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Abstract

This thesis comes from concept that telephone network is wide and convenence
for long distance communication system. By this concept Answer machine and
Automatic Applicance controller is operated via telephone lines.

This machine can separate by 3 parts. And also controlled by microcontroller.

The first part is telephone linking unit. The purpose for this unit is to detect
telephone signal such as ringing tone,DTMF and convert them into digital signal to
provide signal properly for microcontroller.

The second part is Answer machine the basic concept is to convert analog
signal into digital by principle of deltamodulation and record digital signal in
memory(dynamic ram) The advantage of this method is to reduce machanical complexity
process.

The thrid part is tape recorder is used for recording voice from telephone line.
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READ
ATCH

UL -UP®

LATCH ¢ NTERNAL
'

NTBUS
ARITETC
LATCH

AEAD
PIN )
b
A. Portc B 8. Pont 1 Bit
ALTEANATE
. CUTPUT
ADDA/CATA FUNCTION
282p READ d INTENAL
215 INTERNAL LAT Lupe
T BUS 1> b2t < 0T.3U8 z pyx G
WRTETO Rt #RATETO —J\— ATy
LATCH LATCH
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FUNCTION
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JUn 2.4 uaaslanainumaluuasudasin

2.4 NSiHlanAany 8255

PORT #p diihmhilsuvdadedayalifugunsaimeveaniy cpu % cpu
fiarudhlumahouginihgunsalaieusnann

IC fiag 3 PORT #l¥nu #ia PORT A~ PORT B iitne 8 BIT waz PORT C
Taedl PORT ¢ tlufvaninsoutnguaanifiu PORT waz 4 BIT Inilwil PORT C uu
sz PORT C ¢n amiimsdaldnufiiniifiu meut Wiud 1c Af

DO-D7 ey DATA BUS 189 CPU  ifielfdmiuiudedayaiusznin
PORT Nu CPU

AO0-A1 11 ADDRESS ufludadeylumsimua PORT 113un PORT aslsiilu
PORT A B vi3a C nnfinasnudrsmusinindl tiiss ON fu OFF @iy 1C @il
wa$ PORT ludifu 4 PORT wwieiids ADDRESS 2 (du = 22 uazmnlandnanum
3 PORT fatfudauvdedn PORT nik % PORT dhifasiudaildoyil ga lumahaue
1c il Faauilesld 1c Milimhitaslnfusrdanhmsdamidiues 1c Wiy porr i
\#uriaui3an PORT i1 CONTROL PORT fasiimsidaadndudail



A7 | A8 | A5 | A4 | A3 | A2 | A1 | A0 ~ PORT
Tdaula 0 0 |PORTA
Tiaula 0 1 |PORTB
Tiaula 1 0 |PORTC
Tiaula 1 1 | PORT CONTROL

farunanEen PORT 3elu 1 ddniussdaadenias PORT {lu 8 BIT A
8% HEX 2 van ud 1C vl PORT Tnwhamasfianuddguavannds fa A1 fu
A0 Miiautluazls

ety uu ET-BORAD # DECODE #i 8255 +wl3 #ia PORT 20H fum
(380 PORT wadiinecline @0 PORT A oz A1 fu A0 iy 0 udthi3un PORT 21
H il PORT B tiwme A1 Uy 0 uaz A0 1hu 1 vidadwni3un PORT (was 24H
tha PORT fehaufids PORT A iz A1 fiu A0 eevuni@usGen PORT 20H iy
24H 3aiflu PORT (fizafiuun ET-BORAD Wz 1 9auusia 32 PORT A 20H-
3FH wiadnadnatnda  Jusviudauimiauwnzdd 1IC 819le 4 PORT waifiu 4
PORT siufiazndulududulvinths 208 $1efia 4 PORT finxda 230 waufindn 1 fuf
9u1Au 4 PORT @@ PORT 24H fiflu 20H tunasachadu PORT 20H,24H, 28H, 2CH,
30H favueilfiia PORT (fizafu (PORT A) luaa DECODE 1 @t ET-BORAD i

cs fhin@an 1c PORT Iivhowilaedawddy Ic # DECODE waf PoORT 1F
Tems Gonwuns PORT if sxsauthifu ADDRESS 2 (dufidaidiiu PORT disda A0
U A1 WznMTGonwes PORT datliddndaiiy 8 BIT ma CPU faiu 1 Mdeds
;@ ADDRESS ¢hatheui ET-BORAD 8255 fin 11 CS azdauthiy IC 745138
1 14 ﬁaqﬂﬁ DECODE (U84 PORT aaudiuss 20H 131uiae (PORT A)

RD ldnums INPUT Lile CS a2 RD ACTIVE 1 0

WR 13917ums OUTPUT iila CS uay WR ACTIVE (flu 0

RESET ({Ju 1 1% CLEAR d@onuzan 9 289 8255

PORT #1l#dm3u CONTROL

msld 8255 azaasdsanIuqn (CONTROL BYTE) whlde PORT dayamu
A3 (PORT gavhelu 4 PORT @97l A1 fu A0 1flu 1 Wy PORT 23H uu ET-BORAD
#i 8255 1) Lﬂ'amuQumsﬁmuﬂaq 8255 Mlwhalu MODE Inmuuazlvuda
PORT (flu INPUT vi32 OUTPUT PORT



ATNMINEADY BIT 6N 4 89 51WIAIUAN (CONTROL BYTE) wiaswdadeu
8255 lunpuiuusn Uil 2.5

CONTROL WORD

D7(D6|D5 | D4 |D3 | D2|D1|DO
L1

GROUP B

PORT C (LOWER)
1-INPUT”
0=0UTPUT

PORT B |

| 1 <INPUT!
0=0UTPUT
MODE SELECTION

=MOD!
“moral

h 4

OROUP A

PORT C (UPPER )
1=INPUT
0=0UTPUL
PORT A
& 1=INPUT
0=0UTPUT
MODE SELECTION

=MODEOQ
Ll sMOTEL

Y

) 4

_ | MOTH SET FLAG
1-ACTIVE

U7 2.5 uamiinen rasiaaIuay

ANuNINgisiaziin
D7 udmiiisdaauquliihne (1=hnu) Asesdinaili 8255 %’ugfﬁaoialﬂm’f
Tu BIT s qiidmualy ineasiunmesdanuvdamhalityu 8255 BIT fhudiu 1
G 1 .
D6 & D5 (flumsidon MODE lumsiauuas PORT A %l 3 MODE lu
8255 awlenamdaluil
D4 fiwuald PORT A 1ilu INPUT %38 OUTPUT la
0 = OUTPUT PORT
1 = INPUT PORT
D3  fiualy PORT C uuiilu INPUT w38 OUTPUT Loy
0 = OUTPUT PORT
1 = INPUT PORT

i



p2 (umsiden MODE ¥y PORT B -
0 = MODE 0
1 = MODE 1
D1  fivua PORT B (flu OUTPUT w3a INPUT lag
0 = OUTPUT _
1 = INPUT
DO R Mum PORT C &N (PCO-PC3) iy INPUT 38 OUTPUT lag
0 = OUTPUT
= INPUT

MODE

utveamilu 3 MODE :

MODE 0  fwual¥ PORT wu ET-BOARD ¥n PORT flu PORT
OUTPUT INPUT tuvitugiu

MODE 1 mwhvivzas 8255 1w MODE diflu  MODE il
INPUT OUTPUT dfimsasindoudaeu (HAND SHAKING) lagld INPUT OUTPUT
284 PORT Auae B (Junan uazly PORT C vuiiludtyano HAND SHAKE %89 PORT
A @ PORT C awiudtyqnos HAND SHAKE 289 PORT B

wwIANNAAEBIIslY INPUT-OUTPUT KUy HAND SHAKE fiftaliiinnsgalas
Tudiusswinaunsaimevenihonldh wiu msdudstusswin COMPUTER futpdas
fu e COMPUTER  dhdadnusiusmntalasmudSuasimsfiad  Jeaauil
COMPUTER fiazddadnusanil 2 # 3 wnilimsussinananaaadasfisniinuls
Funlidayagams  duiueiasiifedosdidyanaliusniwiouvialainsanliiy
COMPUTER udnslanagy _

DATA STROBE (STB)

8255 < DATA 8 BIT EXT DEVICH

INPUT BUFFER FULL (IBF)

OUTPUT BUFFER FULL (OBF)

8255 DATA 8 BIT >m DBVICE

(ACK)

- % 3 o 4
31‘" 2.6 LaaINItgaNeaa 8255 ﬂUQUﬂsmﬂjﬂuﬂﬂ
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[ L J
lﬁiﬂﬂiltﬂiu 8255 Lﬂu 1 PORT C eUAAINVNHANU

' siidume nstitinine
PCO INTRB INTRB
PC1 — IBFB OBFB
PC2 STBB ACKB
PC3 INTRA INTRA
PC4 STBA /0
PC5 IBFA 1/0
PC6 1/0 ACKA
PC7 1/0 " OBFA

afiulunsdl INPUT PC6 uax PC7 annsoieslusunsuliifu INPUT v3a OUTPUT
daszlalagtly BIT fidufiu 1 feudu INPUT dauduilu o fedlu outpuT T dav
OUTPUT fidusutiiesiist BIT Al#ldluag# P4 oz 5 unu uaztvaansodsdyanuly
INTERRUPT CPU l@8naat udmsiiasliiinnis INTERRUPT Iéhfudasiins SET vi3a
ENABLE INTERRUPT Tagmisah 1 Wl BIT INTERRUPT w3othds 0 famfiums
DISABLE 63# 14 MODE 1

{ o walidy deyayin INT ¥ms# SET/RESET
INPUT INTE A PC4
OUTPUT INTE A PC6
INPUT INTE B PC2
OUTPUT INTE B PC2

: (] v GJ ar o ar
M3 SET/RESET {imlvms SET lUh CONTROL WORD ludnwauzideifums
SET/RESET BIT # PORT C finamanud
dygnushagluniei HAND SHAKE Tu MODE 1




dau INPUT
ar 1] :d J ar v
IBF (Tl OUTPUT ACTIVE #1 LOGIC 1 {dludauaniinauilil DATA # uthan

v o [ %4 J
w82 ACTIVE 1 ﬁ‘uaumawaqammm STROBE uazazgn RESET na'uudJu 0 Waupu
<
YUY RD
SRB tilu INPUT ACTIVE 0 Wazzanu DATA (hin
° J 4’ AJ v
INTR L{hl QUTPUT ACTIVE 1 ey MuLiauauntusay STB Tﬂﬁ'ﬂ IBF 6193
(¥u 1 uaz INTE fiaegn SET ENABLE

U OUTPUT
OBF iy OUTPUT ACTIVE 0 ifludhusnit cpu lavhmsidisudaya sndd
. PORT 8255 ush wiauiinzliginsoimouaniuldlens Tosdyanuiieimeidazey
unnedynaumsdioy WR wavay RESET fdalilpypumnassdnyann ACK

ACK tilu INPUT ACTIVE 0 tila CPU disudayminds PORT udaligunsalmy
uandﬁiutmfumuaniww%auﬁa:dmﬁagamn PORT Ui

INTR (ih: OUTPUT ACTIVE 1 ashnuiilavauiniuvas ACK Taudl OBF u
0 wax INTE g ENABLE asdqqnniias RESET fidaulavaumasues WR

MODE 2 1fléiawziy PORT A uhitu Fwsimihfidiu PORT wuu 2 fiams
Aam-nsodiuldia INPUT uaz OUTPUT Tnlasaasuss PORT A 13 INPUT uas
OUTPUT il HAND SHAKE g &y PORT C asinmhildmiuamadey

170
170
170
INTRA
STBA
IBFA
- ACKA
OBFA

anwmens HAND SHAKE v INPUT uaz OUTPUT imanmisiiennu MODE
& o v P v
1 uarn1s8d ENABLE INTE 1 mauflu OUTPUT "M SET/RESET wn PC6 u.asmtf.lu
INPUT ENABLE INTE 2 SET/RESET 7l PC4
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3.1 Deltamodulation

Humsthswadinaailiifes 1 bit Wum3 sampling 1 %1 SelEiwnnlums
Ve lussuudines thlddanmsdhstalszna 32-48 Kbss uavnldwann
Deltamodulation tUtuy Adaptive & Quantization sxvhlVimsudsisiauszoansaigu
amdtu TaunslBiE 89 Birunsoendnnms sampling sl Asldiee 9.6
Kb/s Seaidadfawsaies 1%

