Appendix

Appendix 3: MatLab Programs for Chapter 3

Program List (3.1): Computation of the input immittance of a transmis-
sion line with arbitrary length

TEM Line Input impedance computation
ZL+jzZ0xtan (betaxL)
Z0+jZLxtan (betax*L)

Note that phase=betaxL; varies between 0 and pi
or betaxL=(w/vp)+*L where vp is the phase velocity\newline

Input

ZL: Load termination\newline

70: Characteristic Impedance

phase=betaxL=wxtou; we sweep over wxtou axis\newline
The phase is being scanned

Output
Zin=Rin (w) +JjXin (w)
Program TEM Line: Computation of input impedance

o o o O O 0 O O O A O A O° o o° o° o° o

. % INPUT: Normalized with respect to 50 ohm
z0=1; % INPUT: Normalized with respect to 50 ohms
N=501; % Sampling number

delta=pi/N; % Step size for sweeping over wxtou axis
phase=0.0;% phase=wxtou axis

% Quarter wavelength equivalent resonance circuit components

L=2/pi; % Normalized inuctance with respect to tou

C=L; % Normalized Capacitance

R=1/ZL; % Resistance at resonance frequency: w*tou=pi/2
j=sqrt (-1);

for i=1:N

Nin=ZL+Jj*tan (phase); % Numerator of Zin (wxtou)

o

Din=Z0+jxZL*tan (phase) ;% Denominator of Zin (wxtou)
Zin=Nin/Din; % TEM Line input imedance
Rin (i) =real (Zin);
Xin(i)=imag (Zin) ;
fi(i)=phase;% array for plot purpose
% Equivalent parallel resonance circuit impedance computations
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Yres=(1/L/phase/j)+j*phasexC+2L;% Admittance
Zres=1/Yres; % Impedance of the resonance circuit
Rres (i) =real (Zres);

Xres (i)=imag (Zres) ;

Yin=1/Zin;

Gin (i) =real (Yin);

Bin(i)=imag(Yin);

phase=phase+delta;

end

figure

plot (fi,Rin, fi,Rres); % plots of real parts
figure

plot (fi,Xin, fi, Xres); % plots of imaginary parts

Appendix 4: MatLab Programs for Chapter 4

Program List 4.la. MatLab Program developed for Example 4.1A

Main_DPS_LoadedTRL.Example_4_1A.m
clear; clc; close all;
% This

program designs a simple loaded tr
th PIN-Diodes

steps given by Algo

1smission line digi

shifter

using the design

% This program is written by

% Inputs:

Yarman on May 20, 2018; Vanikoy.

Desired phase shifts: DEL-FI
Actual Design Frequency f0 (Center Frequency)
Normaliz

angular Frequency w0

oo oo oo oo

(it is usually selected as unity)
Port normalization number R
(It is usually selected as R=50 ohms)

z0: Normalized Chara
(usually, z0=70/R

Note: Z0 is

eristic impedance of the transmission

e o o° od° oe

lected as the port normalization number R=50
is z0=1
vp: Propagation velocity of the transmission line medium.

Then, rmalized aracteristic impedar of (4.5

a0 o

% Output:
% L=physical length of TRL
CDha: Actual Diode

capacitance

a0 o0 oe

Inputs:
Del_Teta=-45
f0a=3e9
w0=1
R=50; Z0=R; z0=Z0/R;
eps_r=3.4

o

o

3 Computational Steps:

21 phase
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o

% Step 1. Compute XB from (4.13) by setting XA=0
XB=2*tand (Del_Teta/2);
% Step 2. Employing (4.10), compute the physical length of the
transmission line.
Teta_TO=(atand(2/XB));
if Teta_TO0<0
Teta_T0=180+Teta_TO;
end
mu=tand (Teta_T0); % See equation (4.6b)
Teta_Rad=Teta_TOxpi/180
tau=Teta_Rad/2/pi/f0a, % actual delay length of TRL
% Compute the normalized delay length tau.n of TRL
tau_n=2xpixflaxtau/wo;
v0=3e8; % Free Space Velocity of Propagation
vp=v0/sqrt (eps.r)
length=taux*vp, % Actual physical length of TRL
Note: If the transmission line is realized using microstrip line,
then v_p is computed employing (4.16).

o o oe

Step 3. Compute the normalized value of CD.

CD=abs (1/w0/XB), % Normalized Capacitanceof the PIN-Diode [D]
% Step 4. Compute the actual value of CDa
CDa=CD/2/pi/f0a/R,

o

3 Actual value of the revere biased capacitance [D]
wl=0; w2=2; N=10001;

DW= (w2-wl) / (N-1);

w=wl;

W=zeros (1,N); DEL_FIA=zeros(1l,N);
RO21A_Ar=zeros (1,N); RO21B_Ar=zeros (1,N);
FI21A_Ar=zeros(l,N); FI21B_Ar=zeros(1l,N);

for i=1:N
W(i)=wxf0a;
% [ Zin ] =Zin_Loaded.-TRL.X (w,z0,tau.n, XB);

[ RO21B,FI21B ] = SPAR_Loaded_TRL(w, w0, XB, tau_n);
[ RO21A,FI21A ] = SPAR_Loaded_TRL(w, w0, 0, tau_n);
FI21A_Ar (i)=FI21A; FI21B_Ar(i)=FI21B;
RO21A_Ar (i)=20%1ogl0 (RO21A); RO21B_Ar(i)=20x1logl0 (RO21B);
DEL_FIA(i1)=FI21B-FI21A;
w=w+DW;
end
figure
plot (W,DEL_FIA,W,FI21A Ar,W,FI21B_Ar)
xlabel (' Normalized Angular Frequency w’)
ylabel (' Phase Shift DEL-FI=FI21B-FI21A")
title (’Phase Performance of Loaded TRL for DEL-FI=FI21B-FI21A’")
legend (' DEL-FI',’FI21A" ,"FI21B")

o

S

figure
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plot (W,RO21A_Ar,W,RO21B_Ar)

xlabel ('Normalized Angular Frequency w')
ylabel (' TPG of State-A and State-B in dB’)
title (’Gain Performance of LL-DPS ')
legend (' TPG for State-A’,’TPG for State-B’)

Program List 4.1b. MatLab Program developed for Example 4.1B

% Main_DPS_LoadedTRL.Example_3_1B.m

clear; clc; close all;

This program designs a simple loaded transmission line digital phase
shifter with PIN-Diodes using the designsteps given by Algorithm 3.1
This program is written by BS Yarman on May 20, 2018; Vanikoy.
Inputs:

Desired phase shifts: DEL-FI

Actual Design Frequency f0 (Center Frequency)

Normalized angular Frequency w0

(it is usually selected as unity)

Port normalization number R

(It is usually selected as R=50 ohms)

z0: Normalized Characteristic impedance of the transmission line
(usually, z0=z0/R

Note: Z0 is selected as the port normalization number R=50 ohms.
Then, normalized characteristic impedance of (4.5) is z0=1

vp: Propagation velocity of the transmission line medium.

o° o° o° o

o o° o o° o o o o° o° o° o

Output:
L=physical length of TRL
CDa: Actual Diode capacitance

o

o° o° o° o

o\

Inputs:
Del_Teta=-90
f0a=3e9
w0=1
R=50; 2z0=R; z0=Z0/R;
eps_r=3.4

oe

Computational Steps:

Step 1. Compute XB from (4.13) by setting XA=0

XB=2*tand (Del_Teta/2);

% Step 2. Employing (4.10), compute thephysical length of the
transmission line.

Teta_TO=(atand (2/XB));

if Teta_TO0<0

Teta_T0=180+Teta_TO;

o° o

end

mu=tand (Teta_T0); % See equation (4.6b)
Teta_Rad=Teta_TO0*pi/180

tau=Teta_Rad/2/pi/f0a, % actual delay length of TRL



% Compute the normalized delay length tau.n of TRL

tau_n=2xpixflaxtau/wo;

v0=3e8; % Free Space Velocity of Propagation

vp=v0/sqgrt (eps_r)

length=tauxvp, % Actual physical length of TRL
Note: If the transmission line is realized using microstrip line,

then v_pis computed employing (4.16).

o o o

o

3 Step 4. Compute the actual value of CDa

Step 3. Compute the normalized value of CD.
CDh=abs (1/w0/XB), % Normalized Capacitance of the PIN-Diode
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[D]

CDha=CD/2/pi/f0a/R, % Actual value of the revere biased capacitance [D]

wl=0; w2=2; N=10001;
DW= (w2-wl) / (N-1);
w=wl;

W=zeros (1,N); DEL_FIA=zeros(l,N);
RO21A_Ar=zeros (1,N); RO21B_Ar=zeros(1,N);
FI21A_Ar=zeros(l,N); FI21B_Ar=zeros(l,N);
for i=1:N

W(i)=wxf0a;

%$ [ Zin ] =Zin_Loaded.TRL.X(w,z0,tau.n, XB);
[ RO21B,FI21B ] = SPAR_Loaded_TRL(w, w0, XB, tau_n);
[ RO21A,FI21A ] = SPAR_Loaded_TRL(w, w0, O,

FI21A_Ar(i)=FI21A; FI21B_Ar(i)=FI21B;

RO21A_Ar (i)=20%1ogl0(RO21A); RO21B_Ar (i)=20%1logl0 (RO21B);

DEL_FIA(i)=FI21B-FI21A;

w=w+DW;
end
figure
plot (W,DEL_FIA,W,FI21A_Ar,W,FI21B_Ar)
xlabel (' Normalized Angular Frequency w’)
ylabel (' Phase Shift DEL-FI=FI21B-FI21A’)

(
title (’'Phase Performance of Loaded TRL for DEL-FI=FI21B-FI21A’)
(

legend (/DEL-FI’,/FI21A’ ,/FI21B")

figure

plot (W,RO21A_Ar,W,RO21B_Ar)
xlabel (' Normalized Angular Frequency w’)
ylabel (' TPG of State-A and State-B in dB’)
title (’Gain Performance of LL-DPS ')
legend (' TPG for State-A’,’TPG for State-B’)

Program List 4.1C. MatLab Program developed for Example 4.1C

o0

Main_ISLL.DPS.with_Inductors_Example_4_1C.m

o° o

on, they

inductive load. In this configuration,when the PIN diodes

This program designs a simple loaded linephase shifter with series

are
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are shorted. Then, the line teta.TO isloaded with the
normalized inductor L.

do o e

If the diodes are off, the diode reverse biased capacitor

CD resonates

% with the loading inductor L. In this case, XA=wxL-1/(wxCD)

or at w=w0,

% CD=1/(w0"2+L) .

clear; clc; close all;

This program designs a simple loaded transmission line digital phase
shifter with ideal switches using the design steps given

by Algorithm 3.1

% This program is written by BS Yarman on May 20, 2018; Vanikoy.

% Inputs:

Desired phase shifts: DEL-FI

Actual Design Frequency f0 (Center Frequency)

Normalized angular Frequency w0

(it is usually selected as unity)

Port normalization number R

(It is usually selected as R=50 ohms)

z0: Normalized Characteristic impedance of the transmission line
(usually, z0=2Z0/R

Note: Z0 is selected as the port normalization number R=50 ohms.
Then, normalized characteristic impedance of (4.5) is z0=1

vp: Propagation velocity of the transmission line medium.

o
S
o
5

o o o° o o° o° J° o° I o° o

oe

Output:
L=physical length of TRL
CDa: Actual Diode capacitance

o o o oP

o

Inputs:
Del_Teta=45
f0a=3e9
w0=1.
R=50; Z0=R; z0=Z0/R;
eps_r=3.4

o

Computational Steps:

Step 1. Compute XB from (4.13) by setting XA=0
XB=2+tand (Del_Teta/2);

% Step 2. Employing (4.10), compute the physical length
of the transmission line.

Teta_TO0=(atand(2/XB));

if Teta_T0<O0

Teta_T0=180+Teta_TO;

o° oP

end

mu=tand (Teta_T0); % See equation (4.6b)
Teta_Rad=Teta_TOxpi/180

tau=Teta_Rad/2/pi/f0a, % actual delay length of TRL

o

% Compute the normalized delay length tau-n of TRL
tau_n=2xpixfOaxtau/w0;
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vp=v0/sqrt (eps_r)
length=tauxvp, % Actual physical length of TRL
% Note: If the transmission line is realized using microstrip line,
% then vp is computed employing (4.16).
% Step 3. Compute the normalized value of Inductor L:
% Note that XB=w0xL, L=XB/w0;
L=XB/w0, % Normalized value of the series load inductor

% Step 4. Compute the actual value La of the inductor
L (Normalized value)
La=L*R/2/pi/f0a, % Actual value of the series load inductor
CDb=1/w0/w0/L,

% Normalized value of the reverse biased diode capacitance
CDa=CD/R/2/pi/f0a, $Actual value of the reverse biased diode
capacitance

wl=0; w2=2; N=10001;

DW= (w2-wl) / (N-1);

w=wl;

W=zeros (1,N); DELFIA = zeros(1,N);
RO21Aar = zeros(1, N);RO21B_Ar=zeros (1,N);
FI21A_Ar=zeros(1l,N); FI21B_Ar=zeros(1l,N);

for i=1:N

W(i)=wxf0a;
% [ Zin ] =Zin_Loaded.TRL_X(w,z0,tau.n, XB);
XA_w=w*L-1/w/CD;
XB_w=wxL;
[ RO21B,FI21B ] = SPAR_Loaded_TRL(w, w0, XB_w, tau_n);
[ RO21A,FI21A ] = SPAR_Loaded_TRL(w, w0, XA_w, tau_n);

FI21A_Ar(i)=FI21A; FI21B_Ar (i)=FI21B;
RO21A_Ar (i)=20%10ogl0 (RO21A); RO21B_Ar(i)=20%1ogl0 (RO21B);
DEL_FIA(i)=FI21B-FI21A;

o

w=w+DW;
end

o

figure

plot (W,DEL_FIA,W,FI21A_Ar,W,FI21B_Ar)

xlabel (' Normalized Angular Frequency w’)

ylabel (' Phase Shift DEL-FI=FI21B-FI21A")

title (’'Phase Performance of Loaded TRL for DEL-FI=FI21B-FI21A’)
legend (' DEL-FI’,"FI2IA", "FI21B")

o

figure

plot (W, RO21A_Ar,W,RO21B_Ar)
xlabel (' Normalized Angular Frequency w’)
ylabel (" TPG of State-A and State-B in dB’)
title (’Gain Performance of LL-DPS’)
legend (' TPG for State-A’,’TPG for State-B’)

7
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Program List 4.2. Computation of Scattering Parameters for Loaded
Transmission Line

function [ RO21,FI21 ] = SPAR Loaded_TRL(w, w0, X, tau_n)

This function generates the scattering parameters of the loaded
transmission line [X]-[TRL]-[X]

Inputs:

w: Normalized angular frequency

o

w0: Normalized angular frequency

X: Normalized series load of TRL

tau-n: normalized length of TRL

where Teta.TO is the length of the TRL in degree.
Output:

S11: Input Reflection Coefficient of the loaded TRL: [X-TRL-X]
S21: Transfer Scattering Parameter of the loaded TRL
ROll=abs (S11)

FIll=Phase of Sll=atan2d(X11,R11)

RO21=abs (S21)

FI21=Phase of S2l=atan2d(X21,R21

o® o° o d° o° o O° o° o o o° o° o° o

oe

j=sqrt (-1);

% Step 1: Compute mu=tan (wOxtau.n)

mu=tan (wl*tau_n) ;

% Step 2: Compute length of TRL as Teta=wxtau.n
Teta=wxtau_n;

% Step 3: Compute S21T

S21T=cos (Teta) -j*sin(Teta) ;

% Step 4: Compute S11L and S21L

gL=2+jxX;

S11L=3*X/gL;

S21L=2/gL;

\% Step 5: Compute S11 and S21 of X-TRL-X

% S21=[S21L"2 ][S21T ]/(1-S21T"2 S11L"2)

S1l=Jx (24X-muxX*X) / (2% (1-mu*X) +J (2+«mu+2+X-muxX+X) ) ;
Rll=real (S11l); Xll=imag(S1ll); FIll=atan2d(X11l,R11);
S21=S21LxS21L*S21T/ (1-S21T*S21T*S11L+S11L);
R21=real (S21); X2l=imag(S21); FI2l=atan2d(X21,R21);

% Step 6: Generate {RO11, F11},{RO21,FI21}
% ROll=abs (S11);

RO21=abs (521);
error1=R0O21%*R0O21-(1-RO11+R0O11);
error2=2+FI21-(180+2xFI11);

end

oo oo

Program List 4.3. Main program for Example 4.2

% Main_SLL_DPS_Example_4.2.m
clc

close all

clear
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S

% This program designs a Series Loaded-Line DPS with Impedance
Transforming

Lines

This program is developed by BS Yarman, Vanikoy, June 1, 2018.
Inputs:

R: Termination resistors

and normalization numbers for the scattering parameters

ZT: Characteristic impedance of the transforming line ?.T

fO0a: Actual Design Frequency

DE1-Teta0O: Desired Phase Shift between the switching states
which is specified at the design frequency f0a

w0: Normalized Angular Frequency at f0a

CDa: Actual Reverse Biased Capacitance CDa of the switching Diodes
Computational Steps

Step la: Normalize ZT

zT=2T/R

Step 1lb: Normalize CDa

CD=R*?0axCha=R X 2 X ? X f0a X CDa

Step lc: Compute the major design parameter ?

beta=1/2 tan((Del-Tetal)/2)

Step 2: Compute the normalized load reactance XL

XL=-1/ (w0*CD)

Step 3:Compute the coefficients {a,b,c} of the quadratic
equation (4.24a)

as in (4.206)

a=(zT"2xbeta+XL)

b=—(4+betaxXL-zT*betaxXL+zT-zT" 2)

c=(4*zT+xbeta+zT*XL)

Step 4:Compute the discriminant of the quadratic equation

as in(4.25b)

Discriminant=b"2-4ac>0

Step 5:Check if Discriminant>0.If yes, continue with the following
steps.

If not, vary the design parameters w0 or CD until you end up with a
% positive discriminant.

Step 6: Compute the loading reactance XA of State-A
XA (1,2)=(-b+/-sgrt (Discriminant)) /2a

In this step, prefer the positive value for XA to make
the centerline as

short as possible. If both values of XA(1l,2) is negative,
then prefer
% the smallest value of [XA(1,2)| to minimize the length of the
centerline.

Step 7: Compute electrical length of the line transformer Teta.-T
Teta_-T=atand[XA]+klxpi

In this step, if XA is positive set k1=0.

If XA is negative, then set kl=1.

Step 8: Compute the electrical lengths Teta_.0A and Teta-0B
as in (4.29)
Teta-(0A)=atand (2/XA) +k2+pi>0
Teta_(0B)=atand (2/XB) +k3%pi>0

Step 9: Compute the mismatched lengths ?T01 and ?T02 of the
centerline

o o° o o o o° o O O° A A A A A O° o o° o° o° o° o

o° o° oe oe o° oe o o° o° o° o

o

o° o° o° o° oo

o° o oe
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as in (4.30)

Teta.T0, 1=sgrt (Teta_-0AxTeta_-0B)

Teta.T0,2=(Teta-(0_A)+Teta_(0B)) /2

Step 10: Analyze the phase shift performance of the designed Series
Loaded-Line-Digital Phase Shifter (SLL-DPS) using MatLab both for
Teta (T0,1) and Teta(T0,2), plot the results and identify the

best value

% for Teta.TO out of {Teta(T0,1),Teta(TO,2)}.

o o o° o0 o° o

R=50, zT=50, Zz0=50,
f0a=3e9,
Cha=2.8e-12,

w0=1.
Del_Teta=22.5,

©

% Step la: Normalize ZT
zT=ZT/R,
% Step 1lb: Normalize CDa
wla=2+pix£f0a,
% C_D=R7?.0a C_Da=RX2X?f_0aXCDa
CD=R*w0OaxCDa,
% Step lc: Compute the major design parameter ?=1/2 tan((22.0)/2)
% beta=(1/2)x tan((Teta.0)/2)
beta=tand (Del_Teta/2)/2,
% Step 2: Compute the normalized load reactance XL
XL=-1/w0/CD,
% Step 3: Compute the coefficients {a,b,c} of the quadratic equation
(4.24a) as in (4.26)
a=zTxzTxbeta+XL,
b=- (4+xbeta*XL-zT+rbeta*xXL+zT-zT*zT),
c=(4xzT+xbeta+zT+XL),
% Step 4: Compute the discriminant_a of the quadratic equation
as in (4.25b)
% ?.a=b"2-4ac?0
Discriminant=bxb-4*ax*c,
% Step 5: Check if ?.a>0.
%$If yes, continue with the following steps.
% If not, vary the design parameters ?.0 orC.D until you end up with
positive discriminant ?._a.
if Discriminant<0
Attention='Negative Discriminator: Change CDa or w0’
end
if Discriminant>0
% Step 6a: Compute the loading reactance XA of State-A
XAl=(-b-sqgrt (Discriminant))/2/a,
XA2= (-b+sgrt (Discriminant)) /2/a,
if XAl1>0
XA=XAl,
ROA1=9999999;
if XA2>0
if XA1>XA2
XA=XA2,
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ROA2=9999999;
end
if XA2<XAl
XA=XAl,
end
end
end
if XAl<0
ROAl=abs (XAl);
end
if XA2<0
ROA2=abs (XA2)
end
if ROA1>ROA2
XA=XA2
end
if ROA2>ROA1
XA=XAl
end
% Step 6b: Compute XB from XA
XB= (XA-4+beta) / (1+betaxXa),
% Step 7: Compute electri
if XA>0
Teta_T=atand (XA)
end
if XA<O
Teta_T=atand (XA)+180,

length of the line transformer Tet

end

% Step 8: Compute the electrical lengths Teta.0A and Te
as in (4.29)

if XA<O0

Teta_OA=atand (XA)+180,

end

if XA>0

Teta_OA=atand (XAa),

end

% Teta-OA=atand (2/XA)+k2xpi>0

% Teta_OB=atand (2/XB) +k3*pi>0
if XB<0

Teta_0B=atand (XB) +180,

end

if XB>0

Teta_OB=atand (XB),

end

% Step 9: Compute the mismatched lengths Teta-(TO0,1) and Teta-(T0,2) of
$the centerline as in (4.30)

% Teta.-TOl=sqgrt (Teta_-0AxTeta-0B)

Teta_TO0l=sqgrt (Teta_0AxTeta_OB),

Teta_T02=(Teta_OA+Teta_O0B)/2,

% Select the short line length:

if Teta_TO01>Teta_TO02
Teta_TO0=Teta_T02



12 Appendix

end
if Teta_T02>Teta_TO01
Teta_T0=Teta_TO01

In order to use our analysis tool, compute the normalized
delay length
tau_n=Teta_TO0/w0

wl=0.9; w2=1.1; N=10001;

DW= (w2-wl)/ (N-1);

w=wl;

W=zeros (1,N); DEL_FIA=zeros(1l,N);
RO21A_Ar=zeros (1,N); RO21B_Ar=zeros(1,N);
FI21A_Ar=zeros(1,N); FI21B_Ar=zeros(1,N);

for i=1:N
W(i)=wxfOa;
% Zzin ] =Zin_Loaded.-TRL_-X (w,z0,tau.n, XB);
[ RO21B,FI21B ] = SPAR_Loaded_TRL(w, w0, XB, tau_n);
[ RO21A,FI21A ] = SPAR_Loaded_TRL(w, w0, XA, tau_n);

FI21A_Ar(i)=FI21A; FI21B_Ar(i)=FI21B;
RO21A_Ar (i)=20%1ogl0 (RO21A); RO21B_Ar(i)=20%«1logl0 (RO21B);
DEL_FIA(i)=FI21B-FI21A;
w=w+DW;
end
figure
plot (W,DEL_FIA,W,FI21A_Ar,W,FI21B_Ar)
xlabel (' Normalized Angular Frequency w’)
ylabel (' Phase Shift DEL-FI=FI21B-FI21A’)
title (’'Phase Performance of Loaded TRL for DEL-FI=FI21B-FI21A’)
legend (' DEL-FI","FI21A","FI21B")
figure
plot (W,RO21A_Ar,W,RO21B_Ar)
xlabel (' Normalized Angular Frequency w’)
ylabel (' TPG of State-A and State-B in dB’)
title (’Gain Performance of LL-DPS’)
legend (' TPG for State-A’,’TPG for State-B’)

if Discriminant<O0
Attention='Discriminant is negative change CDa or w0’
end

Program List 4.4. Computation of Scattering Parameters for PLL-DPS

function [ RO21,FI21,R0O11,FI11 ] = SPAR Parallel_Loaded_TRL (w, wO,
tau_n)
% This function generates the scattering parameters of the loaded

Y,



% transmission line
% Developed by BS Yarman on June 10,

% Inputs:

taun:

o0 o° o° o° o

o

% Output:
% Sll:
S21:

o® o° o o° o° o

o\©

j=sqrt (-1);

% Step 1: Compute
mu=tan (wO*tau_n) ;
% Step 2: Compute
Teta=wxtau_n;

% Step 3: Compute

Pennsylvania,

w: Normalized angular frequency

w0: Normalized angular frequency

Y: Normalized Parallel load of TRL

normalized length of TRL

where Teta-TO is the length of the TRL in degree.

mu=tan (wO*tau_n)

[X]-[TRL]-[X].

