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ABSTRACT
VOICE RECORDER is divided into 2 parts ,voice recording part and voice playing part.

—The recording part can record unlimited data and many files .It is depend on an amount of data
storage{Harddisk) . The playing part consists of 8 voice channels. Each of channel works
indepentdent ,they are able to be used at anytimes.

Conversion of analog signal and digital signal of this project uses Delta Modulation for
encoding and decoding data.  This method uses less memories than others. So,IC MC 3418s
are used as A/D and D/A converters.  Software for controllir;g data management uses polliing
method in order to check which channel needs data . Then ,computer will transfer a byte of data
to that channel and it always checks the request signal for c;onnection from another unused

channel .
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azlanmuinasfariduRauua (Feedback Transfer Function)
= slRoCo ----(5.4)

T = Y, =
Vg Vp=0  s2+s(1/R1Cq)+(1/RgCq)+(1/RaCo)+{1/R1R2C1 Co)

nuasRariTuNanafinass (Feedfsrward Transfer Function)

TrF= Yg = URRB1C) ----(6.8)
v, V3=0 $245(1/R1C1)+{1/RoC1)+(1/RoCo)+(1/R1R9C1Co)
FealEnsumaiiaridutaeasseannis
Ty = KNfp. ----1(5.8)
D-kNEg
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\fl2 NpgNep A8 LAY (Numerator) 1949 Trg Tre AANGTSL
D A8 94 (Denomenator) 189Y Trg WAL Tre
af o~ at G:Gll’d ' 1w
k A8 SRtNreenalAszIn 1+r/r) TWRtdAYATD 1
Aty Azlsidn

Tv=  KR1ByCiCy <e--(5.7)

s2+5(1/R1C1)+{1/RyC1)+((1-kVR9C)+(1/R1R9C1 C)
AN U AINN TR AU 2 T8929asntenr N AuLL Tadwng
MCF:_pr____ ----(5.8)
Vin 32+(wp/Qp)s+wp2

. . e ..'
FaANDARRENTANMNIALAIND NG

w| = Wp =1/J R1R2C1C2 - ----(6.9)
fL = 12IT(/ R1R2C1Co) ----(5.10)

WUAY = 1/2[1/(72x109)(72x103)(837x10" 1 2)(636x101 2)
= 3.3 kHz

wdandryrnudsgnnrespnniFuuiagudaiazgnuenganiaglediues Mcasis
e n19ef 1(Analog Input) 91# 15 azsiasgnaduanliian usiut (Encodel
Az Wlddtynynueviymoutpu ludnsursesdygnudanesuuuaynmy san e

9 (Digital Output)

) 33937 Digital

2astudaudiiudiwlunsuaedyais Digital wuu Series  Ihiludryeyrouuuy
v L ] d‘e o
Parallel uaza¥ndryyrausinisandulunsinnugeseas

¥ - o | ko4 v YV o d‘
AMNMUUIMMANNRIIYENAY mmﬁ'nﬂﬂngmmqw‘lmmgﬂw 5.6

o

dl 4: v 9 d. <t v dl ° a‘l’
g7 5.6 29ardqutitlsznausiaegunsnlsine Tealurifinasyinudail
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- 7415184 uginsafluntnulasdtugyiou Seies Wiiludtycynos Parallel  39iinag
Wi

Fayadtynyamu Series A1N993 Analog Az A 189 74LS164 B4 74LS164 flaz
Wausudmaz dyand clock  Taear shit feyadiias bit Taazld output udaya

Parallel 1u1& 8 bit Wadtyynty clock LA 8

! L us - U9A
H )
: —5-{ PP CIN 5 N o
: P1 WVCOUT {CLOCK >
§ L3ipr2 SIN (-4 74Ls04
? ox =t
: vCC
; 2| veoIN cx ;] 0.0047uF
: INH —
: —431o0emMo R HH R4
i ZEN R2 !
: 4046 470K | L
— : vee =
: us ? FROM A/D
DAY 3 1gn a4 <SERIES DATA ]
Al 4108 B |—24
DRZ S | ac
DA 6| o5
DR4 10
bAs 11 ] SE
121 QF CLK{
DAG 12
b7 137 96
QH CLR p—2
: 74aLS 163
<BTHI- : vCC VCC
TO INTERFACE
: u7A 1 u7Be
E 5 a 2 9 2 12 12 =2
<TH TEST—+——51a P D @ P D an apis
E R z R 31 g =) BQD—&—
CLK{ CLK{ ~- QC
— C 8|~ € *2 QD
—&ja ¢ §c ROCL) —&——
740574 74L574 RO¢22
RICL)D
> TJ. Té R9C2)‘%
LR i 4L 590 =
<CH Rg }

91l%1 6.6 19349 Digital

- MC14046 \TuginaninldaFwdtyeyrny clock
- 741504 U Inverter @9lunsastilfiRadunssua
- 741.590 {11 Decade counter A9vinuAsaIfluaTTIL 8

- 741874 iy D-Flip Flop 9y registor AUIA 1 bit
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417997 @wTnasLEnNielgRa]

MC14046 8314 clock AN 16KHz Lﬁmﬂugqumm'lﬁﬁuﬁwshﬂ 1890947 Ingsia
Wiy 74Ls04 iRednedunsiua  74Lste4 azfudiaya Series TaaviTUAINAIMATATYY
clock 1iialédaxa outout \Dudeya Parallel ATU 8 bit uAIAzdedayaldaeasdan Interface PC
Thef74L590 Wnsfumudemnsdtyonn dock Weude s (LAAITayaATL 8 bit Ufa
Krg:y'\ruﬁm Qpautdu “1* MW 74Ls74 vt Tilu register Wﬁé'uﬁn;n;mruﬁlm clock ¥
1% output 78474574 Wl "1* (fryryaeu 8TH 1y 1"1feuanslsidan Interface M1 daya
AL 8 bitud d7U Interface AxvinTTLdeyANSNROINNNT dlear 74LS74 i linFaaTiaziy
fayngasiall withdiaya 8 In 907 2 dansusiideyegausnddligndau interface Ful]
Feyagausnazunelll vilagndeyagad 2 Minfuiey dyayans Test azwldeudy 1 iiieuen

, \a X
%49 Interface ffm LNA over run AU

A) A9 Interface

AnasasisaesdaufieenuuLiudinsinsiaty pC Tnarinune 3 wa &afl

1. waimauymdtyo1uAILAN (Control Signal Input Port) I dunafdmiuiy
Atyrycu ‘DATA RQ’ Uay Atycynnd ‘DATA TEST

2. nafndunndeya Date nput Portt  iflunaindwiuFudayaaindau Digitall

pC

AINNITAMUATIGL  ALABININITAENT AN MU AATATNINAINNT I U1
IBMPC RANNIATNFIUAINUIES IBMPC Techincal Reference 1HaRANTINETNUAALATALLN
(Port Address Map) #1151 IBM PC udaaavinnisidannaMueniasalugag 283h-284h daitlugag’

fAdernnisldeures IBM PC

[

ARAIATNTORMUANEMUAALATRA M LINE TN 2 IRl
wadm 283h - wafmAunndruyrtuAILAN

Wam 284h - wafmaunmdaya
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Tngeaslugrutianunsoeanuuulasigei 5.7

MngifauaninsasedAies pe Amau 10 WuLazdtyInl AEN AzgmihunalAnuen
\ATATINTUSan 7415688 Uay 7405138 Wiwafn 283h uazwa 284n Wunainduwn  Taeld
dryryreu (0RMUNNsAILANMIBimai wadn 283n 1 7415373 lugunsal O Tun1s inport

data drunam 284h 14 7415244 \Hugrinsadl/o

uL
21po p=a pt2—
2 P1
S ip2
21 p3
pc
L2 | pg
89 5
vee 17106
[BEN = o
R1QH*8
iz [= 1
T 5190
f‘o"z-% -
(o]
9l T4 o1 3
Al [l W2 cc]c, 13 as
= SWoiP-—¢ 5] 38
—id ¢
=  73LS5688
[A0—A2 > Uz i}
AL T—219 YO B
az 218 M §§
ycc I3 Bil
? Sig1  yspi3-
qG2a Y6 po—
—IoR 2d G28 Y7 p—— :
74CS138 ! FROM DIGITAL PART
[DO07 > eemm——————— us ; A0—-DA
NDQ 2 3 :
Np1 5130 3013 :
ND A a
N Sia2 02 4
N 2{a3 03 42
NDS 51@4 D47y
N 2{aos5 b5 3
NS S1a6 06 5
Q7 D7 ’
oc¢ prt '
G —<FTH]
73373 ]
! ' 1,
ua ) :
N\ 2 1811vL 1AL H CHL R&.]
Ny ielivz 1a2 i OCHI TEST]
N3 v NG LA :
N 121iva ias %
N Z{2vL 2A1 -
N Havz 262 g2
NRe—={2yz 243 i3 |
2Y4a 2R4
1G pre—e : 1
2G —{CLEAR
74L.S5244 :

