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1. INTRODUCTION AND SUMMARY

This final veport describes the study, design, development, and test results of
a high power, low loss, K-band switch suitable for space applications.

This development efvort is of significance to NASA as it provides for high power
latching switches which will be required in 20/30 GHz communication satellite systems.
Specifically, a wavequide latching switch with a bandwidth of 1300 MHz at an insertion
loss of 0.25 dB was demonstrated. This type of component has been developed at X~
band, tested, and qualified for use in a space vehicle,

The period of performance was originally 27 February 79 to 10 June 80, Delivery
of the switch was extended to 19 August 80 due to delays in material delivery and
development complications, The First switch was delivered in mid-August; the second
unit was developed further, resulting in improved performance. Table 1 specifies
the design goals for these devices and lists the performance achieved. The proposed
switch design was a natural extension of a highly successful high power X-band latching
switch that was qualified for space applications early in 1978, This component demon-
strated extraordinary performance over band and was recently adapted for use in the
LANDSAT program. The design for a switch at 19 GHz was extended from this X=band
model.

A photograph of the K-band switch is shown in Figure 1. For an application
involving redundant TWTA's, the input port would be to the right and on its opposite
side (not visible), The output port would be to the left. Note the compact desian
with a single 9 pin plug for power and switching; the actuating circuitry is located
within the housing.

This report is organized as follows: Section 2 details the design considerations
of the switching junction and Section 3 describes the development of the fixed and
switching junction, as well as actuating circuitry and testing. Overall conclusions
and recommendations are contained in Section 4,
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2. DESIGN CONSIDERATIONS

2,1 Introdustion

The design approach to the waveguide RF latching switch is described in this
section. In the nov~l TRW desian, the RF and driver ferrites are separate structuves
and, thus, can be optimized individually. The analysis for each structure is
separately detailed in this section,

Throughout the development of circulators at TRW, computer analysis has con-
tributed to the design of these state-of-the-art components. HWith circulators having
been previously designed over several fruequency bands, a computer program was written
to more quickly arriva at a solution for a given requirement. This algorithm has
grown and been revised and refined many times contributing useful infortation during
each project. A brief discussion of the Lomputer Aided Design used during the switch
development is contained in Section 2.4.

2.2 BE Design

The current state-of-the-art at TRW of ferrite components had 1ts inception
several years aqo when a market search disclosed that the comconents available were
inadequate by wide margins. Since that time, an impressive 1ing of circulators has
been developed over a number of waveguide bands axtending well into the millimeter
wave frequencies. The knowledge gained through this experience was directly applied
to the design of this switching circulator. Due to the separation of RF and switching
ferrites, the RF structure was initially developed as an independent unit, The rest
of this section describes the RF design of a circulator with reference to a switching

junction,

The c¢irculator, which is produced at TRW, employs a cylindrical geometry which
was patented in 1978. Basically, the RF section features a dual turnstile junction,
As shown in Figure 2a, the circulator consists of a dielectric tube which contains
two ferrite rods, two dielectric spacers, and a thin metallic wall septum separating
the above parts along the center of symmetry of the waveguide to form two turnstiles.
This subassembly is indexed and locked in the center of symmetvry of a uniform junction
of three waveguides by the metallic transformers installed in the tep and bottom
walls of the housing as shown in Figure 2b,

The specific design of the RF junction in the K-band switch is largely based on
the typical junction configuration depicted above. There are, however, two distinctions
of major significance. The thin metallic septum which was previously luocated in the
center of a junction is now located at either end; a single dielectric disk replaces
the two earlier separated dielectrics. As depicted in Figure 3, the RF junction used
in a switching circulator features ferrites chamfered on the finterior edge to enhance
their magnetic characteristics. Dimensions for this junction are based on the non-

switching junction dimensions.
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Figure 2a. Complete Set of Ferrite Junction Piece Parts

Figure 2b. Cross-Section of Circulator Showing Junction Assembly
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Since a large part of the initial junction dimensions is assigned based on our
computer analysis, further discussion is continued in Section 2.4, The performance
of this circulator 1s included in Section 3.

2,3 Driver Design

The next step in the switch desian process is to determine a compatible ferrite
driver assembly, A driver design 1s based on a varfety of restrictions, several
of which are imposed by the RF junction dimensions. Performance 1is also affected by
the materials and the volume of the driver,

A driver assembly 15 fundamentally comprised of two ferrites, one coaxially
located within the other and separated by a small gap. As shown in Figure 4, this
space 15 provided to accommodate the switching ¢l and to insure a high magnetic
rejuctance path between the ferrites, A cap of identical material is bonded to the

top furnishing part of uhe magnetic path. Utilizing identical material in the epoxied

driver, preserves the mechanical integrity as thermal expansion and vibration effects
are constant throughout the unit. The RF ferrite provides for the ather segment of
this magnetic path depicted in Figure 5. To maintain the switch fatched in 1ts last
switching condition, an intimate contact between the RF ferrites and their driver
ferrites 1s insured by a properly designed wavy-washer spring which compresses the
whole Junction asscmbly. In this way, the thermal expansion, shock and vibration
problems are effectively eliminated.

