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SRSl Low Emittance Gun Project

Goals :

- Electron Beam Emittance < 5.10-8 m.rad

- Capable of driving an X-FEL Linac (Peak Current / Stability / ...)

Goals
Minimum Peak Current (A) 5 _
Normalized Slice Emittance (m.rad) 5.108
Pulse Duration, full width (ps) 40
Repetition rate (Hz) 10
Gun Energy (MeV) 4

http://leg.web.psi.ch/
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Low Emittance Gun Project

1. Electron Source

-Field Emitter Arrays
-Single Tip
-Laser Assisted

31.08.06 — PSI Villigen

v
2. Diode Acceleration
- Gap : 4mm

- Pulser: 500 kV; 250ns
- High Gradient: 250 MV/m

3. RF Acceleration

- Flat Top wave

=] Fundamental mode

- Two frequency Cavity Design
-1.5GHz + 4.5 GHz

-
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[J—__ Thermal Emittance

Ultimate limit in Accelerators: Intrinsic emittance of the Electron Source

2F,.
c — r kin

n,rms 2
2\ 3mc
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Thermal Agitation
(r.m.s transverse momentum)
of emitted electrons

Size of the produced
Electron Beam

Field Emission: High Current Density (1012A/m2)

Energy Spread (4kT < 0.3eV) Uniform Beam over r

+ Maxwell Distribution
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[J___ Electron Source - Field Emitter Arrays or Single Tip

Field Emission requires High Field: F >3GV/m

]

Field Enhancement with Tip Effect

Field Emitter Arrays (FEAS) Single Tip

Surface

- ]

= Wl_ (1)
Microelectronic Techniques Etched Wire (ZrC; HfC; ...)
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() Courtesy of C. Spindt and A. Akinwande



PAUL SCHERRER INSTITUT

Sl

Field Emitter Array (FEA)
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Tests on Commercial Field Emitter Arrays

\_II_ -

40kV, Q=56pC

\ IDL 4

120 mA (Pulses of 30ns at 10HZ)

(Commercial Device)

40 60 80 100 120
Time (ns)

= L=39mm, lsc=+0.698A — B,=40.8mT

50000 Tips &
J=1mm .

Projected Emittance Single Gated FEA:
g,~ 2.10-° m.rad at 40 keV
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[J___ Field Emitter Arrays Fabrication at PSI

r - Pyramid Shape

2 um

Mag= 2535 KX  2pm Stage at T= 30.0° = dmm EHT = 9.71 kv Signal A= InLens
P

Stage at T= 30.0° WD= 4mm EHT = 9.71 k¥ Signal A= InLens Date :9 Jun 2006
Time :12:00:03

- Mo Tips (Field Enhancement Factor: <> ~ 90)
- Metallic wafer
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Single Tip
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[J___ Single Tip Electron Source

—>  ZrC robust, ®, . ~3.5eV

——> Possibility of Faceting the Tip

1,=1.5A / 1500K 1,=1.8A /1800K 1,=2.2A | 2200K

Required Operating Voltage
VTip >10 kV
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Single Tip ZrC performances

Broadband High
Voltage Feedthrough

N v
- ‘ (-100 kV
j L 1ns
|
IcoII (t) 7

Scope Tektronix

1GHz — 10GS/s
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[J__,_ High Current Pulses from a ZrC Tip

Peak Current

as high as 470 mA

ZrC Ti Broadband High
\p Voltage Feedthrough

¥
- 100 kV
1ns

0

) Faraday Cup
04.04.06 Time (ns)

ZrC Tip

10° Torr

Scope Tektronix
1GHz - 10GS/s
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Field Emitted Current — Voltage Characteristic

Time (ns)

ZrC Tip, Gate o~2mm
Voltage Pulses: Ins at 10Hz
D, -~ 3.5eV, 107 Torr

31.08.06 — PSI Villigen

Fowler — Nordheim Dependence

Field Emission Regime

100 L vm"=6v, Laser Off ; 10°mbar, Pulsed in 1ns at 10Hz /',_
80 | /v .
60 v .
< /'/
E a0t /' .
! P
20 v i
/V/
! v
O - v———"—’v/v/v -
20 25 30 35 40
22.02.06 VTip (kV)
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‘:,_1— b Fowler — Nordheim Analysis

)l
Inf — |=-p| = |+m
d 4 F ~6 GV/m
-23 J~1012 A/m2 ;
Space Charge Emitting Area:
Limitations [ S ~ 12000nm?2 (.., ~ 125nm)
95 Field Forming Factor
< B =192000 m-"
2 | Mapex ~ 1/(5B) ~Tum
— -26
=

28 | —Vv— Mmeasure
m=-17.22; p=-220374

ZrC Tip, Gate 2mm : ' ' : ' :
Voltage Pulses: Ins at 10Hz 3x10” 4x107 5x107
@, ~3.5eV, 10° Torr 1V (VT

Tip
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Rough estimation of the Emittance from a ZrC Tip

0 ~45°=0.78 rad

Measure 1
S ~ 12000nm?2

Dgeam ~ 125nmM
B =192000 m-!

~ 1/(58) ~1um

rapex
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[_J-__ Laser Assisted Field Emission [

ZrC Ti Broadband High
P Voltage Feedthrough

I'g

\
Faraday Cup \l\ \

—
‘ |7[0;-100 kV]
| 2ns / 10Hz

50 Q |
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IcoII (t)
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il 532nm Photoemission
%S T o
E j h=23eV
C B.IX ><{>\<W X e
-, Picoseconds Laser Pulses . o \ 2m
< 40|JJ 30pS Full Width: ' Energy range fromwhere electrons can be directly photo-emitted !
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* Ref: C. H. Garcia et al., Nucl. Instr. and Meth. A 483, 273-276 (2002).
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I___ Electric Pulses + Laser Pulses

40 | Voltage Applied to the Tip
20 |
>
20 L
'40 — 4>

Time (ns)

Laser Pulse: 532nm; 20uJ; 30ps; 10Hz;
Plase=0.7 MW; < 7.109W/cm2
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[ S ] Electric Pulses + Laser Pulses

— above 5A!

r.r . 1.~ 1. 1+ *t +v 1
' |s this Emission :
o (- Laser Ablation
Temax® - Breakdown
4l - Explosive Electron Emission
- Thermally assisted field emission
-7
—~~ B L -
~ -23
-28
2+ - 31
--0=- -34 1 -20
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liér,}ﬁ’: ‘;:\kA.A 1%
0 .i._‘r';l‘?';'."',",','.'-,{-,.;f;"} . . . - ‘_.,,‘,,--'/ : . "A'v_;:,f’?’?‘?‘fﬁ-fg;_-.hi'g'gfgi
-8 4 6 8

Time (ns)
Laser Pulse: 532nm; 20uJ; 30ps; 10Hz;
Plase=0.7 MW; < 7.10° W/cm2
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FEA
- First tests of FEAs from PSI by Dec. 2006
- Laser Assisted FEAs

Single Tip

- Emittance Measurements
- Further tests of Laser Assisted Field Emission
- Implementation in 500kV Pulser
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