A Study on Characteristics of 8-Ch DBF
Receiver Using Low-IF Method
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Abbreviations

ADC Analog Digital Converter

AGC Auto Gain Control

BJT Bipolar Junction Transistor

BPF Band Pass Filter

Cp Charge Pump
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DOA Direction of Arrival
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DR Dynamic Range

DSP Digital Signal Processing

ESPRIT Estimation of Signal Parameters via Rotational Invariance
Techniques

FET Field Effect Transistor
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HEMT High Electron Mobility Transistor
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RF Radio Frequency

SAW Surface Acoustic Wave
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Abstract

Wireless communication technologies have greatly progressed in
recent years and the markets, especially in the mobile communication
have been growing enormously. Moreover the next generation communication
services will use higher frequency band, and require more channel
capacity and wider bandwidth for a high-speed data communication
than nowadays. As a large increase in channel capacity and high
transmission rates for wireless communications, the technologies for the
power saving and efficient frequency usability are required. To meet the
requirements of the next generation wireless communications, a system
capable to automatically change the directionality of its radiation patterns
in response to its signal environment must be indispensable. The use of
spatial resource can noticeably increase the performance such as capacity
and quality of a wireless system. The concept of a DBF (Digital Beam
Forming) reception system is to control automatically an antenna’s reception
beam pattern by digital signal processing. The DBF reception system
consisted of RF hardware and digital hardware generally. The RF
hardware means processing department of reception signal that received
from antenna.

Therefore, this thesis describes RF hardware design of 8-Ch DBF
reception system for a base-station of mobile communication. In the RF
hardware, super—heterodyne method is widely used for wireless communications
generally. But DBF reception system used low IF method that existent
super—heterodyne method is not. The DBF reception system using low
IF method offers significant reduction of circuit complexity by virtue of
the elimination of IF circuitry such as IF filters and IF mixers. This
DBF reception system consisted of the balanced low noise amplifier,
down-converter and power circuit. The used radio frequency (RF), local
oscillator (LO) frequency and inter-mediate frequency (IF) are 1.95 GHz,
1.94 GHz and 10 MHz, respectively.

The first stage of DBF reception system designed low noise

amplifier. The low noise amplifier operating at 192 ~ 198 GHz as

v



up-link of IMT-2000 is designed and fabricated. These low noise amplifier
is designed as the balanced type by using a compact 90° hybrid coupler.

Secondarily, we designed down-converter for 10 MHz IF conversion
and power circuit of receiver. The down-converter consists of band pass
filter, mixer, 1940 PLO, 10 MHz TCXO, IF filter, IF amp., IF calibration
circuit (phase shift, gain attenuator), de-modulator, etc. The power circuit
supplies +15 V, 8 V, +5 V for the DBF receiver respectively. So we
fabricated the 1-Ch DBF receiver with 10 MHz IF and tested performance
of receiver. And finally, we fabricated the DBF receiver that composed
8 channels. In DBF reception system, the RF signal is amplified by low
noise amplifier and the changed IF on mixer enters by de-modulator.
Each of orthogonal I, Q baseband signals output from the de—-modulator.
These I, Q signals include much information that we want such as
direction of signal, data (voice, image), etc.

In the future, DOA (Direction of Arrival) measurement environment
was constructed in an anechoic chamber. This measurement system
consists of the array antenna, digital signal processing unit, and 8-Ch
DBF receiver. And the performance of the receiver will implement DOA

estimation experiment.
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Table 2-1. Design spec. of balanced-LNA.

Item list Cellular IMT-2000
Frequency 824~849 MHz 1,920~1.980 MHz
Gain 30 dB 25 dB
Gain flatness 0.5 dB 0.5 dB
Return loss -15 dB -15 dB
Noise Figure 1.5 dB 1.5 dB
P1dB 10 dBm 15 dBm
Total bias 5V / 120 mA 5V / 140 mA
Impedance 50 Q
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Fig. 2-4. The fabricated 800 MHz balanced-LNA.
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Fig. 2-5. The fabricated 2 GHz balanced-LNA.
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232 #F&A+ 54 53

e #(Noise Figure)™= T2 F&o] Bol x3hd mekst JsE
Sl s FAw dFgFE v AE Fa3 dgetugolt weks Fe
Age FAE ASE P WA SEATE AR FET)AA MY T e
& EAVE Gk FEAFE 4 (DY 2o, 5 O T2 xR F
ANA AR FFS /M ol A "o 2HA od A THNE
AAE well= AT FSATE M A AAS oy dEEE 9]
55 S/HA717] s xR AAT AAHA FA Al 2E S A
Hogts 3 SteHv o gl A xS SEHe ZAEAg gk
el o Al2E AR Y] FeAF ghs AAsHA " TH5]

