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ABSTRACT

FLTPPER is a monochromator with fixed entrance and exit beams covering

the energy ränge £rom 20 eV to 500 eV used for photoemission measure-

ments with Synchrotron radiation.
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1. INTjtODUCTigK

The grazing incidence monochromator FLIPPER was originally installed

in the oJd Synchrotron radiation laboratory at the storage ring DORIS

at DESY. Because of its successful Operation the monochromator was

reinstalled in the new Hamburger Synchrotronstrahlungslabor HASYLAB

at DORIS. The optimal and mechanical principlesremained unchanged.

All optical componenLs were renewed. Owing to the improvements of

the optical components the useful photnn energy ränge was extended

from 250 eV to 5OO eV and the photon flux behind the exit slit of

the monochromator could be raised by about twu nrders of magnitude

compared to the Version operated in the old laboratory. At the same

time we obtain the same high resolution and efficietit suppression of

higher order radiation aa before.

The sample charaber behind the ynonochrpmator is well equipped for

photDemission measurements. It contains a commercial double-pass

cylindrical mirror analyzer (CMA) uith an integrated electron gun

for Auger Electron Spectroscopy. An X-ray sourr.e additionally pro-

vides Al-K radiation. Samnles may be prepared either in the sample-
Ci

or in a sepcrate preparation chamber. The complete set-up of mono-

chromator, sample and preparation chamber is shown in Fig. 1 . Syn-

chrotron rad ia t ion induced photoemission measurements are controlled

by a microprocessor which allows the appl ica t ion of the special

photoemission techiques , applied in connection wi th Synchrotron ra-

d ia t ion , namely constant - in i t ia l -s ta te (CIS) snd cons tan t - f ina l -

st-ate (CFS) spertroscopy.
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IT. QPTTCAL PRINCLPLE AM) MECHANIC5

Synchrotron radiat ion from DORIS is de f lec ted twice by two mirrors

before it enters ehe monochromator chamber. The sper.if ications of

the optical componenCs are given in Table l . The FLIPPER accepts 0.75

mrad of radiation horizontally and 0-25 mrad vert ical ly, The mirror

raagazine wich 6 plane mirrors and the ro ta tab le grat ing for scanning

the wavelength is shown in Fig. 2. The mirrors wich the tnore grazing

angles of incidence are used for the higher photon energies, higher

Orders are e f f i c i e n t l y suppressed.

The m i r r o r covering the des i red photon energy ränge can be inserted

into the beam in ;i r eproducäb le p o s i t i n n to d e f l e c t the radia t ion nn to

the grating. The rut.-it Lon of the grating is monitored with an ai-.mracy

of 0.28 sei'- af are by op t i ca l ly measur ing the motion of a rod pushing

against a lever arm connected u i th the grat ing axis. A pa rabo l i c rairror

with a fuijal length of about 1010 mm focusses rhe radiation dispersed

by the grating onto the exit s l i t . The exit slit is intcgrated into

the sample chamber in order to ; i l low a d is tance of o n l y 75 am to the

sample resulting in a spi;t siüe of about 2 x 0.7 mm.

A phn tud iode can be moved i n t o the photon beam behind the exit s l i t of

2)
the monochromator . Two photocathodes may be used a l t e r n a t i v e l y which

allows a con t roL of the aging of the cathnde material under r a d i a t i o n .

For the photon i n t e n s i t y measurements of the monochromator Au is used

äs the cathode m a t e r i a l . The a b s o l u t r photoelectric yield below 150 eV

is taken f rom Lenth , above l r>0 eV the Au y ie ld is extrapolated using

- 3 -

the theoretical relation between yield and absorptinn from Ttef, 3

and the absorptinn from Ref. 4. All optical components werf renewed

after reconstruction except the parabolic mirror which is now coated

with ft. The ränge of photon energies could be extended from 250 eV

to 500 eV becausc all reflective surfaces of the bearaline are now

coated with metats (see Table !}• A comparison to former measurements

at the FLIPPER shows a gain in intensity by about two Orders of magni-

tude for the whole photon energy ränge. From Fig. 3 it is obvions that

with time the retlectivity of each mirror is reduced for higher photon

energies, most drastically for mirror Sl. At lower energies the re-

flectivity i s occasionally even slightly increased. We atttribute this

to the cuverage of the reflective. surfaces with a contaminatin« l.-jyer

of Carbon.

