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m-equivalent representation [5] of the néW-parameters as [6] A New Approach to Nonlinear Analysis of Noise
Tm(—y},) Behavior of Synchronized Oscillators
Cop = 7“ (11) and Analog-Frequency Dividers
1
Che = ilm(yh + 1) (12) J. C. Nallatamby, M. Prigent, J. C. Sarkissian,

, R. Quere, and J. Obregon
Im = |.7/21 - ?/’12|- (13) Q J

Finally, both fe, max a_md fp,masx are calcu!ated by inserting the Abstract—An original theory of phase noise in synchronized oscillators
elements values obtained from (9) to (13) into (5) and (8). is outlined through the phase-locked loop (PLL) approach. The phase-
In Table I, both f. max and f,, max are computed withRz = noise spectrum obtained first by the analytical PLL theory and then by the
100 €2 in the first two columns. The transistors are biased tgmulator developed in [1] have been compared with very good accuracy.
Ver = 2.5 V andIp = 3 mA and packaged with low-cost pIastic-This new approach permits the best understanding of noise conversion
. ’ . . in synchronized devices.
mold typest For comparison, the results obtained fréivparameters
are also summarized in the last two columfis.x _s and fosc_s,
respectively. As compared in Table f, max iS in relatively good . INTRODUCTION
agreement withf..._s, but the estimated. ... needs some further The purpose of this paper is to outline a new approach to nonlinear
improvements. The discrepancy betwefen..x and fmax _s may be analysis of noise behavior in potentially unstable circuits such as
from the fact that the small-signal equivalent circuit [as in Fig. 4(aynchronized oscillators. The nonlinear noise theory for synchro-
does not represent the measurggarameters very well near thenized oscillators has been given by Schunemann [1]. Goedbloed
frequency fmax. It is also shown in Table | that to apply this VCOand Vlaardingerbroek [2] calculated the transfer properties of the
circuit at 2 GHz, transistors witfi,. higher than 4 GHz are required. injection-locked oscillator. However, [1] and [2] give a good qual-
itative understanding of the noise behavior for the fundamentally
IV. CONCLUSION synchronized oscillator only. A general expression for output FM

For th ted VCO circuit f las f timating t noise calculation for subharmonic injection-locked oscillators was
or the presente circuit, new formutas for estimating rmulated in terms of injected phase noise, intrinsic noise of the

maximum frequency of oscillation were developgg....x shows the F-running oscillator, and the injection locking range [3]. A com-

. . . : ; fr
strong dependence on the emitter bias resistor in the region of s ?imentary study with previous works and an original approach to

R, which greatly reduces the oscillation capability of the transist lvaluate noise in the injection-locking mechanism of an oscillator

itself. To prevent the degradation, the voltage drop across the emifier . o help of the analog phase-locked loop (PLL) theory will be

reS|sttlor ISho.l(led.nOthbe §et fr? sm?II. 'I('jhe.formfulatsh can be lisidv g%ussed in detail. The phase-noise spectrum analytically obtained
practical guide in choosing the active devices for the presente Y the PLL approach is compared with the results of the nonlinear

circuit. . - .
I I 4].
The validity of the formula is verified by comparing the resultsnOIse simulator developed in [4]

with those obtained from replacing the transistors by the measured
two-port S-parameters. The comparison shows that... computed
from the unilateral equivalent circuit is in good agreement with Let us consider a Van Der Pol oscillator, shown in Fig. 1. A parallel
that obtained from th&-parameters. For the giveRr, the f, max  resonant circuit (RLC) approximates the resonance structure. The
computation with an equivalent circuit is somewhat tedious comparedltage source(¢) represents an intrinsic noise generator where the
with the directS-parameter replacement. However, if done, one mapectral density which varies with the la(f)?) = (le — 9)/f.

find that the propeR does not significantly degrade the oscillation;(#) is the synchronizing current source. The active device is
capability for the chosen device. In addition, it can be determinedodeled by two elements with the Van Der Pol third-order polynomial
whether or not the chosen device is adequate for the presentbdracteristic

structure at a given supply voltage.

