DMYEHANE 1 WIS UONINEIMNIZIN

A ' )
suvFaaIsenuae W1

AC POWER LINE COMMUNICATION SYSTEMS

Tae
4

4
U1 AAAANA UAlUTEAUS

r'd dQ’ 4
we'lassan 50998

R At

L AR S IS P 25¢054

.............................

A i T 3 § oeeeeesees e

STRRTITRIN

a o

¥ v
YsyaninusiiludiuniisvenmsinuudngasdSyaimnssumans tudin
a ad a
avivsannseind
o ) gy 9 s
an1iuma I Tadnszaomnd I 1nunmIsa1anse1ia

Un1sfnu 2550



A ' v
szuvaamssnuaa v

AC POWER LINE COMMUNICATION SYSTEMS

Tae

o aw a =4 s I'd
W NaAANA YA RUT 48015240

e 103598 ASH99A 48015249

P
219158N15 P

wAlsznng gassme

= a o’dy [ a a a )
UsyaniwusidmivlTyaianssumanstiumna

a a d a
MIndannsennd

AUSIAINTTUAIANS

aofumaTuTadwszveumndudgunmsaianseiis

Unsfinu 2550



Ysaaniinusg nsdnu 2550

a ad a o
madn didanseiind

a o« o ) 3 3 4
amzdmnssumanas gonfumalulatnszssundudnamvismansas

599 szuudemssiumelviu

Yo o
RIA

4

1. W NAARnA udllsewus W 48015240

2. wiwlassen A5919A WA 48015249

LN 0\/ .25 87S

(wer. dszming qassuz)



P 1 )
szyvFsm I U WY

o

Wy NaAdne udidsewus  S1Wd 48015240

w1 Tassad A5 liaen SHa 48015249
WAl UsznIng qassuy (@1150715nw)
Unsfnm 2550

(%) 1]
UNAAELID
¥ ] 3
TassmiiiumseonuuuuasAninmsdsdeyamumeliin  ielFlundomsiu
t a d' L Qs é e Qo e 1 | o
gvindginsalmeluninerds Falsznouliaedriudoyn uozdrdsdoya Taulindn
° i 4 3 o o ] . o
amsmnude JeyailFlunisdeassenindigunsaszgndalliuae AC Line o1fums
Sudedyanuiinaud 14.50 MHz fis 14.90 MHz gnutiseeniiu 3 sesdanuamnsaidon
i o o 4 ] o &'
awdldnn DIP Swith TasililulasaouInsamesifudmuguiieidendesdaanaia
masuegmnds mssudweyaiuunuiamudsd 1eslunesuidudamsmnoumion
3T uIngeWdui 1l 1wsilszneudimaersiediouldvmoes finwes Taadiae
a e o e cy < s
aoulnsavoaFamnes uazdneagames iadenglgnaugulasiulasaeoulnsanes
& dq vy 4 A Ay ¥ ) Y o y 2 Y
wemunuaud inainasaunsoifonanudld  drundnmsiauvesnadaiues 14
o 4 P =] o o o v {
wanMsImioumIeadInglewioy uazlFmnvnedygraiimsvoodyanuisuiag

e Tudaans Tt



AC Power Line communication systems
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Education year 2007

Abstract

This project presents a design and study in sending data pass the AC power line for
communication between transmitter and receiver devices in residence. The data transfer to AC
power line by Radiofrequency range 14.50 MHz — 14.90 MHz in 3 channels. Frequency can be
selected by DIP Switch. The channels of transmitter and receiver are all controlled by
Microcontroller devices with simplex communication. The receiver device uses a principle like a
common FM radio receiver. It consists of RF amplifier, Mixer, voltage control Oscillator and
Phase lock loop are controlled by Microcontroller . At transmitter part that uses principle of FM
radio transmitter then it is increased by power amplifier circuit again before transfer to AC power

line.
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V.=V,sin(w, +¢) (2.6
Ty -V, =V, sin(w,1) (2.7)

msueaganawsoild 2 uuy fie nisveaganiFiuuia (Amplitude Modulation) N3
uoA9 aNFIYU(Angular Modulation)
M3NDAPANITIVINAAM) vavesndun ez douuasnuvinaves Toyny e

Ve =V, +V,, sine,t]sinw ] (2.8)
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voydy

Ve =V, [sinot+ KV, sinw,t] (2.10)
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w, =27,

”tgtgwmﬂ?;umﬁ V = Bcos ot (2.12)
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- o & o d' a o u’:
anudvesdyananaumidzlaounlashlseuqanud o, suiu

w=0,+Awcosw,t (2.13)
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Vi = Beos(w, + Awcosw, )t (2.14)

Vo = Beos(w, + wcos @, (2.15)
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0@t) = (o, + wcosw, )t (2.16)
NN ot = 6(t) d@=w
dt
- 0() = [wdt
0

) =w.t+Aw Icos o, tdt (2.17)
0

Vﬁ,, = Beos(w, t + Aw _[cos w, tdt (2.18)
0

"V, = Beos(w,t + msinw, 1) (2.19)
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_fdmax

A (2.21)

f,, max
_75KHz _
SKHz
A A a o Y A ey /3 o
Ty AM mamnuanwagﬂ‘umfmmnnmmuaqlaﬂmaimﬂaiwuﬂmina@_mﬂ

U e

5

Py a 4 o

1 1 ¥
gt nsiffsun)aweundya (nseunduyvesmivezi/doundatnniunalussuy FM

U

¥ ¥
Py a = 9 = =

lamueunagavesdyaaiidegaageiiu msidisuuuanudveswmzaziisuuuld
FY a ° { d a4y 1 a
nvuluszuuingnszeis 1@os FM dmualdanudidisavuvesssuuaui livu 75
as a s o q % o P ' o as a ’ ’
Aladsad s weganiilinrwdvesmvzdsuuulmiiu 75 Aladsad uaasiusueg