Figure 4, Driver Assembly for Switch
7
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Figure 5. Magnetic Loop of Switching Junction
(Only 1/2 of Junction is Shown)

A ferrite driver has 1ts general volume determined independently of most RF
Junction criteria. This is due to the fact that the size of the switching coil wire
is a functien of the switching current, which is essentially constant and independent
of frequency. In larger waveguides, coil size is a minor problem. However, the size
is a significant factor at K-band and above. It 1s mandatory that the ferrite driver
volume remains constant; there is a minimum size required to insure the driver has
adequate mass (magnetic energy storage capacity) to latch in a given direction,

The desian of the RF junction significantly affects the driver design. Both
the i .terial used in the RF ferrite, as well as its shape, affect the respective
elements of the driver, Ferrite used in the driver should have a high residual
magnetization (Br) with respect to the RF ferrite magnetization (Bm). A higher B~
Bm insures that the Jjunction 1s properly latched. As shown in Figure 6, a magnetic
hysteresis loop can be used to describe latching in the microwave switch, A driver
of small Br'Bm at room temperature would be placed at point A, whereas a strongly
magnetized junction would be placed at point B. A bar is sketched through each point
to portray temperature effects, Notice that switch A is useless over part of its
temperature range, Not only will inseriion loss (among other parameters) increase
significantly at greater than room temperature, but there is a possibility the
junction may not latch properly at all. Use of the proper material is of major con-
sideration when designing a switching cirtulator.

8
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Figure 6. Hysteresis Loop of Switch with Two Sets of Drivers
At Low Br'Bm5 B: Higher Br'Bm

Another less pronounced effect is related to the diameter of the RF ferrite.
Previous experience has shown that at the interface between the RF and driver ferrite,
the driver has certain 1imits on its diameter. The actual size of the driver is
determined during the breadboard development.

2.4 Computer Aided Design

As noted in earlier sections of this report, ¢computer aided design has played
an increasing role in the development of non-switching junction circulators. Each
component part of a junction interacts to form a complete circulator and is the basis
of the algorithm which is discussed below.

Primary considerations for any circulator design program are the ferrite character-
jstics.. The most important parameters are the ferrites' dielectric constant and satu-
ration magnetization. Analysis of this dielectric constant with respect to frequency
yields important information about the size of the ferrite, The ferrite length and
diameter are also governed in part by the R/L ratio and operating modes. Saturation
magnetization likewise affects the ferrite dimensions, but not as acutely as the
dielectric constant.



Determination of the other component dimensions extends from the ferrite
dimensions. Again, dielectric constant is of importance in the spacer and contain-
ment tube. Waveguide size has a predominant influence on the lengths of these
impedance matching elements, An extensive algorithm is devoted tu calculating
Junction components once ferrite dimensions are determined. Sample output for a
circulator designed at X=-hand is shown in Figure 7.

Design of a non-switching circulator employing the aid of a computer has been
recently expanded to include switching circulators. A discussion of these refined
programs is included in Section 3.4, Switch Development., :

NAVEGUTDE JUNCTION CIRCULATOR DESIGN DATA

INPUT DATA

FREQUENCY RANGE (GHZ) 7 10
FREQUENCY INCREMENT (MHZ) 1500
SATURATION MAGNETTZATION (GAUSS) 1600
WAVEGUIDE HEIGHT (IN) 0,497

FERRITE DIELECTRIC CONSTANT 15.1
SPACER DIELLCTRIC CONSTANT é&.57

G EFFECTIVE 1.98

JUNCTION DESIGN PARAMETERS

O WO W T e W W W M e e S o e S T e R A e e S e e S e Y

F{GHZ) Lot M3 MU E AAT

R - e W - e - o - - v a e

7.0000 1. 6861 L0106 0. 5986 8.2217 G.z2uh9
8.5000 1.3880 (,5218 G.7277 5.5760 (3997
16. 00600 1, 1801 TR G.3633 4,080 G.581%

JUNCTION DIMENSIONS

uuuuuuuuuuuuuuu R N

F(GHZ) LDCIN) D(TN) HTINCIND  HY(TM) T(IN)

