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ABSTRACT

Microwave Dual-band Phase Shifter

Su-Yeon Kim
Division of Electronics and Information Engineering
The Graduate School

Jeonbuk National University

In this research, the reflection-type dual-band tunable phase shifter
1s designed. The proposed phase shifter is reflection-type structure
that provides high return loss and low insertion loss characteristics.
The phase shifting range and in-band phase deviation of reflection
load using equivalent circuit of varactor diode is studied and reflection
loads according to operating frequency is presented.

Proposed phase shifter consists to 3-dB hybrid coupler and same
two reflection load. The reflection load consists to A/4 transmission
line, A/4 open-circuited stub, compensation element and varactor diode.
The parasitic element of A/4 open-circuited stub is compensated by
inductor or capacitor that selected according to frequency. To verify
the proposed design method, reflection-type dual-band tunable phase
shifter operating at 188 GHz and 244 GHz and 100 MHz of
bandwidth 1s designed, simulated, and measured. From the
measurement results, the proposed phase shifter achieves dual-band
operation independently, low in-band phase deviation and high return

loss characteristic.

Keyword : A/4 open-circuited stub, Dual-band, Phase

deviation, Phase shifting range.
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(3.3)

X,=cotf, (oR,C,-»’R,L,C,C,~&'R,LC,C,)- 0L, (Y, +Y,,)(0R,C,~0'R,L,C,C,) (3.5

Vg ) ppTpP T

X, =w’R,L,C,(Y,, coth, Y, tan@Ho)(—l+a)2LpCp)—coRpCj (l—coszCp —cozLCCp) (3.6)

{1 oL C,-0’LC -0’LC, -&'LC,
=

oL, cot0,, (1-0’L,C,-o’L,C,) (3.7)
(YHO cotf, —Y, tan 9110)

ol &ofl WHAF Fske] wkAL Al ()l 719k @, )= A (B.8)
WA B9k 2ol 7 g den, g5 FygolA WAL Aol A7) =

FHHoE AT 5 9l

‘F. ‘:(YHoXl_K)X3)2+(YH0X2_K)X4)2 (3.8)
(Y X, Y X ) + (Y, X, Y X, )
¢an tal’l_l (YHon _YoX4 —tal’l_l YHon "'YOX4 (3.9]
YHoXl _YoXs YHoXl +YOX3
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i
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2% 311 =& Fag sFellA e 1A UL

Fig 3.11. Compensation method at high-frequency operation.

C - Y, tan@, (3.10)

Oy
HRAL Hske] oy o mm ' A(Y;, p) e A (311 o] FAAHoR U
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XS +.]X6

) : (3.11)
X, + jX;

inH — 1L

X, =0R,C{(Y,+Y,)(-1+0’L,C,)-0(C,-’L,C,C.~C.)}cot,  (3.12)

X7

X =

ol

M =
i

—

ules

= (a)C/.+a)Cp)cot 0, + (Y, +Y,, +oC, cot OLS)(l—a)szCp —a)2LpC/.) (3.13)

=(¥,,cotf,, - ¥, tand,, - C,.)(1-0’L,C, -&’L,C,)-(C, +aC,) (3.14)

i

(¥, cot0,, - Y, tan@,,)(wR,C,)(-1+o’L,C,)-(0’R,C,)(C, -&’L,C,C, +C,) (3.15)

&3l WAL Fske] RkAL Al (Il 2719 7 (D me 4 (8.8)
(3.16) 2 7L°] T g den, 4 FIgolA WAL Aol A7)

FAHom Fod & 9

rulo

(YLoXs _YOX7 )2 +(YL0X6 _Y()X8)2

(3.16)
(YLOXS +YoX7 )2 +(YL0X6 +YOX8)2

‘rin,H‘ =

Y, X.-Y,X Y, X +Y,X
¢m’H:tan_l(—L(’ ¢ 0 SJ—tan_l(—L(’ « T 8} (3.17)

YLOXS_K)X7 YLOX5+K)X7
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33. AA <A =

29 3128 Ak W) H8E o g3

=
A Moo AAS AT daudgE <A

Low-band operation

Specify fi, fir, BW, Aorer 1, A9rer 1,
Ddev_ref_Ls Pdev_ref_Hs MAZrer
Change Zto, Zns, Z10 Z1s (20 © to 200 Q)
V (0V to 16V)

Input diode parameters L, Cy, R,
Change C;

High-band operation
1 1

Adjust Zy,, Zn, Cal L, Cal. C, Adjust Zy 5, Z1,0
Cal. Ay, Agy, Pdev_Ls Pdev_Hs Cal. Agy, Agy, Pdev_Ls Pdev_Hs |
| mag;, magy mag;, magy I

A¢L> A¢ref7L’
¢dev7L< Pdev_ref Ly
¢dev7H < ¢dev7ref7H’
mag;, <magf,
Qagy < mag,g

A¢L> A¢ref7L’
qodeviL< ¢dev7ref7L’
¢dev7H < ¢dev7ref7H’

magy, < mager,
Qagy <magg

Find min. ¢dev7La ¢dev7H Find min. ¢dev7La ¢dev7H

a9 3.12. WA} Bl daEls oA %

Fig 3.12. Algorithm flow chart for reflection load.
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1}

