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ABSTRAK 
 
 

Nama       : Khairul Fuady 
Program Studi    : Optoelektronik  
Judul Tesis   : Packaging photodiode untuk penjumlahan gelombang mikro 
 
 
Photodioda dapat digunakan dalam sistem komunikasi optik, tetapi aplikasi yang 
utama digunakan sebagai link untuk gelombang mikro dinamik. Implementasi 
dalam sistem gelombang mikro, photodioda akan ditempatkan dalam sebuah 
modul yang dikenal dengan modul microwave packaging. Proses packaging ini 
memuat waveguide photodioda dan konektor microwave yang diintegrasikan  
bertujuan untuk memperoleh penjumlahan sinyal gelombang mikro di bagian 
outputnya. Penelitian ini akan membahas tentang desain dari modul packaging 
yang telah dikembangkan untuk mengintegrasikan penempatan photodiode dan 
mengatur proses alignment dari sinyal laser yang dirambatkan melalui fiber (lens 
ended fiber). Langkah terakhir adalah menjelaskan proses desain rangkaian bias 
tee menggunakan software ADS. Perangkat bias tee ini akan ditempatkan di 
dalam modul yang berfungsi sebagai pengatur terhadap masukan DC atau AC 
sehingga diperoleh efisiensi dari photodiode.   
  
Kata kunci : microwave packaging, waveguide photodiode, konektor waveguide, 
bias tee.  
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ABSTRACT 
 
Name       : Khairul Fuady 
Study Program   : Optoelectronic 
Judul Tesis   : Photodiode packaging gor microwave summation 
 
The photodiode can be used in optical communication systems, but the main 
application is the dynamic microwave link. For the implementation in the 
microwave systems, the photodiode should be mounted in the microwave 
packaging. The packaging must be including the waveguide photodiode and the 
microwave connector to obtain the microwave signal output. In this report, I 
present the design of module packaging which was developed to make the 
electrical mounting of the photodiode and make possible the alignment with the 
lens ended fiber. The last step is to introduce the bias tee design that will be put 
inside the packaging and the alignment procedure to keep the efficiency of the 
photodiode. 
 
Key words: microwave packaging, waveguide photodiode, konektor waveguide, 
bias tee.  
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RESUME 
 

 
Nom      : Khairul Fuady 
Parcours    : Optoelectronique  
Titre                   : Mise en Boîtier De La Photodiode Guides D'ondes Pour somme 

à Micro-Ondes 
 
La photodiode peut être utilisée dans des systèmes de communications optiques, 
mais la principale application est la liaison hyperfréquence dynamique. Pour la 
mise en oeuvre dans le système à micro-ondes, la photodiode doit être monté dans 
l'emballage à micro-ondes. L'emballage doit être compris la photodiode guide 
d'ondes micro-ondes et le connecteur de sortie pour obtenir le signal de micro-
ondes. Dans ce rapport, je présente la conception d'emballages module qui a été 
développé pour faciliter le de montage électrique de la photodiode et permettre de 
l'alignement de la lentille de fibres clos. La dernière étape consiste à introduire la 
conception té de polarisation qui sera mettre à l'intérieur de l'emballage et la 
procédure d'alignement pour maintenir l'efficacité de la photodiode 
 
Mots clés : fibre à cristaux photoniques, infiniment monomode, biréfringence, 
vecteur et matrices de Jones, polarisation. 
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INTRODUCTION 

 

The development of telecommunications technology systems enables the provision 

of telecommunication facilities in a relatively low cost, high-

quality service, fast, safe, and also a large capacity for delivering information. The 

ability of the transmission system using optical fiber technology is enhanced, so as 

to replace the application of conventional transmission systems in the 

future, especially for long distance transmission. In 

the optical fiber communications systems, information is converted into optical 

signals (light) by using the LED light source or the laser sources. Then based on 

the total reflection theory, an optical signal containing the information is passed along 

a fiber to the receiver. And then, the 

optical detector will convert optical signals into electrical signals back.  

IEMN laboratory actually produce a waveguide photodiode that has a cut off 

frequency of 20 GHz, which is able to work under high illumination. This photodiode 

can be used in optical communication systems, but the main application is the 

dynamic microwave link. For the implementation in the microwave systems, the 

photodiode should be mounted in the microwave packaging. So, it is the strong 

reason to create the device that will connect to the ends of optical fiber and a cable for 

microwave signal. 

As consequence, the packaging must be include the photodiode itself and must have 

the microwave connector to obtain the microwave signal output. We need several 

ways to solve the problems faced to reach the goal starting from the chip itself. The 

main objective of this internship was to solve the problem in order to encounter this 

objective.  

In the first chapter, we will recall the basics of the conventional photodiode and the 

waveguide photodiode. Generally, a conventional photodiode is a surface illuminated 

area and a waveguide photodiode is a side illuminated area. The illuminated area are 
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30 microns on one hand and 2 microns on the other hand. The accuracy of the 

alignment is completely different for every area. 

In the second chapter, we will start to describe the photodiode that was developed by 

IEMN laboratory, showing how it is working, and how we need to align of the optical 

fiber in front of the waveguide photodiode. Then we will discuss and show the design 

of the first module packaging which was develop to make the electrical mounting of 

the photodiode possible. At last explanation, we will describe the new module 

packaging that should make possible the alignment, to sticking and the gluing of the 

optical fiber inside the module packaging. 

