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The first part of this manual covers features that_are contmdme
PowerAlIM 120 and the AIM4170 antenna analyzers. Features that are
specifically for the PowerAIM are covered in Appendix 11

In this manual, references to “AIM4170” apply also to the PowerAIM 120.

The same program runs on both instruments. Special features for the
PowerAlM are found under the “PowerAIM” tab on the menu bar.
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Highlights of this update:

NoakwhNpE

Custom calibration procedure for filters and transonsines.
Crystal measurement data can be saved in a file.

Graphs can be plotted with special symbols.

External control for integration with another pragra

Swap graphs.

Line extension function to compensate for adaptetcannectors.
Legend to identify graph styles.
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Quick Start

Loading the Software:

The AIM4170 software does not require a formal instaltlapioocedure. It does not
interfere with any other programs or the registry oarycomputer.

1) Create a folder or a subfolder on any conveniert tave.
For example, C:\AntennaAnalyzér

2) Insert the CD labeled “AIM 4170” in the CD drive.

3) Copy all the files on the CD to the folder you justated for the antenna analyzer
software and documentation.

4) The file labeled “AIM_xxx.exe” is the executablefilt is ready to run without going
through an installation process. When later versidnise program are released, the
number “_ xxx” will be different. All versions of thentenna analyzer program can reside
in the same folder at the same time, although sepftders can be used to keep the
files organized. The older programs with the lower nusilaglf not interfere with the
newest version, so they do not have to be deletettherdé is any question about the
performance of a new version, you can switch back metely to an earlier version for
a comparison.

If you want to make a shortcut icon for your desktop, rabk on the AIM_xxx.exe file
and select “create shortcut” from the dropdown menu. Braghortcut to your desktop
or task bar. Right click on the icon to bring up theareing option.

When the files are loaded from a CD, they may be fldggetead-only”. In order for
the calibration and initialization data files to be uedaproperly, the “read-only” flag
must be cleared. Highlight all the files in the foldgrpressingcontrol-A and then
right-click to see the properties of the files. If thead-only” property box has a
checkmark, uncheck it and then click “Apply”. This wilhteve the read-only flag on all
the highlighted files. None of the files in the faldeed to be read-only.

For the latest software version chebi¢p://www.w5big.com/prog_update.htm
For operating tips or to post your own ideas chattp://www.w5big.com/forum.htm

HARDWARE CONNECTIONS:

Plug in the DC power supply (8 to 12V at 500 ma recommendedhsed the connector
into the jack on the rear panel of the analyzer.eNib& power supply is included with
your AIM4170, it is for120VAC only.
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Press the power switch. The Green LED will blink\a fenes to indicate the version of
software and then remain on continuously. The Red ls=ihonly when a measurement
IS In progress.

To turn off the power, press the power switch agairthdfanalyzer does not receive a
command from the PC for 10 minutes, it will power dowroadtically if it is in the
AutoPwrOff mode. The AutoPwrOff mode can be turned dmyih a menu selection
under theSetuptab at the top of the screen.

The AIM4170 can be operated on battery power for remoteatipe with a laptop
computer. The current required is about 250ma while a measaotés in progress and
about 50ma when idle.

Batteries are not included with the AIM4170 but you can naakattery pack using any
type of batteries you like. There is roamside the caséor a 9V battery and disconnect
diodes are included so the battery and the AC power suppfyotvinterfere with each
other. There is also a space for an optional redistase for trickle charging a battery, if
desired. The main power on/off switch controls thidpg power too, so the leakage
current is less than one microamp when the AIM4170 istuaff. Refer to Appendix 6
and the Application-Help file for more details

When using the AIM4170 to test a mobile antenna on amvetacle, it is better to use|a
separate battery amobt the 12V battery in the vehicle. A 9V battery will pavtke unit
for several hours or a small 12V gel cell (sealed leal) hattery can be used for
extended operating periods. This avoids the problem akgpeghs through the ground
between the DC power input and the antenna ground commedtiwill also help reducs
measurement noise if it's necessary to run the enguile taking data (such as to
operate the air conditioner)f it's essential to get power for the AIM4170 from the
vehicle, be sure to put 500 ma fuses in BOTH the +12V leaddthe power ground
lead. A small voltage drop across the fuses will not affeetAIM4170 since the battery
voltage is much more than the required minimum operatiiigg@ The laptop
computer being used should remiiaating for the best measurement accuracy.

A\1”4

When using the AIM4170 with a new antenna system, checkthand DC voltage
between the antenna ground and the ground used for the AIMAdZB8eaPC. This
voltage should be less than 1V. A balanced antennadshaw a DC connection to
ground through a balun or RF choke on one side (or bot$)si€¥ course there should
always be a large resistor (or balun) connecting laatths of the antenna to a ground path
in order to drain off static electricity.

NOTE: Before connecting a transmission line to thetigbthe AIM4170,
be sure to momentarily short its pins together to draiamffstatic charge
that may be present. Also, be sure there is no DC wotiaghe antenna. If
there is DC, use a blocking capacitor between the AIM417@hendntenna
input.



PowerAIM 120 page 5

Antennas and transmission lines can have enough static chargedamage sensitive
electronic equipment. This can happen even when thers no rainstorm in the area.
A strong wind can generate static charge. So can just flexiragcoaxial cable by
rolling it up or unrolling it, even if there is no antenna ®nnected to it.

An antenna or a component to be measured should not be connedtor
disconnected from the analyzer while a test is in progressA test is in progress when
the RED LED is on

Be sure the maximum input voltage at the DC power connector duss
exceed 15 volts. The minimum input voltage required is 6.0 volts.

NOTE: Low cost power supplies that plug in the wall are usualtyregulated and their
maximum output when no load is connected may be sewdtalhigher than their rated
output.Check the output voltage with no load to make sure it does neixceed 15
volts.

Power supplies that operate on a wide input voltage rangeasut20V to 220V use a
switching regulator. Evaluate the measurement resustegadf noise from the power
supply may be a problem. For comparison, you can take smasurements while using
a 9V battery and then with the AC power supply.

PC INTERFACE CABLE:

Connect one end of tHeS232 cableo the antenna analyzer and the other end to COM1
on your PC. If you want to use a different COMM potdsisthe AIM4170 program and
click on theSetupmenu at the top of the screen. Then clickeoter Comm Port and

enter the port number that you want to use. This numitidre saved in the setup file
called AIM_xxx.ini

If you are connecting to the RS232 port with a new USBi@idayou will need the
appropriate driver. If you purchased an adapter with your Alg,CD you received has
the driver file called: Y-105Another copy of this same driver is on a small CD
enclosed in the cardboard package with the adapter.

If you have a USB adapter that you have been usingputigive ready to run.

To find the comm port automatically, click &@2tup -> Find Comm Port This will scan
from port 1 to 64 to locate the active serial port. ilktake a few seconds to do the scan.
Click Halt to stop the scan.

For more information about setting up a USB/RS232 adagerAppendix 4.
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Launch the AIM_xxx.exe program. You will see a graphlamto this:

¥ Antenna Analyzer - AlM 4170 version B35E
File Functions Calibrate Setup Bands Ultilities Help My Vars
Min SWR = 9.995 @ 5.050 MHz File: parallel resonant ckt.scn ZImag AVG= 4
SWR  Resonant freq: 4.9432 Theta
108 500 | 100
8.0 T Freq= 7.4477
8.0+ Freq Step = 0.0250
704 Zo= 50.000
6.0 SWR = 21.532
- [ Fmag = 35239
5.0 ‘ 250 50 Theia = -84.352
4.0+ + Refl Coef = 0911
3.0+ % refl power = 83.0
2.0 —
1.0+ = T
1] T t 1} Equivalent Circuit:
3.00 5.50 .00 )F:SZ 3'35'3283
s = -35.
FREQ (D.50 MHz/div) Cs = 609.384 pF
Rp = 358.063
1 Xp= -35.411
Cp = 603.482 pF
-250——50
FILES:
AlM_200 acal
aim_635g.cfg
-500——100
03-19-07 22:22:38 1uH in parallel with 1224pf and 3.6Kohms
Scan | Rescan | Recycle | Point Data | Limits | Scales | Smith | Comment | Halt | Quit

This is the last scan that was taken before the program was closedtiraache

program starts, it restores the previous scan.

When the AIM4170 is present, it must be turnedefore the PC program is launched.

If the PC program starts when the AIM4170 is not conmkeatel powered up, the

program will automatically enter ti2EMO mode.

For a quick test, connect the calibration resistah&oRF connector and click tIECAN

buttonin the lower left corner of the screen.

The Red LED will come on while the scan is in progrésblue bar will move across the

top of the graph as the scan progresses.

You will see a set of traces (similar to the pictuetoty). The actual values are not

important, but this shows the AIM4170 is functioning.
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¥ Antenna Analyzer - AlM 4170 version B35E = =13
File Functions Calibrate Setup Bands Ultilities Help My Vars
Min SWR = 3.998 @ 5.000 MHz Zmag AVG= 4

SWR  Resonant freq: 2.9765 , 3.5395 , 3.8938 , 4 4194 4 8795 Theta
5.09 500 100
4.5 T Freq = 11
4.0 Freq Step = 0.400
3.5 Zo= 50.000
3.0 SWR = 4.003

- T Fmag = 200129
2.5 250 450 Theia= 0.078
2.0 1 3 Refl Coef = 0.600
154 % refl power = 36.0
1.0+
0.5

1 iy S— + ; + i -0 Equivalent Circuit:

T T + T | T T T * | T + T T
1.00 6.00 11.00 16.00 21.00 Rs= 200128

FREQ (1.00 MHz/div) fgz gggl uH

Rp = 200.129

Xp = 100,000

Lp = 2136.067 uH
FILES:
AlM_200.acal
aim_635g.cfg

-250——50

-500——100
Jan 23,08 10:10:44

Scan | Rescan | Recycle |PointData| Limits | Scales | Smith Comment Halt Quit

Scan using a 200 ohm resistor for a test load.

Thesize of the graphcan be specified in théonfig File. The ‘max graph width’ and
‘max graph height’ parameters can be changed to makedph gompatible with

smaller PC monitors. Graph sizes down to 640x480 (and pesheglier) can be used.
The ratio of the width to the height is not critiddlhen using a larger monitor, the graph
size can be increased, if desired.
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Calibration

The AIM4170 haso internal adjustments There are no trim pots or caps inside. All
the calibration is done with the following softwar@pedure.

Click on theSetup menu and sele&alibrate Analyzer.

Functions | Calibrate Setup Bands  Lhilities

Custom Cal

(TheCustom Caloption is used for special applications and will be discussed later.)

A message box will appear near the center of the iscaseshown below:

Standard Cal |
Attach short circuit to the RF connector.

Cancel |

Attach the BNC connector with an internal shortuwir (this is included with the
AIM4170, it’s labeled Short” and the color is green).

If this shorting connector is not handy, then a p&osire, like a resistor lead, can be
used with good results too.

After the short circuit is in place, clicRontinue.
The program will run for a few seconds to take sevewdings of thehort circuit.

Sometimes when calibrating with a coax stub or aereat filter connected to the AIM
RF port, the impedance may appear to be significantigrdift from a short circuit at
1MHz and a message will appear asking if this is a valditon. If the connections are
correct and you really do want to continue with the sppegternal hardware hooked up,
click YES. Otherwise, click NO to abort the cal proceddrhen after connecting the
desired load, restart the calibration.
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Then it will display a message box, shown below:

Standard Cal |
Attach open circuit to the RF connector.

Cancel |

Replacethe short circuit with anpen connector(red label) and then clickontinue.
The program will run for a few seconds to take sevedings of th@pen circuit.

For the best accuracy, especially at VHF frequencs aropen connectorof the

same type that is used for téleort circuit. This allows the program to compensate for
the stray capacitance of the connector itself. kample, 3 pF of stray capacitance due
to a BNC connector represents a reactance of aboahfKat 50MHz which will appear
to be in parallel with the load. This will seriouslfect readings at higher frequencies if
it is not properly compensated. Therefore, the thriégragaon devices (open, short,
resistor) should be carefully constructed so they haviasstray capacitance and
inductance which will be cancelled out by the calilom@aprocedure.

NOTE: If you are using the UHF/BNC adapter (or another adapter) leawe the
output connector of the AIM4170 when calibrating dpen circuit In this way, the
capacitance of the adapter itself will be included in the calibration psces

For example, If you want to use a BNC-to-binding post adaptlibrate the short circuit
with ajumper wire across the binding posts. Then remove the wire aimatal the

open circuit condition with the adapter still attachelis procedure cancels the stray
capacitance of the adapter and you can get accurate reafldigsrete components
attached to the binding posts.

The calibration procedure can also cancel the effegsbortpiece of coax that is used

as a jumper to connect the AIM4170 to the load. In theg,ctlne open, short and standard
resistor are connected to the far end of the jumpeod@esults have been obtained with
as much as two feet (60 cm) of jumper coax.

If the jumper is close to 1/4 of a wavelength long, thid@tion data may not be
accurate and warning messagas displayed. You can continue to cal but be sure to
check the scan data for reasonable values under thdgioan If you're sure the data is
satisfactory, you can disable this warning messageanfitg in the configuration file.
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Standard Cal |
Connect a standard resistor.

Cancel |

After taking several readings of the open connectorptbgram will prompt for the
standard resistor with a value between 50 ohms and 500 ofifms.resistor should be
mounted on a connector like those used during the open ariccalibration steps. The
exact value is not critical. Enter the value you messwith a digital ohmmeter and
click Continue. If you are using the cal resistor Ollabel) that is included with your
AIM, the number printed on it should be entered. If jauve a different cal standard,
use that value.

After reading the standard resistor, the Red LED gdemndfthe prompt for aomment
appears. This optional comment will be saved with Hidile and can be read later in the
Status window. It can also be viewed in the cal file itself wathy text editor (such as
Notepad). After entering the comment a request focalieration data file name
appears. A separate folder can be used for cal filekesfred.

