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ABSTRACT

The objective of this project is to study and design delta
wodulation multiplexed systen. By using analog to digital converter
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to convert analog signals to be delta modulation signals.Four channels
digital signals are multiplexed by time division multiplex method and
then it is demultiplexed and converted to be analog signal at the

receiver established from the circuit combination linear circuits

and logic circuits.
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Fourth-order Butterworth Filter
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MC3417, MC3517
MC3418, MC3518

MOTOROLA

Specifications and Applications
Information

CONTINUOQUSLY VARIABLE SLOPE
DELTA MODULATOR/DEMODULATOR

Providing a simplified approach to digital speech encoding/
decoding, the MC3517/18 series of CVSDs is designed for military
secure communication and commarcial telephone aoptications.
A single 1C provides both encoding ana decoding functions.

® Encode and Decode Functions on the Same Chio with

a Digital nput for Selection
® Utilization of Compatible 121 — Linear Bipolar Technology
CMOS Compauble Digital Qutput

@ Digital Input Threshold Selectable (VC(/2 reference
provided on chip)

® MC3417/MC3517 has 2 3-8t Algorithm (General
Communications)

MC3418/MC3518 has a 4-Sit Aigonthm {Commercial Teieghone)

CONTINUOUSLY VARIABLE
SLOPE DELTA
MODULATOR/DEMODULATOR

LASER-TRIMMED
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE §20-02

CVSD 8LOCK DIAGRAM
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MC3417, MC3418, MC3517, MC3518

MAXIMUM RATINGS
AN voltages referenced to Vg, Ta = 25°C untess otherwise noted.}

Raring Symbol Value Unit
Power Supply Voltage vee -0.410 +18 Vde
Oiltarennial Analog Inout Voltage vin +50 vde
Digitat Threshold Voltage VTH -0dwVee Vde
Logk: input Voltage ’ Vioge -0.41w0 +18 vde

(Clack, Owgutal Data, EncodesDecodel

Cownc:gence Output Voltage Vo(Conl -0.410+18 Vde
Syllabic Filter 1nput Voltage Visvl) -840 Vee Vdc
Gain Control Input Voitage ViGC) -04wVee Vac
Reference tnput Voltage Vitret |Veer2 - V0o Ve | Vde
Vee/2 Output Current 1Ret -25 ma

ELECTRICAL CHARACTERISTICS
(Veg = 12V, Vgg = Gad, Ty = 0°C o0 - 70°C for MC3417/18, T4 = ~550C to +125°C tor MC3517/18 unless otherwise noted.!

MC3417/MC3517 MC3418/MC3518
Characteristic Symbol Min Typ Max Min Tvp Max Unit
Power Supoty Voltage Range (Figure 1} VeeR 4,715 12 16.5 473 12 16.5 Vde
Power Suopty Current (Figure 1} icc ma
(1ate Channei)
tvec =50 V! by 3.7 3.0 - 32 3.0
Ve = 15v) - 8.0 0 - 6.0 10
Clock Rate SR - 16 - @ 32 % ~- Samoles/s
Gawn Controt Current fiange (Figure 2) IGCR 0.001 - 3.0 0.001 - 30 ma
Anatog Comoarator input Range Vi 1.3 - vee - '3 1.3 - Vee-1.3 vde
{Pins 1 ana 2) "
475V & Veg~ 165 V)
Anatag Outout Range (Pin 7} Vo 13 -] vee -3 13 = vee =13 Vac
475V &Vee 2165V 1g = - 5.0mA)
tnout Bias Currents (Frqure 3} g ul
{Comparator in Active Region} .
Analog tnput (11} - 05 15 - 02s 10
"
Analog Feeapack 112) - 0s 15 - 012 10
Sviatne Felter Inout 113} 2.06 0.5 - 0.06 21
Reference inour (15} -026 |, -05 - -006 -03
input Oftset Current uo Y-y
{Comoaraior 1n Active Reqion}
Analog Input/Analog Feedback - Q.15 06 005 0.4
13 =121 - Figure 3
1ntegrator Amotitier ‘ - .0.02 0.2 - 001 91
1516 ~ Figure ¢
taput Oftfset Voltage V10 - 2.0 8.0 - 2.0 6.0 mv
Vv /i Converter (Pins 3 and 4) — Figure §
Transconduciance b m mA/lmv
v/t Canverter, O 10 3.0 mA 01 0.3 - 0.1 0.3 -
1ntegrator Amaotsfier, 0 to : 5.0 mA Laad 10 0 - 10 10 -
Propagation Delav Times (Note 1) us
Clock Trigger to Digital Outout BLH - 50 2.5 - 1o 25
{Cy_ * 25 oF to Gnat PpHL - 08 25 = Qo8 25
Clock Trigger to Comncigence Qutput PLH - 1o 30 - 1.0 o
ICy_ =25 pF to Gnal 1P - 038 20 - 08 . 20
{Ry =4k o Vee!
Cowncigence Qutput ¥ oltage — VAatLiConl - 0.12 0.25 - 0.12 2.25 vde
Low Logic State
HoLiCons = 3.0 mA)
Caincrdence Outout Leakage Current — 10H{Con - o 05 - S0 0.5 <A
rhgn Logic Stare
tVoH = 150 v,09C < T4 < 70°C]