2018,Philadelphia,
USA

Input Reflection Coefficient of the loaded TRL:
Transfer Scattering Parameter of the loaded TRL
ROll=abs (S11)
FIll=Phase of Sll=atan2d(X11,R11)
RO21=abs (S21)
FI21=Phase of S2l=atan2d(X21,R21

length of TRL asTeta=wxtau.-n

S21T

S21T=cos (Teta)-j*sin(Teta);

o

% Step 4:
gL=2+7jx*Y;
S11L=(-1)*j*Y/gL;
S21L=2/gL;

Compute

% Step 5:
% S21=[S21L"2

S11=(-1)*J*x (2*Y-muxY+Y) /(2% (1-mu*Y) +j* (2 mu+2+xY-muxY«*Y)) ;
FIll=atan2d(X11,R11);

Rll=real (S11);

] [s21T

X1ll=imag(S11);

S11L and S21L

S21=S21L*S21L%S21T/ (1-S21T*S21T*S11L%S11L);

R21=real (S21);

X21l=imag(S21);

FI2l=atan2d(X21,R21);

% Step 6: Generate {RO11, F11},{R021,FI21}

ROll=abs(S11);
RO21=abs (S21);

o
s
2
s

end

Program List 4.5.

errorl1=R0O21%*R0O21-(1-RO11xR0O11);
error2=2+«FI21-(180+2+FI11l);

% Main PLL_DPS_Example_4.3.m

clc
close all
clear

Main PLL_DPS_Example_4_3.m

% This program designs a Parallel Loaded-Line DPS with
% Impedance Transforming Lines

Appendix

[X-TRL-X]

Compute S11 and S21 of Y-TRL-Y
1/(1-S21T"2S11L"2)

13
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% This program is developed by BS Yarman,Philladelphia,
USA June 10, 2018.

Inputs:

R: Termination resistors

and normalization numbers for the scattering parameters
ZT: Characteristic impedance of the transforming line ZT
fO0a: Actual Design Frequency

DEl1-TetaO: Desired Phase Shift between the switching states
which is specified at the design frequency f0a

w0: Normalized Angular Frequency at f0a

CDa: Actual Reverse Biased Capacitance CDa of the switching Diodes
Computational Steps

Step la: Normalize ZT

zT=2T/R

Step 1lb: Normalize CDa

CD=R*w0a*CDa=RX2XpiXf0aXCDa

Step lc: Compute the major design parameter beta
beta=1/2 tan((Del-Tetal)/2)

Step 2: Compute the normalized load susceptance YL=w*CD
YL=w*CD

Step 3:Compute the coefficients {a¥,b¥,cY} as in (4.40g)
aY¥Y=1l+betax*YL;

bY=3+beta;

cY=4xbetaxYL+1

Step 4:DELY=bYxbY-4xaY*cY;

Step 5:Check if DELY>0.If yes, continue with the following steps.
If not, vary the design parameters w0 or CD until you end up with a
positive discriminant.
Step 6: Compute the loading reactance XA of State-A
YA (1,2)=(-bY+/-sqrt (DELY)) /2aY
% Step 8: Compute the electrical lengths Teta-0OA and Teta-0B
as in (4.29)
Teta-(0A)=atand (2/YA) +kA*pi>0
Teta.(0B)=atand (2/YB) +kBxpi>0
Step 9: Compute the mismatched lengths?T01 and Teta.T02 of the
centerline
as in (4.30)
Teta.T0, 1=sqgrt (Teta_-0AxTeta_-0B)
Teta.T0,2=(Teta_(0A)+Teta_(0B)) /2
Step 10: Analyze the phase shift performance of the designed Series
Loaded-Line-Digital Phase Shifter (SLL-DPS) using MatLab both for
Teta (T0,1) and Teta(T0,2), plot the results and identify the
best value
for Teta.TO out of {Teta(TO0,1),Teta(T0,2) }.
R=50, ZT=50, Z0=50,
f0a=3e9,
Cha=2.8e-12,
w0=1,
Del_Teta=-22.5,% in degree

o o° o0 o O O O O O A O A A A A A A N O A N N N I I I O o o° o

o oo oo

o o° o o° o° o

o

o

% Step la: Normalize ZT
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zT=2T/R,

% Step lb: Normalize CDa

wl0a=2+pi*£f0a,

% CD=Rxw0OaxCDa=RX2XpiXf0aXCDa

CD=R*w0axCDa,

% Step lc: Compute the major design parameter

% beta=(1/2)* tan((Teta-0)/2)
beta=tand(Del_Teta/2)/2,

% Step 2: Compute the normalized load susceptance YL
YL=w0*CD,

% Step 3: Compute the ccefficients{aY,bY,cY}
aY=1l+betax¥YL,

bY=+3xbeta,

cY=4+betaxYL+1,

% Step 4: Compute the discriminant DELY

DELY=bY*bY-4xa¥YxcY,

% Step 5: Check if 2_a>0.
$If yes, continue with the following steps.
% If not, vary the design parameters CD until you end up with
positive discriminant DELY.
if DELY<O
Attention='Negative Discriminator: ChangeCDa’
end
if DELY>O0

o

% Step 6a: Compute the loading reactance YA of State-A
YAl=(-bY-sqrt (DELY)) /2/aY,
YA2=(-bY+sqgrt (DELY)) /2/aY,
ROA2=abs (YA2),
ROAl=abs (YAL)
if YA1>0
YA=YAI,
ROA1=9999999;
if YA2>0
if YA1>YA2
YA=YA2,
ROA2=9999999;
end
if YA2<YA1
YA=YAL,
end
end
end
if YA1<O
ROAl=abs (YAL);
end
if YA2<0
ROA2=abs (YA2)
end
if ROA1>ROA2
YA=YA2
end
if ROA2>ROA1
YA=YAl

15
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end

% Step 6b: Compute YB from YA
YB= (YA+4xbeta) / (1-betax*Yh),
YB2=(YL*YA-1) / (YA+YL),

% Step 7: Compute electrical length of the line transformer Teta.T
if YA<O
Teta_T=-atand (1/YA)
end
if YA>0
Teta_T=-atand(1/YA)+180,
end
% Step 8: Compute the electrical lengths Teta.0A and Teta.0B
as in (4.29)
if YA<O
Teta_0OA=atand (2/YA)+180,
end
if YA>0
Teta_OA=atand (2/YA),
end

\% Teta_OA=atand (2/YA) +kAxpi>0
\% Teta_OB=atand (2/YB) +kBxpi>0

if YB<O

Teta_OB=atand (2/YB) +180,

end

if YB>0

Teta_OB=atand (1/YB),

end

% Step 9: Compute the mismatched lengths Teta_(T0,1) and Teta_(T0,2) of
%$the centerline as in (4.30)

% Teta.TOl=sqgrt (Teta_-0AxTeta_0B)

Teta_TOl=sqgrt (Teta_0AxTeta_O0B),

Teta_TO02=(Teta_OA+Teta_0B) /2,

% Select the short line length:

if Teta_T01>Teta_TO02
Teta_TO0=Teta_T02

end

if Teta_T02>Teta_TO1
Teta_TO0=Teta_TO01

% In order to use our analysis tool, compute the normalized delay
lengths

$ as

tau_n=pi*Teta_T0/w0/180

tau_nT=pi*Teta_T/w0/180

end; % End of positive Discriminant loop

wl=0.9; w2=1.1; N=10001;

DW= (w2-wl) / (N-1);

w=wl;
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W=zeros (1,N); DEL_FIA=zeros(1l,N);
RO21A_Ar=zeros (1,N); RO21B_Ar=zeros(1,N);
FI21A_Ar=zeros(l,N); FI21B_Ar=zeros(l,N);
for i=1:N
W(i)=wxf0a;
YL=w*CDj;
muT=tan (wxtau_nT) ;
YB= (YL+muT) / (1-YL*muT) ;
YA=-1/muT;
[ RO21B,FI21B,RO11B,FI11B ] = SPAR_Parallel_Loaded_TRL(w, w0, YB,
tau_n);
[ RO21A,FI21A,RO11A,FI11A ] = SPAR Parallel_Loaded_TRL(w, w0, YA,
tau_n);

FI21A_Ar(i)=FI21A; FI21B_Ar(i)=FI21B;
RO21A_Ar (i)=20%1ogl0 (RO21A); RO21B_Ar(i)=20%x1ogl0 (RO21B);
DEL_FIA(i)=FI21B-FI21A;

o
s

w=w+DW;
end

o
5

figure

plot (W,DEL_FIA,W,FI21A_Ar,W,FI21B_Ar)

xlabel (' Normalized Angular Frequency w')

ylabel (' Phase Shift DEL-FI=FI21B-FI21A")

title (’Phase Performance of PLL-DPS with TRL Transformer: Teta-T’
legend (' DEL-FI’,’FI21A’,"FI21B")

o
5

figure

plot (W,RO21A_Ar,W,RO21B_Ar)

xlabel (' Normalized Angular Frequency w’)

ylabel (' TPG of State-A and State-B in dB’)

title (’Gain Performance of PLL-DPS with Transfermer Teta-T’)
legend (' TPG for State-A’,’TPG for State-B’)

if DELY<O
Attention='Discriminant is negative change CDa or w0’
end

Program List 4.6. Main PLL_DPS_Example_4_4.m

% Main PLL.DPS_Example_4_4.m
clc

close all

clear

e o

w)
(0]

sign of PLL-DPS with Parallel Resonant Circuits

This algorithm designs a PLL-DPS with parallel resonant circuits.
%$In this circuit, we employed PIN diodes as switching elements
with reverse biased capacitors CD.

However, the same configuration c
perhaps as MMIC.

de d° d° d° o o

Inputs:

17

be implemented using MOS devices
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fO0a: Actual Center Frequency (ACF) of the designy
w0: Normalized Angular Frequency (NAF) of the design
Del_Teta: Digital Phase Shift at wO

CD: Reverese biase capacitance

Computational Steps:

o o0 o0 o0 o° o° oP

w0=1
Del_Teta=-22.5,
CDha=1006e-15,
% Step la: Compute the major design parameter
beta_Y=tand (Del_Teta/2),
% Step 1lb: Compute the normalized value of CD
wla=2+pixf0a,
CD=wOa*RxCDa,
% Step 2: Compute the effective capacitor C of State-A
C=-2* (beta_Y) /w0,
% Step 3: Compute Normalized value of the auxiliary or

tuning capacitor CA

CA= (C+sqrt (CxC+4%CDxC)) /2,
% Step 4: Compute the actual value of CA
Cha=CA/2/pi/f0a/R,
Step 5: Compute the switch capacitor C.T
CT=CA+CD/ (CA+CD),
Step 6a: Compute the normalized value of the shunt inductor LA from
¢ the resonance condition of State-B
LA=1/w0/w0/CT,
% Step 6b: Compute the actual value of LALAa=RxLA/2/pi/f0a,
% Step 7: Compute the length of the centralline Teta.TO

Teta_TO=atand (2/w0/C)

if Teta_TO0<O

Teta_TO0=Teta_TO0+180

o

a0 oe

wl=0.5; w2=2.1; N=10001;
DW= (w2-wl) / (N-1);

w=wl;
tau_n=pi*Teta_T0/w0/180

o

W=zeros (1,N); DEL_FIA=zeros(1l,N);
RO21A_Ar=zeros (1,N); RO21B_Ar=zeros(1l,N);
FI21A_Ar=zeros(l,N); FI21B_Ar=zeros(l,N);
for i=1:N

W(i)=wxf0a;
YA= (wxw*LA*CA-1) /w/w/LA;
YB= (w*xw*LA*CT-1) /w/w/LA;

[ RO21B,FI21B,RO11B,FI11B ] = SPAR_Parallel_Loaded_TRL(w, wO, YB,
tau_n);
[ RO21A,FI21A,RO11A,FI11A ] = SPAR_Parallel_Loaded_TRL(w, wO, YA,

tau_n);
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FI21A_Ar(i)=FI21A; FI21B_Ar (i)=FI21B;
RO21A_Ar (i1)=20%10ogl0 (RO21A); RO21B_Ar (i)=20%1ogl0(RO21B);
DEL_FIA(i)=FI21B-FI21A;

o
S

w=w+DW;
end

o

figure

plot (W,DEL_FIA,W,FI21A_Ar,W,FI21B_Ar)

xlabel (' Normalized Angular Frequency w’)

ylabel (' Phase Shift DEL-FI=FI21B-FI21A’")

title (’Phase Performance of PLL-DPS with L//C Shunt Loads’)
legend (/DEL-FI1’, FI21IA’ ,"FI21B")

figure

plot (W,RO21A_Ar,W,RO21B_Ar)
xlabel (' Normalized Angular Frequency w’)
ylabel (' TPG of State-A and State-B in dB’)
title (’Gain Performance of LL-DPS’)

legend (’TPG for State-A’,’TPG for State-B’)

Program List 4.7. Main PLL.DPS_Example_4.5.m

% Main PLL_DPS_Example_4.5.m
clc

close all

clear

T E——————————————————..
s

%Design of Perfectly Matched PLL-DPS with effective loading inductor L
in State-B

This algorithm designs a Perfectly Matched PLL-DPS with loaded with
effective inductor in State-B.

In this circuit, we employed PIN diodes as switching elements

with reverse biased capacitors CD.

However, the same configuration can be implemented using MOS devices
perhaps as MMIC.

Inputs:

fO0a: Actual Center Frequency (ACF) of the design

wO: Normalized Angular Frequency (NAF) of the design

Del_Teta: Digital Phase Shift at wO which must be a negative quantity
CD: Reverese biase capacitance

Computational Steps:

o o o 0 0 0 A A A A O A o o o

o
—
=]
L]
o
=1
]

w0=1
Del_Teta=-22.5,
Cha=1006e-15,

% Step la: Compute the major design parameter
beta_Y=tand(Del_Teta/2),
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% Step 1lb: Compute the normalized value of CD
wla=2+pixf0a,

CD=wOa*RxCDa,

L=-1/beta_Y/w0/2,
if L<O

L=-L

end
% Step 3: Compute Normalized value of the auxiliary

capacitor CA
Discriminant=1+4+w0+*w0*LxCD
CA=(l+sgrt (Discriminant))/2/w0/w0/L,
% Step 4: Compute the
CAa=CA/2/pi/f0a/R,

o

ual value of CA

Step 5: Compute the switch capacitor C.T
CT=CA%CD/ (CA+CD),

% the resonance condition of State-B
LA=1/w0/w0/CA,
% Step 6b: Compute the actual value of LA

LAa=R+LA/2/pi/f0a,

% Teta.TO=-atand(1l/beta.Y)
Teta_TO=-atand (2+xw0xL)+180

5

wl=0.5; w2=2.1; N=10001;
DW= (w2-wl)/ (N-1);
w=wl;
tau_n=pixTeta_T0/w0/180
W=zeros (1,N); DEL_FIA=zeros (1,N);
RO21A_Ar=zeros (1,N); RO21B_Ar=zeros(1,N);
FI21A_Ar=zeros(l,N); FI21B_Ar=zeros(1l,N);
for i=1:N

W(i)=wxf0a;
YA= (wxw*xLA*xCA-1) /w/LA;
YB= (wxw*LA*CT-1) /w/LA;

Step 2: Compute the effective inductor L of State-

Step 6a: Compute the normalized value of the shunt

B

or tuning

inductor

ep 7: Compute the length of the central line Teta.TO

[ RO21B,FI21B,RO11B,FI11B ] = SPAR_Parallel_Loaded_TRL (w, wO,

tau_n);

[ RO21A,FI21A,RO11A,FI11A ] = SPAR _Parallel_Loaded_TRL (w, wO,

tau_n);
FI21A_Ar (i)=FI21A; FI21B_Ar(i)=FI21B;

RO21A_Ar (i)=20%1ogl0 (RO21A); RO21B_Ar (i)=20%x1logl0 (RO21B);

DEL_FIA(i)=FI21B-FI21A;

o

w=w+DW;
end
figure
plot (W,DEL_FIA,W,FI21A_Ar,W,FI21B_Ar)
xlabel (' Normalized Angular Frequency w’)
ylabel (' Phase Shift DEL-FI=FI21B-FI21A’)

title (’Phase Performance of PLL-DPS with L//C Shunt Loads’)

LA

YB,

YA,

from



legend (' DEL-FI’, FI21IA’ ,"FI21B")

figure

plot (W, RO21A_Ar, W,

xlabel (' Norm izec

ylabel (

title (’Ge
(

RO21B_Ar)
>d Angular

;o
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Program List 5.1: Main_Lowpass_T_with Classical_Formulas.m

Main_Lowpass_T_with_Classical_Formulas.m
December 7, 2018

o oo oo oo

for the values of teta between 0 and 90 degree.
% Exact 90 is not possible
clc, clear
close all
teta=input (' Enter negative value for the phase
shift teta=’)
while teta==
stop= 'Attention teta=0. Phase can never be zero
change teta and re-run the program again.’
break
end
while teta==-180
stop= ’Attention teta=-180. Phase can never be
Therefore, change teta and re-run the program
break
end
while teta>0
stopl=’'Attention: teta is positive. For a Lowpass
T-Section teta must be negative quantity.’
stop2='Please enter a negative value for teta and
break
end
% Phase teta is proper. Then, start Computations
if teta>-180
if teta<O
w0=1;
mu=tand (teta)
eta=tand (90-teta)
L1,L2,L,C] = mu_Based_Components_of_Lowpass_T
w0, teta )
L=(l-sqgrt (1+mu*mu)) /w0/mu;
C=2*L/ (1+w0*w0+L=*L) ;

o o~

o

La,Ca ] = Components_of_Lowpass_T_Section
( w0, teta )
Error_L=La-L
Error_C=Ca-C

Developed by BS Yarman, Vanikoy, Istanbul, Turkey
It should be noted that the formulas used in this program is valid

degree. Therefore,

-180 degree.
again.’