H 2 o4 a o o
AL 100151 Fus Fusuveutluaunsidaeil

£, -100

- TKs
lﬂailcﬂuﬁﬂ'lillaﬂlaﬂ =— 2.22)
f, max

4 A o 4 & o 4
Tuntl £, fie arwdilisauy isanndyguivuegan
f, max fie ANuDTsavUGIEn
d
2.5 lANUUA (Sidebands)
v ¥
dwmfvasslszneunnanudvesdygia FM uinsanmumissiinisueqan d1

1 o =

3/ § ° o a @
Arvesdaiimsueqraniios q (m <0.25) Fanediserndmuai m <1 udreeBundyana FM
¥ ' = s
ﬂ')'] "o HDULUUALAD" (narrowband FM : NBFM) 21A@UA15 2.9 li]ﬁ’]lﬂiﬂﬂiz"ﬂ]ﬂﬁ’au
3
YN UNIIADT (Tayler's series) ARl
B
V4 = Beos(@, )= Bm, sinw,tsin ot —m Isinzwat cos’ o t+... (2.23)
. 2
o d' 3 a1y o /a‘d J a o o Y o :,’ (Y]
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Bessel Functions of the First Kind, J,(n)
=y N N J2 Iy Ja Js 3 N Js Js Jw Ju Jn I
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30 =026 034 049 031 013 0.04 0.01 - — — —
40 ~0.40 047 0.36 043 0.28 0.13 005 002 — — —

i
|
H
[ O A I O O I

|
t
1

3.0 —0.18 —0.33 0.05 036 039 0.26 013 0.05 0.02 — — — —_ —_ —
60 0.1 -028 -024 011 036 0.36 025 013 006 002 —— — —_— — —
7.0 0.30 000 -030 017 D.16 0.38 034 023 03 006 0.02 —_ — —_ —
80 0.17 023 ~-011 -029 -0.10 0.19 034 032 022 013 006 003 - - —
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1+5(z, +7, + 1)+ 51,7,

F(s)= (3.26)

Taud 7, = RC,,7, = R,C,,7, = R,C, InanazFlsvosilansuarwleugiitlamadengl

G(s)a s o@ouaunis i

1+ 57,
F(s)= 222 (327)
(1 +s7)A+sT3)
aumsilsidugeTouvesguilaiafengloeinesii 3 sznauiiy
K K 1+sT,
G(s) = —2—d = ok (3.28)

Ns  (1+sT)(1+sT,)
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X(s) . H(s) Y(s)
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vingilii 5.1 uaesdiunnudaegvenuding ¥alunisldny BrL1dlivaw
wiwanun ldsmuamasgnisanunsd@emssiuais Iisu FCC, IEC , IEEE, HomePlug
Powerline Alliance,UPA tag ETSIPLT $as1neuaaatiuanudn FCC fMvualilddmsu
A5 @oa1s BPL N musoglu Part 15 Subpart G section 15.615(f) ifluduanmdndmls
o (Y 3 o o y < b 4 d.d' Yo [
dwsu BPL nindedmuadenanieldnidluanudimannseldlany BrL fauanslu

A15199 5.1

FCC-Authorized BPL

Transmission Bands (in MHz)

1.705 to 2.850

3.025 to 3.400

3.500 to 4.650

4.700 to 5.450

5.680 to 6.525

6.685 to 8.815

8.965 to 10.005

10.100 to 11.275

11.400 to 13.260

13.360 to 17.900

17.970 to 21.924

22.000 to 74.800

75.200 to 80.000

M519R 5.1 EAINNAT FCC Amuadmiuntsdemsuuae iihmda
uaz"lﬁ'ﬁmuﬂumsgméu%ﬂn}uﬁmuﬂwtTﬂmmcﬁ’nnmuquﬁ'qm;miumumnmﬂuiaﬁ
BPL 9d1¥0Mnus

- BPLWﬂudmmm?; 1.705-80MHz H1U low & medium voltage lines
s$UUBPL Aosausnaanissunmunuuliua11a

- Tudua1uddindt 30 MHz ol% notch filter (WoHAR@EIEIUNILAN 1A5 L

ay LA IzAosaamsunsnszawaau lidnidindnaotiation 20 dBidmualu Part 15
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ludmanuduinni 30 MHz iNendnifssdunnutn ldsueyyaudlnzdssan
msunsnsznwadulidainidiasiiasdiailes 10 aBnfmualu Part 15
¥ ~ S e v a & Yo A
— 32UV Access BPL ApaauisaSunmsasaidiuaind isauauiuin ldiuiiie
WalFuszun Tildinamsviiana
o { o
— 52UY Access BPL assanisolagunsaininszos Ina'ldlunsdiimaiinanms
4 ' Y Y
sumudug hignsoudlgnimssuniu’la
FadrvamsurndunINgUnsalfidmualu FCC Part 15 Subpart C Fangly
» b4 '
Section 15.209(2) AMuAd sEAUMSUARAUBsnUNIIY linITIiumn NuduauIn TR

fnua 3 luasn 5.2

Frequency Field Strength Measurement Distance
(MH2z) (microvolts/meter) (meters)

0.009 - 0.490 2400/F(kHz) 300

0.490 - 1.705 24000/F(kHz) 30

1,705 - 30.0 30 30

30- 88 100 ** 3

88~216 150 ** 3

216 - 960 200 ** 3

Above 960 500 3

** Except as provided in paragraph (g), fundamental emissions from intentional
radiators operating under this Section shall not be located in the frequency

bands 54-72 MHz, 76-88 MHz, 174-216 MHz or 470-806 MHz. However, operation
within these frequency bands is permitted under other sections of this Part, e.g.,
Sections 15.231 and 15.241.

P Y o o voA = 4
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by MC145162/D

60 MHz and 85 MHz Universal
Programmable Dual PLL

Frequency Synthesizers
CMOS

The MC145162 is a dual phase—locked foop (PLL) frequency synthesizer
especially designed for CT—1 cordless phone applications worldwide. This
frequency synthesizer is also for any product with a frequency operation at
60 MHz or below.

