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Abstract 
In this paper, noise figure degradation of 900MHz Low 

Noise Amplifier (LNA) for UHF RFID due to the 
power/ground noise is analyzed. To overcome the limitation 
of previous the noise figure simulation that does not include 
the effect of power/ground noise, a new noise figure equation, 
which can include the effect of power/ground noise, is 
proposed. 

1. Introduction 
These days, there have been many efforts to integrate 

every parts of system, as a kind of RF, power amplifier, 
analog and digital circuits, in a system, which called a mixed-
mode system. The integration makes the system has low cost 
and high integration features. However, it also gives many 
signal integrity and power integrity problems.[1] Especially, 
power/ground noise due to coupling of digital circuit 
switching noise or coupling of digital clock signal degrades 
the performance of RF circuits such as gain, linearity, noise 
figure. 

In case of LNA, the noise figure (NF) is the one of the 
most important performance factor because the noise figure of 
receiver front-end system is dominated by the noise figure of 
LNA. [2] If the noise figure of LNA is degraded by the 
power/ground noise, it directly degrades the noise figure of the 
receiver front-end. Then, the noise figure of receiver front-end 
determines the sensitivity of that. [2] Finally, the 
power/ground noise on LNA degrades the performance of 
whole receiver front-end. To avoid the degradation, it is 
important to expect and simulate the effect of the 
power/ground noise on noise figure during the system 
designing process.  

In this paper, the noise figure degradation of 900MHz 
LNA for UHF RFID due to the power/ground noise is 
estimated and analyzed in circuit level. The limitation of the 
previous noise figure simulation that cannot include the effect 
of power/ground noise is revised first. Then, a new noise 
figure equation, which can include the effect of power/ground 
noise, is proposed. By the equation, it is shown that the 
degradation of noise figure of the LNA can be estimated about 
124dB by the power/ground noise. 

2. Design of the 900MHz LNA for UHF RFID 
Fig. 1 shows the schematic of 900MHz LNA for UHF 

RFID. 

 
 

Fig. 1. The schematic of  900MHz LNA for UHF RFID 
 

The LNA is designed with TSMC 0.25um process. It is 
simple cascode, inductor degeneration and common-source 
amplifier scheme and designed as fully differential. It uses 
2.5V power supply and 0.8V bias voltage. 

Fig. 2 (a) shows the layout of LNA. As the LNA is need to 
keep the differential structure, the symmetry layout is 
required, which can lower the mismatch of parastic R, C and 
process variations between + and – sides. [3] It is designed to 
be perfectly symmetry except the bias line. The power/ground 
lines are designed with 30um width metal 5/4 ring type. 
Besides, for better noise immune design, 48pF of on-chip 
decoupling capacitors are placed between power and ground 
nets around the LNA. As shown in fig. 2 (b), each NMOS, 
MiM capacitor, inductor and resister is isolated from common 
silicon substrate with N+/P+ guard ring and deep N-well. 
These isolation techniques on each component reduce the 
effect of the substrate noise, which is from the digital 
switching circuit on the same silicon substrate.[4]   

Table 1 shows the summary of the performance of 
designed LNA. Operation frequency is from 900MHz to 
930MHz, which includes 900MHz UHF RFID frequency band 
of USA and South Korea. In the band, S21 is around 13dB and 
NF is maximum 2.65dB. S11 and S22 are depending on off-
chip matching components.  LNA uses 5mA of DC current on 
2.5V DC power, which means 12.5mW DC power 
consumption 
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Fig. 2. (a) The layout of  900MHz LNA for UHF RFID (b) 
Guard ring of NMOS, MiM capacitor and resistor for noise 

isolation. 
 

Table 1. The performance of the LNA 
Frequency 900~930MHz 

S11 Min. -14dB 
S21 Min. 12.5dB 
S22  Min. -11dB 
NF Max 2.65dB 

P1dB Min. -11.8dB 
Power DC 12.5mW 

 

3. Noise figure simulation setup and result 
 

 
 

Fig. 3. Proposed noise figure simulation setup with power/ 
ground noise  

Fig. 3 shows the proposed simulation setup for the noise 
figure simulation with the power/ground noise. For a simple 
analysis, the power/ground networks at the outside of wire-
bond, for instance, power/ground of PKG, PCB and so on, are 
assumed as ideal. Off-chip matching components are included 
and each of input/output net is connected to 50ohm port. To 
include the parastics of wire-bond, it is modeled with L-C 
components. [5] For more accurate simulation, all the 
parastics of on-chip interconnection are extracted as R-C 
components from the layout of LNA by PEX in calibre tool 
[6] and included. 

In this simulation setup, a 1-tone sinusoidal power/ground 
noise is included. The power/ground noise of LNA actually 
contains various frequency components because it is induced 
from the coupling of digital circuit switching noise or 
coupling of digital clock signal. [7] However, to analyze the 
effect of power/ground noised more fundamentally, it is 
modeled as a 1-tone sinusoidal voltage source. With the result, 
the effect of power/ground noise from digital circuit switching 
noise can be also analyzed by superposition of each 1-tone 
noise. The power/ground noise comes from the outside of chip 
and it is placed just before the wire-bond for VDD. Assuming 
that a noise is in the first channel of UHF RFID frequency 
band of USA (902.75MHz-903.25MHz) [8], the 1-tone 
power/ground noise has the frequency of 902.8MHz and the 
amplitude of 50mV. The whole simulation bench is 
constructed and performed by spectre.[6] 

Fig. 4(a) and 5(a) show the transient simulation results of 
LNA output with/without power/ground noise when the input 
signal is 1-tone sine wave with frequency of 903.2MHz and 
the power of -40dBm. Fig. 4(b) and 5(b) are plotted by using 
Discrete Fourier Transform (DFT) to show the frequency 
components of the transient simulation results of LNA output.  

