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A B S T R A C T  

 

This paper investigates the effect of tail capacitance on phase noise of an LC-VCO (LC voltage-

controlled-oscillator). First, the analytical relations of the phase noise for different values of tail capacitor 
(CT) are derived and then for verifying them, simulation and calculated results are compared. For 

simplicity, three scenarios such as small, medium and large values of CT are considered. In a case study 

an LC-VCO is designed in a standard 0.18µm CMOS technology, and simulation and numerical results 
have been presented for different values of CT. In this case study, numerical analysis shows that for CT 

=200fF (medium CT) and CT =10pF (large CT), the phase noise at 1MHz offset from the 5.2GHz is -

96dBc/Hz and -118dBc/Hz, respectively. According to the results, the ISF (Impulse sensitivity function) 
is improved by increasing the amount of CT. Numerical values also demonstrate that excessive increase 

of CT has no effect on the phase noise. While choosing bigger CT can effectively reduce the noise 

contribution of the tail by bypassing the noise of tail transistor, but low impedance path generated by CT 
may degrade the phase noise by reducing tank quality factor.  

doi: 10.5829/ije.2021.34.01a.13
 

 
1. INTRODUCTION1 
 
Oscillators are one of the important blocks in many 

applications such as RF electronics and digital systems. 

Since the oscillators have a non-linear behavior, it is very 

hard to model and analyze them. One of the most 

important parameters in oscillators is phase noise. The 

noise injected into the circuit by active and passive 

elements can show itself as a phase (frequency) 

perturbation in the desired signal which is called phase 

noise (or Jitter). Phase noise is one of the key parameters 

to determine the spectral purity of a signal generated by 

an oscillator. Depicted in Figure 1(a), single sideband 

(SSB) phase noise is defined as the ratio of the spectral 

power density measured at an offset frequency from the 

carrier (in 1Hz bandwidth) to the total power of the 

carrier signal and is stated as dBc/Hz. New 

communication circuits need low phase noise oscillators 

to satisfy the strict requirement of the modern 

communication standards. Among different type of 

oscillators [1], LC-VCOs attract many attentions due to 
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their superior phase noise performance, reliable startup 

and ability for integration above standard CMOS 

technologies. 

So far, several models for the prediction of phase 

noise were presented. Among these models, the most 

well-known phase noise model is Leeson’s equation [2] 

in which the noise behavior of an oscillator is assumed 

linear-time-invariant (LTI). As reported in [2, 3] the 

verified Leeson’s phase noise equation at offset 

frequency Dw from the oscillation frequency w0, is 

expressed as Equation (1).  
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in which k, T, Ps and LQ are Boltzmann constant, absolute 

temperature, signal power and quality factor of the 

inductor respectively. 31/ f
wD is also the corner frequency 

and F denotes an experimental noise factor parameter. 

According to Figure 1(b) and (1), the plot can be divided 

into three regions. First region where / 2Qw wD >>  has a  
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(a) 

 
(b) 

Figure 1. (a) Output spectrum of a practical oscillator and 

(b) different regions of phase noise vs frequency offset 
 

 

flat profile and is dominated by the thermal noise. In 

regions two and three ( / 2Qw wD << ) the white thermal 

noise and flicker noise make the phase noise with the 

slope of 
21/ wD and 

31/ wD , respectively [4]. 

Alper Demir’s model is one of the complex and 

accurate phase noise model (but almost without enough 

circuit intuition) [5]. In addition, the Demir’s model can 

predict cyclostationary noise and also can present a fast 

simulation CADs [4]. 

As explained By Hajimiri et al. [3], in their phase 

noise model introduces a general theory of the phase 

noise for different kind of voltage-controlled oscillators 

(VCO) [4]. This model has a lower complexity with 

enough circuit intuition and can explain up and down 

conversion of noise in the close frequencies to the carrier. 

