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INTRODUCTION





This manual presents a discussion of the computer programs described in the book Computer-Aided Design of Microstrip Antennas for Wireless Applications and contained in the accompanying diskette. An example case is given for each. Since the programs are quite straightforward, this should provide the user with the information needed to use the programs. Where appropriate, model validity limits are presented to help the user be aware of where the programs are applicable and where the accuracy of the results may degrade. Recommendations are given to assist in the successful operation of the programs. This manual is not intended to be an exhaustive treatise on the programs and their usage, but should supply the data needed for most situations. This manual does not discuss the details of the models used in the programs. The reader should consult the book and the references listed at the end of each chapter for specifics about the models. Also the reader should refer to the book for definitions and sketches of the appropriate geometries for the various structures covered by the program.




GENERAL INFORMATION





The programs are contained in the file, patchprg.exe, which should be present on the diskette. Patchprg.exe is a self extracting file containing compressed versions of all the programs. The programs were first compressed using PKZIP 2 (from PKWARE, Inc 9025 N. Deerwood Drive, Brown Deer, WI 53223 USA) then converted into a self extracting file using the PKZIP 2 utility ZIP2EXE. To extract the programs, place patchprg.exe in a directory of your choice then run the program either from the File Manager Program in Windows or from the DOS prompt. When the program finishes running, there should be a total of 33 individual .exe files present (in addition to the patchprg.exe file). Each file is one of the programs discussed in the book.



The programs were written and compiled in BASIC and, as such, share any idiosyncrasies associated with that language. Each is a stand alone program covering the design or an aspect of the design of an antenna or array discussed in the book. As the programs were written, an attempt was made to maintain a certain degree of consistency amongst all of them This was successful for the most part. To run the programs from the DOS prompt, simply type the name of the program as with any executable code. From Windows, select the desired program from within the File Manager Program then either double click on the highlighted program using the mouse or strike the enter key. A window should open up and the program begins executing. The window can be sized in the normal manner. When the program completes execution, the window can be shut down as usual. Within Windows,  a window with icons for the various programs can be created just as with other executable programs. 



As discussed in the Preface of the book, there is no shell or menu program which provides access to all the programs and the ability to toggle between them. This is probably an inconvenience in today’s Windows based world. The program inputs are typically given in a sequential fashion much as was done in the early days of computer programming. There is no mouse-based window to enter data. Again this is not up to the current programming practice. In most cases, the design of a particular antenna requires the use of only one program, so hopefully the above mentioned limitations aren’t a problem. All the programs are quite simple and straightforward to use thus the lack of sophistication shouldn’t be an issue. The programming style is a consequence, in part, of the author’s age, and, in part, to his particular way of doing design work.



When each program is run, the program first clears the screen then prints two header lines at the top containing the program name, date, time, and the last date that revisions were made to the program. This is followed by another line or lines briefly describing the calculations performed by the program. Next comes requests for input data. All length dimensions are metric, usually in centimeters. Frequencies are input in gigahertz. Some inputs are alphanumeric requiring a letter, usually an n for no or a y for yes. These answers are case insensitive so either small or capital letters may be input. Error traps are built in so that the input is repeated if a letter other than those allowed is accidentally typed in. Numeric inputs are generally not checked so, for example, a program will continue to run even if a negative dielectric constant is entered. If a program “bombs”, one possible cause could be erroneously entered numeric data. This is particularly the case if one encounters a numeric overflow, division by zero, or if an array dimension is exceeded. One has to completely re-run the program in these instances. Some inputs have default values associated with them. This is noted in the prompt given when inputting that variable. To use the default value, simply hit the enter key. 



With the exception of program NARRYD, there is no opportunity to review the input data before the program begins calculating. The programs cycle through the inputs then perform the calculations. If there are errors in the inputs or the wrong values are used, there is no chance to change them. The program has to be re-run. Where possible, any numeric input is checked against the model validity limits, and the user flagged if the limits are exceeded. The user is given the option to change the input or to continue with the given one. When these flags are encountered and the input is not changed, it is important to be aware of potential model inaccuracies. 



When the calculations are completed, the program again clears the screen and prints a header line at the top with the program name, date, and time. This is followed by a listing of most, if not all, of the inputs. Finally, the results of the calculation are displayed usually in a tabular listing of calculated parameter(s) against an independent variable input such as frequency. If the number of calculated values is such that the results would scroll off the screen, the program only prints out values until the screen is filled up. In this way, the user can view the inputs and some of the results. When any key is struck, the program will again clear the screen and display more of the results. Again, only enough values to fill the screen are printed. This process continues until all the data is displayed. Some of the programs provide the option to display simple plots of the data after the tabular presentation. This is in the form of either a Smith chart plot of impedance versus frequency or plots (rectangular or polar) of radiation patterns. When a plot is selected, the program clears the screen and displays the plot. After viewing the plot, simply press any key to resume with the program.



In most programs, the screen display of the results, e.g., the header line, input data, and tabular output can, at the users option, be printed out. Upon invoking this option, the program output is immediately sent to the printer connected to the computer. Finally, the user also has the option of storing the data in a file. Generally the file name can be chosen at will although in some cases, the extension is provided by the program. The data stored in the file is usually a duplicate of that displayed on the screen. For those programs that calculate impedance versus frequency, the data can also be stored in a TOUCHSTONE (HP/EESOF TM) compatible file. A file with the extension .S1P is created. It is formatted such that it can directly be used in a TOUCHSTONE (or ACADEMY) circuit file. The appropriate information regarding frequency units, type of data, normalizing impedance, etc. is automatically placed in the file by the program. With programs that calculate radiation patterns, the pattern can be stored by itself. Two formats are available. For both formats, the file consists of two columns of data. The leftmost column is the pattern angle in degrees. The other column contains the pattern value in dB at the appropriate angle. In one format, the columns are separated by a comma. In the other, they are separated by three blank spaces. The latter is useful when plotting using GNUPLOT.



After the various data displays, print out, and file storage options are presented, most programs end with the option to perform another calculation or quit. If the former is chosen, the user is sometimes given the option to change one or all of the inputs before resuming the calculations. 



As mentioned earlier, it is possible to encounter numerical errors such as overflow, division by zero, etc. In some cases this may be due to erroneous data entry, e.g., a negative number instead of a positive one. With these situations, simply re-entering the data should result in a successful program run. In some cases, it may be due to the value of a particular input parameter, e.g., an equation in the model may “blow up” when a line width becomes very small or very large. An attempt was made to trap these situations but obviously it is very difficult to ensure that all such circumstances were covered. Usually program blow up like these are avoided by using “typical” or “reasonable” input variables. Unfortunately if one is new to the field, what is “typical” may not be known. In cases where the program bombs and the data is correctly input, try changing the inputs one at a time to see if the offending one can be isolated. Once this is done, it may be possible to ascertain if “reasonable” values are being used. It might be useful to experiment with different values to see which appear to be acceptable to the program. Variables which may cause problems typically include things like line width, spacing or gap width, and patch width. In certain cases, extremely thin substrates or extremely low frequencies may cause problems as well.



Where known, an estimate of the accuracy of the program is given. Most of the time the estimates were obtained from the journal article or book which contained a discussion of the model. In some cases, the estimates are based upon personal experience.  




TRANSMISSION LINE PARAMETER AND MICROSTRIP DISCONTINUITY
 
PROGRAMS





A group of programs were discussed in chapters 2 and 4 that calculate the characteristic impedance, effective dielectric constant, and, in most cases, attenuation of various forms of printed circuit transmission lines. Also included in chapter 2 were a series of programs that calculate the equivalent circuit elements of several types of microstrip discontinuities. These programs are useful in the design of feed networks for both single element and arrays of microstrip antennas. Each program is discussed in the sections that follow.



MICRO - MICRO calculates the characteristic impedance, effective dielectric constant, and attenuation for a microstrip line. The basis for the calculation is the quasi-static analysis discussed in chapter 2. By itself, the quasi-static analysis is quite accurate for frequencies up to a few gigahertz. What is a few gigahertz depends upon several factors primarily substrate height and relative dielectric constant. Generally the equation validity extends to higher frequencies for thinner substrates and lower dielectric constants. One limitation to be aware of involves line width. For very wide lines, it is possible to excite transverse resonant modes. The frequency of the lowest order transverse mode is given by � EMBED Equation.2  ���. MICRO does not flag the user if the combination of width and frequency is such that a transverse mode may be excited. The quasi static equations are corrected for dispersion using closed form expressions derived by fitting curves to full wave solutions. The resulting expressions are valid for line width to substrate height ratios between � EMBED Equation.2  ���, relative dielectric constants between � EMBED Equation.2  ���, and substrate height to wavelength ratios of � EMBED Equation.2  ���. The approximate upper frequency limit is 60 GHz. This should cover most cases of interest. Again MICRO does not warn the user if these limits are exceeded. The attenuation formulas are accurate provided the surface roughness of the conductor is very much smaller than the wavelength, and the conductor thickness is at least several skin depths. In general, MICRO is probably accurate to within a few per cent (1 to 3%).



MICRO does not have provisions to print out or store the results like most of the other programs. It does the calculations and displays the results for one line width at a time. The screen display of the results, which includes the inputs, can be printed out by striking the ctrl/print screen keys simultaneously. In general, MICRO has not been known to “bomb out” unless an error is made in data entry. It does require non-zero values for conductor thickness, frequency, and relative conductivity to avoid division by zero. These are not flagged in the program.



The following is an example case. See chapter 2 for a definition of the various inputs.



          MICRO.V50          02-11-1996          22:44:47

                 [Current Program Date - 01/16/96]

 

     This program calculates Zo, eff, and loss for microstrip

 

enter relative dielectric constant?  2.200

 

enter dielectric thickness (cm)?  0.1600

 

enter conductor thickness (cm)? 0.00356

 

enter frequency (GHz)?  1.500

 

enter relative (to copper) conductivity? 1.000

 

enter dielectric loss tangent? 0.0010

 

enter number of line widths?  10

(MICRO calculates and displays the line parameters for one width at a time. The provision is made to calculate a number of line widths (in this case 10) for a fixed set of inputs. This feature is handy when attempting to find the line width necessary for a given impedance. You do not have to keep inputting all the parameters if only the line width is changed. MICRO is dimensioned to handle up to 100 line widths. 

 

enter line width (cm)     [Type 0 to exit]?   0.100

(You can exit the calculation loop at any time by entering 0 (zero) for the line width.)

 

 (After entering a line width, MICRO calculates the line parameters and displays them.)



          MICRO.V50          02-11-1996          22:45:04

 

 

dielectric constant =  2.20

dielectric loss tangent = 0.0010

conductivity relative to copper =  1.0000

dielectric thickness (cm) =    0.1600

line width (cm) =    0.1000

line thickness (cm) =  0.003560

 

     Z0 (ohms) = 113.535

     eff =  1.730

 (These are the quasi-static values)

     Zo(f) (ohms)= 113.843

     eff(f)=  1.732

 (These results include 
dispersion
)

 

 

frequency (GHz) =   1.5000

     loss (
dB
/in) =  0.0052

 

enter line width (cm)     [Type 0 to exit]?   0.000

(Since we earlier specified 10 line widths, but only entered one, the program is waiting for another line width. If we were to input another width, the program would calculate the line parameters and display the results just as before. By typing 0, we exit the calculation loop.)

 

Do another case?  (y or n)? Y

(If we had answered n (no), the program would have finished executing. By answering y (yes), we now have two options.)



Change inputs?   (y or n) N

 (If we would have answered y (yes), the program would cycle through all the inputs again. This is useful if you want to change substrate height, dielectric constant, frequency, etc. When answered n (no), the program assumes the same inputs are valid and that you want to analyze more line widths.)



enter number of line widths?   5

 

enter line width (cm)     [Type 0 to exit]?   0.050

 (After typing in the line width, MICRO performs the calculations, then clears the screen and prints out the following.)

 

          MICRO.V50          02-11-1996          22:45:45

 

 

dielectric constant =  2.20

dielectric loss tangent = 0.0010

conductivity relative to copper =  1.0000

dielectric thickness (cm) =    0.1600

line width (cm) =    0.0500

line thickness (cm) =  0.003560

 

     Z0 (ohms) = 142.888

     eff =  1.697

 

     Zo(f) (ohms)= 143.149

     eff(f)=  1.698

 

 

 

frequency (GHz) =   1.5000

     loss (
dB
/in) =  0.0066

 

enter line width (mils)     [Type 0 to exit]?   0.000

 

Do another case?  (y or n)? N

(By answering n (no), we exit the program)



COVMIC - COVMIC calculates the characteristic impedance, effective dielectric constant, and attenuation for a microstrip line with a cover layer (another dielectric layer). It uses a quasi-static analysis as given in chapter 3 for a covered microstrip patch antenna. There is no correction for dispersion. As such, it is probably reasonably accurate as long as neither dielectric layer exceeds about 0.05(o. The same concern for transverse resonance excitation that was discussed for regular microstrip also holds here. There are no built-in flags to warn the user of excessively thick substrates or excessively wide lines. The results from COVMIC compare well with other theoretical calculations of covered microstrip. The attenuation formulas ignore surface roughness. Again, results are probably accurate to within a few per cent ((3%). To date, the author has not seen published experimental results for covered microstrip, so no comparisons to measured data have been made.



The frequency must be greater than zero to avoid division by zero. COVMIC has not been known to “bomb out.” There is a numerical integration involved but it appears to be relatively fool proof. The integrand contains hyperbolic functions, and care was taken to avoid overflow problems when the exponent exceeds 88 which is the limit in BASIC.



COVMIC operates in a similar manner as MICRO. Unlike MICRO, COVMIC does not allow you to do a number of line widths for a fixed set of input data. Only one line width at a time is analyzed. As an example of its usage;



           COVMIC.V50       02-20-1996          20:53:12

                [Current Program Date - 01/23/96]

 

   Calculates Zo, eff, and attenuation for a covered microstrip

 

INPUT SUBSTRATE HEIGHT (cm)  0.160

(The term substrate refers to the dielectric layer underneath the line.)

 

INPUT SUBSTRATE RELATIVE er  2.20

 

INPUT SUBSTRATE LOSS TANGENT 0.001

 

INPUT COVER LAYER THICKNESS (cm)  0.080

(This is the dielectric layer above the line.)

 

INPUT COVER LAYER RELATIVE er  6.00

 

INPUT COVER LAYER LOSS TANGENT 0.003

 

INPUT LINE WIDTH (cm)  0.100

 

INPUT CONDUCTOR THICKNESS (cm) 0.004

 

INPUT CONDUCTOR CONDUCTIVITY RELATIVE TO COPPER 1.00

 

INPUT FREQUENCY (GHz)  1.575

 (After inputting the frequency, COVMIC does the calculations, clears the screen, then displays the following.)



          COVMIC.V50       02-20-1996          20:53:35

 

     SUBSTRATE PARAMETERS

HEIGHT =  0.1600 (cm)

RELATIVE DIELECTRIC CONSTANT =  2.200

LOSS TANGENT =  0.0010

CONDUCTOR THICKNESS = 0.00356 (cm)

RELATIVE CONDUCTIVITY =  1.0000

     COVER LAYER PARAMETERS

HEIGHT =  0.0800 (cm)

RELATIVE DIELECTRIC CONSTANT =  6.000

LOSS TANGENT =  0.0030

FREQUENCY =   1.5750 (GHz)

LINE WIDTH =   0.1000 (cm)

 

 

               Zo =   93.53 (Ohms)

              eff =   2.74

      attenuation =  0.00737 (dB/cm)

 

CHANGE LINE WIDTH (w), DO ANOTHER CASE (c), OR QUIT (q)Q

(Like MICRO, you are given several options. If you type in w, the program requests a new line width. All other inputs remain the same. If c is entered, the program cycles through all the inputs again. If, as in this case, q is entered, the program is terminated.)



CPW2 - CPW2 determines the characteristic impedance and effective dielectric constant for coplanar transmission line structures. The basic coplanar structure consists of a substrate with metalization on only one side. Two parallel slots are etched leaving a conductor strip isolated from the rest of the metalization. The strip and the two metal planes on either side form the transmission line. The planes are grounded. There are several variations of the basic structure. In the most common one, the bottom side of the substrate is metalized and left completely covered. This forms another ground plane. A ground plane may also be suspended above the basic coplanar line. Usually the space between the coplanar line and suspended ground plane is air filled. Ground planes on the substrate bottom and suspended above the line can also be used. CPW2 analyzes all four types of structures. It does not calculate attenuation. 



CPW2 uses a quasi-static analysis approach. It is valid as long as dispersion is negligible and/or higher or spurious mode excitation is not present. Dispersion is usually not significant when the gap width to substrate height, s/h, and line width to substrate height, w/h, are both less than or equal to 1.5. Simple expressions to estimate when higher order modes are excited are not available. When an additional ground plane is used, particularly one on the bottom of the substrate, spurious modes associated with the parallel plate structure formed by the top and bottom ground planes can be readily excited. Frequent use of via pins to connect the two grounds is recommended to suppress spurious mode excitation. The accuracy of the CPW2 results is around 2%. Conductor thickness is not accounted for in the analysis. Both the characteristic impedance and effective dielectric constant decrease with increasing conductor thickness.



CPW2 is quite stable. Closed form expressions are used to evaluate the elliptic integrals in the analysis. Protection has been built in to help eliminate potential division by zero errors when the argument of the integrals approaches one. Division by zero will occur if a substrate height or a suspended ground plane height of zero are inadvertently entered.



CPW2 calculates the transmission line parameters for a fixed conductor width. Either a single slot width or a range of widths can be entered.  As an example of the program usage for a range of widths;



          CPW2.V50       02-23-1996          17:15:48

               [Current Program Date - 01/23/96]

 

          Calculates Zo and eff for coplanar waveguide

 

ANALYZE

     (1) - CPW no ground plane

     (2) - CPW with lower ground plane

     (3) - CPW with upper ground plane

     (4) - CPW with upper and lower ground planes

 1

 

INPUT DIELECTRIC SUBSTRATE THICKNESS (cm)  0.160

 

INPUT DIELECTRIC SUBSTRATE RELATIVE DIELECTRIC CONSTANT  4.00

 

INPUT CENTER CONDUCTOR WIDTH (cm)  0.100

 

INPUT NUMBER OF SLOT WIDTHS TO ANALYZE   5

(If you input 1 for one slot width, CPW2 will then ask you to input that slot width and will proceed to calculate the line parameters. When a number greater than one is input, the following prompt appears. The maximum number of slot widths is 100.)



INPUT A RANGE OF WIDTHS (r) OR INDIVIDUAL WIDTHS (i)r

(There are two options here. When answered r (range), CPW2 then asks for the smallest and largest widths you want to calculate. It then determines the widths in between those values. If the question is answered i (individual), then the program will prompt you to input each slot width you want calculated.) 

 

INPUT SMALLEST AND LARGEST SLOT WIDTHS (cm)  1.000, 6.000

 

          CPW2.V50       02-23-1996          17:15:59

 

 

          SUBSTRATE THICKNESS =  0.1600 (cm)

          RELATIVE DIELECTRIC CONSTANT =  4.00

 

                         COPLANAR WAVEGUIDE

 

                 SLOT WIDTH           Zo         eff

                    (cm)            (ohms)

 

                    1.000           212.19      1.57

                    2.000           248.60      1.51

                    3.000           264.49      1.56

                    4.000           275.61      1.58

                    5.000           284.14      1.61

                    6.000           291.05      1.62

 

PRINT OUT RESULTS (y or n) n



STORE RESULTS IN A FILE (y or n) y

(If answered n (no), the next input is skipped.)

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\cpw2.out

 

DO ANOTHER CASE (a) or QUIT (q) q

 

This is an example of inputting the slot widths individually



          CPW2.V50       02-23-1996          17:26:14

               [Current Program Date - 01/23/96]

 

          Calculates Zo and eff for coplanar waveguide

 

ANALYZE

     (1) - CPW no ground plane

     (2) - CPW with lower ground plane

     (3) - CPW with upper ground plane

     (4) - CPW with upper and lower ground planes

 1

 

INPUT DIELECTRIC SUBSTRATE THICKNESS (cm)  0.160

 

INPUT DIELECTRIC SUBSTRATE RELATIVE DIELECTRIC CONSTANT  4.00

 

INPUT CENTER CONDUCTOR WIDTH (cm)  0.100

 

INPUT NUMBER OF SLOT WIDTHS TO ANALYZE   5

 

INPUT A RANGE OF WIDTHS (r) OR INDIVIDUAL WIDTHS (i)i

 

INPUT SLOT WIDTH NUMBER   1 (cm)

 1.000

 

INPUT SLOT WIDTH NUMBER   2 (cm)

 2.000

 

INPUT SLOT WIDTH NUMBER   3 (cm)

 3.000

 

INPUT SLOT WIDTH NUMBER   4 (cm)

 4.000

 

INPUT SLOT WIDTH NUMBER   5 (cm)

 5.000

 

          CPW2.V50       02-23-1996          17:26:30

 

 

          SUBSTRATE THICKNESS =  0.1600 (cm)

          RELATIVE DIELECTRIC CONSTANT =  4.00

 

                         COPLANAR WAVEGUIDE

 

                 SLOT WIDTH           Zo         eff

                    (cm)            (ohms)

 

                    1.000           212.19      1.57

                    2.000           248.60      1.51

                    3.000           264.49      1.56

                    4.000           275.61      1.58

                    5.000           284.14      1.61

 

PRINT OUT RESULTS (y or n) n



STORE RESULTS IN A FILE (y or n) y

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\cpw2.out

 

DO ANOTHER CASE (a) or QUIT (q) q



If the number of slot widths is entered as one, CPW2 requests that slot width, calculates the line parameters, then displays the results just as above. 



When option 3 or 4 (coplanar line with upper ground plane) is selected, CPW2 asks for the height of the upper ground plane above the top surface of the substrate. No additional inputs are required when a lower ground plane is present. Here’s an example;



          CPW2.V50       02-23-1996          17:32:42

               [Current Program Date - 01/23/96]

 

          Calculates Zo and eff for coplanar waveguide

 

ANALYZE

     (1) - CPW no ground plane

     (2) - CPW with lower ground plane

     (3) - CPW with upper ground plane

     (4) - CPW with upper and lower ground planes

 3

 

INPUT DIELECTRIC SUBSTRATE THICKNESS (cm)  0.160

 

INPUT DIELECTRIC SUBSTRATE RELATIVE DIELECTRIC CONSTANT  4.00

 

INPUT UPPER GROUND PLANE HEIGHT ABOVE SUBSTRATE (cm)  0.500

 

INPUT CENTER CONDUCTOR WIDTH (cm)  0.100

 

INPUT NUMBER OF SLOT WIDTHS TO ANALYZE   5

 

INPUT A RANGE OF WIDTHS (r) OR INDIVIDUAL WIDTHS (i)r

 

INPUT SMALLEST AND LARGEST SLOT WIDTHS (cm)  1.000, 6.000

 

          CPW2.V50       02-23-1996          17:33:05

 

 

          SUBSTRATE THICKNESS =  0.1600 (cm)

          RELATIVE DIELECTRIC CONSTANT =  4.00

          UPPER GROUND PLANE HEIGHT =  0.5000 (cm)

 

               COPLANAR WAVEGUIDE WITH UPPER GROUND PLANE

 

                 SLOT WIDTH           Zo         eff

                    (cm)            (ohms)

 

                    1.000           184.44      1.48

                    2.000           200.91      1.40

                    3.000           205.86      1.41

                    4.000           209.11      1.42

                    5.000           211.49      1.42

                    6.000           213.35      1.43

 

PRINT OUT RESULTS (y or n) n



STORE RESULTS IN A FILE (y or n) y

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\cpw2.out

 

DO ANOTHER CASE (a) or QUIT (q) q



If a (another case) is entered at the last prompt for any choice of coplanar structure, the next input is



CHANGE SLOT WIDTH INPUTS (c) or ALL INPUTS (a)



When answered c, (change slot width inputs) then all substrate and line parameters are left unchanged, and the program jumps to the prompt



INPUT NUMBER OF SLOT WIDTHS TO ANALYZE   5

 

and the inputs continue from this point. This allows the user to re-run the case with different slot widths. If a (all inputs) is selected, then the program clears the screen and starts over again.



CPS - CPS calculates the characteristic impedance, effective dielectric constant, and attenuation for a coplanar strips transmission line. Coplanar strips consists of two parallel strip conductors separated by a gap and situated on the top surface of a substrate. A quasi-static analysis is used. Little data is available on the behavior of coplanar strips. Dispersion is generally negligible up to a few GHz. Equations to predict the onset of higher order modes do not exist. Like CPW2, provisions have been put in place to avoid division by zero when the argument of the elliptic integral goes to one. To avoid over numerical problems, non-zero values must be entered for the conductor thickness, strip width, frequency, and relative conductivity. Program accuracy’s are probably of the order of 2 to 3%. CPS determines the line parameters for a fixed strip width. Both strips are assumed to have the same width. Either one spacing between strips or a range of spacings may be entered. The maximum number of spacings is 100.



CPS operates in virtually an identical manner to CPW2.  The major difference is in the way the options for printing and storing the results are presented. An example is given below.



          CPS.V50       02-23-1996          19:55:28

               [Current Program Date - 01/24/96]

 

            Calculates impedance of coplanar strips

 

INPUT STRIP WIDTH (cm)  0.100

 

INPUT CONDUCTOR THICKNESS (cm) 0.004

 

INPUT SUBSTRATE THICKNESS (cm)  0.160

 

INPUT RELATIVE DIELECTRIC CONSTANT AND LOSS TANGENT  4.00,0.003

 

INPUT CONDUCTIVITY RELATIVE TO COPPER

          (default = 1)

 0 

 

INPUT FREQUENCY (GHz)  5.000

 

INPUT NUMBER OF SPACINGS   5

(If you input 1 for one spacing, CPS will then ask you to input that spacing and will proceed to calculate the line parameters.)

 

INPUT RANGE OF SPACINGS (r) OR INDIVIDUAL SPACINGS (i)R

(See the examples for CPW2 for inputting individual spacings.)

 

INPUT SMALLEST AND LARGEST SPACINGS (cm)  1.000, 6.000

 

          CPS.V50       02-23-1996          19:55:41

 

STRIP WIDTH =  0.1000 (cm)

CONDUCTOR THICKNESS = 0.00356 (cm)

RELATIVE DIELECTRIC CONSTANT =   4.00

DIELECTRIC THICKNESS =  0.1600 (cm)

FREQUENCY =   5.0000 GHz

 

 SPACING               Zocs               er               alpha

  (cm)                (ohms)                              (dB/cm)

 1.0000               772.41            1.835             0.0147

 2.0000               799.06            1.714             0.0121

 3.0000               812.71            1.657             0.0109

 4.0000               821.62            1.621             0.0102

 5.0000               828.10            1.596             0.0098

 6.0000               833.15            1.577             0.0094

 

PRINT OUT RESULTS (y or n)N

 

STORE RESULTS IN A FILE (y or n)Y

 

INPUT NAME OF FILE TO STORE RESULTSC:\DATA\CPS.OUT

 

DO ANOTHER CASE (y or n)N

 

If y (yes) is entered at the last prompt the next input is



CHANGE SPACING INPUTS (c) or ALL INPUTS (a)



When answered c, (change spacing inputs) then all substrate and strip parameters are left unchanged, and the program jumps to the prompt



INPUT NUMBER OF SPACINGS  5

 

and the inputs continue from this point. This allows the user to re-run the case with different spacings. If a (all inputs) is selected, then the program clears the screen and starts over again.



SLOTLINE - SLOTLINE determines the characteristic impedance and effective dielectric constant for slotline transmission lines. Closed form expressions derived by fitting to rigorous full wave analysis are used to find the line parameters. Dispersion is accounted for because the expressions are based on full wave solutions. There are validity limits on the expressions. The substrate height to free space wavelength ratio should satisfy, 0.006 ( d/(o ( 0.06, the slot width to wavelength ratio should fall within, 0.0015 ( w/(o 1.0, and the relative dielectric should be, 2.22 ( (r ( 20. If the input value for any of these parameters exceeds the model limits, the program flags the user and allows the option of re-entering the data. It is not necessary to change the inputs, but the user should be aware of possible model inaccuracy. The resulting transmission line parameters are accurate to within about 2%. The slotline substrate can support surface wave modes. The lowest order mode is the TE10 mode. To avoid excitation of this mode, the substrate height should satisfy h/(o ( 0.25/(((r - 1). Conductor thickness is not accounted for in the model. 



With the closed form expressions, there should be no numerical difficulties unless improper values are entered. Non-zero values for the frequency, substrate height, and dielectric constant must be entered to avoid division by zero. As with CPW2 and CPS, a single slot width or multiple widths may be entered. Up to 100 slot widths can be accommodated. 



An example case follows.



