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Abstract 
A new polarized electron gun for use on the SLC at 

SLAC has been built and tested. It is a diode gun with a 
laser driven GaAs photocathode. It is designed to provide 
short (21~1 pulses of 10 A at 160 kV at 120 Hz. The design 
featunzs of the gun and results from a testing program on a 
new and dedicated beiun line are presented. Early results 
tim opeWion on the SLC will also be shown. 

INTRODUCTION 
The SLC Polarized Electron Source is based on a GaAs 

t&r related III-IV semiconductor) photocathode. This type 
of electron source is not new and sources of this type have 
been used at SLAC [l] and elsewhere. CsF is deposited on 
the GaAs (100) crystal to achieve a negative electmn 
affinity WEA) surface. The interior of the gun must be 
held in a ultra-high vacuum condition to maintain the 
NEA of the photocathode. A spin polarized beam is 
brought off the photocathode by exciting electrons from 
only the top valence state into the conduction band with 
cirmlarly polarized light. The electrons diffuse to the 
photocathode .NEA surface, enter the vacuum and are 
accelerated by an applied electric field. 

The SLC source differs from previous sources in the 
accelerator’s ~$nxnentsforhighp&cunent. Thesource 
must put out 10 electrons in the central 2ns portion of each 
pulse, a peak cumznt of 10 A. To accomplish this the 
gun must run at a voltage of 160 kV. Maintaining the quan- 
tum efficiency of the photocathode while operating at high 
voltage is the central problemfor the design of the SLC gun. 

-. GUN DESIGN 
- ‘Ihe design of the SLC gun is shown in Fig. 1, with the 

high-voltage end of the gun on the left of the drawing and 
the electron beam exiting to the right. The cathode elec- 
trode is held on a long support tube that is cantilevered 
from flanges on the high-voltage end through an alumina 
(AL-300 or AD-H) ceramic insulator. The photocathode, 
mounted on the end of its support tube, is held behind a 
lemm diameter hole in the cathode. The photocathode 
support tube is mounted on a bellows (shown inside the 
axona dome) so that it can be retracted 1Ocm from the 
cathode electrode during bakeout and photocathode heat 
cl&ng. ‘J?qanode electrode, which is at ground @en- 
tial, is mou&&d to the anode support that is attached to the 
main gun sup@ flange. The vacuum chamber surrounds 
the anode-and anode housing, and supports the vacuum 
pumps (not shown). The effusion cell cesiuni dispenser 
(not shown) is located down beam (to the right) of the 
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Figure 1. Elevation of the SLC polarized gun. Laser light 
enters, and electrons exit on the right. Negative high voltage 
is connected to the leftend corona dome and held off from 
the grounded anode and gun support by an alumina ceramic. 

anode. The cesiator is mounted on a bellows allowing it 
to be retracted when not in use, or inserted onto the 
gun axis so that cesium can be directed through the hole ti 
the anode and deposited on the photocathode. For high- 
voltage operations the ceramic insulator and high-voltage 
corona dome are placed in 1 atm of SF6 

Three guns of this design have now been produced. 
Vacuum par& are made from 304L vacuum arc remelted 
stair&s steel with low carbon content and fine grain struc- 
ture. The electrodes are machined from 3152 vacuum arc 
remelted stainless steel with a very low carbon content and 
few inclusions. The end of the photocathode support tube 
is arc cast high purity molybdenum for uniform heating of 
the photocathode during heat cleaning. The molybdenum 
is brazed to a short piece of Kovar that matches the 
molybdenum’s coefficient of thermal expansion. The Kovar 
is then welded to a 304L stainless tube. All vacuum parts 
were outgassed in vacuum at 450°C prior to assembly. ‘Ihe 
guns were assembled in a class 1000 clean room to mini- 
mize contamination in the ultra-high vacuum volume. 

ELECTRODE CONFIGURATIONS 
The high current required to come from the SLC source 
places requirements on the perveance of the gun. Operat- 
ing the source near the space,charge limit is desirable to 
minimize beam intensity jitter. The surface fields on the 
cathode electrode must also be low to minimize electron 
field emission and breakdown, which cause gases to be 
evolved and can irreversibly contaminate the photocath- 
ode. The problem of field emission is made worse by the 
adsorption of cesium on the cathode surface during or 

Presented at the 3rd European Particle Accelerator Conference, Berlin, Germany, March 24-28, 1992 



1 

Figure 2. The lower half, (b), shows the design of the orig- 
inal e!ect@e set. The photocathode sits at the centerline 
behind the cathode electrode. The upper half, (a), shows 
the new low field’ electrode set. Light enters from the top 
right to illdmiflate the photocathode during activation. 

after photocathode activation. These requirements on 
the cathode field strengths have led to two electrode 
structure designs. 