In the third chapter, we will discuss how to design a bias tee circuit and integrate it 

inside the module packaging. We will design it using the software of advanced design 

systems (ADS) and analyze the parameters of a passive components used in the bias 

tee circuit. In the last chapter, we will show the equipment and the procedure we used 

to align the optical fiber in front of the waveguide photodiode. 
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CHAPTER 1 

THE PHOTODIODE BASIC 

 

1.1 INTRODUCTION 

 The photodiode is a key component for most optical fiber communication 

systems and optical measurement systems. Photodiode has a function to convert an 

optical signal into an electrical signal in the optical receiver. In this chapter, we will 

focus on the basic series of the conventional photodiode and the waveguide 

photodiode. The first part will be to explain the conventional photodiode. And then,  

in second part for the waveguide photodiode. We will describe the working principle 

of the conventional photodiode and the waveguide photodiode related the 

responsively, the dark current, the dynamic response cut off frequency, and the noise. 

We will recall the main structure and characteristics of both. 

 1.2 THE CONVENTIONAL PHOTODIODE  

  A photodiode is a semiconductor component having the ability to detect 

radiation in the optical domain and turn it into an electrical signal. The optical signal 

will be detected and converted into the electrical signal. This is the main duty of the 

photodetector. The are 3 basics processes in a photodiode (Sze,1969) : 

- Carrier generation by incident light 

- Carrier transport and/or multiplication by whatever current-gain 

- Interaction of current with external circuit to provide the output signal 

According to Harari (1991), in the optical domain, the energy of the photon can 

be translated into this relation: 

 

     (1.1) 
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The energy in is relation is higher that energy gap. The process of interaction of light 

with the material is known by the absorption process.  

If we are looking in the electrical domain, the absorption is characterized by the 

creation of electron-hole pairs. When the electrons bound to atoms and receive energy 

from the photon, the energy increases enough to be the free carrier electrons. The 

inter-diffusion of electrons and holes between the N and P regions across the junction 

results in a region with no free carriers or depletion layer. The current generated is 

proportional to the incident light or radiation power. The light is absorbed following 

an exponential to the distance which defines the absorption coefficient 

  

1.2.1  ELECTRICAL PROPERTIES  

Electrical properties of the photodiode can be obtained by a current source 

connected in parallel with an ideal diode. This relation can be determined in the 

figure 1.1. 

 

 

 

 

 

 

 

 

 

Figure 1.1  Equivalent circuit for silicon photodiode 

The figure 1.1 shows the current source representing the current generated by the 

incident radiation, and the diode represents the PN junction. The other components 

are : 

a. Shunt resistance (Rsh), which is the slope of the current-voltage curve of the 

photodiode at the origin (V = 0). An ideal photodiode have a shunt resistance 
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of infinite. This parameter use to determine the noise current in the 

photovoltaic /no bias mode. 

b. Series resistance (Rs), is the resistance of the contact and the undepleted layer. 

An ideal photodiode have not this parameter. The series resistance is used to 

determine the linearity of the photodiode in photovoltaic /no bias mode.  

c. The junction capacitance (Cj),  is used to determine the speed of the 

response of the photodiode. 

d. The rise/fall time and frequency response is defined as the time for the signal 

to rise or to fall to the final value. The relation with the frequency response 

can be described in the equation 1.2. 

 Tr = 0.35/f3 dB    (1.2) 

The factors of the time rise are time drift, time diffused and RC time constant. 

The total rise time can be determined by : 

       (1.3) 

 

 

1.2.2  OPTICAL CHARACTERISTICS  

 The quantum efficiency (the number of electron hole pairs generated per 

incident photon) will be obtained when the depletion layer in the photodiode is thin. 

The purpose of the thickness of this layer is to be thin enough to reduce the transit 

time and sufficiently thick to allow a large fraction of incident light (Sze,1969). 

The photodiode has the quantum efficiency with: 

 (1.4) 

where: 

IP: the photogenerated current by absorption of incident optical power (Popt) at 

wavelength λ. 

            (1.5) 
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The quantum efficiency is the ratio of carrier pairs to the number of incident 

photons. This value cannot be greater than 1 and increases with the thickness of the 

absorbent. The sensitivity in Ampere/Watt is the ratio of the photocurrent to the 

optical power. We can observe that the sensitivity increases according to wavelength. 

Then collapses to the cutoff optical frequency. We can look at the characteristic of the 

responsivity of the photodiode according to the wavelength for various materials in 

the figure 1.2 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 1.2 The sensitivity and performance curves according to the wavelengths for 

various materials (Verneuil,2003) 

For an ideal photodiode, we have the value of  = 1,  = (  A/W and  

in microns. To minimize the diffusion effect, the junction must be near to the surface. 

Most light will be absorbed when the depletion layer is wide. The depletion layer 

should be not too wide and not too thin. The size of the depletion layer must be 

optimum to get the transit time in the order of one-half the modulation packaging 
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(Sze,1969). We can describe the schematic for the process that occurs in the 

photodiode. 

 

  

 

 

 

 

Figure 1.3 The schematic of the process in the photodiode (Sze,1969) 

The figure 1.3 shows that the optical signal coming into the device is converted 

into an electrical signal. Although, it will acquired some noise such as thermal noise 

that occurs in the process. The average photocurrent due to the optical signal is (Sze, 

1969) : 

                                    (1.6) 

For the modulation optical signal signal, the rms power is :   

the rms signal current is :  (1.7) 

The dark currrent from the background radiation is (IB ) 

The dark current due to thermal generation of electron-hole pairs in the depletion 

region is (ID).     