          SLOTLINE.V50       02-24-1996          05:11:24

                 [Current Program Date - 01/24/96]

 

               Calculates Zo and eff for slotline

 

INPUT DIELECTRIC SUBSTRATE THICKNESS (cm)  0.160

 

INPUT SUBSTRATE RELATIVE DIELECTRIC CONSTANT  2.20

 

INPUT FREQUENCY (GHz)  1.575

 

INPUT NUMBER OF SLOT WIDTHS TO ANALYZE  5

(If you input 1 for one slot width, SLOTLINE will then ask you to input that slot width and will proceed to calculate the line parameters.)

 

INPUT A RANGE OF WIDTHS (r) OR INDIVIDUAL WIDTHS (i)r

(See the examples for CPW2 for inputting individual widths.)

 

INPUT SMALLEST AND LARGEST SLOT WIDTHS (cm)  0.100, 0.600

 

          SLOTLINE.V50       02-24-1996          05:11:42

 

 

          SUBSTRATE THICKNESS =  0.1600 (cm)

          RELATIVE DIELECTRIC CONSTANT =  2.20

          FREQUENCY =   1.575 GHz

 

                 SLOT WIDTH           Zo         eff

                    (cm)            (ohms)

 

                   0.1000           105.38      1.26

                   0.2000           119.23      1.21

                   0.3000           128.87      1.18

                   0.4000           136.77      1.16

                   0.5000           143.63      1.14

                   0.6000           149.78      1.13

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)y

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\slotline.out

 

DO ANOTHER CASE (y or n)n

 

If the last question is answered y (yes), the next input is



CHANGE SLOT WIDTHS (s) or ALL INPUTS (a) 



When answered s, (change slot width inputs) then all substrate and strip parameters are left unchanged, and the program jumps to the prompt



INPUT NUMBER OF SLOT WIDTHS TO ANALYZE  5

 

and the inputs continue from this point. This allows the user to re-run the case with different spacings. If a (all inputs) is selected, then the program clears the screen and starts over again.



MICBEND - MICBEND calculates the parasitic inductances and capacitance associated with a right angle microstrip bend. It uses closed form expressions based upon results from quasi-static analyses of the bend. Such analyses do not account for higher order mode excitation at the discontinuity. The results are therefore accurate up to about 5 GHz or so. Again the upper frequency limit depends upon the substrate height (thinner substrates give better results to higher frequencies) and the dielectric constant (a higher frequency limit for lower values). While not accurate at higher frequencies, the model can still provide some information on the effect of the discontinuity and certainly is better than using no model at all. Model results are accurate to within 5%. MICBEND can calculate the bend parasitics for a range of line widths (up to 100).



There are some model validity limits. For the dielectric constant, 2.5 ( (r ( 15 and the line width to substrate height should satisfy, 0.1 ( w/h ( 5. The program flags the user if these limits are exceeded. The user has the option to change any values that exceed the limits. The avoid division by zero, the substrate height and line width (s) must be greater than zero. Other than that, there should  be no numerical problems with the program. 



A sample program run is given below.



          MICBEND.V50       02-14-1996          21:40:51

                [Current Program Date - 01/16/96]

 

Calculates equivalent circuit elements for an unchamfered microstrip bend

 

INPUT SUBSTRATE HEIGHT (cm) AND RELATIVE DIELECTRIC CONSTANT  0.160, 4.00

 

INPUT SMALLEST AND LARGEST LINE WIDTHS (cm) FOR CALCULATION  0.254, 0.381

(MICBEND doesn’t explicitly allow for calculations to be performed for one line width. If results for only one line width are wanted, simply input the line width twice, once for the smallest and once for the largest width.)

 

INPUT NUMBER OF LINE WIDTHS TO CALCULATE  5

(The number of line widths, in conjunction with the smallest and largest line widths, determine the increment in line width used to step through the range of widths. In this case, the step size between line widths is (.381-.254)/5 =  .0254 cm. Always input a number greater than zero even if only width is desired.)

 

          MICBEND.V50       02-14-1996          21:41:14

 

UNCHAMFERED MICROSTRIP BEND EQUIVALENT CIRCUIT ELEMENTS

 

SUBSTRATE RELATIVE DIELECTRIC CONSTANT =   4.00

SUBSTRATE HEIGHT =  0.160 (cm)

 

 

      WIDTH     SERIES IND     SHUNT CAP     SERIES IND

       (cm)       (nh)           (pF)           (nH)

      0.254        0.066         0.229          0.066

      0.279        0.086         0.269          0.086

      0.305        0.105         0.313          0.105

      0.330        0.123         0.359          0.123

      0.356        0.140         0.409          0.140

      0.381        0.157         0.462          0.157

 (The discontinuity model is symmetrical, so the two inductances are always equal.)



PRINT OUT RESULTS (y or n)N

 

STORE RESULTS IN A FILE (y or n)Y

 

INPUT NAME OF FILE TO STORE RESULTSC:\DATA\MICBEND.OUT

 

DO ANOTHER CASE (y or n)N

 

If the last question is answered y (yes), the program starts all over again.



MICENDEF - MICENDEF determines the electrical extension of an open circuited microstrip line. Full wave analysis results have been curve fit to closed form expressions. The calculations of MICENDEF are accurate to better than 3% (compared to the full wave calculations). The full wave calculations were performed at a frequency of 1 GHz. Although the analysis is full wave, the results may not be accurate for very wide lines at higher frequencies because more higher modes may be present as compared to the 1 GHz case. The expressions used here are probably valid up to about 10 GHz. For thicker substrates, e.g., the height exceeding about 0.02(o, radiation from the open end becomes significant. This is not accounted for in the model. The model limits are 0.01 ( w/h ( 100 for the line width to substrate height ratio and (r ( 50 for the dielectric constant. Inputs are checked by the program. 



MICENDEF calculates the line extension for a range of line widths. Up to 100 widths may be entered. Both the substrate height and line width must be non-zero other wise division by zero will occur. There should be no other numerical problems unless the line width to substrate height ratio becomes extremely large (well beyond any practical value). 



An example program run is shown next.



          MICENDEF.V50       02-11-1996          23:03:10

                 [Current Program Date - 01/16/96]

 

Calculates effective length extension for a microstrip open circuit

 

INPUT SUBSTRATE HEIGHT (cm)?  0.160

 

INPUT SUBSTRATE RELATIVE DIELECTRIC CONSTANT?  2.20

 

INPUT FREQUENCY (GHz)?  1.5000

 

INPUT SMALLEST AND LARGEST LINE WIDTHS (cm)?  0.0200, 1.2000

(Again, for only one width, enter the same value for both.)

 

INPUT NUMBER OF LINE WIDTHS TO CALCULATE? 10

(Like with MICBEND, the program determines the increment in line width based upon the previous inputs and the number of widths. Always enter a number greater than zero even if only one width is desired.) 

 

 

          MICENDEF.V50       02-11-1996          23:03:22

 

MICROSTRIP OPEN CIRCUIT END EFFECT EXTENSION

 

SUBSTRATE RELATIVE DIELECTRIC CONSTANT =   2.20

SUBSTRATE HEIGHT =   0.160 (cm)

FREQUENCY =   1.500 GHz

 

    LINE WIDTH   LINE EXTENSION

       (cm)           (cm)

       0.020          0.0333

       0.138          0.0598

       0.256          0.0702

       0.374          0.0773

       0.492          0.0829

       0.610          0.0873

       0.728          0.0909

       0.846          0.0938

       0.964          0.0961

       1.082          0.0980

       1.200          0.0995

 

PRINT OUT RESULTS (y or n)? N

 

STORE RESULTS IN A FILE (y or n)?Y

 

INPUT NAME OF FILE TO STORE RESULTS? C:\DATA\SAMPLE.DOC

 

DO ANOTHER CASE (y or n)? N

 

When the last question is answered y (yes), the program starts all over again.



MICGAP - MICGAP calculates the capacitances associated with a gap (completely across the width of the line) in a microstrip line. The results are based upon a quasi-static analysis and ignore radiation. The model is useful into the lower microwave region. MICGAP accepts a range of gap widths (up to 100) for a fixed line width, substrate height, etc. The model is valid for dielectric constants, 2.5 ( (r ( 15.0, line width to substrate height ratios, 0.5 ( w/h ( 2.0, and gap width to line widths, 0.1 ( s/w ( 1.0. If an input exceeds these ranges, the program issues a warning and an option to change the value is given. Model accuracy is about 7%. A non-zero value for substrate height is required. The program uses closed form expressions  which should pose no numerical difficulties. 



The following is a sample program run.



          MICGAP.V50       02-14-1996          21:01:48

                [Current Program Date - 01/16/96]

 

Calculates equivalent circuit elements for a microstrip gap

 

INPUT SUBSTRATE HEIGHT (cm) AND RELATIVE DIELECTRIC CONSTANT  0.1600, 4.00

 

INPUT MICROSTRIP LINE WIDTH (cm)  0.305

 

INPUT SMALLEST AND LARGEST GAPS (cm) FOR CALCULATION  0.051, 0.178

(If only one gap is required, enter the same number for both inputs.)�

INPUT NUMBER OF GAP WIDTHS TO CALCULATE  5

(The program determines the gap width increment. Always enter a non-zero number here.) 



          MICGAP.V50       02-14-1996          21:02:52

 

MICROSTRIP GAP EQUIVALENT CIRCUIT ELEMENTS

 

SUBSTRATE RELATIVE DIELECTRIC CONSTANT =   4.00

SUBSTRATE HEIGHT =  0.160 (cm)

MICROSTRIP LINE WIDTH =  0.305 (cm)

 

       GAP      SHUNT CAP     SERIES CAP     SHUNT CAP

       (cm)       (pF)           (pF)          (pF)

      0.051       0.001         0.073          0.001

      0.076       0.002         0.062          0.002

      0.102       0.003         0.054          0.003

      0.127       0.003         0.049          0.003

      0.152       0.004         0.045          0.004

(The model is symmetrical about the gap, so the two shunt capacitances are always equal.)

 

PRINT OUT RESULTS (y or n)N

 

STORE RESULTS IN A FILE (y or n)Y

 

INPUT NAME OF FILE TO STORE RESULTSC:\DATA\MICGAP.OUT

 

DO ANOTHER CASE (y or n)N

 

When answered y (yes), the program starts over again.



MICMITER - MICMITER determines the optimum miter for a right angle microstrip bend. With proper chamfering, the bend parasitics can be reduced to negligible values. While the chamfer reduces the parasitics, it also shortens the electrical length through the bend. The electrical length is less than the physical length along the center line through the bend. MICMITER uses closed form equations to determine the amount of chamfer and the reduction in electrical length. These expressions are valid for line width to substrate ratios, w/h ( 0.25 and dielectric constants, (r ( 25. These inputs are checked by the program. The accuracy of the results is not known. Neither is the frequency range, though it is safe to assume that it is similar to the other quasi-static models. Radiation from the bend is not accounted for. MICMITER does one line width per run. A non-zero value for substrate height is needed to avoid division by zero. There should be no other numerical problems.



An example is now presented.



          MMITER.V50       02-14-1996          21:22:09

                [Current Program Date - 01/16/96]

 

     Calculates optimum chamfer for a mitered microstrip bend

 

INPUT SUBSTRATE RELATIVE DIELECTRIC CONSTANT  2.20

 

INPUT SUBSTRATE HEIGHT (cm)  0.160

 

INPUT LINE WIDTH (cm)  0.457

 

INPUT FREQUENCY (GHz)  1.5000

 

          MMITER.V50       02-14-1996          21:22:28

 

CALCULATES OPTIMUM MITER FOR A CHAMFERED MICROSTRIP BEND

 

SUBSTRATE RELATIVE er =   2.20

SUBSTRATE HEIGHT =   0.160 (cm)

LINE WIDTH =   0.457 (cm)

FREQUENCY =   1.500000 (GHz)

 

          CHAMFER =   0.488 (cm)

[Chamfer measured from outside corner of bend along outside edge of line]

 

REDUCTION IN ELECTRICAL LENGTH =   0.267 (cm)

[Compared to physical length of   0.457 (cm)]

(The value 0.267 cm is the reduction in the electrical length caused by the miter. The actual electrical length is the physical length minus the reduction, 0.457 - 0.267 = 0.190 cm.) 

 

PRINT OUT RESULTS (y or n)N

 

STORE RESULTS IN A FILE (y or n)Y

 

INPUT NAME OF FILE TO STORE RESULTSC:\DATA\MICMITER.OUT

 

DO ANOTHER CASE (y or n)N



Answering y (yes) results in the program re-running again.



MICNOTCH - MICNOTCH finds the inductance associated with a notch cut into a microstrip line. The notch is essentially a transverse slit introduced on the line which does not go completely across the width of the line. The method used in the analysis does not account for dispersion or capacitive effects. It is useful for notch depth to line widths of 0 ( b/w ( 0.9 (in other words, the notch mustn’t completely cut across the line width) and for notch widths less than or equal to the substrate height, a ( h. The program checks these inputs and gives the user a chance to change them if they exceed the model bounds. Very narrow notch widths may have non-negligible capacitance. This capacitance may be approximated by calculating the series capacitance for a gap of the same width (using, for example, MICGAP) then doing a straight weighting, e.g., the notch capacitance is ((b/w)Cs with Cs being the gap series capacitance. For very width notch widths, the notch begins to look like a microstrip line of width w-b, hence the limitation on notch width. Results appear to be in good agreement with experimental measurements. The frequency range of the model is similar to the other quasi-static based models.



MICNOTCH does a range of notch depths up to 100. A non-zero substrate height is required. No numerical problems should occur as the equations used are quite simple. 



A sample case is now given.



          MICNOTCH.V50       02-14-1996          22:00:01

                 [Current Program Date - 01/16/96]

 

   Calculates equivalent circuit elements for a microstrip notch

 

INPUT SUBSTRATE HEIGHT (cm) AND RELATIVE DIELECTRIC CONSTANT  0.160, 2.00

 

INPUT FREQUENCY (GHz)  1.500

 

INPUT LINE WIDTH (cm)  0.457

 

INPUT SMALLEST AND LARGEST NOTCH DEPTHS (cm) FOR CALCULATION  0.051, 0.178

(For a single depth, enter the same number twice.)

 

INPUT NUMBER OF NOTCH DEPTHS TO CALCULATE  5

(Enter at least one notch depth.)

 

INPUT NOTCH WIDTH (cm)  0.013

 

          MICNOTCH.V50       02-14-1996          22:00:55

 

          MICROSTRIP NOTCH EQUIVALENT CIRCUIT ELEMENT

 

SUBSTRATE RELATIVE DIELECTRIC CONSTANT =   2.00

SUBSTRATE HEIGHT =  0.160 (cm)

LINE WIDTH =  0.457 (cm)

NOTCH WIDTH =  0.0127 (cm)

FREQUENCY =   1.500 GHz

 

    NOTCH DEPTH   SERIES IND

       (cm)          (nh)

      0.051          0.016

      0.076          0.035

      0.102          0.063

      0.127          0.099

      0.152          0.144

 

PRINT OUT RESULTS (y or n)N

 

STORE RESULTS IN A FILE (y or n)Y

 

INPUT NAME OF FILE TO STORE RESULTSC:\DATA\MICNOTCH.OUT

 

DO ANOTHER CASE (y or n)N



Inputting y (yes) causes the program to re-run again.



MICSTEP - MICSTEP calculates the parasitic inductances and capacitance found when two different width microstrip lines are connected. Quasi-static techniques were used to derive the formulas in the program. As with the other models, the results are valid into the lower microwave region up to about 5 to 10 GHz. For best results, the dielectric constant should be ( ( 10, and the wide to narrow line width ratio, 1.5 ( w2/w1 ( 3.5. The latter is a fairly severe restriction. Again it is probably better to use the parasitic values calculated  by the program than none at all even if the line width ratio is outside the above bounds. The program flags any inputs that extend beyond the validity limits. The error in calculated capacitance is less than 10%, while that for the inductance is less than 5%. The substrate height, dielectric constant,  and the narrower line width must be entered as non-zero values. No other mathematical difficulties should be encountered. MICSTEP does the calculations for one step. 



A sample program run is shown below.



          MICSTEP.V50       02-14-1996          22:21:14

                 [Current Program date - 01/16/96]

 

          Calculates Equivalent Circuit Parameters

           for a Microstrip Step Change in Width

 

INPUT SUBSTRATE HEIGHT (cm)  0.160

 

INPUT SUBSTRATE RELATIVE er AND LOSS TANGENT  2.20,0.001

 

INPUT WIDER LINE WIDTH (cm)  0.457

 

INPUT NARROWER LINE WIDTH (cm)  0.229

(MICTEE will check to ensure that the narrower line is indeed less than the previously input line width. If it isn’t, the user must re-input both line widths.)

 

INPUT DESIGN FREQUENCY (GHz)  1.500

 

          MICSTEP.V50       02-14-1996          22:21:44

 

EQUIVALENT CIRCUIT ELEMENTS FOR A STEP CHANGE IN MICROSTRIP WIDTH

 

     SUBSTRATE HEIGHT =   0.160 (cm)

     SUBSTRATE er =   2.20 and LOSS TANGENT = 0.0010

     FREQUENCY =   1.500 (GHz)

     WIDE LINE WIDTH =  0.457 (mils)

     NARROW LINE WIDTH =  0.229 (mils)

 

          L1 =   0.017 nH                                        ( This is the inductor on the narrow line width

          Cs =   0.013 pF                                               side.

          L2 =   0.012 nH

 

 

PRINT OUT RESULTS (y or n)N

 

STORE RESULTS IN A FILE (y or n)Y

 

INPUT NAME OF FILE TO STORE RESULTSC:\DATA\MICSTEP.OUT

 

DO ANOTHER CASE (y or n)N

 

Answering y (yes) starts the program all over again.



MICTEE - MICTEE finds the junction reactance, equivalent circuit transformers, and reference plane extensions for a microstrip T-junction. The quasi-static analysis is useful into the lower reaches of the microwave region. No accuracy figures are known to the author. MICTEE handles both symmetric and asymmetric junctions. For a symmetric junction, the main line width is the same on both sides. MICTEE calculates the junction parasitics as a function of frequency. To avoid numerical errors, the impedance of the left side line entering the junction must be non-zero as must be the dielectric constant, substrate height, and frequency. No validity limits on the inputs have been given. 



MICTEE can accept two types of inputs. In one, the widths of each line entering the junction are required. In the other, the characteristic impedance and effective dielectric constant of the lines is needed. Examples of both are now given. The first is for the case where the impedances and dielectric constants are known.



          MICTEE.V50       02-14-1996          23:00:56

               [Current Program Date - 02/14/1996]

 

Calculates equivalent circuit elements for a microstrip T-junction

 

INPUT LINE IMPEDANCES (i) OR LINE WIDTHS (w)I

 

INPUT SUBSTRATE HEIGHT (cm)  0.160

 

INPUT SUBSTRATE RELATIVE DIELECTRIC CONSTANT  2.20

 

INPUT MAIN LINE IMPEDANCE (ohms) AND EFFECTIVE er ON LEFT SIDE  60.00, 2.000

 

INPUT MAIN LINE IMPEDANCE (ohms) AND EFFECTIVE er ON RIGHT SIDE  50.00, 2.100

 

INPUT BRANCH LINE IMPEDANCE (ohms)AND EFFECTIVE er 100.00, 1.900

 

INPUT START AND STOP FREQUENCIES FOR ELEMENT CALCULATION  1.400, 1.600

(If only one frequency is needed, enter that frequency twice.)

 

INPUT NUMBER OF FREQUENCIES TO CALCULATE  5

(Input a number greater than or equal to one.)

 

          MICTEE.V50       02-14-1996          23:01:15

 

MICROSTRIP T-JUNCTION EQUIVALENT CIRCUIT ELEMENTS

 

LEFT SIDE MAIN LINE IMPEDANCE     =  60.00 (Ohms)

LEFT SIDE MAIN LINE EFFECTIVE er  =   2.00

RIGHT SIDE MAIN LINE IMPEDANCE    =  50.00 (Ohms)

RIGHT SIDE MAIN LINE EFFECTIVE er =   2.10

BRANCH LINE IMPEDANCE  = 100.00 (Ohms)

BRANCH LINE EFFECTIVE er =   1.90

 

  FREQ           d1a         d1b         nia      nib        d2            Bt

 (GHz)           (cm)        (cm)                           (cm)         (Mhos)

  1.400        0.014       0.012        1.00     1.00      0.20       -0.000497

  1.440        0.014       0.012        1.00     1.00      0.20       -0.000510

  1.480        0.014       0.012        1.00     1.00      0.20       -0.000524

  1.520        0.014       0.012        1.00     1.00      0.20       -0.000538

  1.560        0.014       0.012        1.00     1.00      0.20       -0.000551

 

PRINT OUT RESULTS (y or n)N

 

STORE RESULTS IN A FILE (y or n)Y

 

INPUT NAME OF FILE TO STORE RESULTSC:\DATA\MICTEE.OUT

 

DO ANOTHER CASE (y or n)N

 

An answer of y (yes) starts the program over again.



Here’s an example when the line widths are known. The same comments regarding the frequency inputs also apply to this case.



          MICTEE.V50       02-28-1996          22:51:35

               [Current Program Date - 02/14/1996]

 

Calculates equivalent circuit elements for a microstrip T-junction

 

INPUT LINE IMPEDANCES (i) OR LINE WIDTHS (w)w

 

INPUT SUBSTRATE HEIGHT (cm)  0.160

 

INPUT SUBSTRATE RELATIVE DIELECTRIC CONSTANT  2.20

 

INPUT MAIN LINE WIDTH (cm) ON LEFT SIDE  0.254

 

INPUT MAIN LINE WIDTH (cms) ON RIGHT SIDE  0.457

 

INPUT BRANCH LINE WIDTH (cm)  0.127

 

INPUT CONDUCTOR THICKNESS (cm) 0.00356

 

INPUT START AND STOP FREQUENCIES FOR ELEMENT CALCULATION  1.400, 1.600

 

INPUT NUMBER OF FREQUENCIES TO CALCULATE  5

 

          MICTEE.V50       02-28-1996          22:52:01

 

MICROSTRIP T-JUNCTION EQUIVALENT CIRCUIT ELEMENTS

 

LEFT SIDE MAIN LINE WIDTH    =  0.254 (cm)

RIGHT SIDE MAIN LINE WIDTH   =  0.457 (cm)

BRANCH LINE WIDTH            =  0.127 (cm)

SUBSTRATE HEIGHT             =  0.160 (cm)

SUBSTRATE er                 =   2.20

CONDUCTOR THICKNESS          =  0.0036 (cm)

 

 

  FREQ           d1a         d1b         nia      nib        d2            Bt

 (GHz)           (cm)        (cm)                           (cm)         (Mhos)

  1.400        0.017       0.012        1.00     1.00      0.18       -0.000443

  1.440        0.017       0.012        1.00     1.00      0.18       -0.000455

  1.480        0.017       0.012        1.00     1.00      0.18       -0.000467

  1.520        0.017       0.012        1.00     1.00      0.18       -0.000479

  1.560        0.017       0.012        1.00     1.00      0.18       -0.000491

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)y

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\mictee.out

 

DO ANOTHER CASE (y or n)n

 


SINGLE ELEMENT ANALYSIS AND DESIGN PROGRAMS





PATCHD - PATCHD calculates the resonant length, input resistance at resonance, radiation efficiency, overall efficiency, and bandwidth for a rectangular patch. It performs the same calculations for circular patches except it determines the resonant radius instead of length. The basis for the calculations is a series of closed form expressions which were generated by curve fitting to full wave solutions. As such the program results include surface wave effects and are rigorous except for the fact that no feed model is included. A properly designed feed mainly influences the input impedance, so the results are still useful for estimating patch performance and doing trade studies. The closed form expressions calculate the patch resonant dimension and quality factor (Q). In addition, the program uses simplified expressions derived from studies of small dipole elements on the surface of a grounded dielectric slab to separate the Q into components due to space and surface wave radiation. This allows determination of radiation efficiency. Formulas derived from patch cavity models determine Q’s for conductor and dielectric losses. From all the Q values, the overall efficiency can be found. The overall Q also determines the bandwidth. The input resistance at resonance also follows from results derived from cavity models. 



Even though the solution is based upon full wave results, there are some limitations on certain parameters. The relative dielectric constant should be 1 ( (r ( 10, and the substrate parameters should satisfy 0 ( (((r - 1)h/(o ( 0.2. For rectangular patches, the patch width to length ratio limits lie between 0.9 ( w/l ( 2.0, and the substrate height to patch length ratio is 0 ( h/l ( 0.2. With circular patches, the height to patch radius should satisfy 0 ( h/rp ( 0.24. The program checks these restrictions and issues a warning if they are exceeded. The user has the option to change the values or continue with them. As with all the models, inputs outside the validity limits may be used but the results may not be as accurate. All the expressions are straightforward so there should be no numerical problems. To avoid division by zero errors, the frequency, dielectric constant, loss tangent, substrate height, and standing wave ratio (SWR) used to define the bandwidth must not be zero. The accuracy of the results should be within a few percent except possibly for the input resistance since no feed model is included. 



PATCHD iterates the element dimension until the correct resonant frequency is found. It stops iterating when the resonant frequency is within 0.001 Ghz of the input value. 100 iterations are performed. Should the program not find the resonant frequency, the accuracy criterion can be relaxed by the user and the search started all over.



An example of a rectangular patch analysis is given below.



          PATCHD.V50       02-29-1996          20:43:47

                [Current Program Date - 01/20/96]

 

   Calculates patch bandwidth, efficiency, and resonant impedance

 

DO RECTANGULAR (r) OR CIRCULAR (c) PATCHr

(The first input allows the user to select either a rectangular or circular patch analysis. After selecting r (rectangular), new header lines are displayed.)

 

          PROGRAM RPATCH.V20       02-29-1996          20:43:47

                   [Current Program Date - 01/20/96]

 

                       Rectangular Patch Design

 

INPUT ANTENNA FREQUENCY (GHz)  1.575

 

INPUT SUBSTRATE RELATIVE DIELECTRIC CONSTANT AND LOSS TANGENT  2.20,0.001

 

DO SQUARE (s) OR RECTANGULAR (r) PATCHr

(If a square patch is chosen, PATCHD automatically makes the width equal to the length.)

 

INPUT PATCH WIDTH (cm)  9.434

(This input is not requested if the square patch option is chosen.)

 

INPUT SUBSTRATE HEIGHT (cm)  0.160

 

INPUT CONDUCTOR CONDUCTIVITY RELATIVE TO COPPER

             (default value is 1)

0.00

 

INPUT ACCEPTABLE swr FOR BANDWIDTH CALCULATION 2.00

 

INPUT FEED LOCATION (cm)

[0.0 <       lf    <  3.210]

(patch edge      patch center)

 0.000

(An inset feed may be specified and PATCHD calculates the impedance appropriate for the inset distance, again ignoring feed effects. The inset must be between the patch edge and patch center. The impedance behavior is symmetrical about the patch center, so there’s no need to use insets greater than half the patch length. If insets outside the range shown in the input prompt are given, the program repeats the input request.)

 

          PATCHD.V50       02-29-1996          20:44:17

 

     SUBSTRATE HEIGHT =  0.1600 cm

     SUBSTRATE RELATIVE DIELECTRIC CONSTANT =   2.20

     SUBSTRATE LOSS TANGENT =  0.0010

     CONDUCTOR RELATIVE CONDUCTIVITY =  1.000

     PATCH LENGTH =  6.230 cm

     PATCH WIDTH  =  9.434 cm

     FEED LOCATION =  0.000 cm

     FREQUENCY =   1.575 GHz

 

 

                     INPUT RESISTANCE =  151.72 Ohms

                        PATCH TOTAL Q =   53.717

                 RADIATION EFFICIENCY =  96.89%

                   OVERALL EFFICIENCY =  86.27%

                      PATCH BANDWIDTH =   1.32%

                           FOR A  2.00:1 SWR

(The radiation efficiency is the radiated power divided by the sum of radiated and surface wave powers. Both powers leave the antenna, but the surface wave power is usually undesirable since it results in spurious radiation when it scatters from substrate edges and other circuits. It also produces coupling to adjacent microstrip circuits. The overall efficiency is the radiated power divided by the sum of the radiated and surface wave powers plus the power lost to conductor and dielectric losses. Usually it is desirable to maximize this quantity since the purpose of the antenna is to radiate the power input to it.)

 

PRINT OUT RESULTS (y or n)n

 

STORE IN A FILE (y or n)y

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\patchd.out

 

DO ANOTHER CASE (y or n)n

 

If this last input is answered y (yes), the following input prompt appears.



CHANGE PATCH WIDTH (w), FEED INSET (f), or START OVER (o)



If w is chosen, all inputs except patch width remain the same and the user is asked for a new value of width. The same situation also applies if the response is f. When o is input, the program returns to the first input which requests the type of patch to analyze.



