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57 ABSTRACT 

The Mattauch-type mass spectrometer normally records the 
mass spectrum of a chemical compound on a photographic 
plate. It would be desirable to replace this plate with an array 
of electronic detectors whose outputs would be stored for 
computer analysis, 
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MASS SPECTROMETER DETECTOR ARRAYS 

BACKGROUND OF THE INVENTION 

This invention relates to spectrometer detector arrays and 
more particularly to detector arrays for Mattauch-type mass 
spectrometers. 
At one time, the only methods available to chemists for the 

analysis of chemical compounds depended solely on the ob 
servation of chemical reactions between the unknown com 
pound and various known reagents. In recent years, physical 
methods in analytic chemistry have replaced the more tradi 
tional methods. 
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Among the physical methods is mass spectrometry. In mass 
spectrometry, a sample is ionized, the ions are accelerated and 
subjected to electromagnetic fields and are then detected by 
their impinging on a photographic plate. Analysis of the mass 
spectrum thus produced then yields the required information 
on the unknown sample. 

Approximately 15 different mass spectra are recorded 
separately on strips running the length of the photographic 
plate. The plate is removed from the instrument, developed, 
and then read with a microdensitometer which produces a 
graph of optical density versus position of the mass spectrum. 
While good results are obtained in this manner, there are 
several inherent drawbacks. The process is time consuming 
causing delay between experiment and result. Often, plates 
are removed after only a few spectra have been recorded thus 
increasing the cost of operation. Sometimes one spectral line 
must be severely overexposed in order to record a much 
weaker line. This, of course, results in a nonlinear relation 
between the optical density and the number of ions striking 
the plate which is not easily analyzed. Calibration is achieved 
by introducing a known compound and noting the positions of 
the known spectral lines. 

In 1936, Mattauch presented the theory of a mass spec 
trometer which was double-focusing simultaneously for all 
masses (50 Physical Review 617). The instrument uses a com 
bination of a radial electric field and a homogeneous magnetic 
field to obtain both velocity and direction focusing over the 
entire focal plane simultaneously for all masses. 
The schematic arrangement of the instrument is shown in 

FIG. 1. 
Qualitatively, ions are formed in a source and accelerated 

through a potential, V. The ions enter the instrument through 
the entrance slit, S. They then travel a distance, l, where they 
enter the radial electric field formed between the plates of the 
coaxial capacitor which forms the electric sector of the instru 
ment. The ions are acted on by the electric field to cause their 
trajectories to bend in the same general direction as the curva 
ture of the plates, however the trajectories of the higher ener 
gy ions are bent less than those of lower energy ions. Because 
of the values selected for land die, the ions leave the electric 
sector in parallel rays spread across the exit according to their 
energies but focused at infinity. Because of the parallelism of 
the trajectories, the separation between the exit boundary of 
the electric sector and the entrance boundary of the magnetic 
sector may be arbitrarily chosen. 
When two ions of the same mass, but different velocities, 

enter the magnetic sector, they enter perpendicular to the 
boundary, but separated in space by the prior action of the 
electric sector. The magnetic field is uniform and directed 
normal to the plane of motion of the ions. The trajectories of 
these two ions are both circular, but with different radii. The 
higher energy ion is bent into an orbit with a larger radius than 
the lower energy ion and they both strike the same point in the 
focal plane. Ions of larger mass will strike the detector further 
down the focal plane with the same focusing action. 

Slit S, in combination with the distancel, acts, to control 
the angles the ion trajectories may, make with the entrance 
boundary to the electric sector. In the limit, as S approaches 
zero, the ions appear to emerge from a point source, or more 
correctly, a line source located at St. As S gets larger, the ef 
fective source point becomes semi-indeterminate ranging 
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2 
between the location of S and some point behind it. This then 
causes a departure from the desired parallelism of the trajec 
tories leaving the electric sector and produces a deleterious ef 
fect on the resolution of the instrument. 
The presence of slit S is not required by the theory, but is 

simply for long term protection. It reduces the number of ions 
entering the electric sector which would not exit, but would 
accumulate on the sector walls. This accumulation would 
seventually cause a distortion of the electric field and degrade 
the focusing qualities of the instrument. 

