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ABSTRACT

In this paper a low-noise amplifier (LNA) is designed at 5GHz with the intention of ultra-low-power consumption. 
First, a spiral inductor is discussed and its equivalent circuit is described. Second, the input impedance, output 
impedance, and gain of a common-source LNA is calculated precisely. In addition, forward body biasing technique 
is used to bias all transistors to bring down the power consumption of the LNA. Plus, the comparison between 
precise calculation performed in this paper and the approximation proposed in other papers is demonstrated by 
HSPICE and MATLAB. The main simulation of the proposed LNA is carried out by Advanced Design System (ADS) 
and TSMC 0.18 um CMOS process is used for all elements in the LNA. The circuit is evaluated in different voltage 
supplies from 0.1 volt to 0.5 volt. The LNA is simulated with both lumped-elements and real elements. With lumped-
elements the results are 0.96dB, -19dB, -16dB, 17.9dB, and 140μW for noise figure (NF), input impedance matching 
(S11), output impedance matching (S22), power gain (S21), and power consumption respectively. Plus, with real 
elements the results are 1.4dB, -20dB, -19dB, 15.4dB, and 139μW for noise figure (NF), input impedance matching 
(S11), output impedance matching (S22), power gain (S21), and power consumption respectively.  
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1. INTRODUCTION 

A Low Noise Amplifier (LNA) is a decisive block in every RF receiver.  The 

criteria by which an LNA can be evaluated are Noise Figure (NF), power 

consumption or dissipation (Pdiss), input and output impedance 

matching, linearity, and gain. The aforementioned criteria might be 

inefficient provided that the LNA is unstable. Hence, the stability of the 

LNA should be guaranteed by adjusting scattering parameters or S-

parameters. Plus, input impedance matching, output impedance matching, 

and gain can be outlined by scattering parameters. In addition, the 

linearity of the LNA has been scrutinized by the third order intercept point 

(IIP3). Furthermore, the performance of an LNA against noise is to be 

analyzed by NF. In fact, the lower the NF is, the more appropriate the LNA 

will be. 

All the comments are more suitable in an LNA with lower power 

dissipation brought about the voltage supply and the width of transistors. 

The purposes have been achieved by different topologies consisting of 

cascade, cascode, and differential [1-6]. Considering the bandwidth during 

which an LNA operates, LNAs can be categorized in two divergent classes, 

called narrow-band or wideband [7-10]. Furthermore, the size of 

transistors has been scaled down from micrometer to nanometer, thus 

bringing down the size of the LNA. The lifetime of LNAs is predicated upon 

the power they has consumed. Indeed, the lifetime will be considerably 

prolonged if the power consumption declines. The factor can diminish 

appreciably via decreasing the voltage supply, the size of transistors, and 

the method by which a transistor is biased. Plus, the methods should not 

sacrifice other worthwhile criteria such as gain and impedance matching 

as far as possible. Furthermore, owing to the fact that the elements within 

the designed LNA is supposed to calculated by the formula extracted from 

input matching, output matching, and gain, it is of prime significance to 

calculate the formulas precisely in order to attenuate the errors stemming 

from the formulas. In this paper, a three stage cascaded LNA is designed 

for the purpose of precise calculation, ultra-low-power, and ultra-low-

voltage at 5GHz in 0.18 μm technology. In fact, the power consumption is 

diminished via forward body biasing technique.  

2. SPIRAL INDUCTOR 

Spiral inductors have been used widely as on-chip inductors. Unlike the 

lumped inductors, spiral inductors should not be considered as single 

elements with two terminals. The model utilized in this paper is 

demonstrated in figure 1 [11]. 

Figure 1: Spiral inductor and its equivalent circuits 

All inductors are designed to function as a lumped inductor connected 

in series with a resistor, depicted in figure 1. In fact, spiral inductors can 

be designed according to their physical features, illustrated in figure 2. 

The inductance of a spiral inductor is given by [12]: 

2 2
n ×a

L=37.5×μ × (1)
0

22×r-14×a

 
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 
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In which: 

r=n×(w+s)  

-7
μ =4×π×10

0
 

n=number of turns 

w=conductor width (m) 

s= conductor spacing (m) 

r= radius of the coil (m) 

a= square spiral’s mean radius (m)  

 

Figure 2: Spiral inductor 

Therefore, the inductance can be designed by the number of turns and 

the radius of the device, which should fulfil the conditions in (2) to 

comply the restrictions existing in 0.18 μm technology.  

30 125
(2)

1.5 5.5
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   

The number of turns and radius of the inductor are decisive factors by 

which the resistor in series with the final inductor can be defined. For 

instance, a 1nH inductor at 5GHz can be implemented by different number 

of turns and the radius of the device, producing different resistors, 

demonstrated in table 1. The inductor can be implemented by n=1.5 and 

n=2 with radius of 0.000082314009 meter and 0.000049037051 meter 

respectively. Plus, with different number of turns different resistors are 

created. Indeed, with bigger number of turns, bigger resistors are 

produced, influencing noise figure, linearity, biasing, and power 

consumption of the LNA. In addition, the implementation of the inductor 

(1nH) is impossible with n=2.5 and rad=0.000024569209 meter because 

of not fulfilling the conditions in (2). It is applicable to the number of turns 

which are more than 2.5. As a matter of fact, with n=5.5, the -

0.00013485079 meter is achieved for radius to implement a 1nH inductor, 

which is impossible. 

Table 1: Implementation of 1nh spiral inductor at 5ghz 

n Rad(m) Resistor w lay 

1.5 0.000082314009 2.6672 30 μm 6 

2 0.000049037051 3.0486 30 μm 6 

2.5 to 5.5 0.000024569209 to                            

-0.00013485079 

impossible 30 μm 6 

3. THE PROPOSED LNA 

The proposed LNA is composed of three common-source (CS) LNAs, 

demonstrated in figure 3. Hence, the CS LNA should be scrutinized 

meticulously. The significant factors by which an LNA is to be designed are 

input impedance, biasing, widths of transistors, capacitors, inductors, and 

output impedance. Therefore, a CS LNA is designed precisely and 

separately, depicted in figure 4. 

 

Figure 4: CS LNA with spiral inductors and forward body biasing 

The common-source is biased with forward body biasing technique to 

bring down the voltage source, thus decreasing power consumption, 

shown in figure 4 [32]. As it is mentioned, all inductors, in this paper, are 

designed to operate as two terminal elements in series with resistors at 

the desired frequency, i.e. 5GHz. As a result, the CS LNS is considered with 

its equivalent circuit in the final design of spiral inductors, illustrated in 

figure 5. 

 

Figure 3: The proposed LNA 

 

Figure 5: The CS LNA with equivalent circuit of spiral inductors 

 

Figure 6: The AC equivalent circuit of figure 5 

Next, in order to extract the input impedance (zin) of the circuit, the AC 

equivalent of the circuit should be taken into account, shown in figure 6. 

The input impedance of the circuit is given by [11-13]:  

1
(lg ) (3)


  + + +



gm ls
z s lsin

s cgs cgs

 

The formula implies that the elements exciting in the drain of the 

transistors are irrelevant to the input impedance. Plus, the resistors 

created by spiral inductors do not play any role in input impedance. In 

addition, the real part of zin does not vary via frequency.  Therefore, the 

more precise calculation might be required to diminish the error brought 

about by the approximation of zin. The precise formula of zin is given by: 

(4)=
NUMZIN

zin
DENZIN

 

The details of (4) is represented in the Appendix. 

