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Based on space-charge wave theory, the formulae of the beam—wave coupling coefficient and the beam-loaded con-
ductance are given for the beam—wave interaction in an N-gap Hughes-type coupled cavity chain. The ratio of the non-
beam-loaded quality factor of the coupled cavity chain to the beam quality factor is used to determine the stability of the
beam—wave interaction. As an example, the stabilities of the beam—wave interaction in a three-gap Hughes-type coupled
cavity chain are discussed with the formulae and the CST code for the operations of the 27, 7, and 7/2 modes, respectively.
The results show that stable operation of the 27, 7, and 7/2 modes may all be realized in an extended-interaction klystron

with the three-gap Hughes-type coupled cavity chain.
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1. Introduction

A klystron is a vacuum microwave electron device with
high power and high efficiency. However, with an increase
in frequency, its geometrical size will decrease, which greatly
restricts the power capability and withstand voltage of the de-
vice. Extended-interaction klystrons (EIK), based on an ex-
tended interaction structure, can achieve high power, wide
bandwidth, and high gain in the millimeter/sub-millimeter
wavelength range.!'® The extended interaction structure is
composed of several coupled cavities that strongly couple to
each other by slots on the common walls between the adjoin-
ing cavities. The enlarged inner surface area of the multi-gap
coupled cavity chain can improve the power capacity, and the
higher coupling impedance can also compensate for the lower
beam conductance, keeping a high efficiency in millimeter-
scale circuits. Because of these characteristics, the EIK can
have very broad applications, especially in the areas of air-
borne radars, communications, and electronic countermea-
sures.

Chodorow and Wessel-Berg!?! analyzed the behavior of
the multi-gap coupled cavity chain with extended interaction
fields according to space-charge theory, and found that the
experimental performances accord well with the theoretical
ones. However, their results were obtained based on a one-
dimensional grid gap, and the effects of the space-charge pa-
rameter on the beam—wave synchronization and coupling in
the multi-gap coupled cavity chain were neglected. Because
of the coupling between the adjacent cavities, the number of
modes in the multi-gap Hughes-type coupled cavity chain will
increase with increasing gap number, so stability becomes a
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key technique issue for the development of the EIK. Preist
and Leidigh!! discussed the beam—wave interaction stability
of a three-gap output cavity with the ratio of the loaded qual-
ity factor Qp to its value at the resonant point by combining
their design and experimental research. Lien and Robinson!'*]
analyzed the stability in a double-gap coupled cavity output
circuit with two-mode overlapping with the beam-loaded con-
ductance based on an equivalent circuit. Quan et al.['!l ex-
pressed the beam-loaded conductance with an ungridded gap
in a double-gap coupled cavity, and used it to determine the
stability of the electromagnetic mode. Whereas the gap num-
ber was limited to two, and it is difficult to explain the mech-
anisms of the beam—wave synchronization, coupling and sta-
bility in the coupled cavity chain with more gaps.

In this paper, starting from the small signal theory of
mono-energetic electron movement, based on the formulae of
the beam—wave coupling coefficient and the beam-loaded con-
ductance in an N-gap Hughes-type coupled cavity chain with
an electron beam and some electrical parameters obtained us-
ing the CST code, the stability of the beam—wave interaction
in a three-gap Hughes-type coupled cavity chain will be dis-
cussed with the ratio of the non-beam-loaded quality factor of
the coupled cavity chain to the beam quality factor in order
to better describe the effect of the gap electric field and the
coupled cavity chain loss.

2. Model and formulae

Figure 1 shows the model of an N-gap Hughes-type cou-
pled cavity chain. It consists of several Hughes-type coupled
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cavities that strongly couple to each other by a single slot on
the common walls between the adjoining cavities in the lon-
gitudinal direction, and the adjoining coupling slots are alter-
nately placed with 180° phase difference. Usually, it is consid-
ered as a slow-wave structure with the short circuit at two ter-
minals. The standing wave electric field in it is a superposition
of the forward wave and the reflected wave with the same am-
plitude and opposite propagation direction. In Fig. 1, r is the
radius of the cavity; r, and r, are, respectively, the inner and
outer radius of the drift tube; r; is the radius of the coupling
slot center line; d, ds, and ¢ are, respectively, the gap spacing,
the coupling slot width, and the thickness of the cavity wall; 6
is the sector angle of the coupling slot; and /y; is the distance
between the first gap center and the j-th gap center (j = 2, 3,
4, ..., n).