NOTE | All propagation gelay imes measured S0% (0 50% f-om e nagative a0iNg ifeom Ve 10 -0 4 V) angeof tne craek.

MOTOROLA LINEAR/INTERFACE DEVICES
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DEFINITIONS AND FUNCTIONS OF PINS {continued)

while the MC3418 contains a 4 bit register. Pin 11 is an
open collector of an NPN device and requires a pull-up
resistor. If 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 discharge constants, the charging constant is RgCs
while the decaying constant is (Rg + RplCs. Thus longer
decays are easily achievable. The NPN device should not
be required to sink more than 3 mA in any configuranion.
The typical 10% to 90% rise and fall times are 200 ns and
100 ns respectively for R = 4 k{2 to +12V and C_ =
25 pfF to ground.

Pin 12 — Digitat Threshold

This input sets the swiiching threshoid for pins 13, 14,
and 15. It 1s intended to ad in interfacing different logic
famities without external parts. Often it is connected to
the VC /2 reference for CMOS interface or can be biased
two diode drops above Vg for TTL interface.

Pin 13 — Digital Data Input

in a decode apphcation, the dhgital data stream s
aoplied to pin 13. In an 2ncoder it may be unused or may
be used to transmut signaling message under the con-
wol of pin 15, it is an nverting input with respect t0
pin 9. When pins 9 and 13 are connected, a toggie
flip-flop s formed and 3 forced idle channel pattern

FIGURE | —~ POWER SUPPLY CURRENT

can be transmitted. The digital data input tevel should be
maintained for 0.5 us before and atter the clock trigger
for proper c!pcking. !
Pin 14 — Clock Input

The ciock ifiput determines the data rate of the codes
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 faliing edge of the
clock input. The mimmum width for 3 positive-going
pulse on the ctock nput 1s 300 ns, whereas for a negative.
going putse, it is 900 ns.

Pin 15 —~ Encode/Decode

This pin controls the connection of the analog nput
comparator and the digital nput compardtor to the
internal shift register. It high, the result of the analog
comparison will be clocked nto che regisier on the
talling edge at pn 14 1f low, the digital 1nout state will be
entered. This allows use of tne IC as an 2ncoder/decoder
or simplex codec without external Darts. Furthermaore, 1t
allows non-voice oatterns to be forcza onto the trans.
mission hine theough pin 13 in an encoder

Pin 16 - VcC
The power sucoly range s from 2.75 to 16.5 volts
between pin Vo and VEE.