Noise Figure= NF | + —N—Fg% (1)

a9 2-103 " 2-112 AR E 39 Afs 719 #FeAT A
Byl Adet FEAT FA7]E AEste] SA4E FeAF E4E
Ba gtk 29 103 29) 800 MHzHlY A#S FZ7|dMe 54 F
g el 824 ~ 849 MHzolA &A= 0.7 ~ 0.8 dBE AAHEHA S
o, AA =HE e 125 dBEok agla 29 119 2 GHzuld A#RS
FEZN e #FSAFE 08 ~ 09 dBE AxEHd e AA SAHE e
145 dBitt & 722 A T3F7E 2AT A5 AHEE JEE A
Ze19 A4bl<&A(Insertion Loss)©] Aol 35 7] o] LdwkA<l
29 ARE SE71e] JE5Agel vlal v A yEhdth ARt A E
oA 145 dBE AASazr 3= DBF 41719 Ak FEA 524
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Fig. 2-10. NF characteristics of 800 MHz LNA.
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Fig. 2-11. NF characteristics of 2 GHz LNA.
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HE YEhgE Ao] PldBeltH16). 23 2-12%= Aztg 800 MHzth < 3 2
GHzt e H3d Axe FZ7]9 PIdBE =A3 Aol 44 Fase
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By AR TEF7e 2 T2 292 FAE ded AA T
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o] MMIC F%7]¢] PldBel =LAl oj<Esitt 38 A%S 3719 4A
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o vla] AAR AfE FY AZS $3%719 PldB 5
el Al °F 2 dB A% /WA= webs] AR FE A
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e
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2.3.4 Two-Tone test =3

2~AEY BA7E o]&ste] AFH 2 GHzHY HE AgS
o] o1 4 iHL,—_‘_l Aol 9%k IMD(Inter-modulation Distortion) 54
stk 19 2-132 T ulo] A% @Ay 23E 7hz 1.25 MHz9
7bAE 194875 MHzs} 1950 MHz &% <7latg s o &9 Mss
41 dBmel™ 3% EWZx AE(IM3)E -56 dBmo2 IMD7} -60.1 dBcsl
AL FAT F gk A FHAL ME Eax AETE obF s

N omet i
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a9 2-13. 2 GHzdl 9 B3 A¢e %5719 two-tone test
Fig. 2-13. Measured two-tone test of 2 GHz LNA.
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A 3% Low-IF #4<&

311 A4

o]&3 1 1€ DBF
2 A =

T AA &

DBF 41719 Fx 27

DBF 21715 AAs7] 98] 1A v Ads 435t
AASAT 19 3-12 Low-IF A& o] &3 DBF 417]

o 8z RS et £AFAFE 60 MHzS] HYES AAE )
A =g IMT-2000 4153k thefQl 1920 ~ 1980 MHzollAl T4 F3
¢l 1950 MHz&

RF : 1950 MHz IF :10 MHz
—- —_— Demodulator
T I-------'I
_______________ N 1| Diode Phase ."‘ : \ > i _91
o] =1 |1 {0 Hz
__________ ]
""""""" Calibration @ﬂ_b':_ Q
circuits ---I-EL-Q--I =
Offset calibration
LO : 1940 MHz 10 MHz
% 3-1. Low-IF ¥4 & o] &3 DBF 41719 32 E8%
Fig. 3-1. The block diagram of DBF receiver using Low-IF.
Sl 2 HE QAR = 1950 MHz= Ad Ad9S 913 d9s5s) 2
HE Svelel 98 Fuw 749 20e] ARE ZE7)6] o8 RF A%
7V ARxS FEEY 28la $E%E RF ASE onA AAE Hg dY
E 3 FE o 3 W Aol A F 3}