 

 

Figure 7: The comparison of imaginary and real part of proposed zin 

In order to clarify the difference between zin in (3) and (4), the simulation 

is performed by HSPICE and the results are compared in figure 7. Owing 

to the fact that the LNA is designed at 5GHz, the behavior of the zin at 5GHz 

is focused. As it is obvious in figure 7, the error between the proposed zin 
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and the zin simulated by HSIPCE is approximately zero. The zin in (3), on 

the other hand, has drastic error. For instance, the real part of zin with the 

proposed zin is 49.98 versus 111.8 coming from (3). Furthermore, the 

imaginary part of zin with the proposed zin is -0.1694 in comparison with 

-587 coming from (3). It is deduced from the comments that the elements 

calculated from (3) are not reliable enough and the simplicity or 

approximation might lead up to trial and error, which is not precise. The 

aforementioned comments are applicable to output impedance and gain 

of the LNA, given by: 

(5)=
NUMZOUT

ZOUT
DENZOUT

 

(6)=
NUMGAIN

Gain
DENGAIN

 

The details of (5) and (6) are represented in the Appendix. In fact, the 

importance of precise calculation might be emphasized by knowing that 

all scattering parameters are dependent upon input impedance, output 

impedance, and gain, given by [14]: 
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4. BIASING AND DESIGN 

One of the main purpose of the design is to bring down power dissipation 

in the LNA. The forward body biasing technique might be beneficial with 

decreasing the supply voltage [32]. The vdd considered to fulfil the main 

goal is 0.1 volt. Plus, the LNA has three stages which might appear to be the 

same. However, all transistors are biased in different regions. Indeed, M1 

is biased in moderate inversion by which input impedance matching can 

be achieved. In addition, M2 is biased in moderate inversion with higher 

gate-source voltage with the intention of increasing gain. Ultimately, M3 is 

biased in strong inversion to have an appropriate gain and output 

impedance matching. Plus, the widths of transistors are equal to 100 μm. 

5. RESULTAS AND TRADE-OFFS 

The proposed LNA is simulated at 5 GHz by Advanced Design System 

(ADS) and 0.18μm CMOS Process is used for all transistors. The 

performance is evaluated in different situations, compared in table 2. First, 

the LNA is analyzed by lumped elements except transistors. Second, all 

elements, including inductors and capacitors, are substituted with their 

counterparts in 0.18 μm technology. Next, just lg1 from the first stage is 

replaced by a lumped inductor and results are extracted. Ultimately, all 

circumstances are scrutinized by increasing source voltage and the trade-

offs are mentioned. 

Table 1: Comparison Of The Performance Against Voltage Sources And 

Elements 

Elements* L L L R R R R 

Vdd(volt) 0.1 0.3 0.5 0.1 0.1 0.3 0.5 

NF(dB) 0.96 0.58 0.47 2.8 1.4 2.27 2.14 

S11(dB) -19 -18 -17 -20 -20 -16 -15 

S22(dB) -16 -15 -15 -19 -19 -15.9 -15 

S12(dB) -47 -48 -47 -48 -47 -49 -48 

S21(dB) 17.9 22 23 14 15.4 18.8 20 

Pdiss(μW) 140 515 946 139 139 510 937 

μ 5.7 4.5   4 7.5 7.5 5 4.6 

• R=REAL      L=LUMPED (except transistors) 

The results are demonstrated from figure 8 to figure 25. The trade-off 

between power consumption and noise figure in both lumped and real 

elements is observed. In fact, the higher the voltage supply is, the lower 

noise figure will be. In addition, the noise figure declines considerably by 

substituting lg1 with a lumped inductor. Indeed, the best input impedance 

matching and output impedance matching are achieved by the 

substitution of spiral lg1 for lumped lg1 with the minimum power 

consumption.  The power gain of the LNA is in the best situation when vdd 

is increased to 0.5 volt. The progress, however, is gained by the 

expenditure of more power consumption, i.e. 937 or 946 micro watt. 

 

Figure 8: μ Stability with lumped-elements and vdd from 0.1 to 0.5 

 

Figure 9: Noise Figure and Noise Figure minimum with lumped-

elements and vdd from 0.1 to 0.5 

 
Figure 10: S11 with lumped-elements and vdd from 0.1 to 0.5 

 

Figure 11: S12 with lumped-elements and vdd from 0.1 to 0.5 

 

Figure 12: S21 with lumped-elements and vdd from 0.1 to 0.5 

 

Figure 13: S22 with lumped-elements and vdd from 0.1 to 0.5 
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Figure 14: μ Stability with real elements and vdd from 0.1 to 0.5 and 

spiral lg1 

 

Figure 15: Noise Figure and Noise Figure minimum with real elements 

and vdd from 0.1 to 0.5 and spiral lg1 

 

Figure 16: S11 with real elements and vdd from 0.1 to 0.5 and spiral lg1 

 

Figure 17: S21 with real elements and vdd from 0.1 to 0.5 and spiral lg1 

 

Figure 18: S22 with real elements and vdd from 0.1 to 0.5 and spiral lg1 

 

Figure 19: S11 with real elements and vdd=0.1 and lumped lg1 

 

Figure 20: μ Stability with real elements and vdd=0.1 and lumped lg1 

 

Figure 21: Noise Figure and Noise Figure minimum with real elements 

and vdd=0.1 and lumped lg1 

 

Figure 22: S21 with real elements and vdd=0.1 and lumped lg1 

 

Figure 23: S22 with real elements and vdd=0.1 and lumped lg1 

The operation of an LNA might be scrutinized more superior provided that 

all parameters participate to form criteria. The criteria can be created by 

three divergent figures of merit (FOM) given by [15], [17-18]:  
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The results of the LNA is compared with other state-of-the-art in table 3. 

The best FOM belongs to the LNA with 0.1 volt and lumped elements. The 
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LNA has acceptable FOM when all elements are real except lg1. Even 

though all elements are real, the performance of the LNA when the supply 

voltage is 0.1 is suitable, especially when considering power consumption, 

i.e. 139 μW. All aforementioned criteria might be considered as useless if 

the LNA is not stable. Hence, mu (μ) stability test is used to evaluate the 

stability of the LNA, given by: 

2 2 2
1 11 22

2 2 (11)
2 12 21

11 22 12 21

− − + 
=

 

 =  − 







S S

S S

S S S S


 

In fact, the (μ) stability guarantees that the LNA is unconditionally stable 

provided that μ is larger than one. In addition, the larger μ is, the more 

stable the LNA will be. As it can be observed in table 2, the LNA is stable in 

all different voltage supplies.  Moreover, the LNA is more stable when the 

voltage supply is 0.1 volt. Indeed, the LNA is more stable and power 

consumption is minimized by sacrificing the gain and noise figure. 

The linearity of the LNA is assessed by IIP3, depicted in figure 24 and 

figure 25. The linearity is in the best situation with real elements versus 

the worst with lumped elements. Plus, the higher the supply voltage is, the 

less linear the LNA is. 

