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EXPERIMENT 4 |
OBIECTIVE:

To examioe transiegt respomse in 2 transmission line, with different
load terminations. for narrow and wide voltage pulses.
INTRODUCTION:

The transient -fnalysis or the ume domain reflectometery (TDR) becomes
pecassary whea the iocident and the reflected waves have (0 be resolved aad
studied separately in a coaxial cable. Tais can be achieved by applying 2 pulse
at the input port and observing the pulses at the input andfor the output port.
[t can also be used to find out the rise time of a pulse which can be used to
determine the maximum data ratz that cin be transmined through the cable.

[z this experimenat the pulse amplitude should always be kept
equal to 5V. The pulse width for the "parrow pulse” and the "wide pulse” will
be ius and Sps respectively. [n order to get a samow or a3 wide pulse. first
remove the cahble from the connector of the source and then use the
oscilloscope to make proper adjustmeats in the pulse amplitude and the width.
PRE-LAB WORK:

Calculate and tabulate T =?ZLL+;§‘:* far the followicg loads;
i) Open circuit it) Short circuit i) 50 Q iv) 25 a v) 100
Givea that Z, = 50 Q.

SETUP: Set up the following i
| ————— 000 ———————

il \ %

P A

DiPUT PORT To QUIZUT PORT_ Ta
— Clannal 1 of Chaanal 2 of
Qseillasenge Oseillascope
PROCEDURE & REPORT:

1) Note down the output impedance of the pulse gemerator. [t is written on the
pulse g:ncrsz.

2) Apply the narrow pulse to one end (the input port) of a 1000 ft long coaxial
cable. Simultaneously view the waveforms at the ioput and output pors
Sketch and dimension (show the pule amplitudes, pulse widths and dcia}r;}
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3)

the waveforms at the jnput and the gutput pors for the following load (Z¢)

resistors;

i) Open circuit ii) Shom circuit i) S0Q i) 25Q v) 100 O
Following each figure leave ecnough spacs 1o justify the shape of the
waveforms observed at the input and the output port. [dentify the iacident
and the reflected pulses. Ezplain any change in the amplitude and/or
width of the pulse by using the appropriate value of the reflection
cocfficient as calculated iz the pre-lab work.

With the 100 Q resistor at the output gradually increase the pulse width
while cbserving the waveform of chasnel 1. Ke2p on increasing the pulse
width till the incideat and the reflected pulses well overlap each other.
Now remove the 100 Q resistor and put 2 30 Q resistor. [s there any overiap
of the pulses? [f oot why?

Repeat part 2 for the wide puise.

Apply the parrow pulse to the coaxial cable. Put the provided capacitor at
the gutput. Draw the waveforms at input and output.

Using one of the recorded wavelorms to calculate the velocity of pulse
propagation in the coaxial cable. Ca.mpiﬂ: this with the speed of light.
What is the relative peemittivity of the dielectric used in the cahle?

A reflected wave can again be reflected when it reaches back at the imput
port. ~ This ‘will cause muliple reflections. Were any multiple reflections
observed in this experimemt? If got, why?

Reflection diagram is a theoretical tool to predict the type of waveforms
observed in this experimeat Ses section 9-5 of the text book (example 9-11)
for more" deuil. Llﬁjnx_mﬂﬂm,u_ﬂa.mmi-dnw ‘the input and output
waveforms (to the scale) in order to justify the waveforms observed in
pats 2 & 4 for 25 0 and 100 @ resistors only.

Assuming that the switch, in the following circuit, is closed at t=0 sec. Plor
(vo/V) vs (URC), where v, is the voltage across the capacitor. Based oo this
p.lnt.. what are the distinguishing features of the waveforms observed in
part 3 ucumpuedm the waveforms in part 27
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QUESTION

An uyndereraund coaxial cable is being used for communication betwesn
stations A aod B. The staticos are 10 km apart. The cable develops a short
circuit somewher= ino betwesa A and B. How can you precisely determine
the position of the short circuit? Write down 2 step by step procedure and
the relevant equations. How can you justify that the problem is a -Short

circuit and oot an open circuit?




EXPERIMENT #2

OBJECTIVE:

Study the reflection of plane waves & measure the reflection coefficient.

INTRODUCTION:

When a plane wave traveling in one medium (e.g. air) impinges on the surface of a second
medium (e.g. water), the wave is partly transmitted into the second medium and partly reflected back in
the first medium. The amount of reflection depends upon the angle of incidence and the polarization of
the wave in addition to the material parameters of the two media. The level of reflection is represented
-by the ratio Er/Ei, where Er is the Electric field of the reflected wave and Ei is the electric field of the
incident wave. This ratio is called the reflection coefficient I".

At a given position, the total electric field of an unpolarized plane wave varies randomly in
time, while the total electric field of a linearly polarized wave traces a straight line. A wave can be -
polarized by letting it pass through a polarizing glass. The circular polarizing glass used in this lab has
a notch on its edge. This notch is used to find out the direction of the electric field of the polarized
wave as follows. The E-field of the polarized wave is in a direction normal to a line passing through
the notch and the center of the circular glass. The waveis said to be "parallel polarized” if its E-field is
in the plane of incidence only. It is "perpendicularly polarized" if its E-field is normal to the plane of
incidence only. A '

The plane of incidence is a plane, which is normal to the surface of the sample and contains the
wave propagation vector.

PRE-LAB WORK:

What do the following symbols stand for?

-a) 6 b) br c) Bt - dn e)n f) uo
9) ur h) p i) €0 j)er k)& DL
m) I/
2) A laser beam, traveﬁng in air, is incident on the éurface of a sample as shown in the figure

~ below. Plot IT'// vs. 6i and IT"'L! vs. 6i for 0 < 8i <90. Take enough points to produce a smooth
graph. Use the following parameters for the sample (notice that medium 1 is air):
1) er2=2.3, ur2=1 (plastic)  ii) er2=12, pr2=1 (silicon).



Sample =

Medium | | Medium 2
Set up:
Reflected
‘ wave
Laser | N l/ l
/l\ . Incident wave
| ~ Sample
Polarizer

MEASURING THE REFLECTION COEFFICIENT:

In the lab, electric or magnetic fields cannot be measured directly. However, the incident and
reflected powers can be measured and then used in the following relations to calculate the experimental
value of T.

p.=|T//[

: (for parallel polarized wave)

T2

(for perpendicular polarized wave)
The expected difficulties in this experiment are in the measurement of accurate angles and powers
(both incident and reflected). The polarization of the light from the lasers changes slowly with time
and thus the power of the polarized beam changes also. Therefore, every time the reflected power is
measured the incident power should be measured. Also, trv to reduce the time elapsed between
measuring Pi & Pr. This will help to normalize the effect of any change in power.




PROCEDURE & REPORT:

1) Learn to use the power meter. The sensitivity of the meter will have to be changed many times
during the experiment, therefore different scale or muitiplier should be used. To get consistent
results, decide between you and your partner on how to read power from the deflection of the meter.
Also learn to measure the angle of incidence using the protractor and the plastic disc. The disc has
lines on it which are 5 degrees apart. Please remember that the angles are always measured from the
normal on the surface of the sample.

2) Learn to parallel polarize and perpendicularly pola{r’ize the laser beam by using a polarizer. In the
following steps the laser beam must be polarized.

3) Using the procedure explained above, measure the experimental value of I// and I"L for the
provided sample to verify each graph of the pre-lab work at least at four points (the points will be
specified on each graph by the TA). Put down the observations and results in a table as follows:

- | e P | Pr [ Expl=(PP)"1/2 _ Th.T (from graph) | Emor

4)  Plot the experimental values of I'// and I'L on the corresponding graphs of the pre-lab work.

Adjust the values of er2 slightly in the equations of the pre-lab work to produce new graphs for I/

and I'L which would better fit the experimental results. What value of €r2 produces the best fit? In the

report, include the graphs produced with the new estimate of er2.

QUESTIONS
Q1) Is the paralle] polarized wave a special case of linear polarization?

- Q2) A laser beam, which is either parallel polarized or perpendicular polarized, is traveling in the air.
How can you determine the polarization of the beam by using a Plexiglass sample? ,

Q3) A beam from a laser, operating at 10" Hz, is normally incident on the surface of distilled water.
The relative permittivity of water is 80, the relative permeability is I and the conductivity is
2x10* S/m."

a) Is the water sample a good dielectric or a2 good conductor in this case? Why?
b) Calculate the magnitude of the reflection coefficient.
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Operzating the Network Analyzer
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One of the more noticezbie characterisdcs of the analyzer is
the simplicity of its fronz panel. Rather than individual keys
for each of the many insTument functions, the analyzer uses
CRT displaved “"menus” for operator input. These menus list
the possible choices for a partcular functdon, with each
choice corresponding to one of the eight “'softkeys” located
to the right of the CRT. The “harckeys™ on the front pane!
provide access to the varicus menus, and are grouped by
funcdon.

