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Abstract 

This study uses a new model developed in this paper to investigate the performance of a heterojunction phototransistor (HPT) 

on SiGe technology. An electrical model of an optical window phototransistor was developed based on the Ebers & Moll 

model, and its performance was evaluated by examining the error vector magnitude (EVM) when integrated into a mobile 

communication setup. Simulations showed that the HPT exhibited an EVM lower than 8%, enabling 64-Quadrature 

Amplitude Modulation (64-QAM) modulation for the mobile network. The third-order intercept point (IP3) measured 22 

dBm, making the HPT suitable for Radio over Fiber (RoF) links in the detection block. The noise model of the HPT was also 

studied, resulting in a favorable power spectral density (PSD) that facilitates accurate modeling and prediction of the noise 

behavior of HPTs across various applications. This study provides valuable insights into the performance of HPTs on SiGe 

technology, enabling the development of more precise and efficient models for future research and practical applications. 

The results carry significant implications for the use of HPTs in optical communication systems. 
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1. Introduction 
Recently, there has been a growing interest in SiGe/Si heterojunction bipolar phototransistors (HPTs) as an attractive 

alternative for high-speed optical communication systems. These devices have been extensively studied for various 

applications, including optocouplers, optical switches, and optical receivers. With the increasing demand for high-speed 

communication systems, such as 5G and 6G networks, the development of SiGe/Si HPT devices has become more significant. 
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Their potential to improve the performance of optical communication systems has led to their increased exploration and 

utilization [1]. 

The nonlinear behavior of SiGe/Si HPT devices has been a significant concern regarding their use in high-speed optical 

receivers, as it can potentially affect their accuracy. To address this issue, researchers have focused on increasing the error 

vector magnitude (EVM) of these devices [2, 3]. In the construction of high-speed optical communication systems, the third-

order intercept point (IP3) of SiGe/Si HPT devices holds a critical consideration [4]. Optimizing the IP3 of these devices can 

greatly enhance their performance in such systems. Researchers have employed various techniques such as pre-distortion [5], 

digital signal processing [6], and IP3 tuning, to achieve this. These methods have demonstrated effectiveness in improving 

the performance of SiGe/Si HPT devices. 

Characterization of noise in SiGe/Si HPT devices is another crucial area of research [7]. Noise can have adverse effects 

on high-speed optical communication systems, and understanding the noise response of SiGe/Si HPT devices can help 

develop more reliable and robust systems. Numerous studies have focused on analyzing and reducing the noise performance 

of SiGe/Si HPT devices [2]. Moreover, methods for noise cancellation and suppression [8, 9] have been developed. The high-

frequency response of SiGe/Si HPT devices has also been a research subject, with techniques such as device optimization [3] 

and impedance matching [10] being used to improve their performance. 

SiGe/Si HPT devices have gained attention for their potential applications in sensing [11] and imaging [12], along with 

high-speed optical communication systems. These devices exhibit fast response times and low noise performance, making 

them suitable for detecting and amplifying weak signals in these applications. The advancement in fabrication technology 

has also influenced the development of SiGe/Si HPT devices. Researchers have explored modern techniques such as 

molecular beam epitaxy (MBE) [13] and metal-organic chemical vapor deposition (MOCVD) to improve the performance 

of these devices. Furthermore, GaAs and InP have also been studied as potential alternative materials for SiGe/Si HPT devices 

[14, 15]. 

The importance of SiGe/Si HPT devices in high-speed communication systems, including 5G and 6G networks, is 

increasing due to their excellent noise performance and temporal response [16]. In addition to their use in optical 

communication systems, SiGe/Si HPT devices are also suitable for radio-over-fiber (RoF) systems [17]. RoF systems offer 

a compelling alternative for various applications as they combine the bandwidth of optical fibers with the mobility of wireless 

communication [18]. Therefore, the potential of SiGe/Si HPT devices in RoF systems offers significant advantages for the 

development of advanced communication systems. 

SiGe/Si HPT devices play a critical role in enabling high-speed data transfer and communication across various 

applications. These devices have been extensively researched for high-speed optical communication systems, radio-over-

fiber (RoF) systems, and other applications like healthcare and manufacturing [19]. The quick response times and low noise 

performance of SiGe/Si HPT devices make them well-suited for these applications, ensuring the efficient operation of systems 

and processes [20]. Therefore, further research on SiGe/Si HPT devices is essential for developing high-speed communication 

systems and applications. These advantages make SiGe/Si HPT devices highly suitable for high-speed data transmission 

applications [21]. 

