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 D
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 C
M

F), T
im

 Short,
Friso van A

m
erom

 &
 A

shish C
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W
hy M

iniaturize?

•
M

ass spectrom
eters are bulky and expensive

•
Scaling law

s are drivers for m
iniaturization

–
M

ean free path in gas w
ith collision diam

eter  d at
tem

perature T
 , pressure P

 is λ =
 kT

/(2
1/2πd

2P
)

–
F

light path L
 m

ust be sm
aller than λ, so pressure

m
ust be P

 <
 kT

/(2
1/2πd

2L).

–
If d =

 3.7 x 10
-10 m

 (N
2 ), P

 =
 6.8 x 10

-1/L N
/m

2 at
300 K

 (L
 in cm

)

–
M

iniaturization allow
s 1-2 orders of size reduction,

so P
 can be higher. Pum

ps can be sm
aller, enabling

portable and desktop system
s.

•
H

ow
ever, other scaling law

s apply
–

Filter operation has scaling law
s

–
S

trong im
pact on sensitivity

–
C

are also needed to avoid discharges

Frederick A
ston

C
am

bridge ca 1920
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K
ey A

pplications
•

Portable system
s for hom

eland security
–

M
iniaturised vacuum

 com
ponents allow

 sm
aller

pum
ps/batteries. System

s selling in quantity.

•
B

ench-top system
s

–
C

om
bination of separation and A

PI allow
s

im
proved L

C
-M

S &
 C

E
-M

S

•
M

any com
ponents being m

iniaturised
–

Ionisation by E
I, plasm

a or E
SI

–
S

election by m
agnetic sector, crossed field,

travelling w
ave, tim

e of flight, quadrupole,
cylindrical ion trap, linear ion trap

–
D

etection by Faraday cup arrays

•
M

E
M

S technologies increasingly em
ployed

–
A

ctivity since ca 1993 (W
estinghouse)

–
M

ultiple efforts since 1995; portable M
E

M
S 2005 C

ourtesy N
aom

i K
isselJohns,

Inficon

M
icrosaic S

ystem
s C

hem
pack

A
ndrew

 M
alcolm

, D
esigner
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M
E

M
S T

echnology (1)
•

D
isadvantages

–
H

igh infrastructure cost

–
H

igh developm
ent cost; long developm

ent tim
e

–
H

ard to tackle 3D
 geom

etry of in-plane M
S designs

–
Im

pact on m
ass resolution

–
P

oor m
aterial quality (insulators, conductors, coatings)

–
Problem

s w
ith R

F - im
pact on m

ass range

–
S

pecialized packaging difficulties for vacuum
 system

s

•
A

dvantages
–

U
ltim

ate m
iniaturization of in-cham

ber parts

–
P

recise structuring and alignm
ent

–
A

llow
s m

echanics, fluidics and ion optics on chip

–
C

o-integration w
ith electronics

–
V

ery low
 cost in volum

e
M

E
M

S
 facilities,

Im
perial C

ollege L
ondon
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M
E

M
S T

echnology (2)
•

D
ifferent m

anufacturing approach
–

L
im

itations on achievable features

–
N

o possibility of rew
ork

–
B

atch developm
ent cycle

•
K

ey enablers
–

W
afer bonding

–
C

rystallographic etching of S
i

–
Isotropic etching of nm

-scale tips

–
D

eep reactive ion etching for structuring Si

–
L

IG
A

–
P

hotopatterning of glass

–
Plastic substrate technologies

–
W

afer stacking and self-aligned m
icro-assem

bly

–
P

ackaging solutions from
 m

icro-optics
V

eladi, S
ym

s &
 Z

ou 2007

E
xpanded

m
ode fibre

E
xpanded

m
ode fibre

Spring
clam

p

Iri s
die

B
aseplate

die

A
lignm

ent
feature

Iris

B
ond

pad

C
ontact
pad
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M
agnetic Filters

