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TITLE 

MANUFACTURING METHOD OF AIR-PULSE GENERATING DEVICE 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of U.S. Application No. 18/829,245, filed on 

September 9th, 2024, which claims the benefit of U.S. Provisional Application No. 63/540,648, 

filed on September 26th, 2023, and claims the benefit of U.S. Provisional Application No. 

63/539,803, filed on September 21st, 2023. The contents of these applications are incorporated 

herein by reference. 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0002] The present invention relates to a manufacturing method of an air-pulse generating 

device, and more particularly, to a manufacturing method related to an air-pulse generating device 

capable of producing asymmetric air pressure pulses.  

2. DESCRIPTION OF THE PRIOR ART 

[0003] Conventionally, speaker driver and back enclosure are two major design challenges in 

the speaker industry. It is difficult for one single conventional speaker (such as dynamic driver) to 

cover an entire audio frequency band, e.g., from 20 Hz to 20 KHz. To produce high fidelity sound 

with high enough sound pressure level (SPL), both the radiating/moving surface and volume/size 

of back enclosure for the conventional speaker are required to be sufficiently large.  

[0004] US Patent No. 9,736,595 and No. 10,367,430 have discussed ultrasonic pulse for sound 

producing application. Moreover, Applicant discloses APG (APG: air-pulse generating) device or 

APPS (APPS: air pressure pulse speaker) in US Patent No. 10,425,732, No. 11,172,310, No. 

10,425,732, No. 11,043,197 and No. 11,445,279, to resolve the above bandwidth and size issues.  

[0005] However, performance of APPS relies on asymmetry of the air pressure pulses produced 

by the APG device. 

SUMMARY OF THE INVENTION 

[0006] It is therefore a primary objective of the present application to provide an APG device 

capable of producing asymmetric air pressure pulses, to improve over disadvantages of the prior 
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art. 

[0007] An embodiment of the present disclosure provides a manufacturing method of an air-

pulse generating device. The manufacturing method includes: providing a wafer including a first 

layer and a second layer; patterning the first layer of the wafer to form a slit with a zigzagging 

pattern; and removing a first part of the second layer. A portion of the first layer above the removed 

first part of the second layer forms a film structure. The slit with the zigzagging pattern separates 

the film structure into a first flap and a second flap. The slit with the zigzagging pattern zigzags in 

a back-and-forth manner among a first direction and extends toward a second direction. The air-

pulse generating device produces a plurality of air pulses by actuating the film structure. 

[0008] These and other objectives of the present invention will no doubt become obvious to 

those of ordinary skill in the art after reading the following detailed description of the preferred 

embodiment that is illustrated in the various figures and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a cross-sectional view of an air-pulse generating (APG) device. 

[0010] FIG. 2 illustrates a wiring scheme of an APG device. 

[0011] FIG. 3 illustrates a modulation signal and a demodulation signal. 

[0012] FIG. 4A illustrates a cross-sectional view of an APG device. 

[0013] FIG. 4B illustrates a top view of the APG device of FIG. 4A. 

[0014] FIG. 4C illustrates airflow directions when a virtual valve (VV) of the APG device of 

FIG. 4B is opened. 

[0015] FIG. 5A and FIG. 5B illustrates cross-sectional view of an APG device according to an 

embodiment of the present application. 

[0016] FIG. 5C illustrates a top view of the APG device of FIG. 5A and FIG. 5B. 

[0017] FIG. 5D illustrates airflow directions when a virtual valve (VV) of the APG device of 

FIG. 5C is opened. 

[0018] FIG. 6 illustrates a first flap and a second flap of the APG device of FIG. 5C which are 

separated apart. 

[0019] FIG. 7 illustrates a common mode movement of the first flap and the second flap of the 

APG device of FIG. 5C.  

[0020] FIG. 8 illustrates a differential mode movement of the first flap and the second flap of 

the APG device of FIG. 5C.  



3 

[0021] FIG. 9A and FIG. 9B illustrate combined common mode displacement of common mode 

movement and acoustic conductance of differential mode movement for the APG devices in FIG. 

4 and FIG. 5. 

[0022] FIG. 10A illustrates a combined common mode displacement versus a porosity of the 

APG device of FIG. 5C according to an embodiment of the present application.  

[0023] FIG. 10B illustrates a virtual/effective common mode displacement versus a porosity of 

the APG device of FIG. 5C according to an embodiment of the present application.  

[0024] FIG. 11 illustrates an APG device according to an embodiment of the present application. 

[0025] FIG. 12 illustrates common mode movement and differential mode movement of the 

APG device within one cycle according to an embodiment of the present application. 

[0026] FIG. 13A illustrates a combined common mode displacement and a common mode 

acceleration versus a porosity of the APG device according to an embodiment of the present 

application.  

[0027] FIG. 13B and FIG. 13C illustrate a combined common mode displacement a porosity of 

the APG device according to an embodiment of the present application. 

[0028] FIG. 14 illustrates an APG device according to an embodiment of the present application.  

[0029] FIG. 15 illustrates an APG device according to an embodiment of the present application.  

[0030] FIG. 16 to FIG. 20 illustrate structures at different stages of a manufacturing 

method/process manufacturing an APG device according to an embodiment of the present 

application.  

DETAILED DESCRIPTION 

[0031] Content of US Patent No. 11,943,585 B2 and Application No. 18/624,105 is incorporated 

herein by reference. 

[0032] Air-pulse generating device in the present application generally comprises a pair of 

opposite flaps, fabricated by etching a membrane layer made of, e.g., SOI (SOI: silicon on 

insulator), POI (POLY on insulator) or other suitable material. By adding a layer of piezoelectric 

material, such as PZT, deposited atop the pair of flaps, the pair of opposing flaps are actuated to 

move up & down, to produce both a common mode motion and a differential mode motion, 

performing the function of modulation and demodulation, respectively.  

[0033] Specifically, FIG. 1 is cross-sectional view of an air-pulse generating (APG) device 100. 

The APG device comprises a film structure (e.g., membrane or diaphragm) 10. The film structure 
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10 comprises flaps 101 and 103 opposite to each other. Operation principle of the APG device 100 

is similar to the one disclosed in US Patent No. 11,943,585 B2. The flaps 101 and 103 (forming as 

a flap pair 102) are actuated to perform a common mode movement to form an amplitude-

modulated ultrasonic air pressure variation with an ultrasonic frequency (e.g., 192 KHz), which 

can be regarded as a modulation operation. Meanwhile, the flaps 101 and 103 are also actuated to 

perform a differential movement to form an opening 112 or a virtual valve (abbreviated as VV) 

112, at an ultrasonic opening rate (e.g., 192 KHz), so as to perform a demodulation operation.  