COOE WORD
MLF

uln)s 2 8in) Ttn) s yin)

i
bl 2N 2
CrnasNEL

ONE-BIT
QUANTIZER

iir

: FI=8T-CRIER
FREDICTOR

= v s
3U7 3.1 udA? Deltamodulation 81418

Iugﬂﬁ 3.1 uday Deltamodulation 'lugﬂ?’ti"mﬁqﬂ 1% Firstorder Production 7
output fidudI Low pass Filter A149Y Quantizer ftAWHS 2 seau fs +5(n) uazly Single
Integration 1aef x(n) Huendl Delay 910 output

uzl B udme Single Integration Deltamodulation coder %qﬂsuﬂmwn
Deltamodulation Iﬂﬂﬂ‘ﬂﬂ f1 input UAE output wtflum'nm avja».nu 1¥ns sampling V&4
ey two-level quantizer 16 RC (Y2493 integrator uazly Comparator sssuanily
quantizer @1 output FANNFNAUSAU x(n) use x(n) &1 x(t) waz x(t) Ju output van
integrator IBULALWMAINS sampling A1 output ¥eN filter 'lug'dﬁ 1 Wueh input 535N
98N Deltamodulation coding daulunNUfiid Tuaraw3euds @1 over sampling input x
() MIMsWUaTaan two-level quantizer SidAvenu F9é output ¥p 3:8A7 noise



- : . . . \J . . :A -
(iaty Ao quantization noise UWREAN distortion UINRIIN low pass filter Tudu input #’lﬁ
" . -, . )
fdaanad outpur Tushufilaidaemseenly dus@ input v29un3 Bandwidth w fw
oversampling ratio F fifn A
< I8
Fe'/pw>1

#1 Quantization error Qn A) reconstruction error r(n) WazA in-band reconstruction error
P 1
e(n) HA10AU

r(n) = q(n) = x(n) - y(n) ; re(n) = xx(n) - yp(n)

fin xg(n) wae yg(n) Whuen output ¥89 filter x(n) uae y(n)

(o)

IN-EAND ERROR 1, (n}

by x(n) oM yim

UNFILTERED{ERROR r(n}

1N-BAND ERROR ry (n)

-t o af o vas
3\]11 3.2 UdM in-band quantizatiori noise N filter rp(n) nulaidl filter r(n)

J L4 L J 3
7UN 3.3 waeamIaiadeyacied) F = 2 @1 £, = 16 KHz



§3MSYEN Single integration deltamodulation AB

y(n) = hyy(n-1) + 8(n)b(n)

L] 1 J . - 1 a |
A b(n) Wuriesaaanoyes quantized ’u‘quammm'nﬁmum y(n) a1 6(n)
GFonemnnaues step BiiAATIY non adaptive deltamodilation-

3.2 Linear and adaptive deltamodulation

Linear Deltamodulation (LDM)

fhumstsznaeyes input daedailavreasatudiagil Ap +5/T vi3a 8f, e
& Ap upY linear deltamodulation step size WABHITABE8ANTUMT sampling g
ANNAB 100 > F >> 1 whilde 256 KHz tumathimiadesdeiinnud 2w > 8 KHz Swe -
¥auaniAidnsfia # stop overload uazA Granularity Tugul 4a wdnvgUARUYAN linear
deltaodulation 11BN step size & HemwafsnzaniudenuiuraFygnn wazlaisily
#1 & daniaaiuluseifia slope overload %«Lamﬁ'vatm'lugﬂ () wazldd & fidnn
Auly) granularity Fauanslugl ¢ lumaiinlisunsmhnsmeniuredyonn
1# (n1Y Adaptive deltamodulation Tagl8An step size & SFiUAnunUamFATaTY
YaNSYQNN input

J L ? v
3\]11 3.4 WdM linear deltamodulation MIBAT & YUIRGN )

Adaptive Deltamodulation

M3msiilEmsuAnuuaaesd step size quantization 39151y Digital Signal
Processing Wt Digital code conversion wardniludmunslaly image coding Faiims
wWasuuasluiuiivulovesdyone  seodemswdsuulasd  quantization  9I0M3
UszannAtuy backward Uae forward W Adaptive deltamodulation frenansowdouen



. s . v v .
parameter NaUBN (8 A1Y8Y bandwidth ¥89 output filter AMBATINTG sampling éwz
o : .
wWasuuUsmmudl bandwidth youdeq
MseaUAzINAND step size Tumahsiauazoanviaaraglutehe

Smin € 8(n) < Smax

Faeh 5 wxBuTNGENTURE 5y, FeRzlichiy 8y, viamuhlefle @ &y, 9
Hudmuauanuiuees overoad # Sy, sufiudimlitie noise M bLiNdygIw
input A1/ g 9¢BEIUENA 100-128 A1WBY 8(n) quuAsuuasaudy Adaptation
logic Jatflu memory m bit Fauflu function yBIAN bit MAntunaumhil uazdue step
size BuqFiovziiud Smin v32 5(n-1)

8(“) =~ ﬂb(n) ’ b(n—l) 3 see s b(n;m) 3 6]

\J ar J J ‘J = r

M b(n) wTuMuanidaSomINouel step YN sample N1 n L1MRz5anA) M(n) (Step
. . d . ) [

size multiplier) %alﬂauuuﬂaqmumvm m bit 1y logic memory

&(n) = M(n)d

J J A 44 . b J 1 .
Faduae step size riasuuUaUY lincar YIBUUY exponential @1 b(n) (Hueas bit
& a L g 1o 4 4 L .
Mintuvage Faunacbifioaldly bit memory 2l b(n-1) 1fluf Adaptation %
pszumslumsih Adaptive Deltamodulation Rtuananiull usudasldnulumu
1 e A v & ¥ :

61 H9EnMIBEN ADM aada il

-High information deltamodulation (HIDM) #A1 adaptation (flud exponential 3
@ 8(n) = M(n)5(n-1) Tt

[ 2.0, bn) = b(n-1) = b(n-2)
M@ =3 0.5, b(n) # b(a-1)
L 1.0, not above

4
-An edge-adaptive algolithm for image input iHumsuUasmwlaamsi/asuudas
J v o J v 1
129 § Yuagiue 5y, lasazlad 5 Aa
S() =1{1,1,2,3,5,u,5,110m
-Constant factor ADM (CFDM) with 2 bit memory vaumﬂ'E 2 bit memory logic

Faazaansolde step size multiplier 188 4 e M1 , M2 , M3 uaz M4 Fuaasly
" I S o o o
TN 1 Faenamusivansauuaatlunans 4 1aamsn



1 Alternate

1 -1 1 Polarity 0.9
-1 1 1 Sign

1 -1 -1 Reverse 0.4
-1 1 = Semi-

1 -1 -1 Overload 1.5
-1 1 A

1 -1 1 overload 2.0

3 o - ' . o PR .J vas
@ 2 anuzineznnediusousdey @) multiplier §if1 0.4 Tlumnealdiu
dc‘ v J J a J “ J J J v ‘ . <t 3
NIUNABINITANAT overshoot TLAGYUNRIMSIUBBULYBIATBIVING ZNAT step size TN
=] v ot s = [ [ q' w J J Ul <l v o .
wWaguwlasmudnuuazazisdasuwlsuiiuaizueu ladwod step size ey
Wuasetuthu
act v W p, -Jal .
1NI5YaY HIDM 1nansaldnudyqnst input Al bandwidth 4 MHz Tagly
Adaptive Deltamodulation ﬁﬁﬂﬁ'ﬁﬂ 6.3 Mb/s

-Constant-factor adaptive deltamodulation (CFDM) with one bit memory
[ M1 @-1),b() =b(a-1). - - -
5(n) = 1
I M2 (a-1) , b) = b(n-1)
funldd M = 1.2 2:lde noise idanaaleann granular noise Fufludunil

489 quantization noise ariiANanay dmIuMsuImEsye (nalddn M = 1 1o bit
\J J L4
rate §ifN 10-60 Kb/s lugu 8.5 usmmsudaesialaslyd cFDM

iezudnsdnsnzsasdygnaluglil 8.6 Fwsusabiidui dasfisdnny
bit #89 memory logic Y1V noise HATAARY FIANENIVBY memory logic 1WA
step size adaptation HAMLRNY LAMSHRENA multiplier fimnzauiifiunsmn Feemn
Tannmsnasas



of- (dy Frt V-A’ = L ( ;)\\/‘\W/-‘\Y \f}{\v\fﬁ\\\[]g é )

r

311‘?; 3.5 uanimsudasmalaaly CFDM

P - o
gﬂn 3.6 ULAAINITIWHNIIUIU bit YBY memory logic



The song deltamodulation
. . my v
A1 step size logic HAIAIU

&(n) = Opin ™M 8(n-1) < Omin

8(n) = 8(a-1) | b(n) + b(n-1)72 | 1 6G-1) 25,

iezdiuiuiled sep size fidanand Sy, 1 multiplier efiehmwnaumsi 2 Bees
ilauRY one memory logic Fuilarmneaumsil 2 udanerldd multiplier 6 1.5
uaz 0.5 Riehlndidmsumiinuaslfnud meldnuflimmsdhsiadsueszam lu
U 7 usnsmsldiedanulumsidhsiammn 8.75 MBz $of F = 2 f, = 15 MHz uat
F=1f,=175Mh

- 4 . (4
U 3.7 ugasnislirmlumsasdanin

The (J,K,L) Algolithm

Tunsly Adaptive Deltamodulation St5I1937U3Y bit. 384 .memery-1NNLTIRE

4 . ee v v o - o - - ~ oo
#aelden Multiplier snndae udehflanzannasiitie 2 wis 3 Funlaufuismsuuy

OKL) Teh §(n) Aehdviiae
[ M,.8(-1) , 5(a) =1
5() = 1
| M2 8Ga-1) , 8(a) = 0
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. o E 4 . ., .9
Baeh 5(n) = 1 hnSums sample $1Y L 653 & bit $17u K bit udnnu
o - - [V ) -y L)
bit wisgmiliaamnumilauiy Hlunsdilinamwe:ldm 3-

The space-shuttle algorithm
Wnswiapuwyswes slop Adiu Linear §a661 memory 7 bit #1 Spay = 85
y . ] v s -

1 step size aBULURMIBAM S, ¥ID O

MIUSugIBmsidsHauuY  instantaneous  adaptive  deltamodulation  1um3
USuupemsiuanuuvaasen step size 8n35mamikAantsld counter J bit dnansaiu
r
Fualed (11928 output A address 189 ROM Batffush step size 1 # input 18929
sstuazlInAIYDN step size logic ﬁeuammsﬂn 3.8

STEP SIZE COUNTER WITH

I

Buln.n = Un

bin} J- BIT

Up poOwN PESISTOR. Bank | &)
LOGIC 2-’ OUTPUTS

Adaptive Deltamodulation (ADM)

.x
1J'n 3.8 WAMINIILY input PRINITHUMIAT step size logic

[ - b [ o L
nMsUSuU§IEMsIY  Deltamodulation  wiumsinsvidideeyauy  tnashinns
[ v ) Vet & o L4 J "
USulpduinages step size Wiidanmsidsuulanipeninsiufasuudaedyono
[ - . o~ '
(Feaymann  Fdannsisulases Adaptation Tumsinsvid szagluzdnuasdhon
- eunaeadsiildseig 5210 ms %mxuﬂsmimmummst‘ﬁﬁﬁwgﬂzjmma’mmm
g{ -4 o af : J . 3 - o v d - ad : - v ool
(TU38NIBA5UT pitch “companded” MARNNTIMNNGAYBVITMSU SttnliBUNUIEMS
. . 3] : Vv J .
WUY Linear deltamodulation wismsiiszauradiia innelauiulydt step size
' . . v v & v e .
MINZENINNATILUY linear deltamodulation TuyndaiiacRasanasisMaLyy Adaption
Ja s o 4 g
padygnondesyanidimadsuwdanah

Continuous deltamodulation

e OBl lumanaeae Taseshmsaaugueh step size- Tnamemnsniafy
pa9 bit faedin 1 Tu bir AleaFntuiaumhil mawdsuwdadwe & swudluwa
semnnnmsiisuudamasinny bie i 1 nnmdsson 173 & 172 lums
companding 1519:Yh1asn 1y low pass filter Fotheniluths 100 Hz Fednisvhauasil
Audiudandinsasdidreasinnu bit fild 1 mnsidsuudas step size uuih g e
Tanauniduay companding Hraxtheand granular noise udfAnsazuiawn
1 step overload éﬂlﬂﬁﬂﬂ’h “crispness”
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Continuous variable deltamodulation (CVSD)

fhdBmathoiaien  step size  wnuutasluneiiaunduuy  continuous
deltamodulation uaz3gnsfiiEnth Feefimswdsuulameasdilsznauiu adas wueh
nalumsiasuulsewssd) step size A1 bit integration MATINETIYAY bit BB
anuluahy control logic FSaNdIUTBAGIGAMIEABNA step size UazazFanF
slope ¥aewaudameswaillnoseIiidumnsandudyanas inpu 51921 automatic gain
control B93BMstiTeeGEnh CVSD Bmufend slope swildnuAnuuammud
¥30 4 bit nigaTNatYy Timsdsuwlaslimnmiaeivsene 5 ms lumadhefa
nuuiliseslesaTmes bit Wianfidds 16 Kb/s udmsnnaia bit ifasfwhlviia
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pthetfan K bit Aumiloudu Fe ) = 1 suflumstlasdumstia overload 1ilad o
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Wnususzuuitlvgiu sshmsuhayalasmsnidane collumn 512 column 30 row
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adress  Idgnanundiliud gay  Fehsnmimbinduiudasimuationm  pe,
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wiusgfumslinuuas DRAM

