/oo

varian

ORNL/Sub-21453/2

60 GHz and 110 GHz DEVELOPMENT PROGRAM

J. Shively, C. Conner, H. Jory, D. Stone,
R. Symons, G. Thomas, G. Wendell

Quarterly Report No. 2
October through December 1979

Prepared for:

0ak Ridge National Laboratory
0ak Ridge, Tennessee 37830

Operated by:
Union Carbide Corporation for the Department of Energy
Contract No. W-7405-eng-26

Varian Associates, Inc,
Palo Alto Microwave Tube Division
611 Hansen Way
Palo Alto, California 94303

DISTRIBUTION GF THIS DOCUMENT IS UNLIMITER



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, contractors, subcontractors, or their employees, makes any
warranty, express or implied, nor assumes any legal liability or responsibility for any
third party’s use or the results of such use of any information, apparatus, product or
process disclosed in this report, nor represents that its use by such third party would
not infringe privately owned rights.



2

ORNL/Sub-21453/2

60 GHz and 110 GHz DEVELOPMENT PROGRAM

J. Shively, C. Conner, H. Jory, D. Stone,
R. Symons, G. Thomas, G. Wendell

Quarterly Report No. 2
October through December 1979

—_—
DISCLAIMER

represents that its use would not infringe privately owned rigt Reference herein to any specific
! ge his. Referer erein to any

¢
1
i States Government or ho: essed no:
any agency thereof. The views and opini
3 . opinions of il
necess(gr:ly state or reflect thosa of the United States Government or anya:g!encr: :3:9’ f, feein do ot
ereof,

Prepared for:
Oak Ridge National Laboratory
Oak Ridge, Tennesse 37830

Operated by:
Union Carbide Corporation for the Department of Energy
Contract No. W-Tu405-eng-26

Varian Associates, Inc.
Palo Alto Microwave Tube Division
' 611 Hansen Way
Palo Alto, California 94303

nmmmmmnwrmsmwmmtmmmmﬂm%;,



o

II.

II1I.

Iv.

VI.

TABLE OF CONTENTS

INTRODUCTION .. .ovtiniivorrroroosonecnonennoneonnes
60 GHz 200 kW PEAK OSCILLATOR ............c.iuvevuven
A. Electron Gun Computer Design ...............
B. Superconducting Solenoid Magnet Computer
DesigNn .o vriii it iretetrererseneseeeennn

c. Interaction Circuit ........ccveiiiennennens
D. Output Window ........covvevevncnn e
110 GHz 200 kW CW OSCILLATOR ..cuivevevcvnnocresnons
A. Electron Gun Computer Design ............ ve
B.. = Interaction Circuit ...... Cereeres e ‘e
C. Qutput Window ........cviiii e,
WATERLOADS, POWER SAMPLERS AND ARC DETECTORS ceeens
PROGRAM SCHEDULE AND PLANS ....... e see et
REFERENCES . .vivtrerieverreroosnssscnnonveosonnones

- w

12

12
7
25

26

27

33



10.

1,

12.

13.

14,

15.

16.

LIST OF ILLUSTRATIONS

60 GHz Gun Trajectory Plot ...iciieieuivuiennennncnnns

Transverse Energy Profile of Preliminary 60 GHz
GUN DeSiBN tviiiienierrentoreessssoencecnnsnnnnnoas

ANOGE it iviitieeernoeracnososossostorsenssennanananes

Normalized Pumping Speed vs Normalized Channel
Diameter at Fixed RF Isoclation .....iivceevnceecoces

Mode Density ....c.oiciiuiierronrnsncentiticnaninnnaes

Transverse Energy Profile for the Best 25° Cathode

DESIBN terertieeresnsoscoossssrsncosssosssansrssnasne
110 GHz Gun Trajectory Plot ....ciiiieeeccnnnnns v

Transverse Energy Profile as a Function of
18t Anode VOltage ....veeeeveocrennsonnonanncnnnnes

Variation of Transverse Energy Profile with ist
Anode Angle (Curved Back Focus Electrode) .........