o& ddE Ho 10 MHz IF &85 4
LO

| =RKe}
e

MHz IF 213¥ 1353 A A
o& AgFaA "ok 1Ela 10

.ol
MHz®} 3+ A H),
3}7]
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MHz IF 21%+= RF 2139 #¥sS 2437 9 3 the] S =(PIN diode)
£ ol &3 o5 2AIEE AUA HH 94 47| (Phase shift)ol] ]l
NS =4 €k oA A foleEE o]&3 o5 AR} 9
712 99 IF A3 s = (Calibration) 325 TFASA @
De-modulator)®] d@el+= IF 4= #¥ES 257] 9J&iA IF
AP ETE HEH R BxU]A 90° $4AE 7HAE DC ol
#3t7] 98] 10 MHz IF A &9} TCXOoA AE 10

MHzE HZx7|oA Fa4 ®gkete] 0 Hzoll 77k [ Q A58 &93
al 2 47t [, Q XEA EHHE [ QUE 9 mA
25 2437 Y84 OP amp. & ©]&83F [ Q offset ZAHIZE A&}
i =%oA DBF 41719 AdS 743k REY AAe] 718
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10 MHz TCXOZ AFg3atiet =3k RF 1950 MHz9F LO 1940 MHzE A

Fu4 £¢sle] 39 10 MHz IFE 402 wolx wi= [ Q AlsE
% =

i)

ol
ol
32

i
38, o

+ jo

A

o M

(o,
o
oot

|

2 PLOYS FASHA €3 1940 MHz PLOC 7|& Fargoz ALgd

TCX09 10 MHzE EBx7] 3l29] LO FuF= ARSIt oleldt x5

ojg3sto g F o] LO%o] a3 Zo] 3k o] LOYS o]

Gl weEka] 2 =5 2D 5 oA g3 2
=

z
4 e sk

L
R

o
A

3.2 FA719 3 =A-A

qol At tEg deus AR FE0)9 £
Jelm HAwe] LO deiwel 247 RF 9955 98E AHgstth. o

o



2 e H

o AdE A Jf AbEete A AdE AA(n-band)E T IHAA
of 3tm, FFA7| A 9} Zo] U QFHUE AMEstE A fole wEY
~(Duplexer)7t Ad A8 e & HepA #drt. 181 AFS TF
Hito] AFEH t9 ey dEHe F3HE s s At A A
]

)

olu] x| Fu}4(Image frequency)”} =4 & ] o)
Al g g ) ZHE ARESHA "k AAR owA] Fuaes
ZNBt= FATA B Fash EAVF " 1 olfr= YA delA Fu
F st WEs stAl 2 W RF F320 £1(1950 MHz)3} LO F3t<
£(1940 MH2z)E &g W3 Al7|H f1-1,(10 MHz)e] ¥ F35 & &
Hu =, ol 2f-,(1930 MHz)8] F3=7F 195 o] LO F3b (1940
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# d3te 4R Fu st vsd Fugel dASHA "k o] A
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of ARE= EHL% Fgol Hol dd BRE ETAF 5 Utk 2619
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a9 3-2. Muratar}e] RF BPF(DFCB31G96LBJAA)
Fig. 3-2. The BPF(DFCB31G96LBJAA) of Murata company.

¥ 3-1. RF d19 53 ZE(DFCB31G9LBJAA)S] A A AL
Table 3-1. Design spec. of RF BPF(DFCB31G96LBJAA).

Operation
Fo BW IL at BW
Model No. Temperature Range
[MHz] | [MHZz] [dB]
[Deg. C]
DFCB31G96LBJAA | 1960 60 -30 ~ +85 Max. 3.7

3.2.2 34 &3 7] (Mixer)

el FA BN Azded WMAs 4P Fad v 445
k!

gtk IAE o 2 02 55239 E &8 3 XE &2Ax =24 RF,
IF, LOZ FA% At F35 H3S falr AR} FARAA B5F
APEE R GE B =R A= FAIRET AFsY. Y 3-32 AR A RF
RE R ICEEERTORER IV EEPERTE SRS R
O O CEESEEN T
Mixer
fRF fIF
=frr-fro
£, Lo

