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Order this data sheet by MC3417/D

MC3417, MC3517
DUCTOR MC3418, MC3518

fo ARIZONA 85036

Specifications and Applications

Information CONTINUQUSLY VARIABLE
SLOPE DELTA

CONTINUOUSLY 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 commercial telephone applications.
-- A single IC provides both encoding and decoding functions.

# Encode and Decode Fungtions on the Same Chip with

a Digital Input for Selection ‘ L S:FF%(KAGE oLA "’I'ISUFFgI((AGE
R CERAMIC PA STIC PA
e Utilization of Compatible 121 — Linear Bipolar Technology CASE 620-10 CASE 648-06
® CMOQOS Compatible Digital Output DW SUFEIX
@ Digital Input Threshold Selectable {V /2 reference « PLASTIC PACKAGE
provided on chip) CASSE 751G-01
0-16L
e MC3417/MC3517 has a 3-Bit Algorithm {General
Communications) ,
8 MC3418/MC3518 has a 4-Bit Algorithm (Cornmesgial Telephone)
PIN CONNECTIONS
Analog -
input { =) 18 Jvee
Analog I Encodge/
Feedback | (+} 18 Dacode
Encode/ Sylabic E |
Filter 3 14 |Clock
Gain Digital Data
Analog tnput 1 Control E 33 tnput (-}
Analog Feedhackg.z, e =y
Digital S:f":’ Bt : Ref 15 | Digital
Data | t ift Aegister 5
ata .npu a 6] ad fQ O_L Qr H tnput (+} Threshold
Filter ‘ Caincigance
1 Input (~) 1 Qutput
Lagic Coincidence
Output Analeg 10 vooi2
vt Qutout Output
Integrator Converter Syitabic
- Stope 3 e Digital
Amplifier o F—a Fitter VEE| 8 9 9
10 — p Polarity --<I~— 2, Gain Control E Output
Vo2 cC f Sw:tch -
Qutput T Ret 1 {
IRet o ||," GC
74 sils
Analog  Ret Filter ORDERING INFORMATION
Quiput Input Input o —
. - ® re
e =) Device Package Range
MC3417L Ceramic DIP 0°C to +70°C
MC34180W Plastic S0IC 0°C to +70°C
MC3418L Ceramic DIF 0°C to +70°C
MC3418P Plastic DIP 0°C to +70°C
MC3517L Ceramic DIP -55°C tg +125°C
MCIsI8L Ceramic DIP -85°C to +125°C
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MAXIMUM RATINGS

(All voltages referanced to Vgg, T = 259C unless otherwise noted,) ¥ A5
Rating Symbol Value Unit (
Power Supply Voltage vee ~0.4 to +18 Vde
Differentiat Analog Input Voltage Vip *5.0 Vdc
Digital Threshold Volitage VTH -04to Ve Vde
Lagic 1nput Voltage Viagic -0.4 to +18 Vdc
{Clock, Digital Data, Encode/Decode)

Coincidence Quiput Voltage Yo (Can) -0.4 to +18 Vdc
Syllabic Filter input Voitage Vi(syl) ~04to Ve Vde
Gain Control Input Voltage VK(GC) =040 Vee Vde
Reference Input Voltage ViRef) | Veo/2 - 1010 Voo | Vde
Vee/2 Output Current IRef -25 mA

ELECTRICAL CHARACTERISTICS

{(Vce = 12V, VEg = Gnd, Ta, = 0°C to +70°C for MC3417/18, Ta = —55°C to + 125°C for MC3517/18 unles rwise noted.)

