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Abstract 
 

The need for a concealed weapons and explosive detection has increased in 

recent years. Millimeter-wave (MMW) imaging is a possible solution to this 

problem since millimeter-waves can penetrate thin clothing layers. This is a 

method of forming images through the detection of millimeter-wave radiation 

power from a scene. This power is a combination of what the scene object is 

directly emitting and what it is reflecting from its environment. The MMW has 

the ability to see under low visibility conditions (such as fog, clouds, smoke, 

sandstorms, etc.) that would ordinarily blind visible or infrared sensors.   

 

Several millimeter-wave imaging systems for target identification have been 

reported in the current state of the art but the novelty of this thesis work is the 

incorporation of the Substrate Integrated Waveguide (SIW) technology in the 

receiver antenna and a Nipkow disc to reconstruct the image under 

surveillance. SIW technology has the advantages of low cost, lower losses 

than coplanar and microstrip lines, and it is highly integrable with microwave 

and millimeter wave integrated circuits. The Nipkow disc is a mechanical 

operating image scanning device. The device consists of a mechanically 

spinning disk with a series of equally distanced circular holes of equal 

diameter drilled in it that scan the image when rotating. This disc has the 

advantages of simple realization high speed scanning.  
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Resumen 
 

La necesidad de detección de armas y explosivos ocultos ha aumentado en 

los últimos años. Los sistemas de imagenología a través ondas milimétricas 

es una posible solución a este problema a partir de que las ondas 

milimétricas pueden penetrar capas delgadas de ropa. Este es un método de 

formación de imágenes a través de la detección de la potencia de radiación 

de ondas milimétricas de una escena. Esta potencia es una combinación de 

lo que el objeto de la escena esta directamente emitiendo y de lo que esta 

reflejando de su entorno. Las ondas milimétricas tiene la capacidad de ver 

bajo condiciones de baja visibilidad (tales como niebla, nubes, humo, arena, 

etc.) que normalmente cegaría a los sensores visibles o infrarrojos.  

 

Varios sistemas de imagenología a través ondas milimétricas para la 

identificación de objetos han sido reportados en el estado actual del arte, 

pero la novedad de este trabajo de tesis es la incorporación de la tecnología 

de guía de onda integrada en el mismo substrato en la antena receptora 

(SIW, por sus siglas en inglés) y un disco de Nipkow para reconstruir la 

imagen bajo observación. SIW se sintetiza por la colocación de dos filas de 

agujeros metálicos en un substrato. Las ventajas de la tecnología SIW son  

bajo costo de manufactura, menores pérdidas que las líneas coplanares y de 

microcinta, y su alta integrabilidad en circuitos integrados de microondas y 

milimétricos. El disco de Nipkow es un dispositivo mecánico de escaneo de 

imagen. El dispositivo consta de un disco girando mecánicamente con una 

serie de agujeros circulares de igual diámetro e igualmente distanciados 

perforados en él, que al girar escanean la imagen. Las ventajas de éste disco 

son su sencilla implementación y su alta velocidad de escaneo. 
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Chapter I 
Introduction 

 

Imaging has been performed for decades, new sensor technology in the 

millimeter-wave regime has enabled the generation of MMW imaging and has 

renewed interest in this area. This attention is, in part, driven by the ability to 

form images during the day or night; in clear weather or in low-visibility 

conditions, such as haze, fog, clouds, smoke, or sandstorms; and even 

through clothing.  

 

Millimeter-wave (MMW) imaging is a method of forming images through the 

detection of millimeter-wave radiation from a scene. This detection can be 

active or passive. The election between these two approaches depends of the 

particular application. Nowadays different applications exist for imaging 

through millimeter-waves such as medical devices, security systems and 

surveillance cameras among others. 

 

In this thesis work a MMW imaging system for concealed object detection is 

proposed. We added to the system a millimeter-wave lens to form an image 

of the target to the antenna and a Nipkow disc to sample the image under 

observation. We also incorporated the Substrate Integrated Waveguide (SIW) 

technology in the receiver antenna. 

 

In Chapter II, the current state of the art of the millimeter-wave imaging and 

the justification of the thesis work are presented.  

 

1 



 

 

Chapter III deals with the radiometer theory where topics such as blackbody 

radiation and the Planck’s radiation law are discussed. The different types of 

MMW imaging systems are also explained. 

 

The details of the MMW imaging system as well as its electronics are 

exhibited in Chapter IV. An in depth explanation on the integrator design, the 

operation of the millimeter-wave lens and the absorber material are also 

given. At the end of this chapter, the operation of the whole system is 

explained. 

 

In Chapter V the SIW antenna design is presented.  This Chapter begins with 

an explanation of the Substrate Integrated Circuit (SIC) technology. Then it 

proceeds to explain the proposed wide bandwidth SIW flare antenna. Full 

simulations and optimization of this antenna are shown together with a 

comparison with the current state of the art.  

 

  Chapter VI begins by giving a theoretical introduction of the Nipkow disc 

device, and then it proceeds to treat the Nipkow disc system designed at 

optical frequencies. Finally the Nipkow disc system implementation at 

millimeter frequencies is discussed. 

 

The experimental results of the remote sensing system are treated in Chapter 

VII. Both, active and passive experimental results obtained from the MWW 

imaging systems are exhibited. 

 
Finally, all the conclusions obtained from this thesis work as well as the future 

work for the MMW imaging system are presented in Chapter VIII. 
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In Appendix A the datasheets of the materials and components used to 

perform the MMW imaging system are shown. The participation in 

conferences of this thesis work is presented in Appendix B. References used 

in this thesis work can be found at the end of each chapter in the References 

Section. 
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Chapter II 
State of the art and justification 

 

This Chapter is divided in two sections. The current state of the art of the 

millimeter-wave imaging is discussed in Section 2.1, while In Section 2.2, the 

justification of the thesis work is presented. 

 

 

2.1 State of the art of the millimeter-wave imaging 
 

The exploitation of the millimeter-wave regime (defined to lie between 0.3 and 

300 GHz, with corresponding wavelengths between 1 m and 1 mm) for 

imaging has increased in recent years. The great advantage of millimeter-

wave radiation is that it can be used not only in day and night conditions, but 

also in fog, clouds, smoke, dust and other poor visibility conditions that 

normally limit the “seeing” ability of both visible and infrared (IR) sensors. 

 

The current state-of-the-art in millimeter-wave imaging systems includes two 

fundamentally different techniques. The first technique uses a focal-plane 

array (FPA) of millimeter-wave detectors placed behind a large lens. This 

technique can detect either passive energy emitted by the target or can use 

active millimeter-wave illuminators. As an example of this technique is the 

system proposed by Richter et. al. [2.1], where they performed a Multi-

channel FPA radiometer at the frequency of 94 GHz with array modules of 

rectangular tapered dielectric rod antennas to scan at different viewing 

angles. The dielectric lens that they designed is a bifocal wide angle lens 
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made from high density polyethylene. This system presents a slow image 

acquisition time (12 min). Another example of FPA imaging system is the 

proposed by Watabe et. al. [2.2], who designed a 60 GHz active imaging 

system, which uses a Yagi–Uda antenna array. This system incorporates 

multilayered feed-forward neural network signal processing to recognize 

objects and reconstruct images distorted under coherent illumination with an 

image reconstruction time from 1 to 2 min. To focus the millimeter-waves 

scattered by the object they used two dielectric lenses to construct the 

images (an objective lens and a hemispherical substrate lens). These two 

systems present good quality in the image reconstruction but they have the 

disadvantages of high cost and big size due to the antenna arrays used in the 

receiver. A novel contribution to solve the size problem was made by Mizuno 

et. al. [2.3], who developed a 35 GHz passive millimeter-wave imaging 

apparatus with a dielectric lens and an imaging element array. Each imaging 

element has a single-substrate structure on which a wideband antenna, a 

line-transition structure, low noise amplifiers, and a detector circuit. All 

components have been integrated in the same substrate, reducing 

significantly the size of the whole system in comparison with other millimeter-

wave FPA imaging systems. Another contribution was made by Luukanen et. 

al. [2.4] where they use an array of microbolometers as the detectors and a 

low cost pulsed-noise source as an illuminator. The focal plane array is 

fabricated on a high resistivity silicon wafer incorporating 120 

microbolometers coupled to slot-ring antennas reducing significantly not only 

the size of the system but also its cost.  

 

One of the main drawbacks of conventional FPAs is their small lens aperture 

as a consequence of limited size due to manufacturing constraints, which 

leads to relative low resolution and limited field of view. To overcome these, 

several authors have proposed image enhancement techniques. Luo et. al. 

[2.5], presented an improved imaging system based on the singular-value 
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decomposition (SVD) theorem to reconstruct the image. With this new 

approach a thin lens can be used as the focusing element with image quality 

improvements. Ocket et. al. [2.6] also performed a simplified 2D calculation 

method based on Huygens' principle for active millimeter wave imaging 

systems to avoid aberrations such as speckle and glint in the image 

reconstruction.  

 

A second technique which eliminates the use of lenses is based on 

holographic linear arrays (phased arrays) of sequentially switched transmitter 

receivers scanned quickly over a large aperture to actively illuminate the 

target. This system operates at a single frequency, and is coherent, which 

means the phase of the returned signal is recorded, as well as the amplitude. 

The coherent data can be mathematically reconstructed in a computer to form 

a focused image of the target without the need for a lens. Millimeter-wave 

holographic imaging for concealed weapon detection was originally proposed 

by Farhat and Guard [2.7]. Their imaging technique utilized a stationary 

source and a scanned receiver system that employed optical (film-based) 

reconstruction. This technique was dramatically improved by Collins et. al. 

[2.8] by utilizing a scanned transmitter receiver and digital reconstruction. 

Scanning the source produces high-quality imagery because the target is 

illuminated over a broad range of angles, both vertically and horizontally, 

which greatly reduces shadowing due to specular reflection. The original 

techniques developed by Collins et. al. [2.8] produced high-quality imagery. 

However, the depth of field was very short due to the large aperture and 

close-range operation. This limitation has been eliminated by using the wide 

band holographic imaging proposed by Sheen et. al. [2.9], which consists of 

forming 3-D images of targets from wide-band data gathered over a 2-D 

aperture. There, different techniques for improving image reconstruction have 

been performed, as the frequency-encoding technique proposed by Derham 

et. al. [2.10], where a transmitter illuminates objects in the scene with a 
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pseudo-noise signal, and a frequency-scanning receiver antenna captures the 

reflected signals to be processed in an algorithm computer program. This 

prototype system works at the frequency of 60 GHz and the images are 

obtained by a combination of frequency-encoding and mechanical scanning 

(one motor scans the complete antenna system in azimuth and a second 

motor rotates the antenna to one of the fixed positions in elevation). Due to 

the mechanical scanning in both azimuth and elevation, the system becomes 

expensive but the programming time to reconstruct the image is shorter in 

comparison with other imaging systems (40 sec.).  Dallinger et. al. [2.11] have 

also performed a system concept based on the circular SAR principle. They 

proposed a circular synthetic aperture to scan a person’s body entirely and an 

algorithm to enhance the image quality based in the method of stationary 

phase to obtain the image’s Fourier transform. By using this circular aperture 

only the necessary amount of hardware components is at minimum, because 

only a single monostatic sensor needs to be designed. With this system 

concealed weapon detection can be successfully performed with a good 

quality in the image reconstruction.  On the other hand, Zhang et. al. [2.12] 

designed multispectral image fusion techniques which can significantly 

improve the spatial content of mm-wave images. Three different pixel-level 

fusion methods, including band ratioing fusion, wavelet transform fusion, and 

principle component fusion, have been applied to mm-wave images of two 

test objects, captured in W-band. The experimental results show that band 

ratioing fusion performs the best in revealing detailed features of the object, 

wavelet transform fusion performs well in distinguishing the object from the 

background, and principle component fusion has the potential to reduce 

speckle resulting in better image quality. Therefore, these fusion methods are 

believed to be helpful for object recognition tasks in active millimeter wave 

imaging applications. Another interest approach of phased array systems is 

the W-band phased array imager performed by Lovberg et. al. [2.13].  It 

consists of a broadband phased array receiver from 76 to 94 GHz, and a 
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single planar slot-array antenna. The object radiation is detected by the 

antenna, followed by phase sorting into azimuth bins and then frequency 

sorting into elevation bins, to create a two-dimensional image. This system 

has the advantage of a reduced volume requirement in compare with FPA 

imaging systems, since no dedicated focal area is required. The disadvantage 

of this design is that the fidelity, sharpness and contrast of imagery are 

affected by the quality of the array phasing.  

