
AT

7
%
)

N\
N\
N

N\
AT TN

AT
NN

N\
AT

\
N\

N\
\
\
N

\
\
\
\

NN
N\

AT

N
N\

\\
\\

\
\
\\
N\

N\
AT

AT Y

N
AN
AN

.

AT TN

AT

N\

o
o
o

N\
N
AN
AN
AT Y

N\

7

\
)
\

\

N\

\\
\

AN
AN
NN

o -
- = = - -
4

N
N\
N\
N\

A
NN

N\
A

N\ AN

AT

AN
AN
NN

N\

\

\

N
N\
N

NN
N
N
N
N\
NN

\
N
N
NN
N
NN

\

N
A\
AN

\
\

2
7
_

.
.
L

N\
N\
N\
N

N
A

N\
N\
\\
NN
\
\

\ N\
Nt N
nnmtmanne
Nnni i ik
Nk
Nkt
Nkt

\
\
N
N
\
N
N
N
\
\

N
N
N

\
N
\
\

NN
AN
N\
N\
L
\
\
N\
N\
N

N
\
N
N

%g
N
N\
\
N
N
N

N

N\
\
N

\

\

AN

\
\

N

N
N

7
-
-
- 0
4
o

N\
N\
A
N\
AN
N

7
X

N
\\
N\

N
Nk

N
N
\

N\
A

A

\
N\
N

\
NN
N
\
N\

NN

\

N\

\

N\
N
N
N
N
N

N\

N
N\
N
N
N

N
R

L EE

ALY

N
LN
Nnnne
NN

N

NN
ntnnnnn nk
T o N i i
N nni
N nni
N o N N
naaaaanh
N

Y

\

)
- s
)

AN

N\

§
X

L
\

AN

\

nnt
A

\

\

N
A\

NNan
N

\

miiihihnn

AN

N\
NN

AN
AT

N\

D

N

N
NhiiaiaHna

N\
ARNIINR RN

S
N

NN
N
N\

N\
N
N

NN
NN
\

N\
AN

AN

y
7P

A

N
A\
A\

ion

ited resoluti
at low energies
(large Bragg angles)

imi

Crystal |

- - ... ... .
- - ---.G--..“. @ . c

-

- - -£-G$--W-G. 66595 oBB.6G6o@ BB o> @5 o n 6o 6o 6o o 6 ... 6o
- - §@§@-@-@-€-£----£6 n..o. 6 GGGZ.-......556.65.. - .5 B5@B@6B6BoB6 @5 5B@. % 5555@6GQq@«6//,’’ .

N\

N
\
N\

mhihiiiinky
\
W\

o

N
.
N
\\
\\

N\

-

N
AN

N\
N

ARNNNNRN R

X
\

Y

\

\

N\

N
N\

AN

N\

\
\
\
A\

N
AT
ARNNIRR RN

N\

\
N
N
N
N

N\
\
\
\
\
N
N

AN

N\

\

\

\

\

\

\
AN

N

N\
\
\
\
\
\
\
N

\
\
\
\
\
\
\
\
\
\
\
\

AN

\
N\
N\
N\
N\
N\
N\
N\
N\
N\
\
X
N\

ittt

\
\
\
\
\
\
N
\
N

N
N

AN
AT
ARNNIRR RN

N\

\
\
\
\
\
N
N\
\
\

\
\
N\
\
\
\
\
\

AN
N\
Y
Y
Y
NN
NN
N
NN
N
N
N NN
NN N M M H H

NN
N

N ittnthi i sanit
NMi il nsait

N\
N
NN
NNNaaa
\

N

N\
\
AT

NN

AT

N
N
N\

\
N\
N
NN

AT

X
N
N
NMhii: :k:-:RR
\
N\

N\

AT
AT

N\

N\
\
\
NN

AT

\
N\
N\

N

N

AT

NN

AT

7
.

