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 This paper presents a Low Noise Amplifier at L1 band RF receiver for GPS 

application which the operating frequency is 1.575 GHz. This LNA were designed 

by using AT 41511 transistor manufactured from Avago Technologies with different 

matching network which are lumped element, quarter wave and single stub 

matching network. Microwave Office Software (AWR) was used to simulate the 

design. The best matching network is single stub where noise figure is 2.175 dB and 

gain is 14.57 dB. 
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INTRODUCTION 

 

 Global Positioning System (GPS) is a satellite system based on navigation system, which provides the 

absolute position, absolute velocity and real-time information for customers. If the distances from a point on the 

Earth (a GPS receiver) to three GPS satellites are known along with the satellite locations, then the location of 

the point (or receiver) can be determine by simply applying the well-known concept of resection (Kaplan, E., 

1990). 

 The GPS signal is broadcast at two frequencies: a primary signal at 1.575 GHz (L1band) and a secondary 

signal at 1.2276 GHz (L2 band). At each GPS frequency, two different direct sequence-spread spectrum (DS–

SS) modulations can potentially be presented at the same time, each using its own spreading code which are the 

coarse acquisition code (C/A) for civil user, and the protected code (P) for military (Well, D.E., et al., 1987; 

Langley, R. B., 1990, 1991, 1993; Hoffman-Wellenhof, B., et al., 1994). In radio frequency (RF) front-end 

devices, the RF signals received from the antenna are amplified by Low Noise Amplifier (LNA) and then down 

converted by the mixer to be low frequency signals. This project focused at primary signal only.  

 The LNA is usually the first block of the receiver after the antenna. As the receiver is required to detect a 

low power signal, a LNA with extremely low noise figure (≤2.5dB) is required suppress noise from the 

subsequent and exhibit a large gain (≥10 dB) to amplify the signal high enough for system to read. The design is 

based on a selection of transistor with S-parameter, matching network, direct current (DC) biasing and stability 

performance. The most important factors in LNA design are low noise figure, moderate gain, matching and 

stability (Hong Qi and Zhang Jie, 2007). 

 

Receiver Architecture: 

 The signal will faced interference when signal travels wirelessly and noise is unwanted in GPS system 

because it will affect the information that was carried by the signal. LNA at the RF front end of receiver is the 

best way to reduce the noise and to ensure system efficiency and data accuracy. The LNA is a simpler, space 

saving, excellent linearity, low current consumption and more efficient solution which allows the receiver chain 

to have variable gain.  

 Signal amplification is a fundamental function in all communications systems. Amplifiers in the receiver 

chain that are closest to the antenna received a week electrical signal. Simultaneously, strong interfered signal 

might be presented. Hence, these LNA mainly determine the system noise figure and inter-modulation behavior 
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of the overall receiver. The common goals therefore are to minimize the system noise figure, provide enough 

gain with sufficient linearity. 

 Noise from the environment is unavoidable; this sets the lowest signal level that can be detected by a 

receiver. When noise and a desired signal are applied to the input of a „noiseless‟ network (an amplifier), both 

noise and signal power will be attenuated or amplified by the same factor, thus SNR at the input and output of 

the network similar. If the network is noisy, SNRout will be larger than SNRin since there is additional noise 

power at the output, those that produced by the network itself (Carlo P. Domizioli, et al., 2010). Thus, LNA is 

introduced at the front-end of the receiver to minimize the problem. 

 The LNA is a special type of electronic amplifier used in wireless communication systems which amplifies 

very weak signal captured by an antenna, frequently used in microwave systems like GPS. When using an LNA, 

noise is reduced with the gain by the amplifier while the noise of the amplifier is injected directly into the 

received signal. This larger signal is then fed to the mixer, which generally has higher noise figure (Silicon 

Monolithic Integrated Circuits in RF Systems, 2006; Microwave and Millimeter Wave Technology, 2007). High 

gain is essential to suppress noise from the signal (S. Tang, et al., 2004). This will improve overall noise figure, 

NF at the intermediate frequency, IF output. 

 

 
 

Fig. 1: The GPS RF receiver archictecture (Strange, J. et al., 2002). 

 

Steps of Design the LNA: 

 The design specifications for LNA are shown in table 1 below. 

 
Table 1: LNA specification. 