Without power/ground noise, fig.4 (a), (b) show only the 
frequency component of the input signal of 903.2MHz with 
11.96mV amplitude. In contrast, as shown in fig. 5 (b), the 
power/ground noise with frequency of 902.8MHz is coupled 
to the LNA output as the noise with frequency of 902.8MHz 
and the amplitude of 5.15mV. The large fluctuation of the 
waveform of fig.5 (a) is caused by the mixed frequency 
component from 903.2MHz and 902.8MHz. However, the 
400kHz fluctuation, which is very far from the operation 
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frequency band of the LNA, can be ignored in following 
analysis. 

Perfectly balanced LNA is ideally immune to the 
power/ground noise because it is common-mode noise. 
However, as shown in Fig. 2, the LNA is not perfectly 
balanced. Due to the unbalanced layout of bias line, additional 
parastic capacitance exists between right side of the LNA and 
the bias line. Not only the difference of parastic components 
between the both sides, there are always a potential difference 
caused by a process variation. These factors, the unbalanced 
layout of the bias line and the process variation, break the 
immunity of the common-mode noise on the balanced LNA. 
Therefore, as shown in Fig. 5 (b), 50mV the power/ground 
noise at VDD appears as the noise with 5.15mV amplitude at 
the LNA output. Moreover, the power/ground noise shown at 
the LNA output degrades the signal-to-noise ratio of LNA 
output. Consequently, it is clear that the noise figure of LNA 
will be degraded by the power/ground noise. 

 
(a) 

 
(b) 

 
Fig. 4. (a) Transient simulation result of LNA output without 
power/ground noise (b) Discrete Fourier Transform (DFT) of 

the result of (a) 
 

 
(a) 

 
(b) 

 
Fig. 5. (a) Transient simulation result of LNA output with 

power/ground noise (b) DFT of the result of (a) 
 

 
 

Fig. 6. Noise figure simulation result with/without 
power/ground noise by spectre 
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Fig. 6 shows the noise figure simulation result 
with/without power/ground noise by spertre. On the contrary 
to what it has been expected, there is no difference between 
the result with power/ground noise and the result without 
power/ground noise. It means that the previous noise figure 
simulation method is unable to show the effect of the 
power/ground noise on noise figure directly. This will be 
explained at the following chapter. 

4.  A new NF analysis of the effect of power/ground noise 
with proposed NF equation 

Noise figure is conventionally calculated with following 
equation.[2] 
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, where k=Boltzman’s constant, T0 = 290K 
In (1), v2 denotes the noise added by a circuit. It is a fixed 

value when the circuit design and layout are determined but 
not affected by the power/ground network design. In addition, 
S-parameter simulation regards the power/ground net as ideal 
DC port during the calculation of S21. [9] The previous 
simulation result in fig. 6, has been calculated by (1), After all, 
it is unable to show the effect of the power/ground noise on 
the noise figure.  

To calculate the noise figure with the effect of 
power/ground noise, the signal power and the total noise 
power of LNA output should be defined in another way. First, 
the output signal power can be expressed as (2). 
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Second, let’s put the output noise power caused by input 
thermal noise and added circuit noise as (3). 
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 Third, the output noise power caused by power/ground 
noise can be defined as (4).  
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)(_ fV vddpgnoise represents the power/ground noise voltage at 
VDD. It is already determined as 1-tone sine wave with 
frequency of 902.8MHz and the amplitude of 50mV. 

)(__ fT outtovdd is defined as (5). Simply, it is the transfer 
function between VDD and the LNA output. 
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By means of (2), (3) and (4), signal-to-noise ratio of LNA 
output can be derived as (6). 
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 Finally, by the definition of noise figure, the new noise 
figure equation, which includes the effect of power/ground 
noise, is proposed as (7). 
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Fig. 7. Output noise simulation result: )(_ fP outnoise  

 
 

Fig. 8. The transfer function simulation result between VDD 
and the LNA output: )(__ fT outtovdd  

 
Fig.7 and Fig. 8 show the simulation result of 

)(_ fP outnoise  and )(__ fT outtovdd , which used for the 
calculation of (7). To plot (7), the results of fig.7 and fig. 8 are 
imported to MATLAB. Fig. 9 shows the noise figure from (7), 
which includes the effect of the power/ground noise. 
 

Authorized licensed use limited to: Korea Advanced Institute of Science and Technology. Downloaded on February 25,2010 at 00:58:20 EST from IEEE Xplore.  Restrictions apply. 



 420 2007 9th Electronics Packaging Technology Conference 
 
 

 
 

 
Fig. 9. Comparison of the noise figure plotted by proposed 

equation of (7) and simulated result from fig. 6 
In fig. 9, the noise figure with power/ground noise, which 

is calculated by the proposed equation of (7), shows that the 
noise figure is severely degraded about 124dB at 902.8MHz, 
the frequency of power/ground noise. This is the result what 
we have been expected in the previous chapter. However, the 
noise figure calculation result by (7) without power/ground 
noise and the noise figure simulation result of fig. 6 by 
spectre, are exactly same. It verifies that the previous noise 
figure simulation by spectre doesn’t include the effect of 
power/ground noise. Therefore, by the proposed equation of 
(7), it is only possible to estimate the effect of noise figure by 
power/ground noise. 

4. Conclusions 
In this paper, the noise figure degradation by 

power/ground noise on the 900MHz LNA for UHF RFID is 
successfully estimated and analyzed. To overcome the 
limitation of the noise figure simulation that does not show the 
effect of power/ground noise on the noise figure, the new 
equation for the noise figure of LNA has been proposed. By 
the equation, it has been finally shown that the noise figure of 
designed LNA is severely degraded by power/ground noise. 
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