•
B

asic scaling law
s:

–
A

ssum
e acceleration through potential V

a

–
Ion velocity is v =

 (2qV
a /m

) 1/2

–
T

rajectory radius is r =
 (m

/q) (v/B
)

–
C

harge-to-m
ass ratio is m

/q =
 B

2r
2/2V

a

•
R

adius is non-linear m
easure of m

/q
–

G
reater dispersion obtained by reducing ion energy V

a

–
H

ow
ever, V

a  m
ust be larger than therm

al energy

•
Sm

all r only obtained w
ith pow

erful m
agnet

–
D

ifficulties w
ith saturation

–
H

ard to scale into the M
E

M
S size dom

ain.

•
H

igh resolution requires high density detector array
–

A
lternative is scanning in crossed field filter

r

L
ight

H
eavy

Ion
bea m

D
etector
arra y

B

L
ight

H
eavy

Ion
beam

D
etector
array

B

EL

w



59
th A

nn. Pittsburgh C
onf. on A

nalytical C
hem

istry and A
pplied Spectroscopy, N

ew
 O

rleans, M
arch 2008

M
obile M

icro- and N
ano-instrum

ents

M
iniature M

agnetic Filters

•
M

agnetic separator
–

S
inha 2005

–
M

attauch-H
erzog geom

etry

–
N

d-B
-Fe m

agnet for
reduced m

agnet m
ass

–
1000 elem

ent C
C

D
 detector

•
M

E
M

S m
agnetic separator

–
C

arr, Farm
er &

  Sun 1998

–
C

old-cathode source

–
Strip array F

araday detector

C
ourtesy D

r B
eau Farm

er, T
SI 

C
ourtesy D

r M
ahadeva S

inha, JPL

M
ass

Intensity (arb. unit)
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D
etector A

rrays

•
M

icrofabricated Faraday cup arrays for linear
dispersion m

agnetic m
ass spectrograph

–
D

arling et al. 2002

–
D

R
IE

 used to form
 H

A
R

 trenches in Si, then
oxidised and m

etallised to form
 array of

independently addressable M
O

S capacitors

–
A

rrays constructed w
ith up to 256 elem

ents
and pitches dow

n to 150 µ
m

–
A

rrays com
bined w

ith an electronic
m

ultiplexer to allow
 serial readout.

θ

S         W

Incident ion
specular
trajectory

D

Integrator reset

B
B

-IV
C

102M
Integrator

100 pFM
A

X
406

16:1 analog
m

ultiplexer
banks

L
M

555 M
aster 

clock oscillator

M
D

X
1013-200

600 ns tim
ing delay

G
A

L
26C

V
12

counter &
 sequencer

M
FC

A

Incident
ion flux

Sw
itch address

and enable

6-8

A
nalog

output

Scan
synch
pulse

C
ourtesy Prof. B

ruce D
arling, W

ashington U
.
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M
E

M
S W

ien Filters
•

R
osem

ount A
nalytical

–
S

ittler 1995; P
atent only

•
N

orthrop G
rum

m
an

–
Freidhoff et al 1999

–
1st w

orking  M
E

M
S M

S

–
T

ransverse electric field
defined by 2D

 electrode array

•
C

E
A

/L
E

T
I

–
S

illon &
 B

aptist 2002

–
Stacked w

afer assem
bly

–
T

ransverse electric field
defined by 3D

 electrodes

C
ourtesy D

r C
arl Freidhoff, N

orthrop G
rum

m
an

U
S 5,401,963

C
ourtesy D

r N
icolas S

illon, C
E

A
 L

E
TI

H
e peak
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T
im

e-of-Flight Filters

•
B

asic scaling law
s:

–
A

ssum
e acceleration through potential V

a

–
Ion velocity is v =

 (2qV
a /m

) 1/2

–
T

im
e of flight is τ =

 L/v

–
C

harge-to-m
ass ratio is m

/q =
 2V

a τ
 2/L

2

•
T

im
e-scale non-linear

•
Flight tim

es reduce linearly w
ith dim

ension L
–

Short pulses (M
A

L
D

I), fast detectors needed

–
S

tandard correction m
ethods (e.g. reflectron) also needed L

aser
beam

L
D

etector
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M
iniature T

im
e-of-Flight Filter

•
W

iley-M
cL

aren T
O

F w
ith

M
am

yrin reflectron
–

C
otter et al 1992-

–
T

iny T
O

F; suitcase T
O

F

–
N

2  pulsed laser M
A

L
D

I

–
R

ange 66 kD
a;

R
esolution 1200

–
B

ioagent detection

2050

2100

2150

22004.2uS
4.4uS

4.6uS
4.8uS

A
C

T
H

 1-39, 4542.1 D
a

2.00ns (FW
H

M
)

A
C

T
H

 7-38, 3660.2 D
a

2.47 ns (FW
H

M
)

R
 =

 1200
at m

/z 4542
R

 =
 870

at m
/z 3660

C
ourtesy Prof. B

ob C
otter, Johns H

opkins U
.
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M
E

M
S T

im
e-of-Flight Filters

•
M

E
M

S T
O

F
–

Y
oon et al 2002

–
Planar device w

ith
W

iley-M
cL

aren
geom

etry

–
S

uccessful operation
w

ith pulsed N
d:Y

A
G

ionization

•
M

E
M

S reflectron
–

V
erbeck 2007

–
Plug assem

bled
electrode array

C
ourtesy Prof. H

eung Joong Y
oon, A

jou U
. K

orea

C
ourtesy Prof. G

uido V
erbeck, U

. N
orth Texas



59
th A

nn. Pittsburgh C
onf. on A

nalytical C
hem

istry and A
pplied Spectroscopy, N

ew
 O

rleans, M
arch 2008

M
obile M

icro- and N
ano-instrum

ents

Q
uadrupole Filters

•
B

asic scaling law
s

•
E

lectrodes establish 2D
 potential φ  =

 φ
0 (x

2 - y
2)/2r

0 2.
–

H
ere r

0  is radius of inscribed circle, w
here φ =

 ± φ
0 /2.

–
C

ylindrical electrode w
ith optim

ised rod radius

•
Forces on ion m

oving in z-direction:
–

m
 d

2x/dt 2 =
 -eφ

0 x/r
0 2

m
d

2y/dt 2 =
 +eφ

0 y/r
0 2

•
Potential is φ

0  =
 U

 - V
 cos[ω

(t - t0 )]
–

So d
2u/dζ

2 +
 {a

u  - 2q
u  cos[2(ζ - ζ

0 )]} u =
 0

–
H

ere ζ =
 ω

t/2, a =
 4eU

/(m
ω

2r
0 2) and q =

 2eV
/(m

ω
2r

0 2)

–
u is x or y, and a =

 a
x  =

 -a
y  and q =

 q
x  =

 -q
y

–
U

 &
 V

 scale as 1/r
0 2 - low

er voltages

•
R

esolution is m
/∆

m
 =

 n
2/20, w

here n is no. of cycles
–

For axial energy V
a  and length L, ∆

m
 =

 40eV
a /(f 2L

2)

–
Frequency m

ust increase w
ith 1/L

Inscribed circle,
radius r0

E
lectrode ,
radius re

y
x

+φ
0 /2

-φ
0 /2

-φ
0 /2

+φ
0 /2

Ion
bea m

L

Q
uadrupole

D
etector
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M
iniature Q

uadrupole A
rrays

•
R

od-sharing arrays to
recover sensitivity

•
Ferran M

icropole
–

Ferran et al. 1996

–
Precision glass assem

bly
jig - lim

its to m
echanical

assem
bly?

