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ABSTRåCT

This report presents the design

SPDT switch. The switch is
changeover between RHC and LHC

developed for MSÀT applications.

and implementation of an RF

intended for polarization
of phased array antennas

The des ign \{as s imple and easy to implement " The swi tch
rvas fabricated on a microstrip line and the series diode

switch configuration was used. A computer program was used

to predict the performance of the switch. Insertion loss of

0 "25 dB, return l-oss of 17 "2 dB and i solat ion of 23 "5 dB

were predicted at 860 MHz. Upon actual testing, insertion
loss of 0.25 dB, return loss of 23 dB and isolation of 27 dB

were measured"
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ChapÈer I

TNTRODT'CTION

various types of microstrip phased array antennas for mobile

saterrite (usar) communication are currentry being developed

at the Department of Electrical Engineering, University of

Manitoba. one of the designed arrays consists of nineteen

circular microstrip patch el-ements operating in the TMr I

mode. In this report, a prototype single pole double throw
(Spnt) switch is developed to handte the polarization
changeover for the array between RHC and LHC polarization
for both the receive and transmit operation. For this
particular application, an off-the-she1f RF switch cannot be

used because of its limited power handling capability. A

narrov¡ band switch which is capable of handling

approximately three watts of RF power is needed. Hence, it
is more cost effective to implement a switch. Another

advantage of developing the switch package is that it can be

designed for easy integration into the microstrip phased

array,

Figure 1 .1 shows the

el-ement phased array "

station is shown in Fig.

designed to transmit in

geometric configuration of the 19

À block diagram of the MSAT ground

1.2. Tentatively, the antenna is
the 821 825 ,:-4lz band and receive

1-



2

in the 866 870 MHz band. The switch is designed to
operate at a center frequency of 860 MHz with a 6eo

fractional bandwidth. Hence, the switch can be used to

switch both the receive and transmit array. The following
are the major design goals for the sv¡itch:

i)
11

ii
iv
v)

vi

)

i)
)

power handling capability of approximately 3 watts,

insertion loss of less than 1/2 dB,

bandwidth of approximately 6eo,

isolation of approximately 20 dB,

good phase balance between channels,

linearity at high povrer level.

The design techniques are discussed in Chapter 2" Computer

aided design analysis is presented in Chapter 3 while

measurement techniques and test results are presented in

Chapter 4 
"
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Chapter II
DESIGN TEC}TNTSUES

2"1 MTCROWATTT SWITCHES

There are three kinds of microwave switches, namely, the

diode, ferrite, and electromechanical types. Each switch

type has its oh'n unique characteristics. The PIN diode is
chosen here as the switching element because of the

following advantages:

r)

rr)
rrr.)

iv)

high switching speed,

good isolation,
compact size and rugged construction,

capability of handling high power

change in diode temperature,

low bias povrer requi rement,

unI imi ted 1 i fet ime .

with I i ttle

v)

vi)

The basic technique for using a PIN diode as an RF switch is
s imple ; one or more diodes are incorporated into
transmission Iines as series or shunt efements. The RF

resistance of the diodes can be varied by the application of

a bias current, and the flow of the microwave signal is
controlled accordingly,

tr_
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2.2 TIHE PIN DTODE

À PIN diode is a silicon semiconductor junction similar to

that of a pn diode except that a lightly doped a'-Iayer or v-

layer is inserted between the p and n region 11,2) " The most

important property of the PIN diode is its behaviour as an

almost pure resisLance at RF" The diode resistance can be

varied over a range of approximately 1 to 10,000 ohms by the

application of an appropriate bias current i3l " The PIN

diode is used for attenuating, levelIing and amplitude

modulating an RF signal with the bias current varied

continuously" When "the bias current is applied in discrete

steps, the PIN diode is useful for pulse modulating, phase

shifting, and switching RF signals.

Figure 2.1 shows the PIN diode structure and its

equivalent circuit model. tlhen reverse or zeto biased, the

PIN diode can be modeled as a capacitance which is the

depletion capacitance of the intrinsic layer. When the diode

is forward biased, charges are injected into the intrinsic

Iayer and the conductivity of the diode is proportional to

the bias current. In this ON state, the PIN diode can be

modeled as a resistance.



I(roro)

a) PrN lr{odel

Rr

CJ - Junction capaclta.nce
C" - package capacitance
Ll¡,¡t - internal inductance
Ra - for-ward blased junction

\ - rewerse biased junctLon

orward Bias

Rewerse Bias

re si stance
resistance

b) Equivalent Circuit

cp

Figure 2.12 PIN Diode Equivalent Circuit
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2"3 BASIC SWITCHT¡{G CTRCUTTS

Two basic diode switch circuit configurations are shown in

Fig. 2"2" The shunt switch, Fig" 2"2(a), is ON (nr can pass

through with minimum attenuation) when the PIN diode is zeto

or reverse biased since it presents a high shunt impedance.

When the PIN diode is strongly forward biased, RF is
reflected back to the source, hence the switch is OFF. On

the other hand, the series diode switch, Fig. 2.2(b), is
turned on by forward biasing the PIN diode and is turned off
by zero or reverse biasing the PIN diode.

As discussed in the previous section, the PIN diode

resembl-es a capacitance when the diode is zero or reverse

biased" This diode junction capacitance affects the

performance of each switch type differently. For the shunt

switch configuration, the ON state is affected when the

diode is zero or reverse biased. As the frequency increases,

the shunt susceptance presented by the diode increases until
the insertion loss rises to an unacceptable l-eveI "

Conversely, the OFF condition of the series switch

configuration is affected" Às the frequency increases, more

signal leaks through the decreasing capacitive reactance of

the diode and the isolation of the switch is reduced. In

practice, the degradation in isolation of series diode

switches occurs at a much lower frequency than the

corresponding degradation of insertion loss of shunt diode

switches" Typically, the insertion loss of a shunt switch
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o) Shunt diode switch

b) Series diode

Figure 2"2¿ PIN Oiode Switch Configurations
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will not be affecLed below 10 GHz whereas the isolation of a

series switch drops significantly at frequencies above 1 GHz

t4l " Consequently, the series configuration is seldom used

at frequencies above 1 GHz.

2"4 SPDT PIN DIODE SWITCH DESIGN

À SPDT switch can be built by combining two PIN diode SPST

switches with other circuit elements in such a way that when

one diode is turned on the other diode is turned off. Figure

2.3 shows this circuit. The series circuit configuration is

used because isolation is not a main concern"

In the circuit shown in Fig. 2.3(b), a positive bias

current, IB , turns on PIN diode D'l and a1lows RF to f low

from À to B. À negative bias current turns on DZ and allows

RF to flow from À to C. The SPDT switch is fabricated using

microstrip line, with the signal carrying lines and the dc

lines etched on the same dielectric substrate. The signal

carrying lines have the standard characteristic impedance of

50 ohms. The dc return paths are provided by thin high

characteristic impedance guarter-wave transmission lines

connected to points B and C. Since the guarter-wave lines

are short-circuit terminated, dc current can fÌow freely but

the RF will encounter a very high impedance. For the same

reason, dc bias current is fed to point N via a quarter-wave

1 ine . The capac i tance CZ provides the RF ground and

capacitance C1 prevents the dc bias current from appearing

at the RF port of the switch.
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?"5 MICROSTRTP DESIGN FORTSÍULAE

Àfter the line characteristic impedance and the diel-ectric

substrate have been selected, the task is to determine the

needed line widths and the length of the guarter-r4¡ave lines.
Many scientists have derived accurate formul-ae for

microstrip calculations 15,6,7) " Figure 2 "4 presents the

Figure 2.4: Cross-sect i on of Microstrip Line

dimensional parameters of microstrip line" The following is

a list of formulae needed to determine the dimensions of the

microstrip Iines for the switch. The formulae are obtained

from reference t6]. For known characteristic impedance Zs

and dielectric constant €., these formulae give the

microstrip width-to-height ratio vt/h, and the effective
permittivity €efr.

For narrow strips (zo

w
h

-¡expH'- I fl
\ e 4exp H'i

where

(2.1)
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u.: zolft7,rt
¡ I 

119.9 å,^

For,/n ( 63 - 28, ) ohms;

*)'å(*tÐ('^ä' (2 "2)

(2.3)

(2 " 4')

expression gives

€. .l
2 " T(t"to*)-outt

(2.5)

In the above expressions, the microstrip line thickness t
has been ignored. For microstrips having t/h
2<Er

are negligible" Àt smaller values of w/h or greater values

of L/h the effect of t is more significant"

," : ffi[,"{,*.Æef;} l*)(,^î . 
*,"*)]

€err : 
=t{'- 

#(*+)(*å " *,"*ü-'

For */n

€eff

When */n and €r are known, che following

the value of Zs.

For narrov¡ strips (w/n
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2"6 FTNAL ÐESTGN

There were two types of substrates availabre for the switch

fabrication" The first type h'as the Ployguide, a polyolefin
substrate manufactured by Electronized Chemical Corporation

while the other was the oAK-601 PTFE /woven Grass substrate

manufactured by Oak Laminates. The OAK-601 substrate was

chosen because of its more rigid construction. The

polyolefin substrate had a tendency to warp and the copper

cladding separated from the dielectric easily" The relative
permittivity of the OAK-601 substrate is 2.54.

The switch was designed to operaLe at a center frequency

of 860 Muz. The line widths and lengths were calculated
using the formulae given in the previous section. The line
width of the signal carrying lines were calculated to be

4.48 mm and the bias line length to be 62.19 mm. The bias

Iine width v¡as chosen to be 1"27 mm. The detailed

calculations are listed in Appendix A. To reduce the error
introduced when laying out the circuit, the circuit vras

drawn five times the actual size. The circuit layout was

then sent to a graphic shop for reduction back to true size.
The microstrip line layout is shown in Fig. 2.5 (not actual
size).

To allow for line width adjustments, three circuit boards

were made. The first board was made with line widths

according to the calculated value" The second one was made

Seo natrFor{€r and the third Seo wider than the calculated line
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The boards were tested and the board with the best

impedance match was picked. Gaps were cut on the microstrip
line to accomodate the PIN diodes and the capacitors" The

HP 50082-3001 PIN diodes vrere chosen because their
specifications fit our requirements and the diodes were

easily available. The diodes and the capacitors were

soldered in place and the circuit was housed in an aluminum

enclosure" For easy connection, female SMÀ connectors were

mounted at each port of the switch" An AMp Series 30 type

low frequency feed-through capacitor was used at the dc bias

input terminal. A picture of the finished SPDT switch is
shown in Fig. 2.6. A drawing of the metal- enclosure is
presented in Appendix B.
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Figure 2"52 SPDT Printed Circuit Board Layout
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OutPut
Port I RE.:r

rüû6@ Output
f":'E Port 2

Figure 2"62 The Compteted SPDT Switch



ChapLer III
COMPUTER AIÐED ÐESIGN ANALYSIS

3.1 INTRoDUCTIoN

To ensure the success of the SPDT switch design and provide

a means for easy future design changes, the performance of

the switch r.ras determined by computer modeling after the

actual- implementation and testing of the switch" This r^¡as

done by gather ing the spec i f icat ions of aIl c i rcuit
components and dimensionat information of the switch

circuit. The switch insertion loss and return loss for
transmission to the two output ports are required over the

operating frequency band" Fortunately, this analysis task

was simplif ied with the aid of TouchstoÍrê, 1 a microwave

simulation and optimization program package supplied by

EEsof Inc. The program runs on IBM and IBM-compatible PCs"

3.2 CIRCÜIT MODELTNG

The first step of using the Touchstone computer aided design

(C¡p) package is to replace Lhe designed circuit elements by

circuit models that are recognizable by the computer. Then

the circuit is translated into a circuit file a

description of the circuit and instructions to Touchstone

9{est Ia ke Vi l lage , CA .

18
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for measuring the circuit and dispraying the results. The

designed circuit shown in Fig. 2"s r{as broken up into
circuit blocks by referencing to the Touchstone el-ement

catalog l8l " Figure 3"1 presents the Touchstone circuit
model of the designed switch shown in Fig. 2"6" À listing
of the circuit file is presented in Àppendix C"

3"3 PIN DIODE MODEI

À model of the HP-300.1

Touchstone vlas developed

specifications and actual-

embedded in series in a

additional circuitry (i.e.

network analyzer) t9l.

PIN diode suitable for use by

based on the manufacturer's

measurement on a PIN diode

short microstrip line with no

, biasing was applied via the

The component values listed in Fig. 3.2 vrere partly
obtained from the manufacturer's specifications and partry
derived using Touchstone. The component values were adjusted
to make the characteristics predicted by Touchstone coincide
with the measured characteristics of the embedded diode

since the complete component values of the diode model coul-d

not be obtained from the PIN diode catalog.
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Figure 3"1: Computer Circuit Model of SPDT Switch
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= junction capacltance, O.08 pF

= Junction resietance, O.l ohm ON, 1O kn OFF

= diode serl-es resistance, O.! ohm

= bond wire inductance, 2.5 nH

= by pass capacitance, 1OOO pF

= capacita.nce of gap a.cross vhich diode
is connected, O.I3 pF

c.l
R¿

Rs

LS

cs
Cç

Figure 3"22 Computer Model of HP-3001 PIN Diode
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3.4 RESUITS OF COMPTTTER ANÀLYSIS

The Touchstone program predicted that the switch circuit
using a microstrip line v¡idth Seo $rider than the calculated
width would have the best performance. Figure 3.3 shows the

predicted insertion loss of the switch over the frequency

range 800 to 900 MHz. The return loss and isolation over

frequencies 800 to 900 MHz are shown in Fig. 3"4 and Fig"

3.5, respectively. From the Figuresr âD insertion loss value

of 0.25 dB, return loss of 17.2 dB and isolation of 23"5 dB

were predicted at 860 MHz. Hence, computer analysis verifies
that the design is practical.

Further computer analysis show that the insertion loss of

the switch at 860 MHz with the OFF state arm removed was

0.2 dB which implied that 0.05 dB was lost in the OFF state
arm. By removing aIl transmission line losses and mismatch

losses from the circuit, an insertion loss of 0.09 dB was

predicted for the switch. This value agreed with the

calculated insertion loss caused by the 1 ohm forward

residual resistance of the PIN diode.
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Chapter IV

mÀSUREMENT TEC[n{rgItES å.ND TEST RESULTS

4"1 INTRODUCTTON

Àt this point, another important phase of the design work is
needed - testing the switch. For Lhe switch to be acceptable

for practical use, it must be tested to check whether it
meets the required specifications" The following are

performance parameters of the switch which need testing:

i ) characteristic impedance,

ii) insertion loss,

iii) isolation,
iv) return loss,

v) phase difference between the Lwo signal paths of

the switch,

vi ) power handl ing.

4 "2 TEST PROCEDI'RES AND REST'LTS

To evaluate the performance of the switch the following
instruments were used to measure the performance of t.he

swi tch:

i) Sweep Oscillator (Hp 8690À),

ii) Network Ànatyzer Mainframe (Hp 8410À),

26
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i ) Output Display PIug-In Units: Phase-Magnitude

Display (Hp 8412A), polar Display (Hp 8414À),

) S Parameter Test Set (up 8745À),

Harmonic Frequency Converter (Hp 84-l '14 ) ,

) Universal Extension (up 116044),

i) Microwave Frequency Counter (Systron Donner 6030),

ii) Power Meter (up 436A),

) Power Sensor (Hp 84818),

1V

v)

vi
vi
vi
ix

In addition to the above instruments,

connectors and adapters were utilized.
a variety of cables,

The HP 84-10À Network Analyzer System was used to measure

the characteristic impedance, insertion 1oss, isolation,
return loss and phase difference of the switch. The general

test set up is shown in Fig. 4.1. Before any measurement can

be made, the instruments must be properly calibrated" For

the above measurements, the svreep oscillator (up 86904) was

set to sweep between 800 and 900 MHz. The S-parameter

switch was set to Sr I or Szr according to t,he measurement of

interest,.

4.2.1 Measurement of Characteristic Impedance

The very first step in implementing the SPDT switch was to

Iay out on the substrate the microstrip signal lines and dc

bias lines. As mentioned in Chapter Two, three circuit
boards r¡¡ere made. The character i st ic impedance of each board

was measured to determine the best line width"
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ArnlyzerlDisptcry
r-p8410A4+841¿,A

Fbrrrnnic Freq.

Converter

f-P84ilA

S-Pororreter
Ted Set

r-p87454

20 dB Coçler
Nordq 3001-20

Lhiversql Extersis¡
lPn60{,A

Figure 4.1: General Test Set Up
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The characteristic impedances of the three circuit boards

were observed on the Smith Chart overlay. The impedance of

the circuit board with a line v¡idth 5eo wider than the

calculated value was closest to 50 ohms over the freguency

range 800 to 900 MHz. Therefore the SPDT switch was

fabricated on this particul-ar board.

The measured result agreed with that predicted by

Touchstone. Further investigation show that the calculated

line width did give the best impedance response but only

when the dc bias lines were removed. The wider line
compensates for the effect of discontinuities introduced at

the junctions of the dc bias lines to a better degree than

the narrower lines. Hence, the wider line gave better
overall performance. Figure 4.2 shows the wide-1ine circuit
impedance response over the frequency range 800 to 900 MHz.

4.2.2 Measurement, of Insertion Loss and IsoLation

One parameter of major interest of the SPDT switch is
insertion loss" Insertion loss is a measure of the loss of

signal through the switch via its ON state path. In a series

switch, the insertion loss is primarily determined by the

forward resistance of the diode" Other losses include the

microstrip loss and the mismatch loss"

. The switch was inserted between the arms of the Universal

Extension (Hp 116044) as shown in Fig. 4"3. A bias current

of 50 mA was used to turn on the diode that was under test"
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IA{PEDANCE OR ADMIITANCE COORDINAIES

? t8
ctRf€R

Figure é"2: Characteristic Impedance of Signal PaEh
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UniversoI Extension
HP11604A

A B

k-l b-t

50n
Y'

OFF
YI

ON

Biqs

Figure 4"3: Connection of. Switch to the Universal Extension



The insertion l-oss Szr on

read. Then the bias current

l-oss of the other arm of the

the Phase-Magnitude

was reversed and

sv¡itch measured.

32

Display was

the insertion

Isolation is a measure of signal leakage between the

input and output via an OFF state path. The isolation of the

switch was measured using the same set up as above except

that the insertion loss readings vrere taken at each OFF

state arm of the switch.

The insertion loss of both arms of the switch at 860 MHz

vras measured to be 0.25 + 0.05 dB. For reference, the

insertion loss of the switch was compared to that of a Narda

Model 59 SMÀ through-adapter. Figure 4.4 shows the insertion
loss of arm 2 of the switch versus frequency.

An isolation value of at least 27 dB was measured f.or

both arms of the switch as shown in Fig. 4.5" This degree of

isolation satisfies the design requirement. The measured

insertion l-oss of 0 " 25 dB at 860 MHz agreed with the

predicted value shown in Fig, 3.3. The measured isolation
was better than the predicted value of 23"5 dB at 860 MHz as

shown in Fig. 3.5.

& "2 "3 Measurement

The return loss is
povrer which is ref
measurement provides

matched" The return

of Return Loss

a measure of the fraction of incident

lected back toward the source. This

an indication of how well the switch is
Ioss is given by
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t-r * 20 .nd,¡

The measurement set up as shown

except that the S-Parameter unit
side of the switch was turned on

diode with a 50 mA bias current.
off the Phase-Magnitude Display"

reversed and the return loss of

was measured.

(4"1)

in Fig. 4"1 was again used

was set to read Srr" One

by forward biasing the PIN

The return loss was read

The bias current was then

the other arm of the switch

Àrm i of the swiLch was measured to have a return loss of

26 dB while a value of 23 dB was obtain for arm 2 of the

switch. The difference in return loss between the two arms

is probabJ-y due to a sJ-igbt. difference in characteristics of

the two PIN diodes. These values compare favourably with

that for a Narda Model 59 adapter which has a return loss of

about 30 dB. The measured return loss was better than

predicted (see Fig. 3.4) by about 6 dB.

Figure 4.6 and 4.7 show the reflection coefficient of

arms 1 and 2 of the switch, respectively. These measurements

r¡ere made in addition to the return loss measurements and

show that the switch is well matched.

The insertion loss, Lí, of the switch can be broken up

into two components, the Zo-mismatch loss, Lmo, and the

dissipation Ioss, Ld. These are related to scattering
parameters as follows:
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lÀ{P€oANC€ OR 
^O^.$ttANC€ 

COOROTNAI€s

Figure 4.6; Reflective Coefficient of Àrm 1 of Switch
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li\{PÉoAHCE OR AoM|TTANC€ COORotNATES

i¡or¡LLY g.L(O a¡¡.{tfns

Figure 4.72 RefrecLive coefficient of Àrm 2 of. switch



3B

L¡ :LO*Lmo

whe re

li : 10,0n dJ, ,

Ld:10,.nffÉ

Lmo :roros¡ft*

For the switch, Li = 0"25 dB; using

0 "972. From return loss measurement,

(4 "2\

(+.9)

(4.4)

(4.s)

(4"2), yields ls- l =

lsttl = 0"071; using

and

(4"4), Lmo = 0.0218 dB" Hence, Ld = Li Lmo = O.Z2B dB.

since the dissipation ross forms the major part of the
insertion lossr wê can concrude that the switch is werl
matched 

"

4.2,4 Measurement of phase Difference
The same set up used for previous measurements was employed.

The Porar Display prug-rn unit was used with the Network

Ànaryzer. The s-Parameter select switch was set at szr. The

two arms of the switch were turned on successively and

connections made to the analyzer so that the phase of the
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signar at each output port could be read off the face of the
Polar Disp1ay"

The signal phase

switch was very sma1l

instrument. The I ine

was approximately 80

exibits good phase ba

difference between the two arms of the

and could not be resolved by the test
length of each path through the switch

electrical degrees. Hence, the switch
lance between the two arms.

This is one of the

4"2.5 Measurement of power Handlino

SPDT switch. The

most important parameters of the designed

major reason that commercially available
not suitable for the proposed application
povrer handl i ng capabi 1i ty . For the MSAT

tch that can handle 3 watts of RF povrer is
commercial switches can only handle about

SPDT switches are

is their limited
application, a swi

needed while most

100 milliwatts.

To experimentally determine the povrer handling capabirity
of the SPDT switch I a medium power RF source was required.
For this purpose¡ â two stage RF amplifier capable of
supplying 20 watts was constructed. The Motorora MRF 559 NpN

siricon high freguency transistor v¡as used for the first
stage amprification. The amprifier circuit shown in Fig. 4.g
was based on the test circuit provided in the manufacturer's
data manual i101. The circuit board layout is shown in Fig.
4.9, oÀK-601 substrate was used as the printed circuit board
material. sMA connectors were used at the input and output
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W*

Figure 4.92 Driver Circuit Board Layout



ports for external connections.
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The amplifier hras designed

to operate at 860 MHz, with an output of 26 dBm obtained for
an input of 17 dBm" The second stage used the Motorola
MHWB20-1 UHF Power Àmplifier Module as the active component"

The circuit design was also based on the manufacturer's data
manual- [10] " The amplifier circuit is shown in Fig. 4.10 and

the circuit board J-ayout in Fig. 4.11. Às before, oAK-601

was used as the microstrip substrate. An sMA connector r,¡as

used at the input port while an N connector vras used at the
output port to handre the high output power. The MHwgzo-1

amplifier module was mounted on an 4x3.5x0.5 inch aluminum

srab for heatsinking" For ouLput revel contror, vs2 and vs3

were kept at 1 2,5 vdc whi re vs1 Þ¡as ad justed to give the
requi red output povrer. A maximum power of 20 watts was

obtained at 860 l¿Hz. pictures of the finished amplifiers
are shown in Fig" 4"12"

Figure 4.13 shows the test set up for power measurements.

To evaluate the performance of the switch over a period of
time, the HP 436À Power Meter was interfaced with the Hp gs

computer . A program lras wr i tten to mon i tor the poller

frowing through the switch and the voltage across the prN

diode continuousry. The program risting can be found in
Appendix D.

Figure 4..14 shows the output power tever of the switch
versus time at various input povrer levers at 960 MHz. The

power versus time graphs show that the switch can handle
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Figure 4"11: power Àmplifier Circuit Board Layout
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3 watts of RF power continuousry without stress.
47

I n fact,
the switch survived a 12-watt input which \,¡as appried
intentionally for a duration of '100 second with no apparent
damage to the diode. The switch could also handle high
po$¡er transfer with a mismatched l_oad (vswR = 4"2) connected
to the output of the swiLch. For input levels of 2, 4, and 6

watts' the output remained steady over a long period of
time" The insertion Ìoss of o.2s dB cal-culated from the
po!¡er measurements agreed with the insertion 10ss measured

earrier with the network analyzer. At higher input pov¡er

levers, the output pov¡er dropped as the pTN diode warmed up.
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Chapter V

CONCLUSTON

À prototype SPDT switch has been designed and implemented.

The designed switch has an insertion loss of 0"25 dB,

isoration of 27 dB and a return loss of at least 23 dB at
860 MHz. The switch is arso capable of handring 3 watts

continuous porver" The design is simpre and expandable an

array of switches can be fabricated on one circuit board.

Hence, the design is suitabre for its intended application.

The design technique is also applicable to the

implementation of a 4-bit switched line digital phase

shifter which is another component of the beam forming

network of the MSÄT antenna. A by-product of this design,

the two stage 20-watt RF amplifier, can be used to test
other components developed for the MSAT project.
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Appendix A

CATJCULATTON OF LI}qE WIDTH A,ND LENGfi{
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Subtrate: Oak-601

h = '1 .5BB mm

t - 0"07112 mm

€" = 2"54

Calculation of line width

using Eqn" 2"2,

H' = 1"228

Substituting H' into Eqn.

w/h = 2"826

MuItiply by h, yields
hr = 4"486 mm

for Zs = 50 ohms:

2"1, we get

Calculation of quarter-wave choke length;
Choosew=1/20"=1.27mm
Using Eqn. 2"5, (w/n = 0.8)

Zo = 99 "27 ohm

Using Eqn" 2"3,

€"rr = 1"966

The quarter-wave choke J_ength is,
300/4(0"86rtÆl = 62"19 mm
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Appendix D

PROGRåM LTSTING FOR MONITORING POWER AND VOLTAGE
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¿!)

¿.t
^c¿. !.l

?6
27
¿.,>

39
3A
31
32

z4
35

a2JI
?o
39
4ø
41
42
43
44
45

46
47

4B

49



iø 0UTPUT 713 iR,"li+T"
5 1 ENTER 7 13 US I HG " 8, B ,8,9¿-" J

G, R., l'1.. F

=2 iF G=82 THEN 55
53 I F tl=83 THEH 58
54 Gr:rTO 6L
55 BEEP
56 TI t SP " ÚUEF: RHHCE, REENTER RB

t.{GE "
37 GCITO 48
58 BEEP
59 N I SP .,UI.IBER RF{HGE, REENTER R

ffNGE "
6ø GCrTt 4A
61 CLEÊR
62 []ISP "ONCE ZERI] IS SET SELEC

T NEI,I FUHCTION KEY"
63 0UTPUT 7Ve. Lls I HG " *.. k{, K " ì "

Htt.. l-l , "ffJ".. "Ftt
64 ENTER 7ø6 US I NG " #.. l'1" j t/ t
65 t.|1 =KZf U 1

F_,F, tl I SP
57 trI¡^P "REÉOIHG I5 " i V1i "UOLTS

6:1 0I:ìP
5'3 ttISP "RERÚIt'{G iS "iPi"l'lflTTS"
7ø KEï LÊEEL
7 | GOTû 5ø
(¿.
aa
74

TIHTff C']LLECT I NT

75 ÊLEHR C OISP "# ÛF PDINTS RE
SUIREN"

76 INPUT NB
77 NISP "ENTER TIIIE iI.ITERVHL BE

TI.¡EEN POIHTS(SEC. ) "
78 INPUT Tø
79 O I SP ..ENTER I]HÉNI.IEL I.{UI'IBER..
_Rø I NPI-IT C
81 IF D=3 THEN C=4
Ð2 IF C=4 THEN C=8
83 TS=TBtløAA
.S4 I=Ø
85 OIËF "EI{TER PT,I^IER RIìNGE SETT

I NG, L ¡2/3/4/5,"'
ÊË INPUT R

E? CLEFR E OISP "PRËSS I]ÚNT I,IHE
N REHTIY "

8.3 PffUSEg3 I=I+1
9]¡ OUTPUT 7Ø6 US I NG " *, K, K " j "

H",C.'ttÊJt,"Ft'
'1 1 ENTER 7ø6 US I NG " *.' l'1" ; U t
92 tJ( L ã)=KZ*U1
Y3 0UTPUT 713 i R, " l:l+T "
94 ENTER 713 US I NG " 8, B, B.. 92 " .:

-frMOll , n, l'1.. f-

95 IF G=82 THEN 98
96 IF G=83 THEN tBB
97 G0T0 lø?



9,A BEEP E CII iìP '' CIUER F:FI¡I;E, F:EE
HTER "

99 G0TO 85
IØÇJ BEEP Q T' I SP " UI.{fIER RHHGE, RE

ENTER ''
LØL GCITI] B5
LØ2 -l=I-l
193 T1=TBXJ
Lq4 V(Ll)=Tl
1ø5 P(Ll)=T1
LØ6 P( L Z)=P* 1ø^(K4/LØ)
Lø7 0ISP T1;U<-T?)
1øg OISP T1;P<L'?>
Lø9 IlISP
11ø IF I<Hø THEN 114
111 DISP "SELCT FUNCTION"
1 1Z KEY LHBEL
1lf, GOTU 111
114 HÉIT T8
1 15 GOTü 89
116
LL7
118

STORE TIHTH

1 1 9 CLEffR
L2Ø OISP "THERE l,lERE"i I; "PtlINT5

CI'LLECTED "
L?I NISP C OISP
L'¿? TtISP "EHTER FILE I'IRI",IE FC,R UO

LTHGE DIìTH "
123 INPUT fl$
L?4 CREÊTE R$, 13' T2B
125 QN ERROR COTT L2?
126 OISP "ENTER FILE HÊFIE FOR PÛ

I,IER DÊTR "
L27 INPI-IT B$
1e8 CRERTE B$, 13,128
129 0N ERROR GOTO 126
138 ÊSSIGN* 1 TO fr$
131 ffSg T GN* 2 TC' B$
L32 PRIHT* I ¡ LV(,)
133 tlH ERROR GOTCI LZZ
134 RSSIGN* I TO X
135PRINT*2; LP(,)
136 ON ERROR GOTO 126
137 ffSSIGH* 2 TO S
138 OISP E DISP
.13-C OISP "TRftNSFER COI'IPLETEO"
1 4E OFF ERROR
141 ENC'


