
SUPERCOi4DiJCTIXG D;IOBI;TiI CAVI'TIM PLUPARDD i3Y 
ELEC'I'RGPOLISHIMG AND AbIl3DIZING 

Ii;. Diepers, Ii. Kartens, 0. Schmidt, I<. Scizrzitzke 
Y. Uzel 

Research Laboratories Siemens AC 
Xrlangen, Germany 

Some different surface preparation techniques 
are applied to T3 

ted by micrographs. A critical magnetic flus 
density of 160 mT was obtained with a single 
piece Ti~OIO-cavity. 

Surface,preparation of superconducting niob- 
ium cavities is mainly done in three ways; 
by chemical polishing in a solution 
IIF by degassing under UKV conditions 
times ccmbined with&a decarburization 
by electr5polishing , some-times combined'with 
anodizing . We applied these various techni- 
ques to X-band cavities to study their ef- 
ficiency in making better surfaces and to de- 
monstrate typical features. 

$lectropolishing and oxipolishiq are briefly 
reported. Furthermcre topographic studies of 
cold and hot prepared surfaces, preliminary 
results of TE-cavities machined from differ- 
ent starting material, and results of TI-:o.Io- 
cavities are given. 

All cavities were machined from solid niob- 
ium. The TE-cavities were pot-shaped with a 
flange for the upper end plate. The ?I+cavi- 
ties were single piece cavities, i.e. t'nerc 
was no weld and no flange. The highest un- 
loaded quality fac&r Q, and critical magne- 
tic Plux density i3 was achieved after cold 
nreJ,aring, i.e. 
anodizing. 

af%er electropolishing and 

= 1 1 3 ill’l‘ 

= 163 ml'. 

Zlectropoiishing and Oxipolishin!; 

-5lectropslishing 
tion of H-SO /I-IF. 

was carried out in a sold- 

-by tynica$ c&rent 
,The method is characterized 

1. i oscilla-Lions. We usually 
acnl.eved very good results bjr this procedure. 
After electropolishing about 'IO0 um the 
Zace was alternately oxidized to / sur- 

a 
0,25 um and the oxide dissolved. 

depth of 

/ 
One c-n repeat this procedure of-ten without 
dir~lr ' -~ ' -I tlie IL" ALLo 5 ~rf:ice quality. 'The surface 
flatness remains unchanged. 

Oxipolishing and also anodizing may act as 
one step to keep the near surface region I‘ree 
from impurities by shifting ziie ack~~i sur- 
face into deeper regions of the bulk material. 
An essential advance can be seen in the post- 
ibili-ty of restoring degraded surfaces. 

Tooographical studies 

The topography of as-machined, chemically 
polished, electropolished, and outgassed sur- 
faces were studied by transmission micros- 
COPY, 
r?'ig. 

using the well-known replica technique. 
1 and 2 show typical results. 

'The micrographs in Fig. -1 were taken ::i~i;h a 
normal microscope from an 
mically polished, 

s-machined, cize- 

face. 
and electropolished sur- 

'The grain boundary can be seen after i,i3cZn- 
ing with a clean-cutting steel; chemical 
polishing produces share steps at the boun- 
dary, while electropolishing exhibits a ver: 
flat surface. 

Fig. 2 shows electron micrographs cl' an 
electropolished surface as well as of an 
electropolished plus degassed surface. Zn 
the case of the degassed surface thernai 
etching leads to 
surface steps. 

a regular arrangement of 

and other r;‘ 
Distances between the steps 

eatures 
orientation. 

depend on the crys-tallice 
'I'he steps can be removed by 

electrcpolishias Cc a depth of :?pproximatel:I 
5O/LUl. 

K&ll-cavities machined from differment 
star:ing material 

'The reproducibility of high quality factnrs 
and critical fiux densities seems to deuend 
on the properties of the star-ting niobih, 

on the manufacturi.ng specifications of 
‘vie studied ;iawec:ci e.nd Xah 

Chang niobiuin of commercial quality in the 
same manner. 

An example of this is given in Table I,which 
shows a small selection of Typical results. 