The photodiode will generate some noise like shot noise and thermal noise. The 

formula of the shot noise is : 

               (1.8) 

 

Signal dark 

Photo electric 
effect 

Photo electric 
effect 

Optical 
 

Background Background 

Output 
signal + 

 

Thermal 
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For the thermal noise: 

               (1.9) 

All resistances contribute to the additional thermal noise to the systems. Resistance 

series Rs are usually smaller than other resistance and can be neglected. The signal 

noise power can be determine in: 

  (1.10) 

  (1.11) 

If Ieq/qB (S/N) << unity : Minimum optical power = quantum noise + optical signal 

itself 

If Ieq/qB (S/N) >> unity : Background radiation and/or thermal noise of the 

equivalent resistance becomes dominant. 

The method to improve the sensitivity of a PD, both  and Req should be increase 

while IB and ID decrease.  

1.2.3 BIASING 

In the photodiode, that are two distinct modes of operation. The photodiode 

can be operated with an applied reverse bias or photoconductive mode and unbiased 

or photovoltaic mode. Application of a reverse bias to improve the speed of response 

and linearity of the devices. This is due to an increase in the depletion region width 

and consequently decrease in junction capacitance. In the other hand, a reverse bias 

will increase the dark and noise currents. The photovoltaic mode of operation 

(unbiased) is preferred when a photodiode is used in low frequency applications (up 

to 350 kHz). 

 

Packaging photodioda..., Khairul Fuady, FTUI, 2012

 
 
 
 
 
 
 

     



 
 

9 
 

 
Universitas  Indonesia 

1.3 WAVEGUIDE PHOTODIODE 

The requirement for high bit rate optical communication systems is high speed 

photodiode with high responsivity. According to Kato (1999), the photodiode has a 

photo absorption layer that has the function to convert input light to electrons and 

holes. In this fact, the carrier transit time must be shorter than the required system 

response. This assumption is expected that the entire input optical signal can be 

maximum absorbed by propagation of the light along the absorption layer. In 

example, for InGaAs (1,3 – 1,6 um / long wavelength) and GaAs (0,85 um : short 

wavelength) photo absorption layer with the carrier transit distance D = 0,3 and 0,1 

um are expecteded 100 – 300 GHz bandwidths. The 3 dB cut-off frequency can be 

described by: 

Dvf dB π2/5.33 =   (1.12) 

with the value of v = 5, 3 x 106 cm/s 

The first high speed edge coupled waveguide photodiode was demonstrated 

with a bandwidth of 28 GHz and efficiency 25 %. The photo detectors are back-

illuminated InGaAs diodes with optical response from 0-9 to 1-6 um wavelength, a 

range that includes the minimum-attenuation and zero-dispersion wavelengths that 

are important to long-distance optical transmission with present silica-based fibres. 

Generally, the frequency response of PIN photo detectors is granted by: 

1. The time required for the photo injected carriers to drift across the depleted layer  

(time transit) 

2. The inherent capacitance of the structure (which depends on the depleted layer 

thickness and the diode area). (Bowers, 1986). 

According to Kato (1999), the problem is difficult to obtain efficient optical 

coupling or adjusting the good overlap between the input optical field and the optical 

field at the PD. That problem is based on the mismatch between the focusing of the 

input light and the absorption layer is very thin. We can solve this problem with 
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focusing the optical beam at the photodiode without increasing the thickness of the 

photo absorption layer. By using the concept of multimode waveguide, we can 

describe simple waveguide photodiode in the figure 1.4. 

 

 

 

 

 

 

Figure 1.4 waveguide photodiode (Bowers et Wey, 2009) 

The main advantages of waveguide detectors are the very thin depletion region 

resulting in a very short transit time and the long absorption region resulting in a high 

bandwidth photo detector with a high saturation power. The absorption length of a 

waveguide detector is usually designed depend on the material structure to ensure full 

absorption. The external quantum efficiency of a waveguide PIN detector is: 

         (1.13) 

where : 

 k is the coupling ef efficiency due to the modal mismatch , Γ is the mode 

confinement factor , αIB is the interband absorption (Bowers et Wey, 2009). 

Generally, the incident light comes from a lensed ended optical fiber and the 

lens will focus the light. In real condition, the incident light will be possibly reflected. 

The reflection light will be reduced by using antireflection coating. Inside, the light 

will be guided by total internal reflection in the waveguide. The waveguide will guide 

the light through the device and keeps the light in the centered of the active layer. The 
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optimal profile of the incident light will determine the quantity and the quality of 

light to be guided by the waveguide. Thereafter, the mode profile will be matched. 

 

1.3.1  EXAMPLE OF CHARACTERISTICS 

The static measurements includes the dark current and the responsivity of the 

photodiode at different bias voltages and wavelengths. The dark current is typically 

less than 20nA at voltages smaller than –4 volts. We can see an example the relation 

between the dark current with the bias voltage in the figure 1.5. 

 

 

 

 

 

 

 

  

 

 

Figure 1.5 The I-V characterization for several photodiodes (Nikoufard, 2008) 

 

On the other hand, we expect an efficiency exponential increase with increasing 

length of the photodiodes. However, because of the processing the photodiodes is not 

similar, the efficiency does not increase exponentially with device length increasing. 

We can see the relation between length and active layer thickness in the figure 1.6. 
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The figure 1.6 The function of the acctive layer thickness and the detector length for 

waveguide Photodiode with 2 µm (Nikoufard, 2008) 

Typically RF measurements are also given in the figure 1.7. RF responsivity  is 

carried out to determine the 3-dB bandwidth of the photodiode for different bias 

voltages.  