3} %ol varactor T}

ol 105°KH.t} 65° H A
) . mEbA, AIQEEE WAL lnj—é}—‘:* A4 N

2HEBO V| ASs AHANAE ¢ de B &

ARG e 54 A R shaule AL A T 41 e
o

m37

freq=1.880GHz
S$(12,12)=1.000/-95.725
Vdc=16.000

impedance = 6.853E-9 - j45.238

m36

freq=2.440GHz

$(12,12)=1.000 /-180.000
Vdc=0.000

impedance = 6.000E-9 - j7.348E-15

m37

freq (1.000GHz to 3.000GHz)
a9 41 98 gy FFel A A4 A ~EB Auja A E,

Fig 4.1. Smith chart of A/4 open stub at low-band operation.
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m11 m10 m12 m19 m15 m20
freq=1.830GHz freq=1.880GHz freq=1.930GHz freq=2.390GHz freq=2.440GHz freq=2.490GHz
PSR_LBJO, :1]=0.000 PSR_LBJ0, :]]=0.000 PSR_LBIO, :: PSR_LBJ[O, .000 ||PSR_LBIO, :; PSR_LBJ0, :]]=0.000
PSR_LB[1 1, PSR_LBJ[1 PSR_LBJ[1, PSR_LBJ[1 PSR_LBJ[1, .
PSR_LB[2 2, PSR_LB[2 PSR_LB[2, PSR_LB[2 PSR_LBJ[2,
PSR_LB[3, 3, PSR_LB[3, PSR_LBJ[3, PSR_LB[3, PSR_LBJ[3,
PSR_LB[4. 4, PSR_LB[4. PSR_LB[4, PSR_LB[4. PSR_LB[4,
PSR_LB[5. 5, PSR_LB[5. PSR_LBI[5, PSR_LB[5. PSR_LBI[5,
PSR_LB[6. 6, PSR_LB[6. PSR_LBI[6, PSR_LB[6. PSR_LBI[6,
PSR_LB[7. 7, PSR_LB[7. PSR_LB[7, PSR_LB[7. PSR_LBJ[7,
PSR_LB[8. 8, PSR_LB[8. PSR_LBJ[8, PSR_LB[8. PSR_LBJ[8,
PSR_LBI[9, : 9, PSR_LB[9. PSR_LBI[9, PSR_LB[9. PSR_LBI[9,
PSR_LB[10. 10, . PSR_LBJ[1 PSR_LB[10. PSR_LBJ[1 PSR_LBJ[10. 297
PSR_LB[11 11 . PSR_LB] PSR_LB[11 PSR_LB[11, PSR_LB[11 312
PSR_LB] 12, . PSR_LB] PSR_LB[12. PSR_LB[12, PSR_LB[12. 325
PSR_LB] 13, . PSR_LB] PSR_LB] PSR_LB[13, PSR_LB[13, 336
PSR_LB] 14, . PSR_LB] PSR_LB] PSR_LB[14, PSR_LB[14. 346
PSR_LB] _LB[15. . PSR_LB] PSR_LB] PSR_LB[15, PSR_LB[15. 354
PSR_LB] PSR_LBJ[16, ::]=40.893| |PSR_LB| PSR_LB] PSR_LBJ[16, :: PSR_LBJ[16, :;]=3.361
m10 m19 mi5 m20

PSR_LB

freq, GHz
PD_LB_L=(43.392-38.112)/2=2.64
TPsR_LB=unwrap(phase(S(1,1))

freq, GHz
PD_LB_H=(3.361-0.000)/2=1.6805
J-unwrap(phase(S(1,1)))[0,:]

(b)

mi3
freq=1.83
dB(S(1,1
dB(S(1,1
dB(S(1,1
dB(S(1,1
dB(S(1,1
dB(S(1,1
dB(S(1,1
dB(S(1,1
dB(S(1,1
dB(S(1,1
dB(S(1,1
dB(S(1,1
dB(S(1,1
dB(S(1,1
dB(S(1,1
dB(S(1,1
dB(S(1,1

Hz

Hz Hz Hz

dBi
d

a9 42 BRI 8

dB(S(1,1)

dB(S(1,1)

T ™
188 188

freq, GHz

T T T
243

freq, GHz

244 245

2w we e B3 ADS AlBH 04! (a) 914
54, (b) WA 4 54,

Fig 4.2. Low-band operation ADS simulation without compensation

element: (a) phase characteristic, (b) return loss characteristic.
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=]

WAL Rate] shebnle A4 A,

Table 4.1. Results of parameter calculation of reflection load in

AL e Oy 4 A2

N

low-band operation.