 

Figure 24: IIP3 with real elements and vdd=0.1 

 

Figure 25: IIP3 with Lumped-elements and vdd=0.1

Table 2: Performance Summary And Comparison With Other State-Of-The-Art 

 TECHNOLOGY Frequency Supply 

voltage 

Power(diss) S21 NF S11 S22 IIP3 FOM1 FOM2 FOM3 

unit μm GHz V mW dB dB dB dB dBm dB/mW 1/mW - 

This work + 

lumped 

0.18 5 0.1 0.140 17.9 0.96 -19 -16 -9 127 2804 1765 

This work + 

all real 

0.18 5 0.1 0.139 14 2.8 -20 -19 -8 100 40 31 

This work 

+all real 

except lg1 

0.18 5 0.1 0.139 15.4 1.4 -20 -19 -9 110 211 133 

This work+ 

lumped 

0.18 5 0.5 0.946 23 0.47 -17 -15 -14 24 56 11 

This work+ 

all real 

0.18 5 0.5 0.937 20 2.14 -15 -15 -11 21 18 7 

[19] 0.09 5.5 1.2 9.72 13 2.7 -11.7 -14 -3.25 1.34 0.53 1.39 

[20] 0.09 5.5 0.6 2.1 11.2 3.6 -28 -14 -8.6 5.33 1.34 1.02 

[21] 0.18 5 1.5 15 20 3.5 -20 -20 -9 1.33 0.54 0.34 

[22] 0.18 5.8 1 22.2 13.2 2.5 -5.3 -10.3 - 0.59 0.26 - 

0.18 5.8 0.7 12.5 7 2.68 -7.1 -12.3 - 0.56 0.21 - 

[23] 0.25 5.2 2 10 10 3 -30 - 0.3 1 0.32 1.77 

0.25 5.2 2 10 11 2.17 -45 - 0.3 1.1 0.55 3.05 

[24] 0.25 5.25 3 12 14.4 2.8 -11.5 -12.3 -1.5 1.2 0.48 1.8 

0.25 5.25 3 24 16 2.5 -12.3 -11.9 -1.5 0.67 0.34 1.26 

[25] 0.25 5.8 2 10 8 4.8 -23.5 -10.3 10 0.8 0.12 6.84 

[26] 0.18 5.7 1.8 3.96 11.47 3.4 -14 -17 - 2.89 0.79 - 

[27] 0.18 5.7 1 3.2 16.4 3.5 -11 -15 - 5.12 1.67 - 

[28] 0.13 5.1 0.4 1.03 10.3 5.3 -17.7 -11.4 - 10.02 1.33 - 

[29] 0.09 5.5 1.2 9.72 12.3 2.7 -10.3 -19 -3 1.27 0.49 0.68 

[30] 0.09 5.5 0.6 1 9.2 3.6 -10 -14 -7.25 9.01 2.23 2.3 

0.09 5.5 0.8 5.4 14.4 2.9 -13.4 -10.7 -6.2 2.67 1.02 1.35 

[31] 0.18 5 0.6 0.9 9.2 4.5 -12 -21 -16 10.22 1.76 0.23 

[32] 0.18 5.2 0.6 1.08 10 3.37 -13.4 -10.6 -8.6 9.26 2.5 1.78 

0.18 5 0.6 1.68 14.1 3.65 -12.7 -14 -17.1 8.39 2.29 0.23 

[33] 0.18 5.2 1.8 12.4 16.5 1.1 <-20 -13 -11.5 1.33 1.87 7.61 

[34] 0.18 5.8 1.8 3.42 9.4 2.5 -13.3 -14.8 -7.6 2.75 1.11 1.16 

[35] 0.18 5.4 1.8 2.7 21 2.8 <-10 - -23 7.78 4.59 0.125 

[36] 0.09 2.6-10.2 1.2 7.2 12.5 3-7 <-9 - - 1.74 0.47 - 

[37] 0.13 5.65 1.2 6.4 14.9 4.8 -32.4 - -4.2 2.33 0.43 0.99 

[38] 0.18 5 1.5 12 11 0.95 -33 -13 5 0.92 1.21 187 

[15] 0.18 5.8 0.6 0.798 11.21 3.22 -19.1 -14.67 -9 14.04 4.14 3 

0.18 5.8 0.6 0.834 13.92 3.32 -12.74 -13.38 -11.5 16.69 5.19 2.1 

6. CONCLUSION 

This paper revolves around designing an LNA with the main focus on 

precise calculation and ultra-low-power consumption. The precise 

formulas are calculated to minimize the error coming from the calculation 

of input impedance, output impedance, and the gain. Indeed, forward body 

biasing technique contributes to diminishing the voltage supply, thus 

declining the power consumption. Different types of trade-offs are 

observed between power consumption, gain, noise figure, and linearity. 

Although the technology has been scaled down from micrometer to 
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nanometer and this paper is in 0.18 μm, the calculations extracted in this 

paper are irrelevant to technology and applicable to other technologies. In 

addition, the LNA is not implemented and it is just designed and simulated. 

Nonetheless, it has been declared in other state-of-the-art that the 

simulation results are close to real results. Therefore, it might be deduced 

that if the LNA is implemented, the results might be close enough to the 

simulation results. 
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APPENDIX  
 

NUMZIN
zin= ( .1)

DENZIN
A

 

