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 This paper presents a review on PIN Photodiode for Microwave and Optical 
Communication Applications. PIN Photodiode is a structure which consists of positive 
region, intrinsic region and negative region (PIN). The thick intrinsic regions are a 
difference to a normal PN Photodiode. Nowadays, photodiode normally designed by 
using PIN Photodiode rather than a PN Photodiode. PIN Photodiodes practical as 
Photodetectors, Attenuators and Radio frequency (RF) switch. The simple, low cost yet 
rugged structure of PIN Photodiodes is an advantage in Photodiode technology. The 
aims of this paper are to review the basic principle, the characteristics, the recent 
technologies, the advantages of PIN Photodiode. On each of the section, it will explain 
the details regarding the aims of this paper. There will be a specific section on 
comparison between Indium Gallium Arsenide (InGaAs) with Germanium (Ge) and 
Avalanche Photodiode (APD). 
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INTRODUCTION 

 
An integrated PN photodiode sensor combined with a PN photodiode and a conventional bipolar IC was 

first made in 1983 by Tani, Nakao and colleagues. To develop optical communication links, office equipment, 
video equipment, camera equipment, home appliances, and photo-electric sensors, this device plays an 
important role because of several remarkable advantages. Some of the advantages are small size, low cost, low 
noise, simple assembly, and high reliability. In the conventional integrated PN photodiode sensor, the operating 
speed was restricted by the transit time and the Resistance Capacitance (RC) constant. The RC constant usually 
depends on the parasitic capacitance of the sensor, while the diffusion velocity has a major influence on the 
transit time in the integrated PN photodiode. The high impurity concentration causes a limitation because the 
integrated PN photodiode was formed and the same high impurity N epitaxial layer as the NPN transistor. Thus, 
the depletion layer never reaches through the substrate. Similarly, the optical response is also lowered. One 
structure that can manage the production parameters of the photodiode and the bipolar components individually 
is necessary to alleviate these problems (Mikio, 1995). High quality semiconductor layers are needed in 
organizing the operation of photodiodes under a reverse bias. Towards obtaining the photodiodes that function 
at a lower bias and have a low dark current, it is necessary to produce epitaxial layers that are pure and have 
fewer defects. Dislocations, point defects and impurity diffusion, passivation and metallization of ohmic 
contacts are some of the examples of epitaxial layers that are pure and have fewer defects. It will play a 
significant role in the production of reliable high-performance photodetectors (Masahiko et al., 2002). The use 
of microwave-optical mixing phenomena allows for simplifying the process of electrical signal recovering. This 
technique assumes that the modulated optical signal is directly coupled to the photodiode junction area. Then the 
local oscillator signal is led to a microwave diode input port. In this manner the photodiode full fills the part of a 
detector and an up or down converter simultaneously (Jaroslaw et al., 2000). The use of semiconductor 
photodiodes for limiting or switching microwave power has been widely studied.  At zero bias, the intrinsic (I) 
layer has a higher resistance and hence the photodiode acts as a fairly high capacitance (Q) within microwave 
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frequencies. In the forward biased state, and I layer resistance is considerably low due to conductivity 
modulation and the photodiode acts as a low resistance. Such conductivity modulation can be produced either by 
sufficiently high-level microwave power or by direct current (DC) bias (D. Leenov, 2005). In order to 
accomplish high sensitivity, PIN Photodiodes must have low capacitance and low dark current. The simplest 
way to satisfy these requirements is by making the photosensitive area of the device as small as possible (Zuon-
Min et al., 1994). The current-voltage characteristics in Figure 1 contain three regions.  At adequately high 
negative voltages, the current is saturated and its absolute value increases with optical power. According to the 
curves in Figure 1 DC responsibility of the photodiode in saturation region weekly depends on POPT and an 
average is equal to 1.02 NW. In this region the diode is almost linear and that classified as the photo detector 
mode of operation. 