MC3417/MC3517 MC34 C3518
Characteristic Symbaol Min Typ Max ' Max Unit
T Power Supply Voltage Range {Figurg 1) VceR 4.75 12 16.5 16.5 Vde
Power Supply Current (Figure 1) lce mA
{@ Idle Channel)
(Voo = 5.0 V, All except MC3418P,DW} 5.0
{(Vce = 5.0 V, MC2418P,DW;) 5.5
Voo = 15V, All except MC3418P,DW) 10
{(Vec = 15 V, MC3418P,0W) L
Gain Controi Current Range (Figure 2) lgcr 30 mA
Analog Comparator Input Range Vi Vee—-1.3| vde
{Pins 1 and 2}
{475V < Voo = 165 V) (" :
Analog Output Range {Pin 7) Vo Vee-1.3| vde o
{478V = Voo € 165 V, lg = =6.0 mA)
Input Bias Currents (Figure 3) I} ph
{Comparator in Active Region) -
Analag Input {11} 0.5 1.5 — 0.25 1.0
Analog Feedback (12} 0.5 1.5 —_ 0.25 1.0
Syllabic Filter Input {I13) 0.08 0.5 — 0.06 0.3
Reference Input {15) — -0.06 -0.5 — -0.06 -0.3
Input Offset Current uA
{Comparator in Active Region)
Analog Input/Analog Feedback —_ 0.19 0.6 — 0.0 0.4
11 —12] - Figure 3
Integrator Amplifier —_— 0.02 0.2 _ 0.01 0.1
)15 ~16{ — Figure 4
Input Offset Voltage Vio —_ 20 6.0 - 2.0 6.0 mV
Vil Converter (Pins 3iand 41— Figure 5
Transconductance gm mA/mY
Vil Converter, 0.1 0.3 — 0.1 0.3 -
Integrator 1.0 10 -— 10 ¢ —_
®S
teLH —_ 1.0 2.5 — 1.0 25
« PHL — 0.8 2.5 — 0.8 25
c ger to Coincidence Qutput tPLH — 1.0 30 - 1.0 3.0
= 25 pF to Gnd) tPHL — 0.8 20 —— 0.8 20
"= 4.0 k2 to Veg)
Caincidence Qutput Voitage — VYOL{Con) - 012 0.25 — 0.12 0.25 Vde
Low Logic State
{loLiCon) = 3.0 mA)
Coincidence Qutput Leakage Current — IOH{Con) —_— 0.01 0.5 —_ 0.01 0.5 HA ’
Migh Logic State §-; .
(Vo = 15V, 0°C = Ta < 70°C)

NOTE 1. All propagation delay times measured 50% to §0% from the negative going {from Ve to +0.4 V) edge of the clock.

MOTOROLA Semiconductor Products Inc.
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ELECTRICAL CHARACTERISTICS {continued)
NIC3417/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) Vde
{Pin 12}
Digital Thrashoid Input Current : fiith) uA
1.2V =V = Ve — 20V)
(Vi1 applied to Pins 13, 14 and 15} - — 5.0 - - 5.0
{V|i4 applied to Pins 13, 14 and 15) — ~10 - 50 — -10 -50
Maxirnum Integrator Amplifier s} =50 —_— — *50 — — mA
QOutput Current
Vie/2 Generatar Maximum Qutput Current|  IRef +10 —_— — mA
{Source only)
Veo/2 Generator Qutput impedance ZRef _ 3.0 6.0 Q
(0 o +10 mA)
Vce/2 Generator Tolerance er - - =38 %
(475 V = Voo = 165 V)
Lagic Input Voltage {Pins 13, 14 and 15} Vde
Low Logic State vy, Gnd - Vth—0.4
High Logic State VIH Vin+0.4 — 18
Dynamic Total Loop Offset Voltage IVpifset mV
{Note 2) — Figures 3, 4 and 5
gt = 12 pA, Voo = 12V
Ta = 25°C (All except 3418P,0W} —
R (MC3418F,DW) —
0°C = Ta = +70°C {(MC3417/18L} —
{MC3418P,DW) —_
~85°C = Tp = +125°C {(MC3517/18) —_ =1.8 =4.0
Ige = 33pA Vog = 12V
TA = 25°C —_ —_ —_ e
0°C = Ta = +70°C {MC3417/18) —_ - - —_—
~-55°C = Ta = +125°C (MC3517/18) — — —_— —_
Ige = 12 A, Vog = 5.0V
Ta = 25°C (All except MC3418P,DW) - — =10 +=2.0
{MC3418P,DW) - —_ 1.0 *3.5
0°C = Tp < +70°C (MC3417/18L) — — =1.3 +28
{MC3418P,.DW) -— — =1.3 +4.3
—-55C = Tp = +125°C {(MC3517/18) —_ - +25 =50
Ige = 33 A, Voo = 5.0V
Ta = 25°C *+4.0 +6.0 —_ —_ —
0°C = Ta = +70°C {MC3417/18) - *4.5 +8.0 — - —
-855°C < Ta = +125°C (MC3517/18) —_ +55 +10 — —
Digital Output Voltage Vde
{lgL = 3.6 mA} - 0.1 0.4 — 0.1 Q.4
{igH = —0.35 mA) Vee-1.0 | vge—-02 —_ Vegc—1.0|Vee-0.2 —
Syllabic Filter Applied Voltage (Pin +3.2 — vee +3.2 —_ vee Vde
{Figure 2}
Integrating Current (Figure 2 )
{lgc = 12 pA) 8.0 10 12 80 10 12 nA
,DW) 1.45 15 1.55 1.45 1.5 1.55 mA
— — — 1.42 1.5 1.58 mA
275 3.0 3.25 275 3.0 3.25 mA
Vo(Ave) mv
— =100 =250 —_ +=100 * 250
— — — — =100 +280
liH BA
: — +5.0 -—_ _— +5.0
nput - — +5.0 — —_ +5.0
de/Decode Input — —_ +5.0 - - +5.0
Current — Low Logic State i nA
ViL = 0V)
Digital Data Input _— — -10 - —_ -10
Clock Input —_ — - 360 —_— — - 360
Encade/Decode Input —_ — -36 — — -36
Clock Input, Vj. = 04 V —_— — ~72 - — ~72
NQOTE 2. Dynamic total loop offset {XVffserl equals Vig {comparator) {Figure 3} minus Vigx (Figure 5). The input offset voltages of the analog comparator
and of the integrator amplifier include the effects of input offset current through the input resistors. The slope polarity switch current mismatch
appears as an average voltage across the 10 k integrator resistor. For the MC3417/MC3517, the clock frequency i3 16 kHz. For the MC3418/
MC3E618, the clock frequency is 32 kMHz. Idie channel performance is guaranteed if this dynamic total loop offset i3 tess than ane-half of the
change in integratos output voitage during one clock cycle (ramp step size). Laser trimming is used 10 insure good idle channel performance.