Another advantage of this model is that it introduces 

impulse-sensitivity-function (ISF) concept to consider 

the linear-time-variance (LTV) and cyclostationary 

behavior of noise in oscillators. The ISF is calculated by 

injecting an impulse current as the noise source of the 

device and measuring the phase shift (zero crossing) at 

the output voltage of the oscillator [6]. 

One of the oscillators which has the best performance 

in terms of phase noise amongst all CMOS VCOs is 

cross-connected LC-tank oscillator depicted in Figure 2 

[3]. Figures 2(a) and 2(b) show two possible 

configurations of a cross-connected oscillator, i.e. 

without  and with tail current source [7]. Using tail 

transistor is one of the ideas in the design of the cross-

coupled LC-tank VCOs which was ignored in past 

decades. Later, it was considered more in [6, 8, 9] and 

discovered that it plays a prominent role in phase noise 

of the LC-tank VCO. 

 
(a) 

 
(b) 

Figure 2. LC-tank oscillator (a) without current source and 

(b) with tail current source 
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While eliminating tail transistor in Figure 2(a) results in 

higher voltage headroom, using tail transistor in Figure 

2(b) is preferred due to several reasons: first it creates a 

high impedance in series to the cross-connected 

switching transistors, reduces the loading of LC resonator 

and prohibits tank quality factor degradation [9]. Second, 

it defines the bias current Ib of the cross-connected pair 

and the output voltage of the oscillator as Equation (2) 

that results in more controllable and robust design against 

supply variations [6, 7, 10]. (Rt is loss of the LC-tank and 

Ib is the tail bias current.) 

On the other hand, tail transistor can impose extra 

noise to the VCO and degrade the phase noise. Since the 

tail node (x) is a common mode node, the even harmonics 

especially second harmonic are usually dominant in that 

node. The switching cross-coupled pair, which acts as a 

single-balance mixer, up/down converts low frequency 

noise into two correlated sidebands around the 

fundamental frequency. It should be noted that the low-

frequency noise in tail current source does not affect the 

phase noise directly. In fact, noise frequencies around the 

second harmonic is down converted close to the 

oscillation frequency [7, 10, 11]. It should be considered 

that because the level of the third and higher order 

harmonics is low and can be filtered by the LC-tank 

resonator, so the effect of the second order harmonic is 

dominant and significant in phase noise [6].  

Filtering technique is one of the best options for 

eliminating the unwanted (second) harmonics caused by 
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tail transistor and improving the phase noise of the 

oscillators [7]. Therefore, several techniques for 

attenuating the second harmonic in LC-tank oscillators 

have been proposed [7–9, 12–14], but the preferred 

technique is usually putting a capacitor in parallel to the 

tail transistor to bypass the second harmonic noise to 

ground. The tail capacitor acts as follows: (a) it attenuates 

the high-frequency noise components at tail node x, (b) 

prevents the up-conversion of the low-frequency noise of 

tail transistor into phase noise [9], and (c) reduces voltage 

variation at tail node and decreases the channel length 

modulation [9]. 

While using tail in Figure 2(b) produces a high 

impedance path, big shunt capacitor (CT) bypasses it and 

results in loading the LC tank with lower impedance. In 

other words, LC tank is loaded through switching 

transistors by a low impedance and its quality factor is 

degraded. So, although a shunt capacitor to the tail node 

results in lower harmonic distortion in the output of the 

oscillator, it may degrade the quality factor of the LC-

tank and accordingly the phase noise caused by switching 

transistors [6, 9]. In next section, we will conclude that 

the effect of harmonics filtering by CT is more dominant 

than  degradation  of  the quality factor on the phase 

noise. 