Il. NOISE IN SYNCHRONIZED OSCILLATOR

iw)y=b-v+d- o with b = —0.02 andd = 0.7 g¢(v) = qov.
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note that the amplitude perturbation of this synchronizing source is

e(l\ A supposedly negligible. Secondly, the oscillator is perturbated by an
; (t) g=h(v) internal noise source, which can be represented by an equivalent
S cC— R V1 frequency deviatiorfw(t). The phasey(t) and amplitudel;(¢) of

=fv) T the synchronized oscillator become, respectively,+ d¢(t) and
Vo + 6V (t). By taking into account these perturbations and (7) and
(8), Adler's equation can be written as

Fig. 1. Oscillator with Van Der Pol characteristic elemenfis.= 68 2,

L = 10.787 pH, C' = 2.3475 nF, for fo = 10 GHz. dée _ 5.
V. bp -6y dt ©)
Vo o tg(o — o) Awg

Thus, this example will cover a theoretical study of the noise behavior
of synchronized oscillator with the help of this analogy. The results In the same way, the perturbation of (6) with the assumption
will be compared with those provided by our simulator based o¢/dt < w gives
the conversion matrix approach [4]. The differential equation for the 2 ¢ B

S d“6p dsy 5V
voltage Vi(t) is

42V wg dV; 1 di 1 dis wo 1 9 - i
dtz-l-@'ﬁ"'rwo "()4—5'5_5@# (2 '<@+6<b+1-d~1’0)>-?0
wherew, = 1/+/L - C'is the resonant frequency afi is the quality = o sin(yo — o) - (8¢ — bp). (20)
factor of the parallel RLC. Due to the higho, the output voltage ¢
Vi(t) can be expressed as a sine-wave signal and the genarator  Using (9) and its time derivative with the assumption that, <
can be written as 2 - w, (10) may be written as
Vi(t) —Re(‘l(t) RACE t+¢(t))) gd%&;o < 2 - Awg n 1) dbyp
and o dt (a9 t]( Vo — &,./0) dt
7.5 t :Re fs t)- 6Jv‘(WAt+w(t)) 3 715 . AWD s1 v — W 7&&)0 %)
(t) (Ls(t) ) (3) + a1 C sin(po — o) + tale0 — o) b
Whereh( ) describes the amplitude variation as a function of time 2. Awo déa
and o(t) is the phase variation. T atg(vo — po) dt
Substituting (3) into (2), we obtain I. - Awo Awo
. R 8 - w \'. on — L (S /)
27 wo 1 9 y AV + <7a’ o C sin(po — o) + —tg(:po — U’o))
i T g, To VTtV )) G 2 déw
' ° + ==+ bw (11)
‘ de . o« dt
+ [ wi - w+l -Vi 2.
dt wherea = wo/Qo + 1/C - (b+ 2 - d - V7).
w . This equation represents the dynamic behavior of the circuit. If
=—1- Il sin(y — @) (4)  there exists a phase modulatién of the synchronizing oscillator, by
Py 2 do\ dV; dy resolving (10) it is possible to express the output phase modulation
7 + = <w + E) e + <w + E) 6p. Equation (11) appears to be a linear second-order differential
{ ) ' equation, which is analogous to the dynamic equation of an analog
. <“L° . _|_l . <b 4 3. d- Vﬁ)) PLL, shown in Fig. 2. This equation relates the output phasdo
0 ¢ 4 the input phasé and the internal perturbationw as follows [5]:
_Lw - cos(y — ) (5) 226 I8
v, ¢ T 7 T - dt:/—|—(1+I{-T2)-Ld—¢+[{'(sip
By taking into account the free and synchronized regimes of the N dé dgw
oscillator and the assumption df>/dt < w, (4) and (5) lead to =Lon st Kbl tn—m 46w (12)
dy I, where K is the open-loop gain of the PLL, anad and r, are the

- - = _ h— Aw 6 ) i )
2.0V, sin(d = @) = Awo © two time constants of the phase-lag filter of the loop, which has a

where Awy = wo — w is the offset frequency from free-runningtranSfer function that reads as

oscillation frequency. This equation is called an Adler's phase F(j-Q) = 1+J:'Q'Taq with 71 > . (13)
equation [4]. For the steady statédy(/dt = 0) where the phase 1+j-Q-7m
is locked, (6) becomes By comparing (11) and (12), the parametek& 7, 72) of the PLL
I, - sin(po — 1) =2-C - Vi - Awp (7) can be related to those of the Van Der Pol synchronized oscillator by
2
and (5) becomes =g
3 9 I, w ) . I Awg - sin(go — ¥o) Awy
Db+ dV =22 cos(tho — o). (8 K= i
<Qo + c < + 1 1 )) v C cos(ho — o).  (8) \ o Vo C + ta(o — o)
The steady state of this synchronized regime, definediby) = T = 2 Ao . (14)

