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ABSTRACT

This Project shows about transmitter and receiver in Simplex Frequency Modulation system.
In this system, we make a decision to use in 82.51 MHz to 82.97 MHz. This project consists of 2
parts; Transmitter and Receiver, therefore in this time, we make a decision to study in transmitter and
improves receiver. In this receiver circuit uses 3 V DC and 5 V DC to be a supply of circuit receiver
and transmitter, For the receiver has 7 channels and receiver we improve in conversion part.

We add a conversion circuit to be 3 conversion systems. In this case they can improve
interference signal. And we use Phase-Lock-Loop circuit to produce frequencies to control frequency
in each signal and frequencies from Crystal Oscillator; Local Oscillator in each Mixer. When the
signals from transmitter sent through the Conversion parts these signals will have strong signal and

attenuation the interference signals from ambient.
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2.4 Frequency Deviation

Frequency Deviation #i0 M3i/Aeusaq Carrier Frequency 1J0ifinms Modulate Faysyied
1‘1’5’1uﬁi‘gﬁ‘ﬂﬂﬂf Af. (%4 Transmitter Qﬂﬁ'l‘lfiuﬁ Rest Frequency = 100 MHz deviation = 125kHz
Carrier frequency LﬂﬁUUﬂﬂuaﬁun13M0du1ationizﬂi1d 99975 MHz, 100.025MHz total

frequency change 2x25kHz = 50kHz 1573unm191i0 Carrier Swing

TABLE 2 .1
Specifications for ronsmission of FM signals
Service Frequency Channel Maximum Highest
Type Assignment Bandwidth Deviation Audio
Commercial FM radio 88.0 to 108.0 MHz 200 kHz "x75 kHz 15 kHz
broadcast .
Television sound 4.5 MHz above the 100 kHz +25 kHz 15 kHz "
picture carrier monaural;
frequency =50 kHz
stereo
Public safety; 50 MHz and 122 20 kHz +5 kHe JkH:
police, firs, ambu- to 174 MYz
lance, taxi, forestry,
utilities, trans-
portation, govern-
ment, etc. .
Amateur and CB 21€ to 470 MH: 15 kHz +3 kHz 3 kHz
elass A and busi-
ness bznd redio . . ;
Wireless mics., wire- The same as commertial FM broadcast, but limited in power to less
less telephones then 1 W
Videotape recorders All functions are within a closed system and are not restricted, except
to radiation into the air. System aszcs may vary with each mani-
facturer. Typicelly: the carrizn iz at 2.4 MHe, synu tips cause a fre-
quency change to 3.0 MHz, the white level to 4,0 MHz, with a typi-
cal bandwidth of 4.0 MHz.
Satellites See FSK and data communications (special)
Mitiary intermingied with public safety, and extenring io microwave fre-
quencies

A13190 2.1 maaadyg i luun FM

2.5 Percentage of Modulation
#9018l Commercial FM 100 % Modulation i]:gﬂﬁﬂﬁtﬂu Carrier frequency TGEATOR
wlasy t75kHz SOUUTLIN Carrier frequency 1 rest point 3@ Carrier Swing = 150 kHz Voltage

» 1 [
¥03M5 Modulating W1 19 Carrier frequency aeu Taums liner uazdad uimangaudy
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percentage of modulationlﬁﬂ\/oltageﬁ]mm‘i modulating AR Q9IH a9 2 ypamnil percentage of
1
- »
modulation flozanaunde 2 veanrdnddre 375852 ymyuai 50 % modulation AUANNT

maquﬂm’wﬁuﬁ of modulation

measred carrier frequency change * 100

Y mod ulation =
? max.allowabla carrier frequency change @1

2.6 Modulation Index
ANUDUBITYY MR Modulation unumdidg iy FM 1nm msvidasimg
nidsuntasuesdygn Carrier p813918Modulation Index gnlfluntsagd v, P vesnsznelu

4 1 . [ Y] o T . R . . [
MU FM ﬁgﬂ Modulation ANUTUAUTITEHIN Carrier deviation (DY audio frequency 12{NIA

o . = 1 . m.
19910015 Modulation 1511580791 Modulation Index (/)

m. = measured deviation at the atenna
;=

modulation siganl frequency 2.2)

F
2.70um TNl FM (FM Wave Equation)
Li1%$1ﬁﬂ1iﬁuga’j1 Carrier Signal, Message Signal 114 sin wave i@ unsouaauiiy

»
qums laaail

e, = E,sin{(2zft)+m, sin(2x f.1)} 2.3)

E. Peak amplitude of radiated carrier wave

o -

Radiated carrier rest frequency
m L .
/= Modulation index (radians)