2% 3-3. RF mixerol A 2] F3 3}ak H 3

Fig. 3-3. The frequency down conversion in the RF mixer.
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olwl WAe] FoF olee RF Asol xaE Aus A3k ol

oA AHE AHestr] A @A FIgvhs sk A skt

RF YA+ FETY thole= T T5AAE AHE3te] oelst &
aAe] HAME EAS ol&gtth. wEkA dte FIRFRE FEE= Zl
ofyel dshA] & WAool FYHh oy THEAELE F217
of Aol AA FFE MARE HEHE A&t AASA Hot WA=
DC7} 83 FET 5 ©&% 5% WA DC7F 48 gle tole=s
ol &g FF WA F IR EREC oAL kA AEstd ofy %

3-29F 2t}

E 32 5% 948 £¥ 949
Table 3-2. Classification of Active mixer & Passive mixer.

T AR Active mixer Passive mixer
H A€ 2% | TRBJT, FET, HEMT %) Diode
DC ¥4 O x
H3lo] 5 Conversion gain Conversion loss
3254 =23 7k
SZo o8 ANsE ZA & F|DC 4F glo] EA Fdo] e
54 oy T} e FAFAE|EY EHAEY A7 FolA
ik IF Z77} 94

-
>
op
)
i)
X
rl
=
2

B =R DBF $417]9 Fa4+ 85 ¢4
—circuitsAt 2] ADE-18& AF&3 3, WHE 32 A=
WAtk 2Ear ® 3-30 WA ~#S eI AAFI50 RF
1950 MHz, LO 1940 MHz Zz@la IF 10 MHz¢ F35-H$7F A83 o
Al ADE-189] s#Fut4 W elo]l E3¥vh. ADE-182 479 to] e =29}
27e] EdRaxmE P fE Wi YA JEHE 7}11’% =ZE= L
2> WA= FudddA] Faeta, 2709 Eaﬂ*wioﬂ ol&lf z} ¥E
st Ae=rb $-Fstth 1ela IP37F $-5ske] Aol ﬁ‘%o%ﬂrt‘r—t— &3
o ATH20]. & =&l E= RFS LOS F37F Z+2F 1950 MHz, 1940

—
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MHzSH o5 7 Foba otk webA RESF LO9 Ae =7} ofF
2% AL Grh B w=EolA AFSE ADE-182 X 3-30 A9 2ol
49 dBe] W —’i‘ 2 (Conversion Loss)& 7FAAIRE RF-LO¢| A=+
27 dBEA ofF 3 5A4S 7HA A 7] witel ol X EZF A

wAE AEdd & Uk

ADE-18

1 12 12 ofy

LO RF

o

29 3-4. Mini-circuitsA} 9] RF Mixer(ADE-18)
Fig. 3-4. The RF mixer(ADE-18) of Mini-circuits company.

¥ 3-3. RF 9 A (ADE-18)2] A4 A%
Table 3-3. The spec. of RF Mixer(ADE-18).

Frequency Conversion LO-RF LO-IF

Model No. ) .
[MHZz] Loss [dB] | Isolation [dB] | Isolation [dB]

LO/RF : 1700 ~ 2500
ADE-18 49 Typ. 27 Typ. 10
IF : DC ~ 600

a9 3-5% 1 iHLg_ DBF $41719] wixdolr E€E [F A9EHS
L}EMD} RF 4849 LO ¢¥zdoe] 242 -50 dBm, 65 dBm¥ w =
e IF &9 #4937 2 JJr AEEL 10 MHz, 20 MHz, 1940 MHz, 1950
MHz Z28]at 369 GHzelA ZtZt -9.6 dBm, -60.9 dBm, -53.2 dBm, -60.6
dBm 183 -30.8 dBme|t}. 1z3 JEELS 9t 10 MHz] IF &4
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gl st vlaste] FEd Aoz wr] wiitel sk 10 MHzAlA 2@

(b) High frequency band components.
(2 GHz-Band)

-30.8 dBm |

(c) High frequency band components. (3 GHz-Band)

a9 35 UAY SHE 58 ~9Ey

Fig. 3-5. The measured output spectrum of mixer.