During the shut down of DORIS in the beginning nf 1982 we put in a

larger grating with a fully ruled surface and rene.wed all mirrors in

the monochromator chamber. The mirrors (except S" and S5) have two

differently coated segment.s which can al ternat ively be used to deflect

the heam. The most recent phaton flux rneasurement is shown in Fig. 4.

All mirrors except Sl are now coated with C on one of the two segments

It is remarkable that for photon enerp.ies higher than 200 eV l't shows

a nocably better reflectivity than Au.
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IIL. ENERGY CALIBRATION OF THE MONOCHROMATOR AND SOME EXPERIMENTAL RESULTS

Transmission apectra of the Al-L -edge at 7 2 . 7 2 eV ( R e f . 5) are

taken with ehe Au photodiode for three mirrors (S2, S3, S4) in order

to have known calibration points. The rest of the calibration proce-

dure is performed by using ehe 4f-photoemissinn l ines of Yb. With the

grating position at 7 2 . 7 2 eV we take a photoemission spectrum of Yb

in the 4f-region and thus e f fec t ive ly deceraine the h ind ing energy of

2
the 4f ( ^ - j j j } bulk peak. Yh is an ideal substance f n r the ca l ib ra t ion

since it is easy to prepare by evaporation and has a sharp peak

(^ 0.05 eV HWHM). Due to the low asyiranetry of the peak it sh i f t s only

minimalLy when the resolution of the monochromator varies. The 4f-cross

section of Yb is high enough for the whole photon energy ran^e used at

the FLIPPER. Additionally the bulk and surface Emission of Yh is well

separated (see Fig. 5). Thus it allaws us to calibrate any position

of Ehe grating with any reirror in place by tak ing a photoemission

spectrum nithout changing the analyzer resolution and thepos i t ion of

the Yb sample. The only parameter varied is the retarding/accelerating

voltage at the entrance grids into the CMA analyzer measured by a

digi ta l Voltmeter of high accuracy. A Computer programme evaluates Lhese

calibratiotis using the grating equa t inn . It sets up a table of photon

energies for all mirrors and all grating posi t ions and accurate values

for the adjustable parameters in the grating equation. The lat ter serve

to progranme the microprocessor to control the voltage of the analyzer

for the CIS-spectroscopy (synchronization of photon energy and k ine t i c

energy of the photoelectrons). One advantage of t h i s ca l ib ra t ion pro-

cedure is that i t r e l i e son ly on one r .al ibration point (Al-L at

- 5 -

7 2 . 7 2 sV) and would be corrected at a later time if this value

shou ld be improved.

In the following figures (Fig. 6 - Fig. 1 2 ) some experimental results

at the FLIPPER are illustrated which are explained in the f igure

capt luns .

Acknowledgement:

This werk 1s supported by the Bundesminister für Forschung

und Technologie.



o3Z
n

Nc3KO•o(8cU
-l 

O
O

1
 ~

raÜ
 

n*>
C

D

O
 

—C
O

•M
 

*•

M
 

in
CD

 
—

M
 

CG
4
l 

-O

*
°
 

9i_
l

3
 

Z

L. 
-o

 
oo 

n
 

u
 

m
a

a; 
C

 
l-i 

O
 

»
 

-C
 

o
>
*J

 
trj 

3
 

-T
3
 

O
 

-
c
 

.fl 
o

 
"-i 

-
o 

«
 

S
 

*~> 
•-•» 

p-1
U

 
u
 

fl 
-J

 
b
-

1 
C

 
3
! 

* 
r-- 

M
1

—
1

0
1 

ej 
ON 

* 
•

öS
 

g
 

jj 
C

 
—

 
«
C

 
-J

 
J

03 
d
 

:«
 

3
 
^

 
'-•

k
i 

U
 

&
 

-
 

(
N

•
 

u
-

r
j 

r-- 
^~

, 
c
! 

co
 

ti 
3

M
«

 
W

 
.
"
^

 
C

O
O

I
Ü

»
»

C
C

l
-

U
-

3
- 

\ 
Ja

 
—

 
»i 

i
3

,
-

l
«
 

[
-
 

0
\

|
J

V
O

I
 

K
^

 
>

 
*D

 
1 

—
 

ill 
B

V
J

-
H

B
B

S
 

—
o

^
g

Efl 
p

 
nj 

r_n 
c
 

r̂
i 

(̂
 

-^
U

0
>

3
 

4
1

r~
- 

• 
-d- 

M
 

(M
P

—
 1

 
L
J
 

">
l 

*
Ö

 
C

O
 

tt*
 

S
O

-
o

u
 

-
m

c
n

T
J

i
n
 

-
>

o
\S

 
.

