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Abstract
HVE-400 ion implanter is special ion implantation equipment for semiconductor
materials boron and phosphorus doping. The ion source and extraction deflection
system are at high voltage platform, while the corresponding control system is at
ground voltage position. The control signals and measurement signals of various
parameters at the high-voltage end need to be transmitted between ground voltage
and high voltage through optical fibers to isolate high voltage. Upgrading is carried
out due to the aging of the optical fiber transmission control and monitoring system,
which cannot work stably. The transformation replaces the original distributed
single-point control method with an advanced distributed centralized control
method, and integrates all control and monitoring functions into an industrial control
computer for digital operation and display. In the computer software, two kinds of
automatic calculation of ion mass number are designed. After upgrading, the
implanter high-voltage platform control and monitoring system features
digitalization, centralized control, high reliability, strong anti-interference, fast
communication speed, and easy operation.
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1 Introduction
The HVE-400 ion implanter is a specialized equipment used for ion implantation pro-
cesses in semiconductor materials, produced by High Voltage Engineering Europa B.V.
(HVE) [1] in the 1980s. The implanter consists of an ion source, an analytical magnet, an
acceleration tube, a focusing and deflection system, a scanning system, a target chamber,
and a control system. The ion source is at a high voltage potential of 30 kV (extraction
voltage) + 400 kV (acceleration voltage), and the extraction, initial focusing, and analy-
sis deflection magnets are at the 400 kV high voltage platform, while the corresponding
control system platform is at the ground potential. The control signals of the ion source,
and the measurement feedback signals of the various parameters of the ion source com-
ponents, as well as the control and feedback signals of focusing and deflection, need to
be transmitted between the ground potential and the high-voltage potential. To isolate
high voltage and ensure high reliability, high stability, and anti-interference capability, the
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Figure 1 The original diagram of signal transmission with the optical fiber of the implanter high-voltage
platform

signals are transmitted through optical fiber cables after amplitude-frequency conversion
and optical-electric conversion.

The ion source control signals include: filament control signal, anode control signal,
source magnetic field control signal, heating oven control signal, and gas inlet flow con-
trol signal. All control signals are 0-10 V continuous adjustable DC voltage signals sent
from the ground voltage terminal. These signals are transformed and sent through optical
fibers from the ground potential to the high-voltage terminal to control the ion source.
The measurement parameters of the ion source at high-voltage platform include: filament
voltage, filament current, anode voltage, anode current, source magnetic field current, and
heating oven current. Among them, the measured voltage signal is modulated into a 0-10 V
DC voltage signal, and the measured current signal is modulated into a 0-60 mV DC volt-
age signal. All ion source measurement signals are sent from the high-voltage terminal to
the ground potential monitoring instrument console through optical fiber after converted.
The principle block diagram of the original ion source optical fiber transmission control
and monitoring system is shown in Fig. 1. The system uses a decentralized single-point
control method, with each data point being set using manual adjustment knobs and dis-
played in independent instrument panels. Each signal requires an independent fiber and
conversion system.

Due to the long time running, many parts of the original control and monitoring system
of the implanter have aged, resulting in reduced reliability of control signals and acquisi-
tion signals, which brings many potential safety hazards and inconveniences to operators
and maintenance personnel. Therefore, we have decided to upgrade the high-voltage plat-
form fiber transmission control and monitoring system of the implanter.

2 Outline architecture
Based on a comprehensive analysis of relevant literature [2–20], this transformation
adopts multi-mode fiber to isolate the high voltage and uses modular components such
as Advantech’s photoelectric conversion module, A/D and D/A conversion modules
[5, 8, 14–16, 21] to build a structural framework. All data transmission and reception adopt
advanced distributed centralized fiber communication mode to replace the original dis-
tributed single-point mode, and all control and monitoring functions are concentrated on
the computer for digital graphical display and operation.

The implanter control and monitoring system uses two optical fiber communication
loops: one optical fiber loop is used to control and monitor all components of the high-
voltage end of the ion source (at 400 + 30 kV high-voltage potential, including control
signal transmission for filament, anode, source magnetic field, heating furnace, and in-
let gas flow rate, as well as current and voltage measurement signals for filament, anode,
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Figure 2 (Color online) Schematic diagram of the control and monitoring system of ion implanter

source magnetic field, heating furnace, and gas flow information feedback); The other op-
tical fiber loop is used for the control and monitor various components at the high-voltage
end (at 400 kV high-voltage potential, including the transmission of control signals such
as extraction voltage, analysis magnet, focusing power supply, and the feedback of corre-
sponding voltage, current, and other status signals). The overall scheme is shown in Fig. 2.

