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EXPLANATORY NOTES

l. Theoretical Development of Design Procedure. In Part I of this report

a general design procedure is developed for the design of high-efficiency
traveling-wave amplifiers. The procedure is first developed for helix-type
tubes and is then extended to cover traveling-wave amplifiers with other
types of r-f structures. The same design curves are used for these disper-

sive structures with appropriate correction factors.

2. Design Curves. In Part II all of the available design curves useful in

the actual design of high-efficlency amplifiers are compiled. Immediately
preceding each section of curves there is a list of parameters for which the

particular curves have been calculated.
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SECTION A

EFFICIENCY

The efficiency curves are presented for selected values of the

parameters C, B, and QC in the indicated ranges.

Parameter Range
C 0.05 to 0.20
B 0.5 to 1.5
QC 0 to 0.75



60

AN

TN

NN

N

7 » PERCENT

A
) N\
N\

0 0.2 0.4 0.6 0.8

SPACE -CHARGE PARAMETER, QC

FIG. Al SATURATION EFFICIENCY VS. SPACE CHARGE.
b- ADJUSTED FOR MAXIMUM 7. (C= 0.1, d=0)



: }bv \\\\\

% AN
= VALY

N

Y N N

Y

EANN\

(0]

BEAM DIAMETER. b - ADJUSTED FOR MAXIMUM 17,

FIG. A.2 SATURATION EFFICIENCY VS. SPACE CHARGE AND
(C=0.1,d=0)



60

>
O
—

7, PERCENT
4

S

20

N

\\\ C:=0.2, B=05

‘\
\
\\

Nc:01,B:05

| |
\\\\Qc=oos,s=os

FIG. A3 SATURATION EFFICIENCY VS. SPACE-CHARGE

Y 0.2 0.4
SPACE-CHARGE PARAMETER, QC

0.6

0.8

PARAMETER. b- ADJUSTED FOR MAXIMUM 7.

(B=0.5,d=0)



60

N
>

3
/
d

7 ¢, PERCENT
-~
/

e

N
N\ \
\\ C=0.20,B=1
20 C=0.10,B:=!
C=0.05,B:I
10
0 0.2 0.4 06 0.8 1.0

SPACE-CHARGE PARAMETER, QC

FIG. A.4 SATURATION EFFICIENCY VS. SPACE- CHARGE

PARAMETER. b- ADJUSTED FOR MAXIMUM 7.
(B=1,d=0)



ng, PERCENT

60

50

QC =0.125
QC - O 25 QC: 0.0s

40

;L%E:,//j///////**oc=o

. N

// 4 QC = 0.50

20

o.1 0.2
GAIN PARAMETER, C

FIG. A.5 SATURATION EFFICIENCY VS. GAIN PARAMETER.
b- ADJUSTED FOR MAXIMUM X,. (B=1.0,d =0)

0.3



7, PERCENT

60

50

40

30

20

f I O S D
/(//x"”/__ e QC = O
/4// PEESERE
/////
2
// —9 QC =0.5

GAIN PARAMETER, C

0.3

FIG. A6 MAXIMUM SATURATION EFFICIENCY VS. GAIN PARAMETER.

b- ADJUSTED FOR MAXIMUM 7. (B=1.0,d=0)



SECTION B

IMPEDANCE REDUCTION FACTOR

The impedance reduction factor curves are arranged according to

ascending values of the dielectric loading factor.

Parameter Range
DLF 70 to 100
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SECTION C

SPACE CHARGE vs. STREAM DIAMETER

The curves of the space-charge parameter vs. the stream diameter
are arranged according to increasing values of the parameters Vo’ a'/b' and

DLF successively.

Parameter Range
Vo 1 to 14 kv
a'/b? 1.2 to 2.0
DLF 70 to 100

-18-
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(a7b'=1.2 ,Vo = 5KV, DLF
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BEAM DIAMETER, B

FIG. C.6l SPACE CHARGE VS.BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(@/b'= 1.2, Vo = | KV, DLF = 80 %)
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BEAM DIAMETER, B

FIG. C.62 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a'/b'=1.2,V,= 2 KV, DLF = 80 %)



= 0.10

C
C=0.05
//
—

_—

///
— [ —

sl

—

o o
(Q2 +1)/00 "3I9YVHI 32VdS

BEAM DIAMETER, B

FIG. C.63 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(@/b'=1.2,Vy = 3KV, DLF = 80 %)
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BEAM DIAMETER, B

FIG. C.64 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER

(@'/b' = 1.2, Vg = 4 KV, DLF = 80 %)
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BEAM DIAMETER, B

FIG. C65 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a'/b'=1.2, Vo = 5 KV, DLF = 80 %)
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BEAM DIAMETER, B

FIG.C 66 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a'/b'= 1.2, Vo= 6 KV, DLF = 80 %)
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BEAM DIAMETER, B

FIG. C.67 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a'/b' =12, Vo= 7 KV, DLF = 80 %)
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FIG. C.68 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a'7b'z 1.2, Vo = 8 KV, DLF = 80 °/o)
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BEAM DIAMETER, B

