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Chapter 2  

 

Micromachining Process and Basic Antenna Theory 
 

 

There are two theoretical topics would be discussed in this chapter. One is the 

Micro-Electro-Mechanical technology, includes the process of Surface 

Micromachining, Bulk Micromachining and LIGA, each of them has their own 

advantages and applications. These processes are major steps in MEMS fabrication 

and are necessary process in Chapter 3 and Chapter 4. Another topic is the basic 

antenna theory of monopole antenna and leaky-wave antenna. The basic monopole 

antenna theory was used to design the flexible parylene and 3D micromachining 

antenna in Chapter 3 and Chapter 4. And in Chapter 5, the basic leaky-wave antenna 

theory was used to design a two–directional scanning method, where the short LWA is 

in top side and integrated with the aperture coupled patch antenna array on the other 

side of the substrate. Leaky-Wave Antennas occupy the advantages of frequency 

scanning capability, pencil-beam, easy matching, simple fabrication, and low profile.  

 

2-1. Micro-Electro-Mechanical Technology 

 

From a historical point of view, I would like to refer to a paper titled “There’s 

Plenty of Room at the Bottom” [1], which based on a seminar given in 1959 by the 

famous Nobel laureate physicist Richard Feynman. This paper is usually considered 

as the initial idea of the Microelectromechanical Systems (MEMS) technology. In that 
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paper, Dr. Feynman considered issues such as the manipulation of matter on an 

atomic scale and the feasibility of fabricating denser electronic circuits for computers. 

He also considered the issues of building smaller and smaller tools that could make 

even smaller tools so that eventually the individual atoms could be manipulated. 

    With the rapid growth and progress of the microelectronics technology which 

uses the single-crystal silicon as the basic material. The ability for realization of 

microstructure is well-established by using suitable integrated circuit (IC) process 

steps, such as thin film deposition, lithography, etching and so on. In the United States, 

such a micro-fabrication technology is known as MEMS, whereas in Europe, it is 

called microsystems technology (MST), and in Japan it is referred as micromachines. 

    MEMS technology is a multi-disciplinary technology, it includes radio frequency 

(RF MEMS), optical (Optical MEMS), chemistry, biology (BIO MEMS) [2] and other 

technologies [3]~[4]. Generally, it cab be categorized into three groups: surface 

micromachining, bulk micromachining, and LIGA (lithography, galvanoforming, 

moulding) [5]~[6]; each has their own advantages strengths weaknesses and 

applications [7] and will be discussed in the following subsections. 

 

2-1.1 Surface Micromachining 

 

    Surface micromachining is a technology in which all functional features are built 

up on the surface of a substrate layer by layer [8]~[9]. This technique is based in 

deposition and patterning of thin film materials such as polysilicon, silicon nitride, or 

metallic thin film over a patterned sacrificial film such as silicon dioxide, polymer, or 

photoresist thin film. When the sacrificial layer is etched away, an undercut and freely 

suspended or movable structure can be obtained. The dimensions of these surface 

micromachined structures can be several orders of magnitude smaller than 
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bulk-micromachined structures. The prime advantage of surface-micromachined 

structures is their easy integration with IC components, since the wafer is also used 

for IC elements fabrication. It should be noted that as miniaturization is immensely 

enabled by surface micromachining, the small mass structure involved may be 

insufficient for a number of mechanical sensing and actuation applications [10]. 

Figure 2-1 shows the basic surface micromachining process. First a sacrificial 

layer is formed and patterned (Fig. 2-1a), followed by a similar process for the 

mechanical layer (Fig. 2-1b). Finally, the sacrificial layer is removed by sacrificial 

etching to leave the free standing structures (Fig. 2-1c). Note that the suitable 

sacrificial layer is dependent upon the mechanical layer used, with the important 

factor being the availability of an etchant which etches the sacrificial layer without 

significantly etching the mechanical layer or the substrate. The prime advantage of 

surface-micromachined structures is their easy integration with IC components, 

because the wafer is also the working area for IC elements. 