§ = Message signal frequency

Friedrich Bessel "lﬁﬁmﬁwwﬁuﬂmﬂu



e, =E {mf sin (w,f) « Carrier
+J, (mf)sin (@, +, )t —sin(w,-o,)t « first Sind Band pair
+J,(m, )sin (@, +20,)1 +sin(o, - 20,) « second Sind Band pair

S{m, )sin (o, +3w, )t —sin{w, — 3w, )t « third Sind Band pair

A
+J4(mf)sin (@, +40,)t +sin{w, -4, )t « furh Sind Band pair
+J (

Y 7 O URS } « nth Sind Band pair | 24
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EﬂﬁZ.S mp=2.3 mtyt;l.;‘lt‘.l.l Camier (Huatuwld Voltage]'“ USB, LSB in phase quadrature

2.8 Bandwidth of FM Wave
° . ' [ m a
1umMIAIUIY Bandwidth 'i]::f'l"l:lﬂiﬂﬁﬂﬁﬂm Bessel Chart 113uuAaz 7 921 Side Band

wils dshldsmmsan 1893 Bandwiath fwila udlunsdl ™ fiegevziia side
Band 370 uAsiAfeenaz1nain Carrier Frequency tazqafi Side Band Tnasnnalffifia Power
laid ey (Touwn) Taeefiu Modulation function Chart annsanmihudy zigzig ieuaasiia
Side Band §1MA1077 1 % 384 Total Voltage in Wave #7913 181150a1a0 Side Band manin'd
Taw1% Carson’s rule Bandwidth

970 Carson’s rule Bandwidth fia# Side Band $ 96 % 404 Total radiated power w1d

BW =2(Af. + [,) (2.5)
2.9 Deviation Ratio

Deviation Ratio 19 A15LAAINNAT lﬁ?ﬁf]’ﬂ‘um my (worst-case Modulation index) ﬁﬁﬂﬁ
1@ Frequency Spectrum (Band width) Y84 frequency ﬁn%’wﬁqmmz Deviation Ratio fiUNinuen
tanue 50 lumsaad g InuuUUYe9 Maximum Carrier Deviation 4a2 Highest audio signal
frequency (mmnﬁqﬂums Deviation 984 Carrier N1 Frequency qaqﬂﬂjmﬁfgiymﬁ'm

Modulation)
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Mf=0.5 Mf=1.0 Mf=2.5 Mf=4.0

L i .|I|||“||| ..||\.1|‘|.

fc fc fc fc

JUf 2.6 nansmlnaivessssAund iUV IR M INBAGIANAIAIA

maximum allowable deviation

Deviation ratio=

highest allowable massage frequency (2.6)

Deviation ratio 191UMTNIMUBY worst-case Bandwidth lumsaadaga wulumsds daao

Y99 FM radio band 3 maximum carrier deviation = 75kHz Signal 11 Modulation T frequency
_T5kHz 5
A = 15 kHz (audio 5SHz-15kHz) AU deviation ratio  15KHZ wnililidud Index of

w » 1
modulation 92471471 TenuA 8 pairs of side band IMTIzRZUMAT Rz A Ty ez
¥ » »
§1UIU Side Band Vienuaguey 15 kHz eaju 8x2x15kHz=240kHz  wyreaziiulu

w04y 149zl Band width = 240 kHz

2.10 Voltage Distribution in the FM Wave

Sidebands V&N gN%ﬂlﬂﬂCamer fiAModulation Voltage Distribution fisuilu
Hﬁi’JJJﬁgQH UAUDI Voltage ﬁlﬁiyt}]‘liu Modulation Y04 Carrier 11i% Sideband Frequencies éqsﬁﬁu
voltage 9849 FM Transmission seiimasiimeldan1iziiiimy Modulation wieluannsiign

Modulation LHUUTYA
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#171981381 150 V Carrier Modulation A28 40% 84 12 kHz Tone
40 B AF B
100 75k
m, =§—0-lf—: 2.5
12k

# mf = 2.5 3 Sideband = 6 Pair

". Voltage i Carrier = JoEc = (-0.0484% 150 V) = -7.26 V
2J,E, = 2%0.4971% 150 = [49.13V
2J,E, = 2%0.4461% 150 = 133.83V
2J,E, = 2%0.2166 % 50 = 64.98V
2J,E, =2%0.0738x150= 22.14V
2J,E, =2%0.0195% 150 =585V

S daumifumsvenauninumsuInlu Even side Band + Carrier

Eroral = JOEc T 2J2Ec +2J4Ec

=149V

2.11 Powers In the Modulation FM Wave

(2.7)

