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Abstract: A Ku-band wideband low noise amplifier is presented in this paper. This low noise 
amplifier has been realized by 0.15um GaAs process.it exhibits high performance: over 
12GHz~18GHz, power gain is above 18.5dB; the ripple variation of power gain is less than ±0.7dB; 
The 1dB compression point is more than 12dBm; input VSWR is lower than 1.46; output VSWR is 
lower than 1.55; Current less than 35mA. 

1. Introduction 
Low noise amplifiers are widely used in microwave communication, GPS receivers, remote 

sensing remote control, radar, electronic countermeasures, radio astronomy, geodetic mapping, 
television and various high precision microwave measurement systems. It is the first-stage signal 
processing device under the antenna. Its main function is to amplify the received weak signal to 
minimize the increase of noise, so as to ensure the minimum noise attenuation of the system at very 
low power levels. Its performance directly affects the performance of the entire receiver system, 
especially the sensitivity of the receiver. Therefore, the design of the low noise amplifier is the key to 
the design of the communication receiver. 

If a high-performance low-noise amplifier is connected to the front end of the receiving system, 
and the noise of the latter circuit can be suppressed with a sufficiently large gain of the low-noise 
amplifier, the noise of the entire receiver system will mainly depend on the noise of the amplifier. The 
noise figure of the preamplifier has the greatest influence on the noise of the whole microwave system, 
and its gain will determine the degree of noise suppression for the latter stage circuit. Its linearity will 
have an important influence on the linearity of the whole system and the common mode noise 
rejection ratio. It can be seen that the performance of the microwave low noise amplifier restricts the 
performance of the entire receiving system, and plays a decisive role in improving the technical level 
of the entire receiving system. The basic requirements for low noise amplifiers are: low noise figure, 
adequate power gain, good operational stability, adequate bandwidth and large dynamic range. If the 
noise figure of the low noise amplifier is reduced, the noise figure of the receiver system is also 
reduced, the signal-to-noise ratio is improved, and the sensitivity is greatly improved. 

2. Source of noise 

Noise generally refers to internal noise and can be divided into natural noise and artificial noise. 
Natural noise includes thermal noise, shot noise, and flicker noise. Human noise includes AC noise, 
induced noise, and poor contact noise. In theory, any electronic circuit has electronic noise, but 
usually the intensity of electronic noise is very weak, mainly affecting circuits with weak signals. In 
electronic circuits, there are two main sources of noise: resistance noise and noise from 
semiconductor tubes. 

2.1 Resistance thermal noise 
When a thermal noise current flows within the resistor, a thermal noise voltage is formed. Since 

this voltage is random, it is not possible to characterize it with an instantaneous value, usually with a 
root mean square En. To represent. Thus, the effect of any resistor in the circuit is equivalent to the 
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series connection of a resistor R and its thermal noise voltage En. 

2.2 Semiconductor tube noise 

2.2.1 Diode noise 
The noise of the crystal diode is mainly the shot noise generated by the PN junction. When the 

diode is positively biased, it is mainly the shot noise generated when the DC passes through the PN 
junction. The thermal noise generated by the bulk resistance of the semiconductor material is 
negligible. When the reverse bias is small, the generated shot noise is also small. small. If the reverse 
breakdown is reached, there are two cases: the Zener breakdown diode is mainly shot noise, and the 
individual has 1/f noise; the avalanche breakdown diode has a large noise, except for the shot noise, 
the noise The voltage is randomly converted at two or more different levels, which is caused by 
variations in impurity defects and junction widths in the die. 

2.2.2 Bipolar transistor triode noise 
Generally, in an amplifying circuit, the noise of a transistor is often much stronger than that of a 

resistor. In the transistor, there are mainly two types of noise: thermal noise of the base body 
resistance and PN junction shot noise (generally, the shot noise is larger than the resistance thermal 
noise). In addition, there is still 1/f noise in the low frequency band. 

2.2.3 FET noise 

In the field effect transistor, since the working principle is not based on the movement of minority 
carriers, the influence of shot noise is small. The channel is a physical resistor that will generate 
thermal noise, which is the main source of noise for FETs. In addition, the channel will also converge 
the channel potential through the gate capacitance to the gate, resulting in induced gate noise. There is 
also a 1/f noise in the drain current. In general, the total noise of the FET is less than the noise of the 
transistor. 

3. Main design indicators for low noise amplifiers 

3.1 Power gain and gain flatness 

Power gain is defined as the ratio of the real power obtained by the load to the actual power input 
to the network when the network input and output are arbitrary impedances. 

Gain flatness refers to the fluctuation of the power gain in the operating frequency band. It is 
usually expressed as the difference ΔGp (dB) between the highest gain and the lowest gain. For low 
noise amplifiers, it is usually desirable to make the gain change as gentle as possible throughout the 
operating band. The gain is abrupt, so the smaller the ΔGp(dB) value, the better. 

3.2 Input and output voltage standing wave ratio 
In many cases, the characteristics of a microwave transistor amplifier are described by the input 

voltage standing wave ratio and the output voltage standing wave ratio. In low noise amplifiers, the 
input and output voltage standing wave ratios characterize the matching of their input and output 
loops. 