The implanter control and monitoring system mainly includes an industrial control
computer (equipped with a GUI control interface), two USB data conversion interfaces
(E15-485, USB-RS485 signal converter), two sets of photoelectric signal conversion mod-
ules (ADAM-4541, which implements the mutual conversion between RS485 and fiber
signal), some D/A conversion modules (ADAM-4024, 4-channel analog output module
converts RS485 digital signal to analog voltage signal), some A/D conversion modules
(ADAM-4017, 8-channel A/D conversion, collecting analog voltage signals and convert-
ing them to RS485 digital signals), a relay module (ADAM-4060, which implements switch
control and is used for the coarse adjustment of the analysis magnet) and other compo-
nents.

The value of the control signals as well as the corresponding port address and channel
number of the control module are set in the control software on the computer. The control
information is output from the USB port to the E15-485 conversion module, which con-
verts the information into RS-485 signals. Then, the electrical information is converted
into optical signals through the photoelectric conversion module ADAM-4541. The opti-
cal signals are transmitted from the ADAM-4541 transmitting end through long-distance
optical fibers to the receiving end of another ADAM-4541 module at the high voltage plat-
form. The optical signals are converted back into RS-485 electrical signals, and then sent
to the ADAM-4024 module, where the control value in the RS-485 signal is converted into
a voltage analog signal and sent to the controlled device connected to the preset port ad-
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dress and channel. By presetting the module address and channel, it is possible to transmit
control signals through one fiber to multiple devices.

The monitoring data collected from various instruments at the high-voltage platform
belongs to voltage analog signals. The voltage analog signals are converted into digital in-
formation through the multi-channel analog-to-digital conversion module ADAM-4017
and combined with address and channel information to RS-485 signals. These signals are
converted into optical signals by the ADAM-4541 module, transmitted to the ground po-
tential through long optical fibers, and then converted back into electrical signals, which
are then sent to the computer through the USB interface module. The monitoring infor-
mation is displayed on the graphical software interface. Similarly, multiple high-voltage
monitoring signals can be transmitted by one optical fiber.

3 Graphical software interface
The graphical software interface of the implanter high-voltage platform control and mon-
itoring system is written based on the Delphi programming language and can run on the
Windows 7 operating system, as shown in Fig. 3. All control and monitoring functions are
centralized on the graphical software interface for display and operation. The main graph-
ical interface is divided into two panels: the ion source control panel and the high-voltage
platform control panel. The main graphical interface has buttons for “Start”, “Init”, “Pause”,
and “Exit”, making it relatively easy to operate.

After the main GUI of the program is opened, it is necessary to check whether the
software configuration and hardware settings are consistent before “Start”. In the “Setup”
menu, open the communication setting item and check the USB port numbers to ensure
that the software settings are consistent with the hardware positions of the two USB con-
version cards. And the port communication parameters are set to “9600, n, 8, 1”.

The addresses and channel numbers of D/A, A/D, and I/O modules can also be modi-
fied and configured in the program options. In the “Setup” menu, open the module settings
item, and on the pop-up module settings tab, set the correct values according to the ad-
dresses set by the module hardware and the channel numbers corresponding to different
signals, so that the software and hardware settings are consistent.

In addition, in order to match the control signal and the measured values of feedback
signal with the actual range of each physical quantity, the linear calibration on each signal
value can be done with the calibration setting menu item in the “Setup” menu bar.

Once the initial setup is completed, all set parameters in the setup menu will be auto-
matically saved and will be auto loaded during the next experiment run.

The “Init” command can reset all control signal input values (values in the white text
input box with up and down fine adjustment arrows) to zero, avoiding the automatic load
control signal values of the last experimental be directly sent to the device end during the
new “Start”. The initialization command does not affect all parameter values set in the
“Setup” menu.

After completing the “Setup” parameter setting, and resetting the control parameters
to zero with the “Init” command, a new experiment can be started by pressing the “Start”
button.