 

 
 

Fig. 1: Photodiode current-voltage curves at different illumination levels (Jerzy et al.,1998) 
 

 
 

Fig. 2: Photodiode capacitance-voltage Curves at different illumination level (Jerzy et al.,1998) 
 
At positive voltages slightly higher than 0.4 V, there is the conduction region where the current increases 

rapidly with small voltage increases. The third section, so called knee region is placed between saturation and 
conduction regions (Jerzy et al.,1998).  
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Fig. 3: Cross section of PIN Photodiode without bias voltage (Jerzy et al.,1998) 

 
When measuring up to a normal PN Photodiode, the I layer of the PIN Photodiode provides the change in 

properties. The intrinsic region comprises of the undoped or virtually undoped semiconductor. In the most PIN 
Photodiodes it is extremely thin of the order of 10 and 200 microns. The mesa structure has layer grown onto the 
substrate. Silicon (Si), PIN Photodiode is widely made of and this semiconductor material was used exclusively 
until the 1980s. Later, gallium arsenide (GaAs) started to be used (Warsuzarina et al.,2010) 

 

 
 

Fig. 4: PIN Photodiode with a planar construction (Warsuzarina et al.,2010) 
 
The schematic depiction of the cross-section of a PIN Photodiode and the distribution of the charge carrier 

concentration (without bias voltage) can be referred as the following: 
1. P-conducting layer with higher charge carrier concentration 
2. N-conducting layer with higher charge carrier concentration 
Intrinsic layer of the width, W and cross sectional surface, A (Warsuzarina et al.,2010) 

 
PIN Photodiode: 

A photodiode is simply a PN junction which is the simplest of photodiode that is designed for capturing the 
photo generated carriers, thus many photodetectors utilizes the formation of PN junctions. In Complementary 
Metal Oxide Semiconductor (CMOS) sensing, a photodiode is generally made by forming an N type region on a 
P type semiconductor substrate, or vice-versa. This can be done by epitaxial growth, diffusion or ion 
implantation (Albert et al.,2011). Photodiode can be operated either with or without a bias voltage. The p-type 
and n-type silicon form a potential at the intrinsic region, this potential gradient depletes the junction region of 
charge carriers, both electrons and holes. The results can be seen in the conduction band bending. Nowadays, in 
an optical communication system, the key components for detection scheme are photo detectors. It is supposed 
to have a fast response, high sensitivity, low insertion losses and should also be capable of integrating with 
micro-optical devices on the same semiconductor substrates for optical signal processing (Munizer  et al.,2002). 
It is well known that in the design of conventional high speed photodiode structures such as PIN, Avalanche or 
Schottky type structure, there are couples of tradeoff between speed of response and quantum efficiency. 
Utilizing a thin absorption layer for high speed of response wills necessary consequences reduced quantum 
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efficiency at wavelengths where the absorption coefficient of semiconductor material is relatively small. The 
existence of the optical microcavity in the detection scheme with a photodetector may provide several 
possibilities. The possibilities are to enhance the photodetector performances speed and quantum efficiency. 
Besides, it can be used to modulate optical radiation using “on” and “off’ condition of resonant microcavity, to 
obtain selectivity and amplification of optical field at resonant wavelength (Munizer  et al.,2002). The PIN 
Photodiodes on InGaAs or InP heterostructures with low noise, high speed of response and high responsivity are 
successfully used, as well  known (Tien-Pei  et al.,1998), in optical communications systems at 1.3 pm and  1.55 
pm. The quadrant PIN Photodiode and the position-sensing detector based on the longitudinal photo-effect are 
the most suitable photo detector structure of a coordinate sensitive detection system. For telemetry and centering 
appliances at 1.06 pm, the dedicated structure type is a quadrant PIN photodiode on the similar InGaAs or InP 
heterostructure that has a response better than silicon reaction at this wavelength. The main requirements in this 
system which must be fulfilled by a quadrant photodetector are related to the responsivity, response uniformity 
in the active area of each photodetector element and the crosstalk between them (M.Purica  et al.,2001). 

