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(a) (b)

Fig. 3.3: Fabricated solar cell antenna, (a) is the fabricated antenna, (b) is the measured
S-parameters for the antenna.

(a) (b)

Fig. 3.4: Measured radiation plots for the solar cell antenna normalized with the solid
patch values are in dB. Solid lines are the co-polarization and the dashed lines are the
cross-polarization, (a) is the E-Plane, and (b) is the H-Plane.
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Chapter 4

Conclusions

This work shows the feasibility of integrating an optically transparent antenna directly

on the solar cell of a small satellite. We have shown the preliminary study and the optimiza-

tion of the meshed patch antenna for optical transparency and antenna performance. The

first method of optimization is the refining the line width of the mesh. This method showed

that by minimizing the line width of the grid, the performance of the antenna is enhanced

when the optical transparency of the patch was held constant. This was shown with the

aid of HFSS simulations and supported with the fabrication and measurement of printed

meshed patch antennas. The next optimization method shown was to reduce the number

of lines orthogonal to the length of the patch. In simulations with HFSS it is shown that

by reducing the orthogonal lines, the optical transparency of the patch is increased while

the performance of the antenna is not hindered. Simulations also show that the second

optimization method was also able to reduce the cross-polarization radiation. Finally, a

printed meshed antenna was integrated with solar cells and measured. It is seen that it is

feasible to integrate a meshed patch antenna with solar cells, but it was not very efficient

radiator at the current configuration.

For future work, it would be very beneficial to fabricate and test more antennas and try

different feeding methods, especially the CPW. This feeding configuration does not block

the sunlight for the solar cells and will produce better radiation characteristics. It is also

important to see how well the coupling can be though the solar cells and to see if special

solar cells need to be custom made. Methods are needed to counteract the reduction of

radiation efficiency caused by such thin substrate like the current cover glass used on solar

cells. In addition, it will be needed to do studies on the variation of the dielectric constant

due to temperature changes that will be experienced in space. Finally, other methods of
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optimization can be studied. For example, the geometry of the meshed patch antenna does

not need to stay as a grid, so optimization tools such as the genetic algorithm can be used

to find an optimal geometry for optical transparency and antenna performance.
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Appendix A

HFSS Scripting

A.1 Simulation vs. Measurement

In previous chapters, we did not do a direct comparison of simulated antennas with

that of a measured antenna of the same physical properties. In this session, we present

the measured and simulated results of two meshed patch antennas. The antennas were

fabricated and measured and then simulated in HFSS. The only difference between the

simulation and fabricated antennas is that the inset distance for matching the feed and an-

tennas. The simulated antennas have a greater inset distance than the fabricated antennas.

The first patch has a length and width of 37.4 mm and 45.11 mm, respectively. The line

width was measured to be 1.04 mm with 9 lines orthogonal to the length of the patch and

11 lines parallel, and these measured parameters were used as inputs for the simulation.

Such geometry gives an optical transparency of 56%. Shown in Fig. A.1(a) is the com-

parison of the measured S-parameters and in Fig. A.2 is a comparison of the normalized

radiation patterns. The second patch has a length and width of 37.52 mm and 45.01 mm,

respectively. The line width of 1.23 mm with six orthogonal lines and seven parallel lines

with an optical transparency of 65%. The comparison of the measured and simulations for

the S-parameters and radiation patterns are shown in Figs. A.1(b) and A.3, respectively.

As can be seen, the simulations and measured results agree with each other very well.

One major difference in the radiation patterns is in the H-planes. In the simulations, at the

angles of ± 90 degrees, the radiation intensity approaches 0 while in the measured patterns

it does not approach 0. We also note a difference is the difference in the resonant frequencies

as seen in Fig. A.1. This is most likely due to not knowing the exact value of the dielectric

constant of the plastic (We used an approximate value for a plexiglass given by Pozar [12].).
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(a) (b)

Fig. A.1: Measured vs. simulation comparison for the S11 measurements, (a) has an optical
transparency of 56%, (b) has an optical transparency of 65%.

(a) (b)

Fig. A.2: Measured vs. simulation comparison for the radiation patterns of the first patch.
Solid lines are the measured values and dashed lines are the simulated. Both are the
normalized dB patterns, (a) E-plane, (b) H-plane.
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(a) (b)

Fig. A.3: Measured vs. simulation comparison for the radiation patterns of the second
patch. Solid lines are the measured values and dashed lines are the simulated. Both are the
normalized dB patterns, (a) E-plane, (b) H-plane.

Carver points out that the shift in the resonant frequency is often caused by inadequate

knowledge of the dielectric constant [17]. Overall, the comparison shows that the simulation

and measured values are consistent.

A.2 MATLAB Code

Presented in this appendix is the MATLAB code written to create the scripting files.

The basic idea was to write the HFSS scripting commands to a file and then run the script.

