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To Target KeV - MeV Energ
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To Target KeV - MeV Energ
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Guide Electrodes

THE GOAL

lon Guidance

Foce=F

guide centripetd

\ lon Accelerator

2 |
mv -
quieId = l \{accel_
| h i’
Uin — Oﬂ —”>UOUt

I} Cornell University




ION ACCELERATION

Driven at 35MHz

Acceleration

Gap gain:20eV
Total gain: 60eV

Guidance/energy selector

Sensor electrode
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ION ACCELERATION
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Multi Electrode Planar Accelerators
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1. Permanent magnets for bulk of control force
2. Micro-structured electrodes for fine tuning and motion control
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Assembly

5) Posts glued through layers
to pin them down.

6) Tethers on Si are cut so that
each “pinned” piece is
disconnected to others

7) Wire bonds from Al on Si to
Cu pads on PCB

Wirebonds

* Si dust accumulate on bottom of

channels to form electrical short.
Posts to pin down PCB » Careful cleaning with water
position Channel solved issue




Consecutive Series of Einzel Lens
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Experimental Operation of Einzel Lens
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Coplanar Waveguide Resonator Accelerator

Use CPW resonator to

drive LINAC
segments...

RF signal generator

* RF gen. power = 50W .
* Vyive =10V (for 1000Q) Amplifier
* Q can be high ~ 500
* V, ~100kV
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Wide Bandgap Semiconductors
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Pmax = ImaxVmax = v |2
27 X\ ff GaN Theoretical Limit
1000 GaAs Theoretical Limit ‘
Material Eq E hax Veai T~
(ev) (Mvicm) | (em/s) 100 GaN Devics . | (Pulsed)
GaAs 1.4 3.3 2x107 R j
5]
GaN 3.4 0.4 1.8x107 10 '[-3]"’ -
GaAs Devices X 2 l
[19] [20]
1
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Design of Resonator Facilitated Linear Accelerator
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Measured Mode Shapes

Charge
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Raised LINAC + Driver + Oscillator
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Linac Transmission Line Setup

Linac

i :
= I
Agilent Coupler
778D

Ophir 5205

RF Power Amplifier
0.5~3.0 GHz 50Watts

OO

Agilent N9310A 5 o

Network Analyzer RF Signal Generator - l=—————. |
Agilent 8753ES 9kHz-30GHz - =15
30kHz — 6 GHz 5 =——20
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Amptek Detector(5keV LINAC)

1.13GHz 16.8W(LINAC on)

Counts _ DP5 (s/in  §844)
] Tag: live_data
26k Ca Mode MCA
[ H Channels 2048
._ No rf input(LINAC off) LLD Thresh 5.08% ES

I Fast Thresh 70

E Peak Time 1.6us

Mk
21k I Gain 39.999x
I Gain Delta 1.00
E Preset Mode Mone
: Preset

5k Accum Time 31.33
15k [ Real Time 31.38
Total Count 1902579
Input Count 717484
Input Rate 23112.58

10k ™

_ Dead Time
;: 0.664keV/
5277
160

@ Cornell University



Outline

 Electric fields for Ion Manipulation

- Fabrication process flow for wafer-
scale accelerators

* Einzel Lens, LINAC
« CMOS Electronic Detection
 Conclusions




Objective of electron bunch detection

O Electrons bunch alignment and diagnosis
OO0 Mapping the electron bunch trajectory
O LINAC application

CMOS detection circuit  Sensing . . . . . .
electrode Activated . . . . - D
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Sensor Electronics

VDD

v out

SamEIer |—

\
J Exposed pad for charge-sensing

D —

L

Conn. to buried transistors with vias and
intermediate metal layers

Input transistor for charge
to voltage conversion

Capacitance to substrate that

Cornell University

computes voltage from charge

® Ratio of sensed charge to capacitance i.e. measured
\./oltage is fixed for given charge concentration

Amplifier with large (~40 dB) gain used for measuring
\./oltage generated by sensed charge

Input-referred noise of amplifier competes with signal
l.e. it must be suppressed to detect ion-charges. This is
dominated by input transistor so can ignore vn2

Vout — A\/lA/Z (Vsignal +Vn1)
. qdensityA . qdensity
signal — T
C,A C
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CMOS for Beam Detection

2300 um

=

&

O Invensense 0.35um HV CMOS process
O Differential input stage sensing
O Tapeout date 05/31/2012.
Sensing
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electrode
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Latest electron gun experiment

Better electron beam alignment technique
Perform the measurement with alignment PC board.