 
Basic PIN Photodiode: 

PIN Photodiode consists of Positive region, Negative region and intrinsic region. An intrinsic region usually 
doped between P region and N region. P+ region and N+ region also called n-diffusion and p-diffusion, 
respectively or  n-diff and p-diff for short. Given that before the ion implantation found its widespread use in 
Integrated Circuit (IC) fabrication, these two regions were produced by the diffusion process formed by these 
two regions. In order to generate the P+ and N+ regions, both the n-select and p-select and Active masks are 
desirable. 

 

 
Fig. 5: Basic structure of PIN Photodiode (Albert et al.,2011) 

 
An N+ region can be produced by implanting arsenic into the P-substrate areas defined by the n-select 

Active mask. In the same way, a P+ region is created by implanting boron ions into the n-well areas defined by 
the p-select mask and Active mask (Ming-Bo, 2012).  Intrinsic means that the material is not doped to produce 
n-type material with free electrons or P-type material with holes. Although the intrinsic layer is actually lightly 
doped positive, the doping is light enough to allow the layer to be considered intrinsically, that is neither 
strongly n-type nor p-type. Since the intrinsic layer has no free carriers, its resistance is high, and electrical 
forces are strong within it (Saša et al.,2012). The intrinsic photodiode characteristics are connected to the 
behavior of the optically generated excess carriers within the photodiode. These carriers are moving within the 
photodiode either by drift, which is inside the depletion region or by diffusion (Saša et al.,2012). 
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Silicon (Si) PIN Photodiode: 

As described by Heath et al. (1979), the light amplifier consists of a conventional photocathode coupled to a 
silicon diode. The photoelectrons produced at the photocathode of the device are accelerating at a potential of 
15keV and focused onto the reverse biased silicon PIN Photodiode. The principle of the photodiode is described 
by Lorenz (1983) (Michael, 2010). The photodiodes made of high resistivity silicon (>1kohm cm), have a very 
thin P-type diffusion front layer and a n-type diffusion layer on the back of the wafer. A reverse bias voltage of 
a few tens of volts generates a depletion layer over nearly the entire depth of a 200 µm thick photodiode 
(Michael, 2010).. An optimum photon wavelength for Silicon photodiode usually exhibits quantum efficiencies 
in the range of 70% to 80% (Renker, 2004). In Silicon (Si), 3.62eV of energy on the average must be deposited 
in the photodiode to create an electron hole pair (EHP) (Michael, 2010). Due to capacitance and dark leakage 
current, silicon photodiode can have high electronic noise. The photodiode noise can be reduced by bringing in 
long filter time constants unfit for high count rate applications (Michael, 2010). 

 
Indium Gallium Arsenide (InGaAs) PIN Photodiode: 

Indium Phosphide (InP) based photodiodes with the In0.53Ga0.47As absorber typically have an absorption 
cutoff wavelength of about 1.65 µm. To be consistent, conventional InGaAs PIN Photodiodes utilize the choosy 
area diffusion process and put the outermost junction periphery in the wide-band gap capping layer, which is 
usually InP. Either the front-illumination or back-illumination sets the lower limit of the device spectral range to 
be 0.92 µm, the absorption cutoff of InP (S. Kagawa et al.,1989). Usually, high-speed operation required the 
spectral range to be within the limit of 0.9 – 1.65 µm. To achieve a wider spectral range, structures with a thin 
InP cap (< 0.2 µm) were utilized (S. Kagawa et al.,1989) (J. B. Williamson et al.,1991). On the other hand, 
devices based on these structures, although they have achieved a broad responsivity spectrum, require a shallow 
SAD process, which is quite difficult to achieve the satisfactory junction possessions (J. B. Williamson et 
al.,1991).  As a consequence, such devices usually suffer from excessive leakage and low breakdown voltage. 
Moreover, alloy spikes after contact annealing might electrically short the PN junction and cause device failure. 
Edge-coupling configuration can also attain a wide responsivity spectrum if most of the light is direct -coupled 
into the InGaAs area (Yun-Hsun et al.,2007). Though, rather accurate alignment is required and a more stringent 
limit is placed on the pseudo window thickness for shorter wavelength operation (C. L. Ho et al.,2000). 
Moreover, it would be more meaningful if the Photodiode has a large coupling aperture since short wavelengths 
for high-speed operation, like 0.85 µm, more often than not employs in the Multimode fiber (MMF) network. 
Conventional top-illuminated 10-Gb/s InGaAs PIN Photodiodes typically has an optical coupling aperture of 
20–40 µm in diameter, which will cause coupling issues in the multimode system (C. L. Ho et al.,2000). 