This article builds upon previous studies on the HPTs, which aimed to establish a viable electrical model based on Ebers 

& Moll components [22]. Based on the obtained results for static and dynamic parameters, we will define a building model 

in Advanced Design System (ADS) that meets the requirements outlined in the literature for SiGe/Si phototransistors. In 

addition to completing the electrical model, we have also studied nonlinearities, focusing on EVM for a Long-Term Evolution 

(4G LTE) communication system. The choice of the 4G network is motivated by the measurements taken on the SiGe/Si 

HPT to validate the electrical model. This research aims to contribute to developing more efficient and effective 

phototransistors for use in modern communication systems. 

Ongoing research has provided valuable insights into the behavior and performance of SiGe/Si HPT devices and methods 

for enhancing their performance across different applications. With the increasing demand for high-speed communication 

systems, the importance of SiGe/Si HPT devices is expected to grow, making them a crucial area of research for the future. 

 

2. Structure and Properties of HPT 10SQxEBC SiGe/Se  
The SiGe/Si heterojunction bipolar phototransistor (HPT) is a promising component for high-speed optical 

communication systems due to its good characterization, quick temporal response, and noise performance [23]. SiGe/Si HPT 

devices are perfect for high-speed optical receivers as they can efficiently detect and amplify weak optical signals. In addition 

to high-speed optical receivers, SiGe/Si HPT devices have been investigated for use in high-speed optocouplers and optical 

switches. 

This work utilizes the Telefunken GmbH 80-GHz SiGe Bipolar process technology to create the HPT [24]. This 

technology allows for developing circuits operating over 10 GHz and up to 60 GHz in certain combinations [25]. The HPT 

can be manufactured without modifying the existing HBT technology, such as masks or additional processing steps. Only 

the structure's layout geometries are adjusted to create an optical window opening. This strategy guarantees low cost and 

simple compatibility with SiGe circuits on the same chip, enabling the direct integration of SiGe HPTs into an industrial 

foundry Figure 1. 

 

 

 

 

 



 
 

               International Journal of Innovative Research and Scientific Studies, 6(4) 2023, pages: 731-740
 

733 

 
Figure 1. 

Shows the structure of the considered SiGe HPT Telefunken GmbH 80-GHz. 

 

To gain a better understanding of the SiGe HPT, we analyzed its equivalent electrical schemas, as shown in Figure 2 

[22]. The electrical schema of the HPT is a crucial element in its performance, consisting of the active and extended areas, 

both of which are based on the Ebers & Moll model. The active area is responsible for amplifying the signal, while the 

extended area is responsible for collecting the signal. The model incorporates accurately modeled non-ideal diodes, resistors, 

and capacitors using ADS. The mathematical equations defined by the Ebers & Moll model are employed to precisely capture 

the behavior of these components. 

Additionally, block modeling involves subtracting and incorporating two capacitances to enable the HPT to operate at 

multiple bias points. Overall, the electrical model of the HPT consists of two corresponding phototransistors that form the 

active and extended areas. By accurately modeling these areas and their respective components, it is possible to optimize the 

performance of the HPT and improve its effectiveness in modern communication systems. We evaluate the performance of 

this electrical model by studying various validation options for the HPT’s electrical model in the nonlinear domain and 

examining its noise characteristics. 

 

 
Figure 2.  

Electrical schemas of the considered SiGe HPT 10SQxEBC. 

 

The main performance parameters of SiGe/Si HPT devices are the error vector magnitude (EVM), third-order intercept 

point (IP3), and noise characteristics. These parameters are of particular importance, and we conduct a comprehensive 

analysis to gain an understanding of the functioning of SiGe/Si HPT devices and identify avenues for their improvement in 

high-speed optical communication systems. Additionally, we examine how different design and fabrication methods affect 

the performance of these devices and provide suggestions for future research in this area. 

This paper aims to give a detailed analysis of the essential performance metrics of SiGe/Si HPT devices, with the goal 

to assist in designing high-speed optical communication systems that can effectively harness the advanced capabilities offered 

by these devices. The performance analysis is based on precise measurements of EVM, IP3, and noise characteristics. 