The following is an example of a circular patch analysis.



          PATCHD.V50       02-29-1996          21:35:40

                [Current Program Date - 01/20/96]

 

   Calculates patch bandwidth, efficiency, and resonant impedance

 

DO RECTANGULAR (r) OR CIRCULAR (c) PATCHc

 

          PROGRAM CPATCH.V20       02-29-1996          21:35:40

                   [Current Program Date - 01/20/96]

 

                          Circular Patch Design

 

INPUT ANTENNA FREQUENCY (GHz)  1.575

 

INPUT SUBSTRATE RELATIVE DIELECTRIC CONSTANT AND LOSS TANGENT  2.20,0.001

 

INPUT SUBSTRATE HEIGHT (cm)  0.160

 

INPUT CONDUCTOR CONDUCTIVITY RELATIVE TO COPPER

             (default value is 1)

0.00

 

INPUT ACCEPTABLE swr FOR BANDWIDTH CALCULATION 2.00

 

INPUT FEED LOCATION (cm)

[   0.0 <     lf    <  3.763]

(patch center     patch edge)

 3.000

(As with the rectangular patch, varying the feed location, changes the input impedance. Because of the inherent symmetry of the antenna, the feed position can range from the patch edge to its center. If a value outside this range is used, PATCHD requests another one.)



          PATCHD.V50       02-29-1996          21:36:00

 

     SUBSTRATE HEIGHT =  0.1600 cm

     SUBSTRATE RELATIVE DIELECTRIC CONSTANT =   2.20

     SUBSTRATE LOSS TANGENT =  0.0010

     CONDUCTOR RELATIVE CONDUCTIVITY =  1.000

     PATCH RADIUS =  3.675 cm

     FEED LOCATION =  3.000 cm

     FREQUENCY =   1.574 GHz

 

 

                     INPUT RESISTANCE =  334.68 Ohms

                        PATCH TOTAL Q =   64.072

                 RADIATION EFFICIENCY =  96.89%

                   OVERALL EFFICIENCY =  84.22%

                      PATCH BANDWIDTH =   1.10%

                           FOR A  2.00:1 SWR

 

 

PRINT OUT RESULTS (y or n)n

 

STORE IN A FILE (y or n)y

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\patchd.out

 

DO ANOTHER CASE (y or n)n

 

In this case, answering y (yes) results in the next input request.



CHANGE FEED INSET (f), DO ANOTHER CIRCULAR PATCH (c), or START OVER (o)



With an answer of f, a new feed position is requested and all other inputs remain the same. Since the inset is the only variable for a given substrate and frequency, the option to re-do the circular patch analysis with a new substrate or at a different frequency is available by inputting c. All the input variables are requested again. If o is input, the program returns to the start and the choice of patch geometry to analyze is given. 



PATCH9 - PATCH9 is one of several programs that use the transmission line model to analyze and design a particular patch structure. PATCH9 is useful for rectangular patch analysis and design. As long as the substrate is electrically thin (h/( ( 0.01), the transmission line model is reasonably accurate, of the order of 2 to 3%. The program has two modes of operation. In the design mode, it determines the resonant length and the input impedance as a function of frequency. Up to 500 frequencies can be calculated. The design mode starts with an estimate for the patch length then iterates it until a solution is found. The other mode is the analysis mode. In this mode, the program simply evaluates the transmission line model for the given inputs and at the input design frequency. It prints out the input impedance at that frequency. The user can then either change the frequency, patch length, patch width, or start an impedance versus frequency calculation. The analysis mode is useful for design trade-off studies. Occasionally, PATCH9 has trouble finding the resonant length in the design mode. For such cases, the analysis mode is useful for finding the length manually or for determining a better estimate to use in the design mode. 



Besides using a transmission line model instead of curve fit solutions to full wave models, PATCH9 differs from PATCHD in that it includes several feed models and can calculate the input impedance versus frequency including the effects of the feed. One feed option is none. In this option, the feed is assumed to be idea, and its only parameter is its location. This replicates the situation in PATCHD. A second feed option is a microstrip feed. For this option, the “shadowing” effect of the feed line is accounted for which changes the calculated input impedance (There is also a slight change in resonant frequency). The feed can be inset as well. In order to inset the feed, a gap must be included between the edges of the feed line and the patch. The microstrip feed model in PATCH9 does not account for the gap. Limited published experimental data shows that the gap effects the impedance. It is not simply the value created by the inset. The gap lowers the impedance with the amount of lowering proportional to the width of the gap. The third feed option is a probe feed. Here a closed form curve fit solution to a more rigorous analysis is used to find the parasitics associated with the probe. 



There are flags built in to the program to alert the user if some input may be beyond the validity of the transmission line model. One of the inputs checked by the program is the substrate height. If it exceeds 0.01(o, a warning is issued. For thicker substrates, surface wave excitation increases but is not accounted for. This limit is somewhat arbitrary. The impact of surface wave excitation depends upon the application. The patch width is checked to see if it is less than a wavelength in the dielectric, (((r)w/(o ( 1. This is to avoid the excitation of transverse modes in the patch which are not modeled. With the microstrip feed, the feed width is tested to see if it is less than or equal to a quarter of the patch width. This restriction is somewhat arbitrary but felt reasonable. The patch/feed line interaction becomes more than a simple shadowing for wide feeds. This is also not modeled. For the probe feed, the substrate height and relief hole radius are checked. They should satisfy (((r)koh ( (/10 and  (((r)kodrh ( (/10. These limits are based upon the range of applicability of the curve fit expressions. With all of these, an opportunity to change the input given.



The transmission line model is valid in and around the lowest order resonance for the patch. When calculating the impedance versus frequency, PATCH9 asks for start and stop frequencies. This defines the range of the frequency calculations. For best accuracy, it is advisable to keep the total frequency span to within about (5% of the resonant frequency. While this is not an absolute maximum, it keeps the calculation within the region of best accuracy for the model. The impedance well beyond resonance is virtually all reactive and not of much interest, so this frequency limitation is not a major limitation. 



Non-zero values for the frequency, substrate height, and the number of frequencies are needed so that division by zero does not occur. PATCH9 does have one potential numerical problem in the design mode which is related to the determination of the resonant length. The program finds the resonant length by calculating the input impedance and looking at the imaginary part. It should be zero at resonance. If the patch reactance is not zero (actually close to zero), the patch length is either increased or decreased depending upon the sign of the reactance. The amount of increase or decrease is initially a fixed value. The default value, which is an input, is 5%. Eventually a bisection approach is used to reach the final length. The program provides an initial estimate that can be used. In most cases, this estimate is a good starting point. PATCH9 performs 100 iterations. If the length is not found at that time, the program stops and asks the user to either input another estimated length or to break out of the iterative loop and perform an impedance versus frequency analysis with the last calculated length. The purpose of this is to allow the user to try again with perhaps a better length estimate. Unfortunately, experience has shown that this is usually not successful, and the program still cannot find the length. 



The major cause for the failure to find the resonant length is that for some situations, the impedance changes very rapidly with length and the iteration scheme actually goes away from the resonant length. This is seen for very thin substrates. Another cause is grossly inaccurate estimates initially being input for the length. When the program cannot find the resonant length, a good solution is to input a smaller value, say 1%, for the change in length used in the search. This usually works. If it doesn’t, try an even smaller value. This approach works when the initial estimate is reasonably close. In some rare cases, a value larger than 5% might be required. For some extremely rare cases, neither of these tactics will prove successful. About the only other option then is to slightly change one or more of the inputs to see if convergence to a resonant length will occur. Variables to investigate include patch width, feed inset, and dielectric constant. It may be possible to then “converge” in on a solution by slowly approaching the desired input values. 



Another potential problem occurs when the user stores the results in a TOUCHSTONE compatible file. As part of this process, an option to include two comment (header) lines is given. If punctuation marks are used within the comments, the program bombs. This is apparently due to something inherent in BASIC.



There are many options available when running PATCH9. The first example shown here is the design mode with none as the feed option.



          PATCH9.V50       02-29-1996          23:10:42

               [Current Program Date - 01/22/1995]

 

         Rectangular Microstrip Patch Design & Analysis

 

Do design (d) or analysis (a)d

 

Input design frequency in GHz  1.575

 

Input relative dielectric constant  2.20

 

Input loss tangent 0.001

 

Input substrate height (cm)  0.160

 

Input line thickness (cm) 0.0036

 

Input line conductivity relative to copper 1.00

 

Input patch length (cm)

Estimated patch length =   6.4210 cm

 6.421

(PATCH9 provides an estimated value which is usually a good one to use. We have done that in this example.)

 

Input patch width (cm)  9.434

 

Input feed type: m = microstrip, p = probe, n = nonen

 

Input feed point distance wrt to patch edge (cm)  0.000

(A feed at the patch edge is actually not inset, therefore enter a value of zero for the inset. The inset ranges from the patch edge to half the patch length. As indicated in the discussion about program PATCHD, insets greater than half the length are redundant.)

 

Input fractional change (%) in patch length for initial search

                     (default = 5%)

 

0.000

(By hitting the enter key, we are inputting 0 which causes the program to use the default value of 5%. As discussed above, try changing this input (usually to a smaller value) if the program can’t find a resonant length.) 



Patch length (cm) =    6.421000

Z =   19.1790 j  -50.3421

(For each length, the program prints out the length and the calculated impedance at the design frequency. This gives the user a chance to see how the iteration scheme is going.)

Patch length (cm) =    6.099950

Z =   14.5642 j   43.4075

Patch length (cm) =    6.260475

Z =  140.1966 j   33.2139

Patch length (cm) =    6.340737

Z =   62.6005 j  -73.8860

Patch length (cm) =    6.300606

Z =  122.1876 j  -57.1989

Patch length (cm) =    6.280540

Z =  146.5928 j  -16.8140

Patch length (cm) =    6.270507

Z =  147.7395 j    9.0601

Patch length (cm) =    6.275524

Z =  148.3035 j   -3.9479

Patch length (cm) =    6.273016

Z =  148.3073 j    2.5748

Patch length (cm) =    6.274270

Z =  148.3772 j   -0.6879

Patch length (cm) =    6.273643

Z =  148.3602 j    0.9447

Patch length (cm) =    6.273956

Z =  148.3731 j    0.1298

Patch length (cm) =    6.274112

Z =  148.3764 j   -0.2771

Patch length (cm) =    6.274034

Z =  148.3750 j   -0.0736

(Notice how the imaginary part of the impedance at oscillates between negative and positive values with the magnitude gradually decreasing until the resonant length is found.)

 

Input start and stop freqs (GHz) for impedance calc

[For best accuracy, keep to within +/-5% of resonant frequency]

 1.550, 1.600

(This is where the frequency range for the impedance is entered. Keep this range to within (5% of the resonant frequency for best accuracy.)



Input number of frequencies  10

(The step change in frequency is the quantity, the stop frequency minus the start frequency divided by the number of frequencies, in this case (1.6-1.55)/10.)



               PATCH9.V50       02-29-1996          23:11:34

 

Substrate height (cm) =  0.1600         Line thickness (cm) = 0.0036

Relative dielectric constant =  2.200     Loss tangent = 0.0010

Patch width (cm) =   9.4340             Patch length (cm) =   6.2740

Feed type = none

Feed point inset (cm) =   0.0000

Resonant frequency (GHz) =   1.575000

Resonant impedance =   148.374 j     0.0275 ohms

(In case the combination of start and stop frequencies and number of frequencies does not result in the resonant frequency being one of the calculation frequencies, the program automatically displays the impedance at resonance.)

 

                    FREQUENCY         INPUT IMPEDANCE

                      (GHz)                (ohms)

                       1.550        34.539  J    62.971

                       1.555        47.823  J    69.621

                       1.560        68.109  J    74.223

                       1.565        97.519  J    70.716

                       1.570       131.381  J    47.553

                       1.575       148.374  J     0.027

                       1.580       131.134  J   -47.228

                       1.585        97.498  J   -70.102

                       1.590        68.399  J   -73.625

                       1.595        48.299  J   -69.178

                       1.600        35.090  J   -62.695

 

PLOT OUT RESULTS ON SMITH CHART (y or n)n

(If answered y (yes), the screen is cleared and a plot of the impedance on a rudimentary Smith chart is shown. When finished viewing the plot, just hit any key to resume the program.)

 

PRINT OUT RESULTS (y or n)n

(If answered y (yes), the results are sent to the printer connected to the computer and printed out just as they were displayed.)



STORE RESULTS IN A FILE (y or n)y

 

STORE DATA IN A TOUCHSTONE COMPATIBLE FILE (y or n)n

(When this input is answered n (no), the following input prompt is displayed. The results are stored in a file just as they were displayed on the screen.)

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\patch9.out



If the answer to the STORE DATA IN A TOUCHSTONE COMPATIBLE FILE (y or n) input request is y (yes), the following three input prompts occur.



NAME OF FILE (no extension) TO STORE RESULTSc:\data\patch9

(PATCH9 automatically places the extension .S1P on the file name so it can be used in a TOUCHSTONE/ACADEMY circuit file. PATCH9 also automatically places the necessary lines needed to identify the type of parameters, normalizing impedance, format of the results, etc.)

 

INPUT (optional) HEADER LINE FOR FILE GPS patch



INPUT (optional) ADDITIONAL HEADER LINE FOR FILE 0.16 cm thick substrate er = 2.2

(The above two inputs allow the user to insert two comment lines in the TOUCHSTONE compatible file. Do not use punctuation marks, such as commas, in the header lines. A quirk of BASIC causes the program to bomb if they are used.)



DO ANOTHER CASE (y or n)n

 

If answered y (yes), the user has several options as indicated in the next prompt.



Change Patch Width (w), Feed Inset (f), or Start Over (o)



With the input of w, only the width is changed (as an input by the user) and the program repeats its resonant length search and impedance versus frequency calculation. Similarly, for an input of f, only the inset is changed. For o, the program starts all over again.



A sample case for the design mode with a microstrip feed is now presented.



          PATCH9.V50       03-01-1996          20:28:09

               [Current Program Date - 01/22/1995]

 

         Rectangular Microstrip Patch Design & Analysis

 

Do design (d) or analysis (a)d

 

Input design frequency in GHz  1.575

 

Input relative dielectric constant  2.20

 

Input loss tangent 0.001

 

Input substrate height (cm)  0.160

 

Input line thickness (cm) 0.0036

 

Input line conductivity relative to copper 1.00

 

Input patch length (cm)

Estimated patch length =   6.4210 cm

 6.421

 

Input patch width (cm)  9.434

 

Input feed type: m = microstrip, p = probe, n = nonem

 

Input feed point distance wrt to patch edge (cm)  0.500

(This time we are specifying a feed inset)

 

Input feed line width (cm)  0.500

(With microstrip feeds, the width of the feed line is required.)

 

Input fractional change (%) in patch length for initial search

                     (default = 5%)

 

0.000

 

Patch length (cm) =    6.421000

Z =   21.4781 j  -53.1464

Patch length (cm) =    6.099950

Z =   10.2650 j   36.3605

Patch length (cm) =    6.260475

Z =  106.9389 j   64.9701

Patch length (cm) =    6.340737

Z =   81.4237 j  -74.6149

Patch length (cm) =    6.300606

Z =  144.8707 j  -21.7289

Patch length (cm) =    6.280540

Z =  139.8826 j   32.1601

Patch length (cm) =    6.290573

Z =  147.4660 j    5.9323

Patch length (cm) =    6.295589

Z =  147.4747 j   -8.0815

Patch length (cm) =    6.293082

Z =  147.8035 j   -1.0752

Patch length (cm) =    6.291828

Z =  147.7179 j    2.4339

Patch length (cm) =    6.292455

Z =  147.7816 j    0.6801

Patch length (cm) =    6.292768

Z =  147.7977 j   -0.1968

Patch length (cm) =    6.292612

Z =  147.7909 j    0.2411

 

Input start and stop freqs (GHz) for impedance calc

[For best accuracy, keep to within +/-5% of resonant frequency]

 1.550, 1.600

 

Input number of frequencies  10

 

               PATCH9.V50       03-01-1996          20:28:45

 

Substrate height (cm) =  0.1600         Line thickness (cm) = 0.0036

Relative dielectric constant =  2.200     Loss tangent = 0.0010

Patch width (cm) =   9.4340             Patch length (cm) =   6.2927

Feed type = microstrip line

Feed point inset (cm) =   0.5000

Feed line width (cm) =  0.500

Resonant frequency (GHz) =   1.575000

Resonant impedance =   147.795 j     0.0221 ohms

 

                    FREQUENCY         INPUT IMPEDANCE

                      (GHz)                (ohms)

                       1.550        30.243  J    59.434

                       1.555        42.493  J    66.710

                       1.560        61.868  J    72.736

                       1.565        91.491  J    71.604

                       1.570       128.106  J    50.062

                       1.575       147.795  J     0.022

                       1.580       128.445  J   -49.999

                       1.585        92.256  J   -71.719

                       1.590        62.875  J   -73.201

                       1.595        43.559  J   -67.506

                       1.600        31.274  J   -60.482

 

PLOT OUT RESULTS ON SMITH CHART (y or n)n

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)y

 

STORE DATA IN A TOUCHSTONE COMPATIBLE FILE (y or n)n

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\patch9.out

 

DO ANOTHER CASE (y or n)n

 

For the design mode and a probe feed, an example is



          PATCH9.V50       03-01-1996          20:53:11

               [Current Program Date - 01/22/1995]

 

         Rectangular Microstrip Patch Design & Analysis

 

Do design (d) or analysis (a)d

 

Input design frequency in GHz  1.575

 

Input relative dielectric constant  2.20

 

Input loss tangent 0.001

 

Input substrate height (cm)  0.160

 

Input line thickness (cm) 0.0036

 

Input line conductivity relative to copper 1.00

 

Input patch length (cm)

Estimated patch length =   6.4210 cm

 6.421

 

Input patch width (cm)  9.434

 

Input feed type: m = microstrip, p = probe, n = nonep

 

Input feed point distance wrt to patch edge (cm)  1.000

 

Input feed probe diameter (cm)  0.064

(With a probe feed, both the probe diameter and the relief hole diameter must be input.)

 

Input feed probe relief hole diameter (cm)  0.146

 

Input fractional change (%) in patch length for initial search

                     (default = 5%)

 

0.000

 

Patch length (cm) =    6.421000

Z =   19.7888 j  -25.1823

Patch length (cm) =    6.099950

Z =   15.3940 j   44.3672

Patch length (cm) =    6.260475

Z =  108.7649 j   38.0972

Patch length (cm) =    6.340737

Z =   52.2665 j  -42.2118

Patch length (cm) =    6.300606

Z =   96.3295 j  -29.2084

Patch length (cm) =    6.280540

Z =  114.0300 j    1.0242

Patch length (cm) =    6.290573

Z =  107.2345 j  -16.2328

Patch length (cm) =    6.285557

Z =  111.3074 j   -8.0361

Patch length (cm) =    6.283050

Z =  112.8545 j   -3.5949

Patch length (cm) =    6.281796

Z =  113.4904 j   -1.3060

Patch length (cm) =    6.281168

Z =  113.7721 j   -0.1466

Patch length (cm) =    6.280855

Z =  113.9038 j    0.4358

Patch length (cm) =    6.281012

Z =  113.8388 j    0.1448

 

Input start and stop freqs (GHz) for impedance calc

[For best accuracy, keep to within +/-5% of resonant frequency]

 1.550, 1.600

 

Input number of frequencies  10

 

               PATCH9.V50       03-01-1996          20:53:59

 

Substrate height (cm) =  0.1600         Line thickness (cm) = 0.0036

Relative dielectric constant =  2.200     Loss tangent = 0.0010

Patch width (cm) =   9.4340             Patch length (cm) =   6.2811

Feed type = probe

Feed point inset (cm) =   1.0000

Feed probe diameter (cm) =  0.064

Relief hole diameter (cm) =  0.146

Resonant frequency (GHz) =   1.575000

Resonant impedance =   113.806 j    -0.0005 ohms

 

                    FREQUENCY         INPUT IMPEDANCE

                      (GHz)                (ohms)

                       1.550        33.087  J    61.198

                       1.555        44.481  J    66.053

                       1.560        61.811  J    68.346

                       1.565        85.852  J    62.088

                       1.570       109.396  J    38.318

                       1.575       113.806  J    -0.001

                       1.580        94.591  J   -29.878

                       1.585        69.728  J   -41.005

                       1.590        50.441  J   -40.897

                       1.595        37.488  J   -36.807

                       1.600        28.975  J   -31.940

 

PLOT OUT RESULTS ON SMITH CHART (y or n)n

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)y

 

STORE DATA IN A TOUCHSTONE COMPATIBLE FILE (y or n)n

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\patch9.out

 

DO ANOTHER CASE (y or n)n

 

Here’s an example of the analysis mode where the patch dimensions are kept constant and the frequency varied until resonance is found. With this approach, the resonant frequency can be determined from the patch and substrate dimensions.



          PATCH9.V50       03-01-1996          20:58:47

               [Current Program Date - 01/22/1995]

 

         Rectangular Microstrip Patch Design & Analysis

 

Do design (d) or analysis (a)a

 

Input design frequency in GHz  1.575

 

Input relative dielectric constant  2.20

 

Input loss tangent 0.001

 

Input substrate height (cm)  0.160

 

Input line thickness (cm) 0.0036

 

Input line conductivity relative to copper 1.00

 

Input patch length (cm)

Estimated patch length =   6.4210 cm

 6.421

 

Input patch width (cm)  9.434

 

Input feed type: m = microstrip, p = probe, n = nonen

 

Input feed point distance wrt to patch edge (cm)  0.000

 

Patch length (cm) =    6.4210

Frequency =  1.57500 GHz

Z =   19.1790 j  -50.3421

 

Input new frequency (f), patch length (l), patch width (w), or analyze (a)f

(The program calculates the patch impedance for the given values. The user now has the option to enter a new frequency, change the patch length or width, or analyze, that is, calculate the impedance versus frequency for the patch as it is. In this case, we are looking for the resonant frequency for this particular set of patch dimensions.)

 

Input new frequency (GHz)  1.550

(Since the reactance is negative, input a lower frequency to determine where it changes sign.)



Patch length (cm) =    6.4210

Frequency =  1.55000 GHz

Z =   97.5063 j  -73.4406

(The reactance is still negative, but has gotten larger which means we moved closer to the resonant frequency.)

 

Input new frequency (f), patch length (l), patch width (w), or analyze (a)f

 

Input new frequency (GHz)  1.500

Patch length (cm) =    6.4210

Frequency =  1.50000 GHz

Z =   14.5156 j   45.1361

(The reactance became positive which means we overshot the resonant frequency. Try a higher frequency between this and the previous one.)

 

Input new frequency (f), patch length (l), patch width (w), or analyze (a)f

 

Input new frequency (GHz)  1.520

Patch length (cm) =    6.4210

Frequency =  1.52000 GHz

Z =   45.4842 j   70.3209

(The reactance increased indicating that we’re moving towards resonance. Note also the resistance increased as well. Another sign of approaching resonance. Increase the frequency again.)

 

Input new frequency (f), patch length (l), patch width (w), or analyze (a)f

 

Input new frequency (GHz)  1.530

Patch length (cm) =    6.4210

Frequency =  1.53000 GHz

Z =   96.2341 j   74.4263

(Try another increase.)



Input new frequency (f), patch length (l), patch width (w), or analyze (a)f

 

Input new frequency (GHz)  1.540

Patch length (cm) =    6.4210

Frequency =  1.54000 GHz

Z =  153.3259 j    1.0614

(This is real close to resonance as the reactive part is very small. Let’s fine tune the frequency and obtain an even smaller reactance.)

 

Input new frequency (f), patch length (l), patch width (w), or analyze (a)f

 

Input new frequency (GHz)  1.542

Patch length (cm) =    6.4210

Frequency =  1.54200 GHz

Z =  150.0526 j  -21.8514

 

Input new frequency (f), patch length (l), patch width (w), or analyze (a)f

 

Input new frequency (GHz)  1.541

Patch length (cm) =    6.4210

Frequency =  1.54100 GHz

Z =  152.5499 j  -10.5849

 

Input new frequency (f), patch length (l), patch width (w), or analyze (a)f

 

Input new frequency (GHz)  1.540

Patch length (cm) =    6.4210

Frequency =  1.54020 GHz

Z =  153.3129 j   -1.2776

 

Input new frequency (f), patch length (l), patch width (w), or analyze (a)f

 

Input new frequency (GHz)  1.540

Patch length (cm) =    6.4210

Frequency =  1.54010 GHz

Z =  153.3283 j   -0.1092

(Assume this value of reactance is small enough. Its time to analyze the results.)

 

Input new frequency (f), patch length (l), patch width (w), or analyze (a)a

(From here on, the program is identical to the design mode.) 

 

Input start and stop freqs (GHz) for impedance calc

[For best accuracy, keep to within +/-5% of resonant frequency]

 1.500, 1.600

 

Input number of frequencies  10

 

               PATCH9.V50       03-01-1996          21:00:43

 

Substrate height (cm) =  0.1600         Line thickness (cm) = 0.0036

Relative dielectric constant =  2.200     Loss tangent = 0.0010

Patch width (cm) =   9.4340             Patch length (cm) =   6.4210

Feed type = none

Feed point inset (cm) =   0.0000

Resonant frequency (GHz) =   1.540100

Resonant impedance =   153.328 j    -0.1092 ohms

 

                    FREQUENCY         INPUT IMPEDANCE

                      (GHz)                (ohms)

                       1.500        14.516  J    45.136

                       1.510        24.132  J    56.103

                       1.520        45.484  J    70.321

                       1.530        96.234  J    74.426

                       1.540       153.326  J     1.059

                       1.550        97.505  J   -73.441

                       1.560        46.554  J   -70.149

                       1.570        24.942  J   -56.216

                       1.580        15.151  J   -45.365

                       1.590        10.089  J   -37.607

                       1.600         7.175  J   -31.957

 

PLOT OUT RESULTS ON SMITH CHART (y or n)n

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)n

 

DO ANOTHER CASE (y or n)n

 

In this example, the analysis mode is used to find the patch resonant length for a given frequency. This is actually the same as using the design mode.



          PATCH9.V50       03-01-1996          21:15:04

               [Current Program Date - 01/22/1995]

 

         Rectangular Microstrip Patch Design & Analysis

 

Do design (d) or analysis (a)a

 

Input design frequency in GHz  1.575

 

Input relative dielectric constant  2.20

 

Input loss tangent 0.001

 

Input substrate height (cm)  0.160

 

Input line thickness (cm) 0.0036

 

Input line conductivity relative to copper 1.00

 

Input patch length (cm)

Estimated patch length =   6.4210 cm

 6.421

 

Input patch width (cm)  9.434

 

Input feed type: m = microstrip, p = probe, n = nonen

 

Input feed point distance wrt to patch edge (cm)  0.000

 

Patch length (cm) =    6.4210

Frequency =  1.57500 GHz

Z =   19.1790 j  -50.3421

(The reactance is negative indicating that the patch is too long for the given frequency.)

 

Input new frequency (f), patch length (l), patch width (w), or analyze (a)l

 

Input new patch length (cm)  6.200

Patch length (cm) =    6.2000

Frequency =  1.57500 GHz

Z =   55.2837 j   71.0548

(The reactance became positive which means the patch is now too short.)

 

Input new frequency (f), patch length (l), patch width (w), or analyze (a)l

 

Input new patch length (cm)  6.300

Patch length (cm) =    6.3000

Frequency =  1.57500 GHz

Z =  123.1770 j  -56.3446

(The desired patch length is obviously between 6.2 and 6.3 cms.)

 

Input new frequency (f), patch length (l), patch width (w), or analyze (a)l

 

Input new patch length (cm)  6.240

Patch length (cm) =    6.2400

Frequency =  1.57500 GHz

Z =  109.1149 j   64.7900

 

Input new frequency (f), patch length (l), patch width (w), or analyze (a)l

 

Input new patch length (cm)  6.260

Patch length (cm) =    6.2600

Frequency =  1.57500 GHz

Z =  139.6577 j   34.2442

 

Input new frequency (f), patch length (l), patch width (w), or analyze (a)l

 

Input new patch length (cm)  6.280

Patch length (cm) =    6.2800

Frequency =  1.57500 GHz

Z =  146.8833 j  -15.4543

 

Input new frequency (f), patch length (l), patch width (w), or analyze (a)l

 

Input new patch length (cm)  6.275

Patch length (cm) =    6.2750

Frequency =  1.57500 GHz

Z =  148.3517 j   -2.5862

 

Input new frequency (f), patch length (l), patch width (w), or analyze (a)l

 

Input new patch length (cm)  6.274

Patch length (cm) =    6.2740

Frequency =  1.57500 GHz

Z =  148.3743 j    0.0147

(Fortunately, this result agrees with the length found using the design mode.)

