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Abstract

To test gyrotron RFF components, efficient low-power generators for rotating high-order
modes of high purity are necessary. Designs of generators for the TE s, mode at 84

GHz and for the TE, ; mode at 168 GHz are presented and some preliminary test results

are discussed. In addition, Toshiba gyrotron cavities at 168 GHz were analyzed for
leakage of RF power in the beam tunnel. To decrease RF power leakage, the declination
angle of the cut-off cavity cross section has to be decreased. A TE;, waveguide

nonlinear uptaper is analyzed at 84 GHz as well as 168 GHz uptapers. Since the
calculated conversion losses are slightly higher than designed value, an optimization of
those uptapers may be required.
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1. Introduction

RF components of gyrotrons: the cavity, the Vlasov launcher with the corresponding
mirrors and the output window are extremely important at high-power levels, especially
when the CW operation of a gyrotron'is required. Those components should be tested by
a low power RF field before their installation in a gyrotron to diminish power losses and to
verify the results from their design and manufacture. Therefore, low power mode
generators are necessary in addition to appropriate computer simulation tools. This paper
presents some designs of low power gyrotron-type mode generators as well as analysis of
RF power leakage in the beam tunnel for T'E,, ; and TE, , mode cavities at 168 GHz. In

addition, mode conversion was analyzed for TE,;, waveguide up-tapers at 84 GHz.
We have elaborated some practical recommendations improving existing designs.

2. Design of low- power mode generators

The design of mode generators used in this paper is based on the method described in
Alexandrov et al. (1992, 1995), Braz et al. (1995,1996) and Pereyaslaveits et al. (1997).
The hollow cylindrical cavities are installed in the high power gyrotrons considered in this
paper. However, coaxial cavities were employed for low power mode generators, since
their mode spectrum is more sparse. In such a way, to generate a pure high-order rotating
circular waveguide mode, a coaxial cylindrical cavity with perforated wall is illuminated
by alow power Gaussian beam which is focused by a quasi-optical mirror (Fig. 2.1).

The design of the coaxial cylindrical cavity is described in detail by Alexandrov et al.
(1995). The inner conductor is required to reduce mode competition and to increase the
purity of the desired mode.

This paper considers an advanced design of the quasi-optical mirror and of the cavity
wall perforation, leading to an efficiency enhancement and to a significantly higher mode
purity. Mode generators for the TE|;; mode at 84 GHz and for the TE, 15 mode at 168

GHz were designed. Further we describe briefly main steps of the design procedure.

First, the eigenfrequency corresponding (o a root of a Bessel function of the desired
mode is compared with other hollow waveguide modes and the nearest competing modes
are determined. Following Alexandrorv et al. (1995), the ratio of the diameters of the
external cylinder and the inner rod is selected to decrease the mode competition with the
desired mode.

Second, a coaxial gyrotron-type cavity is designed for the desired low power mode. Its
quality factor must be large enough to allow mode selection with a desired mode purity.
Usually the quality factor is approximately ten times the inverse relative separation of
competing modes eigenfrequencies. The final quality factor Q, is composed from the

cavity quality factor Q,, the perforated holes quality factor Q, and the ohmic quality
factor Q,,, as

=t . ' (1)



The maximal efficiency is achieved if the perforated holes quality factor is equal to (or
slightly greater than) the cavity quality factor

Qe =0 - )
One should take into account that the real resonant frequency is always lower than the
designed one, since perforated holes and ohmic losses in the real cavity walls decrease the

computed resonant frequency. One could estimate such frequency shift from the expected
values of the quality factors for perforated holes and ohmic losses:
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Third, the quasi-optical mirror must be designed for a given Gaussian beam
illumination or, alternatively, the Gaussian beam parameters can be determined to achieve
the maximal efficiency. Such a procedure is described in Pereyaslavets et al. (1997),
where the formulas of Vlasov and Shapiro (1989) and Denisov et al. (1992) were
improved. According to this method, the plane phase front of the Gaussian beam must be
replaced by a point source, taking into account the phase front curvature of the incident
Gaussian beam. Then the shape of the mirror is derived by means of equal optical path
length. The rays have to be reflected in such a way that they form a circular caustic
representing the desired rotating 7E mode. The reflector is designed by the requirement
of equal optical path length between the plane phase front of the incident beam and the
phase front of the caustic, i.e., its involute. One could count the ray path from a reference
plane of the phase front to the point of the ray emergence from the mode caustic inside
the cavity and plus the distance along the caustic to a reference point.