The first design is shown in Fig. 2b (and in Fig. 1). The 
design was based on the electrodes used in the SLC therm i- 
onic gun [2] which routinely gives the needed beam 
current. The electrode structure was modeled using the 
program EGUN 131 which calculates the surface fields and 
the space charge lim it of the structure. The perveance of 
this electrode configuration is 0.16 ~./pervs, giving a space 
charge lim it of 10 A at 160 kV. The maximum field is 
13 kV/mm on the outer edge of the cathode electrode. 
While fields of this strength can be held on stainless steel 
surfaces in vacuum, the proximity of the photocathode 
suggests that cesium will be deposited in the high 
field area. 

A second electrode set was designed to lower the 
surface fields on the cathode electrode. The low-field 
eiectrode design, first suggested by W. Hemnannsfeldt, 
is shown in Fig. 2a. The perveance of this electrode 
configuration is approximately the same as the first. 
Themaxim~m field is 9.4 kV/mm on the outer edge of the 
cathode e&&de. The second, low field, electrode design 
(not shown inFTg. I) is now installed in the third gun, and 
the first two guns are being retrofitted with the new design. 

VACUUM PERFORMANCE 
The maintenance of the ultra-high vacuum condition is 

performed by two pumps. The first is a Perkin Elmer dif- 
ferential ion pump [4], rated at 120 l/s. A D-I pump is 
chosen for its effectiveness with pumping argon and other 
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Figure 3. Residual Gas Analyser spectrum showing 
the partial pressure in the gun of H2 (2.8x10-” m m , 
off scale), of CO (1.9x1O-12) and of CO, (1x10-121. 

noble gases. The ion pump is paired with an SAES non-- 
evaporable getter (ST707) pump (51 rated at 200 l/s and 
operated at room temperature. The NEG pump has very 
good pumping characteristics at low pressures, holding the 
pumping speed at pressures below lo-” m m  and pumping 
CO and Cq. It does not pump methane, which can be det- 
rimental to the photocathode lifetime, nor noble gases. The 
NEG pump also pumps well in the range at 25O”C, making 
it an effective pump during vacuum bakeout. 

To monitor the vacuum levels in the gun, a Residual 
Gas Analyzer (RGA) [6] is attached. A typical RGA 
spectrum of gases in the gun is shown in Fig. 3. The hydro- 
gen partial pressure is shown off scale and equal to 
2.8x10-” m m . The RGA spectrum shows small CO and 
CO2 peaks at masses 28 and 44 respectively. The spectrum 
shown in Fig. 3 is very stable, and m inute (1(r’3 m m ) 
changes can be seen in the partial pressures, but the 
absolute value of the pressures is only accurate to within a 
factor of two. The peaks at mass 16 and 19 are attributed to 
surface effects in the analyzer head. 

HIGH-VOLTAGE PERFORMANCE 

The initial high-voltage performance given with either 
electrode set was good. The guns were processed to 
180 kV and were able to hold 160 kV for extended periods 
without breakdown. The low-field electrode set processed 
up to voltage much more easily than did the original 
design, which required processing with nitrogen to reach 
voltage. After processing there was no evidence of dark 
current drawn by the guns at 160 kV, and no dark cumznt- 
at 180 kV for the gun with the low-field electrodes. 

After high-voltage processing the photocathode is 
poisoned and must be replaced. This requires venting the 
gun vacuum volume with dry nitrogen and opening it to 
air. The gun is open with a N2 purge for the ten m inutes 
required to change the photocathode. The gun is then 
vacuum baked at 250°C for 100 hours. After this procedure 
the high-voltage processing is partially lost, and the gun 
shows high-voltage and vacuum activity as low as 140 kV. 
It is this behavior which sets the value of the operating 
voltage at 120 kV (space charge limit 6.5 A). 

After repeated use of the guns (several photocathode 
changes and system bakeouts) the high-voltage behavior 
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d e g r a d e s  signif icantly. T h e  d e g r a d a tio n  s e e m s  to  b e  
d e p e n d a n t o n  p h o to c a th o d e  cesiat ions. E v e n tual ly,  o n e  
sta n d a r d  cesiat ion wil l  d e g r a d e  th e  p e r fo r m a n c e  such  th a t 
th e  h i g h  vo l tage c a n n o t b e  b r o u g h t u p  to  th e  o p e r a tin g  
level;  h i g h  vo l tage a n d  v a c u u m  activity is s e e n  a t 8 0  kV  o r  
lower .  T h e  h igh-vo l tage  p e r fo r m a n c e  c a n  b e  r e g a i n e d  by  
process ing,  b u t th e  p rocess ing  d e s troys th e  p h o to c a th o d e . 
A t th is  p o i n t th e  g u n  is n o  l o n g e r  o p e r a tio n a l . W e  h a v e  o n e  
such  g u n  wh ich  is b e i n g  d isassembled,  c l e a n e d  a n d  rebui l t  
to  r e m o v e  th e  ces ium fo u n d  th r o u g h o u t th is  g u n . 