[0034] In the embodiment shown in the APG device 100, the differential movement 

(demodulation) and the common mode movement (modulation) are simultaneously performed by 

the flap pair 102. The in situ and concurrent modulation-and-demodulation can be done by 

particular wiring scheme. For example, as shown in FIG. 2, the APG device 100 may comprise an 

actuator 101A disposed on the flap 101 and an actuator 103A disposed on the flap 103. The 

actuators 101A and 103A comprises top electrodes and bottom electrodes. In an embodiment, the 

bottom electrodes of the actuators 101A and 103A receives a common modulation signal SM, and 

the top electrodes of the actuators 101A and 103A receives differential demodulation signals +SV 

and -SV, where the demodulation signals +SV and -SV have opposite polarities. Note that, the 

wiring scheme shown in FIG. 2 is for illustrative purpose, which is not limited thereto. As long as 

one electrode of the actuator 101A/103A receives the modulation signal SM and another electrode 

receives the demodulation signal SV (representing either +SV or -SV), requirements of the present 

invention are satisfied, which is within the scope of the present application. 

[0035] Waveforms of the modulation signal SM and the demodulation signal ±SV may be 

referred to FIG. 3 (or similar to which is shown in FIG. 3). Note that, a demodulation frequency 

of the demodulation signal SV is a half of a modulation frequency of the modulation signal SM. 

For example, when the modulation signal SM has the modulation frequency as 192 KHz, the 

demodulation signal SV would have the demodulation frequency as 96 KHz. Hence, the flaps 101 

and 103 form the opening 112 at an opening rate of 192 KHz, and the APG device 100 produces a 

plurality of air pulses at an ultrasonic pulse rate fPulse of 192 KHz. 

[0036] In the present application, “the flaps 101 and 103 performing the common mode 

movement” means that the flaps 101 and 103 are actuated to move toward a common direction or 

actuated by a common driving signal, and “the flaps 101 and 103 performing the differential mode 

movement” means that the flaps 101 and 103 are actuated to move/bend toward different/opposite 
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directions with respect to a common position or actuated by a differential pair of signals. 

[0037] A slit 112 is formed between the flaps 101 and 103. In the present application, “slit”, 

“opening” and “virtual valve” share the same notation (e.g., 112) as they share the same location 

and express similar concept in different aspect. By driving the flaps 101 and 103 via the 

demodulation signal ±SV, distance between free ends of the flaps 101 and 103 is enlarged and the 

opening 112 or the VV 112 is formed. Upper portion of FIG. 1 illustrates a snapshot of the VV 112 

is closed/sealed, and lower portion of FIG. 1 illustrates a snapshot of the VV 112 is opened. 

[0038] Pattern of the slit 112 on/over the film structure 10 is not limited. Intuitively, the slit 112 

may have straight-line slit pattern. FIGs. 4A-4C illustrates schematic diagrams for APG device 

with straight-line slit pattern. As shown in FIG. 4B, the slit 112 with straight-line slit pattern may 

be regarded as comprising zero projection onto X direction/dimension. APG device with straight-

line slit pattern is successful in producing asymmetric airflow pulse. However, asymmetry of air 

pressure pulse produced by the APG device with straight-line slit pattern is not such obvious, or 

even may not be measurable. This is because of severe airflow congestion around the VV 112 and 

airflow detouring before reaching the VV 112, as shown FIG. 4C, where FIG. 4C schematically 

illustrates airflow vectors around the VV 112. In some figures of the present application, different 

types of shade are employed to illustrate flaps 101 versus 103, which does not mean flap 101 and 

103 are made of different material. 

[0039] Airflow congestion (when the VV 112 is (just) “opened”) would increase a pressure 

difference ΔP surrounding the VV 112, where ΔP = PA - PB and PA/PB represents air pressure right 

above/below the plane defined by the flap 101/103. Ideally, the pressure difference ΔP should be 

neutralized as soon/fast as possible when VV is opened. However, neutralization of pressure 

difference ΔP corresponding to slit with straight-line pattern is not fast enough. It is because 

airflow lateral components and airflow detouring. 

[0040] As shown in FIG. 4, the airflow vectors comprise strong lateral components 

(components other than Z direction, in the straight-line slit pattern shown in FIG. 4B, lateral 

components represent components parallel to X direction), which means the airflow detours. 

Airflow detouring not only lengthens the airflow passageway, but also slows down the reaction of 

pressure balance across the two sides of the flaps 101, 103. After reaching the vicinity of VV112, 

the air will be queued up, waiting in turn to be squeezed through the narrow opening of VV112. 
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All these steps/factors lead to their respective low-pass-filter (LPF) effect. Combined those factors, 

a strong high order LPF is created, which filters away the higher harmonics of fPulse. Since strong 

asymmetry waveform implies strong spectral components at high harmonics, such removal of 

harmonics of fPulse implies loose of asymmetry. 

[0041] Asymmetry of air pressure pulse is critical for the performance of the APG device, for 

both sound producing applications (which can be regarded as AC (AC: alternating current) airflow) 

and air movement applications (which can be regarded as DC (DC: direct current) airflow). It is 

desirable to propose a further new APG design owning asymmetry of air pressure pulse. 

[0042] Several guidelines are introduced below. In order to avoid airflow congestion, the VV 

should be designed to span a significant amount on/over the X direction/dimension (or at least 

comprise nonzero projection onto X direction/dimension). In other words, the VV should span a 

significant percentage (or occupy a significant area) of a total area of the flaps 101, 103. For 

example, the VV 112 may span/occupy 20~40% (or at least 15%) of a total area of the flaps 101, 

103, but not limited thereto.  

[0043] In addition, in order to minimize lateral component when the VV is “opened”, an 

acoustic impedance of the VV should be distributed in X direction in a mostly even manner, such 

that the air would flow straight through the VV (mostly through the Z direction). An amplitude of 

a combined common mode displacement UZ.COM(x) is suggested to be distributed in X direction in 

a mostly even manner. UZ.COM(x) is a combination/aggregation of common mode displacement of 

the flaps 101 and 103. For example, UZ.COM(x) may be expressed as UZ.COM(x) = ( w101(x)∙ΔUz,101(x) 

+ w103(x)∙ΔUz,103(x) ) / ( w101(x) + w103(x) ), where ΔUz,101(x)/ ΔUz,103(x) represents individual 

common mode displacement of the flap 101/103 (corresponding to X dimension variable x), 

w101(x)/w103(x) represents corresponding weighting factor. In an embodiment, w101(x) = w103(x) = 

0.5, but not limited thereto. 