Yy d,

T
cavity 1| t [cavity 2 cavity no

(a) ,#.I lin

Fig. 1. Model of an N-gap Hughes-type coupled cavity chain: (a) lon-
gitudinal section, and (b) crossed section with sector slot.

Based on space-charge wave theory,!”! starting from
Maxwell’s equations, the equation of electron motion, and
the continuity equation, by calculating the complex power ex-
tracted from the beam on the gaps, the active power absorbed
by the beam F; and the beam conductance Gy, = 2P/ V2 can be

written, respectively, as

P+p V?
B= 5 = g (M(B— By = [M(Be+By) ). (»
2P, 1
Gy =z = 37 (MBe =Bl = [M(B+ B ), @
where M(f. — By) and M(B. + fBy) are, respectively, the cou-

pling coefficient for the fast and slow space-charge wave,

which can be expressed as!!>14!

Wﬂmm) GBI . gebge

3(v(B)ra) oo
Vv

where B, = @/vo, By = 0q/vo, Y(B) = /B> —K*, k= w/c,

with vg being the velocity of the beam, @ the angle frequency,

o4 the reduced plasma frequency, I(x) and I (x) are, respec-

tively, the zero-order and first-order modified Bessel func-

tion, ry is the electron beam radius, Zo = (2Vo/Io)(By/PBe)
N

M(B) =

» 3

the beam characteristic impedance, V = )}
n=1

voltage, !5 V, the voltage on the n-th gap, and E(z,r,) the

|Va| the effective

standing wave electric field on the gap at r = r,. For an N-gap
Hughes-type coupled cavity chain, E(z,r,) can be given as

zra ZE

E,(z—1Ii 4,1a) is the RF electric field on the n-th gap, so the
coupling coefficient on the n-th gap can be defined as

\/13<y<ﬁ>rb> —B(y(B)rv)
M,

—lip,ra). “

I5(v(B)ra)
e Vil
11‘,,+d,1/2
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The coupling coefficient of the N-gap Hughes-type coupled
cavity chain My (f) can be written as

N
L Mg,n(B)Vn e@Blin
My(B) = "= | o
\V |

n=1

3. Stability of the modes in a three-gap coupled
cavity chain

3.1. Definition of stability

In an N-gap coupled cavity chain, there are N cavity
modes and N — 1 slot modes, [ so it is very important to keep
the stability of the operating mode and avoid the oscillation
of parasitic modes. Usually, the beam-loaded conductance is
used to characterize the stability, which can only reflect the en-
ergy exchange between the beam and the gap electric field.!'”!
The reciprocal of the beam quality factor, Qy, can show the en-
ergy coupling between the beam and the gap electric field (Gy,)
and the effect of the gap electric field on the stability (R/Q,
characteristic impedance) at the same time. However, the in-
stability of the mode is still related to the quality factor caused
by the diffraction loss and the quality factor caused by the cou-
pled cavity wall loss, and a better parameter for describing the
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stability can be defined as

S = 1/Qt*I/Qc :%

1/ Oc Ob ’

where 1/0 = 1/Q0+ 1/Qe + 1/0Qp, with Q; being the total

quality factor for the beam—cavity system, 1/Q. = 1/Q¢ +

1/Qe, and Q. the non-beam-loaded quality factor of the cou-
pled cavity chain.

It can be seen from formula (7) that if S > 0, then the

beam absorbs the energy from the gap electric field, and the

system will keep the stability no matter whether there is an ex-
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ternal load for the system, if —1 < S <0, i.e., if Q. < |Qp],
then the external load and the coupled cavity wall can fully
absorb the energy released by the beam, and the system still
keeps the stability; if S < —1, i.e., Qc > |Qp|, then the system
is unstable.

3.2. Stability of the 27 mode operation

There are five modes in a three-gap coupled cavity chain
(Fig. 1): the © mode, 7/2 mode, 27t mode, /2 slot mode, and
7 slot mode. As an application example, the calculations will
be performed in the operating frequency range of the Ku band
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Fig. 2. Electric field distributions in a three-gap Hughes-type coupled cavity chain for different modes: (a) 7 mode, f = 13.86 GHz, (b)
/2 mode, f = 15.62 GHz, (c) 2& mode, f = 16.56 GHz, (d) 7/2 slot mode, f = 23.83 GHz, (e) 7 slot mode, f = 25.91 GHz.
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with the same distance between the adjacent gaps, /. The cor-
responding geometrical parameters are listed in Table 1. Ta-
ble 2 gives the “cold” parameters of the five modes, calcu-

such as resonant frequencies, gap voltages, and characteristic
impedance. Figure 2 shows the vector patterns of the electrical
field in the coupled cavity chain and the curve of the electric

lated with the CST code for the three-gap coupled cavity chain,  field profile in the axial direction at the cylindrical center.