The analyzer has dual Tace capability, with many of the
measurement and disglay functions independently salectabie
for each trace. To modify the parameters of a particular Tace,
firstselecteither [CH 1] or [CE 2], and then make the
desired measurement choices. Note tnat the LZD adjacant to
the selected (active) channel is lit.

The nenwork analyzer's recsiver section is congolled with
these keys. Tne [MEAS]. FORMAT], and [SCALE REZ]
kevs are used ta choase 2 measurernani configuraden,
presentation format (amplitude and phase versus frequency,
Smith chart, polar coorcinates, etc.) and scale and reference
values for a full screen display.

The other keys in the RESPONSE group enhance the
usability of the measured data. The displayed traces may be
overlaid, manipulated with math function keys, averaged,
normalized, or read out atspecific points along the trace
with up to four independent markers per channel.

These keys are used to define the source output signal.
Source frequency may be swept over any portion of the 130
MEHz to 20 GHz range, at power levels berween —10 and
—63 dBm. The maximum frequency of the HP §719A s
13.5 GHz. The stimulus keys also contral the start and stop
tmes in the opdonal time domain mode. The choices for
sweep time, resclution, and sweep type are also selected
here.




Datz Entry  [nsome cases icis necessary to supcly numeric values for a
chosen paramerer. such 4s Tequency or amciituce. The en
digit keypad is use2 o supoly these values. Tne keys w0 th
right of the digits zerminare the daca entry with the aporo-
priate units. The =cie below lists the dara entry terminators
and provides their significance for each paramerer. In
acdidon to entering cata with the keypad, the knob can be
used to make condnucus adjustments, while the [« ] and

[+] keys allow values to ce changed in steps.

ey e e e

Data entry termunazors

£570% o ot T P & b 1Y 8 o ey € TN e

Key Name ’ Frequency ’ Power ‘ Time
G/ % Rz == ns
M/u MEzZ = us
i k/m kH - ms
x1 2z dB(m) s
(x1] Always Basic Units for Current Active Functon

Instrument State  Several udlicy funcdcns are implemented with these keys,
inciuding insirument sreser, front panel save /recall

rEesrTrTsoTT (MSTARUMENT STATS T—=wo—w=————\ " A ; . i .
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General Measurement Sequence

Status Notations )

The status notations area of the CRT is used to show the
current status of various functons for the active channel.
The table below lists each notation and its meaning.

Notation Definition

Mezsurement pararneters changed:
measured data in doubt until a fresh sweep
has been taken.

Cor Mezasurement calibration (correction) is on.
(& Measurement calibration is on, but may not
be valid.
C2 2-port measurement calitration is on.
€27 2-port measurement calibration is on but
may not be valid.
Hld Hold swesp.
7 Fast sweep indicator.
Bt Waiting for extemal trigger.
Avg Sweep-to-sweep averaging is on. The
averaging countis snown below the
indicator.
Smo Trace smocthing is'on.:
Del Elecical delay has-been added or @-‘-
subtracted. -
Cat | Gatingis on (time domain cpticn).

Even with its wide range of capabilides, the analyzaris easy
to operzate. Common measurements can be set up with only
a few front panel salactions. This section describes a general
approach to performing network measurements.

The following sequence is used throughout this User’s
Guide to illusirate the use of the analyzer in its varicus
operating modes. The individual steps are discussed in detail
in the sections that follow.

Preset
Return to a known state.

Connections
Set up the test configurzdon for the device-under-test

(OUD.

Controls

Set up the instrument in three steps:
1. Measurement
2. .Format -
3. Sdmulus

Calibrate .
Characterize the systematc errors and remove their effect
from the displayed data.

' giti o



Save

Save the inszument configuradcen and calibradon 2o save
time and eTort when recalling or resetting measurement
states.

Measurement
Measure the zerformance of the DUT. Utilize the markers
and marker unctions o extract kev measurement

-~ information.

Output Results
Create a permanent record by curputtng the test results to a
plotter or printer.

Step Omne: Preset (PRESZT]retums the inscument to a well-defined state.
When [PRESET] is pressed, the analyzer performs a self
- ' test. Fellowing successid compleson of the self test, the
instrument funcdens are ser o the following presar
cordidon:

Muajor defeult condizions at PRESZT

Disvlay
Channei: Chanrel 1 On
Channel 20t
Measursment: S1lon Chanrell
; S21lon Channei 2
= - - | Formau Log Magnituce
; Vo Display mode: Dual Channel O
Scale: 10 &B/div
Rerererce: 0 dB. center ot CRT
Stimulus
Frequency: Start 130 MRz
Stop 20 (13.3) CHz
Sweep Tvpe: Linear Frequency
NMumber ot Points: 201
Power: —10d3m
Swesep Time: _ Auto, 373 ms
Regsiver -
[F Bandwidsh: 3kHz
) Averaging: ot
Smoathing: ot
Calibradon: ot

Step Two: Connectons The analyzer contains all the hardware tequired to make
Simglified Slock O,-agm,'ﬂ - simultungcus Tansmissicn and: :eﬂ.ec:ion measurements in
—————— R S s e A g both the forvard and reversa directdons. The only sewup
required is to connect the DUT to the two measurement
ports. The nework analyzer controls the switching

I
|
B A 8 : functions, so that even reverse measurements can be made
'_"—1 ] I without changing device connecdons. The internal switch
y m X2 1 ponz simplifies full 2-port measurement calibrations.
S ol L1 —
/ : = | ouT
. J s . :
Steo
ARenuatcr ;-O >< | Part !
|
v __l i
Fwe/Rev Qirec=gnal i
Swaten Cauglers
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Step Three: Controls
Measurement
Format
MEAS FORMAT HENY
) l l Stmulus
Refl: 7wQ
- LoC wal POWER
s e | .
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The [MEAS] key provides a selection of transmission and
reflecion measurements, with each choice corresponding to
a specific S-parameter. The table below shows the
measurement options and their assodated S-parameters.
The adjacent diagram indicates the signal flow represented
by the S-parameters and how it relates to reflection and
transmission measurements. When performing these
measurements, all of the DUT"s parts must be properly
terminated. )

The test direction column in the table indicates which
measurement port provides the internal source sigral -
cutput. For forward (FWD) measurements, the sourca signal

Is provided at port 1, and for reverse (REV) mezsurements,

port 2. The signal path columin In the tadle indicates the ratio

measurement made. A, B, anc R are the internal recziver/
detectar inputs shown in the above block diagram.

Measurement S- et Sigial
- Parameter | Direction Path
[nput refiection Sy, FWD A/R
(port 1)
Forward gain/loss S., FWD 3/R
(Transmission)
Reverse gain /loss Sz REV
(Transmissicn) )
Qurputreflecdon 5. - REV
(port 2)

1. Mezasurement

1. Format

3. Sgmulus

Based an the DUT connections, use the [MEAS] key to
choose the appropriate measurement. Select one of four S-
parameters or select the [AUXTLIARY INPUT | softkey to
measure the signal at the AUX INPUT (located an the rear
panel).

The [CONVERSION] saoftkey provided in the [MEAS] menu
allows you to convert the measurement data to impedance
or admittance parameters. Use the (MEASURE RESTART]
softkey to restart the measurement following a 2-port
measurement calibraton and connecton of the DUT. Also
use this softkey to restart a measurement’s averaging count.
Use the [FORMAT] key to define the display format;
logarithmic magnitude, phase, group delay, etc.

Next, spedify the measurement frequency or frequendies
using the simulus group’s [CENTZR] and [SPANT] keys or
[START] and [STOP] kevys. For a narrowband measuremernt
such as a bandpass filter, it is usually easiest to set a canter
frequency and total spar; for measurements over a broader
frequency range it may be easier ta choose individual siart
and stop frequendes.

The stimulus [MENU] kev also allows the addidonal choicas '3
of measurement por: power lavel, sweep time, tigger Vpe,
numoer of mezsurement points, coupled or uncoupled

Armorarian Af rhammale T amA T CTAT £ Amesiensmere nirave)

™
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Step Four: Czalibrate

Select the CalibraHon Kit

[CAL][CAL KIT]

[RETURN]

Accuracy in network analysis is gready influenced ov the
mezsurement system. Parts of the mezsurement serup such
as interconnecang czbles and adapters (as well as the
instrumenc itselt) all inroduce variadons in magnitude and
phase that can mask the actual performance of the DUT.
The calibration step effectively characterizes and removes
the efects of repeatacie measurement variadons in the test
system. The "'systematic errors” with which the calibradon

~Sep is concerned are:

« Frequency Response (Tracking)

» Lezkages (Direcivity and Cross:alk)

* Mismatches (Source Match and Load Match)

The analvzer has several methods of measuring and
compensatng for these test systam impertecdons. Each
method utilizes the measurement of standard devices and
spedific equations (error madels) to remove cne or mere of
the systematic errors mengoned above. By applying the data
obtained from the standards to a sceciic error mecel, the
calibration step is acle to characterize the measurament
system and thus increase the accuracy (by redudng the
uncartainty) of the DUT's measurement results. Tae
accuracy of the calitradon step is dezendent on the qualis
of the stancards used for calibrating. Since calibration
standards are very precise, excellent zccuracy enhancement
is achieved.