[0044] For avoiding airflow congestion and minimizing lateral component, one solution is to 

pattern/form the slit in a zigzagging pattern on the film structure. In the present application, slit 

with zigzagging pattern may refer that: 1) the slit is not straight-line; 2) the slit alters/changes its 

direction in a back-and-forth manner; or 3) the slit has nonzero projection onto X 

direction/dimension in a top view perspective, given the slit is patterned to zigzag in a back-and-

forth manner among X direction and extends toward Y direction. A projection of the zigzagging 
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patterned slit onto X direction/dimension may have a length/depth which is a significant 

percentage (e.g., more than 15%) of an anchor-to-anchor distance of the flaps 101 and 103 or the 

APG device.  

[0045] Please refer to FIGs. 5A-5D, which illustrate an APG device 200 according to an 

embodiment of the present invention, where FIG. 5C illustrates (a portion of) a zigzagging pattern 

of a slit 212 in a top view perspective, FIGs. 5A and 5B illustrate cross-sectional view along lines 

A-A’ and B-B’ when the flaps 101 and 103 are sustained flat (or the VV 212 is closed), FIG. 5D 

schematically illustrates airflow vectors when the VV 212 with the zigzagging pattern is opened, 

along a D-D’ line in FIG. 5C.  

[0046] Width (dimension/size in Y direction) of the APG device 200 is not limited to which is 

shown in FIG. 5C. The APG device 200 may comprise wide cantilevers, meaning width of the 

APG device 200 may be larger than several times of length (dimension/size in X direction) of the 

APG device 200. Or, in an embodiment, the flaps 101 and 103 may extend toward Y direction and 

have a relative extreme aspect ratio (e.g., greater than 2 or less than 1/2), which is not limited 

thereto. 

[0047] The slit 212 may have a tooth edge pattern. Specifically, FIG. 6 illustrates the flap 101 

separated way apart from the flap 103 with tooth patterned edge. As shown in FIG. 6, the flap 

101/103 comprises protruded parts (protrusions) 220/240 and depressed parts (depressions) 

222/242. The protrusions 220 and the depressions 240 are interleaved with each other. When the 

flaps 101 and 103 only separated by the slit 212 (see FIG. 5C and FIG. 6), the depressions 242 of 

the flap 103 accommodate the protrusions 220 of the flap 101, and vice versa, such that the 

protrusions 220 of the flap 101 and the protrusions 240 of the flap 103 are interleaved with each 

other. Furthermore, in FIG. 5C, the slit 212 has a rectangular tooth edge pattern, as an example. 

[0048] From FIG. 5C, the slit 212 is not straight-line, alters/changes its direction in a back-and-

forth manner. The slit 212 may be regarded as zigzagging in a back-and-forth manner among/over 

X direction between x103L and x101R, and extending toward Y direction. Tooth depth DT, a distance 

between x103L and x101R (shown in FIG. 5C), may be a certain percentage (e.g., more than 15% or 

20~40%) of an anchor-to-anchor distance dAA between x101L and x103R, where the flaps 101 and 

103 of the APG device 200 is supposed to be anchored on the anchor structure like the APG device 

100 is, but the anchor structure is omitted in FIG. 5 for brevity. 
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[0049] In addition, depressed parts 222 of the flap 101 (or protruded part 240 of the flap 103, 

neglecting slit width) may have a width WT, which also denotes a length of a segment 231. In FIG. 

5C, WT may be considered as a width of a protrusion of the flap 103. In order to effectively reduce 

acoustic resistance, in an embodiment, the width WT may be chosen such that WT ≥ 1.5×Hslit or 

WT ≥ 1.5×UZ_open (but not limited thereto), where Hslit represents a height of facing walls between 

the flaps 101 and 103, typically defined by thickness of the film structure, and UZ_open represents 

a displacement difference between free ends of the flaps 101 and 103 on Z direction when the VV 

212 is opened. As long as WT ≥ Hslit or WT ≥ UZ_open, requirements of the present application are 

satisfied and would be within the scope of the present application. 

[0050] Because of the line segment 231 with length WT, the protruded parts of the flap 103 

would have a flat top (also denoted as 231) and the depressed part of the flap 101 would have a 

flat bottom (also denoted as 231). Note that, the flat top of the protruded parts of the flap 101/103 

would be beneficial on reducing acoustic resistance (compared to the case of protrusion with sharp 

tip), and the flat bottom of the flap 101/103 would be beneficial on enhancing an effect of 

increasing slit length for reducing inter-tooth acoustic resistance (compared to the case of 

depression with recessed sharp tip). In general, compared to slit with saw-shaped/sinusoidal 

pattern, for the reason of reducing acoustic resistance, slit may be patterned such that protrusions 

of the flap 101/103 have plateau (e.g., 231). 

[0051] Note that, the slit 212 in FIG. 5C comprises nonzero projection onto X 

direction/dimension, i.e., line segment 232. In comparison, the slit 112 in FIG. 4B is considered to 

have zero projection onto X direction/dimension, geometrically or in top view perspective. 

Furthermore, the slit 212 shall be lengthened compared to the slit 112. 

[0052] When the flaps 101 and 103 are actuated to perform the differential movement, due to 

the fact that the slit 212 is lengthened and the slit 212 comprises nonzero projection onto X 

direction/dimension, acoustic impedance and lateral airflow component are significantly reduced. 

Airflow flows through region between x103L and x101R. Furthermore, as can be seen from FIG. 5D, 

airflow direction may be mostly perpendicular to XY plane, the plane defined by the flap 101 and 

103. As a result, the pressure difference ΔP would be neutralized (when the VV 212 is opened) 

much faster, compared to the case when the VV 112 is opened.  
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[0053] FIGs. 7 and 8 illustrate time-sequences of common mode displacements and differential 

mode displacements, respectively, where tCYC denotes cycle time. In an embodiment, tCYC = 1/

fPulse. These two time-sequences are for illustration only, as they may not exist in isolation (e.g., in 

time-divisional operation) in practice and will be combined into one movement for flap 101 and 

another movement for flap 103 through wiring connection schemes shown in FIG. 2. Details may 

be referred to No. 11,943,585 B2 and references therein, which is incorporated herein by reference.  