N3 NIUUVY page mode
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Motorola 95N page mode (Hatnlie RAS Ynnuasld uslvdyana CAS
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2. 38NAY adress YDANANLA 9 wigweaya o” fdoulutunauusn hms
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3. Sudaya "1° fdeul3lutunoud 2 N o _

4. 18aneh adress N column MipuAUMBUT 2 Sueh 17 useudaya “0°
o158 CAS before RAS refresh counter UATUY 256 ﬂ% logldaan timing diagram
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1.3 Check Ringing Tone

MUY Voltage finnA3ox Diode 1N4148 asiidszanm 0.6 V uasiinszud
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51 Cross-Assembler (1.3)

FS.ASM

vl

2200

EOE3=
EQOEO=
EOEl=
EQOE2=

2200
2203
2205

2206
2207
2209
220C
220F
2212
2215
2218
221B
221E
2220
2221
2224
2226
2227
222A
222D
222F
2230

2233
2236
2237
223A
223D
2240
2241
2243
2246

2249

224C

224F
2252
2254
2255
2258
225B
225C
225D

90EOE3

7483
FO

E4
F590
755205
755305
755405
755510
755610
755780
90EOE2
7400
FO
90EOEO
7402
FO
122583
90EOEO
7400
FO
122583

90EOE2
EO
20E10F
20E012
90EOE1
EO
5430
B40006
022233

022464

022548

90EOEO
7402
FO
122583
90EOEQ
E4

FO
122583

WO U B W

(C) 1987, 1989 Binary Technology

ORG 2200H

CTRL EQU OEOE3H
PORTA EQU OEOEOH
PORTB EQU OEOE1H
PORTC ’ EQU OEOEZ2H

phhkkkkhhkkkkk*SET CONTROL PORT**%kkkkkikdkdhik

MOV . DPTR, #CTRL ;SET 8255
MOV A, #83H
MOVX @DPTR,A
;*****************CLEAR OUTPUT**************
CIR A ;CLR OUTPUT
MOV  P1,A
MOV  52H,#05H ;SET PASSWORD
MOV  53H,#05H
MOV  54H,$05H
MOV 55H,#10H ;SET TEL NUM1
MOV 56H,#10H
MOV  57H,#80H
MOV DPTR, $ PORTC
MOV A, $0AOH
MOVX @DPTR,A
RESCNT1: MOV  DPTR,#PORTA
MOV  A,#02H ;RESET COUNTER
MOVX @DPTR,A
LCALL DLY
MOV ~ DPTR, #PORTA
MOV A, #00H
MOVX @DPTR,A
LCALYL, DLY

;*******************MAIN********************

INPUT: MOV  DPTR, $PORTC
_ MOVX A, @DPTR
REY: JB ACC.1,TOMODE ;CHECK KEY CONTRO
RING: JB ACC.0,RESCNT2 ; CHECK RINGING
DANGER: MOV DPTR, #PORTB
MOVX A, @DPTR
ANL A,#30H
CINE A,#00H,DIAL1

LJMP INPUT
pREkkkhkkkhhkkk k¥ END MAIN* **hdkhhhhhhdhhrhhhdk

TOMODE: LJMP CHMODE ;READY FOR KEY

DIALl: ILJMP CALL

;*********CLEAR COUNTER******************
RESCNT2: MOV  DPTR, #PORTA
MOV A, #02H ;RESET COUNTER
MOVX @DPTR,A
LCALYL, DLY .
MOV  DPTR, $#PORTA
CILR A
MOVX @DPTR,A
LCALL DLY
;*********TELEPHONE CONTROL**************



51 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
ES.ASM

2260 90EOEO0 59 ONHOOK: MOV  DPTR, #PORTA ;ONHOOK
2263 7401 60 MOV A, #01H
2265 FO 61 MOVX @DPTR,A
62
63 ;***********DECIDE TO ANSWER MODE*********
2266 78FF 64 START: MOV RO, #0FFH ; SOUND START
2268 75F001 65 MOV  B,#01H
226B 90EOEO 66 TITLE: MOV  DPTR,#PORTA
226E 7481 67 MOV  A,#81H
2270 FO 68 MOVX @DPTR,A
2271 12258C 69 ILCALL DELAY
2274 7401 70 MOV  A,#01H
2276 FO 71 MOVX @DPTR,A
2277 12258C 72 LCALL DELAY
227A DSEF 73 DJNZ RO, TITLE ;END SOUND
74
227C 90EOQE2 75 DECIDE: MOV  DPTR, $PORTC
227F EO 76 MOVX A,€DPTR
2280 7908 77 LONG: MOV  R1,$#08H  ;WAIT FOR COMMAND KE
y 2282 7A00 78 ILONGl: MOV  R2,#00H
2284 7B00 79 LONG2: MOV  R3,%00H
2286 EO , 80 LONG3: MOVX A,@DPTR
2287 20E109 81 JB ACC.1,PASS1
228A DBFA 82 DJNZ R3,LONG3
228C DAF6 83 DJNZ R2,LONG2
228E D9F2 84 DJNZ R1,LONG1
2290 022416 85 LJMP SPEAK ;NO STD GO TO ANSWERI
86
87 ;***********To CONTROL MODE*****************
2293 90EOE2 88 PASS1: MOV  DPTR, #PORTC ;CHECK PASSWORD
2296 EO 89 MOVX A, @DPTR
2297 30E1F9 90 JNB  ACC.1,PASS1 ;CHECK STD1
229A 90EOE1l 91 MOV ~ DPTR, #PORTB
229D EO 92 MOVX A, @DPTR
_ 229E 540F 93 ANL A, #OFH .
¥ 22A0 B5520A 94 CIJNE A,52H,WRONG1 ;CHECK PASSWORD1
22A3 90EOE2 95 ' PASS10: MOV  DPTR,$PORTC
22A6 EO 96 MOVX A, @DPTR
22A7 20E1F9 97 JB  ACC.1,PASS10 ;CHECK STDO
22AA 0222B0 98 LJMP PASS2
22AD 022416 99 WRONG1: LJMP SPEAK
22B0 90EOE2 100 PASS2: MOV  DPTR, #PORTC
22B3 EO 101 MOVX A,@DPTR
22B4 30E1F9 102 JNB ACC.1,PASS2 ;CHECK STD1l
22B7 90EOE1l 103 MOV  DPTR, # PORTB
22BA EOQ 104 MOVX A,@DPTR
22BB 540F 105 ANL. A, #OFH
22BD B5530A 106 CJNE A,53H,WRONG2
22C0 90EOE2 107 PASS20: MOV  DPTR, #PORTC
22C3 EO 108 MOVX A,@DPTR
22C4 20E1F9 109 JB ACC.1,PASS20 ;CHECK STDO
22C7 0222CD 110 LJMP PASS3
22CA 022416 111 WRONG2: TLJMP SPEAK
22CD 90EOE2 112 PASS3: MOV  DPTR, $PORTC
22D0 EO 113 MOVX A,@DPTR
22D1 30E1F9 114 JNB ACC.1,PASS3 ;CHECK STD1
22D4 90EOE1 115 MOV  DPTR, #PORTB
22D7 EO 116 MOVX A, @DPTR
# 22p8 S40F 117 ANL A, #O0FH



51 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
ES.ASM

22DA B5540A 118 CIJNE A,54H,WRONG3

22DD 90EOE2 119 PASS30: MOV DPTR, #PORTC

22E0 EO 120 MOVX A,@DPTR

22E1 20E1F9 121 JB ACC.1,PASS30 ;CHECK STDO

22E4 0222EA 122 LJMP NUM1

22E7 022416 123 WRONG3: ILJMP SPEAK

22EA 90EOE2 124 ' NUM1: MOV DPTR, #PORTC

22ED EO 125 MOVX A, @DPTR

22EE 30E1lF9 126 JNB ACC.1,NUM1

22F1 90EOE1l 127 MOV DPTR, #PORTB

22F4 EO 128 MOVX A,@DPTR

22F5 540F 129 ANL. A,#OFH

22F7 B40003 130 CHO: CIJNE A, #00H,CH9

22FA 022348 131 LJMP SORRY

22FD B40903 132 CH9: CIJNE A,#09H,CHX

2300 022348 133 LIJMP SORRY

2303 B40BO03 134 CHX: CIJNE A,#0BH,CHS

2306 022342 135 LIJMP RES

2309 B40CO3 136 CHS: CJNE A, #0CH,KEEP
& 230C 022348 137 LIJMP SORRY

230F F550 138 KEEP MOV 50H,A

2311 90EOE2 139 STDO MOV DPTR, #PORTC
2314 EO 140 MOVX A,@DPTR
2315 20E1F9 141 JB ACC.1,STDO
2318 02231E 142 LJMP NUM2
231B 022348 143 QUIT: LJMP SORRY
231E 90EOQOE2 144 NUM2: MOV DPTR, #PORTC
2321 EO 145 MOVX A, @DPTR
2322 30E1F9 146 JNB ACC.1,NUM2
2325 90EOQOEl 147 MOV DPTR, #PORTB
2328 EO 148 MOVX A, @DPTR
2329 540F 149 ANL A, #0FH
232B B40205 150 CH2: CIJNE A,#02H,CH1
232E F551 151 MOV 51H,A
2330 022338 152 LJMP STDO2
> 2333 B40112 153 CH1: CIJNE A,#01H,SORRY
2336 F551 154 MOV 51H,A
2338 90EOE2 155 STDO02: MOV DPTR, #PORTC
233B EO 156 MOVX A, EDPTR
233C 20E1F9 157 JB ACC.1, STDO2
233F 022364 158 LJMP OUT
2342 E4 159 RES: CLR A
2343 F590 160 MOV P1l,A
2345 0222EA 161 LJMP NUM1
162
2348 78FF 163 SORRY : MOV RO, #0FFH
234A 75F001 164 MoV B,#01H
234D 90EOEO 165 SOUND: MOV DPTR, #PORTA
2350 7481 166 MOV  A,#81H
2352 FO 167 MOVX @DPTR,A
2353 12258C 168 LCALL DELAY
2356 7401 169 MOV  A,#01H
2358 FO 170 MOVX @DPTR,A
2359 12258C 171 LCALL DELAY
235C DS8EF 172 DJNZ RO,SOUND END SOUND
235E 7400 173 MOV A, #00H
2360 FO 174 MOVX @DPTR,A
: 2361 022233 175 LJMP INPUT
2364 E551 176 ouT: MOV A,51H



51 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
ES.ASM

2366 B40242 177 CJNE A, #02H,O0ON
2369 02236C 178 LJMP OFF
179
236C E550 180 OFF: MOV A,50H
236E B40105 181 OFFO: CJNE A,#01H,OFF1
2371 C290 182 CIR P1l.0
2373 0223F0 183 LJMP OK
2376 B40205 184 OFF1: CJINE A, #02H,O0FF2
2379 €291 185 CIR Pl.1
237B 0223F0 186 LIJMP OK
237E B40305 187 OFF2: CJNE A, #03H,OFF3
2381 C292 188 CLR Pl.2
2383 0223F0 189 LJMP OK
2386 B40405 190 OFF3: CJNE A, #04H,OFF4
2389 €293 191 CLR Pl.3
238B 0223F0 192 LJMP OK
238E B40505 193 OFF4: CJINE A, #05H,OFF5
2391 C294 194 CLR Pl.4
2393 0223F0 195 LJMP OK
b 2396 B40605 196 OFF5: CJINE A,$#06H,OFF6
2399 C295 197 CLR P1.5
239B 0223F0 198 LIJMP OK
239E B40705 199 OFF6 ¢ CJINE A, #07H,OFF7
23A1 C296 200 CLR Pl.6
23A3 0223F0 201 LJMP OK
23A6 C297 202 OFF7: CLR Pl.7
23A8 0223F0 203 LIJMP OK
23AB E550 204 ON: MOV A,S50H
23AD B40105 205 ONO: CJNE A, #01H,ON1
23B0 D290 206 SETB P1.0
23B2 0223F0 207 LJMP OK
23B5 B40205 208 ON1: CJNE A, #02H,0N2
23B8 D291 209 SETB P1l.1
23BA 0223F0 210 LJMP OK
~ 23BD B40305 211 ON2: CJNE A, #03H,ON3
b 23C0 D292 212 SETB P1.2
" 23C2 0223F0 213 LIJMP OK
23C5 B40405 214 ON3: CJNE A, #04H,ON4
23C8 D293 215 SETB P1.3
23CA 0223F0 216 LIJMP OK
23CD B40505 217 ON4: CJINE A,#05H,O0ON5
23D0 D294 218 SETB Pl.4
23D2 0223F0 219 LJMP OK
23D5 B40605 220 ON5: CJINE A, #06H,ON6
23D8 D295 221 SETB P1.5
23DA 0223F0 222 LJMP OK
23DD B40705 223 ONG6 ¢ CJIJNE A,#07H,ON7
23E0 D296 224 SETB Pl.6 <3
23E2 0223F0 225 LIJMP OK
23E5 D297 226 ON7: SETB P1.7
23E7 0223F0 227 LJMP OK
23EA 90EOE3 228 MOV DPTR, #CTRL
23ED 7483 229 MOV A, #83H
23EF FO 230 MOVX @DPTR,A
23F0 75F080 231 OK: MOV B,#080H
23F3 7A0F 232 MOV R2,#0FH
23F5 COFO 233 L2: PUSH B
234