Normally, data takan during calibration is valid only for the
instrument settings in piace when the calibradon was
starced. Tnerefcre, after calibradon. if 1 key measurement
parzamerer (frequency range. numkEer of mezsurement points,
pawer fevel, erc.) is changsd. the calioration becomes
invalid. causing the analyzer to turn calibration off.
However, the HP 37194 and 37298 offer a “frequency
subset’” fezture. If turned on, it allows the sweep to be
narrowed to any subse: within the frequency range used
during calibration. The calibration will remain valid, and
the measurement will te fully accurate without the nesd to
re-calibrate. Only cardinal calibration frequendies are usad
(no interpalation), so the start and stop frequencies will oe
set to the neares: points used during calibration, and the
number of points will be set to the number of exact
calibration points left in-betveen.

Other items like swezp dme and [F 2andwidth may impact
the calibration if changed. but will not cause the analyzerto
turn calibration off. [f 2ither paramerer is changed. the
analvzer will only display “C7" or "C2?”, indicating the
calibration is in question ind leaving the operator the
dedision of whether the calibraden is valid or invalid.

Priar to performing a calibration, ensure the analyzer is set
for the calibration kit being used. When calibrating, the
analyzer will use the mathematical medel that applies to the
devices contained in the it to calculate the-error correcton
coefficients. ’

Access the calibration kit menu.

Select the softkey that carresponds to the kit being used.
Exit the calibration kit menu. The salected calibration kit is
displayed directly beneath the [CAL KIT ] softkey.
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Frequency Response Calibration
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» More accurate than no calibration

+ Establishes magnitude and phase reference for
transmission or reflection measurements

- Requires 1 connection, 1 standard, 1 measurement

A frequency response calibration removes the repeatable
frequéncy response and insertion loss variations of the test
system. For transmission measurements substitute a “thru”
connection for the DUT to establish a 0 dB loss (or gain) and
z 0° phase reference. Far reflection measurements substitute
either an open or a shart circuit for the DUT to establish a
total reflection referance (0 dB return ioss at eithera 0° or
180" phase shift).

To perform a frequency response calioration:

Access the cahcrzmon menu and select the response
calibration.

Connect the standarc to be measured. For this examrle,
connect 2 “thru’”” (i.e.. remove the DUT and directly connect
the mezsurement por: cables). When calibrating the
measurement svsiem. perform the calibradon at the point of
DUT connection (me=sufe'nen: plane).

Select the softkey corresponding to the connected standard
(either [OPEN], [SHORT], or [T.'IRLZ']) Once the sandard
is measured, the analizer underiines the selected softkey.
[DONE: RESPONSZ ] cempletes the calibration sequence.

3

Only one standard, the last one measured, is used to correct
the freqv._encv response variations of the test system. No
open/snort averaging is performed.




1-Paor+ Redecdon Calipraton

[CAL|[CALIBRATE MENU]
' [S111-PORT]

[LOADS]

{DONE: LOADS]
[DONE 1-PORT CAL]

» More accurace than the frequency resoonse calibration.

* Establishes magnitude and phase reference for reflection
measurements.

* Requires 3 connectons, 3 standards, 3 measurements.

+ Good choice for reflection measurements of high insertion
loss DUTs.

This calibradon routine remaves all three of the systematic
erTor terms for a reflecdon measurement of a cne-port

device. [t is best applied to a one-port device since itdoes not -~

remave the mismatch efecss se2n Tom the second porzof a
two-port DUT. The cutput mismatch effects of the second
pert are negligible when the DUT's inserdon loss is >4 dB.
To perform the 1-portreflecton calibraton:

Access the calibration menu and select the [S11 1-PORT]
(test pore | calibradon) orthe (S22 1-PORT] (test port 2
calibradon) softkey. The S11 calibration is used jor this exampie.
Rrun S22 caligration, ol connecZons are made o port 2.

[n tumn, connectan oven and short to part L and press the
aopropriate saftkey after each connection. The selected
softkey is underlined when the measurement is compolete.
Tne [LOADS| menu provices the fellowing selection of
loads: [BROADBAND], [SLIDING], or [LOWBAND].
Connecs the load(s) you are mezsuring to port | and then
select the zporopriate softkey. For stop frequendes <3 GHz.
use a {ixed load (lowband or broadband). For start
frequencies >3 Griz, use 2ither 1 oroacband or a sliding
load. Finally, for calitrations covering frequencies atove wud
telow 3 GHz. use either a broadband load or a lowband and
a stiding load. When choosing betwesn the use of a
broadband or a sliding lcad, vou should determine the level
of measurement accuracy reguired. Although more complex,
a stiding load typically provides >40 dB effective directivity
(best accuracy). A broadband load is simpler to use and
provides approximately 33 dB erfecive direcivity.

Afrer measurement of the load(s), remurn o the l-port
calibration menu. The [DONE 1-PORT CAL]sottkey
completes the calibration sequence.

Upon completion of the 1-por: calibration, the analyzer
derermines the contribution of all three error terms and
removes their effect from the measured Jdata. Note that the
[CORRECTION O off] softkey is tumed on when the
calibration procedure is compleze and “Cor™ is displayed in
the status notations area of the CRT.



2-Port Measurement Calibration - Most accurate calibration procedure for multi-port devices.

- Establishes magnitude and phase reference for
transmission and reflecdon measurements.

+ Requires 7 connecdons, 4 standards, 12 measurements for
full 2-port.

» Measures twelve error terms.

This is the most complete ealibradon. It measures the three

systematic errors (frequency respanse, leakage and

mismatch) in both the forward and reverse direcdons and

remaoves their effects from the measured data. Full 2-port’is

the mast accurate calibraton for mansmission and reflecion

measurements of muld-port devices.

To implement a full 2-port measurement calibradon:

(CAL] [CALIBRATE MENU]  Access the calibration menu and select the full 2-pors
[FULL 2-PORT] calibration.

At this point a menu is presented with the following options:

CORALCTION ST FREQ

- oFF ow mass REFLECT [REFLECT'N], [TRANSVISSIONT], and [ISOLATION].
FRo suescT :;ua!:;tc. gs‘; QOne at a Hme, select t'.’l’e.[RE.:LEjC]T’N] a_nd _
. | |  [TRANSMISSION] scitkeys and fcilow the prompts. The
o . LAk seures | mplementation of this porton of the 2-port caliradon is
e :‘;’g‘% very similar to the frequency response anc 1-port cahcra;on
- ~o s | descibed above. The only difference is that both forward
B 1=reRn B % SR and reverse ransmission measurements are made as well as
(Tammy | 1~sant ne w 5% | reflection measurements on Both test ports.
1=-20RT
uane Z-’CRTmC:E w@zi:




LADR 4
Antenna Near-field Measurements

1. INTRODUCTION

This manual describes the operation of the Nearfield Systems Lite Sofrware.
Near-fleld measurements provide a fast and accurate method of determining the antenna
gain, pattern, polarization and peovides the capability for computer conwolled multi-
frequency, multi-beam antenna measurements 10 a single scan.

Antenna measurements by near-field methods can provide significant advantages
over competing techniques. These advantages include:

B Very high accuracy.

. High throughput.

. Complete characterization of the antenna performance.

. Control of zero G effects.

. Minimal real estate requirements.

. Eliminadon of delay due to weather.

. Measurements cad be made in the antenna assembly area.
% Compatble with special project security requirements.

Planar near-field measurements provide a convenient method for determining the
perzormanc, of medium to high gain antennas. Informadon available from near-field
measurements includes:

L. Far-field pattern
2.+ Antenna gain i
3. Antenna directivity )

4 Cross polarizaton level
5 Beam width

6 Beam pointing

7. Phase center position
8 Defocusing _
9 Autotrack (monOpﬁlse) bias; scale factor and hneanty
10.  Phased ar:ay element excntanon -

11. Reflector sunace dlstomon measure'nenrs



1.1 SYSTEM OVERVIEW

Figure 1.1-1, shows a typical nearfield measurement system. This system
includes three elements: a robotics scamner including an optics system for precise
measurerment of probe position, an REF subsystem, and a computer subsystem. The RF
subsystem consists of a microwave receiver connected to a field probing antenna. The
probe antenna is moved under computer control over a planar surface in front of the
Antenna Under Test (AUT). The near-fleld range determines the equivalent far-field

antenna performance through two basic steps: .
1. [t measures the AUT’s phase and amplitude at known positions.
2. It applies a Fourler transform to the measured data to evaluate its

performance in the far-field.
The NSI program has two main program sectons; data acquisition and data
processing. In additon, there are several other sectons which help analyze and process
the data.

Figure I.I-I Near-fleld Measurement System



1.1.1 Data Acquisition
The data acquisition program section consists of three major submodules:

I. Test description menus: - These menus define the type of test and the basic
properties of the object under test. This information is also used by the system
to automatically setup the test.

[N}

Scan pattern menus:-= These menus let you define the desired scanning
pattern. The setup can be automatic or manual.