Transverse Energy Profile as a Function of Bucking
Coil Ampere-TUurnS ...eeeressrocsoenassassnoransnsns

Beam Radius at Circuit as a Function of Change in
Bucking Coil Ampere-Turns .....ceeceecesenssoncssns

Transverse Energy Profile as a Function of Distance
From Center of Cathode to Tip of First Anode ......

Variation of Transverse Energy Profile with
Beam Current R R R R R

Transmission of TE,, Mode through Anode Load vs
Load Gap and FrequUenty .....ceeveessoasssonascesanns

Effective Interaction Cavity Length ...............

Milestone Chart .....iciirviernecensnennanns Ceeeeeas

10

13

14

15

16

18

19

20

21

22
21

28



ABSTRACT

The objective of this program has been changed from developing a
microwave amplifier or oscillator capable of producing 200 kW CW power
output at 110 GHz to developing families of microwave oscillators capable of
producing 200 kW of peak power output at 60 GHz and some higher frequency,
possibly 90 GHz or 110 GHz, with pulse durations at 100 ms, 30 s and CW.

The use of cyclotron resonance interaction is being pursued.

The early design phases of this program are discussed.



I. INTRODUCTION
.

The objective of this program has been changed from developing a
microwave amplifier or oscillator capable of producing 200 kW of CW power at
110 GHz to developing families of microwave oscillators capable of producing
200 kW of peak power output at 60 GHz and some higher frequency, possibly 90
AGHz or 110 GHz, with pulse durations at 100 ms, 30 s and CW. Tunability or
bandwidth is not considered an important parameter in.the design, but
efficiency is. Mode purity in the output waveguide is not a requirement for
the device, but the circular electric mode is considered desirable because

of its low loss properties.

With these objectives in mind, an approach based on cyclotron resonance
interaction between an electron beam and microwave fields is being pursued.
The detailed arguments leading to this approach are contained in the final
report of a preceding study pr'ogr'am.1 The device configurations of
particular interest, called gyrotrons, have been discussed in recent
literature.z's They employ a hollow electron beam interacting with

cylindrical resonators of the TEom1 class,

The optimum beam for the cyclotron resonance interaction is one in
which the electrons have most of their energy in velocities perpendicular to
the axial magnetic field. Another requirement is that the spread in the
axial components of the electron velocities be as small as possible.
Electrons which have different axjal velocities will not interact

efficiently.

The approach chosen to generate the .beam is a magnetron type of gun as
is uéed on the 28 GHz gyrotron, also developed for Oak Ridge National
Laboratory.G’7 With this type of gun the shaping of the magnetic field in
the gun region becomes quite important.

The 60 GHz gyrotron development is progressing on schedule. The 3A/cm2
gun design is nearing completion. The superconducting solenoid magnet
design is nearly complete. Techniques for loading the anode drift tube are
being investigated. Overcoming the pumping impedance at the small beam



tunnel is being explored. Cold test models are being fabricated and cold
test compor.’nts are on order. The microwave design of the window is

complete and ceramics are on order.

The 110 GHz gyrotron development has been terminated. Prior to
termination the electron gun computer design was completed and mechanical
design started. A drift tube load cavity had been designed. Cold test
measurements directed at determining the effective interaction cavity length
were completed. A variety of outpui/collector coupling schemes were
considered. A window was designed and ceramics received. Piece parts for

the waterload, power sampler and arc detector were received.

[\



II. 60 GHz 200 kW PEAK OSCILLATOR

A. ELECTRON GUN COMPUTER DESIGN

The 60 GHz gun design has a mean cathode radius of 0.175". The cathode

loading is 3 A/cmz. A plot of nine trajectories is -shown in Figure 1.

Figure 2 shows the transverse energy profile for the 60 GHz gun design
whose trajectories were plotted in Figure 1. The transverse velocity
variation of this design is +3.25%. The design calls for a curved back

focus electrode.

Additional work will be done to see if the curved back focus electrode

can be replaced by a straight (conical) one.