NUMZIN=(cgs×cgd×co×ld×lg×ls×rout×zo+cgs×cds×co×ld×lg×ls×rout×zo+
cgd×cds×co×ld×lg×ls×rout×zo)×s^6+(cgs×cgd×ld×lg×ls×rout+cgs×cds×ld
×lg×ls×rout+cgd×cds×ld×lg×ls×rout+cgs×co×ld×lg×ls×zo+cgd×co×ld×lg×
ls×zo+cgd×co×gm×ld×lg×ls×rout×zo+cgs×cgd×co×ld×lg×rls×rout×zo+cgs
×cds×co×ld×lg×rls×rout×zo+cgd×cds×co×ld×lg×rls×rout×zo+cgs×cgd×co
×ld×ls×rlg×rout×zo+cgs×cds×co×ld×ls×rlg×rout×zo+cgd×cds×co×ld×ls×r
lg×rout×zo+cgs×cgd×co×lg×ls×rld×rout×zo+cgs×cds×co×lg×ls×rld×rout×
zo+cgd×cds×co×lg×ls×rld×rout×zo)×s^5+(cgs×ld×lg×ls+cgd×ld×lg×ls+cg
d×gm×ld×lg×ls×rout+cgs×cgd×ld×lg×rls×rout+cgs×cds×ld×lg×rls×rout+c
gd×cds×ld×lg×rls×rout+cgs×cgd×ld×ls×rlg×rout+cgs×cds×ld×ls×rlg×rout
+cgd×cds×ld×ls×rlg×rout+cgs×cgd×lg×ls×rld×rout+cgs×cds×lg×ls×rld×ro
ut+cgd×cds×lg×ls×rld×rout+cgs×cgd×ld×lg×rout×zo+cgs×cds×ld×lg×rout
×zo+cgd×cds×ld×lg×rout×zo+cgs×cgd×ld×ls×rout×zo+cgs×cds×ld×ls×rou
t×zo+cgd×cds×ld×ls×rout×zo+cgs×cgd×lg×ls×rout×zo+cgs×cds×lg×ls×ro
ut×zo+cgd×cds×lg×ls×rout×zo+cgs×co×ld×lg×rls×zo+cgd×co×ld×lg×rls×z
o+cgs×co×ld×lg×rout×zo+cgd×co×ld×lg×rout×zo+cgs×co×ld×ls×rlg×zo+c
gd×co×ld×ls×rlg×zo+cgs×co×lg×ls×rld×zo+cgd×co×lg×ls×rld×zo+cgs×co×
ld×ls×rout×zo+cds×co×ld×ls×rout×zo+cgd×co×gm×ld×lg×rls×rout×zo+ 
cgd×co×gm×ld×ls×rlg×rout×zo+cgd×co×gm×lg×ls×rld×rout×zo+cgs×cgd
×co×ld×rlg×rls×rout×zo+cgs×cds×co×ld×rlg×rls×rout×zo+cgd×cds×co×ld
×rlg×rls×rout×zo+cgs×cgd×co×lg×rld×rls×rout×zo+cgs×cds×co×lg×rld×rl
s×rout×zo+cgd×cds×co×lg×rld×rls×rout×zo+cgs×cgd×co×ls×rld×rlg×rout
×zo+cgs×cds×co×ls×rld×rlg×rout×zo+cgd×cds×co×ls×rld×rlg×rout×zo)×s
^4+(cgs×ld×lg×rls+cgd×ld×lg×rls+cgs×ld×lg×rout+cgd×ld×lg×rout+cgs×l
d×ls×rlg+cgd×ld×ls×rlg+cgs×lg×ls×rld+cgd×lg×ls×rld+cgs×ld×ls×rout+cd
s×ld×ls×rout+cgs×ld×lg×zo+cgd×ld×lg×zo+cgs×ld×ls×zo+cgd×ld×ls×zo+c
gs×lg×ls×zo+cgd×lg×ls×zo+co×ld×ls×zo+cgd×gm×ld×lg×rls×rout+cgd×g
m×ld×ls×rlg×rout+cgd×gm×lg×ls×rld×rout+cgs×cgd×ld×rlg×rls×rout+cgs
×cds×ld×rlg×rls×rout+cgd×cds×ld×rlg×rls×rout+cgs×cgd×lg×rld×rls×rou
t+cgs×cds×lg×rld×rls×rout+cgd×cds×lg×rld×rls×rout+cgs×cgd×ls×rld×rlg
×rout+cgs×cds×ls×rld×rlg×rout+cgd×cds×ls×rld×rlg×rout+cgd×gm×ld×lg
×rout×zo+cgd×gm×ld×ls×rout×zo+cgd×gm×lg×ls×rout×zo+co×gm×ld×ls
×rout×zo+cgs×cgd×ld×rlg×rout×zo+cgs×cds×ld×rlg×rout×zo+cgd×cds×ld
×rlg×rout×zo+cgs×cgd×ld×rls×rout×zo+cgs×cds×ld×rls×rout×zo+cgd×cd
s×ld×rls×rout×zo+cgs×cgd×lg×rld×rout×zo+cgs×cds×lg×rld×rout×zo+cg
d×cds×lg×rld×rout×zo+cgs×cgd×lg×rls×rout×zo+cgs×cds×lg×rls×rout×zo
+cgd×cds×lg×rls×rout×zo+cgs×cgd×ls×rld×rout×zo+cgs×cds×ls×rld×rout
×zo+cgd×cds×ls×rld×rout×zo+cgs×cgd×ls×rlg×rout×zo+cgs×cds×ls×rlg×r
out×zo+cgd×cds×ls×rlg×rout×zo+cgs×co×ld×rlg×rls×zo+cgd×co×ld×rlg×r
ls×zo+cgs×co×lg×rld×rls×zo+cgd×co×lg×rld×rls×zo+cgs×co×ld×rlg×rout
×zo+cgd×co×ld×rlg×rout×zo+cgs×co×ld×rls×rout×zo+cds×co×ld×rls×rou
t×zo+cgs×co×lg×rld×rout×zo+cgd×co×lg×rld×rout×zo+cgs×co×ls×rld×rlg
×zo+cgd×co×ls×rld×rlg×zo+cgs×co×ls×rld×rout×zo+cds×co×ls×rld×rout×
zo+cgd×co×gm×ld×rlg×rls×rout×zo+cgd×co×gm×lg×rld×rls×rout×zo+cg
d×co×gm×ls×rld×rlg×rout×zo+cgs×cgd×co×rld×rlg×rls×rout×zo+cgs×cds
×co×rld×rlg×rls×rout×zo+cgd×cds×co×rld×rlg×rls×rout×zo)×s^3+(ld×ls
+gm×ld×ls×rout+cgs×ld×rlg×rls+cgd×ld×rlg×rls+cgs×lg×rld×rls+cgd×lg×
rld×rls+cgs×ld×rlg×rout+cgd×ld×rlg×rout+cgs×ld×rls×rout+cds×ld×rls×r
out+cgs×lg×rld×rout+cgd×lg×rld×rout+cgs×ls×rld×rlg+cgd×ls×rld×rlg+c
gs×ls×rld×rout+cds×ls×rld×rout+cgs×ld×rlg×zo+cgd×ld×rlg×zo+cgs×ld×r
ls×zo+cgd×ld×rls×zo+cgs×lg×rld×zo+cgd×lg×rld×zo+cgs×lg×rls×zo+cgd×
lg×rls×zo+cgd×ld×rout×zo+cds×ld×rout×zo+cgs×lg×rout×zo+cgd×lg×rou
t×zo+cgs×ls×rld×zo+cgd×ls×rld×zo+cgs×ls×rlg×zo+cgd×ls×rlg×zo+cgs×ls
×rout×zo+cds×ls×rout×zo+co×ld×rls×zo+co×ld×rout×zo+co×ls×rld×zo+c
gd×gm×ld×rlg×rls×rout+cgd×gm×lg×rld×rls×rout+cgd×gm×ls×rld×rlg×r
out+cgs×cgd×rld×rlg×rls×rout+cgs×cds×rld×rlg×rls×rout+cgd×cds×rld×r
lg×rls×rout+cgd×gm×ld×rlg×rout×zo+cgd×gm×ld×rls×rout×zo+cg×gm×l
g×rld×rout×zo+cgd×gm×lg×rls×rout×zo+cgd×gm×ls×rld×rout×zo+cgd×g
m×ls×rlg×rout×zo+co×gm×ld×rls×rout×zo+co×gm×ls×rld×rout×zo+cgs×
cgd×rld×rlg×rout×zo+cgs×cds×rld×rlg×rout×zo+cgd×cds×rld×rlg×rout×z
o+cgs×cgd×rld×rls×rout×zo+cgs×cds×rld×rls×rout×zo+cgd×cds×rld×rls×
rout×zo+cgs×cgd×rlg×rls×rout×zo+cgs×cds×rlg×rls×rout×zo+cgd×cds×rl
g×rls×rout×zo+cgs×co×rld×rlg×rls×zo+cgd×co×rld×rlg×rls×zo+cgs×co×rl
d×rlg×rout×zo+cgd×co×rld×rlg×rout×zo+cgs×co×rld×rls×rout×zo+cds×c
o×rld×rls×rout×zo+cgd×co×gm×rld×rlg×rls×rout×zo)×s^2+(ld×rls+ld×ro
ut+ls×rld+ld×zo+ls×zo+gm×ld×rls×rout+gm×ls×rld×rout+cgs×rld×rlg×rl
s+cgd×rld×rlg×rls+cgs×rld×rlg×rout+cgd×rld×rlg×rout+cgs×rld×rls×rout
+cds×rld×rls×rout+gm×ls×rout×zo+cgs×rld×rlg×zo+cgd×rld×rlg×zo+cgs
×rld×rls×zo+cgd×rld×rls×zo+cgs×rlg×rls×zo+cgd×rlg×rls×zo+cgd×rld×ro
ut×zo+cds×rld×rout×zo+cgs×rlg×rout×zo+cgd×rlg×rout×zo+cgs×rls×rou
t×zo+cds×rls×rout×zo+co×rld×rls×zo+co×rld×rout×zo+cgd×gm×rld×rlg×
rls×rout+cgd×gm×rld×rlg×rout×zo+cgd×gm×rld×rls×rout×zo+cgd×gm×r
lg×rls×rout×zo+co×gm×rld×rls×rout×zo)×s+rld×rls+rld×rout+rld×zo+rls
× zo+rout×zo+gm×rld×rls×rout+gm×rls×rout×zo 