Symmterric

re-run the program’

21
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w=0;N=1000;wl=0;w2=2;DW=(w2-wl) /N;
FRI(1: (N+1))=zeros;

for j=1:N+1

WA (3) =w;

[ S11,S21,R0O11,F11,R0O21,F21 ] = S_Par_Lowpass_T
( w,La,Ca );

F21A(j)=F21;

RO21A (J)=R0O21;

% Phase of S21

figure

plot (WA,F21A)

title (’Phase variation of a "Lowpass T-Section" with classical
formulation’)

legend ('F21A with classical computations’)

xlabel (' Normalized Angular Frequency’)

ylabel (' Phase of S217)

% Amplitude of S21

figure

plot (WA, RO21A)

title ('Amplitude variation of a "Lowpass T-Section" with classical
formulation’)

legend (’RO21A:Computations with classical formulation’)

xlabel ("Normalized Angular Frequency’)

ylabel ("Amplitude of S217)

Program List 5.2: function Components_of_Lowpass_T_Section

function [ L,C ] = Components_of_Lowpass_T_Section
w0, teta )
This function generates the component values for a lowpass T-Section
Developed by BS Yarman: December 6, 2018; Vanikoy, Istanbul, Turkey

Developed by BS Yarman. December 7, 2018, Vanikoy, Istanbul, Turkey
Inputs:

teta: Negative value of teta

w0: Normalized angular frequency
Outputs:

L: Series arm inductor

C: Shunt arm capacitor

o o o P o o o o° o° ~

o

eta=tand (90-teta);

L= (eta+sqgrt (1+etaxeta)) /w0;
C=2+L/ (1+wO0*wO*L*L) ;

End
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Program List 5.3: function S_Par_Lowpass_T ( w,L,C )

function [ S11,S821,RO11,F11,R021,F21 ] = S_Par_

Lowpass_T ( w,L,C )

%This function generates the S-Parameters of Lowpass T Section from the
computed

series arm inductor L and the shunt capacitor C

Developed by BS Yarman: December 7, 2018, Vanikoy, Istanbul

%
S
3
g
e~

o\

dr=2* (1-wxwxLxC) ;

dx=w* (2*L+C-wxwxL*L*C) ;

J=sqrt (-1);

D=dr+j*dx;

N1l= J* ((l+wswxLxL) *wxC—-2xwxL) ;

S11=N11/D; Rll=real(S1l); Xll=imag(Sll);Fll=atan2d
(X11,R11);

S21=2/D; R21=real (S21); X2l=imag(S21);F2l=atan2d
(X21,R21);

ROll=abs (S11);

RO21=abs (S21);

End

Program List 5.4: For a Lowpass Symmetrical-T Section p = tan()
based component values

function [ L1,L2,La_mu,Ca_mu ] = mu_Based_
Components_of_Lowpass_T( w0, teta )
% In this function component values of a symmetric Lowpass T is
computed
Input phase teta is defined as a negative angle mu=tand(teta);
Solution of equation (5.13e) for inductor L (1,2)
L1=(1/w0)* (1/mu + sqgrt(l+l/mu~2 ));
L2=(1/w0) » (1/mu - sqgrt(l+1l/mu”2 ));

o
S
3
S

if L1>0
La_mu=L1;
end
if L2>0
La_mu=L2;
end
if teta==-90
L1=1/w0; L2=1/w0;
La_mu=1/w0;
end

Ca_mu=2*La_mu/ (1+w0*wOxLa_muxLa_mu) ;
End

Program List 5.5: Main_Alternative_Lowpass_T.m
% Main_Alternative_Lowpass_T.m

% Developed by BS Yarman

% December 7, 2018, Vanikoy, Istanbul, Turkey



24 Appendix

% Computations with alternative formulas
% December 7, 2018

clc; close all

% Inputs:

teta=input (' T-Section Phase Shift Teta in Degree=’)
w0=0.5;

% Alternative way to generate inductor L

L=tand (teta/2) /w0;

C=2+L/ (1+w0*wO*L*L) ;

w=0;N=1000;wl=0;w2=2; DW= (w2-wl) /N;
FRI(1: (N+1))=zeros;
for j=1:N+1

WA () =w;
[S11,S21,R0O11,F11,RO21,F21 ] = S_Par_Lowpass_T
(w,L,C);

F21A (§)=F21;
RO21A (j)=R021;

F11A(3)=F11;
RO11A(§)=RO11;

% Phase of S21

figure

plot (WA,F21A)

title (’Phase variation F21A of a Lowpass
T-Section’)

legend(’Using alternative formulas-F21')
xlabel (' Normalized Angular Frequency’)
ylabel (' Phase of S217)

% Amplitude of S21

figure

plot (WA, RO21A)

title ('Amplitude variation RO21A of a Lowpass
T-Section’)

legend(’Using alternative formulas—-R0O21’)
xlabel (' Normalized Angular Frequency’)
ylabel ('Amplitude of S217)

S
S

figure

plot (WA,F11A)

title (’Phase variation F11A of a Lowpass
T-Section’)

legend(’Using alternative formulas-F11’)
xlabel (' Normalized Angular Frequency’)
ylabel (' Phase of S117)

% Amplitude of S11

figure
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plot (WA,RO11A)
title (’Amplitude variation RO11A of a Lowpass
T-Section’)
legend (’Using alternative formulas—-RO11’")
xlabel (" Normalized Angular Frequency’)
ylabel ('Amplitude of S11')

Program List 5.5: Main_ Highpass_T_with_Classical_Formulas.m

Main_Highpass_T_with_Classical_Formulas.m

January 6, 2019

Developed by BS Yarman, Vanikoy, Istanbul, Turkey
clc, clear

close all

teta=input (' Enter positive value for the phase shift
teta=")

o oo oo

w0=1;

[ L,C ] = AlternativeComponents_of_Highpass_T_
Section( w0, teta );

[ La,Ca,Cl,C2 ] = mu_Based_Components_of_Highpass_

T( wO, teta )
Error_C=C-Ca
Error_L=L-La

w=0;N=5000;wl=0;w2=2; DW= (w2-wl) /N;
FRI(1l: (N+1))=zeros;
for j=1:N+1

[ S21,R021,F21 ] = S_Par_Highpass_T ( w,L,C );
F21A(j)=F21;
RO21A (j)=R0O21;

% Phase of S21

figure

plot (WA,F21AR)

title (’Phase variation of a "Highpass T-Section" ')
legend ('F21A with classical computations’)

xlabel ("Normalized Angular Frequency’)

ylabel ("Phase of S217)

% Amplitude of S21

figure

plot (WA, RO21A)

title(’Amplitude variation of a "Highpass
T-Section" ')

legend (' RO21A%)

xlabel (' Normalized Angular Frequency’)

ylabel (' Amplitude of S21')

25
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Program List 5.6: function mu_Based_Components_of_ Highpass_T

function [ La,Ca,Cl,C2 ] = mu_Based_Components_of_
Highpass_T( w0, teta )
% This function generates the component values for
lowpass T-Section
Developed by BS Yarman: December 6, 2018;
Vanikoy, Istanbul, Turkey
Developed by BS Yarman. December 7, 2018, Vanikoy,
Istanbul, Turkey
Inputs:

teta: Positive angle at wO

w0: Normalized angular frequency
Outputs:

C: Series arm Capacitor

L: Shunt arm Inductor

©

o

o

o° o° o° o° o o°

o

mu=tand (teta) ;
if teta==90

Cl=1/w0;

Cc2=1/w0;

Ca=1/w0;
end
Cl=(1/w0/mu) * (1+sqgrt (muxmu+l)) ;
if C1>0

Ca=C1l;
end
C2=(1/w0/mu) * (1-sgrt (murmu+l));
if C2>0

Ca=C2;
end

La=(1/w0/w0) » (1+wO0xwOxCaxCa) /2/Ca;

End

Program List 5.7: AlternativeComponents_of_Highpass_T_Section

function [ L,C ] = AlternativeComponents_of__
Highpass_T_Section( w0, teta )
% This function generates the component
values for a lowpass T-Section
% Developed by BS Yarman: December 6, 2018;
Vanikoy, Istanbul, Turkey
% Developed by BS Yarman. December 7, 2018,
Vanikoy, Istanbul, Turkey
Inputs:

teta: Positive angle at w0

w0: Normalized angular frequency
Outputs:

C: Series arm Capacitor

L: Shunt arm Inductor

o o° o° o° o° o

o

C=(1/w0) /tand(teta/2);
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L=(1/w0/w0) * (1+w0*w0O*C*C) /2/C;
end

Program List 5.8: Main_Lowpass_PI_Section.m

Main_Lowpass_PI_Section.m

January 12, 2019

Developed by BS Yarman, Vanikoy, Istanbul, Turkey

It should be noted that the formulas used in this program is valid
for the values of teta between 0 and -180 degree.

% Exact 90 is possible

clc, clear

close all

teta=input (' Enter negative value for the phase
shift teta=')

while teta==0

stop= ’Attention teta=0. Phase can never be zero

degree. Therefore, change teta and re-run the
program again.’

oo d° oo oe

break

end
while teta==-180
stop= ’'Attention teta=-180. Phase can never be
-180 degree. Therefore, change teta and re-run
the program again.’
break
end
while teta>0
stopl='Attention: teta is positive. For a Lowpass
Symmetric PI-Section teta must be negative
quantity.’
stop2='Please enter a negative value for teta and
re-run the program’
break
end
% Phase teta is proper. Then, start Computations
if teta>-180
if teta<O
wO=input (' Enter the normalized angular frequency
w0=")
mu=tand (teta)
eta=tand (90-teta)

[ Ca,La,error ] = eta_Based_Components_of_Lowpass_
PI( wO,teta )

w=0;N=1000;wl=0;w2=2; DW= (w2-wl) /N;
FRI(1l: (N+1))=zeros;
for j=1:N+1

WA () =w;

[ S11,S21,RO11,F11,R0O21,F21 ] = S_Par_Lowpass_PI
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( w,La,Ca );
F21A(j)=F21;
RO21A (j)=R0O21;

% Phase of S21
figure
plot (WA,F21A)
title (’Phase variation of a "Lowpass PI-Section"
with classical formulation’)
legend (’F21A with classical computations’)
xlabel (' Normalized Angular Frequency’)
ylabel ('Phase of S217)
% Amplitude of S21
figure
plot (WA, RO21A)
title('Amplitude variation of a "Lowpass PI-
Section" with classical formulation’)
legend (' RO21A:Computations with classical
formulation’)
xlabel (' Normalized Angular Frequency’)
ylabel ('Amplitude of S21')
end
end
Program List 5.9: function eta_Based_Components_of__
Lowpass_PI
function [ C,L,error ] = eta_Based_Components_of_
Lowpass_PI( w0,teta )
In this function teta must be a negative quantity
In this function component values of a symmetric
Lowpass pi is computed
Input phase teta is defined as a negative
quantity
if teta>=0
stop='Attention: teta is positive. It must be a
negative quantity’
C=’"teta is positive. It must be negative’
='teta is positive. It must be negative’
error="teta is positive. It must be negative’

o
5
o
S

o

end
if teta<O
eta=tand (90-teta);

C=(1/w0)* (eta + sqgrt (l+etaxeta ));
L=2+C/ (1+w0*w0*C=*C) ;
Cl=1/wOxtand(abs (teta/2));
error=norm(C-Cl) ;

end
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Program List 5.10: function S_Par_Lowpass_PI

(w,L,C)

function [ S11,S821,RO11,F11,R021,F21 ] = S_Par_
Lowpass_PI( w,L,C )

% This function generates the S-Parameters of
Lowpass T Section from the

% computed series arm inductor L and the shunt
capacitor C

% Developed by BS Yarman: December 7, 2018,
Vanikoy, Istanbul

% S11=-((1+w0"2 L°2 )3w0C-29wOL) /(2 (1-w0 2 LC)+3w0
(2L+C-w0"2 L°2 C) )

% 5_21=2/(2(1-w0"2 LC)+3w0 (2L+C-w0 2 L2 C) )=2/
(d_r+3d_x )=p_21 e (360_21 (w0))

dr=2+* (1-wxw*Lx*C) ;
dx=w* (2*C+L-wxwxC*C*L) ;
J=sqrt (-1);
D=dr+jxdx;
N1l= J* ((l+wrxw*CxC)+wxL-2xw*C) ;
S11=N11/D; Rll=real(S1l); Xll=imag(Sll);Fll=atan2d
(X11,R11);
S21=2/D; R21=real (S21); X21l=imag(S21);F2l=atan2d
(X21,R21);
ROll=abs (S11);
RO21=abs (S21);
end

Program List 5.11: Main_Highpass_PI_Section.m

Main_Highpass_PI_Section.m

January 18, 2019

Developed by BS Yarman, Vanikoy, Istanbul, Turkey
It should be noted that the formulas used in this
program is valid for

% the values of teta between 0 and +180 degree.

% Exact 90 is possible

clc, clear

close all

teta=input ('Enter positive value for the phase
shift teta=')

while teta==0

stop= 'Attention teta=0. Phase can never be zero
degree. Therefore, change teta and re-run the
program again.’

o0 oo oo oo

break
end
while teta==180
stop= ’Attention teta=180. Phase can never be

-180 degree. Therefore, change teta and re-run
the program again.’
break

29
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end

while teta<O

stopl="Attention: teta is negative. For a Highpass
Symmetric PI-Section teta must be positive
quantity.’

stop2='Please enter a positive value for teta and
re-run the program’

break

end

% Phase teta is proper. Then, start Computations
if teta<180

if teta>0

wO=input (' Enter the normalized angular frequency
w0=")
mu=tand (teta)

eta=tand (90-teta)

[ Ca,La,error ] = eta_Based_Components_of_Highpass_
PI( wO,teta )

.
S

w=0;N=1000;wl=0;w2=2;DW=(w2-wl) /N;
FRI(1: (N+1))=zeros;
for j=1:N+1

WA () =w;
[ s11,s21,R0O11,F11,RO21,F21 ] = S_Par_Highpass_PI
(w,La,Ca );

F21A (j)=F21;
RO21A (j)=R021;

% Phase of S21

figure

plot (WA,F21A)

title (’Phase variation of a "highpass PI-Section"
with classical formulation’)

legend (’F21A with classical computations’)
xlabel (' Normalized Angular Frequency’)
ylabel (' Phase of S217)

% Amplitude of S21

figure

plot (WA, RO21A)

title ('Amplitude variation of a "Highpass
PI-Section" with classical formulation’)
legend (’RO21A:Computations with classical
formulation’)

xlabel (' Normalized Angular Frequency’)
ylabel (' Amplitude of S21')

o

M

end
end
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Program List 5.12: Function eta_Based_Components_of_ Highpass_PI

function [ C,L,error ] = eta_Based_Components_of
Highpass_PI( w0,teta )
In this function teta must be a positive quantity
In this function component values of a symmetric
Highpass pi is computed
Input phase teta is defined as a positive quantity
if teta<=0
stop="Attention: teta is positive. It must be a
negative quantity’
C='teta is positive. It must be positive’
L="teta is positive. It must be positive’
error='teta is positive. It must be negative’
end
if teta>0
eta=-tand (90+teta) ;

o0 oo oo oo

L=(1/w0) = (1/tand(teta/2));
C=(1/w0/w0) * (1+wO*wO*L*L) /2/L;
L1=(1/w0) x (eta + sqgrt (l+etaxeta ));
error=norm(L-L1);

end

Program List 5.13: Function S_Par_Highpass_PI

function [ S11,S521,RO11,F11,R0O21,F21 ] = S_Par_Highpass_PI( w,L,C )
This function generates the S-Parameters of

Lowpass T Section from the

computed series arm inductor L and the shunt capacitor C
Developed by BS Yarman: December 7, 2018, Vanikoy, Istanbul

S1l=-((1+w0"2 L~ {}2 )Jjw0C-23?L)/(2(1-w0"2 LC)+jw0
2L+C-w0"2 L°2 C) )
S_21=2/(2(1-w0"2 LC)+jw0(2L+C-w0"2 L"2 C) )=2/

~ o0 —~ 0° d° d° oo oo

d_r+jd_x )=p_21 e” (j0_21 (w0))

dr=1-w*wx (2+L*C+L*L) ;

dx=2*wxL* (L-wxwxL*C) ;

j=sqrt (-1);

D=dr+j*dx;

N1l=-(l4+wxwxL* (L-2%C));

S11=N11/D; Rll=real(S1l); Xll=imag(Sll);Fll=atan2d
(X11,R11);

S21==J*2xwHwrwxL*xLxC/D; R21=real (S21); X2l=imag
(S21) ;F21l=atan2d (X21,R21);

ROll=abs (S11);

RO21=abs (S21);

ol

End

31
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Appendix 6: MatLab Programs for Chapter 6

Program List 6.1:

clc; close

teta=input (

L=tand(teta/2)/w0;\% C=
2L/ (1+w0*wOxL*L) ;

CD1=1/(w0"2*L);
CD2=CD1;
DEN=2;
Delta=sqgrt (CxC+4xC*CD2) ;
CA=(C) /DEN+Delta/DEN;
CT=CA*CD2/ (CA+CD2) ;
LA=1/w0/w0/CT;
j=sqrt(-1);
w=0;N=1000;wl=0;w2=2;DW=(w2-wl) /N;
FRI(1l: (N+1))=zeros;
for i=1:N+1

WA (1) =w;

za=JjxwxL;
va=1/3/w/LA+J*w*CA;
[ S1la,S21a,RO11la,F11a,R021a,F21la ] = S_Par_LPT_DPS (za,va);
F21A(i)=F2la;
RO21A (1)=R0O21a;
F11A(i)=Flla;
RO11A (i)=ROl1la;

zb=jxwxL+1/3j/w0/CD1;
yb=1/73/w/LA+J*wxCT;
[ S11b,S21b,RO11b,F11b,RO21b,F21b ] = S_Par_ LPT_DPS (zb,yb);
F21B(i)=F21b;
RO21B (1i)=R021b;
F11B(i)=F1llb;
RO11B (i)=RO1l1lb;

w=w+DW;



Appendix 33

Plot_State AB_LPT.DPS (WA,F21A,R0O21A, F11A,RO11A,F21B,R021B, F11B,RO11B)
Program List 6.2: S_Par_LPT_DPS
function [ S11,S21,RO11,F11,R021,F21 ] = S_Par_ LPT_DPS (z,Vy)

$This function generates the S-Parameters of a Lowpass T Section
Phase Shifter from the series arm impedance Z(jw) and

o o

the shunt arm admittance Y (jw)

computed series arm inductor L and the shunt capacitor C
Developed by BS Yarman: Feb 20, 2019, Vanikoy, Istanbul
See Equations (5.9)

o® o o° o

D=zxz*y+2xz2*xy+2xz+y+2;

S11l=((1l-z*z)*xy—-2%z)/D;

S21=2/D;

Rll=real (S11); Xll=imag(S1ll);Fll=atan2d(X11,R11);
R21=real (S21); X2l=imag(S21);F2l=atan2d(X21,R21);
ROll=abs (S11);

RO21=abs (S21);

end

Program List 6.3: function Plot_State_AB_LPT_DPS

function Plot_State_AB_LPT_DPS (WA,F21A,R0O21A, F11A,R011A,
F21B,R0O21B, F11B,RO11B)

figure

plot (WA,F21A,WA,F21B)

title (' State A and State B: Phase variations F21A and F21B of
a Lowpass T-Section’)

legend (' F21A","F21B")

xlabel (' Normalized Angular Frequency’)

ylabel (' Phase of S21A and S21B’)

$ Amplitude of S21

figure

plot (WA, RO21A, WA, RO21B)

title(’State-A and State-B: Amplitude variation RO21A and RO21B of a
Lowpass T-Section’)

legend (' ROZ1A" ,"ROZ1B")

xlabel (' Normalized Angular Frequency'’)

ylabel (' Amplitude of S21A and S21B’)

figure

plot (WA,F11A, WA, F11B)

title(’ State-A and State-B: Phase variation F11A and F11B of a
Lowpass T-Section’)

legend ('F11A")

xlabel (' Normalized Angular Frequency’)

ylabel (' Phase of S11A and S11B’)

$ Amplitude of S11

figure

plot (WA,RO11A, WA, RO11B)
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title(’State-A and State-B: Amplitude variation RO11A and RO11B of a
Lowpass T-Section’)

legend (' ROLIA","ROLIB")

xlabel (' Normalized Angular Frequency’)

ylabel (' Amplitude of S11A and S11B’)

end

Program List 6.4: Main Program: Main Example 6.3.m

Main Program: Main_Example_6.3.m

February 22, 2019

Developed by BS Yarman, Vanikoy, Istanbul

This program evaluates the lossy performance of a LPT-DPS for a

o o° o o

specified
% center actual frequency £f0 in Hz.

clc; close all

% Inputs:

teta=input (' Alternative Formulas to Design Lowpass T Section. Enter
positive value for Teta in Degree=')

% Inputs

fO0a=input ('Enter the actual center frequency in Hz f0a =')
wO=input ('At fO0a, enter the normalized angular frequency w0 =')
R=input (' Enter the normaliziation Resistor R =')

% Compute the normalized element values of LPT-DPS

% Alternative way to generate inductor L
L=tand (abs (teta) /2) /w0;

C=2+L/ (1+w0*wO*L*L) ;

% Component Values and their related resistive losses:
CD1=1/(w0"2%L); % See equation (6.2d) of Chapter 6

ASSUMPTION 1:

It is assumed that the series loss Ron of a forward biased diode is
equal to the on channel resistor of an CMOS Switch

[see Equation (6.1) of Chapter 6].

RF1,rfl ] =Channel_Resistance_of_a_CMOS(CD1,R, f0a);
ASSUMPTION 2:

Reverse biased resistive loss of a diode is the "Percent_RVS"

— o° od° d° o°

o° oe

amount of
% its reverse baised impedance at wO
Percent_RVS=100;
rrl=1/w0/CDl/Percent_RVS;
CD2=CD1;
[ RF2,rf2 ] =Channel_Resistance_of_a_CMOS(CD2,R, f0a);
rr2=1/w0/CD2/Percent_RVS;

o
S

DEN=2;

Delta=sqgrt (CxC+4xCxCD2) ;
CA=(C) /DEN+Delta/DEN;
CT=CA%CD2/ (CA+CD2) ;
LA=1/w0/w0/CT;
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oss Computations for both State-A and State-B:

=

Assumption 3: Loss of an inductor is Percent.L amount of its impedance
value at wO.

Assumption 4: Connectivity loss of an inductor is "Percent._S
its impedance value at wO0.

"

o0 o° o° J° o oP

Assumption 5: Conductive loss of a Capacitor is "Percent.C" amount of
its

% admittance value at wO.
Percent_sS=100;
Percent_L=10;

Percent_C=100;

o

% Resistive loss of the series arms in State-A:
rL=w0x*L/Percent_L;

rs=w0xL/Percent_S;

ra=rL+rfl+rs;

% Conductive loss of the Shunt arm in State-A:
rLA=w0+LA/Percent_L;

GCA=w0*CA/Percent_C;

GA=GCA+rLA/ (rLAxrLA+wO*wO*LA*LA) + (WOxwO*rf2+xCA*CA)
/ (1+wO*wO*xrf2+rf2+CA*CA) ;

o

o

Resistive loss of the series arms in State-B:
rb=rL+rrl+rs;

% Conductive loss of the Shunt arm in State-:
GB=GCA+rLA/ (rLAxrLA+wO*wO*LA*LA) + (WOxwO*r£f2+CT*CT)
/ (1+w0*wO*rr2+xrr2+CT*CT) ;

j=sqrt (-1);

w=0;N=2000;wl=0;w2=2;DW=(w2-wl) /N;

FRI(1: (N+1))=zeros;

for i=1:N+1

WA (i) =w;
% State A

za=ra+jxwxL;
ya=GA+1/7j/w/LA+j+w*CA;
[ slla,S21la,RO1lla,Flla,RO21a,F2la ] = S_Par LPT_DPS (za,ya);
F21A(1i)=F2la;
RO21A(1)=20x1ogl0 (RO21a);
F11A(i)=Flla;
RO11A(1)=20x1ogl0 (RO1l1la);

zb=rb+j*w+L+1/3/w0/CD1;
yb=GB+1/3j/w/LA+3*xwxCT;
[ S11b,S21b,RO11b,F11b,R021b,F21b ] = S_Par_LPT_DPS (zb,yb);

a0 o0 oP
0
t
)
o
(0]
(o]
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F21B(1)=F21b;

RO21B(1)=20%1ogl0 (RO21Db) ;

F11B(i)=F1l1lb;

RO11B(1)=20%1ogl0 (RO11lDb) ;
DEL_FI21 (i)=F21A(i)-F21B(i);

w=w+DW;

end
Plot_State_AB_LPT_DPS (WA,F21A,R021A, F11A,RO11A,F21B,
RO21B,F11B,RO11B,DEL_FI21)

Program List 6.5: Channel_Resistance_of_a_CMOS

function [ Ron,ron ] = Channel_Resistance_of_a_CMOS (Coff,R, f0)

s This function generates the on forward biased channel resistance of a
0.180um CMOS switch manufactured by TSMC

February 22, 2019, Vanikoy, Istanbul, Turkey

Developed by BS Yarman

Inputs:

Coff: Normalized value of the Inductor L

©

fO0=Actual operating frequency (Normalization frequency)
R: Actual terminatons resistors (Normalization Resistor)
Output:

Ron: Actual value of the channel resistor

o o° d° P o O° d° o o° J° o

ron: Normalized Value of the channel resistor

o0

Coff_Actual ] =ActualvValues_of_a_Capacitor (Coff,R,£0);
$ Ron (2) x CDl (Farad)=672 x 10(-15)
Ron=672e-15/Coff_Actual;

ron=Ron/R;

end

Program List 6.6: function ActualValues_of_a_Capacitor

function [ C_actual ] = ActualValues_of_a_Capacitor(C,R, f0)
% February 22, 2019, Vanikoy, Istanbul, Turkey

% Developed by BS Yarman

% Inputs:

% C: Normalized value of the capacitor C

% =Actual operating frequency (Normalization frequency)

% R: Actual terminatons resistors (Normalization Resistor)

o0

Output:

% C.actual: Actual value of the capacitor
C_actual=C/2/pi/f0/R;
end

Program List 6.7: function ActualValues_of_an_Inductor

function [ L_actual ] =ActualValues_of_an_Inductor (L,R,f0)
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1C (Normalization frequency)

vl
o
F

rminatons resistor (Normalization

I_actual=LxR/2/pi/f0;