Table 1. The geometrical parameters of the three-gap cavity chain for the 27 mode operation.

ra/mm re¢/mm rg/mm r¢/mm r/mm d/mm dy/mm t/mm [/mm 0/(°)
1.2 2.2 1.7 34 4.9 1.2 2.4 1.4 5.0 130
Table 2. The “cold” parameters of the different modes for the 27 mode operation.
Mode name f/GHz Amplitude of the gap voltages Characteristic impedance/Q
Vi Va V3

7 mode 13.86 -1.35 3.09 -1.35 192.48
7/2 mode 15.62 -2.76 0.00 2.76 155.23
27 mode 16.56 2.51 2.48 2.51 256.08
/2 slot mode 23.83 -1.11 0.00 1.11 16.46
7 slot mode 2591 0.87 -1.62 0.87 34.67

It can be seen from Fig. 2 that the first and fifth modes
are 7 mode, in which the electric field intensity on the middle
gap is obviously stronger than that on the other gaps, the di-
rections of the electric fields in the adjacent gaps are opposite,
the amplitudes of the radial electric field on the two coupling
slots are equal and their directions are the same, and the char-
acteristic impedances of the modes are, respectively, 192.48 Q
and 34.76 Q (as shown in Table 2). The first mode is called
the 7 mode and the fifth mode is named the 7 slot mode. The
electric field intensity of the £ mode on the gap is higher than
that of the 7 slot mode. The electric field on the middle gap is
almost zero for the second and fourth modes, the amplitudes
of the electric field on the first and third gaps are equal and
their directions are opposite, there are strong electric fields on
the two coupling slots and their directions are opposite, and
the characteristic impedances of the modes are, respectively,
155.23 Q and 16.46 Q. The second mode is called the /2
mode and the fourth mode is named the 7/2 slot mode. The

electric field intensity of the /2 mode on the gap is higher
|

than that of the m/2 slot mode. For the third mode, the elec-
tric fields on three gaps are almost equal and their directions
are the same, there are almost no electric fields on the two
coupling slots, and the characteristic impedance of the mode
is 256.08 Q. This is usually called the 27 mode, and has the
largest characteristic impedance in the five modes.

Because the geometrical size of each gap remains the
same and the shape of the longitudinal electric field near the
gap varies very little (only the amplitude of the electric field
varies), the coupling coefficients of the single gap for different
cavity units can be considered to be identical, i.e., My , = M,.
The My may be a complex number, and usually the square of
its modulus \MN|2 is used to indicate the coupling intensity be-
tween the beam and the gap electric field. From Eq. (6), the
|M3 |2 for the three-gap coupled cavity chain can be written as

M3(B) = Mo ()] |3(B) ®)

where

|B3(B)I°

B VE+VZ 4+ V2 +2ViVacos(BI) +2VaVs cos(B1) +2V) Vs cos(251)
(V1] + V2| +|V3])?

If the direction of the electric field on the first gap is considered as the positive direction, the |®3(8)|* of 7 mode and the 7 slot

mode can be expressed as

|®5(B)I°

_ V12 +V22 +V32 —2[Vi||Va|cos(BI) — 2 |Va| |V5| cos(Bl) + 2 V1] V3] cos(2B1)

. ©))

When B = (2m—1)x, |®3(B)[>. =1, and |M3]* = |M,
as

(Vi + [Va| +|Vv3])?

? the |®3(B)|* of the 7/2 mode and the 7/2 slot mode can be expressed

‘¢,3(B)|2:V12+V32—2|V1| V3] cos(21) 10)
(Mil+1vs))2
When 1= (2m—1)x/2, |<153(ﬁ)|:m =1, and |M;]* = |M, ? the |@3(B)|* of the 2T mode can be expressed as
2 VEHVEVE+20Vi] Valcos(BL) + 21Val [Val cos(BI) + 2 Vi [Va cos(2B1)
[D3(B)|" = : (an

(V1] + [Va| + |V3])?
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When Bl = 2mm, |®3(B)|>. = 1, and |M5]> = |M,|”, the re-
ciprocal of the beam quality factor for the three-gap coupled
cavity chain Qy, can be written as

1/Qv = Gy(R/Q)

19 (113 (g, — o) — s e +B) ). (12)
0

Based on formulae (8)—(12) and all the parameters given
in Tables 1 and 2, the 1/0y can be calculated for the three-
gap coupled cavity chain with the electron beam of the radius
o = 0.8 mm and P.; = 1.0 uP or 2.0 uP (1 P=0.1 Pa-s). The
calculation results are given in Table 3 and Fig. 3.

