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Equipment used in the semiconductor manufacturing process generally have a flow rate control system for each nozzle to
regulate the flow rate of chemical solution fed to the wafer. In existing flow rate control systems, flow rate overshoots occur
because of excess pressure and the control rates of the overshoots are less because additional operation time is required
for the electric valves. In this study, to address the shortcomings of existing flow rate control systems, we proposed a
method to improve the speed of flow rate control by introducing a constant pressure valve. The constant pressure valve
controls the flow path via gas pressure, thereby facilitating prompt control and efficiently improving the flow rate overshoot
caused by the pressure overshoot. To improve the control speed and control stability of the constant pressure valve, a
three-step automatic control speed application function was developed, and the measured valve, control amount mapping
function, and pre-open function were defined to reduce the initial control speed. The experimental results showed a
measurement precision within 1% of the target flow rate and stable control performance as well as control speed reduction
from 3 seconds in existing systems to 2 seconds or less for the proposed system.
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1. M2
NOMENCLATURE
WA Al237d 5 AZH(Etching) B A7d (Cleaning) -7
C, = Control Value A flolHoll FgFE= oFH(Chemical Liquid)Q] {52 vi-¢ 5
fy = Measurement Flow Rate [mL/min] f3t 3 eolth weba HHEA Al2FA Adulols ool
f; = Target Flow Rate [mL/min] o] (Wafer)oll duptt FF= 1L Q=8 BYET 9 Alofst
K; =1 Control Gain 7] 918l 42| =E(Nozzleynteh 5 AlS 2 AlofdAE 2
K, =P Control Gain Z|ato] ARg3iet!
R.; = Remainder of the Present HIEA] 339 55 Aol WAl 5 W Ay AR
Re, = Remainder of Past B3t} 712 A4 9 A FHls iR a5 55 AloIFA
Q. = Quotient £ ARSI o= F R Alo1FR| 9] 7H4 o] Arto|RRE
AA| de|FEAF B8-S &Y 4 Q1AL 7] 40nm Y =27]9]
A AlES 4] YeliAs 5 A5 Ao 2 e
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Fig. 1 Flow rate control comparison of manual and automatic flow
rate control devices, (a) Flow rate change by pressure change
of manual flow rate control device, (b) Pressure change flow
rate control performance of automatic flow rate control
device for motor valve, and (c) Single target flow control in
manual flow rate control device
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Fig. 2 Block diagram of improved flow rate control device
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(c) Assembly structure of controller

Fig. 5 PCB and assembly structure of the completed controller
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Section Specification I
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Size 50(W) x 126(L) x 79.5(H) o Discharge Stop? :
Communication standard RS485 (Modbus) |
Operating environment fe========= |
ptempegrature [°C] 0-50 | Control every S0msec : END I
Waterproof rating 1P20 el = |
Fig. 7 Flowchart of improved flow control
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Fig. 9 Experiment results of flow rate control performance according to target flow rate and K, (Proportional control gain)
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Fig. 12 Experiment results of flow rate control performance according to target flow rate and pre-open % value

Table 2 Settling time and overshoot flow rate difference due to Pre-
open %, show the at 90% value with optimal control

performance

Target flow rate [mL/min]

800 1,200 1,600 2,000

Overshoot flow rate

80%

5 4 5 1

[mL/min]
Pre-open —
Target arrival time [s] 20 20 25 20
Overshoot flow rate
90% [mL/min] 2 3 2 0
Pre-open - -
Target arrival time [s] 20 20 125 15
Overshoot flow rate
100% [mL/min] 8 40 69 0
Pre-open - -
Target arrival time [s] 125 125 125 2.0
Overshoot flow rate
110% [mL/min] 45 98 96 43
Pre-open

Target arrival time [s]

125 125 125 1.0
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Fig. 14 Experiment results of settling time
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Table 3 Experiment results of settling time

Sample No. Control time [s]
1 1.5
2 1.5
3 2
4 1.75
5 2
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(a) First experiment result
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(b) Second experiment result

Fig. 15 Experiment results of pressure change control
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Table 4 Experiment results of pressure change control

Test step First Second
Parameter
Stability [%] 0.875 0.6875
Control time [s] 2 2
Maximum flow rate [mL/min] 1,612 1,611
Minimum flow rate [mL/min] 1,586 1,589
Max pressure change [kPa] 64 60
810 -
808
Test1
806 - Test2
Test3
= 804 + Test4
g 802 - . - Test5
[ |
g 800 1 N — N v ——
J | J
;?: 798 - ‘ Uy U
o 796
794
792 ’
790 : T T T
0 20 40 60
Time (s)

Fig. 16 Experiment results of automatic flow control stability at 800
mL/min target flow rate

Table 5 Experiment results of automatic flow control stability

Control stability [%o]

Sample No. - —
Maximum Minimum
1 0.53 -0.60
2 0.53 -0.60
3 0.67 -0.71
4 0.92 -0.46
5 0.32 -0.55
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