[0054] As depicted in FIG. 8, between time of (n+1/8)∙tCYC ~ (n+3/8)∙tCYC, the VV 212 is 

considered to be in “opened” state and the area outlined by segments 231-232 are considered as 

“highly porous”, “acoustically translucent” and “non-pressurizing”, which means the common 

mode motion of flaps 101 and 103 within this time period of (n+1/8)∙tCYC ~ (n+3/8)∙tCYC will result 

in minimal ΔP and the common mode motion of flaps 101 and 103 are effectively “made vanish”. 

[0055] Conversely, between time of (n+5/8)∙tCYC ~ (n+7/8)∙tCYC, the VV 212 is considered to be 

in “closed” state and the area outlined by segments 131-132 are considered as “non-porous”, 

“acoustically opaque” and “pressurizing”, which means flaps 101 and 103 can be treated as a 

continuous membrane within this time period of (n+5/8)∙tCYC ~ (n+7/8)∙tCYC, and behave like one 

(complete membrane) in terms of membrane movement and membrane acceleration. 

[0056] As can be seen, the VV (e.g., 112 or 212) is in closed state when a difference of 

displacement of the flap 101 and flap 103 is less than (or equal to) a thickness of the film structure, 

i.e., ΔUZ ≤ Hslit, where ΔUZ = |UZ,101 - UZ,103|, UZ,101/103 represent vertical (Z direction/dimension) 

displacement of the flap 101/103. Note that, in the APG device of the present application, the 

closed state of the VV occurs at transitions of the differential movement of the flaps 101 and 103. 

In other words, the VV is closed during a period of the flap 101 moving toward a first direction 

(e.g., moving downward) and the flap 103 moving toward a second direction opposite to the first 

direction (e.g., moving upward) such that a displacement difference (ΔUZ) between free ends of 

the flaps 101 and 103 is less than a thickness of the film structure Hslit. In short, when the virtual 

valve is closed, both flaps are moving. 

[0057] FIG. 9A and FIG. 9B reiterate common mode and differential mode movements, 

respective, of the APG device 200. In addition, FIG. 9A illustrates a combined common mode 

displacement UZ.COM(x) with respect to x, variable in X dimension, when both flaps are actuated 

in common mode, and FIG. 9B illustrates an acoustic conductance 1/ZVV with respect to x when 
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both flaps are actuated in differential mode, where ZVV represent an acoustic impedance of VV. 

[0058] From FIG. 9A, it can be seen that the combined common mode displacement UZ.COM(x) 

corresponding to VV 212 is evenly distributed over X dimension between x103L and x101R, 

compared to which corresponding to VV 112. From FIG. 9B, it can be seen that the acoustic 

impedance ZVV is low within the range between x103L and x101R, and is mostly evenly distributed 

over X dimension between x103L and x101R. It can be concluded that APG device with zigzagging 

slit (e.g., slit 212) would be successful in avoiding airflow congestion and minimizing lateral 

component, and thereby brings asymmetrical air pressure pulses.  

[0059] In addition, the “made vanish” periods or the VV opened periods (e.g., (n+1/8)∙tCYC ~ 

(n+3/8)∙tCYC in FIG. 8) should be properly synchronized and aligned to effective displacement 

UZ.COM(t), such as shown in FIG. 10A. By taking the “made vanish” periods into consideration, 

the physical displacement UZ.COM(t) may be converted into or considered as a sequence of 

virtual/effective movements UVZ.COM, as illustrated in FIG. 10B. For sound producing application 

or APPS (APPS: air pressure pulse speaker) application, such asymmetrical virtual movements 

UVZ.COM can be utilized to produce asymmetrical pressure pulses, e.g., via chamber compression. 

[0060] For example, please refer to FIG. 11, where a schematic diagram of an APG device 300 

is illustrated. The APG device 300, comprising a VV 312 (which may be a zigzagging slit, e.g., 

VV 212), comprises a cap 320 (e.g., the cap 320 may be referred as a covering structure), which 

is employed to form a compression chamber 315. By following the timing diagram of FIG. 10A, 

a pressure pulse will be created in response to each segment of the asymmetrical “virtual/effective 

movement” UVZ.COM(t), such as illustrated in FIG. 10B, via chamber compression, which leads to 

pressure changes at the outlet 313. The pressure changes would in turn lead to acoustic wave 

propagating outwards, at the sound speed, to the ambience and create a chain of acoustic pressure 

pulses. 

[0061] Note that, the pressure pulses created within the chamber 315 when the VV 312 is in the 

“closed” state and the magnitude of the pressure pulse is determined by the common mode 

displacement of the flaps 101, 103 while the VV 312 is in its “closed” state. Conversely, the airflow 

flowing through the plate of the flaps 101, 103 during time the periods when VV 312/212 is in the 

“Opened” state will generate rather small ΔP due to broadly-and-evenly distributed airflow (over 

the VV 312/512), minimal airflow congestion, low acoustic impedance over the VV 312/212, and 
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straight-and-short airflow pathways, and thus will only have minor impact on the net air-pressure-

pulse generated by device 300. 

[0062] Refer to FIG. 12, where an alternative view of this common-and-differential mode 

interaction is illustrated, applicable to (indirect) pressure pulse generation method utilizing a 

compression chamber. Differential mode motion is represented by a “porosity” value illustrated in 

FIG. 10A. During time (n+1/8)∙tCYC ~ (n+3/8)∙tCYC (shown in FIG. 8), VV 212 enters “highly 

porous” state, and the ΔP created due to common mode motion is largely “leaked through” via the 

porous surfaces, resulting in zero or near- zero ΔP during time period of (n+1/8)∙tCYC ~ (n+3/8)∙tCYC. 

Hence, ΔP due to chamber compression is to be dominated by “virtual/effective displacement” 

occurred during time of (n+5/8)∙tCYC ~ (n+7/8)∙tCYC, as illustrated in FIG. 10B. 

[0063] Several design metrics, relative to efficacy of bypassing airflow congestion, may be 

defined. For slit patterning, area coverage ratio (ACR) and displacement coverage ratio (DCR) 

may be defined as 

𝐴𝐶𝑅 =
𝐴(𝑉𝑉)

𝐴(101+103)
  (eq. 1)  

𝐷𝐶𝑅 =
∫ 𝑈𝑍.𝐶𝑂𝑀 𝑑𝑥
𝑥101𝑅
𝑥103𝐿

∫ 𝑈𝑍.𝐶𝑂𝑀 𝑑𝑥
𝑥103𝑅
𝑥101𝐿

  (eq. 2). 

