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+ Broadband * &R % 4

Uil &

[A Novel Broadband Microstrip-Fed Wide Slot Antenna With Double Rejection Zeros]
(Lei Zhu, Senior Member, IEEE, Rong Fu, and Ke-Li Wu, Senior Member, IEEE)

K2 gk% A 7 1 (Operate at 5GHz)

d
Microstrip stp T -
feedline resonator
/”—#E
Slot resonator £, =294
in ground plane h=0.75mm

Zs

Fig. 1. Physical geometry and equivalent circuit topology of a novel
broadband microstrip offset-fed slot antenna with double rejection zeros.

(a) Physical geometry. (b) Equivalent topology.
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Resonator ® =48 & 3| Slot-Ground e33R &> » J* s e U it — 11— B
Impedance Transformer % % »%
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Wf=1. 95mm(50Q) ~ s+t1+t2= %ig =9, 8mm~Ls=%ig =24mm ~ s=5mm ~ w=0. bmm
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Follow Paper Simulation

Microstrip Stﬁp
feedline resonator

/{f

.

!
sltni e

[ T

Woano=50mm

sND=65mm

Slot resonator | £,=2%
in ground plane T =075
Simulation Tool : 1E3D
BEE Pt < | WF=1.95mm S=5mm Woenp=50mm | t2+S+t2=9.8mm w=0.5mm
% % (5GHz
2 ) Lf=15mm Ls=24mm LeNnD=65mm t2=2~2.5(mm) | d=9.8~10.2(mm)

A8 583K 2:R06002( e r=2. 94 ~ tan 6 =0. 0012 ~ h=0. 75mm)

Microstrp | Stipline | CPWw | CPW Ground | Fround Coasial | Slotine | Coupled MSLine | Coupled Stipine |

Material Parameters

Dielectic | Rogers_ ROG00Z

Dielectric Conztant 234 Conductivity |5-38E?

Lozz Tangent 0.0 2

Electrical Charactenstics

Impedance |5U

|Dhms

=]

Frequency |5

|GHz

[]

Electrical Length |E!IZI

|deg

=]

Propagation Constant |9385.5

||:|eg.-"m

Effective Diel. Const.  |2.444

=]

Loss |'| 8389

| dE./m

=]

ﬂ Conductar ||:D|:||:|EI'

|5/m

(AI-'I-’RI

Phwzical Characteriztic

10

E Phusical Length L] |9588.3

width [w] |1.9546

Height [H] |0.75

] , |«—ii—s] %
=l H 5 T
|
o

um 7|
o v
om_~
m_~ |

Thickness [T] |0.002




Follow Paper sfickt % %

Return Loss ficft & %

0 ~ e
. \ / Change t2
e 0 =
~ =10 LrP AL il
m [
= .
% 20 | -10
. 1 & DB(S[1,1
= _ V - tz=2.1mm R (2:91{5&2? 2 (20.2,-30.875)
| 7
1 E \ N’
E 1 | 20 \ \ = DB(S[1, 1))
5 =30 1 T =2 2nfm »‘ \7 12=2.2_slot? 7 (20.1,-30.875)
= | . ) P‘_,_,..--r""" ,’ Y
=" I ~5- DB(IS[1,11])
|= 2 Amni -30 12=2.3_slot? 7 (20,:30.875)
40— 1 P =2 3ming
| - DB(S[1,1I)
< | 12=2 Sm 40 12=2.4_slot? ? (19.9,-30.875)
B — DB(IS[1.1]))
SU T 1 1T |' LI L B | LI L T T rir T T rir 122.5 slot (19.8,-30.875)
2 3 4 5 6 T 8 -50
qu {Ciha) 2 25 3 3.5 4 4.5 5 55 6 6.5 7 75 8

Frequency (GHz)

/ il d:9.9(~%ﬂg ) » tuning parameter t2 s\
Paper simulation(Agilent momentum)

My simulation(IE3D)

»
o | | o Change d
-5
E d549.9mm -10 -&-DB(IS[1,11))
E_, -1{]_,_ e . d=9.8_slot? ? (20.1,-30.775)
g \\ -+ DB(IS[1.1]])
= =15 =T Tmm - i 20 4=9.9_slot? ? (20.1,-30.875)
E - il ’
.E 1-‘1"""'--..___‘_‘_‘_ é:z‘ﬁ;}:g% (20.1,-30.975)
e -20
i f d=102 -30 %35“':5.1“!\‘0‘3? ? (20.1,-31.075)
1T N
=25
V s L,
-40
L L L L L L L L LB L LA 2 25 3 35 4 45 5 55 6 65 7 75 8
2 3 4 5 E 7 8 Frequency (GHz)
Freq (Ghz) I3 t2=2.2 » tuning parameter d
YN
Sg §m