Appendix 7: MatLab Programs for Chapter 7

Program List 7.1: Main Program: Main_Lowpass_PI_Section_DPS.m

Main Program: Main_Lowpass_PI_Section_DPS.m
February 24, 2019

Developed by BS Yarman, Vanikoy, Istanbul
Enter Positive value

o0 oo oo oo

o

clc; close all

% Inputs:

teta=input ('Alternative Formulas to Design Lowpass T Section. Enter
positive value for Teta in Degree=')

% Inputs w0=1;

ra=0; rb=0; GA=0;GB=0;
% Alternative way to generate inductor L
C=tand (teta/2) /w0;

L=2%C/ (1+w0*xw0+C*C) ;

o

3 Component Values
CD1=1/(w0"2=*L);

CD2=CD1;

Delta=sqgrt (CxC+4xC*CD2) ;
CA=C/2+Delta/2;
CT=CA*CD2/ (CA+CD2) ;
LA=1/w0/w0/CT;

J=sqrt (-1);
w=0;N=2000;wl=0;w2=2;DW=(w2-wl) /N;
FRI(1l: (N+1))=zeros;

for i=1:N+1

WA (1) =w;

o

o°
(%)
2
o
o
®
p=d

o

za=ra+jxwxL;

ya=GA+1/7j/w/LA+j*xw*CA;

[ S11a,521a,RO11la,F11a,R021a,F2la ] = S_Par_LP_PI_DPS (za,vya);
F21A(i)=F2la;
RO21A(1)=20%1logl0 (RO21la);

37
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F11A(i)=Flla;
RO11A (i)=20%1ogl0 (RO1l1la) ;

o

o
0
P
[\)}
o
b
W

o

zb=rb+j*xwxL+1/3/w0/CD1;
yb=GB+1/3j/w/LA+j*wxCT;
[ S11b,S21b,RO11b,F11b,R021b,F21b ] = S_Par_LP_PI_DPS (zb,yb);
F21B (i) =F21b;
RO21B (1) =20%10g10 (RO21b) ;
F11B(i)=F1llb;
RO11B(i)=20%10gl0 (RO11b);

DEL_FI21(i)=F21A(i)-F21B(1i);
w=w+DW;

Plot_State_AB_LP_PI_DPS(WA,F21A,RO21A, F11A,RO11A,F21B
RO21B, F11B,RO11B,DEL_FI21)

Program List 7.2: function S_Par_LP_PI_DPS

function [ S11,S21,RO11,F11,R021,F21 ] = S_Par_ LP_PI_DPS (z,y)
This function generates the S-Parameters of a Lowpass T Section
Phase Shifter from the series arm impedance Z(jw) and

the shunt arm admittance Y (jw)

computed series arm inductor L and the shunt capacitor C
Developed by BS Yarman: Feb 20, 2019, Vanikoy, Istanbul

See Equations (5.9)

o o o° o° o° o° o°

D=zy 2+2zy+2y+z+2 of S11 = N11/D and S21=2/D
Nll=z(1-y"2)-2y of S11 = N11/D
D=z+y*y+2*x 2+ y+2xy+z+2;

S11=((l-ywy)*z=2*y)/D;

S21=2/D;
Rll=real
R21=real
ROll=abs
RO21=abs

e oe

S11); Xll=imag(S1ll);Fll=atan2d(X11l,R11);
S21); X21l=imag(S21l);F2l=atan2d(X21,R21);
)
)

7

S11
s21

7

(
(
(
(
end

Program List 7.3: Main Program: Main_Example_7_2.m

Main Program: Main_Example_7_2.m

February 24, 2019

Developed by BS Yarman, Vanikoy, Istanbul

This program evaluates the lossy performance of a LPT-DPS for a
specified

% center actual frequency f0 in Hz.

o o° o oP
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o

% Inputs:

teta=input ('Alternative Formulas to Design Lowpass T Section. Enter
positive value for Teta in Degree=')

% Inputs

fO0a=input (' Enter the actual center frequency in Hz f0a =")

wO=input (At f0a, enter the normalized angular frequency w0 =')
R=input ('Enter the normaliziation Resistor R =')

Compute the normalized element values of LPT-DPS
3 Alternative way to generate inductor L
C=tand (abs (teta) /2) /w0;

L=2%C/ (1+w0*xw0+C=*C) ;

o oo

% Component Values and their related resistive losses:

CD1=1/(w0"2%L); % See equation (6.2d) of Chapter 6

ASSUMPTION 1:

It is assumed that the series loss Ron of a forward biased diode is

equal to the on channel resistor of an CMOS Switch

[see Equation (6.1) of Chapter 6].

RF1,rfl ] =Channel_Resistance_of_a_CMOS(CD1,R, f0a);

ASSUMPTION 2:

Reverse biased resistive loss of a diode is the "CrDEL_D: Cronicel
Delta"

% amount of its reverse baised impedance at wO.

CrDel_D=100;

rrl=1/w0/CD1/CrDel_D;

CD2=CD1;

[ RF2,rf2 ] =Channel_Resistance_of_a_ CMOS(CD2,R, f0a);

rr2=1/w0/CD2/CrDel_D;

o
S

DEN=2;

Delta=sqrt (CxC+4xC*CD2) ;

CA=(C) /DEN+Delta/DEN;

CT=CA%CD2/ (CA+CD2) ;

LA=1/w0/w0/CT;

Loss Computations for both State-A and State-B:

Assumption 3: Loss of an inductor is CrDEL_L amount of its impedance
value at woO.

Assumption 4: Connectivity loss of an inductor is "CrDEL_S" amount of
its impedance value at wO.

Assumption 5: Conductive loss of a Capacitor is "CrDEL_C" amount of
its admittance value at w0.

CrDel_S=100;

CrDEL_L=10;

CrDel_C=100;

— o d° oo o°

oo o

o

o0 oo d° d° o° do oP

o

)

% Resistive loss of the series arms in State-A:
rL=w0*L/CrDEL_L;

rs=w0+L/CrDel_S;

ra=rL+rfl+rs;

% 7777777777777777777777777777777777777777777777777777777777777777777

% Conductive loss of the Shunt arm in State-A:
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rLA=wO+LA/CrDEL_L;

GCA=w0+CA/CrDel_C;

GA=GCA+rLA/ (rLA*rLA+wO+wWO+*LA*LA) + (WO*wO*r£2+4CA*CA) / (1+wO0rwOrrf2+rf2
*CA*CA) ;

o

Resistive loss of the series arms in State-B: rb=rL+rrl+rs;

e oo
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GB=GCA+rLA/ (rLA*rLA+wO+*wWO*LA*LA) + (WO*WO*rf2+«CT*CT) / (L+wO0*wO*rr2+rr2+CT*
CT);

o

j=sqrt (-1);
w=0;N=2000;wl=0;w2=2;DW=(w2-wl) /N;
FRI(1: (N+1))=zeros;
for i=1:N+1

WA (i) =w;

za=ra+j*xwxL;

ya=GA+1/7j/w/LA+3+wxCA;

[ S11a,S21a,R0Olla,F1lla,R021a,F21la ] = S_Par_LP_PI_DPS (za,ya);
F21A(i)=F2la; RO21A(i)=20+1logl0 (RO21la);
F11A(i)=Flla;
RO11A(1)=20x1logl0 (RO1l1la);

oe

o

zb=rb+j+w+L+1/3/w0/CD1;

yb=GB+1/j/w/LA+3+w*CT;

[ S11b,S21b,RO11b,F11b,R021b,F21b ] = S_Par_LP_PI_DPS (zb,yb);
F21B(i)=F21b;

RO21B(1)=20%1ogl0 (RO21Db) ;

F11B(i)=F1llb;

RO11B(1)=20+10ogl0 (RO11lb);

S

DEL_FI21(i)=F21A(1)-F21B(i);
w=w+DW;
end

>

Plot_State_AB_LP_PI_DPS (WA,F21A,RO21A, F11A,RO11A,F21B,R021B, F11B,
RO11B,DEL_FI21)

[CDla] = ActualValues_of_a_Capacitor (CD1,R, f0a)
[CAa] = ActualValues_of_a_Capacitor (CA,R, f0a)
[LAa] = ActualValues_of_an_Inductor (LA,R, f0a)
[La] = ActualValues_of_an_Inductor(L,R, f0a)

S
e

ra_actual=raxR
rb_actual=rb*R

S

GA_actual=GA/R; RA_actual=1/GA_actual
GB_actual=GB/R; RB_actual=1/GB_actual
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Program List 7.4: function Plot_State_AB_LP_PI_DPS

function Plot_State_AB_LP_PI_DPS(WA,F21A,RO21A, F11A,RO11A,F21B,R021B,
F11B,RO11B,DEL_FI21)

figure

plot (WA,F21A,WA,F21B,WA,DEL_FI21)

title(’State A and State B: Phase variations F21A and F21B of a
Lowpass PI-Section’) legend(’F21A’,’F21B’,’DEL-FI21’)
xlabel (' Normalized Angular Frequency’)

ylabel ('Phase of S21A and S21B’)

% Amplitude of S21

figure

plot (WA, RO21A, WA, RO21B)

title (' State-A and State-B: Amplitude variation RO21A and RO21B of a
Lowpass PI-Section’)

legend ('RO21A in dB’,’RO21B in dB’)

xlabel (' Normalized Angular Frequency’)

ylabel (' Amplitude of S21A and S21B in dB’)

figure

plot (WA,F11A, WA, F11B)

title(’State-A and State-B: Phase variation F11A and F11B of a Lowpass
PI-Section’) legend(’F11A’)

xlabel (' Normalized Angular Frequency’)

ylabel ('Phase of S11A and S11B’)

% Amplitude of S11

figure

plot (WA,RO11A, WA, RO11B)

title(’State-A and State-B: Amplitude variation RO11A and RO11B of a
Lowpass PI-Section’)

legend (RO11A in dB’,’RO11B in dB’)

xlabel (' Normalized Angular Frequency’)

ylabel ("Amplitude of S11A and S11B in dB’)

end

Appendix 8: MatLab Programs for Chapter 8

Program List 8.1. Main Highpass. TSection DPS.m

nter

clc; close all
% Inputs:
teta=input ('Alternative

Inputs
w0=1;

Computce i ¢ of the i ded onent c ues O an Highpass Section
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C=tand (90-teta/2) /w0;
L= (14+w0*w0*C*C) /2/C;

Component Values
CD1=C;
CD2=CD1;
% Delta=1+4xw0xw0*L*xCD2

% CA=(l+sgrt (Delta))/2/w
Delta=1+4+xw0*w0*L*CD2;
CA=(l+sqgrt (Delta))/2/w0/w0/L;
% HPT State—-A: D1 is re
CT=CA%CD2/ (CA+CD2) ;
LA=1/w0/w0/CA;
j=sqrt (-1);
w=0;N=2000;wl=0;w2=2;DW=(w2-wl) /N;
FRI(1l: (N+1))=zeros;
for i=1:N+1

WA (1) =w;

za=ra+1l/3j/w/CD1;
ya=GA+1/7j/w/LA+3*xw*CT;
[ S1la,S21a,RO11la,F11a,R021a,F2la ] = S_Par_HPT_DPS ( za,va );
F21A(i)=F21la;
RO21A (1)=20%1ogl0 (RO21a);
F11A(i)=Flla;
RO11A(1)=20%1logl0 (RO1l1la);

zb=rb;
yb=GB+1/7j/w/LA+j~w*CA;
[ S11b,S21b,R0O11b,F11b,RO21b,F21b ] = S_Par HPT_DPS ( zb,yb );
F21B(1)=F21b;
RO21B(1)=20%1ogl0 (RO21Db) ;
F11B(i)=F1l1lb;
RO11B(1)=20%1ogl0 (RO11lb) ;
DEL_FI21(i)=F21A(i)-F21B(1);
w=w+DW;

Plot_State_AB_HPT_DPS (WA,F21A,R021A, F11A,RO11A,F21B,RO21B, F11B,RO11B
,DEL_FI21)

Program List 8.2. S_Par_ HPT_DPS

function [ S11,S21,RO11,F11,R021,F21 ] = S_Par HPT_DPS ( z,y )

This function generat the

% Phase Shifter from the series
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the shunt arm admittance Y (jw)

computed series arm inductor L and the shunt capacitor C
Developed by BS Yarman: Feb 20, 2019,Vanikoy, Istanbul
See Equations (5.9)

°© o° o° o° oe

D=zxz*y+2x2xy+2%x2+y+2;
S11l=((l-zxz)*xy-2+z)/D;
S21=2/D;
Rll=real
R21=real
ROll=abs
RO21=abs

S11); Xll=imag(Sll);Fll=atan2d(X11,R11);
S21); X21l=imag(S21);F2l=atan2d(X21,R21);
)
)

7

SE
s21

’

end

Program List 8.3. function Plot_State_AB_HPT_DPS

function Plot_State_AB_HPT_DPS (WA,F21A,RO21A, F11A,RO11A,F21B,R0O21B,
F11B,RO11B,DEL_FI21)
figure
plot (WA,F21A,WA,F21B,WA,DEL_FI21)
title (' State A and State B: Phase variations F21A and F21B
of a Highpass T-Section’)
legend(’'F21A’ ,’F21B’ ,’DEL-FI21")
xlabel ("Normalized Angular Frequency’)
ylabel (' Phase of S21A and S21B’)
% Amplitude of S21
figure
plot (WA, RO21A, WA, RO21B)
title(’State-A and State-B: Amplitude variation RO21A and RO21B
of a Highpass T-Section’)
legend (’RO21A in dB’,’RO21B in dB’)
xlabel (' Normalized Angular Frequency’)
ylabel (' Amplitude of S21A and S21B in dB’)

figure

plot (WA,F11A, WA, F11B)

title(’ State-A and State-B: Phase variation F11A and F11B
of a Highpass T-Section’)

legend ("F11AT)

xlabel (' Normalized Angular Frequency’)

ylabel (' Phase of S11A and S11B’)

% Amplitude of S11

figure

plot (WA, RO11A, WA, RO11B)

title(’State-A and State-B: Amplitude variation RO11A and RO11B
of a Highpass T-Section’)

legend (’RO11A in dB’,’RO11B in dB’)

xlabel (' Normalized Angular Frequency’)

ylabel (' Amplitude of S11A and S11B in dB’)

end

43
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Program List 8.4. Main Program:Main Example 8.3.m

Main Program: Main_Example_8.3.m

March 3, 2019

Developed by BS Yarman, Vanikoy, Istanbul

This program evaluates the lossy performance of a Highpass
T-Section DPS

% for a specified actual center frequency f0 in Hz.

o® o o° o

clc; close all

% Inputs:

teta=input (' Design of a Lossy Highpass T Section DPS. Enter positive
value for Teta in Degree=')

% Inputs

fO0a=input ('Enter the actual center frequency in Hz f0a =')

wO0=input (' At fOa, enter the normalized angular frequency w0 =')

R=input (' Enter the normaliziation Resistor R=')

% Compute the normalized element values of LPT-DPS

% Compute the ideal component values C & L of a higpass T-Section

C=tand (90-teta/2) /w0;

L= (1+w0+w0+C*C) /2/C;

©

% Compute the unknown Component Values
CD1=C;

CD2=CD1;

Delta=1+4+w0*w0*L*CD2;

CA=(l+sgrt (Delta))/2/w0/w0/L;

% HPT State—-A: D1 is revered biased; D2 is reversed biased
CT=CA*CD2/ (CA+CD2) ;

LA=1/w0/w0/CA;

o

% Component Values and their related resistive losses:

CD1=C; % See equation (6.2d) of Chapter 6

% ASSUMPTION 1:

It is assumed that the series loss Ron of a forward biased diode is
equal to the on channel resistor of an CMOS Switch

[see Equation (6.1) of Chapter 6].

RF1l,rfl ] =Channel_Resistance_of_a_CMOS( CD1,R,f0a );

ASSUMPTION 2:

Reverse biased resistive loss of a diode is the "Percent_RVS"

— o° o° o o

o° o

amount of its reverse baised impedance at w0
CrDel_D=100;
rrl=1/w0/CD1/CrDel_D;
CD2=CD1;
[ RF2,rf2 ] =Channel_Resistance_of_a_CMOS( CD2,R,f0a );
rr2=1/w0/CD2/CrDel_D;

o
S

Loss Computations for both State-A and State-B:
Assumption 3: Loss of an inductor is Percent.L amount of
its impedance

o° o o
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% value at wO.
o ent_S"

loss of an inductor is "Per
amount of its impedance value at wO.

Assumption 4: Connectivity

% Assumption 5: Conductive loss of a Capacitor is "Percent_C" amount
of its admittance value at wO.

CrDel_S=100;

CrDEL_L=10;

CrDel_C=100;

Resistive loss of the series arms in State-A:

rL=w0xL/CrDEL_L;

rs=w0xL/CrDel_S;

ra=rrl;

% Conductive loss of the Shunt arm in State-A:

rLA=w0*LA/CrDEL_L;

GCA=w0+CA/CrDel_C;

GA=GCA+rLA/ (rLA*xrLA+wO*WO*LA*LA) + (WOrWO*rr2+xCT*CT) / (14+wOxrwO*rr2+xrr2+*

CT=CT) ;

% Resis

rb=rfl;

GB=GCA+rLA/ (rLA*rLA+wO*wO*LA*LA) + (WO*wO*r£2+«CA*CA) / (1+w0rwOxrf2+rf2
*CA%CA) ;
j=sqrt (-1);
w=0;N=2000;wl=0;w2=2;DW=(w2-wl) /N;
FRI(1: (N+1))=zeros;
for i=1:N+1
WA (i) =w;

State A:

90 o0 oo

za=ra+1l/7j/w/CD1;

va=GA+Jjxwx (CT/ (1+wswxrr2+rr2+CT+CT) -LA/ (rLAxrLA+wxwxLA*LA) ) ;
[ S1l1a,S21a,RO1la,F1lla,R021a,F2la ] = S_Par_HPT_DPS ( za,ya );
F21A(1)=F21la;
RO21A(1)=20x1ogl0 (RO21a) ;
F11A(i)=Flla;
RO11A (i)=20%1ogl0 (RO1l1la) ;

yb=GB++J*w* (CA/ (1+wxwrxrr2+xrr2+CAxCA) ~LA/ (rLAxrLA+wrwxLAxLA) ) ;
[ S11b,S21b,RO11b,F11b,R021b,F21b ] = S_Par HPT DPS ( zb,yb );

F21B(i)=F21b;
RO21B (i) =20%1ogl0 (RO21Db) ;
F11B(i)=F1llb;
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RO11B(1)=20%10gl0(RO1l1lb) ;
DEL_FI21(i)=F21A(i)-F21B(1i);
w=w+DW;

S

Plot_State_AB_HPT_DPS(WA,F21A,R021A, F11A,RO11A,F21B,RO21B,F11B,R0O11B,
DEL_FI21)

CDla ] = ActualValues_of_a_Capacitor( CD1,R, f0a )

CAa ] = ActualValues_of_a_Capacitor( CA,R, f0a )

LAa ] =ActualValues_of_an_Inductor( LA,R,fOa )

La ] =ActualValues_of_an_Inductor( L,R,f0a )

o0

ra_actual=ra*R
rb_actual=rb*R
GA_actual=GA/R; RA_actual=1/GA_actual
GB_actual=GB/R; RB_actual=1/GB_actual

Program List 8.5. Channel_Resistance_of_a_CMOS

function [ Ron,ron ] = Channel_Resistance_of_a_CMOS( Coff,R,f0 )

% This function generates the on forward biased channel
esistance of a

0.180um CMOS switch manufactured by TSMC

February 22, 2019, Vanikoy, Istanbul, Turkey

a0 0P

Developed by BS Yarman

Inputs:

Coff: Normalized value of the Inductor L

fO0=Actual operating frequency (Normalization frequency)

o0 oo oo

R: Actual terminatons resistors (Normalization Resistor)
Output:
Ron: Actual value of the channel resistor

d0 do oo

oe

ron: Normalized Value of the channel resistro

— o0

Coff_Actual ] =ActualValues_of_a_Capacitor( Coff,R,£f0 );
Ron (?)XC_D1 (Farad)=672x10(-1%
Ron=672e-15/Coff_Actual;

ron=Ron/R;

o

end
Program List 8.6. ActualValues_of_a_Capacitor

function [ C_actual ] = ActualValues_of_a_Capacitor( C,R,£f0 )
% February 22, 2019, Vanikoy, Istanbul, Turkey
% Developed by BS Yarman

Inputs:

0 do o° o

C: Normalized value of the capacitor C

fO=Actual operating frequency (Normalization frequency)
% R: Actual terminatons resistors (Normalization Resistor)
% Output:

% C_actual: Actual value of the capacitor
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end

Program List 8.7. ActualValues_of_an_Inductor

function [ L_actual ]=ActualValues_of_an_Inductor( L,R,£f0 )

end

Appendix 9: MatLab Program for Chapter 9

47

In this appendix, we present the MatLab programs specifically developed for

the chapter under consideration.

Program List 9.1.