- o S 1 YRR Y o - - . e W b e o R RS

I LGOG 0, 0eu9 11711 ' .
8,5000 G.06u7 1.0223 0.568% PRALY: 0.09 14
10, 6U00 0.1550 ¢.9181 G.7683 G.3789 6., 0590

Figure 7. Sample Output of Circulator Design Program

10
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3. SWITCH DEVELOPMENT

3.1 Introduction

Development of the K-band latching switch was broken into several projects of
varying emphasis. Prior to development, a r2flectometer test set was assembled,
calibrated, and tested, Breadboard activitv proceeds with the fabrication and
tuning of a fixed junction circulator. Once the circulator is finished, development
is extended to the actual switch requiring the longest period of effort, The final
development stages of the switch are paralieled by the design and fabritation of the
switch actuating circuitry, These activities are discussed in this part of the report,
as well as presentation of the final results. Section 3 concludes with the results
obtained from shock and vibration tests and measured thermal nharacteristics,

3.2 Instrumentation

Development of a latching switch at K-band requires a properly calibrated test
circuit and instruments. Since a microwave source that operates from 15 to 22 GHz
is not readily available on the market, a K-band circuit which operates from 18 to
26.5 GHz was substituted, This waveguide latching switch design was intended for
frequencies from 18 to 20 GHz, which allows the substitution, Transitions from the
WR-42 waveguide employed in the test bench, to WR-51 required for the switch, are
utilized where necessary to accomnodate the switch and detector isolator. Figure 8
contains a schematic of the microwave circuit used for this project. In this c¢ircuit,
there are two components which can create errconeous measurements if inaccurately
manufactured ~ the load and the detector. Testing and tuning of these units is
necessary to obtain reliable results.

The basic instrument to measure power is a crystal detector and should, therefore,
be a perfect load to prevent reflections. Anv mismatch in the unit would visibly
degrade the true oerformance of any component under investigation. Unfortunately,
mast commercial detectors present some mismatch to a microwave circuit, as shown in
Figure 9a. Inserting an attenuator prior to the detector enhances VSWR (Figure 9b).
This type of tuning is used in the VSWR detector of Figure 8, where the 10 dB directional
coupler duals as an attenuator. However, an attenuator pad is not as useful as an
isolator for the following reasons: 1) there is a significant improvement in isolation,
and 2) more power is transmitted to the detector with an isolator. A combination of
the attenuator and isolator results in an acceptable impedance match, as shown in
Figure 9¢. Tuning of the detectors effectively prevents impedance mismatch at the
instrument from deqrading the entire circuit.

N
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Another component which r*n adversely affect component measurements is a load.
Similar to the detector, a loau may reflect a portion of its input power, thereby
affectina the performance of the test unit. Figure 10 dramatically illustrates the
effect a poorly assembled load has on the performance of an adjoining circulator.
Examining the available loads, it was determined that commercial K-band loads were
inadequate. Consequently, we designed and constructed loads at our laboratory.
Typical performance of the WR-51 loads is depicted in Figure 11,

One final consideration in our measurement bench is the isolating circulator._
Throughout the development of our own fixed junction circulator, another available
non-TRW circulator was utilized, Upon comoletion of the fixed junction, our superior
eirculator design in WR-51 replaced the test bench WR-42 ¢irculator, which also
eliminates any waveguide mismatch (Figure 8). Periodic tests insured system integrity
throughout the duration of the project.
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3.3 Fixed Junction Circulator

The design of a K-band non-switchina circulator was established from efforts on
circulators at other frequencies and results from our computer program, As described
in Section 2.4, this program generated initial junction dimensions from which bread-
board development ensued. The unit is fine~-tuned to provide a junction with excellent
performange from 18 to 20 GHz.

With material procurement completed by June of 1979, the non-switching Junction
was constructed. Initial development began with TT2-4000 ferrites; analysis through-
out the first phase continually assured us that this was the proper material. The
ferrite and other junction materials were fabricated according tv the dimensions
suggested by computer analysis which are shown normalized in column A of Table 2.
After several weeks of fine tuning, the performance of the non-switching junction
was optimized over the desired band. Final dimensions for this circulator are
included in column B of Table 2, normalized to the computed dimensions.

The non-switching circulator served two purposes for the development of a
switching junction at K-band. First. it provides the initial dimensions for the
RF junction ferrites of the switchina junction. Previous efforts have indicated
that reasonable inftial dimensions for the switching junction are related to the
fixed junction results. Also, the junction was utilized as a fine-tuned isolator to
enhance the measurement accuracy of our test bench as discussed in the previous section.
Performance data on this circulator is presented in Fiqure 12.

