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ABSTRACT

The main idea of car park system presents a general transmitting and receiving system. The signal is
modulated 49 MHz carrier frequency. At transmitter, the code number is transformed to be DTMF signal by
using IC MT8880 whether generates or detects DTMF signal. After the DTMF signal was modulated with 49
MHz carrier by using IC BA 1404, after that it transmits to receiver by antenna. At receiver, the detector circuit
detects the DTMEF signal. This stage uses IC TDA7000 which the signal output will transmit to another stage.
The next stage transforms the DTMF signal to code aumber by IC MT8880. The received code number is

checked by comparing with code number in list. If it is correct then the door will be opened.
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CLOCK

2.4 laseouan ( Tri-state )

4 a 4 a a a '
gUnsalandn (logic device ) it Mymios 2 a0z Avasin 0 uay avdnl Sendman

a88n (two state logic ) uaas ladegUf 2.7
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1UN 2.7 urmsyeanandn

Tas, a 4 4 ' o o
uAdsll gunssinedn UszandudiSond nman dired (three state buffer ) Fa9vil 3 Toms
An 2890 0, a8dn 1 uArABLRLANT S ( high impedance ) TAgmaan Teswsenouldae . -

Buwn , e 1iym uaziduarugy ( control line ) UarRIAagN 2.8

CONTROL 7
INPUT

LXT

U7 2.8 uaasnTaian Svlies

a a 1 o -3 4 o
aeinvindusuymszasarin luSsdue ning 14 Adeile Funsuguiluueafing (active

> 3
low ) winiu dudunduqulunesdividrsrliegiuromeddufiuaudgs Wanrsodehuaeinld

Taw asuarmesauans Iddensed 2.3

Tygaaugu SuwaA P1HA
1 0 high impedance f
1 1 high impedance
0 0 0
0 1 1
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2.5 fa'ladnined (Bus driver)
dusdesmsliqungd 2 &1 dedeyafiuandtedu Ui lns Tlsiwamae Tavldaym

B Tomddafifaiude Srgunssidanilefioniyaily high Tuvazfigunsaidndamilefliening
dhu low gunseifTieninaiiu nigh svgnAvaan ez low Faagu)18 gunsaliaaeslu
awsa e ldhusaidndu eudlymilssiigunsadfizond taladwined (bus driver) Suthilas
wian fedl 3 ao1uz fie avdn 0, aedn 1 uazAduTiueudye Weginsdifanilsegluao e i
Sufiuandge swhliieniyadadufuaudgon dufdegnusnsenaimaes Jegnuanslaodnyas

- s 4
a3adilla (open switch ) uaraadsgUld 2.9

microprocessor

data
input
pins

it

8-bit data 8-bit data

input device | input device 2

Al e A i I

101 2.9 umnsgunel 2 & dedeyafiuandref T iy lu Tas Tulsirmared Taoldoaymifeadu

-1 t 1 av i o ]
nngUssAiugunsaii 1 wBuuila (enable) Weodyamasuguiiu low wazeunself 2
a 2 4 o . o A & a s o oA " e o o
sunila Wedgygnuarugadly high Tuie lunamilaslgUnsalifivsdudeariniuiuenii
Rosanengd 210 2 Werlasvineswyszneudan 8 sunedines Teeildyarasuidadiu

» v
Fygranruquaslanuniusdufiuaudae dygrasuudats 2 Ty WAWIT0MIUAUYATDY

v
lafviesvia 4 121318
a o 4 . as 4 L4 a v a a
V% N3 UTFNLIBS ( bus transceiver ) Li‘luuﬁ"lﬂiﬂnas 2 NI FWT0AINTHAD N 1A TuTiemg

<4 dat  a t a o 4 P a < L4 o
witaluvasndnimmeszidusduiuauds U4 2.10 b werasli N3 mEves Laza1T eI Ives

T nsmdizes uaaslddenisen 2.4
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ENABLE
74AS231 bus driver
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o o s o
1N 2.10 2 umastialasnines

b uaaetia nsuFHies

G DIR OPERATION

L L B data to A bus
L H A data to B bus

H isolation ( both direction)

a8 o as P 4
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2.6 ﬁ'ﬂgtmi DTMF ( dual tone muitifrequency )
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(300 - 3400 (83914 ) uaz9Aes aif Tnufidiugs Tuiln (Hamonic) wiolndidvesd Tuflndedunasiy
uazinddyuaind DIMF Aeathudmaguanmiedauteie ( pure sine wave ) Sefiqagon frg1i-
Tufiedt o Aaldasefudnarminis ‘Iuﬂsmmnﬂmmmaummq%swaﬂﬂfnun"ln‘lummnmﬂu;ﬂ

erfetrauiess anmd DIMF fsninnlneassdunilay Bell Telephone system A7 MAA1 q 7l
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=
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2.7 104 MT8830

b

1209 1336 1477 1633
697 | 1 | 2 | 3 A
70 | 4 |5 | 6 B
52 18z £
941 | * | o | # D _

U7 2.11 uarmsawden quesdyea DTMF

vienlaezunsuuansdegUii 2.12

- e, e

e X e

1 i
g (At [ oara 0o
o - | convamed Rw AN TRANSMIT DATA AT o
TONE z 3 el _eis
f COUNTERS REGISTER SUFFER
, — D2
bt STATUS o3
e auRsT CONTROL REGISTER NTERRUPT
LOGIC
5 IRQ/c?
L '
N CONTROL
| REGISTER )
IN- HIGH GROUP A
FILTER l DIGITAL 2
v Mool Aveoot | U commor |
1| "AND CODE -
LOW GROUP Lui CONVERTER . REGISTZR L &
osci JH osaiiator FuTeR | | s 0 3
crcum o
oscz |
‘et SECEIVE DATA RS0
Blas STEERING REGISTER
CIRCUIT RN |
V':D V!vl Vs; £st SUGT

Figure 1- Functional Block Diagram
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2.7.1 Mnde

2.7.1.1 M3 319daya s DTMF ( DTMF Generator )

4 { z t { é
dyygna DTMF fiadrelagled MT8s80 siuamsoatheld 16 faamd (Tone Pairs) wRsgIuSs
Insgaudis (Distortion) AmaziinamgnAes (Accuracy) g8 Armiiiamuaaasldannad 3.579545
o a : 1 1 4 L4 . . 1 1
wnnzdsad vesnTanea (Crystal) ineagmouen guadusend (Sinusoidal Wavefrom) YBUAAZHAIW
' & o H a
agnafunnmsszneviurindansi sunsy'ld (Programmable Divider) MU (Row) Lazndn
L4 [ 4 o d . .
(Column) wazadn¥anhdines D/A aouedines(Switched Capacitor D/A Converters) Tumsszy
s i o o ﬂ' é { LA or
dygna DTMF feyai fluguuunmdsdauansdinsied 2.5 Fudesgnionasiiameifilddmsy
nusda¥oya (Transmit Data Register) Tuusazgamdnignashe (5, une £, nuwds Inunguduas
AQUYA (Low Group and High Group Tones) Aenuaraslumsenguaiudidde 697, 770 | 852 uaz 941
{Fsnd unznquaNdgede 1209, 1,336 , 1,477 uay 1,633 18504 lasialyl BATIAIUYeINUATILDTS
ABAGNATINAAUYIINY 2 dB syamed miunsaanenvesnguauige gyl (Loop) 1139
Amveusas Inudszneuderisnanfiiiu 32 939 anusawes InugnaausuTaents
- ' o o et 71 g 3 a o o
nwasumlasrrmenvesinat aneansiumslvuadtiameidedoya Yoya 4 dn vutirgiiy
wazffowdunsidisia 2 1n 8 Weldlavsssnsnsdllsunsuld ot ldszymmemvess
o Yo o 4 o < @ o o 9 a = o o
nadelsimuanudvesinu Wedmustanmiufimunzanfigndmualasduna Saawad (Reset
Pulse) gnildeseenuuaz 9931 (Counter) iSuniudnass §wanvestasnagnitiad 32 sdwelsfiay
o 1 d a Y 9y g o @ adq 9
nanfdsuudasmwgnyiuiafeivededuevine Inuasgnidon  Tumstumasswaiildlae

adadanhdines D/A apwedinesiiiszdy DC Taavimsgadeaniven 2ssiawy 2 Wesgnldide

. 3
e oo o

afInuueuasndnfignsauiulaoldduie uounwdw$ (Summing Amplifier MidyanusunIUA
soadnaIADs (Oscillato) lideamsnamisidunilousudaths DIMF du faly afansa soadai

¢ o + A v v @ o ' sedo o Ia
wes svuasiienasas: lanugndesvesdyanu Inufiesnuuinnil Rawe s iauundSs
(Bandwidth) gnlefidrliluas Ifaaneuranisfadioumnile 8 Aladsad Tugui 2.13 uarmsmansiaion

famnnlug9ueudga (Amplitude)

Fow |Fama |DIGIT |D, |D, |D, |D,
697 1200 |1 o (o o |1
697 1336 |2 o Jo [1 |o
697 1477 |3 o (o |1 |1
770 1200 |4 o |1 fo lo

AN 2.5 uz'rmms1qﬁaﬁ%un1m’x'1sﬁﬁ/naﬂsﬁ%r
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| Foow Faea |DIGIT |D, |D, |D, |D,
770 1336 5 1 (0 |1
770 1477 6 0 |1 |1 Jo
852 1200 |7 o |1 |1 |1
852 1336 8 1 |0 |o |o
852 1477 9 1 jo o |1
941 1336 0 1 |0 |1 o
941 1209 * 1o |1 |1
941 1477 | # 1 |1 |o Jo
697 1633 A 1 |1 Jo |1
770 1633 B VL | TN
852 1633 C E(TT—IT |1
941 1633 D 0o (o [0 |o

Scaling information

10 d2/Div
Start frequency = O Hx
Stop Frequency = 3400 Hz

Marker Frequency =697 Hz and

1208 Hz

RV

I Rkl ' Aahhii AAbbindd | ARISTICIIIPIVARE PP R PRTVES | POy SRR SO NN | B | SN B A

7141 2.13 U@ Spectrum Plot
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2.7.1.2 1ii5or 144@ (Burst Mode )

PawATgHYesdyaw DIMF annsonildlasmsld Bust Mode 1n30sdeaiunsasmus
FNRINTYaeEMYR Bursts/Pauses) Témnas $ra701A8 51 ms + 1 ms na9 il burst/pause 881
1 Tnfinnzansmanlumisanudwenan iy (Stas Register) uarme infosdandondmivdeyn
fauaaifiesunedreduldldide DIMF mode griden odwlstamudle Cp mode QN8N burst/pause
$1¢ui 2 89 102 ms + 2 ms wifoulddunsvresinseenduiiulsy lvmidle Inufigndesnni
¥291701 burst 51 ms UAY pause 51 ms 139 CP mode LA Burst mode qmiden Inu DTMF 1zgnaandie

L ' ar
@ higniy

2.7.1.3 msa%’m‘r’ngapmmmﬁsﬁm (Single Tone Generation )
. I v & § J o4 P} [} o 9 J
Single tone mode mmm‘lﬂmummazI‘nuil1ﬂﬂqummnﬂmiaﬂqummnqmﬂaﬁwu
= Yo o 4 A Y o 9 s a d" - @ as
I‘H?Jﬂ‘u‘l.%’d'lﬁﬁ‘umiEN!J?)ﬂ'Ii‘YIWd’E)‘U DTMF , msasr Inunsuld » MITARANUNAINYUY INYINVINH U

94 33ARTAIUAN B ( Control Register B ) luswazidon
2.7.1.4 MIMANNNAANGY ( Distortion calculations )

MT8880 awsoasnInuiidiaswgndesdinamuamandeunnuites suilounding
awlugneedy first-order lowpass switched capaciter filter Weaeduszneuss ldauazravesnts
a . a y o A (& o v . . . 2
INA intermodulation MIAANYUN19ES IuTIATIMUA (Total Harmonic Distortion) Y84 single tone Aa'ld

MNAUNITN 2.1

THD(%) = 100 - (\/v’zf+v2,,+v34,+ ....... Vi) @.1)
s

fundamental

[ v 1
aums 2.1 1Wudasiaiuyesnids Power) YOININDN LUABINITNINUARDAIND fundamental
1 [l ar : g
waasluglveadesidudine muﬁizﬂauﬂﬁugum‘Iﬂumﬁwmmn VeV gmﬁﬁ;ﬂﬂﬁmmﬁwﬂ

nsRafioua1s Tusinves dual tone UAAIRITNNIST 2.2

THD) = 100 ( V VitV s ViV Ve Vo ) 22
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v, uaz v, fe uewldgavesnquarmiiduasnquaruligenwddy uay V¢ ifurasauday
\ .

