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Student: Chien-Wen Ting Advisor : Jan-Dong Tseng, Ph. D.

Abstract

In this thesis, a novel phase shifter design based on conventional
rat-race coupler is presented. The device is applicable to an UHF radio
frequency identification (RFID) reader antenna arrays. By combining two
varactors to ports 1 and 4 of the rat-race coupler forms a two-port
network. The varacors are SMV1234 manufactured by Skyworks
Solutions Incorporation. When the voltage applied on the varactors
changes, the effective capacitance changes as well and thus results in
phase-shifting. In order to exactly knowing the characteristics of the
phase shifter we use the commercial electromagnetic software Microwave
Office and IE3D for the circuit simulation. Two phase shifters are
designed at 0.925GHz and 2.45 GHz respectively, the experimental
results show that the corresponding maximum phase shifts are 80 degree
and 53 degree at the circuits are implemented on glass epoxy FR4
substrate with thickness of 1.6 mm. Very good agreement is obtained

between simulation and measurement data.
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0 Zy(Z, + jZy, tand,) G)

cosO,(Z, +

_ Jjcosf,sing, -+ cosd jsing,
- 1

C
: Z Z

0

tan 0,

D, =cos’* 0, + jZ, sin 6 Jsin oC 3.10
’ % |z, Zy (2, + jZy, tan6,) ( )

0 cosO,(Z; +

Bos o #Ap A L T LT 5N (3.2)-(3.5)8 N (3.7)-(3.10) 5 & ¥ ¥

AN &4 ABCD 4 7 408 (3.11)-(3.14) -

B B
A:A;:QI (3.11)
1 2
_ BBI+BI23 (3.12)
1 2
C:(Az_Ai)(Dl_D2)+(B1+Bz)(C1+C2) (313)
B, +B,
D:% (3.14)
1+ 2

TR T A 2.1 ¢ &SP o o 50 (311) - (3.14) o
f Ji& = $7 5 7% Bc(scattering parameter) o H ¢* 3% (3.15) 5 F & 1% #ic
(reflection coefficient) » 3% (3.16) % % i% % #Hc(transmission coefficient) °

FEINE VRS R R

-18 -



A+E—C><ZO—D

ZO

Sy = B
A+Z—+C><ZO+ D

0

(3.15)

2
Szl =

5 (3.16)
A+Z—+CxZO+D

0

/S, = tan” JT:’ (3.17)

-~

HiE b E2 N F > Al MATLAB se#ie (7 2 N2 s £ fie

& 7 B AR 308 Microwave Office & (7 Hkg vt 18 3.2 2 MATLAB

ERABLPTRZpE P I F L EL 0925GHz H ¥ 4

7

21
",'

M

7,=7,=75=70.7Q > 0,;=90° ~ 0,=270° ~ 6;=90° > & % & 5 10pF pF > #7

P E @A s 151170

k..'.: MATLAE 7.3.0 (R2006b)

File Edit Debug Deskiop Window Help

O | {BBo B B8 ?
Shartcuts [#] How to Add [#] What's New
Coyumand History A X

Current Directory: \ CAProgram FilesbA TLABRI006bwork | 3]

o ~
~-311m)=abs (331 1{nu)); B )
331t )=abs{ 882l (nu ) ) ; B
BRI )= 10%1og{ 811 {m));

4882 1(nu)=10%1og §21(mu)); please enter the TL characteristic impedance (Zt1):70.7
~-phasef{nu)=atan( ( imag{ 2321 () )3/ {1
end Ztl =
e ..
ShiftPhase=phase; 70.7000
~figure;
-plot(f,dB311, b'); please enter the ¢ (pF):10
hald on;

~plot(f,dB821, '1'); Cap = '15117190

phasef fa/10%6+1)-180 REETEE
(1,825 10
ao
270 Warning: Divide by zero,
.30
70,7 ans =
10

