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DIGITAL AUDIO RECORDING AND SOUND EFFECT

KITTI PANSIRI 32,1015
WORGPON  KaDW-U-DOM 32.1276
ADYISER

Assoc.Prof. Dr.Manus Sangworasil

ABSTRACT

!
This report presents about analog to digital and

digital to analog converter by use sgpeech signal or
musical signal. finalog Isignal is converted by
daltamodulator and restore to diskette. Since mixing by
analog mixer has some variable that nonpredictable i.e.
dust, inductive resonant etc and difficult in cop;ihg, in
CD system uge too much memory Lhat cause L0 cascotbte
expensive. So this project use deltamodulator witch use
memory  less  than other method and can be developoed in

other Tield.
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#Fincludedstdio.h>
#includeddos. h*

#includevalloo.h®
#includedconio.h*

wold nui_input{void);
void nui_output{char %filename);
unsigned char %C;
void main{void)
{
char asg

char filen[1@@&7];

printf{"Enter vour command\n®);
printf("l.in to computer\n'):
printf("2.out from computerin');
a = getche();
switch(&a){

case 17

mud_dnput{)

break

casas

printf("Enter your file name:");

gets{filen);

getch();

nui_output(filen);

bFCan

default:

nrintf{"No option select");

.
oo

Fu]

void nui_input{void)

unsigned long int m,cnt=8;
FILE ¥fp;
char Tilename[1807;

IT(C = (unsigned char ¥)farmalloc{(4282@0L )\
== LL Y £

pe#ror(”Memjry Allocaticon'):
euit{l);

~

",

J

cprintt{("Fra any key to begimn.\n\r"):
getech();

printf{OKAR" ) g

for (3 {cnt{4@eaafl ) &&(chi=27);

Af{kihit{)} {
ch = getchi{);

cantinues

-

do |
= = A I‘;"\Gr‘th ( ”"-:(Zw..-)
B = inportb{@x3ad
B &= Pl
B &= GVﬁi:



it

¥(C+ecnt)
cnt++;

[

printf{"\nEnter file's name : ")};

gets(filename);

printf("Aldysn",cnt);

if( {(fp = fopen(f ¢1ename."wb")) == NULL } {
cprintf{"Cannct open file.\n"};
putch(7);
mEturn

¥

for{m=@Q:m<cntim++){

furite( {(unsigned char (){C+m).sizecf{unsigned char

b '

folose(fp):

farfree(l)

Y

o

void nui_cutput(char ¥filename)

FILE %fp:

unsigned A.B;

char tem;

long int cnt=0,cntl=0;

if{((C = (unsigned char *\farmdllnc(4G@G@EL\)\
== NULL )} {
perror ("Memory Allocation")gy
exit{l);
4
if{ (fp = fopen{(filename,"rb"})) == NULL } {
cprintf{"Cannot open file.\n");
putch(7);
returns
}
while(!'feof(fp))
fread({C+ontl. sl
S¥printf("Zon
crtty

“har)y, 1, o)

=

3
while(ontl<cent) {
outporth (Ax308, ¥ (Cromtl) )

putch(%{C+cntl));

doy

= inporth{@x3@

= inporth (@xie

B== @il

B= Q@i
while{ (A==0xER) && (B==0x01) ):

cntla+y

mD>mD

(unsigned char far)inportbh(@u304);
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Specxﬁcatxons and Applicati
*  Information

ons

CONTINUOUSLY VARIABLE SLOPE

Providing a snmplmed ppproach 1o digital speech

secure communication and commercial telephone ap

® Encode and Decode Functions on the Sa:ne Chip with
a Digiral Input for Selection

® - CMOS Compatible Digia! Output
® Digital Input Threshold Selectable {Vc/2 reference
provided on chip)

® MC3417/MC3517 has a 3-Bit Algorithm {General
Communications}

DELTA MODULATOR/DEMODULATOR

eucodn ny!

decoding, the MC3517/18 series of CVSDs is designed for military

elications.

A single 1C proviges both encoding anc decoding functions.

® Urilization of Compatible 121~ Linear Bipolar Tec'hnglogy

® MC3418/MC3518 has a 4-Bit Algorithm (Comrpercial Telephone)

CONTINUOUSLY VARIABLE
SLOPE DELTA
MODULATOR/DEMODULATOR

LASER-TRIMMED
INTEGRATED CIRCUIT

I T
A R

L SUFFIX P SUFFIX
CERAMIC PACKAGE  PLASTIC PACKAGE
CASE 620-10 CASE 62808

4
: pw sugrX
@ PLASTIC PACKAGE
g CASE 751G-01
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- ."‘(.
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3 =) 16 v
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Logie Zawnciacnce
Digitss 9 Ooiput Analog '_'7 X o Jvec?
Output Vit Oevtzur L_. Quiput
Intcgrator l StopajConmerted| Sylabic
Ampiidier Potent <0 Filter veel @ Digitat
1 "V ee/2 < g 144 Gain Control : Output
Vo2 o cc t Saoen - 4
Oupuy T LRe! \
‘Ret o Hiy ac
7] sile
Analug  Rat Fultes ORDERING INFORMATION
Qutput  Input  ingput
v -1 , Temperature
Device Packuge Range
MC3317L Ceramic DIP 0'Ci0 +70C
2C34180W Plastic SOIC 0Cio +20°C
MC3418 Ceramic DiP 0C 10 +720°C
MCI43ER FPlastic DIP 0*C1o + 20'C
: N Sl ¥R Ceramic DIP ~S5'Cro +125°C
MCEEgy Cevemnic DI ~5£°C 19 4125
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MC3417, MC3517, MC3418, MC3518 : S