Parameter Value 

Frequency 1.575 GHz 

Gain > 10 dB 

Noise figure < 2.5 dB 

Return Loss < -10 dB 

 

 Transistor is considered unconditional stability, checked using Rollet’s condition, K and Auxiliary 

condition, Δ. 
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 The VCE = 2.7V and IC = 10 mA for AT- 41511 are being selected due to low noise figure at these voltage. 

The gain and noise figure can be determined when the S-parameter for 1.575 GHz was obtained by AWR 

software for 1.575 GHz using calculation using equation: 
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Available gain; 
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Transducer gain; 
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Noise Figure; 
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Lumped-element matching network; 

 

𝐶 =
−1

2πfx Zo
                                                                                                                   (7) 

 

𝐿 =
−Zo

2πfb
                                                                                                               (8) 

 

Matching Network: 

Lumped-element matching network: 

 From the literature review, lumped element will be happen in 2 conditions which are Zs and ZL in inside the 

unity circle (configuration a) and outside the unity circle (configuration b). For this project, the ZS is outside the 

unity circle and ZL is inside the unity circle. 

 

 
 

Fig. 2: Smith Chart for load impedance. 

 

 The value of Zs and ZL is plotted on the Smith Chart of figure 2. The point is outside the unity circle. 

Configuration b in figure 3 was considered. 
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Fig. 3: L-section network matching. 

 

 Since the first element from the load is series, this equation is considered; 

 

𝐶 =
−1

2πfx Zo
                                                                                                                              (9) 

 

𝐿 =
−Zo

2πfb
                                                                                                                                    (10) 

 

Quarter wave matching network: 

 The topology when ZS is complex is below. 

 

 
 

Fig. 4: The quarter wave matching. 

 

 
 

Fig. 5: The Input Matching Network. 

 

 
 

Fig. 6: The Output Matching Network. 

 

 The length and width for MLIN can determine by using Smith Chart. The figure 5 and figure 6 show that 

the design for quarter wave matching input and output impedance. The method used is micro-strip line and to 

determine the value of MSTEP, the equation below was used: 

 



201                                                                 M. H. Misran et al, 2013 

Australian Journal of Basic and Applied Sciences, 7(12) Oct  2013, Pages: 197-205 

𝐴 =
𝑍𝑜

60
 

𝜀𝑟+1

2
+

𝜀𝑟−1

𝜀𝑟+1
 0.23 +

0.11

𝜀𝑟
                                                                                    (11) 

  
𝑊

 𝑑
=

8𝑒𝐴

𝑒2𝐴−2
                                                                                                                                (12) 

 

 

𝜀𝑒 =
𝑒𝑟+1

𝑒𝑟−1
+

𝑒𝑟−1

𝑒𝑟+1

1

 1+12𝑑 𝑊 

                                                                                                  (13) 

 

𝜆𝑔 =
𝑐

𝑓 𝜀𝑒
                                                                                                                                (14) 

 

Single stub matching network: 

 

 
 

Fig. 7: The Input Matching Network. 

 

 
 

Fig. 8: The Output Matching Network. 

 

 The value of MTEE was determined by calculate by using equation 11, 12, 13 and 14. The MTEE is the one 

component for micro-strip and have three ports. The length and width for MLIN was determined in Smith Chart 

referred in Appendix G and Appendix H. 

 

Result: 

S-parameter for transistor AT41511 

S11 = 0.439   166 

S12 = 0.086   56 

S21 = 3.7513   66.785 

S22 = 0.37249   -40745 
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Table 2: AT-41511 transistor parameter. 

Parameter calculation simulation 

K 1.07 1.0743 

Δ 0.347 0.3465 

Power gain 12.42 dB 12.417 dB 

Available gain 12.13 dB 12.132 dB 

Transducer gain 11.48 dB 11.484 dB 

Noise Figure 2.443 dB 1.6255 dB 

 

Matching network circuit: 

 

 
Fig. 9: Lumped Element. 

 

 During the simulation, the substrate that used is MSUB.  The specification MSUB shows as following: 

 
Table 3: Specification of MSUB. 

Specifications Value 

Dielectic constant, εr 4.6 

Height 1.6mm 

Thickness 0.0035mm 

Tand 0.0019 

 

 The lentgh, L and width, W for the microstrips are 2.958m and 0.1092m respectively. 