 

These two techniques (FPA and holographic) explained above have a lot of 

potential applications in security scanning [2.14], in plasma diagnostics [2.15], 

atmospheric and planetary remote sensing [2.16], automotive collision-

avoidance radar [2.17], safe aircraft landing [2.18], and as diagnostic tools in 

areas such as agriculture, forestry, and food industry [2.3]. More recent 

applications of terahertz spectroscopy for character recognition in medieval 

manuscripts [2.19] and art conservation [2.20] have been reported. 

 

In the field of security, scanning the detection of concealed weapons 

underneath a person's clothing is an important obstacle to the improvement of 

the security of the general public as well as the safety of public assets like 

airports and buildings. Due to this, several researchers have devoted much 

effort to the development of a variety of techniques for concealed weapon 

detection. As an example McMakin et al. [2.14], developed a novel wideband 

millimeter-wave imaging system which allows rapid inspection of personnel 

for concealed explosives, handguns, or other threats. To form an image 

rapidly, a linear array of 128 antennas is used to electronically scan over a 

horizontal aperture, while the linear array is mechanically swept over a 

vertical aperture. At each point over this 2-D aperture, coherent wideband 

data reflected from the target is gathered using wide beamwidth antennas. 

The data is recorded coherently, and reconstructed using an efficient image 

reconstruction algorithm. This algorithm works in the near-field of both the 
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target and the scanned aperture and preserves the diffraction limited 

resolution of less than one wavelength. The wide frequency bandwidth is 

used to provide depth resolution, which allows the image to be fully focused 

over a wide range of depths, resulting in a full 3-D image. This system has 

been extensively tested using concealed metal and plastic weapons, and has 

recently been tested using real plastic explosives (C-4 and RDX) and 

simulated concealed liquid explosives  

 

In plasma diagnostics, significant advances in millimeter wave and THz 

receiver and array technology have led to new approaches for the 

visualization of density and temperature fluctuations inside the core of high 

temperature plasmas, as the work made by Domier et. al. [2.15]. Their system 

collects millimeter wave electron cyclotron emission from the plasma and 

images it onto a planar mixer array to form 2-D images of electron 

temperature fluctuations. Collective scattering approaches at THz frequencies 

can resolve density fluctuations deep into the plasma core that are not 

accessible via reflectometry. 

 

For atmospheric and planetary remote sensing millimeter-wave radiometers 

have found extensive use in several geoscientific fields including 

meteorology, oceanography, and hydrology, as will discussed in Chapter 3. 

Most of these applications are those involving observations of oceanographic 

parameters or atmospheric parameters over the ocean, such as sea surface 

temperature, wind speed, atmospheric water-vapor content, liquid-water 

content, temperature profiles, rainfall rates, etc. 

 

Recently, IR diagnostics are now widely used to check maturity of fruit such 

as apple, peach, etc. This diagnostics utilizes a spectroscopic way to 

determine degree of sweetness. However, this method can not apply for fruit 

with thick skin such as citron, watermelon, etc. Because of this, Mizuno et. al. 
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[2.3], have been designed an imaging system (described in the previous 

paragraphs) to measure fruit using millimeter-wave technology to check 

maturity by passive millimeter-wave diagnostic. The results obtained with this 

system suggest we can recognize whether fruit would be mature or not using 

millimeter-wave passive imaging.  Mizuno et. al. [2.3] performed another 

imaging apparatus which uses the Fresnel distance principle. The imaging 

element is mechanically scanned in front of an object of a distance within 10 

wavelengths (Fresnel distance). This system can be used for nondestructive 

inspection of timber, for example, damage suffered from white ants, search 

on existence of knots, and so on, or for measuring the temperature of an 

object inside a cardboard box. 

 

 

 

2.2 Justification 
 

As discussed in the above Section, most of the current millimeter-wave 

imaging systems present the disadvantages of high cost, slow image 

acquisition time, complex computer algorithms to reconstruct or enhance the 

image quality, and difficult implementation due to the focal plane and phase 

arrays used as receivers. Because of this, a new millimeter-wave imaging 

system has been proposed for this thesis work where the cost and image 

reconstruction are improved significantly by introducing the relative new 

substrate integrated waveguide (SIW) technology in the receiver antenna, 

and a Nipkow disc to reconstruct the image under observation. As will be 

explained in Chapter 5, SIW technology is synthesized by placing two rows of 

metallic via-holes in a substrate where the field distribution is similar to that of 

a conventional rectangular waveguide with the advantage of being   low cost. 

Moreover, SIW presents lower losses when compared to other planar 

technologies such as coplanar or microstrip. The Nipkow disc is a mechanical 
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operating image scanning device which consists of a mechanically spinning 

disk with a series of circular holes drilled in it. These holes are positioned to 

form a single-turn spiral so that each hole takes a horizontal "row" through the 

image which is sampled as a pattern of light or dark by a sensor. This 

information can then be easily displayed on a computer screen, as will be 

shown in Chapter 6.  
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Chapter III 
Radiometer and Millimeter-Wave 

Imaging Theory 
 

In this chapter some elements of the radiometer theory will be explained and 

after that millimeter-wave imaging systems will be treated. Among the 

important discussed topics we find blackbody radiation and the Planck’s 

radiation law.  

 

 

3.1 Radiometer Theory 
 

3.1.1 Introduction  
 

All matter radiates electromagnetic energy. The radiation is a consequence of 

the interaction between the atoms and molecules in the material. A material 

also may absorb and/or reflect energy incident upon it. When in 

thermodynamic equilibrium with its environment, a material absorbs and 

radiates energy at the same rate [3.1]. A blackbody is defined as an ideal 

material that absorbs all the incident radiation, reflecting none, as will be 

explained in depth in Section 3.1.2. Since the absorbed energy by a material 

would increase its temperature if no energy were emitted, a perfect absorber 

also is a perfect emitter. The blackbody radiation spectrum is given by 

Planck's radiation law (see Section 3.1.2), which was formulated by Max 

Planck in 1901 by introducing the concept of the quantum of energy. This 
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spectrum is used as a reference against which the radiation spectra of real 

bodies at the same physical temperature are compared. The spectral, 

polarization, and angular variations of the radiation emitted, absorbed, and 

scattered by a medium are governed by the geometrical configuration of the 

surface and interior of the medium, and by the spatial distributions of its 

dielectric properties and its temperature. 

 

Radiometry is the measurement of electromagnetic radiation [3.2], [3.3]. A 

millimeter-wave radiometer is a highly sensitive receiver capable of 

measuring low levels of millimeter-wave radiation. When a scene, such as 

terrain, is observed by a millimeter-wave radiometer (through its antenna 

beam), the radiation received by the antenna is partly due to self-emission by 

the scene and partly due to reflected radiation originating from the 

surroundings. Through proper choice of the radiometer parameters 

(wavelength, polarization, and viewing angle), it is sometimes possible to 

establish useful relations between the magnitude of the energy received by 

the radiometer and specific parameters of interest.  

 

 

3.1.2 Planck's Blackbody Radiation Law 
 

The concept of a blackbody is of fundamental importance to an understanding 

of the thermal emission of real materials because its emission spectrum 

represents a reference, relative to which the radiant emittance of a material 

can be expressed. In general, of the radiation incident upon the surface of a 

solid (or liquid) substance, a certain fraction is absorbed and the remainder is 

reflected. A blackbody is defined as an idealized, perfectly opaque material 

that absorbs all the incident radiation at all frequencies, reflecting none [3.1]-

[3.3]. In addition to being a perfect absorber, a blackbody is also a perfect 
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emitter, since energy absorbed by a material would increase its temperature if 

no energy were emitted. 

In practice, a good approximation to a blackbody is a hollow body with a small 

opening. Any radiation entering the container through the opening is 

absorbed or undergoes many reflections on the inside surfaces, so that all the 

original energy is effectively absorbed before it can be reflected back out 

through the opening. If the container is maintained at some fixed temperature 

T, its inner surfaces will emit and absorb photons at the same rate, and 

therefore the energy leaking out through the opening resembles radiation by a 

blackbody in thermodynamic equilibrium. At millimeter-wave frequencies, 

good approximations to ideal blackbodies are the highly absorbing materials 

used in the construction of anechoic chambers. 

 

According to Planck's radiation law, a blackbody radiates uniformly in all 

directions with a spectral brightness BBf given by  
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hff
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c
hfB  (3.1) 

 

where BBf  = Blackbody spectral brightness, W m sr Hz-2 -1 -1

h = Planck's constant = 6.63x10-34 joules 

f = frequency, Hz 

k = Boltzmann's constant = 1.38x10-23 joule K-1

T = absolute temperature, K 

c = velocity of light = 3x108 ms-1. 

 

The only two variables in (3.1) are f and T. A family of curves of BBf as a 

function of frequency are shown in Figure 3.1 (with T as parameter). 

Logarithmic scales are used on both axes so that a wide range of values can 
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be accommodated. These curves exhibit two interesting features: (1) as the 

temperature T is increased, the overall level of the spectral brightness curve 

increases, and (2) the frequency at which BfB , is maximum increases with T. 

 

 
Figure 3.1. Planck radiation-law curves (from [3.3]). 

 

Over a narrow frequency interval df centered at f, the brightness is given by 

 

dfBdB f=  (3.2) 

 

It is sometimes of interest to express the spectral brightness in terms of BBλ, 

rather than BfB  where B

λλdBdB =

B

 

λ is the power per unit area per unit solid angle per unit 

wavelength. Over a wavelength interval dλ corresponding to the frequency 

interval df above, the area under the curve contains the same brightness dB. 

Thus,  

 

(3.3) 
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From equations (3.2) and (3.3) and noting that 

 

λ
λ

dcdf 2−=  (3.4) 

 

the following expression for BBλ is obtained: 
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The negative sign in (3.4) has been ignored because it merely reflects the fact 

that f and λ increase in opposite directions and it has no bearing on the 

magnitudes of dλ and df. The curves shown in Figure 3.1 are also plots of BBλ, 

with the right-hand ordinate scale expressing BλB , and the corresponding 

frequency and wavelength scale given as abscissa along the top of the chart. 

 

 

3.1.3 Application of millimeter-wave radiometry 
 

Millimeter-wave radiometry has a lot of applications as discussed in Chapter 

2. All these applications can be classified into three general topics: 

astronomical studies, military and security applications, end environmental 

monitoring. A fourth relative new topic can be included: food applications. 

Radiometers have been used to measure the radio emission from numerous 

objects in our galaxy as well as from objects in other galaxies [3.4]. 

 

The military and security use of radiometers is primarily for detecting or 

locating hidden weapons [3.5]-[3.9]. The term used for characterizing the 

emission by the scene observed by the radiometer (through its antenna 

18 



beam) is the brightness temperature TB, which may vary from zero K (for a 

non emitting medium) to a maximum value equal to the physical temperature 

To, of the scene (for a perfect emitter known as a blackbody). Equivalently, 

the emissivity e(=TB/To) varies between zero and unity. Theoretically, a 

perfectly conducting material, such as a metal object, has zero emissivity, 

thereby making it easy to differentiate from the earth's background (the 

emissivity for land surfaces is rarely <0.3 and is often >0.7). Although metal 

objects do not self-emit, their radiometric temperatures are not identically zero 

because they reflect downward-emitted sky radiation. The radiometric 

contrast between a field of view (FOV) with and without a target contained in 

it is a function by the antenna beamwidth, being in turn determined by the 

size of the antenna and the millimeter-wave frequency. Operationally, 

millimeter-wave radiometers are used in conjunction with other superior-

spatial-resolution sensors such as radars and infrared scanners, which serve 

as the prime sensors for detecting the presence of military targets.   

 

Aside from their use in radio astronomy and for military applications, 

millimeter-wave radiometers have found extensive use in several geoscientific 

fields including meteorology, oceanography, and hydrology [3.3]. Most of 

these applications are those involving observations of oceanographic 

parameters or atmospheric parameters over the ocean, such as sea surface 

temperature, wind speed, atmospheric water-vapor content, liquid-water 

content, temperature profiles, rainfall rates, etc. Over land, monitoring snow 

accumulation and depletion may be feasible. Another land application that 

may be served by millimeter-wave radiometry is soil-moisture determination 

[3.10]. Extensive research has been conducted using ground-based and 

airborne millimeter-wave radiometers to determine the radiometric sensitivity 

to soil moisture content, soil surface roughness, soil type, and (to a lesser 

extent) vegetation cover.  
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3.1.4 Operation of radiometers 
 

The signal received by a radar receiving antenna consists of energy scattered 

back by the target after it has been illuminated by the radar transmitting 

antenna. For the radiometer, the "transmission source" is the target itself, and 

the radiometer is merely a passive receiver. The energy received by a 

radiometer is due to radiation self-emitted and/or reflected by the scene and 

collected by the antenna. The power P emitted by an object in thermodynamic 

equilibrium is a function of its physical temperature T, and in the millimeter-

wave region P is directly proportional to T, [3.3]. For a given value of T, the 

maximum amount of power that an object can emit is equal to Pbb, the power 

emitted by an ideal blackbody. If a millimeter-wave antenna is placed inside a 

chamber whose walls are made of a perfectly absorbing (and therefore, 

perfectly emitting) material, the power received by the antenna is 

 

kTBPbb =  (3.6) 

 

where k is Boltzmann's constant and B is the radiometer bandwidth. The 

above correspondence between power and temperature has led to the 

definition of radiometric temperatures to characterize the power emitted by or 

received from a real scene. Specifically, the term radiometric brightness 

temperature TB is used to characterize the emission by a material through the 

expression 

 

kB
PTB =  (3.7) 

 

where P is the power emitted by the material over the bandwidth B.  
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Similarly, corresponding to the power PA received by a radiometer antenna, a 

radiometric antenna temperature TA is defined by  

 

kB
PT A

A =  (3.8) 

 

If the scene observed by the antenna beam is characterized by a uniform 

brightness temperature TB (representing radiation in the direction of the 

antenna), then TA=TB. In the general case, however, TA represents all incident 

radiation upon the antenna, integrated over all possible directions and 

weighted according to the antenna directional pattern. Additionally, in the real 

situation, other factors also are involved. These include the effects of the 

atmosphere and self-emission by the antenna structure.  