 
DENZIN=(cgs×cgd×co×ld×ls×rout×zo+cgs×cds×co×ld×ls×rout×zo+cgd×c
ds×co×ld×ls×rout×zo)×s^5+(cgs×cgd×ld×ls×rout+cgs×cds×ld×ls×rout+cg
d×cds×ld×ls×rout+cgs×co×ld×ls×zo+cgd×co×ld×ls×zo+cgd×co×gm×ld×ls
×rout×zo+cgs×cgd×co×ld×rls×rout×zo+cgs×cds×co×ld×rls×rout×zo+cgd
×cds×co×ld×rls×rout×zo+cgs×cgd×co×ls×rld×rout×zo+cgs×cds×co×ls×rl
d×rout×zo+cgd×cds×co×ls×rld×rout×zo)×s^4+(cgs×ld×ls+cgd×ld×ls+cgd
×gm×ld×ls×rout+cgs×cgd×ld×rls×rout+cgs×cds×ld×rls×rout+cgd×cds×ld
×rls×rout+cgs×cgd×ls×rld×rout+cgs×cds×ls×rld×rout+cgd×cds×ls×rld×r
out+cgs×cgd×ld×rout×zo+cgs×cds×ld×rout×zo+cgd×cds×ld×rout×zo+cgs
×cgd×ls×rout×zo+cgs×cds×ls×rout×zo+cgd×cds×ls×rout×zo+cgs×co×ld×r
ls×zo+cgd×co×ld×rls×zo+cgs×co×ld×rout×zo+cgd×co×ld×rout×zo+cgs×c
o×ls×rld×zo+cgd×co×ls×rld×zo+cgd×co×gm×ld×rls×rout×zo+cgd×co×gm
×ls×rld×rout×zo+cgs×cgd×co×rld×rls×rout×zo+cgs×cds×co×rld×rls×rout
×zo+cgd×cds×co×rld×rls×rout×zo)×s^3+(cgs×ld×rls+cgd×ld×rls+cgs×ld×
rout+cgd×ld×rout+cgs×ls×rld+cgd×ls×rld+cgs×ld×zo+cgd×ld×zo+cgs×ls×
zo+cgd×ls×zo+cgd×gm×ld×rls×rout+cgd×gm×ls×rld×rout+cgs×cgd×rld×r
ls×rout+cgs×cds×rld×rls×rout+cgd×cds×rld×rls×rout+cgd×gm×ld×rout×
zo+cgd×gm×ls×rout×zo+cgs×cgd×rld×rout×zo+cgs×cds×rld×rout×zo+cg
d×cds×rld×rout×zo+cgs×cgd×rls×rout×zo+cgs×cds×rls×rout×zo+cgd×cds
×rls×rout×zo+cgs×co×rld×rls×zo+cgd×co×rld×rls×zo+cgs×co×rld×rout×z
o+cgd×co×rld×rout×zo+cgd×co×gm×rld×rls×rout×zo)×s^2+(cgs×rld×rls
+cgd×rld×rls+cgs×rld×rout+cgd×rld×rout+cgs×rld×zo+cgd×rld×zo+cgs×
rls×zo+cgd×rls×zo+cgs×rout×zo+cgd×rout×zo+cgd×gm×rld×rls×rout+cg
d×gm×rld×rout×zo+cgd×gm×rls×rout×zo)×s 
 

( .2)= A
NUMZOUT

ZOUT
DENZOUT

 

 
NUMZOUT=ld×(cgs×cgd×lg×ls×rout+cgs×cds×lg×ls×rout+cgd×cds×lg×ls×
rout)×s^5+(ld×(cgs×lg×ls+cgd×lg×ls+cgd×gm×lg×ls×rout+cgs×cgd×lg×rl
s×rout+cgs×cds×lg×rls×rout+cgd×cds×lg×rls×rout+cgs×cgd×ls×rlg×rout
+cgs×cds×ls×rlg×rout+cgd×cds×ls×rlg×rout+cgs×cgd×ls×rout×zo+cgs×cd
s×ls×rout×zo+cgd×cds×ls×rout×zo)+rld×(cgs×cgd×lg×ls×rout+cgs×cds×l
g×ls×rout+cgd×cds×lg×ls×rout))×s^4+(ld×(cgs×lg×rls+cgd×lg×rls+cgs×lg
×rout+cgd×lg×rout+cgs×ls×rlg+cgd×ls×rlg+cgs×ls×rout+cds×ls×rout+cgs
×ls×zo+cgd×ls×zo+cgd×gm×lg×rls×rout+cgd×gm×ls×rlg×rout+cgs×cgd×r
lg×rls×rout+cgs×cds×rlg×rls×rout+cgd×cds×rlg×rls×rout+cgd×gm×ls×ro
ut×zo+cgs×cgd×rls×rout×zo+cgs×cds×rls×rout×zo+cgd×cds×rls×rout×zo
)+rld×(cgs×lg×ls+cgd×lg×ls+cgd×gm×lg×ls×rout+cgs×cgd×lg×rls×rout+c
gs×cds×lg×rls×rout+cgd×cds×lg×rls×rout+cgs×cgd×ls×rlg×rout+cgs×cds
×ls×rlg×rout+cgd×cds×ls×rlg×rout+cgs×cgd×ls×rout×zo+cgs×cds×ls×rou
t×zo+cgd×cds×ls×rout×zo))×s^3+(rld×(cgs×lg×rls+cgd×lg×rls+cgs×lg×ro
ut+cgd×lg×rout+cgs×ls×rlg+cgd×ls×rlg+cgs×ls×rout+cds×ls×rout+cgs×ls
×zo+cgd×ls×zo+cgd×gm×lg×rls×rout+cgd×gm×ls×rlg×rout+cgs×cgd×rlg×
rls×rout+cgs×cds×rlg×rls×rout+cgd×cds×rlg×rls×rout+cgd×gm×ls×rout×
zo+cgs×cgd×rls×rout×zo+cgs×cds×rls×rout×zo+cgd×cds×rls×rout×zo)+l
d×(ls+gm×ls×rout+cgs×rlg×rls+cgd×rlg×rls+cgs×rlg×rout+cgd×rlg×rout+
cgs×rls×rout+cds×rls×rout+cgs×rls×zo+cgd×rls×zo+cgs×rout×zo+cgd×ro
ut×zo+cgd×gm×rlg×rls×rout+cgd×gm×rls×rout×zo))×s^2+(ld×(rls+rout+
gm×rls×rout)+rld×(ls+gm×ls×rout+cgs×rlg×rls+cgd×rlg×rls+cgs×rlg×rou
t+cgd×rlg×rout+cgs×rls×rout+cds×rls×rout+cgs×rls×zo+cgd×rls×zo+cgs
×rout×zo+cgd×rout×zo+cgd×gm×rlg×rls×rout+cgd×gm×rls×rout×zo))×s
+rld×(rls+rout+gm×rls×rout) 
 