21#1 5.7 2937 Interface Tudauntsiufiniden
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MM duaNisomuiuaiamua l#aigi 5.8
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BB e - vee
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o0 DO 2Haea A D
N & 8 3 : $ £ EIES Sara ]
D Q3 03 24 Q0
Q4 04 o 2
s gh £ e
> e7 o7 M2 QH cLR b2
L2 . 7aLS 164
°¢ Pri-
TEE v
TaLII7S 3 &
—— e,
t
L uza : u7a
NQ 42 2 ., . _ us
\ i sayi—d 50;0 oso"z —difen Ao
24 1v3 a3 8- cLxd—3 CLK ¢34 1 by SRS
NE £11va  1A4 -2 c c & ap
N 2rs s —&1F C 27 C R0C1)
N 7133 3z ~T 7aLs74 O 74L574 RO<2) 1
2]3va  2a4 A 11 I B 39¢2) —ﬂ
16 d i TIL3I0 =
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717 6.8 29RsiUNnAE
- 1 . S
5.1.2 nanseaei@ed wnasinuaaniiiu 3 dou Ae

N} 2397 Analog UAEINAE D/A converter

aasduiiasiuiflunsulasdyoynod Digital wuu Series Iludtycyrcu Analog
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J A 1 4 = o : 4 1 4 ] . J A‘J ]
{ 'Nd'ryqnmw1ﬂ'ﬂzuanuruzLﬂu'ﬂumummm ) URIHIUNAT filter LWﬂﬂTﬂQﬂQ’WNﬂVﬂ.N
¥ | K'Y prp [ - Yy ¢ 4 1 4 ° ‘:
sasniseanilidynytioutout ARANRuUzFoL  udnihdryoruitldeanattne Tasludauil
agazinTUladtyynn Digitally Series Taaldifuavinasin Anagiedu Teazudavily

dnyny1tu Analog

asdrutiazldled Mc3418 lunisulasdtycyncy Digital wuy Series liludryayiou
Analoglaeldlad MC3418  (dwpsaiunistiuindey  TagldisAnagandaaitrednasi
NagLatu

A wmFunaranegiamaifavinluldeu dudegii 5.9

FROM DIGITAL PART

13 !:.4
-ﬁ%v
—_ 16
[ 3.3K
12 S
T~ y
19 0.0BuF |
[ 100K
T L BUZN 3.3K
3 S36pF ?24= 1.65M 368 0.1uF MC 3418
3/P 0—4 222pF L. = 154 [
MC3S03 | IL 1y rd
RN 1
29, 5K. 36pF \np
72K =
T~ 20K
y S o F la
| N 6.
. Esv»r 72K =
HC350§ 127K 63.64K
I
A
1000pF

717l 6.9 asdaaash Aneqiaines

i 173 o ° | 7 Y 13 2
mngﬂmqmu -ﬂ’\N’ﬁﬂﬂﬁU’\ﬁﬂ’\?V}’\\ﬂﬂiﬂﬂ\lﬂ Af

<

Ay uAAReangnasnuLvaynsuasgnulasiudynnuewaaniaeidanieen 13
(Digital Input) Tiuduwnuuunauma Tagendi 15 azsasiianiuzdiu ‘0 (Decode) dryryand
Ay v . i Y - v
auAaN# IHAzgNA10aNN N1 7 (Analog Output) ATURYIUALIL  snuAmaNTFEa1ARsN
¢ o v J ] - 5 P ° [ v ° - =
nangadu Az idyquantigedstuey  Andudasaniusiawinnimeasdtyryrtuadind

getieanly tneldaeasnsasmnnudineglf 5.10
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00Q0pF

63.64K| 127K
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——OVOo

77pF | 36pF

368K él S e AAA——

51#1 6.10 29asnsaeANDdmTLdyARIn CVSD

Aryryrasdiuiuy

@

WAL AeHIN1TNINdnyUIUneanaIngn 7 199 MC3418 Jal
S LU RCEIE LN

- vl - ¢ v v o ayy
awasn ila N Gauawanniudyogrondasiildasgnnresdygyinina
ANAdtyy uuuuswraRe Idyy ufiaoadaglugae 50 Hz T4 3.3 kHz Feeasuazsy

ATIBEAITIMNAUTUNNATUNN

nMraaineazld Op Amp Falllu Buffer tNatunszua output WiuAuNazLn U deu
ansall wilunimeaseasvinnissiatudiu Power Amp wnisaenainae waldlunisdu

a1lne 39l4led LM386 (AudioPower Amplifier) T9a9astenin&eRildigRsNsTENEvInAY 20
Win sauaaslugli .11 ‘
T Ty

vin 10uF

l S|l1 B .
’ ) 47®uF

VR 10K +
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~ L“395 L osm-‘
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7U# 6.11 uaaneaTrEnaindasag LM 386
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1) 2947 Digital .

fmﬂudquf‘:ﬁuﬁ'\ﬁ"lun'\TLLﬂmﬁryry'\tu Parallel Ivitfludtyryrnd Digital UL Series
uﬂm’r"mﬁryrg'wmﬁiﬁﬂﬁfi'\Lﬂu'lum?ﬁﬁmummms

anuihiidenarndnediu mmmaammmﬂﬂﬁﬁqgﬂﬁ 5.12
ang fJMMfJuf':ﬂ?znauﬁfmqﬂnmfrfiw] Fefiwinminenuded
- 741874 \flu D-Flip Flop Feldiilu register TU1A 1 bit
- 7415273 (U latch 1U"A 8 bit
- 745165 1Hlugtnsafluntsulasdryryrniuuy Parallel Widluuwiy Series Fafinnmin
anusai

Lﬁ'aﬁryryﬁm SH/LD iU 0" 74LS165 Aazvinsinandayatuns 8 bit idruiiy
1n8unm register neluled

Jedtyoyrns SHILD Wlu 1" 74LS165  azinme shift i’ﬂ:ﬂa'ﬁﬂgﬂuﬁuwﬂregister
29NNNAY bit muf-Tqmze?rgrg'im clock i'qe?ryry'\m'?im INHazsiaalu 0°
- 741590 1iflunganiu 8
- MC14046 ¥inutiniad clock WifLigausing 10492487
Tngazeiunanaineulaeudaiy 3 doutesq Ae

1. dauafredryyrcuianiu

ang 6.13 ardiuiivinuwiilunnsabwdyonaisutulunes . MC14046 a%
clock tHuguaaigusing 1892977 74LS90 AL ILsNAMAEATYTYInL clock ey

4 8 dryrunuiienapasitlu "1* Teenindtyrgneu 'cR CTRL ( Wludtyryrtuandnu Inferface 9

1lupsidan channel fiaz out dayaeanun WMgniAulFlu 74Ls74 wnANDAUATY YN

4

Qp 1a974Lsg0azlsidudrynyrnuircH LD hdtynyand "CH LD "1* Az reset 74LS901H BN

dulu Ynas clear register MAUATYEYARY ‘CH CTRL’ uazasinWiladoyoyrnd ‘CH Ry 1
{Wa¥inne uandau Interface d1siaanisdayaqasialiuiledau intefacededayagaluzioannn

‘CH CTRL’ azLiu 0 register AUATYYI0U ‘CH RQ” A%QN clear
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___é: PP CIN
P1 vCOUT
i3 1p2  sIN
cx

vGe
3—2— VCOIN CX
NH

1
jg: DEHO "R1 14
ZEN R2

3046

<l
&l ¢
ui9c
<HET = . A
6 74L504
(CH TR
2.47UAUANNIT latch daya uazuwilasdtyynod digital
CHL TTRL > KB STRLS>——
<EROH_oR” _OF ZSLE§§|
DIODTY
SER
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e
C
D
E
% T0 A/D
H L]
vaLszYI
FROM
INTERFACE

ngd 614 wAasdauilvivuiiilumg latch deya  uazulasdrynyniandryonos

A) 49U Interface

naavaasduneanuuLBudacinsienyu PC lautiuna 9 nam sl

1. wainianinndaya (Data Output Port)  IfiflunefmduiudedayaniAuly Wiy

DigitaluLiUParallellHuLuy Series Lﬁad’tyry'uu "CH CTRL" Andau Interface 1ty "1* 7415273
axvianslatchayauuL Paraliel 8 bit aandw Interface 13 wazifladtyryros *LD CTRL" 1 -