IE3D it s % &2 Paper 2 2 # & > 10dB#E B> AR & (BHE) » - 2> G 49 3
PRt A RERFEAPFRY V- S G RE IEBD A ERES - T
AR P SRS R TAOCHZ B T S AP E kY T - H
¢ #ohp S A 3 2. 4GHz widR (T3 A _R06002 4#c? % > R & 9L R

T+ 7] 2. 4GHz #t¥ R ek & 1% Scale up) °
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Scale up the size from bGHz to 2. 4GHz

dmmmmmmm

Microstrip Strip
feedline resonator

\

m—

Slot resonator
in ground plane

£,=294
Fr = 0.75mm

Lap=90mm

/T Woenp=6mm
# P | Wf=1.93mm S=5mm Waenp= 60mm T2+S+t2=20.38m | w=0.49mm
R m
£ T | Lf=25mm | Ls=49.92mm Lenp=90mm t2=7~9(mm) d=19.54mm
(2.4GHz)

Return Loss fi#t .5 %

Graph 1
0
-5
-10
10 t2=8
t2=8mm —4-DB(IS[1,1]))
t2=7 d=44.5(35.88,-45 505)
-20
1 DB(IS[1,1]])
t2=8,d=44.5(34.88,-45.505
-25 t2=7mm ( )
-~ DB(IS[1,1]])
-30 2=9,d=44.5(33.88,-45.505)
-35
1 1.5 2 25 3 3.5 4 45 5
Frequency (GHz)

| [Follow Paper fiv Scale to 2.4GHz *4 ¢ 3 £ Jrfipussil]
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2. 4GHz Step-type MS-line fed Slot Antenna Simulation

(FRA:AFRF-5 0 343

g
N—"

A $8k T:FR4Cer=4. 4 ~ tan5=0. 02 ~ h=1. Omm)

trip 3| Stipline | CPw | CPW Ground | Round Coasial | Slatine | Coupled MSLine | Coupled Stripline |

I aterial Parameters

Dielectric |FR4 ﬂ Conductar |Eo|:|per j F—L—ﬂi
Diglectnc Constant IM— Conductivity |5-88ET |S."m ﬂ |I| - -T—
Lozs Tangent 0.0z (A]m | i ”
Electical Characteristics Phyzical Characteristic

Impedance |5U |Dhms ﬂ Phusical Length [L] |15931 |um j

Frequency |2.4 |GH2 ﬂ 1 width [ |'|.95 |mm j

Electical Length |30 |dea v Height (H] |1 lmm |
Propagation Constant |5315.5 |degr’m ﬂ i Thickness (T) |D.DD2 |mm j
Effective Diel. Const. W
Loss |7.9463 [dB/m ]
IE3D 45 7% 1 8125 (Slot A ¥4+ Ground # & ):
W=60mm

Microstrip Stip ~
feediine resonator
Slot resonator 6 =294 smm
in ground plane I h=075mm

WHEEPF | WF=1.95mm S=5mm Woanb= 60mm
e
(24GHz) | w=0.42mm | d=15.6mm t2=4mm

Lf=25mm Ls=45mm LonD=75mm

13



Design Goal:

Siez < 60x60 mm? #E+ :2. 4GHz~2. 4835GHz

Peak Gain = 4dBi BW=30%(10dB #g &)

IE3D #-## % % (Slot % #4£** Ground ® )

Return Loss Smith Chart
Return Loss -
0 2922 GHz Smith Chart
X -0.308 Swp Max
0.07065 5GHz
10 2.055 GHz 2.922 GHz
1048 1048 2.055 GHz

X 0.2551
-0.1867

-20

-2 DB(IS[1,1]])
t2=4,d=15.6(36.35,-41.575)_5x45
-30
1 2 3 4 5
Frequency (GHz)

- S[1,1] _
t2=4,d=15.6(36.35,-41.575)_5x45 SWg’G“ﬂ;

10dB #£ % :2.055GHz~2.922GHz=867MHz (BW=35%)

E-plane & H-plane 2. . & T & #P ;

E-plane=X-Z plane

W
| i —P H-plane=Y-Z plane

Microstrip e Fommmd v (=2 Dipole ft'» > [XEE Dipole
feedline resonator Ej,?_ﬁ;rwﬁg » Slot £ $5RE7h
| X (8] » ¢35 Duality JORgl7)

Slot resonator . =294

in ground plane I' b= 0.75mm
Z
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Radiation Pattern(Gain Pattern)

— o =3 4(GHz), E-theta, phi=0 (deg), PG=39963 dB, AG=0_370539 dB
£=2 4(GHz), E-phi, phi=0 (deg), PG=10.1288 dB, AG=12.9327 dB

