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Abstract

Electron linear accelerators(linacs) have been widely
used in industrial Non-Destructive Testing (NDT) and
cargo scanning for decades, exploiting their X-ray radiog-
raphy features. The focal spot size is a critical parameter of
an X-ray source, where a smaller focal spot size generally
yields higher image resolution. To enhance system image
resolution, Chengdu Elekom Vacuum Electron Technology
Co. Ltd has developed a series of small focal spot linacs
for industrial and cargo scanning applications. These linacs
feature focal spot size bellow 1 mm, with some type
achieving sub-0.5 mm performance. After rigorous testing
in laboratory and field environments, they have demon-
strated high dose rates and extended operational lifetimes.
This paper will provide a detailed analysis of these linacs'
performance.

INTRODUCTION

The Electron Linear Accelerator (LINAC), andmportant
device for generating high-energy particle beams, has
found extensive applications across multiple critical sec-
tors of the national economy, including radiation therapy,
irradiation processing, non-destructive testing ANDT),
cargo inspection, and agriculture, yielding substantial so-
cio-economic benefits [1-2]. Particularly in the field of in+
dustrial non-destructive testing, the electron LINAC serves
as an indispensable core equipment for producing high-en-
ergy X-ray.dts operational principle involves utilizing
high-frequency electromagnetic\fields to accelerate elec-
trons emitted from an electron'gun along a linear trajectory
to high energies. These high-energy electrons are then di-
rected to strike a high-Z (high atomicnumber) metal target,
generating Bremsstrahlung X-ray through the deceleration
process.

The focal spot is a key parameter for X-ray source,
which is direetly related to resolution of the image system.
The smaller focal spot size, the higher resolution the image
system will have. The linac X-ray source focal spot size in
market mostly is about 1.5~2 mm. With development of
NDT and cargo inspection system, users demand to have
more higher resolution for the image systems.

Elekom was founded in 2018, located in Chengdu city,
Sichuan Province, China [3]. Elekom is a high-tech enter-
prise focusing on design, R & D, manufacturing, sales and
service of the S, C and X-band RF electron linear acceler-
ator tubes, accelerators and application systems. In order to
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meet the demand of small focal spotthe'high energy X-ray
source, Elekom developed a series of smallifocal spot linac
for NDT and cargo inspection and will'be mtroduced in this

paper.
LINAC SYSTEM DESIGN

Elekom linac consists modulator, X-ray-head, Tempera-
ture control unit (TCU)‘and control console,.as shown in
Fig. 1. The modulator serves aydual function: it not only
supplies the pulsed high voltage required for the radio fre-
quency (RF) pewensource, but also integrates several crit-
ical subSystems, ncluding the control and interlock unit,
the automatic frequency control (AFC) unit, the vacuum
systemyunit, and the dose monitoring unit, among others.
The X-ray, head, serving as the core radiation-generating
unit in [ineanaccelerator (linac) systems, is primarily com-
prisedyof two key subsystems: the radio frequency (RF)
power source and the linear accelerating tube. These com-
ponents working together to generate high-energy electron
beams, which are subsequently converted into a high-in-
tensity X-ray source. The TCU provides constant tempera-
ture liquid to maintain parts inside the linac system with
normal working temperature.

Contrel Console Modulator

X-ray Head

Figure 1: Architecture and layout of Elekom linac.



SMALL FOCAL SPOT LINAC

Accelerating tube inside X-ray head is the device for ac-
celerating electron beam generated by electron gun to sev-
eral MeV, which is the most important part of linac. To
make the linac system more compact, the small focal spot
series linacs adopt a biperiodic standing-wave (SW) accel-
erating structure operating at 2.998 GHz, with high effec-
tive shunt impedance and high stability. Diode electron gun
is used as the injector and the ceramic RF window as the

vacuum isolator between the linac tube and waveguide side.

One ion pump maintaining the vacuum of the accelerating
structure. The Fig. 2 shows an S band 9 MeV accelerating
tube.

Based on the comprehensive understanding of linear ac-
celerator principles, precise cavity design, and advanced
beam dynamics simulation, Elekom has successfully de-
veloped a low-emittance electron gun capable of generat-
ing a small, long-range beam waist. This gun provides
high-quality initial electron beams that are readily focused
by the RF fields within standing wave (SW) cavities. The
synergistic optimization of RF cavity geometry and beam
dynamics simulation plays a key role,in achieving a signif-
icantly reduced electron beam foca target.

Utilizing this integrated design a , Elekom has
engineered a series of S-band line
from 2 MeV to 9 MeV that pr

of less than 1.0 mm. The k
summarized in Table 1. It i
limeter focal spots ar
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Figure 3: Focal spot measured by slit scanning method.
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Figure 4: Beam spot profile of 9 MeV (Left: Horizonal, Right: Vertic

The focal spots were measured by slit scanning method
[4-5], as shown in Fig. 3. Two tungsten brick with a slit are
moved by step motor scanning in front of linac to acquire
the dose profile, and take the Full Width at Half Maximum
of profile as the focal spot size.

Figure 4 presents the focal spot profile of a 9/6 MeV lin-
ear accelerator (linac). This accelerator can operate at both
9 MeV and 6 MeV energy levels. The full width at half
maximum (FWHM) sizes in the horizontal and vertical di-
rections for the 9 MeV setting are 0.47 mm and 0.48 mm,
respectively, indicating that the focal spot is nearly circu-
lar—a characteristic of critical importance for achievin
high-quality imaging in industrial computed tomogr:
(CT) applications. For the 6 MeV operating mode, the
responding horizontal and vertical FWHM spo
0.76 mm and 0.78 mm, respectively

CONCLUSIO

This paper presents the small-foc
oped by Elekom over the past several

which are key enablers of hi
proved producti ici

Vertical Profile

Dose Intensity

2
L [mm]

0.5 1 1.5

are commercially mature
grated into industrial

cargo i*ction syst

abrication, and Testing of an
rator for Irradiation Applica-

i F, Zhong G, Yu H, et al. Measuring Size and Stability of

al Spot for Linear Accelerator in Industrial CT by Slit
ation Scanning Method[J]. IEEE Trans. Instrum. Meas.
doi: 10.1109/TIM.2024.3406806


https://www.elekom.com.cn/english/

	Introduction
	linac system design
	Small focal spot linac
	CONCLUSION
	REFERENCES


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /All

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType true

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo false

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 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 1.30

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /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 1.30

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects true

  /CheckCompliance [

    /None

  ]

  /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 (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /ENG ()

    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToRGB

      /DestinationProfileName (sRGB IEC61966-2.1)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PreserveEditing false

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.000 792.000]

>> setpagedevice