Sawve Cal Data m

Save in: IﬁAntennaAnalyzer ~| - ®&ckEr

_cal_AlM_480 50chm.acal
_cal_AlM_480_200ohm.acal
_cal_AlM_430_301default. acal
_cal_AlM_430_default.acal

‘|

i
esene |
Sawve as type: ICaIibratiu:unfiIes ﬂ Cancel |

Enter the name of the calibration file and click “8avThere is no restriction on the
name of the cal data file. Its extension is autorafljiset to .acal gnalyzercal’). Any
of these cal files can be recalled latter using theunaption “File” Load Cal File.

Then thecal completemessage box is displayed as shown below:
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Calibration |
& Calibration is complete

DR

Click OK to continue.

Each time the AIM4170 program starts, the last calibndtie that was used will be read
to restore the cal data.

Since there are no adjustments that have to be mside the case, the calibration is
very stable.

This completes the calibration procedure. Now you eady to begin testing your
antenna.

NOTE: Before connecting a transmission line to thetigbthe AIM4170,
be sure to momentarily short its pins together to draiamffstatic charge
that may be present. Also, be sure there is no DC wotiaghe antenna. If
there is DC, use a blocking capacitor between the AIM417@hendntenna
input.

Antennas and transmission lines can have enough static chargedamage sensitive
electronic equipment. This can happen even when thers no rainstorm in the area.
A strong wind can generate static charge. So can just flexiragcoaxial cable by
rolling it up or unrolling it, even if there is no antenna ®nnected to it.

An antenna or a component to be measured should not be connedtor
disconnected from the analyzer while a test is in progressA test is in progress when
the RED LED is on
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Colors

The color of each trace corresponds to the colohefabel at the top of the Y-axis.

SWR is RED and this scale is on the left side of the graph. @nitfint side the

magnitude of thempedanceis the inside scale and the trac&RBEEN Thereactance

isin , also on the inside scale. Reactance and impedanteeusame scale.
Reactance can be positive (inductive) or negative (daggc Thephase angleof the

load impedance is plotted MAGENTA and this scale is on the outside of the right hand
vertical axis. These colors can be changed in thégeoation (*.cfg) file if desired.

Thewidth of the tracescan be specified in the config file. The default width”. For
some situations, such as presentation slides, a wigemky be desired. A separate
config file can be set up so you can switch betweenadisggtions quickly with the
Files->Load config file menu.

Each trace can be plotted in a differstytle to make it easier to visualize. This is
particularly helpful when graphs are printedlack and white. The menu is shown
below:

Calibrata | Setup  Bands  Hilties  Powmer Al Halp
t= 4181 piot Parameters | Zmag

R oeeves Sl
SWR Ruler ZINO —
——— D Ererzara Re (Graph Styla S|

Avarage reading... 5

Smoothing Theta " Flain lins
Trend Feturn loss
Erter Comm Part Clzar all slylas I Short Dash

Find Comm Fort B
bdorse
SWHR Tone I Circle

Avita Power Diown
I I Squars
2.00

FREQ {020 MH=/div) [ ida Lina

I,

\
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This example shows some of the styles:

SWR  Resonant freq: 2.1950

1084
9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0

Min SWR = 4.184 @ 2.200 MHz Zmag

.00

3.00 4.00

\ -100—~50

B e

-200——100

When a new style is selected, the graph is redrawnaw &s effect. The styles are saved
in the *.ini file. The style only applies to the imagye the screen, the raw data is not
affected. The traces for a “rescan” are plotted pldim lines.

A legend showing the graph styles presently in effectoeaglisplayed by clicking
“Legend’ on theGraph Stylessub-menu. This will appear in the lower right cornfer o
the graph.
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Commands

The most common commands use the buttons along tlenbetige of the screen:

SCAN (S)-Starts the frequency scan between the specified liBtigst_freq to the
End_freq. (see Limits button below.) Each time the $edton is clicked, the graph is
cleared and the new scan data replaces the previous ca¢aniory.

RESCAN (R) —A new scan is started but the graphas cleared. This makes it easy to
see the before and after effects of changes to anr@n{or any discrete component
being measured). The new data replaces the previousidatarory but both graphs
can be viewed simultaneously. RESCAN can also be osedetrlay new data on top of
a scan that was loaded from a data file. See “Fileo&d” below.

RECYCLE - Scanning is repeated over and over until the RECYCLE@HALT

button is clicked. This makes it possible to continuousiy the results while adjusting
an antenna or tuning a stub. The resonant frequedepisyed above the graph and it's
updated after each scan during recycle. The scan liantbe adjusted to narrow the
scan range for a faster update rate.

A flag in the config file determines if the graph iss=d before each scan. The default is
to not erase.

POINT DATA (D) - Measure the impedance at a specified frequency. The
measurement can be a single-shot reading or repeatetd2atimes per second until the
point data window is closed. Click the “Tune” buttorstart the repetitive mode. As
it’'s name implies, the Tune mode has been found to fyeugeful when adjusting an
antenna tuner. This avoids stressing the power amplifien the antenna is mismatched
and it eliminates interference to others since ti4470 output power is less than 20
microwatts.

In thetune mode a set of buttons appear in the data window to all@te$t frequency
to be incremented or decremented. The point data winlikplay is shown below.

While in Tune Mode a tone related to the SWR can be played through trepBéker to
assist in making adjustments without watching the mant@beck the button labeled
“Tone On” to start the tone. The parameters of time tcan be changed using the setup
routine called SWR Toné€' under theSetuptab on the main menu at the top of the
screen.

SWR, Zmag and Theta can be sounded out in Morse codé&éé&8etup menu to enable
this function.
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w Raw Data =13
Freq = 1.000 MHz

1.0 1.5 2.0 3.0 5.0 7.0 10.0 100

SWR

Rs = 220.001 Ls= 0.302uH (Xs= 1.899)

Rp = 220.017 Lp= 4057.069 uH (Xp= 25491.320)
SWR= 4400 Zmag= 220.009 Theta= 0.495deg
Rho = 0.630 Return loss =-4.018 dB

| Click to Stop Recycle Mode |
10MHz 1MHz 100KHz 10KHz 1KHz
+ + + + +

Point Datandow

LIMITS (L)— When this button is clicked, a dialog box, as showoviagbops up for
entering thestart andstop frequencies and the size of the frequency increnstep)(
between measurement points. Btart andstop frequencies range from 0.1MHz to
170MHz for the AIM4170.

Scan Limits |

Frequencies in kMHz

Start |3
Stop |8
Step | 0.025

For example, to scan the 40-meter band, you might 6r@btHz for the Start
frequency, 7.4MHz for the Stop frequency and 0.01MHz forréguency Step (the
spacing between measured points). This would result iaracf50 points across the
band. The maximum number of scan points is 1000 and th®ummnumber is 5.
Frequency values can be in KHz instead of MHz if thebmrms followed by & ork.

You can also enter a number greater than 20 in the Stearial the scan will use that
manydata points (A step size equal to or greater than 20 is interpiteshumber of
points rather than a frequency step in MHz.) If the nunibéine Step box is followed
by a percent sign “%”, the step size will be that petage of the total scan width.
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Note that when using the cursor to read out numeric daeugsed in detail later), the

displayed values atiaterpolated between the measured values. Therefore, in some cases

it may be desirable to use a larger frequency stepffstar scan rate You can still
read the parametric values at intermediate frequendikgive cursor. The scan rate is
about 15 to 25 points per second, depending on the speed & tr@lRhe value of
averaging that is used. The program can be run on oldgrutera with Windows 95 but

the scan rate may be slower.

SCALES - When this button is clicked, a dialog box pops up foeramg the full-scale
values for: SWR, Zmag (impedance magnitude), Theta (dg¢geesesReturn Loss (db).

Graph Scales B

SR

Zmang

Theta

Feturn Loss

10

500

100

2a

2
5
10
2a
a0
100

100
2aa
500
1000
2000
5000
10000

10
2a
a0
100

10
20
&0

Enter I

If the actual measured value is off the scale (ftet &t the top of the graph), the value
readout by the cursor is still valid since it uses #ve data stored in memory. For
example, you can set the Zmag scale to 500 ohms in ardeetfine details but if the
impedance actually goes up to 1600 ohms at some frequeneiesirslor can still read
the true value and display it in the data window.

If you select a new scale factor, the last data sdbhbe replotted using that scale.
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SMITH — A window is
displayed with a Smith chart
showing a plot of the reflection
coefficient versus frequency. As
the cursor is moved with the
mouse over theriginal linear
plot, a marker dot is displayed
at the corresponding point on
the Smith chart and the relevan
data is displayed in this
window.

Note, the point that is
highlighted on the Smith chart
corresponds to the frequency o
the horizontal frequency axis of
theoriginal graph. This graph is
under the Smith chart and the
horizontal axis may not be
completely visible, but the
actual frequency that the cursor

iS pointing to is displayed on

¥ Smith Chart

0.5

=10] x|

Fo= T73.0
Freq= 7.366

-0.5

Real{Gammal= 0.286

Imag{Gammal=
Rs= 70.229
¥5= -91.354
Rp= 189.064
¥p=-145342

-0.456

Length= 28.98 deg

the Smith chart itself.

A green circle of constant SWR
will be displayed when the
SWR Ruler (see theSetup
meny is set to a value greater
than 1.0

A red dot marks the start of the
Smith chart trace.

[The center of the Smith chart
corresponds to 73 ohms in this
example. The Zo value is
specified using the Setup
Menu.]

COMMENT - A dialog box pops up for you to enter a comment thabeitlisplayed at
the bottom of the graph. This is very useful for documgrthe test conditions. This
comment will appear in a screen capture or a screengphit will be saved in the raw
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data file on disk if this scan is save@omments can also be added to a graph or a
calibration file before it's saved.

HALT - While the scan is in progress, you can stop it ioiiob this button. This is
different from the QUIT button (shown below).

QUIT - This stops the program, saves the setup conditionts(Ignales, etc) and exits
back to the Windows OS. When the program is launched,adai setup conditions and
calibration data will be restored automatically.
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Commands on the menu bar at the top of the screen:

FILE :

Load Graph-- Load a raw data file from a previous scan. After tlesi$
loaded, its data is just like the original scan. The curaa be
used to read out the numeric values.

When a data file is being displayed, the name of tb@fppears
at the top of the graph.

After a graph is loaded, a new scan can be done and
superimposed on top of the old data by clickRescan This is
useful for comparing before and after conditions when
adjustments are made or when there may be a longtennge
in a component or an antenna. For example, you cahysee
antenna is the same today as it was last week hitiere
windstorm.

Save Graph -- Save the raw data for tlest scan that was done. If you clicked
the RESCAN button, the data that will be saved igHerrescan.
Even though the earlier scan is being displayed on timhgita
raw data was replaced in memory by the new data comdsmp
to last rescan command. The raw data is saved len\aith the
extension .scn. Another file is created with the esaaime and the
extension .csv. The .csv file has the same datdamaat that can
be read into a spreadsheet. The format of this fdé&asvn in
Appendix 5.

You can enter an optional comment when the graph edsav

Swap Graphs -- Swap back and forth between the present scan and theysrev
scan. This function can be disabled by setting theo'Smainsave”
flag in the config file to zerodgfault is enabled

Swap can also be done by pressing eitheupher thedown
arrow key.

Save Image Bitmap Save the current graph image to a file in the .bmp foringou
just want to put the image on the clipboard to paste it into a
document or another program, press Alt-PrintScreen instead of
this function. Then paste it into another application using
Control-V.

Print -- Print the graph on the system printer. Before printifgack
and white, you can change taph display stylesto highlight



PowerAIM 120

Load Calibration --

Load Config --

Quit --

FUNCTIONS:

Measure Cable --

Distance to Fault --

Refer to Antenna --

Constant Freq --

page 20

each trace. This option is under &etup menu.

Load a calibration data file for a particular test setupdapter.
These files have the .acal extension.

Any of several configuration files can be loaded. Acgbn
window will show all the files in this folder with ¢h.cfg
extension.

Stop the program and exit.
This is the same as the QUIT button at the bottoth@tcreen.

This command is used to measure several parameteesiradat
the transmission line. A message box pops up to promaptria
cable should be eithepen or shorted at the far end for these
tests to be valid. After this is ready, click OK mntinue.

Other dialog boxes prompt for the velocity factor arellémgth
of the cable, if known. If the length is entered asoZéhe length
will be determined using the velocity factor that waseeed. If
the length is non-zero, the length is assumed to heatecand
the velocity factor will be determined.

Measure the distance to a cable open or short. Thialsa be
used to measure the ¥ wave length frequency of tuning stubs
There is more information about tuning stubs in thdirenhelp

file.

The impedance readings are transformed to be equivalent to
readings directly at the antenna terminals. This pha@edoes
not require disconnecting the transmission line froenathtenna
if you know the parameters of the coax.

This should not be used if the transmission line is nogdef
severalifferent kinds of line, such as, coax cable plus ladder
line.

For complex transmission lines, tG@astom Cal procedure
should be used. Custom Cal takes the place of what used to
called “Ref to Antenna, Method A”. This new proced@wenbre
accurate and more versatile. It's discussed latersmtanual.

Output a constant frequency that can be used as a tedt sign
Initial frequency accuracy is +/-30ppm. At 1MHz, the output
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amplitude into 50 ohms is about 25 to 30mV-rms (-18 dBm) and
somewhat less at higher frequencies.

Band Scan -- (This feature is available on the AIM4170). Scan a band
(particularly the AM broadcast band) to look for stromgals
that may interfere with antenna measurements. Tdre gart/stop
limits are set using the same LIMITS button that igldse an
impedance scan. The maximggan rangeis 10MHz. The
maximumfrequency stepis 2KHz, but a smaller step can be
specified when the limits are set. Tieeommendedaximum
amplitude limit for an external signal is indicated lned line,
which corresponds to approximately 150mv peak. (This lsvel i
not precisely calibrated.) Signals above this limiymesult in
less accurate impedance readings. It is not a rigidlg firat
and in some cases, impedance readings may still beesutffic
accurate when signals above the red line are present.