•
JPL

 Q
uadrupole array

–
O

rient et al.  1997

–
C

eram
ic alignm

ent jig

–
R

G
A

 for am
m

onia
coolant detection

–
S

elf-contained unit for
extra-vehicular activity

C
ourtesy D

r A
ra C

hutjian, JPL

w
w

w
.Ferran.com
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L
IG

A
 Q

uadrupole A
rray

•
JPL

 L
IG

A
 Q

uadrupole
–

W
iberg et al. 1997-

•
Synchrotron exposure of
thick resist.

–
Short w

avelength and high
energy ensures low
diffraction, large exposure
depth and vertical w

alls

•
H

yperbolic electrode array
–

E
lectroplating to fill m

ould

C
ourtesy D

r D
ean W

iberg, JPL

E
ntrance aperture

S
pacer

Q
uadrupole

B
ase

E
xit aperture
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V
-groove M

E
M

S Q
uadrupole

•
1st M

E
M

S
 quadrupole

–
Sym

s, T
aylor, A

hm
ad,

T
indall 1995-1999

–
V

-groove etched silicon;
m

etallised glass electrodes;
self-aligned spacer rods

–
A

ccurate alignm
ent using

crystal planes

•
L

im
itations

–
P

arasitic capacitance to
substrate via oxide

–
M

ass range &
 resolution

lim
ited by heating

–
H

ard to add other features
100

80
60

40
20

0.0

0.2

0.4

0.6

0.8

1.0

M
ass (am

u)

Ion current (arb. units)

A
r peak

K
r peak
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A
dvanced V

-G
roove Q

uadrupoles
•

A
rray-type quadrupole

–
Sym

s &
 A

hm
ad, 2001

–
C

onnection to rods via substrate

–
Parallel or independent operation

•
C

oupling optics
–

Sym
s, M

ichelutti &
 A

hm
ad 2003

–
A

dditional coupling optics

–
1-D

 E
inzel lens from

 cylindrical
rods

–
W

eak focusing into quad

1.0
0.8

0.6
0.4

0.2
0.0

-1e-10

0e+
0

1e-10

2e-10

3e-10

4e-10

V

Ion current (A)

R

8.6

9.6

10.6

11.6

A
xial ion energy (v) =

 12.6
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M
icrosaic Ionchip

•
M

onolithic construction
–

G
eear, Sym

s, W
right &

 H
olm

es 2005

–
B

SO
I structured by D

R
IE

–
Stacked assem

bly w
ith internal coupling

optics and m
etal rods in spring retainers

–
0.65 m

m
 rods, 6 M

H
z operation

•
R

epeatable perform
ance to 400 am

u
–

L
ow

 R
F heating

400
350

300
250

200
150

100
50

0
0

50

100

150

M
ass (a.m

.u)

Ion count (A.U.)