FIG. C.69 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(/b = 1.2, Vo= 9KV, DLF = 80 %)
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BEAM DIAMETER, B

FIG. C.70 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(@/b'= 1.2, Vo= 10 KV, DLF = 80 %)
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BEAM DIAMETER, B

FIG. C.7I SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(@/b'= 1.2, Vo =12 KV, DLF = 80%)



FIG. C.72 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

- V. =14akKV DLF = 80%)
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BEAM DIAMETER, B

FIG. C.73 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(@/b' = 1.4, Vo= | KV, DLF = 80 /o)



/// -

74 ////
V4
v

X

C=0.20

C=OJJ

C=0.08

C=0.05
é

(@]
(@0 + 1) /00 ‘394 VYHO 30VdS

BEAM DIAMETER, B

FIG. C.74 SPACE CHARGE VS.BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

@'/b'= 1.4, Vo = 2 KV, DLF =80 %)
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BEAM DIAMETER, B

FIG.C.76 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER

(@'/b' = 1.L4_. V.= 4KV. DLF = 80 %)



//
Ya

P
e
_—

(@]
(0 +1)/20 ‘IJ9YVHO 3IOVdS

BEAM DIAMETER, B

FIG. C.77 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'=1.4 , Vg = 5KV, DLF = 80 %)
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BEAM DIAMETER, B

FIG. C.83 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'=1.4 ,Vy =12 KV, DLF = 80%)
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BEAM DIAMETER, B

FIG. C.84 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'=1.4,Vy =14 KV, DLF = 80%)
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BEAM DIAMETER, B

FIG. C.122 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a@'7b'=z 1.2, Vo= 2 KV, DLF = 85 %)
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BEAM DIAMETER, B

FIG. C.123 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a/b'= 1.2, Vo= 3 KV, DLF =85 %)
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l.
BEAM DIAMETER, B

FIG. C.126 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a/b'=1.2, Vo = 6 KV, DLF = 85 %)
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BEAM DIAMETER, B

FIG. C.127 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(@/b'=1.2, Vo = 7 KV, DLF = 85 %)
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BEAM DIAMETER, B

FIG. C.128 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(@/b'= 1.2, Vo= 8 KV, DLF = 85 %)
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BEAM DIAMETER, B

FIG. C.129 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a/7b'= 1.2, Vo= 9 KV, DLF = 85 %)
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BEAM DIAMETER, B

FIG. C.130 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(@/b'=1.2, V5 =10 KV, DLF = 85 %)
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BEAM DIAMETER, B

FIG. C.13l SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'=1.2 ,Vo =12 KV, DLF = 85%)
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FIG. C.132 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'=1.2 ,Vo =14 KV, DLF = 85 %)
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BEAM DIAMETER, B

FIG. C.133 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a/b'= 1.4, V, = | KV, DLF =85 %)
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BEAM DIAMETER, B

FIG. C.134 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b' = 1.4, Vo= 2 KV, DLF = 85 %)
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BEAM DIAMETER, B

FIG. C.135 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'=1.4, V,= 3KV, DLF = 85 %)
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BEAM DIAMETER, B

FIG. C.136 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'= 1.4, V,= 4 KV, DLF = 85 %)
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BEAM DIAMETER, B

FIG. C.137 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'z1.4, V,=5 KV, DLF = 85 %)
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BEAM DIAMETER, B

FIG. C.141 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(@/b'= 1.4, Vy= 9 KV, DLF = 85 %)
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(@/b' =1.4, Vo= 10KV, DLF = 85 %)

FIG. C.142 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.
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BEAM DIAMETER, B

FIG. C.143 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(@/b'=1.4 Vg =2 KV, DLF = 85 %)
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FIG. C.144 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'=1.4 ,Vy =14 KV, DLF = 85 %)
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BEAM DIAMETER, B

FIG. C.I87 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'=1.2 ,Vo = 7 KV, DLF = 90%)
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BEAM DIAMETER, B

FIG. C.188 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(@/b'=1.2 .Va= 8 KV. DLF = 90 %)
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BEAM DIAMETER, B

FIG. C.192 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

=14 KV, DLF = 90%)

(a7b'=1.2 , Vo
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BEAM DIAMETER, B

FIG. C.1I93 SPACE CHARGE VS. BEAM DiAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'=1.4,Vo = | KV, DLF =90 %)
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BEAM DIAMETER, B

FIG.C.198 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'= 1.4,Va = 6 KV, DLF = 90 %)
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BEAM DIAMETER, B

FIG. C.207 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.
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FIG. C.2I0 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.
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BEAM DIAMETER, B

FIG. C.244 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(@/b' z1.2 .V~ = 4 KV. DLF = 95 %)
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BEAM DIAMETER, B

FIG. C.245 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'= 1.2 ,Vo = 5 KV, DLF = 95%)
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BEAM DIAMETER, B

FIG. C.247 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a@7b'=1.2 ,Vg = 7 KV, DLF = 95%)
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BEAM DIAMETER, B

FIG. C.252 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(@/b' z1.2 .V~ =14 KV. DI F = 95 L)
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BEAM DIAMETER, B