The control signal can be manually input in the text box or slightly increased or de-
creased using the up and down arrows. The feedback signals are displayed on the corre-
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Figure 3 (Color online) The control and monitor system interface of the implanter high-voltage platform.
(Above) The GUI of the ion source panel. (Below) The GUI of high-voltage platform panel

sponding status monitoring display bar in real-time after the range calibration. When the
experimental conditions are stable, the “Pause” button can be pressed to make the control
signal input box temporarily unadjustable to prevent the influence of misoperation on the
experiment. When the control parameters need to be adjusted, press the “Start” button
again to return to normal operation.

When the experiment is completed, it is generally necessary to restore the control signal
to zero and then press the “Exit” button to end the experiment.

In order to avoid unsafe operations and ensure the safe operation of the control system
in case of failure, two methods have been considered: (1) “Pause” function: After the ex-
perimental conditions are stable, you can press the “Pause” button to temporarily disable
all control signal input boxes and adjustable buttons, preventing misoperation from af-
fecting the control system. To resume normal operation, simply press the “Start” button
again. (2) Automatic saving and restoring function: When the system is running normally,
all parameters will be automatically saved. If there is a malfunction such as a crash, when
the computer system is restarted and the control system is opened again, the parameters
that were automatically saved during the last run will be automatically loaded. At this time,
pressing the “Start” button directly will allow the implanter to continue running according
to the parameters before the computer failure.
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4 Improvement of mass number calculation
In ion implantation experiments, the ions extracted from the ion source usually contain
mixed components of various ions. It is necessary to select the target ion AXn+ to be im-
planted by the analyzing magnet. Under the condition of a certain extraction voltage, by
using the magnetic field generated by variable of magnet currents, ions with different mass
to charge ratios can be deflected through a 90 degree magnet to enter the accelerator tube
and ultimately enter the target chamber for ion implantation experiments.

The mass to charge ratio of the ion passing through the deflection magnet is determined
by the following equation:

M/q = k
B2

V
, (1)

where M is the ion mass number, q is the ion charge number, V is the extraction voltage, B
is the magnetic field strength, and k is the calibration coefficient. The calculation of the ion
M/q value of the original implanter was achieved through hardware. In the mass number
calculation box, the extraction voltage signal V and the magnetic field signal B measured
by the HALL probe were collected, and the hardware calculation was performed using two
LH0094CD calculation module, an adjustment potentiometer, and related circuits. Then,
the voltage signal corresponding to M/q was converted into an optical signal, which was
transmitted to the control console through optical fiber, and then be converted back into
a voltage signal and decoded into a digital signal to be shown in display tube.

It is found in the experiment that the circuit in the mass number calculation box is faulty,
and the mass number display is not accurate. Therefore, we give up the M/q signal given
by the mass number calculation box, and directly transmit the extraction voltage V, the
magnetic field strength B and the feedback magnet current I to the computer through the
optical fiber, and calculate the mass number M in the software.

In order to check whether there is a problem in the signal of the HALL probe and facil-
itate mutual proofreading, the mass number calculation of different ways is added. When
the magnetic field is uniform, the relationship B ∝ μ0I is satisfied, so the mass number can
be calculated by using the magnet current I and magnetic field signal B respectively:

M1 = k1
qB2

V
, (2)

M2 = k2
qI2

V
, (3)

where, the calibration coefficients k1 and k2 can be calibrated using the experimental data
based on known ions such as 40Ar+ and 14N+. Since k1 and k2 can be calibrated at any time
during the experiment, it is much more convenient than k parameter calibration using
the adjustment potentiometer of mass number calculation box inside the high-voltage
chamber. In the software GUI, q can also be set as an independent parameter, and M is
more intuitive to display than M/q.

During the experiment, it was found that the HALL probe signal did have some prob-
lems. The mass spectrum (with M2) obtained by using magnet current scanning is shown
in Fig. 4. The X coordinate is the M/q (u/e), and the Y coordinate is the ion beam current
I (μA) measured in the target chamber. The BF3 gas was used as the ion source in the
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Figure 4 (Color online) Scanning mass spectrum with BF3 gas as ion source

Table 1 Comparison of the control and monitor system before and after renovation

Comparison item Before renovation After renovation

Structure Decentralized single point control Decentralized centralized
Number of optical fibers 20 4
Signal processing Discrete component circuit board Functional module
Operation interface Mechanical panel PC GUI
Mass number calculation Hardware implementation Software implementation (B or I)
Operational stability Unstable(Aging) Stable
Maintenance convenience Complex Simple

experiment. It can be seen that ions of different ion types and charge states and residual
impurity ions in the gas can be identified. When the HALL probe fails in the experiment,
the mass number can still be calculated by the current signal, which is more convenient
in practical operation. When the HALL probe signal was repaired, the mass number M1

and M2 have good consistency after k1 k2 calibration using ions 40Ar+ and 14N+.