¥ 23F7 90EOEOQ 235 Ll: MOV DPTR, #PORTA



>1 Cross—-Assembler (1.3) (C) 1987, 1989 Binary Technology
i.S.ASM

23FA 7481 236 MOV A,#81H
23FC FO 237 MOVX @DPTR,A
23FD 12257A 238 LCALL SOUNDY
2400 7401 239 MOV A,#01H
2402 FO 240 MOVX @DPTR,A
2403 122574 241 LCALL SOUNDY
2406 DS5FOEE 242 DJNZ B,L1
2409 DOFO 243 POP B
240B 15F0 244 DEC B
240D 15F0 245 DEC B
240F 15F0 246 DEC B
2411 DAE2 247 DJNZ R2,L2
2413 0222EA 248 LOMP NUM1
249 gk hddkkkh ket k¥ ANSWER MACHINE READY® %%k dd ko
2416 90EOQOEO 250 SPEAK: MOV DPTR, #PORTA
2419 7435 251 MOV A,#35H
241B FO 252 MOVX @DPTR,A
241C 7930 253 MOV R1,#30H sWAIT FOR 15 SEC
241E 122512 254 LCALL COUNT1
k2421 90EOQEO 255 MOV DPTR, #PORTA
2424 7401 256 MOV A, #01H
2426 FO 257 MOVX @DPTR,A
2427 78FF 258 BEEP: MOV RO, #0FFH ' 7 SOUND TITLE
2429 75F001 259 MOV B, #01H
242C 90EOEO 260 BEEP1: MOV DPTR, #PORTA
242F 7481 261 MOV A, #81H
2431 FO 262 MOVX @DPTR,A
2432 12258C 263 LCALL DELAY
2435 7401 264 MOV  A,#01H
2437 FO 265 MOVX @DPTR,A
2438 12258C 266 LCALL DELAY
243B DSEF 267 DJNZ RO,BEEP1 END SOUND
243D 7441 268 TAPE: MOV  A,#41H
243F FO 269 MOVX @DPTR,A
2440 7960 270 MOV R1,#60H ;WAIT FOR 15 SEC
b 2442 1225A2 271 LCALL COUNT1
2445 78FF 272 BP: MOV RO, #OFFH ;SOUND TITLE
2447 75F001 273 MOV B,#01H
2447 90EOEO 274 BP1: MOV DPTR, #PORTA
244D 74C1 275 MOV  A,#0C1H
244F FO 276 MOVX @DPTR,A
2450 12258C 277 LCALL DELAY
2453 7441 278 MOV  A,#41H
2455 FO 279 MOVX @DPTR,A
2456 12258C 280 LCALL DELAY
2459 DS8EF 281 DJNZ RO,BP1 7END SOUND
282
245B 90EOEO 283 ENDTAPE: MOV DPTR, #PORTA
245E 7400 284 MOV A, #00H
2460 FO 285 MOVX @DPTR,A
2461 022233 286 NONE: LJMP INPUT
287
288 pRkkkkkk*k k% *KEY PRESS MODE****%dkhikdk
2464 90EOE1l 289 CHMODE: MOV DPTR, #PORTB
2467 EO 290 MOVX A,@DPTR
2468 540F 291 ANL. A, #0FH
246A B40AF4 292 CJINE A, #0AH,NONE ;CHECK FOR RIGHT
246D 90EOE2 293 CHMODEO: MOV DPTR, #PORTC

! 2470 EO 294 MOVX A,@DPTR



51 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
ES.ASM

2471 20E1F9 295 JB ACC.1, CHMODEO
2474 90EOE2 296 MODENUM: MOV DPTR, $PORTC
2477 EO 297 MOVX A,@DPTR
2478 30E1F9 298 JNB ACC.1,MODENUM
247B 90EOE1 299 MOV DPTR, #PORTB
247E EO 300 MOVX A, @DPTR
247F 540F 301 ANL A, #0FH
302 g X xxkK**k**SELECT MODE#***khkhkkthdkkrkdk
2481 B40103 303 MODEl: CJNE A,#01H,MODE2
2484 0224A8 304 LJMP GET1
2487 B40203 305 MODE2:  CJNE A, #02H,MODE3
248A 0224EC 306 LJMP RECO
248D B40303 307 MODE3: CJNE A, #03H,MODE4
2490 022503 308 LJMP REC1
2493 B40403 309 MODE4:  CJNE A, #04H,MODE5
2496 022512 310 LJMP REC2
2499 B40503 311 MODE5:  CJNE A, #05H,MODE6
249C 022531 312 LJMP REC3
249F B40603 313 MODE6:  CJNE A, #06H, INVALID
P 24A2 0225B9 314 LJMP RETURN
24A5 022233 315 INVALID: LJMP INPUT
316 ;**************MODE:[ READY % % % % & & % & & % & & &k %
24A8 90EOE2 317 GET1: MOV DPTR, #PORTC
24AB EO 318 MOVX A,@DPTR
24AC 30E1F9 319 JNB ACC.1,GET1
24AF 90EOE1 320 . MOV DPTR, #PORTB
24B2 EO 321 MOVX A, @DPTR
24B3 540F 322 ANL A, #0FH
24B5 F552 323 _ MOV 52H,A ;KEEP PASS1
24B7 90EOE2 324 GET10: MOV DPTR, #PORTC
24BA EO 325 MOVX A,@DPTR
24BB 30E1F9 326 JNB ACC.1,GET10
327
24BE 90EOE2 328 GET2: MOV DPTR, #PORTC
24C1 EO 329 MOVX A, @DPTR
,  24C2 30E1F9 330 JNB ACC.1,GET2
24C5 90EOE1 33\ ¢ MOV DPTR, #PORTB
24C8 540F 332 ANL A, #0FH
24CA F553 333 MOV 53H,A ;KEEP PASS2
24CC 90EOE2 334 GET20: = MOV DPTR, #PORTC
24CF EO 335 MOVX A, @DPTR
24D0 30E1F9 336 JNB ACC.1,GET20
24D3 90EOE2 337 GET3: MOV DPTR, #PORTC
24D6 EO 338 MOVX A, @DPTR
24D7 30E1F9 339 JNB ACC.1,GET3
24DA 90EQE1 340 MOV DPTR, #PORTB
24DD EO 341 MOVX A, @DPTR
24DE 540F 342 ANL A, #OFH
24E0 F554 343 MOV 54H,A ;KEEP PASS3
24E2 90EOE2 344 GET30: MOV DPTR, #PORTC
24E5 EO 345 MOVX A, @DPTR
24E6 30E1EA 346 JNB ACC.1,GET3
24E9 022233 347 LJMP INPUT
348 ;***********MODEZ READY***%*%kkkkdhhkdhhkikd
24EC 90EOEO 349 RECO: MOV DPTR, #PORTA
24EF 7408 350 MOV A,#08H
24F1 FO 351 MOVX @DPTR,A
24F2 7930 352 MOV RI1,#30H
¥ 24F4 1225A2 353 LCALL COUNT1



51 Cross—Assembler (1.3)

ES.ASM

24F7
24F9
24FA
24FD
24FF
2500

2503
2506
2508
2509
250B
250E
2510
2511
2514
2516
2517

251A
251D
251F
2520
2522
2525
2527
2528
252B
252D
252E

2531
2534
2536
2537
2539
253C
253E
253F
2542
2544
2545

2548
254B
254D
254E

2551
2554
2556
2557
2558
255C
255D
2560

k. 2562

7404
FO
122583
7400
FO
022233

90EOQOEO
7418
FO
7930
122522
7414
FO
122583
7400
FO,
022233

90EOEO
7428
FO
7930
122572
7424
FO
122583
7400
FO
022233

90EOEO
7438
FO
7930
1225A2
7434
FO
122583
7400
FO
022233

90EOEQ
7401
FO
122595

90EOE2
E555
FO
122595
74A0
FO
122595
E556
FO

354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412

(C) 1987, 1989 Binary Technology

MOV A, #04H
MOVX @DPTR,A
LCALL DLY
MOV A, #00H
MOVX @DPTR,A
LJMP INPUT

pRRkkkkkkk k¥ ¥*MODE3 READY* %k %k ke

REC1:

pRkkkkk k¥ *MODE4 READY* % % %% % %
MOV DPTR, #PORTA

REC2:

gk kkk* *MODES READY** %k kb &
MOV DPTR, #PORTA

REC3:

MOV DPTR, #PORTA

MOV A,#18H
MOVX @DPTR,A
MOV R1,#30H
LCALL COUNT1
MOV A, #14H
MOVX @DPTR,A
LCALL DLY
MOV A, #00H
MOVX @DPTR,A
LJMP INPUT

MOV A, #28H
MOVX €DPTR,A
MOV R1,#30H
LCALL COUNT1
MOV A, $24H
MOVX @DPTR,A
LCALL DLY
MOV A, #00H
MOVX @DPTR,A
LJMP INPUT

MOV A, #38H
MOVX @DPTR,A
MOV R1, #30H
LCALL. COUNT1
MOV A,#34H
MOVX @DPTR,A
LCALIL DLY
MOV 1A, #00H
MOVX @DPTR,A
LJMP INPUT

7 START RECORD

;**************CALL*********'k****

CALL:

PRESS:

MOV DPTR, #PORTA

MOV A, #01H
MOVX €DPTR,A
LCALL PAUSE

MOV DPTR, #PORTC

MOV A,55H
MOVX @DPTR,A
LCALL PAUSE
MOV A, #0AO0H
MOVX @DPTR,A
LCALL PAUSE
MOV A,56H
MOVX €DPTR,A



51 Cross-Assembler (1.3)

ES.ASM

2563
2566
2568
256B
256D
256E
2571
2573
2574
25717

257A
257C
257D
2580
2582

k2583
- 2585
2587
2589
258B

258C
258E
2590
2592
2594

2595
2597
2599
259B

, 259D
259F
25A1

25A2
2574
25A6
25A7
25A8
25A9
25AB
25AD
25AF

25B0
25B3
25B5
25B6
25B9

0000=

122595
74A0
122595
E557
FO
122595
74A0
FO
122595
022233

COFO
00
D5FO0FC
DOFO
22

7A00
7B00
DBFE
DAFA
22

AAFO
7B00
DBFE
DAFA
22

7900
7A00
7B00
DBFE
DAFA
DI9F6
22

7A00
7B00
00
00
00
DBFB
DAF7
DIF3
22

90EQOEO
7400
FO
022233

022233

413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
244
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469

SOUNDY:
SOUNDYS:

DLY:
DLY1:
DLY2:

DELAY:
DELAY1:
DELAY2:

PAUSE:

PAUSE1l:
PAUSEZ2:
PAUSE3:

COUNT1:
COUNT2:
COUNT3:

OFFHOOK

RETURN:

END

(C) 1987, 1989 Binary Technology

LCALL PAUSE
MOV A, #0AOH
LCALL PAUSE
MOV A,57H
MOVX @DPTR,A
LCALL PAUSE
MOV A, #0AOH
MOVX @DPTR,A
LCALL PAUSE
LJMP INPUT

PUSH B

NOP
DJINZ
POP
RET

MOV
MOV
DJNZ
DJNZ
RET

MOV
MOV
DJINZ
DJINZ
RET

B, SOUNDYS
B

R2,#00H
R3, #00H
R3,DLY2
R2,DLY1

R2,B

R3, $00H
R3,DELAY2
R2,DELAY1

MOV R1, #00H
MOV R2,#00H
MOV R3,#00H

DJINZ
DJINZ
DJINZ
RET

MOV
MOV
NOP
NOP
NOP
DJNZ
DJINZ
DJINZ
RET

R3,PAUSE3
R2, PAUSE2
R1,PAUSE1

R2, $00H
R3, #00H

R3,COUNT3
R2,COUNT2
R1,COUNT1

MOV DPTR, $PORTA
MOV A, $00H
MOVX @DPTR,A

LJMP

LJMP

INPUT

INPUT



51 Cross—Assembler (1.3) (C) 1987, 1989 Binary Technology
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beep = 2427 258
beepl = 242C 260 267
bp = 2445 272
bpl = 244A 274 281
call = 2548 399 47
chl = 2333 153 150
ch2 = 232B 150
ch9 = 22FD 132 130
chmode = 2464 289 45
chmode0 = 246D 293 295
cho = 22F7 130
chs = 2309 136 134
chx = 2303 134 132
countl = 25A2 452 254 271 353 366 379 391 459
count2 = 2534 453 458
count3 = 25A6 454 457
ctrl = EOE3 3 9 228
danger = 223D 38
decide = 227C 75
3 delay = 258C 438 69 72 168 171 263 266 277
' delayl = 258E 439 441
delay2 = 2590 440
diall = 224C 47 41
dly = 2583 432 27 31 53 57 356 369 382
dlyl = 2585 433 435
dly2 = 2587 434
endtape = 245B 283
getl = 24A8 317 304 319
getl0 = 24B7 324 326
get2 = 24BE 328. 330
get20 = 24CC 334 336
get3 = 24D3 337 339 346
get30 = 24E2 344
input = 2233 34 42 175 286 315 347 359 372
invalid = 24A5 315 313
) keep = 230F 138 136
key = 2237 36
11 = 23F7 235 242
12 = 23F5 233 247
long = 2280 77
longl = 2282 78 84
long2 = 2284 79 83
long3 = 2286 80 82
model = 2481 303
mode2 = 2487 305 303
mode3 = 248D 307 305
moded = 2493 309 307
mode5 = 2499 311 309
mode6 = 249F 313 311
modenum = 2474 296 298
none = 2461 286 292
numl = 22EA 124 122 126 161 248
num2 = 231E 144 142 146
off = 236C 180 178
off0 = 236E 181
offl = 2376 184 181
off2 = 237E 187 184
i off3 = 2386 190 187
off4 = 238E 193 190



