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ABSTRACT

IN THE DATA COMMUNICATION SYSTEM, THERE ARE MANY METHODS OF
SENDING THE DATA FROM ONE PLACE TO ANOTHER, BUT WE HAVE TO THINK ABOUT
THE EFFICIENCY OF RECEIVING AND SENDING THE DATA. IT MEANS THAT THE
RECEIVED DATA MUST HAVE HIGH ACCURACY AND HAVE MINIMUM MISTAKE IN THE
FIXED CONDITION. SENDING THE DATA TO MANY CHANNELS AT THE SAME TIME
MAY CAUSE THE DISSIPATION. SO, THERE 1S THE MULTIPLEX METHOD WHICH MIX
THE DATA TOGETHER AND SEND THEM TO THE SAME CHANNEL.

THIS THESIS IS STUDY AND DESIGN FOUR CHANNELS TIME DIVISION
MULTIPLEX FOR DATA COMMUNICATION, WHICH THE DATA CAN TRANSMIT IN FORM
OF UNIPOLAR NRZ. THE VOICE SIGNAL TRANSFORMS, ANALOG TO DIGITAL BY
USING CVSD AND QUTPUT IS A 1 BIT/SAMPLES POINT WITH BITRATE ABOUT 16
KBPS. THE MIAN RECEIVER CONSISTS OF THE CVSD DECODER AND DEMULTIPLEX

CIRCUIT, WHICH DEMUX EACH A CHANNEL WITH USE A BIT SYNCHRONOUS CIRCUIT.
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Adaptive Delta Modulation (ADM)
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LINEAR LS! PRODUCTS

TIMER - SEINE555/SE5550<

DESCRIPTION
|{The 555 monolithic timing circuit is & highly
“stable controller capable of producing ac-
curate time delays, or oscillation. In the time

FEATURES

¢ Tum off time fess than 2.3
¢ Maximum operating frequency greater
than 500kHz

PIN CONF 3URATIONS
D, N, FE PACKAGE

delay mode of operation, thetime is precise-  Timing from microseconds to hours _.°'f95°,LI_J,. .. pelYee .

:ly controlied by. one external resistor and o QOperates in both astable and monostable migaen [ [7] orscuanar
capacitor. For a stable operation as an oscil- modes oursyr [T 5] T™agsnow
lator, the fres running frequency and the o High output current neser 7 3] contaoL
duty cycle are both accurately controlied o Adjustable duty cycie voLTAGE
with two external resistors and one capaci- o TTL compatible . oan:z?n‘:;:\:sns )
tor. The circuit may be triggered and reset « Temperature stabllity of 0.005% per *C SE/NESSSNFE  NE5SSD T
on falling waveforms, and the output struc- SE555CN.CFE ok
ture can source or sink up to 200mA. APPLICATIONS -

® Precision timing . :
* Puise generation F PACKAGE R &
® Sequentisi timing ano [T Mj vee '
* Time delay generation we [7] 73] ~e
® Pulse width modulstion
* Pulse position modulation moeen ) oscrancr
® Missing pulse detector oureur [7] 1] we
we [5] [16] THmesmoLo
RESET [ 3 NC
\ coNTROL
ABSOLUTE MAXIMUM RATINGS & I vounace
: TOP VIEW
PARAMETER RATING UNIT ORDER NUMBERS
SE/NESSSF  SESSSCF
Supply voltage 3
SES55 - ) . +18 v BLOCK DIAGRAM
INES5SS, SE555C +16 v -
Power dissipation 600 mw vee '
Operating temperature range Qe I
NES55 0to +70 °C :
SES555, SES55C -55 to +125 °c
Storage tempearature range -65 to +150 °C :Eu k
Lead temperature (solgering, 60sec) 300 °c 1 conmaot|- >
voLtaar| 7
‘ TR
EQUIVALENT SCHEMATIC o Ej 2
¢ O—{couranatont- !
ey SE-«
Tmnicoen |
COMPARATOR H—O 2 ".
) [: ‘
7 :
- A ois- .J..
L CHAAGE -
S 7 O—
< RESET
e ﬂ.o-o—l QO 4
cs
Qs n .
. ApY .
I ouTPUT |
o STAGE -
o A B Zall " eug o
3 S
g ouUTPUT GROUNO
. Id
P
Signetics 5-185