MAXIMUM RATINGS . R o
(Al voliages referenced to Vg, Ta = 25°C unless otherwise Roted.) .
i Rating . Symbol Value . Unit |~ 7 -
Power Supply Voltage vee -0.4 10 +18 vac | b
Ditferential Analog Input Vohage Vip 5.0 Vde e
Digital Threshoid Voltage . VTy -0.410 Voo Vdc ”
Logic lnput Voltage . Viogic | .- -0410+418 Vade ) '
(Ciock, Digital Dats, Encode/Decode) 1 bl
Coincidence Output Voltage VoiCon) -0.410 +18 Vdc
Syllabic Filter Input Voliage . Vitsyl) -04to Ve vee |
Gain Control Input Voliage VIGC) ~-0.410 Ve Vdc
Reference input Voltage MilRef} [Vec/2-10w Ve | vae
Vee/2 Output Current . IRet -25 - mA
ELECTRICAL CHARACTERISTICS i . s 2 N .
(Vee = 12V, Ve = Gnd, TA = 0°C 1o +70°C for MC3417N18, TA = —55°C to +125°C for MC3517/18 unless otherwise noted.)
R T . MC3412/MC3517 MC3418/MC3518
s ’ Characteristic - Symbol |~ Min Typ ~ Max Min - - Typ Max Unit
Power Supply Voltage Range {Figure 1} Veer 475 | 12 T 185 . 4.75 12 . 16.5 Vdc
Power Supply Current (Figure 1) Icc i . mA
{@ 1dle Channel) R . R ) i
(Ve = 5.0V, All except MC3418P,0W) - 37 5.0 e 3.2 5.0
{Vce = 5.0V, MC3418P.DW) . - - — ., — | -37 5.5
(Vee = 15V, All except MC3418P,0W) - 6.0 , 10 - 6.0 10, ]‘
(Vce =15 V, MC3418P,DW) ' . — - —_ -— 6.0 N
Gain Control Current Range (Figure 2} 4GCR 0.002 - 3.0 0.002 — 3.0 mA
Analog Comparator Input Range A 1.3 —— Vee—-1.3 1.3 - Vee-13f Vde
{Pins 1 and 2) 4 . .
(4.75V & Voo = 16.5 V) 3 ol .
Analog Output Range (Pin 7) Vo . 1.3 - Vee-13 1.3 — Vee~13| Vvde
4I5SV Vees165V,ig = =50mA) | ~ S f
Input Bias Currents (Figure 3) - hp PR - nA
{Comparator in Active Region) ‘ 3
Analog Input {11} I . - 0.5 1.5 — 0.25 0 -
Analog Feedback {12} — 0.5 1.5 -~ - 0.28 1.0
Syliabic Filter input (13) - —_ 0.06 0.5 — 006 | 03.
Reference Input (15) * - - -0.06 -05 - - ~0.06 ~0.3 !
Input Offset Current ¢ ’ 4o . v pA
{Comparator in Active Region) - 5: | & :
Analog Input/Analog Feedback -— 0.15 0.6 —_ 0.05 0.4
13 =12} — Figure 3 ¢
Integrator Amplifier = —_ 0.02 0.2 - 0.01 0.1
|15 16] — Figure 4 |
nput OHset Voltage . Vio f— 2.0 6.0 — 2.0 6.0 my
VA Converter {Pins 3 and 4) — Figure § -
Transconductance om . mA/mvV
Vit Converter, 0 to 3.0 mA 01 . 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) 1S
Clock Trigger to Digital Output tPLH - 1.0 2.5 — 1.0 25
" {CL = 25 pF to Gnd) tPHL - 0.8 2.5 - 08 | 25
Clock Trigger to Coincidence Output 1PLH - 1.0 3.0 - 1.0 3.0
{CL = 25 pF10 Gnd) tPHL — 0.8 2.0 - 08 _| 20
(R = 4.0k} to Vo)
Coincidence Output Voltage — VoL(Con) - 0.12 0.25 — 0.12 0.25 Vde
Low Logic State
floL{Con} = 3.0 mA)
Coincidence Quiput Leakage Cusrent — 10H(Con) - 0.01 05 - 0.01 05" KA
High Logic Stae . .
(VOH = 15V, 0°C < Tp « 70°C) . -

