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Abstract

A compact time-of-flight mass spectrometer has been constructed with the reflecting analyzer region orientated to be
orthogonal to the desorption axis of a matrix-assisted laser desorption/ionization source. The instrument is designed with a
detector that is large enough to accommodate a correspondingly large desorption velocity spread without the need for
collisional cooling. Laser desorbed positive ions from a positively biased probe enter a field free fill region of an orthogonal
accelerator, initially at ground potential. The ions are then orthogonally accelerated to reach a final potential of —20 kV and
a kinetic energy of ~21 keV. The space focus of the reflectron geometry is adjusted to lie in the ion mirror to allow easy
conversion to the linear mode. The detector of the current configuration is a 70 mm diameter microsphere plate. The
spectrometer has a total length of less than 1 m and, in good agreement with ssimulations, it provides a typical resolution of
8000 (full-width at half-maximum). Detection limits determined with ~10-50 laser shots were in the low femtomole range
up to m/z ~ 10000. Beyond this limit, sensitivity appears to be lowered by decreasing detector efficiency and the increasing
velocity spread of the desorbed ions. Mass calibration of the instrument is very simple and reproducible. Measured mass
accuracy with external calibration is better than 100 ppm over several days. Limitations in mass accuracy are attributed to the
drift of the power supplies and timing jitter. A focusing method for improving high mass sensitivity by a factor of typically
20 is briefly described and demonstrated with the detection of molecular ions of myoglobin (m/z ~ 17000). (Int J Mass
Spectrom 210/211 (2001) 89-100) © 2001 Elsevier Science B.V.

Keywords: Time-of-flight; MALDI; Orthogonal acceleration

1. Introduction

Over the last decade, orthogonal acceleration (0a)
time-of-flight mass spectrometry (TOFMS) has estab-
lished itself as the method of choice for the coupling
of continuous ionization sources with the TOF mass
analyzer [1,2]. Several advantages are inherent in this
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configuration including: the efficient sampling of ions
in the ion beam, the remova or minimization of the
limiting effects of the ion source energy spread on
resolution, and very good mass accuracy and stability
of mass calibration as a result of the ions having a
zero initial velocity component in the time-of-flight
direction [3,4]. In effect, the source and anayser
operate more independently in the oaTOF configu-
ration than in conventional “in-line” TOF systems.
Matrix-assisted laser desorption/ionization (MALDI)
[5] is apulsed ion source that is commonly used with
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conventional TOF mass analyzers. Previous attempts
to obtain oa-TOF advantages with MALDI indicated
that the source and mass analyzer were substantially
decoupled [6,7]. The resolution, mass calibration
stability, and mass accuracy were relatively unaf-
fected by the large variations in desorption velocities
resulting from the use of different matrices and laser
powers. This is a relative advantage compared to
conventional delayed extraction MALDI systems
[8,9] where calibration and mass accuracy are af-
fected by the conditions in the source and some form
of internal cdibration is usually required. The main
disadvantage apparent in the early MALDI oaTOF
combinations was poor sensitivity at high m/z. This
may be attributed to two main factors. First the use of
relatively low ion kinetic energies limits the detector
efficiency at high m/z [10,11]. Second the kinetic
energy spread increases with m/z. This brings about
(for ions having the same m/z) a corresponding
increase in the average ion velocity and velocity
spread, observed parallel to the plane of the detector.
The resulting divergence of drift trajectories thus
contributes to a further decrease in detection efficien-
cies at high m/z when ions, at the extremes of the
velocity spread, no longer strike the active area of the
detector.

The development of hybrid quadrupole TOFMS
systems [1,2,12,13] has demonstrated the ability of
radio frequency multipole collision cells to cool and
focus ion beams from electrospray sources [14].
Callisional cooling has also been applied with ions
produced by MALDI to create a pseudocontinuous
ion beam with a narrow energy spread [15]. This
approach, when used with quadrupole-TOF hybrid
instruments has an additional important advantage.
Mass selection in the quadrupole prior to collisional
dissociation and mass analysis of fragment ions in a
TOF mass analyzer allows tandem mass spectrometry
(MS/MS) to be undertaken for MALDI generated
ions. However this arrangement is quite complex and
the mass range of the TOF stage for singly charged
ion remains limited, when relatively low ion kinetic
energies are used. The use of collisional focusing may
aso lead to unwanted fragmentation of molecular
ions.
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Fig. 1. Schematic arrangement of the instrument described in this
article. G1-G4 are grids. The z axis is normal to the plane of the
page. Detailed specifications are given in Table 1.