0o

o

@,

— =9 4(GHz), E-theta, phi=00 (deg), PG=17.3249 dB, AG=-22.0702 dB
£=2 4(GHz), E-phi, phi=90 (deg), PG=3.82948 dB, AG=0.659024 dB

0o

S g

@,

180—- ]
a80-9) aso-ex A 150 150 50¥
for} e
e e 2, &
p) T I k)
o &
&, Y
a, "Qf‘!\' ivg @Qc’
%7 & oost
oost Elevation Patl:erq Gain Display
Elevation Pattern Gain Display {dBi)
(dBi)
Gain By £ 4dBi =7
FI
E-plane ' H-plane

Radiation Pattern(Directivity Pattern)

— < #-2 4(GHz), E-theta, phi=0 (deg), PG=5.02315 4B, AG=1.39730 dB
£=2 4{GHz), E-phi, phi=0 {deg), PG=9.10196 4B, AG=119058 dB

il
A

— < £=7 4(GHz), E-theta, phi=80 (deg), PG=16.298 4B, AG=21 0433 dB
=2 4(GHz), E-phi, phi=90 (dez), PG-4.85633 dB, AG=1 68587 dB

on

=)

S

@,

150 50

.0 -150

O - o
ooat
oot Elevation Pattern Directivity Display
Elevation Fattern Directivity Display {dBi)
@Bi)
Directivity g¢{li % 5dBi =7
E-plane H-plane
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Directivity VS. Frequency Gain VS. Frequency

Directivity Vs. Frequency Gain Vs. Frequency
— + Directivity at (0,0) — + Gain at {0,0)
5 5 5 5
4 4 4 4
& iE g
1 1 1 !
a 1] 0 0

i 21 22 23 34 35 28 27 28 19 3

Frequency (GHz) 2 21 22 23 24 25 26 27 28 29 3

Frequency (GHz)

IE3D kg 8 & 2 B 4527 3436 (Slot A #4£3 Ground P )

1. Return Loss cfe ™ fe s % @ & [EEE802. 11b e ie4g £ > ¥ 47 %~ & 3] 35% (867MHz)
SR I S g sk A I A

2. Radiation Pattern =gt > » 33| 4 f# « § {+ £ Slot Antenna  pattern » i 14 485 §§ 547 £
; Gain -1 Peak &7 4dBi(Directivity :-7Peak &3 5dBi) > » Z ¥ 7 K3+ P 1% - 7 & Co-polarization
gk o i o ;%*rsl,, e oo

3. Directivity VS. Frequency X7 =~ K AE 0 v IE3D 7 Gain VS. Frequency sficit s % g & - 7 2k
FERE > IR gn‘_lv Pt o

IE3D 4% 28 1% B175 (Slot 44>t Ground ® ~):

W=60m

Microstrip Stip ~
feediine resonator
Slot resonator 6 =294
in ground plane I h=075mm

=75mm

l#ﬁf G E=2N| éfgl’q%;{l—ﬁﬁ SR -
IE~ T[Tk Slot SsfFf v 12 -




IE3D #4% % % (Slot $4** Ground * )

Return Loss

Smith Chart

Smith Chart
Return Loss Swp Max
0 5GHz
2.051 GHz
2'1005 Z,BG Hz 2.987 GHz X 03059
0 | = -10 dB 0.08129
20 2.987 GHz
X -0.1558
-0.2748
—=— DB(IS[1,1]))
t2=4,d=15.6(30,-41.575)_5x45
-30
1 2 3 4 5
Frequency (GHz)
A 8[1,1]
t2=4,d=15.6(30,-41.575)_5x45 Swp Min
1GHz

10dB #g %:2.051Hz~2.9872=936MHz (BW=37%)

Radiation Pattern(Gain Pattern)

— {2 A(GHz), E-theta, phi=0 {deg), PG=4.35004 dB, AG=0955345 dB
£=2 4(GHz), E-phi, phi=0 {deg), PG=10.1702 dB, AG=13.2915 4B

0.0

e

e

@,

180—
C lll)s

o

——+f=2 4(GHz), E-theta, phi=90 (deg), PG=-17 8638 dB, AG=227041 dB
1=2.4(GHz), E-phi, phi=90 (deg), PG=4 45356 dB, AG=1.24613 dB

5

g

180—
( 11)5

0 -150

% &
L pY

gy o Ty G
oost oot
Elevation Pattern Gain Display Elevation Pattern Gain Display
(dBi) (dBi)
9 ’ - - A
E-plane (Gain B¢ffitd 4.4dBi - 7, H-plane
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Radiation Pattern(Directivity Pattern)