E
1/5£NBY intermodulation YiaNuA

2.7.2 mAsy

2.7.2.1 3uvn AeuwQs Y (Input Configuration )

nsTAduRAYes MT8880 l¥misfnmuvesdunadrinesuSoaueundvions (Differential

o t o & - (Y. P =t o o as ! W
Ampiifier) fuumaslusa (v,,) 1 ludadunai v, 2 musTeurhidmiunsdeddmm Resiston
Hauun (Feedback) 11liseoriuend (op-amp) WAGS) AmsunisUsy gain IM3ULLY single-ended Y7

Sunmgndeuaasiegy 2.14 JUfi 2.15 uammsre RS iAW SN differential input

Oo— F—~nan ' =
(of Rin l

Re

VRQI

VOLTAGE GAIN MTB830C/C-1
{Ay) = Re Ay P

U 2.14 uansdnuazYes Single-Ended Input

o— F—Ann—
C1 R1 IN+
IN-
c2 R RS
GS
>
R3 R2
Vae
MT8880C/C-1
| Mottty
DIFFERENTIAL INPUT AMPLIFIER
Cl1=C2=10nF
R1 =« R4 = R5 = 100 k2
R2 = 601, A3 « 37.5kQ -
R3 « (R2R5)/(R2 + R5)
- VOLTAGE GAIN
(A, ditf) = RS/R1

INPUT IMPEDANCE
Zugcith = 2V R ¢ (C)

a @
U 2.15 uaraednyasves Differential Input _-
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2.7.2.2 138350 ( Receiver Section )

msusn Inunguaruddfiuarndgahldleedygra DTMF dusunavesuuudmafawmed
- o v o 4 4 da 3 Y Y t { o as
wsvedadanhdines 2 dififlesdined 6 uvuddsvewdnzdunssfunguaTLid Lz gaRwaRly
+ LA v
31 2.5 Roume i 1A muasnidusenawd 350 Bsad uas 440 B3ad udasflamesiowiyaniuday
1 ¢ a o a 4 4 ¢ 2 o Y o < ! Y o aa do aa
audawmeiadasanhdinesoedines 1 uihlddygnuSsunewd@idia (Limiting) Afa8Tadsyney
AwdanounT UADSIgain 49 (high-gain comparator) NiaMIMsilesfumsAimadaausydudiilides
4 { a_ a . { { Y {a
n3 e Wiah I naeumsuaesiiuaeinade (Logic Swing) Mnmdvesdayanaufisudun
9 ] L4 ' N LK ) as an o P
nasomndmfameiud szl udiuneasian ldmadamsiiunwataealunsdmuanaui
vas Inufid ez assiunsmtumsgmdygia DIMF  SaneSfin (Averaging Algorithm)fa
Foutlosiulnuiifasindganud ldesnmsisudsslusas Al msvnedesnazmsdsuuas
i ' § o & : d
anuiifusaeanefuny Wedmimadagn ldnavea Tnusis 2 0 winaves Eary Steering (ESH) 12187

gaamzuean anmmsgaiedygialusisdeisiild Estiduaam liueadio
2.7.2.3 MANS0TBUTYR N ( Steering Circuit)

' aAa ' a4 & o ' P ) @2 a4 o g ya w ¥ o
ﬂauﬂﬁlﬂﬂ@‘ﬂq’]“ﬂ}ﬂsﬂqsuﬂsqﬂ%7313a17|1ﬂﬂ ( ﬂil‘lUﬂ\mﬂuvhm‘n'l'lﬁﬂLﬂﬂ lﬁ ) MTATIVU

uaas TauA1AINnaT RC uuen launisiieiuves ESt Aegali 2.16

Voo
' C1

Voo
SVGT Ve

ESt ~AAA/

R1
teTa = (R1C1) In (Vpp/ Vrgy)
MT8880C/C-1 tgrp = (R1C1)In Vpp/ (Vpp-Vrs)]

51 2.16 A9 Basic Steering Circuit-



- N L —

.

e . — e - xem = mr e e w—

- —

T e CwmuEAET e wR TR WM WD O RTRRST & 0

—

a 1 1 4 2 & a o 9 o o ar
apingeuu ESt fiwase v, Taufiuiuiesnnanhdinesaiodssy T8 anmiidygudng
oy (ESt Seqeay ) dmiuenfilelR (), V. 4 threshold (V) 484 steering logic ietiudin tone pair
-] o a g o o Py o Iy a
s 4 masluTimaniiudeya fyatieniyaves 6T hremuasi v, § v, 6T fluaeings
4 ' - ar 1 a - -] 4 v
TiSeyq aswinh ESt denegeny qarhondindnddnieuie IMeninauandacey uanening
- [ 4 . & P ar o o <}
¥09A0d steering iumozgedndyrafiinmeiuTn 18 umsiufiouds aomzves delayed
steering flag 711500729 14 lavasaedinuFTmmesaniuy &1 interrupt mode gridion ¥1 IRQ/CP szdin
audle delayed steering flag 11914 -
o ¢ ¢ ] S A - o . .o iy
vaﬂ’nn1u1.mmgmxamgmﬂauunﬂﬂsqmauﬂmﬂaau active delayed steering YBYAUYNUTAY

fadnia 2 e 4 IndieITamessudayagneu
2.7.2.4 Call Progress Filter

a a as t o
BUNA call progress tone (AT UYAR DTMF miloufiu o819 l5An M call progress tone %13 0a-

ina'ldilie CP mode gridomviniu

LEVEL
(dBm}

0 250 500 T 750

gﬁﬁ 2.17 UaAd Call Progress Response

- < ¢ P da o sa
mngﬂw 2.17 waasdsdss TesimsAmauuuaisees call progress filter AMUOYALARINDUNA
P [ 3 i o . . . . i o {
ey luuuuaisiiyldvesilawmedgn hard-limited 1A8 high gain comparator #1471 IRQ/CP Fmridisiu
I'd 9/ . . a o A v W A
IBMWA  squarewave output 1897 schmitt trigger mmsmmﬂzﬂTﬂu"lnTﬂﬂﬁnwwasmamuvma
° g o) 14 ﬂ'd' 1 - - . 1 =
MUHANUFIUYDY call progress tone ama 14 ﬂ')‘l!Jfl‘fl‘i)giu‘UiL’Jiwmﬂ (reject area) nz'lugﬂﬂmﬂuaz

A L °' 1]
11999N91 IRQ/CP Fansdey
2.7.3 Microprocessor Interface
1 o & q'l o v @ ar t
Ic MT8880 19mismeriulylas Tunwmyesdaiinsniuauilediuvesdadunzdasy fmie

[-] ar ‘ { ar ¢ 1 é 1] ] :
Aol s dAfinmdesdunmadenss luIns lsawesFautanisvinauld 3 mimae

L msrr'a%'aga ( Data Transfer )
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< <5 ey 1 ] : 1 4 a A o o
Tumsnd 25 aunsadioudeyaaslusiamesduriniy dwidsudeliFyan DIMF Wunvzoea

o ' ey o o "o v 1 @ o 1 4 Sintat o
mazgnemlagilmaeifuiiniy dauntuquaisds - SumlATavldsSamesaiugu (Control

é d’ - ar ° 4 N o [
Register CRA Liaz CRB) ¥4 19uoamsafifuariy MsvsuMsRNITSaaesatugu B munsavilivh

d 1t a o ey 4 o t - ° o P
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ATTNNIITNINIUYDIT ﬂﬁlﬂaiﬂ'JUﬂﬂﬂﬂﬂuﬁﬂﬂs

RS0 R/W FUNCTION
0 0 Wyuasiimanidadoyn
0 1 smunnTiawmessudoya
1 0 Wounasiimassaugy

NI VADS 0T

A1 NN 2.6 urasiesTuSIawmeininly

b3

b2

bl

RSEL

IRQ

CP/DTMF

TOUT

AINN 2.7 UAAIAWNUITNYSY CRA

b3

b2

bl

b0

CR

S/D

TEST

BURST

A1TNN 2.8 uarAtdunnyes CRB
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BIT

NAME

FUNCTION

DESCRIPTION

b0

TOUT

TONE OUTPUT

a81n 1 11114 tone output e Fedduaivemyuams

ALY butst mode i8¢ non-burst mode

bl

CP/DIMF

MODE CONTROL

Tu DTMF (logic 0) mode gUnsalmmITnattonasy
Faun I dual tone 1i}® CP mode (logic 1) gnifonuuud
walames 6 vesined e Taoenl call progress
tone QARINA call progress tone Fvogluudazuuudisoy
werasfivt IRQ/CP Tugues rectangular wave §11m IRQ
gﬂ%'mu?,a (b2=1) ﬁ'ﬁ‘lfmﬁ’e) CP mode 1122 burst mode
gniden Foaim DIMF fideeenlyesilgaeaan
burst/pause 1HY 102 ms Fuitu 2 flesannisden
Inua DIMF Faygpes DTMF Waursofma'ldduden

CP mode

b2

IRQ

INTERRUPT
ENABLE

logic 1 ¥11¥ interrupt mode ¥emusle Inuativienuas
DTMF mode gnifian (b1=0)u1 IRQ/CP Avnaiiiu togic 0
e 1 185udmnn DTMF nazuaauftesasam guard
time 138 2 nadenSeudmiuntsdetoyada’ly Gurst

mode only)

b3

RSEL

REGISTER
SELECT

logic 1 1den S3amesmugy B TulnAansifoude’lu

o e o
NUBALATUTITIABIAIU Lty

AINA 2.9 UTRIIIWALIBUAYDS Control Register A
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BIT NAME FUNCTION DESCRIPTION

b0 BURST BURSTMODE L logic 0 %111 burst mode hamu tile Tnuaiignidendeya

AMTIABINIS DTMF tone pair gienassvaansdefian

burst time LRNIE

b1 TEST TEST MODE 5 test 170 logic 15 1
b2 sD SINGLE/DUAL | logic 0 9zueu Wariedayq1as Dual tone multi-frequency
TONE uidh logic 1 sxiflumsadie Single tone Fe9ziiiuuny

GENERATION | n5ondndasfionsin b3

b3 C/R COLUMN/ROW | tliold b2 lumses single tone TeRpesTyINzdwnn

TONES M38NAN logic 0 921NN logic 1 sxiipnndn

A131991 2.10 taAeswazidun Control Register B
2.8 msusgianuuuewissl ( FM Modulation )

1INTY ﬂ'liﬂ']iiJ@@LﬁﬁLLUUL‘Aﬂ ( phase modulation )

W(t) = Acosl Ogt+(t)1 2.3)
1 o r S 1 o a
A uaz © [Jun1neiug phase angle OCt) duilesFuvesdymaumus NTNBAAAVBIYHA
v
Hi5uah angle modulation STHYENNIWAS phase modulation #1 ¢( t). i phase angle 94 argument Y84
1’ »

cosine function 9INTUAT (2.3) Argagaldnin OCe) Wummaidouuune phase FIYAVDI angle YIINNA
] b d ]
VB carrier angle Mt (56131 phase deviation infloufufgegAYEIT VI I RYLE T 9 MR

4 : )
AAUNMEGTUNT frequency deviation

]
-~ e

4 i 4 4 ' '
wemsifoumlaey (uazlosenarud ) i sinusoidal Alinamd £ 1311441 O, = 27f,
v(1) = Acos(®t+ Psin®d _t ) e (2.4)
< a Y0 4 i o
Taui B dhuneundgagegaves O 1) unsdd B Futummudisauumanagaga Sey
P .. < a )
MUY modulation index AT vRIE 1A Ae

f =020 +[(BO, cos®_t)/2w] @.5)

.

c.

f = Bfm cos® at 2.6)

nsiisauuanudgegagadmuaiiu Aruaz1dvn

As =B, @.7)

Aviuaunis 2.3 msadould

v() = Acos[Dct+(Af/£)sin@ ] (2.8)
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Tuvaiziinnuddivae feglud £+ Arlisassauynesduszney spectral voustas GIGTLN
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Tugaedl

2.8.1 mlanuvesdyn auonidimansgananeiyvesnea

VAN
v(t) = cos( D t+ BsinCDmt )

Wuaunsdi 2.4 fitmualfusldyaniiy 1 fearwazainlunsiassld

cos( Dt + Bsin(Dmt ) = cosM .t cos( Bsinﬁ)mt) - sin() .t sin( Bsina)mt) RN /X))

Rysanlunisuans cos( Bsin® t ) Fedsngiduuamedundmvndovssaumsi 2.9
{u even periodic function ﬁmm?ﬁ%mu _ ﬁatfuyﬁu"lﬂ"lé'ﬁﬁwmuanmsﬁyﬁw Fourier Series 1Ay
® /21 upamiitugm 5 lihswesdutszd@nilu Fourer expansion 484 cos( Bsin®_t ) usduny
dwmsifounaediniie dulsznsiduiladduves B uasduiiu even dulszAnivesardluiln Wy
0 Hadi 1&7e
cos( Bsin&)mt )= JO(B) x ZJZ(B)COSZ(Dmt + 214(B) cos4® t + ... +2J2n(B)c052n(1)mt o n(2.10)

vauziid sy sin Bsin® 1) Fuduitadiud s11dnsvooiififivss Tudnmniy

a’ = J 1 ~ - A =
Hedu 1. (B) iiadnieslumsudiigumedmnssuins $inlude Bessel function Yes¥iTALSA
o o d
wazveId I o

viwan 1 2.10,2.11 unuluaumsi 2.9 uas iquanid

cosAcosB = 1/2cos(A-B) +1/2¢cos(a+B) (2.12)
1/2 cos(A-B) - 1/2 cos (A+B)

' o
MU v(e) Tuaums 2.4 nadiu

sin A sin B

w(t) = J(Brcos®d Blcos@, - B )t~ cos(@, +® )+, (Blcos(@, -20 )t
+cos(@; 20, - L(B)lcos(@,, -30, )t - cos(@ +30_ )]
dunaldimiradinlssneudionduiifuontdye 1B) uaziwmvesszezsi side band §
aumsuusaz e vesafunmeimuinieiudan @ 20 30_ ec. vif i@ himdeutuszuuns

uBIaALUY AM 1y AM vz iravesdagnufignuegianiios 1 sideband 5 1 §¥84 sideband



— e

B e we b

—— T M BeA m REY we

TR TR e wwmma 3 oF SR e omw

- . W

- warw

- s o vam

I

Jyln=10,1,2)

1.0 , l
r¥l Jg . Carrier amplitude
0.8 [ = ’

\ / Jy . First-order sideband component amplitude

—_

/m\'\\ci-' s m!,,f
VAN EITAYS,
L AN \VAVAAN

V2
[+} 2 4 é 8 10 12
4, modulation index

~

-0.2

]

-0.4

14 16

717 2.18 UerAq Bessel function dmsy 3 =0,1,2
~ [y k% ded d
2.9 msanegandyanulaglyisesnieasuoesAmanes (Quadrature Detector )

wénmsiia llvesmeasusesamaie msgadyane FM fudyena FM Auduuaideuma
90° Hagait ke nseenNB e IR dygnafama'ld Al 2.13 aszuadi Inaluda
Lﬁmlszqﬁzi'uﬂmhamnmaﬁ'uﬂnﬂs’aué‘fﬁﬁvﬂszqag’ 90° nsviaritezdlonlu st Tonmdunm
LC =§agummﬁ‘lﬁ'fimwﬁ'nanuaaﬁq;mm M ussduatouens lsunudeeiimaden lawerud
findummadvauuly dygnu FM i?iw'm'nimsTcmuwfﬁznmmﬂuﬁagapm PM s minszinms
Audggnu na'?i‘la’lﬁuﬁmmmmmﬁq«ﬁ'vﬁ'agapmﬁ'nuﬁ'eﬁ Tauﬁigtmmmm?{qqezgﬂéﬁﬂ'[ﬁums
NTBINIUNITNTBIATINART o winait Ideniudygraidems

1INTUNTT Phase Modulation

v(t) = ocos[(Dct‘l-(b(t)]