o o
ZHo [9] GHo [ ] ZHs [9] 9Hs [ ] Lc [nH]
o o o o
Adp [°] | Paevr [°] RLip 1 [dB] | A¢y [°] | @uev.m [°] | RLip u [dBI]
105.666 | + 9.9938 0.8450 0.000 + 1.4552 0.1349
| @ﬂ PARAMETER SWEEP I =
V_DC
ParamSweep — SRC44
Sweep1 — Vdc=Vdc V
SweepVar="vdc" o T
SimlInstanceName[1]="SP1" VAR T \ | 1
SiminstanceName[2]= VAR VAR9 Ref | TLOC T 7 il
SimlnstanceName[3]= VAR18 C_bias=100 TL41 L78 (e}
SiminstanceName[4]= L1=120/(tan((pi/2)*(f1/£2))*2*pi*f1*1*E+9) Z=120 Ohm L=L1nH  C194
SimInstanceName[5]= E=90 S C=C_bias pF
SimlnstanceName[6]= @__' | 1 l F=2.44 GHz L1 i
Start=0 I | | .l\l 1
Stop=16 TermG TLIN diode v
Step= DC Block 1) 145 X43
P TermG1 DG Blockd
Num=1 — 7=49 Ohm
Z=50 Ohm E=90
F=2.44 GHz
(a)
m11 10 mi12 m19 mi15 m20
fre%{=1.83OGHz req=1.880GHz freq=1.930GHz fre%{=2.390(3Hz freq=2.440GHz freq=2.490GHz
PSR_LBJ0, :]=0.00 B PSR_LBJ0, :]=0.000 | [PSR_LBJ0, :]=0.000 | PSR _LBJ0, :]=0.000 |PSR_LBJ[0, :]=0.000
PSR_LB[1, PSR_LB[1, 1 PSR_LB[1, PSR_LB[1,
PSR_LB[2, PSR_LB[2, 2 PSR_LB[2, PSR_LB[2,
PSR_LB[3, PSR_LB[3, 3 PSR_LB[3, PSR_LB[3,
PSR_LB[4, PSR_LB[4, 4 PSR_LB[4, PSR_LB[4,
PSR_LBI[5, PSR_LBI[5, 5 PSR_LBI[5, PSR_LBI[5,
PSR_LBIS, PSR_LBI6, 6 PSR_LBI[S, PSR_LBI[S,
PSR_LB[7, PSR_LB[7, 7 PSR_LB[7, PSR_LB[7,
PSR_LB[8, PSR_LBI[8, 8 PSR_LBI[8, PSR_LBI[8,
PSR_LBI[9, PSR_LB[9, 820 9 PSR_LBI9, PSR_LBI9,
PSR_LB[10 PSR_LB[10 ! 10 PSR_LB[10 PSR_LB[10
PSR_LB[11 PSR_LB[11 98 B[11 PSR_LB[11, PSR_LB[11
PSR_LB[12 PSR_LB[12 ; “LB[12 PSR_LB[12 PSR_LB[12
PSR_LB[13 PSR_LB[13 281 PSR_LB[13 PSR_LB[13, PSR_LB[13
PSR_LB[14. ]=113.103PSR_LB| PSR_LB[14, -]=93.208 PSR_LB[14 PSR_LB[14, PSR_LB[14
PSR_LB[15, ]=113.960PSR_LB| PSR_LB[15, ]=94.024 PSR_LB[15 PSR_LB[15, PSR_LB[15
PSR_LB[16, :]=114.717PSR_LB| PSR_LB[16, :]=94.746 PSR_LBY[16, :: PSR_LB16, PSR_LB[16. :]=2.905
m11 mi2 m19 mi5 m20
B !

freq, GHz
PD_LB_L=(114.717-94.746)/2=9.987

m:’SRfLB=unwrap(phase(S(1,1)))[::,::]-unwrap(phase(S(1,1)))[0,::]

freq, GHz
PD_LB_H=(2.905-0.000)/2=1.4525

(b)
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N
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N
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N
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o
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R e e N s St v -y o
]
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sy
N

freq=2.

OONOAPWN—=O6)

PRI
e e e e e e e e e e e e e e
e Y

EEENEINEY=)

Hz

AAAAAAAAAAAAAAAAAQ =
Y N N N N N

dB(S(1,1)

LN B B e s B W s
3 184 185 186 187 1.88 183 1.80 191

freq, GHz

e

mi7

3
@

dB(S(1,1)

(c)
F ADS Al &g o] A:
HEAL =2 B4

iy wm i T T
233 240 241 242 243 244 245 246 247 248 249

freq, GHz

Fig 4.3. Low-band operation ADS simulation: (a) circuit diagram, (b)

phase characteristic, (¢) return loss characteristic.
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3228004 AFA A% Lol M4 Y 2EBE 19 449 2ol F
A Fahgold ey YRS, @F FurdA v 542 e o
Y 45904 e sk Lol w AAE ASHA d%e A9t By
£AE SRS W wTh 810 W 4 Wa W9 54S wolAw A
A slme] e £del FFL T WAl Rale] wal &4 Hr) 1541
dBSl 54L& mol o] £42 Zoly] Asl Wy 2A4E AgHaAr