[0064] A(VV) in (eq. 1) refers to an area occupied by the slit (e.g., the zigzagging slit 212), and 

A(101+103) refers to total area of the flaps 101 and 103. Suppose periphery of the film structure 

is rectangular, ACR can be further expressed as 

𝐴𝐶𝑅 =
∫ 1𝑑𝑥
𝑥101𝑅
𝑥103𝐿

∫ 1𝑑𝑥
𝑥103𝑅
𝑥101𝐿

=
𝐷𝑇

𝑑𝐴𝐴
  (eq. 3). 

[0065] In the present application, especially (eq. 2) and (eq. 3), x101L/x103L refers to leftmost 

position on X axis of flap 101/103, and x101R/x103R refers to rightmost position on X axis of flap 

101/103. In another perspective, assuming periphery of the film structure is rectangular, x101L/x103R

refers to position on X axis where flap 101/103 is anchored, and x103L/x101R is leftmost/rightmost 

position on X axis of protrusion of flap 101/103.  

[0066] To bypass airflow congestion effectively, it is suggested that ACR ≥ 0.25 and DCR ≥ 

0.5, but not limited thereto. 
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[0067] The pressure pulse generation method mentioned above is referred to indirect method, 

utilizing the “displacement” of UZ.COM(t) or UVZ.COM(t) to compress a small chamber (e.g., 315), 

creating pressure pulses and radiating such pressure pulses through a narrow orifice (e.g., 313). 

[0068] Besides, the air pressure pulses may be generated by direct method. The direct method 

conceptually utilizes VV (e.g., 112 or 212) to “make vanish” a portion of the “acceleration” of 

flaps 101, 103, expressed as d2UZ.COM(t)/dt2, of each pulse cycle tCYC, so as to produce a highly 

asymmetrical “virtual acceleration” of flaps 101, 103, expressed as d2UVZ.COM(t)/dt2. 

[0069] In the direct pulse generation method, a pressure pulse will be created in response to 

each segment of asymmetrical “virtual acceleration” d2UVZ.COM(t)/dt2. For example, as illustrated 

in FIG. 13A, a pressure pulse will be created in response to a negative half-cycle common mode 

displacement of UZ.COM(t), which will generate a positive half-cycle acoustic output through 

positive d2UVZ.COM(t)/dt2. In this case, air pressure pulses would be generated directly, compared 

to the indirect method where air pressure pulses are generated via chamber compression, since 

pressure is related to acceleration and acceleration is double derivative of displacement.  

[0070] The timing alignment shown in FIG. 13A has a center-to-center alignment between 

UZ.COM(t) and Open-Close states of VV (e.g., 112 or 212), but not limited thereto. For example, 

FIG. 13B illustrates a scenario where the Open-Close state timing is pulled “ahead” that of 

UZ.COM(t) while FIG. 13C illustrates a scenario where the Open-Close state timing is push “behind” 

that of UZ.COM(t). The optimal timing alignment between UZ.COM(t) and Open-Close states of VV 

(e.g., 112 or 212) depends on the duty factor of VV or how long VV stays in its “Closed” state. All 

variations these operating conditions are within the scope of the present invention. 

[0071] The zigzagging slit is not limited to being rectangular tooth edge patterned. The 

zigzagging slit may be trapezoid tooth edge patterned. For example, in FIG. 14 and FIG. 15, slits 

412 and 512 are trapezoid tooth edge patterned. Protrusions of flap 101 in FIG. 14 have wider 

bottom (e.g., 401) than top (e.g., 402); while protrusions of flap 101 in FIG. 15 have wider top 

(e.g., 502) than bottom (e.g., 501). Both cases and their variations (e.g., fillet or chamfer may be 

formed on the corner of the protrusions of rectangular/trapezoid patterned slit) are within the scope 

of the present invention. 

[0072] Note that, the APG device of the present invention may be applied in sound producing 
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application as an APPS (APPS: air pressure pulse speaker), where the generated plurality of air 

pulses is amplitude modulated, and an envelope of the plurality of air pulses (or an input signal 

SIN according to which the modulation signal SM is generated, see FIG. 3) is or comprises an AC 

(AC: alternating current) component, which may, e.g., result in AC airflow. The input signal SIN

may be or comprise an audio signal. The APG/APPS of the present invention may be disposed 

within, or applied in, a wearable sound device, such as earbud, earphone, TWS (TWS: true wireless 

stereo), headphone, hearing aid, etc. The APG/APPS of the present invention may also function as 

loudspeaker or open field speaker, which can be disposed within in OWS (OWS: open wearable 

stereo), phones (as receiver or speaker), tablets, laptops, desktop (gaming/recording) monitors, 

televisions, or AR/VR (AR: augmented reality, VR: virtual reality) devices, but not limited thereto. 

[0073] In addition, the APG device of the present invention may be applied in air movement 

application with functions similar to fan, blower, etc. Envelop of the generated plurality of air 

pulses (or the input signal SIN according to which the modulation signal SM is generated) is or 

comprises a DC (DC: direct current) component, which may, e.g., result in DC airflow. The input 

signal SIN may be or comprise a DC signal. The APG device of the present invention in air 

movement application may be used for heat dissipation, ventilation, cooling, drying, or air quality 

sensing, but not limited thereto. APG device in air movement application has been detailed in US 

Application No. 18/624,105, which are not narrated herein for brevity. 

[0074] The APG device of the present invention may be manufactured by process similar to 

FIG. 16 to FIG. 20. Referring to FIG. 16 to FIG. 20, FIG. 16 to FIG. 20 illustrate structures at 

different stages of a manufacturing method/process manufacturing an APG device according to an 

embodiment of the present application. Specifically, FIGs. 16-20 especially elaborate a 

manufacturing process for a flap (e.g., the flap 101) with actuator (e.g., the actuator 101A) within 

the APG device. Those skilled in the art shall be able to use the concept brought by FIGs. 16-20 

to manufacture the flaps 101 and 103 with the actuators 101A and 103A of the APG device of the 

present application. 