SE/NESSS/SESSSC

2C ELECTRICAL CHARACTERISTICS Ta =25°C, Voc = +5V to +15 unless otherw:se spec;m

5-188

Signetics

- SESSS5 NES5S5/SES55C UNIT
P MET ONS
ARA ER TEST CONDITI v Min | Typ | Max | Min | Typ | Max
supply voltage 4.5 18 4.5 16 A
Supply current (low statell Vee=5VR =» ~ 3 5 3 [ mA
Vec =15VR == 10 12 10 15 mA
Timing error {imonostable} Ra = 2KN to 100KQ
initial accuracy? C=0.1uF 0.5 2.0 1.0 3.0 %
Drift with temperature 30 100 50 150 | ppm/°C
Drift with supply voltage 0.05 0.2 0.1 0.5 %NV
T Timing error (astable) Ra, Rg = 1k0l to 100k
: initial accuracy? C=0.14F 4 6 5 13 %
i Drift with temperature Vee = 15V 500 500 |ppm/°C
! Drift with supply voltage 015 | 06 03 1 %V
‘ Control voltage ievel Vee = 15V 9.6 100 | 104 8.0 100 | 11.0 v
; Vee =5V 2.9 3.33 3.8 26 333 40 \%
i Threshold voltage Vee = 15V 9.4 10.0 10.6 8.8 100 | 11.2 v
: . - Vec =5V 2.7 3.33 4.0 24 333 4.2 A
| Threshold current3 0.1 0.25 0.1 0.25 pA
¥ T
! Trigger voltage Vce = 15V 48 5.0 52 45 50 5.6 v
| R Vec=5V - | 145 [ 167 [ 19 | 11 | 167 | 22 v
' Trigger current Vrrig = OV 05 | 09 05 | 20 pA
i Reset voltages 0.3 10 | 03 Tl 10 v
i Reset current 0.1 | 04 01 | 04 mA
, Reset current VReseT = 0V 04 1.0 04 1.5 mA
! Output voitage (low) Vee = 15V
! Ising = 10mA 0.1 0.15 [+ R ] 0.25 v
Isink = 50mA 0.4 0.5 0.4 0.75 v
sk = 100mA 20 2.2 20 2.5 v
tsinx = 200mA 2.5 25 A
2 5] Vze =5V
i Ising = 8mA 01 | 025 03 0.4 v
; . Isink = 5mA 0.05 0.2 025 | 0.35 v
. Output voltage thigh) Vec=15v
; IsouRce = 200mA 12.5 125 v
H Isource = 100mA 13.0 133 12.75 | 123 v
i Vee =5V ;
! Ispurce = 100mA 3.0 3.3 2.75 | 33 \
Turn off timeS Vaeser = Voo 0.5 2.0 05 2.0 us
i Rise time of output > 100 200 100 300 ns
4 Fall time of output 100 200 i 300 ns
; Discharge teakage current 20 100 100 na
!
L
vITES
: SwoLly currént when output high typically 1mA less.
3 Testes a1 Ve = 5V and Vec = 15V.
fus wilt gethrming the maxtmumvaive.of Re+ Rg, for1SVioperation, me max total e s g -~ W N e g gty ey Ry SRR
£ = 10 megohm, and for 5V operation, the max total R 3.4 megotm. !
: Soecrtiec with tnigger input high.
¢ Teme measured from a positive going input pulse from 0 to 0.8 x Ve into the threshold
2 the drop from high 10 low of the output. Trigger is ed to threshoid. .
. . o .

GirC-25

e ke
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TIMER | SEINESSSISESSEC 2

PR

P ot

TYPICAL PERFORMANCE CHARA( TERISTICS ta

MINMUﬁ PULSE WIDTH SUPPLY CURRENT DELAY TIME oy
REQUIRED FOR TRIGGERING vs SUPPLY VOLTAGE vs TEMPERATURE .
150 10.0 1.018
125 +125°C "
E E 80 ; 1.010
2 o | o
3 10 +25°C % 1008
u //F Z e ]
g 75 B'GA- E = 4,000
& _sge o B
2 |~ //;E‘ § 40 i §
x 50 <
z A /% E 3 0.995
g =128 2 20 S 990
° o 0.985
0 0.1 0.2 03 0.4 50 108 150
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE SUPPLY VOLTAGE — VOLTS k%
e LOW OUTPUT VOLTAGE LOW OUTPUT VOLTAGE LOW OUTPUT VOLTAGE ... -
5‘ - vs OUTPUT SINK CURRENT vs OUTPUT SINK CURRENT vs OUTPUT SINK CURRENT
e » 10 ) .. 10 10 Y
_—— Vee= 8V d Veo= 10V Voo = 15V
; ; i 1.1 -
- =59 -
© — 8 -355°C
2 10 P .,\,-"," 5 g 10 j¥S s 2 10 |
g r' w .'? g ], - 925°C g
!.. +* I " ET !_ *2520 !
2 s 5 =0 2 P AT
2 o1 >3 0.1 RIS E Y hd i s 8
o —8s°C v - _ﬂ
- BB
= 1E
0.01 0ot 0.01 13
0 20 S0 10 20 50 100 10 20 SO0 W 20 50 100 1.0 20 50 10 20 S0 100 | 3
£
isiNg = MmA isINK = MA Ik — MA =
. 3
Fa <
: R
: PROPAGATION DELAY E
- HIGH OUTPUT VOLTAGE DROP DELAY TIME vs vs VOLTAGE LEVEL - .
vs OUTPUT SOURCE CURRENT kY SUPPLY VOLTAGE OF TRIGGER PULSE =
2.0 T ’ v1018 300 =
1.8 ~85°C oo :{c
= w101 2 250 b
1.8 . 1.4
2 . cesec| L1 z 3 g —sseC Z
8 2] By s T ”
i +125°C] LA~ E \ P e a NP ¥/ =X
1.0 ' s 1000 A Z 150 < e
3 B oy w - e | A g
> 08 g 0.995 5 - "5
| E s ~ ":E, : g 100 — +25°C ;
3 730 [ N O %
N o4 5V = Vee = 16V 2 om g sof S A
0.2 . . +125°C =
° ] l 0.985 - ¢ :
(10 20 : S0 W0 20 50 100 [ 5 0 15 20 - o 0. 0.2 0.3 o4 |
Isource — MA SUPPLY YOLTAGE — V~ LOWEST VOLTAGE LEVEL '
ot . OF TRIGOER PULSE — XVce

Signefics | 5-187
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TYPICAL APPLICATIONS
ASTABLE OPERATION
Vee a
St e _smomwmss
DISCHARGE 1| 1[
. | 3 !
CONTROL :'~R's' | l
[T~ voumaE i coup = '
| THRESHOLD O— Lk |
T ouF . | L | m
| |
-_1_.- | 3m :‘g" | — outPuT 2
: | outPUT
| |
t |
TRIGGER O—1 2, oz i
| 2 !
l < |
P |
"l X 18 ) N =y
l &' = Pas2ngc
RESET
MONOSTABLE OPERATION
;ec
‘$
I q’ﬂ N
) _Jd 2 Ny s sssORv2sss
DISCHARQE O 7|l~ - : 1!
i | :&u |
1 |
smee——t s o
l THRESHOLD O— ! = | lat
€ { !
-;I:- :__L | 3m :LL"":_ OUTPUT |—770
] ! output
| i
. 1
'I’ﬂlGl:Elo—————r——-L |
I 4 |
I - |
(- |
L e e J
r
RESET AT=1.1RC
P72 ¢
5-188' Signetics
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TIMER