 

 

 

 

 

 

 

 

 

The figure 1.7 RF responsivity vs frequency for 60 microwave photodiodewith -4 V 

and -8 V bias voltage (Nikoufard, 2008) 
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CHAPTER 2 

THE PACKAGING OF WAVEGUIDE PHOTODIODE 

 

2.1 INTRODUCTION 

This chapter is mainly to the packaging design. We start presenting the 

waveguide photodiode structure of IEMN. The packaging is working on a different 

principle with the conventional photodiode. Mostly for the optical point of view, the 

fiber must be aligned in front of the waveguide photodiode side. This alignment must 

be done with more accuracy than for the conventional waveguide photodiode. The 

active area of a high speed waveguide photodiode is almost 30 microns and for the 

waveguide photodiode is a few microns. It means the accuracy for alignment is 

different for a waveguide photodiode. It is why we describe the structure of the IEMN 

waveguide photodiode in the first. And then, we describe the first packaging that we 

designed which allow alignment of the fiber without sticking. In the end, we will 

present the new packaging that allow the alignment of the fiber with ferrule and could 

used here to be sticked to the packaging. 

2.2     IEMN WAVEGUIDE PHOTODIODE 

 The IEMN waveguide photodiode is based on the evanescent coupling of 

multimode dilute waveguide with the active photodiode. According to Decoster et al., 

(2003), the diluted waveguide is made of very thin GaInAsP quaternary epilayers 

introduced in InP. The distance between the quaternary epilayers decreases from the 

substrate to the top of the waveguide to get a specific waveguide which can be 

compared to a half graded index lens whose centre is on the top of the waveguide 

(figure 2.1). The incoming light is pushed towards the surface of the waveguide, and 

then reflected at the air semiconductor interface. It turn out a “snake” propagation of 

the light (figure 2.2). This specific behavior is typical for a multimode propagation. 

The new idea here is to apply this behavior to evanescently coupled PIN photodiodes. 

The light beam can be guided towards the photoabsorbing layer over very short 
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coupling length, allowing high speed photodetection, very high responsivity, and high 

alignment tolerance. 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 The “snake” propagation (Decoster et al., 2003) 

 

 

 

 

Figure 2.1 The Multimode evanescent coupled PIN photodiode (Decoster et 

al., 2003) 
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The result of BPM simulation can be viewed in the figure 2.3. 

 

 

 

 

 

 

 

 

The figure 2.3 The simulation of the optical propagation using BPM was developed 

by Vincent Magnin (Saadsaoud, 2010) 

The figure 2.3 is the propagation in the device can be modeled by using BPM 

software. Another characteristics of this photodiode is the partly P type doping of the 

absorption layer which makes this photodiode able to work under high optical power.  

We can show the photograph of the PIN Photodiode that is developed by IEMN 

laboratory in the figure 2.4 and 2.5   

 

 

 

 

 

 

 

 

 

 

Alignment 
cleaving mark 

Figure 2.4 SEM photograph of the fabricated photodiode before cleaving 
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Figure 2.5 SEM photographs of the PIN photodiodes after cleaving  

The figure 2.4 shows the fabricated photodiode before cleaving.  We can see 

the alignment cleaving mark the bounding pad which is deposited on a dielectric layer 

to reduce the parasitic capacitance and the active part of the photodiode which is a 

narrow waveguide with metal. The region between the cleaving mark and the active 

part is the multimode waveguide. 

The figure 2.5 show the  several photodiode after cliving.  We can see the 

cleaving edge, were incoming light will be focus from optical fiber. That device 

performance are  0,9 A/W, responsivity 20 GHz bandwidth and a 30 mA maximum 

photocurrent. 

2.3 THE MODULE PACKAGING 
 

The photodiode developed by IEMN laboratory is the side illuminated device. 

As consequence, the packaging property for the device side with the optical fiber. 

Generally, the simple module packaging that we used in the experiment can be 

described in the figure 2.6. 
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Figure 2.6 The basic module packaging of waveguide photodiode 

Based on the figure 2.6, we can determine the physical of the module 

packaging have the output connector, the photodiode and the microwave line as the 

main part. The prototype was made with alumunium. The figure 2.7 can show the 

photograph of the first packaging which was developed by IEMN laboratory. We can 

see inside of the photodiode chip itself (black colour), the white colour is a microwave line to 

make a link between the photodiode and the connector outside of the module package   

 

 

 

 

 

 

 

The figure 2.7 The photograph of the first module packaging 

Based on the figure 2.7, we can see that the module is made without a barrier at 

the front. This is to facilitate the placement and adjustment of the position of the 

optical fiber which acts as an optical transmission medium. Further, aligning the 

position of the optical fiber in front of the photodiode. The position of the optical 

fiber is not stick to the surface or part of the module. We can place the optical fiber as 

photodiode 

Microwave line 

connector 
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the input, which will produce a microwave signal at the output. The photodiode is 

glued to the packaging and connected to the microwave line with a wire bonding. The 

photograph of the inside module packaging can be viewed in the figure 2.8. 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 2.8 The photograph of the inside module (a) zoom out, (b) zoom in  

The figure 2.8 (b) can show show a more detail picture of the microwave line which 

is fixed between the photodiode and the K microwave connector. In the figure 2.8 (b) 

, the wire bonding make the connection between the photodiode and microwave line, 

and we see on the left side, a tip wiring from the connector. 

2.4 THE NEW MODULE PACKAGING 
 

We develop a new module based on the first module model. The shape is 

different shape only in the length of the module. For the new model module, we 

modified the shape and length of the module. In front of the module package is 

placed a barrier wall and a hole for inserting a single optical fiber. The optical fiber 

has a ferrule to stick it to the packaging. The figure 2.9 will show the lensed ended 

fiber with a ferrule. The diameter of this ferrule defines the size of the hole in front of 

the packaging. The rest of the packaging remains similar to the first one. It is allow 

the mounting of the microwave line connected with a wire bounding to the 

photodiode, and in the contact of the K connector which cut-off frequency is 40 GHz. 