Elector) beam

Detection
CMOS circuit

@ Cornell University



Latest electron gun experiment

The detection circuit will be triggered by constant electron beam, but
need a discharge path to reset the status.
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Fusion Ion Beam — Potential Design
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Overall Goals of Fusion Drivers and MEQALAQ

. Smaller LINAC dimensions 22Higher frequencies
. Higher frequencies @ smaller quadrupole dimensions

. Electrostatic quadrupoles are more efficient than
magnetic at small scale

. MEQALAQ - Multiple-beam Electrostatic-Quadrupole
fglc\:ltsing Linear Accelerator — developed by Maschke
« Consists of many small channels for beams

» Use electrostatics at smaller dimensions for emittance with
electrostatic quadrupoles

 Divide and Conquer — Beat the space-charge limited current
at low energies by breaking the beam into thousands of
beams with less charge per beam to maintain emittance

%}:@9@ Corneli University 27
Eass



MEQALAQ, 1984

TABLE 1
Parameter Present Li accelerator Dim.
exp. stage 1 stage 2
Particle we*  OLit Byt
Inj.energy 40 90 1210 keV
Exit energy 115 1210 6010 keV
RF frequency 40 40 80 MHz
Synchr.phase -38 -33 -16 2
Trans.time factor 0.9 0.9 0.9
Gap elec.field 2.6 9.3 8.0 MV/m
Av.acc.el.field 0.1 0.4 1.35  MV/m
Nr.of gaps 20 41 49
Nr.of channels 4 16 16
Overall beam dim. 4 25 25 cm?
Length resonator 65 260 355 cm
Diam.resonator 40 65 65 cm
Capacitive load (AV.) 7.0 2.6 0.7 pF/cm
Qual.factor Qg 1800 2900 4100
Shunt imped.Rpq 16 44 120 M
Rpo,eff 9 26 91 M@
: RF power losses 0.5 5.0 6.3 cm
; 85 ; (AV.)cell length 2.3 5.0 6.3 cm
: f 45 ; 3 Width RF gaps 0.2 0.4 1.3 cm
: SO . Quad.space/length 0.75 0.75 0.8
s msessemesmsistiesraniisaes Diam.quad.chan. 0.6 0.6 0.6 cm
Quad.voltage +2.62 14.09 +5.97 kV
@ ® o Zero current loT 60 80 20 °©
H H Zero current ugl 20.0 34.5 10.6 °
3 Depressed ut 7:3 24.0 4.8 2
Depressed | 8.0 10.4 Bl °
gggs = = Chan.acceptance o1 108.7 83.m 26, mm.mrad
=g=s . =" Chan.acceptance o 240.m  343.7 44.m  mm.mrad
b o @ [T, MAX 24.1 59.8 151.0 mA
® N2 IL ,MAX 22.6 142.0  130.5 mA
? © I, AV 3.0 6.3 7.8 mA
H H I 2.8 15.0 6.7 mA
Tof current ItoT,av 11.2 101 101  mA
* Teesmaene Acceler. eff1c1ency 60 70 66 %
@
28
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What does MEMS offer?

Very high smoothness => minimize field
emission (Silicon wafers are ~ 2-10nm
surface roughness)

Small drift-tubes can be made in arbitrary

patterns using lithography and plasma
etching

Integrated electrostatic actuators to align
beam alighment and change function of
electrostatic beam manipulators
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Integrated Actuators with JFET transistors

" Actuator 1
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Movable Quadrupole Electrodes




Silicon Wafer Held By CPW Resonator: MEMS MEQALAQ

4-inch wafer

GaN RF amplifier — Holder with RF CPW
50w resonator

Q ~ 700, Z0 = 200 Ohms, P =50 W = > Peak
voltage = 100kV

Heat removal at 50W/5cm

RF design for equal phase at each beam
channel

Each wafer has its own resonator

32
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Very Crude Cost Analysis

Per accelerator wafer
« Amplifier/Power Amplifier - $3
« Wafer ~ $5
* Processing ~$10
« CPW Resonator ~ $1
« Vacuum chamber ~$1
Total ~ $20/wafer in large quantities

Assuming 8000 channels per wafer, and
20,000 wafers to get to 2 GeV 200 amu ions

200 meter long
$400K /accelerator at 400 Amps
100kA => 250 accelerators => $100M
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Summary

« Micromachining and MEMS enables
electrostatic quadrupoles at massive
densities and low cost due to
economies of scale per wafer

« Distributed amplifiers may enable
distributed heat dissipation

« Economies of scale of Moore’s law
maybe applied for low-cost fusion
drivers
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