SE/NE555/SES55C =

Trigger Pulse Width Requirements
and Time Delays

Due to the nature of the trigger circuitry, the
timer will trigger on the negative going edge of
the input pulse. For the device to time out pro-
perly, it is necessary that the trigger voltage
leve! be retumned to some voltage greater than
one third of the supply before the time out
period. This can be achieved by making either
the trigger pulse sufficiently short or by AC
coupling into the trigger. By AC coupling the
trigger, see Figure 1, a short negative going
puise is achieved when the trigger signal goes
1o ground. AC coupling is most frequently used
in conjunction with a switch or a signai that
goes to ground which initiates the timing cycle.
Should the trigger be held low, without AC
coupling, for a longer duration than the timing
cycie the output will remain in a high state for
the duration of the low trigger signal, without
regard to the threshold comparator state.
This is due to the predominance of Q,s on the
base of Q. controlling the state of the bi-
stable fiip-flop. When the trigger signa! then
retums to a high level, the output will fall
immediately. Thus, the output signal will fol-
low the trigger signal in this case.

TYPICAL APPLICATIONS

AC COUPLING OF THE TRIGGER PULSE

vee Vee

ALL AENISTOA VALUES ARE 14y Oming

veo
mvee d
Ovouts T - =
’{ “ —— RMATION OF TRIGGES M St
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-50 as not to interfere with the output sngna! a8

Another consideration is the “tum off time'
This is the measurement of the amount of tim,,
required after the threshold reaches 2/3 Ve o
turn the output low. To explaln 1unher Q,at the.
threshold i input ‘turhs on after reachmg 283V,
which then turns on Qs, which turns on Q._
Current trom Qg turns on Qs which tums Q,,
off. This allows current from Qg to tum on o,,
and Q,, to give an output low. These steps
cause the 2us maximum delay as stated in the -
data sheet.

T

Also, a delay comparable to the turn off time s - P
the trigger release time. When the trigger is "
low, Q, is on and turns on Q,, which tums of
Qys. Qys turns off Q,g and aliows Q45 to tum on,
This tums off current to Qp and Q,,, which
results in output high. When the trigger ™3
released, Q,p and Qy shut off, Qg tuns olLA :
Q,s turns on and the circuit then follows the -
same path and time delay explained as “tum
off time™. This trigger release time Is very
important in designing the trigger pulse width

<
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explained previously. -
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! Information CONTINUOUSLY VARIABLE
SLOPE DELTA
& : MODULATOR/DEMODULATOR
. i
CONTINUOUSLY VARIABLE SLOPE LASER-TRIMMED
DELTA MODULATOR/DEMODULATOR INTEGRATED CIRCUIT
Providing 2 “simplitied approach 1o digital speech encoding/
decoding, the MC3517/18 series of CVSD:s is designed for military
secure communicatioh and commercnal telephone applications.. T
A single IC provides both encoding and decoamg functions. m
b
e Engode and Decade Functions on the Same Chip with
a Digita! Input for Selection L SUFFIX P SUFAX
T F . f CERAMIC PACKAGE  PLASTIC PACKAGE
& Utilization of Compatible 12L — Linear Bipolar Technology CASE 620-10 CASE 848-08
} CMOS Compatible Digital Output W) V-
3 E » Digital input Threshold Selectable (Vee/2 reference PLASTIC PACKAGE
provided on chip} ‘ CASE 751G-01 .
0-16L
o MC3417/MC3517 has a 3-Bit Algoritfim (General = S
v Communications) K —
o MC3418/MC3518 has & 4-Bit Algorithm (Commercial Telephone) [ n
' [ e ) PIN CONNECTIONS
x‘""“l 1 |- 16 |vee
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3, @ ot MC3218L |, Ceramic,DIP 0'Cto +70°C
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MC3417, MC3517, MC3418, MC3518
d

ELECTRICAL CHARACTERISTICS (continued)