The new module packaging can be viewed in the figure 2.10. 

(a) (b) 

a tip wiring 
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Figure 2.9 The photograph of the optical fiber with ferrule  

 

 

 

 

 

 

 

Figure 2.10 The photograph of the new module packaging 

 In the figure 2.10, we can see the new module packaging that allows to stick 

the optical fiber with ferrule inside the hole in front of the module. We can compare 

with several photographs that show the difference between the first module and the 

new module. The comparison of the two module packagings can be viewed in the 

figure 2.11.  

 

 

Optical fiber 
with ferrule 
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The measurements with the photodiode in the packaging shows that the dark 

current is small (<1 uA in reverse bias mode) and increases in the forward bias ( > 1 

mA at 0,5 V). The measurement of the responsivity that shows the maximum value is 

higher that 0,5 A/W when the polarization voltage is from -3 V to -8 V. The figure 

2.13 shows that the characteristic curve I-V of the device in the packaging. 

 

 

 

 

 

 

 

 

 

 

Figure 2.12 Responsitivity of the photodiode versus the optical power for different 

bias voltages (Saadsaoud, 2010) 

Figure 2.11 The photograph comparison between the first and new module 

packaging 
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Figure 2.13 The characteristic I-V 
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CHAPTER 3 

BIAS TEE CIRCUIT 

 

3.1 INTRODUCTION 

 In all devices experiments, the bias tee is placed outside the packaging. 

Neverthless it is more convenient to put the bias tee circuit inside the packaging. The 

device is then more compact and easier to use. This reason why in this chapter, we 

design a bias tee able to be use in 1 MHz to 20 GHz range frequency. We used the 

ads simulation in this chapter.  The bias tee circuit used the passive components 

which inductance is 220 nH and capacitance is 82 pF. In a second step, to improve 

the performance, we add a shunt capacitor which value is 82 pF. 

3.2 BIAS TEE DESIGN 

 The next step is now to introduce the bias tee inside the packaging. We will 

design the bias tee and apply inside along the microwave line. So, we must design a 

very compact bias tee to integrate inside the module packaging. The bias tee will be 

used to pass the high frequency without disturbing other components. We must obtain 

a frequency bandwidth corresponding to the waveguide photodiode. The bias tee is 

really important in the measurement and real application. We expect a performance 

an output of the module packaging is better when the bias tee can be integrated inside 

the module. 

 Before we will design the bias tee circuit, we must know the parameters to be 

used in designing a bias tee. S parameter is very important indicator because can 

explain about the ability, stability and performance of the bias tee circuit that we 

designed. S parameter describes the input signal coming into the medium or  known 

as a quadripole. We can describe the simple schematic to explain the S paramaters 

that are using in this design. We can determine in the figure 3.1 
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. 

 

  

 

 

 

Figure 3.1 the simple bias tee circuit 

 Based on the figure 3.1, we can explain the S parameters. In the first, the S31 

parameter is the RF signal to the termination or the RF+DC port. The S32 parameter 

is the DC signal to the termination or the RF+DC port. The S21 parameter is the RF 

signal to DC port or that know as the insertion loss. In the end, the S11 parameter is 

the return loss in the RF port or that know as the return loss. Generally, we will use 

this parameters in our simulation using the advanced design systems software (ADS). 

3.2.1 ADS SIMULATION USING IDEAL COMPONENT 

In the first, we will design the simple bias tee using capacitor 82 pF and 

inductor is 220 nH. The capacitor provides a low impedance path for the RF signal to 

load, and a high impedance path for DC. When sizing the capacitor, we need make it 

large enough to provide a RF short. In the case of the inductor, we need to make for 

the open circuit in RF frequencies.  

The resistor in the termination or the load at the RF port is 50 ohm and the 

resistor in the termination at the RF + DC port is large (either the input or output 

impedance of the device) in normal operation but will be 50 ohm in the bias tee 

design. We can assume the normal load is 50 ohm for each port. In the condition real, 

perhaps the value of the impedance in the termination RF + DC is large but in this 

design we choose 50 ohm for each port.  

Port 1 

Port 2 

Port 3 
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We can make the bias tee design as this schematic using ADS. 

 

 

 

 

 

 

 

 

Figure 3.2 The circuit using ADS simulation 

 

The circuit can determine and performed in the range frequency 10 kHz to 20 

GHz. We can simulate with the narrow frequency for to obtain the best value of the 

simulations parameters. The purpose of the S parameters simulation is to ensure that 

the RF path of the bias tee passes the signal while the DC path does not at RF 

frequencies.  The description can be viewed by the the S(3,1) and S(3,2). The 

parameter S31 can determine the input signal of RF path passing to the termination of 

RF + DC path. The S32 can determine the input signal of DC path passing to the 

determination of RF + DC path.  The simulation can be determined by the figure 3.2 
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Figure 3.3 the S31 parameter (RF to RF+DC path) 

 

 

 

 

 

 

 

 

Figure 3.4 the S32 parameter (DC to RF+DC path) 

 The figure 3.3 and 3.4 are show the simulation circuit and results for the ideal 

component values of C = 82 pF and L = 220 nH. For the detail results, we can plot 

the results in the single point for the frequencies from 10 kHz to 20 GHz. That results 

for the ranges frequencies 10 KHz to 20 GHz. We can obtain the RF signal will 

transmit in the frequency more than 100 MHz (the value of gain is lower than -1 dB). 

In the other hand, The DC transmit will be obtained by the frequency lower than 15 
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MHz. Based on the figure, the gain or the S21 parameter will rise in accordance with 

increasing of the frequency and the S32 will fall when the frequency is rise.  We can 

obtain the value of each parameter in the spesific frequency using the type of single 

point of S parameters. The S parameters can be input in this table. 