Measure Crystal -- Measure the parameters of a quartz crystal automatically
Details are in a later sectiofihe crystal data can be saved in a
file that can be imported to a spreadsheet program, suekceal.

Y, Wave Stub -- Adjust a coax line to be 1/4 wavelength at a given frequéte
target frequency and the initial length (in feet) of tbex are
entered in the dialog box. Then the graph runs in recyokie
and displays the amount of the line that needs to befcut
("Excess Length") to reach the target frequency. Aicadnted
line on the graph highlights the target frequency. The nitage
colored phase plot crosses the horizontal axis ajubeer wave
frequency. There is more information in thpplications file
under theHelp menu.

Q Measurement —  This is used to measure the Qmfsonant circuits First, do a
scan with the limits set to include the resonant fraquand
most of the response on either side of the resoremiiéncy. The
step size is not critical but Q may change slighthhwiifferent
step sizes. Experiment to see what is appropriate far yo
application. The resonant frequency does not have iothe
center of the graph.

Antenna Bandwidth- The bandwidth of an antenna at an SWR set by the BW&Ris
determined. First, enter tI®VR ruler value with theSetup
Menu. Then position the cursor near the valley ofS"R curve
and click “Antenna Bandwidth”. The bandwidth and high/low
frequencies will be displayed in a message box. Vetinesd
will highlight the bandwidth region. For a multiband amt&, the
bandwidth at each resonant frequency can be read byngniheé
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CALIBRATE:

Analyzer--

Custom Cal --

SETUP:

Plot Parameters --

Graph Styles --

SWR Ruler --
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cursor. The cursor does not have to be exactly anitenum
SWR point. The bandwidth limits will be highlighted with
vertical lines.

After positioning the cursor near the desired point, pitesieft
mouse buttonto freeze the AIM cursor while moving to the
bandwidth selection button on tRenction menu.

Calibrate the AIM4170 using open circuit, short circuit and
resistive load conditions. The calibration data iedan a disk
file that’s read each time the program is started.

An optional comment can saved with each cal file. Gtmment
for the cal file presently in use can be seen irHélp->Status
window.

The start, stop and delta frequency values can be usdffespec
The regulasshort, open & resistorloads are used. Long
transmissions lines of any type can be calibratébeatar end so
impedance data is then referred to the antenna tdsmiinean
also be used to calibrate out the effects of fillerthe line.

After a transmission line or filter is calibratebetstart, stop and
step frequencies can be changed as long as they anme théhi
original custom cal limits.

Select the parameters that are plotted during a scaroptiomal
parameters are: SWR or reflection coefficient, Returss,
Impedance Magnitude, Series Load Circuit or Parallel Load
Circuit, Theta (phase angle). The last scan datdevileplotted
with the new parameters.

A different style for plotting each trace can be sjpeEtifo make
the traces more distinctive. This is especially heejphen the
graph will be printed in black and white. For examplethef
styles, refer to the section of the manual abovea&Colors”.

A dashed horizontal line can be placed on the graphlpo he
visualize when the SWR trace crosses a specified vdladurn
this lineoff, enter a value dfero.

This value is used when finding the antenna bandwidth.
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Enter Zo --

Average Readings-

Smoothing --

Trend --

Enter Comm Port --

Find Comm Port --

Morse --
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The ruler value corresponds to tpeen circle plotted on the
Smith chart.

Enter the nominal impedance of the transmission Tihes is
used to calculate the SWR. This is usually a real nyrbbé a
complex number can be entered with the imaginary padtddn
by “i” or “j”.

Each data point is obtained by averaging four or more ADC
readings to reduce the effect of measurement noisen Whe
this option is selected, “AVG =N" appears in red in the
upper right corner of the graph. N is the number of ngadi
being averaged and is between 4 and 16.

Smooth data by averaging a number of scans. Thisiisrang
averageand will continue until it's turned off (by enteringrag
or until newscan limits are entered\While smoothing is orhe
sure not to change the load For the smoothing to be effective,
the load must be constant during the averaging process.

Plot a trend line based on N data points. This runerféisan
averaging but it may cause some flattening of sharp peaks.
Values of 2 to 5 are usually enough to be effectiweeraging,
smoothingandtrend are mathematically different. In a
particular situation, one may give better results.

The onlineApplication Note under theHelp tab has more
information and some graphs showing the effect of thpsens.

Enter the RS232 port used for communication.
Port values can be 1 to 65K. This is saved in thelindi#on file
that’s read each time the program is started.

Automatically scan from comm port 1 to port 64 to find oime
that is available. This is useful with USB adaptemsesit isn'’t
always easy to tell which comm port they are assigoed

Three values can be sounded out:
Sxx.xx= SWR, Zxx.xx=Zmag, Txx.xx=Theta.

The decimal point is coded as “R”. This is active mwhe
the “Measure Point” function is used (see above). sgl@utput
is controlled by theMorse” item under theSetup menu.
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AutoPwrOff This button enables/disables the automatic power doatarte of
the analyzer. The enable/disable flag is saveckimtialyzer
initialization data when you exit from the program (@Jand
restored each time the program is started again. Hea ¢ED
on the front panel of the analyzer blinks when ¢bisimand is
executed. The timeout delay is 10 minutes.

If you never use batteries, you may want to leaseféature
turned off (the PC default condition).

SWR Tone -- While in thePoint Data “Tune Mode” a tone related to the
SWR can be output through the PC speaker. Lower pitch tones
indicate lower SWR values. There are three paramttats
control the characteristics of the tone:

1. Min Tone — a value from 1 to 50 determines the pitch for
SWR=1.0. This value is typically 1.

2. Max Tone — a value between 10 and 60 that determines
the pitch for the highest value of SWR.
This value is typically 50.

3. Max SWR - the highest SWR that will cause a change
in the pitch. SWR values higher than thisegate
a constant pitch. This value is typicaly

BANDS:

Highlight -- Highlight the frequency bands, such as the ham bands corAM
FM radio bands. These frequencies are specified in the
configuration file (*.cfg). The start/stop limits do rnwdve to be
the actual amateur band limits. The highlight coloraaa be
specified in the config file.

The name of the band can also be user specified tate m
descriptive. Refer to comments in the config file.e ®M radio
config file has examples showing the names of eatioista

160..2 meters Click on the desired band to set the start/stop scés lnd the
frequency step between measurement points. Thesedanitise
changed in the configuration file.

Band A..D User specified band limits. Same as above.
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UTILITIES:

L-C Matching
Networks by WY2U

ZPlots by AC6LA

HELP:

Help --

Applications --

Edit Config File --

Status --

About --
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This program which is available on the web takesrtipedance
data (R and X) that is measured at the input end of the
transmission line and calculates the L-C network redume
transform it to the correct impedance (for example, l509) to
match the transmitter. This can be used when designimgea to
find the components to match an antenna over theedesir
frequency range.

When you click on this link, your computer must be coreetb
the internet. You may have to authorize the connedttigou
have a firewall program.

This program uses the data saved in the .csv file (& Save")
to plot graphs for presentations. It features plot pammet
selection and zoom capability. It can plot paramdteaswere
not included in the original AIM plot and the plot range ba a
subrange of the original data.

When you click on this link, your computer must be coreetb
the internet. You may have to authorize the connedtigou
have a firewall program. You can download #pdots program
to your computer and then run it off-line.

A help file pops up in the local browser. This is in hionmat
and can bedited by the userif desired. The file name is
“help_xx.htm”.

Information about particular applications with the Alvhis is in
html format and can bedited by the userif desired. The file
name is “applications_xx.htm”.

The config file is opened in a text editor for makingrefes to
parameters. After saving the file, be sure to closeAiiv
program andestart it to load the new config file.

The status window shows the value of some variable$hen
current path names for files. When Custom Cal isgoesed, the
start, stop, & step parameters are displayed.

The present version of the programs in the PC andaottteadler
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are displayed. The url of the W5BIG website is also aysal.
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Data Display

After a scan (or after loading a file from disk), theuse can move a cursor along the
frequency axis and the numeric data for several parasnstiébe displayed
continuously in a data window on the right side of theest. An example is shown
below:

¥ Antenna Analyzer - AlM 4170 version B35E = =13
File Functions Calibrate Setup Bands Ultilities Help My Vars
Min SWR = 9.995 @ 5.050 MHz File: parallel resonant ckt.scn ZImag AVG= 4
SWR  Resonant freq: 4.9432 Theta
108 500 [ 100
8.0 T Freq= 7.4477
8.0+ + Freq Step = 0.0250
704 Zo= 50.000
6.0 SWR = 21.532
- T Fmag = 35239
5.0 ‘ 250 50 Theia = -84.352
4.0+ + Refl Coef = 0911
3.0+ % refl power = 83.0
2.0 - 1
1.0+ = T
1] T t 1} Equivalent Circuit:
3.00 5.50 500 )F:SZ 3'35'3283
s = -35.
FREQ (D.50 MHz/div) Cs = 609.384 pF
Rp = 358.063
1 Xp= -35.411
Cp = 603.482 pF
-250——50
FILES:
T AlM_200.acal
1 aim_635g.cfg
-500——100
03-19-07 22:22:38 1uH in parallel with 1224pf and 3.6Kohms
Scan | Rescan | Recycle | Point Data | Limits | Scales | Smith | Comment | Halt | Quit |

The light cyan vertical line is the cursor. It movath the mouse whenever the mouse
pointer is inside the graph area. In this example,rédwuéncy is 7.4477 MHz. The
frequency changes in 1-pixel increments due to the mosskitien, so some specific
frequencies may not be displayable. The data is ineigmbbetween the actual data
points that were recorded during the scan. The cursalsare moved in small
increments using the Left/Right Arrow Keys on the keyido

Normally the cursor moves whenever the mouse pamieside the graph area. The
cursor movement can be stopped by pressingethmouse button This makes it easier
to select items on the menu without disturbing the deitagldisplayed on the right side
of the graph.The action of enabling/disabling the cursor with thert@use button can
be reversed with a flag in the config file.

Data in the window shows the characteristic impedanoghas been specified to be 50
ohms. The SWR at 7.4477 MHz is 21.532, Zmag=35.239 ohms, and FB4t352
degrees.
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Parameter values for both a series and a parallel éeptivcarcuit are shown as Rs, Ls
(series circuit) and Rp, Lp (parallel circuit). Notetthven the phase angle, Theta, is
negative the equivalent components, Ls and Lp, change to Cs jawedit@matically.

At the top of the graph in the main window, up to fivearant frequencies of the
antenna are displayed. These are the frequencies wegpbdse angle passes through
zero.

Thenames of the calibration and configuration files beisgd are shown in the lower
right corner of the data window. The color used to disfilage file names can be
selected in the configuration file.
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Custom Calibration

Functions | Calibrate Setup Bands  Lhilities

Analyzer

Custom Cal

This specialized calibration procedure is useful for dtnatinvolving filters or long
cables. For more routine work with physically smadikets, adapters, or short cables,
the Standard Calibration procedure can be used.

This calibration technique allows the measurementeeée point to be moved from the
RF connector on the front panel to the end of a tn&sson line and/or a filter. This has
the advantage (compared to the standard cal procedure)oeling the effect of
complex transmission lines and filters so the datheatintenna can be determined more
accurately. The custom cal routine can be used taaaitbong transmission lines or a
relatively short line that may be used for an intar@xtion in a lab setup. This
calibration process may take longer when a small d®tpis used, but the actual scan
rate is essentially the same using either standardsbom cal data.

The user specifies trgtart, stop anddelta frequencyvalues for the calibration.

Typically the delta frequency will be much less than 1Méltake advantage of the
improved accuracy when a complex circuit is connecteddmt the RF connector and

the measurement poinNote: the standard calibration procedure takes cal data at 1LMHz
increments.

Theopen, shortandresistor loads are used. The resistor value is not criticklrags as

it is accurately known. The same resistor that isl sethe standard cal procedure can
used if an appropriate connector is available. When adagte used, be sure to be
consistent so that all three loads have the sameitapze and inductance. For the open
cal load, be sure to use an actual open connectoe dgan cal load is not attached to
the test connector, the stray capacity will not mpprly calibrated. For a BNC
connector, this represents an error of approximatedy43pf.

Click Calibrate -> Custom Caland the parameter entry dialog box will open.

By default, data entries are in MHz but if a numbeoli®ed by aK or k then the
number will be interpreted as KHz.

After the start, stop and delta limits are enteredethell be prompts to attach the short,
open and resistor loads. Note that this routibes notcheck the value of the load (like
the standard cal routine does), so be careful to atit@cappropriate one. After the
calibration is complete, there is a prompt for an gi@comment to be included with the
cal data file. Then the name of the data file isreateThe name can be anything, but you
may want to make the custom cal files distinctive ftbestandard cal files so it's easy
to tell them apart. After calibration, a scan is@antomatically (without plotting the
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data) to see if the custom cal data is likely to beiiate enough for this particular setup.
When the external circuit has rapid changes in phash ésua filter), the custom delta
freq has to be small enough to include data during the ptzassitions. In some cases it
may be necessary to use a delta as small as 1KHz. LjDtbcal points can be used.

If warning message is displayed, the cal data may stdlibin the frequency range of
interest. The overall results should be evaluated kmitiwn loads, such as resistors with
good RF characteristics.

When a custom cal file is being used, the wordsstom Calwill appear in red above
the graph. The scastart/stop and delta limits can be changeavithout having to do
the custom cal again. This is a significant improvenframh the previoufkef To Antenna
Method A which limited the scan to the original cable calin limits.

The comment that is included in the current cal file loa viewed by clickingdelp ->
Status. The status window also shows the start, stop and pkeitameters used for this
custom cal file.If a custom cal file is not being used, these data do not appear in the
status window.