@ MOTOROLA Semiconductor Products Inc.
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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 appiicatian. If the voice signal is to
be level shifted to the internal refergnce voltage, then
a bias resistor between Pins 1 and 10 is used. The resis-
tor is used to establish the reference as the new dc
average of the ac coupled signal. The analog compar-
ator was designed for low hysteresis (typically less than
0.1 mV} and high gain (typically 70 dB).

Pin 2 -— Analog Feedback
This is the noninverting input to the analog signal
comparator within the IC. In an encoder application it
should be connected to the analog output of the encoder
circuit. This may be Pin 7 or a low pass filter output
connected to Pin 7. In a decode circuit Pin 2 is not used
and may be tied to Vg /2 on Pin 10, ground or left open.
... The analog input comparator has bias currents of
1.5 A max, thus the driving impedances of Pins 1 and
2 should be equal to avoid disturbing the idle channel
characteristics of the encoder.

Pin 3 — Syllabic Filter

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

Pin 4 — Gain Control Input

The syllabic filter voltage appears across Cg of th
syllabic filter and is the voltage between Voc
Pin 3. The active voltage to current (V—1) co
drives Pin 4 to the same voltage at a sle
typically 0.5 V/us. Thus the current injecte
{Igc) is the syllabic filter voltage divid
resistance. Figure 7 shows the relati
ige (x-axis) and the integrating ¢
The discrepancy, which is most s
currents, is due to circuitry w
switch which enables trim
offset. The Ry resistor is then
gain of the codec, but Id
to maintain stabilit

t at very low
slope polarity
6 a iow total loop
d to adjust the loop
no larger than 5.0 kO

Pin 5 — Reference

This pin i naninverting input of the integrator
amplifier. It js used'to reference the dc level of the output
signal.} neoder circuit it must reference the same
volta in 1 and is tied to Pin 10.

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

@ MOTOROLA Semiconductor Products Inc.
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the encode mode or when the digital data input
{Pin 13} is high in the decode mode. For the opposite
states, ljqe flows out of Pin 6. Single integration sys-
tems require a capacitor and resistor between Pins 6
and 7. Multipole configurations will have different cir-
cuitry. The resistance between Pins 6 and 7 should
always be between 8.0 k2 and 13 k{} to maintain good
idle channel characteristics.

Pin 7 — Analag Qutput
This is the integrator op amp output. It i

of driving a 600-ohm load referenced t to

+ 6.0 dBm and can otherwise be treated. amp
output. Pins 5, 6, and 7 provide full ac 0 the inte-
grator op amp for designing int filter net-

works. The slew rate of the in
integrator op amp is typicall
is current limited for both p
typically 30 mA.

rnally compensated
Vius. Pin 7 output
s of current flow at

Pin 8 — VEE \

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

utput provides the results of the delta
‘s conversion. It swings between Vg and
d is CMOS or TTL compatible. Pin 2 is inverting
spect to Pin 1 and non-inverting with respect to
. It is clocked on the falling edge of Pin 14. The
typical 10% to 90% rise and fall times are 250 ns and
50 ns respectively for Voo = 12V and €. = 25 pF to
ground.

Pin 10 — Vge/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 signal is expected across
a 600 obm input bias resistor, then Pin 10 must sink
2.2 V/600 O = 3.66 mA. This is only possibie if Pin 10
sources 3.66 mA into a resistor normally and will
source only the difference under peak load. The ref-
erance load resistor is chosen accordingly. A 0.1 uF
bypass capacitor from Pin 10 to Vgg is also recom-
mended. The Vg /2 reference is capable of sourcing
10 mA and can be used as a reference elsewhere 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 fow whenever
the content of the internal shift register is all 1s or all
0s. In the MC3417 the register is 3 bits tong while the
MC3418 contains a 4 bit register. Pin 11 is an open col-
lector of an NPN device and requires a pull-up resistor.