 
Guard Ring: 

A guard ring formation is provided on certain photodiodes intended for high voltage function and takes the 
form of an isolation ring surrounding the active area. A guard ring offers most significant benefits when it is 
necessary to operate at very high bias voltage and has little or no effect in most cases below about 50 volts. The 
guard ring may be left unconnected if its use is not required. A guard ring is not needed if the electric field at the 
surface is small due to the high field multiplication region being buried below the charge control layer (B. F. 
Levine et al.,2006). In PIN Photodiode, an un-doped i region is sandwiched between P+ region and N+ region. 
Because of the very low density of free carriers in the I region and its high resistance any applied bias drops 
entirely across the I region, which is fully depleted at zero bias or very low value of reverse bias. The response 
speed of a PIN Photodiode is ultimately limited either by the transit time or by circuit parameters. The transit 
time of carriers across the I layer depends on its width and the carrier velocity. Usually, even for moderate 
reverse biases that carriers drift across the I layer with saturation velocity (Antonio, 2011). 

 
Resistance Capacitance (RC) Time Constant: 

The first factor is Resistance Capacitance (RC) time constant, where R is discussed in two aspects, which 
are input impedance of a signal processing circuit and the other is the internal resistance of the PIN photodiode. 
The former depends on the circuit design of the processing circuit and should be best fit with extra necessities 
such as device operation speed. In this part, the internal resistance of the PIN photodiode is measured.  The 
internal resistance is regarded as a series combination of anode region and cathode region resistances, where 
anode and cathode be in contact to P+ region and N+ region, correspondingly. The resistance of the cathode 
region is small enough to be neglected so our concern is mainly focused on the anode region (Motohiko et 
al.,1995). The noise in PIN Photodiode is quantum noise or shot noise and thermal noise and often limits the 
performance of the equipment and systems. The shot noise is the essential noise in PIN Photodiode and like that 
in laser diode is induced carriers and incident photons as particles. The thermal noise is generated in the 
resistance connected to the photodiode and is caused by the random motion of carriers in the resistance. The PIN 
Photodiode generates photocurrent originated from the photo-induced carrier produced randomly and 
impudently when the incident photons are absorbed. The motion of the generated carriers is also random and 
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these carriers are converted to the photocurrent as indicated (Mitsuo et al.,1999). Figure 16 shows measured RF 
output power of the photodiode versus optical input power, where Direct Current (DC) bias was 8V. The mode 
field diameter of the input beam was broadened up to 50 µm, to avoid the spatial hole burning. Then the 
abscissa included the coupling loss of approximately 14%. In the experiment, a 1.55-µm laser diode, a lithium 
niobate modulator, and an Erbium Doped Fiber Amplifier (EDFA) were employed. The laser light was 
modulated with the modulator by an RF continuous wave at 5 GHz with the modulation degree of 
approximately 100% (Tsutomu et al.,2008). The modulated optical signal was amplified by the EDFA, and 
illuminated the Photodiode through a focusing lens. The use of an open stub at the Photodiode output port 
provide the good impedance matching to 50 Ω. Radio Frequency output power was slightly saturated as 
increasing the optical input, and the maximum Radio Frequency output was 25.8 dBm (382 mW) when the 
optical input was 23.9 dBm (Tsutomu et al.,2008). 

 

 
 

Fig. 6: RF output power of the photodiode versus optical input power (Tsutomu et al.,2008). 
 