It is worth mentioning as reported in literature [6, 9] 

the effect of capacitive noise filtering on phase noise is 

only investigated by simulation but no analysis is 

presented. Further, Andreani et al. [15] used a closed-

form symbolic formula for phase noise of cross-

connected oscillators in the case of negligible CT is 

obtained by using phase noise relation in (3) which was 

introduced by Hajimiri [6] and others [15].  
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where 
2

/ni fD and Grms represent the power spectral 

density of the current noise source and the root-mean-

square of the ISF respectively. The maximum charge at 

output capacitor is denoted by qmax. By neglecting CT (i.e. 

very small tail capacitances), a phase noise closed-

formula obtained from literature [6, 15] as follows: 
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in which KB, gm, A and C are, respectively, the Boltzmann 

constant, the transconductance of each transistor, the 

amplitude of output voltage and total capacitance of LC 

tank. [ ]hF represents the tail current phase noise 

coefficient [16], N=1 for single-ended and N=2 for 

differential oscillators. Apparently, CT and its effect are 

not presented in (4).  

Recently, Razavi [16] has been presented an intuitive 

but very instructive discussion for the effect of tail 

capacitance on oscillator phase noise. It was explained 

that the tail capacitance bypasses the second harmonics 

of tail node, produces a doublet around each zero-

crossing, results in up-conversion of flicker noise of 

cross-connected transistors and also shunts the noise of 

tail transistor (at 02w ) to ground. 

On the other hand, along with different phase noise 

analyses, several researches were also devoted to the 

phase noise reduction of LC oscillators and different 

techniques have been introduced in literature. Since zero 

crossing points are strongly vulnerable to the noise, in 

literature [17] a phase noise reduction technique is 

presented by pushing high closed-loop gain to the non-

zero-crossing points of the outputs. In order to reduce the 

close-in phase noise caused by the flicker noise of tail 

transistor, a resistive feedback is used in literature [18] 

and the flicker noise of the tail transistor has been 

suppressed. However, such a diode-connected tail 

transistor reduces the output impedance of tail and may 

degrade the quality factor of the tank. Current-switching 

as well as capacitive-degeneration techniques are utilized 

simultaneously to reduce the flicker and thermal noise of 

tail and cross-connected transistors [19]. 

In this paper the effect of different values of tail 

capacitor on total phase noise is analytically studied and 

compared with simulation results. The rest of the paper is 

organized as follows: the phase noise analysis in a cross-

connected VCO for three scenarios of CT are described in 

Section 2 and a closed-formula for each ISF is presented. 

Section 3 compares simulation results with numerical 

values obtained by derivations. Finally, conclusions are 

given in Section 4. 

 

 

2. PHASE NOISE ANALYSIS FOR SMALL, MEDIUM 
AND LARGE VALUES OF TAIL CAPACITANCES 
 

In the LC-tank oscillator shown in Figure 3(a), the 

differential cross-connected transistors make a negative 

transconductance that can eliminate the loss of the LC 

tank [6, 8, 9]. For an LC-tank oscillator with arbitrary 

phase of sinusoidal output, the output voltage can be 

described by Equation (5): 
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Denoting DC bias current of tail transistor by 2IB, the 

current of M1 and M2, and the total current of them can 

be written as Equations (6), (7) and (8), respectively. 
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(a) 

 
(b) 

Figure 3. (a) Cross-connected LC-tank oscillator with CT, 

and (b) ideal current of transistor versus • 
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The current of each cross-connected transistor (i.e. I1 and 

I2) is depicted in Figure 3(b) for one period in which 2F 

is the conduction angle. By substituting Equation (9) into 

Equation (7) and setting the equation to zero, the half 

conduction angle F is obtained as Equation (10). 

2
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Considering (6), (7) and (9), the transconductance of M1 

and M2 can be given by Equations (11) and (12). 

2 2

1( ) (sin( ) 2sin ( ) sin ( ))mg Aj b j j= + F -  

2 2

2 ( ) ( sin( ) 2sin ( ) sin ( ))mg Aj b j j= - + F -  

        (11) 

        (12) 

According to Figure 3(b) the cross-connected 

transistors operate in four different zones during each 

period. Due to switching of M1 and M2 the current of each 

transistor is usually supposed as a square waveform 

shown in Figure 3(b) (though the LC tank operates as a 

narrowband filter and generates sinusoidal output 

voltages). As discussed earlier, in order to reduce the 

noise of tail transistor, a capacitor CT is placed between 

node x and ground. In this section, we will discuss about 

the effect of tail capacitive filtering by derivation of the 

ISF for three scenarios of CT, i.e. very small, medium and 

big CT. 