05/21




To Woligang Pertold 06/21

(8/18/98 00:33

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

Pin 12 — Digital Threshold

This input sets the switching threshold for Pins 13,
14, and 15. it is intended to aid in interfacing different
logic families without external parts. Often it is con-
nected to the Vi/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
Fin 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 level should be main-

FIGURE 1 — POWER SUPPLY CURRENT
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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 inpu
whereas for a negative-going pulse, it

Pin 15 — Encode/Decode

This pin controls the connectia
comparator and the digital in
internal shift register. If hig
comparison will be clock
ing edge at Pin 14. if lo
entered. This allows u:
or simplex codec
it allows non-voie

analog input
mparator to the
sult of the analag
e register on the fall-
e digital input state will be
e IC as an encoder/dacoder
external parts. Furthermore,
rns to be forced onto the trans-
in 13 in an encoder.

supply range is from 4.75 to 16.5 volts
Vee and VEg.

FIGURE 2 — lgeR. GAIN CONTROL RANGE and
lint — INTEGRATING CURRENT
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FIGURE 3 ~ INPUT BIAS CURRENTS, ANALOG
COMPARATOR OFFSET VOLTAGE AND CURRENT

Vee
w L.y
ViO(comparator) | 19 1k oI I -
— -= = 4
+ o AMNe 1 16
12 1k
- O 2 o —y
100 mV 12 15
A |
(k| 3
0.01, uF t4 —-0 Clock
®
wgn a GCVSD g4
0.1 . uF MC3517 l,
- 1—% MC3538 .,
15 N 5
10k 11
6
0.05 pF L
11, 01—
0.1 uF
8 ° T
Note: The anslog comparator offsot voitage is tested
under dynamic conditions and therefors must
be measured with appropriate filtaring.

FIGURE S — V/I CONVERTER OFFSET VOLTAGE,
Vo and Vigx

*32 KMz MC3418/MC3518
16 kHz MC3417/MCIS17

MC3518 12—

M

10

0.1 pF

Bl

o

Note: Vo x is the average voitage of the triangular
wavefarm observed at the measurement points.

FIGURE 4 — INTEGRATOR AMPLIFIER OFFSET
VOLTAGE AND CURRENT

+ ¢
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Offset
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0.1 uF

i+

-0—de

FIGURE 6 — DYNAMIC INTEGRATING CURRENT MATCH
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T
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10k
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1
0.05 uf 5—_:,._
= Q
Votav} a4 9
{(Note 1} =
O

*32 kHz MC3418/MC3518
16 kHz MC341?2/MC3817
Notas: 1. Vg(av). Dynamic lntegrating Current Match, is the average
voltage of the triangular weveform observed at the mea-
surameet points, across 10 kf? resigtor with Ige = 1.5 mA.
2. See Note 2 of the Electrical Characteristics, Page 3.

IO TOROLA Semiconductor Products Inc.
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TYPICAL PERFORMANCE CURVES

FIGURE 8 — NORMALIZED DYNAMIC

FIGURE 7 — TYPICAL [y versus g (Mean = 20} INTEGRATING CURRENT MATCH versus Ve
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FIGURE 11 — BLOCK DIAGRAM OF THE CVSD ENCODER
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FIGURE 12 - CVSD WAVEFORMS
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FIGURE 13 ~ BLOCK DIAGR HE CVSD DECODER

Level O Slope

ave atect

Sampler R | M :

In » Algorithm agnitude

Control
Slope
Integrator e Palarity bt}

Switch

. MOTOROLA Semiconducior Products Inc.
8



08/18/98 00:53 From Motorola Mfax Ph: 602-244-6591 Fax: 602-244-6693

To Wolfgang Pertold 10/21

FIGURE 14 — 16 kHz SIMPLEX VOICE CODEC
( {Using MC3417, Single Pole Companding and Single Integration)
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sign of the difference between the input voltage and
the integrator output. That sign bit is the digital output
and also controls the direction of ramp in the integrator.
The comparator is normally clocked so as to produce
a synchronous and band limited digital bit stream.