The first set of code is the main set that was used to call the functions to start a project in

HFSS and then draw and simulate the antenna. The following are the main functions that

were used in creating the scripts.

function t = draw_run_patch(W,L,lines,q,units,insert,freq,sub,path,name)

h = sub(1);

er = sub(2);

tand = sub(3);

feedH = 5;
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% Calculate a quarter Wavelength

quarter = (1/sqrt(8.854e-12*4*pi*1e-7))/(freq*1e9)/4;

% freq = [1.9,2.0,2.0 2.1 2.2 2.2];

% start = [1.85,1.94 1.99,2.07,2.13,2.16];

if strcmp(units,’cm’)

quarter = quarter * 100;

elseif strcmp(units, ’mm’)

quarter = quarter * 1000;

end

% create and run the HFSS script

solType = ’DrivenTerminal’;

% create of open the file for the script

fid = fopen([path,’drawPatch.vbs’],’w’);

% link to HFSS create project and name

startProject(path,name,solType,fid);

createMaterial(’sub’,er,1,0,tand,0,freq,fid);

% draw the substrate

sizeB = [2*quarter+W,2*quarter+L,h];

coord = [-quarter,-quarter,-h];

drawBox(sizeB,coord,’substrate’,’sub’,[0,128,255],.5,units,fid);

% draw the airBox

sizeB = [2*quarter+W,2*quarter+L,h+quarter];
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coord = [-quarter,-quarter,-h];

drawBox(sizeB,coord,’Air’,’vacuum’,[234,234,234],.6,units,fid);

% draw the ground plane

sizeB = [2*quarter+W,2*quarter+L];

drawRec(sizeB,coord,’Z’,’GND_plane’,’vacuum’,[0,128,255],.3,units,fid);

% draw the coax feed of 50 ohms (air filled)

% createVarible(’offSet’,feedOff(i),’mm’,fid); % varible for position

xPos = W/2;

yPos = insert;

zPos = -(h+feedH);

coord = [xPos,yPos,zPos];

% draw the pin

sizeB = [0.7,(h+feedH)];

drawCyl(sizeB,coord,’Z’,’pin’,’copper’,0,[234,0,0],.4,units,fid);

% varCylCenter(’pin’,’offSet’,coord,units,’Y’,fid);

% draw the coax

sizeB = [1.6,feedH];

drawCyl(sizeB,coord,’Z’,’coax’,’vacuum’,1,[0,234,234],.4,units,fid);

% varCylCenter(’coax’,’offSet’,coord,units,’Y’,fid);

% draw the coax cover

sizeB = [1.7,feedH];

drawCyl(sizeB,coord,’Z’,’coax_cov’,’copper’,0,[0,234,234],.4,units,fid);

% varCylCenter(’coax_cov’,’offSet’,coord,units,’Y’,fid);
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% Subtract the intersenting parts

subtract(’substrate’,’pin’,1,fid);

subtract(’GND_plane’,’coax_cov’,1,fid);

subtract(’coax_cov’,’coax’,1,fid);

subtract(’coax’,’pin’,1,fid);

subtract(’Air’,’pin’,1,fid);

% draw the wave port

radius = 1.7;

coord = [xPos,yPos,zPos];

drawCir(radius,coord,’Z’,’wavePort’,’vacuum’,[0,234,234],.4,units,fid);

% varCirCenter(’wavePort’,’offSet’,coord,units,’Y’,fid);

% Draw the Patch

t = DrawPatch4(W,L,lines,q, units,fid);

% create the boundaries and excitation

radiationBound(’Radiation’,’35,37,38,39,40’,fid);

assignFiniteCond(’Ground’,’GND_plane’,’copper’,fid)

assignFiniteCond(’patch1’,’patch’,’copper’,fid)

wavePortAssign(183,’coax_cov’,fid);

% Insert the farfield

farFieldSetup(’Far_Field’,[-180,180,10],[0,360,10],fid)

% Limit the mesh size in the Air box

meshLength(’Length1’,’Air’,quarter*4/10,’mm’,fid);
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%setup the analyisis

analSet(’freq_sweep’,freq,40,fid);

analSweep(’freq_sweep’,’Sweep’,’Fast’,’LinearCount’,1,3,201,1,fid);

% run the analysis

fprintf(fid,’\noDesign.Analyze "freq_sweep"\n’);

closeProject(name,fid);

% close the script file

fclose(fid);

% run the sript

dos([’wscript ’, [path,’drawPatch.vbs’]]);

function out = DrawPatch4(W,L,lines,q, units,fid)

%--------------------------------------------------------------------------

% Description: Creates and runs the HFSS scriptfile to draw the patch and

% all of the geometry for the simulation

% Usage: out = DrawPatch(W,L,T,q, units,fid)

%

% Inputs: W = the width of the patch

% L = the Length of the pathc

% lines = (integer) the Desired number of parallel y lines

% q = the line width for the patch

% units = measurement units to use (m, cm, mm)

% fid = file identifier

%

% Outputs: out = ?
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%--------------------------------------------------------------------------

% Calculate the number of lines

Ylines = lines(1);

Xlines = lines(2);

% round the number of lines to an integer

Xlines = round(Xlines); Ylines = round(Ylines);

% calculate the gap space

gapX = (W-Ylines*q)/(Ylines - 1);

gapY = (L - Xlines*q)/(Xlines -1);

% Calculate the true transparency

Tran = (gapX*gapY)*(Xlines-1)*(Ylines-1)/(W*L);

if Tran < 1

% draw the xlines

drawRec([W,q],[0,0,0],’Z’,’Xlines’,’vacuum’,[234,0,0],.3,units,fid);

duplicateLine(’Xlines’,[0,gapY+q,0],Xlines,units,fid);

% draw the ylines

drawRec([q,L],[0,0,0],’Z’,’Ylines’,’vacuum’,[234,0,0],.3,units,fid);

duplicateLine(’Ylines’,[gapX+q,0,0],Ylines,units,fid);