NOTE 1. All propagation delay imes measured 50% 1o 50% from the negative going {trom Ve 1o +0.4 V) edge of the clock.
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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 —_ Vee—-20] Vvde
{Pin 12)
Digital Threshold input Current Hith) , nA
{12V vy, Voo - 20V) PO
(V)L applied to Pins 13, 14 and 15} b - - 5.0 —- — 5.0
{ViH applied to Pins 13, 14 and 15} . — -10 -60 —_ -10 ~50
Maximum Integrator Amplifier o =50 —_— - *5.0 —_ - mA
QOutput Current .
Vec/2 Generator Maximum Output Current]  IRef +10 —_ - +10 —_ —_ mA
{Source oniy)
Vce/2 Generator Output Impedance ZRef - 3.0 6.0 - 3.0 6.0 Q
{0 to0 +10 mA) .
V2 Generator Tolerance a” — - z35° | -~ - =35 %
1475V < Ve < 165 V) . .
Logic Input Voltage {Pins 13, 14 and 15) . , vde
Low Logic State . - . Vig | Gnd - Vih-04 Gnd — Vih - 0.4
High Logic State o e e mem | Ve | Vg 404 —_ 8 Vinh+0.4 - 18
Dynamic Total Loop Offset Voliage o TVofiset . S . mvV
{Note 2) — Figures 3,4 and§ . -
Ige = 12 uA, Voo = 12V 3
Ta = 25°C (All except 3418P,DW) e —_ =3 —_ =05 =15
{MC3418P.DW) . - - - = =05 =3.0
0°C = Tp < +70°C {MC3417/18L) ) - - - - =075 =23 ,/
{MC3418P,DW) o - ~ - -~ =078 =38
-55'C < Tp & +125°C (MC351718) t vl > — -— =15 =4.0
Ige = 33 pA. Vee =12V,
TA = 25°C —_ , %25 =5.0 -
0°C < Ta € +70°C {MC3417/18) — =30 *75 - —_— —_—
-~85°C & Tp < -+125°C (MC3517/18) * — =4.5 =10 — = —
Ige = 12 pA, Vee = 50V e ,
< Ta = 25°C (All except MC3418P,DW) B - X 4 - —_ =1.0 =220
., (MC3418P,DW) — —_ —_ - =10 =35
0°C < Ta < +70°C (MC3412/18L) - S = -_ =13 =28 -,
. . {MC3418P,.DW) - = L —_ — =13 =43
~565°C  Tp < +125°C (MC351718) - — — - =25 =50 .
ige = 33 uA,Vee = 50V : -y
Tp = 25°C =4.0 260 - - LB
0°C < Tp < +70°C (MC3417/18) -— 245 =8.0 - - -—
-85'C « T < +125°C (MC3517/18} ol 255 =10
Digital Output Voltage z p - Vdc
{loL = 3.6 mA) voL —_ 0.1 04 - 0.1 0.4
ion = -0.35 mA) Von |Vee-10jvec-02] '— |vee-10)vee-02| — B
Syllabic Filter Applied Voliage {Pin 3) Yiisyl) +3.2 - Vvee +3.2 — vee Vdc
{Figure 2) .
Integrating Current {Figura 2} Ml
(ige = 12 #A) 8.0 10 12 8.0 10 12 pA
(Igc = 1.5 mA} {All except 3418P,DW) 1.45 1.5 155 1.45 1.5 1.85 mA
{MC3418P,DW) & —_ - 142 1.5 1.58 mA
. {ige = 3.0 mA) 275 3.0 3.25 2.75 3.0 3.25 mA
Dynamic Integrating Current Match VOlAve) mV
{ige = 1.5 mA) Figure 6
{All except MC3418P,DW} — =100 =250 — =100 =250
{MC3418P,DW) e = = — =100 | =280
Input Current — High Logic State iy HA
Vig = 18V
Digital Data Input — - +5.0 - e +5.0
Clock Input — +5.0 -— —_ +5.0
Encodel%ecode tnput _— +5.0 - +5.0
Input Current — Low Logic State it BA
Vi = 0V} )
Digital Data Input —_ — -10 - —_ -10
Clock Input —_ — -360 - -— - 360
Encode/Decode Input —_ —_ -36 —_ - ~36
Clock Input, Vi = 0.4V - - ~-72 — — =72