A Ee oA FAsts WA Rake] stebrlg AN Ane #
4200 RGO, 17 468 A stebiE 2, Z, 6, 0,0 @S

o] &3k WAl R3} 3] &9} o]AbA <l ADS Al Ed ol Aot}

m39

freq=1.880GHz

S(13,13)=1.000/ -180.000
Vdc=16.000

impedance = 5.900E-9 - j7.225E-15

m38

freq=2.440GHz

S(13, 13) 1 000/79 962
Vdc=16

|mpedance 7.407E-9 + j59.628

freq (1.000GHz to 3.000GHz)
a9 44, =& Y FFA A4 A ~EHB Aujs AE,

Fig 4.4. Smith chart of A/4 open stub at high-band operation.
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m22 m21 m23 m25 m24 m26
freq=1.830GHz freq=1.880GHz freq=1.930Gl freq=2.390GHz freq=2.440GHz freq=2.490GHz
PSR_HBI0, .000 ||PSR_HBI0, ::]=0.000 _HB[0, ::]=0.000 PSR_HBI0, ::]=0.000 PSR_HBI0, ::]=0.0 [0, .000
PSR_HBJ[1, PSR_HBJ[1 .000 |PSR_HBI[1, PSR_HBJ[1 76.751 PSR_HBJ[1, PSR_HBI[1,
PSR_HB[2, PSR_HB[2, PSR_HB[2, PSR_HB[2, 129.961 ||IPSR_HB[2, 2,:
PSR_HBI[3, PSR_HB[3, PSR_HBI[3, PSR_HB[3, 157.281 |IPSR_HB[3, 3, .
PSR_HB[4, PSR_HB[4, PSR_HB[4, PSR_HB[4, 172.268 ||PSR_HB[4, 4, .
PSR_HBI[5, PSR_HB[5, PSR_HBI[5, PSR_HBI[5, 181.442 |IPSR_HBI[5, 5, A
PSR_HBI[6, PSR_HBI[6. PSR_HBI[6, PSR_HBI[6. 187.563 ||PSR_HBI[6, 6, .
PSR_HBJ[7, PSR_HB[7, PSR_HBJ[7, PSR_HB[7, PSR_HBJ[7, 7, .
PSR_HBI[8, PSR_HB[8, PSR_HBI[8, PSR_HB[8, PSR_HBI[8, 8, .
PSR_HBI[9, PSR_HBI[9, PSR_HBI[9, PSR_HBI[9, PSR_HBI[9, 9, K
PSR_HBJ[10. PSR_HBJ[1 PSR_HBJ[10. 696| |PSR_HBJ[1 PSR_HBJ[10. _HB[10. .
PSR_HB[11 PSR_HB] PSR_HB[11 713| |PSR_HB[11, PSR_HB[11 PSR_HB[11 .
PSR_HB[12, PSR_HB] PSR_HB[12, 728| |PSR_HB[12, PSR_HB[12, PSR_HB[12, X
PSR_HBJ[13, PSR_HB] PSR_HBJ[13, 740| |PSR_HBJ[13, PSR_HBJ[13, PSR_HBJ[13, .
PSR_HB[14, PSR_HB] PSR_HB[14. 751| |PSR_HB[14, PSR_HB[14, PSR_HB[14, .
PSR_HBJ[15, PSR_HB] PSR_HBJ[15. 761| |PSR_HBJ[15, K PSR_HBJ[15. PSR_HBJ[15. .
PSR_HBI[16, :: PSR_HB] PSR_HBI[16, ::]=2.769| |PSR_HBI[16, ::]=206.296||PSR_HB[16, : PSR_HB[16, ::]=198.063|
m22 m21 m25 m'24 m26
#08 #5220
5]
o 6— o
I\ I\
Jis Jis
0 0
[ o e
60— -1 —
20
— T —— T T
239 240 241 242 243 244 245 246 247 248 249
freq, GHz freq, GHz
PD_HB_L=(2.769-0.000)/2=1.3845 PD_HB_H=(206.296-198.063)/2=4.1165
MPsR_HB=unwrap(phase(S(2,2)))[:::Funwrap(phase(S(2,2))[0,:]
m28 m27 m29 m31 m32
freq=1.830Gl freq=1.880GH. freq=1.930GH freq 2.440GHz freq=2.490GH.
dB(S(2,2))[0, :: dB(S(2,2))[0, :]=-0.000 | |dB(S(2,2))[0, :]=-0.068 | |dB(Si (2,2))[0, 7 dB(S(2,2))[0, :]=-1.331
dB(S(2,2))[1, dB(S(2,2))[1, dB(S(2,2))[1, i dB (2,2))[1, dB(S(2,2))[1,
dB(S(2,2))[2, dB(S(2,2))[2, dB(S(2,2))[2, dB (2,2))[2, dB(S(2,2))[2,
dB(S(2,2))[3, dB(S(2,2))[3, dB(S(2,2))[3, dB (2,2))[3, dB(S(2,2))[3,
dB(S(2,2))[4, dB(S(2,2))[4, dB(S(2,2))[4, dB (2,2))[4, dB(S(2,2))[4,
dB(S(2,2))[5, dB(S(2,2))[5, dB(S(2,2))[5, dB (2,2))5, dB(S(2,2))[5,
dB(S(2,2))[6, dB(S(2,2))[6, dB(S(2,2))[6, dB 2,2))[6, dB(S(2,2))[6,
dB(S(2,2))[7, dB(S(2,2))[7, dB(S(2,2))[7, dB 2,2)[7, dB(S(2,2))[7,
dB(S(2,2))[8, dB(S(2,2))[8, dB(S(2,2))[8, dB (2,2))[8, dB(S(2,2))[8,
dB(S(2,2))[9, dB(S(2,2))[9, dB(S(2,2))[9, dB (2,2))[9, dB(S(2,2))[9,
dB(S(2,2))[10, dB(S(2,2))[10 dB(S(2,2))[10 dB (2,2))[10 dB(S(2,2))[10
dB(S(2,2))[11, dB(S(2,2))[11 dB(S(2,2))[11 dB (2,2))[11 dB(S(2,2))[11
dB(S(2,2))[12, dB(S(2,2))[12 dB(S(2,2))[12 dB (2,2))[12 dB(S(2,2))[12
dB(S(2,2))[13, dB(S(2,2))[13 dB(S(2,2))[13 dB (2,2))[13 dB(S(2,2))[13
dB(S(2,2))[14, dB(S(2,2))[14 dB(S(2,2 dB 2,2))[14 dB(S(2,2))[14
dB(S(2,2))[15, dB(S(2,2))[15 dB(S(2,2 dB 2,2)[15. dB(S(2,2))[15
dB(S(2,2))[16, :: dB(S(2,2))[16, :: dB(S(2,2))| dB (2,2))[16 dB(S(2,2))[16, ::
m27 m30 m32
s —]
a3
o o]
@ [
g o g o
4 4
5 L I I B T LA L B R L B B 5 LI L T LI I I B
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Fig 4.5. High-band operation ADS simulation without compensation