3.23 IF A4 %3 I (LPF)

oA ARE A A= 58S F k

o] o}F yre FEulgro|td, uwielA RFS e 153}
3 woll IF F352 33 Hd%%ﬁ A A etAl Eot

o9 7] witel] "Ee} e 7F IEHS A
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mw ane a}
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2 8 waslel Aay Fusr) wobAs] Wzl 23
HE wol &4 4 21

ouT

Tloo pF ?90 pF ?70 pF ?90 pF Too pF

19 3-6. MHz LPF9] 3l2% 2 A}z
Fig. 3-6. The circuit & picture of 10 MHz LPF.

W lr:_‘?_oﬂ}\ﬂ‘— g e EEdo]A 10 MHz IF 2152 9317 9
E31 FHE o] A7 E(Skirt) %*é—% A

10 MHz LPFE A7 &4t A
7171 91 A ix}*’?% 9N AREEE Y. AlLtE AR ES
d MWO-20025 AF&3te] dASIAH. 1% 3-62 A4 -

o Fzme} A< el Slek
a9 3-7¢ ARE 10 MHz AG%% Do) S, Syl ALt
Adgre VeEum ek ARERE L 13 MHzA R4 24

=43
dgom Az Zgzkol obgre] AolE YA W Pt 10 MHz Y
oM Fahg Kol o} Faatrl
0 <
;m- ,I\‘ = === Calculated
) S /RS = Measured
g-100 Su .
£ 20 [N
= o H \ Sy
=" ’ N ! \
=30/ ! s
N ; l. N
40 n' M : \\
0 10 20 30

Frequency [MHz]

a9 3-7. =3% 10 MHz LPF9] s parameters
Fig. 3-7. Measured parameters of 10 MHz LPF.
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3.2.4 10 MHz 232 7] (TCXO0)

10 MHz 22 7]2 Alg® TCXO(Temperature Compensated Crystal
Oscillators)E Q#to] =2 Ay 2= (Crysta)S ©]&3F tfx Al FH7]9
sfitolth. TCXOx &&=o whel BFak7F Wah7] wZol 221S thermistor
(thermal sensitive resistor)E& o]-§3to] W Fa49] QA5 &1 Tx7]
°lth. = MHz ~ 4 MHzel o]277bA] 2=t tigh a4 by
=7F #7] w2l PLOPLL+VCO)NA 7% Fagdow de] Abgdr

2 m=RdlAE 9l A PLOY 7% Faadd Hx7]9 LO
A F9FE AL HY] wFel TCXOoA #HAEE 10 MHzE Mini-
circuitsAte] 9] tlulold(Power divider)?l PSC-2-1of <]sf =uj¥ o
PLOSE H-x7]o] Zz} g€}, dwbd o ® TCXO+ PLOY 7|&# F3
dRto =z Afbgo] FHANE 2 =FoAE TCXOE Hx7]9 LO dEF3+
2 AMEFoEM LOYE Syt AbRste Aol vk 1¥ 3-8&
VectronAte] %43 10 MHz TCXO09 A& YERZ Qom, ® 3-4¢
TCXO9| =33 vehfa itk

i

¢

il

19 3-8. VectronAt9] Ultra Miniature 10 MHz TCXO
Fig. 3-8. The Ultra Miniature 10 MHz TCXO of Vectron company.

¥ 3-4. 10 MHz TCXO0O®9| A A}
Table 3-4. The spec. of 10 MHz TCXO.

Model Freq. Voltage Stability Phase Noise
[MHz] | / Current | (25 C) at 10 MHz(Typ.)
-80 dBc/Hz at 10 Hz offset
3 ~5V -125 dBc/Hz. at 100 Hz offset
TCXO | 10 MHz +1.5 ppm | -145 dBc/Hz. at 1 KHz offset
/ 15 mA ~148 dBe/Hz. at 10 KHz offset
-150 dBc/Hz. at 100 KHz offset
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T4 A/ AFE 47 5 V/15 mAol 7] o] b= £15 ppm o R
obg A o7 F2etl 18] 1 phase noiser 717] 9] J
= ARFY stvpEA g e] AFEREA Y =
Hdel=uE vein. S SAF A B Hz offsetd Ao FAHF
T AT AqUARG dviy o] "ojx =y S yEhdt gAY
F+2(Phase Noise) dBc/Hz 2= @9 & A&t} oA Zh2he] offset
Al A 94 Fes 2 v dvH22].