51 Cross—Assembler (1.3) (C) 1987, 1989 Binary Technology
FS.ASM

off5 = 2396 196 193
off6 = 239E 199 196
off7 = 23A6 202 199
offhook = 25B0 462
ok = 23F0 231 183 186 189 192 195 198 201
on = 23AB 204 177
on0 = 23AD 205
onl = 23B5 208 205
on2 = 23BD 211 208
on3 = 23C5 214 211
on4 = 23CD 217 214
on5 = 23D5 220 217
on6 = 23DD 223 220
on7 = 23E5 226 223
onhook = 2260 59
out = 2364 176 158
passl = 2293 88 81 90
passl0 = 22A3 95 97
pass2 = 22B0 100 98 102
k pass20 = 22C0 107 109
pass3 = 22CD 112 110 114
pass30 = 22DD 119 121 \
pause = 2595 444 402 407 410 413 415 418 421
pausel = 2597 445 449
pause2 = 2599 446 448
pause3 = 259B 447
porta = EOEO 4 24 28 50 54 59 66 165
387 399 462
portb = EQOE1l 5 38 91 103 115 127 147 289
portc = EQE2 6 21 34 75 88 95 100 107
324 328 334 337 344 404
press = 2551 404
quit = 231B 143
rec0 = 24EC 349 306
recl = 2503 362 308
3 rec2 = 251A 375 310
rec3 = 2531 387 312
res = 2342 159 135
regcntl = 2221 24
rescnt2 = 224F 50 37
return = 25B9 467 314
ring = 223A 37
sorry = 2348 163 131 133 137 143 153
sound = 234D 165 172
soundy = 257A 426 238 241
soundys = 257C 427 428
speak = 2416 250 85 99 111 123
start = 2266 64
std0 = 2311 139 141
std02 = 2338 155 152 157
tape = 243D 268
title = 226B 66 73
tomode = 2249 45 36
wrongl = 22AD 929 94
wrong2 = 22CA 111 106
wrong3 = 22E7 123 118



MOTOROLA

= SEMICONDUCTOR
TECHNICAL DATA

MC3417, MC3517
MC3418, MC3518

Specifications and Applications
Information CONTINUOUSLY VARIABLE
SLOPE DELTA
MODULATOR/DEMODULATOR

CONTINUOQUSLY VARIABLE SLOPE LASER-TRIMMED
DELTA MODULATOR/DEMODULATOR INTEGRATED CIRCUIT

Providing a simplified approach to digital speech encodirg/
decoding, the MC3517/18 series of CVSDs is designed for military
secure communication and commercial telephone applications.
A single IC provides both encoding and decoding functions.

3
® Encode and Decode Functions on the Same Chip with

a Digital Input for Selection L SUFRX P SUFFIX
e . N 3 CERAMIC PACKAGE  PLASTIC PACKAGE
® Utilization of Compatible 12L — Linear Bipolar Technology CASE 620-10 CASE 648-08
® CMOS Compatible Digital Output
DW SUFFIX
® Digital Input Threshold Selectable {VcC/2 reference PLASTIC PACKAGE
provided on chip) ] @« CASE 751G-01

SO-16L
® MC3417/MC3517 has a 3-Bit Algorithm (General

Communications)

¢ MC3418/MC3518 has a 4-Bit Algorithm {Commercial Telephone)

PIN CONNECTIONS

Analog [ 16 |vee
CVSD BLOCK DIAGRAM Qg+
Analog Encoge/
Feedback E ) 15 Decooe
Encodes Syllabic :
Decode Clock Filter [z 14 ]Ciock
15 14
3 1 eYETI GamE" 13 Digitat Date
Analog tnput ~| 4 i t{-)
Anatog Fegeuback zj£1Convpma|ov S K> nes
Digiat o 4 3, 2 8n ) Ret Digural
g
Data Inpu1 _Snitt Register_t Input l'll 5 12 Th?eshnld
Digital $3] odlodlo 2lo®,
Theesnoin| Vi | - Friter 7=l Eoincigence
- Input {-) " Output
Logic Comeraence
Ciguat 9 Output Analog 10 gcc'i‘
Output v o o Outpur utput
integrator T Converter| viabie
Amplitier Polz:’: =0 Filter vee[ 8 9 grgnul
I I M L4 Gain Controt [: vtour
Vee 2 o cc f Swieh -
Oumar T LBet J
Dot 'cc
'Ret o Hnt
7l 8] Te
Anatog  Ret Fiter ORDERING INFORMATION
Qutput  input  Input Termperature
o - Device Package Range
MC3417L Ceramic DIP 0°C 10 +70°C
MC34180W Plastic SOIC | ¢ 0%Cto +70°C
MC3418L Ceramic DIP T 0°Cto +70°C
MC341BP Plastic DIP 0°C to +70C
MC3517L Ceramic DIP ~55°C 10 +125°C
MC3518L Ceramic DIP -55°C 10 +125°C

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC3417, MC3517, MC3418, MC3518

MAXIMUM RATINGS
{All voliages reterenced to VEg, Ta = 25°C unless otherwise noted.)

. Rating Symbol Value Unit
Power Supply Voltage Vee -0410+18 Vde
Oufferential Analog Input Voltage vVip +50 Vdc
Digital Threshold Voltage VTH -04 10 Vo Vde &
Logic Input Volitage VLogic -0.410+18 Vdc )
{Clock, Digital Data, Encode/Decode} '
Coincidence Qutput Vohage Vol(Con) -0410+18 Vdc
Syllabic Fitter Input Voltage Vi(syl) -04toVce Vdce
Gain Control Input Voltage ViGE) -0410Vee Vdc
Reference Input Voltage ViRef} {Veg/2 - 1.0t0 Voo | Vde
Vce/2 Output Current IRef -25 mA
ELECTRICAL CHARACTERISTICS
{Vog = 12 V. VEg = Gnd, Tp = 0°C 1o +70°C for MC3417/18, Tp = -55°C to +125°C for MC3517/18 unless otherwise noted.)
MC3417/MC3517 MC3418/MC3518
Characteristic Symbol Min Typ Max Min Typ Max Unit
Power Supply Voltage Range (Figure 1) VCCR '4.75 12 16.5 4.75 12 16.5 Vde
Power Supply Current (Figure 1) icc mA
{G: Idle Channel)
{(Vce = 5.0V, All except MC3418P,0W) = 3.7 5.0 - 3.7 5.0
(Vee = 5.0 V, MC3418P.DW) = = - — 37 5.5
{(Vee = 15V, All except MC3418P,DW) = 6.0 10 —_ 6.0 10
{Vee = 15 V. MC3418P,DW) = = — — 6.0 11
Gain Control Current Range (Figure 2} gcR 0.002 —_ 3.0 0.002 — 3.0 mA
Analog Comparator input Range ] 1.3 —_ Vee—1.3 1.3 - Vee-13| Vde
{(Pins 1 and 2)
475V < Voo < 165 V) ==l
Analog Output Range (Pin 7} Vo 1.3 -3 Vee-13 1.3 — Vee-13| Vde
{475 Vs Vec <165V, Ig = =5.0 mA)
Input Bias Currents (Figure 3) B nA
{Comparator in Active Region}
Analog Input (11} — 0.5 1.5 —_ 0.25 1.0
Analog Feedback (12) — 0.5 1.5 — 0.25 1.0
Syliabic Filter Input (13) — 0.06 0.5 - 0.06 0.3
Reference Input {I5) - -0.06 ~0.5 _ -0.06 -03
input Offset Current Lo nA
{Comparator in Active Region)
Analog Input/Analog Feedback - 0.15 0.6 — « 005 0.4
Jt1 ~ 12| — Figure 3
Integrator Amplifier —_ 0.02 0.2 — o.M 0.1
5 - 18] — rigure 4
. tnput Offset Voltage Vio - 2.0 6.0 — 2.0 6.0 mv
VA Converter (Pins 3 and 4) — Figure 5
Transconductance gm mA/mV
Vi Converter, 0 to 3.0 mA 0.1 0.3 — 0.1 0.3 -
Integrator Amplifier, 0 1o = 5.0 mA Load 1.0 10 — 1.0 10 —
Propagation Delay Times {Note 1) us
Clock Trigger to Digital Output tPLH - 1.0 2.5 —_ 1.0 25
{CL = 25 pF to Gnd) tPHL — 0.8 2.5 _— 0.8 2.5
Clock Trigger to Coincidence Qutput tPLH — 1.0 3.0 - 1.0 3.0
(C = 25 pF to Gnd) tPHL — 0.8 2.0 — 0.8 2.
(R = 4.0 k1 to V)
Coincidence Output Voltage — VQL(Con) - 0.12 0.25 — 0.12 0.25 Vde
Low Logic State
lloL{Con) = 3.0 mA}
Coincidence Output Leakage Current — 10H(Con) — 0.01 0.5 o 0.01 05 pA
High Logic State
{(VOH = 15V, 0°C = Tp = 70°C) ¢

NOTE 1. All propagation delay times measured 50% to 50% from the negative going (from Vcc to +0.4V) edge of the clock.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2-63



MC3417, MC3517, MC3418, MC3518

ELECTRICAL CHARACTERISTICS (continued)

MC3417/MC3517 MC3418/MC3518
Characteristic Symbol Min Typ Max Min Typ Max Unit
Applied Digital Threshold Voltage Range VTH +1.2 —_ Vee—-20 +1.2 - Veg-2.0| Vde
(Pin 12)
Digital Threshold Input Current liith) rA
12V s Wy = Veg — 20V}
(V)L spplied to Pins 13, 14 and 15) — — 5.0 — - 5.0
{ViR applied to Pins 13, 14 and 15) — -10 -50 — -10 -50
Maximum Integrator Amplifier 10 +5.0 — —_ +5.0 — -—_ mA
QOutput Current
Vee/2 Generator Maximum Output Current|  IRef +10 - — +10 —_ — mA
{Source only)
V2 Generator Output impedance 2Ref = 3.0 6.0 —_ 3.0 6.0 1]
0 to +10 mA}
Vce/2 Generator Tolerance er — — =35 - — =35 T %
4.75 V < Ve < 165 V)
Logic Input Voltage (Pins 13, 14 and 15) Vdc
Low Logic State ViL Gnd — Vih—0.4 Gnd — Vih—-0.4
High Logic State ViH Vip+ 0.4 — 18 Vih+ 0.4 - 18
Dynamic Tota! Loop Offset Voltage IVotiset mV
{Note 2) — Figures 3, 4 and 5
Igc = 12pA Voo = 12V
Ta = 25°C (All except 3418P,0W) —_ —-— - —_ +0.5 *15
. (MC3418P,DW) ‘W - - —_ =05 =3.0
0°C = Tp = +70°C (MC3417/18L) — a - —_ +0.75 =23
(MC3418P,0W) e Ty —_ = +0.78 *3.8
—55°C < Tp < +125°C (MC3517/18) - — - —_ =15 =4.0
Ige = 33 A, Ve = 12V
Ta = 25°C —_ =25 25.0
0°C < TA < +70°C (MC3417118) - *3.0 =75 —_ — —
-55°C % T = +125°C {(MC3517/18) - *45 *10 -
ige = 12pA Vce = 50V
Ta = 25°C (All except MC3418P,DW) — - - — 210 | =20
{MC3418P,DW) - - - - =1.0 +3.5
0°C =< Ta < +70°C {MC3417/18L) —_ —_ — = *13 *28
{MC3418P,DW) — — —_ - *1.3 =43
-65°C = Tp < +125°C (MC3517/18) = — = — +2.8 +5.0
Igg = 33 A Vge = 5.0V
Ta = 25°C — =4.0 »6.0 —_ —_ —
0°C < Tp = +70°C {MC3417/18) — +45 +8.0 -— —_ _
-65°C = Tp = +125°C (MC3517/18) — +55 =10
Digital Output Voltage Vde
(oL = 3.6 mA) VoL —_ 0.1 0.4 — 0.1 0.4
lign = -0.35 mA) VoH |Veg-10|Vec-02 — Vee-1.0|Vee-90.2 -_
Syllabic Filter Applied Voltage (Pin 3) Visyl +3.2 - Vee +3.2 -— vee Vdc
{Figure 2)
Integrating Current (Figure 2} it
(igc = 12 pA) 8.0 10 12 8.0 10 12 pA
lgc = 1.5 mA} (All except 3418P,DW) 1.45 1.5 1.55 1.45 1.5 1.55 mA
(MC3418P.DW) - - —_ 1.42 1.5 1.58 mA
(Ige = 3.0 mA) 2.75 3.0 3.25 2.75 3.0 3.25 mA
Dynamic Integrating Current Match VO(Ave) mv
lge = 1.5 mA) Figure 6
{All except MC3418P.DW) — =100 =250 - =100 =250
{MC3418P,DW) — —_ — — =100 =280
Input Current — High Logic State {T%} pA
(Vi = 18V}
Digital Data Input — — +5.0 —_ - +5.0
Clock input — — +5.0 - —_ +5.0
Encode/Decode Input —_ —_ +5.0 —_ — +5.0
Input Current — Low Logic State e nA
ViL=0V)
Digital Data Input —_ e -10 —_ — -10
Clock Input — —360 - —_ -360
Encode %ecode Input — — -36 — — -36
ock Input, Vi = 04V — -72 — -— ~72