Alternatively, a procedure of Wada et al. (1988) solving a differential equation could be
employed for the mirror design.

Fourth, the designed quasi-optical mirror should be analyzed to determine the mode
excitation efficiency and to correct mirror design parameters like the location of the mirror
and the waist of the Gaussian beam. Following Pereyaslavets et al. (1997), a computer
code was developed using the current distribution method (Silver, 1984), here the
currents on a mirror are assumed to be proportional 1o the fields of an incident wave.

The field reflected by the mirror is computed at the position of the internal boundary of
the coaxial cavity. The simulation does not take into account a reflection from the
metallic cavity surface. To calculate how much power is coupled by the mirror to the
desired rotating mode, i.e., to analyze a mirror design, the magnetic field on the cavity
boundary is expanded in a Fourier series of the azimuthal angle. The Fourier coefficients
give the relative powers of various 7E,, modes in the field exciting the cavity. One is
primary interested in the power of the desired mode and in powers of neighboring
competing modes.

Fifth, the perforation of the cavity wall is designed. Let us determine the optimum
perforation parameters, i.e., the number and diameter of the holes and the distances



between them, following Pereyaslavets (1997). The power balance must be satisfied for
the mode converter. This means the 7, power coupled through the perforated wall must
be equal to the power P,, radiated through the axially open end of the cavity. The mutual
interaction between the holes is to be taken into account for our frequency range, so the
diffraction theory has to be used to calculate the coupling through the holes.

A thin semi-transparent surface with boundary conditions of coupling is an
approximation, used for scattering on a perforated plate (i.e., the cavity wall). The real
parameter p, characterizes the coupling through the perforated wall. The transmission

through a semi-transparent plane is expressed in terms of p, as:

4p]
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The simple approximation is very useful for synthesis of a mode generator with
perforated walls ( Pereyaslavets 1985). Rigorous numerical analysis methods, for
example by Roberts et al. (1994), require significant CPU time. On the cavity wall ( r=a)
the boundary condition can be written in the form:

E;(r=a,@)=E (r=a,p) , &)

E;(r=a,p)=ip [Hi(r=a,p) -H (r=a,p)] . ©6)

Here, the '+ and '-' superscripts denote the fields inside and outside the cavity
respectively. Since the magnitude of the H field inside the cavity is significantly greater

than H, one can neglect H in eq. (6) and derive p, as a function of ¢
E (r=a,9)

p1(§0) = H:(r=a,qo)

)

In fact, p, is to be real and we supposed in eq. (7) that the absolute value gives us a good
approximation. Equation (7) determines how the perforation is to be tapered along the
cavity wall. Let us also assume the illuminating field £, contains mainly the desired

TE,, mode and can be represented on the cavity boundary in the main order of
magnitude as:

E;(r=a,p) = A, S(p) ™ , (8)

where S(¢ ) is a real, slowly changing function and
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So, we derive the illuminating field outside the cavity as

HY (kr)

; ™, (10)
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Here, H"(kr)and H® (ka)are the Hankel function and its derivation. Using egs. (10)
and (11) the incident power of the illuminating field is estimated as:

Le

P, =‘—4%a Re.!:‘;[{é";(r =a,qo)[f1§(r =a,¢,)]"}dqo dz =|Am|7-D . (12)
where

cal _ | H,E,“' (ka)
2 Re lm (13)
and L is the cavity length along the z axis. The g integration in eq. (12) is performed
over the perforated cavity surface in Fig. 2.1, i.e., the cavity surface is perforated from ¢,
till @,. We have written egs. (12) -(15) in Gaussian system of units, however, further
results are dimensionless and hence valid in any system of units. To find the power P,,
taken away from the cavity by the generated TE,_, mode, let us for the sake of simplicity

suppose the output waveguide has the same cross section as the cavity. If mainly the
desirable TE,,, waveguide mode with the amplitude B is generated, then P, is described
by the relation

P, = |B'G (14)

and
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where h,, is the waveguide propagation constant:

2
B, = k2 —(%—] , (162)

Z,, is the combination of Bessel and Neumann functions J,, and N_, describing the
transverse field in the cavity:
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and Z,, is its derivative; ,,, is the n-th root of Z, . Since P, = P,, , from egs. (12) and
(14) follows