 

It was stated earlier that a radiometer is merely a passive receiver. A 

radiometer, however, is different from traditional radar or communications 

receivers in two respects. First, whereas the input signal that is processed by 

a traditional receiver may be phase-coherent and nearly monochromatic, the 

natural radiation emitted by material media is phase-incoherent and extends 

over the entire electromagnetic spectrum. That is, it is "noiselike'" in character 

and similar to the noise power generated by the receiver components. 

 

The second difference relates to the signal-to-noise ratio, Sn, at the receiver 

output. In traditional receivers, faithful extraction of the information contained 

in the received signal necessitates that Sn >>1 to differentiate the signal from 

the fluctuating component of the noise. This condition usually is achieved 

through a combination of amplitude and waveform design of the transmitted 

signal and the application of signal-processing modes in the receiver section, 

although some scatterometers use methods similar to those used in 

radiometers. 
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Unlike the situation in traditional receivers, the radiometric signal to be 

measured, PA, usually is much smaller than the receiver noise power. 

Radiometers are highly sensitive receivers that are configured to measure 

very small input signal levels with a high degree of precision. Several different 

configurations have been developed, [3.11]. For the purposes of this thesis 

work, we shall discuss the operation of the configuration used for the MWW 

imaging system (Section 4.1), known as the total-power radiometer. 

 

 

The block diagram of a typical total power radiometer is show in Figure 3.2. 

The front end of the receiver is a standard superheterodyne circuit consisting 

of a radio frequency (RF) amplifier, a mixer/local oscillator, and an 

intermediated frequency (IF) stage, followed by a detector and an integrator. 

The power delivered by the antenna usually is broadband noise extending 

over a wider bandwidth than the receiver bandwidth B. The function of the RF 

amplifier is to filter the input signal by amplifying the frequency components 

contained in the bandwidth B centered at the RF frequency of interest, fRF. 

The mixer and IF amplifier translate the RF band of signals of bandwidth B to 

the same bandwidth at the IF and provide further amplification. In practice, 

the RF amplifier usually has a wider bandwidth than that of the IF amplifier, 

and therefore the predetection bandwidth B is effectively determined by the IF 

amplifier bandpass characteristics. The detector is generally a square-law 

device, so that its output voltage is proportional to the input power, [3.12]. The 

integrator is essentially a low-pass filter with a cutoff frequency of 1/τ, and 

serves to smooth out short-term variations in the noise power.  
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Figure 3.2. Total power radiometer block diagram. 

 

 

If the antenna is pointed at a background scene with a brightness 

temperature TB, the antenna power will be PA=kTBB. The receiver contributes 

noise which can be characterized as a power PR=kTRB at the receiver input, 

where TR is the overall noise temperature of the receiver. Thus the output 

voltage of the radiometer is 

 

( )kBTTGVo RB +=  (3.9) 

 

where G is the overall gain constant of the radiometer. Conceptually, the 

system is calibrated by replacing the antenna input with two calibrated noise 

sources, from which the system constants GkB and GTRkB can be 

determined. (This is similar to the Y-factor method for measuring noise 

temperature). Then the desired brightness temperature, TB, can be measured 

with the system. 

 

Two types of errors occur with this radiometer. First is an error, ΔTN, in the 

measured brightness temperature due to noise fluctuations. Since noise is a 

random process, the measured noise power may vary from one integration 
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period to the next. The integrator acts to smooth out ripples in V0 with 

frequencies components greater than 1/τ. Then the remaining error is 

 

τB
TTT RB

N
+

=Δ  (3.10) 

 

This result shows that if a longer measurement time, τ, can be tolerated, the 

error due to noise fluctuation can be reduced to a negligible value. 

 

A more serious error is due to random variations in the system gain, G. Such 

variations generally occur in the RF amplifier, mixer, LO or IF amplifier, over a 

period of one second or longer. So if the system is calibrated with a certain 

value of G, which changes by the time a measurement is made, an error will 

occur, as given as 

 

( )
G
GTTT RBG

Δ
+=Δ  (3.11) 

 

where ΔG is the rms change in the system gain, G. 

 

It will be useful to consider some typical numbers at this time. For example, a 

10 GHz total power radiometer may have a bandwidth of 100 MHz, a receiver 

temperature of TR=500 K, an integrator time constant of τ=0.01 s, and a 

system gain variation ΔG/G=0.01. If the antenna temperature is TB=300 K, 

(3.10) gives the error due to noise fluctuations as, ΔTN =0.8 K, while (3.11) 

gives the error due to gain variations as ΔTG=8K. These results, which are 

based on reasonably realistic data, show that gain variation is the most 

detrimental factor affecting the accuracy of the total power radiometer.  
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3.2 Millimeter-wave imaging  
 

 

3.2.1 What is Millimeter-wave Imaging? 
 

Millimeter-wave imaging is a method of forming images through the detection 

of millimeter-wave radiation from a scene [3.1]. This power is a combination 

of what the scene object is directly emitting and what it is reflecting from its 

environment. The amount of power can be assigned a level within a gray 

scale to generate the image. The amount is thus fundamental to the 

generation of the image, and an understanding of what contributes to this 

power is needed. 

 

The millimeter-wave radiation has the ability to see under conditions of low 

visibility (fog, clouds, smoke, sandstorms, etc.) that would ordinarily blind 

visible or infrared (IR) systems. The amount of radiation emitted in the 

millimeter wave range is 108 times smaller than the amount emitted in the 

infrared range. Millimeter-wave imaging also provide transmission through 

optically opaque layers and passes through many materials such as clothing.

  

 

 

3.2.2 Types of millimeter-wave imaging 
   

In general, there are two different modes which can be distinguished for the 

development of millimeter-wave imaging systems: the passive mode and the 

active mode,  
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3.2.2.1 Passive millimeter-wave imaging 
 

Passive millimeter-wave mode may be defined as picture-taking with 

millimeter-waves, where each target is an energy source that generates and 

radiates or reflects energy in the millimeter-wave region as shown in Figure 

3.3. In this mode the spectral distribution of natural radiation which is emitted 

or reflected from the target at environmental temperatures is properly 

captured and displayed (radiometry concept), the targets are not "illuminated" 

by reflected or scattered sources. Because the sources themselves are 

active, the system -without its own illuminator- is termed passive. On this 

mode the radiation of MMW is non ionizing and hence radiation does not 

represent a health hazard to people under observation. 

 

 
Figure 3.3. Passive millimeter-wave mode. Ri = incident radiation, Rr = reflected radiation, 

and Re = emitted radiation. 
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3.2.2.1 Active millimeter-wave imaging 
 

In Active millimeter-wave mode a millimeter-wave source is required to 

illuminate the scene. The source produces much higher powers than those 

thermally emitted from targets within the scene as illustrated in Figure 3.4. In 

active imaging, thermal millimeter waves generated by objects within the 

scene are of less significance due to the much higher power produced by the 

source which allows us to have a better contrast than in passive mode. On 

this mode we have to verify that the millimeter-wave radiation does not 

present a health hazard to people by complying with the safety standards for 

RF/microwave exposures, as will be explained in Section 4.5.2. 

 
 

 
Figure 3.4. Active millimeter-wave mode. Rs = radiation emitted by the source to illuminate 

the target, and Re = emitted radiation. Re << Rs. 
 

In this thesis work, both passive and active modes have been performed as 

will be shown in the next Chapter. 
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Chapter IV 
Experimental Arrangement 

 

This chapter explains the details of the millimeter-wave (MMW) imaging 

system as well as the assembled radiometer (Section 4.1). In Section 4.2 an 

in depth explanation on the integrator design is given. In the Sections 4.3 and 

4.4 the operation of the millimeter-wave lens and the absorber material are 

exhibited, respectively. Finally, in Section 4.5, the operation of the whole 

system in both active and passive approach will be explained. 

 

 

4.1 Block diagram of the MMW imaging system 
 

The block diagram of the proposed MMW imaging system is shown in Figure 

4.1. The goal of the system consists of a millimeter-wave absorbing 

background foam, a millimeter-wave lens, a receiving antenna, and a 

radiometer. The foam is used only in active approach as mentioned in Section 

4.4. The different objects are sensed by placing them in front of the antenna 

and focused by the millimeter-wave lens. This lens is made of teflon and has 

a diameter of 16.2 cm. Its focal length was obtained in both theoretically and 

experimentally as discussed in Section 4.3. For the receiving antenna, three 

different types of antennas were used in the development of the system as 

explained in Section 4.5.  As a novelty in MMW imaging a fourth substrate 

integrated waveguide antenna was designed to be used in the MMW imaging 

system, which will be explained in detail in next Chapter.  
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As we see in Figure 4.1, we added to the system a nipkow disc to sampled 

the image formed by the lens and finally displayed it on the computer. It 

consists of a metal disc which has a spiral of circular holes drilled in it. Each 

hole provides one of the curved scan lines to reconstruct the image being 

observed as explained in detail in Chapter 6.  
 

 
Figure 4.1. Block diagram of the MMW imaging system. 

 

The radiometer constructed for the MWW imaging system is shown in Figure 

4.2. The total power configuration was utilized (see Section 3.1.4). All the 

components were placed into a metal box to avoid electromagnetic 

interference from the surroundings. 

 

 
Figure 4.2. Electronics of the MMW imaging system. 
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The specifications of the components used in the constructed radiometer are 

shown in Table 4.1. The LNA is used to amplify the small radiation emitted by 

the target. It has a bandwidth from 15 to 26 GHz, 2.8 dB (1.90 W) of noise 

figure (NF) and a gain (G) of 55 dB (316.23 W).  

 

 The mixer is a triple balanced mixer with Noise Figure of NF=9.5 dB (8.91 

W). It works in down-conversion mode.  

 

The local oscillator achieves an output power (OP) from 13 to 16 dBm (19.95 

to 38.91 mW) with phase noise (PN) of ~135 dBc/Hz, and a tuning range from 

20.641 to 21.7 GHz.  

 

The detector is a square law detector, with a bandwidth from 0.01 to 40 GHz 

and a standing wave ratio (SWR) of 1.90 at 40 GHz. To interconnect all the 

components we used microwave flexible cables (model 85CF-0030-20X20, 

from Microstock, Inc.) of 5.5 cm length each with K type connectors on both 

sides. The bandwidth of the whole system is determined, in our case, by the 

LNA and the rectangular horn antenna, thus providing a system bandwidth 

from 18 to 26 GHz.  

 

 
Table 4.1. Component characteristics of the total power radiometer. 

Component Company Characteristics Frequency (GHz) Model Number 

LNA QuinStar 
Technology, Inc. 

55 dB, G 
2.8 dB, NF 15 – 26 QLW-15262855-JO

Mixer M/A-Com Inc. 9.5 dB, NF 
LO: 2 – 24 
RF: 2– 24 

  IF: 0.1 – 5  
MY52C 

LO Lucix 
Corporation 

13-16 dB, OP 
135 dBc/Hz, PN  20.641 – 21.7 LO-211-FC-207378

Detector Anritsu 
Corporation 1.90, SWR 0.01 – 40 75VA50 
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4.2 Integrator design 
 

The purpose of the integrator is to enhance the sensitivity of the system as 

we have seen in Section 3.1.4. We designed an integrator using an 

operational amplifier (TL081CP from Texas Instruments) on a protoboard. 

The electronic integrator [4.1], is a device that produces an output waveform 

whose value at any instant of time equals the total area under the input 

waveform up to that point of time (mathematical integration). When the input 

to a practical integrator is a dc level, the output will rise linearly with time, and 

will eventually reach the maximum possible output voltage of the amplifier 

(saturation). To eliminate this problem in practical integrators, a resistor Rf is 

connected in parallel with the feedback capacitor C, as shown in Figure 4.3. 