4\ Stort

B 3.2 MATLAB: ERAMEH TR 2 40 2

¢ HE % 0.925GHzZ
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B B R IR Microwave Office & 7 4% @] IN ﬁ*] - EaE-Frail

Fn 50Q 0 ¢ R F 0.925GHZz 2. A48 L BB TR - B 33 3

A»

MWO ## %A MEpH T BB P HEF 5 0925GHz > #
7,=7,=75=70.7Q > 6;=90° ~ 6,=270° ~ 6;=90° > ¥ % & 5 10pF pF o i
* MWO H5 2 ¥ < 5 0.925GHz  4F & B LB % 4o 3.4 #771 o
/Sy ARt ho 8] 3.5 0 Syt ® wwHE S 0.925GHz 5 -15.89dB 5 [Syy|
SHE S 0.925GHz 5 -0.11dB > pt prAp i 5 -151.24° £ d £ 3.1 #771 »
FOUEERT B (1-10pF) % it g 2 B ehd § o ¥ rd MATLAB $i#
PrE iy MWO stz B % 5 di4p = 0.925GHz 7 5 2 4F ih- 3

Moo WHEARBASFTELTRE S TS E K 104°

B 3.3 MWO ##% 748 & N4 7 BB

¢ HE % 0.925GHzZ
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Rat Race Operated at 925MHz S Parameter

0
0.52503 GHz
-0.15872 dB |
-10
0.52504 GHz
20 14,451 4B
~-DB{I5(1,1))
0 Untitled 1
-8 DB(|S(2,1)])
Untitled 1
-40
0 05 1 5 2
Frequency (GHz)
B 3.4 MWO ## 2 47 5 L B
¢SRS 5 0.925GHz
Rat Race Operated at 925MHz Phase
200
100
]
-100
— Ang(S(2,1)) (Deg)
0.925 GHz Untitled 1
-200 -151.24 Deg
0 0.5 1 15

Frequency (GHz)

B 3.5 MWO #4£2 48 B

¢ HE % 0.925GHzZ

-21 -




% 3.1 MATLAB #8835 22 MWO Hc#t 7 B2 4p 2 4 v d)

¢ % 0.925GHz

0.925GHz MATLAB MWO
Capacitor (pF) Phase |Difference] Phase |Difference
1 -46.24° 0 -46.35° 0

1.8 -73.79° | 27.55° | -73.882° | 27.532°
2.7 -95.51° | 49.27° | -95.58° | 49.23°
3.9 -114.68°| 68.44° | -114.75°| 68.4°

4.7 -123.59°| 77.35° |-123.66° | 77.31°
5.6 -131.26°| 85.02° | -131.33°| 84.98°
6.8 -138.87°| 92.63° | -138.94° | 92.59°
8.2 -145.3° | 99.06° | -145.37°| 99.02°
10 -151.17°] 104.93° | -151.24° | 104.89°

i g2 5 > 741 MATLAB #i#fie 7 258 2 %3 £ e
& TR HHE I Microwave Office &7 st $F o P W7 % 5
245GHz 8.2 5% - B 3.6 5 MATLAB 5 %448 & 404 T B2
fpi o ¢ sHEF 1 i L 245GHz o 2 ¢ £ Z,=7,=75=70.7Q > 6,=90° -

0,=270° ~ 0;=90° > T % & 5 10pF p¥ » #73+ 5 7 )L prgp = 5 -168.85° o

-22 -



k..'.: MATLAE 7.3.0 (R2006b)

File Edit Debug Deskiop Window Help
O & BB o | W f Bl | 2| ComentDiretory:| CAPmgtom FlssbATLARR200Gbwerk v | [
Shartcuts [#] How to Add [#] What's New

Commond listory » x

g v -~

~311m)=abs (331 1{nu)); 1 ]
82 1¢mm)=abs( 8821 (nu)); please enter the TL characteristic impedance (Zt1):70.7

- dBE1 1 {mm)=10*log(811(nu)};