% unit the lines

% create the list of objects to unit

list = [’Xlines,’,’Ylines’];
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for i = 1:Xlines-1

list = [list,[’,Xlines_’,sprintf(’%d’,i)]];

end

for i = 1:Ylines-1

list = [list,[’,Ylines_’,sprintf(’%d’,i)]];

end

unitObjects(list,’Xlines’,’patch’,fid);

else

Tran = 0;

drawRec([W,L],[0,0,0],’Z’,’patch’,’vacuum’,[234,0,0],.3,units,fid);

end

out = Tran;

Listed are the functions for drawing the shapes, setting up the analysis and other

necessary items scripts in HFSS. Functions are in alphabetic order.

function analSet(name,freq,maxPass,fid)

%--------------------------------------------------------------------------

% Description: add an anaylsis setup in HFSS

%

% Usage: analSet(name,freq,maxPass,fid)

%

% Inputs: name : string (name of the anaylsis)

% freq: float (solution frequency GHz)

% maxPass: int (maximum number of passes to find the solution)

% fid: file identifer

%--------------------------------------------------------------------------
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freq = sprintf(’%0.4f’,freq);

maxPass = sprintf(’%d’,maxPass);

fprintf(fid,’\n’);

fprintf(fid,’REM --------- Set up an Analysis ------------------------\n’);

fprintf(fid,[’Set oModule = oDesign.GetModule("AnalysisSetup") \n’,...

’oModule.InsertSetup "HfssDriven", _\n’,...

’ Array("NAME:’,name,’", _\n’,...

’ "Frequency:=", "’,freq,’GHz", _\n’,...

’ "PortsOnly:=", false, _\n’,...

’ "MaxDeltaS:=", 0.02, _\n’,...

’ "UseMatrixConv:=", false, _\n’,...

’ "MaximumPasses:=", ’,maxPass,’, _\n’,...

’ "MinimumPasses:=", 1, _\n’,...

’ "MinimumConvergedPasses:=", 1, _\n’,...

’ "PercentRefinement:=", 30, _\n’,...

’ "BasisOrder:=", 1, _\n’,...

’ "UseIterativeSolver:=", false, _\n’,...

’ "DoLambdaRefine:=", true, _\n’,...

’ "DoMaterialLambda:=", true, _\n’,...

’ "SetLambdaTarget:=", false, _\n’,...

’ "Target:=", 0.3333, _\n’,...

’ "UseConvOutputVariable:=", false, _\n’,...

’ "IsEnabled:=", true, _\n’,...

’ "ExternalMesh:=", false, _\n’,...

’ "UseMaxTetIncrease:=", false, _\n’,...

’ "MaxTetIncrease:=", 100000, _\n’,...

’ "PortAccuracy:=", 2, _\n’,...
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’ "UseABCOnPort:=", false, _\n’,...

’ "SetPortMinMaxTri:=", false)\n’]);

fprintf(fid,’REM -----------------------------------------------------\n’);

function analSweep(nameAnal,name,type,stepType,stat,finish,step,fields,fid)

%--------------------------------------------------------------------------

% Description: add a frequency sweep to an anaylsis in HFSS

%

% Usage:analSweep(nameAnal,name,type,stepType,start,finish,step,fields,fid)

%

% Inputs: nameAnal: string (name of the anaylsis to add the sweep to)

% name: string (name of the frequency sweep

% type: string (’Discrete’, ’Fast’, ’Interpolating’)

% stepType: string (’LinearStep’,’LinearCount’,’LogScale’)

% stat: float (starting frequency in GHz)

% finish: float (ending frequency in GHs)

% step: float (step size if ’LinearStep’ or the number of linear

% frequencies or the number of frequencies per decade)

% fields: int ( 0 to not save the fields, 1 to save the fields)

% fid: file identifer

%--------------------------------------------------------------------------

start = sprintf(’%0.4f’,start);

finish = sprintf(’%0.4f’,finish);

if strcmp(stepType,’LinearCount’)

step = sprintf(’%d’,step);

elseif strcmp(stepType,’LogScale’)

step = sprintf(’%d’,step);

else
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step = sprintf(’%0.4f’,step);

end

fprintf(fid,’\n’);

fprintf(fid,’REM --------- Add a Frequency Sweep ---------------------\n’);

fprintf(fid,[’oModule.InsertFrequencySweep "’,nameAnal,’", _\n’,...

’ Array("NAME:’,name,’", "IsEnabled:=", true, _\n’,...

’ "SetupType:=", "’,stepType,’", _\n’,...

’ "StartValue:=", "’,start,’GHz", _\n’,...

’ "StopValue:=", "’,finish,’GHz", _\n’]);

if strcmp(stepType,’LinearStep’)

fprintf(fid,[’ "StepSize:=", "’,step,’GHz", _\n’,...

’ "Type:=", "’,type,’", _\n’]);

if fields == 0

fprintf(fid,’ "SaveFields:=", false, _\n’);

fprintf(fid,’ "ExtrapToDC:=", false)\n’);

else

fprintf(fid,’ "SaveFields:=", true, _\n’);

fprintf(fid,’ "ExtrapToDC:=", false)\n’);

end

end

if strcmp(stepType,’LinearCount’)

fprintf(fid,[’ "Count:=", ’,step,’, _\n’,...