 

Input new frequency (f), patch length (l), patch width (w), or analyze (a)a

 

 

Input start and stop freqs (GHz) for impedance calc

[For best accuracy, keep to within +/-5% of resonant frequency]

 1.550, 1.600

 

Input number of frequencies  10

 

               PATCH9.V50       03-01-1996          21:16:16

 

Substrate height (cm) =  0.1600         Line thickness (cm) = 0.0036

Relative dielectric constant =  2.200     Loss tangent = 0.0010

Patch width (cm) =   9.4340             Patch length (cm) =   6.2740

Feed type = none

Feed point inset (cm) =   0.0000

Resonant frequency (GHz) =   1.575000

Resonant impedance =   148.374 j     0.0147 ohms

 

                    FREQUENCY         INPUT IMPEDANCE

                      (GHz)                (ohms)

                       1.550        34.541  J    62.973

                       1.555        47.827  J    69.622

                       1.560        68.115  J    74.223

                       1.565        97.527  J    70.714

                       1.570       131.388  J    47.545

                       1.575       148.374  J     0.015

                       1.580       131.127  J   -47.237

                       1.585        97.489  J   -70.105

                       1.590        68.392  J   -73.624

                       1.595        48.295  J   -69.177

                       1.600        35.087  J   -62.693

 

PLOT OUT RESULTS ON SMITH CHART (y or n)n

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)n

 

DO ANOTHER CASE (y or n)n

 

The option to change the patch width can be used to determine the dimensions needed to obtain a particular input impedance at resonance. To do this, pick an initial width then vary the length until the reactance is almost zero. Check the resulting resonant resistance. If its too low, try a narrower patch width. When the width is changed, there will be a slight shift in the resonant frequency, so some adjustment of length has to be made. If the resistance is too high, widen the patch. Since the procedure is identical to the previous two cases, no example will be given for the analysis case where the width is changed. 



Here’s an example of a case where the program can’t find the resonant length after 100 iterations. This was induced by entering a totally erroneous patch length for the initial estimate.



          PATCH9.V50       03-01-1996          21:26:51

               [Current Program Date - 01/22/1995]

 

         Rectangular Microstrip Patch Design & Analysis

 

Do design (d) or analysis (a)d

 

Input design frequency in GHz  1.575

 

Input relative dielectric constant  2.20

 

Input loss tangent 0.001

 

Input substrate height (cm)  0.160

 

Input line thickness (cm) 0.0036

 

Input line conductivity relative to copper 1.00

 

Input patch length (cm)

Estimated patch length =   6.4210 cm

 3.000

 

Input patch width (cm)  9.434

 

Input feed type: m = microstrip, p = probe, n = nonen

 

Input feed point distance wrt to patch edge (cm)  0.000

 

Input fractional change (%) in patch length for initial search

                     (default = 5%)

 

0.000

 

Patch length (cm) =    3.000000

Z =    0.0453 j   -0.2543

Patch length (cm) =    2.850000

Z =    0.0409 j   -0.5527

Patch length (cm) =    2.707500

Z =    0.0373 j   -0.8398

Patch length (cm) =    2.572125

Z =    0.0343 j   -1.1186

Patch length (cm) =    2.443518

Z =    0.0317 j   -1.3913

Patch length (cm) =    2.321342

Z =    0.0295 j   -1.6600

Patch length (cm) =    2.205275

Z =    0.0277 j   -1.9262

Patch length (cm) =    2.095011

Z =    0.0261 j   -2.1913

Patch length (cm) =    1.990261

Z =    0.0247 j   -2.4565

Patch length (cm) =    1.890748

Z =    0.0236 j   -2.7230

Patch length (cm) =    1.796211

Z =    0.0225 j   -2.9916

Patch length (cm) =    1.706400

Z =    0.0217 j   -3.2632

Patch length (cm) =    1.621080

Z =    0.0209 j   -3.5386

Patch length (cm) =    1.540026

Z =    0.0203 j   -3.8184

Patch length (cm) =    1.463025

Z =    0.0197 j   -4.1034

Patch length (cm) =    1.389874

Z =    0.0192 j   -4.3941

Patch length (cm) =    1.320380

Z =    0.0188 j   -4.6912

Patch length (cm) =    1.254361

Z =    0.0185 j   -4.9951

Patch length (cm) =    1.191643

Z =    0.0182 j   -5.3064

Patch length (cm) =    1.132061

Z =    0.0180 j   -5.6255

Patch length (cm) =    1.075458

Z =    0.0178 j   -5.9530

Patch length (cm) =    1.021685

Z =    0.0176 j   -6.2892

Patch length (cm) =    0.970600

Z =    0.0175 j   -6.6346

Patch length (cm) =    0.922070

Z =    0.0174 j   -6.9896

Patch length (cm) =    0.875967

Z =    0.0174 j   -7.3545

Patch length (cm) =    0.832168

Z =    0.0174 j   -7.7297

Patch length (cm) =    0.790560

Z =    0.0174 j   -8.1155

Patch length (cm) =    0.751032

Z =    0.0174 j   -8.5123

Patch length (cm) =    0.713481

Z =    0.0174 j   -8.9203

Patch length (cm) =    0.677806

Z =    0.0174 j   -9.3398

Patch length (cm) =    0.643916

Z =    0.0175 j   -9.7710

Patch length (cm) =    0.611720

Z =    0.0176 j  -10.2142

Patch length (cm) =    0.581134

Z =    0.0177 j  -10.6694

Patch length (cm) =    0.552078

Z =    0.0178 j  -11.1370

Patch length (cm) =    0.524474

Z =    0.0179 j  -11.6169

Patch length (cm) =    0.498250

Z =    0.0180 j  -12.1094

Patch length (cm) =    0.473338

Z =    0.0181 j  -12.6143

Patch length (cm) =    0.449671

Z =    0.0182 j  -13.1319

Patch length (cm) =    0.427187

Z =    0.0183 j  -13.6620

Patch length (cm) =    0.405828

Z =    0.0185 j  -14.2047

Patch length (cm) =    0.385536

Z =    0.0186 j  -14.7597

Patch length (cm) =    0.366260

Z =    0.0187 j  -15.3271

Patch length (cm) =    0.347947

Z =    0.0188 j  -15.9066

Patch length (cm) =    0.330549

Z =    0.0190 j  -16.4981

Patch length (cm) =    0.314022

Z =    0.0191 j  -17.1013

Patch length (cm) =    0.298321

Z =    0.0192 j  -17.7158

Patch length (cm) =    0.283405

Z =    0.0193 j  -18.3414

Patch length (cm) =    0.269234

Z =    0.0194 j  -18.9777

Patch length (cm) =    0.255773

Z =    0.0195 j  -19.6244

Patch length (cm) =    0.242984

Z =    0.0196 j  -20.2808

Patch length (cm) =    0.230835

Z =    0.0197 j  -20.9465

Patch length (cm) =    0.219293

Z =    0.0197 j  -21.6211

Patch length (cm) =    0.208328

Z =    0.0198 j  -22.3039

Patch length (cm) =    0.197912

Z =    0.0199 j  -22.9943

Patch length (cm) =    0.188016

Z =    0.0199 j  -23.6916

Patch length (cm) =    0.178616

Z =    0.0199 j  -24.3953

Patch length (cm) =    0.169685

Z =    0.0199 j  -25.1045

Patch length (cm) =    0.161201

Z =    0.0199 j  -25.8186

Patch length (cm) =    0.153141

Z =    0.0199 j  -26.5367

Patch length (cm) =    0.145484

Z =    0.0199 j  -27.2582

Patch length (cm) =    0.138209

Z =    0.0199 j  -27.9822

Patch length (cm) =    0.131299

Z =    0.0198 j  -28.7078

Patch length (cm) =    0.124734

Z =    0.0197 j  -29.4344

Patch length (cm) =    0.118497

Z =    0.0197 j  -30.1609

Patch length (cm) =    0.112572

Z =    0.0196 j  -30.8867

Patch length (cm) =    0.106944

Z =    0.0195 j  -31.6109

Patch length (cm) =    0.101597

Z =    0.0193 j  -32.3326

Patch length (cm) =    0.096517

Z =    0.0192 j  -33.0510

Patch length (cm) =    0.091691

Z =    0.0191 j  -33.7653

Patch length (cm) =    0.087106

Z =    0.0189 j  -34.4747

Patch length (cm) =    0.082751

Z =    0.0188 j  -35.1785

Patch length (cm) =    0.078613

Z =    0.0186 j  -35.8759

Patch length (cm) =    0.074683

Z =    0.0184 j  -36.5661

Patch length (cm) =    0.070949

Z =    0.0182 j  -37.2484

Patch length (cm) =    0.067401

Z =    0.0180 j  -37.9223

Patch length (cm) =    0.064031

Z =    0.0178 j  -38.5870

Patch length (cm) =    0.060830

Z =    0.0176 j  -39.2420

Patch length (cm) =    0.057788

Z =    0.0173 j  -39.8866

Patch length (cm) =    0.054899

Z =    0.0171 j  -40.5204

Patch length (cm) =    0.052154

Z =    0.0168 j  -41.1429

Patch length (cm) =    0.049546

Z =    0.0166 j  -41.7537

Patch length (cm) =    0.047069

Z =    0.0164 j  -42.3523

Patch length (cm) =    0.044715

Z =    0.0161 j  -42.9384

Patch length (cm) =    0.042480

Z =    0.0158 j  -43.5117

Patch length (cm) =    0.040356

Z =    0.0156 j  -44.0718

Patch length (cm) =    0.038338

Z =    0.0153 j  -44.6187

Patch length (cm) =    0.036421

Z =    0.0151 j  -45.1520

Patch length (cm) =    0.034600

Z =    0.0148 j  -45.6717

Patch length (cm) =    0.032870

Z =    0.0146 j  -46.1776

Patch length (cm) =    0.031226

Z =    0.0143 j  -46.6696

Patch length (cm) =    0.029665

Z =    0.0140 j  -47.1478

Patch length (cm) =    0.028182

Z =    0.0138 j  -47.6121

Patch length (cm) =    0.026773

Z =    0.0135 j  -48.0626

Patch length (cm) =    0.025434

Z =    0.0133 j  -48.4992

Patch length (cm) =    0.024162

Z =    0.0130 j  -48.9222

Patch length (cm) =    0.022954

Z =    0.0128 j  -49.3316

Patch length (cm) =    0.021807

Z =    0.0126 j  -49.7276

Patch length (cm) =    0.020716

Z =    0.0123 j  -50.1103

Patch length (cm) =    0.019680

Z =    0.0121 j  -50.4799

               PROGRAM CAN'T FIND RESONANT LENGTH

Patch length =    7.36 mils

Patch impedance =     0.01 + j   -50.48

Try another patch length (y or n)y

 

Input new patch length (cm)  4.000

(Whether to try a shorter or longer patch length is a matter of experience. The final impedance calculated after the first 100 iterations may or may not offer a clue. If we would have answered n (no) at this point, the program would have requested frequency inputs and calculated the impedance over the input frequency range just as in a normal run.)

 

Patch length (cm) =    4.000000

Z =    0.0421 j    0.5464

Patch length (cm) =    5.990160

Z =    5.8967 j   28.1881

Patch length (cm) =    6.985240

Z =    0.8679 j  -11.5488

Patch length (cm) =    6.487700

Z =    9.6578 j  -37.1291

Patch length (cm) =    6.238931

Z =  107.3175 j   65.7173

Patch length (cm) =    6.363316

Z =   42.8200 j  -67.8262

Patch length (cm) =    6.301123

Z =  121.3373 j  -57.9092

Patch length (cm) =    6.270027

Z =  147.5661 j   10.2928

Patch length (cm) =    6.285575

Z =  142.7392 j  -29.0062

Patch length (cm) =    6.277801

Z =  147.8046 j   -9.8414

Patch length (cm) =    6.273914

Z =  148.3719 j    0.2385

Patch length (cm) =    6.275857

Z =  148.2598 j   -4.8140

Patch length (cm) =    6.274886

Z =  148.3588 j   -2.2898

Patch length (cm) =    6.274400

Z =  148.3763 j   -1.0257

Patch length (cm) =    6.274157

Z =  148.3767 j   -0.3935

Patch length (cm) =    6.274035

Z =  148.3750 j   -0.0775

Patch length (cm) =    6.273974

Z =  148.3736 j    0.0812

(In this case, PATCH9 was able to find the correct length. From here on, the program operation is as before.)

 

Input start and stop freqs (GHz) for impedance calc

[For best accuracy, keep to within +/-5% of resonant frequency]

 1.550, 1.600

 

Input number of frequencies  10

 

               PATCH9.V50       03-01-1996          21:27:45

 

Substrate height (cm) =  0.1600         Line thickness (cm) = 0.0036

Relative dielectric constant =  2.200     Loss tangent = 0.0010

Patch width (cm) =   9.4340             Patch length (cm) =   6.2740

Feed type = none

Feed point inset (cm) =   0.0000

Resonant frequency (GHz) =   1.575000

Resonant impedance =   148.374 j     0.0019 ohms

 

                    FREQUENCY         INPUT IMPEDANCE

                      (GHz)                (ohms)

                       1.550        34.544  J    62.975

                       1.555        47.831  J    69.624

                       1.560        68.121  J    74.224

                       1.565        97.535  J    70.711

                       1.570       131.396  J    47.536

                       1.575       148.374  J     0.002

                       1.580       131.120  J   -47.246

                       1.585        97.481  J   -70.108

                       1.590        68.387  J   -73.624

                       1.595        48.290  J   -69.175

                       1.600        35.084  J   -62.692

 

PLOT OUT RESULTS ON SMITH CHART (y or n)n

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)n

 

DO ANOTHER CASE (y or n)n



Finally, this is an example of a TOUCHSTONE compatible file created by PATCH9. This file is representative of a TOUCHSTONE compatible file created by any of the programs presented in the book.



!  INPUT DATA FOR CAPMAT

!  TEST CASE

#     GHZ     Z     RI     R     1

! FGHZ          REAL[Z]          IMAG[Z]

  1.525          52.85            26.96

  1.530          55.28            25.36

  1.535          57.65            23.49

  1.540          59.91            21.34

  1.545          62.02            18.91

  1.550          63.93            16.23

  1.555          65.61            13.31

  1.560          67.01            10.19

  1.565          68.09             6.90

  1.570          68.84             3.49

  1.575          69.23             0.02

  1.580          69.26            -3.46

  1.585          68.94            -6.89

  1.590          68.28           -10.23

  1.595          67.31           -13.43

  1.600          66.05           -16.45

  1.605          64.56           -19.26

  1.610          62.86           -21.84

  1.615          61.01           -24.17

  1.620          59.03           -26.26

  1.625          56.97           -28.10



The non-TOUCHSTONE compatible file looks exactly like the screen display of the results.

 

SCPATCH - SCPATCH uses a transmission line model to calculate the resonant length and impedance versus frequency for a quarter wave short circuit patch. It is virtually identical to PATCH9. It shares the same limitations. It has the same features including three feed choices. The only real difference is that SCPATCH places a short circuit at one end of the patch. There are two options regarding the short circuit. In one, a perfect short is assumed. The other is a model for a short circuit composed of shorting pins spaced at regular intervals. If this option is selected, then both the pin diameter and spacing between pins must be non-zero. Essentially all the discussion regarding PATCH9 is applicable to SCPATCH. Both design and analysis modes are available. 500 frequencies can be analyzed.



An example case for the design mode with shorting pins is given.

 

          SCPATCH.V50       03-01-1996          21:51:31

               [Current Program Date - 01/22/1996]

 

         Rectangular Microstrip Patch Design & Analysis

              [Quarter wave short circuited patch]

 

Do design (d) or analysis (a)D

 

Input design frequency in GHz  1.575

 

Input relative dielectric constant  2.20

 

Input loss tangent 0.001

 

Input substrate height (cm)  0.160

 

Input line thickness (cm) 1.4016

 

Input line conductivity relative to copper 1.00

 

Input patch length (cm)

Estimated patch length =   3.2105 cm

 3.210

 

Input feed type: m = microstrip, p = probe, n = noneN

 

Input feed point distance wrt to patch edge (cm)  0.000

 

Use shorting pins for short circuit (y or n)Y

(If answered n (no), the next two inputs are skipped.)

 

Input shorting pin diameter (cm)  0.064

 

Input center-to-center spacing between pins (cm)  0.254

 

Input fractional change (%) in patch length for initial search

                     (default = 5%)

0.00

 

Patch length (cm) =    3.210000

Z =   41.3529 j -110.8182

Patch length (cm) =    3.049500

Z =   22.3017 j   84.1891

Patch length (cm) =    3.129750

Z =  264.5323 j  140.6160

Patch length (cm) =    3.169875

Z =  156.7524 j -168.9351

Patch length (cm) =    3.149812

Z =  315.3702 j  -86.4198

Patch length (cm) =    3.139781

Z =  333.6557 j   42.8783

Patch length (cm) =    3.144797

Z =  337.3202 j  -24.5646

Patch length (cm) =    3.142289

Z =  338.8752 j    9.4305

Patch length (cm) =    3.143543

Z =  338.9518 j   -7.6250

Patch length (cm) =    3.142916

Z =  339.1281 j    0.9039

Patch length (cm) =    3.143230

Z =  339.0936 j   -3.3622

Patch length (cm) =    3.143073

Z =  339.1242 j   -1.2311

Patch length (cm) =    3.142995

Z =  339.1295 j   -0.1669

Patch length (cm) =    3.142956

Z =  339.1296 j    0.3651

Patch length (cm) =    3.142976

Z =  339.1298 j    0.0975

 

Input start and stop freqs (GHz) for impedance calc

[For best accuracy, keep within +/-5% of resonant frequency]

 1.550, 1.600

 

Input number of frequencies  10

 

               SCPATCH.V50       03-01-1996          21:52:08

 

Substrate height (cm) =  0.1600         Line thickness (cm) = 0.0036

Relative dielectric constant =  2.200     Loss tangent = 0.0010

Patch width (cm) =   9.4340             Patch length (cm) =   3.1430

Feed type = none

Feed point inset (cm) =    0.0000

Shorting pin dia =  0.064 (cm)          Pin spacing =   0.254 (cm) 

Resonant frequency (GHz) =   1.575000

Resonant impedance =   339.130 j    -0.0330 ohms

 

                    FREQUENCY         INPUT IMPEDANCE

                      (GHz)                (ohms)

                       1.550        62.995  J   133.878

                       1.555        89.581  J   151.504

                       1.560       132.757  J   167.512

                       1.565       201.409  J   168.542

                       1.570       290.469  J   120.889

                       1.575       339.130  J    -0.033

                       1.580       288.481  J  -118.904

                       1.585       200.816  J  -164.680

                       1.590       133.818  J  -163.771

                       1.595        91.488  J  -148.536

                       1.600        65.199  J  -131.657

 

PLOT OUT RESULTS ON SMITH CHART (y or n)N

 

PRINT OUT RESULTS (y or n)N

 

STORE RESULTS IN A FILE (y or n)Y

 

STORE DATA IN A TOUCHSTONE COMPATIBLE FILE (y or n)N

 

INPUT NAME OF FILE TO STORE RESULTSC:\DATA\SCPATCH.OUT

 

DO ANOTHER CASE (y or n)N

 

If answered y (yes), the user has the option to change the patch width, feed inset, or start completely over just as with PATCH9.



CPATCH - CPATCH calculates the resonant radius and impedance versus frequency for a circular patch. It uses the same curve fit expressions as PATCHD to find the resonant radius. The impedance versus frequency is found from an expression based upon the resonant resistance, antenna Q, and the impedance behavior of a parallel RLC circuit. There are two feed options. One none which simply calculates the impedance at the location of the feed with no feed elements. The second is a probe feed and uses the same model as PATCH9. There is no model for a microstrip feed. If one is used, the impedance is probably higher than that calculated by the model. This is caused by the “shadowing” of the patch by the feed. Accuracy is estimated to be about 2 to 3%. CPATCH can analyze up to 500 frequencies. 



CPATCH essentially has the same model validity limits as PATCHD (the section on circular patches). They are 1 ( (r ( 10, 0 ( h/rp ( 0.24, and 0 ( (((r - 1)h/(o ( 0.2. The frequency, dielectric constant, and number of frequencies must be non-zero. If the probe feed is used then both the probe diameter and relief hole diameter must also not be zero. There should be no other numerical problems.



A sample program run is shown below.



          PROGRAM CPATCH.V20       03-01-1996          22:03:44

                   [Current Program Date - 01/21/1996]

 

                          Circular Patch Design

 

INPUT ANTENNA FREQUENCY (GHz)  1.575

 

INPUT SUBSTRATE RELATIVE DIELECTRIC CONSTANT AND LOSS TANGENT  2.20,0.001

 

INPUT SUBSTRATE HEIGHT (cm)  0.160

 

INPUT CONDUCTOR CONDUCTIVITY RELATIVE TO COPPER

             (default value is 1)

0.00

 

INPUT FEED LOCATION (cm)

[   0.0 <     lf    <  3.675]

(patch center     patch edge)

 2.000

 

INCLUDE FEED PROBE (y or n)

y

(If answered n (no), the program does not request the next two inputs but jumps to the start and stop frequency input.)

 

INPUT FEED PROBE DIAMETER (cm)  0.064

 

INPUT FEED PROBE RELIEF HOLE DIAMETER (cm)  0.254

 

INPUT START AND STOP FREQUENCIES (GHz)  1.550, 1.600

 

INPUT NUMBER OF FREQUENCIES TO CALCULATE IMPEDANCE  10

 

          CPATCH.V10       03-01-1996          22:04:04

 

                    Circular Patch Design

 

     SUBSTRATE HEIGHT =  0.1600 cm

     SUBSTRATE RELATIVE DIELECTRIC CONSTANT =   2.20

     SUBSTRATE LOSS TANGENT =  0.0010

     CONDUCTOR RELATIVE CONDUCTIVITY =  1.000

     PATCH RADIUS =  3.675 cm

     FEED LOCATION =  2.000 cm

     FEED PROBE DIAMETER =  0.064 cm

     FEED PROBE RELIEF HOLE DIA. =  0.254 cm

     FREQUENCY =   1.5742 GHz

 

               FREQ               PATCH IMPEDANCE

               (GHz)                  (ohms)

               1.550              46.48 j   95.87

               1.555              64.08 j  106.37

               1.560              92.44 j  114.92

               1.565             136.32 j  111.92

               1.570             188.75 j   76.09

               1.575             209.11 j   -0.12

               1.580             172.51 j  -65.66

               1.585             120.78 j  -87.99

               1.590              82.61 j  -85.74

               1.595              58.50 j  -76.27

               1.600              43.41 j  -66.17

 

PLOT OUT RESULTS ON A SMITH CHART (y or n)n

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)y

 

STORE DATA IN A TOUCHSTONE COMPATIBLE FILE (y or n)n

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\cpatch.out

 

DO ANOTHER CASE (y or n)n

 

When the last input is answered with a y (yes), the next input request is



CHANGE FEED INSET (f) or START OVER (o)



If f is input, the program requests a new inset value and repeats the calculation with all other parameters remaining the same. When o is input the program starts over again.



PATCHC - PATCHC determines the resonant length and impedance versus frequency for a rectangular patch with a dielectric cover layer. PATCHC uses a transmission line model and is essentially a modified version of PATCH9. Part of the modification involves incorporating COVMIC into the program in order to calculate the parameters of covered microstrip. PATCHC shares most, if not all, of the properties of both of these programs. Both a design and analysis mode are available. 500 frequencies can be analyzed. The three feed options of PATCH9 are present. For input validity limitations, see the discussion on PATCH9. Program accuracy is around 5% or less. See the discussions of programs PATCH9 and COVMIC for any numerical issues including inputs that cannot be zero.



An example of PATCHC is now presented.



          PATCHC.V50       03-03-1996          07:18:13

               [Current Program Date - 01/21/1996]

 

          Rectangular Microstrip Patch with Cover Layer

 

Do design (d) or analysis (a)d

 

Input design frequency in GHz  3.874

 

Input substrate relative dielectric constant  2.32

(The term substrate refers to the dielectric layer under the patch.)



Input substrate loss tangent 0.001

 

Input substrate height (cm)  0.159

 

WARNING - ELECTRICALLY THICK SUBSTRATE (h/lamda = 0.021)

          [for best accuracy, h/lamda <= .01]

Change substrate height (y or n)n

(This is an example of a warning flag. The program has checked the substrate height to wavelength ratio and found that it exceeds the model validity limit. An option to change the height is given. In this case, we chose not to change. The program will still continue.)

 

Input line thickness (cm) 0.00356

 

Input line conductivity relative to copper 1.00

 

Input cover layer relative dielectric constant 2.60

(This is the dielectric layer on top of the patch.)



Input cover layer loss tangent 0.001

 

Input cover layer thickness (cm)  0.317

 

WARNING - ELECTRICALLY THICK COVER (h/lamda = 0.041)

          [for best accuracy, h/lamda <= .01]

Change substrate height (y or n)n

(Again the program warns that a thick dielectric layer is being used.)

 

Input patch width (cm)  1.900

 

Estimated patch length =     2.058 cm

 2.060

 

Input feed type: m = microstrip, p = probe, n = nonen

 

Input feed point distance wrt to patch edge (cm) 0 

 

Input fractional change (%) in patch length for initial search

                     (default = 5%)

 

 0 

 

Patch length (cm) =   2.060000

Z =   11.4841 j   60.1991

Patch length (cm) =   2.163000

Z =   29.3024 j   97.3933

Patch length (cm) =   2.271150

Z =  161.4835 j  186.5265

Patch length (cm) =   2.384707

Z =   82.7860 j -161.8561

Patch length (cm) =   2.327929

Z =  360.3585 j -100.8746

Patch length (cm) =   2.299540

Z =  314.4626 j  146.6684

Patch length (cm) =   2.313734

Z =  381.8530 j   38.6299

Patch length (cm) =   2.320832

Z =  384.2548 j  -33.5594

Patch length (cm) =   2.317283

Z =  386.4539 j    2.8677

Patch length (cm) =   2.319057

Z =  386.2169 j  -15.3940

Patch length (cm) =   2.318170

Z =  386.5516 j   -6.2451

Patch length (cm) =   2.317726

Z =  386.5562 j   -1.6846

Patch length (cm) =   2.317504

Z =  386.5182 j    0.5790

Patch length (cm) =   2.317615

Z =  386.5404 j   -0.5412

 

Input start and stop freqs (GHz) for impedance calc

[For best accuracy, keep within +/-5% of resonant frequency]

 3.774, 3.974

 

Input number of frequencies  10

 

          PATCHC.V50       03-03-1996          07:20:05

 

Substrate height (cm) =  0.1590

   Relative dielectric constant =  2.320  loss tangent = 0.0010

Cover layer height (cm) =  0.3175

   Relative dielectric constant =  2.600  loss tangent = 0.0010

Line thickness (cm) = 0.0036

Feed type = none

   Feed point inset (cm) =   0.0000

Patch width (cm) =   1.9000        Patch length (cm) =   2.3176

Resonant frequency (GHz) =   3.874000

Resonant impedance =   386.531 j     0.0323 ohms

 

FREQUENCY         INPUT IMPEDANCE

  (GHz)                (ohms)

   3.774        82.359  J   159.206

   3.794       115.581  J   177.948

   3.814       167.529  J   192.579

   3.834       245.369  J   187.196

   3.854       338.566  J   128.573

   3.874       386.531  J     0.032

   3.894       337.815  J  -127.051

   3.914       246.430  J  -184.522

   3.934       170.468  J  -190.578

   3.954       119.454  J  -177.226

   3.974        86.498  J  -159.658

 

PLOT OUT RESULTS ON SMITH CHART (y or n)n

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)y

 

STORE DATA IN A TOUCHSTONE COMPATIBLE FILE (y or n)n

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\patchc.out

 

DO ANOTHER CASE (y or n)n

 

If answered y (yes), the user has the option to change the patch width, feed inset, or start completely over just as with PATCH9.



WRAPPAT - WRAPPAT calculates the length, resonant impedance, and number of feeds for a rectangular patch which is completely wrapped around a cylinder. The antenna is analyzed with a modified transmission model. WRAPPAT does not find the impedance versus frequency. The standard transmission line model is only valid for transmission lines of rectangular cross section. The impedance behavior should be similar to that of a flat rectangular patch as long as the radius of curvature is large. WRAPPAT determines the minimum number of feeds required to avoid excitation of higher order modes in the patch. There are no model validity limit warnings built in to the program. The results are probably reasonably accurate as long as the cylinder radius is several wavelengths or more. Like PATCH9, best results occur for thin substrates (h/(o ( 0.1). The program incorporates MICRO as a subroutine, so any comments on that program are applicable here. Expected accuracy is about 2%. Non-zero values for frequency, cylinder diameter, substrate height, conductor thickness, and relative conductivity are needed. No numerical problems are expected.



