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ABSTRACT 
 
This paper describes the image plane of the new Hyperbolic 
Helical Horn Mass Spectrometer (3HMS).  One of the 
primary benefits of this device is the capability of parallel 
spectral readout.  That is, a portion of spectrum can be read 
at any instant, versus the common parameter sweeps over 
time.  The image plane is two-dimensional, with each amu 
having a specific radial locus.  A multi-element detector 
array can be designed to provide a linear-in-amu spectral 
readout.  
 
BACKGROUND 
 
The original proposal for 3HMS [1] suggested a two-element 
detector system, the disc and ring.  The center disc acts as a 
high-pass filter, collecting all ions not rejected by the rotating 
fields.  As the operating parameters are changed, the resonant 
mass changes with either more or less ions striking the disc.  
Differentiating the resulting ion current (versus frequency) 
generates a valid spectrum.  The knife-edge of the disc offers 
maximal resolution.  Surrounding the disc is a separate ring 
detector.  It collects only resonant ions, generating a proper 
spectrum directly.   
 

 
Fig. 1.  Disc & ring detector array. 
 
An improved detection scheme capable of exploiting the two-
dimensional imagery for parallel readout can be derived by 
rigorous analysis of the ion trajectory at exit. 
 
ANALYSIS 
 
Figure 2 shows a plot of a resonant ion trajectory through a 
3HMS.  It is radially symmetric, and the path is that of a 
corkscrew (helix).  As an ion exits the horn it continues on a 
tangential path.  The greater the distance to the detector 
plane, the greater the magnification of the resonant radius, 
and the sensitivity to center offset error is reduced. 
 

 
Fig. 2.  Ion trajectory, side view. 
 
The rotating electric fields at the exit of the horn assembly 
are just as critical as at the entrance.  The field strength must 
be decreased as rapidly as possible to prevent further ion 
deflection.  The best way to symmetrically do this is by 

making the target plane a ground plane, having the same dc 
potential as the horn grids.  This is easy to do since the 
electrometers used in detection are inherently grounded via 
feedback.  Surrounding the Faraday collectors with a fixed 
ground completes the target image plane.  Figure 3 shows the 
resulting field using isopotential lines. 
 

 
 
Fig. 3.  Electric field between horn exit and image plane. 
 
As it can be seen, the field strength rapidly decreases and 
changes direction.  In fact, it is similar to the field at the horn 
entrance, but far more abrupt.  Therefore, the effect on the 
ion is smoothly decreased to zero, to where the ion drifts 
freely.  For this analysis, it is assumed that this is close 
enough to a free field that an ion continues tangentially to the 
velocity vector given the horn exit.  Perhaps the fields can be 
improved by the addition of another grounded aperture right 
at the horn exit, or using a cup-shaped shield. 
 
In any case, resonant ions exit the horn at a specific radius.  
The general formula for this trajectory is given [1] by 
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Figure 4 shows the trajectories of various ion masses for a 
given set of operating conditions.  The light ion crashes into 
horn grids; heavier ones pass through with decreasing exit 
angles.   

 
Fig 4.  Various ion masses through horn. 



Calculating the exit angle is a little difficult, as the ions travel 
in a helix.  That is, there will be some perpendicular axis 
offset, which effectively increases the resulting target radius.  
This can be seen looking down the z-axis.  
 

 
 
Fig 5.  Longitudinal view of ion paths to image plane. 
 
Lengthening the drift distance d minimizes the error 
contributed by the offset, and for now will be ignored.  The 
exit angle is simplified to the case shown in Figure 6. 
 

 
 
Fig. 6.  Exit angle between horn and detector target. 
 
To calculate the exit angle for any given ion mass, we 
differentiate our previous solution for trajectory. 
 

.cos)(tan 2 ⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ ⋅

⋅⋅
⋅
⋅⋅

−===
v

zz
m

Vq
dz
d

dz
zdx

d
h ω

ω
µθ  

 
This solves as 
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Thanks to rotational symmetry, the sine term can be dropped.  
We then substitute the solution for v, and the angle reduces to 
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The height h is the target radius at a given distance d.  All of 
the other parameters are known or can be set to desired 
values.  Using the values calculated in the 3HMS paper [1]: 
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where n is the amu count, we arbitrarily set d to 5mm 
(0.005m).  The target radial height h reduces to 

 

.600,15
nf

h
⋅

=
 

 
At a frequency of 3.1MHz, we find the ion with n = 10 to be 
resonant.  Figure 7 plots the resulting radii at this frequency.   
 

 
 
Fig. 7.  Target height versus amu, scale in mm. 
 
We now have a general solution for using a plane array 
detector at any given distance from the horn exit.  Ion radius 
is proportional to the inverse root of n.  Resolution is 
reasonable only over a small range, as the heavier ions have 
an asymptotic solution (zero radius).  In the example above, a 
detector would be practical for parallel spectral readout from 
about 5 amu to 15 amu.   
 
DETECTOR ARRAY DESIGN 
 
Taking the disc & ring detector concept further, we can place 
additional rings concentrically, each having a greater radius.  
This is shown in Figure 8.  For a convenient linear-in-amu 
readout, the radii should have the same square root function 
as determined above.  Such non-linear spacing then results in 
a perfect parallel spectral readout, using a minimum of 
detectors.   
 

 
 
Fig. 8.  Multiple ring detector architecture. 
 
CCD TYPE ARRAY 
 
Recent technical advances have made the use of CCD 
devices practical as ion detectors.  Some may be tempted to 
use a standard two-dimensional CCD type array structure for 
a detector.  This is possible, but does not take advantage of 
the inherent rotational symmetry of the image plane.  A price 
is paid in complexity, overhead, and efficiency.  There is an 



overwhelming increase in data, proportional to the number of 
pixels squared.  Comparatively, a simple ten-ring detector is 
the equivalent of a 100 pixel CCD type array.  There is a 
computational penalty for grid decomposition into polar 
coordinate, summation, and translation of non-linear 
response to amu.  Sensitivity is also partially lost due to 
charge being spread out over many pixels, instead of just one. 

 
SUMMARY 
 
This paper described the image plane of a 3HMS and 
appropriate detector array designs.  Parallel spectral readout 
offers speed and throughput benefits for many areas of study.  
The ability to zoom in on specific peaks quickly and measure 
just spectral portions is acceptable for applications such as 
bomb detection or toxic gas monitoring.   

 
Changing the array structure can alleviate all these problems.  
Rather that using a rectangular array, one could design a 
custom CCD using a single readout row in the shape of a 
spiral, as shown in Figure 9.  The radius of such a spiral 
would be non-linear, following the inverse root function 
described above.  The result would be an extremely fast 
parallel readout, linear in amu, and having very high spatial 
resolution.   
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Fig. 9.  Spiral shaped CCD topology. 

2.  “Rotating Field Mass and Velocity Analyzer”, Patent 
5,726,448, Smith, 1997. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


	Image Plane of 3HMS
	Hagerman Technology LLC & Pacific Environmental Technologies
	ABSTRACT
	BACKGROUND
	ANALYSIS
	DETECTOR ARRAY DESIGN
	CCD TYPE ARRAY
	SUMMARY
	REFERENCES





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