— <« £-2 A(GHz), E-theta, phi=0 (deg), PG=4.85557 dB, AG=1.45998 4B
=2 4(GHz), E-phi, phi=0 (deg), PG=9.66559 dB, AG=12.7869 B

0o

3

@,

180—
( @) 5

o

——f=2 4{GHz), E-theta, phi-90 {deg), PG=-17.3592 dB, AG=22.1995 dB
{=2 4(GHz), E-phi, phi=90 (deg), PG=4 9582 dB, AG=1.75076 dB

%

180—
( ) 5

o

0

o)

i3 OD 150 507

05'5?

o

ooar

Elevation Pattern Directivity Display

o5y o
oot
Elevation Pattern Directivity Display
(dBi)
E-plane

Directivity VS. Frequency

Directivity ¥s. Frequency
Directivity at {(0,0)

5
_0—0‘—'_'_'_0-'_'_*—_#
.—'—'—'_'q_
- 4
=1]
=
3
2
2 21 23 23 24 25 26 27 28 29 3

Frequency {GHz)

IESD s % 2 R 4g ey

2

{dBi)

{dBi)

2

Directivity §¢ffi£% 5dBi = T,

(B

H-plane

Gain VS. Frequency

Gain Vs. Frequency

— = (Gain at (l],l])

2

21

29 23 24 25 2p 27 28 29
Frequency (GHz)

233 (Slot ¥4 Ground © = ):

3

1. Return Loss enfe o™ fie 3 % @ & IEEE802. 11b el iv4g £ > » A H» & ] 3T% (936MHz)
PR G E R R R KPR EAMHEORIRE R RO R - (120

£

2. Radiation Pattern 3% i » H-A] & %

f

* £ Slot Antenna = pattern »  {$ ‘gfi*p iG55 £
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; Gain s Peak &3 4.4dBi(*t 23 4L Slot ~ 7 0.4dBi) > Directivity 7 Peak & 5dBi(2 2&
#Slot £ 2 %) - % i Co-polarization e~ /| FI2L4H4E Slot 30 i 4p e > » fo= o

3. Directivity VS. Frequency :2 7 ~ K 4% » iz IE3D 7 Gain VS. Frequency s 5 % g 5
FF MR R QIR € Ais g Gt e

4. F 0 FFEFASFEHEA SR T 2 HESS fet@ ekt 0 & IE3D #o8 F 4piLE 0 @ 2% Slot
B ALY w8 0 IE3D &g or o Performance $i4# » HFSS #Cf -4k * Slot $H4L 78 4 -

HFSS -4 2¢ 1 B35

W
w1 =gt N 2
feedline resonator
¥ 1E3D [V FRA$LHS
/ =l o
Slot resonator , =294 mﬁ?t
in ground plane ]- b =0.75mm
B 4L
HFSS #-#t % %
Return Loss Smith Chart
ﬁ!ﬁ S[A] Smith Chart
HFSS_original /\ Swp Max
Return Loss 2.031 GHz
0 X 0.3011
0.09614
5
3.015 GHz
2.031 GHz
410 11710 dB -10dB
-15
3.015 GHz
g —— DB(|S[1,1]]) X -0.2653
20
HFSS_original -0.1627
25
3 4 5
Frequency (GHz) Sw1pG|\'/|_z;

10dB #f %:2.031Hz~3.015z=986 MHz (BW=39%0)
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05 How 2004

Radiation Pattern(Gain Pattern)

E-plane

Ansoft Corporation 05:45:30
Eplane_Gain 05 How 2004 Ansoft Corporation 05:47:37
Original Hplane_Gain
Original
-20
= 4.130 EE
0 Pl= -0.000 M= 4.04%
360.000deg P1= -0.000
0000deq
-a0
120 120
-180 150
-120
5?0 -35= 0 5 =0 } ' |
50 250 5.0
a 7 7 3 HEV A
E-plane (Gain Byfiit% 4dBi 7 H-plane
T
. . . . .
Radiation Pattern(Directivity Pattern)
Eplane_Directivity
Original
=20 20
oo
=]
Mi= 434 B
-60 15,00 0 Pi--0000 [
0D00deg 0000deg
pul
-a0 a0
-120 120
-150 150
-1e0 -
5?0 -35‘.0 5.‘0 5?0 -35‘.0

|
5.0

Directivity §¢fifi &% 4.4dBi *|
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Directivity VS. Frequency Gain VS. Frequency

dB(GainTotal)

dB(DirTetal)
&
3

430

2.2 2.4 2.6 2.8 2.01 2.0 2.2 2.4 2.6 2.8 3.0
Freq [GHz] Freq [GHz]