 

2-1.2 Bulk Micromachining 

 

Bulk micromachining is the more mature one of the two silicon micromachining 

technologies. In bulk micromachining, structures are constructed by etching into a 

large single crystal substrate. Note that silicon is the most widely used material for 

substrate. The bulk micromachining technique can be divided into wet etching and 

dry etching of silicon according to the phase of etchants. Liquid etchants, almost 

exclusively relying on aqueous chemicals, are referred to as wet etching, while vapor 

and plasma etchants are referred to as dry etching. The term bulk micromachining 

comes from the fact that this type of micromachining is used to realize 

micromechanical structures within the bulk of a single-crystal silicon wafer by 
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selectively removing (‘etching’) significant amounts of silicon from the substrate to 

from membranes on one side of a wafer material. The microstructures fabricated 

using bulk micromachining may cover the thickness range from submicron to full 

wafer thickness (200 to 500 µm) and the lateral size range from submicron to the 

lateral dimensions of a full wafer [10]. 

Bulk micromachining technique allows to selectively removing significant 

amounts of silicon from the substrate to form membranes on one side of a wafer. Fig. 

2-2 shows some typical bulk-micromachined structures [11]. Fig. 2-2 (a) and (b) show 

the isotropic and anisotropic etching in silicon substrate. These properties are defined 

by the nature of the chemical reactions, the diffusion of reactants and products, the 

additives, and other factors. By removing parts of the substrate, floating structures can 

be formed, as shown in Fig. 2-2 (c). Note that the etching stop layer is usually used in 

bulk micromachining technology to control the etching depth or construct the 

micro-structures, such as cantilevers and membranes. 

By the combination of isotropic and anisotropic etching, robust structures can be 

built on or “in” the silicon wafers. Besides, by removing parts of the substrate, the 

performance of the RF device can be enhanced due to less substrate loss. Bulk 

micromachining technology now has attracted interest more in integration with 

complementary metal oxide semiconductor (CMOS) technology [12]. 

 

2-1.3 LIGA 

 

LIGA is a German acronym standing for X-ray lithographie (X-ray lithography), 

galvanoformung (electroplating) and abformung (molding) [13]. The principal steps 

of the LIGA technology are shown in Fig. 2-3. 
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First, a thick photoresist is patterned with extend exposure to X-ray radiation, 

and the desired structures are formed after development (Fig. 2-3a). Metal is then 

electroplated on the exposed conductive surface of the substrate, filling the space and 

covering the top surface of the resist. After the photoresist is removed, the metal 

structure is formed Fig. 2-3b). Then, the metal structure is used as a mold insert for 

injection molding to form plating bases (Fig. 2-3c). The plating base replica is, in turn, 

used to electroplate additional metal parts, and is so-called second electroforming 

process (Fig. 2-3d). After removing the plastic part, the final product is formed. 

    The structures with high aspect ratio can be achieved by LIGA technique without 

the restriction of the crystal orientation. In addition, a large variety of materials are 

usable, like metals, ceramics, and polymers. The replication by micromolding offers 

the possibility of low cost mass production. 

 

2-2. Basic Dipole Antenna Theory  

In this section, we will discuss the theory for designing (a) dipole and monopole 

antenna, and also (b) meander line monopole antenna structure. 

 

2-2.1 Dipole and monopole Antenna 
 

The dipole antenna is one of the most basic antennas. The dipole antenna is 

basically a straight piece of wire cut in the center and fed with a balanced generator or 

transmission line [14]~[15]. The dipole antenna is often used with the size of half a 

wavelength (l = λ/2). This size is effective because when fed with RF power at the 

center point, the structure is resonant at the half wave frequency. For a λ/2 dipole 

antenna, the current distribution, I(z), can be written as [15]: 
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Hence, the radiation power pattern of the λ/2 dipole antenna is: 
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And the total radiated power, Prad, will be: 
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From equation (2-5), the radiation resistance, RA, becomes: 
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The directivity of the antenna, D, then can be derived: 
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Assume the efficiency of the λ/2 dipole antenna is 100 %, then the antenna gain, 

G, will be almost equal to D. Note that the antenna gain is a measure of how well the 

antenna radiates the RF power in a given direction, usually compared to a reference 

antenna, such as a dipole or an isotropic radiator. The gain is usually measured in 

dB’s. A negative number means that the antenna in question radiates less than the 

reference antenna, a positive number means that the antenna radiates more. 

By using equation (2-4), the radiation pattern of the λ/2 dipole antenna can be 

plotted as shown in Fig. 2-4. Note that it is not easy to draw a three dimensional 

radiation patterns, hence the three cross section profiles (x-y plane, y-z plane and x-z 

plane) are often used to demonstrate the radiation properties of the antenna. 