O, s arwdinaelumiusEon

® Ao avmdvazlag lumissdon

¢ Ao swsmaralumiansifou 2

Wedmudafnlsyquazaeesyues 18

O =m2KO-0,)

z’f'tyig‘lmﬁunmmmwsﬂmtﬁu Vosin Dt UAT v, sin(Dt+ 72 -kAD)

Taofl  v,sin(@t + 7072 - KAD) = v,cos(@t - kKA®)

HadNFT 14de

vo sin Ot cos(@t - kA®D) = 1/2'v,? {sin2Dt - KAD) + sin(kAD)} A

23
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4 1 @ i . = o {9
nnnagueziulan ddygraniudgife (v, 72)sin20t - KA®)  uazldygnunimdm

4 1 d 4 9
Aoy, 2)sinkA®) Fududmdficesnsamasenuuiionuisninsasnrmiei

]
b

L

I IVL IF 'gmém —— LPF —‘l
l > ___L _ ARIPRERS

cLEIADS

P 4 Ao d
519 2.19 usasasssmadeuandunulsey
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o o 1 LY o g 1t o as '
dmiudesdadyonn DIMF Usziosuausaziuludiflennngu uazmoludleuniuguezidudau

N 3

MSMMIUURZNITT S

vesmstszanana uaasuden leezunsuveuniesiu - desiadayan DTME 18Regud 3.1

MIAIUANNITA . maadedygu MANBRATYYIN
toyaiu DTMF DIMF wuy FM
= ar ar J < o ¥
mMAfNegaadyg Ulines maRnATYY N Usguianavoyn
Uy FM DTMF Tavly computer

4 o 4 o * v &
U7 3.1 uerasuden laszunsuveunsesdy - desWadayg 1w DIMF

25

W praseoe  omwern e w

- Ay Wr e

W Y TEaoE

vnudenlaszunsugtf 3.1 amisoesuiensvien1dlay soousudarfusziswadse i Tay
sﬁmfuuz;ﬁusﬁ'ﬁﬁ'fgfmmmu DTMF 3 néngidy adelanled MTss80 iilessndesinmsdesa
Foyayrar DTMF 3 néntedesimamugumsadedyau DIMF ey 1éndndely ndsvnfiannse
adredygnu DIMF 1ASeudeoud sefinsdsdygnadynu DTMF ludfleuaugu Tavsziinms
ueg-anuuLe 18y ( FM modulation ) Tatled BA1404 darmumonielufedlouniugu awludlen
auquiiuesiindesiud wiinsAvsgoadagauuued By ( FM demodulation ) lavldled
TDA7000 udsvininsAveguaudesidifiudyanu DIMF  dwnsssvnedyananazezims
fnadygna DIMF Wldsenuufiuaeindieitltszananade lt lavneufiumed nsdmadyge
DTMF 4 92 14le% MTes80

an lvzveusnaisesuumuudea laesunsusi q
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3.1 msadiefygne DTMF

2995 MT8880 1 19 Tumsadedya e DTMF uaasdegy 3.2

Voo
-
L Y
+
N vad ==0.1u N o ]
IN- SYG =
347k 2 3.3k -
GS ES
VRef Ds — -
Vss Da -
‘—L e i MT3880 i
= Bﬂa‘l—-—— oscl D -  Logicloput
0sC2 Do —
D -L TONE [RQ/CP TS
DTMF Olu @ 10k
o g - > <
= r (o] RSO — -
¥ S
>

519 32 uaaeasesadredaygna DTMF

Tunsadudyga DTMF veamuiomvaieg U ludussuusndiaidamissdasiinstiousn

a g 0 a 4
asinienIuquAshevessTmasineluled MT8880 Tautlouasindmnideya ( DD, ) ¥
¥ +

dhiadeya ( data bus ) uuy 2 feme Tumsmunuatsiauyesled MTsso Wutleudeyad
ey 4 5 b 4 B [ 3] a
TANABTAIVAY A ( control register A ) UAITIMABIAIUAN B ( control register B ) ndaniniin I ladey
Tulvua ( mode ) vosmsdsdygaudaieinstenasinfidiusvemmuasidesnsidfinidoya

(AnaeinvesnangYaen g 1An1na19e 2.5) dauaasiu lusunsuas Tadl

CS RSO RW b, b, b b
1) WyuasunsTameiniugu A 0 1 0 1 1 0 1
Py P a o LR ) 4 -t o 1 o
8tue : ivasdnfiffeutrgivamesniuny A fauilu 110 1 Tumneanuidneheuds
uyy InuansuInsa ( mode control ) aygnaliidyananeninasenld uaslulyfa ( cycle ) Aoy
a 9 o aletes 4
asinfidmisznsyifiiamesaungu B
, .

2) WUUIUUITNADIAIUAY B 0 1 0 0 0 0 1

a1y : easinfidleudgiiamesniugy B faudlu 000 1 Ny EmsTediu

UV burst mode waz IMTimsadedyanaiuuy 2 A28 ( dual tone ) wazlulmAasely dwnidums

a1 o e 4 a a9 o almiat d LY aa
AARDNUIITABIAIUAN ABINNVINICATININTIVABIANIUAY A TﬂﬂﬂﬁT'mJﬁ
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a i o CE o a a ° et
BBUW : lﬁeﬂ’]ﬂ'ﬁlcﬁﬂﬂ‘]“ﬂﬂn RSO L‘ﬂu 0 uu“u'wﬁ\?ﬁaﬁﬂﬂl{l"]u'] Lﬂuﬂ’]ﬁ'ﬂszﬂ‘]ﬂﬂiﬂﬁlﬂagﬁﬂ'

ya aodnfisuiduniiaudu o111 Tevaednfisudmniiseidudeyadildiunsad wdya e DIVMEF 14

a do 9 -y ] y 4 4 o Yy oo
Iay ﬁ"]ﬁa'ilfn'l5ﬂlﬂ1“1“ﬂ1lﬂu@u1uiﬂiuﬂsuﬂﬂ“‘mﬂq ﬂgﬂ']ﬂ'ﬁﬁi']\iﬂfgfy‘lm DTMF 494ty 7

vinTusunsufuamsszdiunsdsdygu DTMF fios 1 munoay Smndiunsdadygnanas

" o d Y Y a e
nugRvABUNWIs ATy 1M DTMF vesnuuavia lf 1dlavtleunsinvesnunumeidesmsun

ol d 1 9 . R 'y ) g e 4 : = ;
FImaniddenyn (transmit data register) lag ludesfloudoyaa s VAADIAIVANTIDNAIT

3.2 manugumIniedan s DTMF 3 nanginsdulagdalulia

2995759

Tyguumn

2995

INRRNI

Tnverter

Controi Bus A\
Data 1 Transceiver 1
Control Bus -
Data 2 Transceiver 2
299551
N GITREN
U Data 1 Bus | DIMF
:‘ ] I;ranscFiver 31 lagld
' o led
Data 2 Bus || | [ MT 8880
4 Transceiver 4
Data 3 Bus
Transceiver 5 B

317 3.3 uamsuien laszunsuvssmanugumsadesiodyga DTMF 3 nénguduy

&



]

- e e

s S pv———

i o e PR RO o o

e g o wEew % G SR P e

B W S KTER Tmmvmre e mm m my

e p——

vindtldnsmuudrilunsadudyas DTME Tudesordotuneulunisidaslod MT 2880
Fanum 2 Susou ﬁafuf’fﬁaams“lﬁ'ﬁ%’mﬁﬂﬂszi‘hsnﬂuﬁuﬁazﬁu 3 wéngmfy fezerfunsaruqy
nsdadeyann «q IAfuled MT 8830 Tavldrseariu 6 uastia mswdviined dwasdluuden
lozunsy i 33

3.2.1 2esiuliadgenannitn laalyled 555

wwfufiadaanauin wldhasilddmivesaadia Tnuavedled sss waaelddegy 7
3.4 auiftudnd comparator 2 fMfe upper comparator U@ lower comparator Ty comparator 2 ﬁ"lﬁv iy
Aa31958 R threshold 2 sy Tag upper comparator vz l9ase Vth+ I8Y lower comparator 1‘156%’1& Vth-
uaz Q, fmbiduadad S, (cm"I.é'aﬁmﬂmimam“1'3'uﬁ'ﬂuww 2)
o Twvimeasen ¢, 1adrenseoadaionszning Y threshold 2 s2dy
® R,,R,.C Wawquanaiy,

e R,,C ldmuquannns,

o 0 | (U W Y —————p————- W R 1] S s 4 A
: 1
k., : ' \
: lOu'pm
- T '
I o >0
Comp M
i 1
Control :
Flip-Flop :
!
1
* Lower T t
_Comp :
!
i
t
1
t
i
!
1
1
__________________________________ J

314 3.4 uzresdsssezaiaia Inua

W v+ = 23V+  uar V- = 13V+

dmiut, : Taafimeasew C, 92150910 Via- (Ao Vi) charge Tl v+ (Vo) usignirnald
Vth+ AU

=

t, = (R, + R,)Clog, | (V+) - Vth-’

(V+) - Vth+

28
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t, =

dmiuasesfilFnusiuanelddegld 35

(R, + R, )Cog, | (23 V+)
(13V+)

(R, + R,)C log,2

0.693 (R, + R,)C,

R, C/log, | 0 - Vih+
0+ Vth-

R, Clog, | (-2/3V+)
(-13V+)

0.693 R, C,

e+

0.693 (R, + 2R,)C,
UT
1

0.693 (R, + 2R, )C,
1.4

(R, + 2R, )C,

e VH(5-15V)
4 1
Rua Reset v+
6
Threshold B .|
Ovepet
Rib 2
s .
5
. Canirol Yoluge
a LRI
prapmnd Discharge
=001 wF
Ground
1

—n—

51 3.5 uaansadudyauTEn

820 k2
47xQ2

1U4F
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Rl Ak X o FE ME e pm e BT ey Brveem

T NE YW el

o a 4 ' g 4 . ) ’e“ R d.
Tagmsieninzisuan deliavineanasen ¢, Iavimason 4 (discharge) WATRS Vin- fae
a { Y o g o 4 . o ° =t '
N3N (trig) N1 trigger naanniunszdhifieniyalianuzidiu nigh Avzilinseue lnariu R, W0z
o ° 1 =t g < o 4 4

R, W1 charge Wi ¢, szlihalinenson ¢, dirgeiusuannte vinr fuesirlheniyaiisuiiu
d . ¢ ' ° < I3 a . - o 4 oaqyw

low C, N9z discharge 3uT2avineanason C, f1asaudls Vib- AvenSni wigger Snasanils virls

d ar . = a’: s g a a 1 o 4

wianduiiiu high Snasmils fzifiansesafamasenite Vigr uas Vin- Taafiemiyaudlu

1 Y { g . T Y a
high 'ﬁﬂ’lm'lﬂil t, uammﬁmmwmflu low ﬁmmvﬂu t, uazumm’;mﬁ‘]u T= t o+,

qunsaifildlugy 3.5 fe C, = 1 UF
R, = 820 k€2
- = 47 Q2
t = 0.693 (R, + R,)C,

= 0.693 (820k +47k) 1L

daiweniymiy nign = 0.6
eyt = 0693R,C,
= 0.693 * 47K * 114
dulwewiynidulow = 0.033 JuM
CRHTLN! = 0.6 + 0.033

= 0.633 UM

1 duty cycle = 0.6/0.633
' = 0.9478
= 94.78 %

3.2.2 2905vlaely 1ed 4017

OPfromICS5S g 14 [ ool 3
* o —2_ or
—odm SEE
S S Q3
= 15 lpst o 10 op
T op
Q5 5
B g
Q7 —$
S Y
Q9
co 12
4017

U7 3.6 uraneesiuTasl¥led 4017
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( Johnson counter ) 11142995110 6 lavedodyapaninifiadnnnled 555 Tavaeesfilduaasldss
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3 36 TUAINAIIMITY ( truth table ) uaaelddemrsed 3.1 ua~ms°nNmﬂﬁ'mmmununm

( timing diagram ) uaad ladagy 3.7

1 15 3190
113 (“0”)
"2 (“17)
Y14 (2”)

U117 (“3”)

1110 (“4”)

clock clock enable reset | decode O/P=n
X 0 n
1 n
X 1 “0”
— 0 0 n+1
y o 4 X 0 n
\ oy 0 n
e 0 n+l

X = don’t care

AN 3.1 LL’C’I’ﬂQﬂ'ITNﬂ'J'I?J%?MJ@Q'lE]% 4017

ﬂ114°’n°1q,nmmﬁmIl|ll||l|!|]lll|]l|l|l

A%

U7 3.7 uraswundinamsiuee s
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N 1(%5) ™ —

NSy o

ﬂ' - . Y ° v !
U 3.7 HTAUAUUIINITAINTUYDIINITUY ()

g ' Y o § ot d o 4
VINNIT AU NIHANINNT 5 (67 ) Aot run 15 (5ide ) WeSiaiiu 0 faziadoen
AVIAN mm‘f"iymmmﬁm fidqyanauuitngnd 1 wwiwadesndian 2 (<17) wamtymmwmaﬂw
2 sziadonniin 4 («2°) Aidyanuutiinignd 3 wiwadeandian 7 («3» ysufidayanuuin gndt 6
o
Auzdesdiviadenniin s (6”) udis e s ifuISH fufefidyananiingnd 6 wivadidfian
a g a S 1+ A4 ad o q Y v oA @ at
3R 1INATT9AIWTT U oS iTalinudn 1 1291l decode output = “0” sTuApvzndylUs
o a a

v - 4 4 o a P oA g a v a P &
WAABBNNVI 3 (“0”) LLﬁ:LNﬂﬁﬂﬁﬂﬂQJﬂpﬂliﬂWﬂ‘lgﬂﬂ 6 T]”‘]il‘]fﬂﬁzilﬂ'llﬁu 0 anAasy ﬂ‘nz“ﬂ’ﬂﬂliun

Radeensne 2 (“17) wazasiinadeonuiiui 4, 7,10,1 AWAAU ALKUgIaT
3.23 T naudnies lauldled 74HC640A (Bus Transceiver )

wlesvnlumsadedyau DIME sy desiimnsas 1y led MT 8880 2 Fumon wazdane
duflusia 3 wdngmdy Adeedinistleudoyaliiuled MTsss0 503 A fufuSededld awadad
( dip-switch ) Hamua 5 funzaruquieyaiivetlonliiuled MTsss0 Taold ter namudvioes 8n 5 i
uazdeyafivzsinisdlonldiuled MmTssso fiudeya 4 9n