Main Program Main_SS-DPS_Examplel.m
January 20, 2018, Vanikoy
Developed by BS Yarman
This program computes the element values of SS-DPS for D_Teta=45
degree
at wO=1.
Inputs:
Del_Teta_wO
Output:
Del_Teta_w

o° o° d° oo

o

o o° o o°

oe

clc; close all;clear
Del_Teta_wO=input ('Del_Teta_w0 in degree=’)

N=1001;

wl=1le-8;w2=2; DW= (w2-wl)/ (N-1);

w=wl;

% Component values:

¥ State-A:———————""—""""""————
Lpl=tand(Del_Teta_w0/4)

Cp2=Lpl

State-B:—————----———————
Cpl=1/tand(Del_Teta_w0/4)

Lp2=Cpl
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W(i)=w;
Teta_B(i)=2%atand (1/ (w*Cpl));
Teta_A(i)=-2%atand (w*Lpl);
Del_Teta_w=2* (atand (1/ (w*Cpl))+atand (w*Lpl));
Del_Teta (i)=Del_Teta_w;
w=w+DW;

end

figure

plot (W,Del_Teta)

title ('Phase Variation of SS-DPS’)

xlabel ('Normalized Angular Frequency w’)

ylabel (' Teta-B-Teta-A)"')

figure

plot (W, Teta_B, W,Teta_A)

legend (' Teta-B’, ' Teta-A’")
title (' Teta-B and Teta-A versus W')
xlabel (' Normalized Angular Frequency’)
ylabel (' Teta-B, Teta-A’)

Program List 9.2. Main Program Main_SS_DPS Example2.m
% Main Program Main_SS_DPS_Example2.m
% January 21, 2018, Vanikoy
% Developed by BS Yarman
% This program computes the normalized element values of SS-DPS
% for D_Teta=45,90,135 and 180 and plots the results

o

clc; close allj;clear

w0=1;

Del_Teta_1=45;Del_Teta_2=90; Del_Teta_3=180; Del_Teta_4=135;

[ Lpl45,Cpl4d5,Lp245,Cp245,W,Del_Teta_45 ] = SS_DPS_Net_Phase_Shift (w0,
Del_Teta_1l);

[ Lpl90,Cpl90,Lp290,Cp2,W,Del_Teta_90 ] = SS_DPS_Net_Phase_Shift (w0,

Del_Teta_2);
[ Lpl180,Cpl180,Lp2180,Cp2180,W,Del_Teta_180 ]
SS_DPS_Net_Phase_Shift (w0,Del_Teta_3);
[ Lpl135,Cpl135,Lp2135,Cp2135,W,Del_Teta_135 ]
SS_DPS_Net_Phase_Shift (w0,Del_Teta_4);
figure
plot (W,Del_Teta_45,W,Del_Teta_90,W,Del_Teta_135,W,Del_Teta_180);
legend (' SS-DPS 45’ ,’SS-DPS 90’ ,’SS-DPS135’,"SS-DPS 180")

)=abs ((45-50.29)/45)*100; y(1)=50.29;
z (2)=abs ((90-97.15)/90)*100; y(2)=97.15;
)=abs ((135-139.8)/135)*100;y(3)=139.8;
z (4)=abs ((180-180)/180)*100; y(4)=180;
Teta (1)=45;Teta(2)=90;Teta(3)=135;Teta (4)=180;
x=Teta;

figure
plot (Teta, z)
title (' Phase Perturbation eps-teta versus Teta over an octave



xlabel (' Teta in
ylabel (' Perturba

% 3D Plot of Perturbation
figure
plot3(x,y,z)

Program List 9.3. Main Program:Main_SS_DPS_Examp

Main Program: Main_SS_DPS_Example3.m

January 25, 2018, Vanikoy

Developed by BS Yarman

This program computes the scattering parameters for Example 3.

o° o° o° o° oe

o

clc; close all;clear

% Basic Design

Tetal=45; foa=10e9;R=100
mul=tand (Tetal/2);
Ll=mul;C1l=L1;

Teta2=135;

mu2=tand (Teta2/2);
C2=1/mu2;

L2=C2;

©

R=100; £f0a=10e9;

[ Lla ] = Actual_Inductor(L1l,R, f0a);
[ L2a ] = Actual_Inductor(L2,R, f0a);
[ Cla ] = Actual_Capacitor(Cl,R,f0a);
[ C2a ] = Actual_Capacitor(C2,R,f0a);

Lagging_Section=[Lla Cla]
Leading_Section=[L2a C2a]

Program List 9.4. Main Program:Main _DPS_Example4.m

% Main Program: Main_SS_DPS_Example4d.m
clc; clear; close all
This program developed by BS Yarman, January 30, 2018, Vanikoy

o° o

% Inputs:

% Enter target phase shift:

Teta=45;

% For the 0.18u process, select the optimum OFF mode capacitor Coffl
for S1

Coffla=90e-15;

% Select normalization resistor R

R=100;

% Specify the actual center frequency

f0a=10e9;

Enter vector K=[k2 k4]; where k2 is the multiplier for Coff2a and
k4 is the multiplier for Coffda

o° o°
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K=[0.9 0.6];
k2=K(1); k4=K(2);

o

This program implements the practical design algorithm.
Part I: Basic Symmetrical Lagging & Leading Section (SLLS) Design:
L1,c1, Lla,Cla,L2,C2,L2a,C2a ] = Basic_SLLS(Teta, f0a,R);

— o° oo

o

Part II: Design of NMOS switches for 0.18u process technology

Design of S1:

Select optimim choice for Coffla:

Coffl, Ronl, Ronla ] = NMOS_Switch_Design(Coffla,R, f0a);
3 Design of S2:

Coff2a_max=C2a; Coff2a=k2*Coff2a_max;

[ Coff2, Ron2, Ron2a ] = NMOS_Switch_Design(Coff2a,R, f0a);
% Design Design of S3:

Coff3a=Coffla;

[ Coff3, Ron3, Ron3a ] = NMOS_Switch_Design (Coff3a,R,f0a);
% Design of S4:

Coffda_max=Cla; Coffda=k4*Coffda_max;

[ Coff4, Ron4, Ron4a ] = NMOS_Switch_Design(Coff4a,R, f0a);
% Part III: Computation of the elements of SSS-DPS

Lpl=L1/ (1+L1*Coffl);

Cpl=C2-Coff2;

Lp2=L2/ (1+L2*Cof£3);

Cp2=Cl-k4*Coff4;

% Part IV: Computations of actual elements

[ Lpla ] = Actual_Inductor (Lpl,R,f0a);
[

o — o0 o0 oo oo

Lp2a ] = Actual_Inductor (Lp2,R, f0a);
[ Cpla ] = Actual_Capacitor (Cpl,R, f0a);
[ Cp2a ] = Actual_Capacitor(Cp2,R,f0a);

Normalized_Component_Values= [Lpl Cpl Lp2 Cp2]
Actual_Component_Values=[Lpla Cpla Lp2a Cp2a]

Program List 9.5. function Basic.t
function [ L1,Cl, Lla,Cla,L2,C2,L2a,C2a ] = Basic_SLLS(Teta, f0a,R)
% This function designs a basic symmetrical Lagging & Leading Lattice
Section

Developed by BS Yarman January 30, 2018
Basic SLLS Design
Inputs:
Teta: Target Phase Shift in Degree
fO0a: Actual center frequency of the design
R: Normalization resistor (It may be chosen as 100 ohms)
Output:
L1,Cl, L2, C2: Normalized element values of Basic SLLS
Lla,Cla,L2a,C2a:Actal element values of Basic SLLS
mu=tand (Teta/4);
% Normalized element values
Ll=mu;C1l=L1;

A0 o0 o0 A0 A0 o0 o0 oo oo
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C2=1/L1;L2=C2;
Actual Element Values
Lla ] = Actual_Inductor(Ll,R,f0a);

— — — — o° o°

L2a ] = Actual_Inductor(L2,R,f0a);

Cla ] = Actual_Capacitor(Cl,R,f0a);

C2a ] = Actual_Capacitor(C2,R,f0a);
End

Program List 9.6. function NMOS "h_Design

function [ Coffn, Ron, Rona ] = NMOS_Switch_Design(Coffa,R, f0a)
This function designs an NMOS switch with normalized element values
Develeoped by BS Yarman, January 29, 2018
Inputs:
Coffa: optimum value of the OFF State Capacitor of NMOS
in Farad
R: Normalization Resistor (For symmetrical Lattice it is
100 ohms)
fO0a: Actual Center Frequency
Outputs:
Coffn: Normalized OFF State Capacitor
Ron: Normalized ON State resistor
Rona: Actual ON state resistor.
Step 1: Normalization
Coffn=2*pi*f0a*R*Coffa;
% Computation of the normalized value of the channel resistor Ronl
% when NMOS is ON state
Rona=672*1le-15/Coffa;
Ron=672*1e-15/Coffa/R;

o o o o

o\

o° o o° o° o° o

end
Program List 9.7. function Actual_Inductor
function [ La ] = Actual_Inductor(Ln,R, f0a)

La=Ln*R/2/pi/f0a;

end

Program List 9.8. function Actual. C

function [ Ca ] = Actual_Capacitor(Cn,R, f0a)
Ca=Cn/R/2/pi/f0a;

end

Program List 9.9. Main Program:Main SS DPS_ Exampleb.m

% Main Program: Main_SS_DPS_Example5.m

clc; clearj;close all

% This program developed by BS Yarman, February 5, 2018, Vanikoy
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o

S

% Inputs:

% Enter target phase shift:

Teta=45;

% For the 0.18u process, select the optimum OFF mode capacitor Coffl
for s1

Coff_opt=90e-15;

% Select normalization resistor R

R=100;

% Specify the actual center frequency

f0a=10e9;

% Enter vector K=[k2 k4]; where k2 is the multiplier for Coff2a and

% k4 is the multiplier for Coffda

K=[1 1];

k2=K(1); k4=K(2);

[ NCV,ACV,Ron,Coffn,Rona,Coffa ] = SSS_DPS_Design(Teta, R, £f0a,
Coff_opt,K)

Ronl=Ron(l); Rond4=Ron(4); Lpl=NCV(l); Cpl=NCV(2); Lp2=NCV(3); Cp2=NCV
(4);
Coff2=Coffn(2); Coff3=Coffn(3);

wl=0; w2=2;N=101; dw=(w2-wl)/(N-1);
w=wl;
for i=1:N
W(i)=w;
[ FI21B,ILB,VSWR ] = SSS_DPS_State_B(w,Ronl,Ron4,Lpl,Lp2,Cpl,Cp2,
Coff2,Coff3);
Phase_B(1i)=FI21B;
Insertion_Loss_B(i)=ILB;
w=w+dw;
end
figure
plot (W,Phase_B)
xlabel ('Normalized Angular Frequency w’)
ylabel (* Phase of State-B in Degree’)
title (' Phase versus normalized angular frequency for State-B’)
figure
plot (W, Insertion_Loss_B)
xlabel ('Normalized Angular Frequency w’)
ylabel (* Gain of State-B in Degree’)
title(’Gain versus normalized angular frequency for State-B’)

Program List 9.10. fun

function [ FI21B,ILB,VSWR ] = SSS_DPS_State_B(w,Ronl,Ron4,Lpl,Lp2,Cpl,
Cp2,Coff2,Cof£f3)

Simple Single Symmetrical Lattice Digital Phase Shifter in State-B

Developed by BS Yarman, February 4, 2018, Vanikoy

Computations for State-B: SSS Lattice is a Leading Symmetrical
Section

o° o o
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Inputs:

Lpl, Lp2
Cpl,Cp2
Ronl, Ron4 (Normalized values)
Coff2,Coff3 (Normalized values)

ut:

FI21B: Phase of S21B in degree

ILB: Insertion Loss in dB. ILB=20loglO0 ( |S21B| ) in dB
*Ronl+w*w*Lpl*Lpl;

RaB=w*w*Ronl*Lpl/DaB;
XaB=w*Ronl*Ronl*Lpl/DaB-1/w/ (Cpl+Coff2);

zaB=comp

o
e

DbB=1+ (w
RbB=Ron4
XbB=Lp2/
zbB=comp

[ FI21B,
end
Program L

function
This f
Lattic
and
zbB
This £
Inpu

o° oo

Outp

o o o° o° o o° o° o° o

o

S11B=(za
S21B=(zb
ro21B=ab
ILB=20*1
FI21B=at
rollB=ab
VSWR= (1+

end

Program L

function

lex (RaB, XaB) ;

*Ron4d*Cp2) * (w*Rond*Cp2) ;
/DbB;

(1-w*w*Lp2*Coff3) -w*Rond4*Ron4*Cp2/DbB;
lex (RbB, XbB) ;
VSWR, ILB ] = S_Par_SLS(zaB, zbB);

ist 9.11. S_Par.SLS

[ FI21B,VSWR,ILB ] = S_Par_SLS(zaB, zbB)
unction generates the scattering parameters of a symmetrical
e defined by means of its series and cross arm impedances zaB

unction is developed by BS Yarman, Feb 5, 2018
ts:

Complex series arm impedance zaB

Complex cross arm impedance zbB

ut:
FI21B: Phase of S21B
ILB: 20logl0( [S21B| ) insertion loss in dB

VSWR: Voltage Standing Wave Ratio

B*zbB-1.0)/ (zaB*zbB+zaB+zbB+1.0) ;

B-zaB) / (zaB*zbB+zaB+zbB+1.0); R21B=real (S21B);X21B=imag (S21B);
s (S21B) ;

0gl0 (ro2l1B);

an2d (X21B,R21B) ;

s(S11B);

rollB)/ (1-rollB);

ist 9.12. function SSS_.DPS_Component_Values

[ NCV,ACV,RON,COFF, RONA, COFFA ] = SSS_DPS_Component_Values

(Teta,R, Coffa, f0a)
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This function generates the estimated component values of an SSS-DPS
Unit.

In this function, Cpl & Cp2 "ComponentValue-Control vector

K=[k2 k41"

is automatically generated from the selected optimum off state
capacitor

Coff_opt and from the basic component values of basic symmetrical
LC sections. That is from Cl and C2.k2=Coff_opt/C2, k4=Coff_opt/Cl
and

Cpl=C2-k2"C2=C2(1-k2), Cp2=Cl(1-k4).

In this function the purpose is that "to the optimum value of switch
capacitors when possible.

Developed By B.S. Yarman, January 29, 2018

Inputs:

Teta: Target phase Shift in degree at w0=1.

R : Normalization resistor for S-Parameters. It may be R=100 ohm.
Coff: Optimum OFF state capacitor of NMOS switch in Farad

fo0 : Actual Center Frequency in Hz.

K : OFF State Capacitor Control Vector with two enrees K=[k2 k4]
Outputs:

(Lpl,Cpl): Series arm inductor and capacitor

(Lp2,Cp2) : Cross arm inductor and capacitor

NCV: Normalized Component Values as a vector [Lpl, Cpl, Lp2, Cp2]

Part I: Define Basic SSS-DPS Cell

L1,C1,L2,C2 ] = Basic_SSS_DPS_Design(Teta);
% Compute the normalized value of the actual optimum OFF state
capacitor

offn=2*pi*fl0a*Coffa*R;

Part II: Generate the switch parameters for the optimum values of
OFF state capacitor Coff.

k2=K(1); k4=K(2);

--—- Design Switch S1:-——-——-——--"—-"--"--"-"-"""""""""""""""""""-""""—=
Coffl, Ronl, ~ ] = NMOS_Switch_Design (Coffa,R, f0a);

% —-—— Switch s2:-————"--"-"—"-""-"-""
off2_max=C2;

% Compute the control number k2 automatically
2=Coffn/Coff2_max;
off2=k2*Coff2_max;

Coff2a ] = Actual_Capacitor(Coff2,R, f0a);

~, Ron2, ~ ] = NMOS_Switch_Design(Coff2a,R, f0a);

--—- Design Switch S3: - -
off3=Coffl;

o° o o° od° oP

Ron3=Ronl;

c
k
c
[
[

o

% ——-—— Design Switch S4: ————-———-

off4_max=Cl;

4=Coffn/Coffd_max;

off4=k4*Coffd_max;

Coffd4a ] = Actual_Capacitor(Coff4,R, f0a);

~, Ron4, ~ ] = NMOS_Switch_Design(Coff4a,R,f0a);
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% Part III: Compute the series armcomponents values:
Cpl=C2-Coff2;
% Check S2 if it is okay:
if Cpl<O0
% k2=1; % if Cpl is negative, then set C2=Coff2, k2=1 case.

Cpl=0;
Coff2=C2;
[ Coff2a ] = Actual_Capacitor (Coff2,R, f0a);

[ Coff2, Ron2, Ron2a ] = NMOS_Switch_Design (Coff2a,R,f0a);
end
Lpl=L1/(1+L1*Coffl);
% Part IV: Compute the cross arm component values
Cp2=Cl-Coff4;
if Cp2<0
% k4=1; % if Cp2 is negative, then set Cl=Coff4, k4=1 case.
Cp2=0;
Coff4=C1l;
[ Coff4a ] = Actual_Capacitor (Coff4,R,f0a);
[ Coff4, Ron4, Rond4a ] = NMOS_Switch_Design(Coff4a,R, f0a);
end
Lp2=L2/ (1+L2*Coff3);
% Computation of Actual Compenet Values ACV

[ Lpla ] = Actual_Inductor (Lpl,R,f0a);
[ Cpla ] = Actual_Capacitor(Cpl,R,f0a);
[ Lp2a ] = Actual_Inductor (Lp2,R, f0a);
[ Cp2a ] = Actual_Capacitor (Cp2,R,f0a);

NCV=[Lpl Cpl Lp2 Cp2];
ACV=[Lpla Cpla Lp2a Cp2al;

o

% Generate the ON state resistor vector:
RON=[Ronl Ron2 Ron3 Ron4]; RONA=R*RON;
COFF=[Coffl Coff2 Coff3 Coff4]; COFFA= Actual_Capacitor (COFF,R, f0a);

end

0

Program List 9.13. function UnevenTeta Basic. SLL

function [ L1,Cl1l, Lla,Cla,L2,C2,L2a,C2a ] = UnevenTeta_Basic_SLLS(
Del_Teta, TetaB, f0a,R)

% This function designa a basic symmetrical Lagging & Leading

Lattice Section
Developed by BS Yarman Feb 15, 2018
Basic SLLS Design
Inputs:
% Del_Teta: Target Phase Shift in Degree
TetaB: Phase Shift of Leading Symmetrical Section
fO0a: Actual center frequency of the design
R: Normalization resistor (It may be chosen as 100 ohms)
Output:
% Ll,Cl, L2, C
% Lla,Cla,L2a,

o° o o

0 do oo

o

Normalized element values of Basi

2: S
C2a:Actal element values of Basic SLLS

55
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Note: TetaA is the absolute value of the phase of "State-A".
Stae—-A phase is the lagging state which yields a negative phase.
Teta=TetaB+TetaA. Therefore, it is given by

TetaA=Teta-TetaB where TetaB is a positive leading phase.
TetaA/2 and TetaB/2 must vary between 0 and 90 degree. Therefore
TetaA &

TetaB must be less than 180 degree.

o° o° o° o o o°

o\

o° o°

Step 1: For Specified Del_.Teta and TetaB Determine TetalA

TetaA=Del_Teta-TetaB;

% Step 2: Generate Major Design Parameters (MDP) for the Basic
Design muA=tand (TetaA/2);

muB=tand (TetaB/2) ;
% Step 3: Compute the Normalized Component Values (NCV) of the
Basic Design

Ll=muA;Cl=L1;

C2=1/muB; L2=C2;

% Step 3: Compute the Actaul Component Values (ACV) of the Basic
Design

[ Lla ] = Actual_Inductor( L1,R,f0a);
[ L2a ] = Actual_Inductor( L2,R,f0a);
[ Cla ] = Actual_Capacitor(Cl,R, f0a);
[ C2a ] = Actual_Capacitor(C2,R,f0a);
end

Program List 9.14. function UnevenPhase_DPS_Component_Values

function [ Lpl,Cpl,Lp2,Cp2,RON,COFF,RONA, COFFA ] =

UnevenPhase_DPS_Component_Values (Teta, TetaB, R, Coffa, fOa)

This function generates the estimatedcomponent values of an SSS-DPS

Unit.

Developed By B.S. Yarman, Feb 7, 2018

Inputs:

Teta: Target phase Shift in degree at wO=1.

TetaB: Un-evenly distributed phase of state-B at w=1

TetaA: Unevenly distributed phase of State-A. TetaA=Teta-TetaB

R: Normalization resistor for S-Parameters. It may be R=100 ohm.

Coffa: Actual Optimum value of the "OFF state capacitor" of NMOS

switch in Farad

% fO0a : Actual Center Frequency in Hz.

K : OFF State Capacitor Control Vector with two entrees K=[k2 k4]

Note: k2=1, k4=1 corresponds to the ideal values of switch
capacitor.

Ideal situation may yield big values. Therefore, k2 and k2
must be equal or

less than 1.Cpl=C2-k2*Coffmax>0.k2 may be selected as
k2=C2/Coff_opt

Similarly Cp2=Cl-k4*Coffd max,Coffdmax=Cl. k4=Coff_opt/Coffd max

o o° o° oP

o° o° o° o o

o o oe
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o oe
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% Outputs:
% (Lpl,

o

s (Lp2,

Series arm inductor and capacitor

Cross arm inductor and citor

Part I: Define Basic SSS-DPS Cell
[ L1,Cl,~,~,L2,C2,~,~ ]=UnevenTeta_Basic_SLLS (Teta, TetaB, f0a,R);
% Compute the normalized value of the optimum OFF state capacitance
of
% NMOS

Coffn=2*pi*f0a*Coffa*R;

% Part II: Generate th
% OFF state a
> k2=K(1); k4=K(2);

a0 o

Coffla=Coffa;
[ Coffl, Ronl, Ronla ] = NMOS_Switch_Design(Coffla,R,f0a);

5 ————- Design Switch S2:-——--——----——--"----"-"---—————

% Set the maximum OFF state capacitance ofS2:
Coff2_max=C2;
k2=Coffn/Coff2_max;
Coff2=k2*Coff2_max;
[ Coff2a ] = Actual_Capacitor(Coff2,R,f0a);
[ ~, Ron2, Ron2a ] = NMOS_Switch_Design(Coff2a,R, f0a);
% ———— Design Switch
Coff3=Coffl;
Coff3a=Coffla;
Ron3=Ronl;
Ron3a=Ronla;
%$ —-—-—-- Design Switch S4: -~
Coffd4_max=Cl;
k4=Coffn/Coffd_max;
Coff4=k4*Coffd_max;
[ Coff4a ] = Actual_Capacitor(Coff4,R,f0a);
Ron4=672*1le-15/Coffda/R;
[ Coff2, Ron4, Ronda ] = NMOS_Switch_Design(Coffd4a,R,f0a);

S3:

% Part III: Compute the series arm
Cpl=C2-Coff2;

if Cpl<O0

Cpl=0;%k2=0;end

Lpl=L1l/(1+L1*Coffl);

% Part IV: Compute the cross arm component values
Cp2=Cl-Coff4;

if Cp2<0

Cp2=0; k4=0; end
Lp2=L2/ (1+L2* Coff3);
% Generate the ON state resistor vector:
RON=[Ronl Ron2 Ron3 Ron4];

RONA=[Ronla Ron2a Ron3a Ron4a];
COFF=[Coffl Coff2 Coff3 Coff4d];
COFFA=[Coffla Coff2a Coff3a Coffdal;
end
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o

% Main Program: Main SS DPS Exampleb.m

clc; clear;close all
% This program is developed by BS Yarman, February 7, 2018, Vanikoy

\¢

% Inputs:

% Enter target phase shift:

Del_Teta=input ('Enter Del_Teta=")

% For the 0.18u process, select the optimum OFF mode capacitor Coffl
for S1

Coff_opt=90e-15;

% Select normalization resistor R
R=100;

TetaB=input (' Enter TetaB=')

% Specify the actual center frequency
fO0a=input (' Enter Actual Center Frequency f0a=’)

Computational Steps:

Step 1: Design SSS_DPS for unevenly distributed phase-shift
Del_Teta,

TetaB and TetaA. User specify Del_Teta and TetaB. TetaA=Del_TetaB>0

o0 oo oo

— o o°

Lpl,Cpl,Lp2,Cp2,Ron,Coffn,RONA, COFFA ] =
UnevenPhase_DPS_Component_Values (Del_Teta, TetaB, R, Coff_opt, fl0a)

>3

Ronl=Ron(1l); Ron2=Ron(2); Ron3=Ron (3); Ron4=Ron (4);
Coffl=Coffn(l); Coff2=Coffn(2); Coff3=Coffn(3); Coffd4=Coffn(4);

wl=le-9; w2=2;N=10001; dw=(w2-wl)/ (N-1);

w=wl;

for i=1:N
W(i)=w;

[ FI21A,GainA,VSWRA ] = SSS_DPS_State_A (w,Ron2,Ron3,Lpl,Lp2,Cpl,Cp2,
Coffl,Coffd);

[ FI21B,GainB,VSWRB ] = SSS_DPS_State_B(w,Ronl,Ron4,Lpl,Lp2,Cpl,Cp2,

Coff2,Coff3);
Phase_A(i)=FI21A;
Phase_B(1i)=FI21B;
GainA_dB (i) =GainA;
GainB_dB (i) =GainB;
Phase_Shift (1)=FI21B-FI21A;
w=w+dw;
end
Plot_3S_DPS (W,Phase_A,Phase_B,Phase_Shift,GainA_dB, GainB_dB)
NCV=[Lpl Cpl Lp2 Cp2]