ABE2 1 (o )=10%Lagf 821(m) ); Ztl =

~~phasef{nu)=atan( ( imag{ 2321 () )3/ {1
and 70.7000

ShiftPhase=phase; please enter the ¢ (pF):10

- figure; o
~plot(f,dBEL1, 'b'); Cap = '1688524
hald on;
plot(f,dBS21, 'c'); 10
phasef fa/10%6+1)-180 REETEE
945 Warning: Divide by zero.
L]
270 an§ =
1)
70,7

< |

4\ Stort CHem H 2

B 3.6 MATLAB: B %kAl48 & 404 T2 40 1=
P HE S L 2.45GHz
B 17 R BE 388 Microwave Office iE {7 B4t ﬁa?] » ﬁ%] A2 g e
h 50Q 0 ¢ wdp S 245GHz 22 %R A48 E B A TR - B 3.7 ;
MWO ## %A BEH TEBE ¢ SHEF L 245GHz H ¢ £
2,=2,=75=70.7Q » 6;=90° ~ 8,=270° ~ 6;,=90° > & % & % 10pF ¥ o i¢
* MWO fiHt® ¢ o 5 2, 450z 0 48 F BB Bl % 5 4B 3.8 17 o
/Sy 40 e ] 3.9 ¢ [Syy| ¥ o #E & 2.45GHz 5 -23.83dB 7 [Sy| ¥
#F % 2.45GHz % -0.017dB » s prAp iz 5 -168.93° £ d % 3.2 #757% >

LR E T F (1-10pF) % i 24 =2 @ chL B 3 fEd MATLAB $cid

>
)
—\

PFEER T MWO 2 %% g I 4p i & 2.45GHz P § 4 - R

Moo PHEORPIREET EL T RE&ES TPHE N 740



B 3.7 MWO #5748 & 5\ Ap 4 T B B

¢ L HE & % 2.45GHzZ

Rat Race Operated at 2450MHz S Parameter

[ \\\g___g
2 4506 GHz
-0.025521 8 |
-10
-20
24504 GHz
22155 dB i
S -~ DB(IS(1,7)])
) Untitled 1
& DB(|5(2,1)))
Untitled 1
-40
0 1 2 3
Frequency (GHz)

Bl 3.8 MWO Hoft 2 4F & S )

¢ G HE % L 2.45GHzZ
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Rat Race Operated at 2450MHz Phase

200
100
0

2.4503 GHz

-168.92 Deg
-100

— Ang(S(2.1)) (Deg)
Untitled 1
-200
0 1 2 3 4
Frequency (GHz)

B 3.9 MWO #-4£2 48 Bl

¢ CHE K % 2.45GHzZ

# 3.2 MATLAB #ix %8 5 &2 MWO 8 7 B2 4p (= £ -

¢G4k % 2.45GHzZ

2.45GHz MATLAB MWO
Capacitor (pF) Phase Difference Phase Difference

1 -94.53° 0 -94.62 0

1.8 -124.29° 29.76° -124.38 29.76°
2.7 -140.74° 46.21° -140.82 46.2°
3.9 -152.08° Ll -152.16 57.54°
4.7 -156.64° 62.11° -156.72 62.1°
5.6 -160.29° 65.76° -160.37 65.75°
6.8 -163.69° 69.16° -163.77 69.15°
8.2 -166.43° 71.9° -166.51 71.89°
10 -168.85° 74.32° -168.93 74.31°
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RMENPTRE TERE
ii%jﬁ%ﬁ%i%%ﬂ@ﬂﬁ?%@ﬁ?%@ﬁﬁﬂi’ﬁ