NOTE 2. Dynamic total loop offset (MVotfset) equals Vio {comparatar) (Figure 3] minus V|0 (Figure 5). The input oftset voltages of the analog comparator
and of the integrator amplifier include the effects of input offset current through the input resistors. The slope polatity switch current mismatch
appears as an average voltage across the 10 k integrator resistor. For the MC3417/MC3517, the clock frequency Is 16 kHz. For the MC3418/
MC3518, the clock frequency is 32 kHz. Idle channel performance is guaranteed if this dynamic total loop offset is less than one-hal! of the

change in integrator output voltage during one clock cycle {ramp step size). Laser rimming is used 1o insure good idle channel performance.
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DEFINITIONS AND FUNCTION OF PINS

Pin 1 — Analog Input

This is the analog comparator inverting input where
the voice signal is applied. It may be ac or dc coupied
depending on the application. if the voice signal is to
be level shifted to the internal reference voltage, then
a bias resistor between Pins 1 and 10 is used. The resis-
tor is used to establish the reference as the new dc
average of the ac coupled signal. The analog compar-
ator was designed for low hysteresis (typically less than
0.1 mV) and high gain (typically 70 dB).

Pin 2 — Analog Feedback

This is the noninverting input to the analog signal
comparator within the IC. In an encoder application it
should be connected to the analog output of the encoder
circuit. This may be Pin 7 or a low pass filter output
connected to Pin 7. In a decode circuit Pin 2 is not used
and may be tied to V¢ /2 on Pin 10, ground or left open.

The analog input comparator has bias currents of
1.5 uA max, thus the driving impedances of Pins 1 and
2 should be equal to avoid disturbing the idle channel
characteristics of the encoder.

Pin 3 — Syllabic Filter

This is the point at which the syllabic filter voltage is
returned to the IC in order to control the integrator step
size. It is an NPN input 10 an op amp. The syllabic filter
consists of an RC network between Pins 11 and 3. Typ-
ical time constant values of 6.0 ms to 50 ms are used
in voice codecs.

Pin 4 - Gain Control Input

The syllabic filter voltage appears across Cg of the
syliabic filter and is the voltage between Vcc and
Pin 3. The active voltage to current (V -1} converter
drives Pin 4 to the same voltage at a slew rate of
typically 0.5 V/us. Thus the current injected into Pin 4
{Igc) is the syllabic filter voltage divided by the Ry
resistance. Figure 7 shows the relationship between
Igc (x-axis) and the integrating current, ljnt (y-axis).
The discrepancy, which is most significant at very low
currents, is due to circuitry within the slope polarity
switch which enables trimming to a low total loop
offset. The Ry resistor is then varied to adjust the loop
gain of the codec, but should be no larger than 5.0 kQ
to maintain stability.

Pin 5 — Reference Input

This pin is the noninverting input of the integrator
amplifier. It is used to reference the dc level of the output
signal. In an encoder circult it must reference the same
voltage as Pin 1 and is tied to Pin 10.

Pin 6 — Filter Input

This inverting op amp input is used to connect the
integrator external components. The integrating cur-
rent {lin¢) flows into Pin 6 when the analog input (Pin 1)
is high with respect to the analog feedback (Pin 2) in

the encode mode or when the digital data input
(Pin 13) is high in the decode mode. For the opposite
siates, lint flows out of Pin 6. Single integration sys-
tems require 8 capacitor and resistor between Pins 6
and 7. Multipole configurations will have different cir-
cuitry. The resistance between Pins 6 and 7 shouid
slways be between 8.0 k€ and 13 k{1 to maintain good
idle channel characteristics.

Pin 7 — Analog Output

This is the integrator op amp output. it is capable
of driving a 600-ohm load referenced to Vce/2 to
+ 6.0 dBm and can otherwise be treated as an op amp
output. Pins 5, 6, and 7 provide full access to the inte-
grator op amp for designing integration filter net-
works. The slew rate of the internally compensated
integrator op amp is typically 0.5 V/us. Pin 7 output
is current limited for both polarities of current flow at
typically 30 mA.

Pin 8 — VEE

The circuit is designed to work in either single or dual
power supply applications. Pin 8 is always connected
to the most negative supply.

Pin 9 — Digital Output

The digital output provides the results of the delta
modulator's conversion. It swings between Vcc end
Vgg and is CMOS or TTL compatible. Pin 8 is inverting
with respect to Pin 1 and non-inverting with respect to
Pin 2. It is clocked on the falling edge of Pin 14. The
typical 10% to 90% rise and fall times are 250 ns and
50 ns respectively for Voo = 12V and Cp = 25 pF to
ground.

Pin 10 — Vcc/2 Output

An internal low impedance mid-supply reference is
provided for use of the ME3417/18 in single supply
applications. The internal regulator is a current source
and must be loaded with a resistor to insure its sinking
capability. If a +6.0 dBmo signal is expected across
a 600 ohm input bias resistor, then Pin 10 must sink
2.2 VI600 1 = 3.66 mA. This is only possiple if Pin 10
sources 3.66 mA into a resistor normally and will
source only the difference under peak load. The ref-
erence load resistor is chosen accordingly. A 0.1 uF
bypass capacitor from Pin 10 to Vgg is also recom-
mended. The Vge/2 reference is capable of sourcing
10 mA and can be used as a reference elsewhere in
the system circuitry.

Pin 11 — Colincidence Output

The duty cycle of this pin is proportional to the voltage
across Cg. The coincidence output will be low whenever
the content of the internal shift register is all 1s or ali
0Os. In the MC3417 the register is 3 bits long while the
MC3418 contains a 4 bit register. Pin 11 is an open col-
lector of an NPN device and requires a pull-up resistor.

e
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if the syllabic filter is 10 have equal charge and discharge
time constants, the value of Rp should be much less
than Rg. In systems fequiring different charge and dis-
charge constants, the charging constant is RgCg while
the decaying constant is (Rg + Rp)Cs. Thus longer
decays are easily achievable. The NPN device should
not be required to sink more than 3.0 mA in any con-
figuration. The typical 10% to 90% rise 'and fall times
are 200 ns and 100 ns respectively for R = 4.0 k] to
+12V and Cp = 25 pF to ground.

Pin 12 — Digital Threshold

This input sets the switching threshold for Pins 13,
14, and 15. It is intended to aid in interfacing different
logic families without external parts. Often it is con-
nected to the Voc/2 reference for CMOS interface or can
be biased two diode drops above Vgg for TTL interface.

Pin 13 — Digital Data Input

In 8 decode application, the digital data stream is
applied to Pin 13, In an encoder it may be unused or
may be used to transmit signaling message under the
control of Pin 15. It is an inverting input with respect to
Pin 8. When Pins 9 and 13 are connected, a toggle flip-
flop is formed and a forced idle channel pattern can be
transmitted. The digital data input level should be main-

FIGURE 1 — POWER SUPPLY CURRENT

tained for 0.5 us before and after the clock trigger for
proper clocking.

Pin 14 — Clock Input

The clock input determines the data rate of the
codec circuit. A 32K bit rate requires a 32 kHz clock.
The switching threshold of the clock input is set by
Pin 12. The shift register circuit toggles on the falling
edge of the clock input. The minimum width for a
positive-going pulse on the clock input is 300 ns,
whereas for a negative-going pulse, it is 900 ns.

Pin 15 — Encode/Decode

This pin controls the connection of the analog input
comparator and the digital input comparator to the
internal shift register. If high, the result of the analog
comparison will be clocked into the register on the fall-
ing edge at Pin 14, If low, the digital input state will be
entered. This allows use of the IC as an encoder/decoder
or simplex codec without external parts. Furthermore,
it allows non-voice patterns to be forced onto the trans-
mission line through Pin 13 in an encoder.

Pin 16 — Vce
The power supply range is from 4.75 to 16.5 volts
between Pin Vce and VEE.

FIGURE 2 - IgcR, GAIN CONTROL RANGE and
tint — INTEGRATING CURRENT
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FIGURE 3 — INPUT BIAS CURRENTS, ANALOG FIGURE 4 — INTEGRATOR AMPLIFIER OFFSET
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FIGURE 7 — TYPICAL [y versus g (Mean 2 20}
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FIGURE 11 — BLOCK DIAGRAM OF THE CVSD ENCODER
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FIGURE 12 — CVSD WAVEFORMS
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FIGURE 13 — BLOCK DIAGRAM OF THE CVSD DECODER

Clock
Slope
Digital |4 ] Level Detect P °
) —_— ' Magnituds
n Algorithm
Control
. Siope
3“""’-‘— Integrator =3 Potarity -
ut Switch

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2-89




MC3417, MC3517, MC3418, MC3518

FIGURE 14 — 16 kHz SIMPLEX VOICE CODEC
{Using MC3417, Single Pole Companding and Single Integration)
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CIRCUIT DESCRIPTION

The continuously variable slope delta modulator
{CVSD) is a simple alternative to more complex conven-
tional conversion techniques in systems requiring digital
communication of analog signals. The human voice is
analog, but digital transmission of any signal over great
distance is attractive. Signal/noise ratios do not vary with
distance in digital tren:mission and inuitiplexing,
switching and repeating hardware is more economical and
easier t0 design. However, instrumentation A to D con-
verters do not meet the communications requirements.
The CVSD A to D is well suited to the requirements of
digital communications and is an economically efficient
means of digitizing analog inputs for transmission.

The Delta Modulator

The innermost control loop of a CVSD converter is
a simple delta modulator. A block diagram CVSD Encoder
is shown in Figure 11. A delta modulator consists of a
comparator in the forward path and an integrator in
the feedback path of a simple control loop. The inputs
to the comparator are the input analog signal and the
integrator output. The comparstor output reflects the

sign of the difference between the input voltage and
the integrator output. That sign bit is the digital output
and also controls the direction of ramp in the integrator.
The comparator is normally clocked so as to produce
a synchronous and band limited digital bit stream.

1f the clocked serial bit stream is transmitted,
recewved, and delivered to a similar integrator at a remote
point; the remote integrator output is a copy of the
transmitting control loop integrator output. To the
extent that the integrator at the transrr;ining locations
tracks the input signal, the remote receiver reproduces
the input signal. Low pass filtering at the receiver output
will eliminate most of the quantizing noise, if the clock
rate of the bit stream is an octave or more above the
bandwidth of the input signal. Voice bandwidth is 4 kHz
and clock rates from 8 k and up are possible. Thus the
delta modulator digitizes and transmits the analog input
to a remote receiver. The serial, unframed nature of the
data is ideal for communications networks. With no
input at the transmitter, a continuous one zero alternation
is transmitted. I the two integrators are made leaky, then
during any loss of contact the receiver output decays to
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CIRCUIT DESCRIPTION {continued)

zero and receive restart begins without framing when the
receiver reacquires. Similarly a delta modulator is tolerant
of sporadic bit errors. Figure 12 shows the delta modu-
lator waveforms while Figure 13 shows the corresponding
CVSD decoder block diagram.

The Companding Algorithm

The fundamental advantages of the delta modulator
are its simplicity and the serial format of its output.
Its limitations are its ability to accurately convert the
input within a limited digital bit rate. The analog input
must be band limited .and amplitude limited. The fre-
quency limitations are governed by the nyquist rate while
the amplitude capabilities are set by the gain of the
integrator.

The frequency limits are bounded on the upper end;
that is, for any input bandwidth there exists a clock
frequency larger than that bandwidth which will trans-
mit the signal with 8 specific noise level. However, the
ar{wplitude limits are bounded on both upper and lower
ends. For a signal level, one specific gain will achieve an
optimum noise level. Unfortunately, the basic delta
modulator has a small dynamic range over which the
noise level is constant.