N\
NN

nNnnnnnt

N
AT

AT

N\
N

N
NN
NnMiintniin ke
A

AT

NN
AN
N
N\
N
N
\
N
N\
NN
NN
\
Nhiiaiaianns
Nhnna

\
MMM

N ittnthi i sanit

N\

N\
N\
N
AT

AT

X
N
AN
R
\
X
N
N
nNMni i nnnikk

N\
N
N\
N\
N

W\
A
N
.
.
-

AT
\
\
\
N\
\

AT
AT

ANNNIR NN

N\
NN

\

\
\
\
\

N\

\

\

\
N\
AL

AT Y
AT

AL
AN

N
N\
N
X
NN

N\
N\
N
AT TN

AT

\
N
D

\

\
(UMIIITIGBGBa s
AN

N\
N\
N
AT TN
N

\
N\
N

AT
N\

ARNNINR IR

\
N\
N

\

N\
N\
N
AT

\
NN
N\
\

AT
A

NN
AN
NN

N\
AN

NN
N\

AT

AN

AT
N\
\

\
N
N
N\
\\
\
\
\
NN
AT
NNaan
NN
A R T R
AN

\
\
\

7

WY
R

X
NN
N
R

N

\
\ \

.
v
b

i,

N

7
o

N\
NN
AN

NN

\
NN

w
Y
___

R
NN
NN
\

\
N

N\
\
AT

AT

N
N

N
\
N

NN
AN

N
\
X
liihhns
\
N\
N

N\
AN

A

N\
\
\
\
N

vy
Y
Wi
. .
vy
-
-

N\
\
\
\

ARLLRR

\
\
\
AN

AN

\
N\
N

_
.
2
g
K
_

A
NN
N\
N
N
N\

2
7

)

)

\\

N
\
\

N\
N
N

7

N\
N
AN
\
N
N\

7

\
\
\

4
7
)
-
-

N\
\
N
NN

N
N\
N
N\
N

7
7

NN

N\
N

NN

\

\

AN

NN

N

o
o
G

N\
NN

-
iy
“.

\
Nt
\

\ \

N

AR

NN

\

.
i
.

o

)
4

N
NN
NN
N
N
NI
NI
N
NN
N\
X

\
A

N

y
4

N
Y
N\
N\

NN
N\

\

\
N

AN

\\\\\\\\
-
.
\ w&%

\
N

N\

N
N

N\
N\
N
N

N

N\
N\
AT

AT

N\
N\
N\

N
N

AN

\

N
N\
N\

N

N\

N
W

7
)
7

)
v
- \

.
)
. )
;

-
-
_

.

.
s§§§
.

.

N
N\
\
N
N\

7

\

N\

NN
N\
N\

N\
\
N\

)
.
9

\
\

7

N
N\

N\
\
\
\

AN
ARNNNIR RN

N
N
AT

AR
NN
N
\

N\
NN

N\
N
N

NRKK
AN
N\
\\

\
\
\
MMM

NN

N
N
\
NN

ARNNNRRR NN

N
AN
AN
NN
NN
N\
A

N\
N\
N\

o -

AN
AN
NN

RN
nNnnhnnit
N
X
\
\

s

N
N
N
\
NN

N
N\

N\
NN

AN
N

N\
AN

AN

\
N

N\
AN

N\
AT

N
NN

\

N\

W

\
M
\

\

\

N

NN
NhHihimhnitt
\ \

N\

NN\
\\

N\

\
N
\

N\

y
o
0

\

\

\

N
N
\
N\
\
N
Y
N8
N\
N
NN
RN
N\
N
-\
N
N
N
\

N\
N\
N\
NN
NN
N
N
I

\
N
\

N
NN
NN
N
NN

N\

\
\
N
\
N\
)

N\
N

\
N
NN

N

Ny

|
"
o
i
w
s

.
L
-
o
_
\§

=
N
L
N
N
MR
N }

\

N\
\

N\
NN

7

N

AN
N\
N\

7
L

ninag
NN
N\
NN\
ninnnn;ng
AN
\

-

.
.
-

N\
N\

\
NN
N
\

N

AN

N
N

o
Y
i
)

\
\

\
\

\
\
\

\
\
R
\\
N
N
NN
\\
NN
N\
\
N\

N
N
N
N
N
N

\
\
\

7
)
0

-

)

0

N\

N\
N\

NN
L
N\
N
\
N

N
N
Nk

v
.
-

.
o’ .
T e
o4 |
| s

7
-
0

N\
\
N

.
.
o
.
.