NOTE 2. Dynamic 10tal loop offset (2Votiser) €quals Vio {comparator) (Figure 3) minus Viox (Figure S). The input otfset voltages ol the analog comparator
and of the integrator amphfiec.include the etlects of input offset current through the input resistors. The slope polanity switch current mismatch
rppesrs as an sverage volisge across the 10 k integrator resisior. For the MC3417:MC3512, the clock frequency is-1€ kHz. For the MCI4I®/
MC3518, the clock frequency is 22 kHz iGle chanre! performance is gueranteed if this ¢ynamic total loop offset is less than one-hslf of the
change in integrator output voltage during one clock cycie iramp step sizej. Laser teimming is used 10 insure good 1dle chanrnel pertormance.
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& oy DEFINlTlONS AND FUNCTION OF PINS -
Pin 1 — Analog Input o the encode mode or when the dlgnal data input
This is the analog comparator inverting input where {Pin 13) is high in the decode mode. For the opposite
the voice signal js applied. it may be ac or dc coupled states, liny flows out of Pin 6. Single integration sys-
‘depénding on the application. if the voice signal isto tems require a capacitor and resistor between Pins 6
be leve! shified to_the internal reference yoltage, then and 7. Multipole configurations will have ditferent cir-
a bias resistor between Pins 1.and 10 is used. The Tesis- cuitry. The resistance between Pins 6,8nd 7 should
10 is used to establish the reference as the new dc always be between 8.0 k1 and 13 kfl to maintain good
average of the ‘ac coupled signal. The analog compar- idie channel characteristics.
ator was designed for low hysteresis {typically less than
0.1 mV) and high gain {typically 70 dB). Pin 7 — Analog Output
. . . This is the integrator op amp output. It is capable
Pin 2 — Analog Feedback - o of driving 8 600-ohm load referenced to Vcc/2 0
This is the noninverting input to'the analog sngnal . +6.0 dBm and can otherwise be treated as an op amp
comparator within the IC. In an encoder application it output. Pins 5, 6, and 7 provide full access 1o the inte-
should be connected to the analog output of the encoder grator op amp for designing integration filter net-
circuit. This may be Pin 7 or a low pass filter output works. The slew rate of the internally compensated
connected to Pin 7. In a decode circuit Pin 2 is not used integrator op amp is typically 0.5 V/us. Pin 7 output
and may be tied to Vcc/2 on Pin 10, ground or left open. is current limited for both polarities of current flow at
The analog input comparator has bias currents of  —— typically 30 mA.
1.5 xA max, thus the driving impedarices of Pins 1 ‘and .
2 should be equal to avoid disturbing the idie channel Pin 8 — VEE &
characteristics of the encoder. - The circuit is designed to work in either single or dual
$ N power supply applications. Pin 8 is always connected
Pin 3 - Sylllblc Faher 3 10 the most negative supply. .
This is the point at which the syllabnc filter voltage is I‘
returned to the IC in order to control the integrator step Pin 9 — Digital Output
size. It is an NPN input to an op amp. The syllabic filter The digital output provides the results of the delta
consists of an RC network between Pins 11 and 3. Typ- modulator’s conversion. It swings between Ve and
ical time constant values of 6.0 ms to 50 ms are used VEE and is CMOS or TTL compatible. Pin 9 is inverting
in voice codecs. f - with respect to Pin 1 and non~mvenmg with respect to
i F Pin 2. It is clocked on the falling edge of Pin 14. The
Pin 4 — Gain Control Input .~ . typical 10% to 90% rise and fall times are 250 ns and
The syllabic filter voltage appears across Cs of the 50 ns respectively for Vec = 12 V and € = 25 pF to,
syllabic filter and is the vollage between Vce and? ground. = ° 7
Pin 3. The active voltage to current (V—1) converter ——
drives Pin 4 to the same voltage at @ slew rate of Pin 10—Vc¢i;12 Output g
typically 0.5 V/us. Thus the current injected into Pin 4 An internal low impedance mid-supply reference is
{igc) is the syliabic filter voltage divided by the Ry provided for use of the MC3417/18 in single supply
resistance. Figure 7 shows the relationship between applications. The internal regulator is a current source  ~
Igc (x-axis) and the integrating current, l|m' {y-axis). 'and must be loaded with a resistor to insure its sinking’
The discrepancy, which is most significant at very low capability. If 2 +6.0 dBmo signal is expected across
currents, is due to circuitry within the slope polarity @ 600 ohm input bias resistor, then Pin 10 must sink
switch which enables trimming 10 a low total ioop . 2.2V/600 Q) = 3.66 mA. This is only possibie if Pin 10
offset. The Ry resistor is then varied to adjust the loop sources 3.66 mA into a resistor normally and wili
gain of the codec, but should be no larger than 5.0 (14 source only the difference under peak load. The ref-
to maintain stability. erence load resistor is chosen accordingly. A 0.1 uF
EY bypass capacitor from Pin 10 to VEgg is also recom-
Pin 5 — Reference Input mended. The Vcc/2 reference is capable of sourcing
This pin is the noninverting input of the integrator 10 mA and cen be used as a reference elsewhere in
amplifier. it is used to reference the dc level of the output the system circuitry.
signal. ln an encoder circuit it must reference the same
voltage as Pin 1.and is tied to Pin 10. Pin 11 — Coincidence Output
The duty cycle of this pin is proportional to the voltage
Pin 6 — Fitter Input across Cs. The coincidence output will be low whenever
This inverting op amp input is used to connect the the content of the internal shift register is all 1s or all
integrator externa! components. The integrating cur- 0Os. In the MC3417 the register is 3 bits long while the
rent {ljny) flows into Pin 6 when the analog input (Pin 1) MC3418 contains a 4 bit register. Pin 11is an open col-

is high with respect to the analog feedback {Pin 2] in lector of an NPN device and requires a pull-up resistor.

.

1
»
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i the syllabic filter is to have equal charge and discharge
time 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 longer
decays are easily achievable. The NPN device should
not be requnred 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 Ry = 4.0 k0l to
+12 V and Cf, = 25 pF to ground. °

Pin 12 — Digita! 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 pans. Often it is con-
nected to the Vce/2 reference for CMOS interface or can
be biased two diode drops above VEg for TTL interface.
Pin 13 — Digital Data input oo

In a decode apphcanon, the dlgnal data stream is
applied to Pin 13. In an encoder jt 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, 3 toggle flip-
fiop is formed and a forced icle channel pattern can be
transmitted. The digital data input ievel should be main-

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 300 ns.

Pi 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 edgé 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 rans.
m|ssnon line through Pin 13 in an encoder.

Pin 16 — Ve
The power supply range is from 4.75 to 16.5 volls
between Pin Ve and VEEg.