The effectiveness of the custom cal procedure candreisé¢he following examples. For
this series of tests, a transmission line made up@fifferent kinds of coax was used:

AlmM Composite transmission line
(I'_P using two different types of coax.
ﬂdapters“:l 27.6 ft (8.4 m) 2.4 ft(1.6m)
High Pass Filter |__RGJ8/A) Dfohms | RG59/U 72 ohms  [Zload
1.5MH=z

The high pass filter cuts off below 1.8MHz. It'8aoadcast Band High Pass Filter
from Array Solutions. (see their website for more information). Thisesy useful for
rejecting local broadcast stations while tuning a 160 magteenna. Inserting this filter
will normally preserve the SWR readings around 160 metdrthb impedance and
phase angle may be changed. By calibrating at the daofeihe filter, The AIM can then
transform the antenna data and significantly reducedighertion caused by the filter.
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dAntenna Analyzer - AlM 3170 version B3k
File Functions Calibrate Setup Bands Utilities Help
Min SWR = 1.051 @ 1.700 MHz Custom Cal Zmag
SWR Resonant freq: 1.6117 , 1.6766 , 1.6850 , 1.6988 , 1.7012 Theta
2.09 200 100
1.8 T  Freq= 1.9388
1.6 + Freq Step = 0.0100
144 1 Zo= 53.000
124 o oo —o—e—a——0—1 SWR = 1.063
’ ] _ T Fmag = 49842
1.0 100 +50 Theta= -0.049
0.8+ + Refl Coef = 0.031
0.6 RO P | % refl power= 0.1

g
0.4 e U

27 M 4
1] LY + + ; d ; i — + — = o + + + + -0 Equivalent Circuit:
1_5M 190 2.20 250 Rs= 49.842
¥s= -0.042

FREQ (0.05 MHz/div) 1 Cs = 1939596 326 pF
; + Rp = 49.842
Standard cal (circles) | xp=-s8696.670
Custom cal (plain line) Cp= 1.399 pF
-100——50
FILES:
AlM custom.acal
aim_636.cfg
-200——100
Jan 26, D8 06:40:18 HPF + composite tr ission line with 50 ohm termination
Scan | Rescan | Recycle | Point Data | Limits | Scales | Smith | Comment | Halt | Quit

The figure above shows a scan usingdtiamdard calibration method when the
composite transmission line above is terminated $flohms. This scan [Eghlighted
with dots along each of the three traces: SWR, Zmag, and THéta.SWR shows some
variation. The phase angle is off about 15 degrees at 1.95MHz

Then a scan was done ustugstom calibration data obtained at the end of the
transmission line. The new data is plotted with dlags. Now the data is flat,
indicating a nearly ideal 50 ohm termination. The phasgeds essentially zerdt;lies
on the x-axis so it's not easy to see
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¥ Antenna Analyzer - AlM 4170 version 636 o =13
File Functions Calibrate Setup Bands Utilities Help
Custom Cal Zmag
Resonant freq: 2.2001 Theta
,f Y 200 [ 100
\ T Freq = 2.1586
— e ———— Vi Freq Step = 0.0100
LC circuit response T . Fo= 53.000
at output of High Pass Filter \ 1 SWR = 4.148
] 1 p \\ fmag = 183.722
using custom cal. N . 100 450 Thela= 31.119
Superimposed on response at — A | Refl Coef = 0.612
RF connector using standard cal. e % refl power = 37.4
t I 0 Equivalent Circuit:
1.60 1.90 2.20 2.50 ES = 19547!-325?]5
- 5 = R
FREQ (0.05 MHz/div) ls= 7.001 uH
Rp = 214.604
1 Xp = 355.492
Lp= 26.211 uH
-100——50
FILES:
e [ AlM custom.acal
- ——— aim_636.cfg
-200——100
Jan 26, 08 06:20:06 LC circuit custom cal at HPF and standard cal at RF out
Scan | Rescan | Recycle | Point Data | Limits | Scales | Smith | Comment | Halt | Quit |

The figure above shows the results when using an LClgddtathed circuit for a load.
One scan was taken with the LC circuit connecliegctly to the AIM’s RF connector

usingstandard cal data.

Then the LC circuit was moved to the end of the conbpdsansmission line (shown

previously) and another scan was done withctietom caldata. When the two scans are
overlaid, they are very close to each other. THisrbeand after comparison was done by

loading a new cal data file without changing the scaisliithen clickRescanand the
new scan overlay the original data. The same typemparison can also be done by

loading a stored graph file and clicking rescan.
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B Antenna Analyzer - AlM 4170 version 636

File Functions Calibrate Setup Bends LUhilities Help  ky Vars

Min SYWR = 1.000 @ 2.045 MHz Custorn Cal Imag AVG= 4

SWH  Resonant freq: 0.5065 , 0.5273 , 0.5310 , 0.6726 , 0.6813 Theta
507 200 [ 100
45 T  Freq= 16017
4.0 + Freq Step = 0.0150
1.5 1 Zo= soomo
3.0 Hoisy readings below the cutoff Normal readings for a 50 ohm load 1 SWR = 1.006

N freq of the High Pass Filler at frequencies above the cutoff Zmag = 50.066
254 point of the High Pass Filter. 100 50 Theta= 0.268
2.0+ \A -‘ Refl Coef = 0.003

- % refl power = 0.0

SR e AR A,f{}\»"

ST Mﬂ/\m SN

o . -+ — ; i } } o o 0  Equivalent Circuit:
050 60 2.00 2.50 Esf %3-2%55
FREQ (110 MHz/div) 2 00 i
Low attenuation at higher frequencies. _ :
The high end can be compensated by the 5: :_ "]559&"]152593
custom calibration procedure. T Lp = 1063 {19 uH
The High Pass Filter has high attenuation at low frequencies. 10050 P )
FILES:

aim custom Or5 2r5 50,2«
aim_635g.¢cfg

-200——100
Jan 30,08 14:13:55

Scan I Rescan | Recycle IPnint Dalal Limits I Scales | Smith | Comment I Halt | Guit I

This scan shows the effect of a High Pass Filtarttha high attention in the AM radio
broadcast band. It is very effective in reducing interiee picked up on a 160 meter
antenna. The filter’s cutoff frequency is about 1.6 MH®D cancel the effect of the filter
in the 160 meter band (1.8 to 2.0 MHz), thistom calibration procedure can be used.

Below 1.6MHz, the cal data is noisy due to the attennahimugh the filter. This is
because the instrument sees essentially the sargenthen any of the calibration loads
are attached, so the compensation data is not consigth the specific load. Above
1.6MHz the signal through the high pass filter is normidh low attenuation, and the
calibration is accurate. The 50 ohm load read accuratéte frequency range of
interest, 1.8 to 2 MHz.

When using new filters or baluns that may have limited bandvdths be sure to
evaluate the results using loads with known characteristidsefore advancing to the
antenna itself.
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Data Referred to Antenna

Sometimes it is desirable to know the impedance rigtiteaintenna terminals. The most
accurate method uses the Custom Calibration proceduresiigiguseviously. In some
cases it may be impractical to disconnect the caar the antenna feed point so another
procedure is available that only requires data from tneufacturer’s spec sheet.

This method of transforming the data to the antenndeaused when the properties of
the transmission line (Zo, length, loss and veldeityor) are accurately knownThis
does not require disconnecting the transmission lima fiee antenna. It should only be
used for transmission lines that employ a single typmak.

To select this feature, clidkunctions ->

Refer to Antenna.
Length (ft or mj |2?.?50

Then enter the transmission line data in the | g 15 .
dialog box. @1 MHz

Impedance 20 |53
‘Yelocity factor 06RO

0K | Cancel |

The length and velocity factor are combined to finddffiectiveelectrical length

Rather than trying to measure the physical lengthefrdmsmission line and estimate its
velocity factor (which may vary from one roll of@oto another), you can measure the
electrical length directly using the AIM4170. Putshort circuit across the antenna
terminals (or disconnect the coax from the anteand)scan to find the first point where
the phase angle is zero. This is listed at the topeoftaph as the firsesonant freq, F1.
This frequency corresponds to one-quarter of a wavelesgttheelectrical length of

the line is:

Electrical_length = 0.25*(299.8/F1) meters
= 0.25*(984/F1) feet

This corresponds to the physical length of the coaxlel/by its velocity factor. The
electrical length is longer than the physical lengtkesithe velocity factor is less than
one. Radio waves only care about the electrical tengthen entering the cable
parameters, if you know the electrical length (by meagu¥l above), the top line can be
a close “estimate” of the physical length and theargldactor is the electrical length

that was accurately measured, divided by this “estim&ftet. example, when | installed
the antenna did | use 120 feet or 125 feet of coax? Rwhetrying to measure the
length of the coax again, estimate its length as 125 festuming the electrical length
was measured to be 185 feet, the velocity factor woullPB£185 = 0.6757.
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Alternatively, if you know the velocity factor, caleté the physical length by
multiplying the velocity factor times the electricahgth.

The cable loss is usually given in terms of “dB per 1@0' fen data sheets. Enter the
value of loss for 1MHz, if it'’s listed. If you're intested in higher frequency bands and
want a bit more accuracy, pick a frequency close to segion of interest and divide the
loss at this frequency by tlsguare rootof the frequency in MHz.

For example, if the loss at 10MHz is 1.5dB/100feet, enté6tjuareRoot(10) = 0.47
dB/100 feet for the loss. This attenuation value isectoghe value at 1IMHz. You can
enter loss as either a positive or a negative nuntliwesn’'t matter.

When calculating loss, thghysical lengthof the cable is used. Although the physical
length of the coax may not be known with great accyitheyloss has a secondary effect
and it’s not as critical as the electrical lengthing< 20 feet or 125 feet for the loss
calculation will not affect the final answer very rubut theratio of physical length to
the velocity factor is important (as mentioned above)

The nominal impedanc&po, of the coax is very importanthis can be found from the
manufacturer’s data sheet. It does vary from one metuifiag run to another and it
varies somewhat along the roll of coax. This valug b@fine tuned by using a known
terminating resistance of a few hundred ohms to expetaiheoptimize the transformed
value. After the cable is characterized by testingatiteal cable or an equivalent piece of
cable (ideally from the same roll), the transfornmadedance values will be accurate to
within a few percent.
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Line Extension

When an adapter is used to connect a line to the AIM4h&6e will be some shift in the
displayed parameters due to the phase shift in the addptsrcan be compensated by
doing the regular analyzer calibration with the adapt@iace. Alternatively, it can be
compensated by treating the adapter as an extensiba trtehsmission line and
reversing the phase shift. The extension is assumieel &oshort piece adeal coax(no
loss) with a specified length, characteristic impedddog and velocity factor. There is
no limit to the length, but typically the extensiorl e short. The default unit of length
is centimeters The length can be entered in inches, feet, or sieefollowing the
number with an ", “f" or “m” (upper or lower case tets can be used).

The length can bpositive or negative Enterzero to turn the extension functiaoff.

Line Extension |

Functions Calibrate Se

beasure Cable Length {cm) I B.500
Distance to Fault

Refer to Antenna 7a |5[|
Constant Freg

Band Scan Yelocity Factor I 1
beasure Crystal

TN awee Stub
O Measurement Enter |

Antenna Bandwidth

ine Extension
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File Functions Calibrate Setup Bands Ultilities Help My Vars

Resonant freq: 588201

e

ne ) A ) ] I )
™ —Original scan, without extension

. »— Scan with compensation for extension

ZImag

200

105
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Theta

Ts0 Extension= 6.50cm

—25

AVG= 16

Freq = 69942
Freq Step = 0.200
Zo= 73.000

SWR = 2.661
fmag = 97.049
Theta = -46.728
Refl Coef = 0.454
% refl power = 20.6

I
65.00

|
50.00 55.00

TREQ (1.00"MHz/div)

Scan with 6.5cm extension—B/

Feb 9, 08 08:53:02

Scan | Rescan | Recycle |PointData| Limits | Scales | Smith

-100—

—25

ann

—&0

| Comment |

Equivalent Circuit:
Rs = bb.524

Xs = -7f0.662

Cs 32.203 pF
Rp = 141.581
Xp=-133.290

Cp= 17.072 pF
FILES:
aim108_50-2x100.acal
aim_650.cfg

Hat |  ouit |

This graph shows the effect of inserting an adaptegrieswith a piece of RG59/U coax

that is terminated with a 200 ohm resistor.

A- The first trace for the phase crosses the frequensytabout 58.8 MHz.

B- When the adapter, which is about 6.5 cm long is insetttedphase plot crosses at
about 56.5 MHz since the line appears to be longer nowhanidequency

corresponding to a half wavelength is lower.

C- Enabling the line extension function with length=6.5 @50, and Velocity
Factor=1 compensates for the extension and the ¢st toincides with the first

trace that was made without the extension.

Note the value foZo corresponds to the adapternotto the transmission line.
Depending on the construction of the adapter, it maysakes experimentation to find
the equivalent length. Only tieectrical length, not the physical length, is important for
this function, so the velocity factor can be leftla unless its value is known. The
compensation only depends on the produdtemigth*Velocity Factar
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AIM4170 Principles of Operation

The AIM4170 is based on the same technology usée iAlVI430 and AIM4160.
1. An RF voltage is applied to the transmission line input

To reduce the chance for interference to nearby radieivers, the maximum
output power is less than 20 microwatts (-17 dBm).

. Measure the applied voltage and the current flowingtiddoad. The current is

measured across a precision resistor which has a mdehlandwidth than a
transformer. (The AIM4170 does not use any RF transt@)méhe current
sensing resistor does not have to be adjusted andebalient long-term
stability.

= Voltage applied to a load.
= Current flowing into the load. I
© =Phase angle between V and 1.

Zload =V {1

3. Calculate the magnitude and phase of the imppedance. The magnitudes and

phases of the applied voltage and resultant cuarenieasured with an analog to
digital converter (12-bit ADC) and their ratio detenes the magnitude of the
impedance. The sign of the phase is also measor#uht capacitive and
inductive reactances can be distinguished.

The signal processing circuits are linear, sortbnlinearity problem inherent with
diode detectors is eliminated.