The continuously variable slope circuitry provides
increased dynamic range by adjusting the gain of the
integrator. For a given clock frequency and input
bandwidth the additional circuitry increases the delta
modulator’s dynamic range. External to the basic
delta modulator is an algorithm which monitors the
past few outputs of the delta modulator in a simple
shift register. The register is 3 or 4 bits long depending on
the application. The accepted CVSD algorithm simply
monitors the contents of the shift register and indicates

if it contains all 1s or 0s. This condition is called coinci-
dence. When it occurs, it indicates that the gain of the
integrator is too small. The coincidence output charges
a single pole low pass filter. The voltage output of this
syllabic filter controls the integrator gain through a pulse
amplitude modulator whose other input is the sign bit
or up/down control.

The simplicity of the all ones, all zeros algorithm
should not be taken lightly. Many other control algo-
rithms using the shift register have bgen tried. The key to
the accepted algorithm is that it provides a measure of
the average power or level of the input signal. Other
techniques provide more instantaneous information
about the shape of the input curve. The purpose of
the algorithm is to control the gain of the integrator
and 1o increase the dynamic range. Thus a measure of
the average input leve! is what is needed.

The algorithm is repeated in the receiver and thus
the level data is recovered in the receiver. Because the
algorithm only operates on the past serial data, it changes
the nature of the bit stream without changing the channel
bit rate.

The effect of the algorithm is to compand the input
signal. if a CVSD encoder is played into a basic delta
modulator, the output of the delta modulator will reflect
the shape of the input signal but all of the output will
be at an equal level. Thus the algorithm at the output is
needed to restore the level variations. The bit stream
in the channel is as if it were from a standard delta modu-
lator with a constant level input.

The delta modulator encoder with the CVSD algorithm
provides an efficient method for digitizing a voice input
in a manner which is especially convenient for digital
communciations requirements.

APPLICATIONS INFORMATION
CVED DESIGN CONSIDERATIONS

A simple CVSD encoder using the MC3417 or MC3418
is shown in Figure 14. These ICs are general purpose
CVSD building blocks which allow the system designer
to tailor the encoder’s transmission characteristics to
the application. Thus, the achievable transmission capa-
bilities are constrained by the fundamental limitations
of delta modulation and the design of encoder param-
eters. The per?ormance is not dictated by the internal
configuration of the MC3417 and MC3418. There are
seven design considerations involved in designing
these basic CVSD building blocks into a specific codec
application, and they are as follows?

1. Selection of clock rate

. Required number of shift register bits

. Selection of loop gain

. Selection of minimum step size

. Design of integration filter transfer function
. Design of syllabic filter transfer function

. Design of low pass filter at the receiver

NS WN

The circuit in Figure 14 is the most basic CVSD circuit
possible. For many applications in secure radio or other
intelligible voice channel requirements, it is entirely
sufficient. In this circuit, items 5 and 6 are reduced to
their simplest form, The syllabic and integration filters
are both single pole networks. The selection of items
1 through 4 govern the codec performance.
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CVSD DESIGN CONSIDERATIONS {continued)

Layout Considerations

Care should be exercised to isolate all digital signal
paths (Pins 9, 11, 13, and 14) from analog signal paths
(Pins 1-7 and 10) in order to achieve proper idle channel
performance.

Clock Rate

With minor modifications the circuit in Figure 14
may be operated anywhere from 9.6 kHz to 64 kHz
clock rates. Obviously the higher the clock rate the higher
the S/N performance, The circuit in Figure 14 typically
produces the S/N performance shown in Figure 15.
The selection of clock rate is usually dictated by the
bandwidth of the transmission medium. Voice band-
width systems will require no higher than 9600 Haz.
Some radio systems will allow 12 kH2, Private 4-wire
telephone systems are often operated at 16 kHz and
commercial telephone performance can be achieved
at 32K bits and above, Other codecs may use bit rates
up to 200K bits/sec.

FIGURE 15 — SIGNAL-TO-NOISE PERFORMANCE
OF MC3417 WITH SINGLE INTEGRATION, SINGLE-POLE
AND COMPANDING AT 16K BITS — TYPICAL

15 s ~
g N
z / Clock Rate = 16 kM2 \
&3 4 Tesi Tone * 1 kHz Sine Wave

Noise Weighting € Message
10 7
5.0
-40 -30 -20 -1 10

IMPUT LEVEL {8} RELATIVE 10 SLCPE CVERLOAD

Shift Register Length (Algorithm)

The MC3417 has a three-bit algurithm and the MC3418
has a four-bit algorithm, For clock rates of 16 kHz and
below, the 3-bit algorithm is well suited. For 32 kHz
and higher clock rates, the 4-bit system is preferred.
Since the algorithm records a fixed past history of the
input signal, a longer shift register is required to obtain
the same internal hsitory. At 16 bits and below, the
4-bit algorithm will produce a slightly wider dynamic
range at the expense of level change response. Basically
the MC3417 is designed for low bit rate systems and the
MC3418 is intended for high performance, high bit rate
system. At bit rates above 64K bits either part will

work well, P

Selection of Loop Gain

The gain of the circuit in Figure 14 is set by resistor
Ry. Rx must be selected to provide the proper integrator
step size for high level signals such that the companding
ratio does not exceed about 25%. The companding ratio
is the active low duty cycle of the coincidence output on
Pin 11 of the codec circuit. Thus the system gain is depen-
dent on:

1. The maximum level and frequency of the input

signal.

2. The transfer function of the integration filter.

For voice codecs the typical input signal is taken to be
a sine wave .3t 1 kHz of 0 dBmo level. In practice, the
usefu! dynamic range extends about 6 dB above the design
level. In any system the companding ratio should not
exceed 30%.

To calculate the required step size current, we must
describe the transfer characteristics of the integration
filter. In the basic circuit of Figure 14, a single pole of
160 Hz is used.

Ry = 10k, Cq = 0.1 uF

Vo v . K
I; CIS+1/RC) S+wg

wo =2nf
103 = wg = 2nf
f=169.2 Hz

Note that the integration filter produces a single-pole
response from 300 to 3 kHz, The current required to
move the integrator output a specific voltage from zero
is simply:

li = X—? + (C1 x EaVTQ)

Now a 0 dBmo sine wave has a peak value of 1.0954
volts, In 1/8 of a cycle of a sine wave centered around
the zero crossing, the sine wave changes by approximately
its peak value. The CVSD step should trace that change,
The required current for a 0 dBm 1 kHz sine wave is:

1.1V 0.1uF{11)
*2(10k2}  0.125ms

*The maximum voltage across Ry when maximum
slew is required is:

lj= = 0.935 mA

1.1V
2

Now the voltage range of the syllabic filter is the
power supply voltage, thus:

1
Ry = 0.25(VeE) —e
x=025VCC) GosemA.

A similar procedure can be followed to establish the
proper gain for any input leve! and integration filter type.
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CVSD DESIGN CONSIDERATIONS {continued)

Minimum Step Size

The final parameter to be selected for the simple codec
in Figure 14 is idle channel step size. With no input signal,
the digital output becomes a one-zero alternating pattern
and the analog output becomes a small triangle wave.
Mismatches of internal currents and offsets limit the
minimum step size which will produce a perfect idle
channe! pattern. The MC3417 is tested to ensure that
a 20 mVp-p minimum step size at 16 kHz will attain a
proper idle channel. The idle channel step size must be
twice the specified total loop offset if a one-zero idle
pattern is desired. in some applications a much smaller
minimum step size (e.g., 0.1 mV) can produce quiet
performance without providing a 1-0 pattern.

To set the idle channel step size, the value of Rmin
must be selected. With no input signal, the slope control
algorithm is inactive, A long series of ones or zeros never
occurs. Thus, the voltage across the syllabic fitter capaci-
tor (Cg) would decay to zero. However, the voltage
divider of Rg and Rmin (see Figure 14) sets the minimum
allowed voltage across the syllabic filter capacitor, That
voltage must produce the desired ramps at the analog
output. Again we write the filter input current equation:

Yo

av
Vo
R

For values of Vg near VCC/2 the Vo/R term is negli-

gible; thus
l' C
i=Lls AT

where AT is the clock period and AVg is the desired"
peak-to-peak value of the idie output. For a 16K-bit
system using the circuit in Figure 14
0.1 uF 20mV

= O1HF UMV o 334

" 625us H
The voltage on Cg which produces a 33 pA current is
determined by the value of Ry.

1jRx = Vgmin; for 33 uA, Vgmin = 41.6 mV

In Figure 14 Rg is 18 k2. That selection is discussed

with the syllabic filter considerations. The voltage divider
of Rg and Rpin must produte an output of41.6 mV.

vee = V$min Rmin=2.4 MQ

Rs
RS * Rmin

Having established these four parameters — clock rate,

' number of shift register bits, loop gain and minimum

step size — the encoder circuit in Figure 14 will function
at near optimum performance for input levels around
0 dBm.

INCREASING CVSD PERFORMANCE

Integration Filter Design

The circuit in Figure 14 uses a single-pole integration
network formed with a 0.1 pF capacitor and a 10 k§2
resistor. It is possible to improve the performance of the
circuit in Figure 14 by 1 or 2 dB by using a two-pole
integration network. The improved circuit is shown.

The first pole is still placed below 300 Hz to provide
the 1/S voice content curve and a second pole is placed
somewhere above the 1 kHz frequency. For telephony
circuits, the second pole can be placed above 1.8 kHz
to exceed the 1633 touchtone frequency. In other com-
munication systems, values as low as 1 kHz may be
selected. In general, the lower in frequency the second
pole is placed, the greater the noise improvement. Then,
to ensure the encoder loop stability, a zero is added to
keep the phase shift less than 180°. This zero should
be placed slightly above the low-pass output filter break
frequency so as not to reduce the effectiveness of the
second pole. A network of 235 Hz, 2 kHz and 5.2 kHz
is typical for telephone applications while 160 Hz,
1.2 kHz and 2.8 kHz might be used in voice only channels,
{Voice only channels can use an output low-pass filter
which breaks at about 2.5 kHz.) The two-pole network
in Figure 16 has a transfer function of:

N

1
RoR11{S + ——
y 1( R1C1)
1 1
RoCo(Rp + R[S+ ———— |S H=—<
2C2(Ro 1( (R0+R1)C1) (RzCz)

FIGURE 16 — IMPROVED FILTER CONFIGURATION

Ansiog Qutput

MC3417
or
MC3418

These component values are for the telephone channel circuit poles described in
1he text. The R2, C2 product can be provided with ditferent values of R and C. R2
shoutd be chosen to be equsl to the termination resistor on Pin 1.

¢
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INCREASING CVSD PERFORMANCE (continued)

Thus the two poles and thé zero can be selected arbitrarily
as long as the zero is at a higher frequency than the first
pole. The values in Figure 16 represent one implementa-
tion of the telephony filter requirement.

The selection of the two-pole filter network effects
{he selection of the loop gain value and the minimum step
size resistor. The required integrator current for a given
change in voltage now becomes:

Vv
L

"Ro \Ro Rp AT
R1C1R2C2\ AVe2

(Rmc, _1_1_2_2)_0_
Ro AT2

The calculation of desired gain resistor Ry then proceeds
exactly as previously described.

Syllabic Filter Design

The syllabic filter in Figure 14 is a simple single-pole
network of 18 k&2 and 0.33 pF. This produces a 6.0 ms
time constant for the averaging of the coincidence output
signal. The voltage across the capacitor determines the
integrator current which in turn establishes the step size.
The integrator current and the resulting step size deter-
mine the companding ratio and the S/N performance.
The companding ratio is defined as the voltage across
Cs/Vce.

The S/N performance may be improved by modifying
the voltage to current transformation produced by Ry.
if different portions of the total Ry are shunted by diodes,
the integrator current can be other than (Voo - VsiRy.
These breakpoint curves must be designed experimen-
tally for the particular system application. In general,
one would wish that the current would double with
input level. To design the desired curve, supply current
to Pin 4 of the codec from an external source. input a
signal level and adjust the current until the S/N perfor-

mance is optimum, Then record the syllabic filter volt-
age and the current. Repeat this for all desired signal
levels. Then derive the resistor diode network which
produces that curve on a curve tracer.

Once the network is designed with the curve tracer,
it is then inserted in place of Ry in the circuit and the
forced optimum noise performance will be achieved
from the active sytlabic algorithm,

Diode breakpoint networks may be very simple or
moderately complex and can improve the usable dynamic
range of any codec. In the past they have been used in
high performance telephone codecs.

Typical resistor-diode networks are shown in Figure 17.

FIGURE 17 — RESISTOR-DIODE NETWORKS

R1 R2 A2

o1 02 D3

R1 R2
—WAW———0

D1

If the performance of more complex diode networks
is desired, the cir¢uit in Figure 18 should be used. [t
simulates the companding characteristics of nonlinear
Ry elements in a different manner,

Output Low Pass Filter

A low pass filter is required at the receiving circuit
output to eliminate quantizing noise. In general, the lower
the bit rate, the better the filter must be. The filter in
Figure 20 provides excellent performance for 12 kHz
to 40 kHz systems.