Scan timing menus: - These menus conmol the timing of the measurement
sequence. This menu is needed primarly for complex multibeam
measurements.

(V)

1.1.2 Data Processing

The dara processing section consists of four program modules:
1. Preprocessor: - Provides optional modifications to the raw measurements.

2. Far-field transform: - Converts the preprocessed near-field measurements to
the far-field by a Fourier wansform. Probe correction, polarization and
coordinate systems are specified here. :

Holographic tansform: - Forms a planar field image from the far-field
transformed data which can be wanslated to the antenna aperture for aperture

diagnostics.

W)

4. Graphics: - Displays the graphical output of the near-feld, far-field and
holographic data in a variety of formats such as: Grey scale, Contour, 3D,
radiation distribution plots (RDP), and one dimensional cuts and listings. In
addition, graphics files can be created for importing into word processing
programs.

'1.13 Calculators

: This section includes a series of calculators - used for geneﬁl purpose
computations. 'Ihese wlculators are for convemence only and do not affect program

results. ___ L ... e s ws e s e e



1.2 BLOCK DIAGRAM

The Figure 1.2-1 shows a block diagram for a near-field measurement system
configured with the AUT in receive mode.

-“NS/233L BLOCK DIAGRAM

(S-Parameter Test Set ' 233L Scanner
Configuration) —
[
¥ Prob
3F Recame / -—-_/ roee
i Bl
£ 1
/
!
j
/
|
! —,
LT} - . Mesor Orrve
- | -
2 EARPEL] ITITMS »C
10823 .
' Standarg ;
Gain W *
Hem U \_/
) l Antenna Uncer Test
A .
;-—i - al
L] t e
7

;~ .2‘

\.IRFM

v

RF Tranacret

RF Cacies

Figure 1.2-1 Near Field Measurement System Block Diagram Showing Dual-
Source Receiver.



NSI MENU SYSTEM

The NSI program communicates with you by using a series of nested menus. The
Main Menu lets you call various submenus which in turn can call gther options and
menus.

Menu optons are selected by typing the number or lemter next to the desired
opuon. At the top of each menu is a menu title and menu code. The menu is divided into
two basic parts. The upper part contains numbered optons and the lower part contains
letter options. The upper part changes from menu to menu. The lower part, which always
remams the same, contains general options. These options are:

<F1> HELP
M Main menu
<ESC> ‘Doge
<F7> Exit to interpreter

2.1 F1 - Help and Fault help keys

Most menus have context sensitive help which displays help based on the menu
items selected. This help is displayed by pressing the <F1> functon key. It gives you
summary information that is associated with the current menu and options. During faults,
the F1 text line is replaced with a blinking yellow F. Pressing F at this time will provide
an explanaton of the fault condition, it may also make recommendations to eliminare the
fault conditon. The <F1> key still works at this time but is not displayed.

2.2 M - Main menu key

The M key always returns you to the Main (highest level) Menu. In this
documentation, we use M cades to tell you how to find a given menu. An M code is
simply a key stroke sequence that will place you in a given menu. The first symbol is an
M because that will place you at a known starting point (tHe Main Menu). Other numbers
or letters navigate you through the menu system. As an example, <M01> will place you
in the scan pattern menu. Pressing M will return you back to the Main Menu

2.3 <ESCAPE> Key

. The <ESCAPE> key, which is normally located at the top left side of the
keyboard, will take you to a previous menu. If it is pressed enough times, you will return
to the Main Menu_




2.4 Additional Real-Time Command Keys

Additional real-time commands are available in the menu system. A list of these
is shown by hitting the H key. A listis shown in Table 2.1 4-1:

Table 23.4-1 Real-Time key list

Key | Function Comment i
F | Fault analysis Displays cause of fault

G Graphic display . | Displays last zreeh seleced

B This help disolay | '

[ Forth [nterprezer | Type uppercase M to return to menus I
M Main menu | l
P | Plot ath format | Enter setection 0-9.3-z or - i
R Recsiver dau plot | Plot RF dara in current format |
S Measurs List Edit | Same As M049 |
U Units (EnglistyMetric) toggle | |
W Waveleagth mode toggie | |
X DQOS shell "eXIT' {0 renum (o program

G Abort ransform or plot May have to reset printer i
"H | Hard copy mode Plots output and switches back to CRT mode |
“R | Restore state vector to nth | Eater seleetion 0-9,2-z or - | =
25 | Save smre vector to ath | Eater selecdon 0-9,2-z or - |

The * in the hot key means you hold the <Ctri> key down while pressing the
desired letter. For example, S means you hold the <Ctrl> key while pressing the S key.

2.5 Number Entry

Numbers are entered in some of the menu options. Numbers are entered using a
cormbinadon of the following symbols:

0123456789.-¢E

No other symbols should be used. Examples of valid numeric inputs include:

11..1 -1 1.2e5 -e4 -lE-14



3. MEASUREMENTS

3.1 How to make a single-pol near-field measurements

P % & . . Tt mee———

This section will serve as a tutorial on how to make a single-pol, single-frequency,
planar near-field measurement. It assumes that you have already assembled the scanner,
receiver and computer per the system interconnect diagram provided for your
configuration. It also assumes that you are familiar with the menu operation and special
key functions described.in Secton 1. The steps are outlined Table 3.2.1-1 and described -
in detail in the paragraphs that follow.

Table 3.2.1-1 Steps to making a single-pol near-field measurement

1.) Test serup ' 4.) Begin measurement

[ndex scanner - <M016> Enter comments - <M054>

Mount AUT Selez: filename - <M052>

Connect RF Acguirs dama - <MQ30>
2.) Configurs test 3.) Transtorm dam tq far fieid

Test title - <M0Q0> Sez pol type to E principal - <M 1380>

Set AUT sizz - <M006> Seiect ourput to CRT - <M 114>

Set probe size - <M008> (MQOQ9) Seiecs plot type - <M1 13>

Set probe polarizzdon - <M0086> (MO096) Plot pamem - <M115>

Set prope distance - <M008> (M009)

Set max far-field angie - <MQQ7>

Auro scan sewup - <M00A> (MOOB)

Set # probe pals to 1 - <MQ03>
3.) Verify RF Operation () Menu numbers in parenthesis are for cylindrical & spherical

Check recsiver SN - <MO055> tests.

Step 1 - Test'setup: . -
The first step is to set up the test.

l.) Index the scanner. The first time the system is turned on for the day you should index the scanner.
This makes the scanner’s pasition known to the software. Since there is no direct encoder
feedback and all measurements are relative, the scanner must be indexed whenever the software is

restarted.

2.) Mount the AUT. In general, the AUT needs to be mounted from 3 to- S wavelengths from the T
probe. Most of the time this dismnce can be set using a precision scale, though precise
measurement is 0ot important as long as a mechanical reference measurement is not required .. Teop
Ihe facs of the AUT should be approximately parallel to the scan plane of the probe and i the
center of the scanner: - B o




3)

Comnect the RF subsystem. Particular amrention should be given to RF power levels at the probe,
AUT and receiving system. Linearity measurements should be made prior to test if the
configuration (i.e. AUT, prabe, cables, power levels) has changed in the range.

WARNING: Often high near-field power densities cag be created from
amplifiers and low-gain probes. Always place amplifiers in standby mode before
entering the near-field test area. In addition, do not look directly into the probe or
AUT when the RF power is on. .

Step 2 - Configure the test:

4)

6:).

7.)

The next step is to configure the test, and specify how the daca will be stored and annotwated. Steps
that are shown as “Not mandatory” are used in the automatic scan pattem set up made. If you are
not going to use the automatic scan setup you may skip these steps.

Set the Test title <M000>. The Test ttle will show in bold izalics at the top of each plot. Often
the test title will include the name of the antenna and port being tested.

Enter the AUT size in meau <M006> (Not mandarory). Enter the size of the antenna-under-test.
This menu will help automatically determine the near-field scan sizs. ‘

Set the probe size using menu <M008> (M00$ for cylindrical & soherical). Enter the probe’s size
or using <M0082> (or M0092) select from one of the standard open-ended waveguide (QEWG)
optens. This meau will help automatically determine the near-fieid scan size. This option is
required in the probe correction mode! when an OEWG probe is used. :

Enter the probe polarization using menu <M008> (or MQQ9). Eater the polarization axis, typically
this axis is a polarization rotator or RF switch. Only linearty polarized probes are valid for this
software opticn. Enter the Tau angle <M0087> (or M0097): This value is the angle between the
probe’s principle axis and the scanner X axis. The number in the left column corresponds to the
first polarization and the right column is the second polarization. If <M002> is set to single-pol,
only the left column will be displayed. Enter the probe correction modei <M0085> (or M0093).
This is the probe correction madel to be used during procsssing. It is set before the measurement
to remind the you what conditions the near-field dam was taken.
Eater the probe distance using menu <M009> (or MOOA), (Not mandatory). This is the distance
betwesn the tip of the probe and the AUT aperture. Note that for front-fed reflectars the aperture
will be significantly further away from the probe because of the interference berwesn the prote
and feed or subreflector. If using cylinderical or spherical mode, set the maximum radial extant of
the antenna using <M008>. ‘

Enter the Max far-field angle using menu <M007> (Not mandatory). This should be set to a value
somewhat larger than the maximum angle which applies to far-field data. In general, these values
should not be greater than 70 degrees. The greater the number, the larger the automaric scan size.
A fault warning will display if the eatered requirements exceed scanner size limitations.

