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ABSTRACT
Wide-Band Tunable Phase Shifter

with Low Phase Deviation.

Boram An

Department of Electronics and Information Engineering
The Graduate School

Chonbuk National University

In this research, the wide-band tunable phase shifter with low phase
deviation is designed. The reflection-type structure is adopted to
design proposed phase shifter because they provide wide phase
shifting range and high return loss characteristics by changing the
characteristics of the reflection load. First, the phase shift
characteristics of reflection load using varactor diode is studied
according to the frequency, and two reflection loads with low in—band
phase deviation is presented.

In the case of version 1, two varactor diodes connected to through
and coupled port of coupled line respectively, while remaining the
isolated port is open. In the case of version 2, Additionally, the
capacitor 1s connected to isolated port of coupled line in order to
widen the phase shifting range. To verify the proposed design
method, tunable phase shifter operating at 25 GHz of center
frequency and 500 MHz bandwidth is designed, simulated, and
measured. From the measurement results, the proposed phase shifter
achieves a low in-band phase deviation while having higher the

phase shift range than the conventional reflection load.

Keywords : Coupled line, In-band phase deviation,

Tunable pahse shifter, Reflection-type stucture.
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Fig. 3.10. 1-port coupled line terminated with Z.
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Fig. 3.11. Phase characteristics of version laccording to Z¢ and 6
when C=-10 dB.
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Fig. 3.12. Phase characteristics of version 1 according to Z¢ and C

when 6=30°.
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Fig. 3.13. Algorithm flow chart for reflection load version 1:

(a) main flow chart, (b) function
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Fig. 3.14. Phase characteristics of version 2 according to Z¢ and G
when C=-7 dB and 6=30°.
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Table 4.1. Calculation result of design parameter of version 1.

Zc [9] C [dB] Zoe [9] Zoo [9] e [deg] Aqsmax_V1 [deg] ¢er1‘_Vl [deg]

0 -84 119.38 5361 30 12528 434
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.
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Fig. 4.1. ADS simulation: (a) version 1 circuit, (b) simulation result
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Table 4.2. Calculation result of design parameter of version 2.

1Y 42, ADS A EH A (a) A 2 32, (b) AlEHIA

Zc C Zoe Zoo e Cf ix A ¢m ax_V, ¢er1‘_ v,
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Fig. 4.2. ADS simulation: (a) version 2 circuit, (b) simulation result
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Fig. 4.4. Dimension of version 1 coupled line.

9 45 AZE 94 Hols] wlA1e] AR,
Fig. 4.5. Photograph of fabricated phase shifter version 1.
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Fig. 4.6. Simulation and measurement result: (a) Phase shifting range,

(b) Phase shifting range at fy and In-band phase deviation,

(c) Insertion loss (d) Return loss
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Table 4.3. Simulation and measurement result.

Maximum phase | Maximum in-band | Insertion Return
shifting range at fy phase devation loss loss
[deg] [deg] [dB] [dB]
Sim. 125.89 417 <117 >16.06
Mea. 126,61 648 <1.23 >16.85
422 FAYG 9 Hol7] A 2
Y 478 41240 A AA HA 2& 483 A Fol7]
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Fig. 4.7. Circuit of Phase shifter version 2.
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Table 4.4. Simulation and measurement result.

Maximum phase | Maximum in-band | Insertion Return
shifting range at fy phase devation loss loss
[deg] [deg] [dB] [dB]
Sim. 14291 354 <1.44 >1753
Mea. 14693 579 <1.29 >1576

a9 410 AgkE 914 Helrl WA 29§74 S-aEvE 549
Algdeld B 54 dytoln, o5 % 440 A3t

ﬂl

% 48 Bld 2 A9 AR A

Fig. 4.8. Dimension of version 2 coupled line .

a9 49, AZE 94 Aoy WA 29 AR,
Fig. 4.9. Photograph of fabricated phase shifter version 2.
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Fig. 4.10. Simulation and measurement result: (a) Phase shifting range,

(b) Phase shifting range at fo and In-band phase deviation,

(c) Insertion loss (d) Return loss

_39_



094 WAL Bl wr)

e,
lo
=
1.,0 12
=
Ny
é:é‘
>
.
[>
lo
T
)
~
o
N
lo
to

TE 7kl AUt EAEH] R ol
o AlE o]l Holex mHle é_‘Xﬂ varactor Uho] 2 9] 5458 vh4s

TS0 7] wito] e W AWAH
\;}‘ j_aln 5.1% kAl 2-3}7} varactor thol
o Aol Algdoldst F4 Aol
o, =4 Az gy YA A Bl AR F1E AL 2
2

Phase shifing range at f, [deg]
[39p] uonerrap aseyd pueq-ug

1 2 3 4 5 6 7 8 9 10 11 12 13
Freq. |GHz]

a9 51 AW 9 el 7] AlEE el B 54 At

Fig. 5.1. Measurement result of conventional phase shifter.
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Table 5.1. Performance comparison of previous tunable phase shifter.