T nswdrinedi aunsnlideyadimeda A uaresaniata B nieliidmaia B udieen

o 39 ¥ 4 1o Y a o a . . = I
neuaT A ﬂ‘lﬂ Uuﬂgﬂﬂﬂ'ﬁiﬂﬂﬂ'ﬂﬂ‘ﬂﬂ’mﬁﬂﬁ ( direction ) AVINAITNN 3.2 HArASR 1T 19 RIATU

( Function Table)
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Control  Inputs Operation
output enable direction
L L Data transmitted from Bus B

to Bus A (Inverter)

L H Data transmitted from Bus A

to Bus B (Inverter)

H X Buses isolated ( High Impedance

State )

x = don’tcare
A15799 3.2 uarasasnieanduvesta nsudnne 74HC6404A

e nsuFiaed uanelddegud 3.8

1
‘II

&2

az

> 2k s

CeTA 1 S 84 )
PORT 6 8
A5 cete
4 PORY
85

L6 L

87

Gp

a

x
4 n
y ; 1
i M

! . J
GIRECTION ———y
ol
QUIPUT ERLBLE e 3__

U7 3.8 uamete n3wdviaey
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nagaafeyafivzdabifu Ted MT 8880 5 ¢ uazaruguastleudeyalasld o nsmFviesens
o 1 as Je’: o d’ 3 Qy M
&1 Tavluduvesia noudrinediis s @il sevimsarugulasldviemina Suuia (11 19) ufe

Y = a a . d - S a 9 as - 4 Yt 9y
ADINABIN 0 UINTN ( trig ) YUBINNA DUNUD ez lnde nswmdviaes veulndmsin - sonves
> v

9 4 14 £ - a d = a o at 4 o 1 o
V'aila'lﬂ azAod lvasin ‘0 WINTNVUBMNHA BUULD YBIU NIUFHIBINE 5 A2 AuazFIsaINU

& ) vy o st o o a 7 1 o Y T oA a s
L‘W?ﬂﬂ?f’lilﬁﬂﬂ\‘imuﬂlﬁ)y‘a%m&ﬂumu‘Uﬁ Ylﬂu‘m‘ln’e)ilmazﬂ’ﬂﬂ AR Ghu’??ﬂ tl UINTNVUBINNS

: @ do o a '3 n, @ o { =
guudio vesta nIudNIRIEIN 1 a1 1, WMTnuue WA Buuda ¥osAIN 2 NI ¢, M IMTNN
¢/ A s o - do o
©WiNA Bunda vesta n5udHeIdIN 5
‘é o I's a : : Y 9/ a a :l’ & o 4 P = :,’
WissnmIninvuewina duuia Wu  Aesl¥asdn 0 Aniuiniveninafildenled 4017 ¥
o a ad 4 : - 4 g .,
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3.4 mndnegaauuy FM laeglsled TDA7000

Munng capacitor Ej 1 18 E Correlator capacitor
Audio Fequency output :}, 2 17 l;:’ Demodulator capacitor
Noise square q 3 16 5 Ground
Loop filter capacitor E]. 4 15 :] Current source capacitor
i
Supply voltsgs d 3 TDA7000 | ] Mixer
vco d s 13 P RF input R
|
Ist Integrator capacttor i:]; 7 12 : TF limuter capacitor -
2nd Integrator capacitor d' 3 n j {F filter capacitor
1st [ntegrator eapacitor t___‘ 9 10 _—_] IF filter capacitor
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for row = 1-25

$U code 910 port A

AU loop
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0l ()
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9114 LED #dvada
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U loop
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set tabfrow][2] = 1

v

set tab{row][2] = 0

v

t  a dWYY o 1A
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U loop
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l YI4A loop
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U loop
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HuA loop
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1,Code is 102
You can't park here.

2,Code is 109

You can't park here.

3,Code is 131

You can't park here.

4.Codeis 179

You can't park here.

5,Code is 159
You can park here.
You must pay the charge per hour.

time in: 14.22

6,Code is 150

You can't park here.

7,Code is 158
You can park here.
You must pay the charge per hour.

time in : 1423

8,Code is 800

You can't park here.
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9,Code is 148
You can park here.
You must pay the charge per hour.

time in: 14.25

10,Code is 480

You can't park here.

11,Code is 220

You can't park here.

12,Code is 101

You can't park here.

13,Code is 129

You can park here,but only one time per day.

You must pay the charge 1,000 bath per month.

14,Code is 900

You can't park here.

15,Code is 159
time out: 15:31
You park here for 1 hour.

The charge for 1 hour is 30.

16,Code is 157

You can't park here.

17,Code is 121
You can't park here.

18,Code is 129

Thank you for parking here today.
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19,Code is 148
time out: 15:33
You park here for 1 hour.

The charge for 1 hour is 30,
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CODE" TIMEIN TIME OUT CHARGE
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SIS e Sevemprrtim

159 14:22 15:31 30
148 14:25 15:33 30

Today the charge for the car No. 148 is 30.
Today the charge for the car No. 159 is 30.

Code 158 is still in the park!
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#include <stdio.h>
#include <dos.h>
#include <conio.h>
#define CAR 16
#define OPTION 4
int main(void)

static int tab[CAR][OPTION]={ /*{code,month/hour,ncn—park/park,charge}*/
{129,0.0,0}.
{128,0,0,0},
{151.0.0,0},
{152.0,0.0}.
{153,0.0,0}.
{154.0,0,0}.
{156,0.0.0},
{118,0.0.0}.
{140.0,0.0},
{130.,0,0.0}.
{138,1,0.,0},
{139,1.,0,0},
{148.1,0.,0}.
{149,1,0,0},
{158.1,0,0}.
{159,1.0.0},

}:
stati¢ int charge(CAR]={0,0,0,0};
static int value[l11l]:
static int .code[26]:
int i.j.row,count,ratel,rate2.time,timel,time?2:
FILE =£1,%£2;
struct time t1{CAR]:
struct time t2[CAR]:

fFor(i=1:i<20;i++)

{
code{0]=0;
part0:for(j=1:j<11;j++)

outportb(0x303.0x90); /* set port A of 8255 to be input port =/
value(j]}=inportb(0X300); /» receive value from port A of 8255 »/

delay(720);

for(j=1;j<11;j++)
if(value[j]=-va1ue[j+1]&&value[j+1]l=valua[j+2])

ccde[i]-(valus[j+2]*100)+(value[j+3]*10)+value[j+4]; /# find code
from the values which are received before =/
if (code[i]l=code[i-1]) /= compare this code and the previous code »~/
goto partl; /# if equal go to partl =/
else
goto part0; /# if unequal go ta part0 =~/
} .
partl:printf("%d.Code is %d\n",i,code[i]):
f2-fopen("a:CARPARK.txt","a");
fprintf(f2,"~n");
fprintf(£2,"%d.Code is “d\n",i.codefi}):
fclose(£f2):

count=0;
for (row=0:row<CAR;row++) /* compare this code and the cods list =/

if(code(i]==tab{row}{0]) /# this code is in the code list =~

count=count+1;
if(tab(row][1]==0) /# this code pay the charge per month #/

if(tab[row][2]==0) /= it.is the first time which this ccde enter
here today =/
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printf("You can park heré,but only one time per day.\n");
printf ("You must pay the charge 1,000 bath per month.\n");
f2=fopen("a:CARPARK.txt","a"});

fprintf (£2,"\n"):

. fprintf(£2,"You can park here,but only one time per day.\n"):
fprintf(£2,"You must pay the charge 1,000 bath per month.\n");
fclose (£2);
outportb(0x303,0x80); ~* set port C of 8255 to be output port *~/
outportb(0x302,0201); /* show the result on green LED #/
delay(1500);
tab[row][2]=1. /* this code is in the park.,now */

}

else )

if (tab[row](2]==1) »» this code want to go cut *~/

outportb{0x303,0x80):
outportb (0x302,0=01);
tab[row][2]=2; /* today.,can't park again »/
printf ("Thank you for parking here today.\n"):;
f2=fopen("a:CARPARK.txt","a");
fprintf (£2,"\a");
fprintf (£2,"Thank you for parking here today."):
fclose (£f2);

}

else

{
printf("I'm sorry! Can't park here,now.\n");
f2=fopen("a:CARPARK.txt","a");
fprintf(f2,"\n"):
fprintf(£f2,"I'm sorry! Can't park here.,now.\n");
fclose(f2);
outportb (0x303,0x80);
outportb(0x302,0x02);
delay(1500):

b
else /# this code pay the charge per hour »*/
if (tab{row][2]==0) /*show that this code enter =/

printf ("You can park here.\a");

printf("You must pay the charge per hour.\n");
f2=fopen("a:CARPARK.txt","a");

fprintf(£2,"\n"):

fprintf(f2,"You can park here.\n");

fprintf (£2,"You must pay the charge per hour.\n"):

fclose(f2):

autportb (0=303,0z80);

outportb (0x302.0=01):;

delay(1500):

gettime (&tl{row]): /* record time in *~

printf("time in : %2d.%02d\n",t1[row].ti_hour,tl[row].ti_min);
f2=fopen("a:CARPARK.txt","a"};

fprintf(£2,."\a"):

fprintf(f2,"time in : %2d.%02d\n",t1[row].ti_hour,t1l{row].ti_min);
fclose(£f2):;

tab(row][2]=1; /= this code is in the park.now *~/

else /* this code want to go out =/
{
ocutportb(0x303,0x80):
outportb (0x302,0x01):
delay(1500):
gottime (&t2[row]): /# record time out %/
printf (“time out: ZZd:ZOZd\n".tZ[row].ti_hour,tZ[row].ti~min);
f2=fopen ("a:CARPARK,.txt","a"):;
fprintf (£2."\a"):
fprintf (f2,"time out: %2d:%202d\n",t2(row] .ti_hour,t2[row].ti_min):
fclose(£2);
timel=(t1l[row]}.ti_hour*60)+ti(row].ti_min; “
time2=(t2[row].ti_hour*60)+t2[row}.ti_min; *
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time=time2-timel;

time=time/60; 7* find the time which this code park here =~

printf{"You park here for %d hours.\n",time):

f2=fopen ("a:CARPARK.txt","a");

fprintf(f2,."\n");

fprintf(£2,"You park here for %d hours.\n",time):

fcloss (£2):

ratel=30;

ratel2=20;

if (time<l) »* this code park here less than 1 hour */
tab([row][3]=0; /* no charge #*/

else /* this code park here more than 1 hour */

tab{row] [3]=ratel+(time-1)*rate?; /* calculate charge =/
printf ("The charge for %d hour is Zd.\n",time, tab(row](3]);

f2=fopen("a:CARPARK.txt","a"):
fprintf (£2."\n");

fprintf(£2,"The charge for %d hour is Xd.\n",time.tab[row][3]);

fclose (£2):

tab[row][2]=0; /* this code isn't in the park,now */
charge [row]=charge[row]+tab[row][3];
fl=fopen("a:A.txt","a");

fprintf(£f1."\n");

fprintf (£1,"%d %d :%02d %d %024 %d" ,tab[row] (0],
tl[row].ti_hour,tl[row].ti_min,tZ[row].ti_hour,tZ[row].ti_min,
tab(row][3]): 7* write code.time in.time out and charge to the

fila A.txt »/
fclose(fl);

}
}
}

if (count==0) * this code isn't in the code list *~

printf ("You can't park here.\n"):
f2=fopen("a:CARPARK.txt","a");

fprintf (f2,"~\n"}:

fprintf (£f2,"You can't park here.\n");

fclose(f2);

outportb (0x303,0x80):

cutportb(0x302,0x02): ~* show the. result on red LED #*~
delay(1500):

}

} -~

autportb (0x303,0x80);

outporth (0x302,0x00);

printf(“~\n"):

for (row=0;row<CAR:row++) -
if(tab[row][1l]==1) /» this code pay the charge per hour =/

if (charge[row]!=0) /% charge is not zerc »~/

fl=fopen("a:A.txt","a"):
fprintf(f1,"\n"):

fprintf(f£1,"Today the charge for the car No.xd is %d.",tab{row}[0],

charge[row]): ~* write total charge to the file A.txt »~/
fclose(f1):

for (row=0;row<CAR; row++)
if (tab(row}[1]==1) /# this code pay the charge per hour »/
if(tab{row][2]}==1) /= this code is still in the park =/

fl=fopen("a:A.txt","a"):
fprintf(f1,"\n"):;

fprintf(f1,"Code %d is still in the parki”,tab[row][0)): /* write the

code which still in the park to the file A.txt =/
fclose(fl);

}
return (tab[CAR] [OPTION]):
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. ISO%-cMOS MT8880C/MT8880C-1
MITEL Integrated DTMF Transceiver

Features ISSUE 2 May 1295
Ordering Information

«  Complete DTMF transmitter/receiver MT8880CE/CE-1 20 Pin Plastic DIP

.+ Central office quality MT8880CC/CC-1 20 Pin Ceramic DIP

. Low power consumption MT8880CS/CS-1 20 Pin SOIC

MT8880CN/CN-1 24 Pin SSOP

* Microprocessor port MTB88OCP/CP-1 28 Pin Plastic LCC
+ Adjustable guard time ~40°C to +85°C

+ Automatic tone burst mode
+ Call progress mode

based upon the industry standard MT8870
monolithic DTMF receiver; the transmitter utilizes a

Applications switched capacitor D/A converter for low distortion,
high accuracy DTMF signalling. Internal counters

. . provide a burst mode such that tone bursts can be
Crec.m card systems transmitted with precise timing. A call progress filter

+ Paging systems can be selected allowing a microprocessor to
+ Repeater systems/mobile radio analyze call progress tones. A standard
. Interconnect dialers microprocessor bus is provided and is directly

compatible with 6800 series microprocessors. The
MT8880C-1 is functionally identical to the MT8880C
except for the performance of the receiver section,
Description which is enhanced to accept and reject lower signal
levels.

