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This manual contains tutorial outlines for some of the most commonly used TAP intermod functions.  Much more information and detail is available on the SoftWright web site in our Frequently Asked Questions section.  The best place to start is the TAP Training Outline available at:

http://www.softwright.com/faq/faqTrainingFrame.html
This same outline is available on the CD-ROM you used to install TAP.  If you selected the default "Typical Installation", the training outline is available from your TAP menu under Help:
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TAP Intermod Study Program
OBJECTIVE: To understand the basic operation of the TAP Intermodulation Study program, including the various configuration options related to the scope of the study generated in TAP.
In this tutorial, you will compute intermodulation products as a function of transmit and receive frequencies, transmitter harmonics, protected receiver frequencies and other study parameters that you will specify. You will begin by creating a new intermod database file used to store information about the transmit and receive facilities analyzed by this program. After defining several new transmit and receive frequencies, you will configure the intermod study scope parameters and experiment with several methods you may wish to use in order to filter out intermod products that you consider less likely to occur. When you execute your intermod study, TAP will calculate and compare resultant intermod products to receive frequencies for those transmit and receive facilities you have opted to use.

If a resultant product falls within a protected frequency (receive frequency +/- receiver offset), the intermod product is written to both a text file report and an intermod results file. The report is a simple ASCII text file you can view, edit and print with any text editor or word processor. The intermod results file is a database that can be further studied with the TAP Intermod Report Generator. The Report Generator allows you to apply one or more filter conditions on the intermod resultants generated in this intermod study program in order to generate a report consisting of a subset of the original set of intermod products. Consult the Intermod Report Generator tutorial for more information about its use.

You are advised to consult the section on Finding, Solving, and Preventing Intermodulation Problems for more detailed technical information related to the diagnosis of existing intermod problems and the interpretation of the TAP intermod results.

From the main menu of TAP, use your left mouse button to click on the Intermod menu, then on the Study option to display the TAP Open File dialog box pictured below.
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If you are using TAP5 or earlier the menu will appear as shown below:

[image: image3]
You will be prompted to open or create a file for the intermod study:

[image: image4]
Your screen may or may not display previously created "DBF Files" in the INTERMOD directory depending on the extent to which you have run this program in the past. You will use the Open File dialog box to create a new intermod database file for use in this tutorial.

Position your cursor to the left of ".DBF" displayed in the File Name text box, and type TUTIMOD. Your file name and path specifications should look like ours pictured below. (Because of back-compatibility issues with earlier versions of TAP, the file name should be the older style eight character file name with no spaces.)

Press OK to accept this new file name.

Press the Yes button to confirm the creation of the TUTIMOD.DBF in the C:\SWTAP\INTERMOD sub-directory. The TAP Intermod Study Setup screen will appear.

[image: image5]
The Intermod Study Setup program will initially display summary information about the current intermod study settings. In our case, the intermod data base file just created has no transmit or receive frequencies. The currently displayed study parameters like Maximum Combinations and Order Range reflect the default configuration for this program. These options will be explained later in this tutorial.

[image: image6]
Note the Task Options frame at the bottom of this screen. The Execute Later option is used when you wish to setup an intermod study now but run it later. The Task ID is automatically generated by TAP when you enter this program. Under this scenario, when you wish to execute your study, you will locate this Task ID and its task description in a list of unexecuted tasks and then direct TAP to run it. For purposes of this tutorial, we will use the Execute Now option.

[image: image7]
Position your cursor in the task description text box and change the description to TAP Intermod Study Tutorial as we have done below. Now we are ready to enter transmit and receive data.

[image: image8]
Use your left mouse to select the Intermod Data tab folder. Because our file is new, the label above the intermod editor grid will display 0 Records Specified.

To create a new Intermod frequency record, place the mouse cursor in the row marked with an asterisk ("*") at the left end of the row.
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Place the cursor in the TX Freq MHz column. Enter a frequency value of 200. When you start typing on the "*" row, a new record is automatically created:

[image: image10]
(The grayed out buttons, New, Edit, etc., are for backwards compatibility with earlier versions of TAP and are not used in the current version.)

You will make modifications to this facility directly in the grid. All changes to the grid cells are immediately written to the underlying intermod database file without the need to save your edits.

[image: image11]
The first column in the grid is the "USE TX?" column. When you execute your intermod study, TAP will analyze intermod products of those transmit facilities for which the check box of the USE TX? field is marked. Be sure the check box in the Use TX? column is checked..

We will discuss the TX REFERENCE field later. For now, we will scroll past it. Use your left mouse to click the right arrow of the horizontal scroll bar. Position your cursor in the TX DESCRIPTION cell and type TX Test #1 as we have done below.

[image: image12]
Use the horizontal scroll bar to navigate to the TX HARMONICS column. You can enter the value of 3, or use the pulldown list to select 3.

 

Now use the horizontal scroll bar to navigate to the USE RX? column. We will discuss this field in more detail below. For now, note that each record in your intermod database can be used as a transmit facility, receive facility or both. If your facility is both a transmitter and a receiver, you could enter both frequencies into this record. As long as the USE RX? checkbox for this record is unmarked, TAP will ignore receiver specifications for the current record.

[image: image13]
Use the scroll bar to navigate back to the first column. In the New Record row (marked with the "*") enter a new frequency of 399.95. A new record will be created.

[image: image14]
Click the Use option in the Use TX? column as we did before. Enter a description TX Test #2. Set TX HARMONICS to 5.

In the same manner add two additional new transmit facilities with the following characteristics: 

	USE TX?
	TX FREQ MHZ
	DESCRIPTION
	HARMONICS

	Use
	400.05
	TX Test #3
	5

	Use
	600.00
	TX Test #4
	5


Your four transmit facilities should appear like ours below.
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Now we will create two receive facilities. Use the scroll bar to navigate back to the RX Freq MHz column
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Using the New Record ("*") row, enter the following data in the appropriate cells for EACH new record. 

	RX FREQ MHZ
	DESCRIPTION
	RX OFFSET KHZ

	1000
	RX Test #1
	100

	600
	RX Test #2
	100


The receive frequencies should now show those two entries:
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Let’s check the status of our setup before we turn our attention to the study configuration options. Use your left mouse to move to the Overview tab folder. It should indicate our intent to use 4 transmit and 2 receive frequencies in this study.
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Move to the Study tab folder. When you use TAP to study your actual or planned installations, you may have a need to manipulate the scope of your studies in order to isolate those intermod problems most likely to occur and reduce the program execution time.
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You can direct TAP to combine up to four transmitter harmonics into a calculated intermod product. If you specify a Maximum Number of Frequency Combinations equal to 1, the harmonics of each transmitter will be examined one at a time. It is typically sufficient to study a maximum of three combinations. Four combinations may result in resultant products considered too remote for practical purposes. For purposes of this tutorial, we will examine a maximum number of combinations equal to 3. Use your left mouse to click the down arrow to the right of the Maximum Number of Frequency Combinations and select 3.
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By default the option Report Products for ALL Selected TX Frequencies is selected for new studies. This option examines products for all the transmit facilities for which the USE TX? field is marked "Use". The other option "Report ONLY If TX Reference Frequency In Product" works in conjunction with the TX REFERENCE column in the data grid. In this case, you can direct TAP to report only those intermod products in which at least one reference frequency is a component of the calculated product. A facility becomes a "reference" frequency when the TX REFERENCE field is set to "Use" in the grid. This option is typically used when you want to check the possible impact of adding one or more new frequencies to an existing site and ignore any intermod products that currently exist. For purposes of this tutorial, we will opt to report all resultant intermod products. If necessary, use your left mouse to select the Report Products for ALL Selected TX Frequencies option.
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The "order" of the product is the sum of the harmonic values for each of the transmit frequencies combined in the intermod product. For example, an intermod product generated from the second harmonic of transmitter frequency A and the fundamental frequencies of B and C (2*A + B + C) is a fourth order product (2 + 1 + 1). If you specified up to a 9th harmonic for four transmitters used in a particular study, a 36th order product is mathematically possible (9*A + 9*B + 9*C + 9*D). However, such a product is generally unlikely to be of practical significance. A typical intermod study will analyze products up to the 5th order. Product orders in excess of five are generally considered to be of less practical importance and will increase execution time. Enter an order range from 1 to 5 as we have done below.
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You can direct TAP to ignore intermod problems in which fundamental transmit frequencies are equal to exact receive frequencies using the Ignore RX Frequencies Equal to TX Fundamental check box. In this manner, you will avoid generating intermod "hits" for simplex equipment that use the same transmit and receive frequency. For this tutorial, confirm that the Ignore RX Frequencies Equal to TX Fundamental check box is selected.
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You will use the TAP output options to configure the intermod resultant products report that is automatically displayed after you run your study. Note that TAP also provides a separate intermod Report Generator which you can access from the Intermod options of the main menu. The Report Generator allows you to apply one or more filter conditions on the intermod resultants generated in this intermod study program in order to generate a report consisting of a subset of the original set of intermod products. For now, we will use the Output Options to generate a detailed report of the intermod products and their component frequencies for this study.

You can direct TAP to write varying degrees of detail to the ASCII text file displayed in the Output Options frame. Use your left mouse to click the down arrow to the right of the Report Content list to view your content options. The Parameters Only option simply documents the intermod preferences used in the calculations. The Computed Values report documents summary statistics related to intermod product hits generated in the study. The Details option documents the study parameters, calculated intermod products, total product orders and component frequencies combined to generate the offending intermod products.

If necessary, select the Details option in the Report Content list.

[image: image24]
Use your left mouse to click the down arrow to the right of the Sort by list to view your sort options. You can sort by the resultant intermod product, component transmitters or by resultant and transmitter. If necessary, select the Resultant option in the Sort by list.

[image: image25]
Your intermod report will identify the transmitter source of each component frequency combined in the resultant intermod product either by transmit frequency or the textual description of the transmitter. If necessary, select the Frequency option in the Identify Components by list.

[image: image26]
Now we will run the TAP Intermod Study Tutorial study. With the Execute Now option in the Task Options frame set, click the Continue button at the lower right portion of the screen.