HFSS #4525 2 B 45 27 24 % (Slot 43" Ground ® ~):

1. Return Loss shredu™ fie 5 % @ & IEEE802. 11b il iv4g £ > ¥ 4 v i 3] 39% (986MHz)
PR IR R KPR 0 & IE3D $H4E Slot e R kb R RS - £ (1 2%) -
2. Radiation Pattern 338 > » 3-3] 4 v » 3 & & Slot Antenna - pattern » = {3 ;:K*p 15 5 £
; Gain sr1Peak &5 4dB - Directivity 52 Peak &3 4.4dBi - # i§ Co-polarization -~ -] 3 IE3D
A Slot e kel o & R4 o
3. Directivity VS. Frequency ;2 3 ~ F* 38(¥2 IESD £ 7 %) & HFSS 7 Gain VS. Frequency si-#t
SRRV IEID AT > IR € Bl B MGt o

2.4GHz Step-type MS-1line fed Slot Antenna Fabrication

IEEE 802.11b #F
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Return Loss

Smith Chart

Smith Chart
Swp Max
Return Loss 2.97 GHz sene
0 X -0.2687
0.1664
-5
2.97 GHz
-10 -10 dB -10dB
15
~=— DB(|S[1 'ED«
- 2.4GHz_fIEE 1.99 GHz
X 0.2616
25 -0.1754
-30
1 2 3 4 5
Frequency (GHz) - S.uéll-lz_?j‘[i;l_?éi ¥l SW$GI\$
10dB #7 % 1. 99GHz~2. 97GHz=980MHz (BW=39. 5%)
Radiation Pattern(Gain Pattern)
— = Ecrossmea Hcomea
0 ——Ecomea 0 — =Hcrossmea
O -
-10
220 4
.30 ;
1270
-30 1
20

(Gain Befifi £ 4.1dBi % 7,

E-plane
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-10 4

-20 4

-30 4

-30 4

1270

FIER RSS2 PP 4R 343 (Slot 43 Ground ® )

Return Loss =rfe Fu fie i % # & |IEEE802. 11b el (T4 £ » = #g %+ £ 1] 39. 5% (980MHz)
» PR E D FHE g P % > &2 IEBD&HFSS 2 #Hf Slot e & kot g0 R (FAE

Radiation Pattern % (> » 34|~ f « § {+ & Slot Antenna £ pattern » i {4 485 f§ 547 £
; Gain =11 Peak & 7 4dB(Anechoic Chamber # > ¥ & & 4! Gain 7 dBi &) - % i co-polarization

Simulation vs. Measurement (Slot#t#£*"Ground® )

1.
484 (10.5%2%) -
2.
g P = -] 12 IE3D ﬁ?fﬁ— Slot srfig S % 4plF > » i+ o
Return Loss
Return Loss
0

1 HFSS: 2.031GHz~3.015GHz (BW=39%)
DB(|S[1,1
e Simation IE3D: 2.055GHZz~2.922GHz(BW=35%)
-20 = DB(SIT A Measure: 1.99GHz~2.97GHz (BW=39.5%)
IE3D_Simulation
~5- DB(|S[1,1]])
Measurement
-30
1 2 3 4 5
Frequency (GHz)
Gain Pattern
— EcolE3D —— Ecross|E3D
o Ecomea . 0 Ecrossmea
EcoHFSS 0 R EcrossHFSS
10
20
-30 -
% 1270
-30 1
20 4
-10 4
o
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E-plane (co-polarization) E-plane (cross-polarization)

—— HcolE3D
----Hcomea

-20 4

-30 4
1270

—— HcrossIE3D

Hcrossmea
HcrossHFSS

-30 4

-20 4

H-plane (co-polarization)

180

H-plane (co-polarization)

90

H1— =AsLElement fiE gL fi ﬁlg i~ $*(Co-pol & X-pol firz Egﬂjﬁlfg{f,'fﬁl e

+ ek e B2

% 1T §25(Test Board):

er=4.4)

Logic Table for Switch On-Path

DC blocking capacitors Cg are required on all RF ports.
Cg=Ca=51pF for operating frequency > 500MHz.