FIGURE 2 ~ IGCR, GAIN CONTROL RANGE and__~
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FIGURE 3 — INPUT BIAS CURRENTS, ANALOG ..
COMPARATOR.OFFSET VOLTAGE AND CURRENT

FIGURE 4 — INTEGRATOR AMPLIFIER OFFSET
VOLTAGE AND CURRENT
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T ':FIGURE 12 ~ CVSD WAVEFORMS
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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 4n systems requiring digital
communication of analog signals. The human voice is
analog, but digital transmission of any signal over great
aistance is attractive. Signal/noise ratios do not vary with
distance in digital transmission and multiplexing,
switching and repeating hardware is more economical and
easier 10 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 ot digitizing analog inputs for transmission.

The Deita Modulator

The innermost contro! loop of a CVSD converter is
& 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 comparator output reflects the

sign of the difference between the input volLage 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 digita! bit stream,

if the clocked serial 'bit stream is 1transmitted,
received, and delivered to a similar integrator at a remote
point, the remote integrator ‘output is a copy of the
wransmitting control loop integrator output. To the
extent that the integrator at the wransmitting 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
1o 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 alternatipn
is transmitted. I the two integrators are made lezky, then
during any loss of contact the receiver output decays to
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CIRCUIT DESCRIPTION {continued)

2ero and receive restart begins wnhout 1rammg when the
receiver reacquires. Similarly a delta modulator is tolerant
of sporadic bit errors. Figure 12 shows the delta modu-
lator waveforms whlle Figure 13 shows the corresponding
CVSD decoder block dnagyam. . !

1 l
. . -y 1
The Companding Algorithm «~ - -, N -. o

The fundamental advantages of the delta modulator
are its simplicity and the serial format of its output.

Its timitations are its ability to accurately convert the

input within a limited digital bit rate. The analog input

must be band limited and amphlude limited. The fre-
quency limitations are governed by the nyquist rate while
the amplitude capabilities are set by the gam of the

integrator. -

by
The {requency limits are béun"ded on the :upper end;
that is, “for any’ input bandwidth there exists 2 clock
frequency larger than that bandwidth which will’ trans-.
mit the signal with 2 specific noise Jevel, However, the
smplitude limits are bounded on both upper and lower
ends. For a signal level, one specific galn will achieve an
optimum noise level. Unfortunately, the basic deita
modulator has a small dynamic unge over’ whu:h. the
noise level is constant. i A
The ‘continuously “variable slope circuitry™ provudes
increased dynamac range by adjusting the gain of the
integrator, _For a given clock frequéncy and iriput
bandwidth the additional circuitry increases the delta
modulator’'s dynamic range. External 1o the . basic

delta modulator IS ‘an algomhm which mom(ors the

past few outputs of lhg.gjella 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 3!l ones, all zeros algorithm
should not be taken lightly. Many other control algo-
tithms using the shift register have been tried. The key 10
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 ;61 the input curve. The purpose of

the algorithm is 1¢ control the gairf of the integrator
and to increase the dynamic range. Thus a measure of

! -the average input level is what is needed.

L

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 changmg the chanqel
bit rate. !
« The effect of the algomhm is to compand the input
slgml 1t a CVSD encoder is played into a basic delta
modulator, the output of the delta modulator will reflect
the shape of the input sugnal but'sll of the output will
.be at an equal level. Thus the algorithm at the output is
needed ‘1o -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 modutator encoder with the CVSD algomhm
provides an etficient method for digitizing a voice input
in @ manner which is especially convenient for digital
communciations requirements.

2 e o

-

APPLICATIONS INFORMATION
k CVSD DESIGN CONSIDERATIONS

A simple CVSD encoder using the MC3417 or MC3418
is shown in Figure 14. These ICs are general purpose’
CVSD building blocks whlch allow the system designer
to tailor the encoder’s transmission characteristics to
the application. Thus, the achievable transmission capa-
bitities are constrained by the fundamental limitations
of delta modulation 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 a specific codec
application, and they are as follows:

. 1. Selection of clock rate

~

2. Required number of shift register bits

3. Selection of loop gain

4. Selection of minimum step size |

5. Design of integration filter xransfer function
6. Design of syllabic filter transter 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 § 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 R -

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. . ey e e

L o B AT

Clock Rate

With minor modlfucauons the curcun in anure 14
may be operated anywhere from 9.6 kHz to 64 kHz
clock rates. Obviously the higher the clotk 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 4wnre
telrphone systems are often ‘operated at 16 kHz' and
commercial telephone performance .can be achieved
at 32K bits and above. Other codecs Thay use bit rates
up to 200K bits/sec. ! S

)

FIGURE 15 — SIGNAL-TO-NOISE PERFORMANCE

OF MC3417 WITH SINGLE INTEGRATION, SINGLE-POLE
AND COMPANDING AT 16K BITS ~ TYPICAL *

L o AN ane RN
s N
= / Clock Rate » 16 hHs N
5 4 Test Tone = 1 b H1 Sine Wave

= g Nowse Weightng C Message
10 3 S
Vi v R
/
/
Y . T : .
-40 -6 -20 -0 0

INPUT LEVEL 168} RELATIVE TO SLOPE DOVERLOAD

Shift Register Length (Algorithm)

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. Al bit rates above 64K bits either part will
work well,

* power supply voltage, thus:

Selection of Loop Gain D

“The gain of the circuit in Figure 14 is set by resistor
Ry. Ry must be selected 10 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 gainis depen-
dent op: v AT

1. The maximum level and 1requency of the input

€ -signal. . i

2. The transfer funcuon of the integration filter.

For voice codecs the typical input signal is taken to be
a sine wave at 1 kHz of 0 dBmo level. In practice, the
useiul dynamic range extends about 6 dB above the design
level. In any system the compandmg nmo 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 anure 14,'a smgle pole of

160Hz is used. B . . AN
e Ru=0kOCy s 0 pFT T
w - Vo 1 E.LJI .
i CIS+1/RC) S+wg |
i wé-énf .
103 = wo = 21t )
BN £ 1=159.2 Hz . .