The ISF of tank resistance Rt at nodes VOUT+ and VOUT- 

(denoted by GRt,+, GRt,-) is independent of tail capacitance 

and has been derived Andreani and Wang [20] as 

Equation (13).  

, ,

cos( ) cos( )
( ) , ( )Rt Rt

N N

j j
j j+ -G = G =-  (13) 

 
2.1. Derivation of ISF When CT Is Medium            In 

prior works, the ISF of oscillator has been calculated with 

the assumption of negligible CT. In the case of non-

negligible CT, the charge of CT cannot be discharged 

completely during each period. In order to model it, we 

define a factor a as the ratio of discharged DQd to the total 

charge DQ of CT. The amount of charge for CT during a 

period (while discharging through transistors M1,2) is 

obtained by Equation (14). 

( )
T

t

CQ t Q et
-

=D ³  (14) 

where t is the time constant of tail node x (t=CT/gm1,2). 

The charge variation (DQd) of node x can be calculated 

by Equation (15). 
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T

t
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So, the factor a is obtained as follows: 
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t
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Q
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2. 1. 1. Calculation of  Gids  
2. 1. 1. 1. Zone 2 ( j pF< < -F)            In this zone M1 

is on and M2 is off. As shown in Figure 4(a), applying 
2

1,ds ni  as an impulse current of area QD charges C1 and CT 

by QD  and Q-D, respectively. If we assume that CT is 

not so small, the time constant of node x is comparable 

with period of oscillation and as a result CT is not fully 

discharged as shown in Figure 4(a). If only .dQ QaD =- D 

is transferred from CT to C1 in each period, the final 

charge of C1 and voltage variation at output node are as 

Equations (17) and (18), respectively. 

1 . (1 )Q Q Q Qa aD =D - D = - D 

1 (1 )V VaD = - D 

        (17) 

        (18) 

Also, the charge and voltage variation of CT (i.e. tail 

node) can be express as Equations (19) and (20), 

respectively. 

(1 )TQ QaD =- - D 

( 1)T TV Va¡D = - D 

(19) 

(20) 

whrere, 

a)

I1I2

Tail

Vb

VOUT+VOUT-

VDDVDD

Rt

C1 M2

L1

M1

L1 Rt

C1

2Ib CT

x

I2I1

F-F p

j

2IB

IB

I1, I2

M1 = on

M2 = off

b)

p-F p+F0 2p-F

Zone 1 Zone 2 Zone 3 Zone 4

M1 = off

M2 = on

M1 = on

M2 = on



114                               E. Ebrahimi et al. / IJE TRANSACTIONS A: Basics  Vol. 34, No. 1, (January 2021)   110-119 

 

1

1T

T

C
V V

C
D = D (21) 

As seen in Equations (20) and (21), contrary to the case 

with negligible CT, in this case the voltage of CT is non-

zero and can affect tank voltage through M1 (as a 

common-gate configuration with gain ACG). Since the 

voltage at CT is amplified by ACG=gm1Rt, the total voltage 

change at output node is obtained as Equation (22).  