B.  SUPERCONDUCTING SOLENOID MAGNET COMPUTER DESIGN

Since it is desired to increase the bucking coil radius in order to
achieve better voltage holdoff characteristics, additional runs will be made
to verify that a satisfactory transverse energy profile can be obtained with

the larger radius.

A new Varian magnetostatic program has now become available which
computes the normalized flux array for an iron-free magnet system in a form
suitable for use in the gun program. Both on-axis and off-axis axial and
radial components of flux density are computed as well as the vector
potential. This new program is in the final stage of debugging and will be

used for future computations on this project.
C. INIERACTION CIRCUIT
1. Anode Design - Beam Tunnel

The beam tunnel design is sketched in Figure 3. This assembly is
composed of the second anode electrode face on one end and the load cavity

on the other end. Following the adiabatic compression of the electron beam,
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‘the beam tunnel contracts iﬁ diameter as it runs toward the interaction
circuit. Im* order to prevent parasitic oscillations in the beam tunnel,
this region has been designed for high rf loss. Carberlox loss rings,
alternated with metal beam shaving rings, provide an axisymmetric loss
structure. The carberlox rings are recessed, with a larger inner diameter
than the beam shaving rings to prevent electrostatic charging by stray
electrons. To avoid any cylindrical structure which is capable of exciting
oscillations, the individual metal beam shavers have conically tapered beam
holes. At critical locations such as the anode face and the entrance to the
load cavity, the shavers will be made of molybdenum to reduce sputtering
damage in case of beam interception. Enclosed in a copper sleeve, the
entire beam tunnel assembly will be housed in a water jacket. Ceramic parts
‘for the beam tunnel are on order and mechanical design of the assembly is in

progress.
2. Anode Design - Gun Pumping Manifold

In order to avoid cathode poisoning during gas bursts in the tube, it
is necessary to provide sufficient (2 1 L/sec) pumping speed at the gun.
Unfortunately, because of space restrictions, the gyrotron VacIonR pumps
must be located at the collector end of the tube and the beam tunnel is then
used as the pumping path to the gun. The addition of a separate gun pumping
manifold has become necessary in high frequency gyrotrons because, as the
beam tunnel diameter is reduced, the pumping speed of the beam tunnel
pumping path drops sharply as shown in Table I.

TABLE I
Pumping Speed
Freq. Pumping
Device (Ghz) Speed (%/s)
VGA-8000 28 3.0
VGE-8060 60 0.4
VGT-8010 110 0.05

The gun pumping manifold will surround the beam tunnel assembly and

terminate near the face of the second anode. A separate 8 L/sec Vaclon pump



will connect into the pumping manifold via a long pumping line which runs

toward the collector end of the tube.

Past experience has shown that it is necessary to baffle the gun end of
the gun pumping manifold with an rf sieve in order to avoid rf heating of
the auxiliary Vaclon pump. The sieve must attenuate rf without cutting down
on the pumping speed. Assuming that the sieve will contain a large number
of long, circular cross-section holes, the optimum hole size for good
pumping speed, combined with good rf attenuation, lies in a narrow range, as
shown in Figure 4. With a suitable sieve design, the gun pumping system
should provide a total pumping speed of ~2 L/sec at the gun. Mechanical

design of the pumping manifold is procéeding.
3. Cavity Design

Cold test cavities for the 60 GHz oscillator have been fabricated. The
TEO2 cavity, when properly loaded, has an external Q of 520 + 50. Further

cold tests are in progress on the TE02 and TEO3 cavities.

Experience with the 28 GHz oscillator indicates that modes other than
the desired cavity mode may compete for interaction with the electron beam.
Particularly troublesome are modes with the same radial mode number and
roughly the same frequency as the desired mode. The competing mode
densities of a 60 GHz TE;, and a 60 GHz TE;, oscillator are compared in
Figure 5. Sister modes of the TEO11 and TE021 with axial mode numbers
greater than unity, and all other modes with axial mode numbers greater than
six, have been ovwitted for clarity. The TE22p family of modes have proven
to be troublesome in the 28 GHz devices which operate in the TEO21 cavity
mode. The TE3

competition in these devices, but are too far removed from the TE021 in

2p family of modes may also have been observed in mode
frequency to cause significant problems.