1%l 3-99F Zo] Abg¥ TCXOx= 10 MHzell Al eH g4 o= F2tata

2
X

a9 3-9. TCXO0Y 10 MHz =3 ~#HEH
Fig. 3-9. The 10 MHz output spectrum of TCXO.

3.2.5 1940 MHz 3 &4 7](PLO)

RF AlZzdlo A Fik4 W3S 98] A9 LO 949 FI+E 93l
= VCO(Voltage Control Oscillator) 25F-E Z Q3 Fu+= SAYAA A}
&3tth AR VCOe &€ Fae FH 32 JiFol k9 &
Fol o3 B JEgS wolx ZHFugvh vAEA wistth 18 A
il
I~

roh rlr
i

[ed

RF Alz=dlo] A= or Ag3s7]7h ek kA VOO ¥ Fv
FE WA EA FH4E 1A= Aol PLL(Phase Locked Loop)©] th.
a9 3-102 PLLY VCOE Ze3F PLOS 3= EgTolyt. WA D 4

=
MHz 23x7]= PLLE Alojst:= CPUY FH& w37] 93] AleHE 7]
= w2710tk @ CPUE B TCXOE L£EwWsld o3 Fu4rt &5
Slo] ot Fu4E FHT = Jv Ay L v|ot) o]wd <kA
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$17 7 Z7](Phase Detector)®} -7 W37 (Charge Pump) Z12] 3
Zad L 7}&E (Programmable Counter)E 43l ¢+ PLL ICE
2o o)A Aoty Ys] AT @ PLL IC W9 H” %7
= TCXO09 7|&=F3% 7HeHE &3 UrolAd S50l =9

Poi 2 Apole ek HAE HAAZY © HA-HgRH = 14”
71 A Uo e o vl dRE B2 Fod we vsiAA 2
A= WgelFe= 922 g ® Z=a8E 7heHE VCO9 &
5 Haefof sk, Faka FobA Hlastr] 57| wiE
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9 3-10. PLO(PLL+VCO)9] &8 %
Fig. 3-10. The block diagram of PLO(PLL+VCO).
a9 3-112 PLOZHE 95+ 1940 MHz LO F3kolt, &

=
oA Fok4 7S §17] 918 PLOZE oby# @A dhuhe] LO F 34
?l 1940 MHzE &3t 917] wiZol ahvhe] Fapgeol g ule] gl
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19 3-11. 1940 MHz 314 §47]9 28 9 e
Fig. 3-11. The output spectrum of 1940 MHz PLO(PLL+VCO).

H 2dEHA B vkep o] FAFI 1 MHz 9ozl
& Ak FL&o] oF -85 dBc/Hzol 3, 10 kHz EolR X Hol = g4 3
2 -81 dBc/Hz=A <A o= %&o}i A= AL & F AUt

oo

326 W Ho]eEE o8 o]5EHE F47]

RF 320 &85 23719 SFdes nggar|z2x SHgo=
AHEE = AYE FEe] aAz et AF}AAE o] &S HE FYE n
Fe e nAZH77 QA JbE @27 e] EFFeE FETY 14 A7
tho] @ =(PIN diode)& A%d 7HH 47|, 223 dAd ICE ©
3 O " 7pAy 7247 So] 9tk ¥ 3-7S FET 7M7) 9 91 tho)

83
%

QL VIS Wlasta gloem £ oA s AA FA7e] dek/ el
A AW FA%E AFESA 27] flEiA A deole =g o83 st vt
W 71E AAs AT

3 3-5. FET 7FHzk4 719 9 thol o= 244 7)o Ml
Table 3-5. Comparison of FET atten. & PIN diode atten.

- IC Mo AR 28 AFst Fe] Ank
FET - FET #AA17F 48 =(solation) EA 0] £AX]+= Folr AH L=
@7k Qlow, Sagkel Wasiths wael itk
(DC-DC AW E 7} B 2)
PIN© | 549 59e FET 6199 vaAw, Sk Aaax o
Diode
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% 3-12+ Toshivarhe] RF #4718 ¥ thol e =<9l 1SVI28¢] ¥

ojol-g& HolFa glom 7 3-132 A tole=e] #WdF AFI7F

AANE FE7) YN E HEse] g S AlojskE AGC(Auto Gain
Control) 3|2, &= EA HA3IFE So|x Wo] o] & HATH25].