The corresponding peak-to-peak Radio Frequency current estimated under 50-Ω load was 247 mA. The 

power conversion efficiency between the supplied direct current input and the Radio Frequency output was 
40.4%, where the efficiency are no included in the optical input power, when the input optical power was 22.4 
dBm, and the Radio Frequency output was 24.4 dBm. Thus, Radio Frequency output power of the individual 
photodiode was comparable to that in (Tsutomu et al.,2008). The current voltage (IV) characteristics of PIN 
photodiodes determine its dynamic impedance and its thermally generated noise. A current–voltage 
characteristic or IV curve is a relationship, typically represented as a chart or graph, between an electric current 
and a corresponding voltage, or potential difference. 

 

 
 

Fig. 7: IV Characteristics of PIN Photodiode (OSI, 2012) 
 
As the applied reverse bias increases, there is a sharp increase in the photodiode current. The applied 

reverse bias at this point is referred to as breakdown voltage. This is the maximum applied reverse bias, below 
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which, the photodiode should be operated which is also known as maximum reverse voltage. The breakdown 
voltage varies from one photodiode to another (OSI, 2012). 

 
PIN Photodiode Operation: 

When photons decrease on the active area of the device, they produce carriers near the junction, resulting in 
a voltage difference between the p-type and n-type regions. If the photodiode is connected to external circuitry, 
a current will flow with proportional to the illumination. The PIN Photodiode structure addresses the main 
problems with PN Photodiodes, namely providing a large depletion region for the absorption of photons 
(Casimer, 2008). 

 
Fig. 8: PIN Photodiode (Casimer, 2008). 

 
Since most of the photons are absorbed in the intrinsic region, a thick intrinsic layer is desirable to improve 

photon carrier conversion efficiency. Photodiodes can be operated with or without a bias voltage. Unbiased 
operation is called the photovoltaic (Casimer, 2008). 

 
Comparison Between Photodiode: 
PN Photodiode: 

A PN Photodiode has been just a PN junction diode that has been specifically fabricated and encapsulated 
to permit light penetration into the vicinity of the metallurgical junction.  The absorption of light inside the 
diode creates electron-hole pairs. The development of the PIN Photodiode, also known as the avalanche 
photodiode, brought more efficiency and advantageous features to the photodiode.  The ‘I’ stands for intrinsic, 
which represents that an intrinsic region is sandwiched in-between the heavily doped ‘p’ and ‘n’ regions.  This 
lightly doped region takes control of the depletion region width and makes it possible to easily control the 
wavelength sensitivity of the junction of the particular photodiode (John, 2006). By being able to size the 
depletion region throughout fabrication, the electron voltage compulsory to jump an electron across the junction 
can be selected.  In the meantime the wavelength of the light is proportional to the quantity of energy it deposits 
upon impact with the junction; the frequency of sensitivity can be elected. This device can be used in three 
modes, which are photovoltaic as a solar cell, reversed biased as a photo detector, and forward biased as an LED 
(John, 2006). 

 
PIN Photodiode: 

Semiconductor based Photodiodes are the main devices that satisfy the set of the requirements listed below. 
The most common one is PIN Photodiode. The choice of photodetector material is important since its 
semiconductor properties determine the wavelength range over which the device will operate (Gerd, 2006). 

 
Table 1: Generic Operating Parameters of a Silicon PIN Photodiode (Gerd, 2006). 
Parameter Unit Value Range  

 Wavelength Range nm 400-1100 
Responsitivity  A/W 0.4-0.6 
Dark Current nA 1-10 
Rise Time ns 0.5-1.0 
Bandwidth GHz 0.3-0.7 
Bias Voltage V 5 
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Table 2: Generic Operating Parameters of an InGaAs PIN Photodiode (Gerd, 2006). 
Parameter Unit Value Range  

 Wavelength Range nm 1100-1700 
Responsitivity  A/W 0.75-0.95 
Dark Current nA 0.5-2.0 
Rise Time ns 0.05-0.5 
Bandwidth GHz 1-2 
Bias Voltage V 5 

 
Avalanche Photodiode (APD): 

The second class of photodetector semiconductor is Avalanche Photodiode. Before the signal photocurrent 
enters the input circuitry, it will multiply the primary signal photocurrent for the following amplifier. This 
avalanche multiplication effect raises receiver sensitivity since the photocurrent is multiplied prior to 
encountering the electrical noise associated with the receiver circuitry (Gerd, 2006). 

