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Abstract - Socially critical applications such as wireless and satellite communications, terrestrial and flying radars, cable TV 

and intelligent transport infrastructure have a significant impact on our everyday lives. The culmination of all modern 

technological applications is nowadays the Internet of Things (IoT). The LNA design that is presented is intended to be part of 

a transceiver, which will be placed in hardware, offering better efficiency to new generation applications. 
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I. INTRODUCTION 

 

Upcoming applications such as 5G, IoT, autonomous 

vehicles have upgraded requirements such as higher 

power, enhanced functionality and lower cost. 

Consequently, the transceivers need redesign, 

including innovative solutions, since GaAs is no 

longer capable of meeting the new requirements [1].  

 

Especially in the IoT area, where billion of objects can 

sense, communicate and share information in a 

network of physical objects the characteristics that are 

taken into account for transceivers design, are:  

(1) Interconnectivity where anything can be 

interconnected with the global information and 

communication infrastructure,  

(2) Providing things-related services within the 

constraints of things,  

(3) Heterogeneity including different hardware 

platforms and networks,  

(4) Dynamic changes to the state and number of 

devices,  

(5) Enormous scale where the number of devices will 

be larger than the devices connected to the current 

internet,  

(6) Safety of our personal data and safety of our 

physical well-being,  

(7) Connectivity incuding accessibility and 

compatibility. This area demand higher operating 

frequencies with requirements for increased 

bandwidth and traffic speed, as well as smaller size 

which reduces the overall cost of the chip. 

Additionally, reducing the die sizes reduces the 

current required to switch each transistor on/off while 

maintaining the same clock frequency. As a result, 

smaller chips have lower power consumption with 

higher maximum clock frequency leading to higher 

performance. Another requirement of IoT technology 

is the enhanced functionality which includes highly 

efficient chips, secure and easy-of-use as well as lower 

cost. 

 

GaN technology seems to be a good choice to replace 

GaAs. Even though it is a relatively new technology, it 

has become very popular for high frequencies or high 

power devices. 

 

 
Table 1. Comparison of GaN with other semiconductor 

materials 

 

Comparing GaN technology with the older ones, such 

as Si and GaAs, the results are presented in table 1 [2]: 

 

1. The power density of a GaN material is almost 10 

times higher than a Si material and it has good 

thermal conductivity. 

2. GaN has 10 times higher breakdown field than Si 

or GaAs materials, so, devices can be smaller with 

high impedances. 

3. It has lower dielectric constant than other 

materials, resulting in a lower intrinsic junction 

capacitance. When parasitics such as output 

capacitance and layout inductance are reduced, 

switching losses are reduced too, resulting in a 

higher frequency operation with the same loss [3] 

[4]. 

4. GaN HEMT has the highest saturated electron 

velocity of about 2.7x10
7
 cm/s among other 

semiconductor transistors [2] [5]. 

5. GaN transistors have increased efficiency, smaller 

size and fast switching. The smaller die size 

enables performance improvements in switching 

power applications.  

 

II. WIDEBAND APPLICATIONS AND 

SUGGESTED ARCHITECTURE 

 

The technological revolution of the modern era 

enables the wireless communication system functions, 

from the antenna to the interface, to be executed and 

programmed by a single high level software language 
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using a one hardware topology. These systems are the 

Software Defined Networks (SDN). An SDN has the 

ability to implement many different interfaces. 

However, since each standard can exploit a different 

frequency band, it is important the SDN to cover a 

large bandwidth.  

 

 
Fig. 1: Multiple channel design 

 

In order to achieve the wideband operation of the 

transceiver, the main requirement to support IoT its 

architecture will be based in multiple channels 

topology (figure 1). In this case, each channel operates 

in a wide range of frequencies, but still different from 

the range of the other channels. The signal entering the 

antenna is driven by a digital switch on the appropriate 

channel. By using this architecture, it is easily 

achievable to increase the system capacity by adding 

more receiving and transmitting channels of different 

RF carriers [6]. 