 

 
Fig. 10: Quarter wave. 

 
Table 4: The value of the Lumped element. 

Components Value 

L2 12.28nH 

C2 2.02pF 

C1 1.768nH 

L4 1.25pF 

 

 Smith Chart was used to determine the length and the distance of the single stub and quarter wave. The 

rotation at Smith Chart is important to determine these parameters. 

 



203                                                                 M. H. Misran et al, 2013 

Australian Journal of Basic and Applied Sciences, 7(12) Oct  2013, Pages: 197-205 

 
Fig. 11: Single Stub. 

 
Table 5: Specification of MSUB. 

Specifications Value 

Dielectic constant, εr 4.6 

Height 1.6mm 

Thickness 0.0035mm 

Tand 0.0019 

 

 
 

Fig. 12: The comparisons of noise figure. 

 

 Figure 12 shows that noise figure for lumped element, quarter wave and single stub matching technique is 

2.23dB, 2.141 dB and 2.175 dB respectively. The noise figure for GPS application is <2.5 dB. Therefore, 

transistor AT-41511 fulfilled the requirement of GPS application.  

 

 
 

Fig. 13: The comparisons of gain. 
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Fig. 14: The comparisons of input return loss. 

 

 Figure 13 shows the comparisons for gain between 3 types of matching network. The lumped element and 

quarter wave matching has gain of 14.18 dB and 14.32 dB respectively. Meanwhile, the single stub matching 

achieved the highest gain, 14.57dB.  GPS need 10dB gain at least; therefore, the design achieved the parameter 

specification. 

 S11 and S22 are referred to return loss in input and output impedance. The S11 for lumped element matching 

is -13.71dB while quarter wave matching has S11 of -38.56dB. Meanwhile, the S11 of single stub matching is -

30.77dB.  

 For lumped element matching, the S22 achieved is -10.42dB while for quarter wave matching has S22 of -

32.16dB. Meanwhile, S22 in the single stub matching is -34dB.  

 

 
 

Fig. 15: The comparisons of output return loss. 

 

 For input return loss, S11 should get below -10dB because the large negatives return loss indicates the 

reflected power is small relative to the incident power. Therefore, the power that transmits will be about 90%. 

 
Table 6: The comparison. 

Types Lumped Element Quarter Wave Single Stub 

Parameter 

Noise Figure ,dB 2.234 2.141 2.175 

Gain, dB 14.18 14.32 14.57 

S11, dB -13.71 -38.56 -30.77 

S22, dB -10.42 -32.16 -34.00 

 

Discussion: 

 From the result, single stub matching network give the best performances compared to Lumped element and 

Quarter wave technique. The single stub was designed using micro-strip method because it is easy to fabricate. 

Single stub matching produced gain of 14.57 dB and noise figure of 2.175 dB. Return loss input, S11 and output, 

S22 is -30.77 and -34.00 respectively. 
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 The lumped element is a simple type of matching but it is difficult to fabricate and implementation but it 

has a small size. In the other hand, the value of the inductors and capacitors are fixed in market and it‟s difficult 

to solder the lumped element in laboratory. 

 For communication device, the quarter wave is not suitable because the size of LNA is bigger than the 

lumped element and single stub matching technique.  

 During simulation, the value of length and width of MLIN, MTEE and MSTEP were tuned to get the best 

performance of matching. The load and the source must be at 1 + j0 in Smith Chart to get the best result. 

 

Conclusion: 

 A LNA for GPS application with frequency 1.575GHz is considered because it is for public user. The LNA 

was designed based on the comparison between types of matching network. The stability of transistor is 

considered unconditional stable and the noise figure and gain are fulfilled the requirement of GPS application. 

 The transistor that is used in designing the LNA is AT-41511 manufactured by AVAGO Technology 

because it satisfies the LNA specification which the noise figure is below 2.5 dB and gain is above 10 dB.  

 For this project, the best performance in terms of S11, S22, noise figure and gain is single stub matching 

technique. The gain that achieved by single stub matching technique is 14.57 dB while for the noise figure is 

2.175 dB. Return loss input, S11 and return loss output, S22 is very good which -30.77 and -34.00 respectively. 
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