Slit Sa limits the energy range of the ions entering the mag 
netic sector. This is necessary because the Mattauch-type 
mass spectrometer is double-focusing for all masses only to 
first order. 
Mattauch showed that the theoretical resolution of the in 

strument may be expressed by . 
(Am/m) = (2 Sifre (l) that is, the smallest fractional mass 
difference which can be resolved is dependent only on slit 

width S and the dimensions of the electric sector. 
In 1947 Shaw and Rall showed that 

(Am/m) = (2Ap/p) (2) 
where p is the distance from the mean entry point into the 
magnetic sector to the point of detection in the focal plane; 
and Apis the smallest detectable separation between spectral 
lines (18 Review of Scientific Instruments 278). 

SUMMARY OF THE INVENTION 

In order to obtain more effective use from the mass spec 
trometer, it would be desirable to replace the present detec 
tion scheme with an electronic scheme which will extract as 
much information as the photographic plate method, but will 
eliminate the time-consuming processing operation. Ideally, 
such a scheme will make provision for an interface with a 
computer for quick, accurate processing of the collected data. 

Therefore, an object of the invention is to provide an array 
of discrete detector elements having a resolution matched to 
the resolution of the instrument thereby minimizing the 
number of elements. 
Another object is to provide an array which insures that no 

spectral line may escape detection, no matter how narrow. 
Another object is to provide a data collection and storage 

system for interfacing with a computer which requires a 
minimum amount of auxiliary circuitry. 
Another object is to disclose detector arrays which are par 

ticularly well suited to take advantage of integrated circuit and 
thin film techniques in their manufacture. 
Another object is to disclose detector arrays which are par 

ticularly well suited for computer controlled manufacturing 
methods. 
These objects are achieved in my invention by making the 

width of each detector element in the array a function of posi 
tion in the focal plane. As a result, the resolution available 
from the array may be matched to the resolution of the spec 
trometer thereby reducing to a minimum, the number of de 
tector elements and associated circuitry. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the arrangement of a typical Mattauch-type 
mass spectrometer. 
FIG.2a is a face-on view of a uniform linear detector array 

for comparison purposes. 
FIG.2b is a face-on view of one illustrative embodiment of a 

constant resolution array. 
FIG.2c is a face-on view of a detector array which insures 

that no spectral line may escape detection. 
DETALED DESCRIPTION 

For simplicity, let us define a quantity, R=m/Am, so that we 
may speak of the resolution as being one part in R, or more 
simply, as just R. When using R, however, it must be carefully 
noted whether what is meant is the resolution of the instru 
ment or the resolution available from the detector array. 

is 
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Let us first consider a structure composed of a uniform 
linear array of detectors. The present state of the art will allow 
element dimensions no smaller than about 1 micron (10 me 
ters), so let us assume an equal length for the width of each de 
tector and the associated space which separates it from the ad 
jacent detector as shown in FIG. 2a. Also, the width of each 
detector space pair, 8, is the same in any region along the ar 
ray. This means that the width of each detector is 8/2 and the 
width of each space or isolating region separating adjacent de 
tectors is also 6/2. 

Furthermore, let us establish a criterion for the resolution of 
the array whereby the minimum: detectable separation 
between adjacent peaks in the mass spectrum is stated in 
terms of element lengths, namely as K6. The preferable value 
of K for the array of FIG. 2a is 1.5. For a greater margin of 
safety a larger value of K may be selected. Substituting the 
value of 1.58 for the minimum detectable Ap, and R for mfAm 
in Eq.(2), we find that R= p/(38) for the uniform linear array. 
Since in this array 5 is a constant, we see that the resolution in 
creases with distance along the array. 
However, from Eq.(1) it is apparent that the resolution 

available from the instrument itself is independent of position 
in the focal plane. Therefore, if a uniform linear array is capa 
ble of resolution equal to that of the instrument at the 
beginning of the array, it is capable of greater resolution than 
is the instrument itself over the remainder of the array. This 
means that more detector elements and associated circuitry 
are provided than are able to be made use of efficiently. The 
number of elements is equal to 15R for an array 25 cm. long 
starting at ps5 cm. 
When the instrument is in use, slit width S is fixed as is reso 

the resolution of the instrument, R, may be treated as a con 
stant. To design an efficient array the resolution available 
from the array must be matched to the resolution of the instru 
ment. As shown in FIG.2b, such an array to provide resolution 
independent of p requires that the width of each detector 
space pair (6) be proportional top. In the illustrative embodi 
ment shown, 6n= p/(3R), the width of each detector is 8/2 
and the width of the associated space is also 6/2. The number 
of elements in this array is 5.375R for an array 25 cm. long 
starting at p=5 cm., a saving of 64.2 percent over the uniform 
linear array. Of course, in general, the width of each detector 
may be M8, and the width of the associated space (1-M 8, 
where 0<M< 1. In the example cited, M-0.5. 
The width of each detector space pair, 8, may be calculated 

in an iterative manner particularly well suited to computer 
controlled manufacturing techniques. Specifically 

