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[Abstract]

This paper proposes an active closed-loop control architecture based on a Programmable Logic Controller
(PLC) to optimize the pumping capacity and energy efficiency of vacuum pumps in semiconductor
manufacturing. While conventional vacuum systems in the industry often operate with fixed parameters
regardless of real-time process loads, the proposed scheme utilizes a hierarchical control strategy to bridge
the gap between energy saving and process stability. The core of the strategy involves a three-stage variable
threshold control: a full exhaust mode for initial drawdown, a fine pressure control mode using a Throttle
Valve (TV) PID when within 20% of the setpoint, and an energy optimization mode that incrementally reduces
the Inverter (VFD) frequency by SHz when within a 3% error margin. By mapping control parameters directly
to the PLC’s D-Device memory addresses, the system ensures instantaneous response times and minimal
communication latency. Experimental results demonstrate that the proposed method achieves an energy reduction
of approximately 38% compared to traditional fixed-frequency operations while maintaining pressure stability
within +1% of the target value. This research contributes to the semiconductor equipment industry by providing

a practical solution for ESG management and cost reduction through intelligent utility control.

» Key words: PLC(Programmable Logic Controller), Closed-loop Feedback, Predictive Maintenance,
Semiconductor Equipment, Energy Optimization, VFD
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I. Introduction
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II. Preliminaries

2.1 Affinity Laws for Pumping Systems
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2.2 Theoretical Basis of Energy Saving
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2.3 Theoretical Basis of PID Feedback Control
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III. Design of PLC-based Closed-loop
Control System

3.1 System Architecture
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Fig. 1. Architecture of the PLC—based vacuum
control system.
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Fig. 2. Photograph of the experimental test equipment

3.2 Experimental Environment
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Table 1. Specifications of the equipment

Item Value
PLC Mitsubishi FX3U-32M
HMI Mitsubishi GS2107
Inverter Mitsubishi E800

Rotary Pump TASCO (TA150SW-EXP)

Chamber P.C (200X200X200)mm3
Vacuum Sensor SETRA 0~10TORR

MFC AFC500

Throttle Valve VAT642

3.3 Control Algorithm
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Fig. 3. PLC Control Loop Diagram

- 27| 7F& 9 vj7] 2E (Full Exhaust Mode)

378 &7] B AHZE OIS AEY ©, & QARe0]
= 20%Q1 qLolt}. =& AF=(SV) = ARMS A4s)
517] 9lslil PLC= 282} BmLo] QAHE|(VFD)I| 84 +
o4 (60Hz) A|F¥E ststy, ERE #WE(TV)E 100%
7 7HG(Full Open) JEi2 175t A 8f7] £=2
A YR A4S ei]gct

- ERE wido]l Ao PID Ao 2E (Fine Pressure
Control)

3.2.2 A Y Rly=rt ePddo Aot 3% < QA
& < 20% 3t 145, PLC= E=E E -2 PID A
of Be2 A MRk oltf Hmo] VFD Fuiii
60Hz2 RIS, S0l Hold ERE Wust A
woug o 2 e UAIRE A4 Aol(0~100%)3t
ok o2 S} % To] 2 WILOZ AolT T LAy
ke 99 QB5E(Overshoot) % QIHAKE
(Undershoot)S 1xPH 02 AAfstal A|~F 9] 54 oMY
He gusi

- QME Zuks o ) oux] mAst e
(Energy Optimization Mode)

AU 25271 ISV - PVIZto] SVo 3%olUd] (=
9 3% ofui A1 Al) AlAElo] oPdHo AI¥gicta
sty guof silas It 24 AEY AR
ot QIHE FobE 71E WM SHz(HMIZ E77Hs)
Al Mo g SPIAIRIL. Qo et Fo= Qlsf o
BV 3%S ol H9, Fus o132 Fostn @
Mo} ok ke 178(Hold)sto 8i7] 5285 RAIRIC
ol 378 =Alol Basgh 2lagte) uiy] £=(S_eff)E &

offo] ofuix] 2% avts SHiekeith

=

r o



PLC-based Closed-loop Control for Energy Optimization of Semiconductor Vacuum Pumps 173

IV. Experiments and Results
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Table 2. Energy saving performance results
L . Existing | Proposed | Energy
Condition | Load |Time Method Method Saving
. . 10.0kW o
Roughing | High 4h 10.0kW +01 KW 00 %
. 6.4kW .
Process Mid 12h | 10.0kW 402 KW 36.0 %
2.7kW R
Idle Low 8h 10.0kW +0.1 KW 730 %
Total 1Cycle | 24h | 240kWh | 148kWh 383 %
- ofyx] A7 &3} (Energy Efficiency)
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Table 3. Comparative Analysis of Characteristics
Between Existing and Proposed Control Systems

Existing System Proposed System
) (Open-Loop) (Closed-Loop)
Control Operates with fixed Variable control.
Method set-points based on real-time
P feedback
Load Unable to respond Real-time dynamic
Response | to process changes | optimization
Energy Unnecessary power | Saving effect via
Efficiency consumption RPM optimization
EQP Shortened due to rEnX|tne|rr]nd|(ze|dn by
Lifespan continuous full load . 9 .
mechanical fatigue
V. Conclusions
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