"
n

\

N\
N
.
N
N

\

\

\
N
N
\
.
A

N
N
\\

NN
NN
NN
AN
ARNNNN

N
N

N

N

N

\

N
AT

N\

N

.

-
-

-

-
-

-
-

N

N

)
-
-
)

N\
N\
N\

N\

NN

N
NN

N\

_
-

AN

N
N

\
NN

N\

AN
N\

AT
AN

N

N\

N

AT
AN

N
NN
NN
nnkt
NN

N\

N

NN

N\

\
N

\
N\

N
N\

N\

AN

N

N\
ARNNIRR RN

N

\
N
AN

N\

\
\
MM

AN
AN

\

\
\
NN

AN

-

-

\
\
AN

N

\

\

\
AN

\
W
N
N
\

\
N
N\
N\
.
N

\
\
\

NRKK
N
Y
N

N\
W

)

NN

N
N\

AT

NN
N\
N\
\\
NN
N\

AN
N\

\
N
WY
Nk
NN
Nhi RN MR

ARNNINR RN

N\
AT

AT

N\

N
N
N

\
AT

\

D

D

\

N
Nlhiann

Q
X
N
N\

\
N
N\

\
NN
e
N
N
N\
A\
A\
N\
\
N
\\

N\
N\
A

J
N

\
N
N\
N

N\

N

\
N

A
NN

N
N

nNnhnink
\
NN

AN
AT

A

N\

AT
N
AN

N\
SN
N\
N\

Q
AN
N
N\
\

\
\
AT

YOOI
Nninnmnmii n

N\
\
\
\
NN
NN

N\
\
X
AN

\
N\
N
N
N\

NN
N

AN

N\

\
X
A

\
.
\
A
L
)
N
A
A
A
\
\

7
7

7

N
\
N\

A

N

N

5

7

\
\

N\

N
\
..

.,
AN

7
7
7
7
7
7
7
7
7
7
7

NN
\
\

\
\
\

N
N

AN
N
A
AN

N

AT

N\

7
7
7
7

N\
N
N

\

7

\
N
\
NN

7

AN
N

A
N

N\

\

N\
N

NN

7
7
7
7

AN

N\
N\

)

N
N

<
.
ww
.
.

AT Y

\
\

N\
N\
N

NN

7

o

\
\
\

N\
NN

\

N
=

NN

N\
N\
N

)
.
7
7

AN
NN\
Ny
\
\

N\
N\
N

AN

\

N\
N
N

S
N
\
T  n n t
N

N

\

\
Q

N\
N\

N
N

AN

AT
N\

N

N\
\
AR

N
\
N\
N

X
N
N
Ml N N MM il H n nnnaiRt
\
N
N
\

mlimimiing
N

NN
N

%

NN
NN
AN
Nnmimmninag
A\

N
\
\
\
0 T T

A

N

7

)
o

_

N\

\
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
&

.

.

7

o
7
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

o

N\
SHY
A
AN

N
N\

N
N\
N
\

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

\
N\
N\
N\
W

N\

.
.

NN
N
N
N\
N\

AT
AT

N\

N
N\
N

NN
N\

AN

N\

N
\

nntnunt
nnikikt
NMHinng

AT
N\

N\

W

\

\
Nk
N\

NN
NN

0
\ -
.

-
-

- -
- -
- @ - ---------------- - --~«~—J M

\\
N\
AN
\\
N
N
\\
N\
\
N\
\

-
-
4

NN\
\\
\
NN
NRKK

N\

Nkt

HHTHHNN
N\
N
N

AN
N\

AN

ninag
N\
N\

N
\

N

nNnnnnt

\
\
\
\

N\
AN

NN

N
N\

N\

N

N

N

.
N

AT
N\

N\
\
\
\
\
ARNNIRR RN
AT

N\

N\
AN

NN

\
N\
N
N
N
N
N
N
N
N\
N M M hH RN
N
N
N N
N

\
N
N

.