_
C

Ö
 

—

n
l

Z
'

r
j

a
Q

E
-

x
;

-
*
 

^
^

a> 
Ö

 
r- 

L
J

u
c

 
i-i 

-
i
-
 

r
x

—
 

t
f

l
ß

 
4

J
\

ja
 

—
 i 

g] 
3

 
O

 
• 

B
3

3
l

-
i

~
T

LJ 
B

 
O

. 
W

 
B

 
">

O
O

l
f

H
 

C
B

ä
-

D
4

J
'

-
l

5
 

1̂
jz

 
eu 

ä
 

c
m

 
o
 

• 
—

m
 

•<-< 
g
 

r-i 
(B

 
»J 

- 
"^

 
—

u
. 

•-< 
Q

 
0

 
ifl 

lJ
 

0)
>-i 

41 
B

 
BC

 
- 

oj 
-u
 

•
*

.
Q

 
*

>
e

c
u

i 
d

>
 

M
 

f
l 

C
-
-
-
I

jr: 
3

 
_G 

(
a

o
>

-
-

-
i

a
i 

o> 
<J 

tu 
o

4-1 
P

. 
u
 

3
: 

JJ 
--i 

od 
H

 
tn

 
j
^

u
n

l-i 
C

 
U

 
T

3
 

B
 

l-i
r

t
j

a
>
 ^

 
-

p
—
 i 

O
-
 

n
j
'
ü

 
o

>
-

^
q

j
^

^
j

i
-

s
 

f
_

j
M

^
-

p
-

i
O

i
*

^
i

.
1 

-a
 

!>. 
-
1
 

i-
o 

• 
• 

e
 

• 
jn 

-
o
 

-
3

T
 

iJ
 

3
 

3
: 

tO
 

ü
i 

O
»

 
OH 

U
l 

to
 

C/J 
[J 3

J
S

 
W

 
«

D
-

m
r

-
i

C
l

H
^

B
-
 

U
 

xO
 

0
3

 
r-< 

d
C

B
N

 
T

J 
^

 
-
 

—
 

^
 

b
- 

^
a: 

a
 

c
 

K
 

—
 

G
3

 
ftj 

4
j 

. 
x_y 

.
 

nj
1

0
4

-
i

ü
S

n
 

E
u

>
 

<
t

s
:

j 
:n

j 
in

 
L
J

 
oj 

Hl 
c-

3
4

-
> 

.
t

u
-

ö
 

—
c

n
c

C
i

-
i 

-
*

J
a 

-M
 

u
 

ij 
tJ 

p
 

>
i 

:ra
3

(
f

l 
0

,
1

1
 

•
ö

-
'

j
j

r
a

-
-

'
•

J
l

j 
- 

K
'

^
c

n
t

n
^

E
-

^
2

<
U

C
d
 

O
r

t
 

>
, 

t
 

\
>

O
J

-
r

4
 

'
Ö

D
 

r
O

J
^

^
4

J
l

-
'

j
.

;
-

i
ü

 
:

£
c

j
>

r
j

o
c

(
i

" 
-

a
i

i
>

p
j

c
i

H
-

.
—

 
«

t
a

 
4-1 

-H
 

>
Tu 

tu
 

P
3
 

E
 

^
^

 
4J 

•. 
:rj 

E
 

'<-!
iJ

 
C
 
^

 
1
- 

4
J
 

^
 

C
^

n
-

i
C

O
p

^
'

i
-

U
^

)
4-1 

•
?

 
a

c
o

 
o

T
O

 
p
. 

«
 

tn
.

H
U

n
a

j
t

u
 

u
}

O
>

O
M

 
*

QJ 
c

£
-

c
* 

^
-

o
o

i
'

^
,a
 

.
 

c
-

3
1 

. 
•_

. 
c
j 

•* 
^

 
.rt

i_i 
^
j 

p
 

-p-« 
m

 
cc 

•--•• 
a»

M
 

U
 

W
 

>
-J 

—
 

-
^

-
-

Q

p
*

o
^

x
 

•
c

C
'

n
 

- 
^

3
T—

 -
c

a
f

r
j

M
3

p
C
 

^
 

-
V

J
H

E
i 

g
 

3
 

n
 

L*: 
nj 

o
._

, 
.
 