Note that the integration filter produces t smglepole
response from 300 to 3 kHz. The current vequnred to
moye lhe mtegrator output a speclflc voltage 1rom zer0

1 ‘

IS slmply < o Y
b s d
Vo + x —2
et w-l R (C dt
Now a0 dBmo sme wave has a peak value of 1 0854
volts. |n 1/8 of 2 cycle of a sine wave _centered around
the zero crossing, the sine wave changes by ¢pprox|mately
its peak_value. .The CVSD step should trace that change.
The required current for a 0 dBm 1 kHz sine wave is:

1.1V Q.1 uF{1.1)
.+ = 0935 A
*2(10kQ2) .0.125ms m

*The maximum voltage across R1 when maxnmum
slew is required is; p
iV
T 4 -

Now the voltage range of the syllabic filter is the

.- ,,

- \Y; T N
Rx = 0.25(Vce) 0.935 mA

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

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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.CVSD DESIGN CONSIDERATIONS {continued)

Minimum Step Size DPLE QRN X

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 putput 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 mVp-p minimum step size at 16 kHz will attain a
proper idle channel. The idle channel step snze .must be
twice the specified total foop offset if-a one-zero idle
pattern is desired. In some apphcatlons a much smaller
,minimum step size (eg 0.1 mV) can. produce quiet
performance without provldnng 2 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 inactjve. A long series of ones or zeros never
.occurs. Thus, the voltage across the syllabnc filter capaci-
.tor {Cg) would decay to zero. However the voltage
divider of Rg and Rmin (see Flgure 14) sets the minimum
allowed voltage across the syllablc filter capacnor That
voltage must produce the desired ‘ramps at the analog
output. Again we write the filter input current equation:

R S

"

Imegratnon Fllter Design [

The circuit in Flgure 14 uses a smqle pole nntegratuon
network formed with a 0.1 uF capacitor and a 10 (313
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 befow 300 Hz 10 provide
the 1/S voice contént 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
1o exceed the 1633 touchione frequency. {n 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,
10 ensure the encoder loop stability, a 2er0 is added 10
keep the phase shift less than 180°. This zero should
be placed slightly above the low-pass output filter break
frequency so as not 10 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 oniy channels can use an output low:pass fiiter
which breaks at about 2.5 kHz.} The two-pole network
in Figure 16 has a transfer function of:-,

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

gible; thus
AV
Cs 2

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
0.1 puF 20 ‘mV =13 A

. Yy H
The voltage on Cg which produces:2 33 pA current is
determined by the value of Rx.
! 1;Ry = Vgmin; for 33 uA, Vgmin = 41, 6 mV

In Figure 14 Rg is 18 k§2. That selection is discussed
with the sy!labic filter considerations. The voltage divider
of Rg and Rmjn must produce an output of 41.6 mV.

Rs
Rs + Rmi

VCC = Vgmin  Rmin= 24 MQ

Having established these four parameters — tﬁ)ck rate,
number of shift register bits, loop gain and minimum
step size — the encoder cm:un in Figure 14 will function

at near optimum performance for input Ievels around
0dBm.

> ]

INCAEASING CVSD PERFORMANCE "

°R1(s* 1) 11

1
RoColRg + R (S + = |5 +{=—
a9 ‘)( mo+nnc1),_’ (chz) .

FIGURE 16 — IMPROVED FILTER CONFIGURATION -

Vo - R1C

S
R2 ° 9
Anslog Qutput
MCI417
of
c2 MC3418

These component values sre for the 1elephone channal cucuil poles descnbed in
1he text. The R2, C2 procuct can be provided with Gitlerent vaiues of R ano C. B2
should be chosen 10 be equal 1o the terminauion resistor on Pin 1,

-
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INCREASING CVSD P_ERFORMANCE {continued)

Thus the two poles and the zero can be selected arbitrarily
as long as the zero is at 3 highei 1requency xhan the first
pole. The values in Figure 16 represent one |mplemema-
tion of the telephony filter requirement. B
The selection of the two- pole filter network effec;s
the selection of the foop galn value and the mnmmum “step
size resistor, The required integrator current, {or a given

change i in vohape now becomes.__ -f“ -
Lol p N RaC: R4C AVgi « tev
20, {2252 ‘_‘__1 e =% """
Vo Ro Ro Ro AT
L - A} . .
. R1CIR2C Avg2 <
. (n;czcn 1C1R2 2) 0% . L
¥ C o . Ro ar2