As shown in Figure 5, a TE011 oscillator would be subject to a far
lower competing mode density than a TE021 device, although the TE216 and the
TE31, may give difficulties. For this reason, we are exploring the
possibility of using the TEO11 cavity mode for the 60 GHz oscillator. A



IN 10~3 LITERS/SEC/mm2

FIGURE 4. NORMALIZED PUMPING SPEED vs NORMALIZED CHANNEL DIAMETER
AT FIXED R.F. ISOLATION
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TEO1 60 GHz cold test cavity has been made and cold testing is proceeding.

Other means gf suppressing mode competition are under investigation.

D. Qutput Window

During the report period the electrical design of the output window was
completed. For CW operation, a double disc window with face cooling (FC75)
was designed with a .050" FC75 gap using both AL-995 and BeO (99.5%)
ceramics. A computer program wa® written and used to determine the ceramic
thicknesses needed for a match at 60 GHz. These values are .524 Ag for
AL-995 and .529 Ag for BeO (99.5%). 1In terms of actual dimensions, these
translate to .0413" and .0338", respectively. To insure that the ceramic
can withstand stress due to heating and pressure, Be0 ceramics with
thicknesses of 1.529 Ag (0.120") and 2.529 Ag (0.198") and AL-995 ceramics
with thicknesses of 1.524 Ag (0.099") and 2.524 ig (0.163") were ordered.
Delivery is expected by March 1, 1980.

A single disc Be0 window was designed for the experimental pulsed
oscillators. To insure mechanical integrity, the window thickness was
chosen as 1.5 Ag or 0.117", Ceramics were ordered and delivery is expected

by March 1, 1980.

Mechanical design is started and will be completed during the next

quarter.

11



III. 110 GHz 200 kW CW OSCILLATOR

A. Electron Gun Computer Design

Since 3 A/cm2 cathode loading could only be achieved at a 0.168" mean
cathode radius by using a compound curvature of the cathode surface rather
than a conical surface, it was, for ease of construction, decided to use a

loading of U A/cm2 for the 110 GHz gun design.

Various designs using a 25° cathode angle instead of 23o were tried on
the computer with good results. The transverse energy profile for the best
25° design is shown in Figure 6. The transverse velocity variation at the
interaction circuit for this case is +2.45%. Nine trajectories were used in
the computer simulation. Figure 7 is the plot of these trajectories as
computed by thevXGUN program,

A number of computer runs were made using this design in order to
determine the sensitivity of the transverse energy profile to various

parameter variations.

The first anode voltage for this design is 15,800 volts. Two
additional computer runs were made--one at 15,500 volts and one at 16,100

volts. The resulting transverse energy profiles are shown in Figure 8.

To determine the effect of changing the angle of the first anode, five

computer runs were made with the following angles:

1. 25.590°
2. 26.362°
3. 27.604°
y., 28.724°
5. 29.930°

The results of the runs are plotted in Figure 9. In this case eight
trajectories were used and the graph shows the transverse energy at the

interaction circuit for each trajectory and each first anode angle.

12
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Since the current in the bucking coil at the cathode will probably be
adjusted for trimming purposes, it seemed desirable to determine the
sensitivity of the gun performance to nominal changes in this cﬁrrent. Two
additional runs were made by recomputing the input magnetic field profiles
for changes in the bucking coil current of -10% and -20%. The effects of
these changes on the transverse energy profile are seen in Figure 10.
Ralising the current in the bucking coil is tantamount to lowering the field
at the cathode. This has the same effect as raising the voltage at the

first anode.

From these same runs it was possible to determine the beam radii at the
interaction circuit for each of the three cases, assuming adiabatic

compression. A graph of these results can be seen in Figure 11,

Figure 12 shows the results of small perturbations in the distance from

the center of the cathode to the tip of the first anode.