- MC3417/MC3517 MC3418/MC3518
Characteristic Symbol Min Typ Max Min _ Typ Max | Unit
""" "| Applied Digital Thrashold Voitage Range VTH +12 - vee-20| +12 —_ Vee-20] vde
{Pin 12)
Digital Threshold Input Current Ii(th) pA
12V € vy, < Voo -~ 20V)
(Vi spplied to Pins 13, 14 and 15) - - 5.0 - - 5.0
{Vin applied to Pins 13, 14 and 15} — -10 -50 - -10 -50
@aximum Integrator Ampilifier lo =5.0 —_ - =5.0 - - mA
Output Current
Veer2 Generator Maximum Qutput Current|  IRe! +10 — - +10 - - mA
(Source only)
Veef2 Genserator Output impedance Ref - 3.0 6.0 - 3.0 6.0 o
10 to + 10 mA)
Vcef2 Generator Tolerance 4 — = =35 - —_— =35 %
4.75 V < Vee < 16.5 V) .
Logic Input Voltage (Pins 13, 14 and 15) Vde
Low Logic State ViL Gnd - Vin-0.4 Gnd —_ Vih—-0.4
High Logic State’ Vid Vip+0.4 —_ 18 Vip +0.4 - 18
Dynamic Total Loop Offset Voltage IVofiset mV
{Note 2) — Figures 3, 4 and 5
Igc = 12pA, Voo = 12V
Ta = 25°C (All except 3418P,DW) —_ — -— -— =05 =15
(MC3418P,DW) - = - —_ =0.5 =3.0
0°C < TA < +70°C (MC3417118L) —_ - —_ - =0.75 =23
(MC3418P,DW) - N4 — - =075 =38
e -56°C & Tp < +125°C (MC3517/18) — - — — =15 =4.0
B IGe = 33 pA Voo = 12V
TA = 25°C - =25 =5.0 —_ -—
0°C € Tp < +70°C (MC3417/18) - =3.0 =75 — -— _—
~8§5°C = Tp € +125°C (MC351718) - =45 =30 e - —
v loc= 12 pA, Voo = 5.0V
Ta = 25°C {All except MC3418P,DW) —_ - —_ — =1.0 =20
. (MC3418P,DW) -— - - — =1.0 =35
0°C < TA < +70°C (MC3417/18L) Eaed —_ —_ —_ =13 =28
(MC3418P,DW) = 25 - - =13 =43
-55"C € Tp € +125'C (MC3517/18) - — - -_ Pyt =5.0
lec-33/.|A.Vcc 5.0V -
-~ TA= - . =40 =6.0 - P —
0C= TA < +70‘C (MC3417/18) portd =45 =80 - - —
7% ~55°C € Tp < +125°C (MC3517/18) —_ =5.5 =10 - -— —_
igitsl Output Voltage . .1 vde
\ T (o = 26mA) VoL - 0.1 0.4 - 0.1 0.4 .
{loy = —0.35 mA) VOoH |{Veec=-1.0{Vee-0.2 —_ Vee=-1.0|Vec-02 —
Syllabic Filter Applied Voltage (Pin 3) Viisyl) +3.2 - Vee +3.2 = Vee Vde
{Figure 2)
Integrating Current {Figure 2) lnd
{igc = 12 uA) 8.0 10 12 8.0 10 12 RA °
{IGgC = 1.5 mA] (All except 3418P,0W) 1 45 1.5 1.55 1.45 1.5 1.55 mA
(MC3418P,DW) - - 1.42 1.5- 1.58 mA
iGe = 3.0 mA) 2.75 3.0 3.25 2.75 3.0 3.25 mA
Dynamic integrating Current Match VOt(ave) mv
fige = 1.5 mA) Figure 6
{All excapt MC3418P,0DW) — =100 =250 - =100 =250
(MC3418P,DW) - —_ - -— =100 =280
Jinput Current — High Logic State 1 nA
Vi = 18 V)
Digital Data input - - +5.0 —_ — +5.0
Clock input - —_ +5.0 —_ —- +5.0
Encode/Decode input - +5.0 — -— +5.0
Input Current — Low Logic State I RA
Vi=0V)
Digital Data Input —_ —_ -10 —_ - -10
Clock Input — —_ -360 -_ — -360
Encode/Decode Input -— - =36 -— — -36
Clock input, Vi = 0.4 V —_ -— -72 — —_ -72

NOTE 2. Dynamic 1otal ioop offset (ZVgsige1) equais Vio icomrparator] (Figura 3) minus Vigx (Figurs 5). The input ofiset voitages of the analog comparator
and of the integrator amplifier include the effects of input offset current through the input resistors. The slope polumv switch current mismateh
as sn o¢ across the 10k muonxov resistor. Fer the MC3417IMC3517 the clock frequency is 16 kHz, For the MC3418/
MC3518, the clock Qraquuncv is 32 kHz, idie ] d if this ic total loop ofiset is less than ons-hait of the
changs in integrator output voltage during one clock cvcl‘ {ramp ncp nul Laser trimming is used to insure good idle channel performance.
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DEFINITIONS AND FUNCTION OF PINS

" Pin 1 — Analog input

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

Pin 2 — Analog Feedback

This is the noninverting input to the analog signal
comparator within the IC. in an encoder application it
should be connected to the analog outputofthe encoder
circuit. This may be Pin 7 or a low pass filter output
connected to Pin 7.1n 8 decode circuit Pin 2 is not used
and may be tied t0 vee/Zon Pin 10, ground or ieft open.

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

Pin 3 — Sylabic 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 appsears across Cg of the
syllabic filter and is the voltage between VCC snd
Pin 3. The active voltage 10 current (V—1) converter
drives Pin 4 to the same voltage at a slew rate of
typically 0.5 Vips. Thus the current injected into Pin 4
ige) is the syliabic filter voltage divided by the Ry
resistance. Figure 7 shows the relationship between
Igc {x-axis) and the integrating current, lint (y-axis).
The discrepancy, which is most significant at very low
currents, is due to circuitry within the slope polarity
switch which enables trimming to a low total loop
offset. The Ry resistor is then varied to adjust the 100p
gain of the codec, but should be no larger than 5.0 k)
1o maintain stability.

Pin 5 — Reference Input

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

Pin 6 — Filter Input

This inverting op amp input is used to connect the
integrator external components. The integrating cur-
rent {ijn) flows into Pin 6 when the analog input (Pin 1)
s high with respect 10 the analog feedback (Pin 2) in

the encode mode of when the digital data input

{Pin 13) is high ifi-the decodé mode. For the opposite.

states, liny flows out of Pin 6. Single integration sys-
tems require a capacitor and resistor between Pins 6
and 7. Muttipole configurations will have different cir-
cuitry. The resistance petween Pins 6 and 7 should
always be between 8.0 kQ and 13kQ1 to maintain good
idle channel characteristics.

Pin 7 — Analog Output

This is the integrator op amp output. It is capable
of driving a 600-ohm load referenced to VCC/2 to
+6.0 dBm and can otherwise be treated as an op amp
output. Pins 5, 6, and 7 provide full access to the inte-
grstor op 8mp for designing integration filter net-
works. The slew rate of the internally compensated
integrator op amp is typically 0.5 Vius. Pin 7 output
is current limited for both polarities of current flow at
typically 30 mA.

Pin 8 — VEE

The circuit is designed 10 work in either single or dual
power supply applications. Pin 8 is always connected
to the most negative supply.