(2.8)

Power (P) U Carrier A% Power 1UUAAE Side band vosdnyy I FM ¥ AModulation 1l

] o o 1 2. & , " ) . ' 1w
n1stheadeanun < anfu Power 1 Carrier 18314 Modulation v23iAwvianiy

P =Jip.+ 2[R+ 2J5P... . 2J5P,

ite

o oA
INANIBLINLLATD

P = (IZP. = 0.703W)+ (2J7 P, = 148.256 W)+ (2J 1P, = 119.403W)

+(2JIP. = 28.149W) +(2J2P. = 3.268W)
+(2J2P = 0.228W)
= 300.016W

(2.9)
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t 4 . .
namsanuiafuayunquiiadie Band width 1091 Side Band AuongAlAIAINT 1% Y09

> 1
Total Power A5 1115 o azazian 1a

2.12 Narrowband FM

Narrowband FM 9¢31fi1 Modulation Index 13itfiu 1 Tﬂuﬁwﬂsxmﬁ*ﬁauﬂsxﬂﬁ'ﬂﬁuﬁ'ua:
§ANSIANAWAINUDY Signal IW312731 Carrier deviation is11fou TauA2uNIN Narrow band FM 19
19 Modulation wuudeuTaw Emphasislﬂu (ERP) = Effective radiated power ﬁTﬁ'?ULﬂ?EN‘d N}

Narrowband FM Tat) limit Power‘Hﬁ 50 W Tawarunms 114& 1m0 Narrow band FM

e=FE sin(2pft)-

£ cos[2p02 -j;)t]+

mE mE
Lcos|2p(f. + ft
2 2 [ ] (2.10)

F-ff i+ 1, AR

l

31U 2.7 S suienIzn 119 FM, AM 1#A403 Lower Sideband Hindusia
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3.1.1.1 nuyninodlalon (Varactor Diode)

o -3 <= ar é 4 L
nusawailaloa aunsalfidudduiladygia PM uuumeassdaiie W luda

w o @ = [} o P2 R ' e o
Houndy (Reverse Bias) AUl wsamed 1aloa oz Idinas anguaudfius s sosro i unas

wilnnlaewnlasauusadu lusadoundunmaalugui 3.1
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o0 | S

S
50 I "
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. T—
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5 w15 2 25 3G

-~

Dicde capaciunce, Ce (pF)
7
&
1

Reverse voliape, Ve (V)

514 3.1 umaedydnualiaznsMnuauifreusanoslalon
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6.2.6 MINuTAaWNInzn M aeuinive: nnue veo Anssduludadun 0-38 v
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2.8 36,221
3.0 36.253
3.2 36.283
3.4 36.219
3.6 36.078
3.8 36.000
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@ MOTOROLA

Low Power Narrowband FM IF

*

The MC3361B includes an Oscillator, Mixer, Limiting Amplifier,
Quadrature Discriminator, Active Filter, Squelch, Scan Control and Mute
Switch. This device is designed for use in FM dual conversion
communications equipment.

® Operates from 2.0 to 8.0 V Supply

® Low Drain Current 3.9 mA Typical @ Ve = 4.0 Vde

Excellent Sensitivity: Input Limiting Voltage —3.0 dB = 2.6 uV Typical
* Low Number of External Parts Required

Operating Frequency Up to 60 MHz

[ 5L JELIEL IR

Representative Block Diagram

Mixer Scan  Squelch  Filter Fiter Recovered
Input Gnd Mute  Control In Output  Input  Audio
13

Order this document by MC3361B/D

MC3361B

LOW POWER
NARROWBAND FM IF

SEMICONDUCTOR.
TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 648

D SUFFIX
PLASTIC PACKAGE
CASE 7518
{SO-16)

PIN CONNECTIONS

o] _11 Crystal O { 10 ) erinput
rystal Osc
i [2] [15] Ground
| Mixer Oulput [ 3 | [14) Audio Mule
uelch Trigger with
& Hysteroei ( vee [4] | 3] Scan Conlo
| Limiter Input E E Squelch Input
| (8] 11] Filter Qutput
{ Decoupling & 7] 1] Filter input
‘ Demodulatar
l Quad Coil { 8 | Output
l {Top View)
| ]
i
' L ORDERING INFORMATION
U —L‘J— M M -[-_ﬂ 8 Operating
Coytal Miser Voo Limiter Hing Quad Device Temperature Range Package
Osc Oulput Input Coi MC33IBO | S0-16
This device contains 92 active transistors. MCI361BP A=-Rlo Piastic OIP
©® Motorola, inc. 1999 Rev 1