DENZOUT=(cgs×cgd×co×ld×lg×ls×rout+cgs×cds×co×ld×lg×ls×rout+cgd×
cds×co×ld×lg×ls×rout)×s^6+(cgs×co×ld×lg×ls+cgd×co×ld×lg×ls+cgd×co×
gm×ld×lg×ls×rout+cgs×cgd×co×ld×lg×rls×rout+cgs×cds×co×ld×lg×rls×ro
ut+cgd×cds×co×ld×lg×rls×rout+cgs×cgd×co×ld×ls×rlg×rout+cgs×cds×co
×ld×ls×rlg×rout+cgd×cds×co×ld×ls×rlg×rout+cgs×cgd×co×lg×ls×rld×rout
+cgs×cds×co×lg×ls×rld×rout+cgd×cds×co×lg×ls×rld×rout+cgs×cgd×co×l
d×ls×rout×zo+cgs×cds×co×ld×ls×rout×zo+cgd×cds×co×ld×ls×rout×zo)×s
^5+(cgs×cgd×ld×lg×rout+cgs×cds×ld×lg×rout+cgd×cds×ld×lg×rout+cgs×
cgd×ld×ls×rout+cgs×cds×ld×ls×rout+cgd×cds×ld×ls×rout+cgs×cgd×lg×ls
×rout+cgs×cds×lg×ls×rout+cgd×cds×lg×ls×rout+cgs×co×ld×lg×rls+cgd×c
o×ld×lg×rls+cgs×co×ld×lg×rout+cgd×co×ld×lg×rout+cgs×co×ld×ls×rlg+c
gd×co×ld×ls×rlg+cgs×co×lg×ls×rld+cgd×co×lg×ls×rld+cgs×co×ld×ls×rout
+cds×co×ld×ls×rout+cgs×co×ld×ls×zo+cgd×co×ld×ls×zo+cgd×co×gm×ld×
lg×rls×rout+cgd×co×gm×ld×ls×rlg×rout+cgd×co×gm×lg×ls×rld×rout+ 
cgs×cgd×co×ld×rlg×rls×rout+cgs×cds×co×ld×rlg×rls×rout+cgd×cds×co×l
d×rlg×rls×rout+cgs×cgd×co×lg×rld×rls×rout+cgs×cds×co×lg×rld×rls×rou
t+cgd×cds×co×lg×rld×rls×rout+cgs×cgd×co×ls×rld×rlg×rout+cgs×cds×co
×ls×rld×rlg×rout+cgd×cds×co×ls×rld×rlg×rout+cgd×co×gm×ld×ls×rout×
zo+cgs×cgd×co×ld×rls×rout×zo+cgs×cds×co×ld×rls×rout×zo+cgd×cds×c
o×ld×rls×rout×zo+cgs×cgd×co×ls×rld×rout×zo+cgs×cds×co×ls×rld×rout
×zo+cgd×cds×co×ls×rld×rout×zo)×s^4+(cgs×ld×lg+cgd×ld×lg+cgs×ld×ls
+cgd×ld×ls+cgs×lg×ls+cgd×lg×ls+co×ld×ls+cgd×gm×ld×lg×rout+cgd×gm
×ld×ls×rout+cgd×gm×lg×ls×rout+co×gm×ld×ls×rout+cgs×cgd×ld×rlg×ro
ut+cgs×cds×ld×rlg×rout+cgd×cds×ld×rlg×rout+cgs×cgd×ld×rls×rout+cgs
×cds×ld×rls×rout+cgd×cds×ld×rls×rout+cgs×cgd×lg×rld×rout+cgs×cds×l
g×rld×rout+cgd×cds×lg×rld×rout+cgs×cgd×lg×rls×rout+cgs×cds×lg×rls×
rout+cgd×cds×lg×rls×rout+cgs×cgd×ls×rld×rout+cgs×cds×ls×rld×rout+c
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gd×cds×ls×rld×rout+cgs×cgd×ls×rlg×rout+cgs×cds×ls×rlg×rout+cgd×cds
×ls×rlg×rout+cgs×co×ld×rlg×rls+cgd×co×ld×rlg×rls+cgs×co×lg×rld×rls+c
gd×co×lg×rld×rls+cgs×co×ld×rlg×rout+cgd×co×ld×rlg×rout+cgs×co×ld×r
ls×rout+cds×co×ld×rls×rout+cgs×co×lg×rld×rout+cgd×co×lg×rld×rout+c
gs×co×ls×rld×rlg+cgd×co×ls×rld×rlg+cgs×co×ls×rld×rout+cds×co×ls×rld
×rout+cgs×cgd×ld×rout×zo+cgs×cds×ld×rout×zo+cgd×cds×ld×rout×zo+c
gs×cgd×ls×rout×zo+cgs×cds×ls×rout×zo+cgd×cds×ls×rout×zo+cgs×co×ld
×rls×zo+cgd×co×ld×rls×zo+cgs×co×ld×rout×zo+cgd×co×ld×rout×zo+cgs
×co×ls×rld×zo+cgd×co×ls×rld×zo+cgd×co×gm×ld×rlg×rls×rout+cgd×co×
gm×lg×rld×rls×rout+cgd×co×gm×ls×rld×rlg×rout+cgs×cgd×co×rld×rlg×r
ls×rout+cgs×cds×co×rld×rlg×rls×rout+cgd×cds×co×rld×rlg×rls×rout+cgd
×co×gm×ld×rls×rout×zo+cgd×co×gm×ls×rld×rout×zo+cgs×cgd×co×rld×rl
s×rout×zo+cgs×cds×co×rld×rls×rout×zo+cgd×cds×co×rld×rls×rout×zo)×
s^3+(cgs×ld×rlg+cgd×ld×rlg+cgs×ld×rls+cgd×ld×rls+cgs×lg×rld+cgd×lg×
rld+cgs×lg×rls+cgd×lg×rls+cgd×ld×rout+cds×ld×rout+cgs×lg×rout+cgd×l
g×rout+cgs×ls×rld+cgd×ls×rld+cgs×ls×rlg+cgd×ls×rlg+cgs×ls×rout+cds×l
s×rout+co×ld×rls+co×ld×rout+co×ls×rld+cgs×ld×zo+cgd×ld×zo+cgs×ls×z
o+cgd×ls×zo+cgd×gm×ld×rlg×rout+cgd×gm×ld×rls×rout+cgd×gm×lg×rld
×rout+cgd×gm×lg×rls×rout+cgd×gm×ls×rld×rout+cgd×gm×ls×rlg×rout+c
o×gm×ld×rls×rout+co×gm×ls×rld×rout+cgs×cgd×rld×rlg×rout+cgs×cds×
rld×rlg×rout+cgd×cds×rld×rlg×rout+cgs×cgd×rld×rls×rout+cgs×cds×rld
×rls×rout+cgd×cds×rld×rls×rout+cgs×cgd×rlg×rls×rout+cgs×cds×rlg×rls
×rout+cgd×cds×rlg×rls×rout+cgs×co×rld×rlg×rls+cgd×co×rld×rlg×rls+cg
s×co×rld×rlg×rout+cgd×co×rld×rlg×rout+cgs×co×rld×rls×rout+cds×co×r
ld×rls×rout+cgd×gm×ld×rout×zo+cgd×gm×ls×rout×zo+cgs×cgd×rld×rou
t×zo+cgs×cds×rld×rout×zo+cgd×cds×rld×rout×zo+cgs×cgd×rls×rout×zo
+cgs×cds×rls×rout×zo+cgd×cds×rls×rout×zo+cgs×co×rld×rls×zo+cgd×co
×rld×rls×zo+cgs×co×rld×rout×zo+cgd×co×rld×rout×zo+cgd×co×gm×rld×
rlg×rls×rout+cgd×co×gm×rld×rls×rout×zo)×s^2+(ld+ls+gm×ls×rout+cgs
×rld×rlg+cgd×rld×rlg+cgs×rld×rls+cgd×rld×rls+cgs×rlg×rls+cgd×rlg×rls+
cgd×rld×rout+cds×rld×rout+cgs×rlg×rout+cgd×rlg×rout+cgs×rls×rout+c
ds×rls×rout+co×rld×rls+co×rld×rout+cgs×rld×zo+cgd×rld×zo+cgs×rls×z
o+cgd×rls×zo+cgs×rout×zo+cgd×rout×zo+cgd×gm×rld×rlg×rout+cgd×g
m×rld×rls×rout+cgd×gm×rlg×rls×rout+co×gm×rld×rls×rout+cgd×gm×rl
d×rout×zo+cgd×gm×rls×rout×zo)×s+rld+rls+rout+gm×rls×rout 
 