8,-(81/2KR) (3) 
where p is the location of the beginning of the array; and the 
width of the n" pair is 

p16-6- . . . . n-1 
(4) 

A problem may arise when the foregoing array is used to de 
tect very narrow spectral lines. If one of these extremely nar 
row lines should fall in the space separating two adjacent de 
tectors it may not be detected. To preclude this possibility, a 
dual version of the Constant R array may be used as shown in 
FIG. 2c. The Dual Constant R array may take one of two al 
most identical forms. 
One form may be described conceptually by starting from 

the Single Constant R array of FIG. 2b where M-0.5. First a 
narrow strip for separating detector elements is extended lon 
gitudinally across the center of the array. This then leaves two 
detectors, one above the other, in each element of length, 8. 
Next, shift either the top or bottom rows of detector elements 
so that each detector in that row occupies the location for 
merly occupied by the separating space. The result is shown in 

... FIG.2c and it may be seen that there is no location along the 
array which is not served by a detector. For this array, the 
preferred value is Kal for determining the minimum detecta 
ble 8p and for use in Eqs.(3) and (4). 
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Almost identical to the foregoing array is another version of 

the Dual Constant R array which more closely matches the in 
strument resolution. In the foregoing version two successive 
detectors are of equal width. The preferred embodiment of 
the invention contains detectors, each having a width given by 
Eqs.(3) and (4) where, however, 8, represents the width of 
the n" individual detector (21,22), rather than a detector 
space pair as before, and the preferred value of K is 2. 
An advantage of the constant resolution array is that a par 

ticular given spectral line falling anywhere along the focal 
plane as a result of the values of the electric and magnetic 
fields chosen, will result in the same output from a detector in 
the same position relative to the position of that line. This is 
true because as a spectral line is caused to sweep from the 
beginning to the end of the focal plane, its width increases. 
The widths of the detectors along the Constant R array in 
crease by the same amount. Of course, the field values in the 
instrument are held fixed while in use with either the photo 
graphic plate or the array detection schemes. 
The replacement by a Constant R detector array of the 

photographic plate in the Mattauch-type mass spectrometer 
results in an improved instrument in that its utility to the user 
is enhanced by achieving more rapid and accurate results 
through an interface with a suitably programmed computer. 
The Constant R detector array serves as the heart of a data 
collection and storage system. 21-25 which eliminates the in 
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accuracies and delays of the conventional approach while 
minimizing the number of detector elements and associated 
circuitry. 
The detector arrays described may be manufactured by any 

of a number of known techniques. Each detector must have an 
output proportional to the number of ion impacts or to the 
added charge to its surface area. This may be accomplished by 
using a layer-structured semiconductor plate and etching 
away the areas to be deactivated by chemical, laser or electron 
beam techniques or, alternatively, may be built up by electron 
beam deposition methods which have achieved element 
dimensions as small as 1 micron as described in an article by 
Landauer and Hall (160 Science 740). 
Connection between the detectors and their associated cir 

cuitry 24.25 may be through deposited metal film contacts 23 
or by electron beam scanning as described by Crowell and 
Labuda in an article entitled, “The Silicon Diode Array 
Camera Tube' in the May-June 1969 issue of the Bell System 
Technical Journal, (48 B.S.T.J. 1481). 

Variations on the basic mass spectrometer, such as remov 
ing the focal plane from the region of high-magnetic fields 
through the application of well known principles of ion optics, 
is recognized. The modifying effects of such variations may be 
compensated for in my invention by those skilled in the art 
without departing from the spirit and scope of the invention. 
What is claimed is: 
1. A focal plane structure for use in a mass spectrometer in 

cluding a focal plane, a magnetic sector and an ion entry re 
gion to the magnetic sector, which comprises: 
a plurality of ion responsive detector elements; and 
means for supporting the detector elements in an array for 
placement in the focal plane of the spectrometer; 

the lengths of the detector elements extending transverse to 
the longitudinal axis of the array; 

the width of each detector element being linearly propor 
tional to its distance from a point corresponding to the 
mean ion entry point of the ion entry region of the mag 
netic sector of the spectrometer; and adjacent detector 
elements being separated by an isolating region. 

