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APPENDIX A MATLAB CODE 

A.1 INTRODUCTION 

Appendix A lists the MATLAB code for all sub-routines of the program for the complete 

PA design integration. The sub-routines are listed in order in which they first appear in the 

MATLAB code, starting with the main PA design program. 

A.2 MAIN PA DESIGN PROGRAM 

Figure A.1 and Figure A.2 show the MATLAB code for the main subroutine of the PA 

design program (paprog.m). 

 
Figure A.1. MATLAB code of the main subroutine of the PA design program. 

try  

    clear all; %Clear all variables from workspace 

    fprintf('Welcome to PA Design Program v2.0.0\n\n'); 

    choice = 0; 

    inductor = zeros(1,10); %declare array size 10 

    while (choice ~= 1 && choice ~= 2) 

        choice = input('Please enter 1 for Class-E Amplifier design or 2 for Class-F 

Amplifier design: '); 

        if (choice ~= 1 && choice ~= 2) 

            fprintf('Wrong entry. Please try again.\n'); 

        end  

    end 

    if (choice == 1) 

        classE; %Class-E PA design program 

    end 

    if (choice == 2) 

        classF; %Class-F PA design program 

    end 

    %Impedance matching 

    wo = 2*pi*fo; %Calc. radian frequency 

    cmat = input('\nDo you want to perform the impedance matching to 50 ohm antenna 

impedance (y/n)? ', 's'); 

    if cmat == 'y' || cmat == 'Y'; 

        %impedance 

        BW = input('\nPlease enter the matching bandwidth (MHz): '); %Input bandwidth 

        BW = BW * 1e6;  

        RS = RL; %Source resistance 

        RL = 50; %Load resistance 

        QL = fo/BW; %Quality factor 

        calcMatch; 

    end%if     

    %cnet - flag - if selected, matching will be performed 

    cnet = input('\nDo you want to export the netlist of the PA (y/n)? ', 's');  

fprintf('\n'); 

    if cmat == 'y' || cmat == 'Y'; 

        %cind - flag - if selected, spiral inductors will be found        

cind = input('\nDo you want to attempt to find inductor(s) for the PA (y/n)? ', 's'); 

    end 

     

    if (cind == 'y' || cind == 'Y') || (cnet == 'y' || cnet == 'Y'); 

        %Overrides any inductor values if needed 

        overrideInductors; 

    end 
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Figure A.2. MATLAB code of the main subroutine of the PA design program (continued). 

 

 

 

 

 

 

 

 

 

 

 

 

 

   fprintf('\n'); 
    if cind == 'y' || cind == 'Y'; 

        %Find inductors 

        %Define constants  

        b = 1.62e-3; 

        a1 = -1.21; 

        a2 = -0.147; 

        a3 = 2.40; 

        a4 = 1.78; 

        a5 = -0.030; 

        f = fo; 

        omega = wo; 

        %Setup the inductance search algorithm search paramters   

        indSetup; 

        if cnet == 'y' || cnet == 'Y'; 

            %Name of the PA used for netlist extraction 

            paName = input('\nPlease enter the PA name (press "s" to skip): ', 's');     

            if paName(1) == 's' || paName(1) == 'S'; 

                %Default PA name 

                paName = 'MyPA'; 

            end%if 

            RFC = 1; 

            fileName = strcat(paName, '_net.spc'); 

            fid = fopen(fileName, 'w');  

        end 

fprintf('\nINDUCTORS\n'); 

        %Find the inductors designed by the PA program 

        findInductors; 

    end 

    %Export the netlist 

    exportPA; 

catch 

    fprintf('MATLAB returns: \n%s\nError occurred while running the program. 

Please try running the program again.\n\n', lasterr); 

end%try 
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A.3 CLASS-E DESIGN SUBROUTINE 

Figure A.3 and Figure A.4 show the MATLAB code for the Class-E design subroutine 

(ClassE.m). 

 

Figure A.3. MATLAB code for the Class-E design subroutine. 

%Enter PA design parameters 

fo = input('Please enter the frequency of operation, fo (MHz): '); 

if (fo <= 0)  

    fo = 1e9; %Frequency 

else 

    fo = fo * 1e6; 

end 

w = 2*pi*fo; %Radian frequency 

QL = input('Please enter the loaded quality factor, QL: '); 

if (QL < 1)  

    QL = 10; %Loaded quality factor 

end 

Po = input('Please enter the required output power, Po (mW): '); 

if (Po <= 0) 

    Po = 0.01; %Output power 

else 

    Po = Po/1000; 

end 

Vcc = input('Please enter the value of the regulated power supply (Vcc/Vdd): '); 

if (Vcc <= 0)  

    Vcc = 1; %Power supply 

end 

VCEsat = input('Please enter VCEsat/VDSsat (-1 to skip): ');  

if (VCEsat <= 0)  

    VCEsat = 0; %Saturation VCE voltage 

end 

  

Lmax = input('Please enter the highest allowed inductance (nH) (-1 to skip): '); 

if (Lmax <= 0) 

    Lmax = 0; %Maximum inductance 

else 

    Lmax = Lmax * 1e-9; 

end 

Lmin = input('Please enter the lowest allowed inductance (nH) (-1 to skip): '); 

if (Lmin <= 0) 

    Lmin = 0; %Minimum inductance 

else 

    Lmin = Lmin * 1e-9; 

end 

  

BVCE = input('Please enter collector-emiiter breakdown voltage (V) (-1 to skip): '); 

if (BVCE <= 0) 

    BVCE = 0; %Breakdown voltage 

end 

  

%Calculate 

vcp = 3.56 * Vcc; 

if (vcp > BVCE && BVCE > 0) 

    NVcc = BVCE / 3.56; 

    fprintf('Warning: Vcc should not exceed %.2f or the transistor will go into 

breakdown!\n', NVcc); 

end 

RL = 0.577*(Vcc - VCEsat)^2/Po; %Load resistance 

L2 = QL*RL/w; %Series inductance 

C1 = 1/(w*RL*5.447); %Parallel capacitance 

C2 = C1*(5.447/QL)*(1+1.42/(QL - 2.08)); %Series Capacitance 

  

Idc = Vcc / (1.734*RL); %DC current consumption 

isp = 2.86 * Idc; %Maximum collector current dissipation 

  

%Q-factor adjustment 

if (Lmax ~= 0) 

    if (L2 > Lmax) 

 

 
 
 



Appendix A                                                                                                    MATLAB Code 

 

 

Department of Electrical, Electronic and Computer Engineering 

University of Pretoria  163 

 

Figure A.4. MATLAB code for the Class-E design subroutine (continued). 

 

 

 

 

 

 

 

 

 

        QLB = w*Lmax/RL; 

        if (QLB > 1)             
L2 = Lmax; 

            C2 = C1*(5.447/QLB)*(1+1.42/(QLB - 2.08)); 

            fprintf('New QL = %.2f \n', floor(100 * QLB + 0.5) / 100); 

        else 
    fprintf('Cannot find QL greater than 1 to keep L2 <= Lmax\n'); 

        end 

    end 

end 

  

if (Lmin ~= 0) 

    if (L2 < Lmin) 

        QLB = w*Lmin/RL; 

        L2 = Lmin; 

        C2 = C1*(5.447/QLB)*(1+1.42/(QLB - 2.08)); 

        fprintf('New QL = %.2f \n', floor(100 * QLB + 0.5) / 100); 

    end 

end 

    

%Display calculated values 

fprintf('\nRESULTS:\n'); 

fprintf('RL = %.2f Ohm \n', floor(100 * RL + 0.5) / 100); 

fprintf('L2 = %.2f nH \n', floor(1e11 * L2 + 0.5) / 100); 

fprintf('C2 = %.3f pF \n', floor(1e14 * C2 + 0.5) / 100); 

fprintf('C1 = %.3f pF \n', floor(1e14 * C1 + 0.5) / 100); 

fprintf('Idc = %.2f mA \n', floor(1e5 * Idc + 0.5) /100); 

fprintf('vcp = %.2f V \n', floor(1e2 * vcp + 0.5) / 100); 

fprintf('isp = %.2f mA \n', floor(1e5 * isp + 0.5) / 100); 

  

Lfeed = 0; 
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A.4 CLASS-F DESIGN SUBROUTINE 

Figure A.5 and Figure A.6 show the MATLAB code for the Class-F design subroutine 

(ClassF.m).

 

Figure A.5. MATLAB code for the Class-F design subroutine. 

%Enter PA design parameters 

harmonics = 0; 

%Choose between the 3 and 5 harmonic designs 

while (harmonics ~= 1 && harmonics ~= 2) 

    harmonics = input('Please enter 1 for 3-harmonic design or 2 for 5-harmonic design: 

'); 

    if (harmonics ~= 1 && harmonics ~= 2) 

       fprintf('Wrong entry. Please try again.\n'); 

    end  

end 

fo = input('Please enter the frequency of operation, fo (MHz): '); 

if (fo <= 0)  

    fo = 1e9; %Frequency of operation 

else 

    fo = fo * 1e6; 

end 

w = 2*pi*fo; 

Po = input('Please enter the required output power, Po (mW): '); 

if (Po <= 0) 

    Po = 0.01; %Output power 

else 

    Po = Po/1000; 

end 

Vcc = input('Please enter the value of the regulated power supply (Vcc/Vdd): '); 

if (Vcc <= 0)  

    Vcc = 1; %Voltage supply 

end 

BVCE = input('Please enter collector-emiiter breakdown voltage (V) (-1 to skip): '); 

if (BVCE <= 0) 

    BVCE = 0; %Collector-emitter breakdown voltage 

end 

L0 = input('Please enter the inductance for the base filter (nH): '); 

if (L0 <= 0) 

    L0 = 1e-9; %Base filter inductance 

else 

    L0 = L0 * 1e-9; 

end 

L3 = input('Please enter the inductance for the third harmonic filter (nH): '); 

if (L3 <= 0) 

    L3 = 1e-9; %Third harmonic filter inductance 

else 

    L3 = L3 * 1e-9; 

end 

if harmonics == 2; 

    L5 = input('Please enter the inductance for the fifth harmonic filter (nH): '); 

    if (L5 <= 0) 

        L5 = 1e-9; %Fifth harminic filter inductance 

    else 

        L5 = L5 * 1e-9; 

    end 

else 

    L5 = 0; 

end 

  

if harmonics == 1 

    %third harmonic peaking circuit coefficients 

    dV = 2; 

    gV = 1.1547; 

    dI = 2.91; 

    gI = 1.4142; 

else 

    %5 resonators circuit coefficients 

    dV = 2; 
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Figure A.6. MATLAB code for the Class-F design subroutine (continued). 