[image: image27]
TAP will perform a number of functions before automatically displaying the intermod report. You can track your progress using the Intermod Study Status screen pictured below.

[image: image28]
First, TAP will create a new intermod results file into which resultant intermod products will be written.

Second, TAP will calculate intermod products as a function of input intermod data file (here, TUTIMOD.DBF) and the parameters you specified in the Scope frame of the Intermod Study program. Calculated products are compared to protected receiver frequencies (RX frequency +/- RX Offset) to determine if a potential interference problem exists.

Third, all computed offending intermod products are written to the results file.

Fourth, a text file report (here, T0004282.TXT) is created taking into account the content and sort order you specified in the Output Options frame of the intermod program.

[image: image29]
When TAP has completed its intermod calculations, the Do More? Dialog box will appear along with the intermod report displayed in the Windows Notepad editor program. Click the No button. (Note that this "Do More?" dialog may be covered by the Notepad window described below.)

 

The Intermodulation Study report indicates that TAP calculated 29 resultant intermod products. A listing of these "hits" is contained in this report, beginning with 599.9 MHz, 100 KHz from RX Test #2 (600 MHz). As you scroll through the report, you will notice that several intermod products are marked with an asterisk ("*"), like 600 MHz. The asterisk indicates a direct intermod hit – the intermod frequency is exactly equal to a receive frequency.

[image: image30]
As you scroll to the end of the file, you will display the intermod products that potentially interfere with the 1 GHz receiver facility (RX Test #1), including a number of direct hits. Note the two 1000.1 MHz intermod products at the end of the file. Although both frequencies are 100 KHz from the RX Test #1 facility, the second hit is a 3 rd order product and the first is a 5 th order product. It is generally true that a lower order product is more likely to occur and therefore more worthy of attention were this a real study.

[image: image31]
This concludes the intermod study tutorial. As mentioned previously, consult your TAP technical reference manual for more detailed information related to the study scope parameters and interpretation of the TAP intermod results. Consult your TAP Report Generator tutorial for information about the operation of the intermod report filters.

 

 

  



TAP Intermod Report Generator Program
OBJECTIVE: To understand the basic operation of the TAP Intermodulation Study Report Generator program, including the various configuration options related to the scope of the intermod report. The TAP Intermod Study Tutorial is a prerequisite to this tutorial.
In this tutorial, you will use the intermodulation Report Generator to analyze the intermodulation products computed as a function of transmit and receive frequencies, transmitter harmonics, protected receiver frequencies and other study parameters defined in the Intermod Study Tutorial. When you executed the intermod tutorial, TAP calculated and compared resultant intermod products to receive frequencies for those transmit and receive facilities you opted to use.

The TAP intermod Report Generator allows you to apply one or more filter conditions on the intermod resultants generated in an intermod study in order to generate a report consisting of a subset of the original set of intermod products. In this manner, you may choose to run a comprehensive intermod study and then isolate and analyze the results in order to exclude intermod products you consider to be more remote.

Our TAP intermod tutorial generated just a small set of resultant products. When you use TAP to analyze a large number of transmit and receive frequencies, you will find the filter options quite useful to your analysis.

You are advised to consult the section on Finding, Solving, and Preventing Intermodulation Problems for more detailed technical information related to the diagnosis of existing intermod problems and the interpretation of the TAP intermod results.

The TAP Intermod Study tutorial generated an intermod products file using the intermod study parameters pictured below. Given these results, we will use the TAP intermod report program to assist our analysis of potential intermod problems.

[image: image32]
From the main menu of TAP, use your left mouse button to click on the Intermod menu, then on the Report option.

[image: image33]
If you are using TAP5 or earlier, the menu will appear as shown below:

[image: image34]
Your intermod Tasks List displayed on the Intermodulation Report Generator that first appears may differ from the one displayed below depending on the extent to which you have run the intermod study program in the past. If you have run only the TAP intermod tutorial, your screen should look like the one pictured below. If more than one study appears in this list, select the TAP Intermod Study Tutorial with your left mouse button.

[image: image35]
We will use the Product Filter Options to the right of the task list to define the contents of several different reports. These filter options are applied to the study configuration defined in the intermod study setup program. You are able to further restrict reported results but not relax your original settings. For example, we excluded products that combined more than three transmit frequencies in the original tutorial study. We cannot at this point look at products with four components.

Use "Filter on Product Frequency" to view resultants within a desired range of product frequencies.

Use "Filter on Component Frequency" to view resultants with at least one of its component frequencies within a specified range of frequencies. We will use this option later to isolate and report only the resultants that combined a TX Test #3 (400.05 MHz) harmonic in the calculated products.

Use "Filter on Maximum Combinations" to direct TAP to report only those products that combine some number of transmit frequencies less than or equal to the specified maximum number of combinations. Our original maximum combinations was set to three – we could reduce this value to two or one in order to control the number of possible transmitters combined in our intermod products. We will demonstrate the use of this filter below.

Use "Filter on Order Range" to define an acceptable range of product orders. Our maximum order was set to 5 in the intermod setup program. We will isolate orders 1 to 3 in a filtered report below.

Use "Filter on Harmonics Range" to report products that combine harmonics that fall within a specified range. The maximum harmonic assigned to any of the transmitters when we set up the intermod study was 5. We could create a subset of the original intermod products by assigning a value less than 5 to the upper limit of the harmonics range specified with this filter.

You may recall that our intermod study database consisted of just two receive frequencies: 600 MHz and 1 GHz. When you use TAP to study many more frequencies, you may wish to view the intermod products within a certain range of frequencies. Select the Filter on Product Frequency option to make the Product Frequency Range Filter visible.

[image: image36]
Let’s isolate the 1 GHz intermod hits from the 600 MHz products. Recall that we specified a receiver offset of 100 KHz for each receiver. It is theoretically possible that TAP generated intermod products between 999.9 MHz and 1000.1 MHz for the RX Test #1 facility. Position your cursor in the Freq Low column and enter 999.9 MHz.

[image: image37]
Press the horizontal scroll bar of the frequency range in order to navigate to the upper limit of the frequency range. Enter 1000.1 MHz in the Freq High column as we have done.

[image: image38]
Note the Output Options frame at the bottom of this screen. When we generate this report, we will essentially overwrite the text file T0000001.TXT we created when we first executed the tutorial intermod study. You have the option to press the Browse button and save the new report to another file. We will not need to do this here.

[image: image39]
Press the Continue button to create this report.

Since the ASCII text file already exists (containing the original intemod study results, you will be prompted to choose to overwrite or append to this file, or to specify a new file name:

[image: image40]
For this tutorial, click the Append button so we will preserve the original information in the file and add the new results at the end of the file.

Since we are appending to the file, when Notepad opens with the file, you will need to scroll down to the bottom of the file to see the new information.

A portion of the resulting report is pictured below. It turns out that 21 of the original 29 total intermod products involved potential interference problems with the RX Test #1 facility. Let’s analyze the 1 GHz products further.

[image: image41]
When your review of this report is complete, Exit Notepad either through the File menu, enter Alt + F4 or press the X button in the upper right corner of Notepad.

[image: image42]
Press the Yes in response to the Do more? dialog box in order to generate another report.

[image: image43]
Initially, we set up our study to exclude intermod combinations with product orders in excess of 5. Typically, the lower order products are more likely to occur. Let’s fine tune our study further and concentrate on orders 1 to 3. Select the Filter on Order Range filter option and enter the order range 1 To Order 3. Note that when we execute this filter we apply BOTH the frequency and the order filters to the intermod results database. Wait – do not execute these filters just yet.

[image: image44]
In the sort options list of the output options frame is the sort by Order option. Press the down arrow to the right of the Sort label to view your sort options and select Order. In this way we will direct TAP to exclude orders in excess of three AND sort the remaining products by order.

[image: image45]
The Report Generator form should look like the one pictured below.

[image: image46]
Click the Continue button to create the report.

Since the ASCII text file already exists (containing the original intemod study results, you will be prompted to choose to overwrite or append to this file, or to specify a new file name:

[image: image47]
For this tutorial, click the Append button so we will preserve the original information in the file and add the new results at the end of the file.

Since we are appending to the file, when Notepad opens with the file, you will need to scroll down to the bottom of the file to see the new information.

The four intermod products that met our criteria are written to the text file with the lowest order (order = 2) at the top of the list.

[image: image48]
Exit Notepad as we did before and press the Yes in response to the Do more? dialog box.

[image: image49]
Let’s take a different approach to narrowing our study. First, we will remove the filters we previously applied. Deselect the Filter on Product Frequency and Filter on Order Range options, select "Resultant" for the Sort, and start fresh as we have done below.

[image: image50]
Suppose we are contemplating the addition of TX Test #3 (400.05 MHz) on our tower and wish to view all intermod products in which a TX Test #3 harmonic is combined into an interfering product. We begin by selecting the Filter on Component Frequency option.

[image: image51]
In the Component Frequency Range that appears, enter Freq Low equal to 300 MHz.

[image: image52]
Next, enter a Freq High of 500 MHz. In our case, the range 300-500 MHz is sufficient to include only the TX Test #3 frequency.

[image: image53]
Let’s configure our report to identify the terms that TX Test #3 contributes to the intermod products contained in this report. Select Description in the Identify Components by options list of the Output Options frame. This feature will provide additional textual descriptions of the transmitter descriptions contained in the intermod database.

[image: image54]
The report setup form should look like ours below.

[image: image55]
Click the Continue button to create the report.

Since the ASCII text file already exists (containing the original intemod study results, you will be prompted to choose to overwrite or append to this file, or to specify a new file name:

[image: image56]
For this tutorial, click the Append button so we will preserve the original information in the file and add the new results at the end of the file.

Since we are appending to the file, when Notepad opens with the file, you will need to scroll down to the bottom of the file to see the new information.

Your filter criteria should have generated 8 products like ours did. As you can see, the TX Test #3 harmonic appears in each of the displayed intermod hits. Note that TX Test #3 potentially poses problems for both RX Test #1 and RX Test #2. Let’s narrow the scope even further and demonstrate the use of the maximum combinations filter.

[image: image57]
Once again, Exit Notepad and press the Yes in response to the Do more? dialog box.