Am

B=

G

H (17

Let us introduce a parameter 7 describing a relation between the field magnitude B in the
waveguide outside the cavity and the field magnitude inside the cavity. In fact, the
parameter T describes a coupling between the cavity and the output waveguide. So, the
magnetic field on the cavity inside wall (r =a) is:

~ B )
H:(r=a,qo)=-;-cl>m e (18)
x2
By = (o) - (19)

Then the cavity quality factor Q;is (Percyaslavets 1985)

b4

Q; = (20)

4ty

Remembering that F,, = P, , arelation between the given quality factor (eq. (19) ) and
the parameter p, yields from eqs. (7), (8), (17), (18) and (20).

p(e)=pp S(e) , (21)



1 G
= . 22
Po= g \}411,§Q, DI ' (22)

The perforation of the cavity wall was designed in (Alexandrov et al. 1992 and 1995)

2
with equidistant holes of the same diameter, i.e., S(g )=\/; for 10deg < p <100deg

and S(@) = 0 elsewhere. However, the amplitude of the illuminating field is not uniform

along the cavity wall. Using eq. (21), the distances between the holes as well as the
diameters of the holes can be tapered along the wall to match the illuminating field and
the field inside the cavity. This method was presented in Pereyasiavets (1995 and 1997).
Such a design will increase the efficiency and decrease an undesirable counter rotating

mode excitation. The illuminating field E (r = a, @) on the cavity boundary is calculated

by the computer code described above for the analysis of quasi-optical mirrors. Further
the perforation tapering S(¢ ) can be derived using eq. (9)

|E; (= a.9)

S(p) = N

; (23)

n

where N is the factor normalizing the integral i[IS (cp)|2 dp=1.The N factoris given by

2n

N = _UE;(r —ap)| dp . (24)

The perforation parameters are determined by p,, therefore using egs. (21)-(24) one could
find p,, i.e., the radius and the period of the perforation, by a given quality factor Q.

The relation between p, and the perforation parameters can be determined by the
method described in Weslermann and Maier (1964). The design of Alexandrov et al.
{1993) is based on this method. Lets us rewrite the method of Westermann and Maier
(1964) in a more convenient form.

To derive the relation between p, and the perforation parameters, let us consider an
infinite, periodically perforated metallic plate.

One could define the polarizabilities of a hole (Collin 1960, p. 534). According to the
Babinet's principle, the polarizabilities of the periodic system of metallic disks on a plane
correspond to the polarizabilities of a dual periodic system of holes in a metallic plane, i.e.,
to a perforated plate. Following Collin (1960), let us use formulas for the system of



metallic disks and write down formulas for the duai pertorated plate. So, electric and
magnetic dipoles for the disk are P and M ( Collin 1960, p. 534 eq. (53} ). The electnic
dipole lies on the semi-transparent plane along the incident electric field, while the
magnetic dipole is in the direction normal to the surface. Let the plane wave be incident on
the perforated plane with the angle y to the normal as in Fig. 2.2. One yields:

k
p= — JP + joM . ' (25)
1 2ﬁpwp, ( j )

where f is the cosine of the incident angle (i.e. 3 =cos(y)), o« is the sine of the
incident angle (i.e. a =sin(y)), and p_, p, are the system periods, i.e. the distances
between the holes along ¢ and z directions, respectively, k = w/c, b is the holes radius
and

8
P=2b’ (26)

M=—b'a : 27

More accurate results are obtained if the mutual interaction field between the holes is also
taken into account as part of the field acting to polarize the hole. The electric and

magnetic dipole moments are thus increased by factors (1 - oceC,)_l and (1-,C,)",
respectively (Collin 1960, p. 535) with:

12 8= 27p,
C=—5-—735K, , ' (28)
L Py
12 12 8n 2mp, | 8=n 2np
Co=-"3-—5+ 3K, @J+‘—3Ko(—3‘) . (29)
npp ni)! pg Pq) pz p!
o, = _16 b o = --.8. b3
where K, is the modified Bessel function; ~* 3 and " 3 7 . The formulas

above are valid when the perforation period is less than one third of the wavelength. When
the periods p, and p, increase, the electric and magnetic dipole moments are to be

further increased by an empirical factor of 1.4. To take the wall thickness into account,
each hole is considered as a circular 'below cutoff’ waveguide with the dominant mode
TE,,.