Pin 9 — Digital Qutput

The digita! output provides the results of the delta
modulstor's conversion. It swings between VCC and
Vgg and is CMOS or TTL compatible. Pin 9 is inverting
with respect to Pin 1 and non-inverting with respect to
Pin 2. it is clocked on the faliing edge of Pin 14. The
typica! 10% to 90% rise and fal! times are 250 ns and
50 ns respectively for Vge = 12 VandCL = 25 pF to
ground. TP

Pin 10 — Vgcf2 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 resistor to insure its sinking
capability. If a +6.0 dBmo signal is expected across
a 600 ohm input bias resistor, then Pin 10 must sink
2.2 V/600 L = 3.66 mA. This is only possible if Pin 10
sources 3.66 mA into a resistor normaily and will
source only the ditference under pesk load. The ref-
erence load resistor is chosen accordingly. A 0.1 uF
bypass capacitor from Pin 10 to VgE is also recom-
mended. The V¢/2 reference is capable of sourcing
10 mA and can be used as a reference elsewhere in
the system circuitry.

— e
Pin 11 — Coincidence Output

The duty cycie of this pinis proportional to the voltage
across Cg. The coincidence output will bs low whenever
the content of the internal shift register is all 1s or all
0s. in the MC3417 the register is 3 bits long while the
MC2418 contains a 4 bit register. Pin 11 is an open col-
lector of an NPN device and requires @ pull-up resistor.

B
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TYPICAL PERFORMANCE CURVES

FIGURE 7 — TYPICAL ijne versus Igg (Mean 2 20)

100
»
L]
»

n
w
19
58
LY ]
0

l'lﬂll' INTEGRATING CURRENT lWA) - FIN G

.0

4-H

444
|44

T

veg© 12V -

P, Tae25%¢ ||

[

11

.0

0

0 80 19 10 0 0 s W
1gc. GAIN CONTAOL CURRENT A} - P14

L]

FIGURE 9 — NORMALIZED DYNAMIC INTEGRATING
CURRENT MATCH versus CLOCK FREQUENCY

VeiAvi NOAMALIZED DYNAMIC
INTEGAATING CURRENT MATCH (mV}

+50

<2

-1

-190

|

H
!

Toe 2800
vege 2y N

(500 Figure §,
Normeliced W0 W

WA P ige= LbmA)

w0 &N W W b

teLk. CLOCK FREQUENCY (ktz)

Voiavl. NORMALIZED DYNAMIC

FIGURE 8 —~ NORMALIZED DYNAMIC
INTEGRATING CURRENT MATCH versus Voo

0
S 80
£
S
s
-«
2 .
= L1
=
E 0
2 1
a .0
z Ta~ 289
F // toyg ~ 324K .
= T
e |~ (Sea Pigure 6.
£ gl 10 10REY
- ®ige e Lima)
«80 L I ]

S0 &0 10 85 88 0 1
T4 Vgg SUPPLY VOLTAGE (VOLTS)

i ] u

FIGURE 10 — DYNAMIC TOTAL LOOP
OFFSET versus CLOCK FREQUENCY

-8
i ~
& NS
2 ° _—
3 NN
& Ige® 12mA
g ey
2 N
e l N ~ \
Q.10 4
3 I tgr = 3uA ;
5 | |
i weeuv N
> Ta = BT
P 22| (Son bomte } of Elocncat
Curscurena, Page 1} \
0 0 » w o m o wo 700

1L, CLOCK FREQUENCY (kitz)

FIGURE 11 — BLOCK DIAGRAM OF THE CVSD ENCODER
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FIGURE 12 — CVSD WAVEFORMS
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FIGURE 14 — 16 kHz SIMPLEX VOICE CODEC
{Using MC3417, Single Pols Companding and Singie integration)
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CIRCUIT DESCRIPTION

The continuously variable slope delta modulator
{CVSD) is 2 simple alternative to more complex conven-
tional conversion techniques in systems requiring digital
communication of analog signals. The human voice is
analog, but digital transmission of any signal over great
distance is attractive. Signal/noise ratios do not vary with
distance in digital transmission and multiplexing,
switching and repeating hardware is more economical and
easier 1o design. However, instrumentation A to D con-
verters do not meet the communications requirements.
The CVSD A to D is well suited to the requirements of
digital communications and is an economically efficient
means of digitizing analog inputs for transmission.

The Delta Modulator

The innermost control loop of 3 CVSD converter is
a simple deita 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
1o the comparator are the input analog signal and the

_ integrator output. The comparator outpug-reflects the

sign of the difference between the input voltage and
the integrator output. That sign bit is the digital output
and aiso 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.

1§ the clocked serial bit stream is transmitted,
received, and delivered to0 3 similar integrator at a remote
point, the remote integrator output is » copy of the
wransmitting control loop integrator output. To the
extent that the integrator at the transmitting locations
wacks 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 OF 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
10 a remote receiver. The serial, unframed nature of the
data is ideal for communications networks. With no
input at the transmitter, 3 continuous one zero alternation
is transmitted. 1f the two integrators are made leaky, then
during any loss of contact the receiver output decays to
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CIRCUIT DESCRIPTION (cpﬁtinued)

zero and receive restart begins without framing when the
receivef reacquires. Similarly 3 delta modulator is tolerant
of spogadic bit errors. Figure 12 shows the delta modu-
iator waveforms while Figure 13 shows the corresponding
CVSD decoder block diagram.