[image: image58]
In the Report Generator, press the Filter on Maximum Combinations option. Note that it is presently set to three, the value we specified when we first set up this study.

[image: image59]
Generally, intermod products of two components are of more practical importance than products of three components with comparable orders. Let’s reduce the number of possible transmitters that may be combined in any intermod product from three to two. Use your left mouse to pull down the list of Maximum Combinations and set it to 2.

[image: image60]
Before generating this report, let’s direct TAP to sort the resultants by Order. Our report will be sorted by product order and identify the intermod products in which a TX Test #3 harmonic is one of two possible components. When your Report Generator looks like ours below, press the Continue button.

[image: image61]
As you can see, we have narrowed our focus to six intermod products involving TX Test #3, two of which are 2nd order products.

[image: image62]
Exit Notepad and press the Yes in response to the Do more? dialog box.

[image: image63]
This concludes the Report Generator tutorial. Your studies are likely to be significantly larger. You may wish to use some of the techniques demonstrated here to reduce the scope of potential intermod problems and prioritize them in order of their practical importance. As mentioned previously, consult your TAP technical reference manual for more detailed information related to the study scope parameters and interpretation of the TAP intermod results. When you are through experimenting with the intermod report mechanism, press No to exit this program.

 

 

  



Finding, Solving and Preventing Intermodulation Problems
· Symptoms of Intermodulation Products 

· Types and Sources of Intermodulation Interference 

· Definitions of Terms 

· Use Predictive Tools for Intermod 

· Case Studies of Intermodulation Problems Using TAP 

· Equipment Used 

· Resolution and Avoidance of Interference 

Symptoms of Intermodulation Products
Simply put, actually too simply put, intermodulation (IM) products are interference. They are undesired interference to a desired signal from a destructive combination of signals typically located nearby. IM products are almost always intermittent because the transmitted signals, which combine to produce the IM, are not transmitting continuously. However, they are usually repeatable so long as all the component frequencies needed to generate IM are simultaneously present at the same point in time.

There are many types of interference. Some examples are co-channel (someone else, generally some distance away, using the same frequency as you) and adjacent channel interference (signals on a frequency different from but close to your desired received frequency). Other examples include manmade noise from induction devices such as motors and internal combustion engines as well as spurious emissions from non-radio devices such as computers, medical devices and welding equipment. Certain atmospheric conditions such as high moisture content or lightning can also cause significant interference to radio systems in certain frequency bands. None of these types of interference result from the generation of intermodulation products. These interference problems must be treated quite differently from intermodulation interference.

However, in order to eliminate any particular type of interference, you must first identify with great certainty both the type and source of the interference. Adequate research into interference types and sources will pay off economically, when it is time to perfect the cure. Also, be aware that not all types of interference are curable. Sometimes the solution is for one or more frequencies to be changed. While some techniques and solutions used to resolve these types of problems are some-what similar to those used to resolve intermod, the scope of this paper will be the prediction, diagnosis and resolution of intermodulation products.

Intermodulation products are the emissions at frequencies generated by the combination of two or more frequencies in a non-linear device, such as the output stage of a transmitter, or the input stage of a receiver. A non-linear device is one whose output signal is not directly proportional to its input signal. A simple example of such a device is a diode. The output is clearly a function of the input signal but not proportional to it. The output signal is typically very distorted and an increase in the input level will not produce a directly proportional increase in the output signal level. This is precisely the definition of a non-linear device. This type of device provides a great source of irregular combinations of signals, often not as we might desire them to be combined. Transistors are also a common source of intermod products generation. While these non-linear devices are normally biased into a near-linear region for normal operation, a high level of received signals (including intermod) can overdrive these devices into a non-linear region. This will almost certainly generate intermod.

Whenever two or more signals are present in a non-linear device, the possibility exists that an intermodulation product will be spontaneously generated as some combination of sums and/or difference between the frequencies involved. The contributing frequencies can be fundamental carrier frequencies radiated from transmitters operating in the nearby vicinity. They can also be harmonic products of those carriers (twice the frequency, three times, etc.) which may also be radiated if the proper suppression equipment is not installed or properly tuned at the transmitter output.

There are a number of commonly observed problems that often indicate the presence of intermodulation products. Some-times the receiver might not open the squelch when it should. You are not able to bring up the repeater from a portable unit located in an area that should be able to easily work the repeater. The repeater might be coming up "randomly", when no one is deliberately keying it. You might have highly distorted audio through the repeater. In the audio you might be hearing more than one user at a time. Your audio might also be present in someone else’s system. Another problem that can occur is hearing music on your two-way if the repeater is located near a FM broadcast station. Intermod distortion sometimes sounds like birdies, hum and even chirps. These sounds will usually be intermittent. In a digital system a common consequence of intermod is a destructive increase in the bit error rate (BER). This then will reduce the throughput of the link.

Types and Sources of Intermodulation Interference
Actual generated intermodulation products will usually fall into one of the following categories:

Transmitter generated intermod
The transmitted signal from one or more transmitters is received at the output of another transmitter generally via this transmitter’s antenna. This received signal must be of sufficient strength to mix with the transmitter’s own carrier in the non-linear final amplifier. This newly mixed signal is then amplified and transmitted along with the desired carrier. This is the most common type of intermod and also the easiest to cure.

Receiver generated intermod
Transmitted RF energy can sometimes generate a voltage in a nearby receiver’s RF amplifier, biasing a transistor into a non-linear state that allows it to act as a mixer, which in turn generates the unwanted IM products. This undesired signal can be received via the antenna input or can sometimes be coupled directly into the receiver through the case. This is also a common source for generation of IM products. Receivers can also be desensitized by intermod. When that happens a strong intermodulation product actually received in the front end can overdrive the receiver, causing the automatic gain control to reduce the gain even if the intermod is on a frequency other than the desired received frequency.

Externally generated intermod
Loose mechanical connections or dissimilar or corroded metal connections form non-linear electrical junctions, which act as "diodes" or mixers. When these devices are excited by sufficient level of one or more signals they generate IM products. Major offenders are tower section joints (especially if they are heavily corroded), broken welding beads, improperly seated or corroded connectors in the RF chain, metal buildings, and chain-link or barbed-wire fences. These are by far the most difficult sources to identify. Once they are identified, many conventional solutions exist that will usually eliminate them.

Definitions of Terms
Intermodulation product -A measurable signal at a specific frequency (or occasionally multiple signals over a specific bandwidth) generated from a combination of radiated signals, which are received at a site and which can cause interference to some desired received or protected frequency.

Protected frequency -A frequency, generally a received frequency at a site, that you wish to protect from interference (can also be an IF or subcarrier frequency added to or subtracted from the carrier frequency).

RX Offset -1/ 2 the bandwidth of the frequency spectrum you wish guarded around the protected (received) frequency when you do an intermod study. This offset frequency is the amount both below and above the protected frequency that will be checked by the intermod software to determine if any predicted products might be generated.

TX frequency -Fundamental carrier frequencies transmitted at the site that you wish to include as possible offending signal sources.

TX Offset - The maximum frequency away from the transmitted carrier which can contain modulated information.

Number of harmonics -You must specify from one through nine harmonics of the particular transmitted frequency, that you wish to be considered as possible participating components for an intermod hit in any study. If a particular transmitter is high powered, such as TV or FM broadcast, you should consider a higher number of harmonics than if the transmitter power is relatively low. It is typical to consider up to the 7th harmonic for UHF television with an effective radiated power of 5 MW and the 3rd harmonic for a two-way repeater with a few hundred watts ERP.

Facility description -Designated call sign or user ID that will help you associate the actual users with the list of frequencies you use in your intermodulation study.

Number of components -The number of transmitted frequencies that are used to generate the intermodulation product or hit. This is typically two or three frequencies. IM products resulting from four or more frequencies, while mathematically possible, are extreme cases, unlikely to be encountered in real world situations. Checking intermod combinations of more than three frequencies at a time will significantly increase the execution time of the intermod program.

Order of product -The sum of the absolute value of coefficients of all components of predicted intermodulation product. For example, if the intermod product generated is at 385 MHz and results from the combination of the second harmonic of 155 MHz adding with the fundamental of 75 MHz, the prediction would show as 2x(155) + 1x(75) = 385 MHz. The order of this particular product would be the sum of 2+1 or 3rd order product. The most likely hits to be generated are the lower order products, generally at or below 5th order. Checking for intermod higher than 5th order will also significantly increase the execution time of the intermod program.

Simplex operation -Transmitting and receiving on the same frequency (non-concurrently). The TAP software is configured with the default to ignore hits that are calculated if one of the offending participating frequencies is the same as the same frequency (simplex). This can be turned off on a frequency by frequency basis, should the user wish to do so when the study is done.

Half-duplex operation -Transmitting and receiving on different frequencies not simultaneously (not tested in IM program because it cannot cause a problem).

Full duplex -Transmitting on one frequency while simultaneously receiving on a different frequency. Testing for this is automatically covered in the software.

Use Predictive Tools for Intermod
Intermod products predictive software, such as the Intermod Module of the Terrain Analysis Package (TAP), can be used to bring to your attention the possibility of IM problems both prior to actual construction as a preventative tool as well as a diagnostic tool after construction is completed and a problem is suspected. When you are proposing the use of a new transmit and/or receive frequency at a site, it is wise to run an intermod study using the precise frequencies actually transmitted and received. This provides a basis for evaluation of the combining potential with a newly proposed frequency before it is in actual operation. This can bring both great assurance as well as due caution before a new facility is actually placed in service. Using the studies as a diagnostic tool when IM problems are known to exist is equally valuable. This will help you identify and solve a critical problem after its actual presence has been confirmed by the degradation or elimination of long established radio service.

A database of all transmitted and protected frequencies is prepared. Whether this is an existing site or a newly proposed unconstructed site, you will need to acquire an exhaustive list of all frequencies used at the site as well as other nearby locations. As you enter the information into the database you will need to make several assessments about the information. For each frequency you will have the option to include an assigned call sign or user name. Doing this will facilitate your interpretation of the output results by allowing you to associate which user is potentially affecting which other users. Along with each transmitting frequency you will need to make a decision as to up to what harmonic level you wish the software to consider each transmitted frequency. This decision will be based on your assessment of the likelihood of energy being radiated at those frequencies. For example, a relatively low power level transmitter (up to a few hundred watts) is not likely to radiate much energy above the third harmonic. If such was the case, it is likely that other performance characteristics would be so degraded that repairs would be in order. If, on the other hand, normal transmitted power is many thousands of watts, it is possible that you might wish to consider the possibility of including up to the 5th or 7th harmonic as possible participating frequencies. The TAP intermod software will let you consider up to the 9th harmonic in these studies as a possible offending participating frequency.