Equations (25)-(29) were compared with the experimental results by Keilmann (1980)
and Roberts et al. (1994) as well as with the measurements performed at the
Forschungszentrum Karlsruhe, Germany. A perforated plate was manufactured with the
wall thickness of 0.5mm, the period of perforation of 1 mm and the diameter of the holes
0.75 mm. Its transmission was measured at several frequencies near 140 GHz. Equations
(25) - (29) give a transmission of the plate of -21.5 dB. The measured transmission is
equal to 23dB £ 3dB, i.e., in a good agreement with the theory.

Employing the method described above, the low power mode generators were
designed for TE,; ;mode at 84 GHz and for TE;, ; mode at 168 GHz.

The design of the coaxial cavity for the TE ;,mode generator at 84 GHz is shown in

Fig. 2.3 and the design ot the perforated wall of the straight cavity section, whose
external radius R is 14.96 mm, is presented in the Table 2.1 for the perforated wall
thickness of d = 0.4 mm. The coordinate center for the data in the Table 2.1
corresponds to the cavity center in Fig. 2.1. The period along 0z axis ( perpendicular to
the figure plane ) is p, . The period p, must be changed from row to row. To decrease the
manufacturing process, the number of different hole diameters is minimized as shown in
the Table 2.1. Six different drills only are employed. The field distribution along the
cavity of the TE ; ; mode generator is shown in Fig. 2.4.

The mirror design for the TE,; ;mode generator is presented in Fig. 2.5. The

parameters of the Gaussian beam illuminating this mirror are following: its waist radius

corresponding to the 1/e width of the field amplitude is 25.1 mm, the waist center location

is x=15 mm and y = 45 mm. The mirror is designed to illuminate the cavity surface from
©=95.2 to 193.3 degrees.

Preliminary results for the TE ;,mode generator indicate the resonant frequency at

84.09GHz - very good agreement with the designed frequency. To increase the mode
purity, a microwave absorber was placed in the cavity cut-off section, i.e. at 0 < z < 6mm
in Fig. 2.3. The thickness of the absorbing layer is evaluated from the field distribution in
the cavity shown in Fig. 2.4. The near field structure at the output aperture is shown in
Fig. 2.6 for the vertical polarization. Analysis of the output mode purity should be
accomplished later. As it was explained in Alexandrov (1995}, a small percentage of
contra-rotating mode essentially affects the near field pattern and is the cause of knots in
the Fig. 2.6. However, the estimated amount of the contra-rotating mode in the Fig. 2.6

is about 7% only.

The design of the coaxial cavity for the 1"E31 o mode generator at 168 GHz is shown in
Fig. 2.7 and the field of the TF;, ; mode in this cavity in Fig. 2.8. The design of the

perforated wall of the straight cavity section, whose exiernal radius R is 17.99 mm, is
presented in the Table 2.2 for the perforated wall thickness of d=0.4mm. Again,
according to Fig. 2.1, the period p, along 0z axis must be changed from row to row.
Three different drills only are employed.

As it follows from the field distribution along this cavity shown in Fig. 2.8, the holes in
this design are punched not only along the straight cavity section, i.e. from z = 30 mm till
z = 74 mm, but also along the uptaper from R =17.99mm to K = 18.11mm, i.e. from



z=74mm till z =85 mm, so the total uptaper length is 35mm. This uptaper section is
relatively long, it was designed to match the low power mode-generator output with the
previously designed Toshiba uptaper and this section must be perforated, since the field
amplitude there is relatively large (see Fig. 2.8). The perforation decreases the cut off
frequency, since it increases effective radius.

The mirror design for the TE, ; mode generator at 168 GHz is presented in the Fig.

2.9. The parameters of the Gaussian beam illuminating this mirror are following: its waist

radius corresponding 10 1/e width of the field amplitude is 25.0 mm, the waist center is
located at x = 8 mm and y = 43 mm. The waist radius of the illuminating Gaussian beam
was chosen comparing simulation results for different radii, including 20.0 mm, 25.0 mm

and 30.0 mm. The mirror is designed to illuminate the cavity surface from ¢ = 118.5 to
208.8 degrees.