element: (a) phase characteristic, (b) return loss characteristic.
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Table 4.2. Results of parameter calculation of reflection load in

high-band operation.
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Fig 4.6. High-band operation ADS simulation: (a) circuit diagram, (b)

phase characteristic, (¢) return loss characteristic.
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Table 4.3. Physical dimensions and component values of proposed

phase shifter

Wgo [mm] | Ly, [mm] | Wy [mm] | Lgs [mm] Lc [nH]
2.4 224 0.5 23 35
Wi, [mm] | Lz, [mm] | Wi [mm] | Lzs [mml] Cc [pF]
2.4 29 0.5 30 0.92
L. [nH] C. [pF]
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Fig 4.8. Photograph of fabricated phase shifter.
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Fig 4.9. Simulation and measurement result a

phase characteristic, (b) insertion loss characteristic, (c) return loss

characteristic.
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Table 4.4. Simulation and measurement results at low-band operation.

Sim. Mea.
Max. PSR [°] 105.203 114.194
@/ Max. in-band PD [°] + 1.8495 + 8.2615
IL [dB] < 1.096 < 1.867
RL [dB] > 22.887 > 19.674
Max. PSR [°] 0.179 0.225
@ fi Max. in-band PD [°] + 1.0495 + 0.936
IL [dB] < 1.062 < 1.897
RL [dB] > 27.253 > 16.684
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Fig 4.10. Simulation and measurement result at high—-band operation:
(a) phase characteristic, (b) insertion loss characteristic, (c) return loss
characteristic.
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Table 4.5. Simulation and measurement results at high-band operation.

Sim. Mea.
Max. PSR [°] 0.008 0.360
@/ Max. in-band PD [°] + 1.099 + 1.035
IL [dB] < 1.96 < 1.867
RL [dB] > 22.854 > 22.550
Max. PSR [°] 121.336 114.097
@ fu Max. in-band PD [°] + 7.809 + 6.076
IL [dB] < 1.062 <1983
RL [dB] > 16.689 > 16.833
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Fig 4.11. Simulation and measurement result at both—-band operation:
(a) phase characteristic, (b) insertion loss characteristic, (c) return loss
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Table 4.6. Simulation and measurement results at both—-band operation.

Sim. Mea.

Max. PSR [°] 105.203 114.134

@/ Max. in-band PD [°] + 1.86 + 843
IL [dB] < 1.096 < 1.867

RL [dB] > 22.887 > 19.695

Max. PSR [°] 121.414 114.017

@ fi Max. in-band PD [°] + 7.89 + 5.409
IL [dB] < 1.062 < 1.897

RL [dB] > 16.273 > 16.833
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Table 5.1. Performance of the proposed design against state—or art

alternatives.
rof freq. BW PSR PD IL RL Dual-
"~ | [GHz] | [MHz] | [°] [°] [dB] [dB] | Band
[9] 2 200 407 - < 46 > 14 X
2 200 201 - < 0.63 > 22 X
[10] 2 200 385 - <156 | > 134 X
[11] 10 1000 190 + 10 < 23 > 10 X
[12] 1.5 1000 350 £ 100 < 58 > 14 X
[13] 2.5 500 1469 | £+ 579 | <128 | > 1576 X
3.5 20 360 + 3 < 37 > 10
[14] 5.8 20 360 £3 < 45 > 10 ©
[15] 59 200 106 + 7 < 28 > 10 0
16 400 105 t 2 < 35 > 10
This 1.88 100 | 114.134 | + 843 | < 1.867 | > 19.674
work | 2.44 100 | 114.017 | £ 6.076 | < 1.983 | > 16.684 ©
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Appendix : MATLAB code