Along with each protected frequency you will need to specify a guard band around each one. This is the band of frequencies that if interfered with would cause your desired received frequency to be unreliable. This can be different for each protected frequency. The bandwidth of this protection guard band will generally be dependent upon the width of the assigned channel or the actual spectrum used by the particular type of modulation employed. It can also be determined by the selectivity of your receiver. The actual program input you will enter will be the offset in kHz that you wish protected both above and below the specified protected frequency. Any calculated hits that fall within this offset from your protected frequency will be included in the results database and listed as output from the program.

You will need to input the maximum number of participating frequencies (components) that you wish considered in the study. It is very rare to see more than three components actually combine to produce an IM product. The software will allow you to consider up to a maximum of four components.

The output from the intermod software is used to calculate the results of an intermodulation products study by evaluating the included proposed and/or existing facilities at the site. It considers the transmitted frequencies through the specified level of harmonics, taking into account all possible combinations of the proposed facilities. In addition to the fundamental transmitted frequencies, one or more other transmitting frequencies and their specified harmonics are also considered as possible components. The possible intermodulation products are then compared to all received or otherwise protected frequencies used at the site to determine possible areas requiring attention. All visual and aural received carrier frequencies, as well as chrominance sub-carrier frequencies for television translators in use, should be included in the input database. A generated hit frequency, which falls not exactly on, but close to a protected frequency, can also create problems. Therefore, any combination that results in a possible hit within the specified guard band (from the offset below to the offset above the protected frequency) will be listed as a possible intermod product in the results database.

The report generator then reads the results database and allows you to filter this information into meaningful reports. You can have multiple levels of filters on the results database. The variety of sorts and filters allow you to manipulate the results to find information about specific suspect transmitters or specific problematic receivers. For example, you can sort the data by the order of hits or by the frequency of the generated intermodulation product. You can also filter the results by including only certain ranges of hit frequencies or number of participating components. You can see only the possible hits with which a particular transmitted frequency is a participant. You can filter the results on almost any parameter used in creating the study. These reports can be printed out and saved as ASCII files, which can then be imported into conventional word processing software.

In evaluating the likelihood of possible interference resulting from the mathematical combinations computed, several factors are pertinent. Clearly a direct hit exactly on a protected frequency is of a much greater concern than a hit that is removed from the protected frequency. The higher order the product, the lower the likelihood of its being generated.

Products above 5th order are very rare. The reduction of effective radiated power of the proposed fundamental frequency due to considerations of the antenna’s azimuth and elevation radiation patterns also should be considered. If the effective radiated power (ERP) levels radiated from a proposed antenna in the direction of the receiving equipment is on the same order of magnitude as other existing transmitting equipment, it should not cause radically higher levels of desense or interference from intermodulation products. When there are largely different levels for ERP, the substantially higher-powered level carrier is of much greater concern. However, with proper isolation this can almost always be satisfactorily dealt with in the site design. Intermodulation products generated in existing receivers resulting from the fundamental carrier frequency can be substantially reduced or eliminated through the use of notch filters, as discussed below. If the power levels anticipated are on the same order of magnitude as other signals present, the selective attenuation achieved by the use of filters will often provide adequate protection.

Those possible intermodulation products resulting from the combinations of second and higher order harmonics from the proposed and/or existing equipment are of lower probability because of the stringent FCC regulations regarding spurious radiation and the suppression of harmonic frequencies. Television translators operating at powers greater than 100 watts must suppress harmonic radiation by at least 60 dB (see Section 74.736 of the FCC rules). Land mobile radio equipment (Section 90.209) must suppress harmonic radiation removed by 2.5 times their specified bandwidth by 80 dB or the computed value of 43 dB+ 10 log (output power in watts), whichever is less. The same requirement is imposed on FM broadcast facilities for frequencies greater than 600 kHz from the fundamental frequency. Thus, the signal levels of harmonic radiation from properly adjusted and operating equipment are attenuated to levels far below normal operating signal levels, and provide minimal contribution to generate intermodulation products. However, improperly tuned harmonic traps on a transmitter can increase the likelihood of intermod. Many times the proper tuning of these filters and thereby bringing these transmitting facilities into compliance with Federal Communications Commission requirements can easily eliminate it.

It should be remembered that while the problems under consideration are mathematically possible, a certainty of interference is not implied. The purpose of a study and discussion of this type is to predict and anticipate the more likely potential problems. Experience has clearly demonstrated that the successfully operation of congested two-way radio, cellular and broadcast radio/television transmission/receiving sites is very common, even when predicted interference studies indicate the possibility of problems. These types of multi-user sites routinely involve both high-powered broadcast facilities and relatively low powered two-way radio communications. With careful design almost every type of intermodulation product problem can be avoided and/or eliminated.

This type of electromagnetic compatibility study is particularly essential prior to construction at a multi-user installation.

Without adequate advance study unforeseen problems might surface after the installation is complete. The lack of a coherent plan for their resolution would result in great inconvenience to all offended users. Such a study as this is as important to the operators of high powered facilities, as well as lower powered equipment since the complexity of the typical FM or television signal can be disrupted by very low levels of spurious radiation, rendering sub-carriers unusable.

Case Studies of Intermod Problem Using TAP
We will now look at several case studies of predicted intermodulation products. We will examine some of these output results and analyze the level of anticipated severity of these potential products and suggest advice about possible solutions to eliminate the interference should it actually occur. The following case studies are for possible predicted IM hits. All are calculated by the Terrain Analysis Package Intermodulation Products software using 73 transmitted and 64 received frequency operated at an existing single antenna farm. The study was done employing all transmitted frequencies considering up to the 5th harmonic of each. The study also provided a guard band of protection around each protected frequency of +/- 19 kHz. To follow are very small excerpts of the results. These are actual results, but in no way should be considered an exhaustive evaluation of the results. These few specific examples were drawn from the more than 8000 specific hits calculated by the software to illustrate specific concerns. These types of results will be typical when you evaluate your program output.

Case Study #1
Any prediction of intermodulation products generated as a direct combination of fundamental frequencies should be of serious concern.

151.95500* 0.00000 MHz from 151.95500(BANK IV) 

-1*(461.55000)+1*(461.02500)+1*(152.48000) 

This particular hit is a predicted product that falls exactly on a specified protected frequency. Such direct hits will be noted with an asterisk (*) to the immediate right of the hit frequency – followed by a 0.00000 MHz offset from the same received frequency. This example would be of particular concern because it is produced by the fundamental frequency of all three components (indicated by the "1*( )" for each component. The treatment of this type of intermodulation product, should it occur, will require increased isolation between one or more of these transmitted fundamental frequencies and the source where the intermodulation product is actually generated. If sufficient isolation cannot be introduced, one of the three above component frequencies will probably have to be changed to a different frequency.

Case Study #2
151.95000 0.00500 MHz from 151.95500(BANK IV) 

-2*(158.70000)-1*(454.05000)+2*(461.70000) 

151.95000 0.00500 MHz from 151.95500(BANK IV) 

-1*(931.06250)+3*(929.56250)-2*(852.83750) 

151.95250 0.00250 MHz from 151.95500(BANK IV) 

+1*(884.19000)+2*(929.56250)-3*(863.78750) 

151.95250 0.00250 MHz from 151.95500(BANK IV) 

+1*(884.19000)+2*(931.06250)-3*(864.78750) 

Looking at these four hits, we learn that the receiving frequency of 151.950 MHz is particularly vulnerable to intermodulation products. Destructive IM could be generated from four different combinations of three separate frequencies. Also, all four of these possible hits can be eliminated with sufficient suppression of certain second and third harmonics of the participating components.

Case Study #3
151.95500* 0.00000 MHz from 151.95500(BANK IV) 

+1*(151.95500) 

An indicated hit frequency like the above would mean that the received frequency was being interfered with by the same frequency being transmitted. If the operation is simplex (transmitting and non-concurrent receiving on the same frequency) this will not be a problem. If the system is not simplex, either you have erroneously entered either the transmitting or receiving frequency or there is someone else on the site transmitting on the frequency you need to receive.

Case Study #4
456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(461.55000)+1*(453.75000)+1*(463.95000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+1*(883.14000)-1*(881.04000)+1*(454.05000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(887.34000)+1*(454.05000)+1*(889.44000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+2*(887.34000)+1*(454.05000)-2*(886.29000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+1*(883.77000)-1*(881.67000)+1*(454.05000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+2*(464.22500)-2*(463.20000)+1*(454.10000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(452.20000)+2*(454.17500) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+1*(454.05000)-1*(461.97500)+1*(464.07500) 

Again in all the eight above examples, a possible direct hit is predicted. Each group of components includes one or more fundamental frequency. Isolation of these component frequencies from the source of generation is typically accomplished by notch filtering or significant vertical antenna separation.

Case Study #5
456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(885.45000)+1*(454.05000)+1*(887.55000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+2*(884.82000)-2*(883.77000)+1*(454.05000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+2*(884.19000)-2*(883.14000)+1*(454.05000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+2*(883.56000)-2*(882.51000)+1*(454.05000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+2*(882.93000)-2*(881.88000)+1*(454.05000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+2*(888.60000)+1*(454.05000)-2*(887.55000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(882.93000)+1*(885.03000)+1*(454.05000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(883.56000)+1*(885.66000)+1*(454.05000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(884.19000)+1*(454.05000)+1*(886.29000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(884.82000)+1*(454.05000)+1*(886.92000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+2*(885.45000)-2*(884.40000)+1*(454.05000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+2*(886.08000)-2*(885.03000)+1*(454.05000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(886.71000)+1*(454.05000)+1*(888.81000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(886.08000)+1*(454.05000)+1*(888.18000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+2*(887.97000)+1*(454.05000)-2*(886.92000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+2*(886.71000)-2*(885.66000)+1*(454.05000) 

The significant observation that we make from the above 16 possible direct hits is that there is one frequency that is common to each of these hits as a participating component - 454.05 MHz. Several observations are clear. If you were to relocate that operation to another frequency, all of these possible direct hits would be eliminated. Sometimes it is smart to institute this type of change, especially if the system is not yet operational. This type of precaution, if practical, can eliminate a great deal of diagnostic work should a hit actually result. If a change in frequency is not desirable, then the solution to any such hits would be filtering isolation or isolation resulting from physical antenna separation.

