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A new circuit model for designing and manufacturing an S-band low noise amplifier (LNA) with the software, Advanced Design 
System (ADS), is introduced in this paper. The proposed model involves shunted impedance at the grid to achieve a stable LNA 
without measuring the S-parameters of transistors at low temperatures. The LNA was measured over the operation band of 
2.2–2.3 GHz, which has input and output standing wave ratios below 1.2. The noise figure of the manufactured LNA was about 
0.2 dB and the gain was above 22 dB, which indicated that our LNA worked well at 77 K. 
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A cryogenic receiver front-end, comprising a high tempera-
ture superconducting filter and a cryogenically cooled 
low-noise amplifier (LNA), is an approach used to achieve 
high sensitivity and efficient frequency utilization for mo-
bile base station receivers [1–3]. The LNA is one of the 
most critical components in receivers because it usually 
determines the sensitivity of the system. A cryogenic LNA 
with an even lower noise figure (NF) is used in many ap-
plications such as radio astronomy, satellite communication 
and remote sensing. The NF is one of the most important 
technological indicators because it determines the signal 
sensitivity of the whole system. The LNA is usually used as 
the first stage in receivers and its NF adds to the whole sys-
tem. To improve the sensitivity of the system, there is a 
growing demand for the design and manufacture of an LNA 
with high performance. 

This paper describes how the LNA is designed using 
computer-aided software, ADS [4], a product of the Agilent 
Company. The DC-bias, stability and matching circuits are 

all simulated. A new circuit model is proposed to minimize 
changes in the S-parameters of the transistors with envi-
ronmental temperature. Through adding shunt impedance at 
the grid, the LNA can retain stable characteristics for all 
frequencies and at 77 K. The PCB layout used to manufac-
ture the LNA is generated to reflect the simulated circuit. 
The device is measured at room temperature and 77 K to 
obtain the NF, gain and voltage standing wave ratio 
(VSWR). The experimental results show that the LNA per-
forms well at low temperatures and improves the sensitivity 
of the receivers. 

1  Circuit model and simulation 

In this study, the LNA was designed to work within the 
frequency range of 2.2–2.3 GHz. With a gain of over 22 dB 
and NF at room temperature and 77 K lower than 0.8 and 
0.3 dB respectively, both the input and output VSWR of the 
LNA should be below 1.2. To meet these requirements, the 
ATF-34143 of the Agilent Company was chosen for its high 
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electron mobility transistor (HEMT). It has inherently low 
noise and high gain characteristics. It can work well at 77 K 
and has been used widely for cryogenically-cooled LNA 
designs. 

On the basis of the properties of the ATF-34143, the 
DC-bias was chosen to be 3 V and 20 mA. For this condi-
tion, the transistor has a NF of 0.5 dB, a gain of 17 dB and 
an output third-order intercept point (OIP3) of 30 dBm. A 
multi-stage configuration based on two ATF-34143 transis-
tors was employed to achieve these demanding require-
ments. Usually, the ATF-34143 should work with a positive 
bias-voltage Vds at the drain electrode and a negative bi-
as-voltage Vgs at the grid electrode. However, if Vgs is sup-
plied by a power source, the drain current Ids will increase 
dramatically when the temperature falls to 77 K. The varia-
tion in Ids depresses the gain and increases the noise, result-
ing in degradation of the performance of the LNA. 

To solve the problem and construct a high-performance 
LNA (at 77K) using the ATF-34143, a new circuit model, 
shown in Figure 1, is proposed. A resistor shunted by a ca-
pacitor is added to the source electrode as negative feedback. 
The source feedback will increase the negative bias-voltage 
at the grid electrode and maintain Vds and Ids constant even 
when the temperature changes. With reference to the alter-
nating signal model [5] of the FET, shown in Figure 2, the 
input impedance can be calculated by: 
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It can be seen that the real and imaginary parts of the in-
put impedance are both negative, which leads to the insta-
bility of the LNA at low frequency. Consequently, an im-
pedance Zg=Rg+jXg is shunted across the input and the input 
resistance shown in Figure 1 is then given by: 
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The values of R0 and X0 need to be chosen correctly to make 
the real part Rin′ achieve a positive maximum and maintain 
the stable factor K of the LNA over 1 among the frequen-
cies 0–12 GHz, as shown in Figure 3. As a result of design-
ing the new circuit model, the gain of the LNA at 77 K re-
mains consistent at room temperature and the NF decreases 
noticeably as will be seen in the experimental results. There 
is a major advantage in being able to design a cryogenical-
ly-cooled LNA without having to measure the S-parameters 
of the transistors at different temperatures. 