 

3. Performance for Application LTE Simulate EVM 
In this section, we delve deeper into the concept of Error Vector Magnitude (EVM) and its measurement in the context 

of an LTE device. EVM is a critical performance metric that characterizes the signal quality generated by a communication 

system. It measures the deviation of the received signal from the ideal signal that would be expected if no noise or distortion 

were present. EVM is commonly used to characterize high-speed optical communication systems, such as phototransistor 

HPTs. 
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To measure EVM, vector signal analyzers (VSAs), real-time analyzers, or other instruments that capture a time record 

and perform a Fast Fourier Transform (FFT) for frequency domain analysis are used. Prior to EVM calculations, the signals 

are downconverted to ensure that the signal is within a frequency range that the instrument can analyze. According to the 

LTE standard, the behavior of Error Vector Magnitude (EVM) is typically below the 64-QAM requirements  [26], with an 

EVM threshold of less than 8% [13].  

Normalization is an essential step in EVM calculations. Different modulation systems, such as BPSK, 4-QAM, 16-QAM, 

etc., have different amplitude levels. Normalization is typically performed to calculate and compare EVM measurements 

effectively [27]. The normalization is derived so that the mean square amplitude of all possible symbols in the constellation 

of any modulation scheme is equal to one. This allows for the equal comparison of EVM values for different modulation 

schemes. EVM is computed as the root-mean-square (RMS) value of the difference between a set of measured and ideal 

symbols. These differences are averaged over multiple symbols and are often expressed as a percentage of the average power 

per symbol of the constellation. Therefore, EVM can be mathematically expressed as Arshad, et al. [28]. 

 

EVM =
1

𝑀
∗ √

∑ |𝑅𝑥,𝑛−𝑇𝑥,𝑛|
2𝑁

𝑛=1

∑ |𝑇x,𝑛|
2𝑁

𝑛=1

         (1) 

 

Where: 

M is the total number of symbols. 

𝑇𝑥,𝑛 the ideal signal. 

𝑅𝑥,𝑛 the received signal. 

EVM is a crucial parameter in evaluating the quality of communication systems. It measures the deviation of the received 

signal from the ideal signal that would be expected if no noise or distortion were present. Normalization is a critical step in 

EVM calculations, and it is derived in such a way that the mean square amplitude of all possible symbols in the constellation 

of any modulation schemas is equal to one. 

To generate the LTE signal, a 10 ms signal frame with a passband frequency of 750 MHz was created. This signal was 

then transmitted to the SiGe HPT, which efficiently detected and amplified the weak optical signals. To further the signal 

strength, a 40 dB Gain Low Noise Amplifier (LNA) was used to amplify the HPT output. The amplified signal was then fed 

into a Vectorial Signal Analyzer, which downconverter the passband signal to the baseband for EVM computation. 

Figure 3 displays the EVM of PTH simulation obtained by modulating a signal using 16-Quadrature Amplitude 

Modulation. This modulation scheme is commonly employed in communication systems to transmit data through radio 

waves, enabling the transmission of four bits of data per symbol. It modulates the amplitude and phase of the carrier signal 

to represent the data. 

 

 
Figure 3.  

EVM simulation and measures for SiGe HPT 10SQxEBC showed power dBm could use for LTE. 

 

Figure 3 presents a comparison between the simulation results and the measurements obtained from the LTE setup using 

the phototransistor 10SQxEBC for EVM quantification. The simulations were conducted by injecting a vector signal 

generator over fiber, which is an electrical device that produces direct current (DC) electricity.  

As can be seen in the figure, there is good agreement between the measurements and the simulations performed to 

determine the EVM. Additionally, Figure 2 illustrates that the EVM value remains below 8% when using the HPT, which 

meets the requirements of the LTE standard for 64-QAM modulation [29] within the input power range of -17 dBm to -1 
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dBm. Therefore, our HPT model can be used for an LTE link in modulation. These results validate the accuracy and reliability 

of our simulation approach and affirm the suitability of the HPT for integration into LTE systems. 

 

4. Evaluation of IP3 on HPT 
Microwave fiber-optic links that operate at high-performance levels require precise and reliable system components to 

ensure optimal performance. Among these components, high-frequency optical detectors are particularly crucial as they 

significantly determine the overall system performance. It explains the nonlinear distortions that can occur in HPT at high 

incident optical powers and higher frequencies, and their potential impact on link performance. The absence of precise 

requirements for HPT linearity based on link performance is highlighted. To address this gap, the paper introduces proposed 

performance criteria and presents measurements of detectors designed to meet these criteria. 