24

VCi veca RFC-RF1 RFC-RF2
1 0 Isolation Insertion Loss|
Insertion .
0 1 Loss Isolation
1"= +3V to 45V



Measurement Result:

/

VCI=1; VC2=0 2

iRl

i
,\m

Isolation_Insertion Return Loss
0 e S S - | 0 E'g:\(z‘csrfzm)
2.4 GHz 2.4 GHz ngﬂwl‘\cshliiﬁ]l)
-0.957 dB 10 -16 dB %QBQS,‘W]D
.10 | DB(IS[3,11))
Switch B s =
-5~ DB(|S[3,2]) 20 —S— =
Switch
20 2.4 GHz
-19.02 dB 2.4 GHz
-30 -18.91 dB
-30 -40
2 2.2 24 2.6 2.8 3 2 22 24 2.6 2.8
Frequency (GHz) Frequency (GHz)

¥ VC1=0; VC2=1 > Isolation Loss §= Insertion Loss ¥+ ¥ 5 3% (@ -

d TRELP )

+ e e 4 B(LNA)R >

% 1T §25(Test Board):

DC Bias

RFin(Port-1)

L L R R AR R LR R L LY LR L L ]
ol | 2 3 4 5|1J|?!|IJ|

% = % FR4 Test Board > + % Murata = @ ® ¥ o
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S-parameter & .52 % :

Graph 4
: Graph.1 s11 | o J
10 2.5 GHz
2.4 GHz -5 2.45 GHz
-24.61dB -12.96 dB| -17.31dB|
20 2.5 GHz
2.45 GHz 10 -13.59 dB.
-19.96 dB 245
-30 s .
-15.37 dB
~—_ 5
40 = DB(S[1.11) S22y  oe(s2)
first12.10 first12.10
-50 20
2 22 24 2.6 2.8 3 2 22 24 26 28 3
Frequency (GHz) Frequency (GHz)
I812
Graph 2 + 2 Graph 3
-2
° 2.4 GHz 2.5 GHz 2.4 GHz 2.45 GHz
-26.447 dB -26.953 dB 15.11 dB 14.55 dB

-28

2.45 GHz
-26.675 dB

-30

-32

—- DB(IS[1,2]])

—=—DB(S[2,1]I)
first12.10 821 first12.10

-34 0
2 22 24 2.6 2.8 3 2 22 24 26 2.8 3
Frequency (GHz) Frequency (GHz)

&% £ 47 :S # #(Two Port) £ i#.% % 87 » Input & Output Return Loss 4 % % ¢

#z |IEEE802.11b #F & » S21 »  15dB = + - Isolation » 4p§ =& -

P1dB Measurement Procedure of LNA

Power
SHPP_'Y

<JFE- > W

SG F T Spectrum Ana.
Signal Generator x 1, LNA X 1, Spectrum Analyzer x 1

power supply machine x 1, cable line x N
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;{éj’ P " ARIEI VR (LNAYY - [EGELE - AR DC Bias -

2. [l1SGag A
Fpist e F s -

5% RF 3|gnal(}", ‘-F' ~ F*’rﬁfT VENHIFFIF ) ﬁ"}H Spectrum Analyzer fiUf] I-&

3. [ input power, ™ 55 [l 6 spectrum analyzer 7 ’ﬁlj HFER & {[# input power
Bt 17 48— output power.

4. Felg £ { input power FTSAPERY output power aéAL['Elm&g[ﬁ[ » Al (NG fﬁ[?r

P1dB -
20longm4 i' T
41 i
: f = power
= :
e t)
e ! 54%’5
it ol o
Avag 20 log Aj, / e i

input power: -11dBm~-4dBm
P1dB(out) for measurement=4.4dBm

operation frequency: 2.4GHz
P1dB(out) for data sheet=3.4dBm

vNa | O H
OoooO H
() Q
Power Bias Tee DUT Bias Tee Power
supply [ . I | | supply

<FE > : vector network analyzer x 1, power supply machine x 1 ,
LNAx 1, cable line x N

27



R R

Lo (PR o B VNA D SR input power FRERFIE]D S21 -
2. selE B i input power FREFERY S21 %@t'&ﬁ[lﬁﬂq\a' » AJp AN [’ﬁ[?r P1dB -

S S S— et S s
= = 521=14.2dB
\ 1o
Y =
5 5
= ——FI|JB-3|m
&
P1dB(in)= =
-11.4dBm
22 -20 -18 -16 -14 -12 -10 B B -4 -2 0
Pin{dBm)
operation frequency: 2.4GHz input power: -20dBm~-8dBm

P1dB(out) for data sheet=3.4dBm P1dB(out) for measurement=2.8dBm
P1dB(in) for measurement=-11.4dBm

Advantage:
. —Gl “ - Fabricate LNA & Antenna closer can reduce the
PP N P N P I noise figure in receiving system (Because LNA
& = & always the first stage in receiving system)
Z— | =R +P2Tl'l+%+ ......
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X MIc % Si(Antenna+lNA)|;

Connector

Step-type Broadband
MS-line Fed Slot antenna

PRI T RIZEP

Lo kS 4de BI9Tr > & % Bk (T4 5 3% 2.4GHz - F1¢* Antenna & LNA
w3 173> [EEE802. 11b 37 £< > fﬁﬂl;u’i"ﬁ Ehm e P o md g