The instrument described in this article was devel-
oped to improve the design of our firss MALDI
0a-TOF system [7] without resorting to collisional
cooling and its associated apparatus (differentia vac-
uum system, radio frequency multipole, and collision
cell). The aim of the instrument was to provide basic
mass analysis with simplified calibration requirements
and reliable mass accuracy. The main departure from
the earlier device liesin ahigher ion kinetic energy in
the TOF mass analyzer, more typical of conventional
MALDI instruments, and the use of alarger detector.
Additional improvements involve the use of custom-
ized high transmission grids with rectangular repeat
cells[16,17] and a biased probe potential to adjust the
average velocity of ions in the desorption axis of the
MALDI source.

2. Experiment
2.1. Apparatus

A schematic diagram of the mass spectrometer is
shown in Fig. 1 and critical instrument parameters are
listed in Table 1. The source region (probe and lens
assemblies) was powered by a Tennelec TC945 high
voltage power supply (Canberra Industries, Meriden,
CT). The push-out plate and mirror backplate utilized
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Table 1
Instrument specifications

MALDI source
Laser and optics
Distance target to oa axis
Aperture
Probe bias
Distance target to lens aperture
Lens aperture diameter

Orthogonal accelerator
Pushout pulse delay
Pushout pulse amplitude
Axis of ion source
1st acceleration gap
2nd acceleration gap
3rd acceleration gap
Grid material
Grid support & field rings

Drift regions and chamber

lon mirror
Deceleration gap
Grid material
Grid support & field frames

Detector and digitizer

337 nm nitrogen laser, 100 um diameter spot size, normal incidence with target
73 mm

2 mm wide at 25 mm from target

0-200 V

1.0 mm

1.0 mm

3-200 us programmeable relative to laser firing

1005 V (~60 ns rise time)

1.25 mm from pushout plate

5.35 mm (E = —186 V/mm)

550 mm (E = —225 V/mm)

40.0 mm (E = —468 V/mm)

12 Ipc X 120 Ipc Ni, 70% transmission each, 5-10 um thick
77 mm outer diameter 48 mm inner diameter

550 mm (forward), 619 mm (reflected), —20 kV potential
900 mm X 300 mm precision machined aluminium chamber,
240 L s~ turbomolecular pump, 1 X 106 mbar working pressure

158 mm (E = 135 V/mm)

4 Ipc X 40 Ipc stainless steel, 80% transmission
250 mm (x) X 125 mm (y) outer dimensions,
210 mm X 85 mm inner dimensions

70 mm (diameter) micro sphere plate,® centred
205 mm from accelerator axis
4 Gsamplels X 1 GHz DSOP

2 Single thickness plate with measured pulse width 800 ps in customised assembly with anode operating at ground potential. Plate supplied

by EI-Mul Technologies (Yavne 81104, Israel).

b | eCroy 9384 with PP094 Adapter (LeCroy Corporation, New Y ork).

separate +1.5 kV MK series supplies (Glassman High
Voltage, Salem Industrial Park, NJ). Grid 1 was
connected to a custom-built power supply. All other
grids and the front of the detector were connected to
a —25 kV MK series supply, from Glassman High
Voltage. A more detailed description of the compo-
nents follows.

The ion source was similar to that of an earlier
prototype instrument [7], with two important modifi-
cations. First, a potential was applied to the probe in
some experiments (typicaly in the range from 150 to
195 V) to adjust the desorption energy and increase
the number of ions that reached the detector. Second,

a lens was instaled in the source region to redirect
ions toward the entrance dit of the orthogonal accel-
erator and thereby increased sensitivity. A positive
potential was applied to the lens (from +40 to +150
V), when required, to direct more ions through the 2
mm (wide) X 14 mm high dlit, located 25 mm after
the entrance to the lens assembly. The distance
between the target surface and the entrance aperture
of the lens assembly was 1.0 mm. Samples were
inserted and removed through a ball valve and vac-
uum lock. A modified lens was used in a preliminary
attempt to extend the mass range to m/z ~ 20000
[18]. It provided focusing of the ion’s position in the
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TOF axis and velocity adjustment in the desorption
axis, by applying a potential (typically in the range
40-200 V) after a short delay (2—20 ws).