- Low—band operation

Input value

fL f H BW NP
1.88E+9 2.44E+9 100E+6 201
Z_Ho Z_Hs

20:1:70 100:1:120

PSR_ref L PD_ref L. PD_ref H mag_ref
100 10 10 -1
Main code

[

A =

o,b_0)1;
disp (A)

B =

o,b_0)1;
disp (B)

disp (C)

disp ('highband

disp('Impedance of TL
C = [Z2 Ho opt(a o,b 0),Z Hs opt(a o,b 0)];

%% display value
[PSR IB L opt,PSR LB H opt,PD LB L opt,PD LB H opt,mag LB L
opt,mag LB H opt,Z Ho opt,Z Hs optl=opt LB(Z0,%Z Ho,Z Hs,fH
,fL,BW,PD ref L,PD ref H,mag ref); B B B
a=1l:length(Z Ho);
b=1:length (Z Hs);

PD LB L=max (PD LB L opt(a,b
[a o,b 0]=find(PD LB L opt (
Z Ho(a o0); Z Hs(b_o);

disp ('lowband PSR PD

PSR PD

) o [
a,b

P lall’);

==PD LB L);

stub')

[PSR LB L opt(a o,b 0),PD LB L opt(a o,b 0),mag LB L opt(a_

[PSR LB H opt(a o,b 0),PD LB H opt(a o,b 0),mag LB H opt(a_
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Function code

function

[PSR_ LB L opt,PSR LB H opt,PD LB L opt,PD LB H opt,mag IB L
opt, mag IB H opt 7 Ho _opt,Z Hs opt] =opt 1B (20, % _Ho,Z Hs, fH
,fL,BW,PD _ref L,PD ref H,mag ref)

[Z Ho m,Z Hs m] ndgrld(Z Ho, Z Hs);

PSR LB L= zeros(length(Z Ho), length(Z Hs));
PSR LB H=zeros (length(Z Ho),length(Z Hs));
PD LB L=zeros (length(Z Ho), length(Z_ﬁs)),
PD LB H=zeros (length (Z Ho), length(z Hs));
mag LB L=zeros (length(Z Ho),length(Z Hs));
mag LB H= zeros(length(Z_Ho),length(Z:Hs))
PSR LB L opt=zeros (length(Zz Ho),length (Z_
PSR LB H _opt=zeros (length(Z Ho),length (Z
PD 1B L opt zeros (length (72 Ho), length(Z_Hs
PD LB H _opt=zeros (length (2 " Ho), length (Z2 Hs
mag LB L _opt= zeros (length (Z Ho),length(Z H
mag_ 1B H _opt=zeros (length (2 Ho),length(Z:H
for a=1:length(Z Ho)

for b=1: length(Z_Hs)

H
H

s))
s))
));
));
s))
s))

[PSR IB L(a,b),PSR LB H(a,b),PD LB L(a,b),PD LB H(a,b),mag_

LB L(a,b), mag LB H(a b) 1=DBPS LB(ZO Z Ho m(a, ,b),Z Hs m(a,b)

, fH, fL, BW) o

if PD LB L(a,b)<=PD ref L
if PD LB H(a,b)<=PD ref H
if mag LB L(a, b)>mag ref
if mag LB H(a, b)>mag ref

PSR LB H opt(a b) =PSR LB H(a b);
PSR LB L opt(a b)=PSR LB L(a b);
PD LB L opt(a,b)=PD LB L(a,b);
PD LB H opt(a b)=PD LB H(a,b);
mag LB L opt(a,b)=mag LB L(a,Db);
mag LB H _opt(a,b)=mag LB H(a,b);
Z Ho_opt(a,b)=Z Ho(a);

Z Hs opt(a,b)=Z Hs(b);

end
end
end
end
end
end
end
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Function code

function

[PSR LB L,PSR IB H,PD LB L,PD LB H,mag LB L,mag LB H]=DBPS
B(Z0, 2 Ho 7 Hs, fH, fL,BW) ;

V 17; C p=0.12E-12; L p=0.7689E-9; R p=3;

C j=linspace(2.435E-12,0.18E-12,V);

f=linspace (1E9, 3EQ, NP), w=2*pi. *f NP=201;

F L L= (find(abs(f*le—9—(fL—BW/2)*1e—9 <=le-10));