.
 

-
H

 
U

 
<

 
~

O
 

—
 r
f
l
-
O

-
-
'

O
P

-
J

C
C

 
C

Q
C

O
B

"
! 

(
U

O
.

O
O

 
r

-
'

-
r

t
r

u
p

-
.

C
'

p
-

'
.

 
^ 

10 
LO 

. 
^

p
-

>
!

n
O

P
L

^
c

a
l

ß
 

o
d

'
C

t
-

1 
'^

.
4

I
U

C
C

 
*

J
a
 

.
,
-
•
•
.

M
 

M
 

<4 
(4 

-
4

-
1

«
 

*
C

-
S

±
!

ai 
u
 

£
 

Ja 
ü

a
i 

c
j

=
 

0
1

3
-
0

e 
E

O
 

o 
*

-
Jp

-
)J

5 
4

-ij^
o

,i4
5
 

n) 
«

 
ig

 
-u 

«u 
n

•
j

-
^

-
j

i
. 

. 
r

a
u

i 
.

o
a

O
.

c
i

n
*-J 

-H
 

[>, 
H

[
.

O
S

O
S

-
J

-
J
 

-1
 

O
H

 
U

3
 

^
 

l*>
 

*J 
^

T
a
b
l
e
 
l
 
:

O
p
t
l
c
a
l
 
c
o
m
p
o
n
e
n
t
s
 
o
f
 
F
L
I
P
P
H
h

D
i
m
e
n
s
l
o
n
s

(
l
e
n
n
t
h
,
 
w
i
d
t
h
,
 
h
e
i
g
h
t
)

(mm)

1)40
 
x
 
2
0
 
x
 
6
0

1
6
0
 
x
 
H
O
 
x
 
35

1
0
0
 
x
 
8
8
 
x
 
2
5

1
0
0
 
x
 
8
8
 
x
 
2
5

60
 
x
 
88
 
x
 
25

6
0
 
x
 
8
8
 
x
 
25

6
0
 
x
 
88
 
x
 
2
5

6
0
 
x
 
88
 
x
 
2
5

5
0
 
x
 
3
0
 
o
n
 
b
l
a
n
c
 :

6
0
 
x
 
H
O
 
x
 
1
5

6
5
 
x
 
1
0
 
x
 
1
5

1
2
0
 
x
 
4
0
 
x
 
1
5

F
i
a
t
e
i
-
l
a
l

C
u

Z
e
r
o
d
u
r

g
l
a
s
s
 
B
K
 
7

g
l
a
s
s
 
B
K
 
7

g
l
a
s
s
 
D
K
 
7

g
l
a
s
 s
 
B
K
 
7

g
l
a
s
s
 
B
K
 
7

f
-
l
a
s
s
 
3
K
 
7

g
l
a
s
s

g
l
a
s
s

g
l
a
s
s

A
n
p
l
e
 
o
f

i
n
c
i
d
e
n
c
e

8
6
°

8
5
.
7
5
°

3
6
°

B
?
.
 5
°

?
P
°

7
0
°

5
7
°

1
4
0
°

v
a
r
i
a
b
l
e

v
a
r
i
a
b
l
e

8
*
1
.
3
°

C
o
a
t

8
0
/
8
1

l n
p

R
2

C
a
n
i
p
e
n

A
u

P
t

CA
u

CC

•
WA
u

-

P
t
/
A
u

C
 
/
A
u

C
 
/
A
u

CV
,

C
 
/
A
u

-

A
u

P
t

M
a
n
u
f
a
c
t
u
r
e
r

Z
e
l
s
s

Z
e
i
s
s

Z
e
l
s
s

Z
e
i
s
s

Z
e
i
s
s

Z
e
i
s
s

Z
e
l
s
s

Z
e
i
s
s

A
s
t
r
o
n

A
s
t
r
o
n

O
p
t
l
c
a
l

S
u
r
f
.
 