P H O T O C A T H O D E  P E R F O R M A N C E  
Test ing with th e  n e w  g u n s  h a s  b e e n  p e r fo r m e d  with 

G a A s  p h o & c a th o d e s , z inc d o p e d  to  1 - 2  x 1 0 1 9 /cc. T h e  
1 8 .m m  d i a m e te r  p h o to c a th o d e s  a r e  cut f rom a  3- inch  
w a fe r . T h e  b a n d g a p  o f G a A s  is n o t wel l  m a tch e d  to  th e  
d y e  u s e d  in  th e  S L C  po la r i zed  source  laser  ( 7 1 5  r u n .), 
.b u t th e  G a A s  m a ter ia l  shou ld  g ive  - 3 0 %  polar izat ion.  
M a tch i n g  th e  III-IV  semiconduc to r  b a n d g a p  to  th e  
laser  w a v e l e n g th  shou ld  y ie ld 4 0 4 5 %  polar izat ion.  
G a A s ( .87 lP ( .1 3 )  h a s  b e e n  acqu i red  fo r  th is  p u r p o s e  a n d  
act ivated to  g o o d  q u a n tu m  e fficiency,  b u t n o t yet tes ted  in  
th e  g u n s . 

In  th e  g u n  th e  G a A s  p h o to c a th o d e  is act ivated in  th e  
fo l low ing  m a n n e r . .The p h o to c a th o d e  is h e a t t reated to  
6 2 0 ° C  fo r  o n e  h o u r  to  r e m o v e  ox ides  f rom th e  surface.  T h e  
te m p e r a tu r e  o f- th e  G a A s  sur face h a s  b e e n  m e a s u r e d  with 
a n  in f rared ; p y r o m e te r  act ive a t 9 0 0  n m  [7J  a n d  th a t 
te m p e r a tu r e  re fe r e n c e d  to  a  th e r m o c o u p l e  b e h i n d  th e  
p h o to c a th o d e . T h e  ces ium e ffisio n  cel l  is h e a te d  b r ing ing  
th e  ces ium reservo i r  to  1 0 0 ° C . T h e  e ffus ion  cel l  is inser ted 
to  fa c e  th e  p h o to c a th o d e  a n d  th e  p h o tocu r ren t, exc i ted 
with a  whi te  l a m p , is m o n ito r e d . W h e n  th e  p h o tocu r ren t 
peaks , th e  cesiator  is re tracted a n d  N F 3  is let into th e  
system th r o u g h  a  var iab le  leak  va lve to  a  p ressure  o f 
1 U 8  m m . Ces ium a n d  N F 3  a r e  depos i te d  in  cycles in  
th e  so-ca l led  ‘Y o - y o ’ te c h n i q u e . W ith  th is  te c h n i q u e  w e  
h a v e  b e e n  a b l e  to  consistent ly ach ieve  q u a n tu m  e fficienc ies  
o f l -3% , m e a s u r e d  with a  7 5 0  r u n  d i o d e  laser.  

T h e  q u a n tu m  e fficiency  dec reases  with tim e , a n d  c a n  
b e  charac ter ized by  a n  e x p o n e n tia l  wi th a n  increas ing  char -  
acterist ic life tim e . A  r a n g e  o f life tim e s  f rom a  fe w  h o u r s  to  
h u n d r e d s  o f h o u r s  h a s  b e e n  o b s e r v e d , wi th 1 0  to  4 0  h o u r s  
b e i n g  typical  a t r o o m  te m p e r a tu r e  ( -20°C)  w h e n  th e  
q u a n tu m  e fficiency  is S - 3 % . W h e n  th e  q u a n tu m  e fficiency  
h a s  d r o p p e d  b e l o w  a  u s e fu l  level,  depos i tin g  a  smal l  
a m o u n t o f ces ium (on ly)  o n  th e  p h o to c a th o d e  is suff icient 
to  res tore  m o s t o f th e  or ig ina l  q u a n tu m  e fficiency.  W e  a r e  
n o w  estab l ish ing ways  in  wh ich  q u a n tu m  e fficiency  c a n  b e  
stabi l ized.  