Table 2. Normalized Comparisdn of Non-Switching Junction Dimensions
A. Computer Analysis; B. Actual

Variable Definition A B
D¢ Ferrite Diameter 1.00 0.98
Le Ferrite Length 1.00 1.08
Ld Spacer Length 1.00 0.88
t Transformer Height 1.00 0.86
D Transformer Diameter 1.00 1.02

15
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3.4 Latching Switch Development

The K~band latching switch development began with the assembly of a junction with
dimensions calculated from the fixed junction size and ferrite driver restrictions.
Since this particular band does not boast a microwave latching switch with such excels
lent characteristics, development also involves learning and understanding the particular
Timits of this project, The completed switch advances the state-of-the-art of micro-
wave devices, A presentation of the actual development is included in this section
of the report.

Early in the extension of a latching switch from X-band to K-band, a housing
design was chosen. Principa) considerations are wavequide path and size; there is
electrically a very short path through the junction to minimize guide losses.

Miter corners allow a Jow loss bend from the necessary 120° junction angle to the
desirable 90° angles for a simplified circuit connection. Another datail concerns
the housing dimensions., The switch should be as compact as possible while ensuring
that it is s£i11 capable of housing the driver ferrites and actuating circuitry.
This design is shown in Figure 13,

After the housing design was completed, analysis of ferrites to select the proper
materials was initiated. Use of TT2-4000 in the non-switching junction made this the
first choice for the switch. Evaluation continued throughout the project with C-11
and C-44 also showing promising results, The TT2-4000 ferrite was selected due to
its superior performance over the desired frequency range.

Choice of the RF ferrite has a direct influence upon the driver material which
can be used. Originally, TT6-2800 was determined to be adequate for our needs. Later
development disclosed that TT71-4100 was superior to TT6-2800. The reasons for select-
ing this material were presented in Section 2.3.

The ferrites and dielectric used in the switch were under vontinued evaluation to
verify compliance with material standards and specifications. Other parts, such as
the housing and transformer, were inspected to insure all parts are within tolerance.
Quality control for the K-band switch was similar to the system used for the fully
space qualified DSCS II, Phase 2 and Landsat latching switch.

As discussed earlier in Section 2, the non-switching junction results are utilized
in the switching junction design. Essentially, the ferrite dimensions are expanded to
accommodate the magnetic return path which allows a switching junction to operate
properly. Other component parts are adjusted accordingly for impedance matching.

The first latching switch (designated -1) was completed in early August. Its
performance was satisfactory, although it did not meet all of the program requirements.
Figure 14 shows the performance of this switch. Note that the only objective not
reached was bandwidth; this particular unit was 100 MHz short of the 1400 MHz required.
Other requirements were successfully obtained.
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With the first unit completed, a second unit was assembled and further refine-
ments were made. The modified switch exhibited an improvement in bandwidth , as well
as isolation. The performance presented in Figure 15, as well as the data contained
in Table 1 on page 1-2, c¢learly show the improvement. Our second unit successfully
met all of the project requirements,

Although the switches were designed individually and do not exhibit the same
performance, all other specifications are identical, Table 3 contains all data
pertinent to a designer in order to interface the switch with othgr components.

Table 3., Interface Data for K-Band Switch

Item Description
Weight 355 g (12.5 oz,)
Size 9,53 cm. x 3,18 cm, x 5 cm. high
23.75 in. x 1.25 4n, x 2 in, high)
See Figure 13, page 18)
Waveguide WR-51
Flange WR-51 Cover
External Connector DEMA-9p
(See Figure 13, page
and Figure 16, page for wiring)
Power Supply - 24-28 Vdc
Maximum current required (during
switching only) 1 wA
Switching Time ‘ 50 usec
Max. Power Input 100 W {CW)
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3.5 Switch Actuatine Circuitry

The size of the K-band switching housing 1s dictated in part by the actuating
circuitry which 1s contained inside the unit, A1l that 1s necessary to operate the
switch is an external 24 volt power supply and two SPST switches, Closing one external
switch will activate the unit for clockwise circulation, while the other switch will
activate the unit in the opposite direction. Switching time is approximately 50 usec
with a recharge period of 30 seconds necessary between successive actuations of the
same circulation direction,

The schematic for the latching switch actuating electronics consists of two
independent circuits, one for each direction of circulation, Each driver has two
adjacent coils built into the driver which are electrically independent, As shown in
Figure 16, one driver contains coils 1A and 2A, while the other contains 18 and 2B.
Each circuit has 1ts own bank of discharge capacitors, series dropping resistor, and
trickle charge resistor. A series dropping resistor 1imits current in the devices
during capacitive discharge., Similarly, a trickle charge resistor limits power supply
requirements for charging and prevents excessive loading on either the supply or K-

hand sratdbah andle nlu\u'ld n QBCT husaabiaw hasama Luaswan In ddin A.} ond naodddan Tha
VQGIIM 2 Wil Wi ailivuald u JIra l}l CART] MUOWWIHG TULUIT 511 ‘l'}ﬁ A% Gaﬁu VGD[V'\I]I# 171G

pin assignment used for the 9 pin D connector is also included in the figure,

Though the actuation circuitry for the latching switch has two independent
circuits, they are combined onto a single board. This board 15 designed such that
each side holds the components for an entire circuit as displayed in Figure 17,

Note that each side contains four capacitors to increase reliabilitys switching capa-
bility 1s sti11 intact with two capacitors disconnected. The circuit board is placed
into a cavity located inside the switch housing. Special foam 1s packed around the
board enabling the unit to pass shock 2=4 vibration requirements with ease. Figure 18
shows a hidden view of the board as it resides in the latching switch.

The power supply for the switch should be at least 24 volts. Switching will
sti11 occur reliably at 15 volts, but the recovery time for the actuating circuitry
is Tonger.

22



spc AW @ SRKLIAL

Aa3Lnoar) Burienioy YdRIMS furydje] 40 JLIBWAYIS

"g| 24nbL4

!‘.I‘Il'ﬂ.l\

IINCN I

9Ly -GeEL

NS 7861118

1 toe 30 00 § e

NOUYI Y.
ATSY DM G G280

a
¢
£
§
¥
e

NN ONLEWLLIY HOLIMS
E T IIVNEHDS 9Pl

v

ML

EnEm=

Sead Smi BE GBI W0
e L TaeaITION L

e ]
e TR
A r0es .M.nvlmf"ﬂ Ll e ERSS «
ek [T ot e MY o inZ et 9T e L) WOSEIANTS W
WV}"’ 'n.‘!ir.‘gi
I‘l\.aﬂw\hu‘iﬁ K. mroes 5 T i it #ar| X3 st O Suca ORNE
oY e = 36 T LN TOwSNE
B i) ERCE Lo
= N} SenFwo TOR TN ) B N s ol
R s I RCK: 1o O

lll|lllll|lllll|llllllll

1 uo>mm,_.\ua>mm_\ua>mmhuo>mm.&

SNOISIASY

1 T m.i.v._. uz:Jv %ﬁuf

Janse LIGASE .Te, s€ H&SL.

u&vH uﬁv\m %‘QH mé.w\_.

Mog 2| sz
6
IuVdS| L
3uvas] 2
X 2X A 2A =t
- + [~ ]lﬂ[
vz 0D |1 10D .| ane
2A tA 2X 1x ko8
s U VO U Lo y |
g2 oD T 1102 ,
g o
o
HOE 11 82+
m -

1

GI141934S ISIMUIHI0 SSTINA S0

4

"

| Snentoven-

23



£a3insar] DuLgenisy YoS3LMS 3O 3n04ART pAeog /1L a6

AL A gk WE T4 S

——— = > mﬂm“ ” P o IR
W'.l i i * ey
[yl y-SeEL s [ERst a I
ISy LA i
AR SUED SHEYRLSY HD A === ==
F ANCAYT 09903 L1212 To_rooE  L=wms
; 3
£

o
N0 HILAS n.HH\\Nm HNM\ T Y

o oo g
! N : : if :
Add4nS nwnk.sb\» Lﬂ; ; : i

Iz

Nt HOUN S D B

T L T 17 1 7 1 e vy ey vy

24




paeog Buijenioy O MLA [RUMSIUT "8l 24nbL4

AEE A S00E MILIAS
- Thmarwl 130, 4G 1834 B MaCh ks
b Ileme= e T T E N o
2y D e

IT0e 1YD4 o 13 - TR

FWRCRA Jrrrmrsmmmmrr o=t IO RS 345 T bl T
WS

o
Gl p-Gog  Moeset|a ==

o RS ko] &3 Taivect

L
§
[t
han

[ xqanassy auvoa Linoun =

Qzanw mUPa\}m m.m-;wmll-w R ! - B S X Pt ey

=2 j oy amom X !\Lgﬂl-ncﬁiub >

i S DO - e KR 2 et [ S st B | Ts TS Swa 0 \Iﬂn-u.nnﬂaxg“wklnﬂﬂ“
iy P PE o i Seciaz

ML .W);\rsm..lﬂ e e i bt ipirend

L‘Wlw«i tneed SHL G CHOCLY WDE Tl | e T3% 08 F
] S L8 DRATTIE 3U - Pwessd CHAT FariaD It

l]llllllllllllll‘lllllllllll

2 (] (e]
z(c ¥, (k)
SE Y
£5 W0 [) O
T

Q31419345 ISUANIHIO SSTINND *SILION

SNOISIAZY




A ST

3.6 Shock and Vibration

After completing the second latching switch, this unit was sent to the Environmental
Test Department for shock and vibration tests. The results of this testing apply to
both K-band units as the mechanical design is identical, (Swmall changes in the junction
dimensions do not affect the structure of the switch,) '

The testing of our -2 K-band switch followed the test procedure dated 6 November
1979, This procedure outlines the type and level of both the shock and vibration tests.
Specific documents which form a part of this procedure are NAS3-21761, provided by NASA,
and EV2-48 generated by TRW. A sunmary of the shock and vibration guidelines is contained
in Table 4,

Table 4, Shock and Vibration Test Program

Ambient Condition:

Temperature 65-80°F

Relative Humidity 70% RH or Tless

Barometric Pressure between 28 and 32 inches of mercury .
Virbration:

Perpendicular to mounting surface

Frequency Level

200-100 Hz Increase at 6 dB/octave to 0.4 gz/Hz
100-180 Hz 0.4 g2/Hz

180-1000 Hz 0.3 g%/Mz

1000-2000 Hz Decrease at 6 dB/octave

Overall grms = 21.61

Parallel to mounting surface

Frequency Level

20-100 Hz Increase at 6 dB/octave to 0.1 gz/Hz
100-1000 Hz 0.1 g%/Hz

1000-2000 Hz Desrease at 6 dB/octave

Overall grms = 11.97

Test duration One minute per axis for each of

three orthogonal axes

Amplitude 30 "g's"
Duration 8 wS
Test to be done on all three axes

26
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As noted in the original test program, the switch performance is measured prior
to each test and again after test completion. Final performance of tha switch is
recorded before the vibration test; this data was shown in Figure 15. Vibration tests
were consistent with the guidelines contained in Table 4. Figure 19 shows the results
of the vibration tests for all three axes of the switch.

Referring to Figure 13, which shows the housing design, the X-axis is perpendicular
to the port 1 flange, A line which is perpendicular to the port 2 flange (or port 3)
is the Y-axis, with the Z-axis perpendicular to the top surface of the switch,

After vibration tests are completed, the switch performance is compared te its
original data, indicating latching has been maintained. The switch is then returned
to environmental test to obtain shock data; results for this test are shown in Figure 20.

A final set of measurements {s taken on the -2 K-band switch performance after
shock tests are complete. The status of the switch is closely monitored to verify that
the unit is still positively latched, Comparison between the original measurements
and this final set will reveal any flaws in the switch desian. The post-shock data
used for comparison is presented in Figure 21.

An examinatvon of the final performance of the K-band switch shows negligible
change in performance, Both shock and vibration tests were passed without difficulty.
The switch remained latched in its last position throughout either test without any
degradation in performance; it is clear that the switch is mechanically and electrically
qua’ified for the rigors of space,
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UNIT: K.Band Switch
SIN: 005
CALIBRATION

Vertical: 10 z,h/c-
Morfzontal: « mS/cm

AXIS: #x
ACCEL: Control
PULSE: 1

UNIT; K-Band Switch
S/N: 002
CALIBRATION
Vertical +J gpk/cm
Morfzontal: & ms/cm

AXIS: *X
ACCEL: Control

v

PULSE: ¢

UNIT: K-Band Switch
S/N: 002
CALIBRATION
Vertical: 10 gpk/cm
Horizontal: 2 ms/cm

AXIS: X

ACCEL: Control
PULSE: 3

Figure 20a. K-Band Switch Shock Test Data: +X Axis
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UNIT:  Refland Switch
S/N: U0
CALIBRATION
Vertical: 10 gpk/cm
Horfzontals £ msfem
AXIS: X
AGCEL: Control

PULSE: 1

UNIT: K-Band Switch
S/N; 002
CALIBRATION
Vertical: 3 gpk/em
Horizontal: < ms/em

AXIS: X
ACCEL: Coutral
PULSE: &

UNIT: keBand Switch
S/N: o
CALIBRATION
Verticals 10 gpk/em
Horizontal: 2 ms/¢m

AXIS: X
ACCEL: Control
PULSE: 3

Figure 20a. K-Band Switch Shock Test Data:

3]

+X AXis



UNIT: K-Band Switch
S/N: 00
CALIBRATION

Vertical: 10 eph/ca
Morizontal: 2 ms/cnm

AX1S: X
ACCEL Sabnat

PULSE

UNIT: K-Band Switch
S/N
CALIBRATION
Vertical ' ok
Morfzontal

AXlS X
ACCEL Nty

P Cf

WIT:  X.Band Swit
S/N
CALIBRAT ION

Vertica) 10 apk

Horizontal
AXIS \

ACCEL

PULSE

ORIGINAL PAGE 18
OF POOR QUALLI

Figure 20b K-Band Switch Shock Test Data \



UNIT: K«Band Switch
S/N: 002
CALIBRATION
Vertical: 10 gpk/em
Horizontal: 2 ms/cm

AXIS: =X
ACCEL: Control
PULSE: 1

UNIT: K-Band Switch
§/N: o
CALIBRATION
Vertical: 10 gpk/em
Horizontals @ ms/en

AXlS: X
AcceL: Control
puLse: ©

UNIT: K«Band Switch
S/N:y  o®
CALTIBRATION
Vertical: 10 gphiem
Horizontal: 9 msfem

AXIS: =X
ACCEL: Control
PULSE: R

B I8
ORIGINAL PAGE ]
OF POOR QUALITY

Figure 20b, K-Band Switch Shock Test Data: =X Axis



UNIT: K.Band Switch
S/N: 002
CALIBRATION
Vertical: 10 gpk/cm
Morizontal: 2 ms/cm

AXIS: Y
ACCEL: Contro)
PULSE: !

UNIT: K-Band Switch
S/N: 002
CALIBRATION
Vertical: 10 gpk/cm
Morizontal: 2 ms/cm

AXIS: +Y
ACCEL: Control
PULSE: 2

UNIT: K-Band Switch
S/N: 002
CALIBRATION
Vertical: 10 gpk/cm
Morizontal: ¢ ms/cm

AXls: Y
AcceL: Control
pPuLSE: 3

Figure 20c. K-Band Switch Shock Test Data: +Y Axis
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UNIT: KeBand Switch
S/N: 002
CALIBRATION
Vertical: 10 gpk/em
Horizontal; 2 ms/em

AXis: 1Y
ACCEL: Control
PULSE: )

UNIT: R«Band Switch
S/N: o002
CALIBRATION
Verticals 10 gpk/em
Horizontal: © mg/em

AXIS:  +Y
ACCEL: Control
PULSE: 2

UNIT: R-Band Switch
S/N: 00
CALIBRATION
Vertical: 10 gpk/em
Horizontal: 2 ms/cm

AXIS: Y
ACCEL: Control
pULSE: 3

Figure 20c, K-Band Switch Shock Test Data: +Y Axis
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UNIT: K.Band Switch
S/IN: 002
CALIBRAT IO
Vertical: 10 gpk/cm
Morizontal: 2 ms/cm

AXis: Y
ACCEL: Contro)

PULSE: !

UNIT: K-Band Switch
SIN:
CALIBRATION
Vertical 10 gpk/cm
Morfzontal; 7 ms/cm

ARIS: 7

ACCEL: Control

PULSE

UNIT: ¥-Band Switch
S/N:
CALIBRATION
Vertical 10 gpk/cm
Morizontal: ¢ ms/cm

AXIS: oy
ACCEL: Control
PULSE }

i‘.{";‘.‘t\ll i“.“"v'
POOR QUALI

Figure 20d. K-Band Switch Shock Test Data: =Y Axis
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UNIT: XeBand Switch
S/H: 402
CALIBRATION
Vertical: 10 gpk/em
Horf2ontal: 2 ms/em

AXIS: =Y
ACCEL: Control
PULSE: 1

UNIT: KeBand Switch
S/N: A
CALIBRATION
Vertical: 10 gpk/em
Horizontal: @ ms/cm

AXIS: oY
ACCEL: fontrol
PULSE: 2

UNIT: k-DBand Switch
S/N: u
CALTBRATION
Yertical: 10 gpk/em
Horizontal: & m&/em

AXIs:  -¥
AcceL: Control
PULSE: 3

ARIGINAL PAGE I

* pooR QUALL .

Figure 20d. K-Band Switch Shock Test Data:
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UNIT: K-Band Switch
S/N: 002
CALIBRATION
Vertical: 10 gpk/em
Morizontal: 2 ms/em
AXls: 7
ACCEL: Contro)
puLSE: !

UNIT: K-Band Switch
S/IN:
CALIBRATION
Vertical: 10 gpk/cm
Morfzontal: 2 =ms/cm

ARlS: +2
ACCEL: Contro!
PULSE: 2

UNIT: X-Band Switch
S/N: 002
CALIBRATION
Vertical: 10 gpk/cm
Morizontal; 2 ms/cm

Axis: 7

ACCEL: Control
PULSF: 3

Figure 20e. K-Band Switch Shock Test Data: +Z Axis
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i
UnlT:  BeDand Switch
S/hy B
CALIBRATION
Vertfeal: 10 gpk/em
Horizontal: 2 ms/em
Axls:  #2
ACCEL: Contral
PULSE: 1
NiT:  FBeDand Switch
rs e
CALIBRATION
Vertical: 10 gpk/em
. Horizontal: 2 ms/em
* AXIS: 4+
. ACCEL: Contro)
i
PULSE: 2
j UNIT: KeBand Switch e e
i S/N: 002 (7
CALIBRATION
Vertical: 10 gpk/em
i Horizontal: 2 ms/cm
! AXIS: +2
. ACCEL: Control
i
i PULSF: 3
Figure 20e. K-Band Switch Shock Test Data: +Z AXis
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UNIT: K-Band Switch
S/N: 002
CALIBRATION
Vertical: 10 gpk/em
Morfzontal; 7 ms/cm

Axis: <2
ACCEL: Control
pLSE: !