I¥ the clocked serial bit stream is transmitted,
received, and delivered to a similar integrator at a remote
point, the remote integrator output is a copy of the
transmitting control foop integrator output. To the
extent that the integrator at the transmitting locations
tracks the input signa!, the remote receiver reproduces
the input signal. Low pass filtering at the receiver output
will eliminate most of the quantizing noise, if the ¢lock
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
rple delta modulator. A block diagram CVSD Encoder delta modulator digitizes and transmits the analog input
shown in Figure 11. A delta modulator consists of a to a remote receiver. The serial, unframed nature of the
comparator in the forward path and an integrator in data is ideal for communications networks. With no

{CVSD) is a simple altermative to mor
tional conversion techniques in systep

analog, but digital transmissi
distance is attractive. Signal/
distance in digital trai
switching and repeatil re is more economical and
easier to design. How instrumentation A to D con-
verters do not wlegt the communications requirements.
The CVSD A .45 well suited to the requirements of
rications and s an economically efficient
2ing analog inputs for transmission.

signal over great
atios do not vary with
n and multiplexing,

) Modulator
e innermost contro! loop of a CVSD converter is

the feedback path of a simple control loop. The inputs
tao the comparator are the input analog signal and the
integrator output. The comparator output reflects the

@ RMIOTOROCLA Semiconductor Products Inc.

input at the transmitter, a continuous one zera alternation
is transmitted. If the two integrators are made leaky, then
during any loss of contagt the receiver output decays 1o
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CIRCUIT DESCRIPTION {continued)

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

The Companding Algorithm

The fundamental advantages of the delta modulator
are its simplicity and the serial format of its output.
jts 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 tlock
fraquency 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 jower
ends. For a signal level, one specific gain will achieve an
optimum noise level. Unfortunately, the basic delta
modulator has a small dynamic range over which the
noise level is constant.

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

ply
indicates

Asimple CYSD en
is shown in Fig
CVSD building
to tailor the

sing the MC3417 or MC3418
hese ICs are general purpose
‘which allow the system designer
der's transmission characteristics to
us, the achievable transmission capa-
trained by the fundamental limitations
dulationt and the design of encoder param-
he performance is not dictated by the internal
configuration of the MC3417 and MC3418. There are
seven design considerations invaolved in designing
these basic CVSD building blocks into a specific codec
application, and they are as follows:

1. Selection of clock rate

MOTOROLA

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

The simplicity of the all ones, all zeros
should not be taken lightly. Many other c

rithms using the shift register have been. tri ey to
the accepted algorithm is that it provides asure of
the average power or level of the i gnal. Other
techniques provide more instan information

VE he purpose of
in of the integrator
ge. Thus a measure of

about the shape of the input ¢
the algorithm is to control
and to increase the dyn
the average input level is¢ needed.

The algorithm is : in the recaiver and thus
the level data is ségovered in the receiver. Because the
algorithm only on the past serial data, it changes
the nature 1 stream without changing the channel
bit rate.

ator, the output of the deita modulator will reflect
hape of the input signal but all of the output will
an equal level, Thus the algorithm at the output is
needed to restore the level variations. The bit stream
in the channel is as if it were from a standard delta modu-
lator with a constant level input.

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

APPLICATIONS INFORMATION
CVSD DESIGN CONSIDERATIONS

Required number of shift register bits

. Selection of loop gain

. Selection of minimum step size

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

. Design of low pass filter at the receiver

No MW N

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.

1121
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Layout Considerations

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

Clack Rate
With minor modifications the circuwit 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 §/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 radic systens will allow 12 kHz. Private 4-wire
telephone systems are often operated at 16 kHz and
" “commercial telephone performance can be achieved
at 32K bits and above. Other codecs may use bit rates
ug to 200K bits/sec.

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

15 —

= N
g’ / Clack Rate = 16 kHz i
] 4 Test Tane = 1 kHz Sine Wave
0 j ] Noise Weghtiig € Message
//
5.0
-40 -30 -20

INPUT LEVEL {dB] RELATIVE T

Shift Register Length (Algorif

The MC3417 has a 1
1 r clock rates of 16 kHz and
am is well suited. For 32 kHz
the 4-bit system is preferred.
cords a fixed past histary of the

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.

MOTOROLA Semiconductor Products Inc.
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CVSD DESIGN CONSIDERATICNS {continued}

Selection of Loop Gain
The gain of the circuit in Figure 14 is set by resistor
Rx. 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 depei
dent on:
1. The maximum level and frequency of tH
signal.
2. The transfer function of the integratiol

For voice codecs the typical input sig
a sine wave at 1 kHz of 0 dBmo
usefui dynamic range extends about
level. in any system the comiy
exceed 30%.