Vo, o(t) = o, ¥(t) = 1o, and Aw = Awy is perturbated in a-tg(do = po) - K

two different ways. First, there exists an external perturbation of Resolving (12) in the frequency domain, it is then possible to
the v phase of the synchronizing oscillator nam&d(t). Firstly, express the output phase-noise spectral dessity2) = (|6y|*) as a
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analytical results

e deaaaes simulation results

oscillator A(DO dBc/Hz ... synchronizing oscillator phase noise
low pass filter

synchronizing

-10 T8 (RTIVTVITT SPOTPpe TTSYITE SITPYTTITT] IYYPN QdKknz

16H2

108 Hz

where K, ., is the VCO gain veo » )MMHZ
- —~] —
Fig. 2. Block diagram of an equivalent PLL. 24 E— ]
249665 2.4967 249675 2.4968 2.49685 2.4969 2.49695
Frequency (GHz)
|”“0'Q) (e |17HN0-Q) (endB) Fig. 4. Comparison between simulated and calculated output phase-noise
4 40 spectrum of the synchronized oscillator versus locking bandwidth for the four
3 Al ZY 30 frequencies offset from carrier 1, 10, and 100 kHz, and 1 MHz.
Sl
2 5%’% 20
e //,O@ G T o oscillator (VCO) phase error transfer functiph— Hx(j - Q)| [6]
O— e s ] 0- are plotted in Fig. 3, as a function of the distance from the carrier
10AD :\\ 10 for different values of the damping factor and natural frequency. As
-20f 2 20 expected, these transfer functions correspond to a low- and high-
Y I — 30 pass filter, respectively, and the curves have a peaR at wo;
4 40 the amplitude increases with decreasingWith the help of (15),
O 20 40 60 friouelr?g %128{50 160 180 200 one can deduce the contributions to the output phase-noise spectrum
dueney from the intrinsic and injected noise. This shows that the near-carrier
Fig. 3. |Hn(j-Q)| and|l — Hx (5 - Q)| versus offset frequency. phase-noise spectrum is mainly due to the injected noise by the

contribution of the equivalent low-pass filt¢H (5 - )| and the
) ) ) ) _ far-carrier phase-noise spectrum is mainly due to the intrinsic noise
fun(_:tlon of the input phasg-nmse spec_tral density of the §ynchron|2|59 the contribution of the equivalent high-pass filter- H (j - Q)].
oscillator S (€2) = (|6¢'|") and the internal phase-noise spectrafhe rigorous nonlinear noise analysis [4] can be used to calculate the
denglty, Whl(?h represents the phase-nmsg; spectral densny of the f'@ﬁ'put noise spectrum for the whole locking range. Fig. 4 shows the
running oscillatorSe, (2) = (6w[*)/4 - 7 - Q% - KT, with the output phase-noise spectrum obtained, by the application of the PLL
following relation: formula (15) and by means of the nonlinear simulator, as a function
Se(Q) = |HG -2 Su(Q) + |1 = H(j- Q) - Se,(Q) (15) of the locking band for the four offset frequencies 1 kHz, 10 kHz,
100 kHz, and 1 MHz. We note very good agreement between the
whereH(j-Q) = [K-F(j-Q)]/[j-Q+ K- F(j-Q)] is the system simulated and analytical results.
transfer function of the PLL [6]. It should be noted that the parameters
of (12), namelyK, m1, and 7z, depend in a nonlinear fashion on the
oscillator parameters and detuning frequeney = wy — w. Thus, it lll. ConcLusion
will be necessary to calculate these parameters for each steady state Tthis paper discusses in detail an original approach to predict the
the locking bandwith. The magnitude of the system transfer functigiise behavior of a synchronized oscillator based on PLL theory.

