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Abstract 
This paper presents a self-developed, comprehensive 

electronic control system for the Superconducting Radio-
Frequency passive Harmonic Cavity (SRF HC) at the Tai-
wan Photon Source (TPS) in Hsinchu, Taiwan. The system 
integrates the Break Out Box (BOB) interfaces for the cav-
ity, Valve Box (VB), cooling water signals, and interlock 
systems. Additionally, it includes an intuitive correction 
module and updates for the discontinued or unmaintainable 
dial gauge module, ensuring that the system operates safely 
and transparently with clear status display. 

INTRODUCTION 
The TPS is a third-generation 3 GeV synchrotron light 

source. To meet the increasing demand for high-brightness, 
the National Synchrotron Radiation Research Center 
(NSRRC) has deployed various high-performance inser-
tion devices (IDs) [1] to enhance beam brightness and ex-
perimental capability. However, although bunch shorten-
ing is beneficial for increasing peak brightness, it is often 
accompanied by an increase in bunch charge density, 
which intensifies the Touschek scattering effect and conse-
quently reduces beam lifetime. This not only requires more 
frequent top-up injections, but also increases the power 
consumption of Radio-Frequency (RF) systems and the 
thermal load on the magnet systems. 

To effectively address these challenges, NSRRC con-
ducted a preliminary technical evaluation and officially 
launched the TPS 5-year Upgrade Project in 2020 to build 
up a 1.5 GHz double-cell SRF HC system [2-7]. Upon 
completion, this system is expected to significantly extend 
beam lifetime, reduce thermal loading, and improve over-
all operational efficiency. 

 The core design is based on the proven KEKB-type SRF 
HC technology. The niobium (Nb) cavity and the higher-
order-mode (HOM) damping structures were fabricated by 

Mitsubishi Heavy Industries (MHI) and RI Research In-
struments GmbH (RI), whereas the cryostat was inde-
pendently designed and assembled by NSRRC. Similar 
SRF HC technologies have already been implemented and 
validated at international light source facilities such as the 
Shanghai Synchrotron Radiation Facility (SSRF) [8], 
demonstrating excellent operational stability. 

ARCHITECTURE AND DESIGN OF THE 
SRF HC ELECTRONIC  

CONTROL SYSTEM 
Based on experience gained from the installation of three 

KEKB-type SRF systems, NSRRC has developed an in-
house electronic control architecture (Fig. 1) for TPS. The 
design addresses critical constraints, including limited in-
stallation space, power distribution limits, and component 
obsolescence. The system consists of four main sections: 
signal integration, control logic, upgrade modules, and in-
frastructure optimization. Details of each section are given 
below. 

Signal Interface and Conditioning 
To ensure effective signal isolation and transmission un-

der the susceptible on-site conditions of the TPS, the sys-
tem integrates four Break Out Boxes (BOBs) and hard-
ware-level buffer modules: 

SRF HC BOB  
Two BOBs (Fig. 2) [9] dedicated to the SRF HC are 

housed beneath the support structure. To enhance environ-
mental resilience in this specific location, a dual-layer 
physical protection scheme was implemented: externally, a 
10 mm acrylic cover safeguards against potential cooling-
water leaks, while internally, a 3 mm lead plate mitigates 
the effects of ionizing radiation. 

 

 
Figure 1: SRF harmonic cavity electronic-control system rack.
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Figure 2: BOB for SRF harmonic cavity. 

VB BOB  
This unit integrates signals from the Cryogenic Linear 

Temperature Sensor (CLTS) and the Pressure Transducer 
(PT) as shown in Fig. 3. The use of a dedicated BOB sim-
plifies the interface architecture by eliminating redundant 
HEX-line circuits and consolidating the cabling. 

 

 
Figure 3: BOB for the Valve Box. 

HOM Cooling BOB  
A dedicated interface was established to monitor critical 

parameters of the HOM cooling water system as shown in 
Fig. 4, including the chiller module status, flow rate, in-
let/outlet water temperatures, and water resistance. This 
ensures continuous supervision of the cooling process re-
quired for the HOM dampers to dissipate the induced heat 
load at a nominal operating temperature of 25°C. 

 

 
Figure 4: BOB for cooling-water and heat-exchanger. 

Signal Conditioning 
Before data processing via the EPICS architecture, 

buffer modules are introduced to isolate signal sources 
from the data acquisition system. This hardware-level con-
ditioning improves noise immunity and ensures signal in-
tegrity across the extended transmission distances of the 
site. 