. | fo | BW FBW Ad, | @, Max IL MinRL _
[GHz] [GHz]| [%] | [deg] | [deg] [dB] [dB]
(5] 5 1200 24 175 675 3.7 10 1.29
[10] 2 200 10 335 E=3's) 1 11 221
[11] 2 200 10 234 45 46 13 1.37
[12] 2.2 900 409 3725 21 41 78 11.13
[13] 2.2 500 22.2 45 45 15 6 3.73
[14] 15 1000 | 667 350 £100 51 14 6.5
version 1| 25 500 20 126.6 648 1.23 16.8 236
version 2| 25 500 20 146.9 579 1.29 1576 2685
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Appendix : Matlab code

-Reflection load Version 1

Input value

fO BW del_pi_max | pi_err_ref | NP

2.5e9 500e6 88 4.4 201

zC_min zC_max zc_step c_min c_max c_step
30 120 5 -7 -15 0.5
theta_min | theta_max | theta_step | vmin vmax vstep
30 90 5 1 13 1
Main code

zc=zC_min; c=c _min; theta=theta min; % Specify initial value

del pi max vl=zeros(l); pi err vl=zeros(l);

for zc=zc min:zc step:zc max
for c=c min:c_step:c max

for theta=theta min:theta step:theta max

[del pi max vl(zc,c,theta), pi err vl(zc,c,theta)] =

func err(zc, ¢, theta, Np, £0, BW, vmin, vmax, vstep);

if pi err vl(zc,c,theta)<=pi _err ref

if del pi max vl(zc,c,theta)>del pi max

% Save zc,c theta, pi err vl and del pi max vl that
satisfy the condition
del pi max=del pi max vl (zc,c,theta);
pi_err max=pi err vl (zc,c,theta);
zc_s=zc; c_s=c; theta s=theta;
end
end
end
end

end

Function code

function [ del pi max vl, pi err vl ] = func err(zc, ¢, theta, NP,

£f0, BW, vmin, vmax, vstep)

_47_



f low=£f0-(BW/2); f high=£f0+(BW/2); fgap=(f high-f low)/(NP-1);
f=f low:fgap:f high;

v=vmin:vstep:vmax; f m=f.*ones(length(v),1); n=f m./£0; z0=50;
cl=10.7(c/20); % Convert coupling coefficient to linear scale value
theta r=theta*pi/180; % Convert electrical length to radian value
e=load('c varator.txt'); % Load measured capacitance value of
varactor diode

cvl=e(:,1); cv2=e(:,2); cv3=e(:,3); cvid=e (:,4); cvb=e(:,5);
cvo=e(:,6); cvi=e(:,7);

cv8=e(:,8); cv9=e(:,9); cvlO=e(:,10); cvll=e(:,11); cvl2=e(:,12);
cvl3=e(:,13);
cv=[cvl';cv2';cv3';cvd';cvS';eve'jev7';ev8;ev9t;evl0t;evll !t evl2!

;evli3']*le-12;

% Calculate del pi in vl from equation (3.12)
p=zc./sqgrt ((l+cl) *(1-cl)); m=(zc*cl)./sqrt((1l+cl)*(1-cl));

xc==1./(2*pi*n.*f0.*cv) ;

d=-(((xc)-(p.*cot (theta r.*n)))."2)+((m.*csc(theta r.*n))."2);
u=(2.*p.* (m"2) .* (csc(theta r.*n).”2).*cot (theta r.*n))+ ((xc-(p.*co
t(theta r.*n))).*(((m.*cot (theta r.*n))."2)+ ((p.*csc(theta r.*n)).
"2)));

x in vl=((u./d)-(p.*cot (theta r.*n)));
pi in vl=-2*atan2(-x in vl1,z0)-pi;

pi in vl=unwrap(pi in vl,pi)*180/pi; % unwrap phase of pi in vl

if pi in v1(vmin,NP/2) > pi in vl (vmax,NP/2)

del pi in vl=pi in v1(:,:)-(ones(vmax,1l)*pi in vl (vmax,:));
else
del pi in vl=pi in v1(:,:)-(ones(vmax,1)*pi in vl (vmin, :));
end