5 Summary
Due to the aging of the fiber transmission control and monitoring system for the high-
voltage platform of the implanter, which cannot work stably, an upgrade was conducted
to replace the original distributed single-point control mode with an advanced distributed
centralized control mode, and all monitoring and control functions were concentrated on
a computer for display and operation. The control system also has functions such as calcu-
lating the ions mass number of two ways. The graphical interface is simple and easy to con-
figure and operate. The upgraded system has high reliability, strong anti-interference, fast
communication speed, and easy operation, which is suitable for strong magnetic, strong
electric and high-voltage application environments. The comparison of the control and
monitoring system before and after renovation is listed in Table 1.

Acknowledgements
The authors would like to thank Professor Guangfu Wang and Engineer Ji Xia for their helpful discussions on the update
of the ion implanter.

Author contributions
CL is responsible for literature research, the formulation of experimental plans, the implementation of experimental plans,
data collection and processing, the writing of the first draft of the paper, and the proofreading and revision of the paper;
XS is responsible for literature research, instrument installation and debugging, experimental data measurement, and the



Li et al. EPJ Techniques and Instrumentation            (2024) 11:4 Page 8 of 8

review of the first draft; ZL is responsible for providing research ideas, guiding the writing and revision of the paper; CG is
responsible for instrument installation and debugging, experimental data measurement, and the review of the first draft;
XL is responsible for participating in literature collection and organization, instrument debugging, data measurement
and organization. All authors read and approved the final manuscript.

Funding
This work is supported by National Natural Science Foundation of China (12075031) and Natural Science Foundation of
Beijing Municipality (1222022).

Data availability
All relevant data and materials are available from the corresponding author on reasonable request.

Declarations

Competing interests
The authors declare no competing interests.

Author details
1Institute of Radiation Technology, Beijing Academy of Science and Technology, Haidian, Beijing, 100875, China. 2Key
Laboratory of Beam Technology of Ministry of Education, College of Nuclear Science and Technology, Beijing Normal
University, Haidian, Beijing, 100875, China.

Received: 30 December 2023 Accepted: 27 March 2024

References
1. Official website of high-voltage engineering company. https://www.highvolteng.com.
2. Jing W, Tongding L, Linbo R et al. Optical fiber communication and computer controlling in high-speed acquisition

system. Nucl Electron Detect Technol. 2022;42(3):463–8. https://doi.org/10.3969/j.issn.0258-0934.2022.03.015.
3. Bassan FR, Rosolem JB, Floridia C et al. Power-over-fiber LPIT for voltage and current measurements in the medium

voltage distribution networks. Sensors. 2021;21(2):547. https://doi.org/10.3390/s21020547.
4. Polyakov AV, Ksenofontov MA. High voltage monitoring with a fiber-optic recirculation measuring system. Meas Tech.

2020;63(7):117–24. https://doi.org/10.1007/s11018-020-01759-3.
5. Zhuo H, Yuan H, Liu Z. Scheme of remote optical fiber measure and control system based on ADAMmodule.

Ordnance Ind Autom. 2020;39(6):34. https://doi.org/10.7690/bgzdh.2020.06.008.
6. Ma R, Cui B, Ma Y et al. Development of control system for isotope separator on-line. At Energy Sci Technol.

2019;53(9):1565–71. https://doi.org/10.7538/yzk.2019.youxian.0131.
7. Li K, You Q, Bao Y et al. Development of control system in compact single stage electrostatic accelerator. At Energy

Sci Technol. 2018;52(4):762–8. https://doi.org/10.7538/yzk.2017.youxian.0388.
8. Bai X, Xue K, Chang L et al. Real-time control of alarm devices based on Advantech modules and relays. Wirel Internet

Technol. 2018;15(13):26–7. https://doi.org/10.3969/j.issn.1672-6944.2018.13.010.
9. Zhang J, Liu W, Wei X et al. Realization of control system for MEVVA source ion implanter. Manuf Autom.

2017;39(9):142–4. https://doi.org/10.3969/j.issn.1009-0134.2017.09.037.
10. Zhang Y, Ma Y, Xing F. A prototype optical fibre direct current sensor for HVDC system. Trans Inst Meas Control.