The nominal beam current is 8 amperes. Since there may be occasions
when different beam currents may be used, the effect of changing the beam
current on the transverse energy profile was investigated. Three runs were
made on another similar design at 5 A/cm2 loading. The effects are shown in

Figure 13.

B. Int tion Ci i
1. Load Cavity Design

We have measured the transmission loss of TE11 radiation launched at
the oscillator cavity drift tube, through the load cavity designed for the
110 GHz oscillator. The loss element in the load cavity is a water-cooled
lossy ceramic rather than a water-backed ceramic window as has been used in
the 28 GHz designs. The advanﬁage of this approach is that it makes the
load cavity more broadband. The load cavity transmission fraction is
plotted versus frequency for various load cavity drift tube gap sizes in

Figure 14. At larger gap sizes the loss becomes less sensitive to

17



8T

100 -
801 0%
\
60} —
40t —10%

e
0 3 1 1 1 1 i 1 A J
1 2 3 4 5 6 7 8 9

TRAJECTORY NUMBER
FIGURE 10. TRANSVERSE ENERGY PROFILE AS A FUNCTION OF BUCKING COIL AMPERE-TURNS



.03 -

02 |

BEAM RADIUS AT CIRCUIT (INCHES)

.01

- A J

~20% -10% 0
PERCENT CHANGE IN BUCKING COiL AMPERE-TURNS

FIGURE 11. BEAM RADIUS AT CIRCUIT AS A FUNCTION OF
CHANGE IN BUCKING COIL AMPERE-TURNS

19



02

TRANSVERSE ENERGY keV

80

70

50

20

10

0.663"
L /
0.714"
0.688"
n
1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8
TRAJECTORY NUMBER |
FIGURE 12. TRANSVERSE ENERGY PROFILE AS A FUNCTION OF DISTANCE

FROM CENTER OF CATHODE TO TIP OF FIRST ANODE



12

TRANSVERSE ENERGY (keV)

80

75

70

60

55

50

CATHODE LOADING = 5 AMPS/CMZ2 @ | = 8 A

-
=
=

1 1 L | A . i 1 —J

2 3 - 4 5 6 7 8 9

TRAJECTORY NUMBER

FIGURE 13. VARIATION OF TRANSVERSE ENERGY PROFILE WITH BEAM CURRENT



A

, 127 , GAP
/

_ - 1.45 1, GAP

. 1.64 A, GAP

C
A =110 GHz = 273 cm

(%)

10}

0 1 1 | o |
109 . 110 M

FREQUENCY (GHz)

FIGURE 14. TRANSMISSION OF TE11 MODE THROUGH ANODE LOAD
vs LOAD GAP & FREQUENCY



frequency. A 1.27 X gap provides about 7 dB of loss at 110 GHz. These
results are @ncouraging, and mechanical design of a scaled version of this

load cavity is underway for the 60 GHz tube.
2. Effective Interaction Cavity Length

We have used the reactive loading properties of a dielectric bead
to investigate the rf field structure in the interaction circuit. The
dielectric bead affects the overmoded cavity transmission resonance signal
in two ways. There is the familiar dielectric detuning of the resonance
frequency fo by some frequency shift Af ~ Eez (Z). A second effect
dominates when the bead is large (i.e., when (bead size) * (cavity size)
<< 1 is not satisfied). In this case the bead imposes boundary conditions
which couple the cavity fields to propagating (non-evanescent) waveguide
modes. This diminishes the external Q of the cavity from the values, QL’
measured when the bead is absent. The resulting reduced cavity QEXT is a
function of the axial bead position z. By a simple argument, one can show
that the fractional change in QEXE is related to the cavity field amplitude
according to: (1-QEXT(z)/QL ~ Eq4 (Z). This expression is valid only when
Z { L is satisfied. For Z 2 L, the bead partially reflects the cavity
output signal. In this region, while the data provide no exact information
on electric field amplitudes, local maxima in QEXT(Z) are observed at axial

positions where the electric field is at a null.