1 1 ,1CG TV V A V¡ ¡D =D + ³D (22) 

By substituting Equations (18), (20) and (21) into 

Equation (22), we have: 
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As known from [16], VD results in s( )
Rt

co

N

j
G =  and thus 

according Equation (23) in this zone Gids,1 can be 

obtained as Equation (24). 
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2. 1. 1. 2. Zones 1 and 3 ( j-F< <F, p j p-F< < +F)       

Since M1 and M2 are simultaneously on in this zones, the 

charge of . Qa- D this time is passed from CT through 

both of the transistors to capacitors C1 and C2, as depicted 

in Figure 4(b). The final charge and voltage variation of 

C1 are obtained by Equations (25) and (26), respectively. 
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Also, the final charge and voltage variation of C2 are 

given as follows: 
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Again, considering the effect of none-zero voltage of CT 

on C1 and C2 and fully correlation of 1VD  with 2VD  [15], 

total voltage change at C1 1(i.e. )V¡D  is expressed by 

Equation (29). 
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By replacing Equation (21), (26) and (28) in Equation 

(29) we have Equation (30).  
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(30) 

Simplifying Equation (30), Equation (31) is obtained. 

1

1 1 2

2 1

1 2

[( )( 1)

(1 ) (1 )
]

m m T

T

m m

m m

C
V g g R

C

g g
V

g g

a

a a

¡D = - - +

+ ³ + - ³
 D

+

 
 (31) 

Finally, one can obtain 
1dsiG as Equation (32). 

1

1 1 2

2 1

1 2

( ) [( )( 1)

(1 ) (1 )
]

dsi m m T

T

m m

Rt

m m

C
g g R

C

g g

g g

j a

a a

G = - - +

+ ³ + - ³
 ³G

+

 
(32) 

 
2. 1. 1. 3. Zone 4 ( 2p j p+F< < -F)             Apparently, 

in this zone M1 is off and does not contribute to the phase 

noise of output voltage. So, we have: Gids1(j)=0. 

Accordingly, the impulse sensitivity function of M1 

during a period is summarized as follows: 
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(33) 

It is worth mentioning that the channel current noise of 

M1 and M2 is a cyclostationary noise and can be written 

as Equation (34). 
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Figure 4. ISF derivation when CT is not small, (a) only M1 is 

on and (b) both transistors are on 
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2 2( ) ( )n ni t i ts= ³ , (34) 

where 
2

ni is a stationary term and ( )ts is the noise 

modulation factor (NMF) which can be derived easily 

from noise characteristic relation [3]. According to 

Andreani et al. [15] and using gm1(j) in Equation (11), 

the channel thermal noise of M1 can be written as (35). 

Comparing Equation (35) with Equation (34), the NMF 

is easily obtained as Equation (36). 

2
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2 2

tan

( ) 4 ( )

4 (sin( ) 2sin ( ) sin ( ))

n m

k

i t KT g

KT A

g j

gb j j

= =

 ³ + F -

 (35) 

2 2( ) (sin( ) 2sin ( ) sin ( ))ts j j= + F -
 

(36) 

Based on Hajimiri’s theorem, in the case of 

cyclostationary noise, effective root mean square (RMS) 

of ISF (i.e. Gids,eff) should be calculated from Equation 

(33). Since the integral equation of Gids,eff has no algebraic 

closed-form expression, the closed-form symbolic 

formulas for RMS value of Equation (33) is not presented 

here. Instead, using numerical methods the numerical 

values of Gids,eff for required F are presented in the next 

section. 

 

2. 1. 2. Derivation of Tail ISF (
TailG )              As depicted 

in Figure 5, the impulse current noise of 
2

,n taili charges CT 

with charge area of QD . It should be noted that impulse 

current only passes through CT and does not charge C1,2. 

 

2. 1. 2. 1. Zones 1 and 3           In these zones both of the 

transistors are on and Qa³Dfrom CT is discharged 

through M1 and M2 to the output capacitors (C1, C2) that 

results in charge variation of 1QD  and 2QD  respectively. 