The MC145162-1 is a high frequency derivative of the MC145162, for
products with operating frequencies of 85 MHz or below.

The device features fully programmable receive, transmit, reference, and
auxiliary reference counters accessed through an MCU serial interface. This
feature allows this device to operate in any CT—1 cordiess phone application.
The device consists of two independent phase detectors for transmit and
receive loops. A common reference oscillator, driving two independent
reference frequency counters, provides independent reference frequencies for
transmit and receive loops. The auxiliary reference counter allows the user to
select an additional reference frequency for receive and transmit loops if
required.
¢ Operating Voltage Range: 2.5t0 5.5V
» Operating Temperature Range: — 40 to + 75°C
» Operating Power Consumption: 3.0 mA @ 2.5V
* Maximum Operating Frequency:

MC145162 — 60MHz @ 200 mV p—p, Vpp =25V
MC145162—-1 — 85 MHz @ 250 mV p—p, Vpp =25V
¢ Three or Four Pins Used for Serial MCU Interface
» Built—-In MCU Clock Output with Frequency of Reference Oscillator = 3/=—4
» Power Saving Mode Controlled by MCU
» Lock Detect Signal
¢ On-Chip Reference Oscillator Supports External Crystals to 16.0 MHz
» Reference Frequency Counter Division Range: 16 to 4095
» Auxiliary Reference Frequency Counter Division Range: 16 to 16,383
« Transmit Counter Division Range: 16 to 65,535
* Receive Counter Division Range: 16 to 65,535

REV 3.1
2/98

MC145162
MC145162-1

P SUFFIX
PLASTIC DIP
® CASE 648

D SUFFIX
16 SOG PACKAGE
CASE 751B

1

ORDERING INFORMATION

MC145162P Plastic DIP
MC145162D  SOG Package

MC145162P1  Plastic DIP
MC145162D1 SOG Package

PIN ASSIGNMENT
Cik[j1e 16 [11D
ADip ] 2 15 [] TxPDoyt

D (] 3 14 [1in-T
ENB ] 4 13 [] TxPSHiTy

MCUCLKE 5 12 [1vpp
vss (] & 11 [} RePSIFRy
0SCin ] 7 10 [ RxPDgyt

Oscout@ 8 9 0% R

© Motorola, Inc. 1998

@ MOTOROLA
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MAXIMUM RATINGS" (Voltages Referenced to Vgg)

Symbol Rating Value Unit This deyice contains pmtecﬁ9n Cil’Cl.JitI’y to
guard against damage due to high static volt-
VDD DC Supply Voltage ~-05t0+6.0 \ ages or electric fields. However, precautions
- ” must be taken to avoid application of any voltage
Vin Input Voltage, All Inputs 0-5toVpp+05) V higher than maximum rated voltages to this
lin. loyt | DC Current Drain Per Pin 10 mA high-impedance circuit. For proper operation,
- - Vin and Vgt should be constrained to the range
IpD. Iss | DC Current Drain Vpp or Vss Pins 30 mA n A out

DD Iss urrent Drain Vpp Or Vss Pin Vss < (Vin or Vout) £ VpD.

Tstg Storage Temperature Range -65t0+ 150 °C Unused pins must always be tied to an

appropriate logic voltage level (e.g., either Vgg

Maximum Ratings are those values beyond which damage to the device may occur. or Vpp). Unused outputs must be left open.

Functional operation should be restricted to the limits in the Electrical Characteristics
tables or Pin Descriptions section.

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg, Ta = 25°C)

Guaranteed Limit
Symbol Characteristic Vpp Min Max Unit
VDD Power Supply Voltage Range - 25 55 v
VoL Output Voitage 0 Level 25 — 0.1 \
(lout = 0) 55 — 0.1
VOH (Vin = VpD or 0) 1 Level 25 245 —
55 5.45 —
ViL Input Voltage 0 Level 2.5 — 0.75 \
(Vout=0.5VorVpp-0.5V) 55 — 1.65
ViH 1 Level 25 1.75 —
55 385 —
lon Output Current  (Vgut =2.2V) Source 25 -0.18 — mA
(Vout=50V) 5.5 -0.55 —
loL (Vout =0.3V) Sink 25 0.18 —
(Mout =0.5V) 55 0.55 —
i Input Current OSCip. fin—T. fin—R 25 — -30 A
(Vin=0) 5.5 — - 66
ADjp, CLK, Djn, ENB 25 — ~-1.0
55 — -1.0
hH {Vin=VDD - 0.5) OSCin. fin-T, fin-R 25 — 30
5.5 — 66
ADjp, CLK, Djn, ENB 25 — 5.0
55 — 5.0
loz Three-State Leakage Current (Vout =0V or 5.5 V) 55 — +100 nA
Cin Input Capacitance —_ — 8.0 pF
Cout Qutput Capacitance — — 8.0 pF
IDD(stdby) | Standby Current 25 — 03 mA
(All Counters are in Power-Down Mode with Oscillator On) 55 — 1.5
Ibp Operating Current mA
MC145162: 200 mV p—p input at fii—T and fip—R = 60 MHz 25 — 3.0
MC145162-1: 250 mV p—p input at fi—T and fj,—R = 85 MHz 55 - 10
with OSC = 10.24 MHz

MOTOROLA MC145162eMC145162-1
3



SWITCHING CHARACTERISTICS (Tp = 25°C, C|_ = 50 pF)