\\
\

\\
\

AN
N\

AN

N\

\
\
\
\
\

N\
N\
\
\

AN
N\

AN
AN

N

N

\

\\

NN
\\
N\

\\

AT
N\

ARNNIRR RN

N\
\
\
N\
N\
N
\

N\
N
N

N

N\
N\
N
N\
\
\
\
\
\

\
\
\
D
D
D
D
D

\
\
\
\
\
\
N

N\
N
NN
NN
N
R
X
N\
NMHinng
N

N
N\

AT
N

\
\
\

Nnnnink

AT

N\
\
\
\
\

N
N\

AN
NN

\

\

\

\

\

A

N
ARNNNRRR

\
N\
\
\
\
\

\
N\
\
\
\
\

N
N\

N
AN

\
\
\
\
N
\
\

\
\
D
\
\
\
D
\

N
N\

AN
NN

N\

N
N
\
N
N
N
N
N
A\
\

N
N\

N

\
N\
\
\
\
\

AT
\

N

\
\
N
N\
AT
N
\\
N
NN
\\

A

N\

\
N\
\

N\

N\
N

N\
N

Nnnik
nnnnt

N\

N\
\
\

\
X
N

N\
N

NN

N\
\
\
\
AN

ARNNNNRN R

N

N

N\

\
N\
X
\
NN

N\
AN

N
A

\

AN

\

N\
\
\

\
\

N\
\
\

\

N\
N
A\

v
-
Gt
7

N
N

§§

o

o
_

NN
N

N\
\

.
G
S

D
AR
N

-
-
.
.

N\
N\
AN

AN

NN

N\
\
N

AT
N

N
AT

N

AT
\

A

N\
AT

L
L

N
R
AIIMHHHi

ARNNNNR NN

\
A

-
-
-
.
4
%

W
\

N

AN

\

N\

N\
N\
N\
AN

\

\

\
.

N\

N NN

' A NN

N\
N

N\
0 T T

AN
T T T

\

\

N\
T T T

NN

X
\
\
\
MAMmITIITITTITTIIIIHIIIIIIIiiIImiii il lihung

T
0
4
' 4
v

T Y

NN
N
N

\

N\

o

oy

_
-

N
N
N

)
7

7 >

g
B e
o»

.

Qxx

\
N
N
\

N\

\
\

N\
N\

N\

N
X
N
NN
\

X
N

\

N
N

N\

N\
N

N\

N

N

)
7
o
-
-

i
N
NN
NN
N
NN
X

N\
AN

AN

S

N\

N
AN
AN

\

N

N

\

\

\

N
N\

\

AN
N\
\

AN

x

-
. g

7 7

4
4

N\
\
\
N

\
AN
N\

N

\
\
N\

N
N
Nk
N
NN
X

\

N
\\

_________-==...........
.  ______________ Z
., 6 Z,, .,, .,
...~ .- - - - . - - i . _ _____ __  /, B, ., ..
. - - -Z-.. -..$BZ.Z... ...B...l. .
... . . ... . \
__________G A \
________—=& GGG |
_______
- »
__________----—nc_@B_-B.BBBBninininnBnB-i

... ..~ ... .G .G . .. G J J9.9.<.GG . J0 O  6.6.....B6B.B.6Bo.6.0 . B6B .6 BB.6.6 690
..o . . @M@ . GSSG G- - - .=BZ&Z...G G ----..Z-ZZ3Z5- -~-~--Z-ZGZGZ23.. - <
s ...~ G S —<_—<J.O6G6oGS9.J 9GS ZZG-.o6.o6o.B6B6B9G9OoB.6Bo o H 6& . 6B6.B6.B5B5B . @
.- G .G-..G6G6G6G6G66G6GZZG6G6B%} 5 J ..&6Z©Bg.G&d@ B9 GG . 6&.o.n...6 o6 Z669.-. 6. 6@.6B66oB6. .
- - -@-@-ZGZGZGGGG.“—“o“—“~——JJJdJd«NAN < ... - . ... .. ___ 2 d —hiiiii A < O ... 699 J @O /0|

. e
..  ..G6G6GG----- - - - - - - - - ,
- -~ 59.n~~...n.n.6.BB556.B&5~-.- ;N

0555555550
- $B$-------- -

- L LGLGLL--GZ-- - - 9~/ /2,2 // 9o o g/ %9 9]/
7

-

N
N
N

- - -~-~------------------------- - -~ - - - - -- -
4
. _ . = Z Z]%] ] ] Z Z _ _
] ] Z Z 5 5]} ] ] ]  _

0555555000000
- = $BZ------...._

- - =~ . .
- . ©.-.-.-.-.-.--.-.. 6@

)

AN
N
N

)
.