As similar to previous section one can calculate the 

charge and voltage variation at outputs (C1,2) by Equation 

(37) to Equation (40). 
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Once again, considering the correlation between outputs 

and effect of residual charge of CT, the total voltage 

variation due to 
2

,n taili  at capacitor C1 can be written as: 

1 1 ,1 2

,2

(1 )

(1 )

CG T

CG T

V V A V V

A V

a

a

¡D =D + - D -D -

 - D
 (41) 

 

 
Figure 5. Circuit for calculating ISF of tail noise when CT is 

not small in zones 1 and 3 

 

 

Using Equations (39), (40) and (21), Equation(41) is 

rewritten as follows: 
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(42) 

As a result, the impulse sensitivity function of tail can be 

derived as follow: 

1 2
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(43) 

 

2. 1. 2. 2. Zone 2            In this zone M1 is on and M2 is 

off and similar to previous section Qa³Dfrom CT is 

discharged to C1 and total voltage change of output 

voltage can be express as bellow. 

1 1 ,1
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C
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(44) 

So, the ISF of tail in this zone is given by Equation (45). 

1

1( ) [ (1 ) ] ( )Tail m t Rt

T

C
g R

C
j a a jG = + - ³G

 
(45) 

2. 1. 2. 3. Zone 4            In this zone M2 is on and M1 is 

off, charge Qa³D  is transferred to C2 and results in

Va³D . Considering the residual charge on CT, total 

voltage variation at C2 is given by

1
2 2[ (1 ) ]m t

T

C
V g R V

C
a aD = + - D. Again, with regard to the fully 

correlation of differential outputs, 
1 2V VD =-D and 

accordingly ISF is obtained. So, the ISF of the tail in a 

period is given by Equation (46):  
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(46) 

1QD2QD

2VD
1VD

QD

2

,n taili

TV¡D
TVD

0V 0V

(1 ) Qa- D

VDDVDD

Rt

C2 M2

L1

M1

L1 Rt

C1

CTMB

VDDVDD

Rt

C2 M2

L1

M1

L1 Rt

C1

CT

Vb
MBVb



116                               E. Ebrahimi et al. / IJE TRANSACTIONS A: Basics  Vol. 34, No. 1, (January 2021)   110-119 

 

2. 2. ISF Calculation When CT Is Big              In the case 

of big CT, we can replace 0a=  in Equation (33) and 

Equation (46). Thus, the impulse sensitivity functions of 

cross-connected and tail transistors are simply derived as 

Equations (47) and (48), respectively.   
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2. 3. ISF Calculation When CT Is Small           Although 

the impulse sensitivity function of cross-connected and 

tail transistors has been derived for very small values of 

CT in prior works [6, 15], just for the purpose of double 

checking the derivations obtained in this paper, one can 

substitute 1a=  in Equations (33) and (46) and obtain 

Equations (49) and (50); those are exactly identical to 

equations obtained by Andreani et al. [15]. 
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(49) 

(50) 

Comparing ISF obtained for non-small and small CT from 

literature [6, 15] reveals that the tail capacitance can 

reduce phase noise contribution of tail transistor while it 

adds some terms to Gids and may increase phase noise 

contribution of cross-connected transistors. However, 

more investigation is presented by numerical values of 

phase noise for different tail capacitance in Section 3.  

 

 

3. NUMERICAL AND SIMULATION RESULTS 
 
For more investigation, an LC-tank cross-connected 

oscillator has been designed and simulated with the 

circuit parameters shown in Table 1 in a standard 0.18µm 

CMOS technology. Simulation results show that this 

oscillator has an oscillation frequency of 5.2 GHz and the 

power consumption is 8.87 mW. The output voltages are 

also depicted in Figure 6. In this circuit the switching 

angle is obtained F= 50°. 

In continue, the simulated and analytical phase noise 

of the VCO for different values of tail capacitances are 

presented and the effect of different values of CT on phase 

noise is discussed. 

 

3. 1. Case 1: Non-negligible ( Medium ) CT         As 

mentioned before, the noise of cross-connected 

transistors is cyclostationary and RMS value of each ISF 

should be calculated by 2 21
( )rms d

T
j jG = Gñ . Since, for a 

given Φ, the integrals have no closed-form expression, 

their numerical values for different Φ are illustrated. Figs 

7(a) and (b) show 
2

dsi eff RMS- -G  and 2

Tail RMS-G  for different 

values of F in the case of CT=100 fF.  