Case Study #6
The following 34 direct hits fall on 457.200 MHz, a frequency received by Yellow Cab.

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(885.03000)+1*(454.05000)+1*(888.18000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-2*(464.22500)+2*(461.97500)+1*(461.70000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(885.66000)+1*(454.05000)+1*(888.81000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(883.77000)+1*(454.05000)+1*(886.92000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+2*(461.55000)-3*(451.15000)+1*(887.55000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(461.55000)+2*(461.02500)-2*(463.20000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(881.88000)+1*(885.03000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(884.40000)+1*(454.05000)+1*(887.55000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(883.14000)+1*(454.05000)+1*(886.29000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-2*(452.20000)+2*(453.75000)+1*(454.10000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(152.24000)+2*(152.48000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-2*(931.91250)+2*(929.66250)+1*(461.70000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+2*(454.17500)-1*(451.15000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+4*(453.75000)-1*(463.95000)-1*(893.85000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-2*(463.95000)+3*(461.70000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(454.05000)+1*(891.96000)-1*(888.81000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(454.05000)+1*(892.59000)-1*(889.44000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(463.20000)-2*(864.46250)+2*(861.46250) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(463.20000)+2*(861.78750)-2*(864.78750) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(463.20000)+2*(862.78750)-2*(865.78750) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(463.20000)-2*(865.46250)+2*(862.46250) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(454.05000)-1*(886.29000)+1*(889.44000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(888.60000)-1*(885.45000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(882.93000)+1*(886.08000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(884.82000)-1*(881.67000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(884.19000)+1*(887.34000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(888.60000)-2*(453.75000)+3*(158.70000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(884.82000)+1*(887.97000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(888.60000)+2*(461.02500)-3*(451.15000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(884.19000)-1*(881.04000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(883.56000)+1*(886.71000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(881.25000)+1*(884.40000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(882.51000)+1*(885.66000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(885.45000)-1*(882.30000)+1*(454.05000) 

From a review of the above output we see that 19 of these direct hits result from possible combination with the fundamental frequency of 454.05000 MHz. As above, it would be important to plan to provide some isolation of this frequency from the receiver operating on 457.20000 MHz. Either sufficient isolation or frequency change will directly eliminate these 19 hits possibilities. Bear in mind a change in the 454.05000 MHz transmitting frequency would eliminate these hits. A change to a different receive frequency will eliminate all of them. However, it would be very important to run an IM study to check any proposed new receiving frequency to avoid replicating a similar situation.

Case Study # 7
The following 13 direct hits were all on 458.75000.

458.75000* 0.00000 MHz from 458.75000(WEST TRANS) 

+1*(461.55000)-2*(931.06250)+2*(929.66250) 

458.75000* 0.00000 MHz from 458.75000(WEST TRANS) 

+1*(454.10000)-2*(862.46250)+2*(864.78750) 

458.75000* 0.00000 MHz from 458.75000(WEST TRANS) 

+1*(461.35000)-1*(453.75000)+1*(451.15000) 

458.75000* 0.00000 MHz from 458.75000(WEST TRANS) 

+1*(461.35000)-2*(461.97500)+2*(460.67500) 

458.75000* 0.00000 MHz from 458.75000(WEST TRANS) 

+2*(931.91250)-2*(929.56250)+1*(454.05000) 

458.75000* 0.00000 MHz from 458.75000(WEST TRANS) 

+1*(452.20000)+2*(463.95000)-2*(460.67500) 

458.75000* 0.00000 MHz from 458.75000(WEST TRANS) 

-1*(463.20000)-1*(463.97500)+3*(461.97500) 

458.75000* 0.00000 MHz from 458.75000(WEST TRANS) 

+1*(454.10000)-2*(863.46250)+2*(865.78750) 

458.75000* 0.00000 MHz from 458.75000(WEST TRANS) 

+2*(461.35000)-1*(463.95000) 

458.75000* 0.00000 MHz from 458.75000(WEST TRANS) 

+1*(454.10000)+2*(863.78750)-2*(861.46250) 

458.75000* 0.00000 MHz from 458.75000(WEST TRANS) 

-2*(453.75000)+1*(463.95000)+2*(451.15000) 

458.75000* 0.00000 MHz from 458.75000(WEST TRANS) 

-1*(454.10000)+1*(451.15000)+1*(461.70000) 

458.75000* 0.00000 MHz from 458.75000(WEST TRANS) 

+1*(461.02500)-1*(463.97500)+1*(461.70000) 

An analysis of these hits shows that nine are 5th order and four are 3rd order. Typically the lower ordered hits are much more likely to occur. These third order hits are shown here in bold type to facilitate their evaluation. The major concern here is that many of the components here are fundamental transmitted frequencies. Since the elimination of fundamental frequencies means a change in transmitting frequency, we often need to examine other options first. In this situation we next look for frequencies that if isolated will eliminate the likelihood of IM products being generated. In the first two results we observe that the frequency of 461.35000 is common. In the last two the frequency of 461.7000 is common. By providing isolation of these two frequencies we will eliminate these 3 rd order IM products.

Case Study #8
Now using the TAP Intermodulation Reports Generator and sorting the output by order of intermod product in ascending order will quickly bring to our attention those IM products that are of lower order. These are the IM products most likely to be generated. The following is an excerpt from a report using the TAP Intermod Report Generator.

TAP Intermodulation Report 

Study Parameters 

Task: 03/05/98 06:06PM TAP Intermod Study Setup 

Max Combinations: 3 

Mode: ALL Selected TX Frequencies 

Order From: 1 To 6 

Harmonics From: 1 To 9 

Ignore TX=RX? No 

Sort By: Order 

Identify Components By: Frequency 

Filtered Intermodulation Report: 8503 Products 

151.95500* 0.00000 MHz from 151.95500(BANK IV) 

+1*(151.95500) 

465.66250 0.01250 MHz from 465.67500(TFMCR05-KV) 

-1*(463.95000)+1*(929.61250) 

465.68750 0.01250 MHz from 465.67500(TFMCR05-KV) 

+1*(929.66250)-1*(463.97500) 

466.36250 0.01250 MHz from 466.35000(MOCR04) 

-1*(463.20000)+1*(929.56250) 

466.98750 0.01250 MHz from 466.97500(MPHONE CR2) 

+1*(931.06250)-1*(464.07500) 

468.21250 0.01250 MHz from 468.20000(TFCR07) 

-1*(461.35000)+1*(929.56250) 

468.93750 0.01250 MHz from 468.95000(MOCR03) 

+1*(929.61250)-1*(460.67500) 

468.98750 0.01250 MHz from 468.97500(MPHONE CR1) 

+1*(929.66250)-1*(460.67500) 

469.08750 0.01250 MHz from 469.07500(TFMCR07-KV) 

+1*(931.06250)-1*(461.97500) 

151.94000 0.01500 MHz from 151.95500(BANK IV) 

+1*(453.75000)-1*(454.05000)+1*(152.24000) 

151.95500* 0.00000 MHz from 151.95500(BANK IV) 

-1*(461.55000)+1*(461.02500)+1*(152.48000) 

151.96500 0.01000 MHz from 151.95500(BANK IV) 

-1*(464.22500)+1*(463.95000)+1*(152.24000) 

151.96500 0.01000 MHz from 151.95500(BANK IV) 

+1*(453.75000)-1*(454.02500)+1*(152.24000) 

151.96500 0.01000 MHz from 151.95500(BANK IV) 

-1*(461.97500)+1*(152.24000)+1*(461.70000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(887.34000)+1*(454.05000)+1*(889.44000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+1*(883.14000)-1*(881.04000)+1*(454.05000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+1*(883.77000)-1*(881.67000)+1*(454.05000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(452.20000)+2*(454.17500) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+1*(463.95000)+1*(454.17500)-1*(461.97500) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+2*(151.95500)+1*(152.24000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

+1*(454.05000)-1*(461.97500)+1*(464.07500) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(461.55000)+1*(453.75000)+1*(463.95000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(884.19000)+1*(454.05000)+1*(886.29000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(882.93000)+1*(885.03000)+1*(454.05000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(883.56000)+1*(885.66000)+1*(454.05000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(884.82000)+1*(454.05000)+1*(886.92000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(882.30000)+1*(884.40000)+1*(454.05000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(886.71000)+1*(454.05000)+1*(888.81000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(886.08000)+1*(454.05000)+1*(888.18000) 

456.15000* 0.00000 MHz from 456.15000(WCNOC/KPL) 

-1*(885.45000)+1*(454.05000)+1*(887.55000) 

456.16000 0.01000 MHz from 456.15000(WCNOC/KPL) 

+1*(885.03000)-1*(880.02000)+1*(451.15000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(881.88000)+1*(885.03000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(881.25000)+1*(884.40000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(885.03000)+1*(454.05000)+1*(888.18000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(885.66000)+1*(454.05000)+1*(888.81000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(883.14000)+1*(454.05000)+1*(886.29000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(884.40000)+1*(454.05000)+1*(887.55000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(454.05000)+1*(892.59000)-1*(889.44000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(883.77000)+1*(454.05000)+1*(886.92000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+2*(454.17500)-1*(451.15000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(454.05000)-1*(886.29000)+1*(889.44000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(454.05000)+1*(891.96000)-1*(888.81000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(152.24000)+2*(152.48000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(884.82000)+1*(887.97000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(884.19000)-1*(881.04000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(882.93000)+1*(886.08000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(884.82000)-1*(881.67000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(884.19000)+1*(887.34000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(888.60000)-1*(885.45000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(883.56000)+1*(886.71000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

+1*(885.45000)-1*(882.30000)+1*(454.05000) 

457.20000* 0.00000 MHz from 457.20000(YELLOW CAB) 

-1*(882.51000)+1*(885.66000)+1*(454.05000) 

457.20500 0.00500 MHz from 457.20000(YELLOW CAB) 

-1*(158.70000)+1*(151.95500)+1*(463.95000) 

457.21000 0.01000 MHz from 457.20000(YELLOW CAB) 

+1*(885.03000)+1*(452.20000)-1*(880.02000) 

457.21000 0.01000 MHz from 457.20000(YELLOW CAB) 

+1*(886.08000)-1*(880.02000)+1*(451.15000) 

The output from the report generator when sorting by order of hit lets us easily see several things. The revelation of a first order hit should be the greatest concern. Hopefully, this is either a data entry error on either transmitting or receiving frequency or a simplex operation. Otherwise, the receiving frequency of 151.95500 MHz is unusable. There are eight second order hits. All of these are in the UHF band. Only with 3 rd order hits to we return to the VHF band. To some that might imply that our VHF band is less susceptible to IM product generation. This assumption would not be valid. A review of all the input data, though not shown here, reveals that only one VHF receiving frequency and 3

VHF transmitting frequencies were used at this site. All 133 other frequencies are either UHF or 800 MHz. As in all cases solution to intermodulation product generation is isolation. Apply the techniques discussed throughout this paper to bring about prevention or elimination.