[0075] Note that the manufacturing method of the APG device of the present application is not 

limited by the following embodiments and figures. In some embodiments, any other suitable step 

may be added before or after one of the existing steps of the method, and/or some steps may be 

performed simultaneously or separately. In some embodiments, the process sequence of the 

manufacturing method may be adjusted based on practical requirement(s).  
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[0076] In the following manufacturing method of the APG device, a forming process of a layer 

and/or a structure may include an atomic layer deposition (ALD), a chemical vapor deposition 

(CVD), a physical vapor deposition (PVD), a coating process, any other suitable process or a 

combination thereof, and not limited thereto. In the following manufacturing method of the APG 

device, a patterning process may include a photolithography, an etching process, any other suitable 

process or a combination thereof, wherein the etching process may be a wet etching process, a dry 

etching process, any other suitable etching process or a combination thereof, and not limited 

thereto.  

[0077] In the following, the manufacturing method may manufacture the APG device with 

zigzagging slit pattern, e.g., the APG device 200 shown in FIG. 5A to FIG. 5D, but not limited 

thereto.  

[0078] In this embodiment, the APG device with zigzagging slit pattern may be manufactured 

by at least one semiconductor process to be a MEMS chip, but not limited thereto. As shown in 

FIG. 16, a wafer WF is provided, wherein the wafer WF may include a first layer WL1 and a 

second layer WL2, and may optionally include an insulating layer WL3 between the first layer 

WL1 and the second layer WL2.  

[0079] The first layer WL1, the insulating layer WL3 and the second layer WL2 may 

individually include any suitable material, such that the wafer WF may be any suitable type. For 

instance, the first layer WL1 and the second layer WL2 may individually include silicon (e.g., 

single crystalline silicon or poly-crystalline silicon), silicon compound (e.g., silicon carbide, 

silicon oxide), germanium, germanium compound, gallium, gallium compound (e.g., gallium 

nitride or gallium arsenide), other suitable material or a combination thereof. For instance, the 

insulating layer WL3 may include oxide, such as silicon oxide (e.g., silicon dioxide), but not 

limited thereto. In some embodiments, the first layer WL1 may include single crystalline silicon, 

and the insulating layer WL3 may include oxide, such that the wafer WF may be a SOI wafer, but 

not limited thereto. In some embodiments, the first layer WL1 may include poly-crystalline silicon, 

and the insulating layer WL3 may include oxide, such that the wafer WF may be a POI wafer, but 

not limited thereto. Note that the thicknesses of the first layer WL1, the insulating layer WL3 and 

the second layer WL2 may be individually adjusted based on requirement(s).  



15 

[0080] In FIG. 16, a compensation oxide layer CPS may be optionally formed on an upper side 

of the wafer WF, wherein the upper side is upper than a top surface WL1a of the first layer WL1 

opposite to the second layer WL2, such that the first layer WL1 is between the compensation oxide 

layer CPS and the second layer WL2. The material of oxide contained in the compensation oxide 

layer CPS and the thickness of the compensation oxide layer CPS may be designed based on 

practical requirement(s).  

[0081] In FIG. 16, a first conductive layer CT1 and an actuating material AM may be formed 

on the upper side of the wafer WF (on the first layer WL1) in sequence, such that the first 

conductive layer CT1 may be between the actuating material AM and the first layer WL1. For 

example, the first conductive layer CT1 may be in contact with the actuating material AM.  

[0082] The first conductive layer CT1 may include any suitable conductive material, and the 

actuating material AM may include any suitable material. In some embodiments, the first 

conductive layer CT1 may include metal (e.g., Platinum (Pt)), and the actuating material AM may 

include a piezoelectric material (e.g., Lead Zirconate Titanate (PZT)), but not limited thereto. 

Moreover, the thicknesses of the first conductive layer CT1 and the actuating material AM may be 

individually adjusted based on practical requirement(s).  

[0083] Then, in FIG. 16, the actuating material AM, the first conductive layer CT1 and the 

compensation oxide layer CPS may be provided and then etched or patterned in sequence.  

[0084] As shown in FIG. 17, a separating insulating layer SIL may be formed on the actuating 

material AM and be patterned. The thickness of the separating insulating layer SIL and the material 

of the separating insulating layer SIL may be designed based on requirement(s). For instance, the 

material of the separating insulating layer SIL may be oxide, but not limited thereto.  

[0085] As shown in FIG. 17, a second conductive layer CT2 may be formed on the actuating 

material AM and the separating insulating layer SIL, and then, the second conductive layer CT2 

may be etched or patterned. In an embodiment, the second conductive layer CT2 may be formed 

via sputtering. The thickness of the second conductive layer CT2 and the material of the second 

conductive layer CT2 may be designed based on requirement(s). For instance, the second 

conductive layer CT2 may include metal, e.g., Aluminum–Copper (AlCu) or Titanium Nitride 

(TiN), but not limited thereto. For instance, the second conductive layer CT2 may be in contact 
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with the actuating material AM. Note that the separating insulating layer SIL may be configured 

to separate at least a portion of the first conductive layer CT1 from at least a portion of the second 

conductive layer CT2.  

[0086] The actuating material AM, an electrode E1 belonging to the first conductive layer CT1 

and an electrode E2 belonging to the second conductive layer CT2 may be sub-layers in the 

actuator ATR (e.g., each of the actuators 101A and 103A) of the APG device 200. Thus, the 

actuator ATR which is a piezoelectric actuator including two electrodes E1 and E2 and the 

actuating material AM between two electrodes E1 and E2 is formed on the first layer WL1.  

[0087] As shown in FIG. 18, the first layer WL1 of the wafer WF may be patterned, so as to 

form a trench line TL. In FIG. 18, the trench line TL is a portion where the first layer WL1 is 

removed/etched. That is to say, the trench line TL is between two parts of the first layer WL1.  

[0088] Note that the trench line TL will become the slit 212 in the subsequent process (e.g., FIG. 

20). Thus, the design of the trench line TL is related to the design of the slit 212. Namely, the 

trench line TL may be formed to have the zigzagging pattern and other required features according 

to the features of the aforementioned slit 212.  

[0089] In other words, FIG. 18 illustrates semiconductor manufacturing process of forming the 

trench line TL or the zigzagging patterned slit (e.g., 212, 412, 512), in cross-sectional view. Top 

view of the trench line TL or the zigzagging patterned slit of the present application (e.g., 212, 412, 

512) may be referred to FIGs. 5C, 14 and 15. Patterning/forming the trench line TL would have 

features of the zigzagging patterned slit mentioned above.  