'Use the Auto scan setup feanme in menu <MOOA> (MO0B) (Not mandatory), it alrcoma‘n'cdly

calculates the scan size and sample spacing for menu M04. See secdon 3.1.2.4.




§.)

Set the measuremeant to single-pol <M002>. If the probe’s polarization axis is a rotator, setting
this to [ will make a single scan and cut the scan time in half. If the probe’s polarization axis is a
switch and it is switching while scanning, then seting the #pols to one will not affect the scan
time.

Step 3 - Verify RF Operation

L)

The next step is to verify the Signal sourcs, recziver, and associated RF equipment are connected
and operaring property.

Verify thar the receiver S/N is high enough for the intended far-field measurement. A good rule is
that the principal near-field S/N will be about equal to the principal far-fleld S/N level for a -30 db
sidelobe. The far-field S/N level due to recsiver S/N can be computed with menu <M24>.

To increase the near-field S/N Ty one of the following:

- Minimize cakle lengths.

- [ncrease reciever averaging. <M055>

- Verify that there are good connecdons to all components.

Step 4 - Begin "deasurement

1)

You are now mdy to label a file and start the scan.

Enter comments about the test in menu item <M054>, These are comments specifically about this
test. They may inciude special test condidons or something eise notable about the test. The first
comment line will be displayed when you do a directory hstma <M053> so choose a descriptive
title. All three lines will be dxsniaycd on all plots.

Select a filename using meau item <M052>. This is the name of the file for this scan. You have
eight alphanumeric characters followed by a thres character extension. You should choose a
fllename thar is descriptive of the test and also allows for a family of tests. For example
XSGHO1.dat might be the first in a series of tests made on an X-band standard gain horn. Always
end the filename with the .dat extension.. This will make it easier to use the NSI file directory in
the funure. To set the defanit dara file directory and see what fllenames have already been used hit
optdon <M053> and enter the path followed by *.dat. For example if the dara file:path were
CADATA you would enter CADATA\"DAT. This then gives you a listing of all the dzm:.ﬁlcs m
the C\DATA subdirectory and sets the defanit dam ﬁle dmc:o:y to C: \DATA_ -

Acquire the dam usimg menu <M050>. -This stars the scan. While scanmncr the screem will
display a “grey scale” plot that is updated (based on the deinterieaver sct:mg) at the end.of each
ray. You can observe the amplitude dara on the left half of the screen, and the phasé dar on the
right.




NOTE: If at any time you nesd to abort or stop the scanner, press the <esc> key.

Step 5 - Transform data to far field

(aa)

‘Relative Porwer
-39

-te

The final step is to wansform the measured datz into a far-field patern.

L

N

Set the polarization to E principal using meau <M1380>. Only E-principal is valid for singie-pol
scans. E-cross is available for dual-pol scans. Ses Menu <M138> to set up the Far-field reference
polarization options which defines E-principal polarization.

2.) Set the Data procsssing menu to far-field using menu <M 110> which cycles between near-field,
far-field and hologram.

3.) Select qutput to CRT using menu <M114>. This sets the outpur o the scresn as opposed tw a
printer. This is usually preferred when looking at the plot the first time.

4.) Select the plot type as Greyscale <M113> or anather desired plot type as long as there is enough
dara to make the plot type valid. Note that if V- or H-size <M 135, M136> is set to 1, the contour
and 3-D options tun red. Red means that this option is invalid, based on the V- and H-size set up
values. If an error occurs that displays the message * Surf bad span”, this means that the number
of points in V and H size <M135 and M 136> is incoansistent for a concour or 3-D plot. Make sure
<M135 and M 136> are notsetto |.

3.) Plot the paern <M115>. This grapns the plot as set up in the menus. [t can also be done using
the “G” key from any menu. To make a hard capy, cycle menu option 4 undl “draft hard copy” or
“high quality hard copy” is displayed, then hit the “G” key. A simpler way to get a hard copy is
just choose ~H. .

| Farfield Amplitude

Waveguide armay

File = rocikG6.dat
Frequency = 9.338 GHz
Z ;:smnc: 3: 400 in 3
$S = 32 = 32
Bimc%iy = 2921 d8i
Mcx Fartieid = —-5258 ¢8
3/ 2/90 23:44:48
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1.1 Lab 5: Computational techniques: Modes
in a waveguide

1.1.1 Prelab: Derivation of analytical formulas

10.16mm
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a= 22.86mm
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Figure‘ll.lﬁ Geometry of an air filled X-band rectangular waveguide

~In this lab we want to use the Finite Difference Method (FDM) to com-
pute the first four TM* modes of the standard air-filled X-band rectangular
waveguide(see Figure 1.1). Since an exact solution exists to the problem
we are solving, your prelab task is to derive the anlytical expressions of the
electric and magnetic fields, and the cutoff frequencies of the various modes(
Figure 1.1). You can use the auxiliary magnetic vector potential for that
purpose.- The prelab will count for 50 % of this lab report grade.

1.2 Solution to this Eigen Value Problem (EVP)
using FDM |

1.2.1 Problem’s statement

Mathematically the system we have to numerically solve is:

Vi =Ry (1)



And
at x=0,a

sa=of 12)

To solve this EVP using the FDM, we convert the —V? operator equation(1.1)
to a matrix-based linear equation of the form:

[A{¥} = k2{v} (1.3)

where [A] is the FDM representation of —V7?, and {¢} is the FDM represen-
tation of the eigenvector 7 associated to the eigenvalue k2. Using Jacobi’s
FDM scheme —V?t can be written as:

_ (¢’i,j+1 —2¢;; + ijo1 4 Yigr; — 205 + ?.-/Ji—l,j>
(Az)? (Ay)?

Regrouping all the term on a same denominator,

-1
aayiagy (P80 = 20i(A) 45 (89) + i s(A2)" = 2y (A2)° + s s(8)?)
Ok,
2((Az)2+(Ay)?) . (Ag)?
(A\J::--)Z(Ay)y2 (‘[’w‘ = Vi T e (AT (1.4)
(Ay)2 A2 (Az)?
~bit S R Ve NG~ YL e )
Let’s put
_ 20(Az)2+(Ay)?)
G = EoNCT
- __(a | §
o = 2((Az:)2-y}-(Ay)2) (1.5)
Qg = ()523)2 >
= ((Eer+(a9)
we can then write ~V2Y as, |
Qo (T.bi,j - a1(¢i.j+1 =+ ¢'{,j-1) e az(z/zi_{_l']— -+ ¢i—l,j)) (1‘5)

1.2.2 Grid setup

We set up a regular grid in space. All the boundary conditions are Dirichlet
so that the total number of unknowns is (N — 2) * (IV, — 2).

b

Since 2 = 2288 = 9 e can set up a regular grid using:
Nz — 1 = #of grid space in x = 9g (1.7)
Ny — 1 = #of grid space in y = 4¢ '
or
Nz=9+1
{ Ny=4q+1 (1.8)

The next step is to give the explicit expressions of the FDM representation
of V3, at all points of the grid.
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Figure 1.2: Grid scheme for N.=9 , Ny=T



1.2.3 FD representations of —V?

The global expression for —V?1, for the Jacobi scheme was derived in equa-
tion( 1.6). Since o is a common factor for all terms, we need not compute it
for each term. We will compute all the terms using the simplified expression
below and then multiply [A] by aq.

—a1¥ij+1 — i jo1 — Coiprj — iy j + (7Y (1.9)

Considering the Dirichlet boundary conditions, we can distinguish nine dif-
ferent cases. In each case, we apply the above formula, but we take into
account that ¢ = 0 along the boundaries.

o for i=2 and j=2 (bottom left hand corner)
—a1Pa3 — a2 + Y22
o for i=3, Ny-2 and j=2
—aiz — aatir12 — oty 2 + Vi
e for i=Ny-1 and j=2

—a1¥Ny-13 — 2WUNy—22 + UNy—12

for i=2 and j=3, Nx-2

—aPa 41 — 21 — Qs + Yo

for i=3, Ny-2 and j=3, Nx-2

—ay i j41 — i jo1 — Cotip1j — aathioy; + Vi

for i=Ny-1 and j=3, Nx-2

—alley.—i,j-s-l - aﬂl«'Ny—l,j—l - 02¢Ny~2,j + %/JNy-L,j

for i=2 and j=Nx-1

—a1Y2 Nz—2 — W3 Nz=1 + Y2 Nz—1

for i=3, Ny-2 and j=Nx-1

—a1%i Nz=2 — Q2Wit1 Nz—1 — QoaWim1 Nz—1 + Pi Nz-1

for i=Ny—‘l and j=Nx-1 | i

_a1¢Ny—l,Nr-2 - a?d’Ny-—Z,Nz—l + wNy—l,Na:-l



1.2.4 Numbering the unknowns

To write the above expressions in a matrix form , it is necessary to assign
each node in the grid a unique integer. In other words, we must order the
unknowns. Considering Figure( 1.2) the following numbering follows:

n=0-2)*(Ny-2)+(-1)

and for the reciproc:

-~ j=ceil(wn_7)+l
i=1l4n—(j—2)%(N,—2)

1.2.5 Filling in the matrix and solving

Once the unknowns are numbered, and the 9 different cases identified, it is
easy to fill in the matrix. We can notice that the matrix is sparse, so that
it is appropriate to save it in a sparse form. This can be done using the
matlab command: “A =sparse([],[],[],N,N,0)” where N is the total number
of unknowns. The sparsity of the matrix can be observed using the matlab
command “ spy The following figures show this sparsity (Figures ( 1.3 and
1.4).