Te calculate the requ
describe the transfer .t
filter. In the basic gi
160 Hz is used

}'above the design
ing ratio should not

p size current, we must
stics of the integration
t.of Figure 14, a single pole of

10 kQ, € = 0.1 uF

—_— 1 = K
i CiS+1/RC)

T s+ wo
wg = 2nf
103 = wg = 27f
f=159.2 Hz

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

= \Ri;l + (C1 X ggtg)

Now a 0 dBmo sine wave has a peak value of 1.0954

volts. In 1/8 of a cycle of a sine wave centered around

the zero crossing, the sine wave changes by approximately

its peak value. The CVSD step should trace that change.
The required current for a 0 dBm 1 kHz sine wave is:

1.1V +0.1[1F(1.”
"2{10k2)  0.125ms

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

) = =0.935 mA

1.1V
2

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

1
0.9356 mA

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

Rx = 0.25{vcc)

13721
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CVSD DESIGN CONSIDERATIONS (continued)

é ¥ Minimum Step Size For values of Vg5 near V/2 the Vo/R term is negli-
The final parameter to be selected for the simple codec gible; thus
in Figure 14 is idle channel step size. With no input signal, lj=Cg AVg
the digital output becomes a one-zero alternating pattern ! AT
and the analog output becomes a small triangle wave. where AT is the clock period and AV, is the desired

Mismatches of internal currents and offsets limit the
minimumn step size which will produce a perfect idle
channel pattern. The MC3417 is tested to ensure that

peak-to-peak value of the idle output. For a 16K-bit
system using the circuit in Figure 14

a 20 mVYp-p minimum step size at 16 kMz will attain a lj= QJ_MO_'E\.’_=33MA

proper idle channel. The idle channel step size must be 62.5us ;

twice tha specified total foop offset if a one-zero idle The voltage on Cg which produces “current is
pattern is desired. In some applications a much smatler determined by the value of Ry.

=41.6 mV

selection is discussed
rations. The voltage divider
‘an output of 41.6 mV.

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 Rpmin
must be selacted. With ne input signal, the slope controt
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
divider of Rg and Rmin {see Figure 14} sets the minimum
aliowed 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:

1iRy = Vgmin; for 33

In Figure 14 Rg is 18 k
with the syllabic filter
of Rg and Rejn must,

ste the encoder circuit in Figure 14 will function
= lég_ . d:t optimum performance for input levels around
1

INCREASING D' PERFORMANCE

‘ 1
RgR1{S+
ition Vo 0 1( R1C1)

T 1 1
e of the l R2024R0+R1}(5+ (Rg+ RI)CI)S +(R2C2)

FIGURE 16 — IMPROVED FILTER CONFIGURATION

Integration Filter Design

Tha circuit in Figure 14 uses a single-pole i
network formed with a 0.1 uF capacito
resistor. It is possible to improve the pe
circuit in Figure 14 by 1 or 2 dB
integration network. The improved

The first pole is still placed b
the 1/S voice content curve
somewhere above the 1

00 Hz to provide
cond pole is placed
uency. For ‘telephony 5

circuits, the second pole can be placed above 1.8 kHz
to exceed the 1633 one frequency. In other com- a2 /
munication systems s as low as 1 kHz may be Anslog Cutput \- k4
selected. in g e lower in frequency the second €00 \
pole is pla e'greater the noise improvement. Then, Mccﬁ-" 7 ‘}
to ensure oder foop stability, a zero is added to 015%1 MC3418 {
keep hase shift less than 180°. This zero should = e
be ghtly above the low-pass output fifter break ‘,__w___“ °
$0 as not to reduce the effectiveness of the Rg 0.1 uF
pole. A network of 235 Hz, 2 kHz and 5.2 kHz _'1“:’;1"—"—'_“"‘
typical for telephone applications while 160 Hz,
2 kHz and 2.8 kHz might be used in voice only channels.
{Voice only channels can use an output low-pass filter 0 1o%s, The R, €3 product can be provided st ferant valins of A and ¢ R

which breaks at about 2.5 kHz.) The two-pole network should be chosen to be equal to the tarmination resistor on Pin 1.
in Figure 16 has a transfer function of:

@ MOTOROIL.A Semiconductor Products Inc.
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INCREASING CVSD PERFORMANCE (continued)

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

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

Vo +(R2C2 R1Cq ) AVo

S SURAE L BN

Ro Ro Ro AT
R3C1R2C\AV,2

(RzCzC1+ 1172 2) o,
Ro ATZ

The calculation of desired gain resistor Ry then proceeds

exactly as previously described.
Syliabic Filter Design

The syllabic filter in Figure 14 is a simple single-pole
network of 18 k§2 and 0.33 uF. This produces 2 6.0 ms
time constant for the averaging of the coincidence output
signal. The voltage across the capacitor determines the
integrator current which in turn establishes the step size.
The integrator current and the resuiting 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 B:
if different portions of the total Ry are shunted by dig
the integrator current can be other than Ve =N

one would wish that the current wo
input level. To design the desired cun
to Pin 4 of the codec from an extg
signal level and adjust the curter

f the integrated circuit are speci-
eet the performance requirements
ieiephone systems, First, slope polarity
matching is laser trimmed to guarantee
hannel performance with 5 mV minimum
nd a typical 1% current match from 15 pA
to 3mA. 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 tefephone quality codec can be mass produced.

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

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

Diode breakpoint netwarks may he ver)
moderately complex and can improve the
range of any codec. In the past they h
high performance telephone codecs.