2. MUREAYTRIF IO BT # FF I BRI R 1 d LNA
3 = 1< Power » #-3 5+ power # 4l power £ TV BT T W RHF E -

3. A& ERHEAC A SReHGain Pattern FR M AR E ERE T RHF 4
T INAKE -

FEERTEB:

Antenna+LNA

LNA .V DC Bias
(r FIBL[%!‘PE' W
T RN

(Anechoic Chamber)
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Pattern® B2 % (Antenna+LNA):

= = FEcross Hco
. 0 Eco . 0 — =Hcross
0 10
o; 0
0. 0]
20] 270 20] 270
100 10-
o; 0
10 10
- - 180
E-plane (Gain g ffi &% 19dBi % 7, H-plane
Active slot received antenna module(% & &)\
Pattern® i#].% % (_Active Antenna Module):
Eco Hco
. 0 — =Ecross . 0 — =Hcross
0 10
o; 0
0. 10
20270 20] 270
100 10-
o] o
10 10
- - 180
E-plane (Gain G ffi &% 17dBi * 7,
H-plane
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Antenna+LNA Antenna+LNA
— — Antenna — — Antenna
— - Ant.module = = Ant.module

E-plane(Co-pol)

1. 8- 2 & Element #%4 7 ¢ £kt £ R B (Gain) * S F8 20 k3> p
2 4 (4dB1) 5 H - ™z 2x < B Element ¥R i>2 €8 & (S21) 2 15dBi
2. Antenna+LNA =7 Discrete Composed Element 7 Peak Gain &+ % & 3%
19dBi » ##h 2 FRR 2 B3 F B A E L o
3.Active Antenna Module %5 & 7 FR4 745 F pFenid i £ (theta=0") ¥ 7
17dBi » R F]¥ st 3 » B F1% » % - B:FR4 & ¥ e Loss *TR 5 % =
B :Module * %3 LNA i # T Efrd o % 40 Ground > #2577 Gain
pattern’ # pattern A% 38> » Gain B> (- f{Pattern AR

B e BAS) o
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TR AR R B s AR A

B 4E -

WHtE %~ 2 &4pF ) & Directivity vs. Frequency # HFSS 4= IE3D

: v [E3D ® M\ AH PF % 3R Gain vs. Frequency 7 £ F* 42 (§3 HFSS

ZHWHRER A 5 0 0T % E3D s Gain T A o

3 2130

2GHz 4.62 0.41 0.832 3.847 1.4
21GHz | 473 0.228 0.95 4.485 3.055
2.2GHz 4.7 0.07 0.995 4.686 4.603
23GHz | 4.69 0.08 0.9936 4.663 4.656
24GHz | 4.688 0.164 0.973 4.562 4.418
HFSS 25GHz | 4683 0.212 0.955 4.473 4.146
26GHz | 4689 | 0.2296 0.947 4.442 4.058
27GHz | 472 0.2275 0.948 4.4756 4.098
28GHz | 477 0.2262 0.949 453 4.083
20GHz | 481 | 0.25556 0.935 4.5 3.95
30GHz | 484 0.327 0.893 4.32 3.64
Directivity(D) T 1-T7? Gain(G)=D (1-T'?) Gain(IE3D&HFSS)
2GHz 4.34 0.377 0.858 3.723 431
21GHz | 434 0.207 0.957 4.15 4.28
22GHz | 434 0.087 0.992 4.307 4.24
23GHz | 435 0.076 0.994 4.325 4.20
E3D 24GHz | 435 0.111 0.988 4.296 4.15
25GHz | 436 0.123 0.985 4.294 4.11
26GHz | 439 0.114 0.987 4.333 4.0
27GHz | 4.45 0.1022 0.989 4.4 4.09
28GHz | 453 0.128 0.984 4.456 4.11
29GHz | 461 0.203 0.959 4.42 4.13
3.0GHz 4.7 0.305 0.907 4.263 4.13
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> ¥ &4 5 [E3D& HFSSHCst & % chiicdp Bg o (f2 10T ):

Directivity: 4 %] %€_I1E3D & HFSS i%_2GHz~3GHz # ikt & -

I 444 [E3D & HFSS e Return Loss #icie #7 & 482 F & % e o
(I-T?) 147 B 147~ % 8L~ st S A0
Gain:#-Directivity %k ! #§ #42x 5 e=(1-I?) &[4 dBi ff -
Gain(ie3d & hfss): % 7+ o ##H 2% & £ export “hGain 4R E -
> %k 0 [E3D e Gain @ A 3L 5 m— 3% - 2 HFSS #Gain -