Since the capacitor is an open circuit as far as dc is concerned, the integrator 

responds to dc inputs just as if it were a normal inverting amplifier. At high 

frequencies, the impedance of the capacitor is much smaller than Rf, so the 

parallel combination of C and Rf is essentially the same as C alone, and 

signals are integrated as usual. 

 

 
Figure 4.3. Diagram circuit of a practical integrator. 
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Because the integrator’s output amplitude decreases with frequency, it is a 

low-pass filter. It is sometimes called smoothing circuit, because the 

amplitudes of high-frequency components in a complex waveform are 

reduced, thus smoothing the jagged appearance of the waveform. This 

feature is useful for reducing high-frequency noise in a signal. 

 

While the feedback resistor prevents integration of dc inputs, it also degrades 

the integration of low-frequency signals. At frequencies where the capacitive 

reactance of C is comparable in value to Rf, the net feedback impedance is 

not predominantly capacitive and true integration does not occur. As a rule of 

thumb, we can say that satisfactory integration will occur at frequencies much 

greater than the frequency at which XC = Rf  [4.1]. That is, for integrator action 

we want 

fC RX <<  

fR
fC

<<
π2
1  

or 

CR
f

fπ2
1

>>  (4.1) 

 

The frequency fC where XC equals Rf, 

CR
f

f
C π2

1
=    (4.2) 

 

defines a break frequency in the Bode plot of the practical integrator. As 

shown in Figure 4.4, at frequencies well above fC, the gain falls off at the rate 

of -20 dB/decade, like that of an ideal integrator, and at frequencies below fC, 

the gain approaches its dc value of Rf / R1. 
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Figure 4.4. Bode plot for the practical integrator, showing that integration occurs at 

frequencies above 1/(2πRfC) Hz. 

 

Thus, to integrate signals with low frequencies such as down to 100 Hz, we 

require fC << 100 Hz. Let us choose fC one decade below 100 Hz. Then, from 

equation (4.2), 

CR
f

f
C π2

110 ==  

If we choose C=10 nF. Then   

)10(2
110 8−=

fRπ
 

 
Ω== − MRf 59.1

)10)(10(2
1

8π 

 

The value of RC is chosen depending on the maximum peak of the output 

voltage that is desired. In our case, the chosen RC value was of 145 KΩ. 

 

Once having the values of Rf and RC, we need to find the input resistor value 

(R1), which will provide us the integration time value (τ) of the final integrator 

design. 

35 



 

To obtain this integration time value we performed several tests. These tests 

consisted in measuring the output voltage of the system without placing any 

object in front of the antenna (initial voltage), and then placing a metal plate 

(final voltage), to finally obtain the voltage difference produced with the 

different integration times. Table 4.2 shows test results obtained by keeping 

constant C (10 nF), and varying R1. The best value for R1 with a parabolic 

horn antenna (see Section 4.5.1), was of 10 KΩ giving us a τ of 0.1 

milliseconds. Similar tests were made by using a rectangular horn antenna 

providing a τ of 3 milliseconds with a R1 value of 300 KΩ. Table 4.3 shows the 

component values of the final integrator circuit.  

 

 
Table 4.2. Test results to obtain the integration time value for the integrator design by using a 

parabolic (a) and a rectangular horn antenna (b). The best R1 value in (a) was of 10 KΩ 

giving a τ of 0.1 ms, and the best R1 value in (b) was of 300 KΩ providing a τ of 3 ms. The 

value of the feedback capacitor in both tests was kept constant to 10 nF. 
 

R1 
(KΩ) 

Initial Voltage 
(V) 

Final Voltage 
(V) 

Difference 
(mV) 

1 3.1822 3.1855 3.3 
5 2.8046 2.8116 7.0 

10 1.0570 1.0672 10.2 
20 0.5880 0.5890 1.0 
50 0.2650 0.2684 3.4 
100 0.1398 0.1413 1.5 
150 0.0921 0.0929 0.8 
200 0.0707 0.0713 0.6 
300 0.0465 0.0468 0.3 
500 0.0224 0.0226 0.2 

(a) 
    

R1 
(KΩ) 

Initial Voltage 
(mV) 

Final Voltage 
(mV) 

Difference 
(mV) 

82 269 280 11 
160 126 142 16 
300 81 117 36 

(b) 
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Table 4.3. Component values of the final integrator circuit. 
Component Value 

R1 300 KΩ 
Rf 1.59 MΩ 
C 10 nF 
Rc 145 KΩ 

 

 

 

4.3 Millimeter-wave lens 
 

Millimeter-wave lenses are used in radiating systems to focus the radiation 

from primary sources into desired directions [4.2]. The basic function of the 

millimeter-wave lens is to form an image of the object being observed and 

then this image can be sampled by the Nipkow disc. In millimeter-wave lens, 

reflections from the dielectric can cause feed mismatch and power loss. As 

shown in Figure 4.5, reflections from the convex surface of the lens do not 

return to the source except for points at or near the axis. However, reflections 

from the plane surface are refocused at the lens and cause significant 

mismatch in the feed system, depending on the dielectric constant of the lens 

material. For normal incidence, the reflection coefficient is given by 
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 (4.3) 

 

 

Where                              and                               . For polystyrene: εr=2.6, 

Γ=0.2344; for alumina: εr=9.8, Γ=0.5158. Thus, for a small reflection 

coefficient, a low dielectric constant material is desirable. 

 

 

0000 /εμη ==Z rLZ εεμη 00 /==
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Figure 4.5. Reflected waves entering primary source. Reflections from the convex surface of 

the lens do not return to the source except for points at or near the axis. However, reflections 

from the plane surface are refocused at the lens and cause significant mismatch in the feed 

system, depending on the dielectric constant of the lens material. 

 

 

To focus the radiation emitted by the object to the antenna, we used a 

millimeter-wave lens in our MMW imaging system. This lens is of plano-

convex type and is made of teflon material, it has a diameter D = 16.2 cm and 

a curvature radius CR = 12.38 cm. We chose a plano-convex configuration 

because this kind of millimeter-wave lens configuration has different 

advantages in terms of fabrication simplicity such as reduced thickness (and 

consequently the overall weight of the lens). The teflon material has a 

permittivity εr = 2.1 and a refractive index n = 1.45 at millimeter-wave 

frequencies, covering the low permittivity characteristic explained in the 

preceding paragraph. The lens is covered with a metal ring of 2 cm of width to 

reduce the border reflections. Photographs of the millimeter-wave lens used 

are shown in Figure 4.6. This lens was provided by Dr. Soto from Instituto de 

Física of BUAP. 
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Figure 4.6. Lateral (a) and frontal (b) view of the millimeter-wave lens used in the MMW 

imaging system. The target’s radiation is focused to the antenna by the lens. It is of plano-

convex type and is made of teflon material (εr = 2.1, n = 1.45). Its dimensions are: D = 16.2 

cm, CR = 12.38 cm. 

 

To obtain the focal length the equation of the circle was used, as follows: 
 

222 )( RRyx =−+  

or, for y<<R 

y
xR
2

2

≈  (4.4) 

 

The thin lens equation is given by: 
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 (4.5) 

 

From (4.4), the radius of the lens is: 
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By applying the previous result in (4.5), and knowing that R1=∞ for plano 

convex lenses, the focal length is: 

 

103635.0
38.12
11)145.1(1 −=⎟
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−
−
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or 

cmf 51.27=  

 

Experimentally this focal length was not used due to the maximum object 

detection was obtained by placing the objects at 24 cm away from the 

millimeter-wave lens.  

 

 

 

4.4 Millimeter-wave absorber materials 
 

As the name implies, millimeter-wave absorbing materials are coatings whose 

electrical and magnetic properties have been altered to allow absorption of 

millimeter-wave energy at discrete or broadband frequencies [4.3], [4.4].  

 

Altering the dielectric and magnetic properties of existing materials will 

produce millimeter-wave absorbers. For the purpose of analysis, the dielectric 

properties of a material are categorized as its permittivity and permeability. 

Both are complex numbers with real and imaginary parts. Common dielectric 

materials used as absorbers have no magnetic properties (giving them the 

permeability of magnetic materials, such as ferrites, iron and cobalt-nickel 

alloys), which means they can be used to alter the permeability of the base 
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material. High dielectric materials, such as carbon, graphite and metal flakes, 

are used to modify the dielectric properties.  

 

To optimize the use of absorbers in a design, there are two sets of 

parameters that should be critically analyzed: electrical and physical. Thus 

the goal of the absorber manufacturer is the compromise of the electrical 

performance, thickness, weight, and mechanical attributes of these materials 

with the final cost of the absorber. 

 

Millimeter-wave absorbers are increasingly used to enhance shielding 

performance at higher frequencies. Products including elastomers, foams, 

thermoplastics and other custom solutions can aid with a wide variety of 

problems such as internal cavity resonances, antenna pattern shaping and 

high-frequency interference.  

 

The millimeter-wave absorber used in our MMW imaging system was the 

eccosorb AN-79 from Emerson and Cuming Microwave Products Ltd (see 

appendix A). It is made from polyurethane foam that is treated with carbon 

with the characteristics of lightweight, flexible, and broad bandwidth (from 0.6 

to 40 GHz). It reflects less than -20 dB (<1%) of normal incident energy above 

specified bandwidth.  

 

This absorber, which dimensions are 100 x 61 x 5 cm, has two behaviors 

depending on the mode used. In active approach the absorber helps to 

eliminate undesired reflections from the emitting sources as the LO and the 

millimeter-wave source, as explained in Chapter 7. In passive approach, the 

absorber introduces more undesired radiation rather than eliminate it. Thus, 

only in active approach the absorber is placed one meter away from the 

antenna and it is used as background to get more accurate measurements.  
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4.5 Principle of the MMW detector system 
 

As discussed in Section 4.1, we sense objects of different materials, as 

shown in Figure 4.7.  

 

 
 

Figure 4.7. Setup for measuring the radiation of the objects. 
 

The antenna detects the natural radiation which is emitted or reflected from 

the object at room temperature. Then the LNA receives this signal and 

provides a gain of 55 dB after which a mixer downconverts the frequency 

range from 4.3 to 5.359 GHz (this range is limited by the antenna and LNA 

bandwidths). By down converting the signal more sensitivity is obtained when 

compared to directly placing the detector after the LNA. Once the detector 

receives the signal, it converts it into a dc voltage which is directly 

proportional to the receiver input noise power, as mentioned in Section 2.1.4. 

Then this dc voltage is smoothed by the integrator and finally displayed in a 

HP 34401A digital multimeter.  

 

As exhibited in Chapter 3, passive and active approaches were performed, 

whose configurations will be explained below. 
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4.5.1 Passive millimeter-wave (PMMW) approach 
 

To measure the objects in PMMW approach three different types of antennas 

were used. For initial tests, we used a parabolic horn antenna. A photograph 

of this antenna is shown in Figure 4.8. The specifications of this antenna are 

not available. Experimental results are shown in the Chapter 7. 

 

 
Figure 4.8. Photograph of the parabolic horn antenna used in the PMWW imaging system. 

 

The second antenna employed was an antipodal Vivaldi antenna constructed 

by Colin et. al., [4.5]. The substrate used on this antenna was RT/duroid 

5880® with relative permittivity (εr) of 2.2. The return loss of the antenna is 

under -7.5 dB in a bandwidth of 122% (from 10 to 37 GHz) with a microstrip 

transition of 50Ω. A photograph of the antenna is shown in Figure 4.9. The 

usage of this antenna allowed improvement of the measured results as we 

will also see in Chapter 7.   

   

 
Figure 4.9. Photograph of the antipodal Vivaldi antenna used in the PMWW imaging system. 
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Finally a rectangular horn antenna was tested in the passive approach. This 

is a commercial available antenna from Advanced Technical Materials, Inc. It 

has a bandwidth of 18 to 40 GHz. The dimensions of the rectangle are 1.60 x 

1.18 inches (4.06 x 3.00 cm) as illustrated in Figure 4.10. Photographs of the 

antenna are shown in Figure 4.11. With this antenna we obtained the best 

performance of our MMW detector system, as will discussed later in Chapter 

7. Photographs of the final MMW imaging system are shown in Figure 4.12 

and 4.13. 

 

 
Figure 4.10. Dimensions in inches of the rectangular horn antenna used in the PMWW 

imaging system. 
 