A 337 nm UV laser was used with the same optical
arrangement as described for the earlier prototype
instrument [7]. The laser beam was directed along the
desorption axis, through the orthogonal accelerator
and had a 90° incidence angle with the target. The
observed desorption craters had adiameter of ~100 wm.

The orthogonal accelerator consists of a push-out
electrode and three grids, with voltages set to define
three acceleration regions when the pushout plate is
pulsed to ~1 kV, asindicated in Table 1. The pulse
driver circuit was custom made in our laboratory. The
grids were lithographically mastered for the instru-
ment and they consist of 120 X 12 lines per cm nickel
grid made by electodeposition (Buckbee Mears, St
Paul, MN). These grids were designed to improve
transmission and resolution relative to typica grids
with square repeat cells. The rectangular repest cells
of this mesh were aigned with the longer dimension
parallel to the desorption axis of the ion source. A
detailed discussion of the grids has been published
elsewhere [16,17].

The acceleration regions are adjusted to bring the
spatial focus to a point inside the ion mirror. This
unconventional configuration allows easy conversion
of conditions to linear TOFMS (the detector for the
linear TOF configuration has not yet been installed).

The drift region was enclosed in a liner that was
floated at —20 kV for most experiments. This poten-
tial was divided down by way of resistor chains on the
orthogonal accelerator grid assembly and the ion
mirror to provide the required electric fields in these
devices. The first grid was biased at 2.5 V to null the
effects of field penetration so that thefirst acceleration
gap was essentially field free when ions were entering
it.

The rectangular ion mirror assembly uses a high
transmission stainless steel rectangular repeat-cell
grid mastered for this instrument by Towne Technol-
ogies (Somerville, NJ). The grid was aligned similarly
to those in the orthogonal accelerator. Eleven spacer
frames are used to create a constant field between the

mirror mesh, held at the accelerating potential, and the
back plate, which was set to a higher potential than
the push-out pulse.

The detector assembly was installed on the same
mounting plate as the orthogonal accelerator. It con-
sists of a 70 mm diameter EI-Mul (Yavne, Israel)
single thickness microsphere plate (MSP) electron
multiplier [19], followed by field spacer rings (to step
the potential down to ground) and a collector plate for
the emitted electrons. Charge arriving on the collector
plate was measured as a transient voltage on LeCroy
9384 (LeCroy Corporation, Chestnut Ridge, NY)
integrating transient recorder (ITR). The bias poten-
tial across the MSP was adjusted with an external
resistor chain and could be set to 2.94 or 3.14 kV,
when the liner potential was —20 kV. A more detailed
description of the detector assembly and its perfor-
mance characteristics will be published separately.

2.2. Instrument control and data acquisition

Instrument control and data acquisition were coor-
dinated by a personal computer running an integrated
set of custom designed modules (virtual instruments)
in the Lasview (National Instruments, Austin, TX)
programming environment. One virtua instrument
(V1) set the potentials of the critical power supplies,
whereas another controlled the laser firing and delay
(T in Fig. 1) between laser firing and triggering the
orthogonal accelerator’s push-out pulse. A further VI
was used for communicating with the ITR by way of
an |IEEE (GPIB) interface so that data acquisition
could be initiated from the keyboard and full spectral
data could be downloaded during experiments. This
V1 aso provided for mass calibration and display of
spectra on a nVz axis with two internal calibration
marker peaks in the TOF spectrum. Alternatively
externa calibration could be used with previously
determined constants. Integration of cursor-selected
peak areas was included in the functions of the data
system. Spectra were exported in formats suitable for
further display and analysis using commercially avail-
able software.
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2.3. Smulation of instrument performance

A customized program (simTor) has been written to
predict peak shapes in TOFMS based on ion starting
parameters and instrument specifications. In addition
to the ion starting parameters, this can take into
account the effect of grids and the temporal response
of the detector. Independent calculations using prob-
ability density functions [20] and Monte Carlo algo-
rithms are provided in this program. A full description
of this program will be published separately.