2016;38(1):55–61. https://doi.org/10.1177/0142331215575420.
11. Rao Y, Chen W, Hu B et al. Design of control system for all solid anode high-voltage power supply based on pulse

step modulation for ECRH. At Energy Sci Technol. 2016;50(12):2276–82. https://doi.org/10.7538/yzk.2016.50.12.2276.
12. Rosolem JB, Bassan FR, Penze RS, et al. Optical sensing in high voltage transmission lines using power over fiber and

free space optics. Opt Fiber Technol. 2015;26:180–3. https://doi.org/10.1016/j.yofte.2015.09.003.
13. Ge L, Shang L. Design of full digital 50kV electronic gun high voltage power supply. At Energy Sci Technol.

2014;48(1):179–83. https://doi.org/10.7538/yzk.2014.48.01.0179.
14. Guo L, Chen H, Li J et al. Data acquisition and control of aviation training simulator based on ADAMmodule. Mod

Electron Tech. 2014;37(18):98–100, 104. https://doi.org/10.3969/j.issn.1004-373X.2014.18.030.
15. Feng M, Zhou X, Wang J. Design of vacuum resin dosing monitoring system based on Lab VIEW and ADAMmodules.

Control Instrum Chem Ind. 2014;41(12):1417–20. https://doi.org/10.3969/j.issn.1000-3932.2014.12.020.
16. Zhu N, Yu H, Wu H. Temperature control system of low power heating body based on KingView and ADAMmodule.

Ind Control Comput. 2013;26(2):15–7. https://doi.org/10.3969/j.issn.1001-182X.2013.02.007.
17. Li C, Wang G, Li X et al. Update for fiber optic transmission system of 400 kV ion implanter. At Energy Sci Technol.

2011;45:1361–3. https://doi.org/10.7538/yzk.2011.45.11.1361.
18. Sheng P, Hu C, Liu S et al. Application of real-time feedback control in ion source discharging. Nucl Tech.

2007;30(6):537–42. https://doi.org/10.3321/j.issn:0253-3219.2007.06.013.
19. Zhang S, Wang D, Jing L et al. RS485 optical router for HIRFL-CSR. Nucl Tech. 2007;30(9):781–4.

https://doi.org/10.3321/j.issn:0253-3219.2007.09.014.
20. Shao Y. The distributed control system of Shanghai mini-cyclotron accelerator mass spectrometer (SMCAMS). Nucl

Tech. 2001;24(z1):231–5. https://doi.org/10.3321/j.issn:0253-3219.2001.z1.029.
21. Advantech Co., Ltd., ADAM-4000 series user manual. 2022. https://www.advantech.com.cn/.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://www.highvolteng.com
https://doi.org/10.3969/j.issn.0258-0934.2022.03.015
https://doi.org/10.3390/s21020547
https://doi.org/10.1007/s11018-020-01759-3
https://doi.org/10.7690/bgzdh.2020.06.008
https://doi.org/10.7538/yzk.2019.youxian.0131
https://doi.org/10.7538/yzk.2017.youxian.0388
https://doi.org/10.3969/j.issn.1672-6944.2018.13.010
https://doi.org/10.3969/j.issn.1009-0134.2017.09.037
https://doi.org/10.1177/0142331215575420
https://doi.org/10.7538/yzk.2016.50.12.2276
https://doi.org/10.1016/j.yofte.2015.09.003
https://doi.org/10.7538/yzk.2014.48.01.0179
https://doi.org/10.3969/j.issn.1004-373X.2014.18.030
https://doi.org/10.3969/j.issn.1000-3932.2014.12.020
https://doi.org/10.3969/j.issn.1001-182X.2013.02.007
https://doi.org/10.7538/yzk.2011.45.11.1361
https://doi.org/10.3321/j.issn:0253-3219.2007.06.013
https://doi.org/10.3321/j.issn:0253-3219.2007.09.014
https://doi.org/10.3321/j.issn:0253-3219.2001.z1.029
https://www.advantech.com.cn/

	Update of high voltage isolation control and monitoring system for HVE-400 ion implanter
	Abstract
	Keywords

	Introduction
	Outline architecture
	Graphical software interface
	Improvement of mass number calculation
	Summary
	Acknowledgements
	Author contributions
	Funding
	Data availability
	Declarations
	Competing interests
	Author details
	References
	Publisher's Note