A.5 IMPEDANCE MATCHING 

Figure A.7 and Figure A.8 show the MATLAB code for the impedance matching 

subroutine (calcMatch.m). 

 

Figure A.7. MATLAB code for the impedance matching subroutine. 

 

%L network 

LM = 1/wo * (RL^2*RS / (RL - RS))^(1/2); 

CM = 1/wo * (RL^2 + (wo*LM)^2) / (RL^2 * wo * LM); 

  

%Results for L network 

fprintf('\nL network: \n'); 

fprintf('LM = %.3f nH\n', floor(1e11 * LM + 0.5) / 100); 

fprintf('CM = %.3f pF\n', floor(1e14 * CM + 0.5) / 100); 

  

    gV = 1.2071; 

    dI = 3;      

gI = 1.5; 

end 

  

%Calculate optimum resistance and waveforms 

RL = gV^2*Vcc^2/(2*Po); 

Vom = gV*Vcc; 

vCm = dV*Vcc; 

Idc = gV*Vcc/(gI*RL); 

iCm = dI*Idc; 

A = 2*acos(Idc/(Idc-iCm)); 

  

%Calculate Filters 

%base 

C0 = 1/((2*pi*fo)^2*L0); 

%3rd harmonic 

C3 = 1/((2*pi*3*fo)^2*L3); 

if harmonics == 2; 

    C5 = 1/((2*pi*5*fo)^2*L3); 

end 

%Display calculated values 

fprintf('\nRESULTS:\n'); 

fprintf('RL = %.2f Ohm \n', floor(100 * RL + 0.5) / 100); 

fprintf('L0 = %.2f nH \n', floor(1e11 * L0 + 0.5) / 100); 

fprintf('C0 = %.3f pF \n', floor(1e14 * C0 + 0.5) / 100); 

fprintf('L3 = %.2f nH \n', floor(1e11 * L3 + 0.5) / 100); 

fprintf('C3 = %.3f pF \n', floor(1e14 * C3 + 0.5) / 100); 

if harmonics == 2; 

    fprintf('L5 = %.2f nH \n', floor(1e11 * L5 + 0.5) / 100); 

    fprintf('C5 = %.3f pF \n', floor(1e14 * C5 + 0.5) / 100); 

end 

fprintf('Idc = %.2f mA \n', floor(1e5 * Idc + 0.5) /100); 

fprintf('vCm = %.2f V \n', floor(1e2 * vCm + 0.5) / 100); 

fprintf('Vom = %.2f V \n', floor(1e2 * Vom + 0.5) / 100); 

fprintf('iCm = %.2f mA \n', floor(1e5 * iCm + 0.5) / 100); 

  

if (vCm > BVCE && BVCE > 0) 

    NVcc = BVCE / dV; 

    fprintf('Warning: Vcc should not exceed %.2f or the transistor will go into 

breakdown!\n', NVcc); 

end 
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Figure A.8. MATLAB code for the impedance matching subroutine (continued). 

%T networks 

Rsmall = RS; 

if RL < Rsmall 

    Rsmall = RL; 

end 

R = Rsmall*(QL^2 + 1); 

XS1 = QL*RS; 

XP1 = R/QL; 

  

Q2 = (R/RL - 1)^(1/2); 

XP2 = R/Q2; 

XS2 = Q2*RL; 

  

CT1 = XP1*XP2/(XP1+XP2); 

CT2 = XP1*XP2/abs(XP1-XP2);  

  

LM1 = XS1/wo; 

LM2 = XS2/wo; 

LM3 = CT1/wo; 

  

CM1 = 1/(CT1*wo); 

CM2 = 1/(XS1*wo); 

CM3 = 1/(XS2*wo); 

  

%Results for T network 

fprintf('\nind-cap-ind T network: \n'); 

fprintf('L1 = %.3f nH\n', floor(1e12 * XS1/wo + 0.5) / 1000); 

fprintf('C1 = %.3f pF\n', floor(1e15 * 1/(CT1*wo) + 0.5) / 1000); 

fprintf('L2 = %.3f nH\n', floor(1e12 * XS2/wo + 0.5) / 1000); 

  

fprintf('cap-ind-cap T network: \n'); 

fprintf('C1 = %.3f pF\n', floor(1e15 * 1/(XS1*wo) + 0.5) / 1000); 

fprintf('L1 = %.3f nH\n', floor(1e12 * CT1/wo + 0.5) / 1000); 

fprintf('C2 = %.3f pF\n', floor(1e15 * 1/(XS2*wo) + 0.5) / 1000); 

  

%Pi network 

RH = RS; 

if RL > RH 

    RH = RL; 

end 

R = RH/(QL^2 + 1); 

XS2 = QL*R; 

XP2 = RL/QL; 

  

Qi = (RS/R - 1)^(1/2); 

XP1 = RS/Q2; 

XS1 = Qi*R; 

  

CT1 = XS1 + XS2; 

CT2 = abs(XS1-XS2); 

  

LM4 = XP1/wo; 

LM5 = XP2/wo; 

LM6 = CT1/wo; 

  

CM4 = 1/(CT1*wo); 

CM5 = 1/(XP1*wo); 

CM6 = 1/(XP2*wo); 

%Results for Pi network 

fprintf('\nind-cap-ind Pi network: \n'); 

fprintf('L1 = %.3f nH\n', floor(1e12 * XP1/wo + 0.5) / 1000); 

fprintf('C1 = %.3f pF\n', floor(1e15 * 1/(CT1*wo) + 0.5) / 1000); 

fprintf('L2 = %.3f nH\n', floor(1e12 * XP2/wo + 0.5) / 1000); 

  

fprintf('cap-ind-cap Pi network: \n'); 

fprintf('C1 = %.3f pF\n', floor(1e15 * 1/(XP1*wo) + 0.5) / 1000); 

fprintf('L1 = %.3f nH\n', floor(1e12 * CT1/wo + 0.5) / 1000); 

fprintf('C2 = %.3f pF\n', floor(1e15 * 1/(XP2*wo) + 0.5) / 1000); 
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A.6 INDUCTANCE VALUE OVERRIDE 

Figure A.9 and Figure A.10 show the MATLAB code for the inductance values override 

subroutine (overrideInductors.m). Any inductance value calculated by the PA design 

program can be overridden by this subroutine manually if needed. 

 

Figure A.9. MATLAB code for the inductance values override subroutine. 

%Overrides any inductance values calculated by PA design program 

cov = input('Do you want to override any of the inductance values (y/n)? ', 's'); 

if cov == 'y' || cov == 'Y'; 

    if choice == 1; 

        fprintf('Old L2 = %.2f nH. ', L2*1e9); 

        iL2 = input ('New L2 (-1 to skip): '); 

        if iL2 > 0; 

            L2 = iL2/1e9; 

        end 

        fprintf('Old Lfeed = %.2f nH. ', Lfeed*1e9); 

        iLfeed = input ('New Lfeed (-1 to skip): ');  

        if iLfeed > 0; 

            Lfeed = iLfeed/1e9; 

        end 

    elseif choice == 2; 

        fprintf('Old Lfeed = 100.00 nH. '); 

        iLfeed = input ('New Lfeed (-1 to skip): ');  

        if iLfeed > 0; 

            Lfeed = iLfeed/1e9; 

        else 

            Lfeed = 1e-7; 

        end 

        fprintf('Old L0 = %.2f nH. ', L0*1e9); 

        iL0 = input ('New L0 (-1 to skip): '); 

        if iL0 > 0; 

            L0 = iL0/1e9; 

        end 

        fprintf('Old L3 = %.2f nH. ', L3*1e9); 

        iL3 = input ('New L3 (-1 to skip): '); 

        if iL3 > 0; 

            L3 = iL3/1e9; 

        end 

        if harmonics == 2; 

           fprintf('Old L5 = %.2f nH. ', L5*1e9); 

           iL5 = input ('New L5 (-1 to skip): '); 

            if iL5 > 0; 

                L5 = iL5/1e9; 

            end 

        end 

    end 

    if cmn == 1; 

        fprintf('Old LM = %.2f nH. ', LM*1e9); 

        iLM = input ('New LM (-1 to skip): '); 

        if iLM > 0;    

            LM = iLM/1e9; 

        end      
    elseif cmn == 2; 

        fprintf('Old LM1 = %.2f nH. ', LM1*1e9); 

        iLM1 = input ('New LM1 (-1 to skip): '); 

        if iLM1 > 0; 

            LM1 = iLM1/1e9; 

        end 

        fprintf('Old LM2 = %.2f nH. ', LM2*1e9); 

        iLM2 = input ('New LM2 (-1 to skip): '); 

        if iLM2 > 0; 

            LM2 = iLM2/1e9; 

        end            

   elseif cmn == 3; 

        fprintf('Old LM3 = %.2f nH. ', LM3*1e9); 

        iLM3 = input ('New LM3 (-1 to skip): '); 

        if iLM3 > 0; 
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Figure A.10. MATLAB code for the inductance values override subroutine (continued). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            LM3 = iLM3/1e9; 

        end         

    elseif cmn == 4; 

        fprintf('Old LM4 = %.2f nH. ', LM4*1e9); 

        iLM4 = input ('New LM4 (-1 to skip): '); 

        if iLM4 > 0; 

            LM4 = iLM4/1e9; 

        end 

        fprintf('Old LM5 = %.2f nH. ', LM5*1e9); 

        iLM5 = input ('New LM5 (-1 to skip): '); 

        if iLM5 > 0; 

            LM5 = iLM5/1e9; 

        end         

    elseif cmn == 5; 

        fprintf('Old LM6 = %.2f nH. ', LM6*1e9); 

        iLM6 = input ('New LM6 (-1 to skip): '); 

        if iLM6 > 0; 

            LM6 = iLM6/1e9; 

        end    

    end 

else 

    %fix feed for Class-F amplifier 

    if choice == 2; 

        Lfeed = 1e-7; 

    end 

end 

 

 
 
 



Appendix A                                                                                                    MATLAB Code 

 

 

Department of Electrical, Electronic and Computer Engineering 

University of Pretoria  169 

A.7 SETUP OF INDUCTANCE SEARCH ALGORITHM PARAMETERS 

Figure A.11 shows the MATLAB code for the setup of inductance search algorithm 

parameters (indSetup.m).  