Figure Guaranteed Limit
Symbol Characteristic No. Vbd Min Max Unit
tTLH Output Rise Time 1 25 — 200 ns
55 — 100
tTHL Output Fall Time 1 25 - 200 ns
55 — 100
tr, t¢ Input Rise and Fall Time 0OSCip 2 25 — 5.0 us
55 — 40
tw Input Pulse Width CLK and ENB 3 25 80 — ns
55 60 —
fmax Input Frequency 0OSCip 25-55 — 16 MHz
Input = Sine Wave @ = 200 mV p—p fin-R, fin-T 25-55 — 60
for MC145162
Input = Sine Wave @ = 250 mV p—p fin-R, fi—T 25-55 — 85
for MC145162-1
tst Minimum Start-Up Time 10 ms
tsu Setup Time DATA to CLK 5 25 100 — ns
ENB to CLK 55 200 —
th Hold Time CLK to DATA 5 3.0 80 — ns
5.0 40 —_
trec Recovery Time ENB to CLK 5 3.0 80 — ns
50 40 —
tsu1 Setup Time ENB to CLK 4 25-55 80 — ns
th1 Hold Time CLK to ENB 4 25-55 600 — ns
f Phase Detector Frequency dc 12.5 kHz
fMcUCLK | Output Clock Frequency MCUCLK dc 533 MHz
(OSCjp + 3)
MC145162.MC145162-1 MOTOROLA
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SWITCHING WAVEFORMS

TLH - tTHL - t |- 3 -—
ANY %% CLK, OSCin, 0%
OUTPUT 0% finT. finR 10%

Figure 1. Figure 2.

[ Iw I
ENB, CLK AL 50% Jﬁ
= VbD
ADip, 50%
Din Ves

Figure 3.
tsy th
/_\——‘ — VoD
CLK  50% # LasT FIRST
— Vpp —_/ CLK CLK Vss
CLK LAST
ClK V tsy —J |- - trec
5 — Vbp
e tny ENB 50%
— Vpp Vss
ENB PREVIOUS
DATA
Vss LATCHED
Figure 4. ENB High During Serial Transfer Figure 5. ENB Low During Serial Transfer
MOTOROLA MC145162eMC145162-1
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PIN DESCRIPTIONS
INPUT PINS

OSCijn /0SCout
Reference Oscillator Input/Output (Pins 7, 8)

These pins form a reference oscillator when connected to
an external parallel-resonant crystal. Figure 6 shows the
relationship of different crystal frequencies and reference
frequencies for cordless phone applications in various coun-
ties. OSCj; may also serve as input for an externally gen-
erated reference signal which is typically ac coupled.

MCUCLK
System Clock (Pin 5)

This output pin provides a signal of the crystal frequency
(OSCout) divided by 3 or 4 that is controlled by a bit in the
control register. .

This signal can be a clock source for the MCU or other sys-
tem clocks.

ADin, Din! CLK, ENB
Auxiliary Data In, Data In, Clock, Enable (Pins 2, 3, 1, 4)

These four pins provide an MCU serial interface for pro-
gramming the reference counter, the transmit-channel count-
er, and the receive—channel counter. They also provide
various controls of the PLL including the power saving mode
and the programming format.

TxPS/frx, RXPS/fRx
Transmit Power Save, Receive Power Save (Pins 13, 11)

For a normal application, these output pins provide the
status of the internal power saving mode operation. If the
transmit—channels counter circuitry is in power down mode,
TxPS/fTx outputs a high state. If the receive—channels
counter circuitry is in power down mode, RxPS/fRry is set high.
These outputs can be applied for controlling the external pow-
er switch for the transmitter and the receiver to save MCU
control pins.

In the Tx/Rx channel counter test mode, the TxPS/fTyx and
RxPS/frx pins output the divided value of the transmit
channel counter (fTx) and the receive channel counter (fRx).
respectively. This test mode operation is controlled by the

control register. Details of the counter test mode are in the Tx/
Rx Channel Counter Test section of this data sheet.

fin—T’fin—R
Transmit/Receive Counter Inputs (Pins 14, 9)

fin—T and fin—-R are inputs to the transmit and the receive
counters, respectively. These signals are typically driven from

the loop VCO and ac coupled. The minimum input signal level
is 200 mV p—p @ 60.0 MHz.

OUTPUT PINS

TXPDoutIRxpnout
Transmit/Receive Phase Detector Outputs (Pins 15, 10)

These are three—state outputs of the transmit and receive
phase detectors for use as loop error signals (see Figure 7 for
phase detector output waveforms). Phase detector gain is
Vpp/4 = volts per radian.

Frequency fy > fR or fy leading: output = negative pulse.

Frequency fy < fr or fy lagging: output = positive pulse.

Frequency fy = fR and phase coincidence: output = high~

impedance state.

NOTE: fR is the divided—down reference frequency at the

phase detector input and fy is the divided—down VCO
frequency at the phase detector input.

LD
Lock Detect (Pin 16)

The lock detect signal is associated with the transmit loop.
The output at a high level indicates an out-of-lock condition
(see Figure 7 for the LD output waveform).

POWER SUPPLY
VbD
Positive Power Supply (Pin 12)

VppD is the most positive power supply potential ranging
from 2.5 to 5.5 V with respect to Vggs.

Vss
Negative Power Supply (Pin 6)

Vgg is the most negative supply potential and is usually
connected to ground.

A
O
f
: /0— R1
0SGin = N (12 BITS) =4 o}
c
25 Q
+ 5 ~ -
OSCout = M{14 BITS) 0
Crystal -+ N Value fR1-B frR2C
11.150 MHz 4486 6.25 kHz 10kHz
11 150 MHz 223 12.5kHz
10.240 MHz 512 5.0 kHz
12 000 MHz 600 5.0 kHz

Figure 6. Reference Frequencies for Cordless Phone Applications of Various Countries
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fr, REFERENCE
(OSCip, -+ REFERENCE COUNTER)

[ S

fy, FEEDBACK
(fir=T < Tx COUNTER OR

fir-R <+ Rx COUNTER) e

TxPDoyt ; ' '
I  S—
RxPDgyt ! '

[
'
[

= [

iy

. VL
Z — Wy

) *
f HIGH iIMPEDANCE

| —

VH = High voltage level.
VL = Low voltage level.

“At this point, when both fr and fy are in phase, the output is forced to near mid supply.

NOTE: The TxPDgyt and RxPDgyt generate error pulses during out—of—lock conditions. When locked in phase and fre-
quency, the output is high impedance and the voltage at that pin is determined by the low—pass filter capacitor.