We must then diagonalize [A], that is to say find its eigenvalues and the
~ associated eigenvectors. Nevertheless, we need not completely diagonalize
[A], since we are only interested in the first four eigenvalues. this can be
done using the matlab command “[V.D,fag]=eigs(A,4,0)". ‘

"1.2.6 Visualization of the transverse fields
Electric field

The m file used to compute and plot the various electric an magnetic fields
will be given to you by the TA. The shape of those graphs is similar to what
we got using the analytical formulas. -



Sparsity of the A matrix for q=5
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Figure 1.3: Sparsity pattern of the matrix [A] for q=5



Sparsity of the A matrix for g=5, zoom on the top left hand comer

- ™ T o T T T T T
> *
st *
Hesde *
FHoke *
S5k HAH ¥ -
s *
ke #*
oA *
e *
10 He * e
e #
e *
e #
e *
15+ ek * E
e *
Heee *
e #*
20 e HH **
%* FHHe *
* e *
* sk *
25 ** KA **
* HHk *
* R ¥*
%* sk *
¥ L *
30 - E 3 *—H A * -
* Fk *
* Hetee *
; * S b
) * E
35F * Fexw e
* e
* pravavs
%* *H
40 ** H**—t-
%* et
* Fesdeste
B . * e
* e
45r * o 4
F* R
* s
* ek
* Fke
50+ # et
%* e
L L 1 1 E3 1 ="
0 5 10 15 20 25 30 35 40 45 50
nz = 4054 =

Figure 1.4: Sparsity pattern of the matrix [A] for q=35, zoom
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Figure 1.5: T M;,:FDM Transverse Electric Field for q=5
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Figure 1.6: T Ms,;: FDM Transverse Electric Field for q=5
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Figure 1.8: TMy;: FDM Transverse Electric Field for q=3
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Magnetic field

The shape of those graphs is similar to , what we got using the analytical
formulas.

Analytical resuit for the Transverse Magnetic Field (ny=Hx+Hy) for the ‘l’M1 | Mode
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Figure 1.9: TM;;:FDM Transverse Magnetic Field for q=5

1.3 Report
o Attach the prelab assignment

o Compare the accuracy of the FDM solution with respect to the analyt-
ical solution

11



Analytical resuit for the Transverse Magnetic Field (ny=Hx+Hy) for the ‘('MZ1 mode
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Figufe 1.10: T Mz;: FDM Transverse Magnetic Field for q=5

Analytical resuit for the Transverse Magnetic Fieid (H -H +Hy) for the TM3 , mode .
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Figure 1.11: T Mj3;: FDM Transverse Magnetic Field for q=5
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Analytical result for the Transverse Magnetic Field (HW=H‘+Hy) for the TM, . made
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Figure 1.12: TMy;: FDM Transverse Magnetic Field for q=5
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Lab 6: simulation of a microstrip filter using Sonnet

This lab was designed to give an ovErview of a simulation tool currently used in RF
design.

The circuit is a 2 port microstrip filter with a 15 mil Alumina substrate and 100 mils of air
above. The surrounding box, which is used to short the resonators, has perfectly
conducting sidewalls.



Yinaows

1 Select Start = Programs = Sonnet = Sonnet from the Windows desktop
Start menu.

The Sonnet task bar appears on your display.
T SEiEr

VT A

Obtaining the Example Files

Example files are supplied with your software. In order to avoid corrupting the
example files, you must copy them into your working directory from the Sonnet
examples directory to use them. When Sonnet is installed on 2 Windows system,
a default project directory was made in which you could work. The example files
will be copied there by default unless you specify another location.

A utility called copyex has been provided with your software which copies an
example file into the specified working directory. To copy the first tutorial
example file, perform the following:

1 . Select Sonnet = Copy Examples from the main menu of the Sonnet task bar.

A Sonnet Run window will be cpened.
Sannet Run Window

= 5

2 Edit the Command text entry box to say “copyex filtwall.geo”

Be sure that the Directory text entry box is set to the default working directory on
your system. For Windows, this is typically “c:\Sonnet\Program Files\Project”.

For UNIX, enter your working directory in the Directory text entry box.

TIP

If you enter only “copyex” as the command, a list of all available example files is

P N i




Xgeom - The Circuit Geometry Editor

Xgeom provides you with a graphical interface which allows you to specify all the
necessary information concerning the circuit you wish to analyze with the
electromagnetic simulator, em.

Invoking xgeom

| 1 Click on the Edit Circuit button in the Sonnet task bar.

A pop-up menu appears on the task bar.

2 Select Browse for File trom tne pop-up weuu.

The xgeom program window appears on your display along with the Open File

Opening a File in xgeom

The Open File dialog box allows you to select a file to edit. If the directory is not
set to your working directory, use the controls on the dialog box to go to your
working directory.

3 Double dlick on “filtwall.geo” to open the file.
An xgeom window appears on your display as shown below. The figure below
depicts the same circuit in a 3-dimensional view in the six-sided metal box

modeled in xgeom. The view shown in the xgeom window is a two-dimensional
view from the top looking directly down on the substrate.

The example circuit, “filtwall.geo™ is a two port microstip filter with a 15 mil

Alumina substrate and 100 mils of air above. Note that the resonators run to the
edge of the substrate, shorting them to the box wall. -

N
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‘ th;_rec dimensional view of the circuit in the six-sided metal box modeled in xgeom. The view shown in
o . . - - . o )
geom window is a two-dimensional view from the top looking directly down on the substrare

Zoom and Cell Fill

Xgeom has a zoom feature which allows you to take a closer look at any part of

your circuit. You will zoom in on a section of the filter, to observe an example of

staircase cell fill. -

The cell fill represents the actual metalization analyzed by em. There are various
types of cell fill, one of which is staircase. Staircase uses a “staircase” of cells to
approximate any angled edges of polygons. Therefore, the actual metalization
analyzed by em may differ from that input by you.

4 Select View = Cell Fill from the xgeom main menu to tarn off the cell flL
This command toggles the state of cell fill. Only the outline of the polygons are
displayed.

5  Click on the Zoom In button on the tool bar.

The appearance of the cursor changes. A magnifying glass with a plus sign, the
icon on the Zoom In button, appears next to the cursor.



6 Select the section of the circuit you wish to zoom in on.

Move the mouse to the upper left of the junction of the feed line and the first
resonator, as shown below. Click and drag the cursor down and to the right. A
rubber band surrounding the area follows the cursor. When you release the mouse
button, xgeom zocms in on the selected area.
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* As you can see in the enlargement, one of the metal polygons has a diagonal edge.
7 Select View = Cell Fill from the xgeorm main menu to turn oa the cell fill.

The metal fill pattern appears in the polygons on your display. Note that the
outline of the actual metal has a “staircase” edge which approximates the diagonal
edge drawn in xgeom. The default setting in xgeom is staircase fill.

Note that em analyzes the staircase edged metal, not the diagonal poiygon.

7= filtwall geo

AR AN
N

NOTE: In some versions of Sonnet, diagonal fill is not available. In that case,
skip ta step 12. This will not affect simulation results since staircase
fill is restored before running the analysis.

8 Click on the polygon circled above to select it.
The polygon is highlighted to indicate selection.
9  Select Modify = Astributes from the xgeom main menu.

The Metalization Attributes dialog box appears on your display as shown below.
10 Select Diagonal from the Fill Type drop list.

Diagonal fill type, while more accurately modeling the input edge, requires more
processing time.

11 Click on the OK button to apply the changes and close the dialog box.

The metal fill is updated. As you can see, the metal erm analyzes is closer to your
input than in the case of staircase fill. But the increased accuracy comes at the



.t =

5

In this case, staircase fill provides the required degree of accuracy and will be used
for the analysis. The fill type will be changed back to staircase later in the tutorial.

Click on the Full View button.

The whole circuit appears on your display.

Metal Types

13

14

Xgeom allows you to define any number of meta} types to be used in your circuit.
Multiple metal types may be used on any given level. A metal type specifies the
metalization loss used by em. Both the DC resistivity and the skin effect surface
impedance are accurately modeled in em.