An example case is now presented.



          WRAPPAT.V50       03-03-1996          07:46:37

                [Current Program Date -  01/23/96]

 

Calculates length, input resistance and number of feeds for a wraparound patch

 

INPUT SUBSTRATE HEIGHT (cm) 0.0795

 

INPUT SUBSTRATE RELATIVE er AND loss tangent  2.20,0.001

 

CONDUCTOR THICKNESS (cm) AND CONDUCTIVITY RELATIVE TO COPPER 0.0036,1.00

 

INPUT CYLINDER DIAMETER (cm) 29.210

 

INPUT DESIGN FREQUENCY (GHz)  1.575

 

          WRAPPAT.V50       03-03-1996          07:46:57

 

                    Wraparound Patch Design

 

SUBSTRATE HEIGHT =  0.0795 (cm)

SUBSTRATE er =   2.20 AND loss tangent = 0.0010

CONDUCTOR THICKNESS = 0.0036 AND relative conductivity =  1.0000

CYLINDER DIAMETER =  29.210 (cm)

DESIGN FREQUENCY =   1.5750 GHz

 

                PATCH LENGTH =         6.312 (cm)

                NUMBER OF FEEDS =       8

                IMPEDANCE PER FEED =   99.64 (Ohms)

 

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)Y

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\wrappat.out

 

DO ANOTHER CASE (y or n)n




SINGLE ELEMENT MICROSTRIP RADIATION PATTERN PROGRAMS





HWPATCH - HWPATCH calculates the far field E- and H-plane patterns for a rectangular patch. The approach used includes the effect of the dielectric substrate which is assumed to be infinite in extent. An assumed patch current distribution is used. This restricts the program to patches whose length is at or near resonance. Also the width must be equal to or less than the wavelength in the dielectric. The program does not flag these dimensions if the limits are exceeded. The accuracy of the calculated patterns depends upon the size of the substrate which is actually used. If the substrate is flat and several wavelengths or more in length and width, then the results are quite accurate. This is provided there are no obstructions such as package sides, components jutting out from the board, etc. Because of the broad patch pattern, particularly in the E-plane, diffraction from such obstacles will perturb the pattern shape. For smaller size substrates, diffraction from the edges will also change the pattern. Since the model assumes an infinite substrate, the pattern calculations are not valid for angles beneath the ground plane. This limitation is flagged by the program when the user is requested to input the pattern angle range. 



There should be no numerical problems when running the program. MICRO is used as one of the subroutines, so any precautions or limitations of that program are applicable here. To avoid division by zero, the number of angles for the pattern, frequency, patch width, and substrate height must not be zero. 



There are two defaults built in. One automatically sets the pattern angle range at -90 to 90 degrees. 0 degrees is broadside to the patch, so this range covers the entire hemisphere above the patch. Given the broad patch patterns, this range is usually the desirable choice. Remember that with the infinite substrate assumption, angles less than -90 and greater than 90 are on the other side of the ground plane and not valid. The other default sets the number of pattern angles at 180. If both defaults are selected, this calculates the pattern in one degree increments across the hemisphere. This should be adequate resolution for most applications. The user, of course, can override the defaults. HWPATCH can do 1440 pattern angles.



HWPATCH determines both the E- and H-plane patterns. Once the patterns is calculated and assuming the user wants to look at them, two display choices are given. The pattern can be plotted in either a rectangular or polar format. If the rectangular option is selected, the user can choose the angle range of the plot. The choices are (45o, (90o, and (180o. The program will not accept any other value, so will continue to ask for that input until one of the options is used. Unfortunately, HWPATCH does not check the angle range selection against the actual calculation range. The two must match for the pattern to fit correctly within the plot. If the calculation range exceeds the selected one, the pattern will extend beyond the plot grid. Conversely, if the calculated range is less, the pattern will not extend to the edges of the plot. It is usually best to select the display range that equals or exceeds the calculation range. For polar plots, no choice is given. The display always covers a complete 360o. The vertical axis always covers a 40 dB range with the pattern maximum normalized to 0 dB. Both patterns are plotted simultaneously with the E-plane being the solid curve and the H-plane the dashed one. When finished viewing the pattern, hit any key to continue.



The patterns can be stored in files as well. Two files are created, one for the E-plane and the other for the H-plane. The user can specify the file name but not the extension. HWPATCH puts the extensions .epl and .hpl on the appropriate file. The data is stored in two columns. The first column is the pattern angle. The second is the pattern value in dB. The columns can be separated by a comma or several blank spaces. The latter format is useful when using GNUPLOT to plot the patterns.



Here’s an example. The actual screen display of the patterns is not presented. This case is for the situation where a rectangular plot is desired.



          HWPATCH.V50       03-03-1996          08:20:15

                [Current Program Date - 01/18/96]

 

     Calculates patch antenna far field pattern using electric

     current model.  Does both E- and H-planes.  Stores results

     in user input files

 

INPUT PATCH LENGTH (cm)  6.293

 

INPUT PATCH WIDTH (cm)  9.434

 

INPUT PATCH SUBSTRATE ER  2.20

 

INPUT PATCH SUBSTRATE HEIGHT (cm)  0.160

 

INPUT FREQUENCY (GHz)  1.575

 

INPUT START AND STOP ANGLES (deg) FOR PATTERN

          (broadside = 0 deg)

[Calculation only valid above ground plane between -90 and 89 deg.]

[Enter 0,0 for default values of -90 to 90 degrees]

  0.00,  0.00

(By entering 0,0, we have chosen the default values. Do not enter angles less than -90 nor greater than 90 degrees as the model is not valid beyond the ground plane.)



INPUT NUMBER OF ANGLES FOR PATTERN CALCULATION

[Hit enter key for default value of 180 angles]

  0

(Again we have chosen the default.)

 

WANT TO PLOT PATTERN (y or n)Y

 

RECTANGULAR (r) OR POLAR (p) PLOTR

 

INPUT ANGLE SCALE (45,90,180)  90

(Always choose a scale which is equal to or greater than the calculated pattern angle range.)

 

At this point, the program clears the screen, then plots the pattern. This is not shown here. After viewing the pattern, hit any key to continue.



STORE E- AND H-PLANE PATTERNS IN FILES (y or n)Y

 

INPUT FILENAME (no extension) TO STORE PATTERNSC:\DATA\HWPATCH

 

INSERT COMMAS BETWEEN ANGLE AND PATTERN VALUE (y or n)N

 

 

     E-PLANE PATTERN STORED IN FILE - C:\DATA\HWPATCH.epl

     H-PLANE PATTERN STORED IN FILE - C:\DATA\HWPATCH.hpl

 

DO ANOTHER CASE (y or n)N

 

If answered y (yes), the program starts over again.



This is an example of using the polar plot. Again the actual screen display will not be shown.



          HWPATCH.V50       03-03-1996          09:05:00

                [Current Program Date - 01/18/96]

 

     Calculates patch antenna far field pattern using electric

     current model.  Does both E- and H-planes.  Stores results

     in user input files

 

INPUT PATCH LENGTH (cm)  6.293

 

INPUT PATCH WIDTH (cm)  9.434

 

INPUT PATCH SUBSTRATE ER  2.20

 

INPUT PATCH SUBSTRATE HEIGHT (cm)  0.160

 

INPUT FREQUENCY (GHz)  1.575

 

INPUT START AND STOP ANGLES (deg) FOR PATTERN

          (broadside = 0 deg)

[Calculation only valid above ground plane between -90 and 89 deg.]

[Enter 0,0 for default values of -90 to 90 degrees]

  0.00,  0.00

 

INPUT NUMBER OF ANGLES FOR PATTERN CALCULATION

[Hit enter key for default value of 180 angles]

  0

 

WANT TO PLOT PATTERN (y or n)y

 

RECTANGULAR (r) OR POLAR (p) PLOTp



At this point, the program clears the screen and displays a polar plot of the pattern. When finished viewing, hit any key to continue.

 

STORE E- AND H-PLANE PATTERNS IN FILES (y or n)y

 

INPUT FILENAME (no extension) TO STORE PATTERNSc:\data\hwpatch

 

INSERT COMMAS BETWEEN ANGLE AND PATTERN VALUE (y or n)y

 

 

     E-PLANE PATTERN STORED IN FILE - c:\data\hwpatch.epl

     H-PLANE PATTERN STORED IN FILE - c:\data\hwpatch.hpl

 

DO ANOTHER CASE (y or n)n

 

CHWPATCH - CHWPATCH performs the same pattern calculations as HWPATCH except for a patch with a dielectric cover layer. The model is the same. Instead of MICRO, CHWPATCH uses COVMIC to calculate the appropriate transmission line parameters. The same current distribution assumption is used, so the patch length must be near resonance, and it must not be excessively wide. Program features, options, and accuracy are the same as HWPATCH. Refer to the discussion on HWPATCH for this information. The only exception is that CHWPATCH can accommodate up to 720 pattern angles instead of 1440. Non-zero values for frequency, number of pattern calculation angles, patch width, and dielectric layer heights are required. The plotting and file storage options are identical to HWPATCH.



This is an example of the program usage. See also the examples for HWPATCH.



          CHWPATCH.V50       03-03-1996          09:37:38

                 [Current Program Date - 01/23/96]

 

     Calculates covered patch antenna far field pattern using

     electric current model.  Does both E- and H-planes.  Stores

     results in user input files

 

INPUT PATCH LENGTH (cm)  2.318

 

INPUT PATCH WIDTH (cm)  1.900

 

INPUT LOWER SUBSTRATE ER  2.32

 

INPUT LOWER SUBSTRATE HEIGHT (cm)  0.159

 

INPUT UPPER SUBSTRATE ER  2.60

 

INPUT UPPER SUBSTRATE HEIGHT (cm)  0.317

 

INPUT FREQUENCY (GHz)  3.874

 

INPUT START AND STOP ANGLES (deg) FOR PATTERN

(broadside = 0 deg)

[Calculation only valid above ground plane between -90 and 89 deg.]

[Enter 0,0 for default values of -90 to 90 degrees]

  0.00,  0.00

(Defaults used here.)

 

INPUT NUMBER OF ANGLES FOR PATTERN CALCULATION   0

[Hit enter key for default value of 180 angles]

  0

(Defaults used here also.)

 

WANT TO PLOT PATTERN (y or n)y

  

RECTANGULAR (r) OR POLAR (p) PLOTr

 

INPUT ANGLE SCALE (45,90,180)  90



The program clears the screen and plots the pattern. This is not shown here. After viewing the plot, hit any key to continue.



STORE E- AND H-PLANE PATTERNS IN FILES (y or n)y

 

INPUT FILENAME (no extension) TO STORE PATTERNSc:\data\chwpatch.out

 

INSERT COMMAS BETWEEN ANGLE AND PATTERN VALUE (y or n)n

 

 

     E-plane pattern stored in file c:\data\chwpatch.out.epl

     H-plane pattern stored in file c:\data\chwpatch.out.hpl

 

DO ANOTHER CASE (y or n)n

 

CIRPAT - CIRPAT finds the far field E- and H-plane patterns for a circular patch. It includes the dielectric substrate. Like HWPATCH, the dielectric is assumed infinite in extent, so the results are most accurate for large substrates. The patch radius should also be at or near the resonant value. No estimate of the pattern accuracy is known. Although the equations evaluated to find the patterns are different, CIRPAT operates in an identical manner to that of HWPATCH. The same plotting and file storage options are available. Refer to the discussion of HWPATCH for more details. CIRPAT handles up to 1440 pattern angles. The number of pattern angles, frequency, and dielectric constant should not be zero.



This is an sample program run for CIRPAT. See the discussion of HWPATCH for other examples.



          CIRPAT.V50       03-03-1996          10:10:07

               [Current Program Date - 01/23/1996]

 

       Calculates far-field pattern for a circular patch

 

INPUT PATCH RADIUS (cm)  3.675

 

INPUT SUBSTRATE HEIGHT (cm) 0.160

 

INPUT SUBSTRATE RELATIVE er  2.20

 

INPUT PATCH RESONANT FREQUENCY (GHz)  1.575

 

INPUT START AND STOP ANGLES (deg) FOR PATTERN CALCULATION

                 [Broadside = 0 deg]

[Calculation only valid above ground plane between -90 and 90 deg.]

[Enter 0,0 for default values of -90 to 90 degrees]

 0.00, 0.00

 

INPUT NUMBER OF ANGLES TO CALCULATE PATTERN ###

[Hit enter key for default value of 180 angles]

  0

 

WANT TO PLOT PATTERN (y or n)Y

 

DO RECTANGULAR (r) OR POLAR (p) PLOTSR

 

INPUT MAXIMUM PATTERN ANGLE (45,90,180 deg)  90



The screen is cleared and the pattern plotted. This is not shown here. Hit any key to continue.

 

STORE PATTERNS IN A FILE (y or n)Y

 

INPUT NAME (no extension) OF FILE TO STORE PATTERNSC:\DATA\CIRPAT.OUT

 

INSERT COMMAS BETWEEN ANGLE AND PATTERN VALUE (y or n)N

 

 

 

     E-plane pattern stored in file C:\DATA\CIRPAT.OUT.EPL

     H-plane pattern stored in file C:\DATA\CIRPAT.OUT.HPL

 

 

DO ANOTHER CASE (y or n)N

 

When answered y (yes), the program starts over again.



WRAPRND - WRAPRND is used to calculate the radiation pattern for a microstrip patch that is completely wrapped around a cylinder. This is the same type of patch that is analyzed by WRAPPAT. The solution is based upon a full wave approach so is quite accurate. The cylinder is taken to be infinite so diffraction effects from the ends are not accounted for. It uses an assumed current distribution which means the patch length should be at or close to the resonant length. In fact, WRAPPAT calculates the resonant length by assuming that the effective dielectric constant is simply the dielectric constant of the substrate. Since the patch completely wraps around the cylinder, this is a reasonable assumption. No correction for end effect is done, but for the purposes of pattern calculation, this is a very minor correction. The user does not input a length.



The assumed distribution also implies that an appropriate number of feeds are present (see WRAPPAT) so that only the lowest order mode is excited under the patch. The program only calculates the E-plane pattern. This is the pattern through the cylinder axis. When fed with the proper number of feeds, the H-plane pattern, which is perpendicular to the cylinder axis, is omnidirectional. Default values are presented for the angle range and number of angles.



After calculating the pattern, the program automatically displays it in a polar format. The cylinder is assumed to lie along the 0o- 180o axis which is where the pattern nulls are found. The pattern can be stored in a file with the same two formats as HWPATCH. WRAPRND can analyze 1440 pattern angles. Non-zero values need to be used for the frequency and number of pattern angles.



The following is a sample program run.



          PROGRAM WRAPRND.V50       03-03-1996          10:25:57

                    [Current program date - 02/17/1996]

 

     Calculates far-field pattern of a wraparound microstrip antenna

 

INPUT FREQUENCY (GHz)  1.575

 

INPUT SUBSTRATE HEIGHT (cm) 0.16

 

INPUT SUBSTRATE RELATIVE DIELECTRIC CONSTANT  2.20

 

PROGRAM ASSUMES ANTENNA WIDTH IS A HALF (substrate) WAVELENGTH

              (hit ENTER key to continue)

(This is where WRAPPAT calculates the patch length. There is no user input value.)

 

INPUT START AND STOP ANGLES (deg) FOR PATTERN CALCULATION

       [angles must be between 0 and 360 degrees]

 [line thru 180/270 degrees is perpendicular to cylinder]

     [enter 0,0 for default values of 0,360 degrees]

  0.00,  0.00

(Since only a polar plot is used, an angle scale from 0 to 360 degrees is appropriate. Also given the very broad pattern, the default value is usually the one to use.)

 

INPUT NUMBER OF ANGLES FOR PATTERN CALCULATION

[hit enter key for default value of 360 angles]

  0

(If the default is chosen for both the start and stop angles and the number of angles, the pattern is calculated every degree. In most cases this is adequate.)



At this point, the program clears the screen and displays a polar plot of the pattern. When completed viewing the pattern, hit any key to continue. 

 

STORE PATTERN IN A FILE (y or n)Y

 

INPUT NAME OF FILE TO STORE PATTERNc:\data\wraprnd.out

 

STORE DATA WITH COMMAS (w) OR WITHOUT (n)w

 

 

     Pattern stored in file c:\data\wraprnd.out

 

DO ANOTHER CASE (y or n)n

 


CIRCULAR POLARIZED PATCH DESIGN PROGRAM





CPPATCH - CPPATCH analyzes and designs single feed, circularly polarized patches. Two types are investigated. One is the nearly square patch where one dimension is slightly longer than the other. The second is the truncated patch where two corners, on the same diagonal, are clipped off. Both right and left hand circular polarization is accommodated. The program determines the feed location appropriate for the sense of the polarization. CPPATCH uses the curve fit equations of PATCHD to calculate some of the antenna parameters. As such, CPPATCH shares the validity limits of PATCHD for the case of rectangular patches. Two feed models are available. One is none which simply accounts for the feed location. The other is a probe feed. This model is identical to the one in PATCH9. The same validity restrictions apply. The feed can be inset either along the center line for the truncated patch or along the diagonal for the nearly square one. As with other patches, the impedance is symmetrical with respect to the patch center. The program only allows insets for half the patch length or diagonal. Anything more is redundant. The program displays impedance versus frequency and offers the usual plotting, printing, and data storage options



Refer to the discussions on PATCHD and PATCH9 for validity limits and numerical issues. CPATCH can analyze up to 500 frequencies. Frequency, dielectric constant, loss tangent, and substrate height inputs should not be zero. The accuracy of the results is a few percent (2% to 3%). Unfortunately the bandwidth for good circular polarization may be 1% or less. It may be necessary to use the model to establish initial dimensions. A combination of more model runs and some experiment may be needed to reach a final design.



A sample program run is given next.



          CPPATCH.V50       03-03-1996          12:35:57

               [Current Program Date - 01/24/1996]

 

                Circularly Polarized Patch Design

 

DO NEARLY SQUARE (n) OR TRUNCATED (t) PATCH DESIGNN

 

RIGHT (r) OR LEFT (l) CIRCULAR POLARIZATIONr

 

INPUT CONDUCTOR CONDUCTIVITY RELATIVE TO COPPER

             (default value is 1)

0.00

 

INPUT FEED INSET (cm) ALONG DIAGONAL

         [0 <= yf <  4.4268]

[patch center         patch edge]

 1.320



INCLUDE FEED PROBE (y or n)

n

(If answered y (yes), the program requests the probe diameter and relief hole diameter. See PATCH9 for an example of these inputs.)

 

INPUT START AND STOP FREQUENCIES (GHz)  1.550, 1.600

 

INPUT NUMBER OF FREQUENCIES TO CALCULATE IMPEDANCE  10
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               RHCP NEARLY SQUARE PATCH

     SUBSTRATE HEIGHT =  0.1600 cm

     SUBSTRATE RELATIVE DIELECTRIC CONSTANT =   2.20

     SUBSTRATE LOSS TANGENT =  0.0010

     CONDUCTOR RELATIVE CONDUCTIVITY =  1.000

     NOMINAL PATCH SIZE =  6.2604 cm

     FEED LOCATION =  0.9802 (cm), -0.9334 (cm)       (The feed location along the diagonal.

     WIDTH EXTENSION =  0.09364 (cm)                (The increase in one dimension to get cp.

    CP FREQUENCY = 1.5618 GHz                            (The frequency with the best axial ratio.

                                                                          (Note it doesn’t correspond to the design                     

                                                                  frequency. May have to adjust input 

                                                                  frequency so that this comes out to the

                                                                  design frequency.)

                                     

               FREQ               PATCH IMPEDANCE

               (GHz)                  (ohms)

               1.550             140.00 j   46.68

               1.555             132.12 j    9.89

               1.560             117.04 j   -0.79

               1.565             119.49 j   -1.78

               1.570             135.51 j  -18.70

               1.575             135.08 j  -58.51

               1.580             104.88 j  -88.17

               1.585              71.74 j  -93.11

               1.590              48.91 j  -86.57

               1.595              34.65 j  -77.70

 

PLOT OUT RESULTS ON A SMITH CHART (y or n)n

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)Y

 

STORE IN A TOUCHSTONE COMPATIBLE FILE (y or n)N

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\cppatch.out

 

DO ANOTHER CASE (y or n)n

 

When answered y (yes), the program starts over.



This is an example of a run designing a truncated patch.



          CPPATCH.V50       03-03-1996          12:58:30

               [Current Program Date - 01/24/1996]

 

                Circularly Polarized Patch Design

 

DO NEARLY SQUARE (n) OR TRUNCATED (t) PATCH DESIGNT

 

RIGHT (r) OR LEFT (l) CIRCULAR POLARIZATIONl

 

INPUT CONDUCTOR CONDUCTIVITY RELATIVE TO COPPER

             (default value is 1)

0.00

 

INPUT FEED INSET (in) ALONG CENTER LINE

         [0 <= yf <  3.1302]

[patch center         patch edge]

 1.300

INCLUDE FEED PROBE (y or n)

n

 

INPUT START AND STOP FREQUENCIES (GHz)  1.550, 1.600

 

INPUT NUMBER OF FREQUENCIES TO CALCULATE IMPEDANCE  10
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               LHCP TRUNCATED CORNER PATCH

     SUBSTRATE HEIGHT =  0.1600 cm

     SUBSTRATE RELATIVE DIELECTRIC CONSTANT =   2.20

     SUBSTRATE LOSS TANGENT =  0.0010

     CONDUCTOR RELATIVE CONDUCTIVITY =  1.000

     NOMINAL PATCH SIZE =  6.2604 cm

     FEED LOCATION =  1.3000 (cm),  0.0000 (cm)          (The feed location along the diagonal.

     CORNER TRUNCATION =  0.54139 (cm)                   ( Amount to cut off corner for cp.

     CP FREQUENCY = 1.5618 GHz

 

               FREQ               PATCH IMPEDANCE

               (GHz)                  (ohms)

               1.550             126.57 j   42.20

               1.555             119.46 j    8.94

               1.560             105.81 j   -0.72

               1.565             108.04 j   -1.61

               1.570             122.52 j  -16.91

               1.575             122.13 j  -52.90

               1.580              94.82 j  -79.72

               1.585              64.87 j  -84.18

               1.590              44.22 j  -78.27

               1.595              31.32 j  -70.25

 

PLOT OUT RESULTS ON A SMITH CHART (y or n)n

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)Y

 

STORE IN A TOUCHSTONE COMPATIBLE FILE (y or n)N

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\cppatch.out

 

DO ANOTHER CASE (y or n)n






BR
OADBAND ELEMENT DESIGN PROGRAMS






CAPMAT - CAPMAT determines the dimensions of a matching capacitor used to broadband a rectangular patch, typically one designed on a thick substrate. Increasing the substrate thickness increases the bandwidth at the expense of increased surface wave excitation. As the thickness increases, a point is reached where the impedance is no longer resonant for probe fed patches because of the probe inductance. It can be resonated by placing a capacitor at the patch feed. Two techniques for accomplishing this are presented. In one, a capacitive patch is etched right on the antenna patch. With the other, the probe is stopped short of the patch. A small disk is placed on the probe. The disk and bottom patch surface form the capacitor. 



CAPMAT works in an iterative manner. First the initial patch dimensions and feed location must be found. Use a thick substrate since we are looking for broad bandwidth. For the etched capacitor, this can be done using PATCH9. Although the antenna is probe fed, do not use the probe model in PATCH9. The substrate is usually too thick and besides, the probe impedance is re-calculated in CAPMAT where the probe compensation takes place. With the disk capacitor, use program TLPATCH if the dielectric layer between the disk and patch has a different dielectric constant than the main substrate. Using a higher dielectric constant may be necessary to obtain the needed capacitance. If the substrates are the same, use PATCH9. After determining the dimensions, run CAPMAT. CAPMAT asks for the capacitor type (etched or disk), the capacitor dimensions, and the probe dimensions. It then calculates the probe inductance (using the same model as in PATCH9), the capacitance needed to cancel the inductance, and the capacitance using the input dimensions. It displays the results. The user is given the option to enter new dimensions if the calculated and required capacitances aren’t equal (or close to equal) or to continue with the program. Assuming the calculated capacitance is not correct, new dimensions can be input until it is.



Once the user is through calculating capacitance, the results are displayed on the screen. Two options are then given. One is to quit the calculations. The other is to read-in a TOUCHSTONE compatible data file containing the previously calculated patch impedance versus frequency and then to add the probe and capacitor impedances to the patch impedance. You must know beforehand the number of impedances contained in the file. The resulting combination is displayed on the screen. It can also be plotted on a Smith chart. The TOUCHSTONE file must have exactly the same format as those created by programs like PATCH9. See the discussion of PATCH9 for a sample file. 



The accuracy of CAPMAT is unknown. Experimental results show that the including a capacitor does more than simply tune out the probe inductance. The bandwidth broadens, but the simple model does not predict well the resulting impedance versus frequency. Therefore the model is useful for establishing starting dimensions for further modeling and experimental study. When using the option to calculate the patch impedance with the capacitor, the results may not agree with measurement. CAPMAT shares most of the validity limits as PATCH9 except for the substrate height. The only limitation on the capacitor models is that for the disk capacitor, the disk to substrate height (this is the substrate between the disk and patch) should be less than or equal to 0.5. There should be no numerical instabilities. The substrate height(s), frequency, disk diameter (if used), etched capacitor patch length, and number of frequencies (if used) must be non-zero. CAPMAT analyzes up to 100 frequencies.



An example using the etched capacitor but without combining with the patch impedance is now presented.



          CAPMAT.V50       03-03-1996          14:02:19

                [Current Program Date - 01/24/96]

 

             Matching Capacitor for Probe Fed Patches

 

DO DISK (d) OR ETCHED (e) CAPACITORe

 

INPUT LENGTH (cm) AND WIDTH (cm) OF CAPACITOR PATCH 1.524,1.016

 

INPUT WIDTH OF ETCHED CAPACITOR GAP (cm)  0.013

 

INPUT PATCH SUBSTRATE THICKNESS (cm)  1.143

(This would normally be too thick a substrate to use if no capacitor was being added.)



INPUT RELATIVE er AND loss tangent OF PATCH SUBSTRATE  2.20,0.001

 

INPUT ANTENNA FREQUENCY (GHz)  1.575

 

INPUT FEED PROBE DIAMETER (cm)  0.127

 

INPUT FEED PROBE RELIEF HOLE DIAMETER (cm)  0.411

 

          PROBE INDUCTANCE =   8.246 nH

      REQUIRED CAPACITANCE =   1.238 pF

 

      REQUIRED CAPACITANCE =   1.238 pF

    CALCULATED CAPACITANCE =   0.821 pF

 

TRY ANOTHER CAPACITOR (y or n)y

(The calculated capacitance is too small to tune out the probe inductance. We will try a new set of dimensions.)



INPUT LENGTH (cm) AND WIDTH (cm) OF CAPACITOR PATCH 1.765,1.407

 

INPUT WIDTH OF ETCHED CAPACITOR GAP (cm)  0.013

 

          PROBE INDUCTANCE =   8.246 nH

 

      REQUIRED CAPACITANCE =   1.238 pF

    CALCULATED CAPACITANCE =   1.237 pF

 

TRY ANOTHER CAPACITOR (y or n)n

(This capacitance is what we need, so we won’t try new dimensions.)



CALCULATE PATCH IMPEDANCE WITH CAPACITOR (y or n)n

(For this example, we won’t be using this option.) 

 

PRINT OUT RESULTS (y or n)n

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\capmat.out

 

DO ANOTHER CASE (y or n)n

 

As usual, answering y (yes), starts the program over.



Here’s a case for the etched capacitor where we will include the patch impedance.