Despite extensive research on this topic, there has been a lack of clear performance requirements for photodetector 

linearity based on link performance. Some authors in the literature have managed to define values for IP3 [30]. The 

modulator's input third-order intercept point (IP3) can be calculated through analytical methods, as described in reference 

[31] for considering IP3, including only by modulation. 

 

IP3 = 4𝐼𝑝ℎ
2𝑅𝐿     (2) 

 

Where: 

𝐼𝑝ℎ: Photocurrent of HPT. 

𝑅𝐿: Load resistance of HPT. 

For the spurious-free dynamic range (SFDR), when we include nonlinearities of HPT the degradation in the link can 

illustrate by Equation 3 [30]: 

∆𝑆𝐹𝐷𝑅=(
2

3
) 10𝑙𝑜𝑔 [1 + 10

−∆𝐼𝑃3

10 ]          (3) 

Where: 

∆𝐼𝑃3: The difference between IP3 of HPT and modulator-limited link. 

∆𝑆𝐹𝐷𝑅: Difference in the modulator limited SFDR. 

The SFDR of the link. 

The HPT 10SQxEBC was developed to deliver IP3 requirements for fiber optic links and was included in bloc detection 

[30].  

Figure 4 plots the RF output power from the HPT as a function of the incident optical modulation power. The incident 

optimal modulation power is determined by multiplying the optical power by the optical modulation index. The IP3, 

referenced to the RF output power of HPT, is also shown in the plot. In our experiment, we applied a bias current of 2.3 mA, 

with a bias voltage of VBC= 0.89 V and VCE=2 V. The third-order intermodulation product can be found at frequencies of 

2.39 GHz and 2.42 GHz, along with the two converted RF test frequencies at 2.40 GHz and 2.41 GHz. 

 

 
Figure 4.  

Simulation intermodulation of harmonic balance showing IP3 of 22 dBm at a center frequency 2.4 GHz with 
2.3 mA. 

 

The results of our study on the high-power transistor (HPT) 10SQxEBC indicate that the IP3 value obtained at operating 

conditions of 2.4 GHz frequency and 2.3 mA photocurrent is 22 dBm. This value corresponds to the IP3 accuracy range of 

+/- 1 dBm, as reported in the literature. Therefore, we conclude that the HPT is suitable for use in optical links. These findings 
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have significant implications for designing and developing high-power transistors for future optical communication systems. 

Our study highlights the importance of accurate IP3 measurements and their role in ensuring the reliability and efficiency of 

optical communication systems. 

 

5. Evaluation of Noise on HPT 
The HPT model has been completed by studying the nonlinearities and defining a noise model that quantifies the 

influence of noise on the developed HPT model. In recent years, there has been a growing interest in the study of low-level 

electrical signals, particularly in applications requiring high accuracy and precision, such as in medical and scientific research. 

Accurate measurement of electrical signals is crucial in these fields to obtain meaningful results. 

However, electrical signals can be affected by various types of noise, including pulse transient. This type of noise results 

from the interaction between the measurement system and the signal being measured, and it can significantly impact the 

accuracy of the measurements. To address this issue, the HPT noise model was developed to quantify and correct for pulse-

transient and noise. The model considers the effects of several key parameters, including the pulse amplitude, and duration, 

signal path impedance, and the frequency response of the measurement system. 

The development of the HPT noise model has resulted in significant improvements in the accuracy of electrical signal 

measurements. By incorporating the model into measurement systems, researchers and engineers can have confidence in the 

accuracy and reliability of their results. 

However, it is essential to note that the HPT noise model may not be applicable to all electrical signals and measurement 

systems. In some cases, alternative noise models or measurement techniques may be more appropriate. Nevertheless, the 

HPT noise model remains a valuable tool for many applications, and its usage is expected to continue growing in the coming 

years. 

There has been a growing interest in the study of low-level electrical signals, particularly in applications where accurate 

measurement is crucial for obtaining meaningful results. However, electrical signals can be affected by various types of noise. 

In the context of semiconductors, there are primarily five types of noise: thermal noise or the Johnson effect in ohmic regions, 

which is associated with the thermal agitation of electrons; shot noise or grain noise, generated when electrons cross a 

potential barrier, resulting in popcorn noise caused by unoccupied space in the crystallographic network of HPT SiGe; Flicker 

noise, or 1/f noise, generally caused by surface recombination due to the crystallographic network of HPT; and avalanche 

noise, which is not included in our model because the operating points are below the avalanche region. The HPT 10SQxEBC 

noise model has been carefully developed to account for the impact of these different noises in SiGe semiconductors. 