 

Figure A.11. MATLAB code for the setup of inductance search algorithm parameters. 

A.8 SEARCH FOR REQUIRED INDUCTORS 

Figure A.12 and Figure A.13 show the MATLAB code for the subroutine that searches for 

inductor geometries of all inductors needed by PA design program (findInductors.m).  

%Setup the inductance search algorithm search parameters   

tolerance = input('Please enter the tolerance for the inductance value (%) (-1 to 

skip): '); 

if (tolerance <= 0) 

    tolerance = 0.01; 

else 

    tolerance = tolerance/100; 

end 

resolution = input('Please enter the search grid resolution (um) (-1 to skip): '); 

if (resolution <= 0) 

    resolution = 1; 

end 

%Setup the geometry parameters 

cminpar = input('Do you want to change any of the default geometry parameters (y/n)? ', 

's'); 

if cminpar == 'y' || cminpar == 'Y' 

  dinmin = input('\nPlease enter the minimum value for din (um) (-1 to skip): '); 

  if (dinmin < 30) 

    dinmin = 30; 

    fprintf('Using the default value of %.0f um for minimum din.\n', dinmin); 

  end%if 

  doutmax = input('Please enter the maximum value for dout (um) (-1 to skip): '); 

  if (doutmax <= 0) 

    doutmax = 500; 

    fprintf('Using the default value of %.0f um for maximum dout.\n', doutmax); 

  end%if 

  smin = input('Please enter the minimum value for turn spacing s (um) (-1 to skip): 

'); 

  if (smin <= 0) 

    smin = 2; 

    fprintf('Using the default value of %.0f um for s.\n', smin); 

  end%if 

  wmin = input('Please enter the minimum turn width w (um) (-1 to skip): '); 

  if (wmin <= 0) 

    wmin = 2; 

    fprintf('Using the default value of %.0f um for w.\n', wmin); 

  end%if 

else 

    %Default parameters 

  dinmin = 30; 

  doutmax = 500; 

  smin = 2; 

  wmin = 2; 

  fprintf('Using the default values of %.1f, %.1f, %.1f and %.1f for dinmin, doutmax, s 

and wmin respectively.\n', dinmin, doutmax, smin, wmin); 

end%if 
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Figure A.12. MATLAB code for search for geometries of all needed inductors. 

%Enter inductor process parameters 

entProcParam; 

if choice == 1; 

    Ls = L2*1e9; 

    fprintf('\nInductor value: %.3f nH',Ls); 

    indSearch; %Inductance search algorithm 

    if cnet == 'y' || cnet == 'Y'; 

        inductorName = 'L2'; 

        exportSubckt; %Exports the spiral inductor subcircuit 

    end 

    if Lfeed ~= 0; 

        Ls = Lfeed*1e9; 

        fprintf('\nInductor value: %.3f nH',Ls); 

        indSearch; %Inductance search algorithm 

        if cnet == 'y' || cnet == 'Y'; 

            inductorName = 'Lfeed'; 

            exportSubckt; %Exports the spiral inductor subcircuit 

        end 

    end 

elseif choice == 2; 

    Ls = L0*1e9; 

    fprintf('\nInductor value: %.3f nH',Ls); 

    indSearch; %Inductance search algorithm 

    if cnet == 'y' || cnet == 'Y'; 

        inductorName = 'L0'; 

        exportSubckt; %Exports the spiral inductor subcircuit 

    end 

    if L3 ~= L0; 

        Ls = L3*1e9; 

        fprintf('\nInductor value: %.3f nH',Ls); 

        indSearch; %Inductance search algorithm 

    end 

    if cnet == 'y' || cnet == 'Y'; 

        inductorName = 'L3'; 

        exportSubckt; %Exports the spiral inductor subcircuit 

    end 

    if harmonics == 2; 

        if L5 ~= L3; 

            Ls = L5*1e9; 

            fprintf('\nInductor value: %.3f nH',Ls); 

            indSearch; %Inductance search algorithm 

        end 

        if cnet == 'y' || cnet == 'Y'; 

            inductorName = 'L5'; 

            exportSubckt; %Exports the spiral inductor subcircuit 

        end 

    end 

end 

if cmn == 1; 

    Ls = LM*1e9; 

    fprintf('\nInductor value: %.3f nH',Ls); 

    indSearch; %Inductance search algorithm 

    if cnet == 'y' || cnet == 'Y'; 

        inductorName = 'LM'; 

        exportSubckt; %Exports the spiral inductor subcircuit 

    end 

end 

if cmn == 2; 

    Ls = LM1*1e9; 

    fprintf('\nInductor value: %.3f nH',Ls); 

    indSearch; %Inductance search algorithm 

    if cnet == 'y' || cnet == 'Y'; 

        inductorName = 'LM1'; 

        exportSubckt; %Exports the spiral inductor subcircuit 
    end 
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Figure A.13. MATLAB code for search for geometries of all needed inductors (continued). 

 

 

 

 

 

 

 

 

 

 

    Ls = LM2*1e9; 

    fprintf('\nInductor value: %.3f nH',Ls); 

    indSearch; %Inductance search algorithm 

    if cnet == 'y' || cnet == 'Y'; 

        inductorName = 'LM2'; 

        exportSubckt; %Exports the spiral inductor subcircuit 

    end 

end 

if cmn == 3; 

    Ls = LM3*1e9; 

    fprintf('\nInductor value: %.3f nH',Ls); 

    indSearch; %Inductance search algorithm 

    if cnet == 'y' || cnet == 'Y'; 
        inductorName = 'LM3'; 

        exportSubckt; %Exports the spiral inductor subcircuit 

    end 

end 

if cmn == 4; 

    Ls = LM4*1e9; 

    fprintf('\nInductor value: %.3f nH',Ls); 

    indSearch; %Inductance search algorithm 

    if cnet == 'y' || cnet == 'Y'; 

        inductorName = 'LM4'; 

        exportSubckt; %Exports the spiral inductor subcircuit 

    end 

    Ls = LM5*1e9; 

    fprintf('\nInductor value: %.3f nH',Ls); 

    indSearch; %Inductance search algorithm 

    if cnet == 'y' || cnet == 'Y'; 

        inductorName = 'LM5'; 

        exportSubckt; %Exports the spiral inductor subcircuit 

    end 

end 

if cmn == 5; 

    Ls = LM6*1e9; 

    fprintf('\nInductor value: %.3f nH',Ls); 

    indSearch; %Inductance search algorithm 

    if cnet == 'y' || cnet == 'Y'; 

        inductorName = 'LM6'; 

        exportSubckt; %Exports the spiral inductor subcircuit 

    end 

end 
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A.9 PA NETLIST EXPORT 

Figure A.14 through to Figure A.16 show the MATLAB code for the subroutine that 

exports the netlists of designed Class-E or Class-F PA (exportPA.m).  

 

Figure A.14. MATLAB code for the subroutine used for netlist export. 

%This procedure exports the netlist of Class-E or Class-F PA 

if (cnet == 'y' || cnet == 'Y') 

    cModel = 0; 

    %Input the transistor choice 

    while cModel ~= 1 && cModel ~= 2 && cModel ~= 3; 

        fprintf('\n'); 

        cModel = input('Please enter 1 for HBT, 2 RF NMOS or 3 for any other 

transistor: '); 

    end 

    if cModel == 1; 

       modelName = input('Please enter the model name (e.g. npn254h5): ', 's'); 

       if modelName(1) == 's' || modelName(1) == 'S';  

            modelName = 'npn254'; 

       end 

        wEmitters = input('Please enter the total emitter width (um) (-1 to skip): '); 

        if wEmitters < 0; 

            wEmitters = 1; 

        end 

        transistor = strcat(['X',modelName,'_1 N_1 bias Gnd Gnd ',modelName,' area=', 

num2str(wEmitters)]); 

    elseif cModel == 2; 

        lnmos = input('Please enter the NMOS length (um): '); 

        wnmos = input('Please enter the NMOS width (um): '); 

        ng = input('Please enter the number of NMOS fingers: '); 

        addparam = input('Please type in any additional SPICE parameters in format 

PARAM=param ("s" to skip): ', 's'); 

        if lnmos < 0; 

            lnmos = 1; 

        end 

        if wnmos < 0; 

            wnmos = 100; 

        end 

        if ng < 0; 

            ng = 10; 

        end 

        if addparam(1) == 's' 

            addparam = ' '; 

        end 

        transistor = strcat (['Xnmosrf_1 N_1 bias Gnd Gnd nmosrf l=',num2str(lnmos),'u 

wtot=',num2str(wnmos),'u ng=',num2str(ng),' ',addparam]); 

    else 

        transistor = input('Please type the SPICE command for your transistor: ','s'); 

    end 

end 

%Export the netlist 

if (cnet == 'y' || cnet == 'Y') && (cind ~= 'y' && cind ~= 'Y') && choice == 1; 

        paName = input('\nPlease enter the PA name (press "s" to skip): ', 's');     

        if paName(1) == 's' || paName(1) == 'S'; 

            paName = 'MyPA'; 

        end%if 

        if Lfeed == 0; 

            RFC = 100; 

        else 

            RFC = Lfeed*1e9; 

        end 

        fileName = strcat(paName, '_net.spc'); 

        fid = fopen(fileName, 'w'); 

        fprintf(fid, '.SUBCKT %s bias supply Gnd\n', paName); 

        fprintf(fid, 'LRFC_2 supply N_1 %.2fn\n', RFC); 

        if cmn == 0; 

          fprintf(fid, 'LInductor_2 N_5 N_3 %.2fn\n', floor(1e11 * L2 + 0.5) / 100); 

          fprintf(fid, 'RResistor_1 N_3 Gnd %.2f TC=0.0, 0.0\n', floor(100 * RL + 0.5) 

/ 100); 
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Figure A.15. MATLAB code for the subroutine used for netlist export (continued). 