. Calculate various parameters including: SWRjvadgnt input resistance and
reactance, cable length, cable loss. A large nuolygarameters can be
calculated using the fundamental impedance measmtenthe load is assumed
to be an antenna but the data is displayed in awealy that discrete capacitors
and inductors can be measured too. These valegddated versus frequency
and the exact numeric data can be read by movingsar to the point of interest.
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Block diagram of the AIM4170:

oS Fout

0.1-170 MH
I Il os Pass A ‘ ANT
AD9g59 Filter
XTAL 0SC R AN P
28 MHz NE612 :D_‘_Q o

00s Fout+1 KHz 1 KHz

[ Low Pass WiV.¥
AD3859 R
MIXER ArF eLaC
Neria :t>_w/ CPU

OlGCTaL | MSP430

PC RG232

The AIM4170 uses two Direct Digital Synthesizer (DDSpshiOne generates the test
signal and the other acts as a local oscillator terbdyne the RF signals to the audio
range. You can read about the basic principles of the &@s address:
http://www.analog.com/library/analogDialogue/archives/38-08/dds. pdf

A 20 MHz crystal controlled oscillator drives both b&étDDS chips. Inside the DDS, the
clock is multiplied by a factor of 20, so the effectileck rate is 400 MHz. Program
frequency resolution is a fraction of a Hertz. The outgwach DDS goes to a 170 MHz
low pass filter to remove the harmonics of the dilyitgénerated signal. The output of
the low pass filter is a sine wave in the range oMHE to 170 MHz. Any amplitude
variations or phase shift in the low pass filters dbaffect the measurement accuracy
since they affect the current and the voltage chamoglally and thus cancel out when
the ratio is taken.

The output of one DDS supplies the test voltage and cuoéhe load impedance and
the other DDS acts as the local oscillator to luetgme the voltage and current signals
down to 1kHz. Audio amplifiers boost the 1kHz signals aneedthe input to the 12-bit
analog to digital converter (ADC) that is inside the®4S0 microprocessor. This
microprocessor is mounted inside the AIM4170 case. Theladavis sent from the
microprocessor to the external PC via the RS232 pdre PIC calculates the various data
values and displays them graphically.
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Reflection Coefficient:

To find the SWR (standing wave ratio) of an antenr&fingt calculate theesflection
coefficient This is the ratio of the voltage that is reflecéédhe antenna to the voltage
that arrives at the antenna from the transmittexll the power from the transmitter is
radiated into space, there is no reflection, theatdle coefficient is zero and the
SWR=1.0.

The following discussion uses the concept of complex numbers. A tutac@hpiex
numbers is available iAppendix 1

Reflection_Coefficient = Rho = ( Zload — Zd () Zload + Zo )

Zload = antenna impedance
Zo = transmission line impedance

Note that in general, Zload and Zo are complex numietedorm:

Zload = Ra + jXa and
Zo=Ro+jXo.

Xo, which is the imaginary part of Zo, is often neggecsince it is usually small
compared to the real part, Ro.

SinceZload is acomplex number, the reflection coefficientRho, is also acomplex
number.

The reflection of the incoming power from the trangeniis caused by a mismatch
between theransmission line impedancgZo) and thempedance of the antennaat
the operating frequency. For example, if the transomdsie has an impedance of 50
ohms and the antenna is a dipole with an impedancewohdr75 ohms, there is a
mismatch and some of the power is reflected even ththegantenna itself may be very
good. If the transmission line is changed to 75 ohmsantteh is much better, there is
less reflection and the SWR is closer to 1.0.

In the special case where the transmission linpen @t the antenna (due to a broken
wire), all of the power that arrives at this operwuir will be reflected back toward the
transmitter and the reflection coefficient is 1.0 amel $WR= infinity. Another
interesting case is when the transmission lineaste at the antenna terminals. Again,
all the power will be reflected (none is radiated) Inet $ignal is invertedso the
reflection coefficient is now —1.0 (minus one). The niagie is still unity (that is, +1)
and the SWR=infinity.

Thus, we see that timeagnitudeof the reflection coefficient will be in the rangézero
to 1.0 for any combination of transmission line anckana.
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The reflection coefficient also has an associgliease angleTheta, between the incident
voltage from the transmitter and the reflected voltdde. real and imaginary parts of
Rho can be related to its magnitude and phase angleheifbllowing equations:

Real part_of Rho = rhe Magnitude_of_rho * COS(Theta)
Imaginary_part_of Rho = rlgo- Magnitude_of_rho * SIN(Theta)
Rho =rhg + j rhgy

Standing Wave Ratio (SWR):

SWR is the ratio of the Maximum Voltage to the Minimiimitage along a transmission
line. On a perfectly matched line, the maximum is etpu#the minimum since there is
no variation in the voltage along the line and the S8/RO0. In the real world, SWR is
somewhere between 1.0 and infinity. The special caisdiroty means all the power
from the transmitter is reflected back by the antefh#& would the case for a short
circuit or an open circuit at the antenna when usimggsldss transmission line.

If the transmission line has no loss, the SWResstdime at all points along the liféhat

is, the SWR at the transmitter is the same asait ke antenna. As the transmission line
loss increases, the effect is to make the SWR mahstithe transmitter appear to go
downsince less power is received back from the antertma.pbwer gets lost along the
transmission line, so it does not arrive at the SWéRer and the meter responds more to
the outgoing power from the transmitter. The metekththe antenna is a better match
than it really is because there seems to be ldsstext power.

The SWR only depends on theagnitudeof the reflection coefficient, Rho:
SWR = [ 1 + magnitude(Rho)] / [ 1 — magnitude(Rho)]

This shows that when the magnitude of Rho = 0 (thaléstransmission line and the
antenna are a perfect match), the SWR is [1+0]/[1-0]thi4 is the ideal case).

When the mismatch is very large and the magnitude ofiRRhearly 1, the term in the
denominator approaches zero and the SWR approachey.infini

Since only the magnitude of Rho appears in this equa&MfR isnot a complex number
(it's a real number).
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Measurement of Crystal Parameters

Quartz crystals can be modeled as shown below:

The series resonant frequency is the lower of theftaguencies. It's determined by L
and Cs. The higher parallel resonant frequency is detednfiy L and Cp+Cs.

A broad scan can be done to locate the resonant freqaeihey will be displayed at
the top of the screen. Typically, these two frequeraidg differ by a few kilohertz.

(The screen pictures in this section were taken usigMA30. The same features are
included in the AIM4170.)
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Automatic Crystal Parameter Calgation
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The calculations to find the crystal
parameters are tedious so they have bee
combined into a procedure than can be
called from the Data menu. First click
“Measure Crystal”:

Then enter the series resonant frequency.

This should be within 100KHz of the serig
resonant frequency. When measuring arj
overtone crystal, enter the appropriate
harmonic frequency.

S

After a few seconds the crystal paramete
will be displayed. A parameter to specify
the number of readings to average for thg
parallel resonant frequency is in the confi
file. The default value is 32.

The data can be saved in a file. If the file
already exists, the data will be appended
(added) to it. If the file does not exist, a
new one will be created with the .xdat
extension.

This file is compatible with programs that
read comma separated variables (*.csv)
files, like Excel. A legend is included to

rs

)
v

J

show the variable in each column.




PowerAIM 120 page 44

The following discussion goes into more detail abouttlstal calculations.

After the resonant frequencies are located, you camehthe scan limits to focus in
more detail on the region of interest.

At the series resonant frequency, the reactancesanfllCs cancel out and the magnitude
of the impedance becomes equal to R. Therefore, tles sesistance of the crystal can
be read directly at the minimum value of Zmag on the grdgghnumeric value is Rs in

the Data Window.

At frequencies well below the series resonant pdiatjinpedance value is the total
capacitance, Ctotal, which is essentially equal to &lear Cparallel is read at a
frequency equal to 78% of the series resonant frequency.

Ctotal approx = 4.5 pF
The value of Cseries is given by:
Cseries = Ctotal * 2 * (Freq_parallel - Fregiese) / Freq_parallel

Where Freq_parallel is thgarallel resonant frequency and Freq_series isénges
resonant frequency.
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Cseries = 4.5pF * 2 %(12.12059 — 12.09557)/12.12059 = 0.0186pF
The inductance L is given by:
L=1/(4* pi*pi * Freq_series * Freq_series * Cs)
L = 1/(4*pi*pi*12.09557MHz"2*0.0185pf) = 9308 uH

TheQ of the crystalis found by measuring the two frequencies F1 and F2 oer eikihe
of the Freq_series where thbase anglas +/- 45 degrees.

Q =Freq_series/ (F2-F1)

Q =12.09585/(12.09591 — 12.09578) = 93045
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Frequency Source

When the AIM4170 is used as a signal source, DO NOT coitraicectly to the
antenna connector of a transceiver. If the tranemi accidentally turned on, the output
will exceed the maximum input level to the AIM4170.

The AIM4170 can be used as a signal source for testingaectircuits, such as radio

receivers. The programmed frequency has a nhominal agoofa/-30ppm and it can be
calibrated with respect to WWV at 10MHz. The amplitudéefoutput is not regulated
by an AGC circuit but it is flat within 1 db across amateur band.

The flatness can be improved by terminating the outpttieoAIM4170 with a 90 ohm
resistor before connecting the 50 ohm coax to theitwoder test. If the interconnecting
cable is 75 ohms, the AIM4170 terminating resistor shoul2Beohms. If flatness is

not important, the coax can be connected directipecAiM4170.

The nominal signal delivered to a 50-ohm load is about 3@ms/ If an extra 90 ohm
terminating resistor is used, the signal level wilbbeut 7mV rms across 50 ohms.

Enter a frequency value in the text window and click &ntThe frequency can then be
incremented or decremented by clicking the +/- buttons.

To calibrate the frequency to WWV, tune in WWV at 10Matl adjust the AIM4170
output to zero beat with it. Then click the “cal” buttsttown in the dialog box below.
This will apply a correction to all frequencies tha¢ programmed later. The correction
is also saved in the .ini file and automatically riecaéach time the program starts up.
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Appendix 1 — AIM4170 Specifications

Frequency Control: Digital Synthesizer 0.1 - 170 MHz ; Stability: +/- 30 ppm

Frequency Step Size: 1 Hz to 10MHz
Calibration: software controlled (no screwdriver adjustments).
ADC resolution: 12 bits.

Measurement Ranges:

SWR: 1 to 20
Impedance: 1 ohm to 2K ohms

Accuracy: 1 ohm +/- 5% of reading up to 60 MHz
10% of reading up to 170 MHz

Phase Angle: +/-90 degrees (true phase)

Parameters displayed include: SWR, Reflection coefficient, Return loss, Magnitude of load
impedance, Phase angle of load impedance, Equivalent series resistance and reactance,
Equivalent parallel resistance and reactance. Reactance is shown as inductance (uH) or
capacitance (pF) according to the phase angle.

Smith Chart display.

Data can be referenced to the antenna terminals.

RF Output: 20 microwatts max; BNC connector (UHF female adapter included)

Spurious output: —30dBc or better

Max stray RF input while measuring: 150mV peak (-6dBm)

Max safe RF input: 2V peak (+16dBm)

PC Interface: RS232. Data rate = 57.6K or 115K baud. An optional USB/RS232 adapter is
available when ordering the AIM4170.

Display: Graphics output on PC screen. Mouse controlled cursor for digital parametric readout.
Morse code output for selected parameters. An audible tone related to SWR can be output to
assist in making adjustment without watching the PC monitor.

Power Requirements: 6 to 15 VDC at 250mA max (120VAC power supply included)
Dimensions (approx): 5" x 4" x 1.5” (12.7 x 10.2 x 3.8 cm)

Software for the analyzer hardware controller and the PC data analysis is upgradeable in the
field. Free software updates are available from W5BIG.com.
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Appendix 2 — Complex Numbers

A complex number has two parts: a real part that waesestomed to using for most
everyday problems, and an imaginary part. The imagpemtywas introduced to handle
the square root of negative numbers. In ordinary cirtamass, any number squared is
positive, so it seemed unreasonable for a negative mumbave a square root. This was
resolved by defining a special value called “the squareabminus one”. This is

usually symbolized b$” in math books and by™in engineering books. Using “j’
avoids confusion in an engineering context with thel®jrfi” that is usually used for
current.

Complex numbers came into use abB@d years ago for solving algebraic equations,
including the familiar second order equation: ax"2 + bx=H0c

(note: the symbol x*2 means “the value of x squared’= x times x.)

Let's look at a specific example: x"2 —x—-2 =0.
In this case the coefficients are: a=1, b=¢€l5-2

The solutions using the quadratic equation are:
Xx=[-b+ SQRT(b*h—-4ac)]/2a
and

X=[-b-SQRT(b*h—-4ac)]/2a

Inserting the coefficients of the equation, we get:
x=[1+SQRT(1+8))/2=2

and

x=[1-SQRT(1+8)]/2 =-1

Now, if we go back and insert x = 2 into the equatioa,dtuation is equal to zero and
we also get zero by plugging in x = -1.

There is no problem here since we didn’'t have to wabgut the square root of a
negative number.

A small change of one coefficient changes the matheah@roblem considerably, as we
will see now:

Let the equation be: x*2-x+2=0
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a=1 b=-1 c=+2

Changing “c” from -2 to +2 gives us:

x=[1+ SQRT(1 - 8)]/2

and

x =[1 - SQRT(1-8)]/2

Now we have to deal the problem of evaluating the squateof —7.

We write this as: -7 = (-1) * (+7)

Note the SQRT(A*B) = SQRT(A)*SQRT(B), so SQRT(-7) = SQRT(-1){SORT
The SQRT(+7) is 2.646 and SQRT(-1) we defingj§ssb SQRT(-7)F*2.646.
One solution to the equation is:

x=[1+j2.646]/2=0.5+j1.323

To confirm that the value x=0.5+j1.323 actually does causedhnation to equal zero,
we have to do some arithmetic with complex numbers.

Addition is straightforward:
The real part of one number is added to the real panecfecond number.
Similarly, the imaginary part of one number is added#oitnaginary part of the second
number.
(a+]jb) + (c +d) = (atc) +j(b+d)
Forexample: (1+j4)+(5+)8)=(5+1) +j(4+8) = @2
Multiplication i s a little tricky:
The two complex numbers have to be multiplied term by:te
(atjb)*(c+jd) = a*c + jb*c + a*jd + jd*jb
We get 4 terms. Note that j*j = -1, so the last terrd*b (this is a real number)

The first and fourth terms are real, so we can add theautly to get: (a*c — d*b)

The second and third terms are imaginary, so we camtihget: j*(b*c + a*d)
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The final result is:
(atjp)*(c+jd) = (ac — db) + j(bc + ad)

This is tedious. Fortunately, the computer is good atsthiisof thing, so we usually don’t
have to worry about the details.