FIGURE 2 - IGcR. GAIN CONTROL RANGE and
Ving ~ INTEGRATING CURRENT
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MC3417, MC3418, MC3517, MC3518

ELECTRICAL CHARACTERISTICS {continued)

MC3417/MC3517 MC3418/MC3518
Characteristic Symbol Min Tye Max Min Tye Max Unie
Applied Digital Threshald Voltage Range VTR 1.2 - Vee - 20 12 - vee -20 Vde
(Pin 12§ :
Oigital Theeshold Input Current t(h) “A
(1.2V<e v Svee -20V)
{Vy appiled to Pins 13, 14 and 15) - - S0 - - 5.0
{V 114 2pptied to Pins 13, 14 ang 15} - -10 -50 - -10 -50
Maximum integrator Ampiifier OutoutCurrent o :5.0 - - :5.0 f - - mA
Veo/? Generator Maximum Output Current Inet +10 - - *10 - - mA
{Source only}
Vee2G Output 1 ZRet - 30 6.0 - 3.0 6.0 43
10 to +10 mA)
Vee/2 Generator Tolerance: N e - - :3.5 - - :3.5 %
1475V < Ve < 165 V)
Logic Input Volrage (Ping 13, 14 and 15) Vde
Low Logic State Vg Gand - Vin -0.4 Gnd - Vin - 0.8
High Logic State Vin Ven + 0.4 - 18.0 Vin+04 - 18.0
Oynamic Total Looo Offset Voltage SVattser - mV
(Note 2) — Figures 3,4 ana §
1GC " 120uA, Voo = 12V
Ta = 259C /7 — - - : 0.5 215
0%C < T4 < +70%C  MC3417/48 - - - - = 0.7 23
-359C < T4 < +1259C mC3517718 - - - - : 1.8 : 40
IGC =0 uA v =12V
Ta*25°% - 125 : 5.0 - - -
0°C < Ty < «709C  mC3412/18 = =30 1 1.5 - - -
~559C < T4 € «1259C MCaS17118 - -a§ $10 - - -
1GC*12.0uA, Ve =30V
Ta = 25°C - 8 e -~ :1.0 120
0°%C < Ty € +709C  mc3e1718 g e - - 113 1 2.8
~559C < T4 < +125°C mcastrng e L - - 128 : 5.0
1IGC*330uA, Vo ® 50V
T4 = 25°C . A : 40 : 6.0 - - -
0°%C < T, < ~70°C 2C3417.18 - 148 180 - - -
-55%C € To < +1259C MC3517/18 > 168 <10 - - -
Osgueat Qutput Voitage 4 . Vde
(1Q¢, * 3.6 mA) VoL - 0.1 0.4 - 0.1 0.4
liow « -0.35 ma) Von |Vec-10|vec-02 - Vee -1.0|vee -0.2 -
Syliabee Filter Appired Voitage (P 3} Vitsvi =32 - vee =32 = vee vae
{Figure 2) 2
Integrating Current (Figure 2) ltap :
1Ge » 120 uAl 8.0 10 12 3.0 10 12 uA
tige * 15mA) 1,45 150 1.55 1.45 150 158 mA
{igc = 3.0 mal 2.7 30 3.28 .75 3.0 3.2% mA
Ovnamic Integrating Current Match VOlAves - + 100 : 250 - + 100 - 250 mv
1ge = 1.5 mA) Figure §
Input Current — High Logic State sy uA
Vi = 18 V)
Digital Data Input - - 5.0 - - 50
Clock Input - = +50 - - «50
Encode/Decodt tnput - - 50 - - ~50
Inout Current — Low Logic State e uA
Vi =0w
Ougital Data Input - - -0 - - -10
Clock input - - -360 - - -360
Encode/Decoae Input - - -36 - - -36
Clock thput, Vy »0 4 v - - -72 - - =72

NOTE 2. Ovnamic total tooo offset (EVotieqe) €Quals Vi lcomparatorl (Figure 31 minus Vg x (Frgure 51 The inout offtet voitages of the
analog comparator and of the integrator amoliiver inctude the ettects of 1noutl 0°'set Current Nrough (he nput resistces The slooe
0Olarity fwiICh Cufrent Mismatch appears at an average voltage across the 10 « 1ntegrator repistor For the MC3417:0C3517, ine
clock lrequency s 16.0 kM2, For the MC3418/MC23518, the ciock Frequency s 32.0 W Hiz. laie channel perfarmance 15 guaranteead st
thes dvnamme 1013l 1000 Offset 13 iess than one-half of the change 'n integrator autout valtage during one ¢loCk Cvcle {(ramp step uts),
Laser trimming 15 used (0 insure GOood 1dle channel dertarmance.