else 

          fprintf(fid, 'LInductor_2 N_5 N_M1 %.2fn\n', floor(1e11 * L2 + 0.5) / 100);   
          fprintf(fid, 'RResistor_1 N_M2 Gnd %.2f TC=0.0, 0.0\n', 50); 

        end 

        fprintf(fid, transistor); 

        fprintf(fid, '\n'); 

        if Lfeed == 0; 

          fprintf(fid, 'CCapacitor_1 N_1 Gnd %.2fp\n', floor(1e14 * C1 + 0.5) / 100); 

        else 

          fprintf(fid, 'CCapacitor_1 N_1 Gnd %.2fp\n', floor(1e14 * Cp + 0.5) / 100); 

        end 

        fprintf(fid, 'CCapacitor_2 N_1 N_5 %.2fp\n', floor(1e14 * C2 + 0.5) / 100); 

        matchIdeal; %Export matching inductors 

        fprintf(fid, '.ENDS\n'); 

        fclose(fid); 

        fprintf('File %s created successfully.\n\n', fileName);     

    end 

     

    if (cnet == 'y' || cnet == 'Y') && (cind == 'y' || cind == 'Y') && choice == 1; 

        fprintf(fid, '.SUBCKT %s bias supply Gnd\n', paName); 

        if Lfeed == 0; 

          RFC = 100; 

          fprintf(fid, 'LRFC_2 supply N_1 %.2fn\n', RFC); 

        else 

          fprintf(fid, 'XLfeed_1 supply N_1 Gnd Lfeed\n'); 

        end 

        if cmn == 0; 

          fprintf(fid, 'XL2_1 N_5 N_3 Gnd L2\n'); 

          fprintf(fid, 'RResistor_1 N_3 Gnd %.2f TC=0.0, 0.0\n', floor(100 * RL + 0.5) 

/ 100); 

        else 

          fprintf(fid, 'XL2_1 N_5 N_M1 Gnd L2\n'); 

          fprintf(fid, 'RResistor_1 N_M2 Gnd %.2f TC=0.0, 0.0\n', 50); 

        end 

        fprintf(fid, transistor); 

        fprintf(fid, '\n'); 

        fprintf(fid, 'CCapacitor_1 N_1 Gnd %.2fp\n', floor(1e14 * C1 + 0.5) / 100); 

        fprintf(fid, 'CCapacitor_2 N_1 N_5 %.2fp\n', floor(1e14 * C2 + 0.5) / 100); 

        matchSpiral; %Export matching inductors 

        fprintf(fid, '.ENDS\n'); 

        fclose(fid); 

        fprintf('File %s created successfully.\n\n', fileName);             

    end 

     

  if (cnet == 'y' || cnet == 'Y') && (cind ~= 'y' && cind ~= 'Y') && choice == 2; 

        paName = input('\nPlease enter the PA name (press "s" to skip): ', 's');     

        if paName(1) == 's' || paName(1) == 'S'; 

          paName = 'MyPA'; 

        end%if 

        fileName = strcat(paName, '_net.spc'); 

        fid = fopen(fileName, 'w'); 

        RFC = Lfeed*1e9; 

        fprintf(fid, '.SUBCKT %s bias supply Gnd\n', paName); 

        fprintf(fid, 'LRFC_2 supply N_1 %.2fn\n', RFC); 

        fprintf(fid, 'CCapacitor_3 N_1 N_4 %.2fp\n', 1); 

        if cmn == 0; 

          fprintf(fid, 'LInductor_2 N_2 Gnd %.2fn\n', floor(1e11 * L0 + 0.5) / 100); 

          fprintf(fid, 'CCapacitor_1 N_2 Gnd %.2fp\n', floor(1e14 * C0 + 0.5) / 100); 

          if harmonics == 1; 

            fprintf(fid, 'LInductor_1 N_4 N_2 %.2fn\n', floor(1e11 * L3 + 0.5) / 100); 

            fprintf(fid, 'CCapacitor_2 N_4 N_2 %.2fp\n', floor(1e14 * C3 + 0.5) / 100); 

          end 

          if harmonics == 2; 

            fprintf(fid, 'LInductor_1 N_4 N_3 %.2fn\n', floor(1e11 * L3 + 0.5) / 100); 

            fprintf(fid, 'CCapacitor_2 N_4 N_3 %.2fp\n', floor(1e14 * C3 + 0.5) / 100); 

            fprintf(fid, 'LInductor_3 N_3 N_2 %.2fn\n', floor(1e11 * L5 + 0.5) / 100); 

            fprintf(fid, 'CCapacitor_4 N_3 N_2 %.2fp\n', floor(1e14 * C5 + 0.5) / 100); 

          end 

          fprintf(fid, 'RResistor_1 N_2 Gnd %.2f TC=0.0, 0.0\n', floor(100 * RL + 0.5) 
/ 100); 
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Figure A.16. MATLAB code for the subroutine used for netlist export (continued). 

        else  

          fprintf(fid, 'LInductor_2 N_M1 Gnd %.2fn\n', floor(1e11 * L0 + 0.5) / 100); 

          fprintf(fid, 'CCapacitor_1 N_M1 Gnd %.2fp\n', floor(1e14 * C0 + 0.5) / 100); 

          if harmonics == 1; 
            fprintf(fid, 'LInductor_1 N_4 N_M1 %.2fn\n', floor(1e11 * L3 + 0.5) / 100); 

            fprintf(fid, 'CCapacitor_2 N_4 N_M1 %.2fp\n', floor(1e14 * C3 + 0.5) / 

100); 

          end 

          if harmonics == 2; 

            fprintf(fid, 'LInductor_1 N_4 N_3 %.2fn\n', floor(1e11 * L3 + 0.5) / 100); 

            fprintf(fid, 'CCapacitor_2 N_4 N_3 %.2fp\n', floor(1e14 * C3 + 0.5) / 100); 

            fprintf(fid, 'LInductor_3 N_3 N_M1 %.2fn\n', floor(1e11 * L5 + 0.5) / 100); 

            fprintf(fid, 'CCapacitor_4 N_3 N_M1 %.2fp\n', floor(1e14 * C5 + 0.5) / 

100); 

          end 

          fprintf(fid, 'RResistor_1 N_M2 Gnd %.2f TC=0.0, 0.0\n', 50); 

        end             

  

        fprintf(fid, transistor); 

        fprintf(fid, '\n'); 

        matchIdeal; %Export matching inductors 

        fprintf(fid, '.ENDS\n'); 

        fclose(fid); 

        fprintf('File %s created successfully.\n\n', fileName);           

    end 

     

    if (cnet == 'y' || cnet == 'Y') && (cind == 'y' || cind == 'Y') && choice == 2; 

        fprintf(fid, '.SUBCKT %s bias supply Gnd\n', paName); 

        RFC = Lfeed*1e9; 

        fprintf(fid, 'LRFC_2 supply N_1 %.2fn\n', RFC); 

        fprintf(fid, 'CCapacitor_3 N_1 N_4 %.2fp\n', 1); 

        if cmn == 0; 

          fprintf(fid, 'XL0_1 N_2 Gnd Gnd L0\n'); 

          fprintf(fid, 'CCapacitor_1 N_2 Gnd\n'); 

          if harmonics == 1; 

            fprintf(fid, 'XL3_1 N_4 N_2 Gnd L3\n'); 

            fprintf(fid, 'CCapacitor_2 N_4 N_2 %.2fp\n', floor(1e14 * C3 + 0.5) / 100); 

          end 

          if harmonics == 2; 

            fprintf(fid, 'XL3_1 N_4 N_3 Gnd L3\n'); 

            fprintf(fid, 'CCapacitor_2 N_4 N_3 %.2fp\n', floor(1e14 * C3 + 0.5) / 100); 

            fprintf(fid, 'XL5_1 N_3 N_2 Gnd L5\n'); 

            fprintf(fid, 'CCapacitor_4 N_3 N_2 %.2fp\n', floor(1e14 * C5 + 0.5) / 100); 

          end 

          fprintf(fid, 'RResistor_1 N_2 Gnd %.2f TC=0.0, 0.0\n', floor(100 * RL + 0.5) 

/ 100); 

        else  

          fprintf(fid, 'XL0_1 N_M1 Gnd Gnd L0\n'); 

          fprintf(fid, 'CCapacitor_1 N_M1 Gnd %.2fp\n', floor(1e14 * C0 + 0.5) / 100); 

          if harmonics == 1; 

            fprintf(fid, 'XL3_1 N_4 N_M1 Gnd L3\n'); 

            fprintf(fid, 'CCapacitor_2 N_4 N_M1 %.2fp\n', floor(1e14 * C3 + 0.5) / 

100); 

          end 

          if harmonics == 2; 

            fprintf(fid, 'XL3_1 N_4 N_3 Gnd L3\n'); 

            fprintf(fid, 'CCapacitor_2 N_4 N_3 %.2fp\n', floor(1e14 * C3 + 0.5) / 100); 

            fprintf(fid, 'XL5_1 N_3 N_M1 Gnd L5\n'); 

            fprintf(fid, 'CCapacitor_4 N_3 N_M1 %.2fp\n', floor(1e14 * C5 + 0.5) / 

100); 

          end 

          fprintf(fid, 'RResistor_1 N_M2 Gnd %.2f TC=0.0, 0.0\n', 50); 

        end             

        fprintf(fid, transistor); 

        fprintf(fid, '\n'); 

        matchSpiral; %Export matching inductors 

        fprintf(fid, '.ENDS\n'); 

        fclose(fid); 

        fprintf('File %s created successfully.\n\n', fileName);     

    end 
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A.10 ENTERING PROCESS PARAMETERS 

Figure A.17 and Figure A.18 show the MATLAB code for the subroutine that allows for 

entering process parameters (entProcParam.m).  

 

Figure A.17. MATLAB code for the subroutine used for entering process parameters. 

