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Fig. S1 Top and bottom pressure of valves 1 and 2. The values were obtained from a theoretical
model. The difference between Pt and Pg, or between P, and Pg; is ~5% in the valve-open state.
Thus, we can approximate Py, as Pr; and Pg; as Pr; to measure threshold pressure. Ci, Ce, Pi-close,

Prclose, and O; are 1.8x10 " m’ N'l, 8.5x10 P m° N , -1 kPa, 7.9 kPa, and 10 uL min'l, respectively.
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Fig. S2. (A) Valve dimensions used for estimating C;. a is a measure of valve length, b is valve width,

ov a* ab

and h is membrane thickness. C; of each valve is calculated by C; = — =

0P  4m*D 3+3n%+2n?’ where D is

Eh3
12(1-v2)

, and V and P are the volume and pressure, respectively (ref. S1). C; is estimated under the
condition that the valve’s membrane did not touch the valve’s bottom floor. (B) Theoretical membrane
deflection by Pt — Pg change. The graph shows how the small heights of the valves limit the extent of
membrane deflection, d, thus reducing the effective Ci. When the valve is closed, its membrane deflects
downward as Pt — Pg increases. This deflection continues until Pt — Pg > Pin.open. Pth-openS Were
measured between 9 and 40 kPa depending on the valve type. At Pt — Pg = 3 kPa, which is < Pih.gpen
(i.e. close valve state), even the membrane of the smallest valve having C; = 1.78x10™**m> N deflects
more than the valve height of 75 um. In other words, the valve’s membrane can touch the valve’s
bottom floor before the valve opens. This contact greatly decreases the effective C; value. Thus, to
make C; constantly larger than Ce, for example a valve having a constantly large C; = 1.67x10™ m> N*
was prepared by making the valve height ~ 2 mm so the membrane does not touch the bottom. It should
be noted that the contact does not affect the oscillation of the small size valves (the first three valves in
the table of Fig. S2A) having 75 um valve height, because the contact rather increases C./C; through

the decrease of effective C;jand thus the condition of C./C; >1 is kept. d is calculated from d =

and nis a/b
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(ref. S2). E and v are 3.5 MPa and 0.5, respectively.
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