’ "Type:=", "’,type,’", _\n’]);

if fields == 0

fprintf(fid,’ "SaveFields:=", false, _\n’);

fprintf(fid,’ "ExtrapToDC:=", false)\n’);

else
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fprintf(fid,’ "SaveFields:=", true, _\n’);

fprintf(fid,’ "ExtrapToDC:=", false)\n’);

end

end

if strcmp(stepType,’LogScale’)

fprintf(fid,[’ "SamplesPerDecade:=", ’,step,’, _\n’,...

’ "Type:=", "’,type,’", _\n’]);

if fields == 0

fprintf(fid,’ "SaveFields:=", false, _\n’);

fprintf(fid,’ "ExtrapToDC:=", false)\n’);

else

fprintf(fid,’ "SaveFields:=", true, _\n’);

fprintf(fid,’ "ExtrapToDC:=", false)\n’);

end

else

%do nothing

end

fprintf(fid,’\nREM ---------------------------------------------------\n’);

function assignFiniteCond(nameBound,nameObj,material,fid)

%--------------------------------------------------------------------------

% Description: Assign an object a boundary condtion of a finite condutivity

%

% Usage: assignFiniteCond(nameBound,nameObj,material,fid)

%

% Inputs: nameBound = string (will be the name of the boundary)

% nameObj = string (name of the object to apply the boundary to)

% material = string (name of the material to use)

% fid = file identifier
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%--------------------------------------------------------------------------

fprintf(fid,’\n’);

fprintf(fid,’REM --------- Create a Finit Cond. Boundary -------------\n’);

fprintf(fid,[’oModule.AssignFiniteCond Array("NAME:’,nameBound,’", _\n’,...

’ "Objects:=", Array("’, nameObj,’"), _\n’,...

’ "UseMaterial:=", true, _\n’,...

’ "Material:=", "’,material,’", _\n’,...

’ "Roughness:=", "0um", _\n’,...

’ "UseThicknss:=", false, _\n’,...

’ "InfGroundPlane:=", false) _\n’]);

fprintf(fid,’REM -----------------------------------------------------\n’);

function closeProject(name,fid)

%--------------------------------------------------------------------------

% Decription: save the project and close it

%

% Usage: closeProject(name,fid)

%

% Inputs: name: string (name of project to close

% fid: file identifier

%--------------------------------------------------------------------------

fprintf(fid,’\n\noProject.Save\n’);

fprintf(fid,[’oDesktop.CloseProject "’,name,’"’]);

function createMaterial(name,er,mu,sig,tand,mtand,freq,fid)

%--------------------------------------------------------------------------

% Desription: create a material to use in the HFSS project

%
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% Useage: createMaterial(name,er,mu,sig,tand,mtand,freq)

%

% Inputs: name: string (name of material)

% er: permitivity of material

% mu: permability of material

% sig: condutivity of the material

% tand: dielectric loss tangent

% mtand: magnetic loss tangent

% freq: measured frequency

% fid: file identifier

%--------------------------------------------------------------------------

fprintf(fid,’\n’);

fprintf(fid,’REM --------- Create a Material -------------------------\n’);

fprintf(fid,’Set oDefinitionManager = oProject.GetDefinitionManager()\n’);

fprintf(fid,[’oDefinitionManager.AddMaterial Array("NAME:’,name,’", _\n’]);

fprintf(fid,[’ "CoordinateSystemType:=","Cartesian",’,...

’ Array("NAME:AttachedData"),_\n’]);

fprintf(fid, ’ Array("NAME:ModifierData"), _\n’);

fprintf(fid,[’ "permittivity:=","’,sprintf(’%0.4f’,er),’",_\n’]);

fprintf(fid,[’ "permeability:=","’,sprintf(’%0.4f’,mu),’",_\n’]);

fprintf(fid,[’ "conductivity:=","’,sprintf(’%0.4f’,sig),’",_\n’]);

fprintf(fid,[’ "dielectric_loss_tangent:=","’,sprintf(’%0.4f’,tand),...

’",_\n’]);

fprintf(fid,[’ "magnetic_loss_tangent:=","’,sprintf(’%0.4f’,mtand),...

’",_\n’]);

fprintf(fid,[’ "delta_H_freq:=","’,sprintf(’%0.0f’,round(freq)),’")\n’]);

fprintf(fid,’REM -----------------------------------------------------\n’);

function drawBox(sizeB,coord,name,material,color,T,units,fid)
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%--------------------------------------------------------------------------

% Description: Write the Script to draw a box in HFSS

%

% Usage: drawBox(sizeB,coord,name,material,color,T,units,fid)

%

% Inputs: sizeB = 3x1 vector (x,y,z)

% coord = 3x1 vector (xcoord,ycoord,zcoord)

% name = string (name of box)

% material = string (name of matrial)

% color = 3x1 vector of (R,G,B)

% T = transparency of the box (i.e. 0.5)

% units = string (m,cm,mm)

% fid = file identifier

%--------------------------------------------------------------------------

% put the color in the correct format

color = [’(’,sprintf(’%d’,round(color(1))),’ ’,...

sprintf(’%d’,round(color(2))),’ ’,...

sprintf(’%d’,round(color(3))),’)’];

fprintf(fid,’\n’);

fprintf(fid,’REM --------- Draw a box---------------------------------\n’);

fprintf(fid,[’oEditor.CreateBox Array("NAME:BoxParameters",’,...