%Enter process parameters 

%Change default process parameters - any process can be used 

%Enter default process parameters here 

TM3default = 1000; 

rhodefault = 2.82e-8; 

MAldefault = 1.257e-6; 

ToxM2M3default = 1000; 

E = 8.85e-12; 

EroxM2M3default = 4; 

ToxM3Sdefault = 5000; 

EroxM3Sdefault = 4; 

TSidefault = 1000; 

ErSidefault = 11.7; 

rhoSidefault = 0.2; 

  

ctech = input('Do you want to change any of the default process parameters (y/n)? ', 

's'); 

if ctech == 'y' || ctech == 'Y' 

    fprintf('\nPlease enter the thickness of the top metal (nm) (-1 to skip): \nOld 

value: %.0f  -->  ', TM3default); 

    TM3 = input('New value: '); 

    if (TM3 <= 0) 

      TM3 = TM3default * 1e-9; 

    else 

      TM3 = TM3 * 1e-9; 

    end%if 

    fprintf('Please enter rho (ohm.m) (-1 to skip): \nOld value: %.2e  -->  ', 

rhodefault); 

    rho = input('New value: '); 

    if (rho <=0) 

      rho = rhodefault; 

    end%if     

    fprintf('Please enter MAl (H/m) (-1 to skip): \nOld value: %.2e -->  ', 

MAldefault); 

    MAl = input('New value: '); 

    if (MAl <= 0) 

      MAl = MAldefault; 

    end%if 

    delta = sqrt(rho / (pi * MAl * f)); 

    teff = delta*(1-exp(-TM3/delta)); 

    fprintf('Please enter thickness of the oxide between top two metals (nm) (-1 to 

skip): \nOld value: %.0f  -->  ', ToxM2M3default);  

    ToxM2M3 = input('New value: '); 

    if (ToxM2M3 <= 0) 

      ToxM2M3 = ToxM2M3default * 1e-9; 

    else  

      ToxM2M3 = ToxM2M3 * 1e-9; 

    end%if 

    fprintf('Please enter Er of the oxide between top two metals (-1 to skip): \nOld 

value: %.2f  -->  ', EroxM2M3default); 

    EroxM2M3 = input('New value: '); 

    if (EroxM2M3 <= 0) 

      EroxM2M3 = EroxM2M3default; 

    end%if 

    EoxM2M3 = E * EroxM2M3; 

    fprintf('Please enter thickness of the oxide between the substrate and the top 

metal (nm) (-1 to skip): \nOld value: %.0f  -->  ', ToxM3Sdefault); 

    ToxM3S = input('New value: '); 

    if (ToxM3S <= 0) 

      ToxM3S = ToxM3Sdefault * 1e-9; 

    else 

      ToxM3S = ToxM3S * 1e-9; 
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Figure A.18. MATLAB code for the subroutine used for entering process parameters 

(continued). 

 

 

 

 

 

 

 

 

 

 

 

    end%if 

    fprintf('Please enter Er of the oxide between the substrate and the top metal (-1 

to skip): \nOld value: %.2f  -->  ', EroxM3Sdefault); 

    EroxM3S = input('New value: '); 

    if (EroxM3S <= 0) 

      EroxM3S = EroxM3Sdefault; 

    end%if 

    fprintf('Please enter TSi (um) (-1 to skip): \nOld value: %.0f  -->  ',TSidefault); 

    TSi = input('New value: '); 

    if (TSi <= 0) 

      TSi = TSidefault * 1e-6; 

    else 

      TSi = TSi*1e-6; 

    end%if 

    fprintf('Please enter ErSi (-1 to skip): \nOld value: %.2f  -->  ', ErSidefault); 

    ErSi = input('New value: '); 

    if (ErSi <= 0) 

      ErSi = ErSidefault; 

    end%if 

    %Rsi 

    fprintf('Please enter rhoSi (ohm.m) (-1 to skip): \nOld value: %.2f  -->  ', 

rhoSidefault); 

    rhoSi = input('New value: '); 

    if (rhoSi <= 0) 

      rhoSi = rhoSidefault; 

    end%if 

else 

    %If the parameters are not changed, use default parameters 

    TM3 = TM3default * 1e-9; 

    ToxM3S = ToxM3Sdefault * 1e-9; 

    rho = rhodefault; 

    MAl = MAldefault; 

    delta = sqrt(rho / (pi * MAl * f)); 

    teff = delta*(1-exp(-TM3/delta)); 

    ToxM2M3 = ToxM2M3default * 1e-9; 

    EroxM2M3 = EroxM2M3default; 

    EoxM2M3 = E * EroxM2M3; 

    EroxM3S = EroxM3Sdefault; 

    TSi = TSidefault * 1e-6; 

    ErSi = ErSidefault; 

    rhoSi = rhoSidefault; 

end%if 

fprintf('\n'); 
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A.11 INDUCTANCE SEARCH ALGORITHM 

Figure A.19 and Figure A.20 show the MATLAB code for the inductance search algorithm 

(indSearch.m).  

 

Figure A.19. MATLAB code for the inductance search algorithm. 

%This procedure searches for the inductance geometry with the highest 

%quality factor given the inductance 

%Initialize all storage variables to zero 

  Qstored = 0; 

  fostored = 0; 

  Lcstored =0; 

  Rsstored = 0; 

  RSistored = 0; 

  CSistored = 0; 

  Coxstored = 0; 

  Csstored = 0; 

  wstored = 0; 

  sstored = 0; 

  dinstored = 0; 

  doutstored = 0; 

  nstored = 0;         

  fprintf('\nLooking for the geometry with highest quality factor Q...\n\n'); 

  %Initialize geometry parameters to default minimum/maximum values 

  Lc = 0; 

  dout = 0; 

  s = smin; 

  din = dinmin; 

  w = wmin; 

  n = 2; 

  %Inductance search algorithm 

  while (din < 2*doutmax/3) 

      s = smin; 

          w = wmin; 

          while (w <= doutmax/10) 

              n = 2; 

              dout = 0; 

              while (dout < doutmax) 

                  dout = din + 2*n*w + 2*(n-1)*s; 

                  if (dout > doutmax) 

                    break 

                  end%if 

                  davg = (din + dout) / 2; 

                  Lc = b * dout^a1 * w^a2 * davg^a3 * n^a4 * s^a5; 

                  calcParasitics; %Procedure to calculate parasitics 

                  Lcc = Lc/1e9; 

                  Lzz = Lz*1e9; 

                  if (Lzz > Ls) 

                      if (Lzz < (1 + tolerance) * Ls) 

                          %Calculate Q-factor 

                          Rp = 1/(omega^2*Cox^2*RSi) + RSi*(Cox + CSi)^2/Cox^2; 

                          Cp = Cox*(1 + omega^2*(Cox + CSi)*CSi*RSi^2)/(1 + 

omega^2*(Cox + CSi)^2*RSi^2); 

                          Q = omega*Lcc/Rs*Rp/(Rp + ((omega*Lcc/Rs)^2 + 1)*Rs)*(1 - (Cp 

+ Cs)*(omega^2*Lcc + Rs^2/Lcc)); 

                          fo = 1/(2*pi)*sqrt(1/(Lcc*(Cp + Cs)) - (Rs/Lcc)^2); 

                          if (Q > Qstored) 

                            Qstored = Q; 

                            fostored = fo; 

                            Lclfstored = Lc; 

                            Lcstored = Lzz;  

                            Rsstored = Rs; 

                            RSistored = RSi; 

                            CSistored = CSi; 

                            Coxstored = Cox; 

                            Csstored = Cs; 

                            wstored = w; 

                            sstored = s; 
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Figure A.20. MATLAB code for the inductance search algorithm (continued). 

A.12 EXPORT OF THE SPIRAL INDUCTOR SUBCIRCUIT 

Figure A.21 shows the MATLAB code for the export of the netlist of the spiral inductor as 

a part of the complete PA netlist (exportSubckt.m). 

 

Figure A.21. MATLAB code for the export of the spiral inductor subcircuit. 

A.13 EXPORT OF THE PART OF NETLIST INVOLVING MATCHING 

Figure A.22 shows the MATLAB code for the export of the part of netlist that involves 

matching when ideal inductors are used (matchIdeal.m). Figure A.23 shows the MATLAB 

%Exports the spiral inductor subcircuit 

try 

   fprintf(fid, '.SUBCKT %s L1 L2 GND\n', inductorName); 

    fprintf(fid, 'CS L1 L2 %.2ffF\n', floor(1e17 * Csstored + 0.5) / 100); 

    fprintf(fid, 'LS N4 L1 %.2fn\n', floor(100 * Lclfstored + 0.5) / 100); 

    fprintf(fid, 'RS N4 L2 %.2f\n', floor(100 * Rsstored + 0.5) / 100); 

    fprintf(fid, 'Csi1 N2 GND %.2ffF\n', floor(1e17 * CSistored + 0.5) / 100); 

    fprintf(fid, 'Csi2 N3 GND %.2ffF\n', floor(1e17 * CSistored + 0.5) / 100); 

    fprintf(fid, 'Cox1 L1 N2 %.2ffF\n', floor(1e17 * Coxstored + 0.5) / 100); 

    fprintf(fid, 'Cox2 L2 N3 %.2ffF\n', floor(1e17 * Coxstored + 0.5) / 100); 

    fprintf(fid, 'Rsi1 N2 GND %.2f\n', floor(100 * RSistored + 0.5) / 100); 

    fprintf(fid, 'Rsi2 N3 GND %.2f\n', floor(100 * RSistored + 0.5) / 100); 

    fprintf(fid, '.ENDS\n\n'); 

catch 

    fprintf('MATLAB reports:\n%s\n', lasterr); 

    fprintf('Netlist export failed.\n'); 

end%try 

 

                            dinstored = din; 

                            doutstored = dout; 
                            nstored = n; 

                        end%if 

                      end%if 

                      Lc = 0; 

                      n = 1; 

                      break 

                  end%if 

                  n = n + 1; 

              end%while 

              w = w + resolution;                   

           end%while 

      %end%while 

      din = din + resolution; 

  end%while 

  %==== OUTPUT PARAMS ====% 

  if Qstored < 1 

       fprintf('Could not find a geometry for %.2f nH\nlimited to dinmin and doutmax 

with Q greater than 1 at %.2f MHz.\n', Ls, f/1e6) 

  end%if 

  if Qstored >=1 

    fprintf('Ls = %.2f nH \n', Lcstored); 

    fprintf('Lslf = %.2f nH \n', Lclfstored); 

    fprintf('Q = %.2f \n', floor(100 * Qstored + 0.5) / 100); 

    fprintf('fo = %.2f GHz\n', floor(fostored/1e7 + 0.5) / 100); 

    fprintf('w = %.2f um\n', floor(100*wstored + 0.5) / 100); 

    fprintf('s = %.2f um\n', floor(100*sstored + 0.5) / 100); 

    fprintf('din = %.2f um\n', floor(100*dinstored + 0.5) / 100); 

    fprintf('dout = %.2f um\n', floor(100*doutstored + 0.5) / 100); 

    fprintf('n = %d\n', floor(100*nstored + 0.5) / 100);                                 

  end%if        
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code for the export of the part of netlist that involves matching when spiral inductors are 

used (matchSpiral.m).  