10
4,

1. ANODE
2 [ 2. N.C.
3. CATHODE

1% 3-12. Toshivarle] RF 744]7]8 3 tho] 2 =(1SV128)
Fig. 3-12. The PIN diode of Toshiva company for RF attenuator(1SV128).
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Fig. 3-13. The series resistance(rs)/forward current(Ir) of PIN diode.
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PIN Diode
IN 94— FoUuT

a8 3-14. 3 tho]o & o] 83 A UMW 737 I =

Fig. 3-14. The circuit of variable voltage attenuator using PIN diode.
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JSPHS-129] A& dehlla glew, ® 3-62 JSPHS-129] =9
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19 3-15. Mini-circuitsAt2] 97324 7] (JSPHS-12)
Fig. 3-15. The phase shift(JSPHS-12) of Mini-circuits company.
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¥ 3-6. 4 A 7I(JSPHS-12)9] A A A%
Table 3-6. The spec. of Phase Shift(JSPHS-12).

Mod Freq. Phase Range | IL at BW Control VSWR
ode [MHz] [Deg.] [dB] | Voltage [V]| ¢ 1)
Typ. 0. Typ. 1.2
JSPHS-12| 8 ~ 12 180 vp. 09 0~ 15 P
Max. 2.5 Max. 1.8
a9 3-162 ]Oﬂ ARESE7] flal A AAlE 914 2E ]9
3 2otk Y Xd"‘ol A ow 7hE AE 10 Kol oA 7hiE Zqtel

H
oJal IF 459 914

rUlo

#gfiﬁ}.

Phase Shift
IN 44D 4E ouT

| 1K 10K
-|}—fv3
Al 1uH
1000 pF
+15V >

oy 3-16. Ay 7HA 9t 3=
Fig. 3-16. The circuit of variable voltage phase shift.
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Fig. 3-17. The block diagram of de-modulator for I, Q signal.
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FANCHA,

19 3-18. Mini—circuitsAhe] £ % 7] (MIQA-10D)
Fig. 3-18. The de-modulator(MIQA-10D) of Mini-circuits company.

¥ 3-7. BEX7I(MIQA-10D)9] A A A%
Table 3-7. The spec. of de-modulator(MIQA-10D).

Model N RF & LO | Conversion Phase Amplitude
odel No.
Freq. [MHz]| Loss [dB] | Unbalance [Deg.] | Unbalance [dB]
Typ. 1.0
MIQA-10D 9 ~ 11 Max. 6 0.3
Max. 3.0
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Fig. 3-19. The circuit of offset calibration for I, Q signal.
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19 3-20. DBF 21715 9% A4 3=
Fig. 3-20. The power circuits of DBF receiver.
33 A% 2 327
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a9 3-21. 1 A DBF 41719 A 32%
Fig. 3-21. The detail circuit diagram of 1-Ch DBF receiver.
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£35to] A A PCB(Printed Circuit Board)7]3ell A#sk 1 21 DBF 421719
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a9 3-22. 1 Al DBF 41719 PCB # ¢]o}%
Fig. 3-22. The PCB layout of 1-Ch DBF receiver.
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¥ 3-232 AA AFE 1 AEdE DBF 21719 AR S yEly
o AA 2o A7]E= 7FE 180 mm x 133 mme] o}

a9 3-23. AlzkE 1 AEd DBF $417]
Fig. 3-23. The fabricated 1-Ch DBF receiver.
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icm S00mV A
100my

(a) RF Input : -20 dBm(500 mV/div.) (b) RF Input : -25 dBm(500 mV/div.)

WoM40.0us A Chl & 0.00 chi - soomv v N mmvw;--n«'.om-& cht 7 0.00
400ps @+¥0.00000 8 i Rof3 100my  400us [+¥0,00000 8 ;

(¢c) RF Input : -30 dBm(500 mV/div.) (d) RF Input : -35 dBm(500 mV/div.)