o

HBLETS FHEI DT FED AL AP LB R & B

¥

44

CEFAITTFEZ P A RF BB E TR A R R

4.1 # * Lumped ~ i iz £2 p| &

41.1 0.925GHz 4p # = & (e 22 £ i)
MR BN R MIEIDE T o @ *FRAFE R P HEFF T v H
E R Sl6mm: 1p$t/ 7 ¥ #cie= 43 ¢ SHEF % 5 0.925GHz >
B~ B U2 I FLE 50Q 0 T @5 2.7pF o Bl4.1() i@ * FE
T A2 P A L 0.925GHz2 A Bl 0 ) T R R S0 IE3DR § 2
Line Gauge:* & H i@ %]%517 £ B > ¥ {#L,=46.02mm ~ L,=4.5mm -~
W=1.64mm ~ W,=3.1mm - 9 % 7 4Bl 4.1(b)*r77 » # = 4 %
95.32mmx52.12mm > % % & * JOHANSON ! f2. 2% » 2 ¢ ¢ %
2.7pFz_ 4] %5 % 500R07S2R7BV4S » i & &% i+ %.-55°C~125°C » 3f %

T RDCS0V > £ % %8 5 +0.1pF  H4t £ 82 4 & B 5 % 4o ]

1
%
l

A1) » AR E 7 IEIDHER PSS » B RE 7D BER LS o

/Sy dp i he B41(d) 7 0 B AR E T IE3DE RS > FAA TP

226 -



g Pl % o @ * Anritsu Model Number: MS2034A » £ {7 F % &

B] o S|t ¥ < #E %0.925GHZ % -10.8dB > [Syy| & ¥ < 4 5 0.925GHz

N

A

5-1.39dB > prpEAR 5 159.4° o d BB R EE R RS 5 I

wiE
iy
La

‘1‘3\‘*\

Bt 0.925GHzpE§ 24 eh- R4 - d B4l(e)?t7 » ¥ UERER

A5

En

= 2.

FEAp 2 ML E > Ed 77 E(1-10pF)2 $ 1 > F S plE s %

M4.1(a) #* FRRF P ? o F 50925GHz2 5 4o Al
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Magnitude (dB)

1
|
\
Yoy
Yoy
20 p— i !
1y
: | —————————  Measured &, C=2.7pF
] : (—E—F) Measured 5,) C=27pF
- ] | | m———— Sirrulated 5); C2.7pF
1
J = = = =L Sirmulated 5, C27pF

w1y
0 04 08 1.2 16 2
Frequency (GHz)

Bl4.1(c) %7 5T REHE2IEF DREF

% FxE2TpF ¥ ¥ wHE X L 0.925GHz

Phase (deg)

-

A
-200 = — Measured FPhase C=2.7pF
————— Simulated Phase C=2 TpF
i | L l L | | l L |
0 04 0.8 1.2 1.6 2

Frequency (GHz)

Bl 4.1(d) F53 88 R2H52 49 =B

% T xE2TpF ¥ ¥ wHE K L 0.925GHz
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220 =

-40 —

Phase difference

-60 —

—— Using capacitance operated 3250MHz phase difference

_&0 | | | | | | | |

B4l Coidpug sz iR

B ETD R EL Y MR L 0.925GHZ

412 245GHz 4p# 7 BB ive2 & B

R BN HIE3DE st o 8 * FRAE G FHEEFF (T B
B G Lommo Ap¥ AT ¥ #csem43 0 g R 5 245GHz >
NS B R S0Q 0 T F B 27pF o M4.2(a) # % B L
TRV SHEF L245GHz2 F B Bl 0 R B S WMIEID) § 2
Line Gauge:* & H @ﬁ%lf‘f{i £ B ¥ #L=17.37mm ~ L,=4.52mm -~

Wi=1.64mm ~ W,=3.1mm - ¥ % § 4B 420)r7 - £ ¢ & 3

38.02mmx23.13mm > % % # * JOHANSON M iz 2% » £ ¢ 7 %

-29 .