Personal computers

The MT8880C/C-1 is a monolithic DTMF transceiver
with_call progress filter. It is fabricated in Mitel's
ISO2-CMOS technology, which provides low power
dissipation and high reliability. The DTMF receiver is

/‘ D/A Rowand | Transmit Data - 2
TONE L Column by Sus —01
. 7\1 Converters Counters Register Buifar o2
™ Status | — 03
one Burst Control Register nterrupt
Gaing Cet. [ |  Logic - Logic _
1 - |RQ/CP
N+ — Dial ] Control-
Tone = .. Register
IN- — Fiter High Group M+ Digital A o2
Filter Algorithm
GS
and Code e Control 110 &S
Low Group J- Converter Register Cortrol
0SC1 =11  Oscitiator -T Filter 8 ° AW
i I
osca 4 aso
Controt .
Bias Logic b Steering Regewe Data
Circuit Logic egister
= ’u < <
1 ]
Voo Ve Vss ESt SVGT

Figure 1 - Functional Block Diagram
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et 2 200vo0 meld1 = 2¢7vop
N-(] 2 19 ]svGT IN[] 2 2307 sveT
es{d 3 18]St Gsld s 22177 ESt
VRel (] 4 171103 VRef(] 4 217 o3
vss(] 5 16302 vss(] § 2007 02
0sC1[] 6 151101 oscil] 6 190 o1
osc2(} 7 1417700 osc2[17 181 ] Do
TONE(] 8 13JiRacP Ncll's 171 NC
R‘cwgﬁg 1202 To’:fécg 123& spegsysgegags]
10 11[JRS0 10 1 iRQ/cp
= X R 1 Hags YERB9Y
csd2 1317 RSO g«
(1
1P/P 1P 24 PIN SSOP 28 PINPLCC
Figure 2 - Pin Connections
Pin Description
Pin #
20124 |28 Name Description
1 IN+ |Non-inverting op-amp input.
212 |2/ IN- jinverting op-amp input.
313 4| GS |Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.
4| 4 | 6 | Vge [Reference Voltage output, nominally Vpo/2 is used to bias inputs at mid-rait (see Fig. 13).
5{5 17| Vgg |Ground input (OV).
616 | 8 |OSC1 DTMF clock/oscillator input.
717 |9 |OSC2|Clock output. A 3.579545 MHz crystal connected between OSC1 and OSC2 completes the
internal oscillator circuit. Leave open circuit when OSC1 is clock input. -
8 |10 12 | TONE[Tone output (DTMF or single tone).
9 111113} R/W [Read/Write input. Controls the direction of data transfer to and from the MPU and the
transceiver registers. TTL compatible.

10{12| 14| CS |Chip Select, TTL input {CS=0 to select the chip).

11 {13 15| RSO |Register Select input. See register decode table. TTL compatible.

12114117 o2 System Clock input. TTL compatible. N.B. @2 clock input need not be active when the
device is not being accessed.

1311518 IRQ/ [Interrupt Request to MPU (open drain qutnut). Also, when call progress (CP) mode has

CP ibeen selected and interrupt enabled the IRQ/CP pin will outgut a rectanguiar wave signal
representative of the input signal applied at the input op-amp. The input signal must be within
the bandwidth limits of the call progress filter. See Figure 8.

14-118-118-1D0-D3 Microprocessor Data Bus (TTL compatible). High impedance when CS = 1 or ®2 is low.

1712122

18122126{ ESt {Early Steering output. Presents a logic high once the digital algorithm has detected a valid
tone pair (signal condition). Any momentary loss of signal condition wiil cause ESt o return to
a logic low.

19123 | 27 | SVGT Steering Input/Guard Time output (bidirectional). A voltage greater than Vyg, detected at St
causes the device to register the detected tone pair and update the output fatch. A voltage
less than Vg, frees the device to accept a new tone pair. The GT output acts to reset the
external steering time-constant; its state is a function of ESt and the voltage on St.

20124128 | Vpp [Positive power supply input (+5V typical).

89135, NC [No Connection.
16. | 10,
17 1,

18,

23-

25
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Iso2-cMos  MT8880C/MT8880C-1

Functional Description

~The MTB8880C/C-1 Integrated DTMF Transceiver
architecture consists of a high performance DTMF
receiver with internal gain setting amplifier and a
DIMF generator which employs a burst counter such
that precise tone bursts and pauses can be
synthesized. A call progress mode can be selected
such that frequencies within the specified passband
czn be detected. A standard microprocessor
interface allows access to an internat status register,
two control registers and two data registers.

Input Configuration

The input arrangement of the MT8880C/C-1 provides
a differential-input operational amplifier as well as a
bias source (Vge) which is used to bias the inputs at
Vpp/2. Provision is made for connection of a
feedback resistor to the op-amp output (GS) for
adiustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 3.

Figure 4 shows the necessary connections for a
differential input configuration.

N+
IN-
c Rin
Re GS
VRt
VOLTAGE GAIN MT8880C/C-1
Al = B / Ry LA~ Sahatlh

Figure 3 - Single-Ended input Configuration

Receiver Section

Separation of the low and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the fow
‘and high group frequencies (see Fig. 7). These filters
also incorporate notches at 350 Hz and 440 Hz for
excepional dial tone rejection. Each filter output is
followed by a single order switched capacitor filter
section which smooths the signals prior to limiting.
Limiting is performed by high-gain comparators

o— F—~Anmy
C1 Rt IN+
N
O F— A
c2 R4 RS
GS
L
A3 % R2
" Vaet
MTB880C/C-1
——

DIFFERENTIAL INPUT AMPLIFIER
Ci=C2=10nF

R1 = R4 « RS « 100 kQ

R2 = 60k, B3 = 37.5kQ

R3 « (R2RS)/(R2 + RS5)

VOLTAGE GAIN

(Ay diff) = RS/R1

INPUT IMPEDANCE
@it = 2V R1Z « (T0C)2

Figure 4 - Differential Input Configuration

which are provided with hysteresis to prevent
detection of unwanted low-level signals. The outputs
of the comparators provide full rail logic swings at
the frequencies of the incoming DTMF signals.

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond lo standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while
providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to tatk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the “Early Steering”
(ESY) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state.

4-35
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Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred
to as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes v (see Figure §) to
rise as the capacitor discharges. Provided that the
signal condition is maintained (ESt remains high) for
the validation period (tgp), v, reaches the threshold
(Vs of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Figure 7)
into the Receive Data Register. At this point the GT
output is activated and drives v, to Vop. GT
continues to drive high as long as ESt remains high.
Finally, after a short delay to allow the output latch to
settle, the delayed steering output flag goes high,
signalling that a received tone pair has been
registered. The status of the delayed steering flag
can be monitored by checking the appropriate bit in
the status register. If Interrupt mode has been
selected, the IRQ/CP pin will pull low when the
delayed steering flag is active.

The contents of the output latch are updated on an
active delayed steering transition. This data is
presented to the four bit bidirectional data bus when
the Receive Data Register is read. The steering
circuit works in reverse to validate the interdigit
pause between signals. Thus, as well as rejecting
signals too short to be considered valid, the receiver
will tolerate signal interruptions (drop out) too short
to be considered a valid pause. This facility, together
with the capability of selecting the steering time
constants externally, allows the designer to tailor
perférmance to meet a wide variety of system
requirements.

Voo
——| =c1

Voo "
SVYGT Ve

ESt —«vw—l

. Rt
tara = (R1CT) In (Vpp / Vysy
MT8880C/C-1 tore = (R1C1) In Vop/ (Vpp-Vrs))
e

Guard Time Adjustment

The simple steering circuit shown in Figure 5 is
adequate for most applications. Component values
are chosen according to the formula;

trec = tpp+tgre
lio=tpa+Gra

The value of tpp is a device parameter (see AC
Electrical Characteristics) and trec is the minimum
signal duration to be recognized by the receiver. A
value for C1 of 0.1 uF is recommended for most
applications, leaving R1 to be selected by the
designer. Different steering arrangements may be
used to select independently the guard times for tone
present (tgTp) and tone absent (tgTa)- This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
aflows the designer to tailor system parameters such
as talk off and noise immunity.

trp = (RpC1) In (Vpp / (Vpo-Vrsy]
tgTa = (R1C1) In (Vpp/Vrgy

Rp = (R1R2)/ (R1 + A2)
Voo

C1
SYGT
R1 R2
ESt

a) decreasing tGTP; (tGTP « 1GTA)

lGTe= (R1C1)In Moo/ (Voo-Vrs)
614 = (APC1} In (Vpo/Vrsy
Rp = (R1R2)/(R1 + R2)

Voo O*_L

SYGT

c1

R1

]

ESt

b} decreasing tGTA; (1GTP > tGTA)

Figure § - Basic Steering Circuit
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Increasing trec improves talk-off performance since
it reduces the probability that tones simulated by
speech will maintain a valid signal condition long
enough to be registered. Alternatively, a relatively
short tgec with a long tng would be appropriate for
extremely noisy environments where fast acquisition
time and immunity to tone drop-outs are required.
Design information for guard time adjustment is
shown in Figure 6. The receiver timing is shown in
Figure 9 with a description of the events in Figure 11.

Call Progress Filter

A call progress mode, using the MT8880C/C-1, can
be selected allowing the detection of various tones
which identify the progress of a telephone call on the
network. The call progress tone input and DTMF
input are common, however, call progress tones can
only be detected when CP mode has been selected.
DTMF signals cannot be detected if CP mode has
been selected (see Table 5). Figure 8 indicates the
useful detect bandwidth of the call progress filter.
Frequencies presented to the input, which are within
the ‘accept’ bandwidth limits of the filter, are_hard-
limited by a high gain comparator with the IRQ/CP
pin serving as the output. The squarewave output
obtained from the schmitt trigger can be analyzed by
a microprocessor or counter arrangement {0
determine the nature of the call progress tone being
detected. Frequencies which are in the ‘reject’ area
will not be detected and consequently the IRQ/CP
pin will remain low.

DTMF Generator

The DTMF transmitter employed in the MT8880C/C-
1is capable of generating all sixteen standard DTMF
tone pairs with low distortion and high accuracy. All
frequencies are derived from an external 3.579545
MHz crystal. The sinusoidal waveforms for the
individual tones are digitally synthesized using row
and column programmable dividers and switched
capacitor D/A converters. The row and column tones
are mixed and filtered providing a DTMF signal with
low total harmonic distortion and high accuracy. To
specify a DTMF signal, data conforming to the
encoding format shown in Figure 7 must be written to
the transmit Data Register. Note that this is the same
as the receiver output code. The individual tones
which are generated (f_ ow and fygy) are referred to
as Low Group and High Group tones. As seen from
the table, the low group frequencies are 697, 770,
852 and 941 Hz. The high group frequencies are
1208, 1336, 1477 and 1633 Hz. Typically, the high
group to low group amplitude ratio (pre-emphasis) is
2dB to compensate for high group attenuation on
long foops.

FLow FuigH DIGIT D3 Dy D, Do
697 | 1209 | 1 ofo]o] 1
697 | 1336 2 |o|ol1]o
697 | 1477 | 3 [ o | o | 1 [ 1
770 | 1200 | 4 [o ]| 1|00
770 | 1336 | 5 | o | 1| o0 | 1
770 | 1477 | 6 | o] 1|1 ] o0
852 | 1209 | 7 | o | 1 |1 |1
852 | 1338 8 t]ofolo
852 [ 1477 | 9 |1 ] oo [ 1
941 | 1336 | 0 [1 0|1 ]o
941 | 1209 | - 1001 1
941 | 1477 | # 111101} o0
697 | 1633 | A |1 ] 1ol
770 | 1633 | B | 1 | 1|1 ] 0
852 | 1633 | C | 1 | 1 | 1| 1
941 | 1633 | D | o0 | o] o | o

: 0= LOGIC LOW, 1= LOGIC HIGH
Figure 7 - Functional Encode/Decode Table

LEVEL A
(dBm)

-25

0 250 500 750
FREQUENCY (Hz)

Figure 8 - Call Progress Response

The period of each tone consists of 32 equal time
segments. The period of a tone is controfled by
varying the length of these time segments. During
write operations to the Transmit Data Register the 4
bit data on the bus is latched and converted to 2 of 8
coding for use by the programmable divider circuitry.
This code is used to specify a time segment length
which will ultimately determine the frequency of the
tone. When the divider reaches the appropriate
count, as determined by the input code, a reset pulse
is issued and the counter starts again. The number
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o - - lREC = =l - oo
ﬂ TONE TONE
Ve —'D TONE #n et #n+ 1 .
I-——] ‘DP —)l r(—' _’J "— toa
= _ 1 I —
b, -
I N ] N
ST A A ! — [V
: —)f :4— thgiRx )
AR DECODED TONE # (n-1) W #n NG £+ 1)
= tog
w Mz zZid——1
- ] ]
ens I M
Status
Register

Figure 9 - Receiver Timing Diagram

b T

of time segments is fixed at 32, however, by varying
the segment length as described above the tone
output signal frequency will be varied. The divider
output clocks another counter which addresses the
sinewave fookup ROM.

The fookup table contains codes which are used by
the switched capacitor D/A converter to obtain
discrete and highly accurate DC voltage levels. Two
identical circuits are employed to produce row and

column tones which are then mixed using a low
noise summing amplifier. The osciilator described
needs no “start-up” time as in other DTMF
generators since the crystal oscillator is running
continuously thus providing a high degree of tone
burst accuracy. A bandwidth limiting. filter is
incorporated and serves to attenuate distortion
preducts above 8 kHz. it can be seen from Figure 10
that the distortion products are very low in amplitude.

Scallng Information

10 dB/Div
Stant Frequency = 0 Hz r—
Stop Frequency = 3400 Hz
Marker Frequency = 697 Hz and |
1209 Hz

jﬁ
[
|
[

4

[ Y] b

\

T\]“\ ATATN

|

=

Figure 10 - Spectrum Plot
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Burst Mode

In certain telephony applications it is required that
DTMF signals being generated are of a specific
duration determined either by the particular
application or by any one of the exchange transmitter
specifications currently existing. Standard DTMF
signal timing can be accomplished by making use of
the Burst Mode. The transmitter is capable of issuing
symmetric bursts/pauses of predetermined duration.
This bursupause duration is 51 ms+1 ms which is a
standard interval for autodialer and central office
applications. After the burst/pause has been issued,
the appropriate bit is set in the Status Register
indicating that the transmitter is ready for more data.
The timing described above is available when DTMF
mode has been selected. However, when CP mode
(Call Progress mode) is selected, a second burst/
pause time of 102 ms +2 ms is available. This
extended interval is useful when precise tone bursts.
of longer than 51 ms duration and 51 ms pause are
desired. Note that when CP mode and Burst mode
have been selected, DTMF tones may be transmitted
only and not received.