Equipment Used
Spectrum Analyzer – This is a piece of electronic test equipment that, when supplied with an input signal, will graphically plot the amplitude of any signals received at the terminals on the vertical axis with the horizontal axis of the plot being frequency. This is a very important diagnostic tool, if you must locate the actual intermod signal. A highly directional yagi antenna (or sometimes a loop antenna) is the typical receiving device connected to the input to the spectrum analyzer. A small antenna with sufficient cable to reach the spectrum analyzer will permit you to move around the site and point the antenna to specific locations to permit you to triangulate and locate the specific device out of which the intermod is being radiated.

Cavity – A device hooked in series with the RF chain that, when properly tuned, presents a very low insertion loss for its tuned frequency and a much greater loss at frequencies both above and/or below the tuned frequency. This can provide good rejection of signals that are different from the frequency for which the cavity has been designed to pass. The most basic filters are built to pass a certain frequency and reject either above or below that frequency. A bandpass filter will pass a specific frequency and reject both above and below that frequency. These bandpass filters can be combined to create a window or groups of filters that pass specific groups of frequencies and reject frequencies outside these specified groups of frequencies. A typical cavity can provide 15-30 dB of isolation while requiring an insertion loss of approximately 0.5 – 3.0 dB. For increased isolation you can cascade the cavities.

Circulator / Isolator – A circulator is a three port device which will present a low loss path in one direction (transmitter to antenna) and a high loss path in reverse (antenna to transmitter). Any power trying to enter the output port (antenna) will be "circulated" to a third port, which will supply that signal to an attached load. This provides a very high isolation for the transmitter from any signals sent back from the antenna. Once a load is connected to the appropriate port on the circulator it is then called an isolator. Since most antennas will not have an actual SWR greater than 2.0, the practical power rating on the dissipation load is typically 50% of that of the antenna input power. Single circulator installations can provide approximately 30 dB of isolation with 0.6 dB of insertion loss. Dual circulators can provide approximately 70 dB of isolation with approximately 0.9 dB of insertion loss. There are three primary reasons to use isolators. 1) Reduction of intermod by suppression of signals received in the transmitting antenna and shunting these signals to the dissipation load rather than coupling them back into the transmitter final amplifier. 2) Providing a very stable 50 ohm resistive load into which the transmitter can operate. Most antenna system components have highly reactive impedances rather than resistive. This can cause impedance instability especially when icing on the antenna is a problem. 3) It provides an expensive fuse for an even more expensive amplifier significantly protecting it from lightning damage.

Duplexer - A device that allows you to transmit and receive simultaneously with the same antenna system. It provides a low loss path from the transmitter output to the antenna at the transmitting frequency and low loss path from the antenna to the receiver input at the receiving frequency. It also provides the receiver input with significant isolation from the transmitter carrier frequency and thereby permits receiving of a very weak signal while simultaneously transmitting a much higher powered signal using a common antenna. A significant benefit is that you need only one antenna. You eliminate the cost to purchase, install and maintain two separate antennas and feed lines. Also, the reduction in the number of antennas on the tower also reduces wind loading on the tower.

Multicoupler – A device that permits the connection of one receiving antenna to many individual receivers. These devices can be as simple as a passive splitter or as complicated as a box that contains a pre-selector (wide bandpass filter), a wideband amplifier and a number of cascaded splitters.

Resolution and Avoidance of Interference
If your work is diagnostic in nature, meaning that you are attempting to solve an existing problem, you will need to identify both the type and actual source of the problem. Listen to the traffic on your system. Listen to the complaints from your system users. Continually assess whether or not you observe any resolution of these symptoms. If your research is preventative in nature you will need a great deal of information on how equipment is to be installed at the site. This pre-screening for potential problems can allow you to take into account the existing filtering already in place in order to assess the likelihood of any potential intermodulation products. You can also make wise filtering and design recommendations prior to placing the system in operation, which will minimize the likelihood of new intermodulation products being generated.

If intermod is present at a site, it will be eliminated by increased isolation between the components used to generate the product and the equipment in which the product is being generated. If your newly proposed frequencies are components in predicted possible intermod generation, they too must be treated by increasing isolation between the source of participating radiation and the location where the mixing occurs. Also, it should be remembered that the resolution of problems that do materialize is based on well-established techniques, which have been thoroughly proven. The vast majority of such problems are remedied by the use of relatively simple filters and traps installed on the appropriate equipment and with proper grounding techniques. Spurious radiation products, which are generated in the input stage of a receiver, may be suppressed by the use of a notch filter(s) at the input terminals to attenuate the undesired components of other frequencies which contribute to the spurious product. Alternately, when a large number of components are involved, or when the exact nature of the interfering signals is not clearly defined, a narrow band pass filter may be used to selectively pass only the desired received frequency. Likewise, spurious radiation components generated in the output of transmitting equipment may be

reduced to levels which to not cause objectionable interference by the use of notch and/or band pass filters on the transmitter output. The careful analysis of any problem which might arise will allow the logical application of the principles of good engineering practice.

This isolation (attenuation of an undesired signal to prevent its mixing) can be achieved in one or more ways. Increasing the physical separation between antennas and the judicious use of appropriate filtering apparatus are the most common methods of treatment. Increased vertical separation will be much more efficient than increased horizontal antenna separation. This is due to the fact that most antennas have substantial nulls in their radiation patterns immediately above and below. It is typical that for a given desired isolation between two antennas at least eight times the vertical separation distance is required if you wish to achieve the same isolation by horizontal separation. Also, for a fixed separation between antennas, isolation will be higher for a higher frequency. Typically measured isolations are shown below in the following graphs.
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Receiver Desensitization
The most common source of interference problems at multi-user sites is the desensitization of receivers due to the overload of their front end detection circuits by the presence of high-levels of the offending carrier signal. The high powered signal saturates the circuitry, driving the signal levels in the affected components beyond their normal operating range, so that normal variations from the modulation of the desired received signal cannot be reliably detected. This type of problem is a function of the frequency separation of the offending signal and the frequency desired to be received, the physical separation between the transmitting antenna and the receiving antenna, and the power levels involved.

Susceptibility of Equipment
Another common contributing factor in cases of mutual interference between electronic equipment at shared transmit and receive sites is the general condition and the quality of installation of the existing and new equipment. Ungrounded or improperly grounded metal buildings, chain link fences, plumbing, supporting tower sections, sheet metal roofing, etc. can result in substantial problems of reflection, absorption, and reradiation of fundamentals as well as harmonic signals producing destructive spurious radiation. All such features at any transmitter site should be carefully bonded together and grounded to minimize such possibilities. Likewise, the electrical power supply wiring at the site must be properly installed with mechanically secure connections and the neutral wire of all fixtures, conduits and other non-current carrying metal parts be securely bonded and grounded to an adequate earth ground.

The most critical components in reducing susceptibility of equipment are obviously the electronic equipment itself. All equipment must be properly adjusted, shielded and grounded to reduce the possibility of stray radiation either radiating from the equipment or penetrating into the equipment. All portions of coaxial cable connecting transmit/receive equipment with antennas should be kept as short as possible, installed directly from the antenna to the respective equipment, and properly supported, shielded and grounded. All mechanical connections between cables, antenna, terminals, plugs and connectors should be mechanically tight. All equipment covers and other shielding features should be in place and fastened securely and firmly connected to ground. Harmful interference resulting from equipment susceptibility problems, improper grounding, inadequate or missing shielding, etc., can generally be remedied by the application of simple repair, alignment and preventative maintenance procedures. Any reduction in susceptibility to interference will also maximize performance of the equipment. Some installations actually are placed inside a screened (or rf shielded) enclosure to provide maximum isolation of undesired external ambient rf levels. 

Benchmark your baseline noise with spectrum analyzer. When you are trying to locate the source of the IM product, is a good idea to sniff out the exact location of generated intermod with a highly directional antenna (sometimes a yagi or loop antenna) connected to the input of a spectrum analyzer while observing the received IM product on the screen. With sufficient cable you can move around the site, pointing the antenna toward various pieces of building structure, towers and antennas to determine the precise source of the generated intermod product. The antenna suitable for sniffing could be a small dish, a yagi or a loop antenna, depending upon the frequency and level of the signal. In order to find a suitable solution to the intermod, you must locate the source where it is being generated and radiated. Once that is known, you can then strategize how to increase isolation between that source of generation and the level of the input signals that are used to generate the intermod.