MC3361E

MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted.}

Rating Pin Symboi Vaiue Unit
Powsar Supply Voltage 4 Veoe(max) 10 vde
Operating Supply Voltage Range 4 Vee 20t 8.0 Vdc
Detector input Vollage 8 - 1.0 Vpp
Input Voltage (Vo 2 4.0 V) 16 Vig 1.0 Vims
Mute Function 14 Vig -0510 5.0 Vpk
Junction Temperature - Ty 150 °C
Operating Amhient Temperature Range - Ta, -30t0 70 °C
Starage Temperature Range - Tstg —-65to 150 °‘C

NOTES: 1. Maximum Ratings are lhose valuas beyond which damage to the device may ocour.
Functional oparation shauld be restricted 1o the limils in the Electricatl Characieristics
tables or Pin Descriptians section.

2.ESD data availatle upon request,

ELECTRICAL CHARACTERISTICS (Vg = 4.0 Vdc, [ = 10.7 MHz, Af = 4 3.0 kHz, fpgg = 1.0 kHz, Ta = 25°C,
unless otherwise noted.}

Characteristic Pin Min Typ Max Unit

Drain Current (No Signal) 4 mA
Squeich "Off" 29 3.9 4.9
Squeich *On” 44 54 6.4

Recovered Audio Oulput Voltage (Vin = 10 mVrms) 9 130 160 200 mvrms
Input Limiting Vallage (~3.0 d8 Limiting) 16 - 2% 6.0 Hv
Total Harmonic Distortion 9 - 0.86 - %
Recovered Outpul Voltage (No Input Signa) g 80 120 250 mvems
Drop Voltage AF Gain Loss 9 -3.0 0.6 - d8
Detectar Output Impedance - - 450 - Q
Filter Gain (10 kHz} (Vi = 0.3 mVrms) - 40 50 - hif3]
Filter Ouiput Voltage 11 10 13 1.6 Vdc
Mute Function Low 14 - 30 50 9]
Mute Function High 14 1.0 1t - MO
Scan Function Low {Mute “Of7) (V12 = 1.0 Vdc) 13 - b 04 Vde
Scan Function High (Mute *On") (V42 = Gnd) 13 30 s - Vde
Trigger Hysteresis - - 45 100 my
Mixer Conversion Gain 3 - 28 - d8
Mixer Input Resistance 16 - 33 - k2
Mixer Input Capacilance 16 - 22 - pF

2 MOTOROLA RF/IF DEVICE DATA




AUDIO QUTEUT (mVrms}

MC3361B

Figure 1. Test Circuit
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Figure 3. Audic Output, Distortion

versus Supply Voltage versus Temperature
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Figure 5. Input Limiting Voltage
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Figure 6. Overall Gain, Noise and AM Rejection
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Figure 10. Simplified Application
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TOSHIBA TA7358AP

TOSHIBA BIPOLAR LINEAR INTEGRATED CIRCUIT SILICON MONGUITHIC

TA7358AP

FM FRONT-END

The TAT358AP is designed for a2 FM front-end
application, which is suitable to a portable radio cr a
radio cassette.

Comparing with conventienal types, supply voitage
dependence, overload characteristics and spurious
radiation characteristics are improved.

,.fj‘f."f i
1

i

FEATURES :
& Wide supply voltage range : Vec=1.6~b6.0V

Excellent supply voltage depend f local oscill STI2S
¢ FExcellent supply voltage dependence of local oscillator Weight ; 0.92g (Typ.)

Qscillation stop
Vee =09V (Typ.)

Improved inter-medulation characteristics by double balanced type mixer circuit.

# low spurious radiation.

Built-in clampping dicde for the local ostillator output.

BLOCK DIAGRAM

I t < ovee

= = £ 70 1F amP }""
RF-OUT =1, M-I MIX-QUT Vee
3 5 3

T — - o
J . T BUFFER AMP [+ LOCAL O5C pos

REamp | Lo mix 7
osC
MONI
Bras REG.
N o ]

5
RF
; 8Y-PASS I

951001EBA

@ TOSHIBA is tontinvally working to improve the quality and thé reliability cof its products Nevertheless, semiconductar dewices in general gan
malfunction or {ail due to their inherent elertrical sansitivity and vulnerability to physical stress. It is the responsibility of the buyer, when tilizing
TOSHIEA produsts, 10 observe standards of safety, and to aveid situations fn which a maHuncrion or failure of a TOSHIBA product could cause lase
of human life, bodily injury or damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Ake. please keep in mind the precautions and conditions set forth In the
TOSHIBA Samiconductor Reliability Mandbaok.