’ "CoordinateSystemID:=",-1,_\n’]);

fprintf(fid,[’ "XPosition:=","’,sprintf(’%0.4f’,coord(1)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "YPosition:=","’,sprintf(’%0.4f’,coord(2)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "ZPosition:=","’,sprintf(’%0.4f’,coord(3)),’"&"’,...
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units,’",_\n’]);

fprintf(fid,[’ "XSize:=","’,sprintf(’%0.4f’,sizeB(1)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "YSize:=","’,sprintf(’%0.4f’,sizeB(2)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "ZSize:=","’,sprintf(’%0.4f’,sizeB(3)),’"&"’,...

units,’"),_\n’]);

fprintf(fid,[’ Array("NAME:Atrributes", "Name:=", "’,name,...

’", "Flags:=","",_\n’]);

fprintf(fid,[’ "Color:=", "’,color,’", "Transparency:=",’,...

sprintf(’%0.4f’,T),’,_\n’]);

fprintf(fid,’ "PartCoordinateSystem:=", "Global",_\n’);

fprintf(fid,[’ "MaterialName:=", "’,material, ’", _\n’]);

fprintf(fid,’ "SolveInside:=", true)\n’);

fprintf(fid,’REM -----------------------------------------------------\n’);

function drawCir(radius,coord,axis,name,material,color,T,units,fid)

%--------------------------------------------------------------------------

% Description: Write the Script to draw a circle in HFSS

%

% Usage: drawCir(radius,coord,axis,name,material,color,T,units,fid)

%

% Inputs: radius = 1x1 vector (radius)

% coord = 3x1 vector (xcoord,ycoord,zcoord)

% axis = string (axis parallel to circle i.e. ’X’,’Y’,’Z’)

% name = string (name of box)

% material = string (name of matrial)

% color = 3x1 vector of (R,G,B)

% T = transparency of the box (i.e. 0.5)
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% units = string (m,cm,mm)

% fid = file identifier

%

% Notes on axis with relation to size

% Axis sizeB(1) sizeB(2)

% X y z

% Y z x

% Z x y

%--------------------------------------------------------------------------

% put the color in the correct format

color = [’(’,sprintf(’%d’,round(color(1))),’ ’,...

sprintf(’%d’,round(color(2))),’ ’,...

sprintf(’%d’,round(color(3))),’)’];

fprintf(fid,’\n’);

fprintf(fid,’REM --------- Draw a Rectangle---------------------------\n’);

fprintf(fid,[’oEditor.CreateCircle Array("NAME:CircleParameters",’,...

’ "CoordinateSystemID:=",-1,_\n’]);

fprintf(fid, ’ "IsCovered:=", true, _\n’);

fprintf(fid,[’ "XCenter:=","’,sprintf(’%0.4f’,coord(1)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "YCenter:=","’,sprintf(’%0.4f’,coord(2)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "ZCenter:=","’,sprintf(’%0.4f’,coord(3)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "Radius:=","’,sprintf(’%0.4f’,radius),’"&"’,...

units,’",_\n’]);
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fprintf(fid,[’ "WhichAxis:=","’,axis,’"),_\n’]);

fprintf(fid,[’ Array("NAME:Atrributes", "Name:=", "’,name,...

’", "Flags:=","",_\n’]);

fprintf(fid,[’ "Color:=", "’,color,’", "Transparency:=",’,...

sprintf(’%0.4f’,T),’,_\n’]);

fprintf(fid,’ "PartCoordinateSystem:=", "Global",_\n’);

fprintf(fid,[’ "MaterialName:=", "’,material, ’", _\n’]);

fprintf(fid,’ "SolveInside:=", true)\n’);

fprintf(fid,’REM -----------------------------------------------------\n’);

function drawCyl(sizeB,coord,axis,name,material,inside,color,T,units,fid)

%--------------------------------------------------------------------------

% Description: Write the Script to draw a cylinder in HFSS

%

% Usage: drawCyl(sizeB,coord,axis,name,material,inside,color,T,units,fid)

%

% Inputs: sizeB = 2x1 vector (radius, heigth)

% coord = 3x1 vector (xcoord,ycoord,zcoord) of the center

% axis = string (’X’, ’Y’, ’Z’)

% name = string (name of box)

% material = string (name of matrial)

% inside = 0 no solve inside 1 = solve inside

% color = 3x1 vector of (R,G,B)

% T = transparency of the box (i.e. 0.5)

% units = string (m,cm,mm)

% fid = file identifier

%--------------------------------------------------------------------------

% put the color in the correct format
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color = [’(’,sprintf(’%d’,round(color(1))),’ ’,...

sprintf(’%d’,round(color(2))),’ ’,...

sprintf(’%d’,round(color(3))),’)’];

fprintf(fid,’\n’);

fprintf(fid,’REM --------- Draw a Cyliner ----------------------------\n’);

fprintf(fid,[’oEditor.CreateCylinder Array("NAME:BoxParameters",’,...

’ "CoordinateSystemID:=",-1,_\n’]);

fprintf(fid,[’ "XCenter:=","’,sprintf(’%0.4f’,coord(1)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "YCenter:=","’,sprintf(’%0.4f’,coord(2)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "ZCenter:=","’,sprintf(’%0.4f’,coord(3)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "Radius:=","’,sprintf(’%0.4f’,sizeB(1)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "Height:=","’,sprintf(’%0.4f’,sizeB(2)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "WhichAxis:=","’,axis,’"),_\n’]);

fprintf(fid,[’ Array("NAME:Atrributes", "Name:=", "’,name,...