The Companding Algorithm

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

The trequency limits are bounded on the upper end;
that is, for any input bandwidth there exists a clock
frequency larger than that bandwidth which will trans-
mit the signal with a specific noise level. However, the
ampli‘ude limits are bounded on both upper and lower
ends. For a signal jevel, 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 varisble siope circuitry provides
increased dynamic range by adjusting the gain of the
integrator. For 2 given clock frequency and input
bandwidth the additiona! circuitry increases the delta
modulator's dynamic range. External to the basic
dcltag modulator is an aigorithm which monitors the
past few outputs of the delta modulator in 3 simple
shift register. The register is 3 orf 4 bits long depending on
the application. The accepted CVSD aigorithm simply
monitors the contents of the shift register and indicates

* the nature of the bit stream withoyt

if -it contains all 1s or Os. This condition is called coinci-

A'dence. When it occurs, it indicates that the gain of the

t integrator is too small. ‘The coincidence output charges
3 single pole low pass filter. The voltage output of this
syllabic filter controls the integrator gain through 2 pulse
amplitude modutator whose other input is the sign bit
or up/down control._

The simplicity of the. all ones, sll zeros algorithm
should not be taken lightly. Many other- control sigo-
rithms sing the shift register have been tried. The key t0
the accepted algorithm is that it provides a3 measure of
the average power of level of the input signal. Other
techniques provide more instantaneous information
sbout the sh'ape of the input curve. The purpose of
the algorithm is to control the gain of the integrator
and 1o increase the dynamic range. Thus a measure of
the average input level is what is needed.

The algotithm is repeated in the receiver and thus
the level data is recovered in the receiver. Because the
algorithm only operates op_the past serial data, it changes

v anging the channel
bit rate.

The effect of the_algorithm is 10 compand the input
signal. 1f a CVSD encoder is played into a basic deita
modulator, the output of the deita niodumor will reflect
the shape of the input signal but. all of the cutput will
be at an equal level. Thus the algorithm at the output is
needed 1o <estore the Jevel variations. The bit stream
in the channel is as if it were frotn @ standard deita modu-
\ator with @ constant level input.

The deita modulator cnoodo;r with the CVSD algorithm

s €

“provides an #tficient mathod_for digitizing a voice input
in a manner which is especially convenient for digital
communcistions requirements.

. APPLIC{-\TIONS INFORMATION
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 which allow the system designer
10 tailor the encoder’s transmission characteristics to
the application. Thus, the achievable transmission capa-
bilities are constrained by the fundamental limitations.
of delta modulation and the design of encoder param-
etérs. 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 buiiding hlocks into 2 specific codec
application, and they are 2s 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 transfer function
6. Design of syliabic filter transfer function

7. Design of low pass filter at the receiver

The circuit in Figure 14 is the most basic CVSD circuit
possible. For many applicptiont in secure radio or other
intelligible voice channel requirements, it is entirely
sufficient. !n this circuit, items 5 and 6 are reduced to
their simplest form. The syllabic and integration filters
are both singie pole networks. The selection of items
1 through 4 govern the codec performance.
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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
fiter output to establish the optimum companding
ratios and step sizes for any given input level. The com-
panding ratio of 8 CVSD codec is defined as the duty
cycle of the coincidence output. it is the parameter mea-
sured by the syllabic filter and is the voitage 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 voit-
age betwden Ping 10 and 4 by means of the virtua! 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 Al.

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

The present step size of the operating codecis directly
related td the voltage across Ry, which established the

integrator current. In Figure 18, the voltage across Ry
is amplified by the differentisl amplifier A2 whose out-
put is single ended with respect to Pin 10 of the IC.
For farge 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 8 factor in the step size
control. However, the difference between 12% com-
panding ratio and the igstamaneous companding ratio
at Pin 4 is amplified by Al. The output of A1 changes
the voltage across Ry in a direction which reduces the
difference between the companding reference and the
operating ratio by changing the step size. The ratio of
R4 and R3 determines how closely the vohage at Pin 4
will be forced 10 12%. The selection of R3 and Ré is
initially experimental. However, the resulting compand-

.ing control is dependent on Ry, R3, R4, and the full diode

drop D1. These values are easy to reproduce from codec
to codac.

For small input levels, the companding ratio reference
becomes the output of A2 rather than the diode drop.
The operating companding ratio on Pin 4 is then com-
pared ta 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

FIGURE 18 —~ TELEPHONE QUALITY DELTAMOD CODER

{Both double integration and active companding control gre usad 1o obtain ed CVSD perf
Laser trimming of the d eirouit provid diable idle ol and step sixe rsnge characteristics.}
- » £
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< - v
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N Input J T v 2 0.33 uf
(O 10 Sookl,
gitel lecc/g SRmingC
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[ S } 13k = 1, <t Tk
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MC3417, MC3517, MC3418, MC3518

TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued)

FIGURE 19 — SIGNAL-TO-NOISE PERFORMANCE
AND FREQUENCY RESPONSE
{Showing the improvement restized with
the circuit in Figure 18.}

. SIGNAL-TO-NOISE PERFORMANCE OF TELEPHONY
QUALITY DELTAMODULATOR

as
g
o T \
° -
z
- 30
" ] 50 g8
<] A 4 BIT ALGORITHM
z 37.7K BITS
e 1 1 kHz TEST TONE
2 h C MESSAGE WEIGHT
< 28
z
] 4
@ .
:o ng T Ll v T T L) T T ¥ ) v
—43 -36 -24 -12 0 12
INPUT LEVEL IN dBm0
b. FREQUENCY RESPONSE versus INPUT LEVEL
{SLOPE OVERLOAD CHARACTERISTIC)
Ay
0 dBm INPUT
°-
5 (= 20 com nrur
]
T ~10+4
:
o =204
S
2 -904
ot
5 ~40+ 4 BIT ALGORITHM
S 37.7 X 817S
F -804
2
° -807
P —T T T
o 2kHz 4kHT 6kHz SkHz 10kH2

INPUT FREQUENCY IN Hz

i {
repeated.

With no input signal, the companding ratio at Pin 4
goes 1o 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
sctively controlled step size vanished.

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

The signal to noise results of the active companding
network are shown in Figure 19. A smooth 2 dB drop is
realized from +12 dBm to -24 under the control of Al
At -24 dBm, A2 begins to degenerate the companding
reference and the resulting step size is reduced 3o as to
extend the dynamic range of the codec by 20 dBm.

