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ABSTRACT

This thesis proposes a design and implementation of an RF front-end for the receiver of
WiIMAX base station which operated in 3.4 to 3.6 GHz frequency range. The WiMAX receiver
uses OFDM technique which is based on 256 carriers and modulated from BPSK to 64 QAM
(Quadrature Amplitude Modulation). The proposed receiver part will compose of the RF front-
end incorporated with a balanced low noise amplifier, frequency synthesizer, mixer, bandpass
filter and lowpass filter. The receiver part employs superheterodyne architecture.

From the measured results, the noise figure of the RF front-end can be calculated. The
results show that Noise Figure less than 3.71 dB, Gain more than 58 dB, Dynamic Range more
than 46 dB and Sensitivity less than -118 dBm have been achieved using 12 V Supply Voltage,

1.3 A Supply Current and at the temperature stability of 45 Degree Celsius.
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ANYD (PN

¥o NI oATINMITU-09 | 53UENNIqA
Yoy 130%)
RFID EPC 1.0 -1SO 10536 106 Kbps 3m -
Lo ISO 14443
Bluetooth IEEE 802.15.1 2 Mbps 100 m 2.4
UWB IEEE 802.15.3 Up to 50 Mbps 10m -
Zigbee IEEE 802.15.4 250 kbps 10m 24
Zigbee IEEE 802.15.4a 20 kbps 75 m 0.9
Wi-Fi IEEE 802.11b 11 Mbps 100 m 24
Wi-Fi IEEE 802.11a 54 Mbps 30m 5.5
Wi-Fi IEEE 802.11g 54 Mbps 100 m 2.4
Wi-Fi IEEE 802.11n 320 Mbps 30m 24,55
WiMAX IEEE 802.16d 70 Mbps 50 km 25,3.5,5.8
MBWA IEEE 802.20 1 Mbps 100 m vieuni 3.5




@131 2.2 W53 IEEE 802.16 [1]

802.16 802.16a/HiperMAN 802.16e
HoUANN 10-66 GHz <11 GHz <6GHz
t'gﬂu'lmiaqﬁ'a;fmm Line of Sight only Non line of Sight Non line of Sight
gas 52 32-134 Mbps donun | 75 Mbps douun | 15 Mbps ileuuuing
Jasiiu 28 MHz | Fatimii 20 MHz (M) 5 MHz
uegIa QPSK, 16QAM, | OFDM 256 carriers, | OFDM 256 carriers,
64QAM QPSK, QPSK,
16QAM,64QAM 16QAM,64QAM
Foadayanmuuunias | 20, 25,28 MHz 1.25,1.75,3.5,5,7, | 1.25,1.75,35,5,7,
10, 14, 20 MHz 10, 14, 20 MHz
FTOLNN 2-5 km. 7-10 km. g3gA 50 2-5 km.
km.

M3 2.3 Sample link budgets for a WiMAX system [1]

Parameter Mobile Handheld in Outdoor | Fix Destop in Indoor Scenario

Scenario

Downlink Uplink | Downlink Uplink
Power amplifier output power | 43 dB_ 27dB,, |43dB, 27dB,,
Number of tx antennas 2 1 2 1
Power amplifier backoff 0dB, 0dB, [0dB, 0dB,
Tx antenna gain 18 dB, 0dB, 18 dB, 0 dB,
Transmitter losses 3dB 0dB 3dB 0dB
Effective isotropic radiated 61dB 27dB, | 61dB, 33dB,,
power
Channel bandwidth 10 MHz 10 MHz | 10 MHz 10 MHz
Number of subchannels 16 16 16 16
Receiver noise level -104 dB -104dB_ | -104 dB -104 dB
Receiver noise figure 8dB 4 dB 8dB 4dB
Required SNR 0.8dB 1.8dB | 0.8dB 1.8 dB
Macro diversity gain 0dB 0dB 0dB 0dB




M131497 2.3 Sample link budgets for a WiMAX system (GL))

10

Subchannelization gain 0dB 12dB | 0dB 12dB
Data rate per subchannel 151.2 34.6 151.2 34.6
(kbps)

Receiver sensitivity (dB,) -05.2 -110.2 -95.2 -110.2
Receiver antenna gain 0 dB, 18dB;, | 6dB, 18 dB,
System gain 156.2 dB 155.2dB | 162.2dB 161.2dB
Shadow-fade margin 10dB 10 dB 10 dB 10dB
Link margin 146.2 dB 145.2dB | 142.2dB 141.2dB
Coverage range 1.06 km 1.06 km | 0.81 km 0.81 km

M99 2.4 YoyRIAT 5 UIZUY WIMAX [3-5]

RX Frequency band 3399-3431 MHz
TX Frequency band 3499-3531 MHz
RX Noise Figure <5dB
Frequency Synthesizer
Phase Noise @ 10 kHz <-95 dBc/Hz
Phase Noise @ 100 kHz <-115 dBc/Hz
Frequency Stability <1 ppm
Low Noise Amplifier
S, >17dB
S, <-14dB
Ss <-14dB
NF <1.5dB
RF Filter
Insertion Loss <l.5dB
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7 Jun 2806 11:46:82