          CAPMAT.V50       03-03-1996          14:08:02

                [Current Program Date - 01/24/96]

 

             Matching Capacitor for Probe Fed Patches

 

DO DISK (d) OR ETCHED (e) CAPACITORe

 

INPUT LENGTH (cm) AND WIDTH (cm) OF CAPACITOR PATCH 1.765,1.407

 

INPUT WIDTH OF ETCHED CAPACITOR GAP (cm)  0.013

 

INPUT PATCH SUBSTRATE THICKNESS (cm)  1.143

 

INPUT RELATIVE er AND loss tangent OF PATCH SUBSTRATE  2.20,0.001

 

INPUT ANTENNA FREQUENCY (GHz)  1.575

 

INPUT FEED PROBE DIAMETER (cm)  0.127

 

INPUT FEED PROBE RELIEF HOLE DIAMETER (cm)  0.411

 

          PROBE INDUCTANCE =   8.246 nH

      REQUIRED CAPACITANCE =   1.238 pF

 

      REQUIRED CAPACITANCE =   1.238 pF

    CALCULATED CAPACITANCE =   1.237 pF

 

TRY ANOTHER CAPACITOR (y or n)n

 

CALCULATE PATCH IMPEDANCE WITH CAPACITOR (y or n)y

 

INPUT NAME OF TOUCHSTONE COMPATIBLE FILE (no extension) CONTAINING PATCH Z vs Fc:\data\patch

 

INPUT NUMBER OF FREQUENCIES CONTAINED IN c:\data\patch.S1P

 10

(You need to know the number of impedances are in the file.)
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                    Patch Matching Capacitor

 

                        Etched Capacitor

 

PATCH SUBSTRATE HEIGHT =  1.1430 (cm)

PATCH SUBSTRATE er =   2.20 AND loss tangent = 0.0010

FEED PROBE DIAMETER =  0.1270 (cm)

FEED PROBE RELIEF HOLE DIAMETER =  0.4110 (cm)

PATCH FREQUENCY =   1.5750 (GHz)

 

          CAP LENGTH =  1.7650 (cm) AND WIDTH =  1.4070 (cm)

          CAPACITOR GAP =  0.0127 (cm)

 

 

HIT ENTER KEY TO PRINT OUT IMPEDANCE vs FREQUENCY

(At this point, the program stops. When ready, hit any key to obtain the impedance versus frequency.)



     FREQ          PATCH IMPEDANCE          TOTAL IMPEDANCE

     (GHz)              (Ohms)                  (Ohms)

    1.5250         108.55 j   123.48        108.55 j    39.10

    1.5300         110.98 j   121.88        110.98 j    37.78

    1.5350         113.35 j   120.01        113.35 j    36.18

    1.5400         115.61 j   117.86        115.61 j    34.30

    1.5450         117.72 j   115.43        117.72 j    32.14

    1.5500         119.63 j   112.75        119.63 j    29.73

    1.5550         121.31 j   109.83        121.31 j    27.08

    1.5600         122.71 j   106.71        122.71 j    24.22

    1.5650         123.79 j   103.42        123.79 j    21.20

    1.5700         124.54 j   100.01        124.54 j    18.05

 

PLOT RESULTS ON A SMITH CHART (y or n)n

 

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)Y

 

STORE IN A TOUCHSTONE COMPATIBLE FILE (y or n)n

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\capmat.out

 

DO ANOTHER CASE (y or n)n

 

Finally a case using  a disk capacitor is presented.



          CAPMAT.V50       03-03-1996          14:18:37

                [Current Program Date - 01/24/96]

 

             Matching Capacitor for Probe Fed Patches

 

DO DISK (d) OR ETCHED (e) CAPACITORd

 

INPUT RELATIVE er AND loss tangent OF CAPACITOR DIELECTRIC 10, .001 

 

INPUT DIELECTRIC THICKNESS BETWEEN PROBE DISK AND PATCH (cm) .7 

 

INPUT DISK DIAMETER (cm)

[Diameter/Dielectric Thickness < 0.5]

 0.230

 

INPUT PATCH SUBSTRATE THICKNESS (cm)  1.143

 

INPUT RELATIVE er AND loss tangent OF PATCH SUBSTRATE  2.20,0.001

 

INPUT ANTENNA FREQUENCY (GHz)  1.575

 

INPUT FEED PROBE DIAMETER (cm)  0.127

 

INPUT FEED PROBE RELIEF HOLE DIAMETER (cm)  0.411

 

          PROBE INDUCTANCE =  11.803 nH

      REQUIRED CAPACITANCE =   0.865 pF

 

      REQUIRED CAPACITANCE =   0.865 pF

    CALCULATED CAPACITANCE =   0.862 pF

 

TRY ANOTHER CAPACITOR (y or n)n

 

CALCULATE PATCH IMPEDANCE WITH CAPACITOR (y or n)n

  

PRINT OUT RESULTS (y or n)n

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\capmat.out

 

DO ANOTHER CASE (y or n)n

 

TLPATCH - TLPATCH analyzes and designs a rectangular patch with two different dielectric layers underneath the antenna. Its primary use is as an adjunct to CAPMAT when using the disk capacitor. The transmission line model is used for the analysis. The characteristics of the microstrip containing two dielectric layers under the conductor are found from a quasi-static, conformal analysis. Other facets of the model come directly from PATCH9. TLPATCH has the same features as PATCH9, e.g., three feed models, an analysis mode, a design mode, and all the display, print out, and store options. Parameter validity limits are the same as PATCH9. Accuracy is probably similar. TLPATCH has the same warning flags when inputs exceed acceptable values. To avoid numerical problems, the frequency, at least one substrate height, patch width, relative conductivity, and conductor thickness must be non-zero. 500 frequencies can be analyzed. Refer to the discussion on PATCH9 for more details.



A sample program run is now presented.



          TLPATCH.V50       03-03-1996          22:14:17

               [Current Program Date - 01/25/1996]

 

         Rectangular Microstrip Patch Design & Analysis

              [Two dielectric layers under patch]

 

Do design (d) or analysis (a)d

 

Input design frequency in GHz  1.575

 

Input lower substrate relative dielectric constant  2.20

 

Input lower substrate loss tangent  0.001

 

Input lower substrate height (cm)  0.160

 

Input upper substrate relative dielectric constant 10.00

 

Input upper substrate loss tangent 0.003

 

Input upper substrate height (cm)  0.025

 

Input line thickness (cm) 0.0036

 

Input line conductivity relative to copper 1.00

 

Input patch length (cm)

Estimated patch length =     5.057 cm

 5.060

 

Input patch width (cm)  8.000

 

Input feed type: m = microstrip, p = probe, n = noneN

 

Input feed point distance wrt to patch edge (cm)  0.000

 

Input fractional change (%) in patch length for initial search

                     (default = 5%)

 

0.00

 

Patch length (cm) =    5.060000

Z =    1.4516 j   14.7658

Patch length (cm) =    5.313000

Z =    4.2337 j   25.9755

Patch length (cm) =    5.578650

Z =   54.8256 j   80.5508

Patch length (cm) =    5.857583

Z =   11.6641 j  -44.2528

Patch length (cm) =    5.718116

Z =   78.2109 j  -87.8385

Patch length (cm) =    5.648383

Z =  169.4100 j   31.1505

Patch length (cm) =    5.683250

Z =  144.5102 j  -67.4911

Patch length (cm) =    5.665816

Z =  172.1729 j  -24.2621

Patch length (cm) =    5.657099

Z =  175.2845 j    3.7943

Patch length (cm) =    5.661458

Z =  174.8587 j  -10.4191

Patch length (cm) =    5.659278

Z =  175.3604 j   -3.3232

Patch length (cm) =    5.658189

Z =  175.3947 j    0.2360

Patch length (cm) =    5.658734

Z =  175.3956 j   -1.5445

Patch length (cm) =    5.658461

Z =  175.3998 j   -0.6520

Patch length (cm) =    5.658325

Z =  175.3982 j   -0.2057

 

Input start and stop freqs (GHz) for impedance calc  1.550, 1.600

 

Input number of frequencies  10
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               LOWER SUBSTRATE PARAMETERS

Substrate height (cm) =  0.1600

Relative dielectric constant =  2.200     Loss tangent = 0.0010

               UPPER SUBSTRATE PARAMETERS

Substrate height (cm) =  0.0254         Line thickness (cm) = 0.00356

Relative dielectric constant = 10.000     Loss tangent = 0.0030

 

Patch width (cm) =   8.0000             Patch length (cm) =   5.6583

Feed type = none

Feed point inset (cm) =  0.0000

Resonant frequency (GHz) =   1.575000

Resonant impedance =   175.397 j     0.0174 ohms

 

                    FREQUENCY         INPUT IMPEDANCE

                      (GHz)                (ohms)

                       1.550        42.964  J    75.897

                       1.555        59.169  J    83.405

                       1.560        83.536  J    88.088

                       1.565       118.052  J    82.777

                       1.570       156.599  J    54.767

                       1.575       175.397  J     0.017

                       1.580       156.150  J   -54.292

                       1.585       117.915  J   -81.788

                       1.590        83.905  J   -87.065

                       1.595        59.864  J   -82.601

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)y

 

STORE DATA IN A TOUCHSTONE COMPATIBLE FILE (y or n)N

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\tlpatch.out

 

DO ANOTHER CASE (y or n)n

 

If answered y (yes), the following prompt appears



CHANGE PATCH WIDTH (w), FEED INSET (f), or START OVER (o)



These are the same options as in PATCH9. Entering either w or f  results in all inputs remaining the same except the width or inset. If o is input, the program starts over.



MFPATCH - MFPATCH is a simple program that reads in two TOUCHSTONE compatible files, each containing the impedance of a patch, and combines them. This is useful when two patches are stacked and fed with one probe feed. By stacking, operation at two different frequencies is possible. As mentioned in the book, the upper patch must be smaller than the lower one. It must be sufficiently smaller that mutual coupling between radiating edges of the patches does not occur. MFPATCH assumes that such coupling is negligible and that the resulting impedance is simply the sum of the two patch impedances. The patches are thus taken to be in series.



MFPATCH uses two files containing the patch impedance versus frequency. The files must be TOUCHSTONE compatible as generated by the programs discussed in the book. (See discussion of PATCH9 for a sample file.) The files must contain the same number of frequencies. The frequencies must be identical in each file. MFPATCH simply reads in the data from each file and combines them line for line. When generating the files using, say PATCH9, the calculations may have to be performed at frequencies way beyond the resonance point, depending upon the operating frequencies of the two patches. Before reading the files, the program requests the number of frequencies in each file. MFPATCH accepts files with up to 500 frequencies.



After combining the impedances, MFPATCH displays the results. Included in the display are the names of the files that were combined. An option to plot on a Smith chart is offered. The results can be printed out. They can also be stored in a normal or TOUCHSTONE compatible file. 



This is an example of a program run with MFPATCH. An antenna is desired that operates at 1.4 and 1.6 GHz. The bandwidth needed at each frequency is small enough that a single patch for each is sufficient. PATCH9 is run to design the 1.6 GHz patch. Being at a higher frequency, this patch is on top. The dimensions of this patch are checked to make sure they are small enough such that coupling between antennas is negligible. The impedance is calculated over the frequency range 1.3 to 1.7 Ghz (even though this is way beyond the normal range of interest). The results are stored in a TOUCHSTONE compatible file called PATCH1.S1P. Next PATCHC is run to design the bottom patch at 1.4 GHz. The cover layer is the substrate used for the top patch. When the frequency inputs are encountered, the range 1.3 to 1.7 GHz is entered along with the same number of frequencies as used with the top patch. The results are stored in another TOUCHSTONE compatible file named PATCH2.S1P. Now MFPATCH is run.



          MFPATCH.V50       03-03-1996          22:35:44

                 [Current Program Date - 01/25/96]

 

     Calculates impedance vs frequency for two stacked patches

     sharing a common feed and forming a multi-frequency antenna

 

                              NOTE

     REQUIRES A TOUCHSTONE COMPATIBLE FILE FOR EACH PATCH WITH

     THE SAME FREQUENCY SPAN. FILES MUST HAVE FOUR HEADER LINES.

 

INPUT NUMBER OF FREQUENCIES TO BE ANALYZED  40

 

INPUT NAME (no extension) OF FILE CONTAINING UPPER PATCH DATAc:\data\patch1

 

INPUT NAME (no extension) OF FILE CONTAINING LOWER PATCH DATAc:\data\patch2
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        Multi-frequency patch input impedance vs. frequency

 

DATA FILE FOR UPPER PATCH - c:\data\patch1.S1P

DATA FILE FOR LOWER PATCH - c:\data\patch2.S1P

 

 

                    FREQUENCY         INPUT IMPEDANCE

                      (GHz)                (ohms)

                       1.300         1.490  J    17.590

                       1.310         1.830  J    19.370

                       1.320         2.290  J    21.500

                       1.330         2.960  J    24.150

                       1.340         3.970  J    27.530

                       1.350         5.600  J    32.000

                       1.360         8.520  J    38.210

                       1.370        14.350  J    47.270

                       1.380        28.310  J    60.650

                       1.390        68.140  J    72.110

                       1.400       128.070  J     9.310

                       1.410        69.300  J   -53.900

                       1.420        29.710  J   -43.110

                       1.430        15.680  J   -29.850

                       1.440         9.810  J   -20.550

                       1.450         6.940  J   -13.890

                       1.460         5.400  J    -8.760

                       1.470         4.540  J    -4.520

                       1.480         4.090  J    -0.780

                       1.490         3.930  J     2.730

                       1.500         4.020  J     6.220

                       1.510         4.340  J     9.860

                       1.520         4.950  J    13.890

                       1.530         5.980  J    18.550

                       1.540         7.670  J    24.220

                       1.550        10.500  J    31.480

                       1.560        15.620  J    41.300

                       1.570        25.860  J    55.160

                       1.580        49.610  J    74.240

                       1.590       111.330  J    85.020

                       1.600       189.860  J    -7.270

                       1.610       112.580  J  -100.380

                       1.620        51.120  J   -90.880

                       1.630        27.060  J   -72.640

                       1.640        16.490  J   -59.360

                       1.650        11.070  J   -50.070

                       1.660         7.980  J   -43.330

                       1.670         6.030  J   -38.280

                       1.680         4.750  J   -34.340

                       1.690         3.850  J   -31.200

 

PLOT OUT RESULTS ON SMITH CHART (y or n)n

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)y

 

STORE DATA IN A TOUCHSTONE COMPATIBLE FILE (y or n)N

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\mfpatch.out

 

DO ANOTHER CASE (y or n)n

 

If answered y (yes), the program starts over.



PARAPAT - PARAPAT calculates the length and impedance versus frequency for a parasitically coupled patch. The patch is coupled to another short circuited patch. This increases the bandwidth but doesn’t corrupt the pattern as with other parasitically coupled approaches. Two versions are possible. In one, the patch is a normal half wavelength antenna. Short circuited, quarter wavelength patches are positioned at each edge of the patch. For the other configuration, the driven patch is a quarter wavelength, short circuited antenna. One quarter wavelength, short circuited patch is placed at the driven patch radiating edge. The gap between driven and parasitic elements is used to control the coupling. By proper choice of gap width and other parameters, the resulting antenna Q can be lowered up to a factor of two. In both configurations, only probe feeding is possible.



PARAPAT uses a modified transmission line model for the analysis. MICRO is used to find the transmission line parameters. The feed has two options; none and probe. With the none option, no feed elements are included and only the feed position is accounted for. The feed is usually inset with this design. With the probe option, the same probe model as in PATCH9 is used. The short circuits for either the parasitic or driven elements can be assumed idea or modeled with shorting pins as in SCPATCH. Refer to the discussions on PATCH9 and SCPATCH for validity limits on the inputs for the probe and shorting pins. No other validity limits are checked in the program. The user needs to be aware of the thin substrate limits for the transmission line model. The design frequency, number of calculation frequencies, substrate height, dielectric constant, and conductor thickness should not be input as zero.



PARAPAT calculates the impedance versus frequency for up to 500 frequencies. The results are displayed after the calculations. A Smith chart plot is available. Options for printing out the data or storing in a normal or TOUCHSTONE compatible file are offered. 



A certain capacitance value is needed to achieve the broadband performance. The exact value depends upon several of the inputs. If this value is not obtained, PARAPAT prints a warning message then offers the chance to re-enter the inputs. 



Here is an example for a half wave patch with two parasitic elements. Shorting pins are used, but the feed is assumed to be ideal.
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                 [Current Program Date - 01/25/96]

 

     Calculates Patch with Parasitic Elements for Wider Bandwidth

 

INPUT DESIGN FREQUENCY (GHz)  1.290

 

DESIGN QUARTER (q) OR HALF WAVELENGTH (h) PATCHH

 

USE A PERFECT SHORT (s) OR SHORTING PINS (p)P

 

INPUT SHORTING PIN DIAMETER (cm)  0.159

 

INPUT CENTER-TO-CENTER SPACING BETWEEN PINS (cm)  0.750

 

INPUT SUBSTRATE HEIGHT (cm)  0.318

(The user should be aware of the thin substrate limitation in the model. This is not checked in the program.)

 

INPUT SUBSTRATE RELATIVE er AND LOSS TANGENT  2.50,0.001

 

INPUT CONDUCTOR THICKNESS (cm) 0.004

 

INPUT CONDUCTOR RELATIVE (to copper) CONDUCTIVITY

                [Default = 1]

0.00

 

INPUT GAP WIDTH (cm)  0.100

 

INPUT PATCH WIDTH (cm)  6.401

 

INCLUDE FEED PROBE (y or n)N

(If answered y (yes), the probe diameter and relief hole diameter are requested. See the examples for PATCH9.)

 

INPUT FEED POSITION (cm)

[0 <= lf <    3.18]

[slot   patch center]

 1.842

 

INPUT START AND STOP FREQUENCIES FOR IMPEDANCE CALCULATION  1.190, 1.390

 

INPUT NUMBER OF FREQUENCIES TO CALCULATE IMPEDANCE  10
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HALFWAVE PATCH WITH TWO PARASITICS

Substrate height (cm) =  0.3180         Line thickness (cm) = 0.00356

Relative dielectric constant =  2.500     Loss tangent = 0.0010

Patch width (cm) =   6.4010             Patch length (cm) =   6.3590   ( This is the required length

Gap width (cm) =  0.10000

Parasitic element length (cm) =   3.1795                         ( This is the parasitic element length

Patch shorting pin diameter (cm) =  0.1590

Pin center-to-center spacing (cm) =  0.7500

Feed point inset (cm) =   1.8420

Design frequency (GHz) =   1.290000

 

                    FREQUENCY         INPUT IMPEDANCE

                      (GHz)                (ohms)

                       1.190         0.954  J     8.728

                       1.210         1.568  J    10.508

                       1.230         2.915  J    13.260

                       1.250         6.649  J    17.822

                       1.270        20.528  J    22.674

                       1.290        35.724  J    -5.909

                       1.310        12.577  J   -13.874

                       1.330         5.112  J    -8.512

                       1.350         2.706  J    -4.819

                       1.370         1.679  J    -2.247

 

PLOT OUT RESULTS ON SMITH CHART (y or n)N

 

PRINT OUT RESULTS (y or n)N

 

STORE RESULTS IN A FILE (y or n)Y

 

STORE DATA IN A TOUCHSTONE COMPATIBLE FILE (y or n)N

 

INPUT NAME OF FILE TO STORE RESULTSC:\DATA\PARAPAT.OUT

 

DO ANOTHER CASE (y or n)N

 

If the last input is answered y (yes), the program offers four options.



CHANGE PATCH WIDTH (w), FEED INSET (f), GAP WIDTH (g), or START OVER (o)



For all but the last option, all inputs except the selected one remain constant. A new value for the selected one is input. For the last option, the program starts over.



Next an example for a quarterwave patch is given. For this case, a perfect short is assumed. The probe, however, is included.
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                 [Current Program Date - 01/25/96]

 

     Calculates Patch with Parasitic Elements for Wider Bandwidth

 

INPUT DESIGN FREQUENCY (GHz)  1.290

 

DESIGN QUARTER (q) OR HALF WAVELENGTH (h) PATCHQ

 

USE A PERFECT SHORT (s) OR SHORTING PINS (p)s

 

INPUT SUBSTRATE HEIGHT (cm)  0.318

 

INPUT SUBSTRATE RELATIVE er AND LOSS TANGENT  2.50,0.001

 

INPUT CONDUCTOR THICKNESS (cm) 0.004

 

INPUT CONDUCTOR RELATIVE (to copper) CONDUCTIVITY

                [Default = 1]

0.00

 

INPUT GAP WIDTH (cm)  0.100

 

INPUT PATCH WIDTH (cm)  6.401

 

INCLUDE FEED PROBE (y or n)y



Input probe diameter (cm) .127



Input relief hole diameter (cm) .411

 

INPUT FEED POSITION (cm)

[0 <= lf <    3.18]

[slot     short]

 1.842

 

INPUT START AND STOP FREQUENCIES FOR IMPEDANCE CALCULATION  1.190, 1.390

 

INPUT NUMBER OF FREQUENCIES TO CALCULATE IMPEDANCE  10
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QUARTER WAVE SHORT CIRCUITED PATCH

Substrate height (cm) =  0.3180         Line thickness (cm) = 0.00356

Relative dielectric constant =  2.500     Loss tangent = 0.0010

Patch width (cm) =   6.4010             Patch length (cm) =   3.1752

Gap width (cm) =  0.10000

Parasitic element length (cm) =   3.1752

Feed point inset (cm) =   1.8420

Feed probe diameter (cm) =  0.1270

Relief hole diameter (cm) =  0.4110

Design frequency (GHz) =   1.290000

 

                    FREQUENCY         INPUT IMPEDANCE

                      (GHz)                (ohms)

                       1.190         2.151  J    20.342

                       1.210         3.484  J    24.358

                       1.230         6.337  J    30.485

                       1.250        13.916  J    40.564

                       1.270        41.066  J    53.677

                       1.290        90.240  J    -0.008

                       1.310        35.264  J   -34.665

                       1.330        13.710  J   -21.961

                       1.350         7.043  J   -12.623

                       1.370         4.292  J    -6.229

 

PLOT OUT RESULTS ON SMITH CHART (y or n)n

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)y

 

STORE DATA IN A TOUCHSTONE COMPATIBLE FILE (y or n)N

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\parapat.out

 

DO ANOTHER CASE (y or n)n

 


ARRAY PROGRAMS





APERDIST - APERDIST calculates the excitation coefficients for a linear array. It contains five built-in aperture distributions. These distributions should be adequate for most applications. After inputting the frequency, element spacing, and number of elements, the user is asked to select an aperture distribution. One of the distributions is a uniform one. The others offer various types of tapered excitations. For the tapered ones, it is necessary to input the edge illumination. Except for the uniform case, all the distributions have their maximum at the array center. This maximum is typically normalized to one. The excitation tapers off symmetrically about the center toward the outside edges of the array. The value of the excitation at the outermost element (on both sides) is some percentage lower than the peak value at the center. This outermost value, when expressed in dB’s, is called the edge illumination or edge taper. Even though the edge value is less than one, the taper is expressed in positive dB’s.



The user is then asked if radiation patterns should be calculated. If answered yes, APERDIST then asks for the element to element phase shift. This is used for the pattern calculations. It is also displayed as part of the output. An option is given to include an element pattern. If this option is selected, it is assumed that the pattern is contained in a (ASCII) file. The file format consists of two columns of numbers separated by a comma. The two numbers in each line are the pattern angle in degrees and the pattern magnitude at that angle in dB. APERDIST asks for the number of angles contained in the file. It then requests the name of the file. APERDIST reads in the element pattern and performs the array pattern calculation at the same angles as are in the file. This pattern includes the element pattern. If the element pattern is not included, APERDIST requests a start and stop angle for the pattern and the number of angles to calculate. In this case, only the array factor is calculated. When doing the pattern calculation, APERDIST uses the selected aperture distribution with the input edge illumination. 



After calculating the pattern, the program asks if a plot of the pattern is wanted. Both rectangular and polar plots are possible. The user is given the choice of the dB range for the pattern. These are 20,40,60, and 80 dB. When checking the pattern for beamwidth and sidelobe level, the 20 dB scale is handy since it is easier to read off the beamwidth and first sidelobe (assuming the first sidelobe is greater than -20 dB). For the rectangular plot, a choice of angle scales is given. These are (45o, (90o, (180o. For the polar plot, only a complete 0 to 360o range is available. The (45o is usually best when trying to determine beamwidth. The program does not check the pattern angle range against the calculated pattern range. If maximum (and minimum) calculated pattern angles are larger than the selected pattern scale, the plot will extend beyond the plot grid. Conversely, if the calculated range is less, the plot will not extend to the edges of the grid. Usually it is best to pick a pattern calculation angle range that coincides with or is smaller than the available plot ranges. When finished viewing the pattern plot, hit any key to continue. The user can store the pattern in a file if desired. Two file formats are possible. In one, the angles and pattern values (in dB) are stored in two columns with a comma between numbers. The first column contains the angles. Adjacent to each angle is the pattern value. The second option is the same except no comma is used. The columns are separated by three blank spaces.



After plotting the pattern or if the plot option is not chosen, APERDIST then displays the main results of the calculations such as element position, excitation coefficient, and phase shift. The element position is calculated from the number of elements and the element spacing. The excitation is, of course, calculated by the program. The phase shift is either input by the user or assumed zero if no pattern is calculated. APERDIST always calculates such that the excitation coefficient at the center of the array is the maximum. For an array with an odd number of elements, the center element has the maximum value. With an even number, there is no center element. Here two options are available. For one, the two elements that are adjacent to the physical center are normalized to one. The normalization factor required for this is then used on all the other elements. With the other option, the two center elements are left at the value that comes out of the equations for the aperture distribution. There is no normalization. In virtually all cases, the former option is preferred.



After displaying the excitation coefficients, the user is given the option to print out the results and to store the results in a file. Two options are available for file storage. The first simply stores the results as they were displayed on the screen. The second only stores the element position, excitation, and phase shift. They are stored as three columns with commas between entries. This type of file can be used by program NARRAYD anytime the pattern for this distribution needs to be calculated.



APERDIST can handle arrays of up to 50 elements. 720 pattern angles can be accommodated. There should be no numerical difficulties. The frequency must be greater than zero. The number of elements must be greater than one.



The following is an example of the program. The number of elements is even, and we’ve chosen to normalize the excitation. A pattern calculation is requested, but no element pattern is used. The results as displayed are stored in a file.
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                 [Current Program Date - 02/17/96]

 

Calculates excitation coefficients for a linear array with selected

aperture distributions. Calculates resulting far-field pattern.

 

INPUT FREQUENCY (GHz)  1.575

 

INPUT ELEMENT SPACING (cm)

[wavelength =  19.048 (cm)]

10.000

 

INPUT NUMBER OF ELEMENTS

[maximum number of elements = 50]

10

 

            NUMBER OF ELEMENTS IS EVEN

NORMALIZE n/2 AND (n+1)/2 EXCITATIONS TO 1 (y or n)y

 

          INPUT DESIRED APERTURE DISTRIBUTION

     u - UNIFORM

     l - LINEAR TAPER ON A PEDESTAL

     q - QUADRATIC TAPER ON A PEDESTAL

     c - COSINE ON A PEDESTAL

     s - COSINE SQUARED ON A PEDESTAL

c

(If u is chosen, the next input is skipped.)

 

INPUT EDGE ILLUMINATION (in positive dBs)  6.00

(Remember this is expressed in positive dBs. Inputting a negative number will produce an inverse taper.)

 

WANT TO CALCULATE RADIATION PATTERN (y or n)y

 

INPUT ELEMENT TO ELEMENT PHASE SHIFT (deg)    0.00

 

INCLUDE ELEMENT PATTERN (y or n)n

 

INPUT START AND STOP ANGLES FOR PATTERN CALCULATION

             (broadside = 0 degrees)

-90.00,89.000

 

INPUT NUMBER OF ANGLES TO BE CALCULATED 179

 

 

 

SCAN ANGLE=  0.0 deg

WANT TO PLOT PATTERN (y or n)y

 

RECTANGULAR (r) OR POLAR (p) PLOTr

 

INPUT dB RANGE [20,40,60,80] FOR PLOT 40

 

INPUT ANGLE SCALE (45,90,180)  90

(At this point, the program clears the screen, then displays a plot of the pattern. Hit any key to continue.)

 

WANT TO STORE PATTERN IN A FILE (y or n)y

 

INPUT FILENAME TO STORE PATTERNc:\data\pattern.out

 

STORE RESULTS WITH (w) OR WITHOUT COMMA (o) BETWEEN ANGLE AND FIELDo
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                LINEAR ARRAY EXCITATION COEFFICIENTS

 

FREQUENCY             =   1.575 GHz

ELEMENT SPACING       = 10.0000 cm

NUMBER OF ELEMENTS    =  10

APERTURE DISTRIBUTION =  COSINE ON A PEDESTAL

EDGE TAPER =  6.00 dB

 

 

      ELEMENT     POSITION      AMPLITUDE     PHASE

                    (cm)                      (deg)

        1         -45.000         0.501          0.00

        2         -35.000         0.692          0.00

        3         -25.000         0.854          0.00

        4         -15.000         0.962          0.00

        5          -5.000         1.000          0.00

        6           5.000         1.000          0.00

        7          15.000         0.962          0.00

        8          25.000         0.854          0.00

        9          35.000         0.692          0.00

       10          45.000         0.501          0.00

 

PRINT OUT EXCITATION COEFFICIENTS (y or n)n

 

STORE EXCITATION COEFFICIENTS IN A FILE (y or n)y

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\aperdist.out

 

STORE ALL DATA (a) OR ONLY POSITION, AMPLITUDE & PHASE (p)a

(By selecting a, the results are stored as displayed. If p is chosen, the element position, excitation, and phase are stored in a file that can later be used by NARRAYD to re-calculate the pattern.)