Figure 7. Phase Detector/Lock Detector Output Waveforms

MCU PROGRAMMING SCHEME

The MCU programming scheme is defined in two formats
controlled by the ENB input. If the enable signal is high during
the serial data transfer, control register/reference frequency
programming is selected. If the ENB is low, programming of
the transmit and receive counters is selected. During pro-
gramming of the transmit and receive counters, both ADjp
and Djp pins can input the data to the transmit and receive
counters. Both counters’ data is clocked into the PLL internal
shift register at the leading edge of the CLK signal. It is not
necessary to reprogram the reference frequency counter/
control register when using the enable signal to program the
transmit/receive channels.

In programming the control register/reference frequency
scheme, the most significant bit (MSB) of the programming
word identifies whether the input data is the control word or
the reference frequency data word. If the MSB is 1, the input
data is the control word (Figure 8). Also see Figure 8 and
Table 1 for control register and bit function. If the MSB is 0, the
input data is the reference frequency (Figure 9).

The reference frequency data word is a 32-bit word con-
taining the 12-bit reference frequency data, the 14-bit auxil-
iary reference frequency counter information, the reference
frequency selection plus, the auxiliary reference frequency
counter enable bit (Figure 9).

If the AUX REF ENB bit is high, the 14-bit auxiliary refer-
ence frequency counter provides an additional phase refer-
ence frequency output for the loops. If AUX REF ENB bit is
low, the auxiliary reference frequency counter is forced into

power-down mode for current saving. (Other power down
modes are also provided through the control register per
Table 2 and Figure 8.) At the falling edge of the ENB signal,
the data is stored in the registers.

There are two interfacing schemes for the universal chan-
nel mode: the three—pin and the four—pin interfacing
schemes. The three—pin interfacing scheme is suited for use
with the MCU SPI (serial peripheral interface) (Figure 10),
while the four-pin interfacing scheme is commonly used for
general /O port connection (Figure 11).

For the three—pin interfacing scheme, the auxiliary data
select bit is set to 0. All 32 bits of data, which define both the
16-bit transmit counter and the 16-bit receive counter, latch
into the PLL internal register through the data in pins at the
leading edge of CLK. See Figures 12 and 13.

For the four-pin interfacing scheme, the auxiliary data
select bitis setto 1. in this scheme, the 16-bit transmit count-
er's data enters into the ADj, pin at the same time as the
16-bit receive counter’s data enters into the Djy, pin. This si-
multaneous entry of the transmit and receive counters
causes the programming period of the four—pin scheme to be
haif that of the three—pin scheme (see Figures 14 and 15).

While programming Tx/Rx Channel Counter, the ENB pin
must be pulsed to provide falling edge to latch the shifted data
after the rising edge of the last clock. Maximum data transfer
rate is 500 kbps.

NOTE

10 ms should be allowed for initial start~up time
for the oscillator to allow all registers to clear and
enable programming of new register values.

MOTOROLA
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CONTROL REGISTER IDENTIFIER = 1

AUX REF
SELECT f\ =3/+4
MSB

CLK

CONTROL REGISTER DATA

RxPD REFPD
ENABLE A\ ENABLE
LSB

ENB

NOTE: ENB must be high during the serial transfer.

Figure 8. Programming Format of the Control Register

Table 1. Control Register Function Bits Description

Test Bit

Set to 1 for TYRx channel counter test mode
Set to 0 for normal application

Aux Data Select

Set to 1 for both ADjp, and Djp, pins inputting the transmit 16—bits data and receive 16-bits data
respectively.

Set to 0 for normal application interfacing with MCU serial peripheral interface. Does not use ADj,, pin;
tie ADjp, to Vgs-

REFout + 3/< 4

If set to 1, REFgyt output frequency is equal to OSCqyt < 3.
If set to 0, REF gyt output is OSCqyyt - 4.

TxPD Enable If set to 1, the transmit counter, transmit phase detector, and the associated circuitry is in power—
down mode.
Tx PSifyy is set "High™.
RxPD Enable if set to 1, the receive counter, receive phase detector, and the associated circuitry is in power—

down mode.
Rx PS/fRy is set “High".

Ref PD Enable

If set to 1, both 12~bit and 14-bit reference frequency counters are in power—down mode.

Table 2. Control Register Power Down Bits Function

TxPD RxPD REF PD Reference
Enable Enable Enable Tx-Channel Counter Rx-Channel Counter Frequency Counter

0 0 0 — — —

0 0 1 —_ — Power Down

0 1 0 — Power Down —

0 1 1 — Power Down Power Down

1 0 0 Power Down — —

1 0 1 Power Down — Power Down

1 1 0 Power Down Power Down —

1 1 1 Power Down Power Down Power Down

MC145162.MC145162-1 MOTOROLA

8



REFERENCE FREQUENCY COUNTER

C REFERENCE
IDENTIFIER =0 REFERENCE FREQUENCY REFERENCE AUX REFERENCE
FREQUENCY COUNTER FREQUENCY FREQUENCY COUNTER
SELECT DIVIDE RATIO SELECT DIVIDE RATIO
A / A—\ 4
12-BTSREFFREQ \| fr1 V 1R 14-BITS AUX REF FREQ
DATA st 2 DATA
. L |
J)

ENB

—

NOTE: ENB must be high during the serial transfer.

Figure 9. Programming Format of the Auxiliary/Reference Frequency Counters

Dpn —
MCU
USING LK UNIVERSAL PLL
SERIAL PERIPHERAL
INTERFACE PORT AUXDATABIT=0
ENB ————
Figure 10. MCU Interface Using SPI
— Ay —=
Dp ——=
MCU UNIVERSAL PLL
USING
NORMAL 1/0 PORT CLK ————» AUXDATABIT =1
ENB ———f

Figure 11. MCU Interface Using Normal V/O Ports with
Both Djn, and ADjp, for Faster Programming Time

MOTOROLA MC145162eMC145162—1
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CONTROL REGISTER IDENTIFIER = 1 CONTROL REGISTER DATA

\ 7

aux \[ ReF
o : 0 TST X oam X our
SELECT [\ +3/+4

MsB A

AUX DATA SELECT =0

CLK

ENB L

NOTE: ENB must be high during the serial transfer.