NUMGAIN
Gain= ( .3)

DENGAIN
A

 

 
NUMGAIN=ld×zo×(cgs×cgd×ls×rout+cgs×cds×ls×rout+cgd×cds×ls×rout)
×s^4+(ld×zo×(cgs×ls+cgd×ls+cgd×gm×ls×rout+cgs×cgd×rls×rout+cgs×cd
s×rls×rout+cgd×cds×rls×rout)+rld×zo×(cgs×cgd×ls×rout+cgs×cds×ls×ro
ut+cgd×cds×ls×rout))×s^3+(rld×zo×(cgs×ls+cgd×ls+cgd×gm×ls×rout+cg
s×cgd×rls×rout+cgs×cds×rls×rout+cgd×cds×rls×rout)+ld×zo×(cgs×rls+cg
d×rls+cgd×rout+cgd×gm×rls×rout))×s^2+(rld×zo×(cgs×rls+cgd×rls+cgd
×rout+cgd×gm×rls×rout)-gm×ld×rout×zo)×s-gm×rld×rout×zo 
 
DENGAIN=(cgs×cgd×co×ld×lg×ls×rout×zo+cgs×cds×co×ld×lg×ls×rout×zo
+cgd×cds×co×ld×lg×ls×rout×zo)×s^6+(cgs×cgd×ld×lg×ls×rout+cgs×cds×l
d×lg×ls×rout+cgd×cds×ld×lg×ls×rout+cgs×co×ld×lg×ls×zo+cgd×co×ld×lg
×ls×zo+cgs×cgd×co×ld×ls×rout×zo^2+cgs×cds×co×ld×ls×rout×zo^2+cgd
×cds×co×ld×ls×rout×zo^2+cgd×co×gm×ld×lg×ls×rout×zo+cgs×cgd×co×l
d×lg×rls×rout×zo+cgs×cds×co×ld×lg×rls×rout×zo+cgd×cds×co×ld×lg×rls
×rout×zo+cgs×cgd×co×ld×ls×rlg×rout×zo+cgs×cds×co×ld×ls×rlg×rout×z
o+cgd×cds×co×ld×ls×rlg×rout×zo+cgs×cgd×co×lg×ls×rld×rout×zo+cgs×c
ds×co×lg×ls×rld×rout×zo+cgd×cds×co×lg×ls×rld×rout×zo)×s^5+(cgs×ld
×lg×ls+cgd×ld×lg×ls+cgs×co×ld×ls×zo^2+cgd×co×ld×ls×zo^2+cgd×gm×l
d×lg×ls×rout+cgs×cgd×ld×lg×rls×rout+cgs×cds×ld×lg×rls×rout+cgd×cds
×ld×lg×rls×rout+cgs×cgd×ld×ls×rlg×rout+cgs×cds×ld×ls×rlg×rout+cgd×c
ds×ld×ls×rlg×rout+cgs×cgd×lg×ls×rld×rout+cgs×cds×lg×ls×rld×rout+cgd
×cds×lg×ls×rld×rout+cgs×cgd×ld×lg×rout×zo+cgs×cds×ld×lg×rout×zo+cg
d×cds×ld×lg×rout×zo+2×cgs×cgd×ld×ls×rout×zo+2×cgs×cds×ld×ls×rout
×zo+2×cgd×cds×ld×ls×rout×zo+cgs×cgd×lg×ls×rout×zo+cgs×cds×lg×ls×r
out×zo+cgd×cds×lg×ls×rout×zo+cgs×co×ld×lg×rls×zo+cgd×co×ld×lg×rls×
zo+cgs×co×ld×lg×rout×zo+cgd×co×ld×lg×rout×zo+cgs×co×ld×ls×rlg×zo+
cgd×co×ld×ls×rlg×zo+cgs×co×lg×ls×rld×zo+cgd×co×lg×ls×rld×zo+cgs×co
×ld×ls×rout×zo+cds×co×ld×ls×rout×zo+cgd×co×gm×ld×ls×rout×zo^2+cg
s×cgd×co×ld×rls×rout×zo^2+cgs×cds×co×ld×rls×rout×zo^2+cgd×cds×co
×ld×rls×rout×zo^2+cgs×cgd×co×ls×rld×rout×zo^2+cgs×cds×co×ls×rld×r
out×zo^2+cgd×cds×co×ls×rld×rout×zo^2+cgd×co×gm×ld×lg×rls×rout×z
o+cgd×co×gm×ld×ls×rlg×rout×zo+cgd×co×gm×lg×ls×rld×rout×zo+cgs×c
gd×co×ld×rlg×rls×rout×zo+cgs×cds×co×ld×rlg×rls×rout×zo+cgd×cds×co
×ld×rlg×rls×rout×zo+cgs×cgd×co×lg×rld×rls×rout×zo+cgs×cds×co×lg×rl
d×rls×rout×zo+cgd×cds×co×lg×rld×rls×rout×zo+cgs×cgd×co×ls×rld×rlg×
rout×zo+cgs×cds×co×ls×rld×rlg×rout×zo+cgd×cds×co×ls×rld×rlg×rout×z
o)×s^4+(cgs×ld×lg×rls+cgd×ld×lg×rls+cgs×ld×lg×rout+cgd×ld×lg×rout+c
gs×ld×ls×rlg+cgd×ld×ls×rlg+cgs×lg×ls×rld+cgd×lg×ls×rld+cgs×ld×ls×rout
+cds×ld×ls×rout+cgs×ld×lg×zo+cgd×ld×lg×zo+2×cgs×ld×ls×zo+2×cgd×ld