2.4. Sample preparation and introduction

The matrix used in these experiments was 2,5-
dihydroxybenzoic acid (Sigma Chemical Co., St Louis,
MO). Samples of 5,10,15,20-tetraphenyl-21H,23H-por-
phine, gramecidin S, and a mixture of Cg/C,, Were
obtained with unspecified origin, but were determined
to be pure by mass spectrometry. Bee venom melittin
(Sigma), oxidised bovine insulin chain B (Fluka,
Chime AG CH-9471, Buchs) and bovine insulin
(Sigma) were purchased and also used as analytes. All
samples were dissolved in 1:1 (v/v) acetonitrile and
0.5% aqueous trifluoroacetic acid, except for porphine
which was dissolved in 1,2-dichloroethane.

Samples were prepared by the dried droplet
method, where matrix (10 mg/mL) and anayte (1-4
mg/mL) were sequentially applied to the sample slide,
with rapid drying under an infrared lamp between
applications. 2 uL of analyte was applied, with a
volume of matrix which gave an approximately 1000-
fold molar excess of matrix. The Cgy/C,, sample was
run neat and thus served as its own matrix.

Delay times (1) between laser firing and triggering
of the push out pulse were varied between 3 and 50 us
across the mass range. This delay was necessary to
allow ions to traverse the distance between the
MALDI target and the orthogona accelerator. lons
traveling parallel to the desorption axis required an
average energy of 242 eV. lons with this energy were
displaced (in the desorption axis) from the centre of
the orthogonal accelerator to the centre of the detector
during their time-of-flight through the mass analyzer.
Some energy was provided by the MALDI process

and the rest was given by a bias potential of between
150 and 195 V applied to the sample probe. The
settings of the delay T and the probe bias will be
discussed more fully later in this article, in relation to
the range of myz transmitted to the detector.

3. Results and discussion
3.1. Mass spectra, resolution, and grid orientation

Typical spectraare shown for standard compounds
in Figs. 2 and 3. Fig. 4 is a graph of the observed
peak-width squared versus m/z. The sguare of the
peak-width (8t)? is expected to increase linearly with
(m/2) in TOF mass spectra [21,22]. The width arises
from the spread of arrival time and the temporal
characteristics of the detector and timing electronics
(detector pulse width and jitter) [21]. The graph
alows the temporal contribution of the detector and
timing jitter to be separated from the arrival time
contribution as originally explained [21]. Thus, from
the data presented, an overall resolution of about 8000
FWHM is apparent from the slope of the graph,
whereas the intercept indicates a detector pulse and
jitter contribution of about 1.2 ns. The points that lie
furthest from the line correspond to spectra obtained
with the maximum [larger (8t)%] and minimum [small-
er (8t)%] number of shots required to obtain a good
signal-to-noise ratio. The most probable explanation
for the larger than usua scatter on this graph is that
there was an increasing jitter contribution resulting as
the number of shots accumulated increased. However,
the trend of the graph is a good measure of the overall
performance of the instrument. Simulations of peak
shape (simTor program) were performed with the
instrumental parameters in Table 1 and the ion pa
rameters in Table 2. These predicted that the instru-
ment should have given a theoretical resolution of
~8000 [as shown in Fig. 2(b)]. This, however, re-
quired that the value for the mass-dependent velocity
spread in the TOF direction (considered in isolation
from velocity in al other directions) corresponded to
a constant =3 meV kinetic energy spread. The corre-
sponding divergence (+0.2°) in the desorbing plume
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Fig. 2. Typical MALDI mass spectra obtained for (8) gramacidin S,
(b) melittin, and (c) insulin. A resolution of ~8000 is apparent. The
inset in the melittin spectrum shows the molecular ion region
expanded and a SSImTOF simulation of the peak shape (see text).

is much less than expected from geometric restrictions
on the divergence (=1°) as imposed by the dlit. The
observed resolution could not have been obtained
with the latter divergenceif theinitial velocities (TOF
direction) in the accelerator had been uncorrelated
with the initial positions of ionsin the TOF axis. The
observed resolution could be explained if some posi-
tion-velocity correlation exists or if collisions during
the desorption process decrease the divergence of the
plume as suggested recently [23]. This issue is the
subject of further investigations.