FIG. C.253 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'=1.4 ,Vgo= | KV, DLF = 95%)



C=0.20 ~_

(90 +1)/00 ‘39¥VHDO 30VdS

BEAM DIAMETER, B

FIG. C.254 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.
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BEAM DIAMETER, B

FIG. C.255 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a/b'=1.4 ,Vg = 3KV, DLF = 95 %)
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BEAM DIAMETER, B

FIG. C.256 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a/b'= 1.4 ,Vg = 4 KV, DLF = 95%)
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BEAM DIAMETER, B

FIG. C.257 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

=1.4 ,Vg = 5KV, DLF = 95%)
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BEAM DIAMETER, B

FIG. C.258 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a/b'=1.4 ,Vo= 6KV, DLF = 95%)
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BEAM DIAMETER, B

FIG. C.259 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

=1.4 ,Vg = 7 KV, DLF = 95%)
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BEAM DIAMETER, B

FIG. C.260 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'=z1.4 Vo= 8 KV, DLF = 95 %)
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BEAM DIAMETER, B

FIG. C.262 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a/b' =

1.4 .Va = IOKV, DLF = 95 %)
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BEAM DIAMETER, B

FIG. C.267 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a/b'=16 ,Vo = 3 KV, DLF = 95 %)
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BEAM DIAMETER, B

FIG. C.271 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a/b'=16 ,Vo=T7 KV, DLF =95 %)
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FIG. C.312 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(@7b'=1.2 . Va =14 KV. DLF =100 %)
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FIG. C.315 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'= 1.4 ,Vg = 3 KV, DLF =100 %)
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FIG. C.316 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.



C=0.20
\\

(Q0 + 1)/00 ‘398VHI 32VdS

BEAM DIAMETER, B

FIG. C.317 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'= 1.4,V = 5 KV, DLF =100 %)
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FIG. C.319 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'=1.4 ,Vo = 7 KV, DLF =100 %)
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FIG. C.320 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'=1.4 ,Vo = 8KV, DLF =100%)
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FIG. C.321 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.
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(a/b'=1.4 , Vo =1 0KV, DLF =100 %)
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FIG. C.325 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(a7b'=1.6 ,Vg = | KV, DLF =100 %)
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FIG. C.326 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.
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FIG. C.329 SPACE CHARGE VS. BEAM DIAMETER FOR VARIOUS VALUES OF THE GAIN PARAMETER.

(@7b'=1.6 ,Vg = 5 KV, DLF = 100%)
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SECTION D

SPACE CHARGE vs. VOLTAGE

The plots of the space-charge parameter vs. the stream voltage are
arranged according to increasing values of the parameters B and DLF succes-

sively at a fixed value of a'/b'.

Parameter Range
B 0.5 to 1.5
DLF T0 to 100
a'/b? 1.4

-379-
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SECTION E

SPACE-CHARGE CORRECTION FACTOR

The space-charge correction factor curves are arranged according

to ascending values of the galn parameter.

Parameter Range

C 0.05 to 0.20
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SECTION F

OPTIMIM ELECTRON INJECTION VELOCITY

The curves of the optimum electron injection velocity are arranged

according to ascending values of the loss parameter.

Parameter Range
C 0 to 0.3
QC 0 to 1.0
d 0 to 1.0
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SECTION G

PERVEANCE

The curves of the electron stream perveance vs. the stream diameter
are arranged according to ascending values of the parameters a'[b' and C in

succession.

Parameter Range
a'/b? 1.2 to 2.0
c 0.05 to 0.20
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SECTION H

PERVEANCE CORRECTION FACTOR

The curves of the perveance correction factor vs. the space-charge

parameter are arranged according to ascending values of the gain parameter.

Parameter Range

c 0.05 to 0.20

-435-
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SECTION I

ELECTRON STREAM CHARACTERISTICS

The following useful electron stream characteristic curves are
included:
1. QC vs. B with wp/w as the Parameter.

C = 00053 a'/b' = l-h" 2.0.
O.lo; a'/b' = lo)“', 200.
0.20; a'/p' = 1.k, 2.0.

2. Ry vs. B with a'/b' as the Parameter.
3. Electron Stream Perveance and Power.,
4, Nomograph of Stream .Perveance and Power.

5. Magnetic Field Required for Brillouin Flow.
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SECTION J

SPACE-CHARGE REDUCTICON FACTOR
FOR DISPERSIVE STRUCTURES
The space-charge reduction factor curves for dispersive structures
are arranged according to ascending values of the parameters Vy, a'/b! and

DLF successively.

Parameter Range
Vo 5 kv and 10 kv
a'/b! 1.2 and 2.0
DLF 70 and 90
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SECTION K

TUBE LENGTH AND CHANGE IN PHASE
SHIFT vs. INPUT-SIGNAL LEVEL

The optimum tube length and the change in phase shift through the

tube are given as functions of the input-signal level ¥, relative to CIgVg.

Parameter Range
C 0.1
B 1.0
QC 0, 0.05, 0.125, 0.25,
and 0.5.
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