3. Analysis of RF power in a cold gyrotron cavity

For the CW operation of a high-power gyrotron, RF power penetration in the beam
tunnel (Fig. 3.1) may be a serious problem. One could estimate such power leakage
analyzing the cold gyrotron cavity without electron beam. The cavity in Fig. 3.1 is
composed of the beam tunnel, the cut-off section preventing RF power leakage in the
beam tunnel, the straight cavity section for the interaction of the electron beam with the
RF field of the desired resonant mode and the output uptaper to guide the output RF
power to a mode converter and/or a quasi-optical unit. Here we analyze a design of the
cut-off cross section to prevent RF power penetration in the beam tunnel and consequent
decrease of the output gyrotron power.

First, one should determine the resonant frequency of the desired mode in the cavity.
Following Edgecombe (1993), the resonant frequency and the quality factor of the cavity
are obtained by numerical solution of the Vlasov equation. A computer code employed in
a standard design procedure of a gyrotron cavity can be applied to this problem. One of
the computed field profiles for T£,, ; mode in the cavity from Fig. 3.1 is shown in Fig,

3.2.

One does not need to take into account a mode conversion to obtain the resonant
frequency, so a computer code solving a single-mode Vlasov equation can be employed.
However, one has to take the mode conversion into account to compute the RF power
leakage into the beam tunnel. One could implement the procedure described later in this
section, if a computer code solving Vlasov type equation for multiple modes is not
available.

At the resonant frequency one can consider an incidence of the desired mode on a
cross section of the gyrotron cavity. To analyze the mode conversion, we have applied a
computer code based on the scattering matrix approach. It is similar to the one mentioned

in Edgecombe (1993). We anatyzed the RF power leakage into the beam tunnel, the left
hand side of the cross section J1-J2 in Fig. 3.1, for several cavity designs.

The operating TE,, ; or TE,, , mode is incident either from the right hand side of the cross
section S1-S2 or from the right hand side of the cross section U1-U2. The computed RF



power leakage in the beam tunnel is more close to the real gyrotron operation if the
operating mode is incident on the cross section U1-U2. We have compared those results
with the ones for the operating mode incident on the cross section.S1-S2. This conclusion
is valid only if the output uptaper section is properly designed, i.., the mode conversion in
the output uptaper is relatively small. So at the resonant frequency of the cavity, if the
operating mode is incident from the right hand side of the cross section U1-U2, a resonant
field is excited in the cavity. The structure of the resonant field is essentially independent
on the excitation. Hence, at the resonant frequency, the RF field at the cross section S 1-S2
has approximately the same value for two problems: an electron beam exciting the cavity
in a real gyrotron operation or the operating mode incident from the right hand side of the
cross section U1-U2. One can also estimate a low limit of the RF power leakage analyzing
the incidence of the operating mode from the right hand side of the cross section S1-S2.
This method was applied to analysis of some Toshiba gyrotron cavity designs. An
example of computation for an early design of TE; ; cavity at 168.13 GHz (a =0) is

given in the Table 3.1 and 3.2. According to a numerical calculation, the total mode
conversion of this design in the output uptaper from the U1-U2 cross section till the
beginning of the straight cavity section is equal to 0.07%, in the case when the TE;, ;
mode is incident from the U1-U2 cross section. Therefore, the method described above
can be employed for the numerical analysis of this design. The reflection coefficients at
the U1-U2 cross section are shown in the Table 3.1. Obviously, the main part of the
incident power is reflected. The transmission coefficients corresponding to the power
leakage in the beam tunnel are presented in the Table 3.2. If the TE;; 4 mode is incident
from the right hand side of the S1-S2 cross section, the computed total transmission to the
beam tunnel { i.c. power leakage) is equal to 0.22%. A relatively high power leakage of
this design is caused by the mode conversion in the cut-off cross section between S1-S2
and K 1-K2 cross section. As it follows from the Table 3.2, the TE,, ; and TE,, 3 modes
are in cut-off in this section. However, they are partly coupled to the T£, ( mode
penetrating to the beam tunnel. To diminish such a leakage, one has to decrease the angle
of the linear taper between the cross-sections $1-S2 and K1-K2 and hence increase its
length. The increase of the total length could be probably compensated through a
modification of the nonlinear output uptaper.

4, Analysis of non-linear waveguide uptapers.