74LS165 A load HRyaan 7415273 Wmnudnvinnie shift eenfiaz bit Audanzdnynyod




2937871 Digital F1¥auna 8 channel (8 port)
2. wainaunndryryrouatuAN (Control Signal Output Port) iuwafnamiuiu
dtyry s “CH RQ” A1ndau Digital 1% PC
flaRansrunamuesAaLLR ( Port Address Map) d 3L 1BM PCU&I3IInMTi@eN
wefuanmsaluga 280n-287h aiflugaaiidneannisidautes BM PC Fariudainuusli
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weiv 281h (Hu weimaunndrynnuiriuau
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Taeneasday interface aansnaanuuulffaguy 5.16

UL AAaTadATaY PC AU 10 asgnianatinsaniudnyoin AEN (Wa
Mmuannsineulneld 7405168 uar 7405138 lumsalinuaaiasa Winwedn 280n T 287h
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oS < °
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#include *mouse.c’
#include “function.c’
#include <dos.h>
#include <conio.h>
#include <stdlib.h>
#include <stdio.h>
#include <string.h>

#include <bios.h>

#define UP  0x48
#define DOWN 0x50
#define ENTER 0xi1C
#define chan 8

#define nport 0x280

int nfile,i;
char fnamefchan][11];

FILE *file;

void main{void){ )

int actx,acty,act,wait,ascii,scan;

char option{4}{10};

strepy{option{0],"PLAY");
strepyloption(1],"RECORD");
strepy(option{2],"DELETEY);

strepyloption(3],"QUITY;

clrscr();

if ((file=fopen(“recfile”,"rt"))==NULL)
square(0,0,80,25,CYAN);
square(23,6,59,16,BLACK);



WINDOW(22,5,58,15,BLUE,YELLOW);
gotoxy(27,10);
cprintf(THERE 'S NO RECORDWY);
getch{);
] -
elsef
while(ifeof(file}){
if (fread{&fname(nfile},sizeof(fname{nfile]),1,file}==0)
break;
nfile++;
j

fcloseffile);

dof

[*make menu*/

wait=1;

WINDOW(0,0,80,25, LIGHTGRAY,LIGHTGRAY);
WINDOW(20,5,60,20,LIGHTCYAN,MAGENTA);
gotoxy(35,7);
textcolor(YELLOW):textbackground{MAGENTA);
cprintf(" MENU \n%;

barbox(33,10,0ption{0]);
nobarbox{33,13,option(11);
nobarbox(33,16,option(2]);
nobarbox(33,19,option(3]};

installmouse);

actx=33;

acty=10;

act=0;

do{

if(left_button{)}{ /*for use mouse?*/



nobarbox(33,10,option[0]};
getposition(&actx, &acty);
actx=actx/8+1;acty=acty/8+1;

gotoxylactx,acty);

if((actx>=33)&&(actx<=43)){ /*position mouse right*/
switch{acty}{
case 10:actx=33;acty=10;act=0;
barbox{actx,acty,option{act]);
while{left_button{));
wait=0;hidemouse();
play();

break;

case 13:actx=33;acty=13;act=1;
barbox{actx,acty,option(act]);
while{left_button{});
wait=0;hidemousel);
record();

break;

case 16:actx=33;acty=16;act=2;
barbox(actx,acty,option{act));
while{left_button{());
wait=0:hidemouse();
dell);

break;
case 19:square(0,0,80,25,BLACK);
textcolor{WHITE);

hidemouse();exit(1);

default:barbox(33,10,option{0]);



break;
Y*end switch case?®/
¥*end for position right*/

Y*end for use mouse*/

if(bioskey(1)){/*use keyboard*/
scan=0;ascii=getch{);
iflascii==0x0d)
iffacty==10}{
play(;
wait=0;
}
else iflacty==13){
wait=0;
record{);
}
else iffacty==16)
wait=0;
dell);
).
else iflacty==19) {
square(0,0,80,25,8LLACK);
textcolor(WHITE);
hidemouse();
exit(1);
}
if{{ascii==0xe0)ll{ascii==0x00)){/* shift cursor bar*/
scan=getch();
nobarbox{actx,acty,option{act]);
switch (scan)(
case UP iffacty==10) {

acty=18; act=3;



}

while{wait);

Iwhile(1);

¥*main*/

else{
acty=acty-3;act=act-1;

)

break;

case DOWN:iflacty==13)
acty=10; act=0;
}
else {
acty=acty+3;act=act+1;
}

break;

}

barbox{actx,acty,option(act]);



#include <stdio.h>
#include <conio.h>
finclude <stdlib.h>
#include <alloc.h>
#include <string.h>

#include <io.h>

f#define chan 8
#define nport 0x280
#define BSIZE 500
#define mxchandgt 1

#define mxfiledgt 1

#define IDLE
#define GETCHAN

0
1

#define GETCHANRDY 2

#define CVERTCHAN
#define CHECKCHAN
#define GETFILE

_ #define
#define GETFILERDY
#define CVERTFILE

#defile CHEGKFILE

CHECKCANCEL

3
4
5
6
7
8
9

#define CLOSEUSEDFILE 10

#define OPENFILE
#define NOFILE
#define SIZEFILE
#define READFILE
#define CALSIZE
#define SETPARA
#define QUTDATA
#define SHOW
#define CLOSEFILE

"
12
13

14

15

16

17
18
19



#define CLOSEFILE2Z 20
#define READY 21

void play{void);

void record{void);

void del(void);

void delword(int length,int color);

void WINDOW(int x1,int y1,int x2,int y2,int tcolor,int beolor);
void square(int x1,int y1,int x2,int y2,int color);

void tablelint x1,int y1,int b1,int b2,int line,int space,int linecol,int backcolor):;

void playlvoid){
extern char fname{chanj{11};
extern int nfile;
int i,chn,rec,nrec=0,status=IDLE,digit=0,end(chan}; .
char keyin(5];
unsigned int dlchanl,j;
unsigned char **datap,condat,chctrl,chreq;
unsigned long ssizelchan;

FILE *load{chan],*file;

if{(datap={unsigned char **)calloc{chan+1,sizeof{unsigned char*)) }==NULL){
square(0,0,80,25,CYAN);
square(23,6,59,16,BLACK);
WINDOW(22,5,58,15,BLUE, YELLOW);
gotoxy({25,10);
cprintf’READY ALLOCATION MEMORY FOR POINTERW"):
getch();

return;

for(i=0;i<chan;i++}{

ssizefil=0.d[i}=0;



endfil=0;
if( (dataplil={unsigned char *)calloc(BSIZE sizeof(unsigned char)) }==NULL)
square(0,0,80,25,CYAN);
square(23,6,59,16,BLACK);
WINDOW(22,5,58,15,BLUE,YELLOW);
gotoxy(25,10); '
cprintf(READY ALLOCATION MEMORY FOR DATAWY);

getch{);

for(j=0;j<i;j++)
if{datap(j]!=NULL)
free(datapl(jl);
freeldatap);

return;

inportb{0x280};

clrser();

square(0,0,80,25,CYAN);

square{17,6,61,24,BLACK);

table{18,5,9,30,9,1, YELLOW,GREEN);

textcolor(WHITE),

gotoxy(18,6);

cprintfCCHANNEL";

gotoxy(38,6);

cprintfCDATA’); '

textcolor(BLUE);

for(i=0:i<chan;i++)
gotoxy({23,8+2*i);
cprintf(*%d"i);



}
gotoxy{70,23);
cprintf{"NOW :0%;

while(1){
if(nrec==0)(
WINDOW(10,1,70,4, GREEN,MAGENTA);
gotoxy(26,2);
cprintf(WAITING FOR CONNECTION REQUESTY;
gotoxy(25,3);
cprintf("PRESS 'q’ to return to main menu’;
if( getch{j=="q'){
for(i=0;i<chan;i++)
if (datapli]!=NULL)
free(dataplil);
free{datap);
return;
}
else status=GETCHAN;
}
gotoxy(26,2);
delword(30, MAGENTA);
gotoxy(25,3);

delword(35, MAGENTA);
gotoxy(35,3);
textcolor(GREENY);
cprintf"ON USET;
gotoxy(20,24);
textbackground(GREEN);
textcolor(BLUE),
gotoxy(20,24);



cprintf(PREPARING BLOCK DATA?;

while(nreclistatus){
textbackground(GREEN];
textcolor(BLUE);

if( status==READY)}
gotoxy(20,24);
delword(20,8LACK);

if{ (status==IDLE)&&(kbhit()} }
gotoxy(20,24);
cprintf('PREPARING BLOCK DATAY);
status=GETCHAN; -

if(status){

switch(status){

case GETCHAN * if {kbhit(}
keyin{digit|=getch();
status=GETCHANRDY;
}

break:

case GETCHANRDY : if({digit>mxchandgt}ilikeyin[digit}==0x0d))}{
status=CVERTCHAN,;
digit=0;
)
elsef
digit++;

status=GETCHAN;