It can be seen from Table 3 that if the three-gap coupled
cavity chain is used as the input cavity or bunching cavity, the
values of 1/Q), of all modes are positive when the beam volt-
age is selected as 20 kV, which means no self-excited oscilla-
tion may happen. Figure 3 shows plots of 1/Q} versus beam
voltage for Py = 1.0 uP and P, = 2.0 pP. If the three-gap
coupled cavity chain is used as the output cavity, 1/Qy of the
operational mode (27 mode) must be negative, the values of
1/Qy of the other modes must be positive and the amplitude
of 1/Qy for the operational mode should be as large as possi-
ble under the condition of the operational mode stabilization.
When the beam voltage is selected to be 29 kV, 1/Q, of the
operational mode is negative and its amplitude reaches maxi-
mum. 1/Qy of the 7 mode always remains positive and its am-
plitude is relatively large. This is the most stable mode. The
resonant frequency of the 7/2 mode is close to that of the 27
mode and its characteristic impedance is also relatively large,
but its 1/Qyp always remains positive in a beam voltage range
from 7.7 kV to 32.5 kV. Although the values of 1/Qy, of the ©
slot mode and the /2 slot mode may be negative near 29 kV,
their amplitudes are at least one order of magnitude less than

that of the 2 mode, which means that their self-excited os-
cillation can easily be suppressed with distributed wall losses.
The difference between the beam voltage for stable operation
and that for the case of serving as an output cavity can be ad-
justed by using different cavity lengths for the input/bunching
cavity and output cavity, which can achieve good beam—wave
interactions in a stably operational state.
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Fig. 3. Plots of 1/Q} versus beam voltage for different values of per-
veance for the 27t mode operation with r, = 0.8 mm: (a) Pey = 1.0 uP,
(b) Py =2.0 pP.

Table 3. Values of 1/Q, of five modes for the 2 mode operation.

V/kV Per/uP 7 mode/1073 7/2 mode/1073 27 mode/1073 /2 slot mode/10~3 7 slot mode/10~3
20.00 1.00 5.45 9.98 3.32 0.615 0.694
29.00 1.00 0.156 8.30 -0.170 -0.546 -1.00
20.00 2.00 0.115 0.182 5.28 1.00 1.04
29.00 2.00 0.303 0.145 -0.309 -0.837 -1.67
Figure 4 shows the curves of 1/Q}, versus beam voltage 0.02 =06 mm
. . .. . .= 0.7 mm
with different beam radii for the 277 mode operation. It can be 001l e 7= 0.8 mm
seen from Fig. 4 that the beam-wave coupling augments with R — :‘“ = (1).8 Eﬁ
. . . . 8 b=
the increase in the beam radius, the voltage range for keeping > 0
stable operation becomes slightly narrow, and the voltage as —_0.01t
the output cavity for maximum |1/Qp| may be slightly low.
. .. . —0.02¢
The calculations show that there are also similar characteris- ‘ ‘ ‘
10 20 30 40 50

tics for the other four modes. This may be because the varia-
tion in ry, is more correlative to the beam wave coupling inten-

sity and affects the beam—wave synchronization less.

Vo/kV

Fig. 4. Curves of 1/Qy versus beam voltage with different beam radii
for the 27 mode operation.

067803-5



Chin. Phys. B Vol. 22, No. 6 (2013) 067803

3.3. Stability of 7 mode operation

When the © mode at the first harmonic is selected as the
operating mode, the difference in the phase of the electric field
between the adjacent gaps is 7. The transit-phase of the beam
is decreased by half compared with that in the case of 27 mode
operation, so the beam voltage needs to be increased or the pe-
riodicity length has to be cut down to keep the synchronization
between the beam and the electric field. Table 4 gives the ge-
ometrical parameters of the three-gap coupled cavity chain for
the 7 mode operation in the frequency range of the Ku band,

at the first harmonic at the same time. The effect of the 7/2
slot mode can be suppressed by load loss, whose 1/Qy, is at
least one order of magnitude less than those in the cases of the
7 mode and 27 mode operation.