A monopole is a dipole that has been divided in half at its center feed point and 

feed against a ground plane [14]. By using image theory, a monopole antenna can be 

equalized to a dipole antenna, as shown in Fig. 2-5. The dipole antenna is constructed 

with two metal elements that are symmetrically fed at the center by a balanced 

two-wire transmission line. One can understand the properties of a λ/4 monopole 

antenna by discussing the relative properties of the λ/2 dipole antenna. The charges 
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and currents on a monopole are the same as the upper half of its dipole counterpart, 

but the terminal voltage is only half of the dipole. Hence, the input impedance for a 

monopole antenna is half of its dipole counterpart, as shown in (2-7) [15]. Besides, 

the monopole can only radiate above the ground plane, and its radiation pattern is 

only the upper half of the dipole antenna, as shown in Fig. 2-6. Therefore, the λ/4 

monopole antenna radiates only half as much power as the dipole antenna. 
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2-2.2 Meandered Structure 

 

In order to reduce the size of the antenna, meandered configurations are usually 

used, as shown in Fig. 2-7 [16]. Thus, the meander line monopole antenna have 

vertical and horizontal segment. First, the input impedance is studied as a function of 

various numbers of segments as shown in Fig.2-8 [16]. Also shown in Fig. 2-8, the 

increase of the antenna length axL  decreases the value of the first resonance frequency 

and increase the resonance impedance. The first-resonant frequency and impedance 

for various values of axL  are derived from regression curve fit of the data plotted in 

Fig. 2-9. 

When the total length of the antenna is fixed, the smaller line space, s, will result 

in more obvious EM-fields neutralizations of the horizontal segments. Hence, the 

resonant frequency is decreased. Besides, the narrower the line width, w, the lower the 

resonant frequency will be, due to its higher resonant impedance. The length shorting 

ratio (SR) is defined as equation (2-7), its value is suggested between 33 and 35% for 

computing the first resonance frequency of the meander line antenna [16]. More 

details about the meander configurations are discussed in references [17]~[19]. 
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In general, the smaller the antenna, the radiation resistance, bandwidth and 

efficiency drops off, and tuning becomes increasingly critical. Hence, simply copying 

an existing design does not necessarily ensure reasonable performance. People who 

want to reduce the size of the antenna should consider the actual requirements for 

range, bandwidth and cost. 

 

2-3. Theory of Leaky-wave Antenna 

In this section, we will discuss the leaky mode of leaky-wave in microstrip line, 

and its radiation pattern and characteristics. 

 

2-3.1 The leaky mode of leaky-wave in microstrip line 
 

There are several wave modes propagate in a microstrip line on the substrates. 

The surface wave and a space wave are the two forms of leakage. The most 

convenient higher-order mode is the first higher mode (TE10, leaky mode) [20] The 

first higher–order mode has a nonzero cutoff frequency, which depend on the guide 

width.. Dispersion curve for the lowest mode and the first two higher modes in 

microstrip line with a top cover is shown in the Fig. 2-10. The normalized phase 

constant β/K0 is plotted against frequency. The solid lines represented real wave 

numbers, whereas the dashed lines correspond to the real parts of the leaky mode 

(complex) solution in “radiation region”. The microstrip line dimensions are strip 

W=3.0mm, dielectric layer thickness 0.6355mm and the height of the top cover is five 

times the dielectric layer thickness. 
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Hence, in order to perform a uniform leaky-wave antenna, we are employing a 

higher mode in an appropriate frequency range of operation. Fig. 2-11 shows the 

surface wave leakage in top view and cross view of microstrip line. The leakage away 

from the strip is the surface wave from on the dielectric layer outside of the strip 

region. The surface wave with phase constant sk
v

, which has two components xk and 

zk in x direction and z direction, propagates away both sides of a micro-strip line at 

some angle. The field propagates axially (in the z direction) with phase constant β.  

0=xk      skz
vv ⋅≥β    The wave is bounded in the microstrip line.    

0≥xk     skzk
vv ⋅≤≤ β0 .  

As 0k<β , small α, space wave become dominant part of the leakage power. 

When 0k<β , α increase larger, the wave is cutoff. The lowest mode on microstrip line 

is always purely bound, but the higher modes will leak the power away when the 

frequency is lowered below some critical value. When the open microstrip line is 

operated in its first higher mode, the electric field lines are roughly sketched. From 

the horizontal electric field polarization configuration on the top of the strip, it can be 

seen that radiation is expected to occur directly above the strip for this first higher 

mode. The leakage power is also expected in the form of surface wave. If the bulk of 

the leakage results in the space wave radiation, as happens in microstrip patch 

antennas, the structure can be used to be a practical antenna. In the next section, we 

will quickly extract the main features of the radiation characteristic once we know the 

β and α of the leaky mode. 