×ls×zo+cgs×lg×ls×zo+cgd×lg×ls×zo+co×ld×ls×zo+cgs×cgd×ld×rout×zo^2
+cgs×cds×ld×rout×zo^2+cgd×cds×ld×rout×zo^2+cgs×cgd×ls×rout×zo^2
+cgs×cds×ls×rout×zo^2+cgd×cds×ls×rout×zo^2+cgs×co×ld×rls×zo^2+cg
d×co×ld×rls×zo^2+cgs×co×ld×rout×zo^2+cgd×co×ld×rout×zo^2+cgs×co
×ls×rld×zo^2+cgd×co×ls×rld×zo^2+cgd×gm×ld×lg×rls×rout+cgd×gm×ld
×ls×rlg×rout+cgd×gm×lg×ls×rld×rout+cgs×cgd×ld×rlg×rls×rout+cgs×cds
×ld×rlg×rls×rout+cgd×cds×ld×rlg×rls×rout+cgs×cgd×lg×rld×rls×rout+cg
s×cds×lg×rld×rls×rout+cgd×cds×lg×rld×rls×rout+cgs×cgd×ls×rld×rlg×ro
ut+cgs×cds×ls×rld×rlg×rout+cgd×cds×ls×rld×rlg×rout+cgd×gm×ld×lg×ro
ut×zo+2×cgd×gm×ld×ls×rout×zo+cgd×gm×lg×ls×rout×zo+co×gm×ld×ls×
rout×zo+cgs×cgd×ld×rlg×rout×zo+cgs×cds×ld×rlg×rout×zo+cgd×cds×ld×
rlg×rout×zo+2×cgs×cgd×ld×rls×rout×zo+2×cgs×cds×ld×rls×rout×zo+2×c
gd×cds×ld×rls×rout×zo+cgs×cgd×lg×rld×rout×zo+cgs×cds×lg×rld×rout×
zo+cgd×cds×lg×rld×rout×zo+cgs×cgd×lg×rls×rout×zo+cgs×cds×lg×rls×ro
ut×zo+cgd×cds×lg×rls×rout×zo+2×cgs×cgd×ls×rld×rout×zo+2×cgs×cds×l
s×rld×rout×zo+2×cgd×cds×ls×rld×rout×zo+cgs×cgd×ls×rlg×rout×zo+cgs
×cds×ls×rlg×rout×zo+cgd×cds×ls×rlg×rout×zo+cgs×co×ld×rlg×rls×zo+cg
d×co×ld×rlg×rls×zo+cgs×co×lg×rld×rls×zo+cgd×co×lg×rld×rls×zo+cgs×c
o×ld×rlg×rout×zo+cgd×co×ld×rlg×rout×zo+cgs×co×ld×rls×rout×zo+cds×
co×ld×rls×rout×zo+cgs×co×lg×rld×rout×zo+cgd×co×lg×rld×rout×zo+cgs
×co×ls×rld×rlg×zo+cgd×co×ls×rld×rlg×zo+cgs×co×ls×rld×rout×zo+cds×c
o×ls×rld×rout×zo+cgd×co×gm×ld×rls×rout×zo^2+cgd×co×gm×ls×rld×ro
ut×zo^2+cgs×cgd×co×rld×rls×rout×zo^2+cgs×cds×co×rld×rls×rout×zo^
2+cgd×cds×co×rld×rls×rout×zo^2+cgd×co×gm×ld×rlg×rls×rout×zo+cgd
×co×gm×lg×rld×rls×rout×zo+cgd×co×gm×ls×rld×rlg×rout×zo+cgs×cgd×c
o×rld×rlg×rls×rout×zo+cgs×cds×co×rld×rlg×rls×rout×zo+cgd×cds×co×rl
d×rlg×rls×rout×zo)×s^3+(ld×ls+cgs×ld×zo^2+cgd×ld×zo^2+cgs×ls×zo^2
+cgd×ls×zo^2+gm×ld×ls×rout+cgs×ld×rlg×rls+cgd×ld×rlg×rls+cgs×lg×rl
d×rls+cgd×lg×rld×rls+cgs×ld×rlg×rout+cgd×ld×rlg×rout+cgs×ld×rls×rou
t+cds×ld×rls×rout+cgs×lg×rld×rout+cgd×lg×rld×rout+cgs×ls×rld×rlg+cg
d×ls×rld×rlg+cgs×ls×rld×rout+cds×ls×rld×rout+cgs×ld×rlg×zo+cgd×ld×rl
g×zo+2×cgs×ld×rls×zo+2×cgd×ld×rls×zo+cgs×lg×rld×zo+cgd×lg×rld×zo+
cgs×lg×rls×zo+cgd×lg×rls×zo+cgs×ld×rout×zo+2×cgd×ld×rout×zo+cds×l
d×rout×zo+cgs×lg×rout×zo+cgd×lg×rout×zo+2×cgs×ls×rld×zo+2×cgd×ls
×rld×zo+cgs×ls×rlg×zo+cgd×ls×rlg×zo+cgs×ls×rout×zo+cds×ls×rout×zo+
co×ld×rls×zo+co×ld×rout×zo+co×ls×rld×zo+cgd×gm×ld×rout×zo^2+cgd
×gm×ls×rout×zo^2+cgs×cgd×rld×rout×zo^2+cgs×cds×rld×rout×zo^2+cg
d×cds×rld×rout×zo^2+cgs×cgd×rls×rout×zo^2+cgs×cds×rls×rout×zo^2+
cgd×cds×rls×rout×zo^2+cgs×co×rld×rls×zo^2+cgd×co×rld×rls×zo^2+cgs
×co×rld×rout×zo^2+cgd×co×rld×rout×zo^2+cgd×gm×ld×rlg×rls×rout+cg
d×gm×lg×rld×rls×rout+cgd×gm×ls×rld×rlg×rout+cgs×cgd×rld×rlg×rls×r
out+cgs×cds×rld×rlg×rls×rout+cgd×cds×rld×rlg×rls×rout+cgd×gm×ld× 
rlg×rout×zo+2×cgd×gm×ld×rls×rout×zo+cgd×gm×lg×rld×rout×zo+cgd×g
m×lg×rls×rout×zo+2×cgd×gm×ls×rld×rout×zo+cgd×gm×ls×rlg×rout×zo+
co×gm×ld×rls×rout×zo+co×gm×ls×rld×rout×zo+cgs×cgd×rld×rlg×rout×z
o+cgs×cds×rld×rlg×rout×zo+cgd×cds×rld×rlg×rout×zo+2×cgs×cgd×rld×r
ls×rout×zo+2×cgs×cds×rld×rls×rout×zo+2×cgd×cds×rld×rls×rout×zo+cg
s×cgd×rlg×rls×rout×zo+cgs×cds×rlg×rls×rout×zo+cgd×cds×rlg×rls×rout
×zo+cgs×co×rld×rlg×rls×zo+cgd×co×rld×rlg×rls×zo+cgs×co×rld×rlg×rou
t×zo+cgd×co×rld×rlg×rout×zo+cgs×co×rld×rls×rout×zo+cds×co×rld×rls×
rout×zo+cgd×co×gm×rld×rls×rout×zo^2+cgd×co×gm×rld×rlg×rls×rout×
zo)×s^2+(ld×rls+ld×rout+ls×rld+ld×zo+ls×zo+cgs×rld×zo^2+cgd×rld×zo
^2+cgs×rls×zo^2+cgd×rls×zo^2+cgs×rout×zo^2+cgd×rout×zo^2+gm×ld
×rls×rout+gm×ls×rld×rout+cgs×rld×rlg×rls+cgd×rld×rlg×rls+cgs×rld×rlg
×rout+cgd×rld×rlg×rout+cgs×rld×rls×rout+cds×rld×rls×rout+gm×ls×rou
t×zo+cgs×rld×rlg×zo+cgd×rld×rlg×zo+2×cgs×rld×rls×zo+2×cgd×rld×rls×
zo+cgs×rlg×rls×zo+cgd×rlg×rls×zo+cgs×rld×rout×zo+2×cgd×rld×rout×zo
+cds×rld×rout×zo+cgs×rlg×rout×zo+cgd×rlg×rout×zo+cgs×rls×rout×zo+
cds×rls×rout×zo+co×rld×rls×zo+co×rld×rout×zo+cgd×gm×rld×rout×zo^
2+cgd×gm×rls×rout×zo^2+cgd×gm×rld×rlg×rls×rout+cgd×gm×rld×rlg×r
out×zo+2×cgd×gm×rld×rls×rout×zo+cgd×gm×rlg×rls×rout×zo+co×gm×rl
d×rls×rout×zo)×s+rld×rls+rld×rout+rld×zo+rls×zo+rout×zo+gm×rld×rls
×rout+gm×rls×rout×zo 
 
In which: 
rout: the output resistor of the transistor 
zo: the impedance of input or output port 
cgd: the capacitor seen through gate-to-drain of the transistor 
cds: the capacitor seen through drain-to-source of the transistor 
cgs: the capacitor seen through gate-to-source of the transistor 
gm: transconductance of the transistor 
rlg: the resistor created by spiral inductor lg 
rls: the resistor created by spiral inductor ls 
rld: the resistor created by spiral inductor ld 

: 2 1s f   −  

f: frequency 

 