CF3

C2F4

C3F5

C4F9

C5F10N

C6F12N

C8F18N
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M
IT

 Q
uadrupole

•
O

ut-of-plane geom
etry

–
V

elasquez-G
arcia,

C
heung, A

kinw
ande

2007

•
“µ

G
ripper” technology

–
B

SO
I alignm

ent plates
–

1.58 m
m

 dia steel
electrodes held in spring
clips; 4 M

H
z operation

–
C

arbon nanotube field
em

ission ionizer being
developed

C
ourtesy Prof L

uis V
elasquez-G

arcia,
Prof. T

ayo A
kinw

ande, M
IT
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Ion T
raps

•
M

ost popular form
 of m

iniature M
S

•
H

yperbolic  traps by C
N

C
 m

achining
–

K
aiser &

 C
ooks 1991

–
D

ifficult as size reduces

•
C

ylindrical electrode approxim
ation

–
Sim

ple to form
 by drilling, etching

•
R

ectilinear ion traps
–

G
ao, S

ong, P
atterson, C

ooks &
 O

uyang 2006

–
A

xially-ejecting S
chw

artz/S
yka design

–
G

reater ion storage capacity

–
C

om
m

ercialised as M
ini10

•
C

oupled w
ith D

E
SI by discontinuous A

PI
A

ll courtesy Prof. G
raham

 C
ooks, Purdue U

.
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C
ylindrical Ion T

rap A
rrays

•
C

ylindrical traps
–

K
ornienko, R

eilly, W
hitten &

R
am

sey 1999

•
R

egular or chirped arrays
–

B
adm

an &
 C

ooks 2000

–
M

ass selection by variation of
trap dim

ension

•
M

icrofabricated traps developed
–

V
an A

m
erom

 et al 2006

–
D

R
IE

 &
 stacking of Si

•
See also

–
Sandia trap array w

ith air bridge
interconnects (B

lain et al 2004)

C
ourtesy Prof. G

raham
 C

ooks, Purdue U
.

C
ourtesy Prof. M

ichael R
am

sey, U
. N

orth C
arolina

C
ourtesy Tim

 Short, Friso van A
m

erom
&

 A
shish C

haudhary, SR
I
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N
ovel M

E
M

S A
nalyzers

•
T

ravelling w
ave m

ass spectrom
eter

–
S

iebert et al. 1999

–
Stacked w

afer assem
bly

–
Plasm

a ion source

–
S

eparation by travelling periodic
electric field

•
R

otating field m
ass spectrom

eter
–

S
aini, V

erbeck (Z
yvex) &

Sm
ith (JPL

) 2006

–
S

eparation by rotating electric field

–
S

im
ple planar electrode structure

–
Plug assem

bled M
E

M
S

A
cceleration

electrode
Ion optic

T
ravellin g w

ave m
ass separator

M
easurand

R
are gas

T
o pum

p

Plasm
a cham

ber

Plasm
a

e -

Ion package

T
o pum

p

T
im

e dependency of electrode voltage

D
etector

Signal

A
cceleration gri d

Ionisation
cham

ber

C
ourtesy K

atherine G
reen, Z

yvex L
abs

&
 G

uido V
erbeck, N

orth T
exas U

.

C
ourtesy Prof. Jorg M

uller,
T

U
 H

am
burg-H

arburg
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M
E

M
S H

ot C
athode Ion Sources

•
C

urrent density J from
 electrically heated filam

ent
obeys the m

odified R
ichardson-D

ushm
an equation

J =
 A

T
2 exp{-(φ - ∆

φ)/kT}
–

H
ere E

 is field, φ is w
ork function, A

 =
 4πm

ε k
2ε/h

3 is
R

ichardson’s constant, w
here m

e  is electron m
ass

and h =
 6.62 x 10

-34 J s.
–

F
ield-induced term

 is ∆
φ =

 (eE
/4πε

0 ) 1/2, w
here ε

0  =
8.85 x 10

-12 F/m

•
E

xponential variation requires low
 w

ork function
m

aterial (e.g. W
) that can survive high tem

perature
–

D
ifficulties in fabrication and therm

al m
anagem

ent
have hindered developm

ent of integrated sources

•
Suspended filam

ents fabricated
–

Y
oon et al. 2001

40
30

20
10

0
0 2 4 6 8

A
pplied voltage (V

)

Electron current (nA)

C
ourtesy H

eung Joong Y
oon,

A
jou U

. K
orea
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M
E

M
S C

old C
athode Ion Sources

•
C

urrent density given by Fow
ler-N

ordheim
equation J =

 A
E

2 exp(-B
φ

3/2/E
).

–
D

om
inant factor is electric field. Suitable fields

obtained at ≈
 100 V

 from
 tips w

ith radii ≈
 1

nm
, m

ade by m
icrofabrication.

–
S

ince log
e (J/A

E
2} =

 -B
φ

3/2/E
, plot of log

e (I/V
2)

versus 1/V
 (w

here I is em
ission current and V

 is
voltage) should be linear.

•
R

eduction in tem
perature and elim

ination of
heater current im

portant for portable system
s.