    We employed a rigorous (Wiener-Hopf) solution [21] to find the normalized 

complex propagation constant β/K0-jα/K0 of the first higher order mode, whereα/K0 is 

normalized attenuation constant andβ/K0 is normalized phase constant. The variation 

with frequency for a particular microstrip line of a dimension of line width 433mil for 
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a microwave substrate, rε =2.2 and H = 20mil, are plotted in Fig. 2-12. Moreover, 

the elevation angle θ between the main beam direction and end fire direction (the 

Z-axis direction) is calculated using the equation θ=Cos-1 (β/κ0). Hence, the angle θ is 

a function of frequency.   

 

2-3.2 Microstrip Leaky Wave Antenna radiation considerations 

 

    Leaky wave antenna, as a special class of line source, are featured by normalized 

attenuation constant α/K0 and normalized phase constant β/K0. There are two aperture 

s along the microstrip line two edges, each of Length L and height h has leaky wave 

distribution are zjzeAexzE βα −−= vv
)(1  and zjzeAexzE βα −−−= vv

)(2  where A is a constant, 

respectively, which spaced a distance w. The far-zone electric fields of the 

leaky-mode antenna with length L can written as  
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We assumed that there is no reflection from the far end of the leaky-mode 

antenna. Figure 2-13 shows each one of the two slots of microstrip line radiate into a 

half-space. 
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2-3.3 Characteristics of LWA 

 

    LWA are characterized by two specifications: the angle of maximum radiation mθ , 

the half power beam width θ∆ . There exist simple equation mθ  relate and θ∆  to 

normalized phase constant and the normalized attenuation constant.  

(1)
0

sin
km
βθ ≅    and 

(2)
)cos()(

1

0
m

L θ
λ

θ ≅∆  . The length L is chosen so that 90% or so of the power is 

radiated. This length related to the normalized constant by 

 (3) 

0

0

183.0

k

L
αλ

≅ . 

Physical meaning of variables of equation (1), (2), and (3) are shown in the following 

Fig. 2-14.  
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Figure 2-1: Schematic illustration of the basic process steps in surface 

micromachining. 

 

 

 

 

 

 

 

 

 

 



 32

 

 

 

Figure 2-2: Illustration of possible bulk-micromachined structures.  

(a) Rounded, isotropically etched pits in a silicon substrate.  

(b) Pyramidal pits etched into (100) and (110) silicon using anisotropic 

wet etchants, bounded by (111) crystal planes.  

(c) A pyramidal pit etched down to a buried etch-stop layer in (100) 

silicon, with an undercut cantilever beam. (2-4. [11]) 
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Figure 2-3: Typical sequence for the production of a microstructure based on the 

LIGA technique. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 34

 
 

Figure 2-4: Three dimensional plot of the radiation pattern of the dipole antenna. (2-4. 

[15]) 

 

 

Figure 2-5: Current distribution of a monopole antenna and its equalized dipole 

antenna. (2-4. [15]) 
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Figure 2-6: The radiation pattern of the ideal monopole antenna. (2-4. [15]) 

 

 

 

 
 

Figure 2-7: Meander line antenna with a finite ground plane. (2-4. [16]) 
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Figure 2-8: The frequency of a meander line antenna vs. axL . (2-4. [16]) 

 

 
Figure 2-9: The impendence of a meander line antenna vs. axL . (2-4. [16]) 
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Figure 2-10: Dispersion curve for the lowest mode and the first higher modes in 

microstrip line with a top cover. The figure is copied from the A.A 

Oliner’s paper. (2-4. [20]) 
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Figure 2-11: Top view and Rrough sketch cross view of open microstrip line operated 

in the first higher mode.  
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Figure 2-12: The variations of β/K0  and α/K0 with frequency for a particular 

microstrip line with W=433mil andεγ=2.2 and H = 20mil. (2-4. [21]) 
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Figure 2-13: Geometry and coordinate system for the microstrip leaky-wave antenna. 

 

X

z

`

mθ

0

sin
km
βθ ≅

0

cos
k
βθ ≅θ

L

0

0

183.0

k

L
αλ

≅

 

Figure 2-14: Coordinate system and the physical meaning of mθ , and θ∆ . 

  