MOTOROLA LINEAR/INTERFACE DEVICES
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DEFINITIONS AND FUNCTION OF PINS

Pin 1 — Analog Input

This is the analog comparator inverting input where
the voice_signal is applied. It may be ac or dc coupled
depending’on the application. !f the voice signal is 10 be
level shifted to the internal reference voltage, then a bias
resistor between pins 1 and 10 is used. The resistor
is used to establish the reference as the new dc average of
the ac coupted signal. The analog comparator was designed
tor low hysteresis {typically less than 0.1 mV)} and high
gain {typically 70 dB).

Pin 2 — Analog Feedback

This 15 the non-inverting nput o the analog signal
comparator within the {C. In an encoder soplication it
should be connected to the analog output ol1ne encoder
circuit. This may He pin 7 or a low pass filter output
connected to o 7. In a decode circutt pin 2 s not used
and may be tied 1o VCC/2 on oin 10, ground or left open.

The analog nout comparator has bras currents of
1.5 uA max, thus the driving impegdances of oins 1 and 2
should be equal 10 avod disturbing the .dle channel
characterisnics of the encoder.

Pin 3 — Syltabic Filter

This s the point at which the syllabic filter voltage is
returned to the 1C in order ta control the 'ntegrator step
size. s an NPN input 1o an oo amn The syllabwe filter
consists of an RC network between pins 11 and 3. Typical
ume constant values of 6 ms to 50 ™ms are used 1n voice
codecs.

Pin 4 — Gain Controt Input

The syllabic filter voitage appears across Cg of the
syitabic lilter and 15 the voltage between V¢ and pin 3.
The active voltage to current (V-i) converter dswves
pin 4 to the same voltage at a stew rate of tyocally
0.5 V/us., Thus the current mnjected nic oin 4 {1Gc)
is the syllabic filter voltage divided by the Ry resistance.
Figure 6 shows the relationship between IG(C (x-axis) and
the integrating current, liae {y-3xi5). The discrepancy,
which is most significant at very iow currents, 15 due 0
circuitey within the stope polarity switcn which enables
trimming to a low total loop offset. The Ry resistor s
then varied 10 adjust the loop gan of :he codec, but
should be no larger than 5.0 k{2 to mantan stabibity

Pin S — Reference input

This oin 15 the non-inverting nput of the ntegrator
amolifier. 1t 1s used o reference the dc ievei of the outout
signal, tn an encoder ciccust «t must refarence the same
voltage as o1n 1 and « tied to pin 10,

Pin 6 — Filter lnput
This averting 90 amp .npul 15 us20 0 connect the
integrator 2xternal components. The integrating current

(ting) flows into pin 6 when the anslog 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, tny
flows out of Pin 6. Single integration systems require a
capacitor and resistor between pins § and 7. Multipoie
configurations will have different circuitry. The resistance
between pins 6 and 7 should always be between 8 k{2 and
13 kQ to maintain good idle channel characteristics.

Pin 7 — Analog Qutput

This is the integrator op amp output. It is capable of
driving a 600-ohm load referenced to V¢ c/2 to +6 dBm
and can otherwise be treated as an 0p amp output, Pins 5,
6. and 7 provide full access to the integrator op amp
for designing integration filter networks., The slew rate
of the internally compensated integrator op amp is
typically 0.5 V/us. Pin 7 outout is current limited for
both oolan’ties‘of current flow at typically 30 mA,

Pin8 ~ Vgg

The c:reurt 15 designed to work n erther singte or dual
power supply applications. Pin 8 is always connected to
the most negative supoly.

Pin 9 — Digital Output

The cigital outout provides the results’ of the delta
moculator’s conversion It swings betwesn VCo and
Veg and s CMOS or TTL compatible. Pin 9 s ‘nverting
witn respect (0 pin 1 and nonanverting with respect
10 pn 2. Ut is clocked on the falling edge of pin 14,
The typical 10% 1o 90% rise and fall umes are 250 ns and
50 as cespectively for Voo = 12 V and Cy » 25 oF
to ground.