In applications where a non-standard burst/pause
duration is required, burst mode must be disabled

and the transmitter gated on and off by an external
hardware or software timer.

Single Tone Generation

A single toné mode is availabie whereby individual
tones from the low group or high group can be
generated. This mode can be used for DTMF test
equipment applications, acknowledgment tone
generation and distortion measurements. Refer to
Control Register B description for details.

Distortion Calcuiations

The MT8880C/C-1 is capable of producing precise
tone bursts with minimal- error in frequency (see
Table 1), The internal summing amplifier is followed
by a first-order lowpass switched capacitor filter to
minimize harmonic components and intermodulation
products. The total harmonic distortion for a single
tone can be calculated using Equation 1, which is the
ratio of the total power of all the extraneous
frequencies to the power of the fundamental
frequency expressed as a percentage. The Fourier
components of the tone output correspond to Vay....
Ve @s measured on the output waveform. The total
harmonic distortion for a dual tone can be calculated

EXPLANATION OF EVENTS

RETAINED UNTIL NEXT VALID TONE PAIR.

EXPLANATION OF SYMBOLS
Via DTMF COMPOSITE INPUT SIGNAL.

VALID DTMF SIGNAL.

REGISTER IS READ.

toa  TIME TO DETECT VALID FREQUENCIES ABSENT.
tgrp  GUARD TIME, TONE PRESENT.
tata  GUARD TiME, TONE ABSENT.

A) TONE BURSTS DETECTED, TONE DURATION INVALID, RX DATA REGISTER NOT UPDATED.

B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN RX DATA REGISTER.

C) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, INFORMATION IN RX DATA REGISTER
RETAINED UNTIL NEXT VALID TONE PAIR.

)] TONE #n+1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN RX DATA REGISTER.

E) ACCEPTABLE DROPOUT OF TONE #n+1, TONE ABSENT DURATION INVALID, DATA REMAINS UNCHANGED.

F) END OF TONE #n+1 DETECTED, TONE ABSENT DURATION VALID, INFORMATION IN RX DATA REGISTER

ESt EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TGNE FREQUENCIES.

SYGT TEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.

RXg-AX44-BIT DECODED DATA IN RECEIVE DATA REGISTER

b3 DELAYED STEERING. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL. ACTIVE LOW FOR THE DURATION OF A

b2 INDICATES THAT VALID DATA IS IN THE RECEIVE DATA REGISTER. THE BIT IS CLEARED AFTER THE STATUS

IRQ/CP INTERRUPT IS ACTIVE INDICATING THAT NEW DATA IS IN THE RX DATA REGISTER. THE INTERRUPT IS
CLEARED AFTER THE STATUS REGISTER IS READ.

tREC MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID.

tnee MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.

tio MINIMUM TIME BETWEEN VALID SEQUENTIAL DTMF SIGNALS.

too MAXIMUM ALLOWABLE DROPQUT DURING VALID DTMF SIGNAL.

top TIME TO DETECT VALID FREQUENCIES PRESENT.

Figure 11 - Description of Timing Events

|




o

L

T e S v o

tern

v

Ao T, ety

-, haanliE LI T S N

L S

e

———

e g

T Fewm ot e e omrm

VW e w e L J—— T r——— e n

T T ——ty

MT8880C/MT8880C-1 1s02-cMOS

(\/ Vi, . V24 V4. vz,

Viundamental

THD(%) = 100

Equation 1. THD (%) For a Single Tone

V3 e Vo e V2wV

Vi e V3 e V3

J VZL + V2H

Equation 2. THD (%) For a Dual Tone

THD (%) = 100

OUTPUT FREQUENCY
v (Hz) %ERROR
SPECIFIED | ACTUAL

L1 697 699.1 +0.30
L2 770 766.2 -0.49
L3 852 847.4 -0.54
L4 941 948.0 +0.74
H1 - 1209 1215.9 +0.57
H2 1336 1331.7 -0.32
H3 1477 14719 -0.35
H4 J 1633 1645.0 +0.73

Table 1. Actual Frequencies Versus Standard
Requirements

using Equation 2. V| and Vi correspond to the low
group amplitude and high group amplitude,
respectively, and V25 is the sum of all the
intermodulation components, The internal switched-
capacitor filter following the D/A converter keeps
distortion products down to a very low level as
shown in Figure 10.

DTMF Clock Clrcuit

The internal clock circuit is completed with the
addition of a standard television colour burst crystal,
The crystal specification is as follows:

Frequency: 3.579545 MHz
Frequency Tolerance: +0.1%
Resonance Mode: Paraliel

Load Capacitance: 18pF

440

Maximum Series Resistance: 150 ohms
Maximum Drive Level: 2mw

e.g. CTS Knights MP026S
Toyocom TQC-203-A-9S

A number of MTB8B0C/C-1 devices can be
connected as shown in Figure 12 such that only one
crystal is required. Alternatively, the OSC1 inputs on
all devices can be driven from a TTL buffer with the
OSC2 outputs left unconnected.

MT8880C/C-1 MT8380C/C-1 MT8880C/C-1
0OSC1 0Osc2 08Ct1 0Osc2 0O8C1 0sc2
LUI

3.579545 MHz

Figure 12 - Common Crystal Connection
Microprocessor Interface

The MT8880C/C-1 employs a microprocessor
interface which allows precise control of transmitter
and receiver functions. There are five internal
registers associated with the microprocessor
interface which can be subdivided into three
categories, i.e., data transfer, transceiver control and
ransceiver status. There are two registers
associated with data transfer operations.

The Receive Data Register contains the output code
of the last valid DTMF tone pair to be decoded and is
a read only register. The data entered in the Transmit
Data Register will determine which tone pair is to be
generated (see Figure 7 for coding details). Data can
only be written to the transmit register. Transceiver
control is accomplished with two Control Registers
(CRA and CRB) which occupy the same address
space. A write operation to CRB ¢an be executed by
setting the appropriate bit in CRA. The following
write operation to the same address will then be
directed to CRB and subsequent write cycles will
then be directed back to CRA. A software reset must
be included at the beginning of all ‘programs to
initialize the control and status registers after power
Up or power reset (see Figure 16). Refer to Tables 3,
4, 5 and 6 for_details concerning the GControl
Registers. The IRQ/CP pin can be programmed such
that it will provide an interrupt request signal upon
validation of DTMF signals or when the transmitter is
ready for more data (Burst mode only). The IRQ/CP
pin is configured as an open drain output device and
as such requires a pull-up resistor (see Figure 13).
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RSO RIW FUNCTION b3 b2 b1 b0
0 0 Write to Transmit RSEL | IRQ | CPIDTME TOUT
Data Register
Table 3. C i
0 ] Read from Receive able 3. CRA Bit Positions
Data Register
1 0 Write to Control
Register b3 b2 b1 bo
1 1 Read from Status = —
Register CR S/ID TEST BURST

Table 2. Internal Register Functions

Table 4. CRB Bit Positions

BIT

DESCRIPTION

b0

A logic ‘1" enables the tone output. This function can be
implemented in either the burst mode or non-burst mode.

bt

In DTMF mode (logic '0"} the device is capable of generating
and receiving Dual Tone Multi-Frequency signals. When the
CP (Call Progress) mode is selected (logic '1°) a 6th order
bandpass filter is enabled o allow call progress tones {0 be
detected. Call progress tones which are within the specified
bandwidth will be presented at the RQ/CP pin in
rectangular wave format if the IRQ bit has been enabled
{b2=1). Also, when the CP mode and BURST mode have both
been selected, the transmitter will issue DTMF signals with a
burst and pause of 102 ms (typ) duration. This signal duration
is twice that obtained from the DTMF transmitter if DTMF
mode had been selected. Note that DTMF signals cannot be
decoded when the CP mode of operation has been selected.

b2

A logic ‘1" enables the INTERRUPT mode. When this mode is
active and the DTMF mode has been selected {b1=0) the IRQ/
CP pin will pull to a logic ‘0’ condition when sither 1) a valid
DTMF signal has been received and has been present for the
guard time duration or 2) the transmitter is ready for more data
(BURST mode only).

b3

NAME FUNCTION
TOUT TONE OUTPUT
CP/DTMF MODE CONTROL
IRQ INTERRUPT ENABLE
RSEL REGISTER SELECT

A logic ‘1" selects Control Register B on the next Write cycle to
the Control Register address. Subsequent Write cycles to the

Control Register are directed back to Control Register A.

Table 5. Control Register A Description
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BIT NAME FUNCTION DESCRIPTION
b0 BURST BURST MODE A logic ‘0" enables the burst mode. When this mode is
selected, data comesponding to the desired DTMF tone pair
can be written to the-Transmit Register resulting in a tone
burst of a specific duration (see AC Characteristics).
Subsequently, a pause of the same duration is induced.
Immediately following the pause, the Status Register is
updated indicating that the Transmit Register is ready for
further instructions and an interrupt will be generated if the
interrupt mode has been enabled. Additionally, if call
progress (CP) mode has been enabled, the burst and pause
duration is increased by a factor of two. When the burst
mode is not selected (logic ‘1') tone bursts of any desired
duration may be generated.
b1 TEST TEST MODE By enabling the test mode (logic'1’), the IRQ/CP pin will
present the delayed steering (inverted) signal from the DTMF
receiver, Refer to Figure 9 (b3 waveform) for details
concerning the output waveform. DTMF mode must be
selected (CRA b1=0) before test mode can be implemented.
b2 ) SINGLE /DUAL TONE | A logic ‘0’ will allow Dual Tone Multi-Frequency signals to be
GENERATION produced. If single tone generation is enabled (logic ‘1"),
either row or column tones (low group or high group) can be
generated depending on the state of b3 in Control Register
8.
b3 CR COLUMN/ROW TONES | When used in conjunction with b2 (above) the transmitter
can be made to generate single row or single column
frequencies. A logic ‘0" will setect row frequencies and a logic
‘1" will select column frequencies.
Table 6. Control Register B Description
BIT NAME STATUS FLAG SET STATUS FLAG CLEARED
b0 IRQ Interrupt has occurred. Bitone (b1) | Interrupt is inactive. Cleared after
or bit two (b2) is set. Status Register is read.
b1 TRANSMIT DATA Pause duration has terminated Cleared after Status Register is
REGISTER EMPTY and transmitter is ready for new read or when in non-burst mode.
(BURST MODE ONLY) data.
b2 | RECEIVE DATA Valid data is in the Receive Data Cleared after Status Register is
REGISTER FULL Register. read.
b3 DELAYED STEERING Set upon the valid detection of the | Cleared upon the detection of a
absence of a DTMF signal. valid DTMF signal.
Table 7. Status Register Description
4-42
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DTMF ~- {Jtone  RQcP
OUTPUT R, —] niv o2
s RSO
Notes:
:; '_R327: :20?.:) i ° Microprocessor based systems can inject undesirable noise §nto
R4 = 3.3 kO 10% the supply rails. The performance of the MTB880 can ba optimized

Ry = 10k Q (min.)
C1 2100 nF 5%
C2 = 100 nF 5%

C3 = 100 nF 10%"
C4 = 10 nF 10%
X-tal » 3.579545 MHz

by keeping noise on the supply rails to a minimum. The decoupling
capacitor (C3) should be connected close to the device and ground
loops should be avoided.

N

To uP
or uC

Figure 13 - Application Clreuit (Single-Ended Input)

MMD6150 .
TEST POINT {or equivalent) 2.4k

Test load for D0-03 pins

d s.ovoc 5.0 VDC
TEST POINT 3k
; .J.
© 70 pF
MMO7000
(or equivalent)

Test load for IRQICP pin

Figure 14 - Test Circuit
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+5V
6802 3.3k

MT8880C/C-1
IRQ IRQ
RSO
Address - -
Peripheral decoda cs
VMA ‘
RW RAW
E ®2
Data 4 Data

Figure 15 - MT8880C/C-1 to 6802 Interface

{4 5) Write to Control Register

Description Control

1} Read Status Register

2) Write to Control Register
3} Write to Control Register
4) Write to Control Register

al
OOOOOOm

6) Read Status Register

Description
CS RS0 RW
1} Write to Control Register A 0 1 0
(tone out, DTMF, IRQ, Select Control Register B)
2) Write to Control Register B 0 1 0
(burst mode)
3) Write to Transmit Data Register 0 0 0

{send a digit 7)

wait for an interrupt or poll Status Register
4) Read the Status Register 0 1 1

-if bit 1 is set, the Tx is ready for the next tone, in which case...
Write to Transmit Register 0 0 0
(send a digit 5)

-if bit 2 is set, a DTMF tone has been received, in which case....
Read the Receive Data Register 0 0 1

-if both bits are set...
Read the Receive Data Register 0 0 1
Write to Transmit Data Register 0 0 0

EXAMPLE 2: Transmit DTMF tones of 50 ms burst/50 ms pause and Receive DTMF Tones

EXAMPLE 1: A software reset must be included at the beginning of all programs to initialize the control
registers after power up. The initialization procedure should be implemented 100ms after power up.

Data
b3 b2 b1 bO
X X X X
0 0 0 0
0 0 0 0
1 0 0 0
0 0 0 0
X X X X
B3 b2 b1 bo
1 1 0 1
0 0 0 q
0 1 1 1
X X X X
0 1 0 1
X X X X
X X X X
0 1 0 1

NOTE: IN THE TX BURST MODE, STATUS REGISTER BIT 1 WILL NOT BE SET UNTIL 100 ms (£2 ms) AFTER THE DATA IS
WRITTEN TO THE TX DATA REGISTER. IN EXTENDED BURST MODE THIS TIME WILL BE DOUBLED TO 200 ms (+ 4 ms).

Figure 16 - Application Hints
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Absolute Maximum Ratings*

Parameter Symbol Min Max Units
1 | Power supply voltage Vpp-Ves Vpo 6 v
2 | Voltage on any pin V) Vgs-0.3 Vpp+0.3 v
3 | Current at any pin (Except Vpp ang Vss) 10 mA
4 | Storage temperature Tst -65 +150 °C
5 | Package power dissipation Pp 1000 mw

* Exceeding these values may cause permanent amage. Functional operation under these conditions is not implied.