2. A structure in accordance with claim 1, wherein each de 
tector element extends transversely across the focal plane; 
each detector element forming a unit with an adjoining space 
separating adjacent detectors in the array, the width of each 
unit being linearly proportional to its distance from the mean 
ion entry point into the magnetic sector of the spectrometer; 
and the width of each detector being a fixed percentage of the 
width of its unit. 
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3. A structure in accordance with claim 2, wherein the con 
stant of proportionality for the width of each unit is (1/3R), 
where R is a constant equal to the resolution of the spectrome 
tet. 

4. A structure in accordance with claim 1, wherein succes 
sive detector elements extend alternately in opposite 
directions from the longitudinal axis of the array, adjacent de 
tectors on one side of the longitudinal axis being separated 
from each other by a substantially inactive region which is op 
posite a detector element on the other side of the longitudinal 
axis of the array. 

5. A structure in accordance with claim 4, wherein the con 
stant of proportionality for the width of each detector element 
is 1/4R, where R is a constant equal to the resolution of the 
spectrometer. 

6. An improved mass spectrometer including a focal plane 
and a magnetic sector having a boundary, a segment of which 
boundary forms an ion entry region, wherein the improvement 
comprises: 

a plurality of detector elements for generating an output in 
response to ion impacts; and 

means for supporting the detector elements in the focal 
plane of the spectrometer in an array; 

the lengths of the detector elements extending transverse to 
the longitudinal axis of the focal plane; 

the width of each detector element being linearly propor 
tional to its distance from a junction point between the 
ion entry region boundary segment of the magnetic sector 
and a line extending through the focal plane; and 

adjacent detector elements being separated by a substan 
tially inactive region. 

7. An improved mass spectrometer in accordance with 
claim 6, wherein each detector element extends transversely 
across the focal plane; each detector element forming a unit 
with an adjoining inactive region separating adjacent detec 
tors in the array, the width of each unit being linearly propor 
tional to its distance from said junction point; and the width of 
each detector being a fixed percentage of the width of its unit. 

8. An improved mass spectrometer in accordance with 
claim 6, wherein successive detector elements extend al 
ternately in opposite directions perpendicularly from the lon 
gitudinal axis of the focal plane, adjacent detectors on one 
side of the longitudinal axis being separated from each other 
by a substantially inactive region located in opposing relation 
ship to a detector element on the other side of the longitudinal 
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aXS. 

9. A data collection system for a mass spectrometer includ 
ing a focal plane, which comprises: 
a plurality of ion responsive detector elements; 
means for supporting the detector elements in an array for 

placement in the focal plane of the spectrometer; the 
lengths of the detector elements of the array extending 
transverse to the longitudinal axis of the array, the width 
of each detector element being linearly proportional to its 
distance from a point on a line extending through and 
beyond the focal plane, and adjacent detector elements 
being separated by an isolating region; 

means for collecting data from the detector elements; and 
means for storing the collected data. 
10. A data collection system in accordance with claim 9, 

wherein each detector element extends transversely across the 
focal plane, each detector element forming a unit with an ad 
joining inactive element separating adjacent detectors in the 
array, the width of each unit being linearly proportional to its 
distance from said point, the width of each detector being a 
fixed percentage of the width of its unit. 

11. A data collection system in accordance with claim 9, 
wherein successive detector elements extend in alternate 
directions perpendicularly from the longitudinal axis of the 
focal plane, adjacent detectors on one side of the longitudinal 
axis being separated from each other by an isolating region 
located in opposing relationship to a detector element on the 
other side of the longitudinal axis. 

12. In combination, elements of a mass spectrometer com 
prising: 

a magnetic sector; 
an ion entry region of the magnetic sector; 
a meanion entry point in said ion entry region; 
a focal plane located in focused relation to the magnetic 

sector; 
a plurality of ion responsive detector elements; and 
means for supporting the detector elements in the focal 
plane in an array; 

the array being characterized by the detector elements ex 
tending transverse to the longitudinal axis of the focal 
plane, the width of each detector element being linearly 
proportional to its distance from the mean ion entry 
point, and the detector elements being separated by an 
isolating region. 