H(j- Q) can be expressed in the normalized form Based on the works of Adler, we have established a perturbation

woNZ equation, which permitted us to carry out an analytical expression

5 1+ (2 § - K) " Wa of a phase-noise spectrum of a free and synchronized oscillator. It

[ (wn)|” = (1—w2)244-£2.,2° provides a good understanding and mathematical explanations of
Q the noise behavior in the whole locking bandwidth. This circuit

with normalized pulsation,, = uTO (16) has permitted us to validate our simulator based on frequency-
conversion formalism. This circuit could serve as a benchmark

where¢ is the damping factor. The expressionaf and¢ of the i, testing commercial nonlinear noise simulators to evaluate their

PLL are given by

capabilities.
wo =—
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Static Analysis of Arbitrarily Shaped e E -y S
Conducting and Dielectric Structures o £ .
g -
Sadasiva M. Rao and Tapan K. Sarkar ————

Fig. 1. Conducting and dielectric structures in the homogeneous medium.

Abstract—In this paper, a simple and efficient numerical procedure
is presented to compute the charge distribution and capacitance of P

conducting bodies in the presence of dielectric structures of arbitrary & PEC
shape and finite size. The method presented is robust and provides
accurate results for both low as well as high dielectric-constant materials
as supported by numerical examples.
Index Terms—C€apacitance, dielectric bodies, electrostatic analysis, mo- @) (b)
ment methods. PEC
[

|I. INTRODUCTION

In [1], Rao et al. described the evaluation of static charge distri-
bution and capacitance matrices for conductors of finite size in the
presence of dielectric media. Recently, this formulation was also ii9- 2. Numerical modeling procedure.
corporated into a fast multipole method to generate a computationally
fast algorithm [2], [3]. Although the work presented in [1] and [2] | this formulation, the central idea is that we treat each conductor
is general, it is computationally expensive. In [1], the total charge ig,q each dielectric body as if it is immersed in free space. Thus, we
computed everywhere by solving a set of integral equations, the figgsider a combination of the conductor—dielectric interface as two
charge on conductors is then obtained by solving yet another integigliies separated by zero distance. In this way, we treat all dielectric
equation. Thus, the free-charge extraction is a two-step procedure iiljies as closed surfaces. If the conducting and dielectric bodies are
computationally, this implies storing and inverting large matricegeparated by a finite distance, as shown in Fig. 2(a), the treatment is
Further, the method presented in [1] may be inaccurate, as shown,yious. However, if the conductor and dielectric bodies are joined
[3], for the case of high-dielectric materials. together, as shown in Fig. 2(b), we treat them as two bodies with

In this paper, we present a simple and efficient procedure 0jayer of zero-thickness free space separating them, as shown in
obtain the free charge on the conductors in the presence of dlelecm&. 2(0).
materials which may have low as well as large. The main |y applying the equivalent charge formulation, we first replace
advantage of this technique is the elimination of the expensive twgsqp conducting and dielectric surface by surface chargesmdo,
step procedure and calculating the free charge in a straightforwggdpectively. Using the mathematical procedures described in [1], we

manner. derive a set of integral equations, given by
Ne+Ng 1 . 0(1'/)
Il. INTEGRAL-EQUATION FORMULATION Z L ds' = Vi(r),
dweo Jg, | —7'] T

Consider a system of finite length, and finite- or zero-thickness=1 ) )
conductors situated in the presence of dielectric bodies, as shown reS;,j=12---, N (1)
in Fig. 1. Let N. and N, represent the total number of disjoint,, 4
conductors and dielectric bodies, respectively, which are present in NN,

. . .. . Nt - ! iy .
the system configuration. The whole system is immersed in free sp@c?H_Erj)J(T)_1_(1_67"]_) Z / a(r')(r—r") - a,; ds' =
=1 Si

4 |r—r'|3

. - s ) 0,
and could be placed on a ground plane of either finite or infinite size. ’

v j=Ne+1, No+2 -+, N.+ N, 2
Manuscript received April 24, 1997; revised May 11, 1998. T €5 +1 + +Na (2)
Un?\}exityRaA?Jt;Srr\lNli]L tgee&%egasr;\ment of Electrical Engineering, AuburyhereV/; is the potential on thgth conductore,; anda,; are the
T.K. Sérkar is w{th the Department of Electrical Engineering and Computg119|ecFr'C constant and unit Outwarq normal of il dielectric body,
Science, Syracuse University, Syracuse, NY 13244 USA. ando is the unknown charge density equabtoor o4. Note thata,. ;
Publisher Item Identifier S 0018-9480(98)05500-8. may be uniquely defined since the dielectric body is a closed body.
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