@ The products described in this dotument are subject to Joreign exchange and foreign trade control laws.

@ The information contained herein is presented only 25 2 guide for the apphcations of our products. No responsipility is ztsurned oy TOSHIBA
CORPORATION far any infringements of intellectual property or ather rights of the third parties which may result from its' ute. No license’is granted
b{eimplication o otherwise under any intellectual praperty or cther rights of TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without notice.
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TOSHIBA

TA7358AP

EXPLANATION OF TERMINALS (Terminal voltage is DC voltage at Ta=25°C, V¢ =5V, and no signal)

PIN No. SYMBOL INTERNAL TERMINA(l;f )VOLTAGE
1 FM-RF N CE 0.8
2 BY PASS @——{ﬂ 1 1.5

VI 1
=
3 FM-RF OQUT Gho () 4 o) 5.0
@ S}vee
4 MIX IN 15
4
6w (5) y 1
5 GND —_ 0
6 MIX OUT d. pin@ 5.0
Yo <:>—“
7 0S¢ MONITOR i 43
l
8 0s¢ ) 5.0
GND (S————
9 Vec — 5.0
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TOSHIBA

TA7358AP

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Supply Voltage Nee B v
Power Dissipation Pp (Note) 500 mw
Operating Temperature Topr - 25~75 °C
Storage Temperature Tsig ~55~150 °C

{Noie) Derated above 25°C in the proportion of 4AmW/°C.

ELECTRICAL CHARACTERISTICS (Ve =3V, T=83MHz, = 1kHz, Af= £ 22.5kHz, Ta = 25°C)

TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN, | TYP. | MAX. | UNIT
CUIT
Supply Current Icc 2 | Vin=0 —_ 5.2 80 | mA
. . dBuV
- 3dB Limiting Sensitivity Vinfim) | 2 —_ —_ 3.0 7.0 En:F
. (e dBaV
Quiescent Sensitivity Qs 2 —_ — 11.0 — EMF
Conversion Gain G¢ -— — — a1 — dB
Local OSC Voltage Vase 1 | fosc=60MHz 90 165 | 220 \mVems
Pin D Parallel Input '
impedance | Resistance fipt 3 57 2
Parallel Qutput
— 25 | — k{}
Pin & Resistance Top3 3
impedance | Parallel Output
= -— 2.0 — F
Capacitance Cop3 f=83MHz P
Parallel Input ]
Pin'd Resistance Mip4 N - 27 ki
Impedance | Parallel Input
i —_ 3.3 —_— F
Capacitance Cipt P
o Par..allel Output Fopé _ 100 _ K}
Pin & Resistance 3 | f—107Mn
Impedance | Parallel Qutput =10.7Mh:z . ig oF
Capacitance Cops )
Local OSC Stop Voltage Vstop 1 — -_ 0.9 13 v

1997-07-07 3/8



TOSHIBA TA7358AP

TEST CIRCUIT 1

TAT735BAP

lasc ©

20041
e

TEST CIRCUIT 2

TA7358AP
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TOSHIBA TA7358AP

TEST CIRCUIT 3

Input output impedance

(1) rig1. cipt (2] ropa: Cop3

RX H
METER L

o
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TOSHIBA

TA7358AP

TEST CIRCUIT COIL DATA (Japan band for 76.0MHz to 108.0MHz)

COLL fo Qs TURNS CAPACITANCE
i
T4 0.5mm 95 2 ry T 15pF FERRITE CORE
RE Coil 19aMHz 100 | Center Tap (External) % g
{lapan Band}
0.5mmg 2 Ly FERRITE CORE
Smm —
"2 | 100MHz | 100 2 15pF :
0sC Coil (Japan Band) (External}
@& 121 vee
&-® T
T3 Wire 0.12mm¢ UEW
. 7
FT coit | 1OTMHE TS cunmipa ELECTRIC opF |
Co., LTD. Fin &
5764 or equivalent
@-8 147
Wire 0.12mm¢ UEW
Ta SUMIDA ELECTRIC
Quad Cail 10.7MHz | 150 Co., LTD. 47pF
44M-933A or
equivalent {BOTTOM VIEW)
Band Pass Filter (BPF)
SOSHIN ELECTRIC Co., LTD, BPWBS
Tuning Cpacitor
ALPS ELECTRIC Co., LTD. CB41ELS33
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TOSHIBA

TA7358AP
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TOSHIBA TA7358AP

OUTUINE DRAWING
SIP9-P-2.54A Unit : mm

—%

1.240.1

22.79MAX,

22,2840.2

Weight : 0.92g (Typ.)
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