Now we’ll finish checking our equation by plugging in ondlef answers that we found:
Let x = 0.5+j1.323

x*x = (0.5+j1.323)*(0.5+j1.323) = - 1.50 + j1.323

Then, the whole equation = (-1.50+j1.323) - (0.5+j1.323) —2 g6od)

To relate complex numbers to electrical circuits, vekenthe following observations:
Resistance is seal number.

Inductive reactance is a positiveaginary number.

Capacitive reactance is a negaiiviaginary number.

The impedance of a circuit is:

Z=R+]jX, X=reactance and it can be positméictor) or negative (capacitor)

For example, suppose we have a 100pF capacitor (100*107-12 Fasadgswith a 500
ohm resistor and the frequency is 7 MHz.

At 7 MHz, the capacitive reactance X=-1/(2*pi*7000000*100*10"-12) = -2270hm
Note: theminus sign is very important.
Z =500 — j227 = impedance of the series R-C circuit.

Real part_of Z = Re(Z) =500
Imaginary_part_of Z = Im(Z) =-227
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The magnitude of a complex number is the square rooeduin of the squares of the
real part and the imaginary part:

Magnitude_of Z = SQRT( 500*500 + 227*227) = 549 ohms
The phase angle, Theta, associated with this complekeruran be calculated by:

Theta = ArcTangent(Imaginary_part / Real part)
= ArcTangent(-227/500) = - 24.4 degrees

The negativeangle is characteristic of a capacitive circuit. #ams the voltage tsailing
(or lagging) the current. In an inductive circuit, thegghangle is positiveince the
voltageleadsthe current.
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Appendix 3 — Hot Keys

The following keyboard keys can be used instead of clidkirigpns with the mouse:

S — Scan (same as Scan button)

R — Rescan (same as Rescan button)

L — Enter new Limits (same as Limits button)

D — Get raw data in Point Data mode (S, Z and T casubgut in Morse code if desired).

U — Do a scan and save the data in a file named $AutéSsarfor off-line processing
by a program such as Excel.

Q — Exit the program

Left Arrow — Move the cursor to the left on the graph.

Right Arrow — Move the cursor to the right on the graph.

Up or Down Arrow — Swap the last two scafesther key can be used)

Left mouse button — disable the cursor movement (revkisaction with a flag in
config file.)
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Appendix 4 — RS232/USB Operation

Because some newer computers don't have RS232 ports, lemacessary to use an
RS232 to USB adapter with the AIM4170. The AIM’s RS232 port aslsthree wires.
Pin 2 is the data from the AIM to the computer, pinthésdata from the computer to the
AIM and pin 5 is ground. Hardware handshaking is not usee. sibimal amplitude on

the 1/O lines (pins 2 and 3) is approximately +/-5V.

If the comm port assigned to the USB adapter is not knawymising the “Find Comm

Port” command under the “Setup” menu. This will scan fommm 1 to comm 64 to find

which port is working. The comm port assigned to the @8&pter can also be found

using the Windows Device Manager: Click StartSettings Control panel System
Hardware Device Manager.

If there seems to be a problem with the USB adapéee, &wre some tips for checking it.

First, make sure another accessory in the computerodher program is not tying up the
comm port. For example, if the AIM program is start®d times without closing it the
first time, the second copy cannot use the comm pabis.can happen when the first
AIM window gets hidden behind another window so it's obvtious that it is still active.

When the AIM first powers up, it sends out a characdtergsthat can be received by any
terminal emulation program, such asdyperTerminal. To use HyperTerminal, which
is a standard accessory in Windows, click onSteat button in the lower left corner of
the Windows desktop. Then, click “Programs” -> “Accessgjri> “Communications” -

> “HyperTerminal’. Set HyperTerminal for the follovg parameters:

Baud rate=57600; 8 data bits; 1 stop bit; no parity; echaltyparacters locally.

When HyperTerminal is ready, turn on the AIM4170 powere @teen LED on the AIM
front panel will turn on and the text displayed on thegoter terminal is the following
(or similar):

Antenna Analyzer AIM4170
from Array Solutions
Oct 13, 2006

If this is displayed, it means the data from the AIMhe computer is okay. If the text is
not displayed, a scope or logic probe can be used to chepkilf@ activity on pin 2 of
the RS232 connector with the PC cable disconnected. #ithis connector is the
Ground pin. The normal voltage at pin 2 is about -5V apdiges to about +5V several
times during a 1 second interval while the text stringuigout right after the power is
turned on.The PC doesn't have to be present at all, so this otggiuis completely
independent of the PC or the operating system.
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To check data from the computer to the AIM, t{fie (K and aone). Note theK is

upper case The command1 will cause the AIM to turn on its Red LED. Therenes
character spacebetween th& followed by al, but the time interval between typing the
K and thel is not critical. Then, typKO (K followed by a zero). The Red LED should
go off. This indicates the AIM is able to receivertoands from the computer;
therefore, the 1/0O data link is working properly.

It has been found that sometimes the computer opergstens will say the USB driver
is properly installed when it really isn’t. Deletingetdriver and then starting over and
insisting that the driver be reloaded from the CD maykw

A problem has also been found where Windows does not ydeep track of which
comm port is in use. Some problems with the comm gorte solved by removing the
port numbers that have been assigned in the past but afeiao longer in use. This link
has information focleaning up the port assignments
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Appendix 5 — Scan Data File Format

The scan data can be saved in two different formatsatie suitable for importing into
spreadsheets or plotting programs.

In one file with the extension “.csv”, only the wadata is saved in the following order:

Frequency in MHz, SWR, Rseries, Xseries, Zmag, Theg(deflection coefficient,

Return loss(dB), Percent reflected power.

The data values for one frequency are all on one tideasecommadelimited.
This file can be easily imported into a spreadsheeddtailed analysis.

Another file with the extension “.scn” is saved witiore information about the

conditions of the scan. A detailed example is shoaviel

/l The comments are not included in the actual file
/I Parameters included in this file: SWR, Rseries,
/I Zmagnitude, Theta

1

/l'If the equivalent parallel load circuit is neede

/I Rparallel=Zmag*Zmag/Rseries

/I Xparallel=Zmag*Zmag/Xseries

1

09-08-05 10:57:33 // first line, date and time

110 Il program version (changes i
/I changes)
20 /[ number of data points minu
/I (there are 21 data blocks
12 /l scan start frequency (MHz)
22 I/l scan end frequency
0.500000000000000 // step frequency between tes
12 /I freq at left side of graph
22 /I freq at right side of grap
/l the same as "scan end freq
10 I swr full scale
1000 /I z magnitude full scale
100 // theta full scale (degrees)
22.500000000000000 // not used
0 /l not used
0 /l not used
0.500000000000000 // freq spacing between major
graph
1 /Il plot_swr flag (1=true)

“comment string”  // graph comment string, if a
1010.010620117187500 // SWR : Start of data block
/l repeated 21 times in this

0.892523407936096 // Rseries : equivalent serie
206.328903198242190 // Xseries : equivalent serie
206.330841064453120 // Zmagnitude : magnitude of
1.566470623016357 // Theta : angle of load impe
440.064605712890620 // next SWR
2.952029705047607 /I next Rseries, etc

Xseries,

of the scan
f the data format

sl:
below)

t points
plot (MHz)
h plot (may not be

vertical lines on

ny.
s; 5 items per block
example

s resistance of load
s reactance of load
load impedance
dance, radians
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249.890869140625000
249.908309936523440
1.558983564376831

284.346221923828120 // SWR

7.125505924224854
314.254211425781250
314.334991455078120
1.548125863075256

202.912612916039060 // SWR

17.597200393676758
419.200958251953120
419.570159912109370
1.528843045234680
158.592254638671870
49.341548919677734
621.562377929687500
623.517761230468750
1.491579294204712
134.716033935546880
205.956863403320310
1158.638305664062500
1176.801147460937500
1.394876122474670
123.570953369140620
4566.038085937500000
2713.321289062500000
5311.385742187500000
0.536173224449158
114.446578979492190
421.559051513671870
-1494.078613281250000
1552.411987304687500
-1.295792102813721
108.322395324707030
105.496887207031250
-746.862121582031250
754.276245117187500
-1.430471181869507
102.702613830566410
49.549240112304688
-499.510437011718750
501.961944580078120
-1.471924185752869
97.688926696777344
29.741893768310547
-376.700836181640620
377.873107910156250
-1.492006182670593
91.975608825683594
20.779895782470703
-304.370910644531250
305.079406738281250
-1.502630472183228
88.663787841796875
15.381784439086914
-255.856430053710940
256.318389892578120
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-1.510749816894531
80.219047546386719
12.850700378417969
-221.102661132812500
221.475799560546870
-1.512740731239319
76.584655761718750
10.647170066833496
-195.356231689453120
195.646148681640620
-1.516348838806152
68.956077575683594
9.652303695678711
-175.194458007812500
175.460159301757810
-1.515757203102112
65.095878601074219
8.543374061584473
-158.872634887695310
159.102188110351560
-1.517073035240173
61.215835571289063
7.745326042175293
-145.441238403320310
145.647323608398440
-1.517592549324036
58.022541046142578
7.089697837829590
-134.253402709960940
134.440475463867190
-1.518036961555481
53.652206420898437
6.746065139770508
-124.731056213378910
124.913352966308590
-1.516764044761658
50.906970977783203 // last SWR (21 data blocks
6.325359821319580 // last Rseries
-116.475082397460940 // last Xseries
116.646713256835940 // last Zmagnitude
-1.516543030738831 // last theta

50 /I real part of transmissio
/limpedance (ohms)
0 /I imaginary part of transm
/l impedance
0 /[ transmission line type
0.660000026226044 /I transmission line veloci
0 /I cable length
1 /I meters or feet scale fac
1 /I plot Xseries flag
1 /I plot Rseries flag

0.000000045816051  // Next five values are cal
/I needed by spreadsheet

0.000000000007380

-0.025273719802499

1.023359417915344

100.599998474121090 // last line

page 57

in all)

n line

ission line

ty factor

tor

ibration data, not



PowerAIM 120 page 58

Appendix 6 - Battery Operation

The AIM4170 can be powered with a battery for portable atfmer. Battery voltage can
range from 6.0 to 15V. The required current is 250mA when gauneaent is in process
and 50mA when idle. The power is turned off automatieddiyr 10 minutes of

inactivity when the Auto-Power-Off feature is enaljeds is an option in the SETUP
menu at the top of the screen).

Suitable batteries include a conventional 9V batterg b2V car battery. The easiest way
to connect the battery is to use a barrel conndikeothe wall power supply uses. This is
a 5.5x2.1mm barrel connector. The Mouser part number is-2720.

Alternatively, the battery can be installed inside #iM4170. There are diodes on the
card to automatically select either the wall power supplhe internal battery. The
power on/off switch will disconnect the battery tgso,the off-state current drain is only
about 1 microamp.

Refer to theApplications file under theHelp menu for more information on battery
operation.

J6 is the power connector mounted on the
rear panel. The wall power supply (or
external battery) plugs in here. D1 and D11
are a cross-over circuit to select either the
external or internal power source,
whichever is more positive. The battery
positive and negative connections are
labeled on the pc board.

R54 is an optional resistor for trickle-
charging a rechargeable battery. This is 3
user-selected resistor. It is not included in
the AIM4170 but there is a space on the
PCB for mounting a through-hole resistoy.

&
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This photo shows how an optional batter
or battery pack can be mounted inside th
case.

(An AIM4160 is shown here, but the

AIM4170 is electrically the same. The
battery can be mounted on the top covel
the AIM4170.)

of

In the lower left corner of the board are
shown the pos(+ RED) and neg(- BLUE
battery connections.

D1 and D11 are included on the PCB.
There is an open space to install an
optional R54 for charging a battery.
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Appendix 7 — Saving Screen Shots

Pictures of the scan can be very useful for documentati& nicefreeware utility that
makes this process easy is callediritScreen” from Gadwin:
http://www.gadwin.com/printscreen/

This utility installs very easily. It can save thlale screen, the current window (the one
with its top banner highlighted), or a rectangular anea you can select. For saving
shots of the AIM data, theurrent windowis probably the most useful choice. This
should be saved mif format, not jpg. Gif format saves a better quaitgphic image

and it usually takes fewer bytes than jpg. (jpg is bettepliotographs.)

You can save the screen in .bmp format by clickinge BiSave Image Bitmap

If you don’t use PrintScreen, you can save screers sttt a conventiongdaint
program. The first step is to copy the screen image to theahrd by pressing th&L T
key and then therint Screenkey. This will transfer thactive window to the clipboard.
If you want to copy the entire screen, just pres$tingt Screenkey.

The screen image can now be inserted into a programmasdticrosoft Word ,
Paintshopor Paint Shop Proby pressingControl-V .

The Windows operating system also includes a standaedsaoy program called
“Paint” that’s available on all computers.

To run ‘Paint”, click the Start button in the lower left corner of the screen.
Then click ‘Programs’

Scroll to find ‘Accessorie$

Click “Paint”

Click Control-V to insert the screen shot into the working page.

Then save the file as.gif or.jpg. (.gif is preferable since the quality of the line dirayv
is better than .jpg)

Now your screen shot can be inserted into a docuntemirfattached to an email.
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Appendix 8 — Configuration File

The configuration file (*.cfg) is used to set the screelors and some other display
parameters. A utility calledolors.exes included with the AIM software to aid in
selecting screen colors. Move the sliders to get teeatkcolor combination. Note the
numeric values for red, green, and blue and then entsx tladues in the config file using
a text editor. Several different config files can be resident indame folder. They are
selected using the menu optidiite -> Load Config File.

The following comments are included in the config ikelf.