To calculate total phase noise of the circuit by (3), the 

values of effective ISFs at desired Φ are obtained from 

Figures 7(a) and (b). The calculated phase noise versus 

offset frequency for three different tail capacitances and 

a is shown in Figure 8.  

According to Figure 8, in the case of non-negligible 

tail capacitance, increasing CT results in phase noise 

reduction. Also, it indicates that for a given tail 

capacitance, lower time constant at node x (i.e. higher a) 

is led to better phase noise. 
 

 

TABLE 1. Circuit parameters for VCO 

Parameter Value 

Mtail 16 μm/0.18 μm 

M1,2 26.8 μm/0.18 μm 

L1=L2 1 nH 

Rt 6 W 

C1=C2 0.837 pf 

VDD 1.8 V 

Vb 1 V 
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Figure 6. Output waveforms 
 

 
(a) 

 
(b) 

Figure 7. (a) 
2

dsi eff RMS- -G  and (b) 2

Tail RMS-G  vs F(radians) 

for CT=100 fF 

 

 

 
Figure 8. Calculated phase noise for different values of CT 

andawhen CT is not negligible. 

 
 
3. 2. Case 2: CT Is Big          In the case of big tail 

capacitances, the time constant of the tail node is bigger 

than the period of oscillation and a=0. Using Equations 

(39) and (40), numerical values of 
2

dsi eff RMS- -G  and 

2

Tail RMS-G  for different values of F and CT=1pF are shown 

in Figures 9(a) and 9(b), respectively. As expected, the 

effective ISF of cross-connected transistors (i.e. their 

noise contribution) in Figure 9 is increased (deteriorated) 

by increasing F. In contradict with Figure 7(b), effective 

tail ISF for big tail capacitances is decreased by 

increasing F. 

Using Equation (3), total phase noise of the VCO for 

CT=1pF and 50F= was calculated using MATLAB 

software and shown in Figure 10. The simulated phase 

noise of the oscillator (by ADS) is also depicted in Figure 

10 that shows a good agreement with the numerical 

results. 

 

 
(a) 

 
(b) 

Figure 9. Effective ISF of (a) the cross-connected current 

and (b) tail transistors vs F(radian) for CT=1pF 

 

 

According to Figure 11, a bigger tail capacitance is 

led to a lower phase noise, though for very large CT 

increase of CT has a negligible effect on the phase noise. 

Therefore, for each VCO, there is an optimum value of 

CT in which the tail transistor has lowest contribution to 

the total phase noise. For example, as shown in Figure 11 

the optimum value for CT is 10 pF and by increasing CT 

the phase noise cannot be decreased anymore.  

 

 

 
Figure 10. Simulated and calculated Phase noise for CT=1pF 

 

 

 
Figure 11. Calculated phase noise for different big tail 

capacitances 
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4. CONCLUSION 
 

This paper presented an analytical study of the impact of 

capacitive filtering on the phase noise in an LC-tank 

oscillator. Considering the three scenarios for value of CT 

the ISF of each transistor has been calculated and the 

effect of tail capacitance has been discussed. According 

to the analysis, tail transistor dramatically deteriorates 

total phase noise and the use of a parallel capacitance can 

effectively reduce the noise contribution of the tail. It is 

worth mentioning; the analysis also shows that the time 

constant of the tail node (x) has a very important role in 

the amount of noise rejection. While bigger tail 

capacitance is led to a more noise rejection of tail 

transistor, it creates a low impedance path and 

deteriorates the quality factor of LC tank. So, the phase 

noise caused by cross-connected transistors may be 

increased. Although the ISF of transistors is usually 

degraded by increasing conduction angle, our analysis 

reveals, in the case of large CT, tail ISF is improved by 

increasing conduction angle. 
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Persian Abstract 