 

Figure A.22. MATLAB code for the export of the part of the netlist that involves matching 

when ideal inductors are used. 

 

 

Figure A.23. MATLAB code for the export of the part of the netlist that involves matching 

when spiral inductors are used. 

A.14 CALCULATING PARASITICS OF ANY DESIGNED SPIRAL INDUCTOR 

Figure A.24 shows the MATLAB code for the subroutine that calculates the parasitics of 

any designed spiral inductor (calcParasitics.m).  

if cmn == 1; 

    fprintf(fid, 'XLM_1 Gnd N_M2 Gnd LM\n'); 

    fprintf(fid, 'CCapacitor_M N_M1 N_M2 %.2fp\n', floor(1e14 * CM + 0.5) / 100); 

elseif cmn == 2; 

    fprintf(fid, 'XLM1_1 N_M1 N_M Gnd LM1\n'); 

    fprintf(fid, 'XLM2_1 N_M N_M2 Gnd LM2\n'); 

    fprintf(fid, 'CCapacitor_M1 Gnd N_M %.2fp\n', floor(1e15 * CM1 + 0.5) / 1000); 

elseif cmn == 3 

    fprintf(fid, 'CCapacitor_M1 N_M1 N_M %.2fp\n', floor(1e15 * CM2 + 0.5) / 1000); 

    fprintf(fid, 'CCapacitor_M2 N_M N_M2 %.2fp\n', floor(1e15 * CM3 + 0.5) / 1000); 

    fprintf(fid, 'XLM3_1 Gnd N_M Gnd LM3\n'); 

elseif cmn == 4; 

    fprintf(fid, 'XLM4_1 Gnd N_M1 Gnd LM4\n'); 

    fprintf(fid, 'XLM5_1 Gnd N_M2 Gnd LM5\n'); 

    fprintf(fid, 'CCapacitor_M1 N_M1 N_M2 %.2fp\n', floor(1e15 * CM4 + 0.5) / 1000); 

elseif cmn == 5; 

    fprintf(fid, 'CCapacitor_M1 Gnd N_M1 %.2fp\n', floor(1e15 * CM5 + 0.5) / 1000); 

    fprintf(fid, 'CCapacitor_M2 Gnd N_M2 %.2fp\n', floor(1e15 * CM6 + 0.5) / 1000); 

    fprintf(fid, 'XLM6_1 N_M1 N_M2 Gnd LM6\n'); 

end     

if cmn == 1; 

    fprintf(fid, 'LInductor_M Gnd N_M2 %.2fn\n', floor(1e11 * LM + 0.5) / 100); 

    fprintf(fid, 'CCapacitor_M N_M1 N_M2 %.2fp\n', floor(1e14 * CM + 0.5) / 100); 

elseif cmn == 2; 

    fprintf(fid, 'LInductor_M1 N_M1 N_M %.2fn\n', floor(1e12 * LM1 + 0.5) / 1000); 

    fprintf(fid, 'LInductor_M2 N_M N_M2 %.2fn\n', floor(1e12 * LM2 + 0.5) / 1000); 

    fprintf(fid, 'CCapacitor_M1 Gnd N_M %.2fp\n', floor(1e15 * CM1 + 0.5) / 1000); 

elseif cmn == 3 

    fprintf(fid, 'CCapacitor_M1 N_M1 N_M %.2fp\n', floor(1e15 * CM2 + 0.5) / 1000); 

    fprintf(fid, 'CCapacitor_M2 N_M N_M2 %.2fp\n', floor(1e15 * CM3 + 0.5) / 1000); 

    fprintf(fid, 'LInductor_M1 Gnd N_M %.2fn\n', floor(1e12 * LM3 + 0.5) / 1000); 

elseif cmn == 4; 

    fprintf(fid, 'LInductor_M1 Gnd N_M1 %.2fn\n', floor(1e12 * LM4 + 0.5) / 1000); 

    fprintf(fid, 'LInductor_M2 Gnd N_M2 %.2fn\n', floor(1e12 * LM5 + 0.5) / 1000); 

    fprintf(fid, 'CCapacitor_M1 N_M2 N_M1 %.2fp\n', floor(1e15 * CM4 + 0.5) / 1000); 

elseif cmn == 5; 

    fprintf(fid, 'CCapacitor_M1 Gnd N_M1 %.2fp\n', floor(1e15 * CM5 + 0.5) / 1000); 

    fprintf(fid, 'CCapacitor_M2 Gnd N_M2 %.2fp\n', floor(1e15 * CM6 + 0.5) / 1000); 

    fprintf(fid, 'LInductor_M1 N_M2 N_M1 %.2fn\n', floor(1e12 * LM6 + 0.5) / 1000); 

end   
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Figure A.24. MATLAB code for the subroutine that calculates the parasitics of any designed 

spiral inductor. 

A.15 DESIGN OF SPIRAL INDUCTORS AS A MAIN ROUTINE 

Figure A.25 shows the MATLAB code for the routine for Design of Spiral Inductors 

(indcalc2.m).  

%This procedure calculates the parasitics of spiral inductors 

ell = 4*n*(din+w) + (2*n)*(2*n-1) * (w+s); 

Rs = rho * ell / (w * teff); 

ws = w / 1e6; 

ells = ell / 1e6; 

Cs = n * ws * ws * EoxM2M3 / ToxM2M3; 

if (ToxM3S <= ws) 

   ToxM1Seff = ws * (ws/ToxM3S + 2.42 - 0.44*ToxM3S/ws + (1 - ToxM3S/ws)^6)^(-1); 

else 

   ToxM1Seff = ws/(2*pi) * log(8*ToxM3S/ws + 4*ws/ToxM3S); 

end%if 

EoxM1Seff = E *((EroxM3S + 1)/2 + (EroxM3S - 1)/2*(1 + 10*ToxM3S/ws)^(-1/2)); 

Cox = ells * ws * EoxM1Seff / ToxM1Seff / 2; 

TSieffC = ws/(2*pi) * log(8*TSi/ws + 4*ws/TSi); 

ESieff = E *((ErSi + 1)/2 + (ErSi - 1)/2*(1 + 10*TSi/ws)^(-1/2)); 

CSi = ells * ws * ESieff / TSieffC / 2; 

sigmaeff = 1/rhoSi * (1/2 + 1/2*(1 + 10*TSi/ws)^(-1/2)); 

RSi = 2 * TSieffC / (ells * ws * sigmaeff); 

  

%Effective Ls 

%Complex number calculations  

% i = sqrt(-1) 

ZSi = 1/(i*omega*CSi); 

Zox = 1/(i*omega*Cox); 

Zs = 1/(i*omega*Cs); 

Lss = Lc / 1e9; 

ZLs = i*omega*Lss; 

ZA = Zox + ZSi * RSi / (ZSi + RSi); 

ZB = Zs * ( ZLs + Rs) / (Zs + ZLs + Rs); 

Z = ZA * ZB / (ZA + ZB); 

R = real(Z); 

Lz = imag(Z) / omega; 
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Figure A.25. MATLAB code for the routine for design of spiral inductors. 

A.16 DESIGN OF INDUCTORS WITH KNOWN GEOMETRY 

Figure A.26 shows the MATLAB code for the subroutine that allows for design of spiral 

inductors with known geometry (indGeom.m).  

%This program finds a geometry for given inductance or calculates the inductance for 

%given geometry. GDS and CIF file extraction is included as well as netlist 

%extraction. 

try 

    clear all; %Clear all variables from the workspace 

    %Define constants 

    b = 1.62e-3; 

    a1 = -1.21; 

    a2 = -0.147; 

    a3 = 2.40; 

    a4 = 1.78; 

    a5 = -0.030; 

    fprintf('\nWelcome to Inductor Calculator v2.2 for Matlab. Please follow the 

prompts.\n'); 

    choice = input('\nPlease enter 1 to specify geometry or 2 to specify inductance: 

'); 

    if choice == 1 || choice == 2 

      if choice == 2 %If choice is 2, program finds a geometry for given inductance 

          Ls = input('Please enter the wanted inductance value (Ls) (nH): '); %Wanted 

inductance 

          indSetup; 

          fprintf('\n'); 

          f = input('Please enter the operating frequency (MHz): ')*1e6; %Frequency 

          omega = (2*pi*f); %Radian frequency 

          entProcParam; %Call the procedure for entering process parameters 

          indSearch; %Inductance search algorithm 

      end%if 

      if choice == 1 

          indGeom; 

      end%if 

      %Export the netlist 

      cnet = input('\nDo you want to export the netlist of this inductor into a SPC 

file (y/n)? ', 's'); 

      if cnet == 'y' || cnet == 'Y'; 

        exportNetlist; 

      end%if 

      %Export the layout 

      cwcif = input('\nDo you want to export the layout of this inductor into a CIF or 

GDS file (c - CIF, g - GDS, n - none)? ', 's'); 

      if cwcif == 'c' || cwcif == 'C'; 

        writecif; %Export layout into a text (CIF) file 

      elseif cwcif == 'g' || cwcif == 'G'; 

        convertGDS; %Export layout into a stream (GDS) file 

      end 

      fprintf('\n'); 

    else 

      fprintf('Wrong choice. Please run the program again.\n\n'); 

    end%if 

catch 

    fprintf('MATLAB returns: \n%s\nError occurred while running the program. Please try 

running the program again.\n\n', lasterr); 

end%try 
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Figure A.26. MATLAB code subroutine for design of spiral inductors with known geometry. 