This is a comment line that is displayed when theigdité is loaded from the menu.

I/l The user-supplied comment above will be displayed whieranfig is loaded from the
/[ menu.

/l The comment line does not have to start with/tlsgmbols.
/I There can be several config files in the sam#efolThe comment in the first line is
/I helpful to differentiate them.

/I April 23, 2006

/I AIM configuration file

/I The parameters must remain in the same sequence.

/I When new parameters are added, they will be plactée &nd of the file.

/I Comments or blank lines can be inserted freely.

/I Comments are indicated by a double-slash //

/I The double-slash should start in column 1.

/I 1f the config file is not found in the same folderthe exe file,
/I default values will be used.

/I COLORS for PLOTTING:

/I Colors are entered as RED, GREEN, BLUE with vaili@$5

// 0=no color, 255=maximum color (max red, max green, ax biue)

/l Examples: 0,0,0 = black (no red, no green, no blue)

I 255,255,255=white (max red, max greer, i)

I 255,0,0=bright red  0,255,0=bright greeh0,255=Dbright blue

/I The included utility file: colors.exe can be used étplselect the colors.
/I The numbers should be in decimal format.
/I A space or comma can be used to separate the tnrédeers.
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/I Only the first number (or set of 3 numbers for ce)an each line is used.

/I The rest of the line is a comment.

/I A double-slash on a line means the whole lineasrament.

Il When experimenting with colors, the new set obro®kan be entered on the same
/I line and the old ones are pushed to the right.

/I The old ones will be ignored by the program but threyrandy for reference.

/I There are two sets of colors for each parameter:

/I The brighter color is used for the main scan (8cstn)

/I A fainter shade of that color is used for the redsgcond scan)

240,0,0 RED=SWR (or reflection coefficient) msgan and Smith Chart trace
240,120,0 light red=SWR (or reflection coefficient) resca

0,200,0 Green=Zmagnitude main scan
130,240,180 light green=Zmagnitude rescan

200,0,200  Magenta=Theta main scan
200,180,240 light magenta=Theta rescan

0,200,200 Cyan=vertical cursor that is moved with tbhasa.

64,122,252 Blue=Return Loss main scan
160,160,250 light blue=Return Loss rescan

200,200,0 Yellow=Xs or Xp (whichever is selected) rsaan
255,255,0 light yellow=Xs or Xp rescan

255,174,0  Orange=Rs or Rp main scan
255,195,125 light orange=Rs or Rp rescan

250,250,200 smbackground=Smith Chart background color

230,230,230 grid color=color of gridlines on the graph

200, 0, O file name color (cal,config,cable_calrfdenes displayed on screen)
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/I Cursor enable:
1 = (default) cursor is enable whether left mousthus pressed or not.
/[ (0 means cursor is enabled only when left mbus®n is pressed. )

/I Graph line width:
2 = Line width of the plotted data (can be 1,2,3,4,5)

/[ Halt:
2 = Halt if right mouse button is pressed )
I ( 0 = Halt if Halt button at bottom of scneis clicked )
I
/[ BAND SELECTION: Start_freq, Stop_freq, Step_freqitaMHz)
/I The actual "Stop_freq" on the graph will be equal tgreater than the
/I value specified here.
/I The frequencies specified DO NOT have to corresporihin radio bands.
/I The frequencies and the step freq can be any vatbmwhe range of the AIM.

/I Example of defining a band for an AM radio station:

1 0.520, 0.620, 0.001, station=KLIF_570

/I The string after "station="isw@ser supplied stringto identify the band

/[ on the menu. It can be up to 12 characters long banhitot have any spaces.
/I Use an underline or a dash character instead ofca.spa

1.7, 2.1,0.01 // 160 meters all of these valuebearser specified.
3.4, 4.1,0.02 /I 80 meters

6.9, 7.4,0.01 // 40 meters

13.9, 14.5,0.01 // 20 meters

20.9, 21.6,0.01 // 15 meters

27.9, 29.8,0.05 // 10 meters

49,5, 54.5,0.10 // 6 meters

143.5, 148.5, 0.10 // 2 meters

5.25, 4.25, 0.05 // 60 meters
10.0, 10.20, 0.005// 30 meters
18.0, 18.20, 0.005// 17 meters
24.7, 25.1, 0.01 // 12 meters
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1.00, 160.00, 2.0 // Band A
1.00, 21.00,0.2 // Band B
5.00, 45.00,0.25 // Band C
13.00, 43.00, 0.2 // Band D

240, 240, 240 /I highlight color for bands
1000 max number of data points. This can range frora 20Q0.
0 meters/feet (1 means use meters as default length,3 neafeet as default)

1000 Max delay in milliseconds for external hardware
/I (for example, Bluetooth) to respond to the RS232 lifsk.
[[FERER AR SRR SR ARE TR AT AR SR SR IR TR ARE R ARK
/l Parameters to set graph and font sizes: (new witkion 600)
/l'1f the max width and height are larger than the dcitr@en size,
/I the full screen size will be dise
I/l The earlier versions of the AIM program used a mayplsize of 950 x 600.
950 max graph width in pixels (original AIM graph wieths 950 pixels)
600 max graph height in pixels (original AIM graph heigas 600 pixels)
7 Default font size. 5 is very small, 6 and 7 ardiuma, 8 is large.

/I minimum font value=3, maximum font value=10
1 Bold Data display ( O=not bold data )

/ kkkkkkkkkkkkkkkkkkkkkkkkkkkhkkhkkkkkkkkkkkkkkhkkhkkkkkkkkkkkkkkkhkkkkkkkkkkkx

0 Do not clear each screen during recycle mode ( lcledo)

300 Delay in miliseconds while recycling. Several selsomay be useful in some
cases.
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[[**** yersions 621 and higher:
1 parameter 1 future expansion
0 (1=issue cal warning if long stub is attachadevealibrating)
2.0 parameter 3
0.1 parameter 4
32 averaging for crystal's parallel resonant frequemeasurement

1 =don’t enable external program control,
/I 2=enable but don’'t show counter
/I 3=enable external control and show counter.

1 auto save graph after each scan, 0=don't save
/I The next two lines are path names for the ext@aatrol input and output files:
/I The names controlfile= and outputfile= must appedr dinsthe line.
/I The exact position on the line is not critical.
/I The file and path names can be anything, they tdawu& to be on the C drive.
/l Don't enclose the path name in quotes.
/I Use double back-slashes for folder delimiters.
/I The path names CANNOT have spaces in them. Useslastunderscores.
/I All valid filename characters are ok except spaces.

controlfile= C:\\temp\\datafilel.txt input ¢owl file initiates scan
outputfile= C:\\temp\\$AutoScan$.csv output data csv file

1 parameter 8 future expansion

1 parameter 9
1 parameter 10

/[ END of config file
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Appendix 9 — Component Test Fixture

The AIM4170 can be used to measure
small discrete components over a specifi¢
frequency range. A convenient way to hg
them is with a BNC to binding post
adapter. Even though the adapter has
significant stray capacitance and
inductance, these stray parameters can [
cancelled by the calibration procedure.
The adapter shown here is from Jameco,
part number 99354, which costs about
$5.30 in the U.S.A.

(ref: www.jameco.com

When calibrating, insert a piece of wire
between the binding posts for thleort
circuit. Then remove the wire for tlopen
circuit. Theresistor that is used can be
any 1/4W or 1/8W carbon or metal film
resistor with an accurately known value.

od
ld

e

resistor in the range of 50 to 500 ohms can

be used.

For testing very small surface mount

components, another adapter can be made

from a small piece of printed circuit board
material. A cut down the middle isolates

the two side. A similar cut is also made on

the back side if the printed circuit board h
copper on both sides. Two heavy wires
(#16 - #20) can be used to connect it to {
binding posts. The chip component being
tested can be held securely by pressing it

against the board with the eraser of a pencil

as

he

or a plastic screwdriver.
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Here we see the surface mount adapter
combined with the binding post adapter.
The stray capacitance of this combinatior
adapter will also be compensated by the
calibration procedure. Capacitors in the
picofarad to nanofarad range and inductars
in the nanohenry to microhenry range can
be measured.
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Appendix 10 — External Program Control

The AIM4170 can be integrated with a test system sontbasurements are done under
the control of a “master” program.

AIM measurements will be triggered when the mastertesem control file called:
C:\Datafilel.txt (this name can be customized in thafig file). After the AIM scan is
complete, it saves the data which has been comppi@tessed by all the calibration
and transformation procedures.

The format for the control file is:

1 Scan Trigger command (line 1)

start_freq, stop_freq, delta_freq ( 3 fixed point numirekdHiz) (line 2)
0 (not assigned yet) (line 3)

0 (not assigned yet) (line 4)

If line 2 has zeros, the start, stop, delta valuesarehanged. The file must have at least
four lines of text. If it has more lines, that's okawyly the first four are read at this time.
In the future other information may be included in ilee A sample control file called
datafilel.txt is included with the program package so yotsearthe exact format with
imbedded control characters. This file was created)usotepad.

When the AIM program see this file, it reads thenmfation, sets up the internal scan
parameters for start, stop and delta, and does a st@m itTdeletes the control file.

The new scan data is saved in an output data file call8&@oScan$.csv. This name
can also be customized in the config file.

This is the same file format that is used now wien'Save Graph" function is selected
or the letter "U" is entered on the keyboard.

The external control feature is enabled by the fexigorogram control” flag in the
config file.

The flag values are:

1 = no external control, normal operation

2 = enable control, no diagnostic display

3 = enable control, a counter appears in the upperoefec of the

screen to indicate the control routine is active
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While the AIM is in the external control mode, hider features operate normally. It
still responds to mouse and keyboard commands.

The external control scenario is:

1. Turn on the AIM power and then start the AIM program.

2. Change focus to the Master program.

3. Master program deletes C:\$AutoScan$.csv (output data file)
4. Master program creates C:\datafilel.txt (contre) fil

5. AIM does a scan with the specified scan limits.

6. Master program waits until C:\\$AutoScan$.csv (output file) is created by the
AlIM.

7. Master program processes the scan data.
8. Loop back to step 3.

To get a feel for how this works, you can create drobfile with Notepad. As soon as
the file is saved, the AIM will begin a scan. Whea Htan is completed, you'll see the
new *.csv file and the control file will have beeneated.

Note:

Similar results can be obtained by using a keyboard diomygaogram to send keyboard
commands to the AIM4170 program. The letter “U” will catlse AIM to do a scan and
save the $AutoScan$.csv file. The letter “L” candim¥ved by numeric strings and tab
characters to program the start, stop and step values.
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Appendix 11 — PowerAIM

The PowerAIM normally operates with a 12V battery. Dagery and a charger are
included in the kit. An AC/DC converter that provides 12ssat 500 ma or more can
also be used. The current required is about 500mA whileaaurement is in progress
and about 100mA when idle.

Press the power switch. The Green LED will blink\a fenes to indicate the version of
software and then remain on continuously. The Red ls=ihonly when a measurement
IS In progress.

To turn off the power, press the power switch agairthdfPowerAIM does not receive a
command from the PC for 10 minutes, it will power dowroadtically if it is in the
AutoPwrOff mode. The default is toot power down automatically but if you're using
batteries, théutoPwrOff mode can be turned on with a menu selection ugdarp.

Be sure the maximum input voltage at the DC power connector duss
exceed 16 volts. The minimum input voltage required is 11.0 volts.

NOTE: Before connecting a transmission line to thetiopthe
PowerAIM , be sure to momentarily short its pins together to drdiaryf
static charge that may be present. Also, be sure haeeDC voltage on
the antenna. If there is DC, use a blocking capacitevdesi the AIM4170
and the antenna input.

Antennas and transmission lines can have enough static chargedamage sensitive
electronic equipment. This can happen even when thers no rainstorm in the area.
A strong wind can generate static charge. So can just flexiragcoaxial cable by
rolling it up or unrolling it, even if there is no antenna ®nnected to it.

An antenna or a component to be measured should not be connedtor
disconnected from the analyzer while a test is in progressA test is in progress when
the RED LED is on

If the antenna under test may be picking up a strong external &énal,
check the voltage with an RF voltmeter first to make surdaes not
exceed 25 volts peak (18 volts rms) with a 100 ohm |oad.

When the PC program runs in demo mode it will defaulh&oAIM4170. To enable a
demonstration of the PowerAIM features, place a fkxinfthe root directoryvith the
following name: C:\pa_120.txt
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This file can be created with Notepad. It does not baveve any content, just the file
name is used as a flag to enable the PowerAIM demo riteedemo mode can be used
to display and analyze scan files that have been gaes@usly.

PowerAIM Specifications

Frequency Control: Digital Synthesizer 0.1 - 120 MHz ; Stability: +/- 30 ppm
Frequency Step Size: 1 Hz to 10MHz

Calibration: software controlled (no screwdriver adjustments).

ADC resolution: 12 bits.

Measurement Ranges:

SWR: 1 to 20
Impedance: 1 ohm to 2K ohms

Accuracy: 1 ohm +/- 5% of reading up to 60 MHz
10% of reading up to 120 MHz

Phase Angle: +/-90 degrees (true phase)

Parameters displayed include: SWR, Reflection coefficient, Return loss, Magnitude of load
impedance, Phase angle of load impedance, Equivalent series resistance and reactance,
Equivalent parallel resistance and reactance. Reactance is shown as inductance (uH) or
capacitance (pF) according to the phase angle.

Two Smith Chart displays. One can be phase shifted with respect to the other.

Data can be referenced to the antenna terminals.

RF Output: 2 milliwatts max; type-N connector standard.

Spurious output: —30dBc or better

Max stray RF input while measuring: 25V peak.

Max safe RF input: 50V peak.

PC Interface: RS232. Data rate = 57.6K or 115K baud. An optional USB/RS232 adapter is
available when ordering the PowerAlM .

Display: Graphics output on PC screen. Mouse controlled cursor for digital parametric readout.
Morse code output for selected parameters. Up to 20 markers for user specified frequencies.