 

 
Figure 4.11. Photographs of the rectangular horn antenna used in the PMWW imaging 

system. 
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Figure 4.12. Photograph of the MWW detector system. The components are placed into a 

metal box for avoid noise distortions from the surroundings. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.13. Photograph of the top view of the assembled radiometer.  
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4.5.2 Active millimeter-wave (AMMW) approach 
 

As shown in Section 3.2.1.2, in AMMW imaging a source is needed to 

illuminate the scene under observation. For that purpose we used the same 

setting as the passive mode (using the rectangular horn antenna) but adding 

a millimeter-wave generator (HP8350B, from Hewlett-Packard) to radiate the 

object being measured. This generator has a variable frequency range from 

0.01 to 26 GHz, and variable output power from -2 to 23 dBm (0.63 to 199.53 

mW), with resolution power of 0.1 dBm (1.02 mW). The generator produces 

much higher powers than those emitted from the object being scanned, which 

means we can get greater contrast between the object and its surroundings. 

The diagram of the system in active mode is shown in Figure 4.14. We used 

the Vivaldi antenna (see Section 3.5) for transmitting power from the 

millimeter-wave generator. As the side lobes of the Vivaldi antenna produce 

distortion in the readings we had to cover it with metal paper to eliminate 

these lobes. Full experimental results are shown in Chapter 7. 

 

 

 
Figure 4.14. Diagram of the MMW imaging system in active mode. 
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4.5.2.1. EM radiation effects on biological tissues 
 

The main concern of radiation in active approach is related to health and 

safety of biological tissues. Due to this, a special analysis has to be made 

according to the international safety standards, when active approach is 

performed. 

 

The IEEE has released safety standards to regulate the emissions of 

microwave radiation.  

 

The IEEE C95.1-2005 is one of the safety standards for RF/microwave 

human exposures [4.6].  The complete name is Standard for Safety Levels 

with Respect to Human Exposure to Radio Frequency Electromagnetic 

Fields, 3 kHz to 300 GHz. This standard contains exposure limits for electric 

fields and magnetic fields that are whole-body and time averaged. This 

standard specifies that, for a frequency range of 3 kHz to 300 GHz, the 

radiated power density must not exceed 10 mW/cm² as shown in Figure 4.15. 

As it can be also seen from Figure 4.15, the radiation allowance for humans is 

much lower at longer wavelengths. 

 

 
Figure 4.15. Graph of radiated power density vs. frequency. The radiated power density must 

not exceed 10mW/cm². 
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The evaluation of the field can be done in the far field area using the far field 

computation rules. For this analysis, the human subjects are located in the far 

field of the antenna. At this distance from the system, the electrical and 

magnetic fields can be regarded as being established and a spherical wave 

as being diffused. 

 

The EIRP (Equivalent Isotropic Radiated Power) of the millimeter-wave 

source (HP8350B) used in the AMMW imaging system can be obtained as 

follows: 

 

aT GPEIRP +=  (4.4) 

 

 

mWdBWdBidBWdBidBmEIRP 96.630257523 =−=+−=+=  

 

 

Where PT is the maximum Transmit power of the source and Ga is the gain of 

the used antenna. In this case, the horn antenna (mode 180-442-KF, from 

Advanced Technical Materials, Inc) has Ga=5dBi at the center frequency 

(26GHz). At the axis of the antenna where the field is at its maximum and is 

located for example to 10 cm away from the antenna, the maximum 

measurable power density is therefore obtained by the following formula [4.7]:  

 

 

222 50.0
)10(4

96.630
4 cm

mW
cm
mW

d
EIRPD ===

ππ
 (4.5) 

 

 

From this result, it can be stated that in the worst-case scenario (Maximum 

48 



transmit power at 10cm distance) the power density generated by the system 

will never exceed 1/20 of the maximum permissible limit (see figure 4.14).  

These findings show that the AMMW imaging system therefore has potentially 

no health hazard on persons using it. However if any changes were made to 

the setup newer calculations should be computed. 
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Chapter V 
Substrate Integrated Waveguide 
Exponential Flare Horn Antenna 

 

In this chapter the Substrate Integrated Waveguide (SIW) Exponential Flare 

Horn Antenna design will be explained. It begins with an explanation of the 

Substrate Integrated Circuit (SIC) technology. Then proceeds to explain the 

narrow bandwidth SIW flare horn antenna already proposed in the literature, 

and our new proposed wide bandwidth design. Full simulation and 

optimization of this latter antenna are shown along with a comparison with the 

current state of the art of antennas.  

 

 

5.1 SIC’s Technology 
 

At millimeter-wave frequencies, the classical waveguide technology has two 

fundamental problems, namely, radiation loss due to discontinuity, and 

difficult modal transition to planar circuits. Subsequently the concept of a new 

generation of high frequency integrated circuits called “substrate integrated 

circuits - SIC’s” has been developed. This new concept has unified the hybrid 

and monolithic integrations of various planar and non-planar circuits that are 

made in single substrate and/or multilayer platforms. 

 

SIC’s architecture can serve as the design base for a broad range of hybrid 

planar/non-planar circuits for millimeter-wave applications. As a matter of fact, 
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the SIC technology can greatly facilitate interconnects and integrations 

between planar and non-planar circuits, which can be made in a single 

fabrication process. At the same time, this scheme can be used to design low 

cost high performance (high Q) passive circuits such as resonators [5.1], 

filters [5.2], couplers [5.3], power dividers [5.4], circulators [5.5], and antennas 

[5.6]. 

 

The SIC concept can be used to synthesize almost all kinds of waveguide by 

simply using air holes (or other material filled holes) and metallized holes. 

Furthermore, most of these synthesized waveguides are interconnected to 

planar circuits with simple transitions that are also fabricated on the same 

dielectric substrate. Since this technology is compatible with many fabrication 

processes we can expect strong and growing interests in it for many high 

frequency applications. 

 

 

5.1.1 SIC's Concept  
 

The fundamental of the SIC’s concept is to synthesize non-planar structure 

with a dielectric substrate and make it in planar form, which is completely 

compatible with other planar structures [5.7]. This can usually be achieved by 

creating artificial waveguiding channels. In this case, alternated dielectric 

constant profiles of substrate using air holes or composite dielectric media 

and/or synthesized metallic walls using metallized vias are generally 

fabricated. The resulting structure on the substrate will be a planar 

waveguide, which has much better loss characteristics than planar 

counterparts, allowing for the design of millimeter wave high Q circuits using a 

low cost fabrication technique. Furthermore, the synthesis of a non-planar 

waveguide in a substrate permits the realization of efficient wideband 

transitions between the synthesized non-planar waveguide and planar circuits 
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such as microstrip and coplanar waveguide (CPW) integrated circuits. With 

these transitions, the complexity and cost of interconnection between non-

planar high Q circuits and planar circuits is reduced to a minimum.  

 

Another potential advantage of the SIC technology is that the planar circuits 

could easily be combined with many types of SIC’s on the same dielectric 

substrate so to achieve high efficiency and high density millimeter wave 

integrated circuits in which antenna, circulator, filters, attenuators, amplifiers 

and mixer and many other circuits are all integrated. 

 

Finally, the SIC concept is compatible with many existing fabrication 

processes including the microwave integrated circuit (MIC) fabrication 

technique, the thin film ceramic process, the HTCC and LTCC technologies 

and the microwave monolithic integrated circuit process (MMIC). Generally, 

the critical aspect of fabricating SIC circuits is the positioning of the holes or 

vias along the substrate that should be controlled adequately, as exhibited 

below. 

 

 

5.1.2 Substrate Integrated Waveguide (SIW) 
 

It is known that the proposed integration schemes of the conventional 

rectangular waveguide with planar structures are bulky and usually require a 

precision machining process, which is difficult to achieve at millimeter-wave 

frequencies for mass production. A straightforward solution is to integrate the 

rectangular waveguide into microstrip circuit substrate as we have mentioned 

in the above section. This will surely reduce the Q factor of waveguide 

compared with the hollow rectangular waveguide because of the dielectric 

filling and volume reduction [5.8]. The whole circuit including planar circuitry, 

transitions and waveguides can be, however, constructed using standard 
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PCB or other planar processing techniques. In addition, the transmission loss 

of the substrate transitions may be much lower than that of the transitions or 

coupling sections made between the conventional waveguide and planar 

circuits. 

 

 

5.1.2.1 SIW design rule 
 

The rectangular waveguide is synthesized by placing two rows of metallized 

holes in the substrate, as illustrated in Figure 5.1. The diameter D of the 

holes, the spacing p between the holes, and the spacing W between the two 

rows are the physical parameters necessary for the design of the guide. The 

pitch p must be kept small to reduce the leakage loss between adjacent 

posts. However, the post diameter D is also subject to the loss problem. Due 

to the synthesis, the SIW can no longer be regarded as a normal waveguide, 

and it is in fact an artificial waveguide. Therefore, the post diameter may 

significantly affect the return loss of the waveguide section in view of its input 

port. Two design rules related to the post diameter and pitch are used to 

neglect the radiation loss [5.7]. These rules have been deducted from 

simulation results of different SIW geometries. 

 

 5
gD λ

< (5.1) 

 

 
where λg is the guided wavelength, and 

Dp 2≤ (5.2) 

 

These two rules ensure that the radiation loss be kept at a negligible level. In 

this case, the SIW can be modeled by a conventional rectangular waveguide 

(RW). When following the two above rules, the mapping from the SIW to the 

RW is nearly perfect in all the single mode bandwidth. All the existing design 
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procedures and theoretical frameworks developed for the rectangular 

waveguide are directly applicable to its synthesized counterpart. 

Nevertheless, dielectric filling effects and geometrical particularity of the 

synthesized waveguide should be accounted for coupler and antenna 

designs. Finally, a nonessential but desirable condition for the manufacturing 

process is to minimize the number of holes. These holes are usually 

mechanically drilled and chemically electroplated, and the production time is 

proportional to their number. 

 

 
Figure 5.1. Topology of an SIW guide realized on a dielectric substrate with its physical 

dimensions (from [5.7]). 
 

 

5.1.2.2 SIW transitions 
 

SIW guide can easily be integrated with active devices because the design of 

transition between the SIW guide and the planar technology is 

straightforward. The first transition presented has involved a microstrip line 

[5.9]. The microstrip transition is a wideband structure, covering the entire 

useful bandwidth of the SIW guide. This transition structure makes use of a 

tapered microstrip line to excite the waveguide mode as illustrated in Figure 

5.2a. With low thickness substrate, the conductor loss in the waveguide 
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section cannot be neglected and to reduce it, the thickness must he 

increased.  The coplanar waveguide (CPW) to SIW transition [5.10], is shown 

in Figure 5.2b. It consists of a coplanar waveguide section with 90° bend on 

each slot. A stub is added on the CPW line to match the transition and the 

rectangular waveguide is designed with via holes. However, this transition 

exhibits a narrower bandwidth compared to the microstrip counterpart.  Thus, 

for our antenna design we have used the microstrip transition to obtain the 

desired wide bandwidth, as mentioned in section 5.3. 
 

 
Figure 5.2. Integrated transitions from planar circuits to SIW guide. (a) Microstrip transition 

and (b) Coplanar waveguide transition (from [5.7]). 
 

 

 

5.2 SIW flare horn antenna 
 

Taking into account the concepts showed in Section 5.1, we can use SIC 

technology to integrate an antenna with its transition on the same substrate. 

One example of this is the SIW flare horn antenna fabricated by Che et. al., 

[5.6]. These authors proposed a SIW flare horn antenna with dielectric lens 

which has a bandwidth from 25.5 to 28.5 GHz and central frequency at 27 

GHz. This lens shares the same substrate with the horn antenna. The 

simulated model of the antenna is illustrated in Figure 5.3. 
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Figure 5.3. Geometry of the SIW flare horn antenna proposed by Che et. al. [5.6]. W2 

=3.8mm, L2 =2mm, W32=5.32mm, L32=10mm, W4 =7.112mm, L4 =3.4mm, H4=6mm, β1=10°, 
L1 =14mm, W1 =33.175mm, h =2 mm3.  

 

 

The substrate integrated rectangular waveguide (SIRW) was made following 

the design rules explained in ref. [5.7] and [5.9]. The dimensions of the SIRW 

are: width W4=7.112 mm, length L4=3.4mm, cylinder radius r=0.4mm, cylinder 

separation p=1mm, width of the horn W1=14mm, substrate thickness h=2mm, 

and dielectric constant εr=10.2.  The tapered-transition from 50 Ω microstrip 

feed line was designed to provide a low loss transition to the SIRW on the 

same substrate. The width of the microstrip is W2=3.8mm, and length 

L2=2mm. The taper transition length is L3=10mm, and the larger width 

W3=5.32 mm. The overall dimensions of the horn antenna including the arc 

lens are 39.175 x 14 x 2 mm3. Following the procedure for a conventional 

horn antenna [5.11], the flare angle of the horn chosen by the authors was 

β=10°. Based on the operation principle of the optical focus [5.12], the arc 

lens is placed before the radiation plane to improve the directivity of the horn 

antenna. 
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In [5.6] a numerical investigation is presented to find the relation between the 

H-plane beamwidth and the arc height with a commercial finite element 

method package [5.13] as shown in Table 5.1. As we can see, the beamwidth 

of the radiation pattern is dependent on the arc height of the dielectric lens, 

i.e., stronger arc height results in narrower beam. We may note that, the arc 

height cannot exceed half of the horn width, beyond which the dielectric lens 

is not a normal arc and would result in the deterioration of the radiation 

pattern.  