The resolution of orthogonal acceleration TOFMS
instruments may be affected by dispersion of ions
near grids and particularly by “wires’ that are at right
angles to desorption velocity. The instrument con-
structed in this study incorporates grids designed
specifically to minimize these dispersions. Instead of
square repeat cells, rectangular cells were created by
having ten times as many wires per unit length
paralel with the desorption direction than at right
angles to it. This effect was illustrated by rotating the
grids of the orthogona accelerator 90° from the opti-
mum theoretical orientation. The resolution as measured
by the above-mentioned procedure was reduced from
8000 to ~4800 FWHM after rotation. Full details of
this effect have been published recently [16,17].

Fig. 3. shows the MALDI spectrum of Cgy/Co
obtained with a laser energy well above threshold.
Near-threshold laser power resulted in spectra show-
ing only C*, C*,, ions. It is apparent that the
ionization of this compound with high laser power
generated carbon cluster ions over a wide mass range.
Peaks were observed at every 24 Da (i.e. C, units)
with abundance diminishing at m/z~5000. It is appar-
ent that ions over a wide my/z range were transmitted
by the instrument.

3.2. Calibration and mass accuracy

Cdlibration relationships between the measured
time-of-flight and the known accurate myz of the
observed ions are very linear in oaTOFMS[1]. Inthe
mass calibration used to measure the mass accuracy of
the instrument, 46 individual TOF measurements
were made from a distribution of ions from gramici-
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Fig. 3. MALDI mass spectrum obtained from a sample of C4,. Carbon cluster ions with awide range of m/z are transmitted by the instrument.
The sample is acting as its own matrix.

din S, melittin, insulin chain B, insulin, ubiquitin an average of —4.2 ppm, a standard deviation of 53
(total m/zrange from 1141.7 to 8587.9). A linear fit to ppm and an rms error of 52 ppm. This precision was
the flight-time versus (Mm/2)°® gave an R? value of consistent with the combined effects of a 20 ppm
0.999 999 979. The analysis of residuals from this set measured power-supply drift, the drift in the trigger
of data gave anormal distribution of mass errors with delay (e.g. a 30 ppm mass error for melittin) and the

25 —
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oty =1.2ns
20

a2 (107182

Fig. 4. Variation of the square of peak width with m/z. This graph indicates the contribution of constant temporal sources of peak broadening
as well as the ultimate resolution (i.e. with a jitter free detection system and a zero width detector pulse).
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Table 2
lon parameters and instrument parameters® taken into account in
modeling of peak shapes in the siMToF program

+1 meV standard deviation
truncated at +3meV

Velocity spread in TOF
direction®

Spatial spread in TOF 1 mm standard deviation truncated
direction® a + 1mm

Energy dispersion on grids® 0

Detector temporal spread 1.2 ns FWHM Gaussian signature
and jitter ns

2 Instrumental parameters are in addition to those shown in Table 1.

®The velocity spread is generated to be Gaussian. It has a
standard deviation and truncation limits, corresponding to the
kinetic energy values given, if the velocity in other directions is
ignored.

¢ Limited by entrance aperture to orthogonal accelerator.

9 Not significant with rectangular grid cells.

uncertainty in identification of the peak centroid
resulting from noise and the finite digitizer frequency
(typicaly 30—60 ppm for melittin). These uncorre-
lated errors would add in quadrature to ~50—75 ppm.

When the mass calibration previously described
was applied to spectra collected over several days, the
worst case averaged mass error was ~100 ppm with a
precision of ~70 ppm.