0.02} (@)

0.01

and the “cold” parameters calculated with the CST code are §
shown in Table 5. Based on formulae (8)—(12) and all the pa- -
rameters given in Tables 4 and 5, the calculation results of —0.01 Iz/%loggde
1/Qy, are given in Table 6 and Fig. 5. :%7} énﬁgi ode
It can be seen from Table 6 that the values of 1/Q, for —0.021 o 7slot mode
all the modes are positive when the beam voltage is selected 10 30 50 70 90
to be 34 kV, which means that no self-excited oscillation may Vo/kV
happen. Figure 5 shows the curves of 1/Qy versus beam volt-
age for Py = 1.0 uP and P.; = 2.0 pP. If the three-gap cou- 0.02
pled cavity chain is used as the output cavity, when the beam
voltage is selected to be 81 kV, the value of 1/Qy, for the op- 0.01
erational mode (7 mode) is negative and its amplitude reaches S ! 06000000
a maximum, and the values of 1/Qy for the other modes are >0 =
all positive, and the system can remain stable. However, the ool
beam voltage as the output cavity is twice as large as that for ' o /glorggde
keeping stable operations of all the modes, which may make 0.02 :7%72“‘:1‘3% mode
the size of the output cavity so small that it is difficult to real- . ——mslot mode L
ize. In addition, it should be noted that when the beam voltage 10 30 50\/0 v 70 90

40.0 kV < Vp < 78.0 kV, then the values of 1/Qy, for the &
mode, 27 mode, and 7/2 slot mode are all negative, and beam—
wave interactions can happen for the 7 mode and the 27 mode

Fig. 5. Curves of 1/Qy, versus beam voltage for different values of per-
veance for 7 mode operation with r, = 0.8 mm and P,; = 1.0 uP: (a)
Py = 1.0 pP and (b) Py = 2.0 pP.

Table 4. The geometrical parameters of the three-gap cavity chain for the 7 mode operation.

ra/mm re¢/mm rg/mm rg/mm r/mm d/mm ds/mm t/mm I/mm 0/(°)
1.2 2.2 1.7 3.95 5.2 1.2 1.5 0.4 3.0 85
Table 5. The “cold” parameters of the different modes for the 7 mode operation.
Amplitude of the g: Itages
Mode name fIGHz mp7iuce of e gap vollages Characteristic impedance/Q
Vi V2 V3
7 mode 16.52 -1.25 2.61 -1.25 125.78
/2 mode 17.76 -2.62 0.00 2.62 123.03
271 mode 18.48 2.37 2.31 2.37 214.03
/2 slot mode 27.83 -0.77 0.00 0.77 6.78
7 slot mode 30.44 0.57 -1.12 0.57 13.35
Table 6. The 1/Q,, values of the five modes for the 7 mode operation.
VIKV Por/uP 7 mode/10~3 7/2 mode/1073 27 mode/10~* /2 slot mode/10~* 7 slot mode/10~4
34.00 1.00 1.01 1.51 9.32 2.07 1.49
81.00 1.00 -5.15 0.107 3.85 0.637 9.21
34.00 2.00 0.194 3.34 0.164 3.58 3.46
81.00 2.00 -0.102 0.209 0.109 1.61 0.178
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3.4. Stability of 7/2 mode operation

When the 7/2 mode at the first harmonic is selected as the
operating mode, 3/ = /2, then the corresponding synchro-
nization voltage is very high (or the periodicity length is too
short), which may result in some technological problems. So
we suppose that the /2 mode operates at the second harmonic,

i.e. Bl =3m/2. Table 7 gives the geometrical parameters of the
three-gap coupled cavity chain for the 7/2 mode operation in
the frequency range of the Ku band, and the “cold” parame-
ters calculated with the CST code are shown in Table 8. Based
on formulae (8)—(12) and all the parameters given in Tables 7
and 8, the calculating results of 1/Qy, are given in Table 9 and
Fig. 6.