NN

N
AN

NIRRT
ANNNIR NN
I M M M N N Rl it

7

\
N\

N\

.
7

\
NN

\
AN

N\

7
\

\
\
\

AT

0

N
N
A\
N\
N

)

N\

N\
N

\

N\

7

\
\

N\
\
\
N\
\

7

o
.
v
-
R

N
NN
N

Nk
NN
N\

N
N

N
\
N\

N

NN
NN
NN

N

AT T T TN

y

N AN

N AN

N NN
N

N
ARRRRR

\

\

NS
AN

Nt

Naaa

..
NN

NN

NN
\

NN

N\

\
N\

X

N

T M M M M M H M M M M M M M R MR R
MM i il Il Il
N T T T T T T T T T T N ninn

N
N
N
\
N\

7

\
N
NN
N
N

)

N\
N
N
R
N
N

7
)

N
\
\
N

\
A
N
N\
N
.
N\

NN

\

N

N\
\
N\

\
\
\
\

y

\
N
NN
AN
N
NN
N\

N\
N\
NN

N
NN

NN
NN

.

\

X

N

-

N
\\

-
-

-
.

L
L
L

\
)
A
A

-
\ )

N\
\\
N
N\

N
\\
\
\

R
NN

4
2

Y
AN
ARNNNNN

B

N
AN
ARNNNRNRN R

Na

N
N\
N

o
- B GL -GGG - N\J

NS

\
NN

N

\\\\

N
\
A

)
0
4

\
\
\
.

s

4
7

7

\
N\
N

N
N\
N\

-
-
.

nvt

7
7

Nt
NHiiR
nnikit

\

N
N
N
N
IIIIHHHHnnnmin

\
NN
N
N

I

N
N
N
N

A

] \
v
e
.
.

- .

NN
nnmmn
AN

N

N\
\
NN

N\
\
\

\

\
\
N\

-

7

o
4

X
N\
N

.
7
.

\
Y N
Nt
NN

N
AN
N

o
“

.
y
.

\
N
N\

N
L
\

N\
\
N
NN
N

N\
\
\
AT

N\
AN
N\
L

\
N\
\

N\
N
N\
N
N

N

7
7

N\
N\

\
AN
NN

i
.

N
NN
TN

D

N
AN
Y

N
NN
N
N
N

-
-
.

N
\
\
N

\
\
N\
N
"\

\
N

Yy g

N
o
\

.
0
.

3

/

A
NN

\
N\

\

NN

N\
\
X
N\
\
\

11 I HTITITITIHIMTITTtiRiy

N

\
\\
X
S
\
\
\

@

NN
N\
\

AN
)

\
AN
-

N\

N\

AN\
N
AN

3
N A

N
N\
s

AN
N

\

NN
\\
o
N
N
AT

Q
\
N\
AT

A

.
S
N
\

N\
N
N
N
N
N

\
\
\
\

N\
X
Nk

7
.
s

N\
N\
N

s

\
\
NN

\\\\\
_
|
_
.
s§
)
o
.

N

N
\
N

N
R
N\
NN

N
N

D
N
N

)

\
\
X
N\
N

\
\
\
\
\
N
N

\
NN
AN
NN
N\
\!

AN
NI

N
N

§§
%
.

.

.