’", "Flags:=","",_\n’]);

fprintf(fid,[’ "Color:=", "’,color,’", "Transparency:=",’,...

sprintf(’%0.4f’,T),’,_\n’]);

fprintf(fid,’ "PartCoordinateSystem:=", "Global",_\n’);

fprintf(fid,[’ "MaterialName:=", "’,material, ’", _\n’]);

if inside == 0

fprintf(fid,’ "SolveInside:=", false)\n’);

else

fprintf(fid,’ "SolveInside:=", true)\n’);
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end

fprintf(fid,’REM -----------------------------------------------------\n’);

function drawRec(sizeB,coord,axis,name,material,color,T,units,fid)

%--------------------------------------------------------------------------

% Description: Write the Script to draw a rectangle in HFSS

%

% Usage: drawRec(sizeB,coord,axis,name,material,color,T,units,fid)

%

% Inputs: sizeB = 2x1 vector (W,L)

% coord = 3x1 vector (xcoord,ycoord,zcoord)

% axis = string (axis parallel to rectangle i.e. ’X’,’Y’,’Z’)

% name = string (name of box)

% material = string (name of matrial)

% color = 3x1 vector of (R,G,B)

% T = transparency of the box (i.e. 0.5)

% units = string (m,cm,mm)

% fid = file identifier

%

% Notes on axis with relation to size

% Axis sizeB(1) sizeB(2)

% X y z

% Y z x

% Z x y

%--------------------------------------------------------------------------

% put the color in the correct format

color = [’(’,sprintf(’%d’,round(color(1))),’ ’,...

sprintf(’%d’,round(color(2))),’ ’,...
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sprintf(’%d’,round(color(3))),’)’];

fprintf(fid,’\n’);

fprintf(fid,’REM --------- Draw a Rectangle---------------------------\n’);

fprintf(fid,[’oEditor.CreateRectangle Array("NAME:BoxParameters",’,...

’ "CoordinateSystemID:=",-1,_\n’]);

fprintf(fid, ’ "IsCovered:=", true, _\n’);

fprintf(fid,[’ "XStart:=","’,sprintf(’%0.4f’,coord(1)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "YStart:=","’,sprintf(’%0.4f’,coord(2)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "ZStart:=","’,sprintf(’%0.4f’,coord(3)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "Width:=","’,sprintf(’%0.4f’,sizeB(1)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "Height:=","’,sprintf(’%0.4f’,sizeB(2)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "WhichAxis:=","’,axis,’"),_\n’]);

fprintf(fid,[’ Array("NAME:Atrributes", "Name:=", "’,name,...

’", "Flags:=","",_\n’]);

fprintf(fid,[’ "Color:=", "’,color,’", "Transparency:=",’,...

sprintf(’%0.4f’,T),’,_\n’]);

fprintf(fid,’ "PartCoordinateSystem:=", "Global",_\n’);

fprintf(fid,[’ "MaterialName:=", "’,material, ’", _\n’]);

fprintf(fid,’ "SolveInside:=", true)\n’);

fprintf(fid,’REM -----------------------------------------------------\n’);

function duplicateLine(name, offset,number,units,fid)

%--------------------------------------------------------------------------
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% Description: duplicate an object along a line

%

% Usage: duplicateLine(name, offset,number,units,fid)

%

% Inputs: name: string (name of object to duplicate)

% offest: 3x1 vector (x,y,z) distance to duplicate from where the

% object was started to be drawn

% number: number of object to make

% units: string (m,cm,mm)

% fid: file identifier

%

% Note of clones names: the clones will be names ’name_1’ where 1 increment

% for each new clone

%--------------------------------------------------------------------------

fprintf(fid,’\n’);

fprintf(fid,’REM --------- Duplicate an object -----------------------\n’);

fprintf(fid,[’oEditor.DuplicateAlongLine Array("NAME:Selections",’,...

’ "Selections:=", _\n’]);

fprintf(fid,[’ "’,name,...

’"), Array("NAME:DuplicateToAlongLineParameters", _\n’]);

fprintf(fid,[’ "CoordinateSystemID:=", -1, "CreateNewObjects:=",’,...

’ true, _\n’]);

fprintf(fid,[’ "XComponent:=","’,sprintf(’%0.4f’,offset(1)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "YComponent:=","’,sprintf(’%0.4f’,offset(2)),’"&"’,...

units,’",_\n’]);

fprintf(fid,[’ "ZComponent:=","’,sprintf(’%0.4f’,offset(3)),’"&"’,...
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units,’",_\n’]);

fprintf(fid,[’ "NumClones:=","’,sprintf(’%0.0f’,number),’"), _\n’]);

fprintf(fid,’ Array("NAME:Options", "DuplicateBoundaries:=", false)\n’);

fprintf(fid,’REM -----------------------------------------------------\n’);

function farFieldSetup(name,theta,phi,fid)

%--------------------------------------------------------------------------

% Description: Setup a farField Radiation Setup in HFSS

%

% Usage: farFieldSetup(name,theta,phi,fid)

%

% Inputs: name = string (name of the farfield sphere)

% theta = 3x1 vector ([thetaStart,thetaStop,thetaStep] degrees)

% phi = 3x1 vector ([phiStart,phiStop,phiStep] degrees);

% fid = file indetidifer

%--------------------------------------------------------------------------

phi1 = sprintf(’%d’,phi(1));

phi2 = sprintf(’%d’,phi(2));

phi3 = sprintf(’%d’,phi(3));

theta1 = sprintf(’%d’,theta(1));

theta2 = sprintf(’%d’,theta(2));

theta3 = sprintf(’%d’,theta(3));

fprintf(fid,’\n’);

fprintf(fid,’REM --------- Insert the Far Field ----------------------\n’);

fprintf(fid,[’Set oModule = oDesign.GetModule("RadField")\n’,...