Transmitter Generated
In order to reduce transmitter generated intermod, increase isolation between the transmitting antennas. This can be done with a great deal of horizontal separation or much more efficiently with increased vertical separation. See the graphs above to quantify levels of isolation for various physical separations and frequencies. If not already installed, place isolators on the transmitter outputs. Dual isolators will substantially attenuate signals received via the transmitting antenna and preclude their coupling back into the transmitter final amplifier. Another excellent treatment is to combine all transmitter outputs into one single transmission line and antenna. The filtering to do this will provide excellent isolation of the combined transmitters from each other and also eliminate the likelihood of any of these transmitted frequencies being reintroduced and cause the possible generation of intermod. This will also substantially shift the construction costs from many antennas and transmission lines to the purchase of a combining system. While not necessarily cheaper, the system will be much less susceptible to IM problems.

Once you can identify which frequencies are actually combining to generate the intermod, even if you cannot ascertain the location where it is being generated, one of the simplest but least desired solutions is the reduction of one or more of the participating frequency’s ERP. Sometimes, the installation of a directional antenna for suppression of undesired receiving signal is a good solution. In some cases you can even receive a substantial level of undesired signal from your antenna and mix it out of phase with a signal from a second very high gain reception antenna in order to suppress undesired signal. (This also works well for suppression of co-channel interference.) If the intermodulation product is generated from a harmonic, eliminate the harmonic emission from the offending transmitter first. If it is adequately suppressed at the transmitter output and is still measurable with your sniffing antenna, then this harmonic is being generated externally and the location where this is occurring must be located. If the product is being generated from a combination with a fundamental frequency, you might be forced to eliminate the fundamental frequency by changing that frequency.

Avoidance of preventable stray coupling can save a lot of grief. Careful bonding of all the radio equipment to a common ground will reduce noise in the system. Always use shielded cables for audio and control wiring to avoid the introduction of stray RF into the equipment enclosures. It is also wise to install all AC and DC power to equipment inside runs of conduit. Sometimes toroidal chokes are used on the AC input just outside the cable entrances into the enclosures. Coaxial feed line should not be tightly bundled together either inside the building or up the tower. You should secure the cables with cable clamps, providing spacing of at least a few centimeters between parallel runs. Also, it is important to provide a much greater separation between transmitting coaxial cables and those used for receiving. If possible, enter the equipment with both cables at separate and isolated entry points into the cabinets.

Receiver Generated
If the IM product is being generated within the receiver you will need to reduce high levels of undesired signals into receiver. You might install either notch (for the offending frequency) or bandpass filters (tuned to the desired received frequency) in-line with the receiving antenna. Improved receiver shielding with proper grounding can also minimize susceptibility. Screening the entire room with copper screening or even chicken wire, properly bonded together and grounded, will also help.

External Generated
Use only non-corrosive antenna mounting hardware. Keep all hardware (including tower bolts) tightened. Remove unnecessary metal from the transmitter site. Use proper grounding, not only for the equipment, but also for all metal structures at the site. Ground metal fencing at the site as well. Better yet, avoid the use of metal fences and posts all together. Wooden fencing will not present any problems for intermod. Use antennas with welded construction rather than nut and bolt fasteners.

Plan Ahead
Avoid mounting any antenna where its near field will be likely to induce a signal into tower guy wires. This near field is generally approximately within ¼ wavelength of the frequency used. This can be calculated by the following equation: Wavelength in meters = 300/ Frequency in MHz. If it is absolutely necessary to mount an antenna within this space, it is helpful to replace the steel guy wires with fiberglass guy wires. This will work well very high in the air because the cables are very strong, but never use this type of guy wire material anywhere near the ground. A minor grass fire can melt the fiberglass and thereby cause the tower to fall!

Intermod Etiquette
Any applicant for new radio transmitting facilities should recognize the potential for creating interfering intermodulation products on some frequencies, especially should a direct hit occur. The applicant should also be aware that existing intermodulation products might have already rendered an otherwise unused receive frequency unusable, unless treatment is applied to existing radio equipment. A check of the real-time RF spectrum will normally reveal any pre-existing interference problems. Other intermodulation products not directly on the protected frequencies, but within the protected band-width of existing receivers, will also have to be treated.

Special care will need to be exercised during the installation and testing of the proposed facilities to minimize the introduction of any harmful interference caused by the new equipment. Appropriate filtering measures must be taken by the new system operator to remedy problems that develop as a direct result of the installation of the new equipment. Most site managers and the required site leases will generally obligate the new system operator to assume the responsibility to cure any new intermodulation products that cause objectionable interference. It is important that the new facility be installed in complete compliance with existing federal, state and local regulations including the National Electric Code and in accordance with the principles of good engineering practice. This must be done in order to minimize the possibility of objection-able interference between the new system and existing equipment presently in use at the site. In the event that objectionable interference is experienced, the new system will generally be expected to cooperate to the fullest extent possible to deter-mine the cause of the interference. Observing the interference problems through the use of a spectrum analyzer in conjunction with directional antenna equipment is required to precisely isolate the exact source of the problem. It is common practice to expect the new user to assist in determining the best solution to any interference problems experienced as a direct result of the new installation. He will generally bear the financial responsibility for correction of any such problems. He is also often expected to assist other users at the site in locating problems of susceptibility in their equipment, as well as providing recommended solutions.

If you are anticipating permission to use a certain frequency that has the possible participation in the generation of new intermodulation products, it is wise to thoroughly test the new operation with the cooperation of those possibly subject to any new interference, before you place the system into full operation.
It is also true that some existing operations are so poorly installed that their susceptibility is exceedingly difficult to eliminate without substantial modification of their installation and equipment. It is wise to examine all these important circumstances before agreeing to absolute liability to cure problems. New equipment should be installed in accordance with good engineering practice, as described above, in order to minimize the possibilities of the new equipment contributing to any interference problems. 
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Fixed Facility Lookup

Q:
When I use the fixed facility lookup in TAP 4, if I make changes to the facility record, are the changes saved to the data base?

A:
TAP 4 allows you to keep a large amount of detailed information about fixed facilities, such as repeaters, base stations, broadcast transmitters, etc. You can edit or add records to the Fixed Facility Data base (FFD) either through the Fixed Facility Editor or the Fixed Facility Lookup functions.

  Note that this information describes the Fixed Facility interface for TAP5.0 and earlier.  If you are using TAP6 or later, you should go to the updated Fixed Facility Interface article. 

You can open the FFD from a number of locations in TAP, usually with a button labeled "Facility Lookup". You can access the database directly from the Editors menu in TAP.
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The Fixed Facility Lookup form is displayed:
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You can use the Find button along the bottom of the form to look for a particular facility record:
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The Find form is displayed:
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Pull down the list of facilities in the database and select the Cheyenne Mountain Test Facility.
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The information for the Cheyenne Mountain Test Facility is displayed:
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This form provides access to all of the information in the FFD, but through a "layered" approach. The top level lookup form displays the "bare-bones" information about a facility, but other lookup functions on the form allow you to edit additional underlying information. Several of the FFD lookup fields deserve special attention:

Effective Radiated Power (ERP)

For example, on the top level FFD lookup form you can enter the Effective Radiated Power (ERP) of the transmitter for the facility, since this is the value that is used for field strength calculations. The ERP is the "bare-bones" information needed for most calculations, but a lookup function on the form allows you to "drill" into the form to expose other, more detailed parameters, such as Transmitter Power Output (TPO), transmission line losses, etc., that can be used to compute the ERP.

To view this information, click the Edit button on the form. You will see the background color of the items on the form change from gray (indicating the form is not in edit mode) to white (indicating the values can be edited):
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On this form, you can enter an the Effective Radiated Power (ERP) value directly, or you can "drill down" into the ERP information. Click the button labeled "ERP/Antenna Lookup".

The Effective Radiated Power Lookup form is displayed.
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The Antenna Lookup and Loss Lookup buttons allow you to go further into the database to select a particular antenna or transmission line or other losses to be included in the ERP calculation.

For this example, enter an antenna gain value of 3dBd:

[image: image74]
When you move the cursor out of the text box using the tab key or mouse pointer (indicating you have finished entering the information) the program automatically recalculates the ERP value:
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When you click the Close button on the form, the new ERP value is updated on the top level Lookup form:
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All of the editable fields on the FFD lookup correspond to fields in the FFD, and any changes you make to values on the lookup form will be saved to the data base if you select "Save" on the form. Naturally, if you choose "Cancel" instead of "Save" any changes will be abandoned and the values from the data base will be used.

Because of the inter-related nature of numerous fields in the FFD (e.g., TPO, losses, gains, and ERP) it is possible to enter inconsistent information on the forms. For example, suppose the FFD record contains a TPO of 200 Watts, and total losses of 3dB with 0dB antenna gain. This should result in an ERP of 100 Watts. However, suppose you want to perform a calculation for the same facility but with an ERP of 150 Watts. You can enter 150 Watts on the top level FFD lookup form, but then the TPO, loss, and ERP values are not consistent. In order to document this inconsistency but still provide users with the flexibility of entering any desired ERP value, the data base includes a "SPEC" flag associated with the ERP field, indicating that the value is a specified, rather than a calculated value. (You could, of course, change all the needed fields in the FFD to compute the desired 150 Watt ERP.) The "SPEC" flag for the ERP is set if you directly enter the ERP value. You can clear the flag and recompute the ERP value by pressing the "Compute ERP" button, which exposes the TPO and losses field for the FFD record, and recomputes the ERP based on the actual FFD values.

Losses

From the "Compute ERP" form you can select the "Loss Lookup" button that exposes the various loss categories in the FFD, such as transmission line, connectors, miscellaneous losses, etc. 
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The cumulative loss value is displayed on the form, and is updated anytime you change any of the underlying individual loss values for the record.

The process of line loss lookup is described in detail in other TAP documentation, such as the Frequently Asked Questions.  If you place the cursor in one of the Line Loss boxes and click "Line Loss Lookup" you will be able to compute the line loss based on line type, frequency, and line length.

Antenna

The antenna field on the top level FFD lookup form displays the antenna description for the current antenna (if any) in the FFD record. The FFD record also contains the antenna ID that links the facility to an antenna in the TAP 4 antenna library. The library contains the gain and pattern information for the antenna. However, there may be times when you want to perform a preliminary calculation, perhaps based on hypothetical facility parameters with an omni-directional antenna. In this case you can press the "Clear" button in the antenna lookup form. As a result, no antenna description will be shown, and you can manually enter any desired antenna gain value in the "Compute ERP" form.