Typical resistor-diode networks

or
ynamic
used in

FIGURE 17 — RESISTO

in Figure 17.

f 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 recaiving circuit
output to eliminate quantizing noise. In general, the lower
the hit rate, the better the filter must be. The filter in
Figure 20 provides excellent performance for 12 kHz
to 40 kHz systems,

TELEPHONE CARRIER QUALITY CODEC USING MC3418

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

The Active Companding Network

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

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

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

FIGURE 18 — TELEPHONE;

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-

at Pin 4 is amplified by A1, The output
the voltage acrass Ry in a direction whig

operating ratio by changing the
R4 and R3 determines how cl
will be forced to 12%. The
initially experimental. H ef, the resulting compand-
ing control is depend . B3, R4, and the full diode

AZsand Al. The gain of A2 is also experimentally
stermined, but once determined, the circuitry is easily

TY DELTAMOD CODER

{Both double inteqration and active companding are used to obtain improved CVSD performance,
t.aser trimming of the integrated circuit provides te idle channel and step size range characteristics.}
Vaice/Non-Veice Clock Digital
SELECT Input Qutput
O . o
37.7 kHz @ (VCCIZ’
+12V
Anzlog 16} 14
input | 0-22 KF
Vee
4 Bit
Register | ;
Lt -
iN914
T AS0.33pF
=3
ecr? :
o
1k
Analey 7 4_ Slope < ’ Y oVsyl
Output | F2 Z Polarity ~ 2 ANR"
36k A ) 41
[ i A4 na Switch | .
| +
. ,ix R1 MC3418 23 % !
— <.~} 600 [3] 1] 8 L
C.025 uF o (_J 1~ Rra
" d"-’VW-'l b hibd {
= 2 .05 uF 100 k
S| e—AAA——]
S YVRg 13k Al A2,
s T MCI1458
d 0.1 uf

1%
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SIGNAL TO NOISE 1N dB

OUTPUT LEVEL IN dBm

TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued)

FIGURE 19 — SIGNAL-TO-NCISE PERFORMANMNCE repeated.
ANMD FREQUENCY RESPONSE
{Showing the improvement realized with

the circuit in Figura 18.)

. SIGNAL-TO-NCISE PERFORMANCE OF TELEPHONY

QUALITY DELTAMODULATOR

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

35-{ The minimum step size is established by the 500,k
- resistor between V¢ and V(c/2 and is therefore:
3 pendentiy selectable,
7 The signal to noise resuits of the active ¢
30 ) 50 dB | network are shown in Figure 19. A smoot drop is
_ 4 BIT ALGORITHM realized from +12 dBm to ~24 under L ol of A1l
N ?1:‘: ,?é"s'ﬁ_ TONE At ~-24 dBm, A2 begln? to degene te ompanding
< C MESSAGE WEIGHT reference and the resulting step siz uced 50 as to
25 extend the dynamic range o t codec by 20 dBm,
. The siope overtoad cha is also shown, The
7 active campanding netw: duces improved perfor-
7 mance with frequehcv T m siope overload point is
20 raised to 4.8 kHz be
¥ L T L) | T T T T T .
-a8 -36 -24 -12 o 12 ling the voltage
INPUT LEVEL IN dBm0 the level linga
b. FREQUENCY RESPONSE versus INPUT LEVEL The co
(SLOPE OVERLOAD CHARACTERISTIC) 372.7K bi
com etwork zre not limited to high bit rate
0 dBem INPUT By madifying the crossover region {changing
a0+ sl : , the active technique may be used to
-19 | —1odBm [NPUT e the performance of fower bit rate systers.
-201 ~— 20 dBm i NPUT he performance and repeatability of the codec in
Figure 18 represents a significant step forward in the art
~30+ and cost of CVSD codec designs.
-A0+ 4 BIT ALGORITHM
37,7 K 8ITS
504
i *A larger value for C2 is required in the decoder circuit
-60 than in the encoder to adjust the level linearity with
g frequency. In Figure 18, 0.050 uF would work well.
o) akHz 4kHr 6 z 10 kHz

INPUT FREQUY

c1
5t
1000 pF n?
R1 21 1k
r«N»——»—-IVv»—-— R6
878 k 178 % N RS
MC
- 600 k 17241 212
© [ ca c4 _‘L p k
157IpF 78 ::F R4 c2 o5
o i ¢ 11T Izzg pF ISSO pFE
= Al = = =
247 k Designed for 0.28 d@ rippie in the pass band

wn = 3 kHz
Wy = WG RHZ
AdB at wg and above 29,5 dB
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FIGURE 21 — FULL DUPLEX/32K BIT CVSD VOICE CODEC USING MC3517/18 AND MC3503/6 OF AMP