)
F L;(find(abs(f*le—9—fL*1e—9)<=1e—10)),
F L H=(find (abs (f*le-9- (fL+BW/2) *1le-9)<=1e-10));
F H L=(find(abs (f*1le-9- (fH-BW/2) *1le-9)<=1e-10));
F H;(flnd(abs(f*le—9—fH*1e—9)<=1e—10))
F H H=(f1nd(abs(f*le—9—(fH+BW/2)*1e—9) =1le-10));
Y0=1./70; Y Ho=1./% Ho; Y Hs=1./%7 Hs;
L com=1. /(2 *pi.*fL.*Y Hs *tan (pi/2.*fL./fH));
theta Ho (pi/2.*f./fH); theta Hs= (p1/2 *f./fH);
X5=(1l-w."2. *L p.*C p-w."2.*L E *C J"' .2.*L com.*C p-w. 2.
*T, com. *C j').*cot (theta Hs)-(l-w."2. *L  p.*C p-w.”2.*L p.*C
3T X (w. XL com). (Y Hs+Y _Ho);
§6=(w.*R p.*C j'-w.”"3*R p.*L p.*C_p.*C_J'-w.”3*R p.*L com.*
C_p.*C j') .*cot (theta Hs)-(w.*L _com) .* (Y Hs+Y _Ho) .*(w.*R _p.
*C j'-w.”3*R p.*L p. *C p. *C j ")
X7=(w.”2.*R p.*L com. *C ') LR (Y Ho.*cot (theta Hs)-Y Hs.*tan
(theta Ho)) . * (-1+w."2.*L p.*C_p)-(w.*R p.*C_J").*(1-w."2.*L

p.*C p-w."2.*L com.*C p)

X8=(1-w."2. *L P. L *C p-w."2.*L p.*C j'-w."2.*L com.*C p-w."2.
*L com.*C j')+ (Y Ho. *cot(theta Hs)-Y Hs.*tan (theta Ho)) .*(w
.*L_com) .* (1-w.”2.*L p.*C_j'-w."2.*L p.*C _p); B

Yin LB=Y Ho* (X5+3*X6) ./ (X7+j*X8);

S11Y LB=(YO-Yin IB)./(Y0+Yin LB);

mag LB c=20*1ogl0 (abs (S11Y LB));

phase LB= rad2deg(unwrap(angle(SllY LB)));

if phase ILB(1,NP) > phase LB (V,NP)

PSR_EB_c=phase_LB(:,:T;(ones(V,l)*phase_LB(V,:));
else

PSR LB c=phase LB(:,:)-(ones(V,1)*phase LB(1l,:));
end

PSR LB=PSR LB c;
PSR LB L=max (abs (PSR LB c(:,F L)));

PSR LB H=max (abs (PSR LB c(:,F H)));

for i=1:V
mag LB L c(i)=min(mag LB c(i,F L L:F L H));
mag LB H c( )=min(mag LB c(i,F H L:F H H));
end

mag LB L=min(mag LB L c(1l:V));

mag LB H=min (mag LB H c(1:V));

for i=1:V -

x(PSR LB c(i,F L L:F L H))-min(PSR LB c(i,F

x(PSR LB c(i,F H L:F H H))-min(PSR LB c(i,F

end
PD LB L=max(PD LB L c(1:V));
PD LB H=max (PD LB H c(1:V));
end
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- High-band operation

Input value

f L f H BW NP
1.88E+9 2.44E+9 100E+6 201

Z 1o Z_Ls

20:1:20 20:1:200

PSR_ref PD_ref L PD_ref H mag_ref
100 10 10 -1
Main code

[

%% display value

[PSR HB L opt,PSR HB H opt,PD HB L opt,PD HB H opt,mag HB L
opt,mag HB H opt,Z Lo opt,Z Ls optl=opt HB(Z0,%Z Lo,Z Ls,fH

,fL,BW,PD _ref L,PD ref H,mag ref); B B B

a=l:length(Z Lo);

b=1:length(Z Ls);

PD HB H=max (PD HB H opt(a,b),[],'all");

[a 0,b o]=find(PD HB H opt(a,b)==PD HB H);

Z Lo(a o); 2z Ls(b _o);

disp ('lowband PSR PD mag')

A =

[PSR HB L opt(a o,b 0),PD HB L opt(a o,b 0),mag HB L opt(a_
o,b_0)1;

disp (A)

disp('highband PSR PD mag')

B =

[PSR HB H opt(a o,b o),PD HB H opt(a o,b 0),mag HB H opt(a_
o,b_0)1;

disp (B)

disp('Impedance of TL stub'")

C = [2 Lo opt(a_o,b 0),Z Ls opt(a o,b 0)];
disp (C)

_49_



Function code

%% high-band PSR

function

[PSR_ HB L opt,PSR HB H opt,PD HB L opt,PD HB H opt,mag HB L
_opt, mag HB H opt Z Lo _opt,Z Ls opt] =opt HB (20, Z Lo, Z Ls, fH
,fL,BW,PD ref L,PD ref H, mag_ “ref)

[Z Lo m,Z Ls m] ndgrld(Z Lo,Z Ls);

PSR HB L= zeros(length(Z Lo), length(Z Ls
PSR HB H=zeros (length(Z Lo),length(Z Ls

PD HB L=zeros (length(Z Lo),
PD HB H=zeros(length(Z Lo),

mag HB L=zeros (length(Z Lo),

mag_ HB H=zeros (length(Z_Lo)

length(Z_fs)
length (Z Ls)

,length(Z Ls

)

)

);

_ );
length (Z Ls)
)