The calculauon of desired gam.resmor Rx lhen proceeds
exactly as prevnously descubed

wite 27t A [

Sytlabic Filter Denan
The syjlabic.filter in Figure 14 is a simple single- pole
network ol 18 kD and 0.33 pF This produces a 6.0 ms
time constanx for the averagnng of the comcudence output
signal. The voltage across the capacuor determmes the
|megrator current which in turn estabhshes the. slep size.
The integrator current and the resultmg step size deter-
mine the compandnng ratio and ‘the SN performance.
° The companding rano |s defined as lhe voltage across
Cs/Vee. N AR
The S/N performanq:e may be rmproved by rnodrfymg
the voltage to current transformation produced by Rx.
If different portions of the total Ry are shunted by diodes,

_the integrator current can be other than (Vcc— Vs)le)

These breakpoint curves must be designed expenmen-
tally for the panticular system application..In general
one would wish that the current would double with

input level, To design the dy,esired curve, supply current-~
to Pin 4 of the codec from an external source. Input a 'l""‘
signal level and adjust the current until the S/N perfor-

!

1

Two specifications of the integrated circuit are speci-
fically intended 10 meet the performance requirements
of commercia! telephone systems. First, -slope - polarity

switch current matching is laser trimmed 1o guarantee’

proper idle channel performance with 5 mV minimum
step size and a typical 1% current match from 15 pA'
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 qu:_:lily codec can be mass pr_oduced.» .

TELEPHONE CARRIER QUALITY CODEC USING MC3418"

mance is opumum Then record the syllabrc fiher volt-
age and the currem Repeat this for all desured signal
.levels. Then derive the resistor diode network which
produces that curve on a curve tracer. .
X 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 syllabuc algomhm -
Diode breakpoint networks may , be very simple or

moderately complex ‘and’ .can improve the usable dynamic
~ange of any codec. In the pasl they have been used in
high perlormance lelephone codecs. e v
.. Typical resnstor-dlode networks are shown in Figure 17.

’ FIGURE 17 — RESISTOR-DIODE IGETWORKS a

D1

. If the performance of mdig complex diode networks
AlRis *is' desired, the circuit .in Figure 18 should be used. It
simulates the companding characteristics of nonlinear,
Ry elements in a different manner.
3 N A QR
Y, Output Low Pass Filter '
* Alow 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
anure 20 provides excellent performance for 12 kHz
_ 1040 kHz systems. .

n

o

The circuit in Figure 18 provides a 30 dB S/Nc ratio
over 50 dB of dynamic range for # 1. kHz test tone at
i a'32.7K 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 gdata up 10 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)

ShE e P LY

"The Active Compandmn Network
The umque feature of the codec in Flgure 48 is the
slep size control circuit Which uses 8 compandmg ratio
reference, the present step size,'and the present-syllabic
flwr output to estabhsh the’ opllmum 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. It is the parameter mea-
sured by the syllablc filter and is the voltage across Cs
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
mlegrated circtit, Thus, the instantaneous companding
ratio of the codec is always available at the negative
input of A1.” i
The diode D1 and the gain of Al and A2 provide 8
companding ratio reference for any input level. If the
output of A2 is more than 0.7 volts below Vce/2, then
, the positive input of Al is (Vge/2 — 0.7). The on diode
* drop at the input of Al represents a 12% companding
ratio (12% = 0.7 V/6.0 V),
1 The present step size of the operating codecis directly
relnled o the volxage across Rx, which eslabllshed the

integrator current, In Figuré 18, the voltage across Ry
is amplified by the differential amplifier A2 whose out-
put is single ended with respect to Fin 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
at Pin 4 is amplified by A1. The output of Al 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 closeiy the voltage at Pin 4
will be forced 10 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

FIGURE 78 ~ TELEPHONE QUALITY DELTAMOD CODER
(Bulh doublt mloqrnlon and active compmdmg control are uud to obtain improved CVSD performance.

drop D1. These vaiues are easy to reproduce from codec
to codec.

For small input levels, the companding ratio :eference
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 Al. The gain of A2 is also experimentally
determined, but once determined, the circuitry is easily

o

S Laser "Immlng of the mlcgund circult p tiable idte ch 1 and step size rangs characteristics.) L
T ‘“
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SiIGNAL TO NOISE INd8

OUTPUT LEVEL INdBm

+ "TELEPHONE CARRIER QUALITY CODEC USING MC3418 {continued) _ L

FIGURE 19 — SIGNAL-TO-NOISE PERFORMANCE
AND FREQUENCY RESPONSE
ing the impr tized with
the circuit in Figure 18.)

{Sh

. SIGN‘AL-'I'.(-)-NO-ISE PERFORMANCE OF TELEPHONY

QUALITY DELTAMODULATOR
35 . ’y -
E
J
-1 -
4 3
ao . t
50 dB
N | - ¥
N 4 BIT ALGORITHM
379K 8ITS-- | —
h 1 kriz TEST TONE -
- € MESSAGE WEIGHT .
25 - ;
i
20 “l T T -l + T L) * L] L] L)
-48 -3 24 - -2 ] 12
. INPUT LEVEL IN dBm0 = o
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- Ed - .
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iNPUT FREQUENCY IN H2z

repeated.

With no input signal, the companding ratio at Pin 4
goes to zero and the voltage across Ry goes to zero.
The volitage st the output of A2 becomes zero since
there is no drop across Ry. With no signal input, the
aqli_vely controlled step size vanishead.