 

 
Table 5.1. The relation between the height H of the dielectric arc lens and the H-Plane 

Beamwidth (HPBW). 
 

H (mm) HPBW (°) 

0 160 
1 150 
2 140 
3 135 
4 90 
5 80 
6 75 
7 68 

 

 

 

The experimental antenna prototype was compared with simulated results. 

The H-plane and E-plane radiation patterns at 27 GHz are shown in Figure 

5.4. The measured gain is about 9 dB, close to the simulation result, and the 

front-to-back ratio is about -15 dB. The beamwidths, H and E planes for both 

simulated and measured, are quite similar, at about 60°. The antenna 

prototype also has a bandwidth of 12%, obtaining better measured return loss 

S11 than the simulated (Figure 5.5). However, at around 27.5 GHz the 

response worsens. This is probably due to fabrication inaccuracies of the 

dielectric arc and the SIRW horn antenna in the substrate. 
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Figure 5.4. The measured and simulated radiation patterns of the SIW flare horn antenna at 

27 GHz. (a) E-plane, (b) H-plane (from [5.6]). 
 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.5. The measured and simulated return loss S11 of the SIW flare horn antenna (from [5.6]). 
 

 

This prototype allows the very compact design of a completely integrated 

planar platform of horn antenna and its feeding structure on the same 

substrate without any mechanical assembly or tuning. The only disadvantage 

of this model is the narrow bandwidth (25.5-28.5 GHz), which is not useful for 

our application. 
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5.3 SIW exponential flare horn antenna: proposed design 
 

 

5.3.1 Design of the SIW exponential flare horn antenna 

 

One of the requirements which has become a very critical design issue in the 

passive MMW imaging systems is the wide bandwidth. A broadband MMW 

imaging system allows us to have a greater detection range of objects made 

with different materials as the emissivity of each material is different. 

Moreover, greater bandwidth detection translates into more receiving power 

to be integrated and hence greater system sensitivity. Finally, wide bandwidth 

systems are more immune to noise due to their spectral characteristics. 

 

For these reasons, we propose a design of a wide bandwidth SIW horn 

antenna for our MWW imaging system. We have used the design of the 

antenna performed by Che et. al., [5.6], however, we modified it by 

introducing exponential flares to have a wide bandwidth. 

 

We took the Vivaldi antenna concept to obtain the exponential flare of our 

antenna design. The Vivaldi antenna is a special type of tapered slot antenna 

with exponential flare profile [5.14].  

 

The slot flare is tapered exponentially with the opening rate R, of which the 

shape is determined by 

 

(5.3) 21 cecy Rx +=

 

where, c1 and c2 are determined by the coordinates of the first and last point 

of the exponential curve.  
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We also changed from the original design the dimensions of the SIRW, the 

total length (L1) and width of the antenna (W1), and the arc height of the lens 

(H).  

 

The simulation of the proposed antenna was also made in a commercial finite 

element method package [5.13]. Figure 5.6 represents the simulated model of 

the antenna. The new SIRW dimensions are W4=6.312mm, L4=3.4mm, 

cylinder radius r=0.5mm, and cylinder separation p=1.2mm, substrate 

thickness h=2mm, and dielectric constant εr=10.2. The new width of the 

antenna is W1=19.4mm, and the arc height of the lens is H=8.6 mm. The 

overall dimensions of the horn antenna including the arc lens are 41.775 x 

19.4 x 2 mm3. Changing these values and by using the exponential flares, we 

obtained the desired broad bandwidth antenna.  

 

 

exponential flare 

Figure 5.6. Geometry of the SIW exponential flare horn antenna. W2 =3.8mm, L2 =2mm, W3 

=5.32mm, L3 =10mm, W4 =7.112mm, L4 =3.4mm, H4=6mm, L1 =41.775, W1 =19.4, h =2 mm3. 

 
These parameters of design were chosen by taking into account the physical 

materials for constructing the antenna that are commercially available. For 

that purpose we have found a substrate (RT/duroid 6010LM, from Rogers 

Corporation) which has a εr=10.2, and susbtrate thickness h=1.905 mm. We 

also found the values for D and p that are commercially available and follow 
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the SIW design rules discussed in Section 5.1.2.1.  From ec. (5.1) and 

knowing that λg = 11.54 mm [5.15], we obtain: 

 

mm
mm

D g 308.2
5

54.11
5

==<
λ 

 

 

Thus, a cylinder diameter less than 2.3 mm has to be chosen. The minimum 

commercial diameter of copper wire available is of 1 mm, thus a cylinder 

diameter of 1 mm can be selected. Once we chose the cylinder diameter, we 

have to verify if that value follows the second design rule. From ec. (5.2), the 

separation p between the cylinders is: 

 

 ( ) mmmmDp 2122 ==≤
 

 

Thus, a p value of 1.2 mm can be chosen. 

 

 

 

5.3.2 Simulation of the SIW exponential flare horn antenna 

 

As said in the preceding Section, the simulation of the antenna was made in a 

commercial finite element method package [5.13]. The most difficult part for 

optimizing was the opening rate R of the exponential flares (see Section 5.3). 

To do so, several simulations with different R values were performed to obtain 

the desired wide bandwidth. The best R value was of 0.8 cm-1 and by using 

this value and the antenna design shown in below Section was obtained the 

best response of the return loss S11 in a broad frequency band. The return 

loss S11 response and the antenna radiation pattern are illustrated in Figures 

5.7 and 5.8, respectively. As shown in Figure 5.7, this antenna has a wide 
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bandwidth from 18 to 40 GHz, having a good response of the return loss S11 

(under -10 dB approximately). The arc lens placed in the substrate improves 

the directivity of the SIW antenna as shown in Figure 5.8.  

 

 

 
Figure 5.7. Return Loss S11 of the proposed ISW exponential flare horn antenna. 

 

 

 

 
Figure 5.8. Radiation pattern of the proposed ISW exponential flare horn antenna. 
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It also was simulated an antenna with another commercial substrate 

(RT/duroid 5880 from Rogers Corporation) which has a dielectric constant 

εr=2.2 and substrate thickness h=0.381mm but could not be obtained good 

response in the return loss S11. Here, the best result obtained was a return 

loss of -2.6 dB in the desired bandwidth as shown in Figure 5.9. 

 

 
Figure 5.9. Return Loss S11 of the proposed ISW exponential flare horn antenna with 

dielectric constant εr=2.2 and substrate thickness h=0.381mm. 
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Chapter VI 
Nipkow Disc 

 

This chapter begins by giving a brief description of the Nipkow disc device, 

and then proceeds to treat the Nipkow disc system designed for the MMW 

imaging system. Finally it will be discussed the Nipkow disc system 

implementation at millimeter frequencies. 

 

 

6.1 Theoretical Introduction 
 

Nowadays, there are several methods for image acquisition in MMW imaging. 

Early systems used single detectors at the focal plane, the detector being 

mechanically scanned across the scene of interest. Due principally to the 

slow mechanical scan motion, these systems usually took minutes to take 

single-frame images. The present goal in millimeter-wave imaging research is 

to drastically reduce the image acquisition time in order to approach TV frame 

rates. One of the important approaches being investigated to reach this goal 

is the use of focal plane solid-state arrays with individualized amplification 

and detection. The other important approach is the combination of raster 

motion and a single receiver channel. The raster motion is either of the image 

in front of a fixed receiver by means of a flapping reflector [6.1], [6.2] or of the 

receiver in front of a fixed image [6.3], [6.4]. 

 

Although millimeter-wave imaging is mostly dominated by focal plane arrays, 

there are, however, several problems associated with them, like high cost, 
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large size, complexities associated with interchannel gain stability, and others 

[1, 3], so that, as present, the field remains dominated by scanned systems; 

however, their success awaits the discovery of a compact and efficient 

scanner capable of achieving video rates. 

 

The Nipkow disc is a possible solution to achieving these video rates. The 

Nipkow disc was a device which its inventor, Paul Nipkow, thought could be 

used to transmit pictures by wire (1884), [6.5]-[6.7]. The device consists of a 

mechanically spinning disc of any suitable material (metal, plastic, cardboard, 

etc.), with a series of equally distanced circular holes of equal diameter drilled 

in it as illustrated in Figure 6.1. These holes are positioned to form a single-

turn spiral starting from an external radial point of the disc and proceeding to 

the center of the disc, much like a gramophone record.  When the disc rotates 

the holes trace circular ring surfaces.  Each hole in the spiral takes a 

horizontal "slice" through the image which is picked up as a pattern of light 

and dark by a sensor. By spinning the disc rapidly enough, the object seems 

complete, in a way similar to cinematography, and capturing of motion 

becomes possible. The resolution of the image depends only on the number 

of holes of the Nipkow disc. 

 
 

 
Figure 6.1. Nipkow disc diagram. The image (letter A), is scanned in slices by each hole in 

the spiral to reconstruct the w hole image. 
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6.2 Design and implementation of the Nipkow Disc 
 
A Nipkow disc system at the optical region was first designed by Soto et. al. 

and proposed to be used at mm waves [6.8]. As convenience the explanation 

of the Soto’s work is closely reproduced here. The authors propose a scheme 

for raster-scanned image acquisition in which neither the image nor single 

channel receiver has to be scanned, and whose maximum frame rate will be 

determined ultimately by the speed and sensitivity of the single channel 

receiver, and not by mechanical motion limitations. The original system has 

two principal components to distinguish: the Nipkow disc and an integrating 

sphere. 

 

The Nipkow disc, as discussed in Section 6.1, is provided with a number of 

spirally distributed sampling holes, and it is utilized for scanning the object 

under observation. It has N sampling holes having a uniform angular 

distribution around the disc. Their radial positions vary successively from rmin 

to rmax, with uniform increments of magnitude given by Δr = (rmin – rmax)/(N – 

1). Thus, for the ith hole, its radial position is ri = rmin + (i – 1)Δr, where i = 1, 2, 

…, N. This is represented graphically in Figure 6.2. An opaque mask is to be 

placed at the back of the rotating disc. This mask contains a window, 

designated by abcd in the Figure 6.2, which represents the scanning area of 

interest. Its shape, a truncated circular slice, has an angular dimension such 

that only one of the sampling holes appears in it a time, and when it 

disappears from view, the following one immediately appears on the opposite 

side of the window in the next row. The number of curved rows in the 

scanning is directly determined by, and is equal to, the number N of the 

sampling holes, as said in Section 6.1, while the number M of columns is 

determined by the number of measurements taken within the angular 

displacement equal to 2π/N of the disc, and can be programmed at 
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convenience. Thus, the maximum integration time per sample allowed for the 

single-channel receiver is 2π/ωNM, where ω is the angular speed of the disc.  

 

 
Figure 6.2. Representation of the rotating disk with 12 sampling holes (from [6.8]). Only the 

hole within the window abcd is active; the rest of them are assumed to be covered by an 

opaque mask.  
 

The other important component is the integrating sphere. It consists of a 

empty sphere whose interior is covered with a layer designed to have a high 

diffuse reflectance. When light from a source enters into the integrating 

sphere, it loses all memory of the point and direction of entrance at the 

entrance port of the sphere, as well as of its original polarization. At the exit 

port, the light intensity becomes highly uniform and diffuse.  

 

In Figure 6.3, a diagram of the system is shown. For this system, the 

sampling disc was made by covering a 21 cm diameter plexiglas disc with a 

circular photolithographic mask containing 24 transparent sampling spots, as 

well as 720 radial marks on its periphery. These marks are optically sensed in 

order to read the photodetector signal into the computer every 0.5º. Another 

single mark on the periphery was used for knowing when the first reading of 

the outermost sampling spot takes place. Once the 720 values are read into 

the computer, they are assigned 30 per row in 24 rows. The diameter of the 

sampling spots is nearly 1mm, and the abcd window is 15º wide and is 
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radially placed between 7.4 and 9.5 cm. The integrating sphere as illustrated 

in Figure 6.4, was obtained by removing the active parts of an 8 cm diameter 

spherical lightbulb, and painting it both internally and externally with diffuse 

white-matte vinyl paint. The paint was removed in a 2 mm diameter spot, and 

the light escaping through is detected with a highly sensitive New-Focus 

model 2151 photodetector. This photodetector transforms the intensity of light 

into an electric signal which is processed by a conventional electronic circuit. 

Depending on the intensity of light will be the amplitude of the electrical signal 

obtained, which can provide us a grayscale in the final computer image. 