Xawecki niobium, only cold ;wcpmed, exhi‘ci- 
ted bet-ter results tliaii ;i'nil Ciian,; niobil*r:l. 
On an average the critical fields as well. as 
Ihe quality factors were bv about a L‘nctor 2 
lower, in the case of 'Jab &an,; niobium. 
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Table 1 

Critical magnetic flux density 3:' 
and unloaded quality factor Q 
of niobium TE -X-band cavit!?es 
(9.5 GEiz) at ?f$ K 

Supplier 
Preparation (grain size) BE= [mT] ao(BzC) 

iiawecki 
cold prepared (0,2 mm) 77- 80 2'1010 

:iawecki 
cold prepared (10 mm) 115 2,4*1010 

Wah Chang 
cold prepared (0,2 mm) 23--t 35 5.109 

Wah ghanr-- 
1400 C, dE:V (2 :nm) 

57- 87 2' lOI 

Wah Chang 50-74 2.1010 
lqoo”c, X-IV (5 mm) 

‘Ta-ole 2 

Critical magnetic flux density B ac 
ant unloaded quality factor Q ' 
of zic'riun >i I iI. 01 0 -X-band cavit?es 
(3.5 GHz) at 3.5 K 

Preparation ?ac 
iC 

[m!?] c,,(B;') 

1 
. 

.2 . 

i. 

77‘m^+ -,.-..? : -‘--.d 
dir” LI “I”“IIL-“LL. , 

oxipolished 

Processing mcier 
vacuxl 120 3’ qo? 

iiectropolis.ed, 
oxi-nlir;hed 
&yJA -: v ssin,; with :Ie 
;.~ez.s-;red :,,~i til ;:e (-;a 3 : zo 3 2. IiT 
in t::e cavity 
wi-thou.:-1: ;Yc Gas 133 3.103 

ile,-nssed, 
chemically polished 
oxinal ; shed 
Frscecsin;; :9itii iie 

;n=acured with 11~ ;as 
ii the 

? 53 2 , 3 . 1 <3 9 
cavi.kv 

..lii-thou:; 1.e ,:,a~ 12? 3. "O-7 

The highest critical flux density o 
was associated with Kawecki niobium 

g 118,mT 
, 'This 

material had a grain size of about 10 mm, 
and this was the only obvious difference bet- 
ween this and the other cavities. However, 
hot prepared, i.e. electropolished, oxipo- 
lished, and outgassed Wah Ciiang niobium can 
rise to equally good results as is to be 
seen in the lower part of Table 1. However, 
there seems to be no difference between out- 
gassed and only recrystallized cavities. Both 
cavities go to high critical flux densities 
after several oxipolishing treatments (mar- 
ked by arrows in Table 1). 

Results of TK 10-cavities 

FILL :slle piece TN 
Pig. 3. It s~~~~c~v~~~s~ss~~~~~~~r~~ 

one can have an impression of its dimensions. 
The major results of the first three cavities 
measured until now are summarized in 'Table 2. 

The first and second cavity was machined from 
Kawecki niobium and only cold prepared. The 
third one was machined from Wah Chang niob- 
ium and hot prepared by degassing in conse- 
quence of the results of TEO,,l-cavities. 

AllYcavities have undergone a field process- 
ing , which drove cavity one up to a criti- 
cal flux density of 120 mT. We succeeded in 
treating cavity 1 and 2 by He-processing. 
He- 

8 
ressure was estimated to about IO-3 to 

IO- Torr. We obtained the maximum critical 
flux density of 160 mT in cavity 2 filled 
with He gas during the measurement. This 
value corresponds to a maximum electric sur- 
face field strength of 73 MV/m. Somewhat 
lower field levels resulted from measurements 
without He gas in the cavities. 

The critical flux density of 160 mT is in 
the neighborhood of the lower critical field 
H of niobium. We are checking now if we 
hs$e overridden this critical point, and this 
is the important question! 

Ye are indebted to ilr. P. Wilson, SLAC 
(Stanford), for calculating the field distri- 
butions in o.ur TM 

010 
-cavity. 

'WC j. s work has been supported h\r the izcchnc- 
logical program of the FederalJDepartment of 
Research and Technology of the FRG. 
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after machining after chemical polishing after electropolishing 
CHN03iHF) (current oscillations) 

0 w 501117 

Figure 1. Niobium Surfaces 

Cter elect~~poli~i-il;g and degassing --Xhl,3------I 

Figure 2. Niobium Surfaces 

Figure 3. Single piece TM,:-,J-cavity (9,5GHz) 

machined from solid niobium 

It was found by Mr. Jiingst, GfK Karlsruhe, that there was a mistake in 
our interpretation of the computer calculation. The Bacc - values are 
to be divided by 1.4; this means the maximum i3aCc was 114 mT. 
Neancjhile, we have obtained a EaCc of 130 mT in the TN 

010 - 
mode dnd 

of 159 mT in the TEOll - mode. 

(To be published elsewhere) 
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