Recommended Operating Conditions - votages are with respect to ground {Vsg) unless otherwise stated.

Parameter Sym Min Typ+ Max Units Test Conditions
1 | Positive power supply Voo 4,75 5.00 5.25 \
2 | Operating temperature To -40 +85 °C
3 | Crystal clock frequency fox | 3.575965 | 3.579545 | 3.583124 | MHz
$ Typical figures are at 25 °C and for design aid only: not guaranteed and not subject to production testing.
DC Electrical Characteristics®- vggmov.
Characteristics Sym Min | Typ* | Max | Units Test Conditions
1 s Operating supply voltage Voo | 4.75 5.0 5.25 \Y
2 u Operating supply current lop 7.0 11 mA
3 P Power consumption Pc 578 | mW
4 | High level input voltage Vino 3.5 v
N (OscC1)
5 G Low level input voltage Vito 1.5 v
T (OSC1)
6 | S | Steering threshold voltage Vigg | 22 | 23 | 25 V| Vpp=5V
7 Low level output voltage No load
o (OSC2) Voro 0.1 Vv
8 U High level output voltage No load
T (0SC2) Voo | 4.9 v Vpp=5V
9 S Output leakage current
T | (RQ) loz 1 10 kA | Vou=2.4 V
10| S [ Vge output voltage Viet | 24 | 25 | 2.6 V| Noload, Vpg=5V
1 Vaes output resistance Ror 1.3 kQ
12 0 Low level input voltage ViL 0.8 \
13 g' High level input voitage Vi 2.0 \
14 : Input leakage current Iz 10 kA | Vin=Vssto Vpp
a
i
15 | paa | Source current lon | -14 | -6.6 MA | Vou=2.4V
16 | B | Sink current oo | 2.0 | 4.0 mA | Vor=0.4V
17 | ESt | Source current low | -0.5 | -3.0 mA | Vou=4.6V
18 | even | Sink current oL | 2 4 mA_ | VoL=0.4V
19 lgg/ Sink current loL 4 16 MmA | Vou=0.4V

T Characteristics are over recommended operating conditions unless otherwise stated.
¢ Typical figures are at 25 °C, Vg =5V and for design aid only: not guaranteed and not subject to production testing.
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Electrical Characteristics
Gain Setting Ampllfler - Voltages are with respect to ground (Vgg) unless otherwise stated, Vgg= 0 V, Vpp=5V, To=25°C.

T

| Characteristics Sym Min | Typ* | Max | Units Test Conditions

1 | input leakage current hN 100 nA Vss < Vin< Voo
2 : Input resistance Rin 10 MQ

3 | Input offset voltage Vos 25 myv

4 | Power supply rejection PSRR 60 dBs ) 1 kHz

§ | Common mode rejection CMRR 60 dB 0.758V < Viy<4.25V
6 | DC open loop voltage gain AvoL 65 dB

7 | Unity gain bandwidth BW 1.5 MHz

8 | Output voitage swing Vo 4.5 Voo RL 2 100 kQ to Vgg
9 | Allowable capacitive load (GS) CL 100 pF
10 | Allowable resistive load (GS) Ry 50 kQ

1t | Common mode range Veum 3.0 Voo No Load

$ Typical figures are at 25°C and for design aid only: not guaranteed and not subject to production testing.

MT8880C-1 AC Electrical Characteristics'- Voltages are with respect to ground (Vgs) unless otherwise stated.

Characteristics Sym Min Typ | Max Units Notes*
Valid input signal levels -31 dBm 1,2,3,5,6,9
(each tone of composite 218 MVaws | 1,2,3,5,6,9
1 signal) 15y My
R dBm 1,2,3,5,6,9
X 869 mVams | 1.2.3,5,6,9
2 Input Signal Level Reject -37 d8m 1,2,3,5.6,9
' 109 mVRMs 1.2.3.5.6.9

t Craracteristics are over recommended temperature and at Vpg=5V, using the test circuit shown in Figure 13.

MTB880C AC Electrical Characteristics? vottages are with respect to ground (Vgg) uniess otherwise stated.

Characteristics Sym Min Typ* | Max Units Notes®
-29 dBm 1.2,3,5,6,9
Valid Input signal levels 275 mv 123569
11 Q (each tone of composite - s et
signal) d8m 1.2,3,5,6.9
869 mVRMs 1 ,2,3,5.6.9

1 Charactanstics are over recommended operating conditions (unless atherwisa stated) using the test circuit shown in Figure 13,

AC Electrical Characteristics'- Voltages are with respect to ground (Vss) unless otherwise stated. fc=3.579545 MHz.

Characteristics Sym Min Typ* | Max Units Notes*
1 Positive twist accept a8 2,3,6,9
2] [ Negative twist accept B | 2369
3| | Freq. deviation accept +1.5%=2Hz 2,3,5.9
z ; Freq. deviation reject +3.5% 23,5
i Third tone tolerance -16 ds 2,3.4,59,10
6 Noise tolerance -12 lof3] 2,3,4,5,7,9,10
(7] | Dial tone tolerance 22 d8 2,3,4,58.9,11
t Characteristics are over recommendad operating conditions uniess otherwise stated.
.t ‘Typical gures are at 25°C, Vg = 5V, and for design aid only: not guaranteed and not subject to production testing.

)

See “Notes” {oliowing AC Ejectrical Characteristics Tables.



R CeRTTTR  M—— e ——

—m— = = WY

P L

o mpo m e = o Hemerr—

P

= m s mu

ISO2-CMOS MT8880C/MT8880C-1

AC Electrical Characteristicst- Call Progress - voitages are with respect to ground {Vgg) untess otherwise stated,

Characteristics Sym Min Typ* | Max Units Notes*
1 | Lower freq. (ACCEPT) fia 320 Hz @ -25 dBm
2 | Upper freq. (ACCEPT) fia 510 Hz @ -25 dBm
3 | Lower freq. (REJECT) fip 290 Hz @ -25 dBm
4 | Upper freq. (REJECT) fur 540 Hz @ -25 dBm
5 | Call progress tone detect level -30 dBm
(total power) |
t Characteristics are over recommended operating conditions unless otherwise stated
1 Typical figures are at 25°C, Vpp = 5V, and for design aid only: not guaranteed and not subject to production testing
* See “Notes” AC Electrical Characteristics Tables
AC Electrical Character istics?. Voltages are with respect to ground (Vgg) unless otherwise stated.
Characteristics Sym Min | Typ* | Max | Units Conditions
1 Tone present detect time top 3 1 14 ms  [Note 12
2 Tone absent detect time toa 0.5 4 8.5 ms {Note 12
3 Tone duration accept trec 40 { ms |[User adjustable?
4 | q |Tone duration reject HEC 20 ms {User adjustable¥
5 | X linterdigit pause accept tio 40 ms [User adjustable®
6 Interdigit pause reject too 20 ms (User adjustable®
7 Delay St to b3 tpsina 13 uS
8 Delay St to RX¢-RX4 tpstax 8 1S
9 Tone burst duration - tasT 50 52 ms |DTMF mode
10 | 1 |Tone pause duration tes 50 52 ms |DTMF mode
11 | X |Tone burst duration (extended) tasTe 100 104 | ms |[Call Progress mode
12 Tone pause duration (extended) tese 100 104 ms  |Call Progress mode
13 High group output fevel Viour | -6.1 -2.1 § dBm R =10kQ
14 g Low group output level Vioutr | -8.1 4.1 | dBm |R(=10kQ
18 | N |Pre-emphasis dBp 2 3 dB8 |Ry=10kQ
16 £ Output distortion (Singfe Tone) THD -35 dB |25 kHz Bandwidth
o Ry =10kQ
17 | 7 [Frequency deviation o 207 | +15] % |fo=3.579545 MHz
18 Output load resistance Rur 10 50 kQ
19 ®2 cycle period tove 250 ns
20 g ®2 high pulse width ten 15 ns
21 | Y |02 low pulse width teL 10 ns
22 b" 2 rise and fall time ta. tr 25 ns
23 | T (Address, R/W hold time tantawn | 26 ns
i s Address, R/W setup time (before $2) tastaws | 23 ns
| 25 | | Data hold time (read) toun | 22 ns |
i g 2 to valid data delay (read) tooR 100 ns  |200 pF load
27 Data setup time (write) tosw 45 ns
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|  MT8880C/MT8880C-1 I1SO2-CMOS

AC Electrical Characteristicst {Cont‘d) - voitages are with respect to ground (Vgg) unless otherwise stated.

¥

E Characteristics Sym | Min Tvp* | Max | Units Notes*

; 28 Data holid time (write) toHw 10 .ns

; 29 Input Capacitance (data bus) Cin 5 pF

i 30 Output Capacitance (IRQ/CP) Cour 5 pF

f 31 | p | Crystal/ciock frequency fc 3.5759 | 3.5795 | 3.5831 | MHz

by 32 | 4 | Clock input rise time tLHeL 110 ns | Ext. clock

[ 33| 7 | Clock input duty cycle thioL 10 ns | Ext, clock

i 34 | © | Clock input duty cycle DCqL | 40 50 60 % | Ext. clock
35 | K | Capacitive load (0SC2) Cwo 30 pF

1 Timing is over recommended temperature & power supply voltages.

$ Typical figures are at 25°C and for design aid only: not guaranteed and not subject to production testing.
* The data bus output buffers are no ionger sourcing or sinking current by toyga.

* See Figure 6 regarding guard time adjustment.

NOTES: 1) dBmedecibeis above or below a reference power of 1 mW into a 600 ohm ioad.
2) Digit sequence consists of all 16 DTMF tones.
3) Tone duration=40 ms. Tone pause=40 ms.
4) Nominal DTMF frequencies are used.
S) Both tones in the composite signal have an equat amplituds.
6) The tone pair is deviated by +1.5%22 Hz.
7) Bandwidth limited (3 kHz) éaussian noise.
8) The precise dial tone frequencies are 350 and 440 Hz (£2%).
8) For an error rate of less than 1 in 10,000.
10} Referenced to the lowest amplitude tone in the DTMF signal,
11) Referenced to the minimum vaiid accept level.
12) For guard time calculation purposes.
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INTRODUCTION

Today's cordiess telephone sets make use of duplex communication

with ‘carrier frequencies of about 1.7MHz and 4SMHz.

® |n the base unit incoming telephone information is
fréquency-modulated on a 1.7MHz carrier. xp

® This 1.7MHz signal is radiated via the AC mains line of the base
ubit,
L4 T_f1e remote unit receives this signal via a ferite bar antenna.

i
® The remote unit transmits the call signals and speech information
ff'om the user at 49MHz via a telescopic antenna.

L '!{he base unit receives this 42MHz FM-modulated signal via a
telescopic aerial.

channel at, e.g., 30kHz, must be 50dB, and the bandwidth of the
channel must be 6-10kHz for good reception. Therefore, an IF
frequency of 455kHz is chosen. Since at this frequency there are
ceramic filters with a bandwidds of 8kHz (AM filters), the 1.7MHz is
mn:eo down to 455kHz with an oscillator frequency of 2.155MHz.
Nolw there is an image recepuon a2t 2.61MHz. To suppress this

imége sufiiciently, there must be at least two RF filter sections at the

input of e Teceiver.

TMe Unit Receivers

In porcless telephone sets: a normal superheterodyne receiver is

usgd for the 1.7MHz handset. The suppression of thé adjacent

The ‘ceramic IF filter with its subharmonics is bad for far-off

selectivity, so there must be an extra LC filter added between the
er output and the ceramic filter.

After the selectivity there is a hard limiter for AGC function and

su'ppression of AM.

Next, there is an FM detector which must be accurate because it

must detect a swing of +2.5kHz at 455kHz; therefore, it must be

tui'led

Flgure 1 shows the block diagram which fulfills this principal. The

total number of alignment points of this receiver is then 5:

1.7MHz
Y

- L * ‘ ‘ ¢

! ol U U Ul I LT
RPN TR TR e

i / / ! / 455KHz /

|

}

F

b 2.455MHz SLO1174

Figure 1. Remote-unit Receiver: 1..7MHz

2 RF fiters

1 Oscillator

1 IF filter

1 FM detector

5 Alignments

Lo Al S

—— % S e

A Remote Unit Receiver With TDA7000
The remote unit receiver (see Figure 2) has as its main component:. .:F;%ﬂ
the IC TDA7000, which contains mixer, oscillator, IF amplifiers,.az . .
demodulator, and squelch functions. -

Yo avoid expensive filtering (and expensive filler-adjustments) mRF

IF, and demodulator stages, the TDA7000 mixes the incoming signal.
_to such a low IF frequency that filtéring can be reallmeﬂa 2

“fitters, in which the active part and the RS are integrated..

To select the incoming frequency, only one funed circuit is-
necessary: the oscillator tank circuit. The frequency of this circuitz
can be set by a crystal. -

IMAGE RECEPTION -

For today's concept, a number of expensive components are
necessary to suppress the image sufficiently. The suppression of ther
image is very important because the signal at the image can be
snuch larger than the wanted signal and there is no correlation
between the image and the wanted signal.

In a concept with 455kHz IF frequency, the-1.7MHz receiver has
image receptizn at 2,155MHz.lIn the TDA7000 receiver, the IF

frequency is set at  5kHzl Then the 1.7MHz receiver {with 1.695MHz

oscillator frequency) has image reception at 1.69MHz, which is at

10kHz from the required frequency (see Figure 3).

An |F frequency of 5kHz has been chosen because:

o this frequency is so low, there will be no neighboring channe!_ )
reception at the image frequency.

® this frequency is not so low that at maximum deviation (maximum
modulation) distortion could occur (folding distortion, caused by
the higher-order bessel functions)

¢ this frequency gives the opportunity to obtain the required
neighboring channel suppression with minimum components in
the IF selectivity.

CIRCUIT DESCRIPTION (SEE FIGURE 2)

When a remote unit is at “power-on” in the “standby” position, it is
ready to receive a “bell signal”. A bell signal.coming through the
telephone line will set the base unit in the mode of transmitting a
1.7MHz signal, modulated with, e.g., 0.75kHz with +3kHz deviation.

The ferrite antenna of the remote unit receives this signal and feeds
it {o the mixer, where it is converted into a 5kHz IF signal.