’oModule.InsertFarFieldSphereSetup Array("NAME:’,name,...



68

’", _\n’,...

’ "UseCustomRadiationSurface:=", false, _\n’,...

’ "ThetaStart:=", "’,theta1,’deg", _\n’,...

’ "ThetaStop:=", "’,theta2,’deg", _\n’,...

’ "ThetaStep:=", "’,theta3,’deg", _\n’,...

’ "PhiStart:=", "’,phi1,’deg", _\n’,...

’ "PhiStop:=", "’,phi2,’deg", _\n’,...

’ "PhiStep:=", "’,phi3,’deg", _\n’,...

’ "UseLocalCS:=", false)\n’]);

fprintf(fid,’REM -----------------------------------------------------\n’);

function meshLength(name,nameObj,length,units,fid)

%--------------------------------------------------------------------------

% Description: limit the maximim length of the mesh for an object

%

% Usage: meshLength(name,nameObj,length,fid)

%

% Inputs: name = string (will be the name of the mesh)

% nameObj = string (name of the object to apply the mesh to)

% length = float (maximum length of the mesh)

% units = string (m, cm, mm)

% fid = fil identifier

%

% Notes: This is usually used on the airbox to make the largest mesh size a

% tenth of a wavelength to give accurate results

%--------------------------------------------------------------------------

length = sprintf(’%0.4f’,length); % convert to a string

length = [length,units]; % give it the units
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fprintf(fid,’\n’);

fprintf(fid,’REM --------- Set up the mesh for an object -------------\n’);

fprintf(fid,’Set oModule = oDesign.GetModule("MeshSetup")\n’);

fprintf(fid,[’oModule.AssignLengthOp Array("NAME:’,name,’", _\n’,...

’ "RefineInside:=", false, _\n’,...

’ "Objects:=", Array("’,nameObj,’"), _\n’,...

’ "RestrictElem:=", false, _\n’,...

’ "NumMaxElem:=", "1000", _\n’,...

’ "RestictLength:=", true, _\n’,...

’ "MaxLength:=", "’,length,’") _\n’]);

fprintf(fid,’REM -----------------------------------------------------\n’);

function radiationBound(name,faces,fid)

%--------------------------------------------------------------------------

% Description: Define some radiation boundary conditions

%

% Usage: radiationBound(name,faces,fid)

%

% Inputs: name = string (name of the boundary)

% faces = string (list of the face numbers ex. ’2,3,4,5’

% fid = file identifier

%--------------------------------------------------------------------------

fprintf(fid,’\n’);

fprintf(fid,’REM --------- Create a Radiation Boundary ---------------\n’);

fprintf(fid,[’oModule.AssignRadiation Array("NAME:’,name,’", _\n’,...

’ "Faces:=", Array(’, faces,’), _\n’,...

’ "IsIncidentField:=", false, _\n’,...
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’ "IsEnforcedField:=", false, _\n’,...

’ "IsFssReferecne:=", false, _\n’,...

’ "IsForPML:=", false, _\n’,...

’ "UseAdaptiveIE:=", false) _\n’]);

fprintf(fid,’REM -----------------------------------------------------\n’);

function startProject(path,name,solType,fid)

%--------------------------------------------------------------------------

% Description: create and start a project in HFSS

%

% Usage: startProject(path,name,solType)

%

% Inputs: path = string (path to save the project)

% name = string (name of the project)

% solType = string (DrivenTerminal, DrivenModal,Eigenmode)

% fid = file identifier

%--------------------------------------------------------------------------

% set up the objects and link the script to HFSS

fprintf(fid,’REM Stuff to start the script\n’);

fprintf(fid,’Dim oHfssApp\n’);

fprintf(fid,’Dim oDesktop\n’);

fprintf(fid,’Dim oProject\n’);

fprintf(fid,’Dim oDesign\n’);

fprintf(fid,’Dim oEditor\n’);

fprintf(fid,’Dim oModule\n’);

fprintf(fid,’Dim oDefinitionManager\n’);

fprintf(fid,[’Set OHfssApp = ’,...
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’CreateObject("AnsoftHfss.HfssScriptInterface")\n’]);

fprintf(fid,’Set oDesktop = oHfssApp.GetAppDesktop()\n’);

fprintf(fid,’oDesktop.NewProject\n’);

fprintf(fid,’Set oProject = oDesktop.GetActiveProject()\n’);

fprintf(fid,[’oProject.InsertDesign "HFSS", "Patch", "’,...

solType,’",""\n’]);

fprintf(fid,’Set oDesign = oProject.GetActiveDesign()\n’);

fprintf(fid,’Set oEditor = oDesign.SetActiveEditor("3D Modeler")\n’);

fprintf(fid,’Set oModule = oDesign.GetModule("BoundarySetup")\n’);

% Give the project a name

path = [’"’,path,name,’.hfss"’];

fprintf(fid,[’oProject.Rename ’,path,’ , true\n’]);

function subtract(object,tool,keep,fid)

%--------------------------------------------------------------------------

% Description: substract one part from another

%

% Usage: subtract(object,tool,keep,fid)

%

% Inputs: object: string (name of the main object)

% tool: string (name of object you are removing)

% keep: 0 to not keep of copy 1 to keep a copy of the tool

% fid: file identifier

%--------------------------------------------------------------------------

fprintf(fid,’\n’);

fprintf(fid,’REM --------- Substract an Object -----------------------\n’);

fprintf(fid,[’oEditor.Subtract Array("NAME:Selections", _\n’,...
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’ "Blank Parts:=", "’, object,’", _\n’,...