TELEPHONE CARRIER QUALITY CODEC USING MC3418

Two specifications of the integrated circuit are speci-
fically intended to meet the performance requirements
of commercial telephone systems. First, siope polarity
switch current matching is laser trimmed to guarantee
proper idle channel performance with 5 mV minimum
step size and @ typical 1% current match from 15 uA
to 3 mA. Thus a 300 to 1 range of step size variation is
possible. Second, the MC3418 provides the four-bit
algorithm currently used in subscriber loop telephone
systems. With these specifications and the circuit of Fig-
ure 18, a telephone quality codec can be mass produced.

The circuit in Figure 18 provides a 30 dB S/Nc ratio
over 50 dB of dynamic range for a 1 kHz test tone at
3 37.7K bit rate. At 37.7K bits, 40 voice channels may
be multiplexed on a standard 1.544 megabit T1 facility.
This codec has also been tested for 10-7 error rates with
asynchronous and synchronous data up to 2400 baud
and for reliable performance with DTMF signaling. Thus,
the design is applicable in telephone quality subscriber
loop carrier systems, subscriber loop concentrators and
small PABX installations.
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued)

The Active Companding Network

The unique feature of the codec in Figure 18 is the
step size control circuit which uses a companding ratio
reference, the present step size, and the present syliabic
filter output to establish the optimum companding
ratios and step sizes for any given input level. The com-
panding ratio of a CVSD codec is defined as the duty
cycle of the coincidence output. ltis the parameter mea-
sured by the syllabic filter and is the voltage across Cg
divided by the voltage swing of the coincidence output.
In Figure 18, the voltage swing of Pin 11 is 6.0 volts.
The operating companding ratio is'analoged by the volt-
age between Pins 10 and 4 by means of the virtual short
across Pins 3 and 4 of the V to | op amp within the
integrated circuit. Thus, the instantaneous companding
ratio of the codec is always available at the negative
input of A1,

The diode D1 and the gain of Al and A2 provide a
companding ratio reference for any input level. If the
output of A2 is more than 0.7 volts below V¢ /2, then
the positive input of A1 is (Vcc/2 = 0.7). The on diode
drop at the input of A1 represents a 12% companding
ratio {12% = 0.7 V/6.0 V).

The present step size of the operating codec is directly
related to the voltage across Ry, which established the

integrator current. In Figure 18, the voltage across Rx
is amplified by the differential amplifier A2 whose out-
put is single ended with respect to Pin 10 of the IC.

For large signal inputs, the step size is large and the
output of A2 is lower than 0.7 volts. Thus D1 is fully on.
The present step size is not a factor in the step size
control. However, the difference between 12% com-
panding ratio and the instantaneous companding ratio
atPindis amplified by A1. The output of A1 changes
the voltage across Ry in a direction which reduces the
difference between the companding reference and the
operating ratio by changing the step size. The ratio of
R4 and R3 determines how closely the voltage at Pin 4
will be forced to 12%. The selection of R3 and R4 is
initially experimental. However, the resulting compand-
ing control is dependent on Ry, R3, R4, and the full diode
drop D1. These values are easy to reproduce from codec
to codec.

For small input levels, the companding ratio reference
becomes the output of A2 rather than the diode drop.
The operating companding ratio on Pin 4 is then com-
pared to a companding ratio smaller than 12% which is
determined by the voitage drop across Ry and the ga'in
of A2 and Al. The gain of A2 is also experimentally
determined, but once determined, the circuitry is easily

FIGURE 18 ~ TELEPHONE QUALITY DELTAMOD CODER
(Both double integration and active companding control are used 10 obtain improved CVSD performance.
Laser trimming of the integrated circuit provides reliable idle channal and step size range characteristics.)

Voice/Non-Voice Clock Digital
SELECT Input  Output
©- 37.7 kM2 1 (Vec/2)
+12 Vv
Anslog 15 15| 14
tnput ?)22 uF 3
©- v
1 ’ cc
: a3 Lo raen [
Pad
Register o
S 13 L - 4
3.6 XS > = 19 + ino14
Non Voice 2 1 o
nput .33 M
. SN o |
{Digital (pyny; SRmind™
ceC > ming
input) P-‘VV\rs— B ;» "d
o——¢ 13k = w <
Analo 3 v Sk
AR 7 2} | stope TT1a 3 Syl <
Output 3.6k Jfe] Potarity ~ 200 k
VWA Switeh 2.2k 25k
x MC3418 y hd
c2 Lin GHO1C 33k A% ,_J
0025 uFAS K SV N i 44 e Bt
w .
2 005 pF 100 k 200 k
- AA
5 VYV Re 13k Al A2,
0.1 uF 0.1 uF
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued)

FIGURE 19 — SIGNAL-TO-NOISE PERFORMANCE repeated.
AND FREQUENCY RESPO.NSE X With no input signal, the companding ratio at Pin 4
{Showing the improvement realized with
the circuit in Figure 18.) goes to zero and the voltage across Ry goes to z'ero.
SIGNAL-TO-NOISE PERFORMANCE OF TELEPHONY The v?hage &t the (_)_‘utput of /}2 becornes z'ero since
QUALITY DELTAMODULATOR there is no drop across Ry. With no signal input, the
actively controlled step size vanished.

The minimum step size is established by the 500 k
resistor between Ve and VC/2 and is therefore inde-
7 pendently selectable.

The signal to noise results of the active companding
50 dB network are shown in Figure 19. A smooth 2 dB drop is
i 4 BIT ALGORITHM realized from +12 dBm to -24 under the control of A1,
37.7K BITS At -24 d8m, A2 begins to degenerate the companding
1 kHz TEST TONE K o
4 C MESSAGE WEIGHT reference and the resulting step size is reduced so as to
25 extend the dynamic range of the codec by 20 dBm.
1 The slope overload characteristic is also shown. The
active companding network produces improved perfor-
mance with frequency. The 0 dBm slope overload point is
raised to 4.8 kHz because of the gain available in control-

a6 | osd PFoa 1z L4~ ling the voltage across Ry. The curves demonstrate that

INPUT LEVEL IN dBm0 the level linearity has been maintained or improved.”

b. FREQUENCY RESPONSE versus INPUT LEVEL The codec in Figure 18 is designed specifically for

{SLOPE OVERLQAD CHARACTERISTIC) 37.7K bit systems. However, the benefits of the active

: companding network are not limited to high bit rate
systems. By modifying the crossover region (changing
the gain of A2), the active technique may be used to
improve the performance of lower bit rate systems,

The performance and repeatability of the codec in
Figure 18 represents a significant step forward in the art
and cost of CVSD codec designs.

35

30

SIGNAL TO NOISE IN 0B
1

20

0 dBm INPUT

— 10 dBm INPUT

— 20 dBm INPUT

4 BIT ALGORITHM

OUTPUT LEVEL IN dBm
]
W
o
1

o 37.7 K BITS
* A larger value for C2 is required in the decoder circuit
-607 than in the encoder to adjust the level linearity with
———a N B frequency. In Figure 18, 0.050 uF would work well.
0 2kHz 4 kHz GkHz 8kHz 10 kHz

INPUT FREQUENCY IN Hz

FIGURE 20 — HIGH PERFORMANCE ELLIPTIC FILTER FOR CVSD OUTPUT

87.6 k 175 &

c3 ca
157 pF 78 pF

247 k Designed for 0.28 aB ripple in the pass band

wp = 3 kHz
Wy = 26 kHz
AdB at W and above 29.5 dB

<
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FIGURE 21 — FULL DUPLEX/32K BIT CVSD VOICE CODEC U

MC3417, MC3517, MC3418, MC3518

Force Idie

SING MC3517/18 AND MC3503/6 OP AMP

Digital Quiput

° 0
Channe!
. 15 13 |9 <45V
c2
" 1 6 ]
LAY
€1 Rz R3 2 c
Anglog Input O—‘l -4
5 1 _{%s1
T~
A1 c3 12 MC3417 -
or o
= ) 10 MC3418 3
1 :
01 I g S Am1 Rx1
o~ > -
— - T
= x <Cn 6 4
8 14
I Clock
- [
14 +5V
12 6 ]
l 6 o
<
Analog Output RE 2 )\ | _“fSi’
T~
Digial .\ 91 mc3a17 b oev
Test of :; 2
o4 c? ce Mc3418 |3
14 (o o
Y AN
L~ A R
T M2 x2
i€ RS R4 | cyp - A
cs e
8 115 13
- Digital Input
- | I . Y
Codec Components input Filter Specifications Filter Components
Ryq. Rxz- 33 (343 12 dB/Oc1ave Rollot! above 3.3 kHz R1— 965 1 C1 - 3.3 uF
Rpy, Rpy — 3.3 kQ & dB/Octave Rollof! below 50 Hz R2 — 72 k2 c2 - 837 pF
Rgq. Rgz — 100k R3 - 72 k0 €3 - 536 pF
Ry, Rz — 20k Output Filter Specifications R4 — 63.46 kSl ca — 1000 pF
Ryg — 1k0 Bresk Frequency — 3.3 kHz AR5 — 127 k01 C5 — 222 pfF
Ap1. Rmg -5 M9 (MC3417) Siop Band — 9 kHz R6 - 365.5 k2 c6 — 77 pF
Minimum step size = 20 mV Stop Band Atten. — 50 dB R? - 1.645 MQ Cc?7 - 38 pF
Rpmi. Rma = 15 MO (MC3418) Rolloff — > 40 dB/Octave A8 ~ 72 kN2 c8 ~ 837 pF
Minimum step size = 6 mV RY ~ 72 k2 C9 — 536 pF
R10 - 29.5 k2
- 0.05 uF
Cs1. Csz = 0.05 4 R11 - 72 k82

€11, Cj2 — 0.05 pF

2 MC3417 lor MC3418}
1 MC3403 (or MC3406)

Note: All Res. 5%
All Cap. 5%

Note: All Res. 0.1% 0 1%.

All Cop. 1.0%
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COMPARATIVE CODEC PERFORMANCE FIGURE 22 — COMPARATIVE CODEC PERFORMANCE -
The salient feature of CVSD codecs using the MC3517 SIGNAL-TO-NOISE RATIO FOR 1 kHz TEST TONE
and MC3518 family is versatility. The range of codec
complexity tradeoffs and bit rate is so wide that one 1
cannot grasp the interdependency of parameters for .
voice applications in a few pages. g ¥ =" ] |4 \
Design of a specific codec must be tailored to the E 2 — S—
digital channel bandwidth, the analog b'andwidth, the % b// 1/// \\
quality of signal transmission required and the cost z 0 Z /"
objectives. To illustrate the choices available, the data in Z o 7// // 32K 8t CVSD with
X X . . . MC3417 o MC3AIB
Figure 22 compares the signal-to-noise ratios and dynamic o " / /
range of various codec design options at 32K bits. / [
Generally, the relative merits of each design feature will 50 //
remain intact in any application. Lowering the bit rate 0 y
will reduce the dynamic range and noise performance .45 -4 -3 -30 -2 -20 .15 -0 50 O
of all techniques. As the bit rate is increased, the overall AMPLITUDE (4B}
performance of each technique will improve and the need These curves demonstrate the improved performance obtained
{for more complex designs diminishes. with several codec designs of varying complexity.
Non-voice applications of the MC3517 and MC3518 Curve a — Complex companding and double integration
are also possible. In those cases, the signal bandwidth {Figure 18 — M(C3418)
and amplitude characteristics must be defined before L= 3%"3:':8;""’9”"“" (Figure 4 using Figure 16 —
the specification of codec parameters can begin. How- Curve ¢ — Single integration (Figure 14 — MC3418) with
ever, in general, the design can proceed along the lines of 6.0 mV step size

Curve d — Single integration {Figure 14 — MC3417) with

he voice applications shown her. king into account the
the voice applications sho ere, taking into acco 25 MV step size

different signal bandwidth requirements.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

278



(BNF195871984

Fovan! fansiasila s “Bmdidu-tudin’ , wiinsuaanaddiaanseiiag ,
_atfufl 103, mh 238-246 , fuAN. 2533
Wusdnd dinind ; “eteniufinm’ , Blaansaiinddad , njann 2530
gt wsding ; “Andniiadulnsdwi” , wlinaudamasdiaansading
atfufl 120, mih 90-94 , NUENEY 2535
aydtind wsdsna ; “Andnfiadulnsdw aaufi 2+, wierausampddaansaiing ,
atfufl 121, wih 108-116, gaex 2539
gndu wsﬁ‘%qa “ndnflanulnsdwd apuil 37, muﬂaumﬂmasmaﬂmauﬂé ,
atiufl 122, wh 52-60 , WoAAmuy 2535
quns Aggswand ; “msldnululaseeulnsawmasd asega 8051,
%t‘a‘mgmﬁ"u , NFUNW 2537
quns Igganad s mstlsunsunmmuedmiuieslalasaaulnsaiess aszna
8051° , MBayatl , NFILNW 2537
“lafhay ; "MT8870" , (slinaudalaasdiaansaiing

v v o
AUUN 88 , U1 210-214 4 ﬂutﬂﬂu-ﬁ]ﬂ‘]ﬂ&l 2531