}
break;

case CVERTCHAN : chn=atoi(keyin);
status=CHECKCHAN;
break;

case CHECKCHAN : if{chn<0 Il chn>chan }
status=READY;
else( status=GETFILE;
gotoxy(1,1);cprintf(*chn=%d\n",chn);
}
break;

case GETFILE  : if{kbhitO}
keyin{digit}=getchi);
status=CHECKCANCEL;
}

break;

case CHECKCANCEL : if(keyin{digit]=="'q'}{
iflssizelchn]!=0)(
status=CLOSEFILE;
ssize[chn|=0;
}
else status=READY;
}
else status=GETFILERDY;
break;

case GETFILERDY : if{{digit==mxfiledgt)ll{keyin(digit}==0x0d)}{
status=CVERTFILE;
digit=0;



case CVERTFILE

case CHECKFILE

]
else(
digit++;

status=GETFILE;

break;

. rec=atoi(keyin);

status=CHECKFILE;
break;

. if{rec<0) Il {rec>nfile))

status=READY;
elsel-
status=CLOSEUSEDFILE;
gotoxy(1,2);cprintf('FILE: %s\n",fnamelrec]);
}
break;

case CLOSEUSEDFILE :if(ssize{chn]!=0){

case OPENFILE :

if((load(chn]=fopen(fnamelrec],"rb")}==NULL)

fclose(loadichnl);
gotoxy(30,8+2*chn);
detword {10,GREEN);
)

else nrec++;
status=OPENFILE;
break;

status=NOFILE;

nrec-;

else status=SIZEFILE;



break;

case NOFILE : fclose{load{chn]);
status=READY;
break;

case SIZEFILE : ssize[chn]=filelength( filenofload(chnl} );
status=READFILE;
break;

case READFILE : fread(dataplchn],sizeof{unsigned char),BSIZE load[chnl);

status=CALSIZE;
break;

case CALSIZE : ssizelchn]=ssize[chn]-BSIZE;
status=SETPARA;

‘break;

case SETPARA:end(chn}=0;d[chn]=0;
status=QUTDATA;

break;

case QUTDATA : outportb(nport+chn,datap(chn{d(chnl]);
status=SHOW;
dlchn]++;

break;

case SHOW : gotoxy(30,8+2*chn);
cprintf{fnamelrect);
status=READY;
break;

case CLOSEFILE : fclose(toad(chn]);



}
}

nrec-;
status=CLOSEFILE2;
break;

case CLOSEFILE? :ssizefchn]=0;
gotoxy(30,8+2*chn);
delword(10,GREEN);
status=READY;
break;

case READY : status=IDLE;
digit=0;
textbackground(GREEN);
gotoxy(75,23});
cprintf("%d",nrec};
break;

condat=inportb(0x281);

iflcondat!=0)

for(chctri=0x01,j=0;j<chan;j++}
chreq=condat&chctrl;
if(chreql=0&&ssize(jl| =0}
outportbinport+j,datapf{jl{d[jll);
dfj]++;
if{d[jl==ssize(j]&&end{j]=="1){
if(dfjl==0X
printf{’error condat channel %d\n"j);
getch();
}
fclose(load(jl);

ssize(jl=0;



nrec-;
gotoxy(30,8+2%j);
deiword{10,GREEN});
gotoxy(75,23);
cprintf(*%d",nrec);
}
else if{d(jl==BSIZEX
if(ssizeljl>BSIZEN
fread{dataplj],sizeof{unsigned char),BSIZE,load(j});
ssizeljl=ssize(j]-BSIZE;
d(jl=0;
}
else{ fread(datapl(jl,sizeof(unsigned char),ssizelj},load[jl);
dijl=0;endljl=1;
}
}

Y*chreq!=0*/

chetrle<=1;

} /*shift chetrt*/
Y*end condati=0*/
¥*end while (nrec)*/

Y*end while(1)*/

void delword{int length,int color){

int i

textbackgroundicolor);
for(i=0;i<length;i++)

putch{0x20});



void squarefint x1,int y1,int x2,int y2,int color){

int x,y;

textbackgroundicolor);
forly=y1;y<=y2:y++}{
for(x=x1;x<=x2;x++}
gotoxy{x,y);
putch{0x20);

void table(int x1,int y1,int b1,int b2,int line,int space,int linecol,int beoi){

int i,x,y.x2,y2;

textcolor{linecol);
textbackground{bcol);
x2=x1+b1+b2+2;
y2=y1+{space+1)*line;
for(y=y.1‘+1 y¥<y2y++)
far{x=x1+1;x<x2;x++){
gotoxy(x,y);
putch(0x20);
}
gotoxy{x1,y); putch{Oxb3};
gotoxy(x2,y); putch(Oxb3);
}
forly=y1+1;y<y2y++}
gotoxy({x1+b1+1,y);
putch(0xb3);
}

for(i=0;i<line+1;i++)



forly=y1;y<=y2;y=y+(space+1)}{
gotoxy(x1,y); putch(Oxc3);
gotoxy{x1+1,y);
for{x=x1+1;x<x2;x++}

iflx==b1+x1+1)  putch{Oxc5);

else putch{Oxc4);
gotoxy{x2,y); putch{Oxb4);
]
)
gotoxy(x1,yl); putch{Oxda);
gotoxy(x1+b1+1,y1); putch{0xc2);
gotoxy(x2,y1); putch(Oxbf);

gotoxy{x1,y2); putch{OxcQ);
gotoxy(x1+b1+1,y2); putch{Oxc1);
gotoxy(x2,y2); putch(0xd9);

void WINDOWI(int x1,int y1,int x2,int y2,int tcolor,int bcolor)

int x,y;

textcolor(tcolor);
textbackground(bcolor);
forly=y1+1,y<y2;y++ )
for(x=x1+1;x<x2;x++}{
gotoxy({x,y);
putch(0x20);
]
gotoxy{x1,y};putch{Oxb3);
gotoxy(x2,y);putch(Oxb3);
]
gotoxy{xt+1,y1);
for{x=x1+1;x<x2;x++}putch(0xc4);

gotoxy{x1+1,y2);



for(x=x1+1;x<x2;x++}putch{Oxc4);
gotoxy(x1,y1);putch(Oxda);
gotoxy{x2,y1);putch(Oxbf);
gotoxy{x1,y2);putch{0xc0);
gotoxy(x2,y2},putch{0xd9);

void record(void){

extern int nfile;

extern char fname{chan][11];

char ch,sname(11};

unsigned char *datar,condat,chdat;
unsigned int i;

FILE *file;

clrser{);
sname(0}=10;
square{0,0,80,25,CYAN};
WINDOWI{20,4,60,6,GREEN,BLUE);
gotoxy(22,5);
cprintfC(RECORD NAME :7;
gotoxy(38,5);
i=0,
dof
' snamel[il=getche();

i++;

while((sname(i-1]1="r")&&(i<=10});

snamef(i-1]="\0";
strepy{fname(nfile],sname);

file=fopenifnamel(nfilel,'wb");

L4



WINDOW(25,7,55,10,BLUE WHITE});
gotoxy(27,8);

cprintf(PRESS ANY KEY WHEN READY");
gotoxy(30,9);

cprintf(PRESS 'Q' TO QUITY;

ch=getch();

if {ch=="q’)

return;
gotoxy(27,8);
delword(25,WHITE};
gotoxy(30,9);
delword(20,WHITE);
gotoxy(35,8);
cprintf"RECORDING");

datar=(unsigned char*)calloc(BSIZE, sizeof{unsigned char));
dof
for(i=0;i<BSIZE;i++)
outportb(nport+4,0xff);

datar(i|=inportb(nport+4);

dof
condat=(inportb(nport+3)&0xff);
chdat=condat&0x01;
lwhile{chdat==0);

if {condat==0x03}{
gotoxy(38,24);
cprintf{(\n Overrun data error!i\n);

