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ABSTRACT

In this paper, a new nmdel of Gunn dicde VCO is

established on the basis of ccqntation of coupling

disc capacitance between Gum diode and varactor

using spectral-dmnain We transfonmtkm. For

the first time, the nod.inear analysis of Gunn diode

VCO has been carried out by using harnrmic balance

technique. ‘J.he experimental restd.ts are compared

with the conputed results. It is shown that the deve-

loped nmdel and analysis program are available and

effective. A special optimization procedure to f id

the doping power factor of varactor is proposed in

order to get optimal tuning linearity.

1. INi’RODUCM.ON

The millimeter-wave VCO”s ape important parts wh-

ich have been used extensively in various millimeter

-wave systems. A rmnber of authors have developed a

variety of configurations of VCO(1)(2) (3)(4 )(5J.

Cawsy
(4)(6)

has pointed out timt the series tuning

has broader tuning bandwidth than parallel tdng.

However, so far the nonlinear analysis of Gunn diode

VCil is still the problem which remains to be solved.

The difficulty for this is the complexity of nonli-

near analysis, since VCO includes two nonlinear de-

vices and they are coupled each other. Therefore,

there exists a demsmd to develop a nonlinear analy-

sis software and an optimi~tim procedure which are

necessary for CAD of V(D. In this paper, the nulelhg

9 nonlinear analysis and optimization of a Gunn diode

WD are carried out canp ietely. Anew mmiel iseesta-

* ‘IMS tmrk is sup~rted by National Science

Foundation.

blished on the basis of computation of coupling disc

capacitance ketween Guim dicde and varactor using

spectral-dcxmin Hankle transformation. For the first

time, the nonlinear analysis of Gunn diode VU) has

keen done by using harmmic balance technique. A

comparison of computed and experisiental results at

I&-&nd has verified the availability of the deve-

loped nniel and analysis program. Using this program

9 the dependence of tuning bandwidth on coupling

between Gunn diode ad varactor has also been inves-

tigated. 00 the basis of nonlinear analysis, a spsc-

cialoptimization procedure is proposed to find the

doping power factor of varactor in order to get op-

tind tuning linearity.

2 .MODELING

lhe configuration of a Ka-Band Gmn diode VCO is

shown in Fig.1. Tnis is a series tuning hybrid in-

tegrated VCO. It has the advantages of easy fabric&+-

tion, larger output power and broader tuning baml-

width .
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Fig,l, bnfigurationof hybrid integrated Gunn

diode V(X).
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Fig. 2. Equivalent circuit of @m dicde VCO.

Fig.2 shows the equivalent circuit of VCO, where

Rv, Lv,Cpv aml Lg, Cpg are parasitic parameters of

varactor and Cunn diode, respectively. ‘Ihe nonli-

near junction capacitance Cj of varactor can be ex-

pressed as

c.(o)
Cj = (1)..

(1 - v(t)/ + )Y

where ~ is the doping power factor. lhe intrinsic

Cunndicde canbe described by Vandel Pol nixlel,i.e.

At) + c3v3(t).i(t)=clV(t) + c2 (2)

where typically, Cl=-O.IA/V, C2= 0.015A/V2, C3=

O.OIA/~. The remaining problemis to determine the

coupling capacitance C between Cunn diode and vara-

ctor and load impedance RL.

Ccmaidering the mxiel shown in Fig.3(a), we suppose

that the conductive plates on the top ad bottcm are

cinch greater than the metallic discs, the computation

of coupling capacitance C is to solve a mm-dhmaion-

al Poisson equation

A

++ (r+)+ 2=* .-+?(r) J(z-d)a Z* (3)

tire r(r) is the charge distrilmtion on the disc,

~(z-d) is Dirac function. Applying spectral-domain

Hankle transformation amdfkmlerkin’s method, Eq.(3)

is solved and the coupling capacitance C is ccmputed.

The dependence of capacitance on the radius of disc

is shovm inFig.3 (b).

The load impedance RL is the transfornied waveguide

impedance by radial transmission line. lherrcde pro-

pagating in radial transmission line, which is exci-

ted by %0 mcie in waveguide, is radial ~nmcie. ~

field components canbe expressed as

The load impedance is

where ri is the radius of Cuon diode.