. -Relat  
a  lim it o n  xi 

:to  th e  q u a n tu m  e fficiency,  th e r e  a p p e a r s  to  b e  
~ ‘~&re r i t densi ty  wh ich  c a n  b e  b r o u g h t o ff th e  

p h o to c a th o d e . W e  h a v e  o b s e r v e d  a  ‘saturat ion’ in  
p h o tocu r ren t as  laser  intensity is increased.  This  lim it h a s  
b e e n  o b s e r v e d  w h e n  th e  p h o to c a th o d e  is i l luminated with 
7 1 5  a n d  7 6 0  n m  lasers,  n e a r  th e  b a n d g a p  th resho ld , b u t n o t 
w h e n  a  5 3 3  n m  laser  is u s e d . This  cur rent  lim it increases  
a s q u a n tu m  e fficiency  increases,  b u t e v e n  a t q u a n tu m  
e fficienc ies  o f 2 - 3 %  th e  lim it is less th a n  th e  space  c h a r g e  

-  lim it o f th e  g u n . This  e ffect is n o t yet u n d e r s to o d . 

C O N C L U S IO N  
A  n e w  po la r i zed  e lec t ron g u n  fo r  u s e  o n  th e  S L C  a t 

S L A C  h a s  b e e n  d e s i g n e d  a n d  th r e e  g u n s  h a v e  b e e n  fabr i -  
cated.  Cons ide rab le  a tte n tio n  was  p a i d  to  th e  v a c u u m  
aspec ts o f th e  des ign , to  th e  cho ice  a n d  select ion o f m a ter i -  
a ls  u s e d , a n d  to  th e  fabr ica t ion process.  T h e  g u n s  al l  exhibi t  
very g o o d  v a c u u m  characterist ics, b o th  w h e n  n e w  a n d  a fte r  
r e p e a te d  ca thode  c h a n g e s  a n d  b a k e o u ts. T h e  h igh-vo l tage  : 
p e r fo r m a n c e  o f th e  g u n , h o w e v e r , is p r o b l e m a tic. W h i le a ’_ ’ 
g u n ’s init ial h igh-vo l tage  p e r fo r m a n c e  a p p e a r s  satisfactory, 
it h a s  p r o v e n  imposs ib le  to  r e a c h  ful l  vo l tage with a  f resh 
p h o to c a th o d e . H igh-vo l tage  p e r fo r m a n c e  a fte r  r e p e a te d  
p h o to c a th o d e  act ivat ions is fu r th e r  d e g r a d e d  u n til th e  g u n . 
is u n u s a b l e . W e  a r e  pu rsu ing  two i m p r o v e m e n ts to  th e  
h igh-vo l tage  p e r fo r m a n c e ; a n  insulator  wi th a  resist ive 
tita n i u m  c h r o m i u m  ox ide  c o a tin g  to  r e d u c e  sta tic c h a r g e  
bu i l dup  o n  th e  insulator,  a n d  a  s e g m e n te d  insulator  wh ich  
is sh ie lded  f rom th e  h igh-vo l tage  ca thode  s u p p o r t tu b e . 
It is n o t c lear  w h e th e r  e i ther  o f th e s e  i m p r o v e m e n ts wil l  
a l lev iate th e  e ffects o f excess ces iurn  in  th e  g u n . 

T h e  q u a n tu m  e fficiency  o f th e  p h o to c a th o d e  
m ight  a lso  b e  i m p r o v e d . In  a  s e p a r a te  ca thode  test ing 
system, p h o to c a th o d e s  a r e  in t roduced  into th e  v a c u u m  
v o l u m e  th r o u g h  a  l o a d  lock. In  th is  system G a A s  a n d  
G a A s ( .8 7 ) P ( .1 3 )  p h o to c a th o d e s  h a v e  b e e n  act ivated to  1 4 %  
q u a n tu m  e fficiency  a t 7 5 0  r u n . It is suspec ted  th a t subject-  
i ng  p h o to c a th o d e s  to  h i g h  te m p e r a tu r e  b a k e o u ts d e g r a d e s  
the i r  p e r fo r m a n c e . A  h i g h  init ial q u a n tu m  e fficiency  w o u l d  
d e c r e a s e  th e  m e a n  tim e  b e tween  ces ium depos i tio n s , 
th u s  p r o l o n g i n g  th e  life tim e  o f th e  g u n . H igh  q u a n tu m  
e fficienc ies  m ight  a lso  a l lev iate th e  current  densi ty  lim it, 
g iv ing inc reased  b e a m  c u r m n ts. W e  a r e  work ing  o n  a  l o a d  
lock system fo r  u s e  o n  th e  g u n  in  wh ich  al l  act ivat ions 
w o u l d  ta k e  p lace  in  a  s e p a r a te  c h a m b e r  o u tsid e  th e  g u n  
v a c u u m  v o l u m e . This  wil l  m in imize th e  a m o u n t o f ces ium 
in t roduced  into th e  g u n , wil l  a l low th e  p h o to c a th o d e  to  b e  
c h a n g e d  a fte r  h igh-vo l tage  process ing  wi thout  v e n tin g , a n d  
shou ld  l e a d  to  h i g h  q u a n tu m  e fficienc ies  a n d  l o n g  g u n  
life tim e s . 
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