Control Logic and Hierarchical Protection 
The system employs a hierarchical control strategy to 

manage both steady-state regulation and rapid transient 
protection: 

Software-Based Regulation  
For cryogenic fluid and temperature regulation, the sys-

tem utilizes Proportional-Integral-Derivative (PID) control 
to adjust flow rates of liquid helium and nitrogen. In the 
present system, conventional physical relays were replaced 
with software logic implemented in a Programmable Logic 
Controller (PLC). This approach enables real-time linkage 
between I/O signals and the Human-Machine Interface 
(HMI), reducing wiring complexity and improving debug-
ging efficiency (Fig. 5). 

 

 
Figure 5: Update for VB Control Rack. 

Fast and Slow Interlocks 
To address events requiring extremely rapid response, 

such as RF system failures, a hardware protection module 
based on a Complex Programmable Logic Device (CPLD) 
was installed in the Ready Chain rack. This allows for mi-
crosecond-level fast interlock cut-off, overcoming the 
scan-cycle limitations of the PLC. Slow interlocks manage 
vacuum pressure monitoring, telephone alarm calls, and 
oxygen detection to ensure equipment and personnel 
safety. 

SRF HC and Frequency Control 
To compensate for beam-loading effects, including Lo-

rentz force detuning and thermal drifts, and to preserve res-
onant frequency stability, the Low-Level RF (LLRF) sys-
tem of the SRF HC adopts a dual-mode tuner control 
scheme. Under transient accelerator operating conditions, 
such as low-current injection or beam decay below 
200 mA, the beam-induced voltage is insufficient for accu-
rate phase measurement. Therefore, the tuner is held in 
fixed-position control mode to prevent the loop from track-
ing noise. Closed-loop tuner phase feedback control is en-
abled only after the beam current exceeds 200 mA and 
ramps toward the nominal operating current of 500 mA, 
ensuring a sufficient signal-to-noise ratio (SNR). By pre-
venting erratic tuner movements during low-current transi-
ents, this strategy effectively mitigates beam instabilities 
and reduces system trips caused by artificial cavity fre-
quency drift. 
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Instrumentation Upgrades and Component  
Replacement 

To improve maintainability and compatibility with the 
existing TPS system, several in-house testing kits (Fig. 6) 
were developed alongside a modernized displacement 
measurement system. 

 

 
Figure 6: In-house testing kit for machine-status. 

The original dial gauge structure, which relied on an ob-
solete C8051F120 microcontroller and Raspberry Pi 2, 
faced significant operational risks due to the discontinua-
tion of key components. To ensure system stability under a 
tight implementation schedule, a commercially available 
integrated module was adopted as a replacement. In this 
configuration, displacement data are first read locally via 
an RS-232 interface and subsequently converted to the RS-
485 protocol to ensure stable long-distance transmission to 
the HMI located 35m away in the control area (Fig. 7). Alt-
hough this solution remains subject to certain vendor spec-
ifications, such as the lack of a remote reset function, it 
represents a practical and effective strategy for maintaining 
stable operation. 

 

 
Figure 7: Dial-gauge module. 

Infrastructure Optimization  
The system was engineered to adapt to the specific 

power and spatial constraints of the TPS site. Electrical sta-
bility is maintained through a branch connection from the 
existing 40 kVA uninterruptible power supply (UPS), sup-
ported by a dedicated power-distribution cabinet to miti-
gate the impact of transient mains voltage sag on sensitive 
electronic modules. To enhance on-site operational safety 
and maintenance efficiency, cable trays were reconfigured 
and local lighting was improved. Furthermore, the infra-
structure incorporates multiple pressure-relief protection 
devices and manual valve-switching modules to accommo-
date abnormal operating scenarios, such as cryogenic sys-
tem failure or recovery. 

CONCLUSION 
The development and integration of the in-house elec-

tronic control system for the TPS SRF HC system success-
fully addressed critical engineering challenges, primarily 
driven by the need to resolve component obsolescence 
through system wide upgrades while adhering to site-envi-
ronment constraints. By implementing a hierarchical con-
trol architecture and optimized signal interfacing, the sys-
tem has significantly improved operational reliability and 
maintenance efficiency. This work validates NSRRC's ca-
pability to execute complex equipment upgrades and itera-
tions, ensuring the long-term sustainability of accelerator 
operations.  