An experiment was performed to determine the rf field structure within
the interaction cavity and the nearby output waveguide structure. A small
(0.13 em x 0.13 em) cylindrical dielectric bead was drawn through the
110 GHz TE02 cavity (cavity radius = 0.31 cm) on a nylon thread along a line
parallel to the axis of symmetry with a radial displacement corresponding to
the position of the first electric field maximum in the cavity. The cavity
was excited in the T802 mode and the peak height of the transmission
resonance signal, which is roughly proportional to the cavity QEXT’ was
observed as a function of bead position. A typical set of data are shown in
Figure 15. The cavity contains a one-half wavelength electric field
variation which extends slightly beyond the cavity structure toward the

output waveguide. From there on toward the collector, the guide wavelength

23
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of the rf field decreases, as seen by the decreasing separation between the
local maximz, in the data. The effective length of the cavity, for lack of a
better definition, is therefore the distance between the first two local

maxima: in this case 1.8 cm or about 6.6 A,

C. Qutput Window

The microwave designs for fluorocarbon liquid face cooled double disc
alumina and beryllia windows were éompleted. The long lead time alumina and
beryllia discs have been received. Mechanical design of the remaining parts
was terminated with the redirection to 60 GHz.

25
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IV. WATERLOADS, POWER SAMPLERS AND ARC DETECTORS

Piece parts for the waterload have been received. Construction will be
completed in time for the first tube test.

Piece parts for the 110 GHz power sampler and arc detector have been

received. Assembly has been postponed.

26



V. PROGRAM SCHEDULE AND PLANS

A schedule for the 60 GHz gyrotron development program is shown in
Figure 16. '

During the next quarter the electron gun, superconducting‘solenoid
magnet, output/collector and output window designs will be completed.
Because of the redirection in frequency,borrowed equipment will be used for
cold test measurements until the arrival of our own.

27
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2.3 Purchase 0 —N
3.0 Interaction Circuit
3.1  Microwave Design Jr— ,{5
3.2 Pulsed Oscillator Cavity O—A
Assembly Drawing
3.3 Make Pulsed Parts Q- AN
3.4 Cold Test —N
4.0 Output/Collector
4.1 Microwave Design ——[5
4.2 Pulsed Oscillator
Output/Collector O—N
Assembly Drawing
4.3 Make Pulsed Parts (g {5
44 Cold Test O— -
4% Assemble (} N
5.0 Output Window
5.1 Microwave Design H———[S
5.2 Output Window
Assembly Drawing C) 7--5
5.3 Make Parts (} {5

FIGURE 16. MILESTONE CHART
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QORIGINAL START

O INTERMEDIATE OR DECISION POINT

'surus REPORT
TIME

D REVISED START

PROPOSED SCHEDULED DEVIATION
FOR A MAJOR MILESTONE

D\MAIOR MILESTONE

—— ACTIVITY SCHEDULED =mmm ACTIVITY COMPLETED

PRAOGRAM

EBT-P 60 GHz DEVELOPMENT

JOH NO.

STATUS RLPURT DATE
31 DECEMBER 1979

DESCRIPTION

FYy 1980

FY

1981

FY 1982

AlS JOINI|D

6.0

7.0
7.1
7.2
7.3
74
75

10
1.1

1.2

2.0
2.1
2.2
23
2.4
25
2.6

1.0
1.0
20

2.1
2.2

A. GYROTRON X-1 (Cont.)

Final Assembly Drawing

Assemble

Pulse Test

Modify & Reassemble |
Retest |

Modify & Reassemble 1|
Retest {1

8. GYROTRON 100 res 1

Oscillator Cavity
Assembly Drawing

Output/Collector
Assembly Drawing

Final Assembly Drawing

Make Parts

Assemble

Test

Modify & Reassemble |
Retest |

Modify & Reassemble ||
Retest 1l

C. DELIVERABLE SOLENOID
MAGNET

Build

D. 50 GHz COMPONENTS

"Build Pulsed Waterload

Power Sampier and
Arc Detector

Assembly Drawing
Build

=

S |OINID]J

T
o5

A

s
Y

N

ol

Qb

Qb




115

ey w v s

(QORIGINAL START . [OQrevisep stanr - O\MAIOR MILESTONE’

