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WIRELESS PRIVATE AUTOMATIC BRANCH EXCHANGE ( RADIO SECTION )
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1995

ABSTRACT

This thesis is the research and design radio system in VHF section for develop to the
cordless PABX that use scanning unoccupied channel technique for 4 external lines and 16
internal lines, performed by using FSK modulation at asychronous transmission data rate
between the switching base unit to portable units is 300 ( baud rate ). A full duplex tranceiver
uses the frequency rang of 47 MHz and 72 MHz bands, by scanning an unoccupied channel
for the conserve of radio frequencies. This project use MC2833 for send the signal and use
MC3362 for receive the signal. This project is the radio frequency receiver and radio

frequency transmitter.
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B2 SEMICONDUCTOR

MOTOROLA

TECHNICAL DATA

Advance Information

inctudes dual FM conversion with

® Wide Input Bandwidth:

LOW POWER NARROWBAND FM RECEIVER

oscillators, mixers, quad-

rature detector, and meter drive carrier detect circuitry. The
MC3362 also has buffered first and second loca! oscillator outpuls
and a comparator circuit for FSK detection.

LOW-POWER
DUAL CONVERSION
FM RECEIVER

SILICON MONOUITHIC
INTEGRATED CIRCUIT

~— 200 MHz using Internal Local Oscillator
-~ 450 MH2 using External Local Oscillator

Complete Dual Conversion Circunry
Low Voltage: Vo = 2.0 10 7.0 Vde

Data Shaping Comparator

Dynamic Range

Low Orain Current (3.6 mA (Typ) m Vee = 3.0 Vde)
Excellent Sensitivity: Input 0.7 uV (Typ) for 12 dB SINAD

Received Signal Strength Indicator (RSSH) with 60 dB

o Low Number of External Parts Required

® Manufactured in Motorola’s MOSAIC Process Technology
RF Input FIGURE 1 — YYPICAL APPLICATION IN A PLL FREQUENCY
to 20C¢ MHz SYNTHESIZED RECEIVER
Input
- Match
001 "'1
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FIGURE 2 — PIN CONNECTIONS AND
FUNCTIONAL BLOCK DIAGRAM
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NCI382

MAXIMUM RATINGS [Ty = 25'C, uniess otherwise noted)

Rating Pin Symbol Value Unit
chwer Supply Voitage . ] VeCimax) 8.0 vde
' -O;v_taling Supply Voltage Range (Recommended) 6 Vee 20t 7.0 Vee
" input Voltage (Vg # 5.0 V) 126 1 Vi 10 Vims
) Junction Temperature — Ty 150 *C
) Ozerating Ambient Temperature Range - Ta -4010 -85 “C
’ .Szovage Temperature Range = Tsiq - 6510 - 150 *C

ELECTRICAL CHARACTERISTICS (Voe = 5.0 Vdc. g = 43.7 MHz, Deviation = 3.0 kHz, Tp = 25°C, Test Circuit of Figure 3
unless gtherwise noted}

Characteristic " fin ! Min Typ Max Units
" Urawn Curcent (Carrier Detect Low — See Figure ) ] - 45 7.0 mA
input for - 3.0 dB Limiting : - - 0.7 2.0 aVems N
’ Rezavered Audio (RF signal level = 10 mV} 13 - 350 - mVrms
' Noise Output {RF signal level = 0 mV) 13 - 250 — mVems
' Eemel Detect Threshold (below Ve 10 - 0.64 — Vde
' Neter Drive Slope {10 = 100 — nA dB
" teput for 20 0B (S + N1 N 1See Frgure 71 = L, 0.7 .. uVrms
“r:rsl Mixer 3rd Order intercept {input} - -— - 22 — dBm
_. First Mixer input Resistance {Rp) = —_ 630 - (1 .
First Mixer Input Capacitance ICp} = = 2.2 - pf
. First Mixer Conversion Voltage Gamn —_ — 18 — dB
" Second Mixer Conversion Voltage Gan — — 21 — dg
' tector Output Resistance 13 ! .- 1.4 — 1143