The thermal noise, generated by the thermal agitation of the charge carriers, has been incorporated into the model through 

a simplification of the equation provided by Nyquist [32]: 

 

𝑆𝑡ℎ𝑒𝑟𝑚𝑎𝑙 = 4 [
ℎ𝑓

2
+

ℎ𝑓

𝑒
ℎ𝑓
𝑘𝑇  − 1

] 𝑅       (4) 

Where: 

HF: Electromagnetic energy. 

K: Boltzmann constant. 

T: Temperature at Kelvin. 

H: Planck constant. 

R: pure resistance of noise. 

In practice (ambient temperature), the equation simplifies if we consider that ℎ𝑓 << 𝑘𝑇. 

𝑆𝑡ℎ𝑒𝑟𝑚𝑎𝑙−𝑛 = 4𝑘𝑇𝑅      (5) 

The shot noise generated by the movement of charge carriers in junctions to cross the potential barrier is given by 

Kramers [33] in the form. 

𝑖2
𝑡ℎ

̅̅ ̅̅ ̅ = 2𝑞𝐼Δf                     (6) 

Where: 

q: The charge of the electron. 

I: The direct current flowing through the junction. 

Δf: Frequency band. 

For shot noise Power Spectral Density (PSD) depends only on the current, so after deriving 𝑖𝑡ℎ  we have: 

𝑆𝑠ℎ𝑜𝑡−𝑛 = 2𝑞𝐼                            (7) 

Equation 7 represents the shot noise power spectral density in a circuit where q is the charge of the electron and I is DC 

(direct current) bias current flowing through the circuit. 

Generation-recombination noise results from unoccupied spaces in the crystal lattice and depends on temperature and 

polarization conditions. It is referred to as popcorn noise [34] and the following equation is used for modeling purposes. 

𝑆𝐺−𝑅(𝑓) = 𝐾𝐵
𝐼𝐴𝐵

1+(
𝑓

𝐹𝐵
)2

                       (8) 

 

Where 𝐾𝐵, AB and FB are model parameters that describe the behavior of the system's noise power spectral density. AB 

describes how the noise power depends on the current, while FB determines the range of frequencies over which the noise 

power is significant. AB is the exponent of the current I in the numerator of the equation. It is often referred to as the "excess 

noise factor" and characterizes the relationship between the noise power and the current. When AB=1, the noise power is 
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directly proportional to the current, known as "white" or "shot" noise. When AB>1, the noise power is considered "excess" 

and increases faster than the current. Conversely, when AB<1, the noise power decreases as the current increases.  

FB represents the frequency at which the noise power spectral density is half of its value at DC (zero frequency). It is 

often called the "bandwidth" of the system and indicates the range of frequencies where the noise power is significant. The 

denominator of the equation represents a low-pass filter with a corner frequency of FB, which attenuates the noise power at 

high frequencies. Therefore, FB determines the high-frequency roll-off of the noise power spectral density. 

Flicker noise arises from the presence of a constant base current and is used to assess the stability of applications. Several 

expressions have been proposed to quantify the flicker noise, with the model proposed by Hooge providing the best 

representation of this type of noise in the HPT 10SQxEBC model we have developed. It can be expressed using the following 

function [35]. 

 

𝑆1/𝑓(𝑓) =
𝛼𝐻𝐼𝐵

𝛼

𝑓𝛾.𝑁
           (9) 

 

Where: 

αH is Hooge constant. 

α and γ are material constants. 

N is the number of charge carriers in the region where the noise is generated. 

Avalanche noise appears for very high reverse junction voltages leading to a collision of charge carriers with the 

crystallographic network. The PSD can be expressed as. 

 

𝑆𝐴−𝑛 = 2𝑀𝑞𝐼       (10) 

 

Where M is the multiplicative factor that characterizes an avalanche. 

Studies on the HPT 10SQxEBC have indicated that avalanche noise becomes apparent beyond 4V [25]. However, in our 

case, we focus on analyzing the noise at valid polarization points within the model, ensuring that the voltage remains below 

the avalanche voltage. This allows us to eliminate the influence of avalanche noise from our study. In our model, we 

incorporated various types of noise mentioned below to examine their impact on the output signal. 

Furthermore, in the noise study system we have developed, we can consider the base current and collector current as 

independent variables, allowing us to treat the noises as non-interdependent [36]. 