The computer code employing scattering matrix approach was mentioned in the
previous section. This code was applied to the analysis of the mode conversion losses in
some nonlinear uptapers at 84 GHz and 168 GHz.

As an example, let us consider a Varian output uptaper at 84 GHz with the input
diameter 31.446 mm and with the output diameter 50.8 mm for the TE | , mode. This is

an old design developed several years ago and is considered here mainly for illustration

purposes. Recent Varian uptapers have other parameters. The results for this uptaper are
given in the Table 4.1. ‘

10



Usually the output uptapers are designed by minimizing the coupling of the desired
mode to the main parasitic mode. One assumes the coupling to other parasitic modes
being of the same order of magnitude. Such an assumption is a good approximation for
short pulse gyrotron operations. However, for CW high power operation a more detailed
analysis is required.

The uptaper was obviously designed to minimize the conversion losses to the
TE|;, forward (transmitted) wave - as it follows from Tabie 4.1 the coupling to this wave

is 0.18% only. At the same time, the coupling to the transmitted TE,; , wave is relatively

large: 1.25% - those conversion losses can pose a problem for some CW applications. For
example, the uptaper conversion losses of 1.5% correspond to 7.5 kW power losses at 0.5
MW level of output CW power and combined with the losses of quasi-optical unit may
pose a tube heating problem. For those applications more sophisticated uptapers should
be developed. The uptaper design could be an iterative process. First an uptaper is
designed for some conversion losses to the selected parasitic mode, then total power
losses are analyzed and another coupling coefficient to a parasitic mode is selected. The
iterative process continues until total conversion losses will be minimized for the given
length. On the other hand, for the uptaper considered in the Table 4.1 the coupling to the
reflected waves is very small (less than 0.004% ). The coupling coefficients to the
transmitted 7M waves are small as well, the maximal coupling coefficient being 0.01%
only. So, further optimization for reflected waves and for TM modes is not required.

5. Conclusion

1. Low power generators of the rotating gyrotron type modes (the 7E,;, mode at
84 GHz and the TE, ; mode at 168 GHz) have been developed and analyzed.
Preliminary testing of TE; ; mode generator at 84 GHz is accomplished.

2. RF power leakage was analyzed for high power Toshiba gyrotron cavities at 168
GHz. Some practical recommendations were elaborated.

3. Nonlinear uptapers for high power gyrotrons were analyzed, including Varian
uptaper at 84 GHz and some 168 GHz uptapers. It is demonstrated that a more
detailed conversion losses analysis is required for high power CW operation.
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Captions to Iliustrations
Figure 2.1: Schematic of low power mode generator
Figure 2.2: Analysis of field penetration through the perforated plate

Figure 2.3: Coaxial cavity for the TE|;; mode generator at 84 GHz

Figure 2.4: Field in the davity of the low power TE ,; mode generator at 84 GHz
Figure 2.5: Mirror design for the TE ; mode generator

Figure 2.6: Measured field pattern for the TE, ; mode generator at 84.09 GHz
Figure 2.7: Cavity design for the low power TE, ; mode generator at 168 GHz.
Figure 2.8: Field in the cavity of the low power TE;, 3 mode generator at 168 GHz.
Figure 2.9: Mirror design for the TE; ; mode generator

Figure 3.1: Schematic of high power gyrotron cavity

Figure 3.2: Field in the gyrotron cavity computed in the single mode approximation
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Table 2.1. Design of the perforated cavity wall for the TE; ;mode generator at 84

GHz
Six hole diameters are employed: 1.5mm; 1.4mm; 1.3mm; 1.2mm; 1.0mm and 0.8mm.

@ degrees p, mm hole diameter mm number of holes
93.1 1.7 0.8 19
98.6 1.6 0.8 20
104.8 1.7 1.0 19
109.8 1.2 1.0 28
114.7 1.6 1.2 20
120.5 1.5 1.2 22
126.0 1.4 1.2 24
131.8 1.5 1.3 22
138.0 1.6 1.4 21
144.6 1.7 1.5 20
151.2 1.7 1.5 20 .
157.8 1.7 1.5 20
164.4 1.6 1.4 24
170.6 1.4 1.2 21
176.5 1.2 1.0 28
181.3 (1.2 1.0 28
186.6 1.3 1.0 25
192.1 1.1 0.8 30
196.7 1.7 0.8 19
203.3 1.7 0.8 19
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Table 2.2, Design of the perforated cavity wall for the TE,, ; mode generator at 168