(e) RF Input : -40 dBm(500 mV/div.) (f) RF Input @ -45 dBm(500 mV/div.)
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ieh1 soomv A EIR sn'amw.‘--uu'.m-i chl £ 0.00 :
[Reta 100mV  400us [B+v0.00000 3 - 400us E++0.00000 3

(g) RF Input : -50 dBm(500 mV/div.) (h) RF Input : -55 dBm(100 mV/div.)

leht - 10omv A EEE" 100my '\.#"Hu'.oul ACM £ 000V [chi - Toomv ~ I ltom'\f'nﬂ'.q- A Chl 7 0.00
400u8, +¥0,00000 § [neta 100mY  400us ++10.00000 8 :

(i) RF Input : -60 dBm(100 mV/div.) (7) RF Input : -65 dBm(100 mV/div.)

-M40.0u8 A Chl S 0.00

[ch1- 1oomv A W lanV'\"'N“;m A Chi s 0.00 v D
: Ref3 100mV  400us @+v0.00000 5

‘Ret3 100my  400us [@+v0.00000 5

(k) RF Input : =70 dBm(100 mV/div.) (D RF Input : -75 dBm(20 mV/div.)

FEPUDTE DUDUE DRULE TOM

'ch1 - 20.0mvn B :o.'umw\.;--u«'.lw A Chl 5 0.00

--ze.'omx;--un'.m-h chi s 0.00
{Ref3 100mY  400us ++0.00000 5 : : ¢ :

00us. E++.0.00000 8

(m) RF Input : -80 dBm(20 mV/div.) (n) RF Input : -85 dBm(20 mV/div.)
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Ch1 10.0mv* N m.'nmv«.{-uqn.m-a chi - 0.00
Rel3 100mV 400us E+v0.00000 §

(o) RF Input : -90 dBm(10 mV/div.) (p) RF Input : -95 dBm(10 mV/div.)

ch1 - 10.0mv -'in.omv'\fﬂdo.nura chl & 0.00
| Ret3 100mV  400us E+0.00000 8

(@) RF Input : -100 dBm(10 mV/div.)

9 32428 L[Q A& 44T
Fig. 3-24. The constellation of output I, Q signal.
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Y 3-25. 28 1, Q A3 WEZa A
Fig. 3-25. The amplitude & phase of output I, Q signal.
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a9 3-26. 1, Q As dg T gl e =9 A
Fig. 3-26. The output voltage/ input power level of I, Q signal.
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a9 4-1. Low-IF84& o83 8 A2 DBF 41719 4%
Fig. 4-1. Block Diagram of 8-Ch DBF receiver using Low-IF.
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42 A= A SAHEH

a9 4-2% A#E 8 Ald DBF 21719 ARRS vEpda gl A
A FATe A= VLR, AR, =ol7F 47 180 mn x 133 mm x 305 mm©]
H, AEEE AL FA7E AAAE ol &ate] EBYFoR FASATH
8 Ald FAVE AT wf 7P Fa% S 7 Ade] 5ol BF dF
glofwt gtk Aotk ZF Ade] ARS FHVY FEHE, A9 ®EE
A IF 537 dda 47e] Feaxsy &4 55 #gsA HHew

A 2= of of it Fhet,

% 4-2. A7kE 8 A DBF 41719 59
Fig. 4-2. The side of fabricated 8-Ch DBF receiver.
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a9 4-38 AFE 8 Ad DBF 41719 AWS vty =

RF 4=& ¢34 50 @ SMA female A9 E 8/M& AM&3tH a1, 91743 o]
55 A3kl fEiA DIP BFY e 10 K 7FHAES A 433t
a3 F

F 1 Q252 987 a4 BNC female AIE S AF&3}it

9 4-3. AFE 8 A2 DBF $41719] dw

Fig. 4-3. The front of fabricated 8-Ch DBF receiver.
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Fig. 4-4. The output voltage/ input power level of each channel I, Q signal.
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Fig. 4-5. The level comparison of each channel I & Q signal.
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1% 4-6. AGC 3|2 & 7FA %= DBF 41719 32 E9=
Fig. 4-6. The block diagram of DBF receiver with AGC circuits.
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