Before the RF signal enters the mixer (at Pins 13 and 14) it passes
RF selectivity, taking care of good suppression of unwanted signals
Tom, e.g., 1V or radio broadcast frequencies. The IF signal from the
mixer output passes IF selectivity ( Pjus_'l,m_i?_)andme {F-
_amplifier/flimitec (Pin 15), from which the output is supplied to a
quadrature demodulator (Pin 17). Due to the low IF frequency,
cheap capacitors s"can be used for both IF selectivity and the phase
shift for the quadrature demodulator.

The AF output of the demodulator (Pin 4) is fed to the AF filter and

" AF amplifier NE5S535.

e ey
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The RF Input Circuit

Figure 2.

As th image reception is an in-channe! problem, solved by the
chotce of IF frequency and IF selectivity, the RF input filter is only
requwed for stopband selectivity (a far-off selectivity to suppress
unwanted large signals from, e.g., radio broadcast transmitters).

Ina

mote unit receiver at 1.7MHz, this filter is at the ferrite rod.

Figurte 4 shows the bandpass behavior of such a filter at 1. 7MHz.

ThefMixer

The mixer conversion gain depends on the level of the oscillator

required oscillator voitage at

Pinfis Voaes.

Thei Osciliator

voltadge as shown in Figure 5, so the

SELECTIVITY

J5 .

SLO1176 |

i
‘

!
H
1
i

To obtain the required frequency stability in a cordless telephone
set, where adjacent channels are at 20 or 30kHz, crystal oscillators

are gommonly used.

The crystal oscillator circuits usable for this kind of application
alwdys need an LC-tuned resonant circuit to suppress the other
modes of the crystal. In this type of oscillator (see Figure 6 as an
example) the crystal is in the feedback line of the oscillator amplifier.
Integration of such an amplifier should give a 2-pin oscillator.

L]

The, TDA7000 contains a 1-pin oscillator. An amplifier with current
outdut develops a voitage across the load impedance. Voltage

feedback is internal to the IC.
[
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Figure 6.

=To obtain a crystal oscillator with the TDA7000 1-pin concept, a
I,:;arauel circuit configuration as shown in Figure 7 has to be used.

Explanation of this circuit:

1, Without the paralle] resistor RP—

Figure B shows the téfevant part of the equivalent circuit. There
are three frequencies where the circuit is in resonance (see
Figure 9, and the frequency response for “impedance” and
‘phase”, shown in Figure 10). The real part of the highest
possible oscillation frequency dominates, and, as there is also a-
zero-crossing of the imaginary part, this highest frequency will be
the oscillator frequency. However, this frequency (fPAR) is not
crystal-controlled; it is the LC oscillation, in which the parasitic
capacitance of the crystal contributes.

2. With paralle! resistor RP-—

The frequency response (in “amplitude™and “phase”) of the
oscillator circuit of Figure 7 with RP is given in Figure 11. As the
resistor value of RP is large related to the value of the crystal
series resistance R1 or R3, the influence of RP at crystal
resonances is negligible. So, at crystal resonance (see Figure
9b), R3 causes a circuit damping

) 2
2 c
R =5 -Ry-Cy +R3(1+—::)

However, at the higher LC-oscillation frequency fpag (see Figure
8¢), Rp reduces the circuit impedance Rg to

Ro “Rpameing =R,
Ro + Rouwring

where

2
1 2 Cz

Roamena = 57" Re " Cy” + Rp |1 *z,

Thus a damping resistor parallel to the crystal (Figure 7) damps the
parasitic LC oscillation at the highest frequency. (Moreover, the
imaginary part of the impedance at this frequency shows incorrect
zero-crossing.)

Taking care that Rp > Rgegries, the resistor is toc large to have
influence on the crystal resonances. Then with the impedance R at
the parasitic resonance lower than R at crystal resonance,
oscillation will only take place at the required crystal frequency,
where impedance is maximum and phase is correct (in this
example, at third-overtone resonance),

Remarks:

1. Nis advised to avoid inductive or capacitive coupling of the
oscillator tank circuit with the RF input circuit by careful
positioning of the components for these circuits and by avoiding
common supply or ground connections.

The IF Amplifier

.
Selectivity Zi- '~
Normal selectivity in the TDA7000 is a fourth-order iow-pass and a
first-order high-pass filter. This selectivity can be split up in a Salien
and Key 9), a bandpass fiter (Pins 10, 17), anda—
first-order low-pass filter (Pin 12).

Some possibilities for obtaining required selectivity are given:

1. Inthe basic application circuit, Figure 122, the total filter has a
bandwidth of 7kHz and gives a selectivity at 25kHz [F frequency

of 42dB.
In this filter the lower limit of the passband is determined by the
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vaiue of C4 at Pin 11, where C3 at Pin 10 determines the upper
fifnit of the bandpass filter section.

2. Tl_) obtain a higher selectivity, there is the possibility of adding a
cbil in series with the capacitor between Pin 11 and ground. The
so-obtained fifth-order filter has a selectivity at 25kHz of 57dB

(#ee Figure 12b).

3. lfrl this selectivity is still too small, there is a possibility of
increasing the 25kHz selectivity to 65dB by adding a coil in
series with the capacitor at Pin 11 to ground. in this application,
where at SkHz IF frequency an adjacent channel at -30kHz will
cause a (30-5)=25kHz interfering IF frequency, the pole of the
last-mentioned LC filter (frap function) is at 25kHz (see Figure

12¢).

L}
For cordiess telephone sets with channels at 15kHz distance, the
filtef characteristics are optimum as shown in the curves in Figure
13, in which case the filters are dimensioned for SkHz IF bandwidth
(instead of 7kHz). So for this narrow channel spacing application,
the }equired selectivity is obtained by reducing the [F bandwidth; this
at the cost of up to 2dB loss in sensitivity.
NOTE:
At s@-«: IF frequency adiacent channals st +15kiHz give undesired IF frequencies of
20z and 10KH2, respectivetly.
Lirt:iitedAmplifier
The high gain of the limiter/famplifier provides AVC action and
effective suppression of AM modulation. DC feedback of the limiter
is decoupled at Pin 15.

13
Tt}ie Signai Demodulator
The signal demodulator is ¢ quadrature demodulator driven by the
IF $ignal from the fimiter and by a phase-shifted IF signal derived
from an all-pass filter (see Figure 14).

; _

This filter has a capacitor connected at Pin 17 which fixes the IF

frequency. The IF frequency is where a 90 degree phase shift takes

case of the center position in the demodulator output characteristics
I

(see Figure 18, showing the demodulator ottput (at Pin 4) as a:
function of the frequency, at 1mV input signal). 5%

\
The AF Output Stage
The signal demodulator output is_avaifahle at Pin 4, where &~

Wﬁﬁn@m. This capacitor

uences the audio frequency response. The output from this
stage, available at Pin 2, has an audio frequency response as
shown in Figure 18, curve a. The output at Pin 2 can be muted.

I
]

2
il

Si.01180

Figure 7.

QOutput Signal Filtering
Output signal filtering is required t egs the IF harmonics and
interference products of these har i ith the higher-order
‘bessel components oTTe modulation. Active filtering with

operational amplifiers has been used (see Figure 17). The frequency
response of such a filter is given in Figure 16, Curve b, for an active
second-order filter with an additional passive RC filter.

Output Amplification

The dimensioning of the operational amplifier of Figure 17a resuits

inno amplification of the AF signal. In case amplification of this op

amp is required, a feedback resistor and an RC filter at the reverse

inputcan be added (see Figare 170, Tor about 30dB amplification).

H

Ly
& l il
! 3 3 1.
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Eékg %M

b, SLo1181

Figure 8.
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MEASUREMENTS

For sensitivity, signal handling, and noise behavior information in a
standard application as shown in Figure 18, the signal and noise
output as a function of input signal has been measured at 1.7MHz,
at 400Hz modulation where the deviation is +2.5kHz (see Figure
19). As'a result the S+N/N ratio is as given in Figure 19, Curve 3.

I/, N T

APPE‘NDIX

RF-Tuned Input Circuit at 46MHz

in Figure 20 a filter is given which matches at 46MHz a 75Q aerial to
the inp{]t of the TDA7000. Extra suppression of RF frequencies
outside the passband has been obtained by a trap function.

RF Pre-Stage at 46MH2

For befkef quality receivers at 46MHz, an RF pre-stage can be
added (see Figure 21) to improve the noise figure. Without this
transistor, a noise figure F=11dB was found. With a transistoc (BFY
80) with RC coupling at 3mA, F=7dB or at 6mA F=6dB.

With altransistor stage having an LC-tuned circuit, one can obtain
Fe=7ddfat 1=0.3mA.

NOTE!

The nois? figure inciudes image-noise.

An LC Oscillator at 1.7MHz

An LC oscillator can be designed with or without AFC. If for better
stability extemal AFC is required, one can make use of the DC
output of the signal demodulator, which delivers 80mV/kHz at a DC
level of 0.65V to +supply. An LC oscillator as shown in Figure 22a,
using a capacitor with a temperature coefficient of -150ppm, gives
an osgcillator signai.of 190mV, with a temperature stability of
1kHz/[50°.

With the use of AFC, as shown in Figure 22b, one can further
improve the stability, as AFC reduces the influence of frequency
changes in the transmitter (due to temperature influence or aging).
The given circuit gives a factor 2 reduction. Note that the
température behavior of the AFC diode has to be compensated. In
Figuré 22b, with BB405B having a capacitance of 18pF at the
reverée voitage V4=0.7V, the temperature coefficient of the
capagﬂor C has to be -200ppm.

i
AF Output Possibilities
The AF output from the signal demodulator, available at Pin 4,
depends on the slope of the demodulator as shown in Figure 15.
The 1;DA7000 AF output is also available at Pin 2 (see Figure 23).
The important difference between the output at Pin 2 and the output
at Piri' 4 is that the Pin 4 output is amplified and limited before it is .
‘?ﬁ’i": Pin 2 (see Figure 24). Moreover, the Pin 2 output is controlied

|
I

Figure 9.

by the mute function, a mute which operates in case the received
signal is bad as far as noise and distortion are concemed.

The Pin 2 output delivers a higher AF signal; however, the AF output
spectrum shows more mixing products een | onics and

i rmonics. This is due to the “limited output
situation” at Pin 2. In namrow-band application with relatively large
deviation these products are so high that extra AF output filtering is
required and, moreover, the IF center frequency has to be higher
compared to the concept, using AF output at Pin 4.

So for those sets where the mute/squelch function of the TDA7000
is not used, and the higher AF output is not required, the use of the
AF output at Pin 4 is advised, giving less interfering products and
simplified AF output filtering.

Squelch and Squelch Indication
The TDA7000 contains a mute function, controlled by a ‘waveform
correlator”, based on the exactness of the IF frequency.

The correlation circuit uses the IF frequency and an inverted version
of it, which is defayed (phase-shifted) by half the period of nominal
IF. The phase shift depends on the value of the capacitor at Pin 18
(see Figure 23).

This mute elso operates at low field strength levels, where the noise
in the IF signal indicates bad signal definition. (The correiation
between IF signal end the inverted phase-shiftad version is small
due to fluctuations caused by noise; see Figure 25.) This field
strength-dependent mute behavior is shown in Figure 26, Curve 2,
measured at full mute operation. The AF output is not
“fast-switched" by the mute function, but there is a “progressive {soft
muting) switch™. This soft muting reduces the audio output signal at
low field strength levels, without degradation of the audio output
signal under these conditions.

The capacitor, C4, at Pin 1 (see Figure 23) determines the time
constant for the mute action.

Part operation of the mute is also a possibility (as shown by Figure
26, Curve 3) by circuiting a resistor in parallel with the mute
capacitor at Pin-1.

In Figure 28 the small signal behavior with the mute disabled has
been given also (see Curve 1).

One can make use of the mute output signal, available at Pin 1, to
indicate squelch situation by an LED (see Figure 27). Operation of
the mute by means of an extemal DC voltage (see Figure 28) is also
possible.
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Bell Signal Operation

To avoid tone decoder filtters and tone decoder rectifiers for bell
signal ransmission, use can be made of the mute information in the
TDAT7G00 to obtain a bell signai without the transmission of a bell
pilot signal.

With a handsetreceiver as shown in Figure 23 in the “standby”
positidn, the high mute output level tumns amplifier 1 off via transistor
T1 until a correct IF frequency is obtained. This situation appears at
the moment that a bell signal switches the base unit in transmission
mode! If the transmitted field strength is high enough to be received
above a certain noise level, the mute level output goes down; T1 will
be closed and amplifier 1 starts operating. However, due to

feed ck this amplifier starts oscillating at a low frequency (a
frequency dependent on the filter concept). This low-frequency
signal serves for bell signal information at the loudspeaker.

Switching the handset to "talk” position will stop oscillation, Then
ampllﬁer 1 serves to amplify normai speech information.

Mute at Dialing

Durmg dial operation, the hey-pulser iC delivers a mute voltage. This
voItsge can be used to mute the AF amplifier, e.g., via T1 of the bell
signal circuit/amplifier (see Figure 23).

;
CONCLUSIONS
The application of the TDA7000 in the remote unit (handset) as
narrow-band FM receiver is very atiractive, as the TDA7000 reduces
assg‘rnbly and post-production alignment costs. The only tunable
drcn_ﬁt is the oscillator circuit, which can be a simple
crystal-controlled tank circuit.
A n?mooo with:
® fitth-order IF filter
L m%rd—order AF output filter
L4 miatched input circuit
® cfystal oscillator tank circuit

djsabled mute circuit

gives a sensitivity of 2.5uV for 20d8 signal-to-noise ratio, at adjacent
chunnel selectivity of 40dB (at 15kiz) in cordless telephone
apgluxnon at 1.7MHz.

Th? TDAT000 circuit is:

® without an RF pre-stage

L vsrimout RF-tuned circuits

® vithout oscillator transistor (and its components)

L4 \gn'thou& L.C or ceramic filters in IF-and demodulator.

Fof improved performance, the TDAT000 circuit can be expanded:

A Yo me Ml W

-

® with an RF pre-stage and RF selectivity

@ vwith higher-order IF filtering

® with mutefsquelch function.

For reduced performance the TDA7000 circuit can be simplified:
® to L C-tuned oscillator

® to lower-order IF fitter

© to bell signal operation without pilot fransmission.

Previously published as *“BAEB3135,” Eindhoven, The Netherands,
December 20, 1983,
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