DO ANOTHER CASE (y or n)n

 

If this question is answered y (yes), four options are available. 



INPUT OPTION

           CHANGE APERTURE DISTRIBUTION (d)

           CHANGE NUMBER OF ELEMENTS (n)

           CHANGE ELEMENT SPACINGS (s)

           START OVER (o)



Selecting either d, n, or s allows the user to change only that input. All others remain the same. Choosing o restarts the program again.



Here is the same case except an element pattern is included and a polar plot is requested.
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                 [Current Program Date - 02/17/96]

 

Calculates excitation coefficients for a linear array with selected

aperture distributions. Calculates resulting far-field pattern.

 

INPUT FREQUENCY (GHz)  1.575

 

INPUT ELEMENT SPACING (cm)

[wavelength =  19.048 (cm)]

10.000

 

INPUT NUMBER OF ELEMENTS

[maximum number of elements = 50]

10

 

            NUMBER OF ELEMENTS IS EVEN

NORMALIZE n/2 AND (n+1)/2 EXCITATIONS TO 1 (y or n)y

 

          INPUT DESIRED APERTURE DISTRIBUTION

     u - UNIFORM

     l - LINEAR TAPER ON A PEDESTAL

     q - QUADRATIC TAPER ON A PEDESTAL

     c - COSINE ON A PEDESTAL

     s - COSINE SQUARED ON A PEDESTAL

c

 

INPUT EDGE ILLUMINATION (in positive dBs)  6.00

 

WANT TO CALCULATE RADIATION PATTERN (y or n)y

 

INPUT ELEMENT TO ELEMENT PHASE SHIFT (deg)    0.00

 

INCLUDE ELEMENT PATTERN (y or n)y

 



INPUT NUMBER OF ANGLES TO BE CALCULATED 90



INPUT FILENAME CONTAINING ELEMENT PATTERN

[File must be of the form; angle (deg), field (dB)]

c:\data\elepat.hpl 

 

          PATTERN CALCULATION ANGLES

               -90.000 TO    89.000 deg

(APERDIST determines the minimum and maximum angles contained in the element pattern file. It prints these out so the user can verify that the file was read correctly.) 

 

SCAN ANGLE=  0.0 deg

WANT TO PLOT PATTERN (y or n)y

 

RECTANGULAR (r) OR POLAR (p) PLOTp

 

INPUT dB RANGE [20,40,60,80] FOR PLOT 40

(For the polar plot, no user selectable angle range is available. The program then clears the screen and displays the plot. Hit any key to continue.)

 

WANT TO STORE PATTERN IN A FILE (y or n)y

 

INPUT FILENAME TO STORE PATTERNc:\data\pattern.out

 

STORE RESULTS WITH (w) OR WITHOUT COMMA (o) BETWEEN ANGLE AND FIELDw
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                LINEAR ARRAY EXCITATION COEFFICIENTS

 

FREQUENCY             =   1.575 GHz

ELEMENT SPACING       = 10.0000 cm

NUMBER OF ELEMENTS    =  10

APERTURE DISTRIBUTION =  COSINE ON A PEDESTAL

EDGE TAPER =  6.00 dB

 

 

      ELEMENT     POSITION      AMPLITUDE     PHASE

                    (cm)                      (deg)

        1         -45.000         0.501          0.00

        2         -35.000         0.692          0.00

        3         -25.000         0.854          0.00

        4         -15.000         0.962          0.00

        5          -5.000         1.000          0.00

        6           5.000         1.000          0.00

        7          15.000         0.962          0.00

        8          25.000         0.854          0.00

        9          35.000         0.692          0.00

       10          45.000         0.501          0.00

 

PRINT OUT EXCITATION COEFFICIENTS (y or n)n

 

STORE EXCITATION COEFFICIENTS IN A FILE (y or n)y

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\aperdist.out

 

STORE ALL DATA (a) OR ONLY POSITION, AMPLITUDE & PHASE (p)a

 

DO ANOTHER CASE (y or n)n

 

Finally here is a case where the number of elements is odd and no pattern plot is requested.
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                 [Current Program Date - 02/17/96]

 

Calculates excitation coefficients for a linear array with selected

aperture distributions. Calculates resulting far-field pattern.

 

INPUT FREQUENCY (GHz)  1.575

 

INPUT ELEMENT SPACING (cm)

[wavelength =  19.048 (cm)]

10.000

 

INPUT NUMBER OF ELEMENTS

[maximum number of elements = 50]

 9

 

          INPUT DESIRED APERTURE DISTRIBUTION

     u - UNIFORM

     l - LINEAR TAPER ON A PEDESTAL

     q - QUADRATIC TAPER ON A PEDESTAL

     c - COSINE ON A PEDESTAL

     s - COSINE SQUARED ON A PEDESTAL

c

 

INPUT EDGE ILLUMINATION (in positive dBs)  6.00

 

WANT TO CALCULATE RADIATION PATTERN (y or n)n

(In this case, the program jumps to the display of the excitation coefficients.)
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                LINEAR ARRAY EXCITATION COEFFICIENTS

 

FREQUENCY             =   1.575 GHz

ELEMENT SPACING       = 10.0000 cm

NUMBER OF ELEMENTS    =   9

APERTURE DISTRIBUTION =  COSINE ON A PEDESTAL

EDGE TAPER =  6.00 dB

 

 

      ELEMENT     POSITION      AMPLITUDE     PHASE

                    (cm)                      (deg)

        1         -40.000         0.501          0.00

        2         -30.000         0.692          0.00

        3         -20.000         0.854          0.00

        4         -10.000         0.962          0.00

        5           0.000         1.000          0.00

        6          10.000         0.962          0.00

        7          20.000         0.854          0.00

        8          30.000         0.692          0.00

        9          40.000         0.501          0.00

 

PRINT OUT EXCITATION COEFFICIENTS (y or n)n

 

STORE EXCITATION COEFFICIENTS IN A FILE (y or n)y

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\aperdist.out

 

STORE ALL DATA (a) OR ONLY POSITION, AMPLITUDE & PHASE (p)a

 

DO ANOTHER CASE (y or n)n

 

ARRAYCAL - ARRAYCAL is useful for doing array sizing. For a given frequency, element spacing, number of elements, main beam angle, and aperture distribution, it calculates the beamwidth and directivity. The program analyzes both linear and planar arrays. Three aperture distributions are built in; uniform, cosine on a pedestal, and Chebyshev. This should covers the range of possible performance. The uniform gives the narrowest beamwidth and highest directivity with the highest sidelobe level. For sidelobe levels that are less than those for a uniform distribution, the Chebyshev gives the narrowest beamwidth (and therefore highest directivity). This is an optimum distribution when lower than uniform distribution sidelobes are needed. The cosine on a pedestal is representative of most non-optimum (but still very useful) distributions. When doing planar arrays, the excitation is assumed separable so that individual spacings, number of elements, etc. can be entered along the length and width of the array. An edge illumination (see discussion for APERDIST) must be entered for the cosine distribution. It is entered as a positive number in dB’s. The Chebyshev distribution requires a peak sidelobe level, entered in positive dB’s. This must be 20 dB or greater.



With linear arrays, the array is assumed to lie along the x-axis. One of the inputs is the main beam scan angle. This is the angle at which the main beam points. The angle is measured from the z-axis which is perpendicular to the array. For a broadside array, the scan angle is zero. Planar arrays are assumed to lie in the x-y plane. Two main beam angles must be entered. One is the scan plane angle. This is the angle which the plane containing the main beam makes with the x-axis. The main beam scan angle is the angle the main beam makes with respect to the z-axis. For a broadside beam, both angles are zero. 



ARRAYCAL accepts all the inputs then calculates the beamwidth and directivity. With a linear array the beamwidth is measured in the plane containing the array (the x-z plane). For a planar array, there are two beamwidths. One is in the plane of scan. This is the plane which is located at the scan plane angle from the x-axis. The scan plane beamwidth is measured in this plane. The other beamwidth is measured in the plane perpendicular to the scan plane. The directivity for both linear and planar arrays is a true directivity. It does not include any efficiency factors. 



There should be no numerical difficulties with the program. The frequency must be non-zero. The number of elements must be greater than one. 



The following is an example for a linear array with a cosine distribution.
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                  [Current Program Date - 01/28/96]

 

Beamwidth and Directivity Analysis for Linear and Planar Arrays

 

ANALYZE LINEAR (l) OR PLANAR (p) ARRAYSl

 

INPUT FREQUENCY (GHz)  1.575

 

INPUT ELEMENT SPACING (cm)

[wavelength =  19.048 (cm)]

10.000

 

INPUT NUMBER OF ELEMENTS 10

 

INPUT APERTURE DISTRIBUTION

     u - UNIFORM

     c - COSINE-ON-A-PEDESTAL

     t - CHEBYSHEV

c

(If u is chosen, the next input is skipped.)

 

INPUT EDGE TAPER (+dB) 3



INPUT MAIN BEAM SCAN ANGLE

   [broadside = 0 deg]

 10.00
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                    LINEAR ARRAY ANALYSIS

 

     NUMBER OF ELEMENTS =  10

     ELEMENT SPACING =  10.000 (cm)

     FREQUENCY =   1.5750 (GHz)

     COSINE-ON-A-PEDESTAL DISTRIBUTION

     AMPLITUDE TAPER =   3.00 (dB)

     MAIN BEAM SCAN ANGLE =  10.00 (deg)

 

 

           BEAMWIDTH   =  11.52 (deg)

           DIRECTIVITY =   9.45 (dB)

 

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)y

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\arraycal.out

 

DO ANOTHER CASE (y or n)n

 

When this question is answered y (yes), several options are available through the next input prompt.



INPUT OPTION

           CHANGE NUMBER OF ELEMENTS (n)

           CHANGE ELEMENT SPACING (s)

           CHANGE TAPER/SIDELOBE LEVEL (t)

           CHANGE DISTRIBUTION (d)

           START OVER (o)



When any input other than o is chosen, only the highlighted input is changed via a new input request. All other variables remain the same. With o, the program starts over again.



This example illustrates the inputs for a Chebyshev distribution with a linear array.
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                  [Current Program Date - 01/28/96]

 

Beamwidth and Directivity Analysis for Linear and Planar Arrays

 

ANALYZE LINEAR (l) OR PLANAR (p) ARRAYSl

 

INPUT FREQUENCY (GHz)  1.575

 

INPUT ELEMENT SPACING (cm)

[wavelength =  19.048 (cm)]

10.000

 

INPUT NUMBER OF ELEMENTS 10

 

INPUT APERTURE DISTRIBUTION

     u - UNIFORM

     c - COSINE-ON-A-PEDESTAL

     t - CHEBYSHEV

t

(Again if u is chosen, the next input is skipped.)

 

INPUT MAX SIDELOBE LEVEL (+dB)

 [MUST BE 20 dB OR GREATER]

25.00

 

INPUT MAIN BEAM SCAN ANGLE

   [broadside = 0 deg]

 10.00
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                    LINEAR ARRAY ANALYSIS

 

     NUMBER OF ELEMENTS =  10

     ELEMENT SPACING =  10.000 (cm)

     FREQUENCY =   1.5750 (GHz)

     CHEBYSHEV DISTRIBUTION

     MAX SIDELOBE LEVEL =  25.00 (dB)

     MAIN BEAM SCAN ANGLE =  10.00 (deg)

 

 

           BEAMWIDTH   =  11.63 (deg)

           DIRECTIVITY =   9.41 (dB)

 

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)y

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\arraycal.out

 

DO ANOTHER CASE (y or n)n

 

Finally here’s an example for a planar array. Note the parameters are different along the x-axis compared to the y-axis.
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                  [Current Program Date - 01/28/96]

 

Beamwidth and Directivity Analysis for Linear and Planar Arrays

 

ANALYZE LINEAR (l) OR PLANAR (p) ARRAYSp

 

INPUT FREQUENCY (GHz)  1.575

 

INPUT ELEMENT SPACING (cm) ALONG x AXIS

[wavelength =  19.048 (cm)]

10.000

 

INPUT NUMBER OF ELEMENTS ALONG x AXIS 15

 

INPUT ELEMENT SPACING (cm) ALONG y AXIS

[wavelength =  19.048 (cm)]

15.000

 

INPUT NUMBER OF ELEMENTS ALONG y AXIS 17

 

INPUT APERTURE DISTRIBUTION ALONG x AXIS

     u - UNIFORM

     c - COSINE-ON-A-PEDESTAL

     t - CHEBYSHEV

c

 

INPUT EDGE TAPER (+Db) 6



INPUT APERTURE DISTRIBUTION ALONG y AXIS

     u - UNIFORM

     c - COSINE-ON-A-PEDESTAL

     t - CHEBYSHEV

t

 

INPUT MAX SIDELOBE LEVEL (+dB)

 [MUST BE 20 dB OR GREATER]

22.00

 

INPUT MAIN BEAM SCAN PLANE ANGLE (phi)

         [x axis = 0 deg]

 65.00

 

INPUT MAIN BEAM SCAN ANGLE (theta)

        [broadside = 0 deg]

  5.00
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                    PLANAR ARRAY ANALYSIS

 

     FREQUENCY =   1.5750 (GHz)

     NUMBER OF ELEMENTS ALONG x AXIS =  15

     ELEMENT SPACING =  10.000 (cm)

     COSINE-ON-A-PEDESTAL DISTRIBUTION

     AMPLITUDE TAPER =   6.00 (dB)

     NUMBER OF ELEMENTS ALONG y AXIS =  17

     ELEMENT SPACING =  15.000 (cm)

     CHEBYSHEV DISTRIBUTION

     MAX SIDELOBE LEVEL =  22.00 (dB)

     MAIN BEAM SCAN PLANE ANGLE 65.00 (deg)

     MAIN BEAM SCAN ANGLE  5.00 (deg)

 

 

SCAN PLANE BEAMWIDTH            =   4.47 (deg)

PERPENDICULAR PLANE BEAMWIDTH   =   6.58 (deg)

          DIRECTIVITY =  30.42 (dB)

 

 

PRINT OUT RESULTS (y or n)n

 

STORE RESULTS IN A FILE (y or n)y

 

INPUT NAME OF FILE TO STORE RESULTSc:\data\arraycal.out

 

DO ANOTHER CASE (y or n)n

 

CONDCAL - CONDCAL determines the element conductances needed to realize a given aperture distribution for a series fed array. The arrays must be traveling wave arrays. For resonant arrays, see program RESFEED. It is assumed that each element in the array can be represented by a conductance. This is a reasonable assumption particularly at or near the resonant frequency. The elements are also assumed to be in shunt across the feed line. The theory used in the program is strictly only valid for arrays with a relatively large number of elements, say about 10 or more. The reason for this is that it is assumed that any given element extracts a small percentage of the available power from the feed line. When this is true, each element conductance is small and therefore doesn’t produce a large reflection. The analysis is greatly simplified with small reflections. The conductance first calculated as a normalized value, that is it is normalized to the characteristic admittance of the feed. CONDCAL displays both the normalized and unnormalized values. To satisfy the small reflection criterion, the maximum value for any normalized conductance should be 0.2 or less. An important parameter in traveling wave array design is the power which is not radiated and is eventually dissipated in the load. This power effects both the magnitudes of the conductances and the efficiency of the array. 



To use CONDCAL, a desired aperture distribution must be found using, for example, APERDIST. This, of course, means that some estimate of the number of elements and element spacing must made. A feed line characteristic impedance must be established. If line loss is significant, it is desirable to obtain some estimate of the attenuation. When run, CONDCAL asks for the array data, e.g., number of elements, element spacing, and feed line data. Next the aperture distribution is input. There are two ways of doing this. In the first, the excitation of each element is entered via the keyboard. This is done on an element by element basis. Always start with an end element and work toward the center of the array then back down to the other end. The other way to input the distribution is to use a file. The file must be formatted with three columns where the entries in a row are separated by a comma. The first number in the row is the element position (in cm), the second is the excitation amplitude, and the third is the phase in deg.). The first line contains data for the end most element. The next lines work down the array toward the other end. This format is identical to one of the file storage formats contained in APERDIST. It is also the same as that used by NARRAYD. After inputting the distribution, CONDCAL asks for the feed line characteristic impedance, attenuation (in dB/cm), and the power into the load. This must be entered as a negative number and must be in dB’s. 



After performing the calculations, the program clears the screen and displays the results. The usual options for printing and file storage of the data are available. After completing the program run, the user is given the option of changing the power into the load. This is useful when studying the trade-off between antenna efficiency and maximum element conductance value. There should be no numerical difficulties when using CONDCAL. The accuracy of the results depends in part on how well the condition on the maximum conductance is satisfied. Another significant aspect to the program accuracy is how well the array is implemented. Factors related to design and construction can play a major role in inducing errors in the distribution. 



The following is an example case where the excitations are read in via the keyboard.
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                 [Current Program Date - 01/26/96]

 

    Calculates element conductances for a travelling wave array

 

INPUT NUMBER OF ELEMENTS  10

 

INPUT EXCITATIONS (i) OR READ FROM A FILE (r)I

(When entering excitations from the keyboard, always start with an element at one end of the array and work across the array towards the other end. In this example, elements 5 and 6 are in the center of the array.)

 

INPUT EXCITATION FOR ELEMENT NUMBER    1

 0.600

INPUT EXCITATION FOR ELEMENT NUMBER    2

 0.700

INPUT EXCITATION FOR ELEMENT NUMBER    3

 0.800

INPUT EXCITATION FOR ELEMENT NUMBER    4

 0.900

INPUT EXCITATION FOR ELEMENT NUMBER    5

 1.000

INPUT EXCITATION FOR ELEMENT NUMBER    6

 1.000

INPUT EXCITATION FOR ELEMENT NUMBER    7

 0.900

INPUT EXCITATION FOR ELEMENT NUMBER    8

 0.800

INPUT EXCITATION FOR ELEMENT NUMBER    9

 0.700

INPUT EXCITATION FOR ELEMENT NUMBER   10

 0.600

 

INPUT DESCRIPTOR FOR EXCITATION DISTRIBUTIONLINEAR TAPER

(This is essentially a comment line that you can enter. It is displayed along with the rest of the output. This helps identify the particular data and results.)

 

INPUT ELEMENT SPACING (cm) 10.000

 

INPUT FEED LINE CHARACTERISTIC IMPEDANCE (ohms) 100.00

 

INPUT FEED LINE ATTENUATION (dB/cm)  0.25

(This number can be zero if attenuation is negligible.)

  

INPUT POWER INTO THE LOAD (negative dB) -15.00

 

          CONDCAL.V50       03-06-1996          20:39:29

 

NUMBER OF ELEMENTS =   10

ELEMENT SPACING    =  10.0000 cm

FEED LINE Zo       = 100.00 Ohms

FEED LINE ATTENUATION =  0.2500 dB/cm

POWER IN LOAD      = -15.00 dB

EFFICIENCY         =  96.84%

EXCITATION - LINEAR TAPER

 

ELEMENT          NORMALIZED CONDUCTANCE          CONDUCTANCE

    1                    0.0017                     0.00002      (The normalized conductance is with respect to

    2                    0.0042                     0.00004       The feed line characteristic admittance. The un-

    3                    0.0097                     0.00010       normalized value is the actual conductance.) 

    4                    0.0220                     0.00022

    5                    0.0494                     0.00049

    6                    0.0924                     0.00092

    7                    0.1467                     0.00147

    8                    0.2415                     0.00241

    9                    0.4334                     0.00433

   10                    0.9994                     0.00999

 

PRINT OUT RESULTS (y or n)N

 

STORE RESULTS IN A FILE (y or n)Y

 

INPUT NAME OF FILE TO STORE RESULTSC:\DATA\CONDCAL.OUT

 

CHANGE POWER IN LOAD (y or n)N

(When this question is answered y (yes), the user can change the power into the load. All other inputs remain the unchanged.)

 

DO ANOTHER CASE (y or n)N

If answered y (yes), the program starts over again.



Next is an example where the distribution is read from a file.
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                 [Current Program Date - 01/26/96]

 

    Calculates element conductances for a travelling wave array

 

INPUT NUMBER OF ELEMENTS  10

 

INPUT EXCITATIONS (i) OR READ FROM A FILE (r)R

 

INPUT NAME OF (ascii) FILE CONTAINING EXCITATIONS

[File format - element position, amplitude, phase]

C:\DATA\DIST.OUT

 

INPUT DESCRIPTOR FOR EXCITATION DISTRIBUTIONLINEAR TAPER

 

INPUT FEED LINE CHARACTERISTIC IMPEDANCE (ohms) 100.00

 

INPUT FEED LINE ATTENUATION (dB/cm)  0.25

 

INPUT POWER INTO THE LOAD (negative dB) -15.00

 

          CONDCAL.V50       03-06-1996          20:48:22

 

NUMBER OF ELEMENTS =   10

FEED LINE Zo       = 100.00 Ohms

FEED LINE ATTENUATION =  0.2500 dB/cm

POWER IN LOAD      = -15.00 dB

EFFICIENCY         =  96.84%

EXCITATION - LINEAR TAPER

INPUT FILE CONTAINING EXCITATIONS - C:\DATA\DIST.OUT

 

ELEMENT          NORMALIZED CONDUCTANCE          CONDUCTANCE

    1                    0.0596                     0.00060

    2                    0.0748                     0.00075

    3                    0.0926                     0.00093

    4                    0.1141                     0.00114

    5                    0.1407                     0.00141

    6                    0.1757                     0.00176

    7                    0.2247                     0.00225

    8                    0.3007                     0.00301

    9                    0.4395                     0.00440

   10                    0.7899                     0.00790

 

PRINT OUT RESULTS (y or n)N

 

STORE RESULTS IN A FILE (y or n)Y

 

INPUT NAME OF FILE TO STORE RESULTSC:\DATA\CONDCAL.OUT

 

CHANGE POWER IN LOAD (y or n)N

 

DO ANOTHER CASE (y or n)N

 

NARRAYD - NARRAYD is a general purpose pattern calculator for linear arrays. It can handle totally arbitrary arrays where the element positions do not have a uniform spacing and the excitations and phase shifts can be totally arbitrary. An element pattern can be included. NARRAYD is incorporated in APERDIST, so all of the discussion in the section describing the pattern calculations in APERDIST applies directly here. The array details, e.g., element position, excitation, and phase shift can be read from a file. The file format consists of three columns of data. Each line has the entries separated by a comma. The first entry is the element position in centimeters, the second is the element excitation, and the third the phase shift in degrees. NARRAYD offers the option of inputting a normalization factor. Normally, the pattern is normalized to its maximum value. If desired, a user input value can be used. This is useful when comparing different cases. After every pattern calculation, NARRAYD prints out the normalization used.



The user has the same options as in APERDIST for displaying and storing the pattern. When an element pattern is used, it must exist in a separate file, and the array pattern is only calculated at the angles for which there are values for the element pattern (the angles in the element pattern file). Again refer the discussion of APERDIST for details. The input prompts depend upon whether or not the element spacing, excitation, and/or phase shift are uniform. They also depend upon whether or not an element pattern is included. 



NARRAYD can handle up to 50 elements. The pattern can be calculated for up to 1440 angles. The number of angles must be greater than zero. The number of elements must be two or more. NARRAYD is as accurate as the standard array factor and pattern multiplication principle is for the array under consideration. NARRAYD is the only program that displays the inputs and offers the chance to change any input. Since the number of options is large, perhaps it is best to present examples of most of them.



The simplest case is when everything is uniform and no element pattern is used.
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               [Current Program Date - 02/17/1996 ]

 

       THIS PROGRAM COMPUTES THE PATTERN OF A LINEAR ARRAY

           WITH NONUNIFORM SPACING AND UNEQUAL AMPLITUDES

                 AND WITH UNEQUAL ELEMENT PATTERNS

 

              INCLUDES AN (OPTIONAL) ELEMENT PATTERN

 

WHAT IS THE FREQUENCY (GHz)  1.575

 

HOW MANY ELEMENTS   5



INPUT PATTERN NORMALIZATION FACTOR (y or n)N

  

INPUT DATA FROM KEYBOARD (K) OR READ FROM FILE (F)k

 

IS ELEMENT SPACING UNIFORM (Y or N)y

 

WHAT IS UNIFORM ELEMENT SPACING (cm) 10.000

 

IS AMPLITUDE UNIFORM (Y or N)y

(The program then assigns the excitation of 1 to each element.)

 

IS PHASE SHIFT PROGRESSIVE (Y or N)y

(This means is the element to element phase shift a constant.)

 

INPUT ELEMENT-TO-ELEMENT PHASE SHIFT (deg)  -10.00

  

After the above input, NARRAYD clears the screen and displays a synopsis of the inputs/



NUMBER OF ELEMENTS =   5

FREQUENCY (GHz) =   1.5750

 

ELEMENT       POSITION      AMPLITUDE       PHASE

   1          0.0000         1.000         0.000

   2         10.0000         1.000       -10.000

   3         20.0000         1.000       -20.000

   4         30.0000         1.000       -30.000

   5         40.0000         1.000       -40.000

 

CHANGE ANY ELEMENT VALUE (Y OR N)n

(If answered y (yes), the user can change any element input. e.g., position, amplitude and/or phase.)

 

INCLUDE ELEMENT PATTERN (y or n)n

(See discussion on APERDIST for options regarding element pattern.)

 

INPUT START AND STOP ANGLES FOR PATTERN CALCULATION

             (broadside = 0 degrees)

-90.00, 89.00

 

INPUT NUMBER OF ANGLES TO BE CALCULATED 179 

 

SCAN ANGLE=  3.0 deg

PATTERN NORMALIZATON FACTOR =   5.0000



WANT TO PLOT PATTERN (y or n)y

(See discussion on APERDIST for options regarding pattern plots.)

 

RECTANGULAR (r) OR POLAR (p) PLOTr

 

INPUT dB RANGE [20,40,60,80] FOR PLOT 40

 

INPUT ANGLE SCALE (45,90,180)  90



The program clears the screen and plots the pattern. After viewing the pattern, hit any key to continue.

 

WANT TO STORE PATTERN IN A FILE (y or n)y

(Again, this is the same as APERDIST. See write-up for details.)

 

INPUT FILENAME TO STORE PATTERNc:\data\narrayd.out

 

INSERT COMMAS BETWEEN ANGLE AND PATTERN VALUE (y or n)n

 

DO ANOTHER CASE (y or n)n

 

When answered y (yes), the program starts over again.