•
Sources fabricated and dem

onstrated w
ith C

IT
s

–
M

ain difficulty is lim
ited lifetim

e, due to
discharge and sputtering

18
16

14
12

10
8

-3.6

-3.1

-2.6

-2.1

1000/V

Log(I/V   )
2

GridM
icro ion trap
assem

bly
Field
em

itters

D
etector

C
ourtesy D

r E
jaz H

uq, R
A

L
 C

M
F
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M
E

M
S Plasm

a Ion Sources

•
Planar integrated m

icro m
ass

spectrom
eter (PIM

M
S)

–
H

auschild et al. 2007

–
S

ilicon-on-glass; features defined
by 1 m

ask and deep silicon etch

•
Plasm

a ion source
–

50 P
a operation

•
Synchronous ion shield (SIS)
m

ass separator
–

1 Pa operation

•
90

o sector energy filter

•
M

ultiplying detector planned
C

ourtesy Jörg M
üller, E

ric W
apelhurst

&
 Jan-P

eter H
auschild, T

U
 H

am
burg-H

arburg
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N
anoelectrospray

•
A

llow
s separation and analysis (L

C
-M

S;  C
E

-M
S)

•
E

fficient form
ation of ions w

ith high m
/q. D

epends on
–

Physical properties of analyte liquid (conductivity σ
,

dielectric constant ε, surface tension γ)

–
G

eom
etric properties of set-up (capillary internal radius

R
 and capillary-electrode separation D

)

–
O

perational param
eters (applied voltage V

, flow
 rate Q

)

•
Scaling law

s
–

D
roplet radius r ~ (Q

εε
0 /σ

) 1/3

–
Ion current I ~ (γQ

σ
/ε) 1/2

–
T

hreshold voltage V
T  ~ (γD

/ε
0 ) 1/2

–
D

ecreasing D
 decreases V

T

–
D

ecreasing flow
 rate alters r and fission processes

V
D

C
-

+

C
apillary

T
aylor
cone

Spra y
jet

H
V

 PSU
N

2
Pum

p
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C
hip-based N

anospray

•
M

any variants dem
onstrated

–
C

are needed to avoid T
aylor cone

spread in hydrophilic glass

–
N

ow
 form

ed in glass coated w
ith e.g.

parylene, plastic, Si and B
SO

I

•
In-plane and through-w

afer geom
etries

–
L

inear and 2D
 arrays

–
T

ip geom
etries now

 com
plex; include

channels, open channels and nibs

–
G

aseous and ultrasonic nebulizers and
signal enhancers being incorporated

•
G

enerally om
itting on-chip ion

extraction
–

S
ignal stability variable

C
ourtesy Prof. Steve A

rscott, L
ille U

.

C
ourtesy

Prof. Y
u-C

hong T
ai,

C
altech

C
ourtesy

Prof. G
öran Stem

m
e,

K
T

H
 Stockholm
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A
dvion T

riV
ersa N

anoM
ate

•
Successful com

m
ercial

system
 com

patible w
ith

A
P

I-M
S

–
C

orso et al 2001

–
C

hip-based infusion
M

S
/M

S

–
400 nozzles in 2D
array by D

R
IE

 of Si

–
C

om
plete ion gun,

insensitive to position
w

rt M
S

–
C

om
patible w

ith
robotic handling

R
obotic probe

2000 V

C
onductive

pipette tip

Sam
ple

Inlet

E
SI chip

N
ozzle

M
S

A
PI-Sam

pling

C
ourtesy Jack H

enion, A
dvion B

iosciences
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M
icrosaic Spraychip