3.3. Desorption velocity and role of T delay and
probe bias potential

A positive potential was applied to the target to
create an accelerating field in the vicinity of the
desorbing ions. The velocity of desorbing MALDI
ions was adjusted so that ions reaching the axis of the
orthogonal accelerator after adelay of Twould, during
their subsequent time-of-flight through the TOF ana-
lyzer, be displaced (in the desorption direction) to the
axis of the detector. Desorption velocities expected
prior to acceleration were estimated with data from a
linear MALDI 0a-TOF instrument [7] and published
values [23-26] (see Table 3). The linear instrument
allowed the angle of the drift tube to be adjusted so
that the distribution of desorption velocity could be
observed for ions of different mass and with various
matrix and laser power combinations. The results on
the prototype instrument were in good agreement with
other studies where the velocity of ions was observed

Table 3
Probe bias parameters

Desorption velocity and kinetic

energy® Bi_as required to
raise PKEg to
mz Uges (MS 1P PKEu (6V)2 2426V

100 4000 8.3 233
500 2000 10.4 232
1000 1500 11.7 230
5000 1000 25.9 216
10000 1000 51.8 190
20 000 1000 104 138
50000 1000 259 -17

2 PKE refers to the partial kinetic energy calculated on the basis
of the component of velocity in the desorption direction [16,17].

® From direct measurements with linear MALDI 0a-TOF [7] see
text.

at some distance from the probe [23,24,26]. These
velocities are systematically higher than desorption
velocity estimates in delayed extraction systems [27].
This has been attributed to the fact that the orthogonal
acceleration geometry selects a population of ions
with small velocity components normal to the desorp-
tion axis. Fig. 5(a) plots the delay required for anion
with adjusted desorption velocity to travel from the
target to the axis of the orthogonal accelerator. lons
selected at delays outside the area defined by the limit
lines will not reach the detector. Fig. 5(b) is a similar
diagram for alowable conditions for the probe bias
potential. A relatively wide range of mass around an
optimum mass is clearly transmitted to the detector
(see Fig. 3). This may be attributed to the size of the
grids of the orthogonal accelerator compared to the
distance to the target as well as the size of the
detector. Experimentally determined values of + and
the bias were observed to be approximately in agree-
ment with the predictions of Fig. 5.

3.4. Estimation of sensitivity

Sensitivity estimates for compoundsin the range of
m/z 1200-17 000 are given in Table 4. The estimate
is based on the amount of sample that was consumed
in routine experiments. The known amount of sample
deposited in the spot was assumed to be uniformly
distributed. The amount desorbed was determined
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Fig. 5. Theoretical curves predicting, for a given m/z, the optimum: (a) delay time between laser firing and triggering of the push-out pulse
and (b) probe bias voltage. The upper and lower dashed curves define the limits of the conditions imposed by geometric acceptance parameters
of the detector.

from the ratio of the area of the shot to the area of the sensitivity decreased as molar mass increases. This
spot, with the knowledge that the sample preparation may be attributed to the low efficiency of the detector
method typically allowed 50 shots to be made at the used (see the following) and to the increasing “dilu-
one location before the sample was depleted. The tion” of the signal as mass increases. lons were
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Table 4
Estimation of detection limits

pmol in fmol in shot fmol in fmol 3 o det limit
Sample m'z spot ared® shot® Shots req'd desorbed SINC (fmol)
Gramicidin S 1163 1750 1167 23 20 467 51 ~10
Meélittin 2844 700 467 9 30 280 59 ~5
Insulin 5374 700 467 9 60 560 23 ~30
Myoglobin 17 000 480 320 6 200 1280 1 ~1300

aBased on a spot area of 15 mm? and a shot area of 0.01 mm?
b Based on typical 50 shots to deplete a shot location in a spot.

¢ Signal-to-noise ratio based on the signal height divided by an interval of 3 times the standard deviation of the baseline noise.

distributed over more digitizer samples as the peak
width increased (see Fig. 4) and this was compounded
by the increasing number of °C isotope combinations
as the number of carbon atoms in the ions increased.
The ITR digitizer used is not well suited to low ion
count rates, owing to the baseline noise associated
with this device. The sensitivity in the low fmol range
is therefore reasonable for the arrangement used.
Significant improvements would be expected if a
more efficient detector were available and a pulse-
counting digitizer was used.