}
fwrite{datar,sizeof{unsigned char),BSIZE file);
while(lkbhit{);

gotoxy(35,8};



delword(10,WHITE};

gotoxy{30,8);

cprintf"'SUCCESS RECORD";
fcloseffile);

file=fopen(‘recfile*,at");
fwrite(&fname,sizeof(fnamelnfile]}, 1, file):
fcloseffile);

nfile++;

getch();

void del(void){
extern int nfile;
extern char fname{chan]{11};
int i;
char ch;

FILE *file;

clrser{);
square(0,0,80,25,CYAN);
if{nfile==0}
WINDOW(20,8,60,13, BLUE,WHITE);
gotoxy(30,10});
cprintf(THERE 'S NO RECORD®);
getch};
return;
}
WINDOW(20,2,60,24,BLUE,WHITE);
gotoxy(30,3);
cprintf"(RECORD");
for(i=0;i<nfile;i++){
gotoxy(25,4+i);

cprintf("%d. % s\n",i+1,fnamelil);



}
gotoxy(30,20);
cprintf"SELECT NO.OF RECORD";
gotoxy(28,21);
cprintf'PRESS 'Q" TO RETURN TO MENUY;
ch=getch(};
if {ch=="'q'lich=="Q")
return;
ch=ch-'0";
if {ch<Olich>nfile}{
square(20,2,60,24,CYAN};
WINDOW(20,8,60,13, BLUE WHITE);
cprintf"ERROR SELECT FILE™;
getch);
return;
}
square(30,3,60,21,WHITE);
remove(fname{ch-1});
forli=0;i<{nfile-ch);i++)
strepy({fname(ch-1 +il,fnamel[ch+il);
nfile—;
cprintf(RECORD");
for(i=0;i<nfile;i++)
gotoxy(25,4+i);
cprintf('%d.%s\n‘,i'+1,fname[i]);
}
if{{file=fopen(recfile®,"'wt))==NULL)
printf(ERROR WRITING RECORD fILE\n%;
else
for(i=0;i<nfile;i++)
twrite{&fnamelil, sizeof{fnamelil), 1 file);
fcloseffile);

return;



void barbox(int x1,int y1,char *opt){

int x;

textcolor(WHITE);
textbackground(BLUE);
gotoxy(x1,y1);
for{x=x1;x<x1+2x++) putch{0x20};
cprintf(opt);

for{x=wherex{)+1,x<=43;x++} putch{0x20);

void nobarbox(int x1,int y1,char *opt){

int x;

textcolor(LIGHTGRAY);
textbackground(BROWN);
gotoxy{x1,y1);
for(x=x1,x<x1+2;x++) putch{0x20);
cprintf{opt);

for(x=wherex{)+1;x<=43;x++) putch(0x20);
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MOTOROLA

mE SEMICONDUCTOR
TECHNICAL DATA

MC3417, MC3517
MC3418, MC3518

Specifications and Applications
Information ; CONTINUQUSLY VARIABLE

- SLOPE DELTA, :

MODULATOR/DEMODULATOR

CONTINUOUSLY VARIABLE SLOPE LASER-TRIMMED
DELTA MODULATOR/DEMODULATOR . INTEGRATED CIRCUIT

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

® Encode and Decode Functions on the Same Chip with ‘
a Digital Input for Selection L SUFFIX P SUFFIX

s . . . CERAMIC PACKAGE  PLASTIC PACKAGE
® Utilization of Compatible 12 — Linear Bipolar Technology CASE 620-10 CASE 648-08
® CMOS Compatible Digital Out ut
P 9 P DW SUFFIX
® Digital input Threshold Selectable (Vce/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
Analcg (-) 16 vee
CVSD BLOCK DIAGRAM tnput
Anatog lEn:odtl
Feedback 2w 15 Decoae
Encode/ Syltabie 5
Decode Clock Filter E 14 [Clock
115 4 G Digita! Dat.
! Dual Input an 13 | Divital Data
An.?:;'::'::’x";'i Comnun;r' - i Controt : Input (~)
Digitat N or4-8in Ref ;
Data I;I'Du.l 13 Shift Regiyter h Input (+) [ 8 TDr:?:n.hlold
Digital 33 a QGledjat
Thresh VrH ‘ L_‘-— S ] Fliter ) CoTnergeres
! s — H " i inpur (a3l 8 . HRREE -y
| Logie Coincidence
Digitat 9 Output Anastog 7 vcer2
Outout ] v s Output Output
Integrator Converter] viiabic n
Amplifier Foloft |2 Futter veel a g-glul
10 72 aritv = Gain Controt vteut
Vee/2 oy cc f Switch -—
Outpur T |_Bef J f 5
GC
!Ret lo Hint
2l sl Ts
Anslog  Ref Filter ORDERING INFORMATION
Output  Input  tnput
(+) ) Tempsrature
Device Packsge Range
MC3417L Ceramic DIP 0°Cto +70°C
MC3s180W Plastic SOIC 0°Cto +70°C
MC3418L Ceramic DIP 0°Cto +70C
MC3418P Plastic DIP 0°Cto +70°C
MC3517L Ceramic DIP =565'Cto +125°C
MC3518L Ceramic DIP =55'Cto +125C
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MAXIMUM RATINGS
{All voitapes retevenced 10 VEg, Tp = 259C unless otherwise noted.) .
Rating Symbol Value Unit
Power Supply Vohage vVee ~0410+18 Vde
Differentiat Anaslog input Voltage Vip 25.0 Vde
Digital Theeshold Voliage VTH -0A4toVee Vde
Logic Input Voltage Viogic ~0.410+18 Vde
{Ciock, Digital Data, EncodefDecode)
Coincigence Output Votage i Voiconl] -04t0+18 Ve
Syltabic Filter Input Vahage Viisyl) -0.410Vee Vdc
Gain Comrol Input Volage VI{GE) -0.4 o Vee Vde N
Reference Inpat Voltage Vi{Ref) |Vce/2- 1010 Vee | Vde
Vce/2 Quipst Current 1Ref -25 mA
ELECTRICAL CHARACTERISTICS
(Ve = 12V, VEg = Gnd, TA = 0°C 1o +70°C for MC341718, T = —56°C to +125°C for MC3517/18 unless otherwise noted.)
MC3417/M(C3517 MC3418/MC3518
Charscteristic Symbol Min Typ Max Min Typ Max Unh
Power Supply Voitage Range (Figure 1) VeeR 4.75 12 165 4.75 12 16.5 vdc
Power Supply Current (Figure 1) fcc mA
{@ 1die Channel)
(Vce = 5.0 V. All except MC3418P,0W) — 37 5.0 - 3.7 5.0
(Voe = 5.0 V, MC3418P.DW) — - - —_ a7 5.5
(Vec = 15 V. AR except MC3418P.DW) - 6.0 10 - 6.0 10
(Vo = 15 V, MC3418P.DW) — — — - 6.0 1
Gain Contro! Curremt Range (Figure 2} IGCR 0.002 —_ 3.0 0.002 — 3.0 mA
Anatog Comparator input Range Vi 13 —_ Vee-13 1.3 - Vec—~1.3] Vde
(Pins 1 and 2} |
(4.75V =< Vo < 165 V)
Anelog Output Range (Pin 7) Vo 13 -— Vee-1.3 1.3 - Vee—-13| Vde
{475V « Voo < 165 V, Ig = =5.0 mAl -
Input Bias Currents (Figure 3) hB nA
{Comparator in Active Region)
Analog nput {i1) - 05 1.5 — 0.25 1.0
Analog Feedback (12) - 0.5 1.5 - 0.25 1.0
Syitabic Filter Input (13) - 0.06 0.5 - 0.06 0.3
Reference input (15) — -0.06 ~-05 — -0.06 -0.3 !
input Offset Current o pA
{Comparator in Active Region)
Analog Input/Analog Feedback - 0.15 0.6 — 0.05 04
11 ~12] — Figure 3 g
Integrator Amplifier - 0.02 0.2 — 0.01 0.1
15~ 16| — Figure 4
Inpest Offset Voltage vio — 2.0 6.0 - 20 6.0 mv
vl Conwveriar {Pins 3end &) — Tlgpic b - . N
Transconductance gm ) AImY
. VA Converter, 0 to 3.0 mA 0.1 0.3 - 0.1 0.3 -
Integrator Amplifier, 0 to =5.0 mA Load 1.0 10 — 1.0 10 —_—
Propagation Delay Times (Note 1) us
-Clock Trigger to Digita! Output tPLH — 1.0 25 -— 1.0 25
{CL = 25 pF to Gnd) tPHL - 0.8 25 - 0.8 2.5
Clock Trigger to Coincidence Output tPLH — 1.0 3.0 —_ 10 3.0
{CL = 25 pF to Gnd) 1PHL - 08 20 —_ 0.8 2.0
{Ry = 4.0 k2 to Vgl
Coincidence Qutput Voltage — VoL{Con) -_ 0.12 0.25 - 0.12 0.25 Vvdc
Low Logic State
loL(Con) = 3-0 mA}
Coincidence Output Leakage Current — I0H{Con) - 0.01 05 - 0.01 0.5 pA
High Logic State
{Voy = 15V, 0°C « T < 70°C) J