MILESTONE CHART AND STATUS REPORT U INTEHMEDIATE OR DECISION POINT B R A MAIOA ML ESTOnE VIATION
STATUS REPORT

TIME — ACTIVITY SCHEODULED e ACTIVITY COMPLETED
PROGRAM JOB NO. STATUS REPORT DATE
EBT-P 60 GHz DEVELOPMENT 31 DECEMBER 1979
FY 1980 FY 1981 FY 1982

DESCRIPTION

Jlalstlo|nN]D}JJ]|F|M]|A[M]I|I]A]|]S|O|NI|D ]I IF|M]A[M]J

E. GYROTRON 100 ms 2
1.0 Make Parts d} .
1.1 Assemble ‘
1.2 Test
1.3 Modify' & Reassemble | q —N\
1.4 Retest | OF—Q
1.5 Modify & Reassemble (I

1.6 Retest 1 , O\

f. GYROTRON 30 s 1

1.0 Oscillator Cavity
Assembly Drawing

1.1  Output/Collector
Assembly Drawing

1.2 Final Assembly Drawing

OO
YV

ir
\w g g

9
oD D
o D

2.0 Make Parts
2.1 Assemble (}

N
22 Test @2 oA
2.3 Modify & Reassemble | O-_.{S

2.4 Retest | - | O—
25 Modify & Reassemble 11 () 1Y

2.6 Retest Ii O
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MILESTONE CHART AND STATUS REPORT

QORIGINAL START [Jreviseo sTaRT {\MAJOR MILESTONE
O INTERMEDIATE OR DECISION POINT D SCHEDULED DEVIATION

?TS!“ REPORT  ___ ACTIVITY SCHEDULED wsmm ACTIVITY COMPLETED

PROGRAM

EBT-P 60 GHz DEVELOPMENT

JOB NO.

STATUS REPORT DATE

31 DECEMBER 1979

DESCRIPTION

FY 1981

FY 1982 FY 1983

AM J

N[D|]J]|FIMjAIM]I I | A]|S JO|N][DJJ |F |M

G. GYROTRON 30s 2

1.0
1.1
1.2
13
14
15
1.6

Make Parts

Assemble

Test

Modify & Reassemble |
Retest |

Modify & Reassemble I}
Retest I

H. GYROTRON CW 1

1.0
1.1
1.2
13
14
15
1.6

Make Parts

Assemble

Test

Modify & Reassembie |
Retest |

Modify & Reassemble |l
Retest |1

I 60 GHz COMPONENTS

1.0

20

30

4.0

Build CW Load

Build Deliverable
Pulse Load

Build Deliverable
Power Sampler
Arc Detector

Build Deliverable CW Load

¢

Qb

AN
o
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" MILESTONE CHART AND STATUS REPORT

' (O ORIGINAL START

& INTERMEDIATE OR DECISION POINT

STATUS REPORT

[ revISED START

L\ MAJOR MILESTONE

PROPOSED SCHEDULED DEVIATION
FOR A MAJOR MILESTONE

1.6

Retest |1

TIME —— ACTIVITY SCHEODULED omme ACTIVITY COMPLETED
PROGHAM 108 NO. STATUS REPORT DATE
EBTH 60 GHz DEVELOPMENT 31 DECEMBER 1979
FY 1982 FY 1983 FY 1984
DESCRIPTION T FIm]alm sloInJo o lFr]m 3 s Le I[N D
J. GYROTRON CW 2
1.0 Make Parts
1.1 Assemble
1.2 Test (@ gm A
- 1.3 Modify & Reassemble |
1.4 Retest | D—7D\ -
15 Modify & Reassemble 11 O—
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