2.7pF z_ %] 85 % S00R07S2R7BV4S » 8 & % i 4.-55°C~125°C » %f Z_
TRDC50V » 7 72 %&£ 520.1pF » 3 E R F BRE % 4B
42(c)*r57 » B A T IEIDE R OE S FRA T F B E PP E o
i# * Anritsu Model Number: MS2034A » :& 79 ¥ £ p] o [Syy|?
#f 5 2.45GHz 5 -12.79dB > |Sy| @ s #F 5 2.45GHz 5 -1.44dB » B

AP 5 -4536°  /Sydp = 4cBl4.2 (d)#F 7 0 &R 4 7 IE3DHE chid

L8 4\5{%\/ "ﬁ“f_’rs-ﬂ,?J J—a:or}’}’_g_ilzﬁb"—:-ﬁwsﬂlﬁj ‘;’;%—F:]:"I’}:FT:%
T e 2.45GHzPEF 245 ch— 3k o d B4.2(e)57F T URERT R
BApiz Bt B ’%ﬁ?\z’ % E(l-10pF)2. 1 > F % pRELE ST
EM TR B L P A £ 563° o

Port 2

B42(a) @ * BETF 2 P HES L 245GHzZ2 F £ )
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B4.2(b) & * FTT F L P ouHE S 5245GHz2 F 48 B

Magnitude (dB)

L
=

'
[~
[

Measured 5, C=2.7pF

{S3——€) Measured 5y C=27pF

— — ——  Simulated 8, C27pF

4 == =} Sirmlated S, C27pF

Wl

0 1 2 3 4
Frequency (GHz)

B 42 (0)F % % b B iRl W2 5 R )

% T RE2TIpF » ¥ HE % 2.45GHz

231 -



Phase (deg)

Phase difference

20 e | e——— Sirmlated Phase C=2.7pF
Measured Phase C=2.7pF
C \ ] ! | \ ] ! |
0 1 2 5 4
Frequency (GHz)
Bl 4.2 (d)F % % B2 R 2 40 R
@ TR E2TpF T ¢ CHE % L 2.45GHz
[ p—
SN0 p—
20—
-30 —
40—
A0 —
60 |—
| ‘ Tsing capacitance operated 24500 Hz phase difference
_70 | | | | | | | | | |
0 2 4 5 3 10
(pF)
Bl42@)F SRR ERE TR Ipi= 1 F
B EELTREY ¢ S L 2.45GHZ
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42 #* % - W T 2o R E
AT F - FFRIMRF OBEITRIE . kA frﬁ*u'i RS
% SKYWORK ; # % 5 SMV1234-079 » 7 % # Bl 5 1.32pF~9.63pF -
kT HE s F e TERIE - L4100 3¢ > T 2 SMV1234-079

$F-EMTF ELTRM AL -

% 41SMV1234-079 % % = 18T & T R 4

Voltage Rate | Capacitor (pF) | Voltage Rate | Capacitor (pF)
0 9.63 6 2.02
0.5 7.53 6.5 1.9
1 6.28 7 1.8
1.5 5.39 7.5 1.72
2 4.68 8 1.65
2.5 4.09 9 1.55
3 3.58 10 1.47
3.5 3.15 11 1.42
4 2.81 12 1.38
4.5 2.54 13 1.35
5 2.32 14 1.33
5.5 2.15 15 1.32
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42.1 0.925GHz 1p# 7 B9 722 € )
R BN HIEIDE (T o  * FRAEG FHEEFF (T
ER Gl6mm: a5 4T ¥ #Hkie= 43> ¢ SHFF 3% 5 0.925GHz »
B~ AL B iS00 0D D E #F - B ARP
SKYWORK ; %% 5 SMV1234-079 » % % # B 5 1.32pF~9.63pF - R
43 (a) & * FF - BWE P T 50925GHz2 & K Bl > T
¥ W IE3BD ) 7 2 Line Gauge:t & H & @]@QL = B ¥ #
L=46.02mm ~ L,=4.5mm ~ L;=47.55mm ~ W;=1.64mm ~ W,=3.1mm -~
W3=0.41mm- F % 7 B4 Bl4.3 (b)#777 » ® <1 % 95.32mmx52.12mm -
BT RBIARE PR ERT Lp 5 F FHE 5 2.81pF o R
B P2 4 F R S 4o Bl4.3(c) T 0 R E T IE3DE RS S >
WM& T FEEPEE o @ * Anritsu Model Number: MS2034A > &
TR o S| ® A F0.925GHZ & -15.3dB 0 Sy P dE &
0.925GHz % -0.97dB » * F¥4p 2 % 161.1° ¢ £ Sy 4p = 4c B14.3(d)#7 7% -
ERATIEIDN DL : I RETFTEER LSS o d e
HERZBE -g D S U e 0.925GHzPF 7 245 - R o d [
43(e) 7 > FMERET R FL R d RR0-15V)2

