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Abstract To address the instability in flow conductance regulation of piezoelectric micro-adjustment valves
used in vacuum systems, this study designs a flow conductance measurement system based on the constant-volume
method, investigating the effects of excitation voltage amplitude, waveform, and application history on the flow
characteristics of a typical piezoelectric micro-adjustment. Experimental results reveal significant hysteresis in the
flow conductance-excitation voltage cyclic curve, where the flow conductance during voltage reduction was notably
higher than during voltage increase, likely due to the time-dependent relaxation of piezoelectric ceramic domain
structures and residual stress release. A high voltage pre-excitation with 100 V is applied, leading to remarkable
improvements in the repeatability of flow conductance at typical voltages. This indicates that pre-excitation
optimizes domain structure alignment and residual stress distribution consistency, reducing deformation hysteresis.
The research uncovers the critical influence of excitation voltage application history on flow regulation
performance, providing experimental evidence and insights for enhancing pressure control precision in vacuum
systems.
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Fig. 1 Schematic diagram of piezoelectric ceramic valve struc-
ture. (a) The electrode structure of piezoelectric material,

(b) electric domains before polarization, (c) electric do-

mains after polarization, (d) piezoelectric bending com-
ponent, (e) valve without driving DC voltage, (f) valve

with driving DC voltage
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Tab. 1 Nominal technical parameters of the piezoelectric micro-

adjustment valve under test

BARZH HfH
Wi 0~500 sccm
T (W 0 V i) 1310 Pa-L/s
RERIES 50 PSI
Ll NS 0-100 VDC
BR S H T <10 pA
TAELE 10°C~60°C
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Fig.2 Schematic diagram of flow conductance measurement

system
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Fig.3 The variation of pressure inside the constant-volume

chamber with time under different excitation voltages
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Fig. 4 The variation of flow conductance value of the tested

piezoelectric micro-adjustment valve with excitation

voltage. The insert shows the waveform of the excita-

tion voltage
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Fig. 5 The variation of the flow conductance value of the test-
ed piezoelectric micro-adjustment valve with excitation
voltage in 3 cycles. The insert shows the waveform of

the excitation voltage
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Fig. 6 Timing diagram of applied excitation voltage

AT R 5 IR, BRI 2 (8] 3% 5 = AT
B A, s B BT R] 2928 5 min, 0325 55 a0
2 PR,
M A AR R 22 K 2R, THR AR
RSD = = x 100% (4)
c

7. RSD Dy MRS A d 22, O DG 49505 s O 5 Ik
TSI GG R bR IR 22, B mY/s; CR 5 IR
RS R P IIME, ms.
MR 2 WY SEIR AR, AN [R) S0l v T it Jon D st
X O B SR PR R 2 . X5 T30 V., 50 V
®2 TEMAE R R E T ERREENRSE
Tab.2 Flow conductance of the piezoelectric micro-adjust-

ment valve under different waveforms of excitation

voltage
U, W75 PG/ (mfs) FE M RSD

T, 4.20x10”
T, 4.05x107
T 4.78x107 6.51%
T, 4.37x10"
T,s 4.52x107

0V T,, 5.91x107
T,, 5.76x10"
Tas 5.64x107 2.42%
T,, 6.01x1077
T,s 5.82x10
T, 1.64x10°°
T, 1.81x107°
T 1.65%10°° 4.45%
T, 1.73x10°°
T,s 1.78x10°

0V T,, 1.97x10°°
T,, 1.91x10°
Ty, 1.90x10°° 1.49%
T, 1.93x10°
T,s 1.95x10°
T, 2.98x10°°
T, 2.96x10°
T 3.07x10° 2.34%
T, 3.08x10°°
Ty 2.92x10°°

oV T, 3.17x10°
T, 3.14x10°°
T,, 3.20x10° 0.73%
T,. 3.16x10°°
Tas 3.15x10°
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