FIGURE 3 — TEST CIRCUIT

RF -Ferronics
Input 12-345-K
50 11
A\ ]
1 24
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120 pf ue Wi . ). £ Il
| £ 3 i —
10.245 50 pf 3 22 1 10.5 Turns
MHz Jﬂ| T 1a 2 B pF | I | coitcrats
L 2r i ! {UNK10142
5 20 |
FLI:
LD ;
6 MC3362 19 1. T muRata CFU4550
; 8 flLRE=D or
0.1 Toko LFC-455I
»—{ - 01 18 17 Flz:
68 kil [—-_—{}——— 9 16 muRata SFE10.7MA
— A ————————
10 15 o1 o
[anddyvadraien 5 Toko SK107M3-A0-10
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| 80pF | 1 14 ] }——t
; : —i12 13
d
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Toko RAMC-2A6597HM - 1.0 uf
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MC3362

FIGURE 4 — heTER versus INPUT FIGURE 5 — DRAIN CURRENT, RECOVERED AUDIO versus SUPPLY
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FIGURE 8 —— 15T MIXER 3RD ORDER INTERMODULATION. FIGURE 9 — DETECTOR OUTPUT versus FREQUENCY
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MOTOROLA
SEMICONDUCTOR
TECHNICAL DATA

MC2833

[ Product Preview j
LOW POWER
OW POWER FM TRANSMITT STEM
L ER ER SY FM TRANSMITTER
MC2633 is a one-chip FM transrhitter subsystem designed for SYSTEM

cordless telephone and FM communication equipment. ltincludes
a microphc e amplifier, voltage controlied oscillator and two aux-
iliary transistors.

® Wide Range of Operating Supply Yoltage {2.8~9.0 V)

® Low Drain Current {icc = 2.9 mA Typ)

¢ Low Number of External Parts Required
® - 30 d8m Power Qutput to 6 MHz Using Direct RF Output
¢ + 10 d8m Power Qutput Attainable Using On-Chip Transistor

Amplifiers '
P SUFFAX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 648-08 CA5§°75;168-03
FUNCTIONAL BLOCK DIAGRAM
i O 16 PIN ASSIGNMENTS
RF
e 2 Osc . Variable o \_/
riable eactance E
20 Reactance o Output g RF
&
Secoupiing r:— '-,_51 s¢
(&8 sy}
3 Wy VWA m O 14 Modulator " _RF
Input E E Butput
Mic Mic Amp T2
Amp et | 3
s O- L 513 M‘C":DJ‘ 8ase
> 1C AmMp Tr 2
Y . Input E 12{ gnitter
12 — Tr2
>0 ~ God E ~1 Collector
/% Te 1
Lo Emirter ] 1] vee
& O
;7 Te t s 3 Tey
Base Coflector
70— VREF -0 10
8O -0 3

This document contains mformation on 3 product under develapment, Moiorola resesves the nght
to change or discontinue this product without notce,

MOTOROLA TELECOMNMUNICATIONS DEVICE DATA
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MC2833

MAXIMUM RATINGS
r

¢ Ratings Symbol Value Unit
r Power Supply Voltage Vee 10 (max)
ﬁOpetating Supply Vohage Range vee 2.8-9.0 v
Junction Temperature Ty - 150
Operating Ambient Temperature Ta -3010 +75 ‘C
Storage Temperature Range Tsta -65t0 ~ 150 "

ELECTRICAL CHARACTERISTICS (Voe = 4.0V, Ty = 25'C, unless otherwise noted)