3. NONLIW ANALYSIS

The mdel of Curmdicde VCO consists of three sub-

networks (divided by dashed lines), * nonlinear sub-

netwm-ka ad one linear embedding subnetwork. They

are interconnected in cascade.

For nonlinear subnetwxk inclwlhg intrinsic varac-

tor, the current through the PN junction is

i(t)=J~(t)] +~[q(V(t))] (5)

(a)
C(pF)

10
I

(b)

Fig.3.Computation of coupling capacitance.

where

J[V(t)] =1~ [exp(~) -11

q[v(t) l=c@v(t)J+ qJv(t) 1

<j(a)&[#. Vw]f%. k7[A~P(*/lj

Using Fourier expansion, for kthharmmic,

Ik= Jvk+ jW&

For nonlinear subnetwxk incki.hg intrinsic Gunn
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diode, I =G(V ) can be determined by using Van der
~ol ~ef *

.

For linear embedding subrsxwrk, the mstrix

[A]k =

[1

%1 %2

~1 ’22 k

can be determined according to the circuit toplog

ad the element peramters where C ad RL are ccm-

puted by using special analysis subroutine.

Obviously, the hanmnic balance equation is estab-

lished as follows

choosing [Vv]k, [Vg]k(k=0,1,2, . . . . ..N) and o as

optirrd~ variables, optimization is carried out at

cliff-t bias voltages of varactor to reach harnm-

nic balance. Fig. 4 shows the power ad frequency ver-

sus the bias voltages of varactbr. A h diode VCO

at ICAkmd has been fabricated end the performances

has been rreasured. ‘Ihe comparison of ccmfmted and

exper$mertal reed.ts has verified the availability

of the developed nmdel and analysis program. ‘he

dependence of tuning batdwidth on the coupling capa-

citance has also been investigated ad the ccnnputed

results are listed in Table 1..

f(GHz)
Pmt(dl?m)

1 - Measured Results ~

34m33

321_-_Lv ~vl
o -5 -lo -15 -20 var

Fig. k Comparison of computed and measured

performance of the Ka-Band Gunn diode

VCO.?=O.9, C=2.lpF, C .(0)=l.2pF.
-J

a(m)

C(pF)

fo(GHZ)

Af((J-&)

1.3

1.0

35.01

0.82

Table 1. Depenckme of tuning badwidth on the

J_
2.0 2*5

2.11 3.0

34.80 33.0

1*2 1.4

coupling capacitance. Cj(0)=l. OpF, ~=0.9,

a is the radius of disc and f. is the

frequency at V=O.

4. 0PTJM12ATION

It is well known that the tuning linearity of VCO

is very i.nprtant for many applications. It closely

depends on the doping power factor of varactor. It

is seen frcm Fig. 4 that the tuning linearity is rmt

satisfactory when V=O. 9. On the basis of nonlinear

analysis, a special optimization procedure is pro-

psed to find the optind doping power factor. At

first, the tuning characteristic with respect to nine

different bias voltages of varactor was computed.

Then, a linear function

f‘= ao+ boV

tich approximates the tuning characteristic was

fcx.md by using curve fitting technique. The approxi-

mation can be described by a error function

(7)

Using Eq. (7) as objective function and Y as optimized

variable, optimization was carried out to minimize

the error function. The optimized tuning characteris-

tic of VCO for different doping power factor of vara-

tor is

dopkg

=0.9 ,

shown in Fig.5. It is seen bt the opttil

power factor of varactor is 7=2.48 for Cj(0)

C=2.llpF.

5. @NUSION

The mdeling, analysis and optimization of a Gum

diode VCOhave been carried out cmpletely. A Ka-

bsnd Gunn diode V@ has been fabricated and the ex-

rimental results have verified the availabilityF

of new mdel and nonlinear analysis program. A

s~cial opti.mi5ation procedure has been proposed to

find the optimal doping power factor of varactor.
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‘l’he nonlinear analysis and optimization procedure

deviloped in this paper are also available for CAD

of any other Mm&of VCO.
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Fig.5. Optimized tuning characteristic for

different doping -r factor.
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