Figure 12. Programming Format for Control Register (3—Pin Interfacing Scheme)

D: 16-BIT Tx COUNTER 16-BIT Rx COUNTER
n DIVIDE RATIO DIVIDE RATIO

[ LasT
CLK - CLOCK
{C {C

P24 P

ENB I I

NOTE: ENB must be low during the serial transfer.

Figure 13. Programming Format for Transmit and Receive Counters
(3—Pin Interfacing Scheme)

CONTROL REGISTER IDENTIFIER = 1 CONTROL REGISTER DATA

TEST
MSB

AUX DATA SELECT = 1

CLK

ENB

NOTE: ENB must be high during the serial transfer.

Figure 14. Programming Format for Control Register (4—Pin Interfacing Scheme)

MC145162¢MC145162-1 MOTOROLA
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16-BIT T COUN'IER‘\
ADin

DIVDE RATIO

/

! 16-BIT RxCOUN'IER—\
Din

DIVIDE RATIO /
LAST
<_
oK CLOCK
{C
)
ENB

NOTE: ENB must be low during the serial transfer.

Figure 15. Programming Format for Transmit and Receive Counters
(4-Pin Interfacing Scheme)

Table 3. Global CT-1 Reference Frequency Setting vs Channel Frequencies

Country Channels Frequency frR1 fr2
U.S.A. 46/49 MHz (10, 15, 25 Channels) 5.0 kHz —
France 26/41 MHz 6.25 kHz/12.5 kHz —
Spain 31/41 MHz 5.0 kHz —
Australia 30/39 MHz 5.0 kHz —
UK. 1.7/47 MHz 6.25 kHz 1.0 kHz
New Zealand 1.7/34/40 MHz 6.25 kHz 1.0 kHz

REFERENCE FREQUENCY SELECTION
AND PROGRAMMING

Figure 16 shows the bit function of the reference frequency
programming word. The user can either select the “fixed”
reference frequency for all channels accordingly or provide a
specific reference frequency for a particular channel by using
two reference frequency counters (e.g., for an application in
France, the base set transmit channel common fixed refer-
ence frequency is 6.25 kHz or 12.5 kHz). (See Table 3 and
Figure 6 for reference frequencies for various countries.)
However, transmit channels 6, 8, and 14 can be set to
25 kHz, and channel 8 reference frequency can be set to
50 kHz. But this reference frequency may not be applied to
the receiving side; therefore, the receiving side reference fre-
quency must be generated by another reference frequency
counter. The higher the reference frequency, the better the
phase noise performance and faster the lock time, but the
PLL consumes more current if both reference frequency
counters are in operation.

In general, the 12-bit reference frequency counter plus the
— 4 and <+ 25 module can offer all the reference frequencies

for global CT-1 transmit and receive channel requirements.
Users can select their own reference frequency by intro-
ducing the additional 14-bit auxiliary reference frequency
counter.

Again, the 14--bit auxiliary reference frequency counter can
be shut down by the auxiliary reference enable bit in the refer-
ence counter programming word by setting the bit to 0. At this
state, the fro is automatically connected to point C (the =25
block output), and fR1 can be connected to point A or B by set-
ting the fR1—S1 and fr1-S2 bits in the reference counter pro-
gram word. The 14-bit auxiliary reference frequency counter
data will be in “Don’t Care” state.

If the 14-bit auxiliary reference frequency counter is
enabled (auxiliary reference enable = 1), then fR2 is auto-
matically connected to point D (14-bit counter output), and
fR14 can be selected to connect to point A, B, or C, depending
on the bit setting of fR1-S1 and fR4-S2.

Table 4 and Figure 16 describe the functions of the auxiliary
reference enable bit and the fr1-S1 and fr1-~-S2 bits
selection.

MOTOROLA
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08G; 12-BIT PROGRAMMABLE g B
I n REFERENCE COUNTER { : ‘_‘O
c
3 +2% iz
I 14-BIT PROGRAMMABLE D
0SCout AUXILIARY REFERENCE [————0 1 .
OUNTER
MAXIMUM COUNTE o——Ko_ PHASE | TxPDyt
CRYSTAL FREQUENCY DETECTOR
16.0 MHz 0 Tx0
seecr L 0]
1 Rx
Lo PHASE [~ RxPDgyut
DETECTOR
L 5 O
o Rcd
SELECT
REF FREQUENCY
COUNTER IDENTIFIER =0 REFERENCE REFERENCE REFERENCE
FREQUENCY FREQUENCY FREQUENCY AUXILIARY REFERENCE
SELECT COUNTER SELECT FREQUENCY COUNTER
A N\ A
\ N/
AUX
o 0 rer ¥ Tx0 Y Rx0 12-BITS REF FREQ R R 14-BITS AUX REF FREQ
in enagLe/\ SELECTA SELECT DATA 1 52 DATA
CLK l I
« |
P2
ENB

NOTE: ENB must be high during the serial transfer.

Figure 16. Reference Frequency Counter/Selection Programming Mode

Table 4. Bit Function and the Reference Frequency Selection Bit Setting of the
Reference Frequency Counter Programming Word

AUX REF Auxiliary Reference Frequency Module frR1 frR1
Enable Counter Mode Select 81 S2 fr1 Routing

0 14-Bit Auxiliary Reference Frequency frRo > C 0 0 N/A
Counter Disable 0 1 fR1=A
1 0 fRi—B

1 1 N/A

1 14-Bit Auxiliary Reference Frequency frp > D 0 0 N/A
Counter Enable 0 1 fR1 A
1 0 fr1— 8B
1 1 fr1>C

N/A = Not Applicable
MC145162¢MC145162-1 MOTOROLA
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POWER SAVING OPERATION

This PLL has a programmable power—saving scheme. The
transmit and receive counters and the reference frequency
counter can be powered down individually by setting the
TxPD enable, RxPD enable, and Ref PD enable bits of the
contro! register. The functions of the power down control bits
are explained in Table 2 and the programming format is in
Figure 8.