% Calculate pi errf
pi errf=zeros (1)
for v=vmin:vstep:vmax
pi errf(v)=(max(del pi in v1(v,:))-min(del pi in vl(v,:)))/2;
end
pi err vl=max(pi errf (vmin:vmax));
del pi max vl=max(del pi in v1(:,NP/2));

end
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-Reflection load Version 2

Input value (Other input value is same with version 1)

cfix_min cfix_max cfix_step

0.7e-12 1.5e-12 0.le-12

Main code

zc=zC _min; c=c min; theta=theta min; cfix=cfix min % Specify

initial value

del pi max vl=zeros(l); pi err vl=zeros(l);

for zc=zc min:zc step:zc max
for c=c_min:c step:c max
for theta=theta min:theta step:theta max

for cfix=cfix min:cfix step:cfix max

[del pi max vl(zc,c,theta,cfix),pi err vl(zc,c,theta,cfix)]=func e

rr(zc, ¢, theta, cfix, NP, £0, BW, vmin, vmax, vstep);

if pi err vl(zc,c,theta,cfix)<=pi err ref
if del pi max vl (zc,c,theta,cfix)>del pi max

% Save zc,c theta, pi err vl and del pi max vl that satisfy the

condition
del pi max=del pi max vl(zc,c,theta,cfix);
pi _err max=pi err vl (zc,c,theta,cfix);
zCc_s=zc; c_s=c; theta s=theta; cifx s=cfix;

end
end
end
end
end
end

Function code

function [ del pi max vl, pi err vl ] = func err(zc, c, theta,
cfix, NP, £0, BW, vmin, vmax, vstep)

f low=£f0-(BW/2); £ high=£f0+ (BW/2);

fgap=(f high-f low)/(NP-1); f=f low:fgap:f high;
v=vmin:vstep:vmax; f m=f.*ones(length(v),1);

n=f m./f0; z0=50;
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cl=10.7(c/20); % Convert coupling coefficient to linear scale
theta r=theta*pi/180; % Convert electrical length to radian
e=load('c varator.txt'); % Load measured capacitance value of
varactor diode
cvl=e(:,1); cv2=e(:,2); cv3=e(:,3); cvid=e (:,4); cvb=e(:,5);
cvo=e(:,6); cvi=e(:,7);
cv8=e(:,8); cv9=e(:,9); cvlO=e(:,10); cvlil=e(:,11); cvli2=e(:,12);
cvl3=e(:,13);
cv=[cvl';cv2';cv3';cvd';cv5';cvo';cvT7';cv8';ev9t;ev10t;evll !ty evl2!
;evl3']*le-12;

% Calculate del pi in vl from equation (3.13)
p=zc./sqgrt ((l+cl) *(1-cl)); m=(zc*cl)./sqrt((l+cl)*(1-cl));
xc=-1./(2*pi*n.*f0.*cv); xc_fix=-1./(2*pi.*n.*f0*cfix);
d=-(((xc)-(p.*cot (theta r.*n)))."2)+((m.*csc(theta r.*n))."2);
ul=(2.*p.* (m"2) .* (csc(theta r.*n)."2).*cot (theta r.*n))+ ((xc-(p.*cC
ot (theta r.*n))).*(((m.*cot (theta r.*n))."2)+((p.*csc(theta r.*n))
-72))) i

x1l=((ul./d)-(p.*cot (theta r.*n)));

u2=(m.*csc(theta r.*n)).* (((m.*cot (theta r.*n))."2)+((p.*csc(theta
_r.*n))."2))+((xc-(p.*cot (theta r.*n))).*(2.*p.*m.*csc(theta r.*n)
.*cot (theta r.*n)));

x22=(u2./d)-(m.*csc (theta r.*n));

x in vli=x11-((x22.72)./(x1l+xc fix));

pi in vl=-2*atan2(-x in vl1,z0)-pi;

% unwrap phase of pi in vl

pi in vl=unwrap(pi in vl,pi)*180/pi;

if pi in v1(vmin,NP/2) > pi in vl (vmax,NP/2)

del pi in vl=pi in v1(:,:)-(ones(vmax,1l)*pi in vl (vmax,:));
else
del pi in vl=pi in v1(:,:)-(ones(vmax,1l)*pi in vl (vmin,:));
end

% Calculate pi errf
pi errf=zeros (1)
for v=vmin:vstep:vmax
piierrf(v)=(max(delipi7in7vl(v,:))—min(delipiiinivl(v,:)))/2;
end
pi err vl=max(pi errf (vmin:vmax));

del pi max vl=max(del pi in v1(:,NP/2)); end
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