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Goals and Highlights
» The purpose of this project is to develop a mass spectrometer detector for the
Micro Gas Analyzer. Ultimate goal is operation at 0.1 bar, or 76 Torr.
» Phase | critical milestone is operation at 1 Torr.

» Approach: use an array of microfabricated ion traps with dimensions smaller
than a mean free path.
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* The first generation of
40-um polysilicon ion
traps fabricated by Bell
Labs

* Rejects are being used
In ionizer experiments
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A second generation array of 40-micrometer traps has fewer traps,
lower capacitance. We can now detect trapped xenon ions at low
pressure.
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SEM image of low-capacitance array
fabricated by Bell Labs
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Bell Labs has fabricated a series of arrays of 250-um diameter ion traps
from micro circuit-board material. These arrays will be tested in both
the ion drift experiment and the electron ionization experiment. They
can be wired up as pairs of individual ion traps in series.

SEM image of circuit-board array of 16 ion traps

3.8 kV X25.8 1.28mm

250um {non-plated thru via)

L1

L2

17um (9 um preferred) - all copper layers

L3

125um - all Rogers 3003 layers

L4

L5

L6 *fusion bonding and laser drilling

Cross-section view of each non-plated thru-via
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Electric Field lonization
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Soft ionization array, before cavity etch

0.8 and 0.3-um microfabricated
devices from Bell Labs are being
tested at low pressure. We have
observed ions being formed when a
voltage is applied between the two
electrodes.
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SOl Process Overview

Sputtered sidewall metal
Top metal \

Trench isolation

Device layer ~ 50 microns
thick
Buried oxide layer ~
microns thick
Silicon handle wafer ~ 550
Cross section of

microns thick
completed wafer
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New Doped Silicon Micro-Electro-Mechanical System (MEMS) Methods

MEMS Microcolumn for SEM



Rotating Field MS

EHT = 20.00 ky/ Segral b, = 5E2 Date 28 Jun 2004
Whe= 15 mm PhotoMo = 113 Time ;1810

Benefit: 1. 0-300amu
2. Low Voltage Requirement

>

Simlon 7.0 Simulation: Immx1Immx2mm,

15V at 6MHz. O
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Einzel Lens

8 1 500V

100V

Signal(V)
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Bradbury-Nielsen Gate

60V, 60V Gate 60V, 30V Gate
_ v
=)

Benefits: 1. No assembly
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EHT = 5.00 kv Signal A = SE2 Date :22 May 2006
Mag= 499X |—| WD= 10 mm Photo No. = 5832 Time :9:23
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Coaxial Ring lon Trap (CRITter)
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Coaxial Ring lon Trap (CRITter)

500um Trap Lens

te| Microscope Accelerating Voltage
2 |Quanta FEG 2 kV —200 pm—

Endcap 75um

Acquisition date| Microscope |Accelerating V&;i;cage
12/07/05, 1:26 |Quanta FEG 2 kV —500 ym——



Coaxial Ring lon Trap (CRITter)




100um CIT Array

- 20um EHT = 5,00 kv E2  Date 30 Nov 2005
Mag= LIZKX || 1830 Time :11:21

100um id

~ 300um EHT = 5.00 kV Signal A=5E2  Date :30 Nov 2005
Mag= 102X WD= 15mm Photo No. = 1836 Time :11:17




Reflectron TOF

lon 7.0 Simulation: 500um spacing,
100V step.




Reflectron TOF

EHT = 5.00 kV Signal A=SE2  Date :23 May 2006
WD= 10 mm Photo No. = 5876  Time :10:48

EHT = 10.00 kV Signal A = SE2 Date :10 Apr 2006
Mag= 571X WD= 7mm Photo No. = 4046 Time 11043




Layout Process




SOl Process

Why MEMS?

|_| WD = 18 mm

Mag =

EHT = 10.00 kV Signal A = SE2 Date :10 Apr 2008
Mag= 571X |—|\ND = 7mm Photo No. =4046  Time :10:43




Chemical Etch
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EHT = 5.00 kv

Mag = 548 X |—| WD= 9mm

Signal A = SE2 Date :18 Apr 2006
Photo No. =4185 Time :17:06

ke ‘ . o ! .
g i R ik RN 3 Vi
_ 30pm* EHT = 5.00 kV Signal A=SE2  Date :18 Apr 2006
Mag= 916X WD= 12mm Photo No.= 4181  Time :16:57

. A : & it b i =



Electroforming

20um EHT = 5.00 kW Signal A = SE2 Date 21 Apr 2008
Mag= 170K X | o WD= 8mm Pheto Mo, = 4330 Time :16:04

EH 00 kv Signal A = SE2 Date :29 Jun 2006

K
m Photo No. = 787 Time :12:17

EHT = 5.00 kv Signal A = SE2 Date :21 Apr 2006
Mag= 858X |_| WD= 8mm Photo No. = 4328 Time :15:59




Space-charge effects
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MEMS — Microvalve
Thermal Inlet MEMS — Actuator (Pressure Regulator)

MEMS - MS

MEMS - Micropirani
MEMS — Source (Field lonization)
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http://mems.utdallas.edu/pictures/actuators/index.htm
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Conclusions

Thank you
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