The output pins TxPS/fTx and RxPS/frx output the status of
the internal power saving setting. If the bit TxPD enable is set
“high” (transmit counter is set to power—down mode), then the
TxPS/fTy pin will also output a “high” state. This TxP S/fTyx out-
put can control an external power switch to switch off the
transmitter, as shown in Figure 17. This scheme can be
applied to the RxPS/fry output to control the receiver power
saving operation as required.

POWER SUPPLY

POWER SWITCH FOR TRANSMITTER

UNIVERSAL DUAL PLL

o]

VoD

/TOQQ

Tx POWER-DOWN
ENABLE FLAG

Tx DIVIDER CHAIN COUNTER, PHASE DETECTOR

1

VoD
Tx RXPSHRy
P mER o | RXPOWER-DOWN
ENABLE FLAG

TO CONTROL THE RECEIVER
POWER SWITCH

9

Rx DIVIDER CHAIN COUNTER, PHASE DETECTOR

L

Figure 17. TxPS/fTx and RxPS/fry Outputs to Control Power Switches
of the Transmitter and the Receiver

MOTOROLA
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Tx/Rx CHANNEL COUNTER TEST

In normal applications, the TxPS/fTx and the RxPS/fry out-
put pins indicate the power saving mode status. However, the
user can examine the Tx and Rx channel counter outputs by
setting the Test bit in the control register to 1. The final value

of the transmit—channel counter and the receive—channel
counter multiplex out to TxPS/fTx and RxPS/fRry respectively.
The user can verify the divided—down output waveform asso-
ciated with the RF input level in the PLL circuitry implementa-
tion (Figure 18).

4k T 16-BIT Tx PROGRAMMABLE
CHANNELS COUNTER
fx
TXPS /7 .___..'__BF
Dl%* TXPS
T L e T A . CONTROL REGISTER IDENTIFIER = 1
AND fry ARE MUXED OUT AT PINS IST! =
TxPS/fry AND RXPS/Ry, CONTROL REGISTER
RESPECTIVELY, FOR RWTx
CHANNEL COUNTER TEST.

16-BIT Rx PROGRAMMABLE

CHANNELS COUNTER

RxPS

RePS iRy ——y———BPL R
22

Figure 18. RF Buffer Sensitivity
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Wideband FSK Receiver

The MC3356 includes Oscillator, Mixer, Limiting IF Amplifier, Quadrature
Detector, Audio Buffer, Squelch, Meter Drive, Squeich Status output, and
Data Shaper comparator. The MC3356 is designed for use in digital data
communciations equipment.
® Data Rates up to 500 kilobaud
® Excellent Sensitivity: — 3 dB Limiting Sensitivity

30 uVrms @ 100 MHz
® Highly Versatile, Full Function Device, yet Few External Parts are

Required

® Down Converter Can be Used Independently — Similar to NE602

Figure 1. Representative Block Diagram
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0SC Collector [ 3| E Data Output
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MC3356

MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage VCC(max) 15 Vde
Operating Power Supply Voltage Range (Pins 6, 10) vVee 3.0t09.0 Vde
Operating RF Supply Voltage Range (Pin 4) RF Vce 3.0to 12.0 Vde
Junction Temperature Ty 150 °C
Operating Ambient Temperature Range TA -40to +85 °C
Storage Temperature Range Tstg -65to + 150 °C
Power Dissipation, Package Rating Pp 1.25 w

ELECTRICAL CHARACTERISTICS (V¢ =5.0 Vdc, fp = 100 MHz, foge = 110.7 MHz, Af = #75 kHz, fyoq = 1.0 kHz, 50 Q source,
Ta = 25°C, test circuit of Figure 2, unless otherwise noted.)

Characteristics Min Typ Max Unit
Drain Current Total, RF Vg and Vo ’ - 20 25 mAdc
Input for — 3 dB limiting - 30 - pvrms
Input for 50 dB quieting ( S; N ) B 60 - uvims
Mixer Voltage Gain, Pin 20 to Pin 5 25 - -
Mixer Input Resistance, 100 MHz - 260 - Q
Mixer Input Capacitance, 100 MHz - 50 - pF
Mixer/QOscillator Frequency Range (Note 1) - 0.2t0 150 - MHz
IF/Quadrature Detector Frequency Range (Note 1) - 02to 50 . - MHz
AM Rejection {(30% AM, RF Vjp = 1.0 mVrms) - 50 - dB
Demodulator Output, Pin 13 - 0.5 - Vrms
Meter Drive - 7.0 - LA/dB
Squelch Threshold - 0.8 - Vde

NOTE: 1 Not taken in Test Circuit of Figure 2; new component values required.

Figure 2. Test Circuit
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Figure 3. Output Components of Signal,
Noise, and Distortion
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GENERAL DESCRIPTION

This device is intended for single and double conversion
VHF receiver systems, primarily for FSK data transmission
up to 500 K baud (250 kHz). It contains an oscillator, mixer,
limiting IF, quadrature detector, signal strength meter drive,
and data shaping amplifier.

The oscillator is a common base Colpitts type which can
be crystal controlied, as shown in Figure 1, or L-C controlled
as shown in the other figures. At higher Vg, it has been
operated as high as 200 MHz. A mixer/oscillator voltage gain
of 2 up to approximately 150 MHz, is readily achievable.

The mixer functions well from an input signal of
10 uVrms, below which the squelch is unpredictable, up to
about 10 mVrms, before any evidence of overload.
Operation up to 1.0 Vrms input is permitted, but noninearity
of the meter output is incurred, and some oscillator pulling is
suspected. The AM rejection above 10 mVrms is degraded.