Table 7. The geometrical parameters of the three-gap cavity chain for the 7/2 mode operation.

ra/mm re/mm rg/mm r¢/mm r/mm d/mm dy/mm t /mm [/mm 0/(°)
1.2 2.2 1.7 3.1 33 1.2 0.4 0.2 32 192
Table 8. The “cold” parameters of different modes for the 7/2 mode operation.
Mode name fIGHz Amplitude of the gap voltages Characteristic impedance/Q
Vi \%) Vi
7 mode 1391 -0.96 1.93 —-0.96 84.80
/2 mode 16.65 -1.42 0.00 1.42 38.55
27 mode 26.25 2.98 3.01 2.98 243.92
/2 slot mode 28.30 -3.21 0.00 3.21 115.90
7 slot mode 31.33 1.60 -3.12 1.60 101.45
Table 9. The 1/Qy values of the five modes for the 7/2 mode operation.
VIkV Per /1P 7 mode/1073 7/2 mode/1073 27 mode/10~4 /2 slot mode/10~* 7 slot mode/10~*
14.50 1.00 3.50 0.591 28.3 6.30 0.591
23.00 1.00 1.91 -1.64 1.81 2.66 -1.34
14.50 2.00 6.79 1.00 55.5 8.17 0.708
23.00 2.00 3.69 -2.99 0.298 0.141 -2.74
0.008k @ all modes are positive when the beam voltage is selected to

0.0041

1/Qv
(=]

—e— 7™ mode

be 14.50 kV, which means that no self-excited oscillation may
happen. Figure 6 shows the curves of 1/Q} versus beam volt-
age for P,y = 1.0 pP and P.; = 2.0 puP. If the three-gap coupled
cavity chain is used as the output cavity, when the beam volt-

—0.004} —a— /2 mode age is selected to be 23 kV, the value of 1/Q, of the operational
: 7%721115013'% mode mode (7/2 mode) is negative and its amplitude reaches a max-
—0.008r —o— i slot mo‘.ie . imum. Although the value of 1/Qy for the 7 slot mode may be
10 15 20 25 30 negative at 23 kV, its amplitude is one order of magnitude less
Vo/kV than that in the case of /2 mode operation, which means that
0.008 their self-excited oscillations can easily be suppressed with
distributed wall losses. However, the characteristic impedance
0.004 of the 7/2 mode is very small for this case. The calculations
3 show that the characteristic impedance of the 7/2 mode can be
= 0 increased to larger than 100 Q by adjusting the geometrical pa-
—0.004f =T /r;c;ﬂ(e) de rameters of the coupled cavity chain, but the beam voltage for
: %7; 2m:lg§ ode the stable operation will reduce and the beam voltage for the
00081 —— 7'slot mode case serving as the output cavity will rise. In addition, it should

10 15 20 25 30

Vo/KV

Fig. 6. Curves of 1/Q), versus beam voltage for different values of per-
veance for /2 mode operation with r, = 0.8 mm and Py = 1.0 pP: (a)
Py = 1.0 puP and (b) Py = 2.0 pP.

It can be seen from Table 9 that the values of 1/Qy for

be noted that when the beam voltage 16.0 kV <V < 22.0kV,
then the 1/Qy, values of the /2 slot mode and 7 slot mode are
all negative and the synchronizing voltage of the 7/2 slot mode
at the third harmonic is 14.93 kV. Beam—wave interaction may
occur for the /2 slot mode at the third harmonic as well as
the 7 slot mode and the 7/2 mode at the second harmonic at
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same time, and the effect from the /2 slot mode at the third
harmonic may be more serious.

4. Conclusion

Starting from space-charge wave theory, the formulae
of the beam—wave coupling coefficient |My|* and the beam-
loaded conductance Gy, are given for the beam—wave inter-
action in an N-gap Hughes-type coupled cavity chain with
an electron beam. The ratio of the non-beam-loaded quality
factor of the coupled cavity chain to the beam quality fac-
tor S = Q./0p is used to determine its stability. The beam—
wave interaction discussion for a three-gap Hughes-type cou-
pled cavity chain with the formulae and CST code shows that
the 27 mode, & mode, and 7/2 mode may all operate stably
in the EIK. No matter which mode is selected as the operat-
ing mode, the characteristic impedance of the 27 mode is al-
ways maximal in the three modes. For the 27 mode operation
at the first harmonic, the difference between the beam volt-
age for stable operation and that for output cavity operation
is the smallest, and the effects of the other modes on stabil-
ity may easily be suppressed. Too large a difference between
the beam voltage for the case serving as the output cavity and
that for keeping stable operation may lead to some practical
difficulties in realizing & mode stable operation. Although the
beam voltage difference for the 7/2 mode operation at the sec-
ond harmonic can be reduced, its characteristic impedance will

also fall obviously, and the possibility of parasitical mode os-
cillation increases.
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