The slope overload characteristic is aiso shown. The
active companding network produces improved perfor-
mance with frequency. The 0 dBm stope overioad point is
raised 10 4.8 kHz because of the gain available in controi-
ling the voltage across Ry. The curves demonstrate that
the level linearity has been maintained or improved.®

The codec in Figure 18 is designed specifically for
37.7K bit systems. However, the benefits of the active
companding network are not limited to high bit rate
systems. By modifying the crossover region {changing
the gain of A2}, the active technique may be used to
improve the performance of lower bit rate systems.

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

e

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

FIGURE 20 ~ HIGH'PERFORMANCE ELLIPTIC FILTER FOR CVSD OUTPUT
c1
11
il
1000 pF
R
87.6 k 175 %
- 600 %
€3 Ccs l
157 oF 78 pFf Ra c2 cs
o (__. AR R IzzopF I:l!OpF
= R3 = = =
247k Designed for 0.28 dB rippie in the pass band
e Wwn = 3 kHz
b Wy = W6 RH2
. . AdS st W, and above 28.5 dB

"
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VC3417, MC3517, MC3418, MC3518

COMPARATIVE CODEC PERFORMANCE
The salient feature of CVSD codecs using the MC3517
«t-and~MC3518 family is versatility. The range of codec
complexity “tradeoffs and bit rate is so wide that one
cannot grasp the interdependency of parameters for
voice applications in 3 few pages.
Design of a specific codec must be wilored to the
digital channel bandwidth, the analog bandwidth, the
i quality of signal.tnnsmission required and the cost
~ obijectives. To iltlustrate the choices available, the data in
Figure 22 compares the signal-to-noise ratios and dynamic
range of various codec design options 3t 32K bits.
Generally, the relative merits of each design feature will
remain intact in any application. Lowering the bit rate
will reduce the dynamic range and noise performance
of all technigues. As the bit rate is increased, the overall
performance of each technique will improve and the need
for more complex designs diminishes.

Non-voice applications of the MC3517 and MC3518
are siso possible. In those cases, the signal bandwidth
and amplitude characteristics must be defined before
the specification of codec parameters can begin. How-
ever, in general, the design can proceed along the lines of
the voice applications shown here, taking into account the
different signal bandwidth requirements.

SURAL Nk et

&

AR L

FIGURE 22 — COMPARATIVE CODEC PERFORMANCE ~
SIGNAL-TO-NOISE RATIO FOR 1 kHz TEST TONE

35 . 3 1%
_ 3 I SN
g = —
2 » = _‘_:’J‘\ \
<
g 0 '// 4/ e T~
3 e
2 pats /r 32K Bt CVSD waah
z ® vV / MCU1? o MCIEIS
Yo A A !

u//
50
oL \

.15 -0 -3 -0 -2 .20 -1 -1 .50 O
AMPLITUDE toB}

These curves ate the &
with several codec designs of varying complexity.

P! d per

Curve s — Complex companding and double integration
{Figure 18 — MC3418)

Curve b — Double integration (Figure 14 using Figure 16—
MC3418}

Curve ¢ — Singls integration {Figure 14 — MC3418) with
8.0 mV step size

Curve d — Single integration (Figure 14 — MC3417) with
25 mV step size
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SCL4017AB

CMOS DEBADE 7
COUNTER/DIVIDER

F EATU R ES

10 Decoded Decimal Qutputs

Direct Resat

Trigger from either Edge of Clock Input -
Carry Output for Cascading Stages

Fully Static Operation - DC to 5SMHz @ 10Vdc

L2 2 & 24

DESCRIPTION

The SCL4017AB consists of a 5-stage Johnson
Decade Counter and an Output Decoder, Inputs
include Clock, Reset; and Clock Enable signals.

. The counter has interchangeable Clock and

Clock Enable lines for incrementing on either a’
positive-going or negative-going transition, respec-

tively. A high Reset signal clears the counter to its
zero count. :

gating, and spnke-free decoded” outputs. "Anti-lock I
gating is provided, thus assurmg proper_counting

“low and go high only at their respective “decoded 3%
time slot. Each decoded output remains high for
one full clock cycle. A Carry-out (CoyT) signal
completes one cycle every 10 clock input cycles:
and is used to directly clock the succeeding counter
in multi-stage applications.

This part can be used in frequency division
- circuits as well as decade counter or decimal decode
display applu:atlons. .

FUNCTIONAL TRUTH TABLE
(Positive Logic)

Clock Decode
Clock Enable Resst Output=n
(o] X . [¢) n
X 1 0 n
A X X 1 “o”
- — 0 0 n+1
- ~— X o] i
X —_— 0 n
1 TN o) n+1

x = Don’t Care
1f n< 5 Carry = “1°*, Otherwise = ‘0"’

Use of the Johnson decade counter. configur-
.ation permits high-speed operation, 2-input decodq‘_ﬂ_ Ay

.