 

 
Figure 6.3. Schematic if the Nipkow disc system implemented by Soto et. al., [6.8].  Here the 

focusing element is represented as a lens. 
 
 

 
Figure 6.4. Photograph of the integrating sphere constructed by Soto et. al., [6.8]. 
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To scan the optical object it has to be placed between the rotating disc and a 

red beam laser which is expanded by a lens to illuminate the whole object, as 

illustrated in Figure 6.5.  

 

 
Figure 6.5. Photograph of the optical Nipkow disc system. The laser beam is expanded by a 

lens to illuminate perfectly the optical object. 
 

 

 

6.3 Nipkow disc system implementation at millimeter 
frequencies 
 

In order to prepare the approach at millimeter frequencies, some 

modifications have been made to the original design performed by Soto et. al, 

[6.8] in a collaborative effort with Dr. Soto and Andrés Mendoza. Essentially 

the modified design employs two discs of different diameter, one of 21 cm, 

from the original design, and another of 9 cm. The significance of using a 

combination of two discs is to enable us to implement this new design at 

millimeter frequencies, as will be explained below. 
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To use the Nipkow disc approach at millimeter-wave frequencies, it is 

important to determine the minimum diameter of the spiral holes of the disc. 

In order to find the minimum diameter of the spiral holes, we performed 

several tests using metal plates with a central hole diameter of different sizes 

(0.5, 1.0, …, 4.0 cm). The results are shown in Table 6.1. A metal plate is 

placed between a power meter (HP437B, from Hewlett-Packard) and a 

millimeter-wave source (HP8350B from Hewlett-Packard), as shown in Figure 

6.6.  The source power used was of 5 dBm (3.16 mW). The initial power of 

the system was of -76.12 dBm (2.44E-08 mW), and as can be noticed in 

Figure 6.7, a hole diameter of 1.5 cm is the minimum diameter which the 

object radiation can be detected by the MMW imaging system, i.e. spiral 

holes of at least 1.5 cm are needed to apply the Nipkow disc at millimeter 

frequencies. If a resolution by a large number of lines is required, say 24 lines 

(as the original design), the Nipkow disc for the MMW imaging system would 

have a spiral with 24 holes of 1.5 cm each and the size of the whole disc 

would be enormous, a few feet in diameter. Such an instrument would not be 

practical and it would be completely out of the question for equipment which 

has to be portable and light.  

 
Table 6.1. Test results to obtain the minimum size in diameter of the Nipkow disc holes for 

the implementation at millimeter frequencies. The diameter of 1.5 cm is good enough to 

detect the radiation object with the MMW imaging system. 
 

Diameter (cm) Output Power ( dBm / mW ) 

0.5 -68.84 1.3062E-07 
1.0 -50.56 8.7902E-06 
1.5 -40.75 8.4140E-05 
2.0 -38.28 1.4859E-04 
2.5 -36.45 2.2646E-04 
3.0 -32.2 6.0256E-04 
3.5 -30.75 8.4140E-04 
4.0 -30.2 9.5499E-04 
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Figure 6.6. Diagram of experimental arrangement to find the minimum diameter of the spiral 

holes of the Nipkow disc. 
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Figure 6.7.  Graph of the hole diameter vs detected power. As can be noticed in the figure, 

the system begins to detect the object radiation with a hole diameter of 1.5 cm. 

 

 

A second disc was implemented to separate the monitoring of the angular 

positions from the image sampling operation of the large disc. This disc is 

made of acetate paper and has 6 groups of 5 radial marks each, and a single 

mark on the periphery.  The radial marks are separated 15º one of each other 

as shown in Figure 6.8. These groups are positioned so that only readings of 
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the holes 1, 4, 7, 10, 13 and 16 of the first disc are taken into account, giving 

a final resolution of R = NxM = 6x5 = 30 pixels. For that purpose, two 

horseshoe detectors are placed in the second disc (Figure 6.9), one of them 

to sense the beginning and end of the readings (through the mark on the 

periphery), and the other indicates when we have to take the reading from the 

photodetector and when not (using the radial marks). Once the 30 values are 

read into the computer, they are assigned 6 per row in 5 rows to display the 

final image. A photograph of the Nipkow disc system constructed is shown in 

Figure 6.10. The original disc is driven by a dc motor having a gear 

arrangement and a shaft. The disc is connected to the shaft and turns at 

motor speed (600 rpm). The second disc is provided with a central hole 

through which the shaft extends and is mounted behind the fist disc as shown 

in Figure 6.11. Thus, both discs rotate at the same speed and direction.   

 

 

 
Figure 6.8. Mark configuration of the second disc implemented to reduce the resolution of the 

original Nipkow disc. The radial marks are separated 15º one of each other and the groups 

are positioned so that to only the readings of the holes 1, 4, 7, 10 and 16 are taken into 

account. 
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Figure 6.9. Photograph of the second disc constructed. Two horseshoe detectors are place in 

the disc, one of them to inform us the beginning and end of the readings, and the other to 

indicate us when we have to take the reading from the photodetector and when not. 
 

 

 
Figure 6.10. Lateral view of the constructed optical image acquisition system. The original 

Nipkow disc (big disc in the photo), is driven by the dc motor having a gear arrangement and 

a shaft. 
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Figure 6.11. Top view of the constructed optical image acquisition system. The two discs are 

mounted on the same shaft allowing them to rotate at the same speed and direction. 
 

 

As mentioned above, the Nipkow disc system has a resolution of R=30 pixels 

per image. These pixels are assigned in 6 columns per 5 rows to construct 

the final image. To display the scanned image on the computer a program in 

Visual Basic language was made. This program receives the information from 

the horseshoe detectors and photodetector through the parallel port of the 

computer by using a conventional electronic circuit. One of the horseshoe 

detectors informs to the program the beginning and end of the readings and 

the other indicates it when it has to take the reading from the photodetector 

and when not. We avoid with this any shape distortion in the image 

reconstructed. The electronic circuit also converts the data received from the 

photodetector in a binary format. Depending of the intensity of light, it will be 

assigned a particular binary number to provide us a grayscale in the 

reconstructed image.  

 

Several tests by using different optical objects were made. The objects were 

mostly alphanumeric symbols such as C, E, 2, etc. Some image results are 
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shown in Figures 6.12 to 6.14. As we can observe in the pictures, we 

obtained good quality reconstruction of the scanned image at low resolution, 

which is needed for millimeter-wave frequencies approach.  

 

 

 
Figure 6.12. (a) Photograph of a letter C illuminated by the laser beam, and (b) computer 

image result. The letter C is rotated 90º to the right. 

 

 

 

 
Figure 6.13. (a) Photograph of a letter E illuminated by the laser beam, and (b) computer 

image result. The letter E is rotated 90º to the left. 
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Figure 6.14. (a) Photograph of a number 2 illuminated by the laser beam, and (b) computer 

image result.  

 

 

Thus, we can conclude that a Nipkow disc method for image reconstruction at 

video rates is a viable solution for the MMW imaging system.  
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Chapter VII 
System Results  

 

In this chapter the experimental results of the remote sensing system shall be 

treated. The performance and experimental results obtained from the MWW 

detector system in active mode will be exhibited. 

 

 

7.1 Performance of the MMW detector system 
 

As mentioned in Chapter IV, three different kinds of antennas (Parabolic, 

Vivaldi and Horn) were used to obtain the best performance of the PMMW 

detector system. This performance was made in passive mode (see Section 

4.5.1). 

 

 

a) Using a Parabolic Horn Antenna    
 

For initial experiments we used a parabolic horn antenna available in the 

institute’s microwave laboratory. Several objects of different materials such as 

plastic, ceramic, and aluminum were measured, as shown in Table 7.1. The 

experimental setup is shown in Figure 4.1 of Chapter 4. 

 

With this antenna very small voltage differences were obtained with respect to 

the initial voltage (1.61 V). The maximum voltage difference obtained was 

around 4 mV, produced by the ceramic plate. The voltage difference is not 
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high enough for object detection. Therefore, it can be concluded that the use 

of this antenna did not provide us very useful results. One of the reasons of 

this could be that we did not know the specifications of the antenna such as 

the bandwidth (as mentioned in Section 4.5), which could be lower or higher 

than the system’s bandwidth (18-26 GHz). 

 

 
Table 7.1. Obtained results from objects of different materials by using the parabolic horn 

antenna. The best difference with respect to the initial voltage (1.61 V) was obtained with a 

ceramic plate which produced a difference around 4 mV.  
 

Object Output Voltage (V) Difference (mV) 
Aluminum plate 1.64 3 

Plastic Plate 1.59 2 
Ceramic plate 1.65 4 

 

 

 

 

b) Using a Antipodal Vivaldi Antenna  
 

The second antenna employed in the MWW detector system was the 

antipodal Vivaldi antenna. In this case several objects of different materials 

were also detected. The aluminum plate showed a voltage difference of 

approximately 30 mV with the initial voltage (75 mV), while the cardboard 

plate did not provide any change, as shown in Table 7.2. It is important to 

note that the initial voltage is not the same as in the previous Section since 

the antennas have different gains and the integration time is also different, as 

discussed in Chapter 4. With these results a object detection can be done 

with appreciable quality. 
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Table 7.2. Measured results from objects of different materials by using the antipodal Vivaldi 

antenna. The best difference with respect to the initial voltage (75 mV) was obtained with an 

aluminum plate providing us a difference of around 29 mV.  
 

Object Output Voltage (mV) Difference (mV) 
Aluminum Plate 56 29 

Plastic Plate 76 1 
Ceramic Plate 79 4 

Cardboard Plate 75 0 
 

 

 

 

c) Using a Rectangular Horn Antenna 
 

The third antenna used in the system was a rectangular horn antenna. Here 

we detected once again several objects of different materials. As we can see 

in Table 7.3, the aluminum plate provided a difference of 45 mV with the initial 

voltage (85 mV), while the cardboard plate did not show again any change. In 

this case, the voltage differences produced by the object radiations were 

higher than the other two antennas, allowing detect in a better way the object 

radiation. It can be concluded that with this last antenna we found the best 

performance of our system, so the final design of the MWW imaging system 

is based on this antenna.  

 
Table 7.3. Obtained results of different materials by using the rectangular horn antenna. The 

best voltage difference with respect to the initial voltage (85 mV) was obtained with an 

aluminum plate providing a difference of approximately 45 mV. This performance provided us 

the maximum detection of the object radiation. 
 

Object Output Voltage (mV) Difference (mV) 
Aluminum Plate 130 45 

Plastic Plate 83 2 
Ceramic Plate 70 11 

Cardboard Plate 81 0 
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In the three antenna cases, changes in the output voltage values can be 

observed by varying the viewing angle of the object and its focal length. 

These changes in the output voltages are because of the inherent noise of 

the system. The main problems causing this inherent noise were leakage 

through the edges of all metal boxes and electromagnetic mismatched signals 

looping back the coaxial cables, as illustrated in Figure 7.1. The first problem 

was treated by tightening with precision each connector through a specialized 

torque spanner. By using this tool instead of hand tightening the cables most 

of these mismatched signals can be eliminated. 

 

 

 
Figure 7.1. Illustration of the inherent noise problem caused by leakage (red arrows) and 

electromagnetic interference (blue arrows). 

 

 

Then, to address the problem of electromagnetic radiation, the radiated power 

from each component of the system was measured with the power meter 
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(HP437B), as shown in Figure 7.2 and found that this noise is mainly due to 

the LO, which radiates its ac output signal to the whole system.  

 

 
Figure 7.2. Measurement of the radiated power of each component to address the problem of 

electromagnetic radiation. It was found that the LO is the principal producer of the inherent 

noise of the system. 
 

 

To solve the LO radiation problem we used a 320-3-C-RAM-AR/HP 

millimeter-wave absorber (see Appendix A), from Cuming Microwave 

Corporation to isolate the LO and all the components inside the metal box 

(see Figure 7.3) This absorber has a thickness of 0.375 in, performance of -

20 dB at the frequency of 10 GHz and up. To verify if the system had become 

isolated from the LO radiation, several measurements were performed after 

and before isolating the system components. These measurements consisted 

of measuring the radiation produced by the aluminum plate at different 

angles, both the left and right taking the center as 0°, as displayed in Figure 

7.4. The results are shown in Table 7.4. As we can see in Figure 7.5, the 

changes in the output voltage of the MMW imaging system with its 
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components covered with the absorber were almost null with respect to the 

angle, which showed that the LO was the primarily responsible of the inherent 

noise from the system, significantly reducing the problem of reflection caused 

by the angle. 

 

 
Figure 7.3. Photograph of the system covered by absorber material.  

 

 

 
Figure 7.4. Setup to verify if the system had become isolated from the LO radiation. 
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Table 7.4. Measurements of the aluminum plate radiation at different viewing angles with the 

LO and all the components isolated with a millimeter-wave absorber.  
 