%This procedure calculates the inductance and quality factor values for any 

%given square inductor geometry 

%Input geometry parameters 

dout = input('Please enter the dout diameter (dout) (um): '); 

din = input('Please enter the din diameter (din) (um): '); 

w = input('Please enter the turn width (w) (um): '); 

n = input('Please enter the number of turns: '); 

ratio = floor(100*(din / dout) + 0.5)/100; 

%Perform basic checks 

nmin = (dout/2 - din/2 + 1)/(w + 1); 

while (nmin < 2) || (n > nmin) || (n < 2) 

    if (nmin <2) 

        fprintf('Given geometry results in n smaller than 2. Please re-enter the 

geometry: \n'); 

    end%if 

    if (n > nmin) 

        fprintf('The number of turns (n) is too small for the chosen geometry. Please 

re-enter the geometry: \n'); 

    end%if 

    if (n < 2)  

        fprintf('Cannot use less than two turns. Please choose n as 2 or greater. 

Please re-enter the geometry: \n'); 

    end%if 

    dout = input('Please enter the dout diameter (dout) (um): '); 

    din = input('Please enter the din diameter (din) (um): '); 

    w = input('Please enter the turn width (w) (um): '); 

    n = input('Please enter the number of turns: '); 

    ratio = floor(100*(din / dout) + 0.5)/100; 

    nmin = (dout/2 - din/2 + 1)/(w + 1); 

end%while 

%Enter operating frequency 

f = input('Please enter the operating frequency (MHz): ')*1e6; 

omega = (2*pi*f); %Radian frequency 

s = (dout / 2 - din / 2 - n * w) / (n - 1); %Pitch between the turns of the spiral 

davg = (din + dout) / 2; %Average diameter 

Lc = b * dout^a1 * w^a2 * davg^a3 * n^a4 * s^a5; %Inductance 

entProcParam; %Call the procedure for entering process parameters 

calcParasitics; %Call the procedure that calculates parasitics and Q factor 

Lcc = Lc/1e9; 

Lzz = Lz*1e9; 

%Calculate Q-factor 

Rp = 1/(omega^2*Cox^2*RSi) + RSi*(Cox + CSi)^2/Cox^2; 

Cp = Cox*(1 + omega^2*(Cox + CSi)*CSi*RSi^2)/(1 + omega^2*(Cox + CSi)^2*RSi^2); 

Q = omega*Lcc/Rs*Rp/(Rp + ((omega*Lcc/Rs)^2 + 1)*Rs)*(1 - (Cp + Cs)*(omega^2*Lcc + 

Rs^2/Lcc)); 

fo = 1/(2*pi)*sqrt(1/(Lcc*(Cp + Cs)) - (Rs/Lcc)^2); 

%Outputs 

fprintf('Ls = %.2f nH \n', Lzz); 

fprintf('Lslf = %.2f nH \n', Lc); 

fprintf('Q = %.2f \n', floor(100 * Q + 0.5) / 100); 

fprintf('fo = %.2f GHz\n', floor(fo/1e7 + 0.5) / 100); 

fprintf('w = %.2f um\n', floor(100*w + 0.5) / 100); 

fprintf('s = %.2f um\n', floor(100*s + 0.5) / 100); 

fprintf('din = %.2f um\n', floor(100*din + 0.5) / 100); 

fprintf('dout = %.2f um\n', floor(100*dout + 0.5) / 100); 

fprintf('n = %d\n', floor(100*n + 0.5) / 100);   

%Store the parasitic parameters for netlist extraction 

Lcstored = Lzz;  

Lclfstored = Lc; 

Rsstored = Rs; 

RSistored = RSi; 

CSistored = CSi; 

Coxstored = Cox; 

Csstored = Cs; 

nstored = n; 

doutstored = dout; 

wstored = w; 

sstored = s;  
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A.17 EXPORT OF THE STAND-ALONE NETLIST OF A SPIRAL INDUCTOR 

Figure A.27 shows the MATLAB code for the subroutine that exports the stand-alone 

netlist of a designed spiral inductor (exportNetlist.m).  

 

Figure A.27. MATLAB code for the subroutine that exports the stand-alone netlist of a spiral 

inductor. 

A.18 EXTRACTION OF INDUCTOR LAYOUT INTO A CIF FILE 

Figure A.28 though Figure A.30 show the MATLAB code for the subroutine for extraction 

of the layout of a designed inductor into a CIF file (writecif.m).  

 

Figure A.28. MATLAB code for the subroutine for inductor extraction into a CIF file. 

%This procedure exports the layout of an inductor into a text based (CIF) 

%file 

try  

    ccif = input('Do you want to change any CIF paramaters (y/n)? ', 's'); 

    if ccif == 'y' || ccif == 'Y' 

        %Change default CIF parameters 

        scaling = input('Please enter CIF scaling factor (-1 to skip): '); 

        if scaling <= 0; 

            scaling = 2000; 

        end%if 

        viaSpacing = input('Please enter via spacing (-1 to skip): '); 

        if viaSpacing <= 0; 

            viaSpacing = 1; 

        end%if 

        viaWidth = input('Please enter via width (-1 to skip): '); 

        if viaWidth <= 0; 

            viaWidth = 0.5; 

%This procedure exports the netlist of a spiral inductor 

try 

    inductorName = input('Please enter the inductor name (press "s" to skip): ', 's');    

    if inductorName(1) == 's' || inductorName(1) == 'S'; 

        inductorName = 'MyInductor'; 

    end%if 

    fileName = strcat(inductorName, '_net.spc'); 

    fid = fopen(fileName, 'w')    ; 

    fprintf(fid, '*SUBCKT gen. by Inductor Calculator v2.2\n'); 

    fprintf(fid, '.SUBCKT %s L1 L2 GND\n', inductorName); 

    fprintf(fid, 'CS L1 L2 %.2ffF\n', floor(1e17 * Csstored + 0.5) / 100); 

    fprintf(fid, 'LS N4 L1 %.2fn\n', floor(100 * Lclfstored + 0.5) / 100); 

    fprintf(fid, 'RS N4 L2 %.2f\n', floor(100 * Rsstored + 0.5) / 100); 

    fprintf(fid, 'Csi1 N2 GND %.2ffF\n', floor(1e17 * CSistored + 0.5) / 100); 

    fprintf(fid, 'Csi2 N3 GND %.2ffF\n', floor(1e17 * CSistored + 0.5) / 100); 

    fprintf(fid, 'Cox1 L1 N2 %.2ffF\n', floor(1e17 * Coxstored + 0.5) / 100); 

    fprintf(fid, 'Cox2 L2 N3 %.2ffF\n', floor(1e17 * Coxstored + 0.5) / 100); 

    fprintf(fid, 'Rsi1 N2 GND %.2f\n', floor(100 * RSistored + 0.5) / 100); 

    fprintf(fid, 'Rsi2 N3 GND %.2f\n', floor(100 * RSistored + 0.5) / 100); 

    fprintf(fid, '.ENDS\n\n'); 

    fclose(fid); 

    fprintf('File %s created successfully.\n', fileName);  

catch 

    fprintf('MATLAB reports:\n%s\n', lasterr); 

    fprintf('Netlist export failed.\n'); 

end%try 
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Figure A.29. MATLAB code for the subroutine for inductor extraction into a CIF file 

(continued). 

        end%if 

    else 
       %Default CIF parameters 

        scaling = 2000; 

        viaSpacing = 1; 

        viaWidth = 0.5; 

    end%if 

    %Calculate usable parameters 

    dout2 = round(doutstored*scaling); 

    zero = 0; 

    w2 = round(wstored * scaling); 

    s2 = round(sstored * scaling); 

    n = nstored; 

    spacing = viaSpacing * scaling; 

    width = viaWidth * scaling; 

    %Specify the inductor name and open the file 

    cellName = input('Please enter the cell (inductor) name (press "s" to skip): ', 

's'); 

    if cellName(1) == 's' || cellName(1) == 'S'; 

        cellName = 'mycell'; 

    end%if 

    fileName = strcat(cellName, '_lay.cif'); 

    fid = fopen (fileName, 'w'); 

    %Print into the file 

    %PRINT THE HEADER 

    fprintf(fid,'(CIF written by the Inductance Calculator MATLAB version);\n'); 

    fprintf(fid,'(Version: 2.10);\n'); 

    fprintf(fid,'(DATE: %s);\n',date); 

    fprintf(fid,'(FABCELL: %s  %d x %d Microns);\n',cellName, dout, dout); 

    fprintf(fid,'(L-Edit Layer NTUB = CIF Layer NTUB);\n'); 

    fprintf(fid,'(L-Edit Layer DIFF = CIF Layer DIFF);\n'); 

    fprintf(fid,'(L-Edit Layer PPLUS = CIF Layer PPLUS);\n'); 

    fprintf(fid,'(L-Edit Layer CONT = CIF Layer CONT);\n'); 

    fprintf(fid,'(L-Edit Layer MET1 = CIF Layer MET1);\n'); 

    fprintf(fid,'(L-Edit Layer MET2 = CIF Layer MET2);\n'); 

    fprintf(fid,'(L-Edit Layer VIA2 = CIF Layer VIA2);\n'); 

    fprintf(fid,'(L-Edit Layer MET3 = CIF Layer MET3);\n'); 

    fprintf(fid,'(L-Edit Layer VIA3 = CIF Layer VIA3);\n'); 

    fprintf(fid,'(L-Edit Layer MET4 = CIF Layer MET4);\n'); 

    fprintf(fid,'(L-Edit Layer FIMP = CIF Layer FIMP);\n'); 

    fprintf(fid,'(L-Edit Layer TEXT = CIF Layer TEXT);\n'); 

    fprintf(fid,'(L-Edit Layer SFCDEF = CIF Layer SFCDEF);\n'); 

    fprintf(fid,'(SCALING: 1 CIF Unit = 1/%d Microns);\n',scaling); 

    fprintf(fid,'DS 1 2 40;\n'); 

    fprintf(fid,'9 %s;\n', cellName); 

    fprintf(fid,'94 P1 %d,0 TEXT;\n', w2/2); 

    fprintf(fid,'94 P2 %d,0 TEXT;\n', dout2 - (n-0.5)*w2 - (n-1)*s2); 

    fprintf(fid,'94 %s %d,%d SFCDEF;\n', cellName, dout2/2, dout2/2); 

  

    %PRINT LOWER METAL 

    fprintf(fid,'L MET2;\n'); 

    fprintf(fid,'B %d %d %d,%d;\n',w2, w2*(n + 1) + s2*n, dout2 - n*w2 - (n - 1)*s2 + 

w2/2, (w2*(n + 1) + s2*n)/2); 

  