’ "Tool Parts:=", "’, tool,’"), _\n’,...

’ Array("NAME:SubtractParameters", ’,...

’"CoordinateSystemID:=", -1, _\n’,...

’ "KeepOriginals:=", ’]);

if keep == 0

fprintf(fid,’false)\n’);

else

fprintf(fid,’true)\n’);

end

fprintf(fid,’REM -----------------------------------------------------\n’);

function unitObjects(list,first,name,fid)

%--------------------------------------------------------------------------

% Description: unite a list of objects into one object

%

% Usage: unitObjects(list,first,name,fid)

%

% Inputs: list: string (list of objects to be united, comma separated, an

% example is ’object1,object2,object3’)

% fist: string (name of the first object in the string list)

% name: string (name of the united objects you want)

% fid: file identifier

%--------------------------------------------------------------------------

% unite the objects

fprintf(fid,’\n’);

fprintf(fid,’REM --------- Unite a list of Objects -------------------\n’);

fprintf(fid,’oEditor.Unite Array("NAME:Selections", _\n’);
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fprintf(fid,[’ "Selections:=", "’,list,’"), _\n’]);

fprintf(fid,[’ Array("NAME:UniteParameters","CoordinateSystemID:=",’,...

’ -1, _\n’]);

fprintf(fid,’ "KeepOriginals:=", false)\n’);

% give it a name

fprintf(fid,’oEditor.ChangeProperty Array("NAME:AllTabs", _\n’);

fprintf(fid,[’ Array("NAME:Geometry3DAttributeTab", ’,...

’Array("NAME:PropServers", _\n’]);

fprintf(fid,[’ "’,first,’"), Array("NAME:ChangedProps",’,...

’ Array("NAME:Name", _\n’]);

fprintf(fid,[’ "Value:=", "’,name,’"))))’]);

fprintf(fid,’\nREM ---------------------------------------------------\n’);

function wavePortAssign(face,reference,fid)

%--------------------------------------------------------------------------

% Description: Define some radiation boundary conditions

%

% Usage: wavePortAssign(face,reference,fid)

%

% Inputs: face = integer (number of the waveport face)

% reference = string (name of the reference conductor)

% fid = file identifier

%--------------------------------------------------------------------------

fprintf(fid,’\n’);

fprintf(fid,’REM --------- Create a Wave Port Assignment ------------\n’);

fprintf(fid,[’oModule.AutoIdentifyPorts Array("NAME:Faces", ’,...

sprintf(’%d’,face),’), _\n’,...
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’ true, Array( _\n’,...

’ "NAME:ReferenceConductors", "’,reference,’") \n’]);

fprintf(fid,’REM ----------------------------------------------------\n’);
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Appendix B

Antenna Measurements

B.1 S-Parameter Measurements

Shown in this section are the plots of the measured S-parameter data for all of the

fabricated meshed patch antennas for the optimization experiments presented in previous

chapters, Figs. B.1 and B.2.

B.2 Near-Field Measurements

The setup of the nearfield measurement system is shown in Fig. B.3. Shown in Figs. B.4

- B.13 are the radation patterns of all the antennas that were measured for the optimization

experiments.
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(a) (b)

(c) (d)

(e) (f)

Fig. B.1: Measured S-parameters, (a) antenna 1a, (b) antenna 1b, (c) antenna 1c, (d)
antenna 1d, (e) antenna 2b, (f) antenna 2c.
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(a) (b)

(c) (d)

Fig. B.2: Measured S-parameters, (a) antenna 3a, (b) antenna 3b, (c) antenna 3c, (d) solid
patch antenna.
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(a) (b)

Fig. B.3: Near field range used for measurments, (a) is the whole range used, (b) is one of
the antennas attached to the range for testing.

(a) (b)

Fig. B.4: Measured radiation (dB) for antenna 1a, (a) E-plane, (b) H-plane.
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(a) (b)

Fig. B.5: Measured radiation (dB) for antenna 1b,(a) E-plane, (b) H-plane.

(a) (b)

Fig. B.6: Measured radiation (dB) for antenna 1c,(a) E-plane, (b) H-plane.
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(a) (b)

Fig. B.7: Measured radiation (dB) for antenna 1d, (a) E-plane, (b) H-plane.

(a) (b)

Fig. B.8: Measured radiation (dB) for antenna 2b, (a) E-plane, (b) H-plane.
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(a) (b)

Fig. B.9: Measured radiation (dB) for antenna 2c, (a) E-plane, (b) H-plane.

(a) (b)

Fig. B.10: Measured radiation (dB) for antenna 3a, (a) E-plane, (b) H-plane.
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(a) (b)

Fig. B.11: Measured radiation (dB) for antenna 3b, (a) E-plane, (b) H-plane.

(a) (b)

Fig. B.12: Measured radiation (dB) for antenna 3c, (a) E-plane, (b) H-plane.
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(a) (b)

Fig. B.13: Measured radiation (dB) for solid patch antenna, (a) E-plane, (b) H-plane.