NOTE 1. Al propagation delay times measured 50% to 50% from the negative going (from Vce to +0.4 V) edge of the clock.
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ELECTRICAL CHARACTERISTICS (continued)

MC3417/MC3517 . MC3418/MC3518
Charactavistic Symbol Min Typ Max Min Typ Max Unit
Applied Digital Threshold Voltage Renge VTH +1.2 - Vee-20 +1.2 - Vee-20| Vde
{Pin 12}
Digital Threshold input Current ) CpA
(l2VsVy sVog ~20V)
(V)L epplied to Pms 13, 14 and 15) - - 5.0 — - 6.0
{ViH applied to Pins 13, 14 and 15) - -10 -50 -_ -10 -50
Maximum inegrator Amplifier lo =50 - — =50 - —_ mA
Output Current
Veer2 Generator Maximum Output Current|  {Ref +10 —_— - +10° - —_ mA
(Source onty) N
Vee2 Generator Output Impedance 2Ref — 3.0 6.0 - 3.0 8.0 1]
{0 to +10 mA}
Ve Generator Tolerance € —_ - =35 - - =35 %
14.75V « Vog < 165 V)
Logic Input Voltage [Pins 13, 14 and 15) Vdce
Low Logic State viL Gnd - Vth—0.4 Gnd - Vih—-04
High Logic State ViH | Vip+04| — Vip +0.4 — 18
Dynamic Total Loop Offset Voltage IVoffset mv
{Note 2) — Figures 3. 4 and 5
IGC = 12 A, Voo = 12V
TA = 25°C (Al except 3418P,DW) - —_ _ - =0.5 =15
{MC3418P,.DW) - - - - =05 =3.0
0°C = Tp < +70°C (MC3417/18L) -_ —_ - _ =0.75 +23
{MC3418P,DW} — -— —_ —_— =0.75 =3.8
~-55°C < Tp < +125°C {(MC3517/18} - —_ - —_ =15 =4.0
Igc = 33pA, Voo = 12V N
Ta = 25€C - =25 =5.0 — —
0°C = TA < +70°C (MC341718) - =3.0 *7.5 —_ —_ —
—55'C & Tp < +125°C (MC3517/18) —_ =45 =10 — -—
IGC = 12uA Voo = 50V
TA = 25°C (All except MC3418P,DW) - — - _ =1.0 =20
{MC3418P,DW} —_ — - —_— =1.0 =35
0°C € Tp < +70°C {MC3417/18L) - — - —_ =13 =28
(MC3418P,DW) - -—_ _ _ *13 =43
—55°C = Tp < +125°C (MC3517/18) —_ — - — =25 =5.0
IGC = 33 A Vog = 5.0V
TA = 25°C =40 =6.0 —_ _— —
0°C = Ta < +70°C (MC3417/18) - =45 =8.0 - -_ —_
-55°C = Tp < +125°C (MC3517/18) =55 =10 -— _ —_
Digita! Qutput Voltage Vde
(lot. = 3.6 mA) Vou _ 0.1 0.4 - 0.1 04
{loH = —0.35 mA) VoH |Vecec-1.01Vee-0.2 — Vee=-1.0{Vee=-02 —
Syllabic Filter Applied Voltage (Pin 3) Viisy!) +3.2 —_ vee +3.2. - Vee vde
{Figure 2}
Integrating Current (F-nure 2) ind
{lgc = 12 pA) 8.0 10 12 8.0 10 12 pA
(GG © 1.5 mAJ (A% eicpt 2aiEE,SW) Lax 1.5 355, 4, 145 18 155 mA
{MC3418P.DW) — —_ - 1.42 15 .58 mA
{Igec = 3.0 mA) 2.75 3.0 3.25 2.75 3.0 3.25 mA
Dynamic Integrating Current Match Vo(Ave) : mv
(Igc = 1.5 mA) Figure 6
(All except MC3418P,DW} - — =100 =250 —_ =100 =250
{MC3418P,DW} —_ —_ — — =100 *280
input Current — High Logic State UH uA
Viy = 18V)
Digital Data Input —_— - +5.0 — — +5.0
Clock Input —_ - +5.0 — — +5.0
Encode%ecoae Input —-— -— +50 —_— +5.0
Input Current — Low Logic State L . nA
(ViL=0V)
Digitat Data Input -— -— -10 —_ - -10
Clock Input _— — -360 — _— - 360
EncodeDecode tnput —_ - -36 —_ — -36
Clock input, Vi = 0.4 V — —_ -72 -— - ~72

NOTE 2. Dynamic total loop offset (XVyttget) equals Vi (comparator) (F‘guvs 3) minus Vjox (Figure &i. The input offset voftages of the analog comparator
and of the integratar amplifier include the efects of input offset current through the input resistors. The slope polarity switch current mismatch
appears as an sverage 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-half of the
change in integrator output voltage during one clock cycle {ramp step size). Laser trimming is used to insure good idle channel performance.
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DEFINITIONS AND FUNCTION OF PINS

Pin 1 — Analog {nput

This is the analog comparator inverting input where
the voice signal is applied. It may be ac or dc coupled
depending on the application. !f the voice signal is to
be level shifted to the internal reference volitage, then
a bias resistor between Pins 1 and 10 is used. The resis-
tor is used to establish the reference a&s 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 (typicaily 70 dB).

Pin 2 — Analog Feedback

Thls is the noninverting input to the analog signal
comparator within the IC. In an encoder application it
shouid 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 & 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 pA 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 — Syliabic Fiiter

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 to an op amp. The syliabic 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 Cs of the
syllabic 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, ling (y-axis).
The discrepancy, which is most significant at very low
currents, is due to ¢ircuitry 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 cotiey, bul shouid be no larger thai-u:s kO
to maintain stability.

Pin 5 — Reference input

This pin is the noninverting input of the integrator
amplifier. It is used to reference the dc ievel of the output
signal. In an encoder circuit 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 {ljnt) 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
states, ljny flows out of Pin 6. Single integration sys-
tems require a capacitor and resistor between Pins 6
and 7. Muttipole configurations will have different cir-
cuitry. The resistance between Pins 6 and 7 should
always be between 8.0k end 13 kf) 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 Vcc/2 to
+6.0 dBm and can otherwise be treated as en op amp
output. Pins 5, 6, and 7 provide full access to the inte-
grator op emp 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 — Vgg

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 Voc and
VEE and is CMOS or TTL compatible. Pin 9 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 Vocc = 12V and C| = 25 pF to
ground.

Pin 10 — Vo o/2 Output

An internal low impedance mid-supply reference is
provided for use of the MC3417/18 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 signa! is expected across
a 600 ohm input bias resistor, then Pin 10 must sink
2.2V/600 Q = 3.66 mA. This is only possible if Pin 10
sources 3.66 mA into a resistor normally and will
source only the differeice-under peak-iced. The rwi-
erence load resistor is chosen accordm.ly A 0.1 uF
bypass capacitor from Pin 10 to Vgg is also recom-
mended. The V¢/2 reference is capable of sourcing
10 mA and can be used as a reference elsowhere in
the system circuitry.

Pin 11 — Coincidence 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 all
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 puli-up resistor.
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If the syltabic filter is to have equal charge and discharge
lime constants, the value of Rp should be much less
than Rg. In systems requiring different charge and dis-
charge constants, the charging constant is RgCg while
the decaying constant is (Rg + Rp)Cs. Thus Idnger
decays are easily achievable. The NPN device should
not be required to sink more than 3.0 mA in any con-
figuration. The typjcal 10% to 90% rise and fall times
are 200 ns and 100 ns respectively for R = 4.0 kQ2 to
+12Vend C = 25 pF 10 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 V¢ /2 reference for CMOS interface or can
be biased two diode drops above Vgg for TTL interface.