 
Table 3: Generic Operating Parameters of a Silicon Avalanche Photodiode (Gerd, 2006). 
Parameter Unit Value Range  

 Wavelength Range nm 1100-1700 
Avalanche Gain - 20-400 
Dark Current nA 0.1-1.0 
Rise Time ns 0.1-2.0 
Gain-Bandwidth GHz 100-400 
Bias Voltage V 150-400 
  
Table 4: Generic Operating Parameters of an InGaAs Avalanche Photodiode (Gerd, 2006). 
Parameter Unit Value Range  

 Wavelength Range nm 1100-1700 
Avalanche Gain  - 10-40 
Dark Current nA 10-50 at M=10 
Rise Time ns 0.1-0.5 
Gain-Bandwidth GHz 20-250 
Bias Voltage V 20-30 

 
PIN Photodiode versus Avalanche Photodiode: 

PIN photodiodes offer the same advantages of lower dark current, in contrast to avalanche photodiodes for 
the fiber links in the same wavelength region. One of the advantages is larger frequency bandwidth and simpler 
driving circuitry. Though PIN photodiodes do not have internal gain, an ideal combination of a PIN photodiode 
with a low-noise and large bandwidth transistor may lead to an optical receiver with low noise and large gain-
bandwidth product characteristics (P. K. L. YU, 1987). Headed for handling these new applications nowadays, 
the transistors with high frequency response, high linearity and low noise figures are needed to fulfill the 
requirements. These are usually fabricated in GaAs (gallium arsenide), which is neither a low-cost nor a high 
volume semiconductor process technology. Over and done with seeking lower cost silicon solutions, the designs 
for high volume consumer applications are therefore made. There have been tough benefits in integrating 
circuits at millimeter wave frequencies consuming silicon technologies, for example in system on a chip 
(Yunliang and Hui, 2009). On the other hand, the applications of silicon based technologies have been 
essentially hindered by the lossy compression substrate at frequencies further than 10 GHz. When there is a 
cross section of metal layers in a BiCMOS technology, it will give results of high losses on the chip inactive 
components. BiCMOS is a changed semiconductor technology that fits in two formerly separate semiconductor 
technologies those of the bipolar junction transistor and the CMOS transistor in a single integrated circuit 
method. The BiCMOS technologies industrialized in the last few years contemporary a better commercial 
choice to GaAs resolution by realizing extremely integrated systems combining analog, microwave design 
techniques, transmission lines and advance passive components (Guoan et al., 2008). 

 
InGaAs PIN Photodiode versus Ge PIN Photodiode: 

A germanium PIN Photodiode solid at 77 K with a trans impedance amplifier circuit and lock in amplifier is 
usually used. This is because there are no practical photo multipliers available in the near infrared region. The 
photocurrent is then converted to a voltage through a feedback register (Mizumoto  and  S. Mashiko, 1993). The 
InGaAs PIN photodiode is more suitable than the Ge pin photodiode for detecting low level light as regard dark 
current and quantum efficiency. The  temperature dependence of dark  current  with  an InGaAs  pin  photodiode 
(Fujitsu, FID13Y23WY) and Ge pin photodiode  (Fujitsu, FID13R53WZ) are shown in  Figure10. The detection 
system consists of an InGaAs pin photodiode with a charge-integrating amplifier operated at 77 K.  The 
minimum detectable power of W was achieved at 1.28pm wavelength (Mizumoto  and  S. Mashiko, 1993). 
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Fig. 10: Dark Current InGaAs PIN Photodiode and Ge PIN Photodiode (Mizumoto  and  S. Mashiko, 1993). 