[0090] Optionally, as shown in FIG. 19, a covering layer CV may be formed on the second 

conductive layer CT2 (by using, e.g., Atomic Layer Deposition (ALD)), the separating insulating 

layer SIL and the wafer WF (i.e., in FIG. 19, the covering layer CV may be formed on the actuator 

ATR), and then, the covering layer CV may be patterned, wherein the covering layer CV may be 

an insulating layer. The thickness of the covering layer CV and the insulating material of the 

covering layer CV may be designed based on requirement(s). For example, the covering layer CV 

may include aluminum oxide, but not limited thereto. Furthermore, in FIG. 19, after patterning the 

covering layer CV, a part of the second conductive layer CT2 may not be covered by the covering 

layer CV, and this part of the second conductive layer CT2 may serve as a pad PD.  
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[0091] As shown in FIG. 20, the second layer WL2 of the wafer WF may be etched or patterned, 

so as to make a portion of the first layer WL1 be released from the second layer WL2 to be the 

film structure 10 (i.e., the film structure 10 is formed, and the film structure 10 is this portion of 

the first layer WL1). In detail, the second layer WL2 of the wafer WF may have a first part and a 

second part, the first part of the second layer WL2 may be removed, and the second part of the 

second layer WL2 may be remained, wherein a portion of the first layer WL1 corresponding to the 

removed first part of the second layer WL2 in the direction Z may serve or be regarded as (a flap 

of) the film structure 10, the second part of the second layer WL2 may be combined with another 

portion of the first layer WL1 to be regarded as an anchor structure 110, and the film structure 10 

may be regarded as being anchored to the anchor structure 110. For example, the first part of the 

second layer WL2 may be removed by a deep reactive ion etching (DRIE) process, but not limited 

thereto. Note that the film structure 10 may be actuated by the actuator ATR in the operation of the 

APG device 200.  

[0092] Furthermore, since the insulating layer WL3 of the wafer WF exists, after the second 

layer WL2 of the wafer WF is patterned, a portion of the insulating layer WL3 corresponding to 

the first part of the second layer WL2 may be removed also. In some embodiments, since a portion 

of the covering layer CV exist at the bottom of the trench line TL (as shown in FIG. 19), after the 

insulating layer WL3 of the wafer WF is patterned, this portion of the covering layer CV existing 

at the bottom of the trench line TL may be removed, so as to make the trench line TL become the 

slit 212. Thus, because of the trench line TL, the slit 212 having the zigzagging pattern and other 

required features is formed, and the slit 212 penetrates through the film structure 10 (the first layer 

WL1).  

[0093] In FIG. 20, the second part of the second layer WL2, a portion of the insulating layer 

WL3 overlapping the second part of the second layer WL2 and a portion of the first layer WL1 

overlapping the second part of the second layer WL2 may be combined to serve as the anchor 

structure 110.  

[0094] According to the above, since the film structure 10 includes the flap pair 102 including 

the flaps 101 and 103 (as shown in FIG. 5C), the flaps 101 and 103 of the film structure 10 are 

determined when patterning the first layer WL1 of the wafer WF to form the trench line TL (i.e., 

the flaps 101 and 103 are separated from each other by the trench line TL). Then, after the trench 
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line TL becomes the slit 212, the flaps 101 and 103 are separated from each other by the slit 212.  

[0095] According to the above manufacturing method, the APG device with zigzagging 

patterned slit is formed.  

[0096] In short, the present invention utilizes the zigzagging slits or the slits with tooth edge to 

enhance asymmetry of air pulses, and hence improve performance of the APG devices. 

[0097] Those skilled in the art will readily observe that numerous modifications and alterations 

of the device and method may be made while retaining the teachings of the invention. Accordingly, 

the above disclosure should be construed as limited only by the metes and bounds of the appended 

claims. 
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CLAIMS 

What is claimed is: 

1. An air-pulse generating device, comprising: 

a film structure, comprising a first flap and a second flap opposite to each other;

wherein the film structure is actuated to operate at an ultrasonic frequency, and the air-pulse 

generating device produces a plurality of air pulses at an ultrasonic pulse rate;

wherein the first flap and the second flap are actuated to perform a differential movement to 

form an opening or a virtual valve;

wherein a slit is formed between the first flap and the second flap, and the opening or the 

virtual valve is formed because of the slit;

wherein the slit is formed as a zigzagging pattern on the film structure;

wherein the slit zigzags in a back-and-forth manner among a first direction and extends 

toward a second direction. 

2. The air-pulse generating device of claim 1, 

wherein the slit comprises nonzero projection onto the first direction. 

3. The air-pulse generating device of claim 1, 

wherein the first flap comprises a plurality first protrusions and the second flap comprises a 

plurality second protrusions;

wherein the first protrusions and the second protrusions are interleaved with each other.  

4. The air-pulse generating device of claim 3, 

wherein the first flap comprises a plurality first depressions and the second flap comprises a 

plurality second depressions;

wherein the first protrusions and the first depressions are interleaved with each other.  

5. The air-pulse generating device of claim 1, 

wherein the first flap comprises a plurality first protrusions;

wherein a protrusion among the first protrusions comprises a plateau portion. 

6. The air-pulse generating device of claim 1, 

wherein the first flap comprises a plurality first protrusions;

wherein a protrusion among the first protrusions corresponds to a width;
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wherein the width is greater than a height of walls between the first flap and the second 

flap. 

7. The air-pulse generating device of claim 1, 

wherein the first flap comprises a plurality first protrusions;

wherein a protrusion among the first protrusions corresponds to a width;

wherein the width is greater than a displacement difference between free ends of the first 

flap and the second flap when the virtual valve is opened. 

8. The air-pulse generating device of claim 1, 

wherein the first flap comprises a plurality first protrusions;

wherein a protrusion among the first protrusions corresponds to a depth;

wherein the depth is greater than 15% of an anchor-to-anchor distance. 

9. The air-pulse generating device of claim 1, wherein the slit forms a tooth edge pattern.  

10. The air-pulse generating device of claim 1, wherein the slit forms a rectangular tooth edge 

pattern.  

11. The air-pulse generating device of claim 1, wherein the slit forms a trapezoid tooth edge 

pattern.  

12. The air-pulse generating device of claim 1,  

wherein the film structure is actuated to perform a common mode movement to form an 

amplitude-modulated ultrasonic air pressure variation with an ultrasonic frequency. 

13. The air-pulse generating device of claim 12, 

wherein the first flap and the second flap are actuated to perform the common mode 

movement and the differential movement simultaneously. 