Digital Ourpurt

Foree 1dle

Channel
15 113
c2 1
1 ™
A2 R3 2

c1
Analog nput O—{

1 ca 12 MEC3417
or
| 10 MC3418

Clack

Anaiog Output R11

Digital o 91 mc3a17
Test

Codec Componeny

2 -5 M2 (MC3417}
um step size = 20 mV
M2 — 15 MQ (MC3418)

Minimum step size = 6 mV

Cg1. Cgp — Q.05 xF
Cy1. Gz — 0.05 pF¥

2 MC3417 {or MC3418)
1 MC3403 {or MC3406)

Note: Alt Res. 5%
All Cap. §%

¢ e -

Input Filter Specifications

12 dB/0Octave Rolloff above 3.3 kHz
6 dB8/Qctave Rolloff below SO Hz

Qutput Filter Specifications
Break Frequency — 3.3 kHz
Stop Band — 9 kHz

Stop Band Aten. — 50 dB
Aolloff — > 40 dB/Vctave

@ MOTOROLA Semiconductor Products Inc.
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or
MC3a18

— Digital input

Filter Components

R1 - 9850 C1 —3.3uF
R2 — 72 k2 €2 — 837 pF
R3 — 72 k02 C3 — 536 pF
R4 — §3.46 kK2 C4 — 1000 pF
RS — 127 k&2 C5 — 222 pF
RE — 365.5 kil Ce - 77 pF
87 — 1.645 M52 C? - 38pF
R8 — 72 kD C8 ~ B37 pF
RY — 72 k§2 €9 — 536 pF
R10 — 29.5 «f2

R11 - 72 Q2

Nate: Al Res. 0.1% 10 1%.
All Cap. 1.0%
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COMPARATIVE CODEC PERFORMANCE FIGURE 22 — COMPARATIVE CODEC PERFORMANCE — O
The salient feature of CVSD codecs using the MC3517 SIGNAL-TO-NOISE RATIO FOR 1 kHz TEST TONE '
and MC3518 family is versatility. The range of codec
complexity tradeoffs and bit rate is so wide that one 35
cannot grasp the interdependency of parameters for 2 B -
voice applications in a few pages. g 1 -
Design of a specific codec must be tailored to the B 25
digital channe! bandwidth, the analog bandwidth, the % b IV
quality of signal ‘transmission required and the cost z w /c L~
objectives. To illustrate the choices available, the data in ESR L // //
Figure 22 compares the signal-to-noise ratios and dynamic > P P
. . . \ 19
range of various codec design options at 32K bits. 'rd
Generally, the relative maerits of each design feature will 5.0 /)
remain intact in any application. Lowering the bit rate 0 V
will reduce the dynamic range and noise performance .45 -4 -35
of all techniques. As the bit rate is increased, the overall
-|- performance of each technique will improve and the need  These curves demonstrate npraved performance obtained
for more complex designs diminishes. with several codac designg complexity.
Non-voice applications of the MC3517 and MC3518 Curve a — Complex, comianding and double integration

are also possible. In those cases, the signal bandwidth MC3418)

and amplitude characteristics must be defined before
the specification of codec parameters can begin. How- Curve c.
ever, in general, the design ¢an proceed along the lines of
the voice applications shown here, taking into account the
different signal bandwidth requirements.

ngl egration (Figure 14 — MC3418) with
5.0 mV step size
Single integration {Figure 14 — MC3417) with
25 mV step size

MOTOROLA Semiconductor Products Inc.
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: make changes without further notice to any products herein. Motorola makes nowamranty, representation or guarantes regarding
the suitability of its pr T any particular purpose, Nor does Motorola assume any liakiifity arising out of the appilcation or usa of any product or circuit,
andspecifically dise any andall liability, including without imitation consequential or incidental damages. “Typical” paramaters can and do vary in different
applications. paramaters, inciuding “Typicals® must be valldated for aach customer application by customer's tachnical experts. Motorola does
not convay arise under its patent rights nor the rights of others. Mommmmammtdesigned.imemw.mauﬁwmmoruseasmpommsln
systems i for surgical implant into the body, or other applications Intendad 10 support or sustain life, or for any ather application in which the tailyre of
the Matorola product could creata a situation wheve personal injury or death may oocur. Shaould Buyer purchase or use Motorola products for any such
uninter unauthorized appiication, Buyer shalf indamnify and hakt Motorola and ite officers, employess, subsidiaries, affiiates, and distributors harmilass

ims, casis, damages, and expensss, and reasonable attomey fees arising out of, directiy or indiractly, any claim of personal injury or death
ated with such unimended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufactura af the part.
iz and (@ are registered trademarks of Matoroka, inc. Motorola, Ine. i an Equal Opportunity/Affirmative Action Employer.
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