[ Lpla ] = Actual_Inductor (Lpl,R,f0a);
[ Cpla ] = Actual_Capacitor (Cpl,R, f0a);
[ Lp2a ] = Actual_Inductor (Lp2,R,f0a);
[ Cp2a ] = Actual_Capacitor (Cp2,R, f0a);
L_3SDPS=[Lpla Lp2a]

C_3SDPS=[Cpla Cp2a]
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Program List 9.15. Main Program:Main SSS_DPS Example’.m

o

Main Program: Main_SSS_DPS_Example7.m
clc; clearj;close all

% This program is developed by BS Yarman, February 15, 2018, Vanikoy

o

s Inputs:
% Enter target phase shift:
Del_Teta=input (' Ente
% For the 0.18u process,
Coffl for S1 Coff._ 90
% Select normalization

TetaB=input (' Enter a positive phase-shift for TetaB=')
tual center freque

3 Specify the
wO=input (' Enter Center Frequency
fO0a=input (' Enter Actual Center Fr

uency f0a=")

% Computational

* Step 1: Design for unevenly distributed phase-shift Del_Teta,
° a
5 T A

=TetaA=

and TetaA.
Del_Teta-TetaB>0

specify Del_Teta and TetaB. Tet

Lpl,Cpl,Lp2,Cp2,Ron,Coffn, RONA, COFFA ] =
UnevenPhase_DPS_Component_Values (w0, Del_Teta,TetaB, R, Coff_opt,
f0a)

3
]

Ronl=Ron(1l); Ron2=Ron(2); Ron3=Ron(3); Ron4=Ron (4);
Coffl=Coffn(l); Coff2=Coffn(2); Coff3=Coffn(3); Coff4=Coffn(4);

wl=-5; w2=5;N=10001; dw=(w2-wl)/ (N-1);

w=wl;

for i=1:N
W(i)=w;

[ FI21A,GainA,VSWRA ] = SSS_DPS_State_A (w,Ron2,Ron3,Lpl,Lp2,Cpl,Cp2,
Coffl,Coffd);

[ FI21B,GainB,VSWRB ] = SSS_DPS_State_B(w,Ronl,Ron4,Lpl,Lp2,Cpl,Cp2,
Coff2,Coff3);

Phase_A(i)=FI21A;

Phase_B(i)=FI21B;

GainA_dB (i)=Gainh;

GainB_dB (i) =GainB;

Phase_Shift (1)=FI21B-FI21A;

w=w+dw;

end

Plot_3S_DPS (W,Phase_A,Phase_B,Phase_Shift,GainA_dB,GainB_dB)

NCV=[Lpl Cpl Lp2 Cp2]

[ Lpla ] = Actual_Inductor(Lpl,R,f0a);

[ Cpla ] = Actual_Capacitor (Cpl,R,f0a);

[ Lp2a ] = Actual_Inductor (Lp2,R,f0a);

[ Cp2a ] = Actual_Capacitor (Cp2,R,f0a);

L_3SDPS=[Lpla Lp2a]

C_3SDPS=[Cpla Cp2a]
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Program List 9.16. Main Program:Main

DPS_Example7.m

% Main Program: D)
clc; clear;close
This program ic

n_SSS_DPS_Example7.m

Inputs:
% Enter target S
Del_Teta=input (' Enter
% For the 0.18u process,

Coffl for S1
Coff_opt=90e-15;

¢ Select normalization resistor R

select the optimumOFF mode capacitor

TetaB=input (' Enter a positive phase-shift for TetaB=’)
% Specify the actual center frequency
wO=input (' Enter Center Frequency w0=’")
fO0a=input (' Enter Ac

o

tual Center Frequency f0Oa=’)

“omputational St

o
s

ep 1l: Design SSS.DPS for unevenly distributed phase-shift Del_Teta,
specify Del_.Teta and TetaB.

a-TetaB>0

% TetaB and taA.

TetaA=TetaA=Del_Te
[ Lpl,Cpl,Lp2,Cp2,Ron,Coffn, RONA, COFFA ] =
UnevenPhase_DPS_Component_Values (w0, Del_Teta,TetaB, R, Coff_opt,
f0a)

3
d

Ronl=Ron(1l); Ron2=Ron(2); Ron3=Ron(3); Ron4=Ron (4);

Coffl=Coffn(l); Coff2=Coffn(2); Coff3=Coffn(3); Coffd4=Coffn(4);

wl=-5; w2=5;N=10001; dw=(w2-wl)/ (N-1);

w=wl;

for i=1:N
W(i)=w;

[ FI21A,GainA,VSWRA ] = SSS_DPS_State_A (w,Ron2,Ron3,Lpl,Lp2,Cpl,Cp2,
Coffl,Coff4);

[ FI21B,GainB,VSWRB ] = SSS_DPS_State_B(w,Ronl,Ron4,Lpl,Lp2,Cpl,Cp2,
Coff2,Coff3);

Phase_A (i)=FI21A;

Phase_B(i)=FI21B;

GainA_dB (i) =GainA;

GainB_dB (i) =GainB;

Phase_Shift (1)=FI21B-FI21A;

w=w+dw;

end

Plot_3S_DPS(W,Phase_A,Phase_B,Phase_Shift,GainA_dB, GainB_dB)

NCV=[Lpl Cpl Lp2 Cp2]

[ Lpla ] = Actual_Inductor(Lpl,R,f0a);

[ Cpla ] = Actual_Capacitor (Cpl,R, f0a);
[ Lp2a ] = Actual_Inductor(Lp2,R,f0a);
[ Cp2a ] = Actual_Capacitor (Cp2,R, f0a);



L_3SDPS=[Lpla Lp2a]
C_3SDPS=[Cpla Cp2a]

Program List 9.17. Main Program:Main_SSS

% Main Pr m: Main_SSS_DP

clc; clear;close all

o

S_Example6.m

aeve

This pr am i d by BS

% Inputs:

% Enter target phase shift:

Del_Teta=input (' Enter Del_Teta=')
For the 0.
Coffl for Sl

Coff_opt=90e-15;

normalization

18u process, select the

n
o
0}
Ind
O
a}
Py

\alized and actual

y the noz
wO=input (' Enter w0=")
fO0a=input (' Enter Actual

Computational Steps:
te

etaB

0
o

1: Design SS

o0
i

and TetaA.

[ Lpl,Cpl,Lp2,Cp2,Ron,Coffn,RONA, COFFA
UnevenPhase_DPS_Component_Values (w0,
fla);

o

S

Ronl=Ron(1l); Ron2=Ron(2); Ron3=Ron(3);

Yarman,

optimum OFF mode ca

cent

Center Frequency

Del_Teta
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er frequency

f0a=")

ced phase-shift Del_Teta,
TetaB. TetaA=Del_TetaB>0

ana

] =
Del_Teta,TetaB, R, Coff_opt,

Ron4=Ron (4) ;

Coffl=Coffn(l); Coff2=Coffn(2); Coff3=Coffn(3); Coffd4=Coffn(4);

5

wl=-5; w2=5;N=10001; dw=(w2-wl)/ (N-1);
w=wl;
for i=1:N

W(i)=w;

[ FI21A,GainA,VSWRA ] =
Coffl,Coffd);

[ FI21B,GainB,VSWRB ] =
Coff2,Coff3);

Phase_A(i)=FI21A;

Phase_B(i)=FI21B;

GainA_dB (i) =GainA;

GainB_dB (i) =GainB;

Phase_Shift (1)=FI21B-FI21A;

w=w+dw;

end

SSS_DPS_State_A (w,Ron2,Ron3, Lpl, Lp2,Cpl,Cp2,

SSS_DPS_State_B(w,Ronl,Ron4,Lpl,Lp2,Cpl,Cp2,

Plot_3S_DPS(W,Phase_A,Phase_B,Phase_Shift,GainA_dB,GainB_dB)

NCV=[Lpl Cpl Lp2 Cp2]
[ Lpla ] = Actual_Inductor (Lpl,R, f0a);
[ Cpla ] = Actual_Capacitor (Cpl,R,f0a);

[ Lp2a ] = Actual_Inductor (Lp2,R, f0a);
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[

Cp2a ] = Actual_Capacitor (Cp2,R, f0a);

L_3SDPS=[Lpla Lp2al]
C_3SDPS=[Cpla Cp2a]

Program List 9.18. Main Negative FI21B.m

o° o° o

o o0 o0 o0 O O O O O O 0 I o° o

o o° o° o° o o° o° o

o
S

C

TetaB=input (' Enter Negative values for TetaB in degree=’)

Main_Negative FI21B.m

This program generates the componentvalues of a 3S-DPS employing
lossy switches. Therefore, effect of thelossy switches is

minimized on

the component values.

This program is developed by BS Yarman,on April 10,
Istanbul.

Algorithm to design 3S-DPS with arbitrary selection
State-B Phase TetaB in degree

Inputs:

w0: Normalized angular frequency,

TetaA=FI21A (w0) : Phase of State-A at w=w0,in degree
TetaB=FI21B(w0) : Phase of State-B at w=w0,in degree
C.offla: Off-Mode Capacitor of Switch 1 (S1,
C.off2a: Off-Mode Capacitor of Switch 2 (S2),
C_off4a: Off-Mode Capacitor of Switch 4 (S4),

R.a: Actual Normalization Resistor

Algorithm to design 3S-DPS with arbitrary selection
Phase ?.B

Inputs:

w0: Normalized angular frequency,

TetaA=FI21A (w0): Phase of State-A at w=w0,
TetaB=FI21B(w0): Phase of State-B at w=wO0,

C.offla: Off-Mode Capacitor of Switch 1 (S1),
C.off2a: Off-Mode Capacitor of Switch 2 (S2),
C.off4a: Off-Mode Capacitor of Switch 4 (s4),

R-a: Actual Normalization Resistor

2018, Vanikoy,

of

of

State-B

lc, clear, close all

TetaA=input (' Enter positive value of TetaA in degree=')

£

wO0=input (' Enter Normalized Angular Center Frequency w0=')

C
C
C
C
C

Oa=input (' Enter Actual Center Freuency f0a=')

offa=input (' Enter Coffa=")
offla=Coffa;
off2a=Coffa;
off3a=Coffa;
off4a=Coffa;

Computational Steps:
Step—-1: Normalized the actual capacitances

wa=2*pi*f0a;

C
C
C

offl=wa*Ra*Coffla;
off2=wa*Ra*Coffla;
off3=wa*Ra*Coff3a;
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Coffd4=wa*Ra*Coffda;

% Step-2: Compute the actual ON-State channel resistors and
% their normalized values
Ronla=672e-15/Coffla;
Ron2a=672e-15/Coff2a;
Ron3a=672e-15/Coff3a;
Ronda=672e-15/Coffda;

% Normalized on-channel resistors
Ronl=Ronla/Ra;

Ron2=Ron2a/Ra;

Ron3=Ron3a/Ra;

Ron4=Ron4a/Ra;

% Step-3: Design of Reference State-A using Lagging Section
(L1 and C1).

% Compute the major design parameters:muAd,Ll, Lpl and Cp2 as
muA=tand (TetaA/2);

Ll=muA/w0;

Cl=L1;

Lpl=L1/ (1+w0*wO0*L1*Coffl);

% Step—-4: Compute RaB and beta as follows.
RaBD=Ronl*Ronl+w0*w0*Lpl*Lpl;
RaB= (w0*w0*Ronl*Lpl*Lpl) /RaBD;
beta=(w0*Ronl*Ronl*Lpl) /RaBD;

3 Step-5: Solve equation (57)to determine XaB

gammaB=tand (TetaB) ;

% It should be noted that tand(FI21)=tand[FI21(+/-)180)].
Theref

% Xab may yield either FI21B or FI21B (+/-)180.

% gammaB=abs (gammaB) ;

Discriminant=1l-gammaB*gammaB* (RaB*RaB-1);

XaBl=(l+sgrt (Discriminant))/ (gammaB) ;

XaB2=(l-sqgrt (Discriminant)) / (gammaB) ;

if XaB1l<0;XaB=XaBl;end

if XaB2<0;XaB=XaB2;end

e, solution

o

* Step—-6: Compute Cpl as in (63)
Cpl=1/w0/ (beta-XaB)-Coff2;

if Cpl<0; Cpl=0; C2=Coff2;end

% Design Switch 2:

if Cpl==
Coff2a=Coff2/2/pi/f0a/Ra;
Ron2a=672e-15/Coff2a;
Ron2=Ron2a/Ra;

end

o
g

o
5

o
W

Step 7: Compute RbB and XbB as in (
DenRaB=RaB*RaB+XaB*XaB;
RbB=RaB/DenRaB;

XbB=-XaB/DenRaB;

63

follows.
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fg

s 8a: Compute Cp2 as in (6C
Cp2a=(1/w0/Ron4d) *sqgrt ( (Ron4d-RbB) /RbB) ;
% Step 8b: Check if Cp2 is negative
if (Ron4-RbB) <0
Cp2a=0;
end
1if Cp2a<0
Cp2a=0;
end
1if Cp2a==0
Coff4=Cl;
Coffd4a=Coffd/2/pi/f0a/Ra;
Ronda=672e-15/Coffda;
Ron4=Ronda/Ra;

% Step 8b

Cp2b=Cl-Coff4;

if Cp2b<0
Cp2b=0;

end

if Cp2b==
Coff4=C1;
Coff4a=Coff4/2/pi/f0a/Ra;
Ronda=672e-15/Coffda;
Ron4=Ron4a/Ra;

Compute the actual
= Actual_Inductor (Lpl,Ra, f0a);

mponent values.

= Actual_Inductor (Lp2,Ra, f0a);

1
]
Cpla ] = Actual_Capacitor (Cpl,Ra, f0a);
]
] = Actual_Capacitor (Cp2,Ra, f0a);

1d actual component values of 3S-DPS in

11: Normalized ar
vec r form.

NCV=[Lpl Cpl Lp2 Cp2]
L_3SDPS=[Lpla Lp2a]
C_3SDPS=[Cpla Cp2a]

S

J >p 12: Plot the results
wl w2=5;N=10001; dw=(w2-wl)/ (N-1);
w=wl;
for i=1:N

W(i)=w;

’



Appendix 65

[ FI21A,GainA,VSWRA ] = SSS_DPS_State_A (w,Ron2,Ron3,Lpl,Lp2,Cpl,Cp2,

Coffl,Coffd);

[ FI21B,GainB,VSWRB ] = SSS_DPS_State_B(w,Ronl,Ron4,Lpl,Lp2,Cpl,Cp2,

Coff2,Coff3);
Phase_A(i)=FI21A;
Phase_B(i)=FI21B;
GainA_dB (i) =GainA;
GainB_dB (i) =GainB;

Phase_Shift (i)=FI21B-FI21A;

w=w+dw;
end

Plot_3S_DPS (W,Phase_A,Phase_B,Phase_Shift,GainA_dB, GainB_dB)

Program List 9.19.

o° oo

the

o

switches is

This program is
Istanbul.

o o° o° o° o

positive
in degree
Inputs:

o o o° P o o° o° o° o° oo

Phase

Main_SSS_DPS_Example7C.m

Main_SSS_DPS_Example7C.m
This program generates the component values of a 3S-DPS employing

lossy switches for Example 7. Therefore, effect of the lossy

minimized on the computations.

developed by BS Yarman, on April 12, 2018, Vanikoy,

Algorithm 4 to design 3S-DPS with arbitrary selection of
State-B Phase at w0 is designated by TetaB=FI21B(w0)>0 which is

w0: Normalized angular frequency,

TetaA=FI21A (w0)>0: Phase of State-A at w=w0,in degree
TetaB=FI21B(w0)>0: Phase of State-B at w=w0, in degree

C_offla: Off-Mode Actual Capacitor of Switch 1 (S1),

C_off2a: Off-Mode Actual Capacitor of Switch 2 (S2),

C_offd4a: Off-Mode Actual Capacitor of Switch 4 (S4),

Ra=100 ohm: Actual Normalization Resistor

Algorithm-4 to design 3S-DPS with arbitrary selection of State-B

% FI21B(w0)=TetaB>0

TetaB=-10
TetaA=55
f0a=8e9
w0=1.

o° oo

words,
% XaB is negative.
KFLAG=+1
Coffla=25e-15;
Coff2a=90e-15;

Note: In this program KFLAG=-1 results in good design. In other

gammaB=tand (TetaB) >0
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Coff3a=90e-15;
Coffda=90e-15;
Ra=100;

Computational Steps:

Step—-1: Normalized the actual capacitances
wa=2*pi*f0a;

Coffl=wa*Ra*Coffla;

Coff2=wa*Ra*Coff2a;

Coff3=wa*Ra*Coff3a;

Coffd=wa*Ra*Coffda;

Step-2a: Compute the actual ON-State channel resistors and
their normalized values
Ronla=672e-15/Coffla;

Ron2a=672e-15/Coff2a;

Ron3a=672e-15/Coff3a;

Ronda=672e-15/Coffda;

% Step 2b: Normalized on-channel resistors
Ronl=Ronla/Ra;

Ron2=Ron2a/Ra;

Ron3=Ron3a/Ra;

Ron4=Ron4a/Ra;

oo oo

o

o
d
o
S

o

% Step-3: Design of Reference State-A using Lagging Section
(L1 and C1).
% Compute the major design parameters: muA,Ll,Cl and Lpl as follows.
muA=tand (TetaA/2);
Ll=muA/w0;
Cl=L1;
Lpl=L1/ (1+w0*w0*L1*Coffl);

o

Step-4: Compute RaB and beta as follows.
RaBD=Ronl*Ronl+w0*w0*Lpl*Lpl;
RaB= (w0*w0*Ronl*Lpl*Lpl) /RaBD;
beta=(w0*Ronl*Ronl*Lpl) /RaBD;

o

Step-5: Solve equation (9.61)to determine XaB

Note that TetaB=FI21B (w0)

Step 5a: Compute gammaB

gammaB=tand (TetaB) ;

% It should be noted that tand(FI21)=tand[FI21(+/-)180)]. Therefore,
solution

Xab may yield either FI21B or FI21B (+/-)180.

gammaB=abs (gammaB) ;

Step 5b: Discriminant

iscriminant=1-gammaB*gammaB* (RaB*RaB-1) ;

% Step 5c: Compute XaBl

XaBl=(l+sqgrt (Discriminant))/ (gammaB) ;

% Step 5d: Compute Xab2

XaB2=(l-sgrt (Discriminant) )/ (gammaB) ;

o o o

oo oo e

]

o
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if KFLAG==-1

if XaB1l<0;XaB=XaBl;end
1f XaB2<0;XaB=XaB2;end
end

% Computations with positive XaB>0
if KFLAG==+1

if XaB1>0;XaB=XaBl;end

ifxsxs XaB2>0;XaB=XaB2;end

end

o

% Step-6: Compute Cpl as in (9.63)
Cpl=1/w0/ (beta-XaB)-Coff2

if Cpl<0; Cpl=0;

C2=Coff2;end

% Design Switch 2:

if Cpl==

Coff2a=Coff2/2/pi/f0a/Ra;
Ron2a=672e-15/Coff2a;
Ron2=Ron2a/Ra;

end
o

% Step 7: Compute RbB and XbB as in (9.64)
DenRaB=RaB*RaB+XaB*XaB;

% Step 7a: Compute RDbB

RbB=RaB/DenRaB;

% Step 7b: Compute XDbB

XbBl=-XaB/DenRaB
XbB2=-1/XaB
XbB=input (' Enter

o

% Step 8a: Compute Cp2 as in (9.65c)
Cp2_I=(1/w0/Rond) *sqgrt ( (Ron4-RbB) /RbB)
% Step 8b: Check if Cp2 is negative
1 (Ron4-RbB) <0;Cp2_I=0;end

if Cp2_I<0;Cp2_I=0;end

2
e

% Step 8b

Cp2_II=Cl-Coff4

if

Cp2_II<K0;Cp2_II=0;end

if Cp2b==0
Coff4=C1;
Coff4a=Coff4/2/pi/f0a/Ra;
Ron4a=672e-15/Coffda;
Rond4=Ron4a/Ra;

o d° o° o° o° oo

o°

Cp2=input (' Enter Cp2=")

if Cp2==

Coffd=C1l;
Coffda=Coffd/2/pi/fl0a/Ra;
Rond4a=672e-15/Coffda;
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Ron4=Ron4a/Ra;
end

% Step 9: Compute Lp2
Lp2=XbB/ (1+w0*XbB*Coff3) ;

o

Step 10: Compute the actual component values.
Lpla = Actual_Inductor (Lpl,Ra, f0a);

Lp2a = Actual_Inductor (Lp2,Ra, f0a);
Cp2a = Actual_Capacitor (Cp2,Ra, f0a);

R

1
1
Cpla ] = Actual_Capacitor (Cpl,Ra, f0a);
]
]

oo oo

o

Step 11: Normalized and actual component values of 3S-DPS in vector
form.

NCV=[Lpl Cpl Lp2 Cp2]

L_3SDPS=[Lpla Lp2a]

C_3SDPS=[Cpla Cp2al]

Step 12: Plot the results

wl=0; w2=2;N=10001; dw=(w2-wl)/ (N-1);

3
S
o
d

w=wl;

for i=1:N
W(i)=w;

[ FI21A,GainA,VSWRA ] = SSS_DPS_State_A (w,Ron2,Ron3,Lpl,Lp2,Cpl,Cp2,
Coffl,Coff4);

[ FI21B,GainB,VSWRB ] = SSS_DPS_State_B(w,Ronl,Ron4,Lpl,Lp2,Cpl,Cp2,

Coff2,Coff3);
Phase_A(i)=FI21A;
Phase_B(1i)=FI21B;
GainA_dB (i) =GainA;
GainB_dB (i) =GainB;
Phase_Shift (1)=FI21B-FI21A;
w=w+dw;
end
Plot_3S_DPS (W,Phase_A,Phase_B,Phase_Shift,GainA_dB, GainB_dB)

Program List 9.20. Main_SSS_DPS_ExampleS.

Main_SSS_DPS_Example8.m

This program is written by BS Yarman on April 28, 2018
Vanikoy, Istanbul

clc,close all

% Inputs:

Ra=100; % Actual Normalization Resistor (ANR)

f0a=8e9, % Actual Center Frequency (ACF) in Hertz.
w0=1.0, % Normalized Angular Center Frequency (NACF)

oo oo oo

Coffla=25e-15,
Coff2a=90e-15,
Coff3a=90e-15,
Coffd4a=90e-15,

Actual OFF-MODE Capacitor of S1 in Farad
Actual OFF-MODE Capacitor of S2 in Farad
Actual OFF-MODE Capacitor of S3 in Farad
Actual OFF-MODE Capacitor of S4 in Farad

o o o o



TetaA=55, Phase of State-A: FI21A=-TetaA
TetaB=10, Phase of State-B: FI21B=-TetaB
% Del_Teta=FI21B-FI21A=-35-(-55)=-35+80

o
S

o
5
%
5

% Step 1: Compute muA and muB:
muA=tand (TetalA/2)
muB=tand (TetaB/2)

Coffl=2*pi*f0a*Ra*Coffla
Ronla=672e-15/Coffla, Ronl=Ronla/Ra

T
e

Coff2=2"pi*f0a*Ra*Coff2a
Ron2a=672e-15/Coff2a, Ron2=Ron2a/Ra

Coff3=2*pi*f0a*Ra*Coff3a
Ron3a=672e-15/Coffla, Ron3=Ron3a/Ra

.
&

Coffd4=2*pi*f0a*Ra*Coffda
Ronda=672e-15/Coffda, Ron4=Ronda/Ra

Lo E———
e

% Step 3: Compute Lpl
Lpl=muA/ (1+w0*w0*muA*Coffl)
% Step 4: Compute eta=w0*Ronl*Ronl*Lpl/ (Ronl*Ronl+Lpl*Lpl)
eta=w0*Ronl*Ronl*Lpl/ (Ronl*Ronl+Lpl*Lpl)
% Step 5: Check if eta>muB
if eta>muB
attention=’
end
if eta<muB
attention=’'Design Parameters are NO GOOD. Go back to Input-step
nd reduce coffla or increase w0

end

if eta>muB

% Step 6: Compute the imaginary part X_bB of the cross—-arm impedance
Z_bB as in (9.66qg)

% and compute the imaginary part X_aB of the series-arm impedance
7Z_aB as in (9.66k).