@ 811 LOG 18 dB/REF © dB -29,.597 dB 3 600.000 000 MHz
CHZ 821 LOB 10 dB/REF @ dB 3 20,945dB
CH3 § LOB 18 dB/REF @ dB 3t-39,958 dB
CH4 822 LOB 1@ dB/REF @ dB 3-21.367 dB
PRm »
eor | MARKER] 3
.6 (H=
Cor s21
—— N b
ki
+
t
PRm
CHAWarkers CTHZ Harkqrs
] 'y
Cor S ?5‘{:'5';{.19
N 46628 qHz
1
£ 21.649 |dB
58804 gHz
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3"\,\‘,{"\ e WY
Y1 Uik

START 3 370.000 00O MHz
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%= Agilent 85:17:17 Jun 26, 2006

Ref @ dBm

Norm
Log
10
dB/

LgAv

Hl S2
$3 FC

£(f):
FTun
Swp

Atten 10 dB

STOP 3 700.800 8886 MHz

Mkrl 3.499 8 GHz
-21.37 dBm

Marker
3.49980000
-21.37 dBm

B GHz

Ll

el

Lo L

Center 3.505 @ GHz
*Res BH 100 kHz

*UBH 300 Hz

Span 100 MHz
Sweep 2.599 s (601 pts)

a [ Ao w o
E‘lj‘n 3.16 HAN133A two-tone IMD Vlﬂ']ﬁﬁlﬂ'lﬂ'i!ﬂlﬂu 0 dBm
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W Agilent 04:48:16 Jun 26, 2006

Mkrl 3,499 8 GHz

Ref @ dBm Atten 10 dB -17.53 dBm
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dB/ ¢
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O‘"‘”Im(Xa)"'Ib(XCt""}) (4.3)
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Zm=ﬁ_=(1+ﬂ)Xc1Xcz+rz(Xc1+Xcz) (4.4)
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- ' o A : A a a A '
auduuuuvethndu (waveguide band pass filter) maqmﬂummiqn;mmummnms“lﬁ
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. & a = o ° ¥ P ad °
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' a = o ' E) X - ¥ v - P - o
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6.2.1 nqui2993nIBrMIeUAIAKULARINTTaY
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299530k e uANYIUuRe la  1dveshaduniiauluInuadounio
) EY a - ul J o " ° A o 9
(evanescent mode) FudunislFnuianuidindinnuddavesemhadu ildvinaves
o o 4 o 4 1 o 4 o
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@ ] { o " 1
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b =) ' " 3 { A 1 ' o L]
fulaoilszoyviasenais Tansfiminzeay darsdmmilwesunalangaedunsnd du

& o - o o o {
AawdndmilsdedidumiiFines niewinsilaiees (open circuit) Asnnanaalugui 6.3

& .’J L} ﬂl o ﬂ.’ 1
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uauAW 1AYY tazi 1HYu1AYB3299T NTBINUIILAINDNYUIAANAS
Tumsinsiziasesnseuauanudduuuuael laid 19ms TumauvisTanzuoz
anu'hiseiioavesioinauuuylesauAazanuiiu S ARG (scattering matrix) uazii1
wasngnmanaiu1as19mann13ves GSM (generalized scattering matrix) [56] 910314 6.4
I3 e o - 1 a a EY)
aouallarits Tsnumesifigesmsmldsszniedummisafinsaniulassadauuumang
[ - 4 a o LY
sanaasluglii 6.5 e [s”] uaz [$7?] Wu's waTndueusTanunesdausnuaz s Taw
o 4 o o é 1 - ’ ey ar L) L] -,
mesdIfdeIndRUFITINToMIA S wasngvesunalans 1Ana1wds ondeduruis
MMT (mode matching technique) [57] 3% FEM (finite element method) 15875 ANN (artificial
[ - a & ad "
neural network) (58] @au[S?] unu's waIndvesleSaFaanniom1dninds MMT s
wisiimefvesreadadaaasluzili 6.6 Taoh a Wuvaniunievesieshnau, b iy
vanmgeveiohnau uag 1 Wuanuonvesveudla annsama S winiineives

youdaldnin

%(ﬁ + EJ sinh(a?)
Sp=8,= & 9 (6.1)

cosh(ad)+ %(g € %)sinh(al)

S =8y, = p (6.2)
cosh(ad)+ i(ﬁ-ﬁ]sinh(al)
2\ & w8
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gy =1 (6.5)
2

g, =2 (6.6)
4
4

g, =—t% E=2,3,..0 (60
by 18k

g =1 e nilunad (6.8)

g,. =coth’(B/4) o n g (6.9)

Has

a,‘=sin|:(2—kﬁ], 1,20, R
2n

bk=y2+sin2(£r—} k=12, .5 n

n

A
Win|Gah 122
A "(Co 17.37)

a d
6.2.3 29D IHNAUIDANALAUY
o - L3 - | = | P
2 sunFuneaiiauausilunmsuasidufiuaud lugaund Tavitnsumlasuuuniia
: 4 P a o i s H
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MIFouABYDe S WAsnT 14 1aoms 141301 lvues PEC (perfect electric conductor) tiag PMC