GHz
Three hole diameters are employed: 0.65 mm; 0.55 mm and 0.5 mm

@ degrees p. mm hole diameter mm number of holes
103.2 0.80 0.5 69
105.7 0.80 0.5 69
108.0 0.70 0.5 79
120.4 0.75 0.55 73
123.1 0.85 0.65 65
125.7 0.85 0.65 65
128.4 0.85 0.65 65
131.1 0.85 0.65 65
133.7 0.85 0.65 65
136.4 0.85 0.65 65
139.1 0.85 0.65 65
141.8 0.85 0.65 65
144.5 0.85 0.65 65
147.1 0.85 0.65 65
149.8 0.85 0.65 65
152.5 0.85 0.65 65
155.2 0.85 0.65 65
1579 0.85 0.65 65
160.6 0.85 0.65 65
163.3 0.85 0.65 65
165.9 0.85 0.65 « 65
168.6 0.85 0.65 65
171.3 0.85 0.65 65
174.0 0.85 0.65 65
176.7 10.85 0.65 65
1794 0.85 0.65 65
182.1 0.85 0.65 65
184.8 0.85 0.65 65
187.4 0.85 0.65 65
190.1 0.85 0.65 65
192.8 0.85 0.65 65
195.5 0.85 0.65 65
198.1 0.75 0.55 73
200.4 . 10.85 0.50 65
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Table 3.1. TE;, ; mode incident on a gyrotron cavity at 168 GHz.
Power Reflection coefficients in %

TEy, 5.59802E-03
TE,, 1.95734E-02
TE,, 3.65709E-02
TE,, 4.59691E-02
TE, 3.91917E-02
TE, 4 0.643405
TE,, 0.339636
TE, 97.3626
TEys 5.53617E-02
TEq 2.45926E-02
™), 1.56830E-03
™, , 2.23033E-03
™, , 4.46945E-03
™., 1.20513E-03
TM,,, 3.58983E-03
T™ 5.03966E-02
™, 0.866814
T™M 3 . 3.25785E-03
TM 3.89068E-04
™, 1 5.48398E-04
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Table 32. TE,, , mode incident on a gyrotron cavity at 168 GHz.

Power TRANSMISSION coefficients (i.e. power leakage into the beam tunnel) in %
TE;, 2.05743E-03
TE,,, 4.13516E-03
TE;,, 7.02469E-02
TE,,, 1.76694E-02
TE, s 6.40561E-02
TE; ¢ 0.223493
TE,, , 1.19757E-02
TE, 4.41883E-04
| TE, 1.04613E-04
Total transmission of TFE modes 0.4%
™, 2.50127E-03
T™ 31, 5.32069E-03
T™ 45 6.66125E-03
™, , 3.27439E-03
T™ 5 1.83386E-02
T™ ;6 6.09426E-02
™), 1.58257E-03
TM 4 1.51083E-04
TM 2.81858E-05
Total transmission of 7M modes 0.1%
Total transmission of TE and 7M modes 0.5%
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Table 4.1. Varian uptaper at 84 GHz (input diam=31.446 mm; output

diam=50.8mm)
Power Reflection coefficients in %
TE 15, 1 2.78800E-04
TE 15, 2 1.68022E-04
TE 15, 3 2.56677E-03
TM 15, 1 2.21200E-03
TM 15, 2 1.19026E-03

Power TRANSMISSION coefficients in %

TE 15, 1 6.27438E-02

TE 15, 2 0.179007 -27.5dB
TE 15, 3 098.0399 main mode
TE 15, 4 1.24731 -19.1 dB maximal parasitic
TE 15, 5 8.64323E-02

TE 15, 6 0.136027 -28.7 dB
TE 15, 7 6.12451E-03

TE 15, 8 3.44673E-03

™ 15,1 3.05458E-02

T™M 15, 2 3.92444E-02

TM 15, 3 9.53879E-02 -30dB
T™ 15, 4 1.19418E-02

TM 15, 5 2.87091E-02

T™M 15, 6 2.45584E-02

™ 15, 7 2.23730E-03
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Fig. 2.2 Analysis of field penetration through the perforated plate
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