The minimum step size is established by the 500 k
resistor between Vce and Voe/2 and is therefore inde-
pendently selectable, .

" The signal 1o noise results of the active companding
network are shown in Figure 19, A smooth 2 dB drop is
“realized from +12 dBm to ~24 under the control of A1l.
_ At -24.dBm, A2 begins to 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
active companding network produces improved perfor-
mance with frequency. The O dBm slope overload point is
raised to 4.8 kHz because of the gain available in control-
ling the voltage 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
compeanding network are not limited 10 high bit rate
systems. By modifying the crossover region {changing
the gain of A2}, the active !e’Ehniaue 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 linesrity with
frequency. In Figure 18, 0.050 uF would work well,

FIGURE 20 — HIGH'PERFORMANCE ELLIPTIC FILTER FOR CVSD OUTPUT

¢
| f el
" A1
. 8.6k 175k
c3 cs

157 pF 78 pF
- RJ
247 &

Designed for 0.28 08B rippis in the pass band
=+ wn * JkH:

Wy = *aExH2

AdB at w; snd sbove 29,5 dB
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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 Componenis Input Futer Specifications Filter Components
Axqy, RAxo-33k02 12 dB/Getave Roiloff sbove 3.3 kHi A - 9C5 01 C1 ~35uF
RApy, App - 3.3 [ ¥4 6 08/0c1ave Roliott balow 50 H2 R2 - 72 .02 C2 — 837 pF
Rgy. Rgy — 100 k1Y A3 - 72 k0 €3 - 536 pF
Ryq. Ryg - 20802 Output Filter Specifications A4 — 63.46 k12 C4 - 1000 pF
Ayp = 1kl Breah Freguency — 3.3 khz RS — 127 x € ~ 222 pF
Apm. Rz - 5 M (MC3417) S10p Bana - 9 kH2 A6 - 365.5 kN c6 - 77 pF
Minimum step size = 20 mV Stop Bena Atten. = £0dB A7 - 1.645 MDD C? - 38 pF
Rpaq. Az = 15 M (IMC3418) Rollot! ~ > 40 68/Octave RB ~ 72 &l C8 - 837 gf
Minimum step size = 6 mV RY - 72 n{2~ = €9 - 536 pF,

Cgy, Cgz — 0.05 uF
€y, C,2 — 0.05 pF

2 MC3417 {or MCD418)
1 MC3403 {or MC3406)

Note: Al Res. 5X
All Cap, 8%

R10 ~ 29.5 kN2
A1 - 7243

Note: All Res. D.1% 10 1%.

All Cap. 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 Jone TS
cannot grasp the interdependency of parameters for » N
voice applncanom in a few pages. b g - —— \
Design of a specific codec must be tailored to, the ;_, I ”::F’———\
digital’ channel bandwidth, the analog "bandwidth, the-- 9 : "1/ L1 N
4]

quality of signa! transmission required and the cost - = x 4 /,
objectives. To illustrate the choices available, the data in z |4 A o 324 G CVS0 wuth

. \ R X # ( I - MCIIT or MTIIE
Figure 22 compares the signal-to-noise ratios and dynamic o /] /]

10
range of various codec design opnonp at 32K bits. / B a//
Generally, the relative merits of each desngn feature will 50 /
remain intact in any application, Lowering the bit rate 0 A
wil reduce the dynamic range and noise_performance -4 40 -3 .30 .25 2 -i% .10 8D O
of all techniques. As the bit rate is increased, the overall AMPLITUDE (cB)
performance of each technique will improve and the need These curves demonstrate the improved performance otained
fer more complex designs diminishes. with severabcodec designs of varying compiessty
Non-voice applications of the MC3517 and MC3518 Y Curvea—¢ p ding and ¢,,u'b,,n
are also possible. in those cases, the signal bandwidth {Figure 18 — MC3418)
and amplitude  characteristics rust be defined before Cievt b -2 :’:":‘;"'a;""“"“"" {Figure 14 using Figure 16 — '
the specification of codec parameters can begin, How- Curve ¢ — Singie integration (Figure 14 — MC3418] with
ever, in general, the design can proceed along the lines of .. 6.0 mV siep size
the voice applications shown here, 1aking into account the + Curve d — Singie integration (Figure 14 — MC3417) with
. 25 mV step size

different signal bandwidth requirements. E

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

279



os)

REFERENCE BOOKS .

MOTORORA TELEGOMMUNICATIONS DEVICE DATA.

/

th

SEMICONDUCTOR 84

SEMICONDUCTOR 8% .

“h

SEMICCNDUCTOR 88 .

ANALOG 1C DATABOOK,

Precision snaloey integrated circuite

MIGCROCOMFUTER !INTERFACING HANDBCCK.
A/D & D/A,
By JOSEPH J. CARR.,

First printing.

MOTOROLA int,

LINEAR AND INTERFACING INTEGRATEDR CIRCUIT.

Previocus Edition '1883.

C LANGUAGE ALGCRITHMS FOR DIGITAL SIGNAL PROCESSING.

d

By AUL M, EMBREE & BRUCE KIMBILE

FOURIER ANALYSIS

By HWEI P.,HSU, Ph,D,’

11881,