(perfect magnetic conductor) AsuuauAsYeNNTIITaRIOUMAMNAE Tauuuinn
a ¥ o w ° = ¢ &

swalndldm £ way £, awdsy aunserhnandis lauuuivesdeuly PEC uay PMC
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M3 1dunsn (Insertion Loss) AN910.7 dB A29AI9AMA uazmmsgayidodoundunis

=

unA (Input Return Loss) 11f1An31 24 dB aaea¥19n D Awaaslugii 6.16
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5 May 2007 13:31:15

S11  LOG 5 dB/REF @ dB 2 21-32.668 d8 3 580.008 000 MHz
§21 LOG 18 dB/REF @ dB 2:-.61620 dB
» 4 4
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2

717 6.16 Ham33A S-Parameters 29930503 MIHIMIOUAINAKVYADY TmiTiA Insertion
Loss < 0.7 dB i1 Return Loss > 24 dB
6.3 290330
6.3.1 N13ONUVYIINT
30BNLUIIINTOINIWAR AR I F UM BONNULII NTOHUIAUAIIN
wwnew ot Tavasesnsesnnuddruduuuuadsai 1 @sad duduuudmsad
6.1 MImihimstonARaruREIReINT 20 mnnziBIAd $1uu 715 Trumes Tavenri
aumsti 6.17 uag 6.18 funusee ldmmamioniuasdniulszaiia c,=C~ 14531 pF ,
L,=L.=634.63 nH , C,=C,= 318.63 pF , L= 774.05 nH ﬁegﬂﬁ 6.17 91NHANIT1009N15119U

Taol4T1sunsu Ansoft Designer 13192 1Amn1sgaduitiesninmsldunininii 0.1 dB uay

[
-

mmsgadofounduniadunaiinii 25 dB AnoARIINWE AagIlii 6.18
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M15197 6.1 A129930589ANVRIHIMALIUY suuwW T dmTuadunsziiey 0.01 dB

KL g %

- b ol
RL
7 1.000 0.913 1.595 2.002 1.870 2.002 1.595 0.913

0.900 0.816 1.362 2.089 1.722 2.202 1.581 1.206

0.800 0.811 1.150 2.262 1.525 2.465 1.464 1.538

0.700 0.857 0.967 2,516 1.323 2.802 1.307 1.910

0.600 0.943 0.803 2.872 1.124 3.250 1.131 2.359

0.500 1.080 0.650 3.382 0.928 3.875 0.947 2.948

0.400 1.297 0.507 4.156 0.735 4.812 0.758 3.790

0.300 1.669 0.372 5.454 0.546 6.370 0.568 5.148

0.200 2.242 0.242 8.057 0.360 9.484 0.378 7.802

0.100 4.701 0.119 15.872 0.178 18.818 0.188 15.652

1.559 1.867 1.866 1.765 1.563 1.161 0.456

C= G, (6.17)
2rf.R
k= Ry (6.18)
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¢ = adunudszananudldem (F)

L= mdumiienimand 19 (F)

o

C.= 'IFI‘JIﬂU‘lJiuﬁ]‘llﬂ\'l"Nﬂ')'ﬂ'iENﬂ'J‘IlIQﬂ'\N'I'IJFIull‘UU (F)

| ar

L=mM "Jl"l‘l11U')'LJ"I‘UPN'N‘Iiﬂiﬂﬂﬂ’ﬂljﬂﬂ']ﬂ'mﬂulmﬂ (H)

e A

R manwunuwaﬂnaﬂﬂ‘mm (50 Q)

fi= anwifaoed (Hz)

Z5an59995n5BIANNEMAIUAR LD RADEW 14 WANIESAT $1UIU 7 BRIADT 1AUDIAY

A15197 6.1 LAZAUNTT 6.1-6.2 15792 1dA11995nTRIANLDAIHIUAABINS

o\ L7 % 59
2rx14x10° x50
L2=M'§“‘a=906-6‘ nH
2xwx14x10
2.002
= =455.18 pF
P 2w x14x10° %50 -
. W GOS0
2xwx14x10
2.002
= =455.18 pF
3 = 22 x14x10°% 50 F
6=M7=90661 nH
2xax14x10
0223 =207.58 pF

7" I 14x10°x50

L o ¥ '
gnfusnz 181995059902 W0RHILARNND 14 WNNZIFTAY 1AU C,=C,= 207.58 pF , L,=L=

906.61 nH , C,=C,= 455.18 pF , L= 1062.93 nH A31/# 6.17
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906.61 nH 1062.93nH 906.61 nH
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g1 6.17 29v3nseannmddIMiAING 14 wnnzEsad

18 pF

207.5 pF
207.5 pF

455.18 pF
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Dynamic Range 46 dB

Sensitivity -118 dB
Supply Voltage 12V
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