XbB=-1/muB

XaB=-1/XbB

69

% Step 7: Compute the cross-arm inductor Lp2 as in (9.661i)and series-—

arm

capacitors Cpl:

Step 7a: Cross—-Arm Inductors Lp2:

Lp2=XbB/ (1+w0*XbB*Coff3)

% Check if Lp2 is positive. If not re-design S3

if Lp2<0
Coff3_max=1/w0/abs (XbB)
Coff3=input (' Re-Design S3 Co
Coff3a=Coff3/2/pi/f0a/Ra

o
e
o
S

Hh
Hh
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Ron3a=672e-15/Coff3a
Ron3=Ron3a/Ra

ena
% Step 7b: Compute Series-Arm capacitors Cpl:
Cpl=1/w0/ (eta-muB) -Coff2

o

% Check if Cpl is positive. If not Set Cpl=0 and re-design S2

if Cpl<O
Cpl=0
Cpla=0
Attention='Cpl is negative. Therefore S2 is re
Coff2=1/w0/ (eta-XaB)"’

Coff2=1/w0/ (eta-XaB)
Coff2a=Coff2/2/pi/f0a/Ra
Ron2a=672e-15/Coff2a
Ron2=Ron2a/Ra
end
% Step 8: Compute the realizable value of the cross-arm capacitor Cp2
Cp2=muA-Coff4
1f Cp2<0
Cp2=0
Cp2a=0
Attention='Cp2 is negative. Therefore S4 is re-designed Coffd=muA’
Coffd_max=muA
Coff4=input ('Enter new normalized value for Coffd=")
Coffd4a=Coffd4/2/pi/f0a/Ra
Ronda=672e-15/Coffda, Rond=Ronda/Ra

% Step 9: Electric Performance Analysis
wl=0; w2=2;N=10001; dw=(w2-wl)/(N-1);
w=wl;
for i=1:N
W(i)=w;
Fa(i)=w*f0a;
[ FI21A,GainA,VSWRA ] = SSS_DPS_State_A (w,Ron2,Ron3,Lpl,Lp2,Cpl,Cp2,
Coffl,Coff4);
[ FI21B,GainB, VSWRB ]
Coff2,Coff3);
Phase_A(i1)=FI21A;
Phase_B(i)=FI21B;
GainA_dB (i) =GainA;
GainB_dB (i) =GainB;
Phase_Shift (1)=FI21B-FI21A;
w=w+dw;
end

SSS_DPS_State_B(w,Ronl,Ron4,Lpl,Lp2,Cpl,Cp2,

Plot_3S_DPS (W,Phase_A,Phase_B,Phase_Shift,GainA_dB, GainB_dB)
figure

plot (Fa,Phase_Shift)
title('DEL-FI=45 at F=8
xlabel ("2 2]
ylabel (" F :
legend (' Del-FI=45
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figure
plot (Fa, GainB_dB, Fa, GainA_dB)
title ('DEL-FI=45 at F=8 GHz")
legend ('’ GainB’,’GainA’)

o

xlabel (' Actual

ylabel (' GainB

encies’)

NCV=[Lpl Cpl Lp2 Cp2]

[ Lpla ] = Actual_Inductor (Lpl,Ra,f0a);
[ Cpla ] = Actual_Capacitor (Cpl,Ra, f0a);
[ Lp2a ] = Actual_Inductor (Lp2,Ra, f0a);
[ Cp2a ] = Actual_Capacitor (Cp2,Ra, f0a);
L_3SDPS=[Lpla Lp2a]

C_3SDPS=[Cpla Cp2a]

Appendix 10: Program Lists for Chapter 10

Program List 10.1. Main Example 10.1.m

Main Program: Main_Example_10.1.m

s ch 5, 2019
% Develop by BS
% 5 program of a Highpass T

71

clc; close all

o

s Inputs:

Teta_A=input (' Design of

360 Degree T Section DPS. Enter Phase of
A

ce=")

(Lowpass-—T) :
Teta_B=input (' Design of 3 Section DPS. En
State-B(Highpass-T): Teta-B in Degree=')

er Phase of

% Inputs

fO0a=input ('Enter the actual center frequency in Hz f0a =")
wO=input (' At £
R=input (' Enter the normaliziation Resistor R =')

, enter the normalized angular frequency w0 =')
Compute the normalized element values of

LL=tand (abs (Teta_A) /2) /w0;

CL=(2*LL) / (14w0*wO*LL*LL) ;

$Ideal Highpass T-Section: See Equations (10.2a) and (10.2b)
CH=tand (90-Teta_B/2) /w0;
LH= (1+w0xwOxCH*CH) /2/CH/w0/w0;



72 Appendix

[ ¢D1,L1,LA,CA,CT,CAa,LAa,CDla,Lla,CTa ] = T360_DPS(Teta_A, Teta_B,

,wO0,R);
j=sqrt (-1);
w=0;N=2000;wl=0;w2=5;DW=(w2-wl) /N;
FRI(1: (N+1))=zeros;
WA (1l: (N+1))=zeros;
DEL_FI21(1:N+1)=zeros;
for i=1:N+1

za=JxwxL1;
ya=J+wxCA+1/3/w/LA;

[ slla,S21la,R0O1la,Flla,RO21a,F2la ] = S_Par_T_Section (za,ya);

F21A (1) =F21la;
RO21A (i)=20%10gl0 (RO21a) ;
F11A(i)=Flla;
RO11A (i)=20%1ogl0 (RO1la);

zb=j*xwxL1+1/73/w/CD1;
yb=3%wxCT+1/5/w/LA;
[ S11b,S21b,R0O11b,F11b,R021b,F21b ] = S_Par_T_Section
F21B(i)=F21b;
RO21B (i)=20%10gl0 (RO21Db) ;
F11B(i)=F1l1b;
RO11B(i)=20%10gl0 (RO11lDb) ;

DEL_FI21(i)=F21B(i)-F21A(1i);
w=w+DW;
end

Plot_State_ AB_T360_DPS(WA,F21A,RO21A, F11A,RO11A,F21B,R0O21B,

,DEL_FI21)

Program List 10.2. Main Example 10.2.m

rogram: Main_Example_10-2.m

1 by BS Yarman, Vaniko [stanbul

ram evaluates

clc; close all
% Inputs:
Teta_A=input (' Design of
State—-A (Lowpass-T): Teta
Teta_B=input (' Design of 360
State-B (Highpass-T): Teta-B in De

lossy performance of a Highpass

DPS. Enter Ph

f0a

F11B,RO11B

T-Section



Appendix 73

o

% Inputs

fO0a=input (' Enter the actual center frequency in Hz f0a =")
wO=1input (' At f0a, enter the normalized angular frequency w0 =')
R=input ('Enter the normaliziation Resistor R =')

Compute the normalized element values of T-360 Degree-DPS
cp1,11,LA,CA,CT,CAa,LAa,CDla,Lla,CTa ] = T360_DPS(Teta_A, Teta_B, fOa
IWOIR)

ASSUMPTION 1:

It is assumed that the series loss Ron of a forward biased diode is
equal to the on channel resistor of an CMOS Switch

[see Equation (6.1) of Chapter 6].

RF1,rfl ] =Channel_Resistance_of_a_CMOS(CD1,R, f0a);

ASSUMPTION 2:

Reverse biased resistive loss of a diode is the "Percent_ RVS" amount
f
% its reverse baised impedance at w0
CrDel_D=100;
rrl=1/w0/CD1/CrDel_D;
CD2=CD1;

[ RF2,rf2 ] =Channel_Resistance_of_a_CMOS (CD2,R, f0a);
rr2=1/w0/CD2/CrDel_D;

o — o°

— o° o° o° o

e oo

o

oo oo

Loss Computations for both State-A and State-B:

Assumption 3: Loss of an inductor is Percent.L amount of its impedance
value at wO.

Assumption 4: Connectivity loss of an inductor is "Percent._S"
amount of

its impedance value at wO.

Assumption 5: Conductive loss of a Capacitor is "Percent.C" amount
f its

% admittance value at wO.

CrDel_S=100;

CrDEL_L=10;

CrDel_C=100;

o° o o° o

o

o

% Resistive loss of the series arms in State-A:
rL1=w0*L1/CrDEL_L;

rLA=w0*LA/CrDEL_L;

rs=w0xL1/CrDel_S;

ra=rfl;

o

% Conductive loss of the Shunt arm in State-A:
GCA=w0*CA/CrDel_C;

$ GCA=0;GA=0;

GA=GCA+rLA/ (rLA*xrLA+wO+*wO*LA*LA) ;

S
S

% Resistive loss of the series arms in State-B:
rb=rrl;

©

% Conductive loss of the Shunt arm in State-B:
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GB=GCA+rLA/ (rLAxrLA+wO+rWO*LA*xLA) + (WOrWO*rr2+CT*CT) / (1+wO0xwO*rr2+xrr2+«CTx*
CT);

j=sqrt (-1);

w=0;N=2000;wl=0;w2=2;DW=(w2-wl) /N;

FRI(1: (N+1))=zeros;

WA (1l: (N+1))=zeros;

DEL_FI21(1:N+1)=zeros;

for i=1:N+1

WA (1) =w;
Stat A
5 ra+jxwxL1l;
za=ra+jxwxL1l;
$ya=GA+JxwxCA+1/73/w/LA;
ya=GA+Jj*wx (CA/ (L+w+w+rf2+rf2+«CAxCA) -LA/ (rLA*rLA+wxwxLA*LA)) ;
[ S11a,S21a,R0O1lla,F1lla,R021a,F2la ] = S_Par_T_Section (za,ya);

F21A(i)=F2la;
RO21A(i)=20+10gl0 (RO21a);
F11A(i)=Flla;
RO11A(i)=20%10gl0 (ROlla);

State-B

zb=rb+j*w*xL1+1/j/w/CD1;

yb=GB+Jj*wx (CT/ (1+w+w+rr2+rr2+CT+CT) -LA/ (rLA*rLA+wxw+LA*LA) ) ;

[ S11b,S21b,RO11b,F11lb,R0O21b,F21b ] = S_Par T _Section (zb,yb);
F21B(1)=F21b;
RO21B(1)=20%1ogl0 (RO21Db) ;
F11B(i)=F1l1lb;
RO11B(1)=20%1ogl0 (RO11lDb) ;

DEL_FI21(i)=F21B(i)-F21A(1i);
w=w+DW;
end

Plot_State_AB_T360_DPS(WA,F21A,RO21A, F11A,RO11A,F21B,R021B, F11B,RO1l1B
,DEL_FI21)

ra_actual=ra*R
rb_actual=rb*R
GA_actual=GA/R; RA_actual=1/GA_actual
GB_actual=GB/R; RB_actual=1/GB_actual

Program List 10.3. function T360_DPS
function [ CD1,L1,LA,CA,CT,CARa,LAa,CDla,Lla,CTa ] = T360_DPS(Teta_A,
Teta_B, f0a,w0,R)
This function generates the element values of an ideal 360 degree

sed Digital Phase Shifter
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Inputs:

Teta-A: Desired phase shift of the Lowpass Based T-Section DPS
Teta_B: Desired phase shift of the Highpass Based T-Section DPS
fOa: Actual centre frequency

w0: Normalized angular frequency. It is selected as w0=1

R: Port normalization number. It is usually, selected as R=50 ohms
Outputs:

CD1: Reverse Biased diode capacitance of the series arms.

Ll: Series arm inductor

LA: Shunt arm inductor

Ideal Lowpass T-Section: See Equations (10.la) and (10.1b)

LL=tand (abs (Teta_A) /2) /w0;
CL=(2*LL) / (1+w0*wO*LL*LL) ;

S
o
S

Ideal Highpass T-Section: See Equations (10.2a) and (10.2b)

CH=tand (90-Teta_B/2) /w0;
LH=(1+wO+xwO*CH*CH) /2/CH;

o

°
o
S

o
S
o
S

State-A: Series arm component computations

State B: Computation of CA: See Equation (10.4) & (10.5)

A=wOrwOxLH;

B=

- (WO*xwO*LH*CL+1) ;

CD2=CD1;

C=

B*CD2;

Delta=B*B-4xAxC;
CA= (-B+sqrt (Delta)) /2/A;

LA=1/ (CA-CL) /w0/wO0;
CT=CA%CD2/ (CA+CD2) ;

CAa=CA/2/pi/f0a/R;
CDla=CDl1/2/pi/f0a/R;
LAa=R+«LA/2/pi/f0a;
Lla=R*L1/2/pi/f0a;
CTa=CT/2/pi/f0a/R;

end

Program List 10.4. Main Example 10.3.m

o® o o° o

oo oo

Main Program: Main_Example_10_.3.m
March 11, 2019
Developed by BS Yarman, Vanikoy, Istanbul

75

This program evaluates the lossy performance of a Highpass T-Section
DPS

for a specified actual center frequency f0 in Hz.

clc; close all
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o

% Inputs:

Teta_A=input ('Design of 360 Degree T Section DPS. Enter Phase of

State-A (Lowpass-T): Teta-A in Degree=’)

Teta_B=input ('Design of 360 Degree T Section DPS. Enter Phase of
State-B (Highpass-T): Teta—-B in Degree=')

°

% Inputs

fOa=input (' Enter the actual center frequency in Hz f0a =)
wO=input ('At fOa, enter the normalized angular frequency w0 =')
R=input ('Enter the normaliziation Resistor R =")

— o° o°

cpl,Ll,LA,CA,CT,CAa,LAa,CDla,Lla,CTa
,w0,R)

o

ASSUMPTION 1:

o o

[see Equation (6.1) of Chapter 6].

— o° o°

ASSUMPTION 2:

de e

QL=20;

CD2=CD1;

]

Compute the normalized element values of T-360 Degree-DPS

T360_DPS (Teta_A, Teta_B, f0a

It is assumed that the series loss Ron of a forward biased diode is
equal to the on channel resistor of an CMOS Switch

RF1l,rfl ] =Channel_Resistance_of_a_CMOS(CD1,R, f0a);

At w0, quality factor for inductors and capacitors

[ RE,rf ] =Channel_Resistance_of_a_CMOS(CD1,R, f0a);

% Series Arm Losses
rfl=rf;
rL1=(w0xL1l) /QL;
ra=rL1l+rfl;

% Shunt arm losses
rf2=rf;

rLA= (wO*LA) /QL;
GCA= (w0*CA) /QC;
GCD1=(w0xCD1) /QC;

j=sqrt (-1);
w=0;N=2000;wl=0;w2=2;DW=(w2-wl) /N;
FRI(1: (N+1))=zeros;
WA (1l: (N+1))=zeros;
DEL_FI21(1:N+1)=zeros;
for i=1:N+1

WA (i) =w;

°

%za=rat+jxwxLl;
za=ra+jxwxL1l;

o oe

ZTA=r_f2+1/ (GCA+jw*CA)
ZTA=rf+1/ (GCA+Jj»w*CA) ;
YTA=1/7TA;

Computation of shunt arm admittance ya



Appendix T7

ya=1/ (rLA+j*xwxLA) +YTA;
[ Slla,S21a,R0O11la,Flla,R021a,F2la ] = S_Par_T_Section (za,ya);
F21A(i)=F21la;
RO21A (i)=20%1ogl0 (RO21a) ;
F11A(i)=Flla;
RO11A (1)=20%1logl0(RO1l1la);
% State-B
zb= (rL1+J*w*L1)+1/ (GCD1+Jj*wxCD1);
ZTB=1/ (GCA+j*w*CA)+1/ (GCD1+j*wxCD1) ;
YTB=1/ZTB;
yb=1/ (rLA+j*wxLA) +YTB;
[ S11b,S21b,RO11b,F11b,R0O21b,F21b ] = S_Par_T_Section (zb,yb);
F21B(1)=F21b;
RO21B(i1)=20%10ogl0 (RO21Db) ;
F11B(i)=F1llb;
RO11B(1)=20%1ogl0 (RO11lb);

DEL_FI21(i)=F21B(i)-F21A(1);
w=w+DW;

Plot_State_AB_T360_DPS(WA,F21A,R021A, F11A,RO11A,F21B,R0O21B, F11B,RO11B
,DEL_FI21)

ra_actual=ra*R

rb_actual=rb*R

GA_actual=GA/R; RA_actual=1/GA_actual

GB_actual=GB/R; RB_actual=1/GB_actual

Program List 10.5. Function S_Par_T_Section

function [ S11,S21,RO11,F11,RO21,F21 ] = S_Par_T_Section (z,y)

$This function ge tes the S

Feb 20, 2019, Vanikoy, Istanbul

D=zxz*y+2xz2*xy+2xz+y+2;

S11l=((1l-z*z)*xy—2%z)/D;

S21=2/D;

Rll=real (S11); Xll=imag(S1ll);Fll=atan2d(X11,R11);
R21=real (S21); X2l=imag(S21);F2l=atan2d(X21,R21);
ROll=abs (S11);

RO21=abs (S21);

end
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Program List 10.6. function Plot_State AB_.T360.DPS

function Plot_State_AB_T360_DPS(WA,F21A,RO21A, F11A,RO11A,F21B,R0O21B,
F11B,RO11B,DEL_FI21)

figure

plot (WA, F21A,WA,F21B, WA, DEL_FI21)

title(’State A and State B: Phase variations F21A and F21B of a

360-T

legend (/F21A7 ,/F21B/ ,/DEL-FI121")

xlabel (' Normalized Angular Frequer

ylabel (' Phase of S21A and S21B")

an

% Amplitude of S21

figure
plot (WA, RO21A,WA,RO21B)
title(’State-A and State-B: Amplitude variation RO21A and RO21B of a

360-T-Section’)
legend (' RO21A in dB’,’RO21B in dB’")
xlabel (' Normalized

Angular Frequ

V)

S21A and S21B in dB’)

figure

plot (WA,F11A, WA, F11B)

title(’State-A and State-B: Phase variation F11A and F11B of a
360-T-Section’)

legend (" F11A")

xlabel (' Normalized Angular Frequency’)

ylabel (' Phase of S11A and S11B")

% Amplitude of Sl11

figure

plot (WA,RO11A, WA, ROL1B)

title(’State-A and State-B: Amplitude variation RO11A and RO11B of a
360-T-Section’)
legend (' ROL1IA in d
xlabel ("Normaliz
ylabel (' Amplitude

B’,”RO11B in dB’)
Angular Frequency’)

S11A and S11B in dB')

end
Appendix 11: MatLab Programs for Chapter 11

Program List 11.1. Main_ Example_11 1.m

Program: Main Example_11_1.m
26, 2019

loped by BS Yarman, Vanikoy, Istanbul

ram evaluates the ideal performance of a Highpass
ion DPS
cified a

tual center frequency f0 in Hz.

clc; close =

o

% Inpu

Teta_A=input (‘Design of 360 Degree PI Section DPS. Enter Phase of
)

State-A (Lowpass-PI): Teta—-A in De
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Teta_B=input ( ‘Design of 360 Degree PI Section DPS. Enter Phase of
State-B(Highpass-PI): Teta-B in Degree=')

o

s Inputs

fO0a=input (‘Enter the actual center frequency in Hz f0a =")
wO=input (‘At fO0a, enter the normalized angular frequency w0 =')
R=input ( ‘Enter the normaliziation Resistor R =’

o

Compute the normalized element values of PI-360 Degree-DPS
Ideal Lowpass PI-Section: See Equations (l1l.la) and (11.1b)
CL=(1/w0) *tan (?A/2)>0

CL=(1/w0) xtand (Teta_A/2);

% L.L=L=(2C.L)/ (1+?.0"2 C.L"2 )>0

LL=2*CL/ (1+w0*w0*CL*CL) ;

o o o

L=LL;

% Ideal Highpass PI-Section: See Equations (11.2a) and (11.2b)
% Ideal Highpass T-Section: See Equations (11.2a) and (11.2Db)
% LH=(1/w0) *cotan (?B/2)>0

LH=(1/w0) xcotd (Teta_B/2);

% CH=(1/(?20"2 )) ((1+2072 LH"2)/(2LH"2 ))>0

CH=(1/w0/w0) * (1+wOxwO*xLH~LH) /2/LH;

% Compute ideal element values of 360 Degree PI Section Digital Phase

Shifter

[cD1,L,LA,CA,CT,CAa,LAa,CDla,La,CTa] = PI_360_DPS(Teta_A, Teta_B, fOa,
w0, R);

j=sqrt (-1);

w=0;N=2000;wl=0;w2=5; DW= (w2-wl) /N;

FRI(1: (N+1))=zeros;

WA (1l: (N+1))=zeros;

DEL_FI21(1:N+1)=zeros;

for i=1:N+1

o
(&)
ct
V]
o+
(0]
o]

o o

za=j*xw*L;

va=jxwxCA+1/7j/w/LA;

[ Slla,S21a,R0O11la,F1lla,R021a,F2la ] = S_Par_PI_Section ( za,vya );
F21A(i)=F21la;

RO21A (i)=20%1o0gl0 (RO21a) ;

F11A(i)=Flla;

RO11A(i1)=20%1logl0 (RO1lla);

zb=J*xwxL+1/73/w/CD1;
yb=9*wxCT+1/j/w/LA;
[ S11b,S21b,R0O11b,F11b,R021b,F21b ] = S_Par_PI_Section ( zb,yb );
F21B(i)=F21b;
RO21B(1)=20%1ogl0 (RO21Db) ;
F11B(i)=F1l1lb;
RO11B (i)=20%10gl0 (RO11lb) ;
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DEL_FI21(i)=F21B(i)-F21A(i);
w=w+DW;

Plot_State_ AB_PI_360_DPS(WA,F21A,RO21A, F11A,RO11A,F21B,R0O21B, F11B,
RO11B,DEL_FI21)

Program List 11.2. Main_Example_11_2.m

Main Program: Main_Example_11.2.m

March 27, 2019

Developed by BS Yarman, Vanikoy, Istanbul

This program evaluates the lossy performance of a Highpass PI-Section
DPS

for a specified actual center frequency f0 in Hz.

o o° o o

o° o

o

In this program we used the approximate explicit formulas to
compute the
% losses for both State-A and State-B

clc; close all

% Inputs:

Teta_A=input (‘Design of 360 Degree PI Section DPS. Enter Phase of
State—-A (Lowpass-PI): Teta—-A in Degree=')

Teta_B=input (‘Design of 360 Degree PI Section DPS. Enter Phase of
State-B (Highpass-PI): Teta-B in Degree=’)

% Inputs

fO0a=input (‘Enter the actual center frequency in Hz f0a =')

wO=input ( ‘At fOa, enter the normalized angular frequency w0 =')

R=input ( ‘Enter the normaliziation Resistor R =')

Compute the normalized element values of PI-360 Degree-DPS

cpl,L1,LA,CA,CT,CAa,LAa,CDla,Lla,CTa ] = PI_360_DPS( Teta_A, Teta_B,
f0a,w0,R )

ASSUMPTION 1:

It is assumed that the series loss Ron of a forward biased diode is

equal to the on channel resistor of an CMOS Switch

[see Equation (6.1) of Chapter 6].