 

Table 3.1 The S parameters and the frequencies without shunt capacitor 

F S31 (dB) S32(dB) S21(dB) S11(dB) 
10 KHz -71,781 -2,8e-7 -71,781 -5,7e-7 
15 MHz -8,790 -0,616 -9,479 -1,220 

100 MHz -0,543 -9,300 -9,910 -18,091 
500 MHz -0,023 -22,831 -22,875 -44,185 

1 GHz -0,006 -28,837 -28,844 -54,303 
5 GHz -2,3e-4 -42,812 -42,813 -71,355 

10 GHz -5,7e-5 -48,833 -48,833 -77,518 
20 GHz -1,4e-5 -54,853 -54,853 -83,575 

 

Based on the table, we can obtain the DC transmission from the DC port to 

the termination RF + DC. We can determine in the parameter S32 that show the 

position the gain is higher than the parameter S31. That fact will be determined the 

capacitor cannot pass the RF signal. In the other factor, we can see the parameter of 

S21 and S11. The parametre S21 that show minimum signal of the port 1 coming to 

the port 2 or DC path. The parameter S11 that show maximum the signal RF is like 

the return loss of the RF path. We can see in the frequency more 1 GHz, the 

parameter of S32 will be down. It show that probably is the upper frequency of the 

DC path. We obtained before using the logarithmic type of sweep frequency, the 

upper frequency is about 15 MHz. 

The parameter S31 that show the transmission RF signal to the termination RF 

+ DC will be up in the frequency more 100 MHz. It so that will be probably is the 

lower frequency of the RF path. Generally, we must to obtain the gain of the 

parameter S31 in the 0 dB. However, absolutely in the application we will to find 

more the loss.  The parameter S32 will be stay in below approximately –10 dB for all 
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frequencies greater than approximately 150 MHz. It means that very little signal from 

DC path to RF path. The same fact in the parameter S21 where the value will be 

down in the frequency more 500 MHz. It also show that very little signal from the RF 

path to DC path. We can see very little of the return loss that will be suffering  in the 

circuit with the parameter S11. Based on that fact, we can make one resume that S31 

is high (which means that most of the input signal from RF path is getting to the RF + 

DC output) and S21 is low (very little signal is going from theRF path to the DC 

port).  

The results can be viewed by using the logaritmic of the sweep type for the 

range 10 kHz to 20 GHz. We can see the comparison between S31 parameter and S21 

parameter. The S21 parameter is describe the relation between the DC port and the 

RF port. Generally S21 is the insertion loss or the signal coming into the DC port 

from the RF path. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5 The comparison between S31 and S21 

The figure 3.5 is shown the S31 is higher than the S21. That fact show the RF 

signal is very little going to the DC path and more the RF signal going to the 

termination RF + DC path. The loss return of the RF path can be seeing in the S11 

parameter. 
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Figure 3.6 The return loss parameter S11 

 

Based on the figure 3.6, the S11 parameter will be fall that means the return 

loss in the port 1 (RF path) is very low. We will compare the bias tee design with the 

other schematic that we can obtain the optimal circuit. In the same value of the 

capacitor and the inductor, we will develop the schematic with adding the couplage 

capacitor in our circuit. That capacitor is paralel with the inductor connecting in the 

port 2 (DC path).  

The new schematic consisting of the inductor (L) and the capacitor (C1) the 

bias-T circuit is simple, but particular consideration must be given to component 

selection. Although we are to add the shunt capacitor (C2) on the DC port should not 

be considered optional (Figure 3.7). Addition of this capacitance substantially 

increases isolation between the RF ports and the DC supply connection by routing 

any remaining RF leakage on the supply side of the inductor to ground.  
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Figure 3.7 Circuit with adding the shunt capacitor C2  

The first assumption is we will connect one capacitor that paralel with the inductor. 

This capacitor that expected for decreasing the leakage of RF signal coming into the 

DC port. The value of the inductor that determine higher than the capacitor. We will 

look the results with the sumulation and we can to tune the optimal value for to obtain 

the best circuit. We will to simulate as the previous step and perhaps we will to obtain 

the different of the result that produced by our schematic. In the first step we will to 

attention for the result in the spesific frequency with each paramaters. The results can 

be viewed in table 3.2 

Table 3.2 The S parameters and the frequencies witht shunt capacitor 

F S31 (dB) S32(dB) S21(dB) S11(dB) 
10 KHz -71,781 -3,5e-7 -71,781 -5,7e-7 
15 MHz -10,009 -0,576 -9,440 -1,043 

100 MHz -0,130 -16,065 -16,674 -20,942 
500 MHz -2e-4 -44,962 -44,988 -48,526 

1 GHz -1,8e-5 -57,040 -57,040 -56,615 
5 GHz -3,2e-7 -85,010 -85,010 -71,504 

10 GHz -7,7e-8 -97,052 -97,052 -77,556 
20 GHz -1,9e-8 -109,093 -109,093 -83,584 

Packaging photodioda..., Khairul Fuady, FTUI, 2012

 
 
 
 
 
 
 

     



 
 

30 
 

 
Universitas  Indonesia 

Based on the table 3.2, we can obtain the samples frequencies that show the different 

with the previous design. The addition of the capacitor can be to reduce the leakage 

of the RF signal coming to the DC path. Thereafter, we can obtain the spesific of the 

frequencies that show in table 3.2. In the frequency 100 MHz, we can to obtain the 

S31 parameter is lower than the S21 parameter without using the shunt capacitor. In 

this range frequency, the shunt capacitor as the isolation for RF signal to come into 

the DC path. The other results shows that very little the RF signal coming into the DC 

path when the circuit working in the high frequency.  Absolutely in this range 

frequency, the S32 parameters is very little than the S31 parameters. That fact show 

that the capacitor parallel with the inductor is really important to reduce the leakage. 