B FEPREEFVEL DRSS OPHSE 80°
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Port 3 l Woort 2
Vdc

B43 () &% $7% - &M ¢ cHF % 5 0.925GHz2 7 & Bl

Bl 43(b) #* %% - 1mREY ¢ wHF L 0.925GHz 2. F R ]
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Magnitude (dB)

M43 ()7 5 TEE

Phase (deg)

0
10 |+
!
|
!
K
!
I
|
20—
|
]
5
i)
30 = ! _____ IE3D_Sirmulated_S,, V=4V C=2 81pF
4 = 4= =} IE3D_Sirmilated_S,, V=4V C= 81pF
——————— Measured_§;, V=4V C=281pF
B (S} Measured_5,, V=4V C=281pF
e | | | | I | | | 1 |
0 04 08 12 18 2
Frequency (GHz)

B8 B 2 A S )

Bl 4.3 (d)

e RE - mR

it 2% 5% — S Sl Y
RS fREE ? oS L 0.925GHz
200 ——t—
] i
1y
Vol
—_ LAY
1o 10
Voo
woob
= L]
0 —
1 A\
\ )
A
— Wi
-100 0
LAY
[
- \
200 —— | —e——— Simulated Phase V=4V C=2 81pF
Measured Phase V=4V C=281pF
1 l 1 | 1 l 1 | 1 |
0 0.4 0s 1.2 1.6 2

Frequency (GHz)
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20

-30

925MHz V,, and Difference (Measured)

-40

-50

Phase difference (deg)

-60

-70

&
=1

o
N DL DL L DL DL DL B

b b balalal

9 10 11 12 13 14 15

B43()F E iR BT R2Z P L B

o RE MY P CHEF S 0.925GHz

422 245GHz 4p# T BBl 1722 & ]

R BRI RIEIDE A o ¢ * FRAE G FHEFE (T 44
B G Lommo AR¥ A T ¥ Hcie=43 0 7 LTS R 5 245GHz >
B R HE RS 50Q 0 DDy R - AR
SKYWORK ; %% 5 SMV1234-079 » % % # B 5 1.32pF~9.63pF - R
44(a) € RF - 1B ¢ SHE S 5245GHz2 F A B 1T BEHEE
#c 48 IE3D B % 2 Line Gauge 3+ ﬁ—‘@%ﬂ‘sﬂiv\)ﬁ’?@
L=17.37mm ~ L,=4.52mm ~ L;=17.95mm ~ W;=1.64mm ~ W,=3.1mm -~
W;3=0.41mm- F % 7 B.4cBl4.4 (b)#777 > = <+ % 38.02mmx23.13mm -

REA ARG R AR R Y 2P 0 T F B 5 2.81pF - R
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2 RZ

2 M F Bk Ae B4 (o) 0 AR A T IE3DH R S

FRETFEE P NESE o @ * Anritsu Model Number: MS2034A >

1211

FEE R oSy wHE F245GHz 5 -22.4dB 0 Sy B¢ AR

*2.45GHz % -1.6dB > ¢t pF4p = 5 -40.78° £ Sy 4p = 4rBl4.4(d)# 777 »