In designing the matching circuit of the low noise amplifier, the input matching network is 
generally designed as the optimal noise matching network instead of the optimal power matching 
network to obtain the minimum noise, and the output matching network is generally used to obtain 
the maximum power and the lowest standing wave ratio. design. Therefore, there is always some kind 
of mismatch at the input of the low noise amplifier. 
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3.3 Stability 
The stability of the RF amplifying circuit refers to the ability of the amplifying circuit to suppress 

environmental changes (such as temperature changes, frequency drift, signal source impedance, and 
load impedance characteristics) to maintain normal amplification characteristics. The stability of the 
RF amplifying circuit is a very important factor in maintaining the normal operation of the 
communication system. 

In the stability analysis of the RF amplifying circuit, the amplifying circuit is usually analyzed as a 
two-port network with known S parameters. 

Due to the reverse voltage transmission characteristic of the transistor, the voltage reflection 
coefficient TL of the load terminal can be reflected at the input port of the amplifier through the 
reverse voltage transmission coefficient S12 of the transistor, that is, there is a certain relationship 
between ГIN andГL. After the input RF signal passes through the forward amplification, load 
reflection and reverse transmission of the transistor, it is reflected as a reflected signal at the input end, 
and its amplitude may be larger than the input signal amplitude, resulting in instability of the 
amplification circuit. Similarly, the reflection coefficients ГOUT and Гs at the output of the amplifier 
circuit have a similar relationship. Therefore, the stability of the amplifier circuit is not only related to 
the s-parameter, but also related to the input and output matching network of the amplifying circuit, 
the source impedance and the load impedance. In addition, since the S-parameter of the transistor 
two-port network depends on the operating frequency, the RF transistor amplifying circuit can work 
normally at certain frequencies, and at other frequencies, it cannot work normally. Therefore, the 
stability of the circuit is also related to the operating frequency. 

4. Circuit structure selection 

Considering that if a first-stage amplifier is used to complete the bandwidth requirement with a 
tube, the circuit form should use a negative feedback type circuit; however, the disadvantage of the 
negative feedback type amplifier is that the noise figure is high, which makes it difficult to meet the 
low noise requirement, and The gain target is also difficult to achieve, so it is more difficult to use a 
first-order amplifier. Designed as a two-stage amplifier, the noise figure analysis of the cascaded 
network shows that the noise figure is mainly determined by the first-stage circuit in the two-stage 
amplifier circuit, so that in the circuit design, the first-stage amplifier circuit should focus on noise 
reduction. The design, while the second stage amplifying circuit focuses on the design of the boost 
gain. 

The specific requirements of the matching circuit are: input matching is low noise matching, and 
has better input standing wave; inter-stage matching requires low noise and maintains flat gain; 
output matching is high gain matching, gain is flat and output standing wave is good . 

Since the design is Ku-band, its 1/4 wavelength line is about 1cm, and the size is still very large. It 
is not suitable for use in MMIC, so it is not considered to use too many microstrip lines for matching, 
and the lumped component is in X. The band has a relatively good model to characterize, so consider 
using lumped element resistance, inductance, and capacitance to match. Since the HEMT device used 
in this design has a high single-tube gain, the two-stage amplifier can basically achieve the gain 
requirement. In the function definition of the two levels of the circuit, the first stage has the 
requirement of low noise as the maximum, while taking into account the gain and input matching, 
while the second stage mainly solves the gain and the output standing wave ratio. The lumped 
components are connected between the two stages to reduce losses and improve the stability of the 
circuit. The first and second stages use the same structure. 

The circuit structure selected for this circuit is shown in the figure 1 
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Figure 1 Circuit structure 

5. Circuit design 

Using the suitable configuration, a Ku-band wideband low noise amplifier has been realized by 
0.15um GaAs process. The simulation of our LNA have been presented based on the ADS2015. Over  
12GHz~18GHz, power gain is above 18.5dB(Figure 2); the ripple variation of power gain is less than 
±0.7dB; The noise figure is less than 1.5dB(Figure 3); The 1dB compression point is more than 
12dBm(Figure 4); input VSWR is lower than 1.46 (Figure 5); output VSWR is lower than 1.55 
(Figure 6); Current less than 35mA. the layout of the LNA with a chip size of 1.0*1.35 mm2. 

 
Figure 2 Simulated Power Gain                      Figure3 Simulated Noise figure 

 
Figure 4 Simulated input  VSWR                Figure 5 Simulated ouput  VSWR 
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Figure 6 Simulated Output 1 dB compression point 

5. Conclusions 
In this paper a suitable configuration is used for a Ku-band wideband low noise amplifier. the 

simulation results shows over 12GHz~18GHz, power gain is above 18.5dB; the ripple variation of 
power gain is less than ±0.7dB; The noise figure is less than 1.5dB; The 1dB compression point is 
more than 12dBm; input VSWR is lower than 1.46; output VSWR is lower than 1.55; Current less 
than 35mA.. the proposed one is good candidate for Ku-band microwave monolithic low-noise 
amplifer applications. 
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