 We will simulate using the logarithmic type for looking the all shape in the 

range frequency. The simulation ADS can be to show with the detail data that we 

need to compare the circuit. 

 

 

 

 

 

 

 

 

Figure 3.8 The comparison S31 and S21 parameter (The RF to RF + DC and The RF 

to DC) 

 

 

 

 

 

 

2 4 6 8 10 12 14 16 180 20

-100

-80

-60

-40

-20

-120

0

freq, GHz

dB(
S(3

,1))

m2

dB(
S(2

,1))

 

m1

m2
freq=
dB(S(3,1))=-0.001

338.3MHz
m1
freq=
dB(S(2,1))=-5.281

36.10MHz

Packaging photodioda..., Khairul Fuady, FTUI, 2012

 
 
 
 
 
 
 

     



 
 

31 
 

 
Universitas  Indonesia 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.9 the S11 parameter (the return loss) 

The results are the determination with the ideal component. The first step that 

using to obtain the optimum inductance and capacitance. Generally, we can to obtain 

the optimum of the inductance and capacitance. That fact can be proved by the S 

parameters of our circuit. We need obtain the S31 parameter is high when the circuit 

is working in the RF frequencies or high frequency. Then We need the S32 

parameters or the DC signal to the termination RF + DC is low where it’s working in 

high frequency. That means very little the DC signal will be coming into the RF +DC 

port when the circuit in the high frequency. Thereafter, we need the return loss (S11) 

is lower and absolutely the S21 parameters will be in the position lower than -20dB. 

That means the isolation of RF signal is tolerable. The results were only obtained in 

the condition ideal component. However, we need to know about the effect non ideal 

that include in one circuit or more spesific in one component. 

3.2.2 ADS Simulation Using microstrips Lines 

We will simulate the bias tee circuit using the microstrip ADS. In ADS, 

microstrip is the one of the most widely used planar microwave circuit 

interconnections. These are commonly formed by a strip conductor (land) on a 
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dielectric substrate, which is backed by a ground plane. The bias tee circuit connect 

with the line connection. We can set the value of the width and length of our line 

connection. The ADS Agilent can make the calculation with the tool line calc that 

include in this software. The bias tee circuit using microstrip can be view in the figure 

3.10 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.10 the circuit using microstrip with ADS simulation 

 The figure 3.10 shows the microstrips lines will be put between the 

components and we need the tee connector for connecting the parallel connection.We 

can adjust the value of our parameters of the line for obtaining the best output of the 

bias tee circuit. In the first time, on the schematic window, we can get a part MLIN 

and TEE under Tlines-Microstrip category. The substrate parameters were used in the 

“MSUB” element and the value is related with the coefficient in our line microstrip. 

And then, inserting the substrate parameters: H=1.5800 mm, T=0.035 mm, Er=1.580, 
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Zo=50ohm.We can input the parameters in tool line calc and we will to obtain the 

optimal value for the width and the length of the our microstrip lines. We can change 

the part parameters on the schematic window by click on the value of W or L from 

the numbers (W, L) in LineCalc window. We can see the result of the simulations in 

the figure 3.11. 

 

 

 

 

 

 

 

 

 

Figure 3.11 The comparison S31 and S21 parameter (The RF to RF + DC and The RF 

to DC) 

  

 

 

 

 

 

 

 

 

Figure 3.12  The S11 parameter (the return loss) 
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 The figure 3.11 and 3.12 are shows the non ideal effect can suffering in the 

range frequency 10 GHz to 12 GHz. The parameters S31 (the RF to RF + DC) is 

increased and remained stable until the frequency 10 GHz. Thereafter, when the 

higher frequency than 10 GHz and the parameter S31 will be turn. The frequency will 

increase when the frequency of more than 12 GHz. Even then, it will happen again 

when the fluctuations of gain in the frequency more than 15 GHz. In the other hand, 

we can see the relation with the other parameter S21 and S11.  

The parameter S21 shows that really small of the RF signal coming into DC 

port. However, the S21 parameter will be increase when the RF signal coming into 

RF+DC termination is down. Fortunately, the insertion loss (S21) is lower than -20 

dB.  We can see the other phenomena, the parameter S11 or the return loss of the RF 

port will be increase when the S31 is down. That fact shows the bias tee circuit can be 

working optimal until the frequency 10 GHz. We can improve the bias tee with adjust 

the microstrip and choose the best components. However, this is the real results that 

show the effects that occur from the non-ideal effect of the circuit that we designed. 

Based on these results, we can adjust and develop the real component manufacturing 

to obtain the best performance. 
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CHAPTER 4 

THE ALIGNMENT SYSTEM 

 

4.1 INTRODUCTION 

The crucial point is to obtain a complete alignment of the fiber in front of the 

photodiode. As explained previously, the photodiode device must be used to get the 

right alignment to keep the efficiency of the high responsitivity of the photodiode. In 

this chapter, we present the equipment to produce the procedure that we developed to 

get the very good alignment. 

We were working on the anti-vibration table that include the equipment for 

making the positioning of the fiber and the module package. We can set up the 

position in 3 dimension (x,y,z) and the certain slope position. the set-up that 

consisting of two manipulator xyz, the laser source, the optical fiber, camera and the 

monitor to capture the alignment results. This set up shows the position of the optical 

fiber and the surface of the module. We can see the picture in monitor and the 

lighting of the camera can be arranged by the controller of the cameras. We can 

adjust the position of the optical fiber and the module package at the axis x, y or z. 