 

Figure 1  Input AC circuit model of the LNA. 

 

Figure 2  Equivalent input AC small signal circuit.  

 

Figure 3  The curve of stable factor with the LNA at 0–12 GHz. 

After designing the input and output matching circuitus-
ing the L-microstrip network, the LNA was simulated using 
the electromagnetic full-wave analysis available in the lay-
out space of the ADS software. The simulation results are 
shown in Figure 4 and Figure 5. 

As shown in above figures, the NF of the LNA is below 
0.55 dB and the gain is better than 25 dB for the 2 GHz 
band. The input and output standing wave ratios of the LNA 
(not shown) are both smaller than 1.16. The simulation cir-
cuit was optimized repeatedly so that the LNA could work 
well at room temperature and 77 K. The simulations are 
slightly better than the practical results because the welding  
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Figure 4  The simulated curve of gain versus frequency of the LNA. 

 

Figure 5  The simulated curve of NF versus frequency of the LNA. 

methods and the unmatched SMA joint can depress the ac-
tual performance of the LNA. 

2  Application examples of the ISV reduction 

Based on the simulated circuit, the layout of the LNA is 
designed automatically using the ADS software. The layout 
needs to be modified manually for convenient jointing and 
the addition of grounded holes. The devices, which include 
resistors, capacitors and transistors, are carefully welded 
onto the printed circuit schematic. Finally, an actual LNA is 
manufactured as shown in Figure 6. 

The LNA performance is measured using a vector net-
work analyzer, the AV3618, at room temperature and 77 K. 
The gain of the LNA at 77 K is only about 1 dB higher than 
that at 300 K as shown in Figure 7. As a result of the new 
circuit design, the trans-conductance of the transistor does 
not degrade at cryogenic temperatures. The slight increase 
of gain at 77 K is due to the increased electron mobility at 
low temperatures. The curves of the NF versus frequency at 
the two temperatures are shown in Figure 8. At 77 K, the 
LNA has a noise figure of 0.176 dB, namely the equivalent 
noise temperature is 12.4 K. The NF at a liquid nitrogen 
temperature obviously decreases by about 0.6 dB. Two pos-
sible reasons for this include the reduction of the resistor 
values in the LNA at 77 K and the increasing electron mo-
bility ratio of the ATF-34143. 

To verify our new circuit model for improving the 

 

Figure 6  The photograph of the manufactured LNA. 

 

Figure 7  The experimental curve of gain versus frequency at 77 and 300 K. 

stability of the LNA, the S-parameters and NF versus tem-
perature are measured at 2.15 GHz as shown in Figure 9 and 
Figure 10. On one hand, there is only a little change on in 
the S-parameters, including S11, S21 and S22, at different 
temperatures because our new circuit model maintains the 
stability of the LNA. The slight temperature dependence of 
the S-parameters is very useful when designing cryogeni-
cally-cooled LNA with computer-aided software. On the 
other hand, the NF visibly decreases with decreasing tem-
perature, which is required for a cooled LNA. The extreme-
ly low NF (about 0.18 dB) of LNA at low temperatures will 
improve the sensitivity performance for mobile base station 
receivers comprising a HTS filter and a cryogenic LNA.  

 

 

Figure 8  The experimental curve of NF versus frequency at 77 and 300 K. 
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Figure 9  The curves of S21 and NF versus temperature at 2.15 GHz. 

3  Conclusions 

This paper presents a new circuit model for preventing the 
changes in the S-parameter characteristics of transistors 
with changes in environmental temperature. It enables the 
convenient design and then manufacture of a cryogenically- 
cooled LNA without measuring the S-parameters of the 
transistors at different temperatures. The LNA was meas-
ured in the operation band of 2.2–2.3 GHz, which had a NF 
of 0.176 dB and a gain of 22.8 dB at the central frequency. 
The experimental results confirmed that there was only a 
slight change in the S-parameters, including S11, S21 and S22, 
between room temperature and 77 K. The high-performance 
LNA, designed using our new circuit model, enables further 
improvements in the sensitivity of mobile base station  
receivers. 

 

Figure 10  The curves of S11 and S22 versus temperature at 2.15 GHz. 
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