14. The air-pulse generating device of claim 1, 

wherein the first flap and the second flap are actuated to perform the differential movement, 

so as to form the opening at an ultrasonic opening rate. 
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15. The air-pulse generating device of claim 1, 

wherein the virtual valve is in a closed state when a difference of displacement of the first 

and second flaps is less than a thickness of the film structure;

wherein the closed state of the virtual valve occurs at transitions of the differential 

movement of the first flap and the second flap. 

16. The air-pulse generating device of claim 1, 

wherein the slit zigzags on the film structure such that an area coverage ratio is no smaller 

than 0.25. 

17. The air-pulse generating device of claim 1, 

wherein the slit zigzags on the film structure such that a displacement coverage ratio is no 

smaller than 0.5. 

18. The air-pulse generating device of claim 1, 

wherein the first and second flaps form a flap pair;

wherein a time of the virtual valve being closed is aligned to a time corresponding to a 

common mode movement of the flap pair toward a third direction;

wherein a time of the virtual valve being opened is aligned to a time corresponding to the 

common mode movement of the flap pair toward a fourth direction opposite to the 

third direction. 

19. The air-pulse generating device of claim 1, comprising: 

a covering structure;

wherein a chamber is formed between the film structure and the covering structure.  

20. The air-pulse generating device of claim 19, 

wherein an orifice is formed on the covering structure;

wherein the plurality of air pulse propagates outward via the orifice. 

21. The air-pulse generating device of claim 1, 

wherein the first and second flaps form a flap pair;

wherein a time of the virtual valve being closed is aligned to a time corresponding to a peak 

acceleration of a common mode movement of the flap pair. 
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22. The air-pulse generating device of claim 1, 

wherein a combined common mode displacement corresponding to the virtual valve is 

evenly distributed within a range between a rightmost free end of the first flap and a 

leftmost free end of the second flap. 

23. The air-pulse generating device of claim 1, 

wherein an acoustic impedance corresponding to the virtual valve is evenly distributed 

within a range between a leftmost free end of the second flap and a rightmost free end 

of the first flap. 

24. The air-pulse generating device of claim 1, wherein the air-pulse generating device is 

applied in a sound producing application. 

25. The air-pulse generating device of claim 1, wherein the air-pulse generating device is 

applied in an air movement application. 

26. A manufacturing method of an air-pulse generating device, comprising: 

providing a wafer comprising a first layer and a second layer; 

patterning the first layer of the wafer to form a slit with a zigzagging pattern; and 

removing a first part of the second layer;

wherein a portion of the first layer above the removed first part of the second layer forms a 

film structure;

wherein the slit with the zigzagging pattern separates the film structure into a first flap and a 

second flap;

wherein the slit with the zigzagging pattern zigzags in a back-and-forth manner among a first 

direction and extends toward a second direction;

wherein the air-pulse generating device produces a plurality of air pulses by actuating the 

film structure. 

27. The manufacturing method of claim 26, comprising: 

forming a first electrode and an actuating material on the first layer of the wafer. 

28. The manufacturing method of claim 26, comprising: 
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providing a first conductive layer and an actuating material on the first layer of the wafer; 

and  

etching the first conductive layer and the actuating material. 

29. The manufacturing method of claim 27, comprising: 

forming a second electrode on the actuating material. 

30. The manufacturing method of claim 27, comprising: 

forming a second conductive layer on the actuating material via sputtering; and

etching the second conductive layer. 

31. The manufacturing method of claim 26, wherein the slit comprises nonzero projection onto 

the first direction. 

32. The manufacturing method of claim 26, comprising: 

forming the slit with the zigzagging pattern, such that the first flap comprises a plurality first 

protrusions, and the second flap comprises a plurality second protrusions;

wherein the first protrusions and the second protrusions are interleaved with each other.  

33. The manufacturing method of claim 26, comprising: 

forming the slit with the zigzagging pattern, such that the first flap comprises a plurality first 

protrusions and a plurality first depressions;

wherein the first protrusions and the first depressions are interleaved with each other.  

34. The manufacturing method of claim 26, comprising: 

forming the slit with the zigzagging pattern, such that the first flap comprises a plurality first 

protrusions;

wherein one of the first protrusions comprises a plateau portion.  

35. The manufacturing method of claim 26, comprising: 

forming the slit with the zigzagging pattern, such that the first flap comprises a plurality first 

protrusions; 

wherein one of the first protrusions corresponds to a width; 

wherein the width is greater than a height of walls between the first flap and the second flap.  
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36. The manufacturing method of claim 26, comprising: 

forming the slit with the zigzagging pattern, such that the first flap comprises a plurality first 

protrusions;

wherein one of the first protrusions corresponds to a width;

wherein the width is greater than a displacement difference between free ends of the first flap 

and the second flap when the virtual valve is opened.  

37. The manufacturing method of claim 26, comprising: 

forming the slit with the zigzagging pattern, such that the first flap comprises a plurality first 

protrusions;

wherein one of the first protrusions corresponds to a depth;

wherein the depth is greater than 15% of an anchor-to-anchor distance. 

38. The manufacturing method of claim 26, comprising: 

forming the slit with a tooth edge pattern. 

39. The manufacturing method of claim 26, comprising: 

forming the slit with a rectangular tooth edge pattern or a trapezoid tooth edge pattern. 

40. The manufacturing method of claim 26,  

wherein the first flap and the second flap are actuated to perform a differential movement to 

form an opening or a virtual valve, and the opening or the virtual valve is formed because 

of the slit with the zigzagging pattern. 

41. The manufacturing method of claim 40,  

wherein the virtual valve is in a closed state when a difference of displacements of the first 

flap and second flap is less than a thickness of the film structure;

wherein the closed state of the virtual valve occurs at transitions of the differential movement 

of the first flap and the second flap. 

42. The manufacturing method of claim 26, comprising: 

forming the slit with the zigzagging pattern, such that an area coverage ratio is no smaller 

than 0.25.  
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43. The manufacturing method of claim 26, comprising: 

forming the slit with the zigzagging pattern, such that a displacement coverage ratio is no 

smaller than 0.5.  

44. The manufacturing method of claim 26, wherein the air-pulse generating device is applied in 

a sound producing application.  

45. The manufacturing method of claim 26, wherein the air-pulse generating device is applied in 

an air movement application.  

46. The manufacturing method of claim 26, comprising: 

forming or providing a covering structure;

wherein a chamber is formed between the film structure and the covering structure.  

47. The manufacturing method of claim 46, comprising: 

forming an orifice on the covering structure;

wherein the plurality of air pulses propagates outward via the orifice. 