The most optimal method is to set up micro manipulator to an optimal position, and 

then tuned using manual tool. However, it’s difficult to adjust the position of the 

optical fiber to be able focusing the laser beam right into the photodiode area. We can 

determine the basic schematic in the figure 4.1. 
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Figure 4.1 The schematic experiment 

Based on the figure, the most important is how to set-up and manipulate the 

position of the optical fiber and the module photodiode. However, we have the 

manipulator that working for 3 dimension (x,y,z) and can be set with a certain slope 

position. This equipment can be set with electrical tool and a manual tool. The 

manipulator equipment has one section that can be used to adjust the position in the 

vertical and horizontal position. That section is known as the micro manipulator 

4.2 ALIGNMENT SYSTEM 

 The main equipment that we used in the experiment is Nanosyntec equipment 

that consist of  the anti-vibration table, two manipulator, a camera and a monitor to 

capture the alignment results. We also used a laser source and a lenses ended fiber 

able to focus the light which diameter is 4 um. This set up shows the position of the 
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optical fiber and the surface of the module. We can adjust the position of the optical 

fiber and the module package at the axis (x,y,z) and the slope angle. We can use the 

equipment of Nanosyntec with the adjusting the value of angle slope with the rotation 

is 0,01o and the accuracy of the positions for 3 axis is 70 nm. The set up is fixed on 

the antivibration table and can be controled by camera visual. The set-up equipment 

can be viewed in the figure 4.2.  

 

 

 

 

 

 

 

 

 

 

Figure 4.2 the photograph of the equipment set-up 

The experiment developed while aligning optical fibers to the module package 

of photodiode are shown in this section. The procedure for aligning the optical fibers 

was as follows: 

1.  Preparing the optical fiber and cleaning the surface of the optical fiber. We can use 

the alcohol for cleaning and wiped up to ensure that no leaving residual on the 

optical fiber surfaces. This step was important role for reducing the loss caused by 
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the dust on the optical fiber surface. The figure of the optical fiber can be shown in 

the figure 2 (Appendix). 

2. The optical fiber is mounted on a fixture and then placed on the micropositioner. 

We must be careful when mounted to prevent the damage of  the end tip of the 

fiber. The fabricated fixture was developed to get a better optical fiber handling on 

the micropositioner.  

3. The next step is adjusting the position of the micropositioner. In the first time,  We 

can adjust the position of the manipulator for the position of the module package 

by using the electrical rotor on the direction of axis x, y or z. It is very helpful 

because the electrical rotor is better than the manual method to obtain the optimal 

position. After that, we can to adjust the position of the optical fiber manipulator 

with the same rotor electric. However, we must really be careful to keep the 

distance between the optical fiber and the surface of the module package. If the 

end tip of the optical fiber is touch the surface that can make the damage of the 

optical fiber. We must to place an optical fiber with a certain tolerance and can be 

set using manual tools. The function of rotor electric is to accelerate the 

displacement position of micropositioner and arrange a more detail using the 

manual tools. The schematic of manipulator and micro manipulator can be viewed 

by the figure 1 (Appendix). The figure 4 (Appendix) shows the set-up equipment. 

4. We can use the visible laser to easier view the laser beam packaging on best 

position and having the good focus on the photodiode in the module. In this step, 

we can use the camera and the screen to see whether the laser beam is located 

directly on the photodide area or not. However, it is not the easy step because 

positioning and a distance from the optical fiber lens to the photodiode area are 

determining the focal point of the laser beam. We can adjust the position and the 

distance by using the manual tool on the specific axis and the slope. After that, if 

we get the best position of the laser beam that we will to obtain the laser beam is 

passed along the waveguide. The schematic can be viewed by the figure 3 

(Appendix). 
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5. In the end, by manipulating the micropositioner, the optical fiber approximates to 

the module to get the fiber close to the edge of the photodiode devices. Also the 

micropositioner can make more accurate movement using the manual of 

micopositioner. The result of the alignment using the red laser as the optical source 

can be viewed in the figure 5 (Appendix). 
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CONCLUSION 

 

In microwave systems, a photodiode mounted in packaging is absolutely 

needed. For the application in a system, the photodiode must be put in the packaging 

receiving the input light in an optical fiber and produce microwave signal at the 

connector output. To reach this goal, between the photodiode chip produced by 

IEMN and the photodiode packaging many barriers must be overcome. Among of 

them, the design of the packaging which allows the alignment of the lens ended fiber 

with a very high alignment accuracy. This is the reason working in the first time with 

a packaging without any front side, in order to make easier the fiber alignment . In a 

second step, we design new packaging which makes possible the alignment and 

sticking of the fiber in front of the photodiode. We also developped the process to get 

very accurate alignment of the fiber in front of the photodiode using the new 

equipment that we contributed to make working. As a complementary work, we also 

designed a bias tee which could be introduced in the microwave line used to connect 

the phodiode to the outside connector. Finally, we believe that all condition are now 

reached to make possible a complete packaging an optical fiber sticked into the 

packaging. 
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APPENDIX 

 

Appendix 1 : The Alignment System 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1. The manipulator equipment and the micro manipulator part 
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Figure 2. The optical fiber under the microscope 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The schematic position of the optical fiber in the module 
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Figure 4. The photograph of the alignment position between the fiber and module 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. The photograph result of the alignment process 
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Figure 7. The measurement equipments 
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Figure 6. The positioners equipments 
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Appendix 2 : The Schematic Layout Of Module Packaging 
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