7T IE3DH 2% » FREAFTFEERDEF o d B

Rl %5 W F B 245GHzPF 3 245 eh- RfE o d [§

44(e)r7 > FHREFTREPEZFOLR > Fd TRO-15V)%

) EMEPIIRE R T (B LD R g X p A B 4 54° o

Ve

W44 (a) &% %% - BT ¢ U F L 245GHzZ2 7 5 B
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Ground

B 44(b) &% %% - BWe P SHFEF L 245GHz 2. F 4 H

=l

-20

FF-=F -

230 H=

Magnitude (dB)

Al | - ——— - IE3D Simulated 5, V=4V C=281pF ©
+ — 4= —} [E3D_Simulated 3, V=4V C=281pF
Measured 3, V=V C=281pF

B—S—E) Measured 3, V, =V C=281pF

50 1 I 1 | 1 ] ! |
0 1 2 3 4

Frequency (GHz)

B 447 % T8RRI SF LRF

R E - Y Y S L 2.45GHz
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Phase (deg)

200 p—

100

=

-100

o o = ———

- —
-
-

20— e —— Simulated Phase V=4V C=221pF

Measured Phase V, =4V C=2R1pF
}

! | I i i i I |
3 4

1 2
Frequency (GHz)
Bl 4.4 (A)F % 7 B 2 P& o2 40 B

R E - A ¢ oSS L 2.45GHz

-20

2450MHz V, and Difference Qvleasured)

o~

-]

3

=

S

¥

9

5.25

- -

)

= 30|

g -

¥ a5

= -

=

g_‘-dD—
45 f—
50 f—
_55IIIIIIIIIIIIII[IIIIIIII

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Vde (Voltage)

B44@FEZeRERETRZAp LR

R E - Y Y S L 2.45GHz
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43 % TEFE RS

V- fa TR AL AR I TR o g & B

EEHER R FRRE fRpE AL 2R -

43.1 0.925GHz tp# % ke @ (722 £ 7
R BN HIEIDE (Tt o  * FRAEG FHEEFF (T B
ER Slomm:  Ap A3 ¥ Hicse= 430 ¢ 4 5% 5 0.925GHz »
By~ 2 BRI ARG S0Q 0 F4S(@) @ R D Y e
0.925GHzz_ i kb B8] » 1 7 2R MIE3DR) 7 2 Line Gauge:* & H
i ﬁs?] sz £ R ¥ #FL=46.02mm ~ L,=45mm - W;=1.64mm -~
W,=3.1mm ° F % T &4 Bl4.5 (b)*777 » ¢ 4 % 95.32mmx52.12mm -

# % IBAETFACX)RR » TR @ 52.2nH20.3nH - ffx £ g2 45 &

B 54 B4.5(0) T o AR A T IE3DCHE e & > FRE TR E
£ p|eni % o @ * Anritsu Model Number: MS2034A » 279 % &

B

B¢ SHE 50.925GHz % -19.86dB 7 |Syy| f? s #E % 0.925GHz

5-1.05dB » AR = 5 —60.1° o £ Sy4p 4o Bl4.5 (d)#77 0 B AR A
TIE3DH e % > @ RE T FE R R PEE o d R d wE R
2 %% F IS Bt 0.925GHZPF § 243 ih- R o d B4.5(e)%f

AP RETR S L FNLE Y DR E(-10nH)Z %1
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Port 2

Bl45(a) @ % TR 2 0 wHaES %0.925GHz2 5 B Bl

B45(b) % &Y ¢ CHF 5 0.925GHZ2 7 4 )
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Magnitude (dB)

o0 G—e—@ Measurement 511 825MHz IND L=2.2nH
Measurement 521 928MHz IND L=2.2nH
G—e— =€ IE3D_Simulation S11 828MHz IND L=2.2nH
e IE3D_Simulation 521 928MHz IND L=2.2nH
a0 1 1 L l L l 1 1 L l
0 04 08 1.2 1.6 2

Frequency (GHz)

B 4.5()F ST BB RS HIR2 AT BRR
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