Metal types are defined in the Metal Types dialog box where a fill pattern is
assigned as part of the definition. For a detailed discussion of metal types and loss
see “Parameters - Metal types,” page 138 in the Xgegm User’s Manual.

»

After a polygon is drawn in your circuit, you can change the metal type. In our
example, all the polygons are comprised of “Lossless” metal. An example is given
below of changing the metal type of cne polygon to 1 oz. Copper.

Click on the any resonator of the filter to select it.

. The polygon is highlighted to indicate selection.

Select Modify = Attributes from the xgeom main menu.

The Metalization Atributes dialog box appears on your display as shown below.

g o TS e orcATTIB ute s, et

— Metal Drop List




15 Click on the Metal drop list and select “1 oz Cu” from the list. Click on the
OK command button to apply the change and close the dialog box.

The fill pattern changes for the selected polygon as shown below.

7= filtwall.qgeo

V227722222222

The metal for this polygon now has the loss associated with | oz. copper. Xgeom
allows you to define any number of metal types for use in your circuit. For details
on defining metal types, see “Parameters - Metal types,” page 138 in the Xgeom
User’s Manual.

Note that 1 oz Cu is not a standard metal type, but was defined in xgeom, using
Parameters = Metal Types, for use in this tutorial. You will not be analyzing with
copper; the metal is switched back later in the tutorial.

Dielectric Layers

16 Select Parameters => Dielectric Layers from the xgeom main menu.

The Dielectric-Layers dialog box, which allows specification of the dielectric
layers in the box, appears on your display, providing you with an approximate
“side view” of your circuit. The xgeom “level” number appears on the left. A
“level” is defined as the intersection of any two dielectric layers and is where your
circuit metal is placed.



Metal Box (Ground)

Air (100 mils)

17
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Metal Box (Ground)

Refer to page 11 for a three-dimensional drawing of th'é-dielectric layers. The air
layer is required to keep the metal top of the box away from the circuit metal.

Click on the OK command button to close the Dielectric Parameters dialog
box.

Select File = Revert to Saved from the xgeom main menu.

" This returns “filtwall.geo” to the original form which you copied from the

example directory.

To reduce the time required to complete this tutorial, the simulation results are
provided. In order to use the pre-computed results, there must be no differences in
the source file. This step ensures that you are analyzing the original file and that
you are able to successfully launch em from xgeorm.



Em performs electromagnetic analysis for arbitrary 3-D planar geometries
maintaining full accuracy at all frequencies. Em is a “full-wave” analysis engine
. . & o

which takes into account all possible coupling mechanisms.

Em Control provides an interactive windows interface to em. This interface
consists of menus and dialog boxes which allow you to select run options and
execute em analyses in a Windows or UNIX environment. You may save the
settings of the control interface in a job file.

In thg next part of this tutorial, you analyze the circuit “filtwall.geo” which you
examined in xgeom. If you have not already done so, load “filtwall.geo” into
xgeom.

Invoking the em Interface.

19

Setting Up Analysis Frequencies

20 Click on the Simple Sweep radio button in the Frequency Control section of

The em interface, em Control, may be invoked directly from xgeom.

Select File = Analyze from the xgeom main menu.

The ern main window appears on your display as shown below, with an open job
file. The file to be analyzed, “filtwall.geo,” is entered in the File text entry box and
Geomery.

the job window.
This enables the Start, Stop, and Step text entry boxes and the Frequency Unit
drop list. :

21 Enter the Start, Stop and Step values in the appropriate text entry boxes.

Your analysis starts at 4.7 GHz, increases in steps of 0.005 GHz, and ends at 55
GHz. Enter 4.7 in the Start text entry box, 5.5 in the Stop text entry box, and 0.005
in the Step text entry box. The frequency units should already be set to GHz, so
o action needs to be taken for this item.

i




Run Options

NOTE:

22

Run options for em are available in the em Control interface. This example uses
the Verbose, and De-embed options, which are set by default, as well as the Multi-
Frequency Caching option.

The Verbose option causes em to display messages which describe the present

state of the simulation, in the output window during program execution.

De-embedding is the process by which the port discontinuity is removed from the
analysis results. Inaccurate data may result from failing to implement this option,
even when you are not using reference planes. For a detailed discussion of de-
embedding refer to Chapters 6 and 7 in the Em User’s Manual.

If this option is on, an output file containing the de-embedded response data is
produced. The name defaults to the circuit geometry file basename with a “.d”
extension. For this example, since the input file is “filtwall.geo” then the response
file is automatically named “filtwall.d”.

TIP

The Memory save option (not used in this example) uses less memory and spesds
analyses by storing matrix elements as single precision numbers rather than
double precision. Its use is recommended in order to execute a simulation that
otherwise might not be possible within the bounds of your memory limitations. Its
use may result in an imperceptible ripple, or noise, in calculated data, except at
low frequency where the effect may be more pronounced.

Set the Multi-Frequency Caching option by dicking on the Multi-Frequency
Caching checkbox in the em Control job window.

When analyzing a large circuit over many frequencies, as is the case in this
example, the muld-frequency caching option reduces processing time. When this
option is selected, em pre-computes the frequency independent data, then uses this
data during the marix fill portion of the simulation. This option is not effective
for analyses which contain four or fewer frequencies. For a detailed description of
Multi-Frequency caching, see “Using Multi-Frequency Caching,” page 20 in the
Em User’s Manual.

The Multi-Frequency Caching option is only available with a full
Sonnet em suite. -




Executing an Analysis Run

The input geomety file, control frequencies and run options are all specified. This
analysis may require over an hour to calculate all the data points depending on the
platform on which the analysis is performed. For the sake of expediency, the
output files of this analysis are included with your example files.

23 Select Sonnet = Copy Examples from the main menu of the Sonnet task bar.

A Sonnet Run window will be opened.

24 Edit the Command text entry box to say “copyex filtwall.*”

Be sure that the Directory text enTy box is set to the default working directory on
your system.

“This copies the original geometry, S-parameter and current density files.



This returns “filtwall.geo” to the original form which you copied from the
example directory. To reduce the time required to complete this tutorial, the
simulation results were provided. In order to use the pre-computed results, there
must be no differences in the source file. This step ensures that you are analyzing
the original file.

25 Click on the Run button in the e Control job window to execute the
analysis.

The em output window appears on your display. Messages indicatng the progress
of the analysis are output since the Verbose option is set. Since the S-parameter

data already exists from the previous copy, em does not actually need to calculate
data. The following messages appear in the output window, as shown below:

Analyzing 4.700000 GHZ.

Using consistent data from pre-exsting file filtwall.geo.
Analyzing 4.705000 GHZ. )

Using consistent data from pre-existing file filtwall.geo.
Analyzing 4.710000 GHZ.

Using consistent data from pre-existing file filtwall.geo.
Analyzing 4.715000 GHZ.

Using consistent data from pre-existing file filtwall.geo.

Analyzing 4.720000 GHZ.

Emgraph - Plotting Your Data

Emgraph is used to display the results from an em analysis as either a Cartesian
graph or Smith chart. S-, Y- and Z-Parameters can be displayed alone or
simultaneously. You can also display multiple files on a single plot or choose to
open multple plots at the same time.



Invoking emgraph

26 Click on the Open Graph button at the bottom of the em output window to
invoke emgraph.

The emgraph window appears on your display with a Cartesian graph of
“filtwall.d” open with S11 displayed.
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Opening a Smith Chart

27 Open a Smith Chart by selecting File = Open = Smith from the emgraph
main menu.

The Open File dialog box appears on your display.

28 Double ¢click on “filtwall.d” in the Open File dialog box.

A window containing a Smith chart of “filtwall.d” appears on your display. Again,

the S11 parameter is displayed. This parameter is the default curve displayed upon
startup.

Simutated Respanse

Selecting Another Curve for Display

You may display multiple curves from multiple files simultangously. To select a
different curve for display, perform the following.

29 Click on the title bar of the Cartesian graph window to make it active.
This is indicated by the highlightng of the title bar.
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Select Graph = Select Curves from the emgraph main menu.

The Select Curves dialog box appears on your display as shown below.

{40BCS111. Filewall.d

S iq 0B(S21]. filtwall.d
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Ddﬁﬁie-cﬁck on DBtSZl] in the Not Plotted téxt entry box to move it to the

_ Plotted list.

DB[S21] moves to the Plotted list.

Click on the OK command button to apply these changes and close the
Select Curves dialog box.

The Cartesian graph is updated to display S11 and S21. Since the axes are set to
autoscale, the values on the axes are automatically adjusted.

Select Graph = Astributes from the emgraph main menu.

The Graph Attributes dialog box appears on your display.
Click on the Symbols checkbox to turn off the display of symbols.

Since there are a large number of data points spaced close together, the graph
appears cleaner with only the Lines setting on.



35 Click on the OK command button to apply these changes ana Jose e
dialog box.

The graph should appear as pictured below.
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Data Monitor - Smith Chart

Emgraph has a data monitor that provides a readout on any given data point on
your plot. The information given in the readout is dependent upon the type of data
point selected. In the next section, you use the data monitor on the Smith chart.