“sequence.~The i1 07decoded- outputs are :normally; e

CONNECTION DIAGRAM
(all packages)
VDD R cL cE COUT llgll 1141I DIBII
| ] | L1 ] ] L.
16 15 14 13 12 11 -10 8
SCL4017AB A &
1 2 3 4 5 6 7 8 .
T 1 i 1 | I
A TR R A TR BT SRR VNN
g
4 -1 = Add suffix for package: - - ,1
_ C . 16-pin Cerdip :
D  16-pin Ceramic it
E 16-pin Epoxy ]
F 16—pm Flat
L R
RECOMMENDED OPERATING CONDITIONS £
For maximum reliability:
OC Supply Voltage Vpp-Vss 3to15 Vde
Operating Temperature TA . 3
C, D, F, H Device . 5510 +125 ©OC =5
E Device 40t +85 ©C &3
2
BLOCK Dk\GRAM 5]
Clock 14 O——1 \ opP—03 ‘
. 1p—02
204
3 p—0 7
4010 ’«‘;%
S\":l. 13 0—q s—o1 ¥
6—08
108
s—o009 ‘}-
. sP—omn
Reset 18 O— Cout [—C 12
" Vpp - Pin1e, A
Vgg = Pin 8
B
- ?4
S

bt b gov 2 20 aae s iy



ELECTRICAL CHARACTERISTICS"
‘STATIC CHARACTERISTICS ! ' :

Voo

2
Teow

+25°C

PARAMETER Vde) CONDITIONS - - - Units
Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo 5 Vin=VgsorVpo!| - 5 - | 0.05 5 - 150 | pAdc
CURRENT e 10 |All valid input - 10 - {01 10 | .~ .
s 15 kombinations -~ 20 - | 0.2 20 ° -
OUTPUT HIGH {SOURCE)
CURRENT
C. D, F, H device lon
Decoded Outputs 5 [Vou= 4.6V -005| — |-0.04 |-0.3 — 1-0.028
. 10 [Vou= 95V -0.128 - {-0.1 |-0.75 - |[-0.07
15 Vou=13.5V -0.378 - |-03 |-25 - |-021
V|N 'Vss or VDD v
Carry Output 5 Non=4.6V -0.25 - |-0.2 {-0.75 - |-0.14
10 Vou=9.5V -0.62 - |05 |-1.1 - |-0.35
15 Mou= 13.5V -1.9 - |-15 |-3.5 - 1-1.1
Vin=Vss O Voo .
- | E device foH ’
= Decoded Outputs 5 Nonw=4.6V° - |-0.044 '~ |-0.04 |-03 -} -"}-0.032
10 Mou=9.5V -0.12 - |-0.1 |-0.75 - }-0.08
15 Mou= 13.5V -0.36 - |03 |-25 | - |-0.24_
Vin=Vss or Voo )
Carry Output 5.'Nox= 4.6V -0.16
A . VOH- g8V - s

CURRENT -~ °
C, D, F, H device
Decoded Outputs

Carry Qutput

E device
Decoded Qutputs

Carry OQutput

OUTPUT LOW (SINKJn 2585 |

lovL

VIN "Vss or VDO

5 |VoL=04V 0.05 - | 0.04 {04 - 1 0.028
10 Vo =05V 0.124 - |O.1 1.0 - | 0.07: -
15 VoL =156V 0379 - |03 3.0 - ] 021 -
v|N-V$ or VDD
5 .[Vor= 04V 0.25 - 102 0.76 - |0.14 -~ |mAde
10 Vo_=0.5V 0.62 ~ 105 1.3, - 1035 -
15 |Voo= 1.5V 19 {. — |15 | 4.0 - 111 -
Vin=Vss of Voo
Jtov ;
° 5 NoL=04V 0048 -~ (004 [ 04 — 10.032] .— |mAdc
10 [Vo_=0.5V 0.12 - 1017110 - 10.08 -1
15 [VoL= 1.5V 0.36 - |03 3.0 - |0.24 -
. VIN-VSS or VDD -
5 [Vo_=04V 0.24 - |02 0.75 - 0186 - \|mAde
10 |[Vor=0.5V 0.6 - {05 1.3 - |04 -
15 Vo= 1.5V 1.8 - |18 140 - |12 -

e

.

85

—. e

Al

NOTES: ! Remaining Static Electrical Characteristics are listed under *SCL40008B Seéries Family Specifications”.
T, ow = -55°C for C, D, F, H device.
= -40°C for E device.

Thign = +125°C for C, D, F, H device.
=+ 85°C for E device.




DYNAMIC CHARACTERISTICS (Cy = 50pF, Ta = 25°C)

i HRA B 48 g b seie
.

PARAMETER (‘\’,32, Min. Typ. Max. Units
CLOCKED OPERATION
PROPAGATION DELAY.TIME
To Decoded Outputs oL T 5 - 600 *+1200 ns
- 10 - 240 480
. 15 - 180 360
To Carry Output toLH, tPHL 5 = 500 1000 ns
10 - 200 400
15 - 150 300
OUTPUT TRANSITION TIME :
.Decodsd Qutputs triHs tTHU 5 - 250 500 ns
. 10 - 125 250
15 - 90 180
. Carry Output - =+ - - [trune tTHL / 5/ 7 - 180 360 . ns
R T Riad Bt .~ 90 -
15 = 65
MINIMUM CLOCK PULSE WIDTH PWer 5 - 200 -
. - 0| = 100
] - - 15 - 80
MAXIMUM CLOCK FREQUENCY R ] e P o125 | ... 25
_ . . 110 % 25 ) * 60
e e+ oI eI g 2 oe30 = - 60
MAXIMUM CLOCK OR ENABLE RISE AND et 2 A3 EAAS N
FALL TIME : -
MINIMUM ENABLE SETUP TIME taurup 5 b 175 350 ns
10 - 75 150
15 . 55 110
| MINIMUM ENABLE REMOVAL TIME T 5 - 250 500 ns
. 10 N 100 200
15 - 75 150
RESET OPERATION ‘
PROPAGATION DELAY TIME
To Decoded Outputs teLH, tPHL 5 - 500 1000 ns
10 - 200 400
15 3 140 280
To Carry Output teLH 5 - 400 800 ns
10 = 150 300
. 15 - 110 220
MINIMUM RESET PULSE WIDTH PWn 5 - 150 300 ns
10 - 75 150
15 - 60 120
RESET REMOVAL TIME trom 5 - 250 500 ns
10 - 100 200
15- - 80 160
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APPLICATIONS INFORMATION

COUNTER EXPANSION

This figure shows a technique for extending the number of decoded output states
for the SCLAO17AB. Decoded outputs are sequential within each stage and from stