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ABSTRACT 

Investigation into the limitations on the bandwidth of PIN 

diode switches in their different configurations is per­

formed. The Single Pole Double Throw switch constructed 

with shunt mounted PIN diodes is shown to be bandlimited 

due to the line lengths involved in the operation. Series 

mounted diode switches have a wider bandwidth but the diodes 

cannot perform as power devices due to their physical con­

struction. Radiation due to discontinuities were found to 

degrade the isolation but this was overcome by an evanescent 

waveguide structure. 

The software program TOUCHSTONE (TM)/RF by EEsof is used 

extensively as a basic development tool. The characterisa­

tion of the PIN diodes which was used by the software, was 

carried out. A bias network had to be developed to allow for 

the biasing of the diodes before any test boards could be 

fabricated. 

A literature survey was done on the different types of phase 

shifters available. A circuit which enables shifts in 45 

degree increments was developed. The system consists of 

Reflection Phase Shifters which are made up of Quadrature 

Couplers that have different terminations switched in on 

two of their ports, a Wilkinson power splitter and a power 

combiner in the form of a 3 dB Quadrature Coupler. It was 

found that this configuration works well in theory but is 

too demanding on the practical components to allow for low 

phase shift errors to occur. 
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1 . INTRODUCTION 

Extensive research and development of microwave integrated 

circuits (MIC's) using hard substates (Alumina) and soft 

substrates (RT DUROID and JM) have been undertaken in recent 

years. Solid state microwave amplifiers and oscillators have 

appeared in the market place using MIC technology and other 

peripheral components-and subsystems have to be compatible to 

allow this technology to be fully utilized. This thesis 

involves the development of Single Pole Multiple Throw switches 

·and Phase Shifters which make use of the PIN diode. Develop­

ment is carried out on microstrip and stripline softboard. 

A large portion of the development process was done with the 

aid of the software package TOUCHSTONE TM/RF by EEsof. Certain 

techniques had to be developed to get the most from the soft-

ware. 

A switch can connect in one of any number of paths depending 

on the application. These switches can be developed using shunt 

or series mounted PIN diodes in different configurations all 

of which determines the frequency bandwidth. 

The two principle means of providing electronic control of the 

phase of a microwave signal are realized by the diode and by 

t~e ferrite phase shifters [1]. Both of these circuit approaches 

have undergone extensive development since about 1960 when 

the major interest in electronically controlled phased array 

antennas began. 

Phase shifting is also used in serrodyne techniques whi6h are 

used in frequency shifting in microWave relay sy~tems, ele6trical 

scanning of antennas, and doppler simulation for testing doppler 

radars [2]. The serrodyne frequency translation is theoretically 

obtained by a continuous phase modulation. It is possible to 

show that a continuously phase-modulated device can be replaced 

by a device that introduces quantized phase shifts~ 
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In this dissertation the diode phase shifter in particular has 

been investigated. A unique method of phase shifting in 45° 

steps using hybrid couplers and PIN diodes is developed. 

1.1 Objectives 

The purpose of this study is twof~ld. Firstly to investigate 

circuit configur~tions which ate suit~ble for wide band opera­

tion. A design technique is described which would enable the 

easy and reliable construction of any number of throws to be 

fabricated. 

The specifications of more than 60dB of isolation on a switched 

off path and an insertion loss of less than 3dB for a transmit 

path in a fou~ throw switch over a bandwidth of 2 GHz to 6 GHz 

was initially set. 

Secondly, to design a phase shift~r that switches in 45 degree 

steps depending on bias conditions .of PIN diodes. 

frequency ia also from 2 GHz to 6 GHz. 

1.2 Th~ software program TO~CHSTONE (TM) 

A brief overview ·of this software package is given. 

The operating 

The circuit file (as shown in Appendix A) is used to describe 

a·circuit and specify the parameters to be measured. The follow­

ing elements are available to use in the CKT blocks; active 

elements, device models, distributed elements, impedance con­

verters, lumped passive components, s-parameters, special purpose 

elements and unilateral elements. TOUCHSTONE processes a circuit 

file when a frequency sweep is instituted or the circuit is tuned 

or optimization is performed. 

The Tuner is a tool used to cha~ge p~rameter values of circuit 

elements- which then allows another frequency sweep to be carried 

out. The new respo~se is then overlayed on the previous res­

ponse. The sensitivity of a single parameter can easily be seen 

as well as fine tuning of the overall response. 



The Optimizer uses random exploration techniques to search for 

a global minimum of the error function; Only the selected 

parameters are _optimized and it is always best to declare limits 

on the parameter values. 

S-parameter files are used by TOUCHSTONE to obtain data for the 

circuit elements. These files contain values that are either 

measured or computed. 

1.3 The test equipment that was used 

The HP8410C Network Analyser, the HP8746B S-Parameter test set 

and the HP83508 sweep oscillator was used to analyze all the 

circuits built. The results could either be observed on a 

polar display or a linear frequency versus gain display. 

An HP85 micro computer in conjunction with a HP11713A Attenuator/ 

switch driver and a HP59313A A/D converter was used to drive 

the system. A photograph of the complete test set up is shown 

in figure 1.1. 

Figure 1.1 The test equipment 
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The HP 85 had an Accuracy Enhancement program which allowed 

print-outs to be obtained of the measurements. This program 

was also modified slightly to calculate the impedance of the 

circuit being measured at each frequency. It was found that 

the reference plane extension plays an important role in the 

accuracy of the results. There are two methods for adjusting 

the reference plane; 

i) The physical_adjustment on the 5-parameter test set 

ii) A software adjustment in the Accuracy Enhanc~ment package. 

The HP11608A transistor test fixture as shown in figure 1.2 is 

connected onto the ports of the 5-parameter test set to facili­

tate the characterization of devices. The parameters measured 

can then be used by TOUCHSTONE. 

Figure 1.2 The HP11608A transistor test fixture 

The stripline board and ground structure is m~chined and modified 

to allow the device to fit exactly into place. ·For active devices 

the biasing is applied through the biasing ports of the 5-parameter 

test set. It is important that the reference plane is set at the 

terminals of the device for an accurate .S:paiameter representa­

tion. 



2 • THEORY 

Once operating frequencies reach 1 GHz and above, the wave­

length becomes comparable with lengths of connecting wires 

and strips and the use of lumped elements become expensive. 

As a result distributed circuits are more commonly used. 

It is therefore important to understand basic transmission 

line theory. 

A transmission line may be defined as a device for trans­

mitting or guiding energy from one point to another. [3 ] 

Transmission lines transmit energy in one of two main field 

configurations ot modes. These are, the transverse electro­

magnetic (TEM) mode where both the electric and magnetic 

fields are entirely tran~verse to the direction of propaga­

tion, and higher-order modes where at least one field com~ 

ponent is in the direction of transmission. 

The input imped~nce to a transmission line varies with the 

distance progressed along the line. If the line is con-

sidered loss-free, which is valid if the line lengths are 

physically short, the following expression results; 

ZzN (
ZL. + j Z0 tanS£) 

Z0 + j Z1.. tanS£ 

where £ = length of line 

8 = 2rr/>· 

( 2. 1) 

·The input impedances for lines having short-circuited or 

open-circuited terminations follow from equati~n 2.1. By 

choosing different lengths of transmission lines either 

open-circuited or short-circuited inductive of capacitive 

circuit elements are realized which can readily be used 

in resonators, filters and matching networks. 

5 



It must be noted that these elements are dependant on 

8 which in turn is dependant on frequency. For a short 

circuited quarter-wavelength line the standing wave has 

a voltage maximum which corresponds to an open circuit 

condition. Thus the short circuit is transformed to an 

open circuit. Consider th~ case when the operating 

frequ~ncy doubles. The quarter-wave length line now 

becomes a half wavelength line which means that the 

short circuit now is transferred to the point that was 

previously the o~en circuit. Only when the load imped­

ance is equal to the characteristic impedance is there 

a match which is independant of frequency. This is 

important when broad-band work is undertaken. 

Except in perfectly matched conditions the load termina­

tion reflects some of the energy sent down the line. 

Interference between the incident and reflected waves 

travelling at the same vel6city but in opposi~ directions 

causes a Standing Wave field pattern to be set up. The 

ratio of reflected to incident voltage at the load is 

given by; 

Voltage reflection coefficient: 

T= ( 2. 2) 

The ratio of maximum to minimum amplitude of the standing 

wave is given by; 

1 + I· "t I 
Voltage standing wave ratio = ( 2. 3 ) 

1 I l'l 
The basic transmission line can be implemented in various 

different physical constructions [4] p 19. Only the ones 

that are used will be further discussed. 

2. 1 Microwave circuit technology 

2. 1. 1 Waveguide 

6 



Waveguide has been the tr~ditional means of transporting 

microwave energy. From the Boundary conditions derived 

from Maxwells equations the electric field tangential to 

a perfect conductor must be zero [3 ] p 338 .. This leads 

to the field distribution as shown in figure 2.1 • 

Figure 2.1 

z=b 
m=l 
1:=0 

(a) 

. z=b 

•

TF.lo p:plane u-~··T=E2CI: : 
{ wa~e out . _ ~ _ -. _ IJ 

of page) • _ _ _ · 

x ·x : . z 
(a) (c) 

z ·y z •y 

(b) (d) 

m=2 
n=O 

(b) 

E lines sclid 
H lin~s -:ashed 

Variati6n of field components qnd field 

c o n f i g u r a t i o n s f o r T E 10 an d T E 20 mode s i n a h o 11 ow 

rectangular waveguide 
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The simplist mode is the TE,0 which has the lowest cut off 

frequency given by equation 2.4: 

8 

1 ( _n -) 2 + ( _m_) 2
' ( 2 . 4 ) 

y t l I . 
for TEmn fc·= 

For frequencies below cutoff waves are not transmitted but 

are attenuated [J ] p 561. The attenuation constant for a 

rectangula~ guide at frequenriies below cut off is given by 

the equation below; 

X = 

Alternatively 

X = 

n1T 2 m1t 2 z1r2 

c--v->+ <--z-)~ <~) 

54.6 

}-. oc 

- 0 

2 .1. 2 Coaxial Line 

Np m-t 

The dominant mode of propagation in a coaxial transmission 

line as sho~n in figure 2.2 ~s the transverse electro­

magnetic (TEM) mode. [5] page 49. 

Dietectric 

Inner Conductor 

Outer Conductor 

Figure 2.2 A coaxial line 

1--f· 

2a --·---· 
2b 



For any lossless TEM mode structure the characteristic 

impedance is given by the following equation; 

... 
Where L and C denote the inductance and the Capacitance 

per unit length of the structure and are defined in the 

fol~o~ing equations; 

and 

C = 27T£/ £n (b/a) 

L = N £n ( b/ a) 
211'" 

Where£ and.#are the permittivity and the permeability of 
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the dielectric medium. The cut-off wavelength of the lowest 

order TE~ mode of propag~tion is given by; 

{b + a) 
21T \ 2 

2. l. 3 Micros trip 

A microstrip transmission line as shown in figure 2.3 

operates in a quasi - TEM mode because the conducting 

~trip is not surround~d by a uniform dielectric. 

Oi41141Ctric 
substratl> 
£• EoEr 

Ground plan• 
(conduc ling·) 

Top conducting 
strip 

Figure 2.3 The general geometry of a microstrie line 

The width of a microstrip line is principally a function 

of its characteristic impedance· and the thickness of 

the substrate. 



Some of the particularly useful characteristics of 

microstrip include the following: [4] 

1) DC as well as AC signals may be transmitted. 

2) Active devices, diodes and transistors may readily 

be incorporated (shunt conriections are also possible). 

3) In-circuit characterizations of devices is straight­

forward to implement. 

4) Line wavelength is reduced considerably from its free 

space value, which leads to smaller circuits. 

5) The structure is fairly.rugged and can withstand 

moderately high voltages and power levels. 

The following closed formulae were used to determine 

the width of the conducting strip when the dielectric 

constant and height of the dielectric are given. 

For narrow strips ( ) 
Zo (44 - zt. r~ 

w -(expH' 1 ,-\ 
h - 8 - 4expH '7 

Where 
Z 0 J2CE.r + 1) +1 1Er- 1\ ( 

~ ") in~+ ~.en_!:__) 
119 . 9 2 tr + 1 2 E.r 1T 

H'= 

10 . 

w z ( :~ tr- 1 ( 0.517) -h-
11 

(df- 1)- £n (2d- lJ + .en (d-1)+0.293-
'Trtr f.r 

2 

Where d = 59.9511 

Z0 J& 

With the formulae used accuracies of + 1 per cent can be 

expected. 

The wavelength at a given frequency on the microstrip is 

given by: 
300 

F Jeff 
mm 



Where 
29.98 £.r + 1 ( 

f_ e f f = ---::2,.---- 1 + ----,;---­
Zo 

teff 

E r-1 

( E.r+1 )(.en 
1 4 )

2 

~ +-.- £n_) 
L tr 'l'r · 

forZ 0 ) (63-2tr) 

Accuracies of 0.5 per cent can be expected. 
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The literature shows [4] p 57 that the thickne~s of the condu~ting strip 

may be signific~nt in that it influences the field distribution as shown 

in figure 2.4 which modifies the characteristic impedance. 

(b) 

(al Microslrip showing lhickn•ss I 

E-fil!ld 

tncrl!Qsing 

lhicknns I -

lei 

Figure 2.4 Changes in the di~tribution of the electric field 

as the thickness of the mictrostrip is altered. 

Fifty oh~ lines were constructed on Ouroid 2.2 softboard and 

were (ound to present a good match which means th~t the equa­

tirins used give a fair approximation. 



In many practical applications the microstrip circuit is 

enclosed by a metal cover as shown in figure 2.5 

;. X 
z 

Dil'll'ctric 
substrate 

~---------b--------~ 

Figure 2.5 Cross-Section of shielded microstrip. 

The presence of conducting top and side wall~ lowers both 

the ~haracteristic impedance and the effective microstrip 

permittivity, which is due to the increased proportion of 

electric flux in the surrounding air. Closed formulae are 

available in the lit~rature which predict the effects of 

·the conducting walls [4] p 59. 

The following equations show hQW the distance between a 

12 

top cover and the microstrip (a-h) effects the characteristic 

impedance. 

Where 

Where 

w/h~ 1.3 

Z0 (Shielded) = Z0 (Unshielded) -

w/h), 1.3 

Z0 (Shielded) = Z0 (Unshielded) -

z 
, o s1. 

z os2. 

zosl. = 270 ( 1-tanh ( 0. 28+1. z)a~h )) 

(. 0.48 (w/h)-1 ~ 

zos2 = Zos1 ~-tanh (l+(l+(a-h)/h)
2 

) 

The height of the conducting strip has beeri neglected because 

it has minimal overall effect in the above equations. 



The losses that occur are due to losses in the dielectric, 

losses in the conducting strip and radiation losses. The 

conductor losses vary between lXl0-3 dB/mm at 1 GHz to 

2.4xlo-3 dB/mm at 7 GHz. The dielectric losses are usually 

far lower than the conductor losses depending on what 

substrate is used. If plastic substrates are used the two 

losses are comparible. [4] p 61. 

2 .1. 4 Stripline 

A stripline as shown in figure 2.6 operates in a TEM mode. 

Dielectric 

Conducting strip 

Figure 2. 6 A stripline. 

plane 

The analysis of stripline is considerably simplified when 

the thickness of the central strip is negligible. Design 

equations are found in [15] p 57 and [26]. The following 

equation is used. 

Where 

w 16 
h = T( 

R = characteric impedance 

K = dielectric constant 

13 
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2.2 Coupled Transmission Lines 

Coupled transmission lines are used in a variety of circuit 

functions, namely directional couplers, filters, impedance 

matching networks and delay lines [5] page 76. They can be 

implemented in any of the microwave transmission line forms 

which include microstrip, stripline and coaxial line. They 

are of particular interest due to their unique phase shifting 

properties and can be fairly broad band. This allows them 

to be~ viable solution for the Phase Shifters (see chapter 8). 

Coupled lines are modelled on TOUCHSTONE which enables circuits 

to be designed in theory and be investigated fully before any 

fabrication process is performed. This is very important as 

some quadrature couplers (Lange couplers) have to undergo an 

expensive manufacturing process. 

2. 2. 1 Coupled Transmission Line Characteristics 

Any p~rallel-coupled pair of transmission lines may be des­

cribed by the four-port configuration indicated in figure 2.7. 

The broken lines indicate mutual coupling. 

Figure 2.7 Two parallel-coupled transmission lines 
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These coupled lines yield contra-directional travelling waves. 
[4] p 12. At any instant the relative polarities of the 
voltages, taken at any specific plane along the structure will 
either be alike or opposite, which is referred to as the even 
mode and odd mode impedances respectively d~noted by Zoe and 
Zoo. These characteristic impedances are major design parame­
ters for any parallel-coupled transmission line configuration 
and are functions of the degree of coupling (C) and the single­
line terminating characteristic impedance (Z 0 ). The important 
parameters are coupling factor C, transmission factor T, direc­
tivity D and isolation I. These quantities are defined when 
referring to figure 2.7 and figure 2.8. 

c = v/v; voltage fraction transferred or coupled 

across to the opposite arm. 

T = ~v~ transmission directed through the "primary" 

arm of the structure. 

D = ?v: measure of the uridesireable coupling to 

port 4. 

I = v; = degree of isolation between· port 4 and 
v.!. port l. 



) 
.... _, 

c co 

. /,---·T --~ 
Source 8 

Figure 2.8 Schematic diagram- of a directional coupler 

indicating the major parameters. 

The following important equations are derived in [4]. 

and 

Zoe - Zoo 

C = 20 log Zoe + Zoo 

2 

Z0 = Zoe Zoo 

( 2 . 5 ) 

(2.6) 

True TEM couplers yield equal phase velocities for each 

mode whereas quasi-TEM couplers yield differing phase 

velocities. 

A coupler therefore has the following characteristics. 

1) There is transfer of power from Port 1 to Port 2. 

2) There is transfer of power from Port 1 td port 4. 

3) There is no transfer ·of power from Port 1 to Port 3. 

4) There is no reflecte~ave out of Port 1. 

2. 2. 2 The phase relationship of guadrature couplers. 

Refering to figure 2.9.. When a signal is applied to Port 1 

16 

any reflections that occur on ports 2 and 3 due to mismatches 

are reflected back to Port 4 (or the isolation ~art). There­

fore the reflection coefficient seen at Port 1 is theoretically 

minus infinity. Transmission from Port 1 to Port 3 (the 

direct path) has a constant phare delay of 90 degrees. 



Transmission from Port 1 to Port 2 (the coupled path) has a 

constant phase shift of 180 degrees. The signals that reach 

port 4 are of the same frequency but shifted in phase which 

add vectorially. 

If different terminations are applied to Port 2 and Port 3 a 

resultant phase shift is found at Port 4 as shown in Table 1 

below. 

Termination Termination Phase at 4 Phase at 4 Resultant 

at Port 2 at Port 3 due to 2 due to J Phase 
.1 

Short Circuit Short Circuit 90° 90° 90° 
Matched Load Matched Load No Output No Output No Output 
Open Circuit Open Circuit 270° 270° 270° 

Table 1 Resultant Phases for different terminations on a 

"quadrature coupler 
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If open circuits are applied to Port Z and Port 3 tptal reflec­

tions will occur at these ports. If short circuits are applied 

ah additional 180° is added to each path. 

Port· 2 

Port 1 

Port· 3 

Port 4 

90° Path 
180° Path 

Figure 2.9 The phase shift paths of the guadratur~ coupler-
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2. 3 The Quadrature Coupler 

The couplers that were investigated were both of the micro­

strip ~nd the stripline types. A microstrip coupler would 

have to take the form of a Lan~~ coupler [7] [8] [9] because 

the gap between two straight coupled microstrip lines is 

too small to be physic~lly realizable for a 3dB coupling. 

(5] p 130. Even the Lange couplers need very narrow gaps 

between the fingers which is not possible to fabricate 

with conventional etching techniques. A process which 

involves tbe copper sputtering of thin film Alumina is 

required. 

Stripline couplers present much higher coupling for the 

same gap size as in coupled microstrip lines [10]. formulae 

are available in [5] page 72 and [10] which enable the 

physical parameters to be calculated once the even and odd 

mode impedances are given. 

to be very small. 

The gap sizes are still found 

An alternative to the stripline side-on coupler is the over­

lay coupler where a 3 dB coupling factor is feasible. The 

following formulae gives the even and odd mode impedances 

Zoe and Zoo [11] with respect to ground with the cross section 

as shown in figure 2.10. 

____ j_ I 
~ s b 

~w-4T I ___ L 

Figure 2.10 Cross-section dimensions of broadside-coupled 

strips parallel to the ground planes. 



These formulae hold for any ratio of w/b and s/b as long as 

w/ s > 0. 35 

188.3 K(K') 
Zoe = 

K(K) 
Zoo = 

296.1 

J[;;b I tanh_, K 
. s 

where K = a parameter 

K'=Jl- kl.. 

K(K) amd K(K') =Complete integrals of the first kind. 

An approximation is 

~ 1.3.5 2 ~ ) 

K + (2.4.6) K + ••••• 

The ratio ~ is given by 

w - 2 ~ h-' K b 1 '1r -
--- an 

b 1T l b ' 1 T - -s 

_, rl 
tanh~ 

A basic program was developed (see program 20b) to calculate 
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the width of the overlay once given the height of the dielectric 

~}the heig~t of ~he dielectri6 between the copper strips (s) 

and the even mode impedance. Equation 2.6 was always fulfilled. 

Program 20a is the flow chart for this program. It must be 

noted that all the conditions may not be satisfied for a given 

b and s. 



3. BIAS NETWORKS 

It is important that the circuitry used to bias the PIN 

diodes (or any other active device) does not interfere 

with the response of the overall circuit. Therefore the 

transmission line onto which the bias circuit is connected 

must still perform as a low loss line with the specified 

characteristic impedance. 

It is also important that the bias network does not degrade 

the modulating signal in any way. A modulating frequency 

for the switch can be in the region of ten mega-hertz. 

Therefore the overall required response takes the form of 

a High Pass filter as shriwn in Figure 3.1. 

Q) 

0 . -o 

I I 
Vl 

10 Vl 
0 
-' 20 c 

L 
:J 30 -4--
QJ 
cr 

.01 .1 1 10 100 
Freq -GHz 

Figure 3.1 Required response for a bias network 

A return loss of 20d8 c9rresponds to one hundredth of the 

power beinq returned to the source which results in a 

SWR of 1.2. 

A number of differe~t biasing methods were investigated 

and developed as follows. 

3.1 Radial Stub 

The radial stub configuri~ion as shown in figure 3.2 is a 

radial transmission line ele~ent [12] A magnetic wall 

model [13] can be employed for analysis where the radial 

element is considered as a cavity resonator with electric 

20 



walls on the top and bottom and magnetic walls oh the side 

border. 

Figure 3.2 The Radial $tub as a bias network 

A broad-band high fr~quency Open-circuit is present at 

point B. The fo~lowing design equations are given for a 

semi-circular cavity resonator[l4] page 133, which was 

used to design a circuit. 

For a TEnpq made: 

Resonant freq. 

where X'np = Kc a Bessel function 

Figure 3.3 A semi-circular c~vity resonator 
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For a· frequency of 3.46 GHz and a TEuo mode. Fram [14]p 116 

X'u = 1.841. A radius of 17.12mm is calculated. A feed line 

with. an impedance of l!Oohm was chosen: This results in a 

microstrip width df .57mm. Two circuits where fabricated. 
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One with a radius of 17.12 and another with a radius of 8.58mm. 

The measured response is shown in figure 3.4. 

" CD 
"0 ....... 
(J') 
(J') 

a 
-' 
z· 
0:: 
::3 
1-
w 
0:: 

Ul 
(J') 
0 
-' 
z 

Radius = 17.12 m m 
0 . 

10 

20 

30 

40 

~+---+---~---r---r---+---+--~--~--~~~ 
z ,4/dlv 8 

F reguency CGHz) 

Radius = 8. 5-8 m m 

0 

10 

0:: 20 
::3 
1-w 
0:: 

30 

•a +---1----~---r---r---+---+--~----r---~ 
• 4/dlv a 

F reguency (GHz) 

Figure 3.4 The measured response of the radial stub circuits 

which were fabricated. 

The radial stub network is not broadband enough for the band­

width in question. It can be easily. noted that as the radius 

decreases the usable frequency response shifts up in frequency 
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which is to be expected. It was ilso found that the DC pad 

as shown in diagram 3.2 can be.removed and replaced by a wire 

soldered to the centre of the radial stub. A major dis­

advantage with the radial stub is that it is physically vety 

large compared to the other microwave circuitry and devices 

·at the frequencies being delt with. 

3.2 High Impedance Low lmpedance sections used in 

Bias Networks 

The property of the quarter wavelength impedance tran~former 

can be used in a bias network. An open circuit at on~ end 

of a quarter wavelength section of transmission line is trios­

formed to a short circuit at the other end and visa verse. 

If two quarter wavelength sections with different impedances 

follow one another as shown in figure 3.5 a broadening of 

the bandwidth occurs compared to one section. The low impedance 

(the wide section) has the influence of broadening the band­

width of a single open circuited stub and ensures a low 

impedance point for the DC connection to be made. The high 

impedance is the thin line connected to the 50 ohm line. 

Low 
1 ~/impedance 
"--,f >-/ 

/!, 

c i . JO ohm l1ne 

Figure 3~5 A Microstrip circuit of High Impedance Low 

Impedance Sections 

A way of broadening the bandwidth ev~n further would b~ to 

use m~ltiple quarter wavelen~h sections for different 

frequencies as shown in figure 3.6. 



...... ~ --~··=~:.:..of->--/4 at low 
frequency 

/. ' fi 1- I . . /\ '+ a, )JQrl 

frequency 
·~ ........... L ...................... ~ • .. .. 

figure 3.6 Microstrip circuit of broadened High Impedance 

Low Impedance Sections 
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The higher frequency is chose~ to be double that of the lower 

frequency. When the circuit is operated at the higher frequency 

the long quarterwave section will support the shorter section 

because at this frequency it is half a wavelength. ie The 

open circuit at the e~tremity is transferred to the connection 

at the 50 ohm line. 

This cir~uit was analysed on TOUCHSTONE using firstly ideal 

transmission lines. The circuit was optimized for the broadest 

bandwidth possible which resulted in the lengths not being 

~xactly a quarter wavelength. See Program 1 Appendix A. The 

resulting response is shown in figure 3.7a . 

0 CBISUJ 
BIAS 

. . 
0 OBISIII 

BIAS 

0. 0£•00 

-20.00 

-•o. oo 
1.000 4.000 

FR£0-CHZ 

(a) 

-20.00 

·. 
-•n. oo 

7.000 1.000 •• ooo 
FREO-CHZ 

( b ) 

Figure 3.7 Response using a) ideal transmission lines b) 

microstrip lines for the circuit shown in figure 3.6 

7.000 



A transformation from ideal transmission lines to microstrip 

was done where the MLIN and MLOC commands are used. See 
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Program 2. It was found that the response did not follow the 

result shown in figure 3.7. This would be due to the open 

circuit stubs having finite widths. The circuit was again 

optimized to produce the response shown in figure 3.7b. 

The software predicts that this system of biasing does not 

operate over the entire frequency range in quest ion. A circuit 

was not produced to compare measured response to computed 

response. 

3. 3 Bias networks using Elliptic Filters 

A means for constructing filters as rectangular pads on 

dielectric substrate is described in references [15], [16] 

and [17]. The merits of this construction is that the Bias 

network is constructed simultaneously with the rest of the 

circuit. A thin wire is then solderid to a low impedance 

point which injects the required bias signal. The pad has 

an eq~ivalent LC circuit as shown in figure 3.8. 

>: Lc 

b • -I 
r-------'1 

L-., r-----r---r-· A 1 T T T ------l 1 I Cc -
! ' Tc• c., I 
i ' I 

l pl ' ~ P, 

i i· I i I ~c) I I I 
_1_ 

1 
' ,. .L 

i -- .L 

I 
.. , 

.L 

(a) (b) 

Figure 3.8 Geometry of two types of filter elements with -

their equivalent circuit. 

The design equations used which relate component values to 

pad dimensions are given. 



.e = 

q, = 

P• = 

p2. = 

t (Ca + Cb) 

Eb 

Cb/J 2 (Ca Cb + Ca Cc + Cb Cc) 

-cai} 2 (-Ca Cb + Ca Cc + Cb Cc) 

( £ /7T) -•( (1Tw,~ COS -q, /Sn _2£ 

(£/rr) cos-• (q.fSn ( ";~') 
Ca Cb -\ 

Open circuit resonant frequency = [Lc (Cc + Ca + Cb)] 

For the circuit in figure J.Ba the following conditions 

have to be imposed. 

For the 

Cb 
Ca) Z 

Ca 
Cb)-2 

Cb - 2Cc 

( Cb + Cc ) 

Ca 2Cc 
( 

Cb + Cc 

circuit in figure 3.Bb 

Cb Cb 2Cc 
Ca = 2 Cb Cc + 
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A Sharp PC I2ll pocket computer was programmed to request 

component values and then to calculate the resonant frequency 

and pad dimensions. See Program 3 Appendix A for basic 

program. The SPICE program on the UNIVAC mainframe computer 

was then used to calculate the Return Loss of the equivalent 

circuit from 2GHz to 6GHz as shown in Figure 3.a. Ports 1 

and 3 form the two port network. 

Figure 3.9 The equivalent ~itcDit that was programmed on 

SPICE. 



The following values were generated on the Sharp pocket 

computer. 

Requested parameters: 

L = 5.6 nH 

Ca = lpF 

Cb = 1pF. 

Cc = .04fF 

Width Port 1 = 0.57mm 

Width Port 2 = 0.57mm 

Width of pad = 5mm 

Calculated values: 

Resonant frequency = 3GHz 

Length of pad = l6mm 

P1 = 12mm 

P2 = 12mm 
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These values were used in the configuration as shown in figure 

3.1. It was found that if an open circuited quarter wavelength 

section was introduced between points 2 and 4 in figure 3.9 

then the response was broadened. This configuration came about 

in an attempt to incorporate the High Impedance Low Impedance 

sections with an Elliptic filter pad. The program listing is 

shown in Appendix A (Program 4). 

shown in figure 3.10. 

The predicted response is 
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The ideal transmission line circuit that was developed on 

SPICE was sim~lated using the TOUCHSTONE program. Since 

TOUCHSTONE facilitates the entry of microstrip dimensions 

directly it was hoped that a higher degree of accuracy could 

be achieved. TOUCHSTONE predicts that the dimensions for 

the circuit that produced the response in figure 3.10 are 

far larger than tho~e predicted by SPICE. Different con­

figurations were tried where t~& optimization routine was 

used extensively. Some microstrip layouts with their 

accompanying predicted response is shown in figure 3.11. 

Their programs are shown in Appendix A. (Programs 5,6,7). 
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Figure 3.11 Microstrip layouts with their accompanying 

predicted response. 

Figure 3.llc seems to give the required response but this 

is a prime example in which the program was allowed to 

optimize indefinitely without any limits provided. The 

stubs w~re reduced until the effect becomes negligible. A 

satisfactory frequency response was not obtained in soft-

w~re over at least two octaves of bandwidth and no circuits 

were fabricated as a result. 
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3.4 Pads that were tested as Bias networks 

A number of simple circuits were built up using the 3M 

Microwave Design Aids. This design aid consists of thin 

copper strips with Low Loss glue on one side to facilitate 

the adhesion of pads and strips onto a dielectric substrate. 

Pads of different sizes and shapes with thin copper wire 

connecting them to.a 50 ohm line was constructed. The 

dimensions and shapes of the pads were eas~ly altered by 

trimming off narrow strips of copper with a sharp knife. 

The change in the return loss on the display of the network 

analyser was then observed. The connection from the pad 

to the 50 ohm line is very important. It was found that the 

best results were obtained by using thin copper wire (diameter 

= .15mm) for this purpose. 

TOUCHSTONE was used to model a pad with a thin connecting wire 

to a transmission line. It was then easy to construct the 

circuit using the design aid and then to compare the predicted 

response with the measured response. The predicted response 

is shown in figure 3.12a where a square pad was constructed 

with a 25mm length of ~15mm copper wire connecting it to a 

50 ohm transmission line. 

3.12b. 
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Figure 3.12 Th~oretical and measured response of a_ sguare-@ad. 
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The pad can be considered as a capacitor when considering 

that there are two conducting plates separated by a dielectric 

slab. A 25mm length of connecting wire is a high impedance 

quarter wavelength at 3 GHz and the capacitor is a low 

impedance to ground at microwave frequencies. This is very 

similar to the High Impedance Low Impedance Sections as 

discussed in section 3.2, the difference being in the way 

the Low Impedance is implemented. 

However the measured response is not better than 20 dB over 

the frequency range and forms a notch as in the radial stub 

case. 

When the pad gets too large, the dimensions become comparable 

with that of t~~ operating wavelength and uncertainty arises 

as to whether the pad is a capacitor or a resonant stub with 

quarterwavelength sections. 

3.5 Ferrite cores·used in Bias Lines 

All the previous methods involved getting the bias circuit to 

present a high impedance to the 50 ohm line. This is to stop 

reflections occuring by minimizing any impedance mismatch. 

It was thought that if all the microwave signal entering· into 

the bias network was absorbed, then .the bias connection would 

have minimal effect on the return loss. This would be implemen­

ted by using a ferrite material in the form of a bead which is 

very lossy at microwave frequencies. A thin wire fed through 

the ferrite bead would present a high impedance to the trans­

mission line, therefore the amount of energy entering the bias 

line to be absorbed would be very little. 

A wire (.15mm in diameter) was soldered onto a 50 ohm trans­

mission line and a number of different cores were tested. The 

results were compared to that of the wire connected by itself. 

See figure 3.13. 
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Figure 3.13 a) displays the. return loss of the 50 ohm trans­

mission line on which all the tests were carried out~ Figure 

3.13 b) shows the response with only the thin wire. When the 

wire is touched or moved slightly the response changes. The 

three different traces are of three different wire positions. 

Figure 3.13 c) and d) are the results of the same wire with 

different number of turns throu~h a ferrite bead. The wire 

with two windings gives the best results. It is thought that 

the higher number of turns increase the inter-turn capacitance 

which degrades the re~pons~. 
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Figure 3.13 Results of tests done with wire and Ferrite beads 



Many ~ariations were tried and it was found that the ferrite 

bead must be placed as close to the 50 ohm line as possible 
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for best results. An insertion loss test was also carried out 

to see if the ferrite material was not absorbing all the micro­

wave energy present. This would not allow a transmitted or 

reflected sigMa! resulting in a good return loss. In fact the 

additional insertion loss was negligible when compared to that 

of the 50 ohm line without any form of bias line attached. 

3.6 Conclusions 

Another method of biasing that was not fully investigated is 

to use a small wire wound inductance of approximately lOOnH. 

If this inductance is placed close to the transmission line 

then a high impedance (approximately 1.2k ohm at 2 GHz) would 

be in shunt with the 50 ohm line resulting in a small mis-

match. The problem is a very small coil with e~tremely thin 

wire which has to be constructed to keep the stray capacitance 

to a minimum. 

The ideal bias network would be a small printed circuit that 

could be fabricated in the same process as the microstrip trans­

mission lines and other microwave components. This type of 

circuit works well enough for small frequency bandwidths but 

alternatives had to be fo~nd for the frequency range in question. 

The best solution was found to be ~ 22pF (ATC type A) capacitor 

with a short length of thin wire connected to the microstrip 

transmission line as illustrated in figure 3.14. (These ATC~A 

capacitors were used as DC blocking capacitors later). 

Microstrrp. 

Capacitor 
-~Grounded Pad 

'A/4 Length of Wire 

Figure 3.14 The bias system consisting ~f a capacitor and 

·a short length of wire. 
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This again similar to the High Impedance Low Impedance ~ystem 

as in section 3.4. The capacitor has the advantage over the 

open circuited low impedance line in that as the frequency 

increases the impedance decreases and is not cyclical. The 

results of this method of biasing is shown in figure 3.15. 

A ferrite bead was also inserted which gives the best results 

overall. 
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Figure 3.15 Results of the capacitor and wire biasing system.~ 



4. THE PIN DIODE 

PIN diodes can be used in variable-impedance elements to 

control microwave signals in applications which include 

switching, attenuating, modulating and phase shifting. 
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The fundamentals for these silicon junctiori microwave diodes 

are found in the physics of the PN junction. [1~] 

The PIN diode consists of a P-type and a N-type layer and 

an Intrinsic (I) layer between them. In practice, it is 

impossible to obtain and maintain through processing, truly 

intrinsic material. Thus most PIN diodes have I 'layers 

which are slightly N-type or P-type. Consider a device with 

a very lightly doped N region. figure 4.1 a) illustrates 

that there are in fact ·two junctions, a p+ N junction and a 

N- N+ junction. 

No is the donor doping density for the N material and NA 

is the acceptor doping density for the P material. When 
+ -

zero biased a depletion region will form at the P N 

junction. If the doping in the N layer is sufficiently 

small, and the width is small, the zero bias depletion 

d 11 th t the .N + . 
region may exten a e way o reg1on or a reverse 

bias might be required to obtain this condition. At this 

point, the depletion region will not increase further in 

width, figure 4.1 b) ~haws the electric field profile. 

The lower the doping level in the I region, the more .con­

stant the electric field is across the I region. [19] 

N(X) ~~ No(X)- NA(X) 

no2 !\ 
p N+ 

No1-~--f================-----~~ X 

NA 1"-

a) DO?ING PROFILE 

E(X) --qNo 
,j" SLOPE = --E-

4---L---------~~--~--------~- X 

tl) ELECTRIC FIELD PnOFILE 

Figure 4.1 The doping profile and electric field profile 

of a PIN diode 



\ 
\ 

36 

At low frequencies the device behaves as a P-N junction 

rectifier, but at sufficiently high frequencies rectification 

ceases and the impedance becomes that of the !-region. This 

will be high when the P-N junction is reverse biased, but will 

become low when forward bias is applied to flood the !-region 

with injected carriers. for small signals no bias has to be 

applied to obtain the reverse bias condition. The frequency 

at which the device works must be such that its period is small 

compared to the effective lifetime of the charge carriers. 

Since the electric field is almost uniform across the active 

region, and the voltage is the integral of the electric tield 

across the junction, one can estimate the breakdown voltage 

of PIN diodes from a knowledge of the threshold field for 

avalanche breakdown. Typically the breakdown voltages range 

from 30 Volts to 1500 Volts. 

4.1 PIN diode structures 

i) The passivated mesa structure is shown in figure 4.2 

where the active !-region resembles a parallel plate 

capatitor with minimum fringing cap~citance to the sub­

state. It also maximizes the sUrface breakdown voltage. 

THERMAL OXIDE (Si02) 
MET fJ.LUC- PASSIVAT!Cm 
CONTACT LAYER 

{:-7--'~ .1 
p="'/ ~' L N + SUBSTHAT[ 1 

r_ 

'LMFTALLIC COtH/-\CT 

Figure 4.2 Passivated Mesa construction PIN diode 

2) The planar PIN diode chip is shown in figure 4.3. For 

microwave purposes, planar devices have two major dis­

advantages. First, the PN junction depletion region is 

shaped like a plane-parallel plate capacitor in the centre, 
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but is cylindrically shaped at the edges which reduces the 

voltage breakdown considerably from a mesa device with an 

37 

I-region of the same thickness. Secondly, the inactive silicon 

surrounding the junction produces extra ~ringing capacitance. 

It also stores charge, thereby reducing switching speed. But 

the series resistance vs current characteristic is linear on 

a log-log plot over a wide dynamic range of forward-bias 

currents which make it useful for attenuator applications. 

~ M_ETALCONTACT 

J:."r,.._.,,.} ... , :".'~~-~ Si02 

P + Rr;~~'~· , '~ffiYU~IORICAL 
N· OR I REG'ON --~ L REGION OF 

- I \ JUNCTION 
PLANE REGION . 
OF JUNCTION 

N+ SUBSTRATE 

./ 

t:.. MF.TALLICCONT/\CT 

Figure 4.3 Planar constructed PIN diode 

3) The beam-lead PIN diode as shown in figure 4.4 is a planar 

PIN diode with both contacts on the same side of the silicon 

wafer. This device is well suited for series mounting in hybrid 

IC circuits. The main .advantages are that they can be made 

extremely small with very low junction capacitance, and that 

the mounting configuration results in a minimum of lead induc­

tance. 
SiLICON CHIP 

ANODE BEAM / CATHODE BEAM 

CON'TA_<OT '\ CCJ /CO>TACT . L2~-
N\..._~~~~.=:~-=~\~. == 

p+J 

Figure 4.4 Beam-lead constructed PIN ~iode 

These devices are generally used in high frequency applications 

in microstrip circuits. 
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PIN diodes are available as chip devices or mounted in a 

variety of microwave packages which provide a hermetically 

sealed environment for the chip which allows for mounting 

in coaxial, waveguide, stripline and microstrip circuit. 

The electrical effect of. the package is to add a shunt package 

capacitance (Cp) across the junction and a lead inductance 

(Ls) in seiies with the junction. Both these effects limits 

bandwidth but if they are well defined they can be designed 

for in their respective circuits.Cp and Ls vary from package 

to package. 

Figure 4.5 shows the equivalent circuit for a packaged PIN 

diode in the forward and reverse biased states. 

D· 
Cp-y Af(lfl 

a) REVERSE BIAS b) FORWARD BIAS 

Figure 4.5 The equivalent circuit for a packaged PIN diode 

It must be remembered that this is the simplest form of the 

model. The model changes according to the specific package. 

The .capacitor Cj is given by: 

E. A 
Cj - Wr 

E. = Dielectric constant 

A = Area of Intrinsic layer 

WI. = Width of !-layer 

The diode series resistan6e (Rs) is the sum of all the 

resistances of the undepleted silicon regions and the contact 

resistance of both ohmic contacts. The reverse biased PIN 

diodes block RF transmis~ioh when placed in series with a 

transmission line, and permits RF transmiss{on when placed in 

shunt with a transmission line. 
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4.2 Transient Properties 

When a PIN diode is switched from the reverse biased state to 

the forward biased state the transient occ~rs rapidly. Carrier 

injection occurs almost immediately, and the carrier concentration 
. I 

in the intrinsic region grows to an equilibrium state. A finite 

amount of charge must be transferred in order for the junction 

t o r each i t s e q u i l i b r i u m f o r war d-b i a s v a 1 u e . T h e s·p e e d o f t h e 

transient depends on the time, constant of the PIN diode and bias 

network, with an almost negligible delay due to the diode's 

junction effects. 

When a .~IN diode is switched from a f6rward biased state to a 

reverse biased state, immediately after switching the diode can 

support a high value of reverse current from the charge that is 

stored in the !-region. The carrier concentration slope then 

adjusts itself to support a reverse current by diffusion from 

both edges bf the !~region. The stored charge depletes itself 

by two mechanisms. The -first is the charge removal caused by 

the reverse current and the second is the decay of the injected 

carriers by recombination in the !-region. This recombination 

proceeds w~th a time constant TL, which is the average lifetime 

of a charge carrier in the !-region before it recombines. Figure 

4.6 shows a typical switching transient of a PIN diode when 

switching from a forward current to a reverse current. 

,, ' 
l(t) 

Irs 

. I 

1-----!~ r--- Tt 
I 
I 

VF =:=:t===~: _ _.. 
I 
I 
I 
I 

If = Current under forward biased condition 

Irs = leakage current under reverse bias condition 

Figure 4.6 Switching Transient of a ·prN diode 
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The length of time the current Ir can be sustained is called 

the storage time Ts·which is a function of both If and Ir 

since If determines the amount, of stored charge and Ir deter­

mines its rate of removal. The transition time Tt is usually 

very much smaller that Ts. 

The type of PIN diode driver determines the switching speed 

to a large extent. Drivers with high values of Ir or with 

spiked leading edges on their waveform are used to minimize 

reverse switching time. The limiting factor is the minimum 

time it takes for a carrier to transmit the !-region at max­

imum saturation voltage. The wi~th of the I region-determines 

the minimum speed with which the diode can be switched as 

well as the breakdown voltage. It-should be noted that the 

switching speed of a diode decreases as its power handling 

capacity increases. 

4.3 Power Handling 

There are two factors which determine the power handling 

capability of any PIN diode. The first and most common is 

the maximum junction temperature at which the device can 

operate with full reliability. The second is the peak voltage 

that the device can be subjected to without c~using damage 

to the junction. 

4.4 Package Parasitics 

Figure 4.7 shows ihe complete schematic for a PIN diode. 

The parasitic components can be tuned out by externally 

placed capacitance and inductance as shown in the figure 

below. 
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Cj = junction capacitance 
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·Figure 4.7 Equivalent circuit of a packaged PIN diode 

with external tuning. 
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If the case parasitics are not tuned out their effects become 

noticeable as the frequency increases. Lext is used to parall~l­

resonate the package capacitance and can be realised by a stub 

of critical length placed at a certain distance from the device. 

Cext is used to series-resonate the lead inductance. 

In the design of circuits using PIN diodes the parasitic elements 

play a large role. A practised design technique is not to use 

the theoretical model of the packaged PIN diode but to character­

ise it in terms of the S-parameters measured on a 5-parameter 

test set. Once this is done full use can be made of a software 

package such as TOUCHSTONE or COMPACT. 
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An/ alternative theoretical equivalent circuit for the PIN 

diode is shown in figure 4.8. The literature seemed to 

indicate that this is the preferr~d model. 

Lp 

Cp 
~~~~-R-· ~ 

Rs 

Figure 4.8 An alternate theoretical model for the PIN dio~e 

4.5 The HP 3141 shunt mounted PIN diode 
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lhe HP 3141 PIN diode is of the oxide passivated ~esa design 

whi~h is enclosed in a package. See append~x B for specifica­

tions. The package is mounted directly onto the ground plane 

which facilitates the shunt operation. 

The characteristics of the PIN diode that were investigated are 

as follows; 

i) the effect of different biasing 

ii) the impedance variation over the frequency range 
ZGHz to 6GHz 

iii) the variation of characteristics from device to device. 

All the tests made use of the. transistor test fixture. A 

ground structure was machined fiom a brass plate as shown in 

Appendix B. A specially adapted microstrip board was also 

fabricated which allowed a d!ode to slot into place easily. 

The bias current was applied through the biasing po~ts of 

the s-parameter test set. 

The refer~nce plane was first set by placing a short ~n the 

diode slot. The mechanical slider which moves the reference 

plane was then adjusted to get a constant phase shift indepen­

dant of frequency. The s-parameters measured with a diode 

inserted will be that of the device only without any small 

section of transmission line. 
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The Accuracy Enhancement ~ackage requires 

measurable ~pen circuit, short circuit arid 50 ohm through 

line terminations as well as the type of connector used in the 

calibration routine. The first three conditions can be met 

but the connector cannot be accommodated on the slotted micro­

strip line. 

A solution is to calibrate the system without the test fix­

ture connected. This allows. the APC-7 calibration kit to be 

used. The reference plane is then extended in software to 

obtain a constant phase shift which is displayed on the print­

out. It is a matter of trial and error to reach the correct 

extension. A reference plane .extension of 28.35cm was found 

to give the flattest phase response as shown in figure 4.9. 

The S-parameters that were generated were later used in creat­

ing an 5-parameter file on the software package TOUCHSTONE. 

This is shown in Appendix B. 
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Figure 4.9 Phase response generated with a short and 

reference plane exten~ion of 28.35 em 

Ariother method of getting around the problem is to adjust 

the reference plane on the s-parameter test set to half 

that of the software extension. The physical extension is 

half that of the software extension because return loss is 

being analysed where the .signal has to travel to the device 

and back for a measurement ~o take place. 



When the shunt mounted diode is forward biased it ideally 

presents a short circuit to ground. In practice a very low 

but finite impedance is realised. This implies that the 

signal is not transmitted from the input to the output of 

the microstrip circuit. A measure of how good the short 
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circuit is~ is determined by the isolation between the input 

and output ports oi ~lternatively the insertion loss. This 

is determined by the bias current. The insertion loss changes 

as the forward bias current is varied between zero and ten 

milli-amps. Over ten milli-amps a diode can be considered to 

be switched on fully and a further increase in curr~nt has a 

very small but finite ~ffect on the diode impedance. It was 

decided that an operating current of approximately fifteen 

~illi-amps would suffice for all tests. Figure 4.10 shows 

the isolation that is presented from one diode when the 

current is changed in steps of ten milli-amps. 

Figure 4.10 
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Isolation versus bias current on the HP 3141 



In the reverse bias condition. no difference in the response 

was observed as the reverse voltage was increased from zero 

volts. The insertion loss results as shown in figure 4.11 

from which it can be concluded that very little signal is 

lost due to a mismatch in the 50 ohm line or attenuation 

through the PIN diode package. 
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Figure 4.11 Insertion loss for the reverse biased HP 3141 

PIN diode. 
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The reference plane extension is very critical when measure­

ments of impedance are being performed which use the modified 

accuracy enhanc~ment package. Figure 4.12 illustrates how 

the imped~nce va~ies when the extension is varied by .2cm in 

software. 
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Figure 4.12 The effect of moving the reference plane on the 

impedance. 

The trace of -.2cm gives the flattest impedance response and 

the reverse biased diode has an impedance of 50 ohms with a 
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5 ohm variation. The forward biased diode has a maximum res-

istance of approximately six ohms. 

Six diodes were tested _and they were found to give the same 

response with a variation of not more than one ohm variation 

from diode to diode over the frequency range. 

B f~r the listings of the impedances) 

(See P-.ppendix 

The theoretical equivalent circuit as shown in the data sheet 

is shown in figure 4.13 
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J5nH JSnH .2nH .2nH 

SO ohm 50 oh rn 50 ohm 50 ohm 
.8 ohm 1400 ohm 

~3.8m~ 
.0 2 nH 

3 8 ~4.4m~ 
. 4pF 

t"4m1 ~ . m~ I 
Forward Biased .Reverse Biased 

figure 4.13 The Theoretical equivalent circuit of the 

HP 3141 PIN diode 

4.6 The Beam lead series mounted PIN diode 

Two sli~htly different beam lead devices were available; 

1) ALPHA INDUSTRIES OSG6474 silicon oxide passivated beam 

lead and 2) MA-47301 which is a silicon nitride passivated 

beam lead. See Appendix B for specifications. 

These devices are extremely small as can be seen on· the 

specification sheets. This leads to the small parasitic com­

ponents but the handling of these devices are difficulf and 

great care has to be taken in fixing them into position. A 

few different methods were tried with low temperature solder 

and a hot plate, however the best system is to use ordinary 

solder with a very small temperature controlled soldering 

iron. The soldering was done under a microscope. 

The 5-parameters were not measured for design purposes. The 

theoretical model as shown in figure 4.5 was used to generate 

the S-para~eter files for the reverse and forward biased cases. 
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Program 8 as shown in Appendix A was used for this purpose. 

The component values used are not exactly the same as those 

stated in the specification sheets. The worst case values 

were used which still resulted in the measured response 

lookin~ like the predicted response as shown in chapter 6 for 

the SP4T switch. 

4.7 Discussion 

The series mounted diode operates in a reverse manner to the 

shunt mounted diode regarding the biasing. For forward biased 

conditions there is a transmission of microwave signal from 

the input to the output. This becomes significant when the 

series mounted diodes are used together with shunt mounted 

diodes. 

The power handliQg capacity of the series mounted diode is 
' 

far lower than. that of the shunt mounted type. (Power dissipa-

tion for the HP 3141 is 1 W~tt and for the series mounted type 

is 250 MilliWatts). Isolation is generallybetter for the shunt 

mounted diode. Switching times vary depending on the diode con-

struction but no tests were carried out on switching speeds. 

It must be noted that only small signals are being tested thus 

the reverse biased condition on all the diodes discussed can be 

achieved by applying zero bias. 



5. THE SINGLE POLE SWITCH USING SHUNT MOUNTED DlODES 

A single pole double throw (SPOT) switc~ was initially of 

main interest. A transmission line layout of the switch is 

shown in figure 5.1. 

Figure 5.1 A transmission line layout of the SPOT switch 

When one switch is closed (ie the transmission line is short 

circuited) the quarter wavelength section transforms the 
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short circuit to an open cir~uit at the junction. This causes 

all the signal at the input port to travel through to the out­

put port which has the open switch. The major problem is 

that the quarter wavelength sections are only quarter wavelengths 

at one particular frequency, but if the impedances were altered 

and an impedance matching section was inserted in the input port 

line, then a broadening of the bandwidth results. [20]. Figure 

5.2 shows the tesponse of a SPOT switch with 35 oh~ quarter 

wavelength sections as shown in figure 5.1 with an additional 

35 ohm quarter wavelength section in the input port line connec­

ted directly onto the junction. 

-20.to() 
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r.. uUo 
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Figure 5.2 The response of a brciadbanded SPOT switch 



The microstrip layout is shown in fi~ure 5.3 where the 

3 5 ohm sections are 4mm wide and 13.3mm long. (A quarter 

wavelength at 4GHz). The notch at the junction is to 

improve the response [4] page 111. 

r 

Diode positions 
l' ~ au-. a· .·,v, ~ ·B'~Btai~ 

I J;, ~~------.__(a p a cit or 
., '\ . · p osd 1 on s 

SO ohm 35 ohrn --· line line 
L 

Figure 5.3 The ~icrostrip layout of the SPOT switch 

When one PIN diode is forward biased the circuit can be 

considered as a length of 35 ohm line section terminated 

on both sides by a 50 ohm line with a 35 ohm short circuited 

stub situated midway along the lower impedance line. 

A single Pole three throw switch was investigated in soft­

ware and it was found that, even after optimization, the 

frequency bandwidth never reached that of the SPOT configura-

tion. 

5.4. 

The best response that was. obtained is shown in figure 
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Figure 5.4 The theoretical response of a single Pole three 

throw switch using Shunt mounted diodes 
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Also the quarterwavelength lines did not remain at 35 ohms. 

The drawback of this is that multiple throw switches cannot 
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be built up as required using lengths and impedances previously 

defined. 

A possibility is to use the SPOT switch as a building block 

for multiple throw switches. S~e SP4T switch constructed with 

shunt PIN diodes. 

5. l The first SPOT switch fabricated 

A SPOT switch as shown in figure 5.3 was fabritated. 

5.3 is the artwork used in the ma~ufacturing process) 

exact dimensions are shown in Appendix C. 

(Figure 

The 

The SPOT switch with ideal components ie a physical short, 

50 ohm through line and no capacitors, was tested to see 

how the response compares with the theoretical respons~. The 

two plots are shown in figure 5.5. 
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Figure 5.5 The comparison of ~he ~easured and predic~ed 

SPOT switch .with ideal components 

The theoretical response generated on TOUCHSTONE is shown on the left, the 

plot on the right is the measured response. 
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The TOUCHSTONE program is shown in Appendix A Program 9. 

The measured response agrees with the predicted response 

in shape but not in magnitude. The return loss drops to 

approximately 12dB in the middle of the range. Also the 

entire frequency response is shifted down by about .6GHz. 

When 22pf DC blocking capacitors are soldered into place 

over lmm gaps in the 35 ohm transmission lines the response 

is substantially worsened as shown in figure 5.6. 
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Figure 5.6 The SPOT switch with ideal components and DC 

blocking capacitors. 

This could be due to the capacitors themselves or the size 

of the microstrip gaps over which they are soldered or the 

soldering techniqties used. Also the notch at the junction 

has an effect on the response. It was found that by remov­

ing the notch when the capacitors were inserted improved 

the response slightly. 

One PIN diode was inserted in the place of the physical 

short. This allowed forward biasing to take place through 

the biasing ports of the s-parameter test set, which results 

in no capacitors being mounted. Program 10 (Appendix A) 

predicts this respdnse where the m~asured s-parameters of 

the forward biased PIN diode are used. Figure 5.7 displays 

the predicted and th~ measured response raspectively. 
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Figure 5.7 The SPOT switch with one forward biased PIN 

diode and no capacitors 

Figure 5.8 shows the measured response of one reverse biased 

PIN diode and a physical short. In actual fact the diode had 

zero bias applied, because the sweep generator only supplies 10 dBm of 

power. 
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Figure 5.8 The SPOT switch with one reverse biased PIN diode 

and a physical short. 

The theoretical models of the HP3141 diode as shown .in figure 

4.13 was inserted into the programs to replace the measured 

s-parameters to see if the predicted response would follow 

the measured response more closely. It was found that the 
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difference between the th~oretical response generated with the 

use of the PIN diode model was very similar to that predicted, 

using the measured s-parameters of tha diodes. 

The conclusion that was made is that TOUCHSTONE can be u~ed to 

develop circuits but the theoretical results generated only 

give an approximation to the real response. This allows a com­

puter analysis of ~ircuit configurations to be optimised and 

will show which circuits offer wider bandwidths. However, the 

exact bandwidth of the insertion loss, return loss and isola­

tion cannot be predicted. 

The response of the SPOT switch with ideal components as shown 

in figure 5.5 does not have the required bandwidth. The basic 

circuit has to be developed further. 

5.2 Development of the SPOT switch with the use of stub 

matching. 

The PIN diodes are not perfect short circuits and open circuits. 

This is mainly due to the parasitic components. It is thought 

that stub matching can be used to match out the parasitic com­

ponents of the diodes as well as to broaden the bandwidth of 

the basic circuit. 

The equivalent impedances for the forward and reverse biased 

HP3141 PIN diode calculated directly from the model is: 

For the forward biased case 

ZIN = 0.865 + j 4.248 

For the ·reverse biased case 

ZIN = 46.53 + j 6.73 

To match out a reactance of j 4.248 a reactance of - j 4.248 

must be added in the form of an open circuit stub. 



From the open circuit stub equation 

ZIN = - jZ 0 cot 2rr£ 

For Z0 = 84 ohms £ = .242~ 

The problem is that a stub required for the forward biased 

case is not the same as that required for the reverse biased 

case. Therefore the easiest and simplest way of designing 

is to use a software program such as TOUCHSTONE where ex­

tensive useis made of the optimization routine. 

5. 2.1 Tha design process that was follo~ed 

Ideal lossless transmission lines were initially used to give 
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· an indication of the best configuiation to develop further with 

the microstrip softw~re commands. 

The basic SPOT switch with the theoretical PIN diode models 

was first optimized as shown in Program 11. A fairly broad­

band response was obtained as illustrated in figure 5.9(a). 

The line lengths between the diodes and the junction are 

decreased from the quarter wavelength due to the PIN diodes 

having a small section of 50 ohm line as shown in figure 4.13. 

The 50 ohm transmission line in the model is approximat~ly 

26 degrees in the forward biased case and 30 degrees in the 

reverse biased case at 4GHz. Therefore a 60 degrees length 

is required to make up a quarter wavelength section. The 

TOUCHSTONE program verified this. 

Open circuit stubs were introduced at the point next to the 

PIN diodes on the 35 ohm line. Program 12 illustrates this. 

The response shown in figure 5.9b resulted. The trace shown 

with squares is that of the response using the measured 

s-parameters of the PIN diodes. Other stubs were then intro­

duced on the.other side of the diodes resulting in the plot 

shown in figure 5.9c. Program 13 was used to generate this 

response. 
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Program 14 was used to optimize the response of a SPOT switch 

with a stepped impedance change in the quarter wavelength 

sections between the junction and the diodes. The response 

is shown in figure 5.9(d). 
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Response obtained using the PIN diode theoretical model 

Figure 5.9 Responses obtained using different Stub matching 

configurations in the SPOT switch. 

Different combinations were tried, and it was decided that 

the SPOT switch with open circuit stubs on the low impedance 

side of the PIN diodes held the most promise for further 

development. Figure 5.9b displays a large di~crepancy b~tween 

the responses using the PIN diode models and the measured 

s-parameters for the diodes, but it was hoped that the real 

response lies somewhere between the two. 
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5. 3 The second SPOT switch fabricated 

The circuit described in Progr~m 12 (response shown in figure 

5.9b) was transformed into a microstrip circuit, as shown in 

Program 15, to obtain higher accuracies. Extensive optimiza­

tion was employed to obtain the results shown in figure 5.10. 
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Figure 5.10 The optimized SPOT microstrip circuit 

The autoCAO software which is a draftsmans package was used to 

draw the microstrip circuit to the highest po~sible accuracy. 

The drawing was photo-reduced by a. factor of four to increase 

the accuracy further. The mi6rostrip layout is shown in figure 

5.11. ·The matching stubs were angled to keep them clear from 

the machined grooves which facilitates the mounting of the 

PIN diodes. The exact dimensions are shown in Appendix C. 

r 

Figure 5.11 The microstrip layout of the second SPOT switch 

7.000 



After optimization the resulting branch impedances are 

higher than 35 ohms. Due to the nature of the optimization 

process there is· no logical impedance matching process that 

can be followed on a Smith Chart or any other ~eans. The 

results generated is based on a t~ial and error process 

which obtains the best response for the given configuration 

and constraints. It does this by systematically changing 

the length and impedance of the transmission line elements 

and checking the resulting response until the required con­

straints are achieved. This is not a fool proof method 

because it might not be physically possible to obtain the 

desired response for a given circuit. 

The entire circuit was fabricated with the DC blocking 
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capacitors (ATC-A 22pf) as well as the bias circuits. The 

.ferrite cores with lengths of thin wire was used for biasing. 

The measured response is shown in figure 5.12. The traces in 

the return loss plot was generated by each of the two channels 

biased in turn for transmission. Figure 5.12 b and 5.12 c 

illustrates.the measured isolation and transmission respectively. 
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When a comparison is performed betweeh.the predicted response 

(as shown in Figtire 5.10) and the measured response it can 

be seen that the measured response is shifted down in frequency 

and does not obtain the return loss predicted. The frequency 

bandwidth of one and· a half octaves is reached if the band­

width is defined as the return loss beter than lOdB in the 

measured case. 
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TOUCHSTONE predicted that the response should not be degraded 

by the DC blocking capacitor as shown in figure 5.6. Differ~nt 

capacitors were tried in different positions along the quarter 

wavelength. It was found that the 22pF capacitors gave the 

best results and the exact position and orientation did not 

have a marked effect on the overal1 response. 

The soldering process seemed to have the largest influence on 

the results. If the measured response looked totally different 

to the predicted response then the capacitors were removed and 

resoldered, which would usually improve the result. Also differ­

ent gap widths, ovei which the capacitors were soldered, were 

tried. It was concluded that the actual soldering was more 

important than the gap size and the capacitors must be soldered 

so that there is minimal gap between the capacitor and the 

dielectric substrate. The best capacitors for this purpose 

would be the Gapcaps as shown in Appendix C but none were available 

for testing. 

5.4 The third SPOT switch fabricated 

The mea~ured response of the previous SPOT switch is shifted 

down in frequency when compared to that of the designed circuit. 

It was thought that if the circuit was ,designed with a frequency 

offset then the required response would be obtained. TOUCHSTONE 

was used to optimize the bandwidth from 2. 25 GHz to 7. 5 GHz to 

generate the response shown in figure 5.13. 
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Figure 5.13 The theoretical response. of the third SPOT switch 



The microstrip layout is shown in figure 5.14, the exact 

dimensions of which are shown in Appendix C. 

The measured· response -is shown in figure 5.15. 
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The response of the third SPOT switch has no improvement over 

the second switch. The reasons for this are thought to be; 

1) The DC blocking capacitors used do not operate above 5GHz. 

2) The PIN diode models and s-parameters are inaccurate. 

3) Inaccuracies wete introduced in the fabrication process. 

4) Inaccuracies in the software package for T-junctidn and 

open circuit stub corrections. 

5. 5 The Single Pole Four Throw (SP4T) switch constructed 

with shunt PIN diode~. 

The microstrip branches are different for different numbers of 

throws in a switch as discussed previously. A means of using 

SPOT switches for building up multiple pole switches which 

have an even number of output ports are considered. 

The SPOT switch is used as a building block and in the soft­

ware development the theoretical s-parameters of the third 

SPOT switch was used. ( See Program 16). Additi6nal matching 

stubs were placed betw~en the building blocks to try and improve 

the response further. The theoretical response is shown in 

figure 5.16, the microstrip layout is shown in figure 5.17 and 

the measured response in figure 5.18. 

1:1 oe rsu1 
SPH :r· : O.OE•OOr· : . . 

. . . . 
. . . 

. . . . 

. . . . . 

-35.00 

+ DB!S31] 
SP4T 

..... :r: .,\.: :/ .. k.._J: 
-•o .oo 

1.000 •. ~00 
FREO-GHZ 

-10.00 

8.000 1.000 4.500 

Figure 5.16 The theoretical response of the SP4T switch 

8.0')0 

FPEQ-GHZ 



I 
i Jli 

L I IJ 
Figure 5.17 The microstrip layout of the S~4T switch 
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The measured response is poor. The return loss extends below 

lOdB (ie a VSWR worse than 2:1). The responses from all ports 

switched on in turn are very ~imilar therefore it is not neces­

sary to display all of them. The isolation does not follow the 

predicted curves. The reasons could include those as mentioned 

in section 5.4 as well as the bias lines do not perform as 

required. 

The major disadvantage of this system is that the isolation of 

the switched off ports are not all the same. ie The isolation 

for a port on the same SPOT switch that has the ON path is lower 

than for the port that have two forw~rd biased diodes in their 

path. 



6. THE SINGLE POLE SWITCH USING SERIES MOUNTED DIODES 

The basic switch using series motinted diodes is inherently 

broader in bandwidth compared to the shunt mounted case due 

to the fact that there are no line lengths that determine 

their operation. The only frequency dependant components 

are the parasitic compon~nts of the PIN diodes, which are 

much smaller than in the packaged shunt diride, but which 

still degrade the response as the frequency increases. 

Th~ theoretical model of the series PIN diode, as ~escribed 

in chaper 4, is used in the TOUCHSTONE program (number 17.) 

to generate the response of a SP4t switch. The number of 

throws of a switch alters the respo~se slightly if at all. 
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The only limiting factor is how close together the microstrip 

lines can be placed at the junction. The layout of a SP4T 

switch with 50 ohm lines is shown in _figure 6.1, the theoretical 

response of which is sh6wn in figure 6.2. 

Figure 6.1 The micrcistrip layout of a SP4T switch using 

series mounted diodes 
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Figure 6.2 The theoretical response of the SP4T switch 

using series mounted diodes 
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Both the Alpha 6474 and the MA47301 were tested. Firstly one 

diode was soldered into place to ~ake up a si~gle pole single 

throw switch. The tests were run to ~ive the results shown in 

figure 6.3. The forward bias current was set at llmA. Figure 

6.3b illustrates the isolation of an OFF path and figure 6.3c 

shows the insertioh loss of an ON path when the second, third 

and fourth diodes were inserted. The responses did not change 

noticeably when more paths were added to the switch. 

true for both types of diodes. 
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Figure 6.3 The measured response of the SP4T switch containing 

series mounted diodes. 

The measured response is similar to the predicted response which 

implies that th~ mo~el used for the series mounte~ PIN diode is 

accurate enough to develop other circuits. The return loss 

plots do not follow one another exactly but they are both better 

than l5d8. 
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6 . 1 Discussion 

The switches containing the series mounted diodes are advan­

tageous in that they are simpler in construction and broader 

in bandwidth. The isolation for an off path in the shunt 

mounted diode switch is higher than in the series mounted 

case. The optimum bandwidth that was obtained iri the shunt 

mounted case was just over one octave (ZGHz to 5.1 GHz). 

In the series mounted case a bandwidth of 1 GHz to 7 GHz is .. 

easily obtainable with the isolation ranging from 32 dB to 

15 dB respectively. 

·The major disadvantage with series mounted diodes is the 

limited power handling capacity due to the poor heat sinking. 

The maximum power rating is in the order of 250 milli-Watts. 

However the shunt mounted diodes are mounted directly onto 

a heatsink which enables them to handle powers in the region 

of Watts. (The MA-4P505 shunt diode is rated at a maximum 

power capability of 10 Watts but has slower switching speeds 

compared to lower po~er shunt mounted diodes). 



7. ISO~ATION 

A major constraint of the multiple pole switch is to present 

an isolation of more than 60 dB for a switched oft path. 

The isolation of an OFF path in the shunt mounted diode 

switches varies between 34 dB and 20 dB and in the series 

mounted case between 32 dB and 15 dB. 

common problem in both these circuits. 

It is therefore a 

To achieve the required isolation more than one diode in 

each branch is necessary. Diodes can be bonnected together 

in microstripin various series and shunt combinations. There 

are numerous configurations all of which must be fully in­

vestigated, therefore there is a separate chapter on isola­

tion. 
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7 .1. The investigation of the different diode combinations 

A simplification is made to the analysis by considering the 

diodes as resistors. Consider two small resistors situated 

a certain fraction of a wavelength apart on a 50- ohm trans­

mission line. Reference [19] page 24 shows that for shunt 

mounted diodes, a quarter wa~elength separation gives the 

highest possible isolation. Even though quarter wavelengths 

are involved the isolation is fairly broad in bandwidth as 

shown in figure 7.1 where not more than a ten percent fluctua­

tion occurs over two octaves. 
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Figure 7.1 Isolation of two shunt mounted diodes 

(from [19] page 24). 



When a series mounted reverse biased dio~e is followed by 

a shunt mounted diode as shown in figure 7.2 the isolation 

varies between 31 dB and 55 dB when the separatiori is varied 

between a quarter wavelength and a half a wavelength res­

pectively. A frequency analysis with the full 'diode model 

is performed later where the separation is set to zero. 

1000 ohm 
~~f~------r·--~o J =f! ohm 

·\ 

Figure 7.2 Series and shunt mounted diodes situated on a 

transmission line with a certain distance of separation. 

If a series mounted diode is placed a quarter wavelength 

from another series mounted diode then an isolation of 47 dB 

results which drop~ to l6 dB if the separation is increased 

to half a wavelength. 

The method of how these isolations are calculated is illus­

trated in the following example. Two low impedances situated 

a quarter wavelength apart are connected onto a 50 ohm trans­

mission line as shown in figure 7.3 a. 
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Figure 7.3 Two low impedances situated ~/4 apart on a 

transmission line. 

In figure 7.3 a) the 1 ohm and the 50 ohm resistances are 

in parallel. Figure 7.3 b) results where a 1 ohm and a 

.98 ohm resistance are spaced a quarter wavelength apart. 

When the qua~ter wavelength transformation is done figure 

7.3 c) results. Ther~fore the effective resistance seen 

at the termination is 0.9996 ohms. This results in a 

reflection coeffi~ient of 0.9608. 

2 

Power reflected = j = .923 Watts. 

If 1 Watt of power is applied at the input then .076 Watts 
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is transmitted onto the resistances. This transmitted power 

is distributed to the 1 ohm and the 2551 ohm resistors in the 

ratios 2551/2552 and 1/2552 respectively. The power is then 

distributed again onto the 1 ohm and the 50 ohm resistors in 

the ratio 50/51 and 1/51 respectively. Therefore the power 

transmitted onto the 50 ohm line after the two 1 ohm resistors 

is .58 micro-Watts which results in 62 dB of isolation, which 

is more than double the isolation presented by one 1 ohm 

resistor. 



TOUCHSTONE was used to investigate the frequency response. 

The theoretical s-parameter files for the series mounted 

diodes were used and optimization of the diode separat~on 

was performed. 

Program 18 analysed the series mounted diode followed by a 
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shunt mounted diode in a SP4T configuration. The best isola-

tion was obtained when there was no separation between the 

In practice the shunt diodes, as shown in figure 7.4a. 

mounted PIN diode package does not allow this to be physically 

realizable. When the distance was set at half a wavelength 

a separation of 16.24mm was found to be optimum. This res­

ponse is shown in figure 7.4b. When this separation is added 

to the parasitic line length in the shunt mounted diodes the 

total len~th is approximately 2/5 o( a wavelength. 
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Figure 7.4 Response of the SP4T switch which consists 

of series mounted and shunt mounted diodes. 

The TOUCHSTONE response with two series mounted diodes 

following one another in each branch of a SP4T switch is 

showri in figure 7.5. A separation distance of lOmm was 

found to give the broadest response. This is shorter than 

the quarter wavelength used in the previous analysis. The 

difference in length is due to adjustments made to accom­

modate the parasitic components. 
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Figure 7.5 Response of the SP4T switch which consists of 

two series mounted diodes in each branch 

7. 2 The SP4T switch that was built using series 

and shunt mounted PIN diodes 

A SP4T switch using MA 47301 and HP 3141 PIN diodes was · 

fabricated as shown in figure 7.6. Ferrite beads were 

used for the bias circuitry. The shunt mounted diodes 

are screwed down into the machined slots. 

Figure 7.6 The SP4T switch that was fabricated using series 

and shunt mounted PIN diodes. 
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Only three ports were tested and transmission and isolation 

tests were carried out on each port in turn. Each diode 
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was biased individually where the series PIN diodes were 

biased with approximately 15mA and the shunt PIN diodes with 

40mA. The biasing currents were set higher than normally 

practised (usually set at lOrnA) in order to obtain a low in­

sertion loss for a transmission path and high isolation for a 

switched oFf path. With the correct orientation of the diodes 

all the diodes in one branch can be switched for either isola­

tion or transmission simultaneously, in this case DC blocking 

capacitors were placed between the diodes to facilitate in­

dividual biasing. 

The measured responses are shown in figure 

loss does not follow the predicted response 

is almost better than lOdB over the range. 

7 . 7 . The return 

exactly but it 

The plots for all 

the ports are similar except for the isolation. Figure 7.7c 

and 7.7d show the measured isolation for two different ports. 

All the other ports with different bran~hes in the transmission 

mode are similar to one or the other. 
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Figure 7.7 The measured response ~f the SP4T switch. containing 

series and shunt mounted PIN diodes. 



The measured isolation follows the trends predicted but there 

may be a number of reasons for the sharp dips an~ jumps in 

the curves. 

7.3 The SP4T switch using three diodes in each branch 

The isolation ~~countered thus far only approaches 60dB 
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over part of the range. For the isolation criterion to be 

fulfilled a third diode has to be added to each path. The 

simpl~st switch configuration as far as construction and bias­

ing is concerned, when dealing .with the basic series mounted 

diode switch, is when only series mounted diodes are added. 

When three series diodes mounted on a transmission line is 

analysed an isolation of 73dB is obtained. A TOUCHSTONE 

progra~ (program number 19) generated the response for a SP4T 

~onfiguration using three series mounted diodes in each branch. 

Figure 7.8. demonstrates that slightly better isolation is 

obtained over the range if the diode seperation is less than 

a quarter wavelength. (ie lOmm instead of 13.4mm) 

. n r.oiSUj ·..,. octS3tl 
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.. ~ .. ~-L-~~·~ 
..... [ • • · • • • • • ~·-L=l .4mm 

I· . . . . . 

~ • --~~1\lmm 
-7~.00 ~-: : : : 

s..uov .11.000 7.000 

Figure 7.8 The theoretical response of the SP4T switch 

containing thr~e diodes in each branch 

The TbUCHSTONE program does not show an isolation of 73dB 

as predicted previously. This could be due to the parasitic 

components in the diodes as well as the interaction of the 

different paths in the switch. 



7.3.1 Tests and discussion of the series mounted 

PIN diode switch 

Diodes were mounted in only one branch of the SP4T iayout 

as shown in figure 7.9. This was done because firstly, 

the diodes could be tested with minimal interaction or 

interference from other branches and secondly, to conserve 

the number of diodes used in the development process. The 

problem with the series mounted diodes is that onc e they 

are soldered into a circuit they are too small and fragile 

to be removed and used again. Three of the four paths of 

the SP4T switch were removed but the junction configuration 

was still maintained as shown. 

Figure 7. 9 Microst r ip layout for testing isolation of series 

mounted PIN diodes. 
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Figure 7.10 shows the measured response with one, two and then 

three diodes soldered into place to form a Single Pole Single 

Throw (SPST) switch. The insertion loss through the diodes 

increase by approximately .SdB as the number of diodes increase. 

The isolation increases from one to two diodes reverse biased 

but there is no improvement from two to three diodes over the 

range. 
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Figure 7.10 The measured response of one, two and three diodes 

in a SPST switch. 

The bi~s circuitry (the ferrite bead with thin wire) was removed 

to cause the diodes to be in reverse bias. This increased the 

isolation considerably as shown in figure 7.11. 
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Figure 7.11 The isolation of the SPST switch without any bias 

circuitry. 

It is concluded that even though the bias circuits presents 

a high impedance to the 50 ohm line they still couple to one 

another to transfer a small amount of energy from input to out­

put. ~hen considering isolations of 40dB and more the signal 

strength is small enough for any coupling to be critical. 

This was occu~~ng in section 7.2 which caused the isolations 

to be different. 

Above 5.2 GHz the isolation without the bias circuitry is 

degraded to approximately 42dB. It is thought that this is 

due to electromagnetic coupling between the input and output 

ports. An experiment to support this theory was to place an 

Aluminum reflecting plate a few centimeters above the micro­

strip board. As the distance betwe~n the Aluminum and the 

board was changed, so the isolation changed which illustrates 

the different degrees of coupling. When microwave absorbing 

material was placed above the microstrip the isolation improved. 

Transmission characteristics were examined an~ they were found 

to be altered negligibly with the absorbing material and the 

reflecting material. This implies thaf the discontinuity of 

the open circuits cause energy to be launched.into free space. 
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7. 4 The investigation of the isolation problem 

For all the previous tests the bias lines were situated 

approximately 30 millimeters apart. It was initially thought 

that if the biasing wires were soldered onto the 50 ohm line 

at a greater distance from each other then the isolation will 

be improved. 

A straight 50 ohm line 68 millimeters long was constructed on 

board with a dielectric constant of 2.2 to make a SPST switch. 

The diode slots w~r~ set at lOmm apart. It must be noted that 

for isolation investigations- no diodes were soldered into the 

slots that were cut. 

T~sts were run at all the intermediate stages -of construction. 

Isolation increased from one slot to two, but there was no vast 

improvement with three slots. The influence of the bias lines 

were clearly seen. The microwave absorbing material has the 

effect of flattening out the isol~tion curve but it does not 

improve the overall result. The distance between the slots were 

changed as well as the ~lot sizes were increased ahd made into 
11 Vees 11 in the microstrip line .. - None of-which improved the 

isolation noticeably. 

It was thought that surface current existed on the low dielec­

tric boar~ (dielectric constant = 2.2) which degrade the isola­

tion. Also if the field lines were more concentrated then 
I 

not as much radiation would occur to couple between input and 

output ports. 

A 50 ohm line was constructed on high dielectric board (dielec­

tric constant = 10). The overall isolation does improve but 

there are still spikes and humps in the curve. Figure 7.12 

shows t_he isolation of one slot (7.12a) then two slots (7.12b) 

and finally three slots (1.1Zc) where this is clearly seen. 
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Figure 7.12 Tests carried out with the high dielectric board 

The isolation still does not extend beyond 40d8 to 45d8. It 

can thus be concluded that the discontinuity l~unches the 

electromagnetic wav~ to allow it to couple with the 50 ohm line 

further down its length. It is-visualized as shown in figure 

7.13. Only the electric field lines are shown. 

t H-
E!-

-Figure 7.13- Electric field distribution around a slot cut 

into a microstrip transmission line 



A ground plane placed around the microstrip board causes the 

electric field lines to couple directly to it and not to any 
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transmission line beyond the slot. This can be considered as 

a waveguide operating in the TEM mode below the cut-off 

frequency. 

The microstrip circuit enclosed in a waveguide 

The TE 10 mode of transmission gives the lowest possible 

propagation frequency for a given waveguide structure. 

Figure 7.14 illustrates the two possible orientations of 

the microstrip in the waveguide. 
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Microstri p~~---------l 
Line \ 

Dielectric Substrate 

Figure 7.14 The microstrip enclosed. in· a waveguide 

A waveguide width of 20 millimeters gives a cut off frequency 

of 7.5 GHz. A microstrip line was constructed on low dielec-

tric board with three slots spaced a quarter wavelength apart. 

An aluminium cover was fitted in such a way as to allow the 

height between the top of the dielectric boaid and the cover 

to change. Figure 7.15 shows the isolation measured with a) 

no cover and b) with the cover set to a h~ight of 15 millimeters. 

The width was set at 20 millimeters. 
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Figuie 7.15 The microstrip_circuit with and without tbe 

waveguide cover 
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The isolation did not change much when the height of the cover 

was changed from 10 millimeters through to 20 millimeters. 

The results seem to suggest that the waveguide cutoff frequency 

is enforced by the width of the guide and not the height. 

This is supported by the results obtained by a 27~m wide board 

with a waveguide cover. These results have not been shown. 

Bias lines were soldered into place in the waveguide. Their 

overall effect was minimal which suggests that the waveguide 

suppressors any radiation that is not a TEM wave operating 

above the cutoff frequency. 

It must be kept in mind that the maximum measurable isolation 

varies between 60dB and 65dB. This is illustrated in figure 

7.16 where the two ports of the s-parameter test set were 

totally disconnected and measurement~ were taken. 
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Figure 7.16 The maximum measurable isolation 

The microstrip circuit enclo~ed in a waveguide enables the 

isolation criterion to be met. The waveguide does not alter 

the characteristic impedance of the microstrip transmission 

line and does not increase the insertion loss. 

7. 6 The SP4T switch enclrised in a waveguide 

A SP4T switch which using only series mounted diodes was 

constructed on low dielectric board. PIN diodes were not 

initially soldered into place but slots a quarter wavelength 

apart were cut. A waveguide system was constructed where the 
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ground-plane connection was made along the outside of the 

dielectric board as shdwn in figuie 7.17. This resulted in a 

dielectric sheet between the bottom of the wa)l and the ground 

plane. 
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Figure 7.17 The SP4T switch built with waveguide system 

The measured isolation is shown in figure 7.18. The response 

changes from port to port. Only when gbod ground plane connec­

tions were made at the waveguide immediately next to the micro-

strip did the isolation improve to something like that shown in 

figure 7.15. 

Two channels had PIN diodes soldered into plade. Figure 7.18 

shows the final measurements that were taken. The tabulated 

. me~surements are shown in Appendix D. together _with the exact 

dimensions of the SP4T switch with waveguide. 
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The return loss is better than 15dB over the range 2GHz to 6GHz. 

Tr~nsmission losses do not amount to more than 2.5dB and 

isolation of just better than 60dB over the range is obtained. 

The bias current was set slightly over. lOrnA (approximately 

15mA) and a thin quarter wavelength of wire shorted to ground 

via a capacitor is used for biasing. Atiove 6.2 GHz the isola­

ti~n falls to 35dB and the tra~smission loss increases con-

siderably. 

gated. 

This is due t6 other waveguide modes being prbpa-



7.7 Analysis of th~ results obtained 

The insertion loss of 2d8 to 2.5d8 on a transmission path 

of a switch is due to: 

i.) 

ii) 

iii) 

Reflection loss 

Absorption loss 

Radiation loss 

The~e losses can be attributed to the loss in the microstrip 

transmission line which ar~ made up of conductor losses and 

dielectric losses [1~]. Also the PIN diodes, bias networks 

and the capacitors will contain all three losses. 

The HP3141 are rated at ldB maximum insertion loss. The 

s~ries mounted diodes specify an insertion loss of between 

_ .5d8 and 1.5dB depending on biasing. 

The measured insertion loss over one oath of the SP4T switch 

that has been short ci~cuited by a thin wire is shown in 
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figure 7.19. The theoretical loss of this 40 millimet~r length 

of microstrip is .2dB over the frequency range in question. 

The reason for the spike occuring at 6.5GHz is due to the con­

figuration at the junction. 

(1 .--
co 
-;:·J 

·-· :2 
((I 

.... ~·-M-···· •... ····----., ---.. _ .. -. 
- ........ -·'\ .... \ .. . 

....... \/ ·· ........ •---.•. \.·/\ .•.. 

((I 

1=1 4 
-' 
z 
c:. 6 ,_, 
1-·:.. 
i.t:: 
U.J ::: 
·f• 
~z 

~-· ! -- -+---+---+--·--t --+---+-·-·---+----1-- -+--·--1 
1 _6/div 7 

. F r €· ·=t u_ €· n o: ::· < G H z > 
Figure 7.19 The loss measured on a short circuited path of a 

SP4T -switch. 



The retuin lo~s measured was better than 20dB which means 

that less than one hundredth of the pow~r is returned to the 

source due to mismatches in the configuration.· When the 

Ferrite bead bias lines were soldered on, the insertion loss 

increased by up to one dR and the return loss was degraded 

slightly. 

The lnsertion loss with three series diodes soldered into 

place is shown in f~gure 7.20. The dependance on th~ bias 
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current is clearly seen. When the bias current was increased 

tri 40 milli-amps almost a one dB improvement can be obtained . 
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Figure 7.20 The effect of the bias current on insertion loss 

This previous test was carried out with the bias current being 

applied through the biasing port of the network analyser. The 

only crimponents that co~ld contribute tp the loss is the micro­

strip line and the diodes. From this it can be seen that the 

loss due to the microstrip transmission line is negligible com­

pared to that of the diodes. 

The reason for the poor results obtained from the SP4T switch 

containing series and shunt mounted diodes (figure 7.7) is 

that the bias lines used ih that case (the ferrite beads) were 
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not performing as required. ·Their close proximity caused 

microwave coupling and interference from path to path because 

there was one bias system for each diode. The insertion loss 

amounted to approximately 0.6dB for the series mounted diode 

and .7dB for the shunt mounted diode. 



8. PHASE SHIFTERS 

A n~mber of different types of phase shifters were found in 

the literature which are all investigated. A bandwidth of 

at least an octave and a half is required for many applica­

tions. The different types are investigated, all of which 

can utilize PIN diodes mounted in either a shunt or series 

configuration. 

8.1 Switched-Line Phase Shifters 

The switched line Phase Shifters [21] uses two SPOT switches 

as shown 'in figure 8.1. 

,... I- "'i 

I I 
I 0 .I 

~~--+--------~~:~~r;----
. I I 

L -, ... \ 
1.,- .~-

SPOT- Switch 
Figure 8.1 Basic configuration of the Switched Line 

Phase Shifter 

Th~ one path has transmission length £, while the other has 

transmission length £ +A£ 

Thereforea~ = 2'frA£/)... 
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It can be shown that large errors occur when the effective 

length of the OFF path is ~/2 or multiples thereof. The 

effe6tive length is the electrical length plus the equivalent 

lehgth of the Capaciti~e OFF diode switches. This method 

of phase shifting is a time delay device. Phase shift will be 

proportional to frequency. If a Schiffman phas~ shifter [22] 

is inserted intd one of the transmission paths then a relatively 

constant phase shift will occur over a significant bandwidth. 

The phase shift is then a linear function of frequency plus a 

siriusoidal function of frequency~ 
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The Schiffman phase shifter employs sections of coupled strip 

transmission lines operating in the TEM mode. Essentially this 

shifter consists of two parallel coupled lines of equal length 

connected at one end with a zero length strap. The equations 

for the image impedance z1 , and the phase constant in terms 

of the even and odd mode characteristic impedances of the lines 

and their length, 

and 

z 1 = Jzoo . Zoe 

cos ·~ = 

Zoe 
Zoo 

~+ 
Zoo 

2 

tan e 
2 

tan 9 

where9 = B£ (the-electrical length of a uniform line of length 

£ and phase constant B) 

A desirable differential_phase response can be obtained by connec­

ting in parallel a coupled line network and a suitable length of 

uniform transmission line. The simplest form is shown in figure 

8 . 2 . 

Figure B.2 A network an~ the curves of the phase response 

(from reference [22]). 
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Input impedance of the network is ZI/2, a constant impedance 

of frequency. The phase shift through the uniform transmission 

line is ~ 2 which is represe~ted by the straight line of slope 

k t h r o u g h t h e or i g i n , w h e r e k i s t h e. r at i o · o f t h e 1 eng t h o f 

the uniform line to that of the coupled lines. The phase shift 

through the coupled line portion (~,) has odd symm~try about 

0= n'IT/2. It can be seen that!J.4>=,<f> 2 -~·can be made equal 

to the same angle for three desired values of e. (1T/3, 1(/2, 

21T/3). At other points in the interval 1'1'/3<91..211'/3 and for a 

small distance outside this interval, the phase difference, 

ll ~ will vary from A~o by some small amount which is the phase 

error. It is possible to reduce the maximum phase error of 

this network by connecting another differential phase shift 

network in tandem. The optimum option of interconnections 

is shown in figure 8.3 with its pha~e response. 
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Figure 8.3 A viable Schiffman phase shifter with the response 

from reference [22]. 

8 .1.1 The SPOT switch 

The SPOT switch as shown in figure 8.1 can utilize either shunt 

or series P tN diodes. The . c·o n figuration uti 1 i zing series 

switches may initiaily be thought to be the. most desirable [23] 

because the position of the diodes telative to the input and 
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output junction does not impose a potential bandwidth limita-

tion as it does in the shunt-diode switch case. However, 

analysis of a mathematical model of the configuration utiliz­

ing series switches revealed that it has operating points in 

the octave band, at which the isolation between switching 

paths become very low. At these points, the phase-shifted 

insertion loss becomes high and t~e phase error large. The 

configuration employing shunt diode switches was not found 

to have the same problem. 

Bandwidths and maximum phase shifts have been limited by 

resonance effects which cause notches in the amplitude response 

and large errors in the phase response. [24]. (This is true 

for all types of phase shifters). By eliminating the resonance 

effects, ultra b~oad-band phase shifters with large amounts of 

phase shift become possible. 

By using two transfer switches in place of the two single-pole 

double throw switches the switched out line may be terminated 

on both ends in its characteristic impedances which disallows 

any resonance to occur. See figure 8.4. 

(b) 

. (t~) 

Figure 8.4 a) The basic circuit. b) An equivalent circuit. 

c) One method of avoiding resona~ce problems. 

In the basic circuit the problem is that when either of the 

two 1 in e s has an e 1 e ~ t ric a 1 1 eng t h ·Of n ~ it . forms a high Q 



resonator when it is the 'switched out' line. The open 

contacts of the pin diode switches are lightly coupled to 

this resonant line which causes a sharp insertion loss 

notch in amplitude at the resonant frequency, and large 

phase errors near resonance. The alternative circuit 

shown in figure 8.4 c) eliminates this problem by termina­

ting the "switched out" line in its characteristic impedance. 

The advantages of the switch-line phase shifter are [1] 

1) The diode contribution to insertion loss is practically 

constant in the forward and reverse bias cases. 

2) The circuit can be fabricated in one plane. 

3) The circuit is compact, especially for small bits. 

The disadvantages are: 

1) Four diodes per bit are required 

2) Complimentary bias signals are needed for each bit 

(on and off paths). 
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3) Phase shift is proportional to frequency unless·a Schiffman 

circuit is used. 

4) All bits have as much diode loss as the 180° bit while in 

other types of phase shifters the diode losses decrease with 

phase shift. 

8.2 Loaded-Line ~hase Shifters 

The loaded-line phase shifter circuit can be realized using 

three types of loading configurations [25]; 

a) Main line mounting type 

b) Stub mounting type 

c) Switchable stub length type as shown in figure 8.5. 
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8 

(a) 

{b) 

0 

Zo 

Figure 8.5 Loaded-Line phase shifters 

In the main line mounting lumped reactances are added to the 

diodes. The Loaded-Line phase shifters use twn admittances 

Y. = G. + j B. approximately a quarter wavelength apart along 
1 1 1 

a transmission line nf characteristic impedance ZT. 
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T h e d i f f e r e nt i a 1 ph a s e s h i f t A ~ f o r G i = 0 i s g i v e n b y ; 

~ -l ·( B' ) _, ~ B 1 6 'tl = cos case - -srNe - cos · case --
YT v, 

The subscripts "1" and "2" denotes the ON an'd OFF states of 

the diode when the circuit is matched at its centre frequency. 

e is the distance between the stubs. Equations for insertion 

loss and reflection coefficient can be found in the literature. 

[ 25]. 

The bandwidth for the three different types of circuits is 

defined as the frequency range over which the phase error is 

less than + 2° and the maximum VSWR is .(.1. 2. In the main 

line mounted case the bandwidth is 9.1% for 45° phase shift. 

The switchable stub type circuit has a bandwidth ~hich is a 

function of XR' XF and S . and will reach a bandwidth of 20% 
· · Sl 

at best. The stub mounted type will also reach 20%. The 

bandwidth increases if the phase shift is lower. Figure 8.6 

compares the bandwidth of a 22.5° phase shifter to a 45° phase 

shifter. [26]. 

,. , , 

~.· 
! \ . 
/.- ... I 

\ 

___ L_l __ ..t__l .L __ L_J
0 £.0 ?o ou 9u 1Sil ro 120 · no 1'. 

Su~c(?taxeSp.rr<;.d.:q 

Figure 8.6 Fractional bandwidth of the phase shifter using 

single lumped switched susceptances. 

(from reference 26) 
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8.3 High-Pass Low-Pass Phase Shifters 

A Low-Pass filter comprising of series inductors and shunt 

capacitors provides phase delays to signals passing through it, 

and a High-Pass filter comprising of series capacitors and 

shunt inductors provides phase advance [21]. By arranging 

diode switches to permit switching between low pass and high 

pass filters it is possible to make a phase shifter that is 

smaller than the other type~ and with a bandwidth almost as 

good as the lumped element reflection phase shifter. A 

practical layout of the circuit is shown in figure 8.7. 

~Q~ 

1--I - -

Figure 8.7 Practical laybut of a Low-Pass High-Pass phase 

shifter. (from reference [21]). 

·8.4 Reflection Phase Shifters 

A reflection type Phase Shifter can take the form of a shunt 

diode with a short circuit behind it, a series diode with an 

open circuit behind it, or a lumped circ~it including diode 

parasitics terminating the line. 

in figure 8.8. 

[21]. An example is shown 



IN 

Figure 8.8 A Reflection Phase Shifter with a shunt diode 

and a shorted length of ~ransmission line. 

The switches backed up by lengths of transmission line 

have the advantage that they are time delay devices giving 

wide instantane~us bandwidth while the lumped circuit 

versions can be made to give constant phase shift over 
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oct~ve or wider bandwidths. However mismatches occur between 

the terminating impedance and the perfect circulator or 3dB 

coupler which result in large phase errors. 

For wide-band phase shifting, the diodes are connected to 

the circulator without a length of transmission line behind 

them, the "on" and "off" states result in a 180° phase shift. 

Another form of the Reflection Phase Shifter is shown in 

figure· 8.9, [27] where a Branch Arm Coupler is use·d. 

Figure 8.9 Terminated hybrid coupler for reflection phase 

shifting. 



8.5 The Hybrid Coupler Phase-Shifter Circuit 

An extension to the idea of the terminated hybrid coupler 

for reflection phase shifting as shown in figure 8.9 is 

further investigated. The ~dvantage of this method is that 

it uses the .least number of diodes per bit., [1] 

The requirements for the couplers are; 

i) They must provide a 3 dB power split for the two out­
put arms. 

ii) There must be a 90° phase difference in its output 
signals. 

The 3 dB 90° prope~ties of the coupler can be realized in 

TEM transmission lines with at least three different types 

of circuits. ie The Branch-arm coupler as shown in figure 

8.9, the Rat Race coupler [1] and the Backward-wave coupler. 
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The reflection properties are achieved by the use of an 

impedance transforming two-part network, which consists of 

switchable impedance elements Za and Zb terminating two ports 

of a 3 dB coupler. The output signal from the hybrid is: 

Vi 
['La (Za) + l'b (Zb) ] 

z 

\:"( z) reflection coefficients of termination Z. If Za = Zb 

there is no reflection at the input. Z contains a semiconduc-

tor element which may be biased to its "off" or "on" state 

producing impedances z, and Z~ respectively. 

The output of the phase shifter will have constant signal 

amp 1 i t u de w i t h phase an g 1 e c h an g e cP . I f ""P1 ( Z 1 ) = e j ~ 1 ,_ ( Z 2 ) 

Then a 180° phase shift is achieved by switching between an 

open circuit and a short cir~uit. Tuning elements and circuits 

may be introduced in order to adjust the amount of phase shift 

or improve the uniformity of the reflected signal in amplitude~ 



The series inductance, shunt capacitance and r.esistances 

associated with PIN diodes all effect the performance of 
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the Phase Shifter [28]. It is found that shunt capacitance 

is the most dominant reactance influencing the phas~ shift 

and it increases the phase shift value. The series induc­

tance red~ces the phase-shift value. The bandwidth is 

c;letermined by the bandwidth of the hybrid.coupler or circula­

tor. 

The branch line hybrid coupler can be built on microstrip 

but it is limited to 5 to 10% bandwidth. The Rat Race has 

its 3 dB output ports 180° out of phase. ·However the required_ 

phases are obtained by extending the reference plahe on one 

port by 90°. The backward wave hybrid coupler gives the broad­

est bandwidth of the three just mentioned. 

A phase shifter which utilizes a power s p 1 itt e r and three 'Ref 1 e c­

tion phase shifters [29] holds the most promise in terms of 

bandwidth. The different phases are switched with the use of 

PIN diode circuits which switch in either a short circuit, an 

open circuit or a matched load. A schematic diagram of this 

phase shifter is shown in figure 8.10. The Reflection ~hase 

shifters consis~ of Quadrature couplers and PIN diode switches. 

Power Spitter .. ~ 
r-

IN OUT 

Figure 8.10 Schematic diagram of the phase shifter which 

utilizes a Power splitter and Reflection phase shifters. 



The following table illustrates the resultant phase on the 

output port fa~ the different states of the diodes. 

Condition of Condition of Condition of Condition of Resultant 

diodes A diodes A2 diodes B, diodes 82 
Phase 
(degrees) 

Open circuit Open circuit Short circuit Open circuit 0 

Open circuit Open circuit Open circuit Open circuit 45 

Short circuit Open circuit Open circuit ·Open circuit 90 

Open circuit Short circuit Open circuit Open circuit 135 

Open circuit Short circuit Short circuit ·Open circuit 180 

JOpen circuit Short circuit Open circuit ·Short circuit 225 

Short circuit Open circuit Open circuit Short circuit 270 

Open circuit Open circuit Open circuit J Short circuit 335 

Table 2 Conditions of th~ diodes for the different phase 

shifts. 
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The operation is based on the fact that, in this particular 

configuration, a quadrature coupler which has grounded termina­

tions has a 90° le~ding phase shift. An op~n circuit termina­

ted coupler has a 90° lagging phase shift and matched load 

terminations result in no output as described in section 2.2.2. 

For one particular coupler the terminations are always the 

same. 

Couple~ 3 (as shown in tigure 5.10) adds the two phases from 

1 and 2 vectorially, but still adds 90° and 180° in the internal 

paths of the coupler. 

Take for example the 135 degree resultant phase shift. If 

diode A, is open circuited and A2 is short circuited then short 

circuit terminations are applied to Coupler 1 which results 

in a positive 90 degree phase shift. lf diodes 8 1 and B2 are 

open circuited then open circuit terminations are applied to 

Coupler 2 resulting in a minus 90 degree phase shift, this is 

illustrated in figure 8.11 (a). The signal out of Coupler 1 

then travels through the direct path of coupler 3 which advances 

the phase by an additional 90 degrees. The sighal out of coupler 
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2 goes through the coupled path of Coupler 3 which advances 

the phase by 180 degrees. The two signals are added vector­

ially at the OUT port as shown in figure 8.11 (b). 

Output of 
Coupler 1 -

Output of_ 
Coupler 2_ 

(a) 

Result ant 
at OUT 

(b) 

Figure 8~11 The phase shifts which result in the 135 degree 

phase shift. 

When 50 ohms (or matched loads) are applied to Coupler 1 or 

Coupler 2 then no output results from that coupler. (There is 

never a condition when both couplers have matched terminations). 

The resultant phase at the OUT port is then only the phase 

shift through the coupler that has no matched terminations plu~ 

the phase shift through either the coupled path (180 degree 

shift) or the direct path (90 degree shift). 

The_ phase shifts through 360 degrees with the respective termina­

tions on the couplers are shown in figure 8.12. For each vector 

the condition on the left is for Coupler 1 and on the right for 

Coupler 2. (SC is short circuit, OC is open circuit and 50 is 

matched load). 



50 oc uc oc 

180Q_- sc 50 oc so 

sc sc so sc oc sc 

Figure 8.12 The phase shifts with the corresponding 

terminations applied to the couplers. 

It can be seen that the phase shifts involving the 50 ohm 

terminations lie on the axes of the graph. These vectors 

are smaller in magnitude than the other four because only 

half of the signal that was originally split reaches the 

OUT port. 

8.6 Discussion 
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The Switched Line Phase shifter does not readily lend it~elf 

to stepped phase shifting. If it is used in conjunction with 

a Schiffman differenti~l phase shifter a bandwidth of an 

o c t a v e c an b e o b t a in e d [ 2 3 ] . T h e. R e f 1 e c t i on ph a s e s h i f t e r i s 

limited in bandwidth by the quadrature coupler used and the 

termination networks. The High-Pass Low-Pass phase shifter 

does not seem to have any major advantages in terms of band­

width. 



The best solution seems to be the Reflection phase shifter 

and power splitter as shown in figure 8.10. All the compo­

nents which make up the system are instrumental in the 

overall operation which allows no redundancies to dccur. 
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The diode switches ~witch in either an open circuit, a short 

circuit or a m~tching load which is easily obtainable over 

a large frequency range. Thus the bandwidth is mainly deter­

mined by the quadrature coupler. If a microstrip Lange Coupler 

or Stripline Overlay Coupler is used then a bandwidth far 

greater than the previously mentioned phase shifters is possible. 



9. THE PHASE SHIFTER CONSISTING OF REFLECTION PHASE 

SHIFTERS AND A POWER SPLITTER 
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This Pha$e Shifter was chosen to undergo further investiga­

tion mainly due to the broader bandwidth which can be achieved 

as well as the unique design. 

The phase shifter consists ·of three basic components; 

the power splitter 

the quadrature coupler 

i) 

ii) 

iii) the PIN diode ter~ination switch. 

All these components are analysed and developed seperately. 

9.1 The power splitter 

The power splitter as shown in figure 9.1 divides the signal 

equally into two branches but does not alter the phase. Any 

power that isreflected back due to mismatches further on is 

absorbed in the 100 ohm resistor. This gives a good match 

for all the ports. The operation is reversable ie. it can 

operate as a power divider as well as a power combiner. 

2 
50 ohm~ 

50 ohm--~ 

1 

Figure 9.1 The P0wer Splitter 

3 
100 ohm 



The circuit was modelled on TOUCHSTONE, the results of which 

can be seen in figure 9.2. The 3 dB split can be easily 

observed. If more matching sections are used then a further 

broadening of the return loss (Sll) bandwidth results. 

Figure 9.2 

O.OE+OO 

-3.000 

-5.000 

2.000 

O.OE+OO 

-20.00 

-40.00 

2.000 

8 DB [521] 

WILK 

8 DB [511] 

WILK 

+ DB [531] 

WILK 

4.000 

4.000 

FREO-GHZ 

FREO-GHZ 

The response of the power splitt~r 

6.000 

6.000 
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9.2 The Si~ulation of the Phase Shifter on TOUCHSTONE 

The entire circuit was modelled on TOUCHSTONE to see how the 

overall phase error is effected by the different parameters 
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of the couplers. This allows a specification for the character­

istics of the coupler to be generated for the final implementa­

tion stage. 

Ideal coupled lines were used to implement the quadrature 

coupler and as it is represented in TOUCHSTONE can be considered 

as a Backward Wave coupler. The influence of the Even and Odd 

·made impedances on the phase error was initially investigated. 

Ideal terminations were applied to the coupler ports to generate 

the different phases. When Zoo and Zoe were set at 20 ohms 

and 125 ohms respectively the error was less than five degrees 

between 2.4 GHz and 5.6 GHz. Figure 9.3 illustrates how the 

phase shift is effected by changing these impedances. (See 

Program 21 Appendix A). 
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The plots at the top of the columns demonstrate the amount of 

coupling in the ideal coupled lines for the even and odd mode 

impedances stated at the bottom of the columns. The one trace 

is the direct paths (531) and the other trace is the coupled 

path (521). This gives an idea of the bandwidth of single 

section coupled lines. If more sections were used (say three 

sections) then a broader bandwidth would be achieved. 

The middle plots in the columns de~on~~ates the return loss of 

a single coupler when either an open circuit or a short circuit 

is applied to the ports. The curves for th~ two cases lie 

exactly over one another. 

The bottom plots were generated by changing the impedances on 

the coupler in the entire phase shifter configuration as shown 

in section 8.5 and plotting the resulting phase shift. The 

best return lo~s occurs where the couplin~ is close to the 3 dB 

line. If the spacings between the anglliar plots are carefully 

observed the least errors occur where the return loss (Sll plot) 

is better than 20 dB. The next two columns demonstrate how 

the phase error is influenced by the characteiistics of the 

coupled lines. 

For the phase errors to be minimized over 360° there must be 

an evenly placed .distribution of the phase shift lines. If 

one line is displaced by 10 degrees (say) it effects the phase 

shift error before and after that barticular phase line. 

9.3 The ~ealization of the Phase Shifter 

The phase shifter consists of three identical couplers, two 

of which are used to switch between -90°, +90° and no output. 

The third adds _the outputs from the two. Therefore the quad­

rature couplers are the main constituents of the overall phase 

shifter. 



~ ·, 

A stripline three section 3 dB Overlay coupler [30] was 

used to fabricate a complete phase shifter (the dimensions 

of the coupler are shown in Appendix E). The layout of 

the entire system is shown in Figure 9 .• 4. Figure 9.4 b) 

and c) are the overlays for the circuit shown in a). The 

cross hatch represents the thin (.127 mm) dielectric sheet 

which is placed between the two overlays in the final con­

struction. A thin brass tab had to be inserted through 

the dielectric sheet at point A to connect two couplers. 

The entir~ structure was then sandwiched between two thicker 

sheets (1.575 mm) of dielectric clad by aluminium. The 

stripline circuit was then screwed together. 

109 



~1atched Load 
connection 

C onnec ti ons f Oi"' 

ihe different 
terminations. 

... ,-

i I 

I 

L 

..,.__ 

_L 

(b) 

_j_ 

INPUT 
(a) . 

j .T 
! 

Resistor 
Posit ion 

i 
- - J 

I 

I 
! 

I 
.I 

I 
I 
i 

j __ _L 

( () 
_ _j 

110 

Figure 9.4 The layout of the Phase Shifter that was fabricated 

Shorting tabs made from brass foil were clamped into place by 

tabless laun~hers to facilitate the short circuit terminations. 
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The open circuit condition was impiemented by removing the 

launchers completely. The 50 ohm matched load was established 

by screwing on the wide tab launchers which were connected to 

50 ohm screw on terminations. 

Large errors were observed. The 135° trace fluctuated by 30° 

and the 180° fluctuated by 45°. The reasons for these large 

errors could be due to the terminations or the couplers. 

The S-parameters of a single coupler was measured on the test 

set and a file was created to allow TOUCHSTONE to use these 

measurements. The coupled lin~s as shown in Program 21 

(CLIN statement) was replaced by the 5-parameter file. Large 

errors were found which cor~esp~nded to the measured case. 

The coupler had to undergo further investigation. figure 9.5 

a) illustrates the measured coupling and figure 9.5 b) shows 

the return loss when the coupler has short circuit terminations. 
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Figure 9.5 Measurements taken on D M Rachman's Overlay 

coupler 

The couplin~ is almost 3 dB over the entire frequency range 

but the return loss falls to 10 dB in places. The isolation 

(matched loads on Ports 3 and 4 figure 2.8)· varies between 
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13 dB and 26 dB. It is less than 20 dB between 2 GHz and 5 GHz 

which corresponds to where the largest errors take place in 

the overall phase shifter. The following table shows the 

phase differences between the open circuit and short circuit 

terminati9ns that- were measured. 
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Frequency Phase difference Phase shift Error 
(GHz) · (Degrees) Degree$ 

2.0 161.7 18.3 
2.2 201". 0 21.0 

2.4 201.4 21.5 

2.6 199.8 19.2 

2.8 165.7 14.3 

3.0 170.0 10.0 

3.2 179.0 0.0 

3.4 187.7 7.7 

3.6 195.7 15.7 

3.8 157.3 22.7 

4.0 154.6 25.4 

4.2 157.1 22.9 

4.4 155.0 25.0 

4.6 201.7 21.7 

4.8 194.4 14.4 

5.0 188.5 8.5 

5.2 183.5 3.5 

5.4 176.8 3.2 

5.6 178.8 1.2 

5.8 179.5 0.5 

6.0 176.4 3.6 

Table 3 . Phase shift for D M Rachman's Overlay coupler 

These results suggest that for low phase errors the couplers 

used must have good matching for the short circuit and open 

circuit cases, there must be 3 dB coupling for the coupled path 

and the direct path and there must be good isolation. A single 

sectian coupler was investigated to establish what factors 

effect the errors. 

9.4 The investigation of a Single Section Overlay coupler 

Program 20 was used to generate the width of the conducting 

strips and the Even and Odd mode impedances for given dielectric 

heights .. 



For the total height of the dielectric (B) = 1.7018 mm 

and the height of the dielectric between conductors (S) 

= .127 mm. 

Odd mode impedance = 18.75 ohms 

Even mode impedance = 133.3 ohms 

Width of conducting strip = .6565 mm 

The exact dimensions are shown in appendix E. In general as 

B increases the Even mode impedance increases and the width 

of the conducting strips increases. As S increases the Even 

mode impedance decreases and the width of the conducting 

strips increases. (Refer to figure 2.10). 

For the Even and Odd mode impedances calculated above the 

plots shown in figure 9.6 are generated. The last plot is 

the phase shift of.the entire phase shifter. 
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Figure 9.6 The theoretical characteristics Of the Sirigle 

Section Overlay coupler 

It can be seen that these impedances theoretica~ly lead to 
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low phase errors. The phase difference between a single short 

circuit and open circuii terminated.coupler is exactly 180 

degrees. The isolation. is minus infinity. 
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9.4.1 The fabrication of the single section Overlay coupler 

The coupler as designed in section 9-.3 was built and tested. 

The measurements are shown in figure 9.7. Figure 9.7 a) shows 

the direct and coupled path couplings. Figure 9.7 b) shows 

the isolation which is a vast improvement over the isolation 

in 0 M Rachman's coupler. The response sh6wing the coupler 

~hort circuited and open circuited falls to almost 10 dB in 

the middle of the range. 
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Figure 9.7 The measured response cif the single section coupler 

The difference. between the phases of the measured open circuited 

and short circuited terminated coupler is shown in the table 4. 
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f 

Phase Phase 
Frequency difference shift error 
(GHz) (degrees) (degrees) 

2.0 173 7 

2.2 171 9 

2.4 168 12 

2.6 169 11 

2.8 170 10 

3.0 170 10 

3.2 168 12 

3.4 173 7 

3.6 171 9 

3.8 172 .8 

4.0 174 6 

4.2 178 2 

4.4 176 4 

4.6 179 1 

4.8 176 4 

5.0 178 2 

5. 2 174 6 

5.4 167 13 

5.6 169 11 

5.8 161 19 

6.0 167 13 

Table 4 Phase shift for the single section Overlay coupler 

It is very important that the metal tabs that are clamped onto 

the side of the coupler to facilitate the short circuit per­

forms as a good short circuit. ie. Has a low resistance and 

reactance. The measure of the performance of this termination 

is seen by observing the display as shown in figure 9.7 c). 

The return loss ~ecreases at any frequency where there is a 

poor short circuit termination. 
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The errot is lower than in D M Rachman's coupler. A comparison 

of the characteristics indicate that the isolation for the single 

section coupler is a vast improvement over the coupler in refer­

ence [30] buf the latter has better 3 dB coupling over the fre­

quency range. 

9.5 T~e lange Coupler 

The overlay coupler displays phase shift errors which causes 

the error in the complete Phase Shifter configuration to be 

compounded. A 3 dB 2 GHz to 6 GHz lange coupler supplied by 

the CSIR was then investigated. Appendix F shows the measuted 

s-parameters which were entered into a four port s-parameter 

file where it was assumed that the circuit was totally symmetrical 

ie 

This might not be strictly true in practice. 

The phase difference between the coupler open circuited and 

short circuited is shown in table 5. Large errors ~re observed 

between 3 GHz to 3.4 GHz and 5.4 GHz to 6 GHz. This corresponds 

to when the isolation (541) falls below l9.5dB. 
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Frequency Phase Shift Phase Shift 
(GHz) (degrees) Error (degrees) 

2.0 188.3 8.3 

2.2 I 166.9 10.1 

2.4 170.1 9.9 

.2.6 179.8 0.2 

2.8 166.0 14.0 

3.0 153.8 26.2 

3.2 149.7 30.3 

3.4 157.7 22.3 

3.6 190.6 10.q 

3.8 180.2 0.2 

4.0 176.8 3.2 

4.2 179.9 0.1 

4.4 177.4 2.6 

4.6 176.9 3. 1 

4.8 180~4 0.4 

5.0 176.9 3.1 

5.2 171.4 8.6 

5.4 161.8 18.2 

5.6 154.7 25.3 

5. 8 153.5 26.5 

6.0 162.9 17.1 

Table 5 Phase shift for the Lange Coupler 

When the isolstion is artifibially improved by increasing 

I 5411, I 5141, I 5231 and I 5321 to 25 dB. then the error decreases. 

When the isolation is increased to 30 dB then the 30 degree 

error at 3.2 GHz decreases to 2D degrees and wh~n it is set at 

60 dB ihen this error decreases to 16 degrees. Other parameters 

obviously effect the phase error. 



The following parameters were artificially ·altered to see 

which one has the most influence on the error of a single 

cpupler over the entire frequency range. 

i) The coupling was split i~ instead of a 3dB coupling 

the direct path was set at 2 dB and the coupled path 

4 dB. 

512 521 = 534 = 543 = 4 dB 

513 = 531 = 524 = 542 = 2 dB 

ii) A small amount of loss was added to a 3 dB coupler 

512~521=534=543=513=531=524=542=3.5 dB 

iii) A small amount of loss was added to a split coupling 

512 = 521 = 534 = 543 = 

513 = 531 = 524 = 542 = 

5 dB 

3 dB 

iv) The return loss of the input and output ports were 

altered. 

511 = 544 = 30 dB 

v) The return loss of the terminated ports were altered. 

522 = 533 = 30 dB 

vi) The lengths of the paths as shown in figure 9.8 were 

changed. 

It was found that only the condition in (v) altered the error 

significantly. Different combinations of the changes were 

tried and it was found that only the isolation and the return 

loss has any major influence on the ~rror. 
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9.6 

9.6.1 

The. investigation of the different parameters 

which effect the phase error. 

Isolation 
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Figure 9.8 shows the quadrature coupler as displayed previously 

but an additional path is added. This signal path (the isola­

tion path) does nbt exist in the theoretical model of coupled 

lines but is very much a part of the characteristics of a real 

coupler in whatever form. 

P2 p 3 

--180° Phase Shift 

-- -90° Phase Shift 

~ Isolation Path 
P1 P4 

Figure 9.8 'The phase shift paths of an ideal coupler with 

the addition of the Isolation p~th. 

Theoretically the paths Pl-+ P2-+P4 and Pl~'P34P4 add to 

270° in length. When an open circuit is applied to P2 and 

P3 all the sign~ls at these ports are reflected without any 

additional phase change onto port 4. The two signals from 

the two paths are then vectorially added at P4. 

When a short circuit is applied to P2 and P3 then an additional 

180° is introduced into the path but there is still total re-

f 1 e c t i o ri .a t the s e p o r t s . T h e r e f o r e t h e d i f f e r en c e b e t w e en t he 

open circuit and short circuit cases is 180 degrees as shown 

in figure 9.9 a). 



When a leakage path is present between Pl and P4 represented 

by the vector at zero degrees then a small amount of signal 

is also vectorially added to the two paths previously men­

tioned. This causes the two vectors as shown in figure 

9~9 a) to have less "than a 180 degree seperation. This is 

illustrated in figure 9.9 b) and c). 

'··-.Open Circuit Vector 

·'-Short Circuit Vector 

(a) 
~Resul tan~ 

I 
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""" Isolation Vee tor +-Resultant 
0 

(b). (c) 

Figure 9.9 The effect of Isolation on the Open circuit and 

short circuit conditions. 

If this isolation vector· is either small or lies along the open 

or short circuit vector then its effect will be negligible. 

The following tables demonstrate this, where th~ s-p~ramet~rs 

from TOUCHSTONES ideal coupled lines were modified. The 



isolation was set at 20 dB and the angle was changed between 

zero degrees and 90 degrees. The coupling was set at 3 dB. 

fr.eq. Short Circuit Open Circuit Difference between 
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(GHz) (Degrees) (Degrees) Open Circuit and Short Circuit 

2 -19.0 156.9 175.9 

3 -53.6 116.8 170.4 

4 -84.4 84.3 168.7 

5 -116.8 53 .. 5 170.3 

6 -157.0 19.0 176.0 

Table 6 (a) Phase Shift with the isolation angle set at Zero degrees 

Freq. Short Circuit Open Circuit Difference between 
{GHzJ (Degrees) (Degrees J Open Circuit and Short Circuit 

2 -9.6 149.0 158.6 

3 -54.7 119.1 173.8 
.4 - -90.0 89.9 180.0 

5 -129.0 63.3 167.7 

6 -170.0 30.8 159.2 

Table 6 (b) Phase Shift with the isolation angle set at 90 degrees 

' At 4 GHz it is clearly seen how the vector at the two angles 

.effect the phase error. The isolation angle cannot be con­

trolled to lie on the open circuit or short circuit vector, 

therefore the only alternative is to ensure that it is 

small in magnitude. An Isolation approaching 30 dB is thus 

required. 

9.6.2 Return loss of the terminated ports 

After the isolation was increased to 60 dB. the difference 

between the open circuit and the short circuit cases was 

still not 180 degrees. It was found that only when the 

return losses (522 and S33) was increased to 30 dB was the 

phase shift errors less than 4 degrees, which is acceptable. 



The return loss at each port is a measure of the match to 50 

ohms of that port. Even if the port is not a good match it 

should not make a difference to the reflection if that port 

is short circuited or open circuited. 
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The conclusion that was drawn is that TOUCHSTONE does include 

this return loss measurement in its calculation when the 

different terminations are applied which is not true for the 

physical circuit. Therefore TOUCHSTONE assumes that a four 

port network is to be inserted into a position where all the 

ports are connected to 50 ohm lines. To artificially increase 

the return loss at the coupler ports that are to have the 

different terminations applied, is a better representation of 

the physical model. 

9.7 PIN diode switches for switching in the open circuit 

short circuit and 50 ohm matched load. 

The objective of the switch is to either absorb power (50 ohm 

match) or to reflect power with a phase difference of 180 degrees 

from the two modes of reflection (ie open circuit and shor·t 

circuit). It is important for the switches to present low phase 

errors because an error introduced at this point will cause a 

large deviation fro~ the required phas~ shifts. 

A simple switch that would perform this operation is shown in 

figure 9.10. Table 7 shows the diode conditions for the different 

terminations. 
50 ohm 

. 01 J H5+A1ll 
02 

.t--[)Hi' 
oc· Blocking 

Caps. 
Figure 9.10. A simple switch configuration. 



.... 

Dl 02 Termination switched in 

OFF Off OPEN CIRCUIT 

ON Off 50 ohm 

OFF ON SHORT CIRCUIT 

Table 7 Resulting terminations for the different diode 

conditions. 

At microwave frequencies care has to be taken to ensure a 

good short circuit to ground. At frequencies up to J GHz, 

a short wire bonded to the microstrip ~nd ground plane 

and passed thrbugh an unmetallized hole in the substrate 

provides a good short circuit. As frequencies increase 

beyond approximately J GHz the reactance associated with 

such a wire becomes significant. The equivalent reactance 
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is frequency dependent and thus different effective lengths 

of the microstrip line are associated with the same structure 

at different frequencies. 

It has been established that holes containing a brass rod or 

merely metallized around their cyl~ndrical surface (through 

hole plated) obtain identical results. A 1.52mm diameter 

hole results in a reactance which is less than jo.5 ohm 

over the frequency range 4 GHz to 18 GHz [4] page 106. The 

short circuit was constructed by screwing an 8BA brass bolt 

through the substrate into the aluminium ground plane. 

The layout as shown in figure 9.10 was constructed in micro­

strip as shown in figure 9.•11. A Ferrite bead with a "length 

of thin wire was used for biasing and the diodes were biased 

at approximately 15 miLli-Amps·. 



Gaps for Dio"des 
~-

Micros trip------< 

22pF 

"'-B BA Screws 

Lines Attached 

Figure 9.11. The microstrip layout of the switch 

The resistor used is a 47 ohm chip resistor intended for UHF­

VHF thick film technology. When the diodes were switched 

accordingly the different terminations were not met, ie the 

reflection in both cases were 3 dB and large phase errors 

resulted between the open circuit and the short cirtuit 

cases. The 50 ohm match approaches 8 dB over certain fre­

quencies. 

It was first suspected that these errors are due to the bias 

lines being connected very close to the diodes which meant 

that the lower i~pedance bias lines are connected in shunt to 

the high impedance reverse biased, diode which results in a 

lower overall impedance. 

A test was carried out where a- bias' iine was connected at 

increasing spacings away from an open circuit on a 50 ohm 

line. As the line moves away from the open circuit the 

response looks more like the ideal open circuit. This trend 

continued until the distance betame more than a quarter wave­

length away from the open circuit. This is illustrated in 

figure 9.12. It was concluded that a bias line must·be connec­

ted to a low impedance point along the line. 
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The 47 ohm resistor was placed between a 50 ohm transmission 

line and a short to ground. The measurement is shown in 

figure 9.13. It is evident that the resistor does not present 

a good match. A microwave 50 ohm chip resistor is required. 

.. -., 

(J) 

(f.• 
0 
_J 

1-
w 
Ct.:: 

BIAS TO 0/C DISTANCE 
l) 

·-=-.:.... 

4 

6 ~ 
l 
I 

::: 

~>·.. ....-?"'"-;:::..::-··---.:::---~ ~ 1 5 mm 
\~····~-----·/" ,.,./ "-,, ---~----
\,\ ol .__·-••••••• / ,/ .-"·---'-.. ................. ....-~--•· •• :--~3m m 

• I /' ... ... ...... • t . , 

\ ~. ,l •• •· ·--~ ... ··' ............ ·· ... . 

'• \'··-.... /· / ~·- · ··.\ .. , ··l2 m m 
I ~~ l ... /··· ··.\\ -·-- \, 
\, \ /

1
( // ·······<::·r-1 0 mm 

I .. I \ I 'I 
·, 1,' I / 't', 
1
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I •' _. \:... . 
I I 

\~,' 

1 (1 ·--+--' I I· +---+1 --+--·-t-·--i 

1 .6/div 7 
Fr·e-=t•Je·rlcY (GHz) 

Figure 9.12. The effect of increasing the distance between 

an Open circuit and a bias line. 

47· OHM TERMINATION 
2 

. .-.. 
((J 

;:I ~ -· ··-·· 
((1 

1 ~:1 (_(J 

C• 
_J 

z 1 4 
Ct.:: 
::. 
1- 1 ::: w 
Ct.:: 

--=· '? "-.:.. 
1 . 6 ..... ,j i · .... 

Ft·e·=tuenc:: ... (CHz) 

Figure 9.13. The response of th~ 47 ohm resistor 



T~e bias network consisting of a quarter wavelength at 4 GHz 

length of thin wire grounded via a 22 pF capacitor was used 

for all further tests. This gave far better results. 

A number of circuits as shown in figure 9.14 were analysed, 

which allowed the bias lines to be attached a quarter wave-

length away from the open circuit. It was found that it is 

very important for low ~hase errors that the line lengths 

that are switched in when the different terminations are 

activated are the same in length. 

Bias . ~ 
Lines ~----~o ohm 

JIA;i 

Bias 
Lines 

I\ 

·.~ 
·>i 

50 ohm -/~~---~ .t------1 

Transmission 
Line 

(a) (b) 
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Figure 9.14 Different switch configurations that were analysed. 

The circuit in 9.14 a) has the problem that when the 50 ohm 

resistor is switched in there is an open circuited stub approx­

imately a quarter wavelength in length. 

The following circuit as shown in figure 9.15 was devised which 

allows the short circuit to be physically ciose to the open 

ci~cuit on a length of line. The positive arid negitive biasing 

voltages with· the specific diode orientation allows this to be 

possible. 



Figure 9.15 The Termination switch 

The following table shows the bias voltage polarity on 

1 and 2 for the respective terminations required. 

BIAS 1 BIAS 2 Resulting Termination 

- - Open circuit 

+ - Short circuit 

+ - 50 ohm 

Table 8 The resulting terminations for the different bias 

voltage polarity. 

TOUCHSTONE predicted that the phase difference between the 

open circuit and the short circuit case is 180° !· 4.3°. 

One of the first tests that was performed was to solder one 

diode (Dl in figur~ 9.15) to an earthing screw and to leave 

a gap (where 02 is) in the 50 ohm line for the open tircuit 

condition. The errors increased with frequency up to 40 

degrees. When D2 was soldered into place the phase error 

did not change significantly~ 
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When the open circuit and the short circuit was observed on 

the display it was seen that the open circuit deviates from 
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a straight line at the lower frequencies and the short circuit 

deviates at the high frequencies. This is shown in figure 9.16. 

This test was possible by extending the reference plane in the 

s-parameter test set. 

90 
V) 

OJ 
OJ '- 0 
0! 
ClJ 

0 

--Short C j r cui t T r a c e 

-90 I ~-----'------'--- - 0 p e n C i'r.c u i t Trace 

1 GHz 7GHz 
FREQ. 

Figure 9.16 .The phase display of the open circuit and short 

circuit conditions. 

There was no region where the phase shift difference was 180 

degrees. It was evident that the short circuit condition 

needed to be improved. This was accomplished by soldering an 

·additional diode onto an earthing screw on the other side of 

the microstrip line as shown in figure 9.17. 

\ 
2 2 pF 

Microstrip Launcher 
----with SO ohm 

Termination. 

Capacitor 

Figure 9.17 The Termination switch with two diodes connected 

directly to ground. 
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Figure 9.18 illustrates the return loss for the two conditions 

and table 9 shows the phase difference between the open and 

short circuited conditions. 

SHOF.:T CIRCUIT OPEt-~ CIF~CUIT 

, 
----~ _.-..-_ .., ... ....._ _... . ..... 

-.... _ ......... ·- \._'· .. . 
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1 --------------------.... -..... ,..,....--.... --
--............. ______ ~' 

1 --.... ___ _ 
........ __________ _ 

··-·· 

2 

.... .:_, 

4 

·5 
1 . 6 ,/'.(j i • ... • 7 

F r e ·=t..tJ E· n c ::-- ( G H z ) 

0::: 

=· 

·;;. ·- ' 

. .... 
-!.• 

1·- 4 
w 
Ct:: 

1:::' 

·-' -t -~--~--~---t -~1~-+ 
. 6 .. -·· d i ..... 

F re·=u..tenc:~· ( GHz) 

Figure 9.18 Return loss for the two impedance states for 

the circuit shown in figure 9.17. 

Open circuit phase shift 
Frequency minus short circuit phase shift 
(GHz) (Degrees) 

2.0 184 
2.2 174 
2.4 174 
2.6 178 
2.8 173 
3.0 175 
3.2 176 
3.4 178 
3.6 179 
3.8 179 
4.0 180 
4.2 179 
4.4 182 
4.6 184 
4.8 187 
5.0 189 
5. 2 191 
5.4 193 
5.6 193 
5. 8 190 
6.0 191 

Table 9 The phase difference between the open circuit and 
short circuit conditions. 

.................. -· 

+---t----1 
7 



When the 50 ohm matched load was switched in the return loss 

was better than 20 dB. 

An s-parameter file of the measured short and open circuited 

condition was created in TOUCHSTONE. (The measurements are 

shown in appendix f). The different terminations were then 

applied to the phase shifter consisting of ideal coupled 

lines as shown in program 21. figure 9.19 shows the plot of 

the response at the different frequencies. A ! 10 degrees 

line was drawn at every 45 degree step to give an indication 
' + 

of the error incurred. The response falls out of the - 10 

degree error band at the higher frequencies at 135 degrees 

and 270 degrees but overall the error is low. 

315 ----------------------~----~-=-~-~-~----~:
=-

270 

-------------~---------~--------------
--

-----------------~----------------------

~135 
L:J 
z: 
<[ 

figure 9.19 

90 ----------------------------------------

45 

0 
2.0 4.0 

FREQUENCY <GHz) 

6.0 

The phase shift using the measured parameters of 

the termination switch. 

It must be kept in mind that all the results are referenced 

132 

to the calculated zero degree line. ie the 135 degree response 

is actually 135 degiee minus zero degrees to obtain a straight 

line. 



9.8 
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The effect of the imperfect components on the overall 

phase shifter 

The Lange coupler measurements obtai~ed from the CSIR was 

artificially improved slightly by modifying the s-parameter 

file. The isolation was increased to 30 dB and the return 

loss in the terminated ports were also increased to 30 dB. 

Figure 9.20 shows the phase shift versus frequency using 

ideal terminations. 
+ 

The errors are less than - 10 degrees 

at all the different steps with three ~xceptions. A small 

deviation at the 225 degree, 270 degree and 315 degree lines. 

315 

270 

w 
..J 
l.:J 135 
z: 
<[ 

90 

45 

0 

-------------------------------~-~-=-----= 

---------------------------------------

----------------------------------------

2.0 4.0 
FREQUENCY <GHz) 

6.0 

Figure 9.20 The phase shift using ideal terminations and 

a slightly improved Lange coupler 

The Lange coupler on its own with the above mentioned modifica­

tions results in errors between the open circuit and short 

circuit cases of less than 7 degrees. The highest errors were 

found to be at 3.2 GHz and above 5.4 GHz. 



The phase shift of the Lange coupler was then tested with 

applying the measured s-parameters of the ter~ination switch 

as developed in section·9.7. The phase difference between 
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the open circuit and short circuit terminated coupler is shown 

in table 10. 

Frequency Open circuited Error 
GHz minus short circuited (degrees) (degrees) 

2.0 193.8 13.8 
2.2 168.5 11.5 
2.4 168.9 . 11.1 
2.6 189.7 9.7 
2.8 192.2 12.2 
3.0 198.3 18.3 
3.2 151.7 28.3 
3.4 147.4 32.6 
3.6 213.4 33.4 
3.8 212.4 32.4 
4.0 148.7 31.3 
4.2 147.9 32.1 
4.4 148.2 31.8 
4.6 210.6 30.6 
4.8 209.4 29.4 
5.0 149.9 30.1 
5.2 148.1 31.9 
5.4 143.7 36.3 
5.6 222.1 . 42.1 
5.8 221.6 41.6 
6.0 141.2 38.8 

Table 10. The phase difference between the open circuit and short circuit 

terminated coupler. 

It can be seen that large errors are present. When this 

coupler with the measured terminations were tested in the 

entire phase shifter configuration then the following plots 

result. 
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Figure 9.21 The phase shifter using the real terminations 

and a slightly improved Lange Coupler 

It can be seen that the errors are compounded at only some 

of the phase shifts. The worst case being the 225 degree 

line which lies totally out of the ! 10 degree b~nd and 

extends into the 180 degree area. There is still approx­

imately 45 degrees between the 180 degree and the 225 degree 

shift~ but relative to the zero degree shift ~rrors of up 

to 40 degrees are encountered. 

When the errors are obseived when consulting Figure 8.12 

Sectiori 8.5 it is noted that the phase shifts which involve 

short circuits result in the largest deviations. But the 

major problem which still remains is to develop a quadrature 

coupler which presents an isolation in the region of 30 dB. 
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9.9 Conclusion 

It was found that when the constructed PIN diDde termination 

switch was-used to switch the different phases of a physical 

quadrature coupler large errors were produced. The demands 

made by this phase shifter configuration on the elements were 

not met in practice and no further development was undertaken. 

A switch that switches between zero and 180 degrees (or ± 90 

degrees) which presents low phase shift errors over a large 

bandwidth is needed for this system to be successful. 

It has been reported in the literature (2] that a phase shifter 

with the same basic configuration replaces couplers 1 and 2 

in figure 8.10 with a non-reflective switch and a coupler which 

switches only between zero degrees and 180 degrees .. An incremen­

tal phase change of 45 degrees ! 7 degrees from 6 GHz to 18 GHz 

was obtained.• 
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10. CONCLUSION 

/ 

The basic Single Pole Double Throw switch using shunt mounted 
PIN diodes was found to have a maximum bandwidth of just over 
one octave. (2 GHz to 5.1 GHz). The switch consisting of 
series mounted diodes is inherently much bioader in bandwidth, 
the limiting factor only being determined by the parasitic 
components of the PIN diodes used. Differing number of throws 
of a switch in the series mounted case does not change any 
design feature or parameter. The main disadvantage of the 
series mounted diode is the low power_handling capability. 

To increase the isolation of the basic switch additional diodes 
have to be inserted in each branch. Different combinations 
of shunt and series mounted diodes were investigated. It was 
found that if a shunt mounted diode was placed directly after 
th~ series mounted diode a high isolation can be achieved 
without affecting the bandwidth, but this was not possible in 
practice. Three series mounted diodes with a separation of 
10 mm along the length of the microstrip was found to be a good 
compromise. In addition the circuit has to be enclosed in an 
evanescent waveguide system to prev~nt radiation effects from 
degrading the .isolation. for further miniturization of the 
circuit a thinner d~electric substrate (~127 mm) can be used 
which would result in a narrower 50 ohm transmission line which 
in turn allows a smaller waveguide system. 

Only after experience was gained in the use of TOUCHSTONE was 
its full potential utilized. Care has to be taken to which 
statement is most accurate in specifying microstrip TEE junc­
tions and CROSS junctions. Generally to avoid large errors 
in the software the line lengths of microstrip stubs and 
sections must be lon9er than the widths by at least a factor 
of two. for the theoretical model to be an accurate rep­
resentation of the physical circuit an understanding of how 
the software takes all the parameters into account is essen­
tial. · 
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The phase shifter consisting of three quadrature couplers and 

a power splitter works well in theory but couplers and termina­

tion switches still have to be dev~loped which comply wiih the 

demands made on them by this particular configuration. 

All the circuits fabricated mad~ use of the bias networks that 

were developed. It was found that the F~rrite bead with two 

turns of thin wire does not perform well if it is used in 

circuits that have discontinuities. The bias system consisting 

of a grounded capacitor and a short length of thin wire gives 

the best results overall. 
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Computer programs 
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PROGRAM 1 
140 

tlhilo.ckt 01-01-80 00:57:49 

!THIS CCT USES IDEAL TRANS. LINES TO DEVELOP A HIGH IMP. LOW IMP. SECTION 
CKT 

TLIN 1 2 Z=SO E=360 F=4 
TLIN 2 3 Z=50 E=360 F=4 
TLIN 2 4 Z=148 E#70 107.62540 140 F=5 
TLOC 4 0 Z=30 E=110 F=S 
TLIN 4 5 Z=148 E#lOO 136.81580 140 F=S 

~=-------------~---------------TLOC 5 0 Z=30 E=76 F=2.5 i 
oEF2P 1 3 BIAs !~Transmission 

OUT , . (· 
srAs DscsuJ GRl ; LJne \TLIN) 

FREQ i 
SWEEP 1 7 .1 ,-4 

OPT 
RANGE_2 6 
BIAS DBCS11J < -20 

GRID 
RANGE 1 7 .s 
GRl -40 0 5 

3 

_._Circuit Synthesised 

O.OE+OO 

-20.00 

-40.00. 

1. 000 

[] 08(511] 

BIAS 

4.000 7. croo 
FREQ-GHZ 



Touchstone <TM) 
H.ckt 

PROGRAM 2 

!HIGH IMP. LOW IMP. SECTION FOR BIAS NETWORK 
DIM 

LNG MM 
VAR 

141 

WH=.6 !WIDTH OF HIGH IMP. SECTION 
WL1=4 
WL2\3.16199 

CKT 

!WIDTH OF FIRST LOW IMP. SECTION 
!WIDTH OF SECOND LOW IMPEDANCE 

MSUB ER=2.2 H=.7874 T=.034 RH0=.7066 RGH=O 
MLIN 1 3 W=2.46 L=53.79 
MLIN 4 2 W=2.46 L=53.79 
MLIN 5 6 WAWH L\17.25064 
MLIN 7 9 WAWH L\3.80948 
MTEE 3 4 5 W1=2.46 W2=2.46 W3AWH 
MTEE 10 11 9 W1AWL2 W2AWL2 W3AWH 
MTEE 6 7 8 W1AWH.W2AWH W3AWL1 
MLOC 8 WAWLl L\11.48134 
MLOC 10 WAWL2 L\11.33318 
MLOC 11 WAWL2 L=O 
DEF2P 1 2 BIAS 

OUT 
BIAS DBCS11J GR1 

FREQ 
SWEEP 1 7 .1 

OPT 
! RANGE 4.0 5.5 

. ··RANGE 2.0 6.0 
BIAS DBCS11] < -20 

GRID 
RANGE 1 7 .5 
GR1 -40 0 5 

O.OE+OO 

-20.00 

-40.00 
1. 001) 

0 08[5111 

BIAS 

I 7 '»\ 
. J 

II,, 

._ Microstrip 
L1ne (MLIN) 

Circuit Synthesised 

·4. 000 7. 000 

FREO-GHZ 



PROGRAM 3 

A BASIC Program to calculate Resonant Frequency and pad 
dimensions for a Rectangular Pad Elliptic Filter. 

10 INPUT"L="; I, "CA="; A, "CB="; B, "CC="; C 
20 INPUT"WIDTH PORT 1="; W, "WIDTH PORT 2="; X 
30 INPUT"WIDTH=";G 
40 L=7. 874E-4•q A+Bl /( 2. 2*8. 854E-12>\G) 
50 M=B/SQRT<2*<A*B+A*C+B*Cll 
60 N=-A/SQRT<2*<A*B+A*C+B*Cll 
70 P=( L/PIJ '""ACS< -M>\PI'~WI< 2*L*SIN< PI*W/( 2*Ll l l) 
80 Q=( L/PI> *ACS( N*PIAXf< 2AL>'<SIN< PI>\XI( 2•'Ll))) 
90. F=( I>\( C+A>\8/( A+B))) A-. 5/( 2>\PU 
100 PRINT "RES FREQ=";F 
110 PRINT "LENGTH=";L 
120 PRINT "P1="; P 
130 PRINT "P2=";Q 
140 END 
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PROGRAM 4 
*******~ SPICE 2E.O (18JAN7P) ******** 10A028 * 

T~O qErlTON AlAS FILTER 

INPUT LTSTJNG TEMPERATURF : 27 .• 000 DFG C 

~****************************************************************** 

\IN 0 1 AC 1 
\ 1 2 3 Ar n 
\2 b 5 IIC 0 
~ s 1 2 1 
~1 6 0 1 
lL1 3 0 a 0 70=1 ~=4GH7 NL=l 
lL? a 0 ~ 0 .Zo=l F:Q~H7 NL=l 
)L3 J5 0 7 0 ZCl:1.tl ~=~G~l Nt =.3215 
lL6 .Q 0 15 0 ZC':t.IJ ~:ti.2GHZ NI_: .• 2Cj 
1L5 15 0 16 0 70:.6 F:U.?G~Z ~L:.25 
lA 7 0 tPF 
lB 8 0 tPF 
LC 7 8 .n4FF 
l C 7 8 5 • 6 t-1 H . 
lLU P 0 14 0 Z0:1.a F:3GHZ Nl=~t25 
~2 lll 0 1000~AFG 
f. 7 16 o 1 ono~FG 
C:l 9 0 3 0 1 
•1 q 0 V1 1 
f.3 9 0 1 
(, 2 1 o o 6 n t 
F2 10 0 V2 l 
~4 10 0 1 
t:3 11 0 3 0 1 
f-3 0 11 Vl .1 
F-5 11. 0 1 
(,.Q 12 0 6.0 1 
f-4 0 t? V2 1 
H> 12 o 1_ . 
• Af LIN 100 ?G~Z 6GHZ 
.PLOT AC VNH11) 
• P LO l A C V ntH 1 2 l 
.ENO 



PROGRAM 5 144 
. - .. ~- -

biashilo.ckt 

!HI IMP. LOW IMP. SECTION WITH ELLIPTIC FILTER PAD FOR BIAS NETWORK 
DIM 

LNG MM 
VAR .WC1=1.400 !WIDTH OF CONNECT N FROM 50 OHM LINE TO LOW IMP 

WC2=1.400 !WIDTH OF CONNECT 1 N FROM LOW IMP. TO ELLIPTIC 
WLI=11.40000 !WIDTH OF l . ·· 
WP=8.00000 !WIDTH 0 E~~IPTIC FI~1ER AD 
WS= 1 • 400 ! WIDTH OF STUB n: 

1
.n.. ' ' . '• 

CKT 'I 1......-~----.-,......., ~,..1.-L-~ 

MSUB ER=2. 2 H=. 7874 T=. 034 RHO=· 7066 RGH=~O---~ k--,'· -., 1----·~1:"\· MTEE 3 4 5 W 1 =2. 46 W2=2. 46 W3"'WC 1 . J,. (; i - \ 

MTEE 6 7 8 Wl"'WCl W2"'WC2 W3"'WLI I 1 i ILt 1 
MTEE 9 10 11 Wl "'WP W2"'WP W3"'WC2 i .. .> 

MTEE 12 13 14 W1"'WP W2"'WP W3"'WS t 

MLIN 5 6 W"'WCl L=18.50000: l 
MLIN 7 11 W"'WC2 L=14.9000 ,--------'~7 ----·------
MLIN 9 12 W"'WP L=11.000 ·~I 
MLOC 8 W"'WLI L\21.70000 
MLOC 10 W"'WP L=4.80000 l\.4 

MLOC 13 W"'WP L=3.60000 -
MLOC 14 W"'WS L=9.00000 
MLIN 1 3 W=2.46 L=53.79 
MLIN 4 2 W=2.46 L=53.79 
DEF2P 1 2 BIAS 

OUT 
BIAS DB[S11J GRl 

0 OUISIU 
BIAS 



• 

PROGRAM 6 145 

bias2.ckt 01-01-80 01:02:08 

!TWO SECTION ELLIPTIC FILTER USED IN BIAS NETWORK 
DIM 

LNG MM 
VAR !WIDTH OF FIRST FILTER PAD 

!WIDTH OF STUB 
WP=8 
WS=0.89407 
WH\0.60000 
WF=2.40000 

!WIDTH OF CONNECTION TO 50 
!WIDTH OF SECOND FILTER PAD 

CKT 
MSUB ER=2.2 H=.7874 T=.034 RH0=.7066 RGH=O 
MTEE 1 2 3 W1AWP W2AWP W3AWF-
MTEE 4 5 6 W1AWP W2AWP W3AWH 
MLOC 1 WAWP L=8.91428 
MLOC 5 WAWP L=1.17792 
MLIN 2 4 WAWP L=5.56185 
MLOC 14 WAWS L=6.55433 !STUB 
MLIN 6 9 WAWH L\12.95236 !HALF WAVELENGTH 
MTEE 7 8 9 W1=2.46 W2=2.46 W3AWH 
MLIN 7 10 W=2.46 L=53.79 
MLIN 8 11 W=2.46 L=53.79 
MTEE 12 13 14 W1AWF W2AWF W3AWS 
MLIN 3 12 WAWF L=9.05217 
MLOC 13 WAWF L=0.91117 
DEF2P 10 11 BIAS 

OUT 
BIAS DB[S11J GRl 

- -
0 C9tsiiJ 

· BIAS 

FREQ-GHZ 

l.j1 

Tl.. ... 

' I i I 
I •: I~ 

41 s I I i I 

-·--
' 

-

.. r- ., ~ 



hilo.ck PROGRAM -7 .. 
!HIGH IMP. LOW IMP. SECTION ~OR BIAS NETWORK 
DIM 

LNG f1M 
VAR 

WH=l !WIDTH OF HIGH IMP. SECTION 
WL=5 !WIDTH OF LOW IMP. SECTION 

CKT 
MSUB ER=2.2 H=.7874 T=.034 RH0=.7066 RGH=O 
MLIN 1 3 W=2.46 L=53.79 
MLIN 4 2 W=2.46 L=53.79 
MLIN 5 8 WAWH L=4 
MTEE 3 4 5 W1=2.46 W2=2.46 W3"'WH 
MTEE 6 7 8 W 1 "'WL W2"'WL W3"'i.JH 
MLOC 6 W"'WL L=2.00 
MLOC 7 WAWL L=O.OO 
WIRE 8 9 D=.6 L=60 RH0=.7066 
SHOR 9 
DEF2P 1 2 BIAS 

OUT 

FR~~AS OB[$11 J GR1 · .. Sl::::· . ".. . . 

SWEEP 1 7 .1 . 
OPT . 

RA,NGE 2 6 
BIAS 08[S11J < -20 

GRID 
RANGE 1 7 .5 

· ·· GR1 -40 0 5 

O.OE+OO 

-20.00 

-40.00 
1. 000 

El OBCSlll 

BIAS 

4.000 
FR£::0-:GHZ 

146 



Touch·; t. an e ( TM) 
PINFOR.ckt 

PROGRAM 8 '14 7 

'THIS PROGRAM GENERATES THE S-PARAMETER FILE OF THE THEORETICAL MODEL 
iQF THE FORWARD BIASED SERIES MOUNTED PIN DIODE. <TYPE DSG6474) 
C :•, T 

SRL 1 2 R=4 L=.3 
CAP 1 2 C=.OS 
DEF2P 1 2 PINFOR SPINFOR 

OUT 
P INFOR ~1AGC Sll J 
f• lNFCJR Ai'~G[ S 11 J 
Pii'FOF: i1t\GCS21J 
PINFO'R MJGCS21J 
?lNFOR MAG[Sl2] · 
F' H.JFOF: ANG[ S 12 J 
F'lNFOF; r·;t,GCS22J 
F'INFOF; I\NGCS22J 

r:: :;· c:- r:-. 
I 1\t-V 

::~lJEEP l l . 2 '----~--{) 

p 

-_ r-=orward t5id.scd __ s.eries mounred PIN 
PINREV.ckt 

,. : n; .... no ... ' . .) •. .. 

!T~llS PROGRAM GENERATES THE S-PARAMETER FILE OF .THE THEORETICAL MODEL 
1 0F THE REVERSE Bl~SED SERIES MOUNTED PIN DIODE. <tYPE OSG6474> 
CKT 

SRLC 1 2 RdtOOO L=!3 C=.05 
CAP 1 2 C=.OS 
DEF2P 1 2 PINREV SPINREV 

r<~~!;:E'v' ilf-';!3[ S 1 1 3 
P 1~\IF:E\J Al\i(i[::; 11 J 
?I~~PE'v' ilr'\GLS21 J 
IJHJF:EV i-1NC1CS21] 
P Hit\EV llAGC S 12 J . 
.PINREV ANGCS12J 
Fli'ii\EV f1AGCS22J 

. PJ:Nf;:i::V ANGCS22J 

S~JEEP 1 7 ·• 2 r-

~~ L j . LD 

-0·--,--~VvVv\~ ~-~·- .--o 

cp 
R e verse lJ i as e d s e r 1 e s __ Ol_.O_U Q t ~g_Ej_N_dl_g_Q_~-------



PROGRAM 9 ... 148 

MICRSPOT.ckt 

!MICROSTRIP SPOT SWITCH USING A SHORT AND THRU LINE AS PIN DIODES FORWARD 
!AND REVERSE BIASED AND NO CAPACITORS. THIS IS EXACTLY AS IT WAS CONSTRUCTED. 
DIM 

LNG MM 

!WIDTH OF 50 OHM LINE 
VAR 

WL=2.46 
WM=4 
LM=13.28 

!WIDTH OF QUARTER WAVELENGTH MATCHING SECTIONS 
!LENGTH OF QUARTER WAVELENGTH MATCHING SECTIONS 

CKT 
MSUB ER=2.2 H=.7874 T=.034 RH0=.7066 RGH=O 
MLIN 1 2 W~WL L=10 . 
MLIN 4 5 WAWL L=10 
MLIN 7 8 WAWL l=10 
MLIN 3 12 WAWM LALM 
MLIN 6 10 WAWM L=11.26 

. MLIN 9 11 WAWM L=11.28 
MTEE 10 11 12 W1AWM W2AWM W3AWM 
MSTEP 2 3 W1AWL W2AWM 

·MSTEP 56 WlAWL W2AWM 
MSTEP 8 9 W1AWL W2AWM 
SHOR 8 
DEF2P 1 4 SPOT 

OUT 
SPOT DBCS11J GR1 
SPOT 08[S21J GR2. 

FREQ· 
SWEEP 2 6 .1 

GRID 
RANGE 2 6 .s 
GR1 ;._40 0 5 
GR2 -20 0 5 

14-
I 

lo I 

I 

•''· 

:UT WITH IDEAL COMPONENT 
. 0 05.(5111 
. SPOt 

0. CE•CC · . 

:.. 
. :··. 

... : .. 

-<0. 00 !____._--'-_......_.:....._ _ _.___.._____...._____.__~ 

2.0~0 1..0:"\jJ • 

. r;:;:c; GH~ · 

•·:1 I 
I 

:: ~ 

1 ,::; ./ 

?•'l I 
I ; 
I I 
I, I 

M .... -. \I 
···' •C.. , 

····, 
.-~ 

... 
,I 
I 
i 

.-"'-" -~ .... 
..··· 

. 4 ..... d i · .. · 
F t· (; ·11 .. J ·::· n c ::·· 0:: C ~I:.: ) 

.... ···' 

......... 
... ··· 



PROGRAM 10 
149 

MICRSPOT.ckt 01-01-80 02:23:19 

!MlCROSTRIP SPOT SWITCH WITH ONE PIN DIODE WHICH IS FORWARD BIASED. THERE ARE 
!NO CAPACITORS. 
DIM 

LNG MM 
VAR 

WL=2.46 
WM=4 
LM=13.28 

CKT 

!WIDTH OF 50 OHM LINE 
!WIDTH OF QUARTER WAVELENGTH MATCHING SECTIONS 
!LENGTH OF QUARTER ~AVELENGTH MATCHING SECTION 

MSUB ER=2.2 H=.7874 T=.034 RH0=.7066 RGH=O 
MLIN 1 2 WAWL L=lO 
MLIN 4 5 WAWL L=lO 
MLIN 7 8 WAWL L=10 
MLIN 3 12 WAWM L~LM 
MLIN 6 10 WAWM L=11.28 
MLIN 9 11 WAWM L=11.28 
MTEE 10 11 12 WlAWM W2AWM W3AWM 
MSTEP 2 3 W1AWL W2AWM 
MSTEP 5 6 WlAWL W2AWM 

··s2PA 8 9 0 PINON 
DEF2P 1 4 SPOT 

OUT 
SPOT DBCS11J GR1 
SPOT DBCS21J GR2 

FREQ 
.,- SWEEP 2 6 • 1 
GRID 

RANGE 2 6 .5 
GRl -20 0 5 
GR2 -20 0 5 

-:o. co · 

0 nrr~111 

!;I•OT 

-r-

(l-4----~~r-------.-,o~:~:-,.------J1 :,~~~-~-~.! 
'~ 

3 
"l. 

'r.--. 

})j4,tdn ot t;b'!. c'I\"C\1~t ~~Y\±~es.ised 

b1 ·±k\£. ~ta~ro.no. (~ou\\e. ~l,z..e.) 
·~: p D T l·l I T I 1 1 P I H :~, t·4 0 C F1 F' ~:; 

-20. co L__....:.._._ _ __.__..._____._ __ -:-'-_~-~------~ 

· 2. o.:n .c. c:l:J ~- ao'} 



PROGRAM 11 150 

SPOT2.ckt 01-01-80 01:25:00 

!SPOT SWITCH WITH IDEAL TRANSMISSION LINES AND PIN DIODE MODELS IN 
!FORWARD AND REVERSE BIAS. 
VAR 

Z0\47.45506 
Z1\41.17668 
L0\59.13683 
L1\87.28701 

Cf"<T 
TLIN 1·2 Z=50 E=360 F=4 

.TLIN 6 7 Z=50 E=360 F=4 
TLIN 2 10 Z=50 E=29.819 F=4 
TLIN 3 11 Z=50 E=29.819 F=4 
INO 10 12 L=.2 
INO 11 !"2 L=.2 
SRC 12 0 R~400 C=.14 
TLIN 3 4 ZAZO EALO F=4 

·TLIN·s 4 zAzo EALo F=4 
TLIN 5 13 Z=50 E=25.753 F=4 
TLIN 6 14 Z=SO E=25.753 F=4 
IND 13 15 L=.15 

·.-INO 14 15 L=.15 
SRL 15 0 R=.B L=.02 

!IMPEDANCE OF SPOT BRANCHES <PIN> 
!IMPEDANCE OF SPOT BRANCH FEED 
!LENGTH OF SPOT BRANCHES 
!LENGTH OF SPOT BRANCH FEED 

REVERSE BIASED PIN 

FORWARD BIASED PIN 

-------TLIN 4 8 ZAZ1 EAL1 F=4 
TLIN 8 9 Z=SO E=360 F=4 ~--. - - - - - I I I 

-~~;~~ ·y 9 SPOT '. I.··.~ ··:,j·y-: ~\~------~"----·--4------"~-').yy···--'·~--j---·-·= 
1 

OUT ~ I ~ 
SPOT DBCS11 J GRl ~; I ~C 
SPOT 08[521 J GR2 J I ~j 

FRE:o ' -=:-- I 

. OP!~::: : : . 1 ' "L~'t,~:~ ~j 
SPOT OB[Sll J < -20 / 

GRI 0 , ! 
RANGE 2 6 .5 q' 

GRl. -40 0 5 
Gf<2 .·-20 0 5 

0. OE•OO 

n not~J u 
&POl 

-.co. oo --·--'-----~~--.J.--~---L..--~ 

z= ~- ; 6.000 



·..,__ 

, ! SPOT SWITCH 
. ! FORWARD AND 
: ! NEXT TO THE 
:vAR 

!)! 

PROGRAM 12 

SPDT2.ckt 01-01-80 03:39:27 

WITH IDEAL TRANSMISSION LINES AND PIN DIODE MODELS IN 
REVERSE BIAS. MATCHING STUBS ARE PLACED ON THE BRANCHES 
PIN DIODES. 

Z0=45 
Z1=38 
L0\51 
L1\87 
ZS1=62 
LS1\25 

!IMPEDANCE OF SPOT BRANCHES <PIN> 
!IMPEDANCE OF SPOT BRANCH FEED 
!LENGTH OF SPOT BRANCHES 

· CKT 
TLIN 1 2 Z=50 E=360 F=4 
TLIN 6 7 Z=50 E=360 F=4 
TLIN 2 10 Z=50 E=29.819 F=4 
TLIN 3 11 Z=50 E=29.819 F=4 
IND 10 12 L=.2 
IND 11 12 L=.2 
SRC 12 0 R=400 C=.14 
TLIN 3 4 ZAZO EALO F=4 
TLIN 5 4 ZAZO EALO F=4 
TLIN 5 13 Z=50 E=25.753 F=4 
TLIN 6 14 Z=50 E=25.753 F=4 

. IND 13 15 L=.15 
IND 14 15 L=.15 
SRL 15 0 R=.8 L=.02 
TLIN 4 8 ZAZ1 EAL1 F=4 
TLIN 8 9 Z=50 E=360 F=4 
TLOC 5 0 ZAZS1 EALS1 F=4 
TLOC 3 0 ZAZS1 EALSl F=4 
MATCH 7 

i 
. I 

I 

!LENGTH OF SPOT BRANCH FEED 
!IMPEDANCE OF MATCHING STUB 
!LENGTH OF MATCHING STUB 

REVERSE BIASED PIN 

! 
FORWARD BIASED PIN 

I 

DEF2P 1 9 SPOT 
OUT 

j I ' I , 

SPOT DBCS11J GRl 
SPOT DBCS21J GR2 

FREQ 
SWEEP 2 6 .1 

OPT 
RANGE 2 6 
SPOT DBCS11J < -20 

GRID 
RANGE 2 6 .5 

I 
I. 

1 . ' . 



152 
PROGRAM 13 

~t'UIL·CKt 

!SPOT SWITCH WITH IDEAL TRANSMISSION LINES AND PIN DIODE MODELS IN 
!FORWARD AND REVERSE BIAS. MATCHING STUBS ARE PLACED ON BOTH SIDES 
!OF THE PIN DIODES. 
VAR 

Z0=40 
Zl=35 
.L0=50 
L1=90 
ZS1=84 
LS1=35 
ZS2\84 
LS2\10 

CKT 
TLIN 1 2 Z=SO E=360 F=4 
TLIN 6 7 Z=SO E=360 F=4 
TLIN 2 10 Z=SO E=29.819 F=4 
TLIN 3 11 Z=SO E=29.819 F=4 
IND 10 12 L=.2 
IND 11 12 L=.2 
SRC 12 0 R=400 C=.14 
TLIN 3 4 ZAZO EALO F=4 
TLIN 5 4 ZAZO EALO F=4 
TLIN 5 13 Z=50 E=25.753 F=4 
TLIN 6 14 Z=50 E=25.753 F=4 
!NO 13 15 L=.15 
IND 14 15 L=.15 
SRL 15 0 R=.8 L=.02 
TLIN 4 8 ZAZ1 EAL1 F=4 
TLIN 8 9 Z=50 E=360 F=4 
TLOC 5 0 ZAZS1 EALS1 F=4 
TLOC 3 0 ZAZS1 EALS1 F=4 
TLOC 2 0 ZAZS2 EALS2 F=4 
TLOC 6 0 ZAZS2 EALS2 F=4 
MATCH 7 
DEF2P 1 9 SPOT 

OUT 
SPOT 08[S11J GRl 
SPOT DBCS21J GR2 

FREQ 
SWEEP 2 6 .1 

OPT 
RANGE 2 .6 
SPOT 08CS11J < -20 

GRID 
RANGE 2 6 .5 
GR1 -40 0 5 
GR2 -20 0 5 

1 

!IMPEDANCE OF SPOT BRANCHES <PIN) 
!IMPEDANCE OF SPOT BRANCH FEED 
!LENGTH OF SPOT BRANCHES 
!LENGTH OF SPOT BRANCH FEED 
!IMPEDANCE OF MATCHING STUB 
!LENGTH OF MATCHING STUB 
!IMPEDANCE OF SECOND MATCHING STUB 
!LENGTH OF SECOND MATCHING STUB 

REVERSE BIASED PIN 

FORWARD BIASED PIN 

I. 

.. ...... 7 ... 

' 



PROGRAM 14 153 

SPDT2.ckt 01-01-80 03:04:27 

!SPOT SWITCH WITH IDEAL TRANSMISSION LINES AND PIN DIODE MODELS IN 
!FORWARD AND REVERSE BIAS. A SECTION OF TRANSMISSION LINE IS INSERTED 
!TO IMPROVE THE RESPONSE. THESE VALUES WHERE GENERATED USING THE OPTIMIZ 
!FACILITY. 
VAR 

Z0\52 
Z1\36 
L0=33 
L1=83 
ZS\30 
LS=25 

CKT 
TLIN 1 2 Z=50 E=360 F=4 
TLIN 6 7 Z=50 E=360 F=4 
TLIN 2 10 Z=SO E=29.819 F=4 
TLIN 3 11 Z=50 E=29.819 F=4 
IND 10 12 L=.2 
IND 11 12 L=~2 
SRC 12 0 R=400 C=.14 
TLIN 20 4 ZAZO EALO F=4 
TLIN 21 4 ZAZO EALO F=4 
TLIN 5 13 Z=SO E=25.753 F=4 
TLIN 6 14 Z=SO E=25.753 F=4 
IND 13 15 L=.15 
IND 14 15 L=. 15 
SRL 15 0 R=.~ L=.02 

. TLIN 4 8 ZAZ1 EAL1 F=4 
TLIN 8 9 Z=50 E=360 F=4 
TLIN 3 20 ZAZS EALS F=4 
TLIN 5 21 ZAZS EALS F=4 I 

MATCH 7 . . 
DEF2P 1 9 SPOT 

OUT 
SPOT DBCS11J GR1 

- SPOT DBC S21 J GR2 
FREQ 

SWEEP 2 6 .1 
OPT 

RANGE 2,6 
SPOT DBCSllJ < -20 

GRID 
RANGE 2 6 .5 

IMPEDANCE OF SPOT BRANCHES <PIN> 
IMPEDANCE OF SPOT BRANCH FEED 
LENGTH OF SPOT BRANCHES 
LENGTH OF SPOT BRANCH FEED 
IMPEDANCE OF MATCHING SECTION 
LENGTH OF MATCHING SECTION 

___ j 

REVERSE BIASED PIN 

FORWARD BIASED PIN 

+ • 
~1 - . 

-~--·-· __.·;J-G"-.........r6"-:-_j··_.___....~ )/ 

~~ 

3 
~~ 



PROGRAM 15 154 

MICRSPOT.ckt 01-01-80 02:12:DO 

!MICROSTRIP SPOT SWITCH WITH MODELS OF FORWARD AND REVERSE BIASED PIN DIODES. 
! OPEN CIRCUIT STUBS ARE USED TO IMPROVE THE RESPONSE. 
DIM 

LNG MM 
VAR 

WL=2.46 
WM=3.8 
WB=1. 8 
WS=3.36 
LM=13.6 
LB1=.2 
LB2=6 
LS=2.95 

CKT 

WIDTH OF 50 OHM LINE 
WIDTH OF SPOT BRANCH FEED 
WIDTH OF BRANCHES 
WIDTH OF MATCHING STUBS 
LENGTH OF SPOT BRANCH FEED 
LENGTH OF LINE BETWEEN STUB AND PIN 
LENGTH OF LINE BETWEEN TEE AND STUB 

!LENGTH OF STUB 

MSUB ER=2.2 H=.7874 T=.034 RH0=.7066 RGH=O 
MLIN 1 2 WAWL L=10 
MLIN 4 5 WAWL L=10 
MLIN 7 a wAwL L=10 
TLIN 5 19 Z=50 E=29.819 F=4 
TLIN 6 20 Z=50 E=29.819 F=4 
INO 19 21 L=.2 
INO 20 21 L=.2 
SRC 21 0 R=400 C=.14 
MLIN 3 12 WAWM LALM 

"MLIN 6 13 WAWB LALBl 
MLIN 14 10 WAWB LALB2 
MLIN 9 17 WAWB LALB1 
MLIN 11 16 WAWB LALB2 
TLIN 8 22 Z=SO E=25.753 F=4 
TLIN 9 23 Z=SO E=25.753 F=4 
INO 22 24 L=.15 
INO 23 24 L=.15 
SRL 24 0 R=.8 L=.02 
MTEE 10 11 12 WlAWB W2AWB 
MTEE 13 14 15 W1AWB W2AWB 
MTEE 16 17 1& W1AWB W2~WB 
MSTEP 2 3 W1AWL W2AWM 
MLOC 15 WAWS LALS . 
MLOC 18 WAWS LALS 
DEF3P 1 4 7 SPOT 

OUT 
SPOT OBCS11J GR1 
SPOT OBCS21J GR2 
SPOT DBCS31J GR2 

FREQ 
SWEEP 1 7 .2 

GRID 
RANGE 1 7 .5 
GR1 -40 0 5 
GR2 -40 0 5 

MODEL OF REVERSE BIASED PIN DIODE 

MODEL OF FORWARD BIASED PIN DIODE 

,_ -I 



PROGRAM 16 
155 

SP4TSPAR.ckt 01-01-80 01:35:02 

!THIS SP4T SWITCH CONSISTS OF THREE 
!WHERE OBTAINED FROM THE TOUCHSTONE 
!TO DEVELOP THE SPOT SWITCH .. 

SPOT SWITCHES. THE S-PARAMETER FILES 
PROGRAM "MICRSPDT" WHICH WAS USED 

DIM 
LNG MM 

VAR 
LJ\5.83193 
WJ#1 1.64942 3 
LS#1 3.22625 8 
WS#1 1.38448 4 

!LENGTH OF LINE JOINING THE SPOT SWITCHES 
!WIDTH OF LINE JOINING THE SPOT SWITCHES 

!LENGTH OF MATCHING STUB 
!WIDTH OF MATCHING STUB 

CKT 
MSUB 
MLIN 
S3PA 

ER=2.2 H=.7874 T=.034 RH0=.7066 RGH=O 
1 2 W=2.46 L=10 
2 3 4 SPOT 

MLIN 3 21 WAWJ LALJ 
MLIN 5 20 WAWJ LALJ 
MTEE 20 21 22 WlAWJ W2AWJ W3AWS 
MLOC 22 wnws LALS 

MLIN 4 23 WAWJ LALJ 
MLIN 8 24 WAWJ LALJ 
MTEE 23 24 25 W1AWJ W2AWJ W3AWS 
MLOC 25 WAWS LALS 

S3PA 5 6 7 SPOT 
S3PB 8 9 10 SPDTON 
MLIN 6 13 W=2.46 L=10 
MLIN 7 14 W=2.46 L=lO 
MLIN 9 12 W=2.46 L=lO 
MLIN 10 11 W=2.46 L=lO 
MATCH 12 jlifi 
DEF4P 1 13 ~4J11 SP4T 

OUT 
SP4T oBcsn, ·-:r Rl _ 
SP4 T DBC S2l~R2~1' 1'4'i''< 
SP4T DBCS::JTI GR2 
SP4T DBCS4

1 

D GR2 · 
FREQ j ! 

SWEEP 1 8 . 25 ----- -· 
GRID I I 

RANGE 1 8 ! •. , ----- · 
GR1 -40 Oi5 
GR2 -70 oi5 

OPT !:·· 
RANGE 2 7 i j1 · i u•~,. : 
SP4 T DBC S 1--l·:Jr(:,<:. -'=-20·--------·-' 
SP4T DBCS41J_<! -60 

! I 
i I 
lb._ I 

--I ,_ i. 
I I 
! I 

! 
-''-' 

! .. ___ .... 

0\loll i 
. ·--··------- ______ .. _ 



PROGRAM 17 
156 

SP4T.ckt 10-28-8~ 10:13:~8 

!THIS MICROSTRIP SP4T SWITCH USES THE EQUIVALENT CIRCUITS FOR THE FORWARD 
!AND REVERSE BIASED SERIES MOUNTED PIN DIODE. 
DIM 

LNG Ml"l 
·CI-<T 

MSUB ER=2.2 H=.7874 T=.034 RH0=.7066 'RGH=O 
. MLIN 1 12 W=2.46 L=lO 

MLIN 2 4 W=2.46 L=lO 
MLIN 5 3 W=2.46 L=lO 
MLIN 6 13 W=2.46 L=lO 
MLIN 7 14 W=2.46 L=10 

I 

' .. 
r 

.SRL 4 1" L 

CAP 4 12 

SRLC 5 12 
CAP 5 12 

SRLC 6 12 
CAP 6 12 

SRLC 7 12 
CAP 7 12 

f"lATCH 3 
~1ATCH 13 
f1ATCH 2 

R=4 L-=. 3 
C=.OS 

R=lOOO 
C=.05 

R=lOOO 
C=.OS 

R=lOOO 
C=.OS 

DEF2P 1 14 SP4T 
OUT 

SP4T DBCS.llJ GRl 
SP4T DBCS21J GRl 

FREO 
SWEEP 1 7 .2 

GRID 
RANGE 1 7 .s 
GRl -30 0 :1 
GR2 -3 0 .s 

L=.3 

L=.3 

L=.3 

MODEL OF 

C=.OS MODEL OF 

C=.05 MODEL OF 

C=.OS I MODEL OF 

.I 

FORWARD BIASED PIN DIODE 

REt,)ERSE BIASED PIN DIODE 

RE\/ERSE BIASED PIN DIODE 

REVERSE BIASED PIN DIODE 

~I 



PROGR.AM 18 157 

SSERSP4T.ckt 10-28-85.11:26:51 

!THIS SP4T SWITCH USES A COMBINATION OF SERIES AND SHUNT MOUNTED PIN DIODES. 
!THE THEORETICAL MODELS FOR FORWARD AND REVERSE BIASED DIODES ARE USED. 
DIM 

LNG Mf'1 
VAR 

L=16.24 LENGTH OF LINE BETWEEN PIN DIODES. 
Cf\T 

MSUB ER=2.2 H=.7874 T=.034 RH0=.7066 RGH=O 
MLIN 1 12 W=2.46 L=lO 
MLIN 2 15 W=2.46 L=lO 
MLIN 18 3 W=2.46 L=lO 
MLIN 19 13 W=2.46 L=lO 
MLIN 22 14 W=2.46 L=lO 
MLIN 16 4 W=2.46 LAL 
MLIN 6 20 W=2.46 LAL 
MLIN 7 21 W=2.46 LAL 
MLlN 5 17 W=2.46 LAL 

S2PA 4 12 0 SPINFOR 

TLIN 15 23 Z=50 E=29.819 F=4 
TLIN 25 16 Z=SO E=29.819 F=4 . 

S-PARAMETERS FROM PINFOR PROGRAM 

IND 23 24 L=.2 MODEL OF REVERSE BIASEO_SHUNT PIN DIODE 
IND 24 25 L=.2 

'SRC 24 0 R=400 C=.14 I 

! . 

.I 

I 

S2PB 5 12 0 SPINREV 

T~IN 17 32 Z=SO E=25.753 F=4 
TLIN 18 34 Z=50 E=25.753 F=4 
INO 32 33 L=.15 
IND 33 34 L=.15 
SRL 33 0 R=.8 L=.02 

S2PB 6 12 0 SPINREV 

TLIN 19 26 Z=50 E=25.753 F=4 
.TLIN 20 28 Z=SO E=25.753 F=4 
HJO 26 27 L=. 15 

. IND 27 28 L=. 15 
SRL 27 0 R=.8 L=.02 

S2PB 7 12 0 SPINREV 

TLIN 21 29 Z=SO E=25.753. 
TLIN 22 31 Z=SO E=25.753 
IND 29 30 L=.15 
IND. 30 31 L=.l5 
SRL 30 0 R:.a L=.02 

S-PARAMETERS FROM PINREV PROGRAM 

MODEL OF FORWARD BIASED SHUNT PIN DIODE 

S-PARAMETERS FROM PINREV PROGRAM 

MODEL OF FORWARD BIASED SHUNT PIN DIODE 

S-PARAMETERS FROM PINREV PROGRAM 

PIN DIODE OF FORWARD BIASEQ $HU~H w 
MATCH 3 
DEF4P 1 2 13 

OUT 
14 SP4T 

~~ . I y, 
SP4T DBCS11J 
SP4T DBCS21J 

GRl 
GRl 

)~/; 
1:. __ :•.:!'-ri~pl' 

-----r-- ~~ 
._l_ l ' 

-:- j 
I 
,l 
I. 

--3*~-JJ,_._s -~~l 

_! 



PROGRAM 19 158 

SERSP4T.ckt 

!THIS MICROSTRIP SP4T SWITCH USING THREE SERIES MOUNTED PIN DIODES IN 
!EACH BRANCH TO INCREASE THE ISOLATION. THE S-PRAMETERS FOR THE THEORETICAL 
!MODEL OF THE PIN DIODES ARE USED WHICH HAVE BEEN GENERATED BY THE PROGRAM~ 
!PINFOR AND PINREV. 
DIM 

LNG MM 
VAR 

L=10 
W=2.46 

! LENGTH OF LINE BETWEEN SERIES DIODES 
! WIDTH OF LINE BETWEEN PIN DIODES 

CKT 
MSUB 
MLIN 
MLIN 
MLIN 
MLIN 
MLIN 
MLIN 
MLIN 
MLIN 
MLIN 
MLIN 
MLIN - MLIN 
MLIN 

S2PA 
S2PA 
S2PA 
S2PB 
S2PB 
S2P8 
S2P8 
S2PB 
S2PB 
S2PB 
S2PB 
S2PB 

ER=2.2 H=.7874 T=.034 
1 12 W=2.46 L=10 
2 40 W=2.46 L=lO 
46 3 W=2.46 L=lO 
42 13 W~2.46 L=lO 
44 14 W=2.46 L=10 
41 15 W=2.46 L~L 
43 19 W=2.46 LAL 
22 45 W=2.46 L~L 
18 47 W=2.46 LAL 
16 4 WAW LAL 
6 20 WAW LAL 
7 21 WAW LAL 
5 17 WAW LAL 

4 12 0 SPINFOR 
15· 16 0 SPINFOR 
40 41 0 SPINFOR 
5 12 0 SPINREV 
17 18 0 SPINREV 
46 47 0 SPINREV 
6 12 0 SPINREV 
19 20 0 SPINREV 
44 45 0 SPINREV 
7 12 0 SPINREV 
21 22 0 SPINREV 
42 43 0 SPINREV 

MATCH 3 
DEF4P 1 2 13 14 SP4T 

OUT 
SP4T DBCS11J GRl 
SP4T DBCS21J GR2 
SP4T DBCS31J GRl 

FREO 
SWEEP 1 7 .2 

GRID 
RANGE 1 7 .5 
GR1 -75 0 5 

. GR2 -5 0 1 
GR3 -30 0 5 

RH0=.7066 RGH=O 



PRULJHAM L 0 a 
Flow Chart to calculate the Coupler width, Even mode impedance and 

Odd mode impedance given the height of the dielectric between ground 

planes and conductors, for a single section overlay Coupler. 
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PROGRAM 20b 

10 REM OVERLAY COUPLERS 
20 REM ----------------
30 DISP "A DIELECTRIC CONSTANT 

OF 2.2 IS ASSUMED" 
40 DISP "TOTAL HIEGHT OF OIELEC 

TRIC IN mm" 
50 INPUT E: 
60 OISP "HIEGHT OF DIELECTRIC 

BETWEEN CONDUCTORS=" 
70 I t·WIJT S 
80 DISP "EVEN MODE IMPEDANCE=" 
90 IHPUT E 

10~3 0=2500--··E 
110 X=2.2A_5tE/l88.3 
120 REM ---------------~--------
130 REM ELLIPTIC INTEGRALS OF 

THE FIRST KHW 
14(1 K=. 67 
150 L=1+.5A2t(1-KA2)+.375A2t(1-K 

5 .~·. 2:t: t< /··6 
1 70 t-~=t--··M 
1 t:0 'r'=N-:=-:: 
190 IF ABSCY)(.001 THEN 250 
200 IF 'r'>0 THEN 230 
21€1 K=K-.001 
220 GOTO 1 '5(1 
230 K=K+. ~301 
240 GOTO 1'5(1 
25~3 OI:3P "K=" .: K 
260 REM ------------------------

270 T=.5tLOG<C1+K)/(1-k)) 
280 Z=296.1/(2.2A.5*8/StT> 
290 A=Z-0 
3€1(1 or:=:P E .. •:. .. R 
310 IF ABS<A><.05 THEN 370 
320 IF A>0 THEN 350 
330 E=£+.1 
34(1 GOTO 1 ~}(i 
35r::1 E=E-. 1 
360 GOTO 1 (1(1 
370 PRINT "ODD MODE IMPEDANCE";!) 
380 PJ;;: I t·n "E1 • ..'EN t10DE IMPEDANCE".: 

E 
390 REM ----------------------
400 P=(KtB/S-l)/(8/CKtS)-1) 
410 Q=.StLOGC<l+SQRCP))/(1-SQRCP 

) ) ) 
420 R= 5tLOGCC1+SQR<P)/K)/(1-SQR 

(f')/t:;:)) 
430 W=2t8/Plt(Q-StR/8) 
440 PRINT "WIDTH OF STRIP IN mm" 

.. w 
450-END 
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PROGRAM 21 161 

IDEALPHA.ckt 

!THE CIRCUIT CONSISTS OF A POWER SPLITTER WHICH FEEDS TWO 3D8 COUPLERS. 
VAR 

R1=1E4 
R2=0 
ZE=125 
Z0=20 

CKT 
TLIN 1 2 Z=50 E=lO F=4 
TLIN 2 4 Z=70.7 E=90 F=4 
TLIN 2 3 Z=70.7 E=90 F=4 
RES 3 4 R=lOO 
CLIN 3 8 9 10 ZEAZE ZOAZO E=90 F=4 
CLIN 4 7 6 5 ZEAZE ZOAZO E=90 F=4 
CLIN 9 12 6 11 ZEAZE ZOAZO E=90 F=4 
MATCH 12 
RES 8 0 RAR1 
RES 10 0 RAR1 THESE VALUES ARE CHANGED TO ALTER 
RES 50 RAR2 THE PHASE SHIFT. 
RES 7 0 R"'R2 
DEF2P 1 11 PHASE 

OUT 
PHASE ANGCS21J GRl 
PHASE D8[S21J GR2 

-,, PHASE D8CS11 J GR2 
FREQ 

SWEEP 2 6 .2 
GRID 

RANGE 2 6 .5 
GRl ~180 180 20 
GR2 -20 0 1 

, ... 
~~~ t -.NVV--1 ,__ __ _______ .------ - . 

. \1 OW\· 

1. 

1.\-J 
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Description 

Features. 
• Broadband Operation 

- HF Through X-Band 

• low Insertion loss 
- less Than 0.5dB to 10GHz 

(5082-3140, 3170) 
• High Isolation 

- Greater Than 20dB to 10GHz 
(5082-3140, 3170) 

• Fast Switching/Modufating 
- 5ns Typical (5082-3141) 

• low Drive Current Required 
less Than 20mA for 20dB Isolation 
(5082-3141) 

These Hewlett-Packard PIN diode switches/attenuators consist of specially processed silicon PIN diodes in shunt configura-· tion within a 50 ohm hermetic package. They are optimized for good continuity of characteristic impedance, which allows a continuous transition when used in 50 ohm stripline or microstrip circuits. The HP package style 60 is a direct mech-anical replacement for HP package style 61 with top cap. For most applications the 5082-3140, 3141, and 3170 are direct 1ft, electrical replacements (with top cap in place) for the 5082-3040, 3041, and 3340, respectively. Because of a difference in ~ chip location between packages 60 and 61, there will be a difference in the phase relationships between equivalent devices. When. forward biased, the PIN diode will appear as a current variable resistor in shunt with the transmission line, its value being variable from less than 1 ohm at high forward bias to greater than 10,000 ohms at zero or reverse bias. The stripline 
package concept overcomes the limitations in insertion loss, isolation, and bandwidth that are imposed by the package 
pa~asitics of other discrete devices. 
The PIN diode chips used in the 5082-3140 and 5082-3170 devices are of oxide passivated planar design; the chip used in the '5082-3141 is of oxide passivated mesa design. Passivation and package hermiticity ensures maximum stability and reliability. 

Applications 
These diodes are designed for applications in microwave and HF-UHF systems using stripline, or microstrip transmission line tech'niques. 
Typical circuit functions consist of switching, duplexing, multiplexing, leveling, modulating, limiting or gain control func­tions as required in TR switches, pulse modulators, phase shifters, and amplitude modulators. 
Near ideal transmission characteristics and low intermodulation products from HF through X-Band are provided by the 5082-3140. The 5082-3170 is a reverse polarity device with characteristics similar to the 5082-3140. 
The 5082-3141 is recommended for applications requiring fast switching or high frequency modulation of microwave signals or where the lowest bias current for maximum attenuation is required. 
More information is available in HP Application Notes 922 (Applications of PIN Diodes) and 929 (Fast Switching PIN Diodes). Special Information #5 discusses harmonic generation in PIN diodes. · 

5082-3141 
5082-3170 

CATHODE HEATSINK 

Figure 1. Heat Sink Polarities 

5082-3140 
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Figure 7. Typical Isolation vs. Frequency 

: Environmental capabilities . 
· The HP package style ~0 is capable of passing the following environmental tests. 
!r-----~~~--~~~--------,-----------~~~--------------------------~------~----~-, ~;;:·;~,:;~:-~N:-.. :~:;z~~:~~-ir!]:::_:·· ··: Ml~;rr~~:O Conditions ._,·.· -:· .. ~.: :_;:_~;~:\n~;;~!:;_. 

1021 '. 
:'<.: ·Temperature; Storage'· . .''!•"" ; 1031 _ ...... 
·:.: .. '-· Temperature;'Operatirig :.' · : · · ..:.. 
·. ·Sold ·r .· .. : · .. · ....... :.· ...... . •,. · .; erabt rty . ··: . .;. •\ .t'· ·'' .• ·-.~ -., . 2026 230°C as applicable 

, 1051- 5 cycles, -65°C to +150°C 
1056 

1 2016 
.2046 32 hours, X, Y,· Z @ 20 G · · • · · .. :~: ·~:;; '.~;t, '.: ! -~_'·-c; Vibration Variable F'recjuency ... · 2056 Four 4-min. cycles, X, Y; Z,@ 20 G Min.,-1 00 to 2000Hz·,,. 
.2006 

. 2036 Tension and Bending StreSs ·. 
i ~-!~·:;Barometric Pressure:~-~~- .,./· · •. •' 1001 · 150,000 feef"''c: · 

1041. , ; ....... ~.,:, 4'., . •• 

1071 Helium and Gross Leak 



Measurements taken on the HP3141 PIN Diode 165 

PIN #1 FORWARD BIASED 23m 
22.5 

~ ; 
(£.26 r:·,· w , . .._, I 
(I) 

z 

2 ,4/div 
Fre"luencY <GHz) 

6 

PIN #1 FORHARO BIASED 23rt •. A \S 1.1) 

FREOUEHCY I t..fSERT I ON LOSS 
GHz dB De<J ---------------------------------

0 2.000 27.0 30. 
2.100 26~3 32. 
2.200 25.9 30. 
2.300 25.9 28. 
2.400 25.8 30. 
2.500 25.2 3f. 
2. 6~HZ1 24.9 28. 
2.700 24.8 25. 
2. E:0~1 24.7 26. 
2.9130 24.6 24. 
3.000 24.8 24. 
3. 1 (10 24.6 24. 
3.200 24.4 23. 
3. 30t1 24.7 22. 
3.400 24.8 25. 
3.500 24.0 24. 
3.600 24. 1 19. 
3.700 24.7 19. 
3. ::::eo 24.3 23. 
3. 9tH) 23.8 18. 
4. (1(1(1 24.2 lb. 

. 4. 100 24.5 19. 
4.200 2"7 Q ..... . - 20 . 
4.300 24. 1 15. 
4. 4(10 24.9 16. 
4.500 24.5 23. 
4. 6(1(1 23.7 19. 
4.700 24.1 13. 
4.800 24.7 13. 
4.900 24.4 18. 
5.000 24.4 15. 
5.10(1 25.0 17. 
5. 20(1 24 .. 7 20. 
5. 3€10 24.1 lB. 
5.400 24.7 14. 
5. 50(1 25.6 19. 
5.600 24.8 25. 
5.700 '?"7 r. 

~...., • C• 22. 
5. 80!) ·24.3 16. 
5. 9(Hj 24.7 18. 
6. (1(H) 24.5 21. 

PIN #1 FORWARD BIASED 
.85 

r. 

~ .95 

Ct:: 
:3 
t- 1· -:. c:; .w ,(;,.., 
Ct:: 

t .35+--r--~~·~~~-;--~~--~~ 
2 .4/cliv 6 

Fre"luer·•c>' (GHz) 

PIN #1 FOR~·JARD BIASED \S ll) 

FREQIJEHCY RETIJRti LOSS 
GHz dB De<J 

--------------------------------
2. 0!30 1 . 1 153. 
2.100 1.1 151. 
2.200 1 . 1 149. 
2.300 1. 1 148. 
2.400 1. 0 147. 
2.5130 1. 0 146. 
2.600 1. 0 145. 
2.700 0.9 144. 
2.800 1.0 141 
2. 9~30 1.1 14(1. 
3.000 1.2 137. 
3.100 1. 3 13~5. 
3.230 1 ~· .~ 133. 
3.300 1 .... .c. 131. 
3.400 1 . 1 .13~~1. 

3.500 1•. 1 . 1 129. 
3.600 1. 0 1 ~,r, -c·. 
3.700 1 . 1 126. 
3. :::oo 1.2 124. 
3.900 1 ~. . c. 1-·4-, c.c.. . 
4.000 1 0 3 121 
4.100 1 7 . .... 11:3. 
4.200 1 .2 117. ., 
4.300 1 . 0 118 . 
4. 40t1 0.9 116. 
4.500 0.9 114. 
4. 60(1 1 .0 113. 
4.700 1.1 1 1 ':• .a..:... 

4.300 1 . 1 111 
4.900 i 1 .. 3 1 1 1 . 
5.000 '· 1 ? 110. . ~ 
5. 1 eo 1 ? . ~ 10:3. 
5.200 1 . 1 106. 
5. 3(h) 1.0 104. 
5.400 I' 0.9 11)4 . 
5.500 0.9 103. 
5.600 1 _(1 102. 
5.700 1 . 1 1 (~3. 
5.800 1 . 1 Hn. 
5.900 .. •. , j ' 1 . 1 103. 
6.000 ,_ :l. 2 i02. 

Reference Plane Ext.= 28.35 em 



PIN #1 REVERSE BIASED .!VOL 
-.1 

. 1 _.J\ 
"--. 

... ,,:. 

.5 

. ? . 

2 

\.\ .. 

~\N\~ . VL. 
.4/div 

Freq,uencY <GHz) 

PIN ttl REVERSE BIASED !VOLT ~1.9 

FREQUENCY INSERTION LOSS 
GHz dB Oe-g 

--------------------------------
.2.000 e. 1 -13. 

........ . . :2. 100 0. 1 -10 . 
2.200 0. 1 -11 -2. 30(1 e. 1 -11. 
2.400 e. 1 -12. 
2.500 e.e -13. 
2.600 0. 1 -13. 
2.700 0.1 -14. 
2.800 0.2 ....:15. 
2.900 0.2 -14. 
3. O£H3 0.2 -15. 
7 '"' . 1 (1(1 0.2 -16. 
3.200 0.3 -17. 
3.300 0.3 -17. 
3.400 0 ... . -~ -17 . 
3. 50(1 3.3 -lB. 
3.600 0.4 -19. 
3.700 0.4 -18. 
3.800 0.3 -17. 
3. 9(h3 0.4 -20. 
4.000 0.5 -20. 
4.100 0.4 -20. 
4. 20(1 0.4 -21 -4. 3~30 (1. 5 -21 
4.400 0.5 -21 
4. so~3 0.3 -22. 
4.600 0.5 -23. 
4,700 0.6 -23. 
4.800 0.6 -23. 
4.900 0.5 -22. 
5. 0(10 0.6 -23. 
5. 10~3 0.5 -24. 
5.200 0.5 ~25. 
5.30(1 0.6 -26. 
5.400 0 0 . ._. ...:26. 
5.50(1 0.6 -25. 
5.600 0.5 -26. 
5.700 0.6 -28.· 
5.800 0.8 -28. 
5. 90£1 0.8 -28 .. 
6.800 0.7 -28. 

;l'"o, 

Ill 
"'V .._, 

(() 
((J 

0 _. 
z 
~ 
:::) .... 
w 
~ 

Reverse Biased 
6 

2 6 +--+--t--~--if---t--t--t---+- -+·-·-1· 
.4/di\•' t:: 2 

Freq,uenc>' <GHz). 

FREQUENCY 
GHz 

2.000 
2. 100 
2.200 
2.300 
2.400 
2.500 
2.600 
2.700 
2.800 
2.900 
3. 00(1 
3. 100 
3.200 
3.300 
3.400 
3.500 
3.600 
3.700 
3. :::~3.0 
3.900 
4.000 
4. 100 
4.200 
4.300 
4.400 
4.500 
4.600 
4.700 
4.800 
4.900 
5.000 -
5 .·100 
5.200 
5.300 
5. 40€1 
5.500 
5.600 
5.701J 
5. 80~3 
5.900 
6.000 

Reference Plane 

RETURH LOSS (<; n) 
dB Oesz ' 

'"'7 Q c.._ . . J 
7Q -·-· . 

24.4 55. 
20.9 64. 
20. ~3 54. 
21 .8 51 
?""' -;a .... .... J 67. 
21 . 0 70 . 
19.6 66. 
18.2 c:-,-. 

._IC• • 

17.0 L- •*II 

-·~ .. 
16.7 46. 
16.5 53. 
14.7 C' .-, 

·-•O. 

13. ::: 51 
15.0 47. 
. 15. 5 59 . 
13.6 60. 
13.6 4.-. o. 
14.8 49. 
13.4 r:-, -··-·. 1 ·::-
~. 1 45. 

1 .-:. .-
- tC • ·: 

70 ._ .. __,.. 
1 .-. •:j 

t:... -· 50. 
10.::: 50. 
10.9 40. 
12. ::: 41 
1 ·:o "=' '- . ._ c:::' r: ._I.J . 

1 1 .... 50. .-. ._ 

11 . 5 43 . 
12.0 43. 
1 1 "=' . "- 41. 
1 1 .4 3~1. 

12.5 35. 
1 1 1:: . ~· 46. 
10. 1 4? ._ . 
1 0. ::: .. ;-;~ ·-1 ._ •. 
1 ~. Q 

t:.. • -· 
~q ·-·-· . 

1 ·::- 1 49. 
11 c:-

• ._1 45. 
1 ·::-._ . 1 41 
1 .-, ·":t 

t:...<... 4 -:· "-. 

Ext = 28.35 em 
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f' Ill Ill FOI~WIIIW Oin·;.">lt?itun 

FF:Fi}I.ILIK"I' 11-it'[[ttlll(:[ 
Gil~ R .. JX 

-------·-------------------------2 .00\l 2 .1>7 I .•H 
1:. t-, .• l) 2. (' ~' I .70 
?. . Ot:O 2 0 i'9 I . 7•1 
2. 1?0 2.8G I 8 .. 

.z. ~~;o 2.94 2.HI 
2. 2l11) 3.00 ?. 4:3 
2.240 3.33 2. 7•1 
2.280 3.3~ 2 .. 9~ 
2. no 3.C.4 3.00 
2. :;;;o 3.44 2.77 
:?..400 3.13 2.{:6 
2.4·1(1 2.78 :?..33 
2.4SO I. ?0 2.05 
2 0 5;~(· 1. 62 2.10 
2. '56(~ I .32 2 .·C•O 
2. 6l1iJ I. 2$ 2.37 
2. 64t• 1.65 2.29 
2.680 I. 95 2.29 
2.729 2.61 2.4.2 
2.760 2.96 2.26 
2. see 3.33 2.371 
2.840 3. 5f:) 2.31 
2. 8-\.:)(\ 3.53 ~.6ft 
2.920 3.86 2.92 
2.9GO 7 ·•co v. II..• 3 .. 111 
3.000 4.03 3.35 
3.040 4.03 3.34 
3.080 3.94. 3.35 
3.120 3.?4 3. 3·1 
3.160 3 t:"·~ .vv 3'.35 
3.2013 3.84 3.57 
3.240 4 012 3.78 
3.280 4 0 27~ 3. 75 
3.320 4.42 3.94 
3.361_1 4.41 3.91 
3.400 3.94 4.03 
3.440 3.38 '1 .. 12 
3.483 2.36 4.57 
3.520 2.:?.2 s 0 613 
3.560 2. 19 6.19 
3.6(10 2.83 6.31 
3.640 3.27 6.50 
3. 68t1 3.75 6 019 
3.720 4.36 5.55 
3·. 760 4 .<':0 4.37 
3.803 3.S4 "3 .83 
3.840 3.49 ;:-l.29 
3.880 2.89 3.49 
3.920 3.17 3.93 
3.961) 3.10 4.37 
4.000 3.613 5.02 
4.1340 3.96 5.15 
4.086 3.93 5.413 
4.120 3.65 5.46 
4.160 3.70 5.64 
4.200 3.59 ·5.92 
4.240 3.84 6.12 
4.230 4.13 6.09 
4.320 4.61 5.90 
4.360 5.48 5.27 
4.400 5.33 4.50 
4.440 ~;. 06 4.09 
4.4B0 4.38 3.51 
4.520 3.20 4 .<07 
4.560 2.67 4.74 
4.600 2 015 6.05 

·4.64!3 2.97 7.5:;) 
4.680 3.93 8.34 
4.720 5.17 3.7!3 
4.760 5. (1 8.,C5 
4.800 5.69 7.52 
4.840 5.43 6.84 
4.880 4.69 c.. 1.4 
4.920 4.45 5.S8 
4.960 4.00 5.70 
5.1)()[! 3.94 5 .8~• 
5.1HO 4. 10 6.01 
5.080 4.51 6.24 
5.120 4.57 6.16 
5.160 4.40 6.32 
5.200 4. 10 6 .:-iS 
5.240 4.00 6.~3 
5.C:BO 3.97 ' .\13 
5.320 4.18 7.29 
5.3{;() 50 14 7. 1.7 
5.'10!3 5.18 6.66 
5.of41.1 6 0 11 ~.!;ll 
5.480 :i.76 4.4'3 
5.':.\?.0 5.05 3.65 
5.560 4. (;·1 2.17 
5..::oe 2.91 2.40 
5.G4Q 2.31 3.33 
:; . .:.?.1) ·t. 4(.) 3. ~1 .. 1 
5.720 1.un 5.80 
5. 7(:(! 2. :!.~' 6.91 
!) . fH .. H~ 3 .•14 7.66 
~- 9•10 -1 .CG ;·. 'i!" .• 
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2.000 
2. 0·10 
2. ,~tel:, 
2. 12B 
2. 16~1 
2. 2<)0 
2. 2-10 
2.280 
2.32('1 
2. :<CtJ 
2. 400 
2.<140 
2 .'lBO 
2.520 
2.560 
2.60(1 
2.640 
2.680 
2.720 
2.760 
2.800 
2. 8·10 
2.>3&0 
2.920 
~.960 
3.000 
3.0o113 
:.<t.(':.$0 
:~. 120 
3.160 
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3.28(1 
3.320 
'3.360 
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3.560 
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3. 76(1 
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4.t549 
4.613(1 
4.720 
4.760 
4.seu 
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4- 92fJ 
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~)3 0 
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.57 .04 
55.85 
53.(15 
50.34 
49 013 
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SILICON NITRIDE PASSIVATED 
BEAM LEAD PIN DIODE 
DESCRIPTION 

The MA-47301 PIN diode is constructed with beam leads for ease of assembly onto strip­

line or microwave integrated circuits. The surface orientated junction results in an ex­

tremely low junction capacitance for high speed switching. The silicon nitride passivation 

yields a device which is impervious to moisture allowing its use in environments which are 

not hermetically sealed. 

APPLICATIONS 

The MA-47301 beam lead PIN is intended for use in broadband microwave stripline and 

integrated circuit control functions through Ku-band. Microwave signal processing func­

tions consist of switching and attenuation in switches, phase shifters, limiters, duplexers, 

modulators and other similar applications. 

FEATURES 

• Silicon nitride passivated for use in non-hermetic containers 

II Surface orientated for low parasitics and fast switching 

a Special plating process for sturdy beams 

a Low series resistance with 15 femtofarads reverse bias capacitance 
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Specification Symbol I Min. l__:!:vp. I . Max. 

CJpJcitJncc CvR 

Series Rcsist;lnce Rs 

-
BrcJkclown Voltage VBR 

ForwJrd Currc;lt IF 

l\.1i;writy Carrier 
Lifetime TL 

RF S•.vitching Time 1RF 

MAXiMUM RATINGS 
Total Power Dissipation 

Temperature: 

Operating 

Storage 

OUTLINE DRAWING 

- .015 0.02 

- 6 8 

50 75 -

10 - -

- 20 -

- 5 -

250 rnW 

-65 to +175°C 

-65 to + 200° C 

CATHODE 

A 
I :20". 

...__.....----\! c 0 

~ -t t.-------,,.---1 

L-------' 

V fo 
e~c~ ====~J:::'=::~~==~ 

T 1-----

TYPICAL PERFORMANCE CURVE 

l 

MA47301 PIN BEAM LEAD 

444~lM¥f%f.llfJW:se.Js%cws z 

171 

Units Test Condition 

pF VR = 50 Volts, f = 1.0 MHz 

ohms IF = 10 rnA, f = 500 MHz 

Volts !R = 10 JJA 

rnA VF = 1.0 Volt 

ns IF = 10 rnA 

ns VR = 10V to IF = 10 rnA 

INCHES r.<M 

DIM.l.MIN MM<. Mil~ MAX. 

A 0.007 0.011 . 0.17 0.28 

,_:..B 0.0045 0.0055 0.114 0.139 

c 0.007 0.011 0.17 0.28 

0 0.0004 0.0006 0.010 O.Q15 

E 0.0020 0.0040 0.050 0.101 

F 0.030 0.034 0.76 o·.a6 

l?/ I? f'r1nTr...-l •" U :; .-.. 
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FEATURES 

o low Capacitance .02 pF. 

o Low Resistance 3.0 ohms 

e Fast Switching · 15 Nsec·on, 
25 Nsec off 

~ High Voltage 2\JO volts 

o Oxide Passivated 

DESCRIPTION 

l 

Th~ DSG6470 and DSG6474 Series of silicon oxide 
passivated beem lead PIN diodes are designed for stripline 
and microstrip signal processing applications through 
34 GHz. Extremely low juricti()n capacitance combined 
with low series resistance makes these diodes ideal for 
circuits requiring high isolation from a series mounted 
diode, such as broadband multi-throw switches, and 
certain types of phase shifters, limiters, attenuators and 
modulators. 

The DSG6470 and DSG6474 beam iead PIN diodes are 
constructed with a surface oriented junction and with 
plated gold beam lends for assembly onto stripline or 
microstrip microwave integrated circuits. 

The silicon oxide passivation provides complete sealing 
of the junction, permitting use in nonsealed assemblies. 

Alpha Industries has prepared an application note on 
suggested handling and bor.ding procedures for these 
diodes, which is available on request and which will 
assure optimum assembly into your Circuit. 

AnSOLUTE f\~AXIMUM RATINGS 

Total Power Dissipation 
Reverse Working Voltage 
Storage Ternperature 
Operating Temperature 

Printed in U.S.A. 

250mW 
· 200/1 CO Volts 

175 Degrees C 
150 Degrees C 

r· 

·.! 

G:::.:mJ Lc::J PH•1 Dim.ic,s 
OSGG(:-70 c:rd 

DSGQL~ .. l·1· S:;riG5 

~~·, ! : • i'l; , 1111·, 1 1 ... -~ ·l p! , ~ r,1 r :· 
• '1 '11 '. ! \ ··-~ . '' 1!. '_:,\. 
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C,J',.T J-\ SH i~ :-:~ T 
30000 

•' ~J I 

1; r;·-·r· ,- . 1~· 
;: 1 ~ i I 

. ; ! i til l j . !L ·-..~·~-· I - .. ~~--------~-..:.--~..J ~-,;:-.~.-· 

169-001 

(.013 MM) .. 004 /.10_ ~ 
.OOOb MAX .002 \-.lSMr!~ . ·.d.-i. · .. 

r=:== =:- .f 71 - .. ~ 

(:_~ \ .00~ i' t . . 
r---~--r.o~ MMI .o~--- ..J__ 

j 1~--"--- _:.QQZ_{.18) 
'-----!L-- J-=~---- MAX ~liM, 

~~~*"-Q~~- 11r'(>; · t 
MAX Ml~ \ 

(.28 MM) (.25 M11/'~ I \ 
.03S CATHODE 

~--------~.0~33 ~ 

Note: Millim~ters !n parentheses. 

r"'~:"'-' -~~ "<~'':' •'"=":"!'"'"'\~" '. ,~.1·~·~;-~~} :;? -~r···~ 
. '~-:-J 

f.'' 
r , .. 
' 
t' 
I 

-~ f. 
_;:: . 
•.· 

l "·· ·-

· ...... .. 
' ' •. ~ .... - t ,. ~\ •• ' 

'· 
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Typical Multi-Thro\'1 S•Nitch 
with Beam Le<:~d PIN Diodes 

··~ i 

.. ~ . 

'Y.\: 

Specifications su!Jj;,ct to change without notice. 
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SPECIFICATIONS 

Min 1 
Max Series2 

Max Junction3 

Model Resistance As Capacitance C. 
VB (pf) I Number (ohms) 

DSG6470A 200 5.5 
DSG64708 200 4.0 
OSG6470C 200 3.0 

·OSG6470D 200 5.5 
DSGG470E 200 4.0 
OSG6474A 100 5.5 
DSG64748 100 4.0 
DSG6474C 100 3.0 
DSG6474D 100 5.5 
OSG6474E 100 4.0 

' 

Notes: 

·1. Breakdown voltage measured at 10 p.A.· 

2. Series resistance calculated from insertion loss at 3 GHz, 50 mA. 

3. Total capacitance calculated from isolation at 9 GHz, zero bias. 
Series resistance and capacitance are measured at microwave frequencies 
on a sample basis from each lot. All diodes are characterized for 

... capacitance at ·50 volts, 1 MHz, and series resistance at 1 KHz, 50 rnA, 
measurements which correlate well witl) microwave measurements. 

4. Ts measured from AF transmission, 90% to 10%, in series configuration. 
Refer to section on RF Switching. 

Figure 1a. Typical SPOT Circuit Arrangement 
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i..iCATIONS 

I application of beam lead PIN diodes is shown 
1, a single pole double throw 1-18 GHz switch. 

diodes are mounted on alumina, Duroid, or Teflon· 
50 ohm microstrip circuits. Typical bonding 

include thermal-compression bonding, parallel 

isolation curves are shown in Figure ~and inser· 
loss in Figures 3 and 4. With proper transitions 
bias circuits, VSWR is better than 2.0 to 1 through 

ITCHING CONSIDERATIONS 

typical minority ~ier lifetime of the DSG6470 
DSG6474 diodes is 100 nanosec. With suitable 

the individual diodes can be switched from high 
lnerl::mt~e {off) to low Rs (on) in about 10 nano· 

Switching in the opposite direction is slower, 
tC' •he need to extract stored charge (carriers) 

cl .;e diffused away from the junction. Typically, 
Jeilerse bias voltage, say -20 volts, this requires 

20·50 nanoseconds. With a reverse bias of -1 V, 
is the maximum available in simple SPOT without 

ividual biasing circuits, the switching time is on the 

of 100 nanosec . .. ·..:. 

Insertion loss Isolate 
__j L 

-~-
~ 5bn 

O>L-~2~~4~----~8~-----f12~----~1~6~~18 
Frequency {GHz) 

Figure 2. Isolation vs Frequency; SPOT 
'DSG6470, DSG6474 Series 

~POWER HANDLING 

Due to a high internal thermal impedance of about 
300 degrees C/watt beam lead diodes are not suitable 

for high power operation. 

With maximum CW power dissipation of 250 mW the 
OSG6470 and OSG6474 diodes are normally rated at 
2 Watt CW with linear derating between 25°C and 
150°C. Figure 5 presents data on CW power handling 

as a function of bias and frequency. 

For pulsed operation the total RF plus bias voltage 
must not exceed the rated breakdown. Alpha has. 
made high power tests at 1 GHz with 1 microsec · 
pulses, .001 duty, with 200 volt diodes. With 50 mA 
forward bias there is no increase in insertion loss over 
the 0 dBm level with a peak power input of 50 watts. 
In the "open" state reverse bias voltage is required to 
keep the diode from "rectifying", with resultant de· 
crease in isolation and possible failure. Figure 6 shows 
allowed peak power versus reverse bias at 1 GHz. 

At this frequency the required reverse voltage is almost 
equal to the peak RF voitage; at high frequency the 
bias can be reduced somewhat. Experimentation is 

necessary. 

-c+-
50U- 5on-

Ol 
"02.0 
.;; 

·() 
....I 1.5 
c 
0 
"f1.0 
41 

Eo.s 

A and 0 
Band E 

c 

OIL-~,0~------------5~0~--------------,~00 
Bias Current. mA 

Figure 3. Diode Insertion Loss vs Bias 
SPST,18 GHz 
OSG6470, OSG6474 Series 
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~500 
-~ Insertion Loss 

when Biased 
-~ 50 A -;:200 at · m 
~ 10% Decrease in 

~ 100 r------.,.lf--- Small Signal ---~ 
{:3 Isolation when 

Biased at 
-1 Volt 
-4 Volt 

20~--~----~---~--~----~--~---' 

Figure 4. Diode Insertion Loss vs Frequency 
SPST, 50mA Bias DSG6470, 
DSG6474 Series 

.1 .:2 .5 1.0 2.0 5.0 .10 20 
Frequency (GHz) 

Figure 5. Typical Series Switch Behavior at 
Room Temperature and Biased at 
50 mA/1 volt/4 volt DSG 6470, 
OSG 6474 Series. 
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Figum 6. Peal< power Handling, SPST, 1 GHz 
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The Ultimate in Capacitor Design I 

• 'Lowest insertion loss 

. • 'Lowest se'lf inductance 

• towest series resistance 

• Easy to mount 

• Matches stripline width · 
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I 
I 
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·:u 
G10 

:.:u 
G15 

::::n 
G20 

::0 
G25 G30 G35 G50 

·ohips shown larger than actual size. 

Envi.ronrn.ental Paramet~rs 
Parameters -Mil-STo-202-

Thermal Shock 
Immersion 

Method 

107 
104 

Condition 

A 

Moisture Resistance 
Solderability 
Resistance to Solder Heat 
Burn In 
Barometric Pressure 
Sh'ock·· 
vibration 

Mecnanical Parameters 

10(? 
208 
210 
108 
105 
213 -
204 

Exceeds MIL-STD-883, Method 2011 
Exceeds MIL-STD-883, Method 2019 

B 

c 
A 
B 
I 

G 

Bond Strength 
Shear Strength 
Breaking Strength 
Metalization 
Hermeticity 

10 times greater than MOS capacitors 
Gold, 100 p. in. standard thickness 
lmpeNious to moistu~e and solvents 

High Reliability Testing 
Dielectric Laboratories performs the following tests: 

(A) According to MIL-c-55681: 
· Group A -100 hours burn-in plus 100% screening 

Group B-Group A testing plus temperature 
coefficient and solderability 

Group C-Group A and B testing plus 2000 hours l~fe 

(B) Special tests to provide the highest quality assurance. , 
Note: gop·cops ore space approved. 

Temperature Coefficient Designators 
Performance Characteristics 

T.C. Max. O.F. 
Dieiec·. T.C. (-55 to +125°Cl 1 MGHz 
Motrl. · Oesig .. PPM/°C (%) 

Class I CF 0±15 . 6 
CG 0±30 .7 
NR N1500±500 .25 
NS N2400±5QO .5 
NU N3700±1000 1.5 
NV N4700±1000 1.2 

Class II BG ±10% . 2.0 
BH ±15% 2.5 
t3U +22%, -70% 2.5 

Note. Closs 1 matenols ao not age 

LR. 
25°C DVN 
>106 . 
>106 
>106 2.5x 
>106 Rated 
>105 Volt-
>106 age 
>104 

>105 
>106 

~im.ensions 

Capacitor width is designed to match stripline width. 

Dimensions and Capacitance Ranges .. 
(Inches) 

l Gop Maximum 
Style w Max Wldlh T Conncltonce 

25V sov Max .. 25V sov 25V 

G10 010±'000 
. .003 .030 .030 .005 .004±.001 .006±.001 17pF 

G15 015±'000 
. .003 .040 .040 .008 .004:!:.001 .006±.001 30pF 

G20 020±'000 
. .003 .050 . 050 .010 . .004±.001 .006±.001 51pF 

G25 025±'000 
. .003 .060 .080 .020 .004±.001 .006±.001 62pF 

G30 030±'000 . 
. .003 .060 .080 .020 .004±.001 .006±.001 82pF · 

G35 .035±.005 .060 .080 .020 .004±.001 .006±.001 100pF 
G50 .050±.010 .080 .020 .006±.001 -

(Millimeters) 

G10 .254±·000 1.762 .762 .1271.102±.025 .152±.025 17pF 
.076 . 

G15 381±'000 1.016 1.016 .203 .. 102±.025 .152±.025 30pF 
. .076 

G20 508±·000 
· m6 

. 1.270 1.270 .254 .102:!:.025 .152±.025 51pF 

G25 635±'000 
. .076 1.524 2.032 .508 .102:!:.025 .152:!:.025 62pF 

G30 762±'000 
. .076 1.524 2.032 .508 .102±.025 .152±.025 82p~ 

G35 .889±.127 1.524 2.032. .508 .102:!:.025 .152:!:.025 100pF 
G50 1.270±.254 . . 2.032 .. 508 ' .152±.025, 

Larger stytesovoilobte. 

Packaging 
j Waffle Pack-Max. 400. capacitors/pack 

Part Number Structure 

Style . G TTBH 1rr j Case Size 
T.C. Designator 
Capacitance Code · ; 
Capacitance Tolerance · · 

~ p X 

WVDC 
Gold Termination --------------~ 
High Reliability Testing ------------' 
Gap Width Designator 

SOV 

12pF 

22pF 

33pF 

62pF 

82pF 

100pF 
150pF 

12pF 

22pF 

33pF 

62pF 

82pF 

OOpF 
50pF 

0~ 

2 



PARAlLEl PlATE 
Precision Shaped Ceramic Capacitors 
Recommended For Applications up to 40 GHz 

PART NIIMRI=D<; AND 

.08pF I ~1Cl<"'L.:oilA ~· , • ......,. .. ' ~711Nl>nA ,. ~?"'.""" ,. ' ~10CFR08 SP ' ~3SCHXl8 SP 

. 1pF 11 ~Hl<Y-..ri~•: so G20Cf0RLSP. ! G2~.<n~· so G30CfORL5P. _GJSCFORLSI'. 

. 2pF ' ~1riNoit~ SP t>l~tun c<l> ~?n<Y'..O~ SP I ~?.'\C'.<n~ SP G30Cf0!12 SP GJSCFOin _SP 

.Jpf G!OND<1~3 SP G20C('..0~3 SP I G25CGORL5P. _93~5P ~SP 

,4pF ' GIONSOi>, SP G<.<M>n~d SP G20CGOQ, SP G2SCGOR, _SP G30CGOR4_SP G35CFOR4_SP. 

.5pf _GIONSORs' SP GISND<lRS SP G20NRORS_SP ' G2SCGORS_SP GJOCGORS.SP. , G35CGOR5_SP. 

, . 
GSOCFOR1_5P . 

<o 

.6cF , G!ONSOIM SP GISNDn!M SP : ~20NROR6_SP G2SCGOR6_SP ' G3ocGOR6_SP. G35CGOR6_SP. I •o 
•• 

z 
0 
i= 

. . ·{S 
~ 
0... 
~ 

0 

Claall 

z 
0 

~ 
~ 
0... 
~ 
Q 
z 
:i 
Q 
~ 
·0 
0: c:c 

:8pF : G10NUOR8. SP _ G15NSOR8. SP : G20NROR8 SP G2SCGOR8_5P G3ocGOR8_5P. G35CGOR8_5P. 

1.0cF G10NUlR0_5P=I -~15NS1~- ~ t::?<ND<Dn <P G30CG1R0_5P. G3scG1RO_SP. 

1.2pF G1011'"'D? •• ,, • .,.,,., •• t>?nNcoin •• : <>?<"'"'"" .o G30NR1R2_5P. GJSCG1R2_5P. 

1.5pF G1""'"'o' .o ,,...,,. .. .0 ~>?nN<<o< so ~>?'"'"'"' so GJONR1R5_5P. G35NR1R5_5P. 

1.8pF G10_NV••• •o "''"""""" .0 r.?nm•o• so "'""'"'"" liP "''""'~"'" so G35NR1R8_5P . 
2.2pf 1>401<\nD? <D I><<NII?D? SP I>?ON<?~ SP t>?S .. <?D? SP t>1nMnD? SP GJS .. D?D? SP 

2.7pF ! G15NII2ilLSP. · l>?nNtt>ln SP G25NS2RL5P. G30NS2R7_5P. _ G35NR2R7_5f'. 

3.3pF ·G1SNV101 "" I>?OM1101 SP I>?S.,.,D1 SP G30NS:iR3 SP G3SNS3R3 SP. 

3.9.Pf , G1<NV1DO <P I>?ONII3DO SP G25N53R9_5P. '' G10NS3DO SP ' GJSNSJDO. SP 

4.7pf I>?ONIIdln SP ~"NIW>7 SP G30NS4R7 SP __Q35~RJ-SI'c 

5.6pf ~?OMI51>A SP : ~?SNIISI>A SP G30NUSR6 _SP , G3SNSSR6 _SP 

6.8pf. r.?ONVAI>A SP , G25NVAI>A SP G30NU6RB_SP GJSNU6R8_SP. 

8.2pF ~"NIIAD? SP ~30NUSR2_SP G3SNUBR2_SP. 

10pF , G2SNU100_SP G30NU100_!;p ~ 

12cF G2SNV120_SP G30NV120_5P G35NU120_5P. 

15cF r-?<MJ<<n <o ~ ' GJSNU150_5P. 

18pf 1 G30NV180_5P. GJSNV180_5P. 

~ ' 
JJpF 

1.0pf 

1.2pF 

1.5pF 

1.8pF 

22pf 

2.7pF 

J.JpF 

3.9pf 

4.7pf 

5.6cf 

6.8pF 

8.2pF 

10pF 

12pF 

15cF 

1BcF 

20pF 

22pF 

27pF 

JJpF 

39pF 

47.cF 

51 oF 

56pf 

62pF 

82pF 

100pF 

120pF 

150pF 

G108G1R0_5P. 

' G108G1R2_5P_ 

G108G1R5_5P. 

' _§108G1R8_5P-_ I 

G108G2RL5P _ 

~10R~1D1 <P 

G108H3R9_5P. 

G10RI<dl>7 SP 

G108HS~6 SP. 

1>4nAIIADA <P 

~10AIIAD? <O 

~'""'""" ·,. 
_G10BU120_5P. 

G158G2R7_5P. 

G15BGJII9_5P_ 

G15~7 SP 

G15BU1s0_5P, 

: _G158U180~5P. 
, .. .,,.,n C.o 

I G258GdR7 . SP 

G208GSI16_SP 

G208G6RB_SP. 

~?nRw100 SP : G258G100. SP 

' ~20RI<I?O SP : G258G1?0_SP 

' -~ , G258G1SO_SP. 

~=· ~180_5P. 
' t>?OAII?nn <O t::?<A~?nn SO 

t::?OAII??n SO 

G20BU270-5P. 

~?08U>30 50 

G258H270-5P. 

G258U300_SP 

G258U470_5P. · 

· G308G5116_5P _ 

t>308G8D? SP 

GJO~ 
G308G12D_5P. 

GJOBG150_5P. 

G308G180_5P. 

: ~30RI<??O SP 

·_GJ~Sf>. 

' ~308H330_5P. 

~~08H390_5P_ 

G308Ud70_5P. 

"''""''"" ,. 
~30AIISI\O SP 

G358G8R2 SP _ 

G358G150_5P. 

G358G~_5P. 

G35BG200_5P. 

G358G1?0 5P 

~2Z0-~51'. 
G358H330 SP. 

G358H390_5P. 

~3SRIIA?O 5P 

G358UA?O SP 

"liiMftleller fO< tolerance(~ =20'41: ''Insert letter fO< high reliability testing: .... Insert numbers tor gap wtdth : 

A= :.05pF 
B= :.1 pf 
C = :.25pF. 
0 = :.SpF 
M = :20'4 
z = +80'4 

-20'4 • 

X = not oppllcobte. COITimOfclol pull 
A= Group A as pe<~ll-C-5568i 
8 =Group A Ond 8 as pe< Mll-C-5s6a1 
C = Group A. Band Cas pe< Mll-C-5sU1 
0 = Special, ogre<)Cj upon testing 

05 = :005" gop for S1yles G10 lhru GSO 
08 = .008" gop for S1yles G151hru GSO 
10 = .010" gop for S1yles G20 lhru GSO 
15 = .015" gop for S1yles G25 lhru G50 
20 = .020" gap IO< S1yles G251hru G50 

Nates' (a) A popular gop width Is .010". 
(b) Other gop widths ore avoiible from .002" to .060". 

GSOCG1R0_5P. 

G50CG1R2_5P. 

G50CG1RS_SP. 

G50CG 400 "" 

•• 
GSONR2R' _SP. 

: G50NR3R3_5P. ,. 
GSONR4R' _SP. 

"'"""'""~" ,. -

GSONU120_5P. 

GSONU150_5P. 

G50NU180_5P. 

G50NU2C _5P . 

•• 
·i G50NV27C _SP. 

GSONV330_5P. 

~oo_sP. 
G508G120_5P. 

I G508G1SO SP 

' G508G180_5P. 

•• ,. 

G508H470.5P. 
u<<n oo 

·~""'" 50 

.on <o 

IIA?n 50 

GSOBU101_5P. 

G50BU12L5P. 

GSOBU151_5P. 

3 



Mounting Methods 
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Measurements taken on th.e SP4T Switch. 

TRAHS. PORT 1 

FREG!UEt-~CY 
GHz 

RETURN LOSS 
dB Qe• 

--------------------------------
1.000 1:3.7 -159. 
1.200 16.4 141. 
1 . 4~)0 15.6 99. 
1.600 15.8 --"'1 

t•·-· 0 

1.800 16.7 ?-, 
._I • 

2. 00(1 10 ? -7. 0.-

2.200 19.8 -39. 
2. 40(1 21.5 -6€:. 
2.600 22.9 -91. 
2.800 23.3 -109. 
3.000 22.7 -123. 
3.200 21.6 -141. 
3. 4~30 20.6 -160. 
3. 60(1 19.8 -180. 
3.800 19.4 160. 
4.000 19.6 141. 
4.200 20.2 1'=''=' '-~. 

4.400 21.0 1 (14. 
4.600 21.7 88. 
4. 8~30 22 .. 5 69 .. 
5. 0l)0 23.6 51. 
5.200 21.4 20. 
5.400 20.1 -30. 
5.600 17.9 -81. 

.5.800 15.3 -127. 
6.000 13. 1 -166. 
6.200 11.7 157. 
6.400 . 11.2 123. 
6.600 1'':> "'1 114. '- . ,_, 
6.800 8 ? 101. ..... 
7.000 6.0 18. 

' 
TRAt~St·1 ISS 1 ot-~ 

GHz 
INSERTION LOSS 

dB De• 
FREQUEt~CY 

-----------------------~--------
1.000 1. 5 -117. 
1·. 20(1 1. 6 -157. 
1.400 1. 7 173. 
1.600 1. 9 142. 
1. 800 1.8 109. 
2. 00(1 1. 9 78. 
2. 2~30 1. 9 48. 
2.400 1. 9 18. 
2.600 1. 9 -13. 
2.800 2.0 -44. 
3.000• 2.0 -74. 
3.200 2.0 -103. 
3.400 2. (1 -133. 
3. 60(1 2. 1 -165. 
3.800 2. 1 166. 
4.000 2 ";• 1"'1"? . .... ._'ll I . 

4.200 2. 1 105. 
4. 4~30 2.2 75. 
4.600 2. 1 46. 
4. 80(1 2.3 15. 
5.000 2.3 -13. 
5.200 2.4 -45. 
5.400 2. 1. -75. 
5.600 2.4 -103. 
5.800 ·? ... -138. '-·~ 

6.000 2.5 -170. 
6.200 2.6 162. 
6. 40(1 2.9 130. 
6. 6~30 3.0 95. 
6.800 4.8 49. 
.., a."::~ L1. 7 701 

FREGWEHCY 
GHz 

I SOL AT I 0t'~ 

INSERTION LOSS 
dB De9 

--------------------------------
1.000 65.0 
1.200 64.7 
1.400 64.5 
1.600 64.2 
1. 800 64.0 
2. 01ZH3 63.9 
2.200 .- ... C4 

1::)~ • .:.. 

2.40G 63.9 
2.600 63.8 
2.800 63.7 
3.000 63.5 
3.200 63.5 
3.400 63.4 
3.600 63.4 
3.800 63.3 
4.000 63.2 
4.200 63.1 
4. 40(1 62.9 
4.600 62.9 
4. 80.0 62.8 
5.000 62.8 
5.200 62.9 
5.400 62. 1 
5.600 60.0 
5.800 57.7 
6.000 62.5 
6.200 61.8 
6.400 55.5 
6.600 35.3 
6.800 41.8 
7.000 43.1 

-45. 
13. 

146. 
-127. 
. -67. 

57. 
158. 

-159. 
-44. 

83. 
130. 

-133. 
24. 
54. 

137. 
-51 
-13. .....,,. 

c.t•. 
-118. 
-84. 

6 .... - {. 

172. 
-140. 
-150. 

136. 
167. 
158. 
167. 

64. 
37. 
35. 

f-' 
CD 
CD 
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S-parameter measurements of the Lange Coupler 

.. 
( 

( 
1 to 3 

( 

( 
1 to "' ·-· 

( 
FREQUENCY RETURN LOSS-IN LOSS-FORvJAHD 

511 521 DELAY 
MHz DB ANG DB ANG u-SEC 

.. 2000 17.2 -31 2.4 64 0.0004 
2100 16.8 -52 2.5 50 0.0004 

: ( 
2200 16.3 --74 2.7 36 0.0004 
2300 16.2 -95 2.8 ~..,.. 0.0004 £.._) 

2400 16.0 -11.6 3. ·() 9 0.0004 
2500 15.9 -137 3. () -4 0. (H)04 

•. 2600 15.9 -157 3. 1 -18 0.0004 
2700 16. 1 -178 3.2 -31 ·O. 0004 

(. 
2800 16.2 161 "':'" -:"' -45 0.0004 . .;. .. • ._ .. 

'\ 2900 16.4 140 3. 4' -59 0.0004 
3000 16.7 120 3.4 -72 0.0004 
3100 16.9 99 3.5 -86 0~0004 

i 
'•. 3200 17.2 78 3.7 -99 0.0004 

3300 17.5 56 3.6 -113 0.0004 

( 
3400 17.9 7C" 3.6 -121 0.0004 . ..),J 

3500 18.2 1' 3.7 -141 0.0004 ._. 

3600 18.5 -9 3.7 -154 0.0004 
.3700 18~8 --::"~ ·-•..: ... 3.8 -168 0.0004 

\ 3800 19. 1 -55 3.8 178 0.0004 
3900 19.4 -78 3.8 164 0.0004 
40<)0 19.6 -101 3.8 150 0.0004 

•. 4100 20.0 -125 3.8 137 0.0004 
4200 20.4 -147 3.8 123 0.0004 
4300 20.8 -170 3.9 109 0.0004 
4400 21.3 168 3.8 95 0.0004 
4500 21.9 14·6 3.8 82 0.0004 
4600 ,... ,... o:::' 

..::...::. • ....J 125 ..,.. n 
. .,: •• 0 68 0.0004 

4700 ., "':"" I"") 
..:,. . .:,."..::. 105 3.7 55 0.0004 

4800 23.7 88 3.7 41 0.0004 
4900 2Ll. 3 72 3.7 ~~ 

.:..I 0. 0004· 
5000 2&1. 3 58 3.7 1' ~· 0.0004 
5100 23.9 4' ·-· 3.6 -1 0.0004 
5200 22.9 27 3.6 --15 0.0004 
'5300 21.9 a· 3.4 -29 0.0004 
5400 20.7 -13 3.5 -43 0.0004 



--; 

,, 

( 

r 
\. 

( 

( 

( 

( -

,_ 

/' 
\ 

i ,_ 

I 
\. 

.. , 

\.... 

5500 
5600 
5700 
5800 
5900# 
6000 

FREQUENCY 

MHz 

2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
L'f.100 
4200 
4300 
4400 
4500 
4600 
4700 
4800 
4900 
5000 
5100 
~52(>(> 

5300 
~.:i400 

5500 
5600 
5700 
5800 
~5900 

6000 

19.6 -36 
18.7 -59 
17.8 -83 
17.2 -107 
16.8 -131 
16·. 5 -154 

RETURI'·1 LOSS-IN 
S11 

DB ANG 

17.6 -37 
17.4 -57 
17.3 -78 
17. 1 -97 
17.0 -116 
16.7 -135 
16.5 -154 
16.3 -174 
16.2 166 
16. 1 145 
16.2 124 
16.2 102 
16.4 80 
16.6 58 
16.9 34 
17.4 11 
17.9 -14 
18.5 -38 
19. 1 -63 
19.8 -87 
20.6 -111 
21.3 -134 
22. 1 -154 
22.8 -174 
23.4 168 
23. "7 152 
23.8 1-:r= ._:O.,J 

23. '7 120 
23.3 104 
22.7 87 
22.0 68 
21. 1 48 
20.4 

,..., 
..::.b 

19.7 .... ..::. 

19.0 -22 
18.6 -46 
18.2 -71 
17 q , . , -95 
17.7 -118 
17.8 -140 
17.8 -160 
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3.3 -58 0.0004 
3.3 -71 0.0004 
~5. 2 -85 0.0004 
-:r -·· 1 -99 0.0004 
-:r 1 -114· 0.0004 ....... 
3.0 -127 

1 TO 2 

LOSS-FORvU=iRD 
S21 DELAY 

DB ANG u-SEC 

4.9 155 0.0004 
4.7 141 0.0004 
4.5 128 0.0004 
4.4 114 0.0004 
4.3 100 0.0004 
4. 1 87 0. OOOL'I· 
4.0 73 0.0004 
3.9 60 0.0004 
-:r 0 46 0.0004 ·-·· ' 
3.7 32 0.0004 
3.6 20 0.0004 
..,.. C' 

·~· • ....J 6 0.0004 
..,.. ' . .J. 0 -7 0. OOOt.l· 
3.4 -21 0.0004 
3.4 -35 0.0004 
3.3 -49 0.0004 
3.3 -62 0.0004 
3.3 -76 0.0004 
"-::- 4"? ·-··..:.. -89 0.0004 
-=!" "":!' -t· ....... -103 0.0004 
3.3 -117 0.0004 
3.4 -130 0.0004 
3.3 -144 0.0004 
3.5 -157 0.0004 
..,.. C' 
. ..:, •• ....J -171 0.0004 
..,.. c:-
..:.•. ~ 176 0.0004 
3.6 163 0.0003 
3.7 150 0.0004 
3.8 1.36 0.0004 
3.9 123 0.0004 
4.0 109 0.0004 
4.0 96 0.0004 
4.2 82 0.0004 
4.3 68 0.0004 
4.5 54 0.0004 
4.6 t.f.o 0.0004 
4.7 ,.., -,. 0.0004 ..::.t 

4.8 13 0.0004 
""' 1 --1 0.0004 ..J. 

5.3 -15 0.0004 
c::- <::' -29 ..J • ..J 
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1 TO 4 

FF\EQUENCY RETURN LOSS-IN LOSS-FORWf'tRD 
S11 S21. DELAY 

I''! Hz DB ANG DB ANG u-SEC 

2000 16.9 -~~""} 
-·~ 21..1 -152 0.0005 

2100 16.5 -54 20.7 -171 0.0006 
2200 16.0 -75 20.4 169 0.0006 
2300 15.9 -97 20.1 149 0.0006 
2400 15.8 -118 19.9 128 0.0005 
2500 15.7 -139 19.6 109 0.0006 
2600 15.7 -159 19.5 88 0.0006 
2700 15.9 179 19.3 68 0.0006 
2800 16.0 158 19.3 47 0.0006 
2900 16.3 137 19.2 27 0.0005 
3000 16.7 1.16 19.2 7 0.0006 
3100 17.2 94 19.2 -14 0.0006 
3200 17.7 7...,. . ..:,. 19.3 -34 0.0006 
3300 18.3 52 19.3 -54 0.0006 
3400 18.9 31 19.4 -·74 0.0006 
3500 19.7 10 19.5 -95 0.0005 
3600 2(>. 3 -11 19.7 -114 0.0005 
3700 20.9 -32 19.8 -134 0.0005 
3800 21.4 -52 20.0 --153 0.0005 
3900 21.8 -72 20. 1 -172 0.0005 
4000 22. <) -92 2\). 3 169 0.0005 
4100 22. () -112 20.5 151 0.0005 
4200 22.0 -133 20.6 132 0.0005 
4300 21.8 -153 20.8 114 0.0005 
4400 21.5 -174 20.8 97 0.0005 
4500 21.2 165 20.9 79 0.0005 
4·600 21. 1 143 20.9 62 0.0005 
4700 20.9 122 20.8 45 0.0005 

. 48.00 2<). 6 101 20.7 28 0.0005 
4900 2(). 3 79 20.6 10 0.0005 
5000 20.0 58 20.4 -8 0.0005 
5100 19.7 ~56 20. 1 -26 0.0005 
5200 19.3 1<" -· 19.9 -45 0.0005 
5300 19. 1 -10 19.5 -64 0.0005 
5400 18.7 _--::--z ·-··-· 19.3 -83 0.0005 
5500 18.6 -56 19.0 -102 0.0005 
:-j600 18.4 -78 18.8 -122 0.0006 

'5700 18.3 -100 18.4 -143 0.0006 
5800 18.2 -121 18.3 -163 0.0006 
5900 18. 1 -141 18.1 176 0.0006 

) 6000 18.2 -160 18.0 155 



Measured response of the Termination Switch 
as shown in Figure 9..1B 
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SHOF.:T C IF.:CU IT 

FREOUEt·~C'l 
;:;Hz 

RETURt·~ LOS;S 
dB Oesa 

OPEH CIPCUIT 

FREG!UEtKY 
GHz 

F.:ETUF:H LOS;S 
dB De ·'3 

--------~----------------------- -------~------------------------
< 00~:1 1 1 ~6 1 000 ~:1 5 -51 .1. 

1 2~1(1 1 1 "?Q '-·· 1 2~30 ~3 4 -8€1 
1 40(1 1 1 61 1 4~3~3 0 .• 4 -1(17' 
1 600 1 1 44 1 . 600 0 4 -132 
1 :3 (1 ~3 1 1 26 1 800 0 c:" 

·-· -154 
':• ~;.H3(1 1 1 0 ':• 00(1 ~3 6 -17'6 "- ·-· '-.-, 200 1 1 -1 1 2 200 ~3 7' 163 .::. 
.-, 4~3(1 • (1 -30 2 400 0 C• 144 .::. .1. ._, 
2 6~)(1 0 9 -49 2 6~30 0 9 124 
·j :::0~:1 ~3 9 -6:3 ·j :300 1 (1 1 (15 "- '-
"7 -· 1~:;(10 ~3 9 -'=·-=' ._,,_, "7 

•..J .. ~300 1 1 !::7 
3 21ZH3 0 9 -10:3 "7 2~3(1 1 1 6~: ~· ... 
~ 

-~l 400 0 9 -12::: 3 400 1 1 50 
"7 
~· 

6(H3 1 I) -14::: 3 60(1 1 1 31 
3 800 1 2 -166 "7 .... 800 1 1 13 
4 (10(1 1 "7 ·-· 174 4 ~:10(1 1 (1 -6 
4 200 1 C" -· ·155 4 b30 0 ::: -24 
4 400 1 6 13:3 4 400 0 7 -44 
4 6~30 1 7 120 4 600 ~3 c:" 

·-· -64 
4 :::0(1 1 .9 H:t2 4 800 ~3 5 -:::5 
5 (1 fj ~::J 1 9 :::4 C" ,_, 000 0 C" 

~· -105 
I:' 20(1 1 C• 66 C" 200 0 7 -125 ·-· ·-· ._1 I 

5 4(1(1 1 9 40 r::: 400 1 (1 -145 ·-· .J ... 
C" 6(!(1 1 C• 30 C" 600 1 £~ -163 ·-· ·-· ~· 
5 :::(10 1 ::: 1 1 r::: 

·-· ~:::00 1 4 17Cf 
I -· 

6 (.hj0 1 c:" 

·-· -8 6 000 1 4 161 
6 200 1 4 -27 6 2(H) 1 C" 143 ~· 
6 40(1 1 .-, -46 ~ 

4~30 1 7 124 .:::. '=• 
6 6~30 1 1 -67 6 600 1 ::: U35 
6 80(1 1 1 -87 6 ::a30 . .., 

.::. (1 :::7 
7 000 1 1 -108 ? ~300 1 C• 6::: f ,_. 
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