Pin 10 = Ve/2 Output

An internal low 'mpedance mid-supply reference s
provided for use of the MC3417/18 in singe supply
apolications. The internal regulator 15 a current source
2na must be loaded with a resistor to insure s sinking
capability f 3 <6 cBmo signat is expected icross a
600 obhm inout bias resistor, then pin 10 must sink
2.2 V/600 Q = 3.66 mA. This s only possible ¢ pin 10
sources 3.66 mA into a resistor normally and wll source
ontv the difference under peak ioad. The reference l0ad
resistor 15 chosen accordingly. A 0.1 uF bypass capacrtor-
from o 10 to VEE s also recommended. The Vcg/2
reference 15 capable of sourcing 10 mA and can oe used
as a reference 8lsewhere in the systemn circuitry,

Pin 11 ~ Comncrdence Output

The duty cvcle of this pin s proportionat to the *
voltage across Cs. The comcidence outout wir 3¢ low
whenever ine cantent of the mnternal shift cegisiar 1 ail
Is or all Os. In tha *AC3417 the reqister is 3 %its long

MOTOROLA LINEAR/INTERFACE DEVICES



MC3417, MC3418, MC3517, MC3518

»

g
G TITEY 3 PY

1onued

uen o

pnhinQ

93UBDIILLO.
120109 1

indinQ

nduy

ineuy Indhng
wy  £/99A
S ? Ot

1Inding

0

M Sowwuywy

E
*podeg

Ol—-J

g1 /*P03u3

—o 13D

v 00

75
T

14

3
N

mouseIuy

P

e

A

rendi M

<lﬂnn

el

}——o0

u <105Av

Y

v

1 1P

IR TR I T TY]

ooy
ot [l 4

wenpasy
- ®  pauvr

4
vestony

2’4
vﬂ’- fnpeuy

Y SR VAl

vor

Hu-

EE

J1AVYWIHOIS LINDWD OSAD

MOTOROLA LINEAR/INTERFACE DEVICES



MC3417, MC3418, MC3517, MC3518

FIGURE 12 = CVSD WAVEFORMS
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FIGURE 13 = BLOCK OIAGRAM OF THE CVSO DECODER
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TYPICAL PERFORMANCE CURVES

FIGURE 7 — TYPICAL lyng versus igc Mean 5 20}
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FIGURE 14 — 16 kHZ SIMPLEX VOICE CODEC
{Using MC34172, Singte Pole Companding and Single Integration)
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- CIRCUIT DESCRIPTION

The continuously variable slope delta, modutatar
(CVSD) is a simple alternative to more compiex conven-
sional conversion technigues in systems requiring digital
commiunication of analog signals. The human voice is
inaiog, but digital transmissic of a v 53  Over great
aistance 1s atwractive. Signal/noise ratios 00 not vary wit
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 O is well suited to the requirements of
digital communmications and is an economically efficient
means of digitizing analog inputs for transmission.

The Delta Modulator

The innermost control loop ot 2 CVSD converter is
a simpte delta modulator. A block diagram CVSO Encoder
is shown in Figure 11, A delta modulator consists of a
comparator in the forward path and an integratof in
the feedback path of a simpie control loop. The inputs
(0 the comparator are.the input analog signal and the
integrator outpul. The comparator output reflects the

sign of the’ difference netween 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 normaily clocked so as to produce
a synchronous and band limited digital bit ctrear.

If the clocked serial bit stream s ransruited,
received, and delivered t0 a simiiat integrator &t a remacie
point, the remote integrator output is a CoOY of the
transmitting control loop integrator outpul. 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, i e clock
rate of the bit siream is an octave or more above the
bandwidth of the input signal. Voice bandwidth is 8 kH2
and clock rates from 8 k and up are possible. Thus the
delta mogdulator digitizes and transmits the anaiog input
1o a remote receiver. The secial, unframed nature of the
data is ideal for communications networks. With no
input at the transmitter, a continuous ane zero aiternation
is transmitted. 1§ the two integrators are made teaky, then
during any loss of contact the receiver oum&t decays o

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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