UNIT: ¥-Band Switch
S/IN: )02
CALIBRATION
Vertical: 10 gpk/em
Morfzontal: 2 ms/cm

Axls: -2
ACCEL: Contro)
PULSE: 2

UNIT: K-Band Switch
S/N: )2
CALIBRATION
Vertical: 10 gpk/cm
Horfzontal: 2 ms/cm

AXIS:
ACCEL: Control
PULSE: 3

ORIGINAL PACGY 15
OF POOKR GLUA ..'Y
Figure 20f K-Band Switch Shocl Test Data: .7 Axis
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UNIT: E-Dand Switch
S/N: 002
CALIBRATION
Vertical: 10 gpk/em
Horfzontals 2 ms/cm

AXIS: =
ACCEL: Control
puLSE: 1

UNIT:  ¥eBand Switch
S/N: 002
CALIBRATION
Vertical: 10 gpk/em
Horizontal: 2 ms/em

AX1S: -2
ACCEL: Control
PULSE: 2

UNIT: EK-Band Switch
S/N: 002
CALIBRATION
Vertical: 10 gpk/em
Horizontal: 2 ms/cm

AXIs: -2
ACCEL: Control
PULSE: 3

ORIGINATL FAGR 73
OR Porye ALY

Figure 20f. K-Band Switch Shock Test Data: -Z Axis
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3.7 Thermal Test,

Prior to delivery of the -1 K-band switch, extensive thermal tests were conducted
on the operating unit, The switch was required to cperate over a 46C° temperature
range from 10°C to 56°C., Furthermove, the unit should demonstrate survivability down
to «41°C without performunce degradation when returned to operating temperature, The
survivability test does not reauire the switch to be operating.

Shortly after perfermance measurements on the fivst switch were completed, thermal
testing began. Our testing program involved measuring the room temperature performance
as a reference level, The performance was then measured at +56°C and 10°C. A fourth
measurement was taken again at voom temperature to monitor veturn to the original per=
formance.

A complete set of thermal measurements was recorded to account for use of any of
the ports as an input port. Such testing required a complete temperature cycling for
each of the three ports measured, The data obtained is presented in Figure 22.

Survival testing of the K-band switch was conducted by covering the temperature
range to =44°C. However, the switch was kept in the circuit since we were positive
our circuit would operate due to past experience, Figure 23 shows the insertion loss
of the operating switch at -30°C and ~44°C. Insertion joss was selected since it is
the most sensitive performance parameter.

Upon completion of the survival test, the switch performance was remeasured at

room temperature as a comparison to the original performance., The switch displayed
identical performance after thermal tests were completed as presented in Figure 24.

The K~band switch passed all of the thermal tests, including survivability. The
design of this unit allows switch operation even at the survival temperature. Since
the design of this switeh is similar to the Landsat and DSCS IT switches, which exhibited
negligible temperature deviations between componsnit parts, the component temperatures
of this Junction were not weasured,
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4, CONCLUSIONS

The K-band switch developed for NASA-Lewis was a project requiring delivery of
two switches, These 1light-weight units, whose performance is listed in Table 1,
demonstrate extranrdinarily low insertion loss and high isolation over a bandwidth
of 1.4 GHz., Housed in a single compact unit, as shown in Figure 1, the switching
Junction and its actuating circuitry met all shock and vibration requirements with
no physical damage or performance degradation. In addition, our K-band switch exceeded
thermal requirements by operating over a 100C° temperature range (-44°C to +56°C),
The units not only operate under adverse conditions, they have a high power handling
capability allowing up to 100 W of CW input power,

Extending the operating frequency range of a waveguide latching switch from X-band
to K-band involved a year of activity, As the project became more intense, our under-
standing of the design criteria for switches at higher millimeter wave frequencies arew.
There were elements of the design which followed closely the Landsat switch design;
other parts of the design were completely contradictory and afforded a new understanding
of the influence this higher frequency had on our preliminary design. This knowledge
was extremely useful in producing a state-of-the-art device and, furthermore, it allows
us an insight into the design of other switches at higher frequencies. In short, the
develepment of this truly unique latching switch was a complete success,
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