FE oS B AT ERGRT o wipAER P [E3D o Gal e B

FE o gt 4 HESS ik S T L

hetazo = Gain(E) vs. f

g
k)
£
@
O
Nt 7T T 7T
20 21 22 23 24 25 26 27 28 29 30
Frequency(GHz)
21 |22 |23 |24 |25 26 |27 (28 |29 |3.0
IE3D 14 |[3.055|4.603 [ 4.656 | 4.418 | 4.146 | 4.058 | 4.098 | 4.083 | 3.95 | 3.64

HFSS 431 | 428 | 424 | 420 | 415 | 4.1 4.09 | 4.09 [ 411 | 413 | 413

Measure | 3.052 | 4.18 | 4.411 | 4.481 | 4.195 | 4.087 | 3.881 | 3.744 | 3.866 | 3.637 | 3.89

[ -['£% Gain VS. Frequency =i 7R ]
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FAE= @ K353 2.4GHz 2 802. 11b #g £ % & » # % Size it £ 35 (k¥
% :z % Antenna performance) > Y4 i *# % = % 4r Active Antenna Module

TR EETFIHT G LB
L
- REEH MM oy > &% Full-Wave Simulator(HFSS)ie =

Bt ©
£-%t Ground 2 4F 2 W © F Rz 2 B8R+

Reduce W

-10

—— DB(IS[1,1]])

-15 W=50mm
-20 -5- DB(IS[1,1]])

W=45mm L=75mm
25 —— DB(|S[1,1]])

W=40mm
-30

1 2 3 4 5

Frequency (GHz)

1270

180

E-plane(co-pol) E-plane(X-pol)
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-20 -

-30 4

-30 -

-20

1270

180

H-plane(X-pol)

H-plane(co-pol)

W -] f8d 1 HfE e Return Loss % £ > iz Gain pattern
73 & A% 1 (W=50~40mm) » $8584% & 4.5dBi = + (2
X-pol € #&-]) > v* R3] % &(W=60mm,L=75mm):7 4.1dBi

‘%J\o

g-4+ Ground A7 2 L ® F Rt 2 R 4F 34

-20

-30

-40

-50

Reduce L

W=60mm

—=— DB(|S[1,1]l)
L=70mm

-5- DB(IS[1,1]I)
L=60mm

—o— DB(IS[1,1]I)
L=55mm

2 3 4 5
Frequency (GHz)
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180 180

E-plane(co-pol) E-planeX-pol)

H-plane(co-pol) H-plane(X-pol)

L %] i » d 1} P 0 Return Loss %4 » £ Gain pattern
2~ 1% g 1Y (L=70~55mm) » #%_3.95dBi~3.05dBi(® X-pol
€ #l) 0 v R Al &YW=60mm,L=75mm):34.1dB |- -
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BRI AR R E

Z17 0

W Bl Return % £ ~Gain %

g+ 5 L P Return 4% ~ Gain A& 4% o #&f &d Trade-off 1 it

¥ 3% & ## Performance ~ i JLBE cH =% & % »f o

RERAZ RS S

|
10dB 4% %:1.96GHz~2.998GHz=1038MHz (BW=41.9%)

Return Loss

1.96 GHz
-10 dB
-20
—=-DB(IS[1,1])
[W=50mm;L=65mm]
-30
1 2 3 4 5

Frequency (GHz)
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2.998 GHz
X-0.01801
-0.3156

Smith Chart

Swp Max
5GHz

1.96 GHz
X 0.05931
0.3101

-4 8[1,1]
[W=50mm;L=65mm]

Swp Min
1GHz




——Eco ——Hco

0 — — Ecross ] 0 — — Hcross
0 0
104 10
20 -20
30 -301
30 -301
-20 1 201
10 101
0 0

fe & B8 X AR A2 %) Module:
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——Eco —Heo
— — Ecross 0 — — Hcross

20

10 4
-10 4
-20

-10

10

20 -

270

20

104

-10

-20 4 270

-10

104

20 -

Gain i £% 17.9dBi =7
E-plane | Hetp H H-plane

W PRI é‘* Pattern 2. ## R % d | » 7 E ERIB %7

&) 1 i e Module #7 £ ipl2 A AR FETE AL B RS T #AT 1dB > F
d
AR R AR L RALBTREPAN

» 2

RFID system: @ ¢ & * B #rk 3t d a0 X &> B

S

Ko ff 4 %87 30

HAxXRFID Tag > # & B % SLPEA VIR~ 42T > L # 30 @31%]

P AT o

A XARPAT I LGS LSRN L FEER T K Cable TR E 2

FERNF > 2% ¢ LOD T F 1 & i e
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