 
InGaAs PIN Photodiode at 77K was about three orders of magnitude less compared with that of the Ge pin 

photodiode. Moreover, from the point of view of quantum efficiency, the InGaAs PIN Photodiode maintains a 
higher efficiency than that of the Ge PIN Photodiode at low temperature. Thus, the InGaAs PIN Photodiode is 
suitable for detection of low level light (Mizumoto  and  S. Mashiko, 1993). 

 
Photodiode for Microwave Generation: 

There are many possibilities of microwave signal generation using photonic techniques. The easiest way is 
the straight modulation of a laser diode, Figure 11a. Nevertheless, this technique can be used for frequencies 
below 10 GHz, which is limited by laser diode frequency response. The typical optoelectronic conversion loss is 
in the range from 5 to 20 dB, which can be compensated by means of optical amplifier at the expenditure of 
additional noise. One more problem accompanied with direct modulation is the unavoidable chirp of the laser 
diode output spectrum. This chirp is suppressed if the laser is externally modulated as in Figure 11b (K. Kato, 
1999). Besides, the dispersion in the optical fiber results in a beating among the carrier and the two sidebands of 
the modulated signal. This harshly limits the transmission distance of double-sideband optical signal. Single 
sideband modulation can be attained either in a suppressed carrier or in a suppressed sideband configuration by 
means of optical filter Figure 11b. A technique that automatically produces single sideband signals an optical 
heterodyning like in Figure 11c (K. Kato, 1999). 

 

 
 

Fig. 11: Optical microwave generation techniques (K. Kato, 1999) 
 
Heterodyning relies on the beating of two optical carriers in the high-speed photodetector with a 

wavelength spacing corresponding to the desired microwave or millimeter-wave frequency. The radio base-
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station can be critically simplified if the signal from the photodiode can be used to directly drive the antenna 
without amplification. Photonic antenna can be hybrid or monolithic as shown in figure 12. Hybrid photonic 
antenna consists of two independent parts, the first one is a fiber-optic photodiode module and conventional 
microwave antenna, which are connected together by means of microwave connectors (T. Yasui et al., 2003). 
The photodiode is integrated with a microwave antenna in the monolithic photonic antenna, and photocurrent 
generated by a photodiode directly excites the antenna. It would be noted that only transmitting photonic 
antenna can be constructed based on the photodiode due to the unilateral nature of the optoelectronic 
components. The main disadvantages of the transmitting photonic antenna are relatively low output microwave 
power. Above and beyond, it’s limited by maximal photocurrent generated by the photodiode, which is usually 
not more than tens of milliamperes (mA), and optoelectronic conversion loss, which can go beyond 10 dB  (T. 
Yasui et al.,2003). 

 

 
Fig. 12: Photonic antenna concept  (T. Yasui et al.,2003). 

 
Since the power of optically generated microwave signals is limited by maximizing photocurrent generated 

by the photodetector, the high-power high-speed photodiode is the key device in optical microwave generation 
techniques.  Output microwave power of the p-i-n photodiode is limited by photocurrent saturation or physical 
device failure under high incident optical power. Photocurrent saturates due to screening of internal electric field 
by photo generated charge carriers Physical photodiode failure occurs due to excessive electric field breakdown 
(Mizumoto  and  S. Mashiko, 1993) and thermal breakdown  (T. Yasui et al.,2003). 

 
Optical Communication Applications: 

In optical fiber communication, photon sources produce light output which is transmitted over fiber optical 
cable and detected by a photodetector at the other end of an optical transmission line. High performance is 
required in terms of high output at the wavelength of operation along with distortion free and noiseless output. 
Large bandwidth and single mode propagation at low cost are also required for long distance communication (S. 
C. Gupta, 2005). 

 
Conclusion: 

As a conclusion, this research will be started by doing a literature review and doing some review papers. 
Then, proceed with the design that will be chosen based on the literature review by using SILVACO TCAD 
Tools. After getting the expected result IV Characteristics, proceed to Dark Current and Optical power by 
changing the coding. Then, after having result of these three characteristics, it will be continued with thesis part. 
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