The process of antenna lookup is described in detail in other TAP documentation, such as the Frequently Asked Questions.

Required Field

The RX Specifications section includes the parameters for the fixed facility receiver, such as the base station or repeater receiver antenna, etc. The Required Field Lookup allows you to specify a receiver input threshold (usually the manufacturers specified minimum input power for the receiver), as well as gains and losses. The program will compute the required field strength need to obtain the receiver input with the given gains and losses.
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SOFTWRIGHT LICENSING AGREEMENT

BY OPENING THE SEALED SOFTWARE DISK PACKAGE YOU ARE AGREEING TO THE TERMS OF THIS AGREEMENT.

This Agreement constitutes the complete agreement between you (the "Licensee") and SOFTWRIGHT LLC, a Colorado limited liability company, of 1010 South Joliet, Aurora, Colorado 80012 USA, ("SoftWright") for the use of all programs, software, executable files, configuration files, data files, diskettes, CD-ROM disks (collectively, the "Software") as well as all documentation and any other materials produced by SoftWright and delivered by any means whether in writing or in machine readable form (collectively, the "Documentation"). IF YOU DO NOT AGREE TO BE BOUND BY THE TERMS OF THIS AGREEMENT, DO NOT OPEN ANY SEALED PACKAGE. RETURN ALL MATERIALS, INCLUDING THE UNOPENED PACKAGE(S) CONTAINING DISKETTES AND/OR CD ROM DISKS TO THE PLACE WHERE YOU OBTAINED THE SOFTWARE FOR A FULL REFUND. This Agreement constitutes a use license (the "License") permitting the Licensee to use the Software.

OWNERSHIP

The Licensee recognizes that the Software and Documentation have been produced by SoftWright at considerable expense to SoftWright in time, money, and labor, and that the Software is a unique product, including any past, present, and future improvements or updates and are furnished to the Licensee under the License for use.

The Licensee acknowledges that title to and ownership of the Software and Documentation-*1 is vested in SoftWright and shall continue to be vested in SoftWright. The License is not a sale of the Software or Documentation. The Licensee acknowledges that the Software and the Documentation are protected by United States copyright laws and international treaty provisions.     

CONFIDENTIALITY/NONDISCLOSURE

The Licensee agrees that the Software and Documentation are and shall remain the confidential and proprietary property of SoftWright and agrees to inform its employees, agents, and any others who may have access to and use of the Software or Documentation under the control of the Licensee, of the confidential and proprietary nature of the Software and Documentation.

Except as otherwise herein provided, the Licensee agrees not to provide or otherwise make available the Software, or Documentation or any part thereof, or any copies thereof in any form to any third party, without the prior written approval of SoftWright.

The Licensee agrees that the Licensee shall be responsible for damages sustained by SoftWright for any unauthorized reproduction, disclosure and/or use of the Software and Documentation. Damages include reasonable attorney's fees and expenses related thereto necessary to collect damages and/or enjoin the Licensee from improper use of the Software and Documentation.

COPIES

The Licensee may install one (1) copy of the Software on the Licensee's computer for use only by the Licensee. In accordance with the USE section below of this agreement the Primary User may install one (1) additional copy of the Software on his/her home or portable computer.  One (1) copy may also be created for archival purposes. No other copies of the Software or Documentation are authorized under the License. No copies of the Documentation may be made by the Licensee. 

USE

The License only authorizes the Licensee to use the Software for calculating, plotting and printing the results of the calculations and reports generated by the Software. Any other use is prohibited.

The Licensee agrees to use the Software only on a single computer at a single location at any given time. Multiple computers not connected to a network at a single location or at multiple locations must each have an individually licensed copy of the Software.  Multiple computers connected to a network which access a single installed copy of the Software may use the Software only on a single computer at a single location at any given time.

The Licensee agrees that the License prohibits the use of any of the Software or Documentation, in whole or in part, on any remote access system, such as bulletin boards, time-share systems, wide area network, Internet, etc., unless authorized under a separate licensing agreement with SoftWright including the payment of the appropriate additional licensing fee to SoftWright. The Software or Documentation may not be placed on such a system for downloading, uploading, copying or execution by others without a separate licensing agreement with SoftWright.

The Licensee agrees that the Software may not be duplicated (except as authorized under the COPIES section, infra), installed, modified, adapted, disassembled, translated, reverse-compiled, or otherwise used to create any derivative software. The Documentation may not be duplicated, modified, adapted or used to create any derivative works without the prior written authorization of SoftWright. 

TAXES

The price quoted for the Software, Documentation and other products and services is net of all taxes.  Thus, any taxes imposed by any governmental authority having jurisdiction over the license transaction shall be added to the quoted price on the invoice submitted to the Licensee and (i) if the tax is imposed on SoftWright, such tax shall be collected from the Licensee and remitted to such governmental authority by SoftWright, and (ii) if the tax is imposed on the Licensee, the Licensee shall withhold the tax from the total invoice and remit the net price quoted thereon to SoftWright.  Provided, however, if SoftWright is unaware of any tax imposed on the Licensee which is to be withheld by the Licensee, the Licensee shall deem the invoice to include the taxes in addition to the net price quoted and remit the taxes to the governmental authority imposing same and remit the quoted price to SoftWright.

WARRANTY

THE SOFTWARE AND DOCUMENTATION ARE PROVIDED "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OR APPLICATION. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE SOFTWARE AND DOCUMENTATION IS WITH THE LICENSEE EXCEPT AS OTHERWISE DESCRIBED IN THIS AGREEMENT.

SoftWright does not warrant that the functions contained in the Software will meet the requirement(s) of the Licensee or that the operation of the Software will be uninterrupted or error free.

The Licensee acknowledges that portions of the Software are based on various sources of digital elevation models and boundary data, and on FCC Rules and Regulations, which specify signal propagation calculations and other pertinent methods. Other established engineering methods and practices of the telecommunications industry are utilized as applicable. Individual peculiarities and aberrant conditions sometimes found in the environment, such as atmospheric conditions, incorrect terrain information, man-made obstructions, etc., may adversely affect the correlation between the results of the Software and the actual conditions experienced in the field. While every effort has been made to obtain accurate information from government and private sources, SoftWright cannot guarantee the accuracy of such information because neither the U.S. government nor other sources will guarantee the accuracy thereof. 

SUPPORT

SoftWright agrees to provide Documentation to the Licensee on the machine-readable media on which the Software is provided for support.  The Documentation shall consist of instructions for installation and operation of the Software including an operating tutorial as well as answers to frequently asked questions ("FAQs").  The Documentation, including periodic additions of answers to FAQs, are also available on the SoftWright web site (www.softwright.com).  The Documentation provided to the Licensee including the updated documentation on SoftWright's web site is provided without charge as access to it is included in the price for the Software.  However, individual responses to inquiries by telephone or e-mail concerning application or operation of the Software are only available through a separate service contract.  

LIMITATION OF SOFTWRIGHT LIABILITY

LICENSEE AGREES THE MAXIMUM LIABILITY ASSUMED BY SOFTWRIGHT UNDER THIS AGREEMENT, REGARDLESS OF THE CLAIM OR THE FORM OF ACTION OR SUIT, WHETHER IN CONTRACT, NEGLIGENCE OR TORT, SHALL BE LIMITED TO CORRECTION OR THE ORIGINAL COST OF THE SOFTWRIGHT SOFTWARE ACQUIRED, WHICHEVER IS LESS. IN NO EVENT SHALL SOFTWRIGHT BE LIABLE FOR SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, EVEN IF SOFTWRIGHT HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. MOREOVER, THE MEDIA (DISKETTE, CD-ROM, OR OTHERWISE) BY WHICH THE SOFTWARE OR DOCUMENTATION IS PROVIDED TO THE LICENSEE IS WARRANTED AGAINST DEFECTS FOR A PERIOD OF ONLY ONE (1) YEAR FROM THE DATE OF RECEIPT OF SUCH MEDIA BY THE LICENSEE. LICENSEE AGREES TO INDEMNITY OR OTHERWISE HOLD SOFTWRIGHT HARMLESS FROM ALL CLAIMS OF THIRD PARTIES THAT MAY ARISE FROM LICENSEE'S USE OF THE ITEMS DELIVERED UNDER THIS AGREEMENT. LICENSEE'S REMEDIES IN THIS AGREEMENT ARE EXCLUSIVE.

JURISDICTION

It is agreed that the laws of Colorado shall apply to any interpretation or enforcement of this Agreement and that this Agreement is entered into in the County of Arapahoe, Colorado, USA. 

TRANSFER OF LICENSE

The License may be transferred to another party only with the expressed, written consent of SoftWright-*2. The transfer must be accomplished using a Transfer Agreement from SoftWright, signed by authorized representatives of SoftWright, the current Licensee, and the new licensee. The transfer will only be completed after the Licensee has destroyed all files, disks, documentation, and all other materials included in the License but not transferred to the new licensee. SoftWright reserves the right to charge a transfer fee for any transfer of the License. 

TERMINATION OF LICENSE

The License is effective until terminated. The right to use the Software will terminate automatically and without notice from SoftWright if the Licensee fails to comply with any of the terms of the License. Upon termination, the Licensee agrees to destroy all copies (including the backup copy) of the Software, any derivative materials and all written materials, even if permission was previously obtained from SoftWright to produce the derivative works.

Termination of the License by SoftWright for violation by the Licensee shall not preclude any other civil or criminal actions by SoftWright against the Licensee under copyright, trademark, or other applicable laws. 

SURVIVABILITY

If any provision(s) of this Agreement shall be held illegal, unenforceable, or in conflict with any law governing this Agreement, the validity of the remaining portions of this Agreement shall not be affected. 

ATTORNEY'S FEES

In any suit or other action under this Agreement, the prevailing party shall be entitled to reasonable attorney's fees and associated expenses at trial and on appeal.

*1 - Some databases may be licensed by SoftWright from others and, if so, the License is not to be deemed a "sublicense" (meaning any rights other than the right to use and only use such data bases) as to such data base license.

*2 - Only databases derived from US government public domain sources may be transferred.  Databases derived from commercial and international may not be transferred.
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