RF1,rfl ] =Channel_Resistance_of_a_CMOS( CD1,R, f0a );

ASSUMPTION 2:

Reverse biased resistive loss of a diode is the "Percent_RVS"

amount of
% its reverse baised impedance at w0

o — o

— o° o° oo o°

o° o

CrDel_D=10;

rrl=1/w0/CD1/CrDel_D;

CD2=CD1;

[ RF2,rf2 ] =Channel_Resistance_of_a_CMOS( CD2,R,f0a );

rr2=1/w0/CD2/CrDel_D;

o
S

.
e

o
S

Loss Computations for both State-A and State-B:
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% Assumption 3: Loss of an inductor is Percent.L amount of its impedance
% value at woO.
% Assumption 4: Connectivity loss of an inductor is "Percent_S"
amount of
% its impedance value at wO.
$ Assumption 5: Conductive loss of a Capacitor is "Percent.C" amount
of its
% admitt e value at woO.

CrDel_5S=10;
CrDEL_L=10;
CrDel_C=10;

% Resistive loss of the series arms in State-A:
rL1=w0*L1/CrDEL_L;

rLA=wO+*LA/CrDEL_L;

rs=w0+L1/CrDel_S;

ra=rfl;

% Conductive loss of the Shunt arm in State-A:
GCA=w0*CA/CrDel_C;

% GCA=0;GA=0;

GA=GCA+rLA/ (rLAxrLA+w0O+wO+LA*LA) ;

% Resistive loss of the series arms in State-B:

GB=GCA+rLA/ (rLAxrLA+wWO*WO*LA*LA) + (WOxrwO*rr2+CT*CT) / (1+wO0*xwOrrr2xrr2+CTx*
CT);

j=sqrt (-1);

w=0;N=2000;wl=0;w2=2;DW=(w2-wl) /N;

FRI(1l: (N+1))=zeros;

WA (1: (N+1))=zeros;

DEL_FI21(1:N+1)=zeros;

for i=1:N+1

WA (1) =w;
% State A

$za=ra+j* wxLl;
za=ra+jxwxL1l;
$ya=GA+jxwxCA+1/73/w/LA;
va=GA+Jj*wx (CA/ (1+wrxwxrf2+rf2+CA*CA) ~LA/ (rLA*rLA+w*wxLA*LA) ) ;
[ slla,S21a,R0O11la,F1lla,R021a,F2la ] = S_Par_PI_Section (za,ya);
F21A(i)=F21la;
RO21A (i)=20%1ogl0 (RO21a) ;
F11A(i)=Flla;
RO11A (i)=20%1ogl0 (ROl1la) ;

zb=rb+j*w*L1+1/j/w/CD1;
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yb=GB+j*xwx (CT/ (1+wrw*rr2+rr2+«CT+CT) -LA/ (rLAxrLA+wxwxLA*LA) ) ;
[ S11b,S21b,R0O11b,F11b,R0O21b,F21b ] = S_Par_ PI_Section (zb,yb);
F21B(i)=F21b;
RO21B(1)=20%1ogl0 (RO21Db) ;
F11B(i)=F1llb;
RO11B(1)=20x10gl0 (RO11lb);

DEL_FI21(i)=F21B(i)-F21A(1i);
w=w+DW;
end

Plot_State_AB_PI_360_DPS (WA,F21A,R021A, F11A,RO11A,F21B,R0O21B, F11B,
RO11B,DEL_FI21)

ra_actual=ra*R
rb_actual=rb*R

L

s

GA_actual=GA/R; RA_actual=1/GA_actual
GB_actual=GB/R; RB_actual=1/GB_actual

Program List 11.3. Main_Example_11_3.m

Main Program: Main_Example_11_3.m

March 27, 2019

Developed by BS Yarman, Vanikoy, Istanbul

This program evaluates the lossy performance of a 360 PI-Section DPS
for a specified actual center frequency f0 in Hz.

de de de de o°

oe

clc; close all

% Inputs:

Teta_A=input (‘Design of 360 Degree PI Section DPS. Enter Phase of
State—-A (Lowpass-PI): Teta—-A in Degree=')

Teta_B=input (‘Design of 360 Degree PI Section DPS. Enter Phase of
State-B (Highpass-PI): Teta-B in Degree=’)

% Inputs

fOa=input ( ‘Enter the actual center frequency in Hz f0O0a =)

wO=input ( ‘At fOa, enter the normalized angular frequency w0 =')

R=input ( ‘Enter the normaliziation Resistor R =')

o

% Compute the normalized element values of PI-360 Degree-DPS
[cpi,Ln1,LA,CA,CT,CAa,LAa,CDla,Lla,CTal = PI_360_DPS(Teta_A, Teta_B, £f0a
,w0,R)

ASSUMPTION 1:

It is assumed that the series loss Ron of a forward biased diode is
equal to the on channel resistor of an CMOS Switch

[see Equation (6.1) of Chapter 6].
RF1,rfl] = Channel_Resistance_of_a_CMOS(CD1,R, f0a);

ASSUMPTION 2:

At w0, quality factor for inductors and capacitors
QL=75;

0 d0 m oo o e oo o
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CD2=CD1;
[RF, rf] =Channel_Resistance_of_a_CMOS (CD1,R, f0a);

s Series Arm Losses

rfl=rf;

rL1=(w0+L1l) /QL;
ra=rLl+rfl;

% Shunt arm losses

rf2=rf;

rLA= (wO*LA) /QL;

GCA= (w0*CA) /QC;

GCD1=(w0*CD1) /QC;

w=0;N=2000;wl=0;w2=2;DW=(w2-wl) /N;
FRI(1: (N+1))=zeros;
WA (1l: (N+1))=zeros;
DEL_FI21(1:N+1)=zeros;
for i=1:N+1

WA (1) =w;

s ZTA=rf2+1/ (GCA+
ZTA=rf+1/ (GCA+Jjxw*CA);
YTA=1/2TA;
ya=1/ (rLA+j*w+LA) +YTA;
[Slla,S21a,R0O11a,F1l1a,R021a,F2la]l] = S_Par_PI_Section (za,vya);
F21A(i)=F2la;
RO21A(1)=20x1ogl0 (RO21a);
Fl1l1A(i)=Flla;
RO11A (i)=20%1logl0(RO1l1la);

s State—-B
zb=(rL1+j*w*L1)+1/ (GCD1+jxwxCD1) ;
ZTB=1/ (GCA+j*wxCA) +1/ (GCD1+jw*CD1) ;
YTB=1/ZTB;
yb=1/ (rLA+j*w*LA) +YTB;
[S1lb,S21b,R0O11b,F11b,R0O21b,F21b] = S_Par_PI_Section (zb,yb);
F21B(1)=F21b;
RO21B(1)=20%10ogl0 (RO21Db) ;
F11B(i)=F1l1b;
RO11B(1)=20%10ogl0 (RO11lDb) ;

)EL_FI21 (1)=F21B(i)-F21A(i);
w=w+DW;
end

Plot_State_AB_PI_360_DPS(WA,F21A,RO21A, F11A,RO11A,F21B,R021B, F11B,
RO11B,DEL_FI21)
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zb0=(rL1+j*w0+L1)+1/ (GCD1+j*xw0*CD1) ;
rb=real (zb0) ;

o
e

ra_actual=raxR
rb_actual=rb*R

o° o

GA_actual=GA/R; RA_actual=1/GA_actual
GB_actual=GB/R; RB._actual=1/GB.actual

Program List 11.4. function S_Par_PI_Section

function [ S11,S21,RO11,F11,R0O21,F21 ] = S_Par_ PI_Section (z,y)
%This function generates the S-Parameters of a PI Section

o° o o

o° o o

o\

N=

o
S

D=

Phase Shifter from the series arm impedance Z(jw) and
the shunt arm admittance Y (jw)

Developed by BS Yarman: March 26, 2019, Vanikoy, Istanbul
See Equations (5.9)

N=z (1-y~2) -2y

zx (l-y*y) =2*y;

D= zy " 2+2zy+2y+z+2

Z*kyHRY+2x2xy+2xy+z+2;

S11=N/D;
S21=2/D;

Rll=real
R21l=real
ROll=abs
RO21=abs

S11); Xll=imag(Sll);Fll=atan2d(X11,R11);

)

S21); X21l=imag(S21l);F2l=atan2d(X21,R21);
)
)

’

S11
s21

’

end

Program List 11.5. function PI_360_DPS

function [ CD1,L,LA,CA,CT,CAa,LAa,CDla,La,CTa ] = PI_360_DPS(Teta_A,

o
S

o° o° o o o o° o° O° o° J° d° o o° oe°

o\°

Teta_B, f0a,w0,R)
This function generates the element values of an ideal 360 degree
Simple
PI-Section based Digital Phase Shifter
Developed by BS Yarman on March 26, 2019, Vanikoy, Istanbul
Inputs:
Teta-A: Desired phase shift of the Lowpass Based PI-Section DPS
Teta-B: Desired phase shift of the Highpass Based PI-Section DPS
fO0a: Actual centre frequency
wO: Normalized angular frequency. It is selected as w0=1
R: Port normalization number. It is usually, selected as R=50 ohms
Outputs:
CD1: Reverse Biased diode capacitance of the series arms.
L: Series arm inductor
LA: Shunt arm inductor
CA: Shunt arm capacitor

Ideal LowpassPI-Section: See Equations (1l.la) and (11.1b)
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% CL=(1/w0) *tan (?A/2)>0
CL=(1/w0) *tand (Teta_A/2);

% L.L=L=(2C.L)/(1+2.072 C.L"2)>0
LL=2*CL/ (14+w0+*w0*CL*CL) ;

s

% Ideal Highpass T-Section: See Equations
% LH=(1/w0)*cotan (?B/2)>0
LH=(1/w0) xcotd (Teta_B/2);

$ CH=(1/(2072)) ((1+20°2 LH"2)/(2LH"2))>0
CH=(1/w0/w0) * (1+w0+wOxLH*LH) /2/LH;

o
>

% State—A: Series arm component computations
L=LL;

CD1=CH/ (1+w0*wO+L*CH) ;

% State B: Computation of CA: See Equation (11.4) & (11.5)
A=wOrwOxLH;

B=— (wO*wO+xLH+CL+1) ;

CD2=CD1;

C=B*CD2;

Delta=B*B-4xAxC;

CA= (-B+sqgrt (Delta)) /2/A;

LA=1/ (CA-CL) /w0/wO0;

$ LA=1/(202)/(CA-CL))>0

CT=CA%CD2/ (CA+CD2) ;

CAa=CA/2/pi/f0a/R;
CDla=CD1/2/pi/f0a/R;
LAa=RxLA/2/pi/f0a;
La=RxL/2/pi/f0a;
CTa=CT/2/pi/f0a/R;
end

Program List 11.6. function Plot_State AB_PI_360_DPS

function Plot_State_AB_PI_360_DPS(WA,F21A,RO21A, F11A,RO11A,F21B,R021B,
F11B,RO11B,DEL_FI21)

figure

plot (WA,F21A,WA,F21B,WA,DEL_FI21)

title('State A and State B: Phase variations F21A and F21B of a
360-PI-Section’)

legend (‘F21A’, “F21B’, ‘DEL-FI21")

xlabel (‘Normalized Angular Frequency’

ylabel (‘Phase of S21A and S21B")

% Amplitude of S21

figure

plot (WA, RO21A,WA,RO21B)

title(‘State-A and State-B: Amplitude variation RO21A and RO21B of a
360-PI-Section’)

legend (‘RO21A in dB’, ‘RO21B in dB’)
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xlabel (‘Normalized Angular Frequency’)

ylabel (‘Amplitude of S21A and S21B in dB’)

figure

plot (WA,F11A, WA, F11B)

title(‘'State—-A and State-B: Phase variation F11A and F11B of a
360-PI-Section’)

legend ('F11A")

xlabel (‘Normalized Angular Frequency'’)

ylabel (‘Phase of S11A and S11B")

% Amplitude of S11

figure

plot (WA,RO11A, WA, ROLl1B)

title(‘State-A and State-B: Amplitude variation RO11A and RO11B of a
360-PI-Section’)

legend (‘ROL1IA in dB’, ‘ROL1B in dB’)

xlabel (‘Normalized Angular Frequency’)

ylabel (‘Amplitude of S11A and S11B in dB’)

end

Appendix 12: MatLab Programs for Chapter 12

Program List 12.1. Main_Example_12_1.m

Main Program: Main_Example_12.2.m
March 27, 2019
Developed by BS Yarman, Vanikoy, Istanbul

a0 o

This program evaluates the lossy performance of a 360 PI-Section DPS
for a specified actual center frequency f0 in Hz.

a0 o0 o o

clc; close all
% Inputs:

Teta_A=0;

Teta_B=input ( ‘Design of 180 Degree Highpass PI Section DPS. Enter
Phase of State-B(Highpass-PI): Teta-B in Degree=')

% Inputs

fO0a=input (‘Enter the actual center frequency in Hz f0a =")
wO=input (At f0a, enter the normalized angular frequency w0 =')
R=input ( ‘Enter the normaliziation Resistor R =')

% Compute the normalized element values of PI-360 Degree-DPS
[cpbl,L1,LA,CA,CT,CAa,LAa,CDla,Lla,CTa] = PI_360_DPS(Teta_A, Teta_ B,
f0a,w0,R)

ASSUMPTION 1:

It is assumed that the series loss Ron of a forward biased diode is

[see Equation (6.1) of Chapter 6].
RF1,rfl] =Channel_Resistance_of_a_CMOS (CD1,R, f0a);
% ASSUMPTION 2:
% At w0, quality factor for inductors and capacitors
QL=10;

°
o
% equal to the on channel resistor of an CMOS Switch
$
[
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[RF, rf] =Channel_Resistance_of_a_CMOS(CD1,R, f0a);

o

rLl=(w0*L1l) /QL;

ra=rLl+rfl;
Shunt arm los

rf2=rf;

rLA= (w0*LA) /QL;

GCA= (w0*CA) /QC;

GCD1=(w0*CD1) /QC;

j=sgrt (-1);
w=0;N=2000;wl=0;w2=2;DW=(w2-wl) /N;
FRI(1: (N+1))=zeros;

WA (l: (N+1))=zeros;
DEL_FI21(1:N+1)=zeros;

for i=1:N+1

)i

YTA=1/2TA;
ya=1/(rLA+3*w*LA) +YTA;
[Slla,S21a,RO11la,F11a,R021a,F2la]l = S_Par_PI_Section (za,ya);
F21A(i)=F2la;
RO21A (1)=20%10gl0 (RO21a) ;
Fl11A(i)=Flla;
RO11A (1)=20%10gl0 (RO11la);

% State-B
zb=(rL1+3*w*L1l)+1/ (GCD1+3*w*CD1) ;
ZTB=1/ (GCA+3*w*CA) +1/ (GCD1+j*w*CD1) ;
YTB=1/7TB;
yb=1/ (rLA+3*w*LA) +YTB;
[S11b, S21b,RO11b,F11b,R0O21b,F21b] = S_Par_PI_Section (zb,yb);
F21B (i) =F21b;
RO21B(i)=20%10gl0 (RO21b);
F11B(i)=F1l1b;
RO11B(i)=20*10gl0 (RO11b);

DEL_FI21(i)=F21B(1i)-F21A(i);
w=w+DW;
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Plot_State_AB_PI_360_DPS(WA,F21A,RO21A, F11A,RO11A,F21B,R021B, F11B,
RO11B,DEL_FI21)

zb0=(rL1+3*w0*L1)+1/(GCD1+3j*w0*CD1) ;

rb=real (zb0) ;

3

%
ra_actual=ra*R

rb_actual=rb*R

% GA_actual=GA/R; RA_actual=1/GA_actual

% GB.actual=GB/R; RB._actual=1/GB_actual

Program List 12.2. Main_Example_12_2.m

Main Program: Main_ Example_12_.2.m

March 27, 2019

Developed by BS Yarman, Vanikoy, Istanbul

This program evaluates the lossy performance of a 360 PI-Section DPS
for a specified actual center frequency f0 in Hz.

o® o o o° o° o°

clc; close all
% Inputs:
Teta_A=0;
Teta_B=input (‘Design of 180 DegreeHighpass PI Section DPS. Enter
Phase of State-B(Highpass-PI): Teta-B in Degree=’)
% Inputs
fO0a=input (‘Enter the actual center frequency in Hz f0a =")
wO=input (‘At fOa, enter the normalized angular frequency w0 =')
R=input (‘Enter the normaliziation Resistor R=')
% Compute the normalized element values of PI-360 Degree-DPS
[cD1,Ll1,LA,CA,CT,CAa,LRAa,CDla,Lla,CTa] = PI_360_DPS (Teta_A, Teta B,
f0a,w0,R)
ASSUMPTION 1:
It is assumed that the series loss Ron of a forward biased diode is
equal to the on channel resistor of anCMOS Switch
[see Equation (6.1) of Chapter 6].
RF1,rfl] =Channel_Resistance_of_a_CMOS(CD1,R, f0a);
% ASSUMPTION 2:
% At w0, quality factor for inductors and capacitors

— do o0 oo o o

CD2=CD1;
[RF,rf] =Channel_Resistance_of_a_CMOS (CD1,R, f0a);

o

% Series Arm Losses

rfl=rf;

rLl=(w0*L1) /QL;
ra=rL1l+rfl;

% Shunt arm losses
rf2=rf;
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rLA=(w0*LA) /QL;
GCA= (w0*CA) /QC;

j=sgrt (-1);
w=0;N=2000;wl=0;w2=2;DW=(w2-wl) /N;
FRI(1: (N+1))=zeros;
WA(l: (N+1))=zeros;
DEL_FI21(1:N+1)=zeros;
for i=1:N+1

WA (1) =w;

rat+j*w Ll;

52

$za=ra+j*w*Ll;

Computa arm admittance vya

ZTA=rf+1/ (GCA+Jj*w*CA);

YTA=1/ZTA;

va=1/(rLA+3*w*LA) +YTA;

[Slla,S21la,RO11la,F11a,R021a,F2la]l = S_Par_PI_Section (za,ya);
F21A(i)=F2la;

RO21A(1)=20%1ogl0 (RO21a);

F11A(i)=Flla;

RO11A(1)=20%1ogl0 (RO1l1la);

State-B
zb=(rL1+3*w*L1l)+1/ (GCD1+j*w*CD1) ;
ZTB=1/ (GCA+3j*w*CA)+1/ (GCD1+3*w*CD1) ;
YTB=1/ZTB;
yb=1/ (rLA+3j*w*LA) +YTB;
[ S11b,S21b,RO11b,F11b,R021b,F21b ] = S_Par_PI_Section (zb,yb);
F21B(i)=F21b;
RO21B(1)=20%"10gl0 (RO21Db) ;
F11B(i)=F1llb;
RO11B(1)=20%"10gl0 (RO11Db) ;
DEL_FI21(i)=F21B(i)-F21A(i);
w=w+DW;
end

Plot_State_AB_PI_360_DPS(WA,F21A,RO21A, F11A,RO11A,F21B,R021B,F11B,
RO11B,DEL_FI21)

zb0=(rL1+3j*w0*L1)+1/ (GCD1+3*w0*CD1) ;

rb=real (zb0) ;

ra_actual=ra*R

rb_actual=rb*R

o

GA_actua

RA_actual=1/

% GB.actual=GB/R; RB.actual=l

89



90 Appendix

Program List 12.3. Function S_Par_PI_Section

function [ S11,S821,RO11,F11,R021,F21 ] = S_Par_PI_Section (z,y)
This function generates the S-Parameters of a PI Section
Phase Shifter from the series arm impedance Z(jw) and

o° o

o

the shunt arm admittance Y (jw)

Developed by BS Yarman: March 26,2019,Vanikoy, Istanbul
See Equations (5.9)

o® o o° o° o°

N=z (1-y~2) -2y
=z" (1-y"y)-2"y;
% D= zy 2+2zy+2y+z+2
D=z*y*y+2*z*y+2*y+z+2;
S11=N/D;
S21=2/D;
Rll=real (S11);X1ll=imag(S1ll);Fll=atan2d(X11,R11);
R21=real (S21);X21=imag(S21);F2l=atan2d(X21,R21);
ROll=abs (S11);
RO21=abs (521);

=

end

Program List 12.4. Function PI_360_DPS

function [CD1,L,LA,CA,CT,CAa,LRa,CDla,La,CTa]
= PI_360_DPS(Teta_A, Teta_B, f0a,w0,R)
% This function generates the element valuesof an ideal 360 degree

Simple
% PI-Section based Digital Phase Shifter
% Developed by BS Yarman on March 26,2019,Vanikoy, Istanbul
% Inputs:
% Teta-A: Desired phase shift of the Lowpass Based
PI-Section DPS
% Teta_B: Desired phase shift of the Highpass Based
PI-Section DPS
% fOa: Actual centre frequency
$ w0: Normalized angular frequency. It is selected
as w0=1
% R: Port normalization number. It is
usually, selected as R=50 ohms
% Outputs:
% CDl: Reverse Biased diode
capacitance of the series arms.
% L: Series arm inductor
% LA: Shunt arm inductor
% CA: Shunt arm capacitor
% Ideal LowpassPI-Section: See Equations(ll.la) and (11l.1b)
% CL=(1/w0)*tan(?A/2)>0

CL=(1/w0)*tand(Teta_A/2);
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L.L=L=(2C.L)/ (1+2.0"2C.L"2)>0
LL=2*CL/
(1+w0*wO0*CL*CL) ;
% Ideal Highpass T-Section: See Equations (11l (11.2Db)
%

LH=(1/w0) *cotan (?B/2)>0

LH=(1/w0) *cotd(Teta_B/2);

% CH=(1/(2072)) ((1+2072 LH"2)/(2LH"2))>0
CH=(1/w0/w0)* (1+w0*wO*LH*LH) /2/LH;

% State—-A: Series arm component computations
L=LL;

CD1=CH/ (1+w0*wO0*L*CH) ;

State B: Compu
A=w0*w0*LH;

B=— (wO0*wO0*LHCL+1) ;
CD2=CD1;

C=B*CD2;
Delta=B*B-4*A*C;
CA=(-B+sqrt (Delta)) /2/A;

LA=1/ (CA-CL) /w0/w0;

% LA=1/(207"2)/(CA-CL))>0
CT=CA*CD2/ (CA+CD2) ;
Cha=CA/2/pi/f0a/R;
CDla=CD1/2/pi/f0a/R;
LAa=R*LA/2/pi/f0a;
La=R*L/2/pi/f0a;
CTa=CT/2/pi/f0a/R;

end
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