 

III. RECEIVER DESIGN 

 

The architecture of a microwave transceiver is 

presented in figure 2. This report is focusing in the 

design of the LNA before the first mixer in the receiver 

(figure 3). 

 

 
Fig. 2. Transceiver architecture 

 

As it was presented in figure 1, the total transceiver 

consists of multiple channels. The channel that is 

presented in this report is the one which operates in 

frequency band 2GHz-4GHz.  Thus, the LNA 

operation frequencies are 2GHz-4GHz.  
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Fig. 3. The part to which the report focuses 

 

The most important characteristic of an LNA is the 

low level of noise that adds in the signal. If the 

receiver is depicted as a set of boxes in a raw (figure 

4), each box represents an element of this receiver that 

has a gain and a noise level, then the total noise level is 

calculated by the equation 1.  The equation explains 

that the noise of the first element is the most crucial for 

the total system noise, while the next elements noise is 

not that important since it is divided by the gain of all 

previous elements. 

 

 
Fig. 4. Series of microwave elements 

 

Fsystem = F1 +
F2−1

G1
+

F3−1

G1G2
+. . . +

Fn−1

G1G2 ...Gn−1
       (1)  

 

The receiver will be designed by using GaN technology. On figure 5 the small signal model of the GaN HEMT 

that will be used is presented [7]. Additionally, the S-parameters of the transistor are presented in figure 6. 
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Fig. 5. Small signal model of GaN HEMT with 150nm gate length and 2x200μm gate width at bias condition of 𝐕𝐃𝐒 = 𝟖𝐕 and 

𝐕𝐆𝐒 = −𝟐𝐕 
 

 
Fig. 6. S-parameters of GaN HEMT small signal model 

 

 
Figure 7: Gain plots with two matching circuit design. 

 

The cascade topology will be used for the LNA design. 

The desesion of that topology is based on the benefits 

that it offers acording the output gain considering at 

the same time the low noise level [8]. The operasion 

prisciples are these which was described in equation 1. 

Furthermore, the matching circuit will have two 

diferent parts: the first one is the 2GHz matching 

circuit and the second one is the 4GHz matching 

circuit. This topology operates as it presented in figure 

7. The two matching circuits lead to the proper 

operation of the LNA in the frequences between the 

edges. 

 

 
Fig. 8. The complete LNA design 
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Fig.  9.  a) Noise figure of figure 17 design, b) S-parameters of 

figure 17 design 

 

In figure 8 the complete LNA design is presented, 

where the first stage focuses in low noise operation 

and the second stage in high output gain. The SNR of 

the second stage is not particularly critical. It 

decreases because of the gain of the first stage due to 

equation 1. Since the bandwidth is 2-4GHz, we 

designed one input-output matching circuit in 2GHz 

and one input-output matching circuit in 4GHz. The 

operation of this topology is shown in the figure 7 as 

mentioned, where the circuits help the amplifier to 

operate efficiently and at intermediate frequencies.   

 

In figure 9 the noise figure and the S-parameters are 

presented. The LNA is unconditionally stable, as it 

results from the stability equations. 

 

IV. CONCLUSION 

 

IoT networks demand high performance circuits 

design. The designed LNA ensures the high 

performance of these networks as it has the following 

characteristics: Wideband, Low noise operation, High 

gain and Unconditional stability. 

 

The choice of GaN technology offers additional 

benefits in hardware size, power efficiency, high 

frequency operation, high capacity. 

 

The LNA that was presented will be used in a 

wideband receiver. The simulation results show that 

its operation is suitable for this use, as the objectives 

were achieved: first the low noise operation, and 

second the high gain. The Noise Figure varies between 

0.9 and 2 dB for the lower and highest frequency 

respectively and the gain between 23 and 16 dB. Both 

reflection coefficients for the input and output are very 

low, less than -12 dB for the whole bandwidth. 
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