Z

Z

L
L

PSR _HB L opt=zeros (length (Z Lo), length ( s))
PSR HB H _opt=zeros (length (2 Lo),length( s))
PD HB L opt zeros (length (72 Lo), length(Z_Ls));
PD HB H _opt=zeros (length (2 "Lo),length(Z Ls));
mag HB L _opt= zeros(length(Z Lo),length(Z_Ls))
mag_ HB H _opt=zeros (length(Zz Lo),length(Z Ls))

for a=1:length(Z Lo)
for b=1: length(Z_Ls)

PD HB H(a,b),mag

[PSR HB L(a,b),PSR HB H(a,b),PD HB L(a,b), .
Z Ls m(a,b)

HB L(a,b), mag_ HB H(a b) 1=DBPS HB(ZO Z_ Lo m(a ,b),
, fH, fL, BW) ;
if PD HB L(a,b)<=PD ref L
if PD HB H(a,b)<=PD ref H
if mag HB L(a, b)>mag ref
if mag HB H(a, b)>mag ref

PSR HB H _opt(a, b)=PSR HB H(a,Db):;
PSR_HB L opt(a,b)=PSR _HB L(a,b);
PD HB L opt(a b)=PD HB L(a,b);
PD HB H opt(a,b)=PD HB H(a,b);
mag HB L _opt(a,b)=mag HB L(a,b);
mag HB H opt(a,b) =mag HB H(a,b);

Z_Lo_opt(a b)=Z Lo(a);

Z Ls opt(a,b)=Z Ls(b);

- " end

end
end
end
end
end
end
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Function code

function

[PSR HB L,PSR HB H,PD HB L,PD HB H,mag HB L,mag HB H]=DBPS
B(Z0, 2 Lo 7 Ls, fH, fL,BW) ;

V 17; C p=0.12E-12; L p=0.7689E-9; R p=3;

C j=linspace(2.435E-12,0.18E-12,V);

f=linspace (1E9, 3EQ, NP), w=2*pi. *f NP=201;

F L L= (find(abs(f*le—9—(fL—BW/2)*1e—9 <=le-10));

)
F L;(flnd(abs(f*le—9—fL*1e—9)<=1e—10)),
F L H=(find (abs (f*1le-9- (fL+BW/2) *1e-9)<=1e-10)) ;
F H L=(find(abs (f*le-9- (fH-BW/2) *le-9)<=1le-10)) ;
F H=(find(abs (f*le-9-fH*1le-9)<=1le-10));
F H H=(find (abs (f*1le-9- (fH+BW/2) *1le-9)<=1e-10)) ;

Y0=1./70; Y Lo=1./%2 Lo; Y Ls=1./Z Ls;

theta Lo=(pi/2.*f./fL); theta Ls=(pi/2.*f./fL);

C com=-Y Ls. *tan(p1/2 *fH./fL) / (2*pi*fH) ;

X13 =w.*R _p.*C_J'.*((Y _Ls+Y Lo).*(-1+w.”2*L p.*C p)-w.*(C p-
.M2*L p.*C p. *C com+C com) . *cot (theta Ls)); B N

X14 (W.*C 3 "+w.*C _p). *cot(theta Ls)+ (Y Ls+Y Lo+w *C_com.*co

t(theta Ls)) .*(1-w."2.*L p.*C p-w."2. *T, P. *C - 3')
X15 (Y Lo.*cot (theta Ls)-Y Ls. *tan(theta Lo)-w.*C com) .* (1-

LN2.0%L  p.*C p-w."2. *L P. *C ') (w.*C_J "+w. *C P
X16——(Y Lo.*(cot (theta Ls))-Y Ls. *tan(theta Lo)) .*w.*R p.*C
' *(-1+w. " 2*L _p.*C p) (w.”2*R _p.*C_J"). (C_p w.AZ*L_ﬁ.*C_

P- *C_com+C_com)

Yin HB=Y Lo.* (X13+3j*X14) ./ (X15+3*X16);
S11Y HB=(Y0-Yin HB)./(Y0+Yin HB);

mag HB c¢c=20*1ogl0(abs(S11Y HB));

phase HB=rad2deg (unwrap (angle (S11Y HB)));
if phase HB(1,NP) > phase HB(V,NP)

PSR _HB c=phase HB(:,:)-(ones(V,1)*phase HB(V,:));
else

PSR HB c=phase HB(:,:)-(ones(V,1)*phase HB(1l,:));
end

PSR HB=PSR HB c;
PSR HB L=max (abs (PSR HB c(:,F L)));
PSR HB H=max (abs (PSR HB c(:,F H)));
for i=1:V - o
mag HB L c(i)=min(mag HB c(i,F
mag HB H c(i)=min(mag HB c(i,F
end
mag HB L= mln(mag HB L c(1:V));
mag_ HB H= mln(mag HB H c(l V));
for i=1:V
x(PSR HB c(i,F L L:F L H))-min(PSR HB c(i,F

x(PSR HB c(i,F H L:F H H))-min(PSR HB c(i,F

end
PD HB L=max (PD HB L c(1:V));
PD HB H=max (PD HB H c(1:V));
end
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