With the completion of hardware installation, the elec-
tronic system provided the essential infrastructure and 
safety interlock required for the SRF HC to transition into 
the beam-commissioning phase in March 2026. The sys-
tem was validated through preliminary beam test in hybrid 
mode with a storage ring current of 500 mA, during which 
it ensured robust equipment protection and precise envi-
ronmental monitoring, allowing the cavity to effectively 
extend the bunch length from 16.6 ps to 30 ps. These re-
sults demonstrate that by consolidating signal interfaces 
and implementing multi-layer protection logic, the custom 
electronic system establishes a secure and stable opera-
tional platform for the SRF HC. Through continued refine-
ment of monitoring parameters and interlock thresholds, 
the system will continue to play a vital role in sustaining 
high-performance operations. 

REFERENCES 
[1] Y. C. Liu et al., “The experience of Taiwan photon source 

com-missioning and operation”, J. Phys.: Conf. Ser., vol. 874, 
p. 012020, 2017.   
doi:10.1088/1742-6596/874/1/012020 

[2] M. C. Lin et al., “Determination of Trapping Modes on a 
Two-Cell 1.5-GHz Superconducting Radio-Frequency Cav-
ity”, IEEE Trans. Appl. Supercond., vol. 35, no. 5, p. 3500905, 
Aug. 2025.   
doi:10.1109/TASC.2025.3540046 

[3] C. H. Lo et al., “Elastoplastic Tuning on a Two-Cell 1.5-GHz 
Superconducting Radio-Frequency Cavity”, IEEE Trans. 
Appl. Supercond., vol. 35, no. 5, p. 3500505, Aug. 2025. 
doi:10.1109/TASC.2024.3522907 

[4] Z. K. Liu et al., “Study on the Instability of TPS with Super-
conducting Harmonic Cavity Under High Beam Current Op-
eration”, IEEE Trans. Appl. Supercond., vol. 35, no. 5, 
p. 3500305, Aug. 2025.  
doi:10.1109/TASC.2024.3516724 

[5] Y. C. Hsu et al., “Optimization of a 1.5-GHz Two-Cell SRF 
Cavity”, IEEE Trans. Appl. Supercond., Vol. 29, no. 5, 
p. 3500205, Aug. 2019.  
doi:10.1109/TASC.2019.2893404 

[6] Z. K. Liu et al., “Performance Simulation for a Prototype 1.5 
GHz Superconducting Harmonic Cavity”, IEEE Trans. Appl. 
Supercond., vol. 29, no. 5, p. 3500505, Aug. 2019.  
doi:10.1109/TASC.2019.2897573 

Prep
rin

t

https://doi.org/10.1109/TASC.2025.3540046
doi:10.1109/TASC.2019.2897573


[7] Z. K. Liu et al., “Design and Optimization of the High Order 
Modes Damper for a 1.5 GHz Superconducting Harmonic 
Cavity”, IEEE Trans. Appl. Supercond., vol. 31, no. 5, 
p. 3500605, Aug. 2021.   
doi:10.1109/TASC.2021.3064532 

[8] X. Y. Pu et al., “Frequency sensitivity of the passive third har-
monic superconducting cavity for SSRF”, Nucl. Sci. Tech.  

vol. 31, no. 31, Feb, 2020.   
doi:10.1007/s41365-020-0732-x 

[9] F. T. Chung et al., “Development of a break out box system 
for the 1.5GHz SRF harmonic cavity at NSRRC”, in Proc. 
IPAC'25, Taipei, Taiwan, Jun. 2025, pp. 2591-2593.  
doi:10.18429/JACoW-IPAC2025-THPB036 

Prep
rin

t

doi:10.1109/TASC.2021.3064532
https://doi.org/10.1016/j.nima.2024.170083
http://doi.org/10.18429/JACoW-IPAC2025-THPB036

	Introduction
	Architecture and Design of the SRF HC electronic  control system
	Signal Interface and Conditioning
	SRF HC BOB
	VB BOB
	HOM Cooling BOB
	Signal Conditioning
	Control Logic and Hierarchical Protection
	Software-Based Regulation
	Fast and Slow Interlocks
	SRF HC and Frequency Control
	Instrumentation Upgrades and Component  Replacement
	Infrastructure Optimization

	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 [594.992 792.000]

>> setpagedevice