•
N

anospray ion gun
–

Sym
s, Z

ou, B
ardw

ell &
 Schw

ab 2007

•
B

atch produced M
E

M
S device

–
E

lectrodes by D
R

IE
 of Si

–
M

ount by V
-groove etching of Si

–
B

ase in photopatterned epoxy resist

•
L

ow
 voltage (800V

) operation
–

C
om

patible w
ith nanospray capillaries

–
O

n-chip spray detection

–
S

table spray; insensitive to position

•
G

ood analytical perform
ance

–
L

ow
 solvent contam

ination

900
850

800
750

700
650

600
0 2 4 6 8

10 µ
L

/hr
20 µ

L
/hr

30 µ
L

/hr
40 µ

L
/hr

V
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 (V
)

Ion current I (nA)

Flow
 rate Q
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800
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600
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400
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0
0e+

0
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7
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7
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7

4e+
7

M
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2

3
4

5
6

7
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5
0

0e+
0

1e+
8
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8

3e+
8

4e+
8

T
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e (m
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T
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132.9 am
u
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H
yphenated T

echniques

•
C

E
-M

S
–

R
am

sey and R
am

sey 1997
–

E
lectro-osm

otic pum
ping &

electrophoretic separation
–

Spray from
 C

E
 separator chip w

ith
low

 peak broadening

•
H

PL
C

-M
S

–
T

ai et al 2007
–

C
om

plete H
PL

C
-E

SI on chip
–

Pum
p, flow

 &
 gradient sensors,

trap colum
n, analytical colum

n,
electro-chem

ical sensors, filter and
E

SI nozzle
C

ourtesy P
rof. Y

u-C
hong T

ai,
C

altech

C
ourtesy Prof. M

ichael R
am

sey,
U

. N
orth C

arolina

b
u

ffer o
r sam

p
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reservo
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sam
p

le w
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  reservo
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b
u

ffer o
r sam

p
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reservo
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co
ver

p
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in
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n
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o
in

t

25 m
m
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m
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ch
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n
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o
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V
acuum

 Pum
ps

•
Pfeiffer T

PD
 011 T

urbo drag pum
p

–
10 L

/s pum
ping speed (N

2 )

–
860 g m

ass

•
C

reare M
iniature T

M
P

–
4 L

/s pum
ping speed (air)

–
550 g m

ass
–

100,000 R
PM

 rotor speed

•
C

reare M
iniaturize T

urbo-drag Pum
p

–
130 g m

ass
–

200,000 R
PM

 rotor speed

•
M

E
M

S pum
ps

–
S

croll, getter and K
nudsen types all

investigated in recent years

C
ourtesy B

ob K
line-S

choder, C
reare

C
ourtesy Peter K

night,
Pfeiffer V

acuum
 U

K

C
ourtesy D

r D
ean W

iberg, JPL
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B
enchtop System

s
•

G
riffin A

nalytical 600P
T

M

–
C

ylindrical ion trap

–
40-425 m

/z

–
M

S
n

–
55 lbs

•
M

icrosaic System
s C

hem
cube

–
F

inlay, S
ym

s, W
right, M

alcolm
 2006

–
M

E
M

S
 quadrupole

–
1-400 m

/z

–
SPM

E
 interface

–
35 lbs

C
ourtesy M

icrosaic System
s

A
ndrew

 M
alcolm

, designer

C
ourtesy M

itch W
ells, G

riffin A
nalytical

A
dam

 K
eil &

 B
rent R

ardin, designers
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C
onclusions

•
W

orldw
ide effort on m

iniaturizing m
ass spectrom

eters
–

M
ain drivers hom

eland security and pharm
a apps

•
M

iniaturized system
s now

 extrem
ely advanced

–
C

om
plex system

s developed

–
T

raps, arrays, M
S

n and A
PI

•
Portable and benchtop system

s being developed
–

Pum
ps still difficult for portable system

s

–
Personal m

ass spectrom
eter feasible

•
Increasing use of M

E
M

S technology
–

E
specially fluidic separation/electrospray sources &

 m
ass filters

–
C

onsiderable perform
ance im

provem
ent

–
C

onfidence grow
ing over outcom

e

–
S

ingle-chip system
 developed


