
Jlab Operational Experience with 
Photoemission DC Guns

S. Benson
for

G. Biallas, D. Bullard, P. Evtushenko, F. Hannon, 
C. Hernandez-Garcia, R. Legg, and M. Marchlik

ERL 2011Workshop, Tsukuba, Japan
16-21 October 2011



The Jlab FEL operates two DC 
Photoemission electron guns

1. FEL Gun 

Gun Test Stand 
(GTS)

60m

2. Backup gun, test stand with 
beam characterization beamline



FEL DC Gun “modern” history
Date Event

May 2007 Conclusion of 3 years of operations at 350 kV with a single GaAs wafer delivering over 7000 Coulombs 
and 900 of CW beam time . Opened flange leak at 405kV while testing gun for higher charge studies

Mar. 2008 Punctured insulator at 398kV during conditioning of refurbished gun

Sept. 2008 Rebuilt gun with new insulator, but observed  >100 uA of F.E. at 150kV

Oct. 2008 Krypton processed to 375 kV, but too much F. E. from cathode

Nov. 2008 Replaced cathode, F. E. reactivated at 320 kV after gun bake, Kr proc. again

Dec. 2008 No F. E. from cathode, but field emitter re‐activated after cathode heat clean punching through 
ceramic at 350kV.

Dec. 2008 –
May 2011

Gun operational at 325kV with injector performance similar as for 350kV, but decreased QE lifetime 
due to electrode field emission (~25 uA). A motorized cathode retraction system was installed  cutting 
down re‐cesiation time from 3 hours to 30 minutes. 

May‐Sept 
2011

Photocathode could not be re‐activated and needed to be replaced. Problem: gun and booster gate 
valves leaked through and booster had to be warmed‐up. Replaced valves and entire gun assembly 
with Wesgo/Morgan bulk resistivity insulator. Achieved 394kV w/Kr before opening leak. Could not 
recover and delivered some beam at 320kV. Poor cathode lifetime led to replacing entire gun 
assembly.

Oct. 2011 Rebuilt gun with re‐polished GTS gun electrodes, and original FEL gun Pt‐implanted insulator. Gun 
undergoing vacuum bake. Installed new semi‐load‐lock system for cathode change‐out.



GTS DC Gun history
Date Event

12/06/2007 With SiON coated electrodes, started HV conditioning, achieved 85 kV the first day

02/01/2008 Achieved 485 kV after 528 processing‐hours under vacuum conditions. At 486kV punched‐through 
ceramic insulator.

02/28/2008 Fixed ceramic leak and ensured gun performance at 460 kV. Declared HV conditioning done

03/14/2008 First beam at 300kV

April 2008 Extracted beam up to 375 kV and observed indications of surface charge limit. 1nC demonstration

2009 ‐ 2010 Multi‐slit, second solenoid, kicker cavity ready for installation in expanded diagnostic beam line as 
soon as $ available for RF power.

Jan. 2010‐Nov 
2010

$ was not available, but the gun was rebuilt with Wesgo/Morgan bulk resistivity insulator. The Semi‐
Load‐Lock system along with SF6 tanks and corona shields were ready for installation.

Nov 2010‐March 
2011

Studied Krypton HV processing as a function of pressure. Achieved 440kV in a ew days w/Kr at 5e‐6 
Torr, when insulator suffered puncture. Continued studies, achieved 500kV for 5 hours and Kr at 1E‐4 
Torr. Could not reach more than 320kV under vacuum conditions: too much voltage‐induced gas 
desorption led to leak re‐opening, loosing gained voltage every time the leak re‐opened.

March‐May 2011 With electrodes stripped‐off their coating, the GTS  gun was re‐assembled and installed in the FEL 
injector.



FEL DC Gun cathode retractor mechanism
• System operates by inserting rods into SF6 environment
• Rods deliver electrical power to the motor
• And provide biasing for cathode activations
• System allows cathode QE re-activation w/o opening SF6 tank in 30 

min instead of 3 hours.



Krypton Processing
• GTS DC Gun

– Kr is very effective processing field emission
– Kr has minimal to null effect on voltage-induced gas desorption.
– It seems that the higher the Kr pressure, the higher the voltage that can be 

achieved w/o current excursions
– With increased Kr pressure, the the higher the onset for voltage-induced gas 

desorption
– When Kr was evacuated and gun was back to nominal vacuum conditions (5E-11 

Torr), there was no field emission but voltage-induced gas desorption was still 
present. 

– It seems that the SiON coating for suppressing field emission had a large 
contribution to gas desorption, making voltage processing slower compared to 
that in bare SS electrodes. 

– Even though field emission was processed under the leak up to 440kV, that 
voltage could not be achieved under vacuum conditions, as gas desorption was 
encountered at 320kV. We think that ceramic might charge up with electron-hole 
pairs due to x-rays produced during voltage-induced gas desorption.



Observations of onset voltage (kV) for 
gas desorption vs logarithmic Kr 

pressure (Torr)



This effect has been previously 
observed



Puncture in the bulk resistivity 
insulator

5 mm

Puncture is about 10 cm 
from ground-end ring
(highest field 12 MV/m @ 500kV

Picture of the puncture taken 
from the inside of the 
insulator

10 cm



GTS Gun holding 500kV w/Kr at 1E-4 Torr



Typical field emission processing w/Kr at 1e-5 Torr

150kV

Current spike
25 uA above background

Rad monitors response



Typical voltage-induced gas 
desorption under vacuum conditions

Notice how radiation and vacuum changes with 1 kV steps. Current tracks vacuum and radiation 
but is only noticeable on strip chart recorder, about 10 uA increase with every kV step. 