Characteristics Symbol Pin Min Typ Max Unit
Orain Current (No input signal) lce i0 1.7 29 43 mA
FM MODULATOR
Output R Voltage (fg = 16.6 MHz) Vour RF 1w | 60 90} 130 | mVems
Outpui OC Vohage (No input signal) Vvdc @ | 2.2 2.5 2.3 .V
Modutation Sensitivity t{g = 16.6 MHz} SEN 3.0 2.0 10 15 Hz mVdc
Vin = 0.8V101.2V) 14 - — -
Maximum Deviation {fy = 16.6 MHz) Fdev e 3.0 .0 10 kHz
tVin = 0V 10.2.0 V} 14 -— oy L.
MIC AMPLIFIER
Closed Loop Voliage Gain {V;, = 3.0 mVims) Ay 40 27 30 3 d8
; fin = 1.0 kHz2) 5.0 — — —
Output DC Voltage (No input signal) Vour dc 40 1.1 1.4 1.7 v
, Output Swing Voltage {Vin = 30 mVrms} Vout PP 4.0 0.8 1.2 1.6 Vp-p
H fin = 1.0 kH2)
: Total Harmonic Distortion {Viq = 3.0 mVrms) THD 4.0 - 0.15 2.0 %
. {fin = 1.0 kHz)
AUXILIARY TRANSISTOR STATIC CHARACTERISTICS
i Characteristics Symbol Min Typ Max Unit,
fl Coliector Base Breakdown Voltage (Ic = 5.0 pA) VIBRICBO 15 45 _ \
+ Collector Emitter Breakdown Voltage (ic = 200 pA) VIBRICEO 10 15 — v
Collector Subsirate Breakdown Voltage {Ic = 50 pA) VIBRICSO — 70 — v
! Emitter Base Breakdown Voltage {lg = 50 pAl} V(BRIEBO — 6.2 — Y
Collector Base Cut Off Current (Vcg = 10 V) ’ iceo - - 200 nA
{ig = 0}
OC Current Gain {ic = 3.0 mA) hEE 40 150 - -_
(Veg = 3.0V) ¥
AUXILIARY TRANSISTOR DYNAMIC CHARACTERISTICS
Current Gan B8andwidth Product {Vcg = 3.0 V) 44 - 556 | — MiH2
fic = 3.0 mA)
Collector Base Capacitance {Veg = 3.0 V) Cea -— 2.0 — pF
(g = 0}
Collector Substrate Capacitance (Vcs = 2.0 V) Ccs - 33 - pF
fic = 0)

MOTOROLA TELECOMMUNICAT\;S . JEVICE DATA
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FIGURE 1 — TEST CIRCUIT
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FIGURE 2 — SINGLE CHIP FM VHF TRANSMITTER AT 49.7 MHz
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470 07T — Mic Amp
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—

Variable

Osc

oo e}

L
27% IR ¥ Vi
]
1.0k £7k :

= C pf RF Qutput
] Ll $7oFY 297 MHz
022 -10 dBm
\ B 220 pF
3 ij[

NWOTES: Tne crystal used is fundanenta- moge. cahbrated tor paralie!
Tesonance with & 32 pF igac Tre 287 MM; output is

¥¢Cc = 30Viwo80V

The RF ouisuis - 10 ¢Em (10 MW inic 35 1 load! at £48.7

generated in tne cutout Sutfer. whish s beng used as a
frequency tr-pier in this anolicazen

The networks s the output stz
selechvity ang impedance maic

Swige freguency
i3 3048 7 MMz,

M=z, waih &t harmonezs recuced By more than 50 d8
Al cezacors it microfaracs, inductors ir Hearies and
res1siC7s 10 Ohns unless atherase specitied,

€22 . wn2iciors are Toko EI99SAT10462

33 Virzomznas Toko SY95KN-TI0S5Z
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MC145104
' MOTOROLA MC145106

MC145107
' MC145109
MC145112

PLL FREQUENCY SYNTHESIZERS

The KC145104, MC1451086, %1C145107, MC145108, and
MC145112 are phase locked loop (PLL} frequency synthesizer parts . )
constructed with CMOS devices on a single monolithic structure. CMOS MS‘
These synthesizers find applications n such areas as CB and FM
transceivers. The device contains an oscillator/amplifier, 2 210 or
211 divider chain for that oscillator signal, @ programmable divicer PLL
chain for the input signal and a phase detector. The MC1451047 i FREQUENCY SYNTHESIZERS
5108/5£112 have circuitry for a 10.24 LiHz oscillator or may operate
with an external signal. The MC145107/5109 requite the external
reference signal. Several of tne circuits provide a 5.12 MHz output
signal, which can be used for frequency tripling. A 29 {MC145106/
5109/5112) or 28 (MC145104/5107} programmable divider divides
the input signal frequency for channe! selection. The inputs to the
programmable divider are standard ground-to-supply binary signals,
Pull-down resistors on these inputs normally set these inputs 10
ground enabling these programmable nputs 1o be controlled from
& mechamcat switch or eiectronic circustry., P SUFFIX

The phase detector may control a VCO and yields a high level ’LAS;E;:E:AGE
signal when input trequency is low, and a fow level signal when input
frequency is high. An out of lock signal is orovided from the on-chip
lock detector with a “0™ level for the out of lock condition.

The MC145106 is the full pinout version of this family of parts
and has the capability of all parts in the family. The MC145104/
5107/5109/5312 are limited pinout versions. See block diagrams
for derails.

[LOWPOWER COMPLEMENTARY MOS)

P SUFFIX
PLASTIC PACKAGE
® Single Power Supply CASE 707
® Wide Supply Range: 4.5 10 12 Vde
® 16 or 18 Pin Plastic Packages
¢ 10.24 MH? Qerillator on Chiz
® 5.12 MHz Qutput Pin-for- Pin Aeplacernents for:
- . MC145104 for SMS102, MMS5104, MMS5114
. | 9 . )
Programmable Division 8inary Input Selects upto 2 MC145106 1o MMSE106, MMS5116
® On-Chip Pull Down Resistors on Programmable Divider Inputs MC145107 for SM5107
® Selectable Reference Divider, 210 or 211 MC145109 for SM5109

MC14511240r SMS106

—

MAXIMUM RATINGS iVoitages reterenced 1z Ygg) This device contains curcuitry 10 protect
Rating ) Symbol Vaiue Unit the mputs aganst damage cue 10 high stat

voitages or electng helds: however, it 3

OC Supoly Voltage Voo -05t0x 12 M advised that normal precautions be taken
Input Voltage, All tnputs ~ Vin |05t0Vpp-05]  Vde 10 avoia scotcation of sny voltage Migher
OC Cu:rent Drain per Pin 1 10 mAde than maasmum rated vollages t0 this high
i— it. F t t

Operating Temoerature Range Ta 40 10 +85 3¢ imDedance crcuit. ov n:aoc: operation
r " orecommended thal Vo, w06 Vi, be

Storage Temperature Range Tseg -65 to +150 (3 consteaned 1o the range Vgg S IV;, or

Vour & Voo




MC145104 thru MC145112

RECOMMENDED OPERATION: DC Supply Voltage 4.5 10 12 Vdc

ELECTRICAL CHARACTERISTICS (T4 = 25% uniezs otherwise stated.)

Voo All Types
Characteristic Symbal Vde Min Tye Max Unit
Supply Current o 5.0 - 6 10 mAdc
10 - 20 5
12 - 28 S0
Input Voitage "0 Levet Vie 5.0 - - 1.5 Vdc
10 - - 3.0
12 - - 3.6
- "1 Levet - Vin 5.0 35 - =z Vdc
10 2.0 -
12 8.4 - -
input Current {FS) “0” Levet tin 5.0 .~5.0 -20 -50 uAde
{Pult-up Resistor) 10 -15 80" -150
12 '-20 -80 -200
{PO 10 P8) 5.0 - - 0.3
10 - - 03
12 - - -0.3
(FS) 17 Level 5.0 - - 03 wAdc
10 - - 0.3
12 - - 03
{PO 10 P8} 5.0 15 30 75
{Puli-dpwn Resistor) 10 225 <0 225
12 30 120 300
{Oscin, fin) 0" Levet 5.0 -2.0 5.0 218 wAdc
10 -6.0 =25 52
12 =-2.0 =37 -92
10scin, fin) 17 Level 5.0 20 6.0 15
10 6.0 25 62
12 2.0 37 92

Output Drive Current loH mAde

Vg = 4.5 Vdc) Source 5.0 0.7 ~1.4 -

Vg = 9.5 V) 10 -1.1 -2.2 -

Vo = 11.5 Vdel 12 -1.5 -3.0 -

Vo = 0.5 Voe) Sink oL 5.0 09 18 - mAdc
Vg = 0.5 Vde) 10 14 23 - :
Vg = 0.5 Vde} 12 2.0 4.0, -

Iaput Amplitude - Voo
o © 4.0 MMz} - 10 0z - Sine
(Osc;, @ 10.24 MH2) - 1.5 03

input Resistance Rin MQ
10sgiq, fin} 5.0 - 1.0 -

10 - 0.5 -
12 - - -

Input Capacitance Cin oF
{01634, fin)- - - 6.0

Three State Leakage Current Ty : nAde
o Oetgyl 5.0 - - 1.0

’ 10 - - 1.0
12 - - 1.0 -

Input Frequency fin 45 40 - - MHz
{-40°C 10 +85°C) 12 4.0 - -

Oscillator Freguency Qscin 45 1024 - - MHz
{-40°C 10.+85°C} 12 10.24 - -

7-668




MC145104 thru MC145112

£
H
3

BLOCK DIAGRAMS
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MC145104 thru MC145112

VoD PASHTINE POWER SUPPLY tvdc)

TYPICAL CHARACTERISTICS

FIGURE 1 ~ MAXIMUM DIVIDER INPUT
FREQUENCY versus SUPPLY VOLTAGE

» 7 H H T
| ! i .
T ]
2 : TN
- ; e o
| -atvc N
15 4 - —
(LT ) : =
g5° I 1
o I ES !
. /
V.
50 Z 1/ |
—
A=
[
0 10 20 8 40 59
tin, MAMMUM FREQUERCY (MH,)
TRUTH TABLE
Selection
PB P2 P6fPS|PalpP3iprP2|PilPo| Dividey N
OjojJofOo|O{O0O}O}|O| O] 2iNotet)
otojotofojlofloto 1 3 (Note 2}
oJojfo|(ojo}lojojt1]o 2
ofojofojojojof 1} 3
0f{ojojojolo 1 o) 0 4
ofrirfrbr v apafa 255
1 1 i 3 + i 1 i 1 o1
1: Voltage level = Vpp
0: Voltage level = 0 or open circuit input
Note 1:  The binary setting of 00000000 and 00000001 on
P8 10 PO resuits in & 2 and 3 division which 1s not
in the 2N.1 sequence. When oin is not connected
{or is not listed as for the MC145104 and
MC145107), the logic signs! on that pin can be
treatect as 8 *'0"".

7-6

Vop. SUPPLY VOLTAGL (Vo)

0

FIGURE 2 -~ MAXIMUM OSCILLATOR INPUT
FREQUENCY versus SUPPLY VOLTAGE

“ i [ 7
2 i L
: O
1 4 ]-zs’cf
! . B
A -a8°¢ ; ]4c°c
| TR
o ™A\ |
.-—-—z/' ! |
6 L YW Pl
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Ot MAXIRUW FREGUENCY MM

PIN DESCRIPTIONS

PO — P8 ~ Programmable dmider inputs {enary)

y input to e drvider {derived
from VCO}

Oscip = Osciltatorfamolitier input terminat

Oscoyy ~ Oscillatoriampintrer outout termeng!

LD — Lock detector, low when out of fock

@ Detgyy — Signal for controt of external VCO, output high
wnen 1o /N is lets than the referenze fregquency . outout
iow when 1,,/N s greates 1nan the referance fewnuensy
Reference frequency 13 the diviced down osciitator -
input frequency typwcatly 5.0 or 10 kM2,

FS — Reterance Oscillator Frequency Dinsion Select. When
using 1024 MHz Oxc frequency, this contro! selects
10 ¥ Hz, 3 "0 selects 5.0 kHz.

*20ut — Reference Oz frequency civsoed by 2 outbut: when
using 10.24 MHz Oxc frecurency, this output is 5.12
MH2 for frequency tripling soplications.

Vpo — Positive power suooly

Vgg = Ground

fin = Freq d b



MC145104 thru MC145112

PLL SYNTHESIZER APPLICATIONS

The MC145104, MC145106, MC145107, MCi45109,
MC145112 ICs are well suited for Applications in CB
radios because of the channelized frequency requirements.
A typical 40 channel CB transceiver syninesizer using a
single crys:al reference is shown in Figure 3 for receiver
IF values of 10.695 MHz and 455 kHaz.

In addinion to applications in CB radics, the NMC145104-
12 1Cs can be used as 3 synthesizer for severai other sysiems.
Various frequency spectrums can be achieved through the
ase of proper offset, prescsling and loop programming
technigues. In general, 300-400 chinnels can be syn-
thesized using a single loop, with many additional
channeis available when muluple loos soproaches are
employe  Figures 4 and 5 are exa—mples of some
possibilit.es.

In the aircraft syntheizer ol Figure 5, the VHF loop
ttop) will provide a 50 kHz 360 channei system with 10.7
MHz R/T offset when only the 11.0500 ¥Hz {transmiz)
and 12.1200 MHz (receive) frequencies are provided to

mixer =1. When these signals are provided with crystal
oscillators, the result is a three crystal, 360 channel,
50 kHz step synthesizer. VWhen using the offset loop
{bottom) in Figure 5 to provide the indicated injection
frequencies for mixer =1 (two for transmit and two for
receive) 360 additional channels are possible. This results
in 3 720 channel, 25 kHz step synthesizer which tequires
only two crystals and provides R/T offset capability. The
receive offset value is determined by the 11.31 MHz
crystal frequency and is 10.7 MHz for the example.

The VHF marine synthesizer in Figure 4 depicts a
single loop approach for FM transceivers. The VCO
operates on-frequency during tranemit and is otiset down-
ward during receive, The offset corresponds to the
receiver 1 F (107 MHz} for channeis hav g identical
recewe/transmit frequencies (simplex), and is {10.7 -
4.6 = 6.1) MHz for duptex channels. Carrier modulation
is introduced in the loop during transmit.

FIGURE 3 — SINGLE CRYSTAL CBSYNTHESIZER FEATURING ON-FREQUENCY VCO DURING TRANSMIT
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ente under the patent rignts of Motorels ing. or Others

7-671



MC145104 thru-MC145112

FIGURE ¢ — VHF MARINE TRANSCEIVER SYNTHESIZER

Gnd Voo j_ Lock Cetect
1 10 o1
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S5 Mz Phase Loop vCo 1574
——.
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NOTES * Values in Parentheses are
® Recover IF = 10,7 MHz fora 3 0 kM2 Relerence /5
® {ow Stde injection Freguency Simplex ? Duplex
® Duplex Otftat » &4 6 MHz ® Exgmale Frequencies for l =
®Step Size = 25 kM7 Channet 28 Snown by« «;‘a:::» ] S::‘s’:on
® Frequencies in MMz unless =Can 0e ¢i\minated by adding .
noted 184 to N for Duptex Channels.

FIGURE 5 ~ VHF AIRCRAFT 720 CHANNEL TWO CRYSTAL FREQUENCY SYNTHESIZER
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30178 Monolithic Linear IC

- FM Front End

Tne LA1185 is an FM front end for radio-cassette recorder, music center use.
Jts MIX is of doubled-balanced type. The on-chip 0SC BUFF AMP improves the

strong input characteristic. -

Use
. FM front end for radio-—cassette recorders and music cernters

Fupctions and Features

RF emp, MIX, OSC.

Inprovement in cross modulation characteristic due to the use of double~
balznced MIX,

Imprevenent in strong input characteristic.

Minigum pumber of externmal parts required.

Less spurious radiation from local oscillator.

Operating voltage rznge : 1.5 to 8.0V

Marimum Batings at Ta=25°C unit
Maximum Supply Voltage Vecmax 8 v
Mzximum Pin Voltage 73_5 12 Y

V __5 VCC*O.B V
Allowzbe Power Dissipztion Pgmaz Ta§80°C 150 mW
Operating Temperature Topg -20 to +60 ©°c
Storage Temperature Tstg -0 to +125 ©°C

Operating Conditions at Taz25°C unit
Recommended Supply Voltage Vee 4.5 v
Cperating Voltage Renge Yee op 1.5 to 8.0 v

Case Outline 3017B-S9IC
(unit:mm)
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. LA1185
Operating Characteristics at Ta=25°C,VCC=1$.5\7,{:‘:108)@12,{030:118.7)452,

_ See specified Test Circuit. "min typ max unit

Current Dissipation ICC Quiescent 5.5 8.0 mA
Qutput Saturatioc Voltage Vo 100d Bu 95 115 135 mVrms
Local Oscillation Voltage Vo Voc=2v 150 235 aVrams
Oscillation Stop Voltage Vstep 1.4 1.6 v
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Test Circuit and Equivalent Circuit Block Diagram
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LA1185

—

Temperature Characteristic Test Circuit
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LA1185
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