Pin 13 — Digital Data Input :

In a 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 9. 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 leve! should be main-

FIGURE 1 — POWER SUPPLY CURRENT

teined 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 puise, it is 900 ns.

' Pin 15 — Encode/Decods

This pin controls the connection of the analog input
comparator and the digital input comparator to the
intetnal 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 — V¢e
The power supply range is from 4.75 to 16.5 volts
between Pin V¢ and VEg.

FIGURE 2 — IgcR, GAIN CONTROL RANGE and
lint — INTEGRATING CURRENT

iec [&% 10.1uF
1k eI T
1 16 -
1k
2 15
60 mv
1, .
itz I4t—< Clock =~
5k a4 CVSD .
[ mc3s1? | L
[ o i g Mecasis | -
10K
,{1—6 1
[~
371, 10
0.05 uF %o.,yp
e 9 =

g = —
< Vee
Ry <5k T
w
af :-fOJ uE
1 -°- -
16
2 15
ve e
et e [ L
1 R
G_C. X a CVsD 13 o Digitat
0.1y uF MC3517 Data Input
5 MC3518 12
10k
Qﬁ: : .
- 7 10
1_5 0.05 | | :‘_]]': O.1uF
M s o = Digital
< Output

Mote: Digitsl Output = Digital Data input

= For static testing, the clock is only necessary for
preconditioning 1o obtain proper state for a given input.
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FIGURE 3 — INPUT BIASCURRENTS, ANALOG FIGURE 4 — INTEGRATOR AMPLIFIER OFFSET
COMPARATOR OFFSET VOLTAGE AND CURRENT VOLTAGE AND CURRENT
Vee Vee
) " | w
Vioteomparston)| 13 1% ol I po el Lo .
+ — 1 wl— - T 1 16|~ T ,
X 2ok |, X .
15 1
v, B
0.01, uF 14— Clock L afs
’°°Fﬂ cvso 0.1 uF cvso =
4 13 4 3
P e[ N By
- - ]
—— uMCc3518 12— 12—
[ 5 10k ¢ N
10k 1 =y
Nom L = 11
0.08 uF °
T 7 10 + 7 10 =i
To'l uF {Integrator 0.05 uF 0.1 uF
- s 9 Amplifier 8 ] I
= = Offset = =
Voltage}
Note: The snelog comparstor offset voltage ks 1ested
under aynamic conditions end thersfore must
be messured with sppropriate fittering.
FIGURE 6 — V/I CONVERTER OFFSET VOLTAGE,
Vip and V0 FIGURE 6 ~ DYNAMIC INTEGRATING CURRENT MATCH
Vee
#32 kM2 MC34 18/MC3518 T
16 kHz MC3417/MC3517 vee w1 1w
ES
i 1=l L5
1 1 =
wl 1w
91: I; 2 Bl
1 16 < = 45V =
. hd = 3 14}——0 Ciock*
2 —_—
60 mv s Toe | 3k .
Pl = 1oF 4 cvsD 13
=3 14}——0 Clock® Ly ;_1 MCas17
5k - 5 MCI5I8 12
0.1 5F 4 CVvsD 13 10k
B e MC3517 6
— 5 MTIN15..57 b - . . :\2 R 1" . .
10k o= 41, 10 %
- 6 " A 0.05 pF e
Viox . le . s s =0
(Intagrator - T 7 ° ‘;_ Volav)
Amplifier 0.05 uF 1 - {Note 1) =
Otfser =0 f
Voltage 8 -] .
plus Slops '—,r _ . -
Polsrity 32 kHz MC3418/MC2518
Switch 16 kHz MC3417/MC3517
Mismatch} - Notes: 1. Vo(av}- Dynamic Integrating Current Maich, Is the sverage
voltage of the triangular waveform observed at the mea-
suremaent points, across 10 kf} resistor with Ige = 1.5 mA.,
Note: Vigx is the aversge voltage of the trisngular 2. See Note 2 of the Electrical Characteristics, Page 3.
waveform observed s1 the measurement points,
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TYPICAL PERFORMANCE CURVES

FIGURE 7 — TYPICAL lyn; versus I (Mean = 20)
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FIGURE 8 -- NORMALIZED DYNAMIC INTEGRATING
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FIGURE 11 — BLOCK DIAGRAM OF THE CVSD ENCODER N
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FIGURE 12 — CVSDWAVEFORMS
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FIGURE 14 — 16 kHz SMPLEX VOICE CODEC
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CIRCUIT DESCRIPTION

The continuously variable slope delta modulator
(FVSD) is a simple alternative to more complex conven-
tional conversion techniques in systems requirir;g digital
communication of analog signals. The human voice is
analog, but digital transmission of any signal over great
dfstance is attractive. Signal/noise retios do not vary with
d»s.tance in digita! transmission and multiplexing,
switching and repesting herdware -is more ctonomitat and
easier to 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 contro! loop of a CVSD converter is
f’ 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
fo the comparator are the input analog signal and the
integrator output. The comparator 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 {imited digital bit stream.

if the clocked serial bit stream is transmitted,
received, and delivered to a similar integrator at a remote
pgini' e TemeidTintegraror outyast 5 ¢ coov of the
transmitting control “loop integrator output. To the
extent that the integrator at the transmitting 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, 8 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 sdvantages 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 a specific noise level. However, the
amplitude 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 i constant.

The continuously variable slope circuitry provides
increased dynamic range by adjusting the gain of the
integrator. For @ 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 spplication. 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 voitage 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 been 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 to increase the dynamic range. Thus a measure of
the average input level 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 channe!
bit rate.

The effect of the algorithm is to compand the input
signal. If a CVSD encoder is played into 3 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 testore 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
commungciations requirements.

APPLICATIONS INFORMATION
CVSD DESIGN CONSIDERATIONS

A simple CVSD encoder using the iC3537 or BAC3418 s

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 deita modulstion and the design of encoder param-
eters. The performance 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 & specific codec
application, and they are as follows:

1. Selection of clock rate

Z.cAenuired number of thiff register bits
3. Selection of loop gain tT

4. Selection of minimum step size

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

7. Design of low pass filter at the receiver

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 idie channe!

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 Hz.
Some radio systems will allow 12 kHz. Private 4-wire
telephone systems are often operated at 16 kHz and
commercial telephone performance can be achieved
gt 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, SINGLEPOLE
AND COMPANDING AT 16K BITS — TYPICAL

15
AN
@ N
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» Nose Weghtuyg C Message
/
/
/

-30 -0 -10 g 9
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Fhif: Regicstar Langth (blgorithm}s ~-re~

The MC3417 has a three-bit algorithm 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.

Selection of Loop Gain
The gain of the circuit in Figure 14 is set by resistor

Ry. Ry 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 at 1 kHz of O dBmo level. In practice, the
useful dynamic range extends about € dB above the design
level. In any sy§tem 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 pote of
160 Hz is used.

Ry = 10k}, Cq = 0.1 uF

Voo __ 1 __ =_K_
l; CIS+1/RC) S+twp
wo = 27t
103 = o = 2nf
f=159.2 Hz

Note that the integration filter produces a single-pole
resporise from 300 to 3 kHz. The current required to
move the integrator output 2 specific voltage from zero

is simply:
V, dv
=Ryt (01 x '&Q)

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 reauired current for 3 0 dBm 1 kHz sine wave is:

11V 0.1pF(L1) '
li= + =0.835 mA
VUR2(10kQ2)  0.125ms -
*The maximum voltage across Ry when maximum

slew is required is:
1.1V

* 2
Now the voltage range of the syllabic filter is the
power supply voltage, thus:

1
Ry =0. \Y/ ———rrre——
x=0.25(Vee! gosea

A similar procedure can be followed to establish the
proper gain for any input ievel and integration filter type.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

273




MC3417, MC3517, MC3418, MC3518

CVSD DESIGN CONSIDERATIONS {continued)

Minimam Step Size

The final parameter to be selected for the simple codec
in Figure 14 is idle channe! 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
channel pattern. The MC3417 is tested to ensure that
a 20 mVpp minimum step size at 16 kHz will. attain a
proper idle channe!l. The idle channel step size must be
twice the specified 1otal loop offset if a one-zero idle
pattem 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 Bmin
must be selected. With no input signal, the slope contro!
algorithm is inactive. A long series of ones or zeros never
occurs. Thus, the voltage across the syllabic filter capaci-
tor (Cg) would decay to zero. However, the voltage
divides of Rg and R (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:

V, dv,
e 0 —0
[ R1+Cdx

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

gible; thus
AVq

AT

where AT is the ‘clock period and AVg is the desired
peak-to-peak value of the idle output. For a 16K-bit
system using the circuit in Figure 14

= 01pF 20mv |
Y. 625 s

The voltage on Cs which produces a 33 uA current is
determined by the value of Ry.

liRx = Vgmin; for 33 uA, Vgmin = 41.6 mV
In Figure 14 Rg is 18 kQ. That selection is discussed

with the syllabic filter considerations. The voltage divider
of Rg and Ry i must produce an output of 41.6 mV.

li=Cg

33 uA

vce = VSmin Rmin=>24 MQ

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 uF capacitor and a 10 k2
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 1/5 voice content curve and a second pole is placed
somewhere sbove 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
seiectexi, in general, tne lower in frequency the second”
pole is placed, the greater the noise improvement, Then,
10 ensure the encoder loop stability, a zero is added to
keep the phase shift less than 180°. This zero should
be placed stightly 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:

1
RoR1(S +
Vo 0 1( RICI)

[H 1 1
R 4+ ——— |S
R2C2(Ro + ”(S (Ro+RnC1) (ﬂzcz)

FIGURE 16 — IMPROVED FILTER CONFIGURATION

13k

These componant values ore for the telephone channel circuit poles described in
the text Tve R2, C2 product can be provided with different vatues of R snd C. R2
should be chosen 1o be equal 1o the termination teslsior on Pin 1,
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INCREASING CVSD PERFORMANCE (continued)

Thus the two poles end the zero can be selected arbitrarily
@s 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
the selection of the foop gain value and the minimum step
size resistor. The required integrator current for a given
change in voltage now becomes:

.i=b+@+“_1°_uc, AVo
Ro Rog Ro AT
. R1CyR2C2\AV,2
(nzczc,o_”#);
Ro AT2

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

Syltabic Filter Design

The syllabic filter in Figure 14 is a simple single-pole
network of 18 k2 and 0.33 uF. 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 tumn 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/Vee.

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 (Ve ~Vs)Ry.
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 8 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 syllabic 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 - ﬁESlSTOR-DIODE NETWORKS

Al R2 R
FA&

=2} D2 D3

A1 A2

D1

If the performance of more complex diode networks
is desired, the circuit in Figure 18 should be used. It
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 CARRIERUUALITY CODEC USING ME3418~

Two specifications of the integrated circuit are speci-
fically intended to meet the, performance requirements
of commercial telephone sys&ems. First, slope polarity
switch current matching is laser trimmed to guarantee
proper idle channel performance with 5 mV minimum
step size and 8 typical 1% current match from 15 pA
10 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.

i

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
8 37.7K bit rate. At 37.7K bits, 40 voice channels may
be muitiplexed 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.

2-75
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 {continued)

The Active Companding Ne

The unique feature of the cadec in Figure 18 is the
step size control circuit which uses a companding ratio
reference, the present step size, and the present syllabic
filter output to establish the optimum companding
ratios and step sizes forany given input level. The com-
panding ratio of a CVSD codec is defined as the duty
cycle of the coincidence output. htis the parameter mea-
sured by the syllabic filter and is the voltage across Cg
divided by the voftage 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 A1 and A2 provide a
companding ratio reference for any input level. If the
output of A2 is more than 0.7 volts below Vee/2, then
the positive input of Alis (Vo2 — 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 ecross Ry, which established the

integrator current. In Figure 18, the voltage across Ry
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
et Pin 4 is amp!ified 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, R"4, and the full diode
drop D1. These values are easy to reproduce from codec
to codec.

Forsmall 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 voltage drop across Ry and the gain
of A2 and A1. The gain of A2 is also experimentally
determined, but once determined, the circuitry is easily

FIGURE 18 — TELEPHONE QUALITY DELTAMOD CODER

{Both double and active ding contro} are used to obtain improved CVSD performance.
Laser trimming of the integrated circuit provides reliable idle channel and step slze range characteristics.)
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued)

FIGURE "IS — SIGNAL-TO-NOISE PERFORMANCE
AND FREQUENCY RESPONSE
(Showing the improvement realized with
the circutt in Figure 18.)
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repeated.

With no input signal, the companding ratio at Pin 4
goes to zero and the vokage scross Ry goes to zero.
The voltage at the output of A2 becomes zero since
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 Voe/2 and is therefore inde-
pendently selectable, .

The signal to noise results of the active companding
network are shown in Figure 19, A smooth 2 dB drop is
realized from +12 dBm o -24 under the control of Al.
At -24 dBm, A2 begins 10 degenerate the companding
reference and the resulting step size is reduced so as to
extend the dynamic range of the codec by 20 dBm.

The slope overload characteristic is also shown. The
ective companding network produces improved perfor-
mance with frequency. The 0 dBm stope overload point is
raised to 4.8 kHz because of the gain available in control-
ling the voitage across Rx. The curves demonstrate that
the level linearity has been maintained or improved.®

The codec in Figure 18 is designed specifically for
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.

*A larger value for C2 is required in the decoder circuit
than in the encoder to adjust the level linearity with
frequency. In Figure 18, 0.050 uF would work well.

FIGURE 20 — HIGH'PERFORMANCE ELLIPTIC FILTER FOR CVSD OUTPUT

876 k 178k

(=] c4
157 pF 78 pF

247k Designed for 0.28 dB ripple in the psts band
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FIGURE 21 — FULL DUPLEX/32K BIT CVSD VOICE CODEC USING MC3517/18 AND MC3503/6 OP AMP
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Codec Components Input Filter Specifications Filter Components -
Axq. Rxz~ 3.3kN 12 dB/Octave Rolloff sbove 3.3 kHz Rt — 9650 C1 ~ 3.3 uF
Rpy. Rpy = 3.3x02 6 dB/Octave Rolloff belnw 50 H> R2 - 72 k01 C2 ~ 837 pF
Rgq. kg — 100k A3 — 72 k(2 C3 ~ 636 oF
A, A2 — 2002 Output Filter Specifications - R4 — 63.46 kO C4 -~ 1000 pF
Ryz — 1 k1 Bresk Frequency — 3.3 kHz R5 - 127 kD CB ~ 222 pF
RApy. Bz -5 M (MC3417) Stop Band — 9 kHz RE — 365.8 kN C6 ~ 77 oF
Minimum step size = 20 mv Stop Band Atten. — 50 d8 R7 - 1.648 MO C? ~ 38 pF
Rm1. Rpmz = 15 MO (MC3418) Rolioff ~ > 40 dB/Octave RE — 72 kN C8 — 837 pF
Minimum step size = 6 mv ' R9 — 72 k(2 C9 — 536 pF

Cgy. Cg2 — 0.05 uF
Ci1. Cj2 — 0.05 uF

2 MC3417 {(or MC3418)
1 MC3403 (or MC34086)
Note: All Res. 5%

All Cap. 5%

R10 - 29.5 k()
Rt1 - 72k

Note: All Res. 0.1% to 1%.

Al Cep. 1.0%
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MC3417, MC3517, MC3418, MC3518

COMPARATIVE CODEC PERFORMANCE FIGURE 22 — COMPARATIVE CODEC PERFORMANCE —
The satient feature of CVSD codecs using the MC3517 SIGNAL-TO-NOISE RATIO FOR 1kHz TEST TONE
and MC3518 family is versatility. The range of codec
complexity tradeoffs and bit rate is so wide that one 3
cannot grasp the interdependency of parameters for N L 1.
voice applications in a few pages. g ¥ =" T \
Design of a specific codec must be tailored to the 5 » - — ’_';'\
digital channel bandwidth, the analog bandwidth, the g AT LT I~
quality of signal transmission required and the cost 2 » d L/,
objectives. To ilustrate the choices available, the data in N L e 325 84 CVSO0 wah
Figure 22 compares the signal-to-noise ratios and dynami s o // b Bt il
gure 22 compa e sig noise ratios @ y c DA /
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 ° ,M
will reduce the dynamic range and noise performance .25 -40 -35 -3¢ -25 -2 -1 -1 -50 O
of all techniques. As the bit rate is increased, the overall AMPLITUDE (dB)
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 s — Complex companding and double imogsation
are also possible. In those cases, the signal bandwidth {Figure 18 — MC3418)
and amplitude characteristics must be defined before Curve b — z‘::‘;:':e')“"g"mn (Figure 14 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 ications shown here ing int nt th
the voice applications shown here, taking into account the 25 mV step size

different signal bandwidth requirements.
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