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Calutron MS at “Y-12” Plant
Oak Ridge, Tennessee
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EElectrodynamic Ion Trap (1953)
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EElectrodynamic Ion Traps
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Linear Quad 
Ion Trap

Quadrupole
Ion Trap

(1983, Finnegan)
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Mass Spectrometry

Raman
FTIR XRF

NIR LIBS
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Miniature Mass Spectrometers



//

//  Actionable Intelligence – HPMS & On-board Analytics / Slide 11 October 201612e 1112

MMicro-scale Ion Traps

Vacuum System

Mass Analyzer
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MMicro-scale Ion Traps
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Mike Ramsey – UNC chemistry
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TTrade-offs in Ion Trap Operation

Upper Mass Limit

Resolution

Pau (Ramsey) et al., Microfabricated quadrupole ion trap for mass spectrometer applications, Phys. Rev. Lett. 96 (2006) 120801
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Oscillations in the ion trap

neutrals
(e.g., nitrogen, oxygen)

analyte

Mass Spec is typically done in 
deep vacuum, because this 
reduces the number of collisions 
with neutrals and

1. Improves the MS resolution

2. Reduces collisional losses

RINGRING

ENDCAPS

ENDCAPS
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MMean-free path vs. pressure

Mean-free path:  average distance a particle travels between 
collisions with other particles.

Atmospheric pressure (760 torr): ~ 100 nm

Low vacuum 1 torr: ~1 mm

Medium vacuum 1e-3 torr:   ~ 10 cm

High vacuum  1e-6 torr: 100 m

Ultra high vacuum 1 e-12 torr: 100 km
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MMean-free path vs. pressure

Mean-free path:  average distance a particle travels between 
collisions with other particles.

Atmospheric pressure (760 torr):~ 100 nm

Low vacuum 1 torr: ~1 mm
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laboratory scale 3D ion trap
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TTrade-offs in Ion Trap Operation

Upper Mass Limit

Resolution

Pau (Ramsey) et al., Microfabricated quadrupole ion trap for mass spectrometer applications, Phys. Rev. Lett. 96 (2006) 120801
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MMean-free path vs. pressure

Mean-free path:  average distance a particle travels between 
collisions with other particles.

Atmospheric pressure (760 torr):~ 100 nm

Low vacuum 1 torr: ~1 mm

Medium vacuum 1e-3 torr:   ~ 10 cm

High vacuum 1e-6 torr:  100 m

Ultra high vacuum 1 e-12 torr: 100 km

laboratory scale 3D ion trap
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Defense Advanced 
Research Projects Agency 

Defense Threat 
Reduction Agency 

SStrong Government Support & Interest

$10M $15M $20M



//

//  Actionable Intelligence – HPMS & On-board Analytics / Slide

BBuilding Blocks
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Ion
Trap

Stretched Length Micro-Ion Trap
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BBuilding Blocks
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Ion
Trap DetectorIonizer

‘MS Core’
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BBuilding Blocks
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Vacuum

Custom Zero Maintenance 
Multistage Scroll

Ion
Trap DetectorIonizer
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Building Blocks
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Ion
Trap DetectorIonizer

Vacuum

MS Electronics

Operating Software

Signal Processing, 
Informatics

Mechanical Design
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4”
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SSmall, power efficient vacuum pump
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908 Microscroll pump

design optimized for 
1-10 torr regime
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SSmall, power efficient vacuum pump
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908 Microscroll pump

design optimized for 
1-10 torr regime

MS inlet flow supports 
1-10 mL/min
of continuous flow.

Excellent match for 
capillary GC flows.
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Ion trap acquisition Sequence

11 October 201628

Ionization

Radial RF

Detection
2200 400100 300

mass/charge

Duration: 4-100 ms
(10 to 250 scans/second 15-450 m/z)

AxialRF
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GGasoline via GC-miniMS
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m/z

TIC
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Elution time (s)
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HHPMS vs. Agilent Single Quad
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Agilent MSD

HPMS

(10 ng on column)

(10 ng on column)
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SSerial Dilutions of 8015C mix
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10 ng on column

1 ng on column

100 pg on column
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Ballistic GC (single or dual column) + MS + FID/TCD
helium/hydrogen/air carrier 
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chris@908devices.com
978.979.5413

Thanks!

Products and Prototypes are protected by US and international patents, including US 6,469,298;  JP 2001-5,252,000; UK 1,218,921; DE 1,218,921; US 
7,838,820; US 6,822,225; JP 4,522,866 B2; EPO 3,816,115.4; US 6,933498; US 8,525,111 B1; US 8,878,127; additional patents pending
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// Threat Detection Focus w/ Minimum SWAP
Vapor / Thermal desorption
>5 hour battery life
30-60 second startup
4 pounds
Mass range  60 to >450
No helium burden
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MM908 – worlds first handheld MS
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SSwappable ‘cores’
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Ionizer, ion trap, detector
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RResolution v. Radial Frequency - AIR
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Xylene 106 Da FWHM
MS pressure 1 torr (air)

Blakeman & Ramsey, in preparation