36 Click on the title bar of the Smith chart window to make it active.

The title bar is highlighted to indicate that this is the active window.



2/ Double-cliCK on a dala point 1a the dmitn chart to open the pata viomior.

The Data Monitor appears on the display with information about the data point
you selected. To observe data on other points in the chart, use the « and — keys.
The Data Monitor readout is shown below.

DB{S11], filtwall.d
At:52 GHE
Value : -10.703

cmox srasssosa

Data Monitor - Cartesian Graph

38 Double-click on a data point in the Cartesian graph to open the Data
Monitor.

The Data Monitor appears on the display. Be aware that a separate data monitor
needs to be opened for each plot window in emgraph. To move between curves
on the display use the T and { keys.

Zooming
At times, it may be desirable to observe a section of your chart in close detail. You

can zoom in on any area of a chart you desire.

39 Click and drag your mouse in the Smith chart until the rubber band
surrounds the area you wish to magnify. Then release the mouse button.

The display is updated with a magnified picture of the selected area. To return to
the full graph, simply double-click anywhere in the plot window away from the
graph line. Zooming operates in the same manner on a Cartesian graph.

Closing emgraph

To close the program, perform the following:
40 Select File = Exit from the emgraph main menu.

The emgraph display is closed.



Emyu

NOTE:

Emvu is a visualization tool used to view the results of circuits previously
analyzed with em. Em saves the resuiting current density information in a file
format ready for input to emvu. The file has the extension of “,jxy”, where *”
stands for current density. The “xy” refers to the directions of the current (z-
directed current is not shown).

To produce the current density file, you must select the Make emvu
file option in the em Control job window. This was not dane in the
example above to save on processing time. Instead, the “filtwall.jxy”
file was included with the other example files you copied.

Invoking emvu

41 Click on the Open Emvu button at the bottom of the em output windgw to
invoke emvu. 3

The emvu window appears on your display with the first frequency in
“filewall.jxy” displayed. The color plot should appear similar to the one shown
below. You are viewing the magnitude of the current density witha 1 V, 50 ohm
source and Port 2 with a 50 ohm load.

Red areas represent high current density, z:ﬁd blue areas represent low current
density. A scale is shown on the left of the window which defines the values of
each colar.



Current Density Values

42 Click on any point on your circuit to see a current density value.

The current density value (in amps/meter) at the point that you clicked is shown
in the status bar at the bottom of your window along with the coordinates of the
locaton. '

Frequency Controls

NOTE:

lS.Z _?}44

A different frame is displayed for each analysis frequency.
Click on the Next Frequency button on the emvu tool bar.

The lowest frequency appears on your display as the default, which in this case is
at4.95 GHz. When you click on the Next Frequency button, the display is updated
with the current density at 4.975 GHz.

The scale to the left of the disﬁlay is also updated.

Click on the Frequency Drop list, and select 5.2.

The drop list allows you to go directy to any of the analysis frequencies.

Animation

Emvu provides two types of animation: frequency and time. To do an animation
in the frequency domain, emvu takes a picture of your circuit at each frequency
point and links the pictures together to form a “movie”. In the time domain, emvu
takes a picture of your circuit at instantaneous points in ime at a given frequency
by changing the excitation phase of the input port(s). Animation allows you to see
how your response changes with frequency or ume, providing insight into the
propertes of your circuit.

The animation menu and controls are the same whether animating as a function of
frequency or time. Emvu accomplishes this by wanslating the data into frames.
The animation menu then allows you to step one frame at a time, or *“play” the
frames by displaying them consecutively. How the data relates to a frame in either

-animation mode is discussed below.

Time Animation

47

For Time Animation, each frame corresponds to an input phase. The type of data
plotted is determined by the Parameters = Response menu. In this case, the dai
is the TXY Magnitude, the total current density, This is the default setting upon
opening an emvu window. For more details about response types, see “Parameters
- Response,” page 20 in the Emvu User’s Manual.

Select Parameters = Scale from the emvu main menu.

The Set Scale dialog box appears on your display.

Click on the User Scale checkbox and enter 3 value of 100 in the Max Value
text entry box.

This allows you to set a fixed scale to avoid automatic updates of the scale during
the.animation.
Click on the OK command button to close the dialog box and apply the

changes.

The dialog box disappears and the scale to the left of the emvu window is now
fixed at a maximum value of 100.



Emvu

NOTE:

Emvu is a visualizaton tool used to view the results of circuits previously
analyzed with em. Em saves the resulting current density information in a file
format ready for input to emvu. The file has the extension of “jxy”, where “j”
stands for current density. The “xy” refers to the directions of the current (z-
directed current is not shown).

To produce the current density file, you must select the Make emvu
file option in the em Control job window. This was not done in the
example above to save on processing time. Instead, the “filtwall.jxy”
file was included with the other example files you copied.

Invoking emvu

41 Click on the Open Emvu button at the bottom of the em output window tg
invoke emvu. -

The emvu window appears on your display with the first frequency in
“filtwall.jxy” displayed. The color plot should appear similar to the one shown
below. You are viewing the magnitude of the current density with a 1 V, 50 ohm
source and Port 2 with a 50 ohm load.

Red areas represent high current density, and blue areas represent low current
density. A scale is shown on the left of the window which defines the values of
each color.
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Select Animation = Settings from the emvu main menu.

The Animation Settings dialog box appears on your display as shown below.

c on the Tim elect Timé Animation.

This enables the cycle type drop list and the Number of Steps text entry box.
Select Half Cycle from the cycle type d:'op list.

Our example uses half cycle, the default, in which the phase ranges from 0° to
180°.

For Full Cycle the phase is ranges from 0° to 360°. For Quarter Cycle, the range
is 0° to 90°.

Enter a value of 36 for the Number of Steps.

The number of steps is used to determine how many frames the animation

includes. There are 180° in a half cycle; therefore, 36 steps yields a value of 5° for
the phase interval.

The lowest phase, 0°, corresponds to the first frame and the highest phase, 175°,
corresponds to the last frame. This phase value represents an offset from the
Source Phase for any given port set in the Port Parameters dialog box. For details
on how to set the Source Phase, see “Parameters - Ports,” page 20 in the Emvu
User’s Manual. i

For this example, the Source Phase for port 1 is set to the default of 0°. Port 1 is
terminated with a2 50 chm load.
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The Animation Controls, shown below, also appear on your display.
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Click on the Continuous Play button in the Animation Controls.

This command toggles the Play commands in and out of continuous mode. In
continuous mode, when the last frame is reached, emvu starts over at the first
frame and continues to cycle through the frames until a stop command is received.
If the play direction is reverse, when the first frame is reached, emvu starts over
at the last frame and continues to display frames, in reverse order, until you press
stop.

Continuous mode is indicated by a change of color of the Continuous Play mode
icon.

-

Click on the Play button in the Animation Controls.

Selecung Play starts the animation at the present frame, 5.2 GHz and 0 degrees,
which corresponds to t = 0. Subsequent frames are displayed consecutively in 5°
intervals. Each frame is displayed for 0.1 seconds, the delay set earlier. When the
last frame is reached, the display starts over with the first frame and repeats until
you press the Stop button in the Animation Controls.

Be aware that the first time through, emvu is calculating the displays for each
frame. Subsequently, the displays update at a slower rate. After the initial loading
cycle of all the frames is complete, the display updates at the input rate of 0.1
seconds.

Click on the Stop button in the Animation Controls.
This stops the animation, although the window remains in animation mode.
Click on the Exit Animation button in the Animation Controls.

This exits the animation mode. The Animation Controls dxsappear from the
display.



Frequency Animation
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For Frequency Animation, each frequency will have its own frame. The lowest
frequency, 4.95 GHz, corresponds to the first animation frame and the highest
frequency, 5.325 GHz, corresponds to the last frame.

Select Animation = Settings from the emvu main menu.
The Animation Settings dialog box appears on your display.
Click on the Frequency radio button to select Frequency Animation.

These radio buttons, Time and Frequency, are disabled, when running an
animation. Only the Frame Duration may be changed while running an animation.

Click on the OK button to close the Animation Settings dialog box and apply
the changes.

Select Animation = Animate View from the emvu main menu.

Emvu enters animation mode. The first frame, which displays the IXY Magnitde
response for 4.95 GHz, appears in the window. The response type and frequency
are determined by the settings when animation mode was launched.

The Animation Controls also appear on your display. Note that Continuous Play

" mode is still “on” from the previous example.

Click on the Play button in the Animation Controls.

Selecting Play starts the animation at the present frame, 4.95 GHz. Subsequent
frames, consecutively by frequency, are displayed, each for 0.1 seconds, the delay
set previously. When the last frame is reached, the display starts over with the first
frame and repeats until you press the Stop button in the Animation Contols.

Note that a description of each frame’s contents appears in the title bar of the emvu
window.

Select File = Exii_frorﬁ the emyu main menu.

This command exits the emvu program.

Select File = Exit from the em Control main menu.

This command exits the em Control program.
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