    %PRINT VIAS 

    fprintf(fid,'L VIA2;\n'); 

    x = floor(w2 / (spacing + width)); 
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Figure A.30. MATLAB code for the subroutine for inductor extraction into a CIF file 

(continued). 

    y = floor((2*w2 + s2) / (spacing + width)); 

    for i=0:x-1; 

        for j=0:y-1; 

            fprintf(fid,'B %d %d %d,%d; \n', width, width, dout2 - n*w2 - (n - 1)*s2 + 

(spacing + width)*(i + 0.5), (n-1)*w2 + (n-1)*s2 + (spacing + width)*(j + 0.5) ); 

        end%for 

    end%for 

  

    %PRINT HIGHER METAL 

    fprintf(fid,'L MET3;\n'); 

    fprintf(fid,'P '); 

    %inner points 

    %first turn 

    fprintf(fid,'%d,%d\n', w2, zero); 

    fprintf(fid,'%d,%d\n', w2, dout2 - w2); 

    fprintf(fid,'%d,%d\n', dout2 - w2, dout2 - w2); 

    fprintf(fid,'%d,%d\n', dout2 - w2, w2); 

    %inner turns 

    for turn = 2:n-1; 

        fprintf(fid,'%d,%d\n', turn*w2 + (turn-1)*s2, (turn-1)*w2 + (turn-2)*s2); 

        fprintf(fid,'%d,%d\n', turn*w2 + (turn-1)*s2, dout2 - (turn-1)*s2 - turn*w2); 

        fprintf(fid,'%d,%d\n', dout2 - (turn-1)*s2 - turn*w2, dout2 - (turn-1)*s2 - 

turn*w2); 

        fprintf(fid,'%d,%d\n', dout2 - (turn-1)*s2 - turn*w2, turn*w2 + (turn-1)*s2); 

    end%for 

    %last turn 

    turn = n; 

    fprintf(fid,'%d,%d\n', turn*w2 + (turn-1)*s2, (turn-1)*w2 + (turn-2)*s2); 

    fprintf(fid,'%d,%d\n', turn*w2 + (turn-1)*s2, dout2 - (turn-1)*s2 - turn*w2); 

    fprintf(fid,'%d,%d\n', dout2 - (turn-1)*s2 - turn*w2, dout2 - (turn-1)*s2 - 

turn*w2); 

    fprintf(fid,'%d,%d\n', dout2 - (turn-1)*s2 - turn*w2, (turn-1)*w2 + (turn-1)*s2); 

    fprintf(fid,'%d,%d\n', dout2 - (turn-1)*s2 - (turn-1)*w2, (turn-1)*w2 + (turn-

1)*s2); 

    fprintf(fid,'%d,%d\n', dout2 - (turn-1)*s2 - (turn-1)*w2, dout2 - (turn-1)*w2 - 

(turn-1)*s2); 

    fprintf(fid,'%d,%d\n', (turn-1)*w2 + (turn-1)*s2, dout2 - (turn-1)*w2 - (turn-

1)*s2); 

    fprintf(fid,'%d,%d\n', (turn-1)*w2 + (turn-1)*s2, (turn-2)*w2 + (turn-2)*s2); 

    %inner turns 

    for turn = n-1:-1:2; 

        fprintf(fid,'%d,%d\n', dout2 - (turn-1)*s2 - (turn-1)*w2, (turn-1)*w2 + (turn-

1)*s2); 

        fprintf(fid,'%d,%d\n', dout2 - (turn-1)*s2 - (turn-1)*w2, dout2 - (turn-1)*w2 - 

(turn-1)*s2); 

        fprintf(fid,'%d,%d\n', (turn-1)*s2 + (turn-1)*w2, dout2 - (turn-1)*w2 - (turn-

1)*s2); 

        fprintf(fid,'%d,%d\n', (turn-1)*s2 + (turn-1)*w2, (turn-2)*w2 + (turn-2)*s2); 

    end%for 

    %first turn 

    fprintf(fid,'%d,%d\n', dout2, zero); 

    fprintf(fid,'%d,%d\n', dout2, dout2); 

    fprintf(fid,'%d,%d\n', zero, dout2); 

    fprintf(fid,'%d,%d;\n', zero, zero); 

  
    %PRINT FOOTER 

    fprintf(fid,'DF;\n'); 

    fprintf(fid,'C 1;\n'); 

    fprintf(fid,'E'); 

  

    %Close the file 

    fclose(fid); 

    fprintf('File %s created successfully.\n', fileName'); 

catch 

    fprintf('MATLAB returns:\n%s\n',lasterr); 

    fprintf('Could not export to the file.\n'); 

end%try 

 
 
 



Appendix A                                                                                                    MATLAB Code 

 

 

Department of Electrical, Electronic and Computer Engineering 

University of Pretoria  186 

A.19 EXTRACTION OF INDUCTOR LAYOUT INTO A GDSII FILE 

Extraction of inductor layout into stream (GDSII file) required tedious number format and 

number-to-string conversions and string manipulation. The routine (convertGDS.m) and its 

subroutines (str2hex.m, coordinatesSpiral.m, coordinatesUnderpass.m, coordinatesVia.m, 

coordinatesP1.m, coordinatesP2.m and coordinatesName.m) total to about 500 lines 

making it impractically long to be included in this appendix. The complete MATLAB code 

can be purchased from Business Enterprises at the University of Pretoria. For details, 

please see Appendix C. 

A.20 MATCHING AS A MAIN ROUTINE 

Figure A.31 shows the MATLAB code for the routine that performs matching between any 

two real impedances (match.m).  

 

Figure A.31. MATLAB code for the routine that performs matching between any two real 

impedances. 

%Calculates the match between real source and load given the frequency of 

%operation and bandwidth (for narrowband networks) 

clear all; 

  

RS = input('Please enter the value for the source resistance RS (ohm): '); 

RL = input('Please enter the value for the load resistance RL (ohm): '); 

fo = input('Please enter the operating frequency (MHz): '); 

BW = input('Please enter the bandwidth (MHz): '); 

  

fo = fo * 1e6; 

BW = BW * 1e6; 

wo = 2*pi*fo; 

QL = fo/BW; 

  

calcMatch; 
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APPENDIX B PROCESS FILES FOR EM 

SIMULATIONS 

B.1 INTRODUCTION 

Appendix B gives the process files required for running the EM simulations of the 

designed square spiral inductors as stipulated in Section 5.2.  

B.2 PROCESS FILE FOR 3M AMS S35 TECHNOLOGY 

Figure B.1 shows the process file for 3M variation of the AMS S35 technology. Layer 

thicknesses are not disclosed to the reader due to the NDA between the author (via 

University of Pretoria) and AMS. 
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Figure B.1. Process file for 3M variation of the AMS S35 technology. 

B.3 PROCESS FILE FOR TM AMS S35 TECHNOLOGY 

Figure B.2 shows the process file for TM variation of the AMS S35 technology. Layer 

thicknesses are not disclosed to the reader due to the NDA between the author and AMS. 

 

processType CMOS 

numLayers 9 

 

layer 0 

 name tab 

 type ground 

 thickness 0.1e-6 

 epsr 1 

 rho 1.7857e-8 

layer 1 

 name substrate 

 type dielectric 

 thickness 725e-6 

 epsr 11.7 

 rho 0.19 

layer 2 

 name sio2 

 type dielectric 

 thickness 1e-6 

 epsr 4.0 

 rho 1e10 

layer 3 

 name metal1 

 type metal 

 thickness 1e-6 

 epsr 4 

 rho 1e10 

 rhom 2.82e-8 

layer 4 

 name sio2 

 type dielectric 

 thickness 1e-6 

 epsr 4 

 rho 1e10 

layer 5 

 name metal2 

 type metal 

 thickness 1e-6 

 epsr 4 

 rho 1e10 

 rhom 2.82e-8 

layer 6 

 name sio2 

 type dielectric 

 thickness 1e-6 

 epsr 4 

 rho 1e10 

layer 7 

 name metal3 

 type metal 

 thickness 1e-6 

 epsr 4 

 rho 1e10 

 rhom 2.82e-8 

layer 8 

 name sio2 

 type dielectric 

 thickness 1e-6 

 epsr 4 

 rho 1e10 
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Figure B.2. Process file for TM variation of the AMS S35 technology.

processType CMOS 

numLayers 11 

 

layer 0 

 name tab 

 type ground 

 thickness 0.1e-6 

 epsr 1 

 rho 1.7857e-8 

layer 1 

 name substrate 

 type dielectric 

 thickness 725e-6 

 epsr 11.7 

 rho 0.19 

layer 2 

 name sio2 

 type dielectric 

 thickness 1e-6 
 epsr 4.0 

 rho 1e10 

layer 3 

 name metal1 

 type metal 

 thickness 1e-6 

 epsr 4 

 rho 1e10 

 rhom 2.82e-8 

layer 4 

 name sio2 

 type dielectric 

 thickness 1e-6 

 epsr 4 

 rho 1e10 

layer 5 

 name metal2 

 type metal 

 thickness 1e-6 
 epsr 4 

 rho 1e10 

 rhom 2.82e-8 

layer 6 

 name sio2 

 type dielectric 

 thickness 1e-6 

 epsr 4 

 rho 1e10 

layer 7 

 name metal3 

 type metal 

 thickness 1e-6 
 epsr 4 

 rho 1e10 

 rhom 2.82e-8 

layer 8 

 name sio2 

 type dielectric 

 thickness 1e-6 

 epsr 4 

 rho 1e10 

layer 9 

 name metal4 

 type metal 

 thickness 1e-6 
 epsr 4 

 rho 1e10 

 rhom 2.82e-8 

layer 10 

 name sio2 

 type dielectric 

 thickness 1e-6 
 epsr 3.9 

 rho 1e10 
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APPENDIX C DESIGN METHOD – BE AT UP 

(PTY) LTD 

The resulting design method was implemented as a MATLAB script, and extended to the 

national and international scientific community via Business Enterprises at the University 

of Pretoria (BE at UP (Pty) ltd). The extension is offered via an online page: 

http://www.be.up.co.za/pa-inductance-calculator/. A screen capture (accessed: 24 February 

2011) of this page can be seen in Figure C.1.  

 

 

Figure C.1. An offering to the scientific community: Switch-mode Power Amplifier Design 

Tool & Inductance Calculator. 
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