Here is an example of where the spacing is not uniform.
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               [Current Program Date - 02/17/1996 ]

 

       THIS PROGRAM COMPUTES THE PATTERN OF A LINEAR ARRAY

           WITH NONUNIFORM SPACING AND UNEQUAL AMPLITUDES

                 AND WITH UNEQUAL ELEMENT PATTERNS

 

              INCLUDES AN (OPTIONAL) ELEMENT PATTERN

 

WHAT IS THE FREQUENCY (GHz)  1.575

 

HOW MANY ELEMENTS   5

 

INPUT PATTERN NORMALIZATION FACTOR (y or n)N

 

INPUT DATA FROM KEYBOARD (K) OR READ FROM FILE (F)k

 

IS ELEMENT SPACING UNIFORM (Y or N)n

 

 

IS AMPLITUDE UNIFORM (Y or N)y

 

IS PHASE SHIFT PROGRESSIVE (Y or N)y

 

INPUT ELEMENT-TO-ELEMENT PHASE SHIFT (deg)  -10.00

INPUT COORDINATE  (cm) FOR ELEMENT  1

 0.000

 

INPUT COORDINATE  (cm) FOR ELEMENT  2

10.000

 

INPUT COORDINATE  (cm) FOR ELEMENT  3

15.000

 

INPUT COORDINATE  (cm) FOR ELEMENT  4

25.000

 

INPUT COORDINATE  (cm) FOR ELEMENT  5

30.000

 

 

NUMBER OF ELEMENTS =   5

FREQUENCY (GHz) =   1.5750

 

ELEMENT       POSITION      AMPLITUDE       PHASE

   1          0.0000         1.000         0.000

   2         10.0000         1.000       -10.000

   3         15.0000         1.000       -20.000

   4         25.0000         1.000       -30.000

   5         30.0000         1.000       -40.000

 

CHANGE ANY ELEMENT VALUE (Y OR N)n

 

INCLUDE ELEMENT PATTERN (y or n)n

 

INPUT START AND STOP ANGLES FOR PATTERN CALCULATION

             (broadside = 0 degrees)

-90.00, 89.00

 

INPUT NUMBER OF ANGLES TO BE CALCULATED 179 

 

SCAN ANGLE=  4.0 deg

PATTERN NORMALIZATON FACTOR =   4.9980

WANT TO PLOT PATTERN (y or n)y

 

RECTANGULAR (r) OR POLAR (p) PLOTr

 

INPUT dB RANGE [20,40,60,80] FOR PLOT 40

 

INPUT ANGLE SCALE (45,90,180)  90

 

WANT TO STORE PATTERN IN A FILE (y or n)n

 

DO ANOTHER CASE (y or n)n

 

In this example, the excitation is non-uniform. Also a polar plot is requested.
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               [Current Program Date - 02/17/1996 ]

 

       THIS PROGRAM COMPUTES THE PATTERN OF A LINEAR ARRAY

           WITH NONUNIFORM SPACING AND UNEQUAL AMPLITUDES

                 AND WITH UNEQUAL ELEMENT PATTERNS

 

              INCLUDES AN (OPTIONAL) ELEMENT PATTERN

 

WHAT IS THE FREQUENCY (GHz)  1.575

 

HOW MANY ELEMENTS   5

 

INPUT PATTERN NORMALIZATION FACTOR (y or n)N

 

INPUT DATA FROM KEYBOARD (K) OR READ FROM FILE (F)K

 

IS ELEMENT SPACING UNIFORM (Y or N)Y

 

WHAT IS UNIFORM ELEMENT SPACING (cm) 10.000

 

IS AMPLITUDE UNIFORM (Y or N)N

 

IS PHASE SHIFT PROGRESSIVE (Y or N)Y

INPUT ELEMENT-TO-ELEMENT PHASE SHIFT (deg) -10.00

INPUT AMPLITUDE FOR ELEMENT  1

 0.300

 

INPUT AMPLITUDE FOR ELEMENT  2

 0.400

 

INPUT AMPLITUDE FOR ELEMENT  3

 0.500

 

INPUT AMPLITUDE FOR ELEMENT  4

 0.400

 

INPUT AMPLITUDE FOR ELEMENT  5

 0.300

 

 

NUMBER OF ELEMENTS =   5

FREQUENCY (GHz) =   1.5750

 

ELEMENT       POSITION      AMPLITUDE       PHASE

   1          0.0000         0.300         0.000

   2         10.0000         0.400       -10.000

   3         20.0000         0.500       -20.000

   4         30.0000         0.400       -30.000

   5         40.0000         0.300       -40.000

 

CHANGE ANY ELEMENT VALUE (Y OR N)N

 

INCLUDE ELEMENT PATTERN (y or n)N

 

INPUT START AND STOP ANGLES FOR PATTERN CALCULATION

             (broadside = 0 degrees)

-90.00, 89.00

 

INPUT NUMBER OF ANGLES TO BE CALCULATED 179

 

SCAN ANGLE=  3.0 deg

PATTERN NORMALIZATON FACTOR =   1.9000

WANT TO PLOT PATTERN (y or n)Y

 

RECTANGULAR (r) OR POLAR (p) PLOTP

 

INPUT dB RANGE [20,40,60,80] FOR PLOT 40

(For polar plots, the angles are fixed at 0 to 360o.)



WANT TO STORE PATTERN IN A FILE (y or n)N

 

DO ANOTHER CASE (y or n)N

 

This is a case with a non-uniform phase shift.
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               [Current Program Date - 02/17/1996 ]

 

       THIS PROGRAM COMPUTES THE PATTERN OF A LINEAR ARRAY

           WITH NONUNIFORM SPACING AND UNEQUAL AMPLITUDES

                 AND WITH UNEQUAL ELEMENT PATTERNS

 

              INCLUDES AN (OPTIONAL) ELEMENT PATTERN

 

WHAT IS THE FREQUENCY (GHz)  1.575

 

HOW MANY ELEMENTS   5

 

INPUT PATTERN NORMALIZATION FACTOR (y or n)n

 

INPUT DATA FROM KEYBOARD (K) OR READ FROM FILE (F)k

 

IS ELEMENT SPACING UNIFORM (Y or N)y

 

WHAT IS UNIFORM ELEMENT SPACING (cm) 10.000

 

IS AMPLITUDE UNIFORM (Y or N)y

 

IS PHASE SHIFT PROGRESSIVE (Y or N)n

INPUT PHASE SHIFT (deg) FOR ELEMENT  1

  0.00

 

INPUT PHASE SHIFT (deg) FOR ELEMENT  2

-15.00

 

INPUT PHASE SHIFT (deg) FOR ELEMENT  3

-25.00

 

INPUT PHASE SHIFT (deg) FOR ELEMENT  4

-30.00

 

INPUT PHASE SHIFT (deg) FOR ELEMENT  5

-45.00

 

 

NUMBER OF ELEMENTS =   5

FREQUENCY (GHz) =   1.5750

 

ELEMENT       POSITION      AMPLITUDE       PHASE

   1          0.0000         1.000         0.000

   2         10.0000         1.000       -15.000

   3         20.0000         1.000       -25.000

   4         30.0000         1.000       -30.000

   5         40.0000         1.000       -45.000

 

CHANGE ANY ELEMENT VALUE (Y OR N)n

 

INCLUDE ELEMENT PATTERN (y or n)n

 

INPUT START AND STOP ANGLES FOR PATTERN CALCULATION

             (broadside = 0 degrees)

-90.00, 89.00

 

INPUT NUMBER OF ANGLES TO BE CALCULATED 179

  

SCAN ANGLE=  3.0 deg

PATTERN NORMALIZATON FACTOR =   4.9952

WANT TO PLOT PATTERN (y or n)y

 

RECTANGULAR (r) OR POLAR (p) PLOTr

 

INPUT dB RANGE [20,40,60,80] FOR PLOT 40

 

INPUT ANGLE SCALE (45,90,180)  90

 

WANT TO STORE PATTERN IN A FILE (y or n)n

 

DO ANOTHER CASE (y or n)n

 

All the combinations of uniform and non-uniform inputs can be accommodated. The input prompts vary, but basically follow the above examples. It is not necessary to show examples for every combination. It should be self-explanatory as far as the inputs are concerned.



The following is an example of a case where the array details are stored in a file named array.dat.
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               [Current Program Date - 02/17/1996 ]

 

       THIS PROGRAM COMPUTES THE PATTERN OF A LINEAR ARRAY

           WITH NONUNIFORM SPACING AND UNEQUAL AMPLITUDES

                 AND WITH UNEQUAL ELEMENT PATTERNS

 

              INCLUDES AN (OPTIONAL) ELEMENT PATTERN

 

WHAT IS THE FREQUENCY (GHz)  1.575

 

HOW MANY ELEMENTS   5

 

INPUT PATTERN NORMALIZATION FACTOR (y or n)n

 

INPUT DATA FROM KEYBOARD (K) OR READ FROM FILE (F)f

 

INPUT NAME OF FILE CONTAINING ELEMENT POSITIONS AND EXCITATIONSc:\data\array.dat

 

 

NUMBER OF ELEMENTS =   5

FREQUENCY (GHz) =   1.5750

 

ELEMENT       POSITION      AMPLITUDE       PHASE

   1          0.0000         0.600         0.000

   2         10.0000         0.800       -10.000

   3         20.0000         1.000       -20.000

   4         30.0000         0.900       -30.000

   5         40.0000         0.800       -40.000

(These element positions, etc. were read in from file array.dat.)

 

CHANGE ANY ELEMENT VALUE (Y OR N)n

 

INCLUDE ELEMENT PATTERN (y or n)n

 

INPUT START AND STOP ANGLES FOR PATTERN CALCULATION

             (broadside = 0 degrees)

-90.00, 89.00

 

INPUT NUMBER OF ANGLES TO BE CALCULATED 179

  

SCAN ANGLE=  3.0 deg

PATTERN NORMALIZATON FACTOR =   4.1000

WANT TO PLOT PATTERN (y or n)y

 

RECTANGULAR (r) OR POLAR (p) PLOTr

 

INPUT dB RANGE [20,40,60,80] FOR PLOT 40

 

INPUT ANGLE SCALE (45,90,180)  90

 

WANT TO STORE PATTERN IN A FILE (y or n)n

 

DO ANOTHER CASE (y or n)n

 

In this  example, an element pattern is included. The user must know beforehand the number of angles stored in the element pattern file. The array pattern is only calculated at the angles in the file. Refer to APERDIST for additional information. A polar plot is specified.
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               [Current Program Date - 02/17/1996 ]

 

       THIS PROGRAM COMPUTES THE PATTERN OF A LINEAR ARRAY

           WITH NONUNIFORM SPACING AND UNEQUAL AMPLITUDES

                 AND WITH UNEQUAL ELEMENT PATTERNS

 

              INCLUDES AN (OPTIONAL) ELEMENT PATTERN

 

WHAT IS THE FREQUENCY (GHz)  1.575

 

HOW MANY ELEMENTS   5

 

INPUT PATTERN NORMALIZATION FACTOR (y or n)n

 

INPUT DATA FROM KEYBOARD (K) OR READ FROM FILE (F)k

 

IS ELEMENT SPACING UNIFORM (Y or N)y

 

WHAT IS UNIFORM ELEMENT SPACING (cm) 10.000

 

IS AMPLITUDE UNIFORM (Y or N)y

 

IS PHASE SHIFT PROGRESSIVE (Y or N)y

 

INPUT ELEMENT-TO-ELEMENT PHASE SHIFT (deg)    0.00

  

NUMBER OF ELEMENTS =   5

FREQUENCY (GHz) =   1.5750

 

ELEMENT       POSITION      AMPLITUDE       PHASE

   1          0.0000         1.000         0.000

   2         10.0000         1.000         0.000

   3         20.0000         1.000         0.000

   4         30.0000         1.000         0.000

   5         40.0000         1.000         0.000

 

CHANGE ANY ELEMENT VALUE (Y OR N)n

 

INCLUDE ELEMENT PATTERN (y or n)y

 

 

INPUT NUMBER OF ANGLES TO BE CALCULATED 180

 

INPUT FILENAME CONTAINING ELEMENT PATTERN

c:\data\elepat.hpl

 

          PATTERN CALCULATION ANGLES

             -90.000 TO  89.000 deg

(The program prints out the minimum and maximum pattern angles as read in from the element pattern file. This serves as a check that the file was read correctly.)

 

SCAN ANGLE=  0.0 deg

PATTERN NORMALIZATON FACTOR =   5.0000

WANT TO PLOT PATTERN (y or n)y

 

RECTANGULAR (r) OR POLAR (p) PLOTp

 

INPUT dB RANGE [20,40,60,80] FOR PLOT 40

 

WANT TO STORE PATTERN IN A FILE (y or n)n

 

DO ANOTHER CASE (y or n)n

 

Finally an example is given illustrating how the input data may be changed just before performing the pattern calculation.
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               [Current Program Date - 02/17/1996 ]

 

       THIS PROGRAM COMPUTES THE PATTERN OF A LINEAR ARRAY

           WITH NONUNIFORM SPACING AND UNEQUAL AMPLITUDES

                 AND WITH UNEQUAL ELEMENT PATTERNS

 

              INCLUDES AN (OPTIONAL) ELEMENT PATTERN

 

WHAT IS THE FREQUENCY (GHz)  1.575

 

HOW MANY ELEMENTS   5

 

INPUT PATTERN NORMALIZATION FACTOR (y or n)n

 

INPUT DATA FROM KEYBOARD (K) OR READ FROM FILE (F)k

 

IS ELEMENT SPACING UNIFORM (Y or N)y

 

WHAT IS UNIFORM ELEMENT SPACING (cm) 10.000

 

IS AMPLITUDE UNIFORM (Y or N)y

 

IS PHASE SHIFT PROGRESSIVE (Y or N)y

 

INPUT ELEMENT-TO-ELEMENT PHASE SHIFT (deg)  -10.00

  

NUMBER OF ELEMENTS =   5

FREQUENCY (GHz) =   1.5750

 

ELEMENT       POSITION      AMPLITUDE       PHASE

   1          0.0000         1.000         0.000

   2         10.0000         1.000       -10.000

   3         20.0000         1.000       -20.000

   4         30.0000         1.000       -30.000

   5         40.0000         1.000       -40.000

 

CHANGE ANY ELEMENT VALUE (Y OR N)y

(We want to change the position of element number 3.)

 

INPUT ELEMENT NUMBER TO CHANGE   3

 

CHANGE POSITION (Z), AMPLITUDE (A), OR PHASE (P)z

 

INPUT NEW POSITION FOR ELEMENT  3

25.000

 

The program clears the screen and again displays the inputs including the changed value.



NUMBER OF ELEMENTS =   5

FREQUENCY (GHz) =   1.5750

 

ELEMENT       POSITION      AMPLITUDE       PHASE

   1          0.0000         1.000         0.000

   2         10.0000         1.000       -10.000

   3         25.0000         1.000       -20.000

   4         30.0000         1.000       -30.000

   5         40.0000         1.000       -40.000

 

CHANGE ANY ELEMENT VALUE (Y OR N)y

(Now we want to change the amplitude of element number 2.)

  

INPUT ELEMENT NUMBER TO CHANGE   2

 

CHANGE POSITION (Z), AMPLITUDE (A), OR PHASE (P)a

 

INPUT NEW AMPLITUDE FOR ELEMENT  2

 0.800

 

The screen is again cleared and the new inputs displayed.

 

NUMBER OF ELEMENTS =   5

FREQUENCY (GHz) =   1.5750

 

ELEMENT       POSITION      AMPLITUDE       PHASE

   1          0.0000         1.000         0.000

   2         10.0000         0.800       -10.000

   3         25.0000         1.000       -20.000

   4         30.0000         1.000       -30.000

   5         40.0000         1.000       -40.000

 

CHANGE ANY ELEMENT VALUE (Y OR N)y

(Now we want to change the phase of element number 4.)

  

INPUT ELEMENT NUMBER TO CHANGE   4

 

CHANGE POSITION (Z), AMPLITUDE (A), OR PHASE (P)p

 

INPUT NEW PHASE FOR ELEMENT  4

-35.00

 

 

NUMBER OF ELEMENTS =   5

FREQUENCY (GHz) =   1.5750

 

ELEMENT       POSITION      AMPLITUDE       PHASE

   1          0.0000         1.000         0.000

   2         10.0000         0.800       -10.000

   3         25.0000         1.000       -20.000

   4         30.0000         1.000       -35.000

   5         40.0000         1.000       -40.000

 

CHANGE ANY ELEMENT VALUE (Y OR N)n

(We’re finished with the changes.)

 

INCLUDE ELEMENT PATTERN (y or n)n

 

INPUT START AND STOP ANGLES FOR PATTERN CALCULATION

             (broadside = 0 degrees)

-90.00, 89.00

 

INPUT NUMBER OF ANGLES TO BE CALCULATED 179

 

SCAN ANGLE=  3.0 deg

PATTERN NORMALIZATON FACTOR =   4.7923

WANT TO PLOT PATTERN (y or n)y

 

RECTANGULAR (r) OR POLAR (p) PLOTr

 

INPUT dB RANGE [20,40,60,80] FOR PLOT 40

 

INPUT ANGLE SCALE (45,90,180)  90

 

WANT TO STORE PATTERN IN A FILE (y or n)n

 

DO ANOTHER CASE (y or n)n

 

PATCHCOM - PATCHCOM is used when designing series fed arrays of patches where the patches are in line with the feed line and actually form part of the feed. PATCHCOM determines the shunt conductance of the patch at resonance and the resonant length of the patch. The results are applicable to both resonant and traveling wave arrays. When designing these types of arrays, it is first necessary to determine the number of elements,  element spacing, and aperture distribution using, for example, ARRAYCAL and APERDIST. Once these are known, programs like CONDCAL and RESFEED can be used to find the element conductances needed to realize the distribution. PATCHCOM determines the patch widths necessary for given conductances. It also finds the patch length which is required for the layout of the antenna. 



PATCHCOM is basically a modified version of PATCH9. For a given set of inputs, it evaluates the transmission line model and finds the patch resonant length and input impedance. Instead of performing the calculations as a function of frequency, PATCHCOM instead does them as a function of patch width. PATCHCOM shares most of the features, limitations, and accuracy of PATCH9. Its operation is very similar to PATCH9. The major difference is that the shadowing caused by the feed line is included on both radiating edges of the patch. The results will be somewhat different than PATCH9 because of the inclusion of a second feed line at the patch output. Because of the intended array architecture, only a microstrip feed model is used. There is no analysis mode. No Smith chart plots are available. The calculations are only done at the design frequency. The frequency, dielectric constant, number of patch widths, and substrate height must be non-zero. 



PATCHCOM can have the same difficulty as PATCH9 in finding the resonant length. The default value for the length change in the search routine has been reduced to 1%. This is because with PATCHCOM a range of widths are typically investigateded and only one estimate of length is used. There is more opportunity to be in a sensitive region as far as impedance variation with length. It may be necessary to use an even smaller increment value in some cases.



This is an example program run for PATCHCOM. Before running the program, it is a good idea to have some feeling for the range of patch widths to look at. Generally speaking, the minimum patch width should be at least 2 twice the width of the feed line. Preferably it should be more. One the opposite end, keep the maximum width to no more than a wavelength in the substrate dielectric. PATCHCOM flags the substrate height, feed line width, and patch width should they exceed the model validity limits. Refer to the discussion on PATCH9 for additional information on running PATCHCOM. Note that for this case, we have used a patch length increment of 0.1%. PATCHCOM can analyze up to 500 widths.



          PATCHCOM.V50       03-07-1996          21:00:36

                [Current Program Date - 01/26/1996]

 

         Rectangular Microstrip Patch Design & Analysis

            Transmission Line Model Circuit Elements

 

Input design frequency in GHz  1.500

 

Input relative dielectric constant  2.20

 

Input loss tangent 0.001

 

Input substrate height (cm)  0.160

 

Input line thickness (cm) 0.0036

 

Input line conductivity relative to copper 1.00

 

Input patch length (cm)

Estimated patch length =     6.742 mils

 6.742

(Only one width estimate is input even though different patch widths will be investigated.)

 

Input minimum and maximum patch widths (cm)  1.778, 4.572

 

Input number of patch widths to analyze  22

 

Input feed line width (cm)  0.170

 

Input fractional change (%) in patch length for initial search

                     (default = 1%)

 

0.10



(Since the calculations can take some time, the program prints out a message every time the calculations for a width are finished.) 

FINISHED CALCULATIONS FOR WIDTH =    1.78 cm

FINISHED CALCULATIONS FOR WIDTH =    1.91 cm

FINISHED CALCULATIONS FOR WIDTH =    2.03 cm

FINISHED CALCULATIONS FOR WIDTH =    2.16 cm

FINISHED CALCULATIONS FOR WIDTH =    2.29 cm

FINISHED CALCULATIONS FOR WIDTH =    2.41 cm

FINISHED CALCULATIONS FOR WIDTH =    2.54 cm

FINISHED CALCULATIONS FOR WIDTH =    2.67 cm

FINISHED CALCULATIONS FOR WIDTH =    2.79 cm

FINISHED CALCULATIONS FOR WIDTH =    2.92 cm

FINISHED CALCULATIONS FOR WIDTH =    3.05 cm

FINISHED CALCULATIONS FOR WIDTH =    3.18 cm

FINISHED CALCULATIONS FOR WIDTH =    3.30 cm

FINISHED CALCULATIONS FOR WIDTH =    3.43 cm

FINISHED CALCULATIONS FOR WIDTH =    3.56 cm

FINISHED CALCULATIONS FOR WIDTH =    3.68 cm

FINISHED CALCULATIONS FOR WIDTH =    3.81 cm

FINISHED CALCULATIONS FOR WIDTH =    3.94 cm

FINISHED CALCULATIONS FOR WIDTH =    4.06 cm

FINISHED CALCULATIONS FOR WIDTH =    4.19 cm

FINISHED CALCULATIONS FOR WIDTH =    4.32 cm

FINISHED CALCULATIONS FOR WIDTH =    4.45 cm

FINISHED CALCULATIONS FOR WIDTH =    4.57 cm
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Substrate height (cm) =  0.1600         Line thickness (cm) = 0.00356

Relative dielectric constant =  2.200     Loss tangent = 0.0010

Feed type = microstrip line

Feed line width (cm) =  0.1700

Resonant frequency (GHz) =   1.500000

 

 WIDTH      SLOT G     PATCH Zo    PATCH er     PATCH LENGTH

 (cm)       (mhos)      (ohms)                      (cm)

  1.7780   0.000415     18.80        2.03          6.8673  

  1.9050   0.000460     17.73        2.03          6.8507

  2.0320   0.000506     16.77        2.04          6.8356

  2.1590   0.000554     15.92        2.05          6.8219

  2.2860   0.000605     15.15        2.05          6.8093

  2.4130   0.000657     14.45        2.06          6.7977

  2.5400   0.000712     13.81        2.06          6.7870

  2.6670   0.000768     13.23        2.07          6.7770

  2.7940   0.000826     12.69        2.07          6.7678

  2.9210   0.000887     12.20        2.08          6.7592

  3.0480   0.000949     11.75        2.08          6.7512

  3.1750   0.001013     11.32        2.09          6.7438

  3.3020   0.001078     10.93        2.09          6.7367

  3.4290   0.001146     10.56        2.09          6.7302

  3.5560   0.001215     10.22        2.10          6.7240

  3.6830   0.001287      9.90         2.10          6.7181

  3.8100   0.001360      9.60         2.10          6.7126

  3.9370   0.001435      9.32         2.10          6.7074

  4.0640   0.001511      9.05         2.11          6.7025

  4.1910   0.001590      8.80         2.11          6.6978

  4.3180   0.001670      8.56         2.11          6.6934

  4.4450   0.001751      8.34         2.11          6.6892

  4.5720   0.001835      8.12         2.12          6.6851

 (Although the second column is labeled slot G, it is somewhat of a misnomer. It is actually the input conductance of the patch at resonance. This is essentially the parallel combination of the two patch slot conductances.)



PRINT OUT RESULTS (y or n)N

 

STORE RESULTS IN A FILE (y or n)Y

 

INPUT NAME OF FILE TO STORE RESULTSC:\DATA\PATCHCOM.OUT

 

DO ANOTHER CASE (y or n)N

 

When the final input is answered y (yes), the program begins again.



RESFEED - RESFEED calculates the element conductances needed to realize a given aperture distribution for a series fed array. Whereas CONDCAL does the same calculation for a series fed traveling array, RESFEED is for resonant arrays. The element is assumed to be represented as a shunt conductance across the main feed line. Unlike CONDCAL, there is no restriction on the element conductance. RESFEED operates much like CONDCAL. The aperture distribution must be known beforehand. It can be input either via the keyboard or a file. The file format is identical to that for CONDCAL, three columns separated by commas. The first number is the element position in cm, the second the distribution, and the third, the phase shift in degrees. See the second example for more information on entering via a file. If a uniform distribution is desired, there is no need to input anything for the distribution. Another input is the feed line impedance. 



Two types of resonant arrays can be analyzed. One is end fed, and the other is center fed. For center fed arrays, the antenna is symmetrical about the center, so only one half of the array needs to be analyzed. For a center fed array, only the distribution for half the array is input, since it is identical on the other half. When entering the distribution for the center fed case, start at the center element at the feed point and work towards the end. With an end fed array, start at the input end and work towards the other end. This goes for either keyboard or data file entry. The design is based upon having the elements spaced either a half or a full wavelength apart. The conductances are determined from the aperture distribution and the requirement that the input impedance of the array equals the feed line impedance for an end fed array or twice the line impedance for a center fed array. The should be no numerical problems with the program. Like CONDCAL, the accuracy of the program is primarily a function of the array design and construction. The theory itself is quite accurate.



The following is an example where the distribution is input with the keyboard.



          RESFEED.V50       03-07-1996          23:35:29

                [Current Program Date - 01/26/96]

 

   Calculates conductances for resonant array of shunt elements

               [Assumes negligible feed line loss]

 

CENTER (c) OR END (e) FED ARRAYE

 

INPUT TOTAL NUMBER OF ELEMENTS IN ARRAY  10

 

INPUT ARRAY EXCITATION FROM KEYBOARD (k) OR FILE (f)K

 

INPUT ELEMENT SPACING (cm) 10.000

 

UNIFORM (u) OR TAPERED (t) ARRAY EXCITATIONT

(If u is entered, the following excitation inputs are skipped.)



                INPUT ARRAY EXCITATIONS

Start with element closest to the feed for either type of array

 

INPUT EXCITATION FOR ELEMENT NUMBER   1

0.501

 

INPUT EXCITATION FOR ELEMENT NUMBER   2

0.626

 

INPUT EXCITATION FOR ELEMENT NUMBER   3

0.751

 

INPUT EXCITATION FOR ELEMENT NUMBER   4

0.875

 

INPUT EXCITATION FOR ELEMENT NUMBER   5

1.000

 

INPUT EXCITATION FOR ELEMENT NUMBER   6

1.000

 

INPUT EXCITATION FOR ELEMENT NUMBER   7

0.875

 

INPUT EXCITATION FOR ELEMENT NUMBER   8

0.751

 

INPUT EXCITATION FOR ELEMENT NUMBER   9

0.626

 

INPUT EXCITATION FOR ELEMENT NUMBER  10

0.501

 

INPUT DESCRIPTOR FOR EXCITATION DISTRIBUTION6 DB LINEAR TAPER

(This is essentially a comment line that is displayed as part of the output. It helps to annotate the results.)



INPUT NORMALIZING IMPEDANCE (ohms) 100.00

(This is the impedance of the main feed line.)
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            Shunt Conductances for a Series fed Array

 

END FED ARRAY

ELEMENT SPACING =  10.0000 (cm)

NUMBER OF ELEMENTS =    10

NORMALIZING IMPEDANCE = 100.00 (Ohms)

Gsum =  1.000

EXCITATION - 6 DB LINEAR TAPER

 

 

          ELEMENT     EXCITATION     NORMALIZED g     ACTUAL g

             1          0.501          0.042220       0.000422

             2          0.626          0.065917       0.000659

             3          0.751          0.094870       0.000949

             4          0.875          0.128785       0.001288

             5          1.000          0.168208       0.001682

             6          1.000          0.168208       0.001682

             7          0.875          0.128785       0.001288

             8          0.751          0.094870       0.000949

             9          0.626          0.065917       0.000659

            10          0.501          0.042220       0.000422

(Both normalized and actual conductances are displayed. See CONDCAL for more information.)

 

PRINT OUT RESULTS (y or n)N

 

STORE RESULTS IN A FILE (y or n)Y

 

INPUT NAME OF FILE TO STORE RESULTSC:\DATA\RESFEED.OUT

 

DO ANOTHER CASE (y or n)N

 

When this input is answered y (yes), the program starts over again.



Here’s an example where the distribution is entered via a file. Also a center fed array is analyzed. Only the distribution for half the array should be in the file (from the center element out toward an end). If it was an end fed array, the file should contain the distribution for the entire array, starting at one end and working towards the other. Note though that when requested for the number of elements always enter the total number whether the array is center or end fed.



          RESFEED.V50       03-07-1996          23:40:28

                [Current Program Date - 01/26/96]

 

   Calculates conductances for resonant array of shunt elements

               [Assumes negligible feed line loss]

 

CENTER (c) OR END (e) FED ARRAYC

 

INPUT TOTAL NUMBER OF ELEMENTS IN ARRAY  10

(Always enter the total number of elements, even for a center fed array.)

 

INPUT ARRAY EXCITATION FROM KEYBOARD (k) OR FILE (f)F

 

INPUT NAME OF FILE CONTAINING EXCITATIONS

[File format - element position, amplitude, phase]

C:\DATA\ARRAY.DAT

(With a center fed array, only the distribution for half the array needs to be in the file. In this case, the excitations for the 6th through 10th elements are in the file. With an end fed array, the distribution for the 1st through 10th elements must be present.)



INPUT DESCRIPTOR FOR EXCITATION DISTRIBUTIONNON UNIFORM TAPER

 

INPUT NORMALIZING IMPEDANCE (ohms) 100.00
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            Shunt Conductances for a Series fed Array

 

CENTER FED ARRAY

EXCITATION FILE - C:\DATA\ARRAY.DAT

NUMBER OF ELEMENTS =    20

NORMALIZING IMPEDANCE = 100.00 (Ohms)

Gsum =  2.000

EXCITATION - NON UNIFORM TAPER

 

 

          ELEMENT     EXCITATION     NORMALIZED g     ACTUAL g

             1          0.800          0.185507       0.001855

             2          0.900          0.234783       0.002348

             3          1.000          0.289855       0.002899

             4          0.800          0.185507       0.001855

             5          0.600          0.104348       0.001043

             6          0.600          0.104348       0.001043

             7          0.800          0.185507       0.001855

             8          1.000          0.289855       0.002899

             9          0.900          0.234783       0.002348

            10          0.800          0.185507       0.001855

(Note that although only half the distribution was in the data file, the program prints out the results for all elements in this center fed array.)



PRINT OUT RESULTS (y or n)N

 

STORE RESULTS IN A FILE (y or n)Y

 

INPUT NAME OF FILE TO STORE RESULTSC:\DATA\RESFEED.OUT

 

DO ANOTHER CASE (y or n)N
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