L
t
d
. R
e
m
a
r
k
s

b
e
a
m
 
d
e
f
l
e
c
t
i
c
n
 
h
o
r
i
z
o
n
t
a
l

b
e
a
m
 
d
e
f
l
e
c
t
i
o
r
 
v
e
r
t
i
c
a
l

m
i
r
r
o
r
 
1

m
i
r
r
o
r
 
2

m
i
r
r
o
r
 

3

m
i
r
r
o
r
 

U

m
i
r
r
o
r
 
5

m
i
r
r
o
r
 

6

p
l
a
n
e
 
g
r
a
t
i
n
p
s

1
2
0
0
 
l
i
n
e
s
/
m
m
,

1
.
5
°
 
b
l
a
z
e

p
a
r
a
b
o
l
l
c
 
f
o
c
u
E
s
i
n
g

m
i
r
r
o
r



Set-up of the FLIPPER roonochromator, sample and

p r n p a r a t i o n cliamber (scliematical ly)

SR Synchrotron r a d i a t i o n , H m i r r u r , (', grat mg,

PM parabolic mirror , LS exit s l i t , X X-ray source,

CMA double pass cyl indr ica l mirror analyzer,

S sample, MA manipulator , PC preparat ion chamber,

TS transfer System.

Ha. 2 FLIPPER mirror magazine w i t h 6 plane mirrors and

the plane grating (SR Synchrotron rad ia t ion) -

' ig- Photon f lux of the monochromster K L I P P E R a f te r re-

instal la t ion at HASYLAB (Sept. 1980), a f t e r tliree

months measurements (Nov. 1980) (uear ly identical

except mirror K l ) and one year later (Oct . 1 9 8 1 ) .

The given in tens i t ies and reso lu t ions are valid for

a 200 um exit s l i t . The resolut ion can be improved

by rcducing the s l i t width to 1 /3 - 1 / 4 .

f i g . 4 Photon f lux in June 1982 w i t h Lhe same parameters

as in f i g . 3 (pa r t i a l ly renewed elcments , scc text) .

f ig .

. 6

Phutüemission spectra of Yb in the va lence band (VB)-

region aC d i f f e r e n t photon energies showing the bulk

(b) and the surfare (s) 4f-doublet ts .

Surface sh i f t s on RE metals are part of the prograrame

performed at the FLTPPER
6,7,8

High resolution energy d i s t r ibu t ion curves (EDC's )

on clean Na-metal

The spin-orbit S p l i t t i n g of the 2p-levels is 1^0 meV.

The f i t s are calculated by us ing Doniach-Sunjic-line-

shapes for the bu lk and surface emission including

background and convolut ion wi th the instrumental

resolution ( f r o m r e f . 9 , 1 0 ) .

E D C ' s of the 5d-valc-m-.e band of Au w i t h p h o t o n energies

dbuv*.' i-he C a r b u n - K - e d g e . The d o u b l e n s t r u c t u r e can be

a n s o z i a t e d w i t h the 5d, ,., and 5d .» s i a t e s , r e spe r t ive ly

( f rom rc'f . 1 4 ) .

5d , : 5d . - i n t ^ n s i t y r.-i t io of solid Au

(cotnpare f i g , 7 ) ,

° Johanssou et a l , ( r e f . 1 1 ) ,

* our data.

The raodulatinns Lhat txtend over the en t i r e tnergy

ränge have been discussed controversary in the

l i terature ' . The correspondence to fea tures

of the inner shc; 11 cross-sections (brokt'n curve ,

from r e f . 13) favors an in t e rp re t a t ion in terms of

L n t e r s h e l l in te rac t ions . The 4f . : 4f . - branching

r a L i o (x ) is o b v i c m s l y not affei: ted ( f r o m r e f . 14) .

^ 9 Absorp t ion y ie ld and VB- in t ens i ty ( C I S ) of li

in Lhe r eg iun of the T. - edgc.

The 'Jd-rcsonance shows the 2p- 3d in te rshe l l interact ion
14

f i g . 10 Photoemission measurementfi of EU exposed to l L 0-
L

shnwing a Constant-Final-State (QFS) spectrura and two

4f resonance curves in the regton of the Ad -* 4f excitation.

The d i f f e r e n t l ineshapes of ehe" CIS spectra alLows the iden-

t i f i c a t i o n of the valence structure to the f ina l states

4f (Eu ) and 4f (Eu ) . From this it could be shown that

oxid ized Eu metal contains divalent and trivalent Eu atoms

f i g . I I XPS spectrum of LiF -(100) measured a t the FLIPPER u i th

11 T/ „ - ._ ] * . : "

15

AI - K rad ia t ion

N 5 Auger spectrum of Gd in Is t and negative 2nd derivative

(energy of primary electrons: 3 keV) ( f r o m re f . 1 7 ) •
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