Angle (°) Without absorber (mV) With absorber (mV) 
0 77 80 
10 65 82 
20 86 82 
30 88 81 
40 78 82 
-10 86 82 
-20 91 81 
-30 87 82 
-40 80 82 
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Figure 7.5. Graph of the obtained measurements to solve the LO radiation. Without absorber 

in blue, and with absorber in red. 
 
 
 
7.2 System results in active approach 
 

As mentioned in Section 4.5.2, we also performed tests with the MMW 

imaging system in active mode, that is, we used a millimeter-wave source 

(HP8350B) to irradiate the object under observation. This source produces 

much higher powers than those thermically emitted by the objects, which 

means we can get greater contrast between the object and its surroundings. 
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The diagram of the system in active mode is shown in Figure 7.6. We used 

the Vivaldi antenna as the transmitting antenna of the millimeter-wave source. 

To reduce side lobes radiation from the transmit antenna it was covered with 

aluminum foil.  

 

 
Figure 7.6. Diagram of the MMW imaging system in active mode. 

 

 

First, several objects such as aluminum, ceramic, and plastic plate were 

measured in the same way as in passive mode. The data obtained is 

displayed in Table 7.5. These values were obtained by varying the source 

power from -2 to 18 dBm with increments of 0.5 dBm. The initial voltage of the 

system was of 72 mV approximately, and as we can note, the biggest change 

was again produced by the metal plate, while the lowest was produced by the 

plastic plate, as occurred in passive mode. Here we obtained a greater 

change in the output voltage compared to the passive mode since, as 

mentioned above, the source produces a greater contrast between the object 

and the area scene. As can be noted in Table 7.5, the minimum power source 

that provided us a huge voltage difference between the different objects was 

of 13.5 dBm, where the metal, ceramic and plastic plate produced a voltage 
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difference of 278, 85 and 51 mV, respectively. These findings allow the 

detection of the material which the object is made of with a very high 

percentage of veracity. Thus, it can be concluded that the active approach of 

the MMW imaging system is the best performance for object material 

detection. 
Table 7.5. Object radiation detection in active mode. 

 

Source Power 
(dBm) 

Aluminum Plate 
(mV) 

Ceramic Plate 
(mV) 

Plastic Plate 
(mV) 

-2.0 -46 -71 -73 
-1.5 -44 -70 -73 
-1.0 -40 -70 -73 
-0.5 -36 -69 -72 
0.0 -33 -69 -72 
0.5 -29 -67 -71 
1.0 -25 -66 -71 
1.5 -19 -65 -70 
2.0 -13 -63 -70 
2.5 -5 -62 -70 
3.0 2 -61 -69 
3.5 7 -58 -69 
4.0 14 -57 -68 
4.5 23 -56 -66 
5.0 31 -55 -66 
5.5 39 -53 -63 
6.0 48 -51 -63 
6.5 56 -50 -62 
7.0 63 -47 -61 
7.5 71 -45 -55 
8.0 79 -43 -54 
8.5 86 -41 -51 
9.0 95 -37 -51 
9.5 106 -33 -50 

10.0 118 -27 -48 
10.5 127 -25 -45 
11.0 139 -20 -45 
11.5 152 -18 -38 
12.0 165 -15 -28 
12.5 176 -9 -26 
13.0 195 -3 -24 
13.5 206 13 -21 
14.0 222 17 -17 
14.5 239 20 -14 
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15.0 257 26 3 
15.5 272 31 13 
16.0 286 39 17 
16.5 302 44 22 
17.0 313 54 26 
17.5 323 65 35 
18.0 329 73 43 

 

 

Then, the voltage/power relation of the MMW imaging system was obtained 

by using the power meter (HP437B). The setup used for this test is shown in 

Figure 7.7. The millimeter-wave generator was used to radiate the MMW 

imaging system in direct form. The transmitting antenna was placed 1 m away 

from the receiver antenna, and the source power was varied in a range of -2 

to 23 dBm with steps of 0.5 dBm. The data obtained is shown in Table 7.6. As 

we can observe in Figure 7.8, the output voltage of the system increases as 

the source power is also increased until it reaches a maximum value where 

its behavior is almost constant. This behavior is expected due to the 

nonlinearity of the LNA, that is, as the power of the input signal is increased, it 

generates greater harmonics hence reducing the power of the signal of 

interest. If the power keeps on increasing the amplifier reaches it saturation 

stage [7.1].  For our setup, the amplifier has a quasi linear behaviour up to 

about 14dBm of the source power.  
 

 
Figure 7.7. Schematic for measuring the voltage/power relation of the MMW imaging system.  

Table 7.6. Voltage/power relation of the MMW imaging system.  
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Source Power 
(dBm) 

Output Voltage 
(mV)  Source 

Power (dBm)
Output 

Voltage (mV) 

-2.0 58  11.0 390 
-1.5 66  11.5 402 
-1.0 75  12.0 412 
-0.5 83  12.5 422 
0.0 92  13.0 430 
0.5 102  13.5 436 
1.0 112  14.0 442 
1.5 122  14.5 447 
2.0 133  15.0 450 
2.5 145  15.5 454 
3.0 157  16.0 455 
3.5 173  16.5 455 
4.0 188  17.0 455 
4.5 202  17.5 455 
5.0 220  18.0 456 
5.5 236  18.5 456 
6.0 254  19.0 456 
6.5 270  19.5 456 
7.0 287  20.0 457 
7.5 301  20.5 457 
8.0 315  21.0 457 
8.5 328  21.5 458 
9.0 341  22.0 458 
9.5 354  22.5 458 

10.0 366  23.0 458 
10.5 379    
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Figure 7.8. Voltage/power relation of the MMW imaging system. 
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Finally, a third test was performed for measuring the power at each stage of 

the system (antenna, antenna-LNA, antenna-LNA-Mixer-LO) by using the 

power meter. The power of the millimeter-wave source was varied in a range 

of -2 to 11.5 dBm with increments of 0.5 dBm. The schematic setups of every 

stage are shown in Figure 7.9. The data obtained is shown in Table 7.7. As 

we can observe in Figure 7.10a, as the source power is increased, the power 

measured by the system increases, presenting a linear behavior, but the 

readings taken after the LNA (settings antenna-LNA, and antenna-LNA-Mixer-

LO) presented the nonlinear behavior discussed in the preceding paragraph 

(Figures 7.10b and 7.10c). 

 
Table 7.7. Measurements of the power behavior at every stage of the MMW imaging system.  

 

Source Power 
(dBm) 

Configuration (a) 
(dBm) 

Configuration (b) 
(dBm) 

Configuration (c) 
(dBm) 

-2.0 -49.61 2.94 -4.74 
-1.5 -49.30 2.97 -4.42 
-1.0 -48.80 3.31 -4.27 
-0.5 -48.69 3.40 -4.11 
0.0 -48.10 3.74 -3.95 
0.5 -47.71 3.96 -3.64 
1.0 -47.23 4.11 -3.48 
1.5 -46.63 4.47 -3.2 
2.0 -46.32 4.82 -2.91 
2.5 -45.64 5.10 -2.64 
3.0 -45.31 5.37 -2.21 
3.5 -44.76 5.62 -2.1 
4.0 -44.33 5.87 -1.87 
4.5 -43.82 6.03 -1.69 
5.0 -43.31 6.19 -1.47 
5.5 -42.92 6.42 -1.37 
6.0 -42.25 6.47 -1.21 
6.5 -41.79 6.72 -0.98 
7.0 -41.31 6.82 -0.87 
7.5 -41.02 6.95 -0.79 
8.0 -40.43 7.03 -0.74 
8.5 -39.95 7.17 -0.62 
9.0 -39.52 7.23 -0.55 
9.5 -38.92 7.26 -0.49 
10.0 -38.37 7.33 -0.41 
10.5 -38.14 7.36 -0.39 
11.0 -37.63 7.39 -0.34 
11.5 -37.42 7.42 -0.31 
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(a) 

(b) 

(c) 

Figure 7.9. Settings for measuring the power behavior at the different stages of the MMW 

imaging system. (a) Antenna setting, (b) antenna-LNA setting, and (c) antenna-LNA-mixer 

setting. 
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(a) 

(b) 

(c) 

 

Figure 7.10. Power behavior at the different stages of the MMW imaging system. (a) Antenna 

setting, (b) antenna-LNA setting, and (c) antenna-LNA-mixer setting. 
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Chapter VIII 
Conclusions and Future work 

 

 

8.1 Conclusions 
 

MMW imaging is a method of forming images through the detection of 

millimeter-wave radiation from a scene.  This power is a combination of what 

the scene object is directly emitting and what it is reflecting from its 

environment. As we have seen in Section 3.2.2, there are two different 

approaches which can be distinguished for the development of MMW imaging 

systems: Active and Passive imaging. Active millimeter-wave imaging uses a 

source to illuminate the scene where the object is placed, and as explained in 

Section 3.2.2.2, this source produces much higher power than those 

thermically emitted from objects within the scene, producing higher contrast. 

Passive means that the spectral distribution of natural radiation which is 

emitted or reflected from a body at room temperatures is properly captured 

and displayed (radiometry). In this thesis work a millimeter-wave detector 

system in active mode has been implemented. Different materials such as 

plastic, ceramic, cardboard and aluminum have been successfully detected.  

 

To obtain the image reconstruction of the scanned object with the MMW 

imaging system a nipkow disc has been implemented in a collaborative effort 

with Dr. Soto and Andrés Mendoza. The demonstration of the nipkow disc 

principle is made in the optical region as preliminary step for the 
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implementation of the nipkow disc at millimeter-wave frequencies, as 

discussed in Chapter 6.  

 

The images obtained using the nipkow disc at optical frequencies have been 

successfully reconstructed. Thus, the nipkow disc is a viable solution for the 

MMW imaging system. Moreover the nipkow disc also presents many 

advantages such as low cost, simple implementation and fast sampling in 

comparison with other image reconstruction methods, as shown in Chapter 6. 

 

As explained in Chapter 5, the SIW technology has been developed as a 

solution for the two fundamental problems that the classical waveguide 

technology presents at millimeter-wave frequencies, namely, radiation loss 

due to discontinuity, difficult modal transition to planar circuits and high 

manufacturing costs. The SIW concept consists on synthesizing non-planar 

structures on a dielectric substrate in planar form. The advantage of the SIW 

technology is that these planar circuits could easily be integrated with MMICs. 

Moreover SIW has the advantages of cost reduction and miniaturization of the 

system. The design of the SIW exponential flare horn antenna allows a very 

compact design of a completely integrated planar platform with very broad 

bandwidth. The final simulated design of the SIW exponential flare horn 

antenna obtained a BW (below -10 dB) of 22GHz (18-40 GHz), wider than 

any other reported SIW antenna. The arc lens placed in the substrate 

improves the directivity of the SIW antenna as shown in Chapter 5.  

 

As a final word, we can say that the exploitation of the millimeter wave regime 

is the natural next step in expanding our ability to see more of the world 

through artificial means. The MMW imaging system ideas proposed in this 

thesis work offer portable, light and inexpensive solutions for modern remote 

sensing systems. 
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8.2 Future Work 
 

As future work the nipkow disc at millimeter-wave frequencies with the hole 

dimensions obtained in Section 6.3 will be implemented on a metal disc for 

millimeter wave testing. Other aspect to be contemplated is the total isolation 

of the system with absorber material to reduce RF interference. Also, the SIW 

antenna should be implemented and tested, and a final MMW imaging Front 

End system should be realized on a single substrate to have a fully integrated 

circuit.  

 

Finally, the usage of higher frequencies could enhance the pixel resolution for 

short distance applications.  
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A.1 Millimeter-wave absorber AN-79 
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A.2 Millimeter-wave absorber 320-3-C-RAM-AR/HP 
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A.3 Low Noise Amplifier QWL-15262855-JO 

 

QuinStar Tecnology, Inc. 

 

Model Number 
Frequency 

Range 
(GHz) 

Noise 
Figure 

(dB Max) 

Gain 
(dB) 

Gain 
Flatness 

(±dB) 

Current 
(mA) 

max., at 12V 

Outline 

QLW-15262855-
XX 

15-26 2.8 55 3.25 300 J 

 

 

 

Outline Drawings 
 

 

Outline A, B, J 

 

 

Ordering Information  

Model Number: QLW - ABCD EF GH - IJ 

 ABCD = Frequency Range, minimum-maximum frequencies in GHz 

 
EF = Noise figure in tenths of dB 

(Example: EF = 45 for Noise Figure = 4.5 dB) 

 GH = Gain, in dB 

 IJ = Outline designation (E, G, I, J, P1, P2) 
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A.4 Triple Balanced Mixer MY52 
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A.5 Local Oscillator LO-211-FC 
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A.6 Square Law Detector 75VA50 
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A.7 RT/duriod 6010LM 
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