The total noise power spectral density can be interpreted as follows: 

𝑆𝑡𝑜𝑡𝑎𝑙 = 4𝑘𝑇𝑅 + 2𝑞𝐼 + 𝐾𝐵
𝐼𝐴𝐵

1+(
𝑓

𝐹𝐵
)2

+
𝛼𝐻𝐼𝐵

𝛼

𝑓𝛾.𝑁
                (11) 

 

Since the noises in the HPT 10SQxEBC have all appropriately been defined, the next step is to locate the noise sources 

on the phototransistor and incorporate them into the established model. In common-emitter configurations, thermal and shot 

noise primarily originate from the base-emitter (BE) and emitter-collector (EC) junctions. On the other hand, flicker noise is 

associated with the collector region, where a continuous current flows through the HPT. The noise phenomenon is linked to 

the current flowing through the device, as illustrated in Figure 5. The mathematical formulation enables us to determine the 

power spectral density of a random noise current source. It is important to note that bipolar transistors inherently amplify 

current. 

 

 
Figure 5.  

Equivalent Circuit of an HTP 10SQxEBC showing noises sources. 

 

We present the electrical equivalent circuit of HPT noise in Figure 5. The developed model examines the main noise 

sources in a transistor, such as thermal, flicker generation-recombination, and shot noise. Figure 5 illustrates the association 

of physical resistors 𝑅𝐵, 𝑅𝐶, 𝑅𝐸 with the thermal noise source introduced by Equation 6 for each resistor. Our developed 

model considers the collector and base currents as independent variables [25]. As a result, we have a separate shot noise 
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contribution from the base that is not dependent on the collector’s shot noise, as shown in Equation 8. In Figure 5, we have 

dissociated the two types of noise to provide a clear illustration of their individual contributions. 

Once the noise source locations have been determined, we proceed to simulate Figure 5 to obtain Figure 6. 

 

 
Figure 6. 

Simulation results of the output HPT noise spectral density over a wide frequency range. 

 

Figure 6 illustrates the impact of various noise sources in the developed HPT, which was optimized by adjusting the 

noise model parameters based on literature under the same conditions and bias point. The frequency range of interest was 

within the HPT's corner frequency fc (10Hz-10kHz). The noise figure in Figure 6 displays the influence of each noise source. 

We applied a log-on Equation 11 to determine the model parameters and extracted the values at different frequencies. The 

extracted parameters of all noise sources used for characterizing the HPT noise are presented in Table 1. These results provide 

a comprehensive understanding of the noise performance of the HPT and demonstrate its suitability for use in optical links. 

Moreover, they can be used to improve the overall design and performance of similar devices in the future. 
 

Table 1. 

Model parameters of the noise model of the 10SQxEBC HPT. 

                                                           

Junctions 

 

Noises types 

Base-emitter Base-collector 

Parameters 

 

Value Parameters 

 

 

Value 

Generation-

recombination noise 

𝐾𝐵 

AB 

FB 

6.5 𝑒−11 

1.18 

2.75 

𝐾𝐶  

AB 

FB 

1.95 𝑒−5 

1.8 

2.44 

Flicker noise α 

γ 

1.5 

1 

α 

γ 

1.3 

1 

Shot noise S(pV) 47.62 S(pV) 281.6 

 

6. Conclusion 
The studies conducted on our SiGe/Si heterojunction bipolar phototransistor HPT model have revealed its great potential 

for high-speed optical communication systems. In particular, the research has focused on the device's nonlinear behavior, 

EVM, IP3, and noise performance, while also optimizing its high-frequency response and exploring new applications. 

Researchers continue to study and improve upon these devices, exploring ways to further enhance their performance for high-

speed optical communication systems. The results presented in this paper showcase the successful development and 

optimization of the noise model for the HPT, which in turn offers valuable insights into its noise performance under various 

operating conditions. The quality of our developed model has been evaluated through rigorous testing and simulation, 

instilling a high degree of confidence in its accuracy. 

Furthermore, the study of nonlinearities in the HPT has provided valuable information about its behavior in the presence 

of high-frequency signals, which is crucial for designing and optimizing high-speed optical communication systems. This 

research has contributed to the growing body of knowledge surrounding the use of SiGe/Si HPT devices in high-performance 

optical communication systems. Overall, the potential of SiGe/Si HPT devices for high-speed optical communication systems 

is evident. The results presented here serve as a foundation for further research and development of these devices, driving 

advancement in faster, more reliable, and more efficient high-speed optical communication systems.  
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