.
|
2
-

S
-
AN

N\
N\
N

-
L
0

\
\

\

N\
\
\

NN

A T
NN
AN
R T R

A
N
N

\
N
AN

NN

\
N

\
N
Y

\
QO
Wt
Ny

\
nNnnnnnt
AN
NN

N

AT
N

AT
Y

\
N
NN

)

N
S
AN

N

AN
ARNN
b

N
N\
N
NN

N
N\
\

N

\
\
N

o

N N
&
NN

\
\
AN

N

N
N
N

L

&
A
A
N T T T T T T T  h
D

N
AN
N
A

N\
N\

N\

N\
AR

AN
N

N
N\
AN
AN

7

N\
AN

\

AT

AT
N

AImnmnnmiiiihnnn
L D

N\
N\
N\

)

N\
AN
A
AR

N
N\
N\

Y

\
\\

DI

N\
HmMNN

NS
NN

N
N

\
Y

\
)

N
AN
A
AN

\
N

NN
A
AN

7
7
7
7

L

N
NN

N\

N
NN
aa

aaa

AN
N
NN

Y

AT
N

AT

Y

N
\

N
AN

N\
\
N

Nhihiaiak
llnnnmn
llnnnmn

s

\

7

NN

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

\

7
7

N

7
7
7
7
7
7
7

\

7
7

.

\
NN

NN
A R Y

\

AN
AN
I

N\
N

Al

AN

: 2000 eV

81.3°

Si111

& higher orders
Bragg

1st order energy
0

_
o
—
O
Q
—
Je5)
0
—
-
Nt
)
O
n
gl
Lo
N

Energy (keV)

crystals parallel

igher Orders

H

10

10*
10
10°

1
O
i

10°

S1UNO02 pasijew.iou

‘J1ﬂ

1
(v ooy, s) (uuy) 15 xni4

(arcsec)

Bragg

L=
0

o
=

Rocking curve

(arcsec)

Bragg

... @

1;,#. o

Rocking curves

on

futl

NSIC Teso

AE=3.76¢eV
Si 333 diode
backscattering
0.052 eV@5931 3 eV
jig

n

se e e o e sss b

AE=303¢
Photon energy (eV)

Si 422

ion

Backscattering

(un:gre) Jusunaojoyd (ggg) IS

Si(444)
8008 eV

IN one scan
Si (444)
2 hours

ith

(un *gre) Aisusiu|

Spectral Resolut

ing w

Si (333)

40 min.
.01 eV AF=0.050+0. 02 ev AE=0.073+0.02 eV

Depth profil

(Cun "gre) Alsuaiui

Si(111)
2002 eV

21+0

Kinetic Energy / eV
Si (111)
4 min.

HIKE on Au 4f

AE=0

(Cun ‘gie) Aisuaiuj

i edge

HIKE on Au Ferm

0.23 eV width @ RT

0.27 eV width @ RT

[A8] uonnjosay

[snun "que] Ausuaiu|

Si(311)

suun ‘qie] Alsuaiu|

[suun Arenigie] Alisuaiuj

[eV]

5776.0 5776.5eV

ic energy

5775.5
ineti

K

itation energy

Si(422)
Exci
5780 eV
5775.0

Kinetic energy [eV]
4000 eV

itation energy:

4000 eV

Exc
4000.0 40005 4001.0 4001.5 4002.0 40025

Kinetic Energy [eV]

itation energy

Exc
2010 eV

Energy [keV]

300 V

lonisation chamber
5 mbar N2

o
S
=

o

L
o
o el
5 o

;sg,az;.<szz¢z a:sazdw.ts:

Photon FLux

10 12 14

6

Energy (keV)

4

YW 00T / Xnj4 uoloyd

Energy (keV)

th GaAsP-diode

L

Data taken w

Tonisation chamber current

www.helmholtz-berlin.de
Albert-Einstein-Strasse 15

h Flux Soft x-Ray Beamline at BESSY

/ldx.doi.org/10.1063/1.2808334

h Resolution and Hi

:a Hi

.

KMC

D-12489 Berlin

Tel.

F. Schafers, M. Mertin, M. Gorgol,

030 6392-2990

030 6392-2946 | Fax:

Rev. Sci. Instrum. 78, 123102, 1-14 (2007) ISSN 0034-6748, URL htt

16.10.2009

franz.schaefers@helmholtz-berlin.de