āºĊî¯ 
 Ăõwêù üĉv§m£ ćwă½Ā£ĒĊÅv ¿wå ÀĉĀý ćÿ½ v½ Ăõw{ý¹ û¿w· ¾Ċó¾¤þíāºÉ $ Áw¤õÿ wzVCO-LC ôĊö´£ #ùĈ ćv¿v Ăz ¿wå ÀĉĀý ć¹ºÝ Ôzvÿ½ vº¤zv ½¹ )ºþí Ăõw{ý¹ û¿w· äö¤¸ù ¾ĉ¹wêù

$TC Ä Å ÿ ¢Åv āºÉ ©w¤þ¤Åv #Ăz½ĀÚþù tw£ Iûj ºĊ{ÉĂĊ ć¹ºÝ ªĉw¤ý ÿ ć¿wÅøăwz  ĂÆĉwêùāºÉºývā¹wÅ ćv¾z ) ćv¾z ï½Àz ÿ ÔÅĀ¤ù Iì¯Āí ¢õw³ ĂÅ Ôzvÿ½ ć¿wÅû¿w·  Ăõw{ý¹

 ¾Úý ½¹Ă¤å¾ñ āºÉ  ½Ā£ĒĊÅv ìĉ ć¹½Āù ĂÞõwÖù ìĉ ½¹ )¢Åvó¾¤þíāºÉ  ½¹ Áw¤õÿ wz ć½ÿwþå,3+  ¾¤ùĀýwýCMOS  Ăõw{ý¹ û¿w· äö¤¸ù ¾ĉ¹wêù ćv¾z ć¹ºÝ ªĉw¤ý ÿ Ĉ³v¾Õ

Ătv½vāºÉ )¢Åv ôĊö´£ Ăõwêù üĉv ½¹Ĉù ûwÊý ć¹ºÝ ćwăćv¾z Ăí ºă¹ =200fF TC  ÿ #Ăõw{ý¹ û¿w· ÔÅĀ¤ù ½vºêù$=10pF TC  ½¹ ¿wå ÀĉĀý ½vºêù I#Ăõw{ý¹ û¿w· ï½Àz ½vºêù$

 ĈÆýwí¾å ¢Æåj,  ¿v À£¾ăwòù ćÀí¾ù Äýwí¾å-*0 ¾zv¾z yĊ£¾£ Ăz À£¾ăwòĊñdBc/Hz  41( ÿ dBc/Hz ,,3( ĂĊ{É ªĉw¤ý è{Õ ¾z )¢Åv ÿ ć¿wÅö´£ôĊ Üzw£ ½vºêù Ić¹ºÝ ćwă

$ Ăz¾Ñ ¢ĊÅwÆ³ISF Ăõw{ý¹ û¿w· ÈĉvÀåv wz #¹Ā{Ąz ĈùĈù ûwÊý üĊþ°úă ć¹ºÝ ¾ĉ¹wêù )ºzwĉ ÈĉvÀåv Ăí ºă¹zÈĊ ®Ċă Ăõw{ý¹ û¿w· º³¿v§m£ý ćÿ½ ć¾Ċ )¹½vºý ¿wå ÀĉĀõw³½¹ĈĂí 

 û¿w· xw¸¤ývï½Àz¾£ ùĈ ºývĀ£Ăz½ĀÕ ¾§où wùv ºă¹ Èăwí Ăõw{ý¹ ½Ā¤ÆĉÀýv¾£ ÀĉĀý ã¼³ wz v½ ôí ¿wå ÀĉĀý ć§m£ üĊĉw~ Äývº ùv ¾ĊÆù ¾Ċvõw{ý¹ û¿w· ÔÅĀ£ āºÉ¹w¬ĉ ÀĊý ĂùĈ ºývĀ£

)ºă¹ Èăwí Ĉ«ÿ¾· ìýw£ ¢ĊæĊí yĉ¾Ñ Èăwí wz v½ ¿wå ÀĉĀý 

 
 