An audible tone related to SWR can be output to assist in making adjustment without watching
the PC monitor.
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Power Supply: 12 VDC at 500mA max (12V battery and 120VAC battery charger included)

Battery power source can range from 11 to 16V. Required current is approximately 500mA when
a measurement is in process, 100mA when idle. Auto-power-off after 10 minutes of inactivity.

Dimensions (approx): 5" x 4" x 2" (12.7 x 10.2 x 5.1cm)
Software for the analyzer hardware controller and the PC data analysis is upgradeable in the

field. Free software updates are available from W5BIG.com. The same program is used for the
AIM4170 and the PowerAIM 120.
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Markers

Markers can be defined to aid in collecting data at spdi@quencies. Position the

cursor near the desired point arght click. The marker frequency at the cursor appears
in a dialog box. This value can be changed if desiredurber followed by “k” or “K”

is considered to be in kilohertz, otherwise, it isnegahertz.

Click thelnsert button to add a new marker or tRemovebutton to remove a marker.
As markers are entered, they are displayed as red doksddis shown below.

The marker display can be turned on or off with the miatikggle function (see below).
After a marker is inserted or deleted, the set of mankabe resorted in the order of

ascending frequency.
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Markers can be controlled using the menu item under thei2oM tab:
Several options for the markers are shown in the sabrinelow:

Display Marker Data — open a window to display all the presently defined mar&ed
the data at these frequencies. The data is read whermnith@w is opened. ClicRefresh
to take another set of readings.

The column labele@WR_Ratio shows the ratio of the SWR values at specified fset
from the center frequency. The numbers in parentlasa$he marker index numbers
used for this ratio. For example, in this figure, th@ran the top line is the ratio of the
SWR values at markers 1 and 5. The ratio is always griwte or equal to one. The
markers do not have to be equally spaced.

If the graph being displayed is from a scan that has $esd or processed by a DSP
filter, the marker data will be taken from that datanemory and no new data is read
from the hardware. In this case, if some of thekenarare outside the scan limits, a
reminder will pop up indicating that data for some of tlagk@rs cannot be read. Also,
therefresh button will not be displayed.

Theta Rotation — The marker data can be transformed to correspondddlasdtwould
be measured at the end of a transmission line wipeeified electrical length or a
network with a specified phase shift.
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Toggle Markers - turn the marker display on/off without changing them.
Clear all Markers — removes all markers from memory.

Save Markers— saves this set of markers to a user specified filg.nymber of marker
fles can be saved. These files have the exterigink.

When the marker data is saved using$é&/E button on the marker data window, a
second file is also saved in a comma-separated-varitari@at (csv). This file as the
same user specified name and the extertsiorx . It can be input to a spreadsheet, such
as,Excel

Recall Markers - recall a set of markers from a file.

Markers are also shown on the Smith charts:

Additional functions on the PowerAlM tab:

Check stray RF in— measure the peak stray signal appearing at the RF tondae to
radio stations. This value is displayed in the lowertreghiner of the graph.
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Typically this value is less than 1.0V. If it goes ab@%evolts, the PowerAlM will not be
able to make accurate readings in the presence of stabng field. This value is also
checked automatically before each scan begins.

If the stray RF input is more than 30V peak, the PowermiMnot make a measurement
since the input may be close to the damage threshdlterd is any doubt about the
magnitude of the stray RF pickup, check the antenna wikFavoltmeter before
connecting the PowerAlM.

Rotate Smith chart— enable the second Smith chart and specify the angigation, if
any. The zoom factors for the two Smith chartsloaxlifferent.

SWR Ratio —measure the ratio of SWR readingpeddefined 5SKHz intervals from
the center frequency. This is similar to the SWRordtsplayed in the marker data
window.

DSP filters 1 & 2- A distant station on the same channel may cagsaad but
noticeable disturbance of the scan where you wanttera measurement. This
interference can often be eliminated by using the fiXeFs.

These filters have two parametecenter frequency& scan width Thecenter
frequency does not have to correspond exactly to the point wihereoise is centered.
Also, there can be more than one burst of noiskearstan range. Typically the scan
range will be small, no more than 100KHz for signakh@&AM broadcast band and up
to 1IMHz in the FM band. The scan range is specifietsthalf-width . The scan will be
between f1 and f2 corresponding to the center frequenaysrtiie half-width and the
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center frequency plus the half-width. The numbers cantered in kilohertz by
following them with a “K” or “k”.

If 0.0 is entered for the center frequency, the DSé& filtill process the data already in
memory from a previous scan. This is useful for prongssata saved in scan files.
Otherwise, a new scan will be done with the specsfeh limits and this new data will
be processed.

The two filters use different techniques and one makwetter that the other,
depending on the situation. The calculated data will be supesed using a heavy line
over the original data so you can see its effect. nEwetrace can be displayed by itself
by clicking on a function that causes the display toelfreshed, for example, click the
scales buttonand therenter.
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An example is shown below using DSP filter 1:

ORIGINAL SCAN:

AFTER PROCESSING WITH DSP FILTER 1:
(heavy lines are new data after filtering)
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In the example above, the heavy, highlight lines hosva so it's easier to see the effect
of the filter. Red corresponds to SWR, orange to Rsane yellow to Xseries.

Below are two screen shots showing the effect oQUSBP filter 2. The interfering
signal in this scan was injected using a transmitetifg one antenna while the
PowerAIM was scanning another nearby antenna.

ORIGINAL SCAN:
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AFTER PROCESSING WITH DSP FILTER 2:

Save State -Save the present values of various parameters, inclugngcan limits, file
names and markers. This is the same as the *.ituutlét has a unigue name so these
data can be recalled later for particular applications.

Recall State— Recall a state that was previously saved.

PowerAIM Help — a help file for the commands specific to the PowerATkis
supplements the regular Help file under ithedp tab.
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Terms and Conditions

ORDERING: visit our on-line store atww.arraysolutions.com/pricelist.htm or phone
us at (972) 203-2008 (9:00-4:00 CST) to order. More information @eriog is shown
below.

UPGRADES: Software upgrades are available at no Ta#.includes programs for
both the analyzer controller and the PC.

Check the websitev5big.com/prog _update.htmfor the latest version of the program
and the latest application information.

POLICIES AND WARRANTIES:
Products Manufactured By Array Solutions - Limited Waryant

Believe it or not we have a lifetime warranty ongwots we manufacture. We warrant
the functioning of the product as designed. If it failfutaction as designed, we will
repair or replace it free of charge as long as youotigenal purchaser, own it and it was
not damaged from lightning, other act of God or othenalas We reserve the right to
make that determination. We will photograph the evidefcich non-covered damage
and will be happy to show it to you. We will listendny reasonable argument on your
behalf to alter our opinion and do our best to reachitaially agreeable solution. You
must pay for shipping charges both to and from us.

Procedure for Obtaining Warranty Service

If you have any doubts as to whether a problem is ewithproduct or somewhere else in
your system, please call us at our below listed telephonder. No one else besides us
is authorized to perform our warranty obligations. dfiyare sure the problem is with our
product, just ship it to our factory address. Pleasewdli® packaging procedure
explained below under "ALL REPAIRS." We will not makevarranty repair unless you
include a copy of your purchase receipt, so please includthithe product to be
repaired.

This warranty gives you specific legal rights, and yoy aiso have other rights that
vary from state to state.

Products Not Manufactured By Array Solutions - Manufactsid/arranty Only

We do not warrant other products we sell. They areanted by the original
manufacturer. Please follow the manufacturer's polamelsprocedures for warranty
service to insure the best and quickest service.
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Provisions Applicable to All Products

Very Important, retain all shipping boxes for possiltdgnes made to the shipper for
damaged product! Not doing so will affect how your warraepfacement is handled
since we cannot replace a product that had it damagerelmiaoted due to the customer
not retaining the original shipping box.

In no case will we be liable for any incidentaloonsequential damages, which includes,
but is not limited to, damage to equipment connected aclatl to any product we sell.
Some states do not allow the exclusion or limitagbmcidental or consequential
damages, so the above limitation or exclusion mayapply to you.

Your sole and exclusive remedy upon our failure to meetvaaranty obligations to
repair or replace as described above is refund of the gaegrice.

ANY CONTROVERSEY OR CLAIM ARISING OUT OF OR RELANG TO
PRODUCTS WE SELL SHALL BE SETTLED BY ARBITRATION IN
ACCORDANCE WITH THE ARBITRATION RULES OF THE AMERZAN
ARBITRATION ASSOCIATION.

You may obtain warranty information at no charge &g us at the below telephone
number or by contacting the manufacturer for products weotlonanufacture.

OTHER THAN AS STATED ABOVE, ARRAY SOLUTIONS DISCLANS ANY
WARRANTY OF MERCHANTABILITY, FITNESS FOR ANY PARTITLAR
PURPOSES WHATSOEVER AND ANY IMPLIED WARRANTIES.

ALL REPAIRS: When sending in a product for service, ggeearefully "double” box it
and ship it insured for your protection. Please includeta clearly describing the
problem, how you wish the item returned to you and howwsh to pay for the service
if it is not covered by our warranty. Package your iggoperly. Array Solutions is not
responsible for merchandise damaged in shipment. Ouceseate is $50 per hour (2 hr.
minimum).

NON-REPAIR RETURNS: Returned items must be receivedsan original, as-
shipped, condition including the original box, manuals, semees, and copy of sales
receipt. Returns must be within 14 days of purchase. magtuiems are subject to a
15% restocking fee. Shipping charges are not refundable.

Phone and FAX:
Tel: 972 203 2008
Fax: 972 203 8811

Factory Address: Array Solutions 350 Gloria Rd. Sunny¥Xi¢5182
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Sales Outside the United States: Purchase of produthes$y outside the United States
of America constitutes purchaser's agreement that atique concerning the respective
rights and obligations arising under the terms of purchessubject to arbitration under
the provisions of Texas Civil Practice and RemediedeC®ection 172.001 et seq.

On Line: Ordered on line. Our secure, dedicated seregreiof the fastest and protected
with 128-bit encryption. You can be sure of your privacy.

PAYMENT: We accept Visa, Mastercard, money ordershieas checks and personal
checks, and bank transfers. Phone order customers pieasady to provide card
number, expiration, issuing bank, billing and shipping adgresshome & work phone
(e-mail customers please provide this information a8 request this information for
your protection. Money orders, cashiers checks and paErsbecks may require 2 weeks
to clear from un-established customers and/or large peesha

MINIMUM ORDER: We have no minimum. Your order is impant to us whether it is
for $5 or $500.

SHIPPING of Array Solutions Stocked Products: We shiptrooders within 5 business
days (UPS Next Day and Second Day Air orders are shipjpbitt @4 hours). We ship
Monday through Friday. Our normal method of shipment iS $Rrface International
orders are sent with Air mail parcel post or EMS. Wendbship C.O.D. Array Solutions
reserves the right at any time after receipt of yadeoto accept or decline your order
for any reason. You may request shipment by other nseartisas FedEx, UPS Next Day
Air, UPS Second Day Air or Air Freight for export ordeEquipment is packed very
carefully and sent insured. Please provide us with amiplpgg address. UPS cannot
ship to a Post Office box.

Shipping of ICE Products is usually shipped to you FactorgdDirom ICE. ICE ship
dates vary extensively due to customer demand and prodwttxknat their facility. We
cannot be held liable for the ship date of their produmiswe will try to expedite the
order if we are told by you that you need it by a certiaite. Please order these products
early.

PRICES: Prices and specifications are subject to ch&igere not responsible for
typographical errors.

SALES TAX: Array Solutions shall automatically chayed withhold the applicable
sales tax (8.25%) for orders to be delivered to addrestas the state of Texas. Each
customer shall be solely responsible for all sakessaor other taxes, on orders shipped
outside Texas.

FOREIGN ORDERS: Foreign orders must be payable in dbfars. You may use Visa,
Mastercard, postal money order or bank check drawn a®alddnk with transit numbers
imprinted on bottom of the check or bank transfer toamazount. We will supply you our
banking information upon request. The customer is resgerigibshipping on warranty
service. We do our best to deliver to you using the regpensive EMS (Express Mall
Service) parcel post which allows us a tracking numbéslimw up if there is a problem.
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We have experienced some long deliveries to certaintgesiike Spain, Portugal, Italy
and some South American countries. We may insist o @sshipping service such as
UPS, DHL, FEDEX, or Freight Forwarder for certain cwi@s or large orders due to past
losses in your country.

SHIPPING TO Array Solutions: When you ship your equipnienservice it is
important that it is packaged properly. Use the originaldal packing material if
possible. If you do not have the original box, wrape@eipment well with bubble wrap
then place this in a box with adequate packing materiiadgfipment should then be
placed in a second box with packing material to help entsusafe arrival to us. Please
be sure to insure your package for its value. Array Saisitrall not be responsible for
equipment that is damaged in shipment to us.

CUSTOMER INFORMATION: Array Solutions does not sedint, lease or trade
customer information with any other company.

LIMITATIONS OF LIABILITY: Except as expressly statecttein, Array Solutions.
makes no representations or warranties, either exprasglied, of any kind with

respect to products sold on the Array Solutions websitiiding but not limited to,
merchantability and fitness for a particular purpose. agnee that the sole and exclusive
maximum liability that Array Solutions has arisingrfi@any product sold on the Array
Solutions web site shall be the price of the productrecidn no event shall Array
Solutions, its directors, officers, employees or otleeresentatives be held liable for
special, indirect, consequential, or punitive damagesecktat products sold.

RETURNS: Returned items must be received in the origmadiition including the
program CD, power supply, cable, and accessory conneBetgns must be within
fourteen days of receipt. If the original box is nedikable, suitable boxes can be
obtained from the post office without charge. Use tigiral packing materials if
available or the equivalent. For maximum protectioycafr equipment, insure the
package and request a signature when it is received. Shqmahg not refundable. We
will pay the return shipping for warranty repairs.

WARRANTY SERVICE: Products have a one year limitednamaty. This includes parts
and labor. We will repair or replace the unit at ourrdigson.

CIRCUITS AND PROCEDURES used by this vector impedance
measurement system are covered by one or more pp&isg.