3.5. Detector response

The gain of the MSP detector was measured by
comparing the area of pulses observed at very low
signal levels. The signal level was set so that pulses
were not observed in a particular mass window in
every shot. Under these conditions, the majority of
pulses observed were for single ion arrival events for
singly charged ions. The area of such pulses was
expressed in coulombs and the gain of the detector in
each mass range chosen was obtained by dividing by
the charge of an electron. The distribution of gains
displayed no trend with mass over the range m/z
200—17 000. The average gain was 3.1 X 10° The
measured modes of the gain distributions (/10°%) were
1.3, 1.7, 1.3, 1.7, respectively, for ions at m/z ~200,
~1100, ~5700, and ~17 000. Thisis agood gain for
a single plate device and a narrow pulse width was
obtained (measured to be 800 + 50 ps). The indepen-
dence of the gain with respect to mass was not expected.
In electron multiplier devices such as the MSP or the

microchannel plate (MCP) detectors gain usudly de-
creases significantly as nv/zincreases [10]. Recent inves-
tigations of the efficiencies of MCP detectors indicated
that, for large biomolecular ions, there is arapid fall in
detector efficiency as ion velocity decreases [11]. The
efficiency was found to be proportional to mass X
velocity” or, when velocity is proportional to (m/2)~°5,
efficiency for singly charged ions is inversely propor-
tional to mass. A plausible explanation for constant gain
is that the secondary electron emission efficiency islow
even a low mass. If the most probable number of
secondary electrons emitted is one or zero a low vz
then, as Nz increases, proportionately more ion arrival
events generate no secondary dectrons. Thus fewer
pulses will be observed but most will be from single
electron emisson and they will indicate a consistent
gain. Therefore the senditivity falls with increasing m/'z
due to decreasing detector efficiency.

3.6 Pulsed focusing of source

The sengitivity of the detector used in the current
version of the instrument is likely to be very low at
high mass, as previously discussed. This combines
unfavourably with the decreasing signal to noise ratio
that is expected as ions become spread through more
ITR samples due to increasing width of the peaks and
isotopic distributions. For these reasons it was only
possible to observe signals above m/z 10 000 with
difficulty. A pulsed lens was designed to increase the
number of high m/z ions reaching the detector [18].
The lens was pulsed so that ions were accelerated in
the desorption direction a few microseconds after the
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Fig. 6. Signals obtained for myoglobin (a) without the pulsed lens
and (b) with the pulsed lens (delay 8 us, amplitude 92 V).

laser fired. Similarly to delayed extraction, there is a
correlation between the position of ions and their
desorption velocities. The pulsed lens serves to apply
maximum acceleration to the ions with the lowest
desorption velocity and kinetic energy. In experi-
ments the energy spread of the desorbing ions was
thus decreased and the trajectories of the ions in drift
regions of the TOF mass analyzer were less divergent.
The lens simultaneously corrected for divergence of
ions from the desorption axis, to increase the number
ion ions sampled by the orthogonal accelerator. For ions
with m/z 3000—6000 the lens increased the signd by a
factor of about 20. A loss of resolution was apparent and
this is attributed to the direction-focusing action of the
lens leading to a larger velocity spread in the TOF
direction. The signal for myoglobin was grestly in-
creased as can be seenin Fig. 6. A refined design for the
pulsed lens is under investigation and will be described
in a future publication if it is successful.

4. Conclusion

A small and relatively simple 20 kv MALDI
0a-TOF mass spectrometer has been constructed and
shown to deliver resolution of ~8000 (FWHM).
Correct orientation of the rectangular repeat cell grids
was crucial in delivering this resolution. Calibration
was very linear (TOF versus [m/Z]®°) and the mass
accuracy (external calibration over severa days) was
within expected limits of power supply drift and jitter,
being considerably less than 100 ppm (standard devi-
ation of mass error). Improvements in this can be
expected if jitter in the timing electronics currently
used is reduced. Sensitivity is estimated to be in the
low fmol range below m/z 6000, degrading to the
pmol range at m/z 17000. The sensitivity is limited,
apparently, by the low efficiency of the detector
(decreases further with increasing mv/z) and the in-
creasing energy spread of ions as m/z increases. A
pulsed lens has been shown to improve the sensitivity
of the mass spectrometer at high m/z.
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