The limiting IF is a high frequency type, capable of being
operated up to 50 MHz. It is expected to be used at 10.7 MHz
in most cases, due to the availability of standard ceramic
resonators. The quadrature detector is internally coupled to
the IF, and a 5.0 pF quadrature capacitor is intemally
provided. The -3dB limiting sensitivity of the IF itself is
approximately 50 uV (at Pin 7), and the IF can accept signals
up to 1.0 Vrms without distortion or change of detector
quiescent dc level.

The IF is unusual in that each of the last 5 stages of the
6 state limiter contains a signal strength sensitive, current
sinking device. These are parallel connected and buffered to
produce a signal strength meter drive which is faifly linear for
IF input signals of 10 uV to 100 mVrms (see Figure 4).

A simple squelch arrangement is provided whereby the
meter current flowing through the meter load resistance flips
a comparator at about 0.8 Vdc above ground. The signal
strength at which this occurs can be adjusted by changing
the meter load resistor. The comparator (+) input and output
are available to permit control of hysteresis. Good positive

Figure 4. Meter Current versus Signal Input

L

g

g

g

100

METER CURRENT, PIN 14 (1A)

0
0.010 0.1 1.0 10 100 1000
PIN 20 INPUT (mVirms)

action can be obtained for IF input signals of above 30
uvrms. The 130 kQ resistor shown in the test circuit provides
a small amount of hysteresis. Its connection between the
3.3 kresistor to ground and the 3.0 k pot, permits adjustment
of squelch level without changing the amount of hysteresis.

The squelch is internally connected to both the
quadrature detector and the data shaper. The quadrature
detector output, when squelched, goes to a dc level
approximately equal to the zero signal level unsquelched.
The squelch causes the data shaper to produce a high (Vcc)
output.

The data shaper is a complete “floating” comparator,
with back to back diodes across its inputs. The output of the
quadrature detector can be fed directly to either input of this
amplifier to produce an output that is either at Vo or VEE,
depending upon the received frequency. The impedance of
the biasing can be varied to produce an ampilifier which
“follows™ frequency detuning to some degree, to prevent data
pulse width changes.

When the data shaper is driven directly from the
demodulator output, Pin 13, there may be distortion at Pin 13
due to the diodes, but this is not important in the data
application. A useful note in relating high/low input frequency
to logic state: low IF frequency corresponds to low
demodulator output. If the oscillator is above the incoming
RF frequency, then high RF frequency will produce a logic
low (input to (+) input of Data Shaper as shown in Figures 1
and 2).

APPLICATION NOTES

The MC3356 is a high frequency/high gain receiver that
requires following certain fayout techniques in designing a
stable circuit configuration. The objective is to minimize or
eliminate, if possible, any unwanted feedback.
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Figure 5. Application with Fixed Bias on Data Shaper
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APPLICATION NOTES (continued)

Shielding, which includes the placement of input and
output components, is important in minimizing electrostatic or
electromagnetic coupling. The MC3356 has its pin
connections such that the circuit designer can place the
critical input and output circuits on opposite ends of the chip.
Shielding is normally required for inductors in tuned circuits.

The MC3356 has a separate Vg and ground for the RF
and IF sections which allows good external circuit isolation by
minimizing common ground paths.

Note that the circuits of Figures 1 and 2 have RF,
Oscillator, and IF circuits predominantly referenced to the
plus supply rails. Figure 5, on the other hand, shows a
suitable means of ground referencing. The two methods
produce identical results when carefully executed. |t is
important to freat Pin 19 as a ground node for either
approach. The RF input should be “grounded” to Pin 1 and
then the input and the mixer/oscillator grounds (or RF V¢
bypasses) shouid be connected by a low inductance path to
Pin 19. IF and detector sections should also have their

bypasses returned by a separate path to Pin 19. V¢ and
RF V¢ can be decoupled to minimize feedback, although
the configuration of Figure 2 shows a successful
implementation on a common 5.0 V supply. Once again, the
message is: define a supply node and a ground node and
return each section to those nodes by separate, low
impedance paths.

The test circuit of Figure 2 has a 3 dB limiting level of
30 uV which can be lowered 6 db by a 1:2 untuned
transformer at the input as shown in Figures 5 and 6. For
applications that require additional sensitivity, an RF amplifier
can be added, but with no greater than 20 db gain. This will
give a 2.0 to 2.5 pV sensitivity and any additional gain will
reduce receiver dynamic range without improving its
sensitivity. Although the test circuit operates at 5.0 V, the
mixer/osciliator optimum performance is at 8.0 Vto 12V. A
minimum of 8.0 V is recommended in high frequency
applications (above 150 MHz), or in PLL applications where
the oscillator drives a prescaler.
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Figure 6. Application with Self-Adjusting Bias on Data Shaper
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APPLICATION NOTES (continued)
Depending on the external circuit, inverted or Figure 5 circuit can then be changed to a circuit configuration

noninverted data is available at Pin 18. Inverted data makes
the higher frequency in the FSK signal a “one” when the local
oscillator is above the incoming RF. Figure 5 schematic
shows the comparator with hysteresis. In this circuit the dc
reference voltage at Pin 17 is about the same as the
demodulated output voltage (Pin 13) when no signal is
present. This type circuit is preferred for systems where the
data rates can drop to zero. Some systems have a low
frequency limit on the data rate, such as systems using the
MC3850 ACIA that has a start or stop bit. This defines the
low frequency limit that can appear in the data stream.

as shown in Figure 6. In Figure 6 the reference voltage for
the comparator is derived from the demodulator output
through a low pass circuit where 1 is much lower than the
lowest frequency data rate. This and similar circuits will
compensate for small tuning changes (or drift) in the
quadrature detector.

Squelch status (Pin 15) goes high (squelch off) when the
input signal becomes greater than some preset level set by
the resistance between Pin 14 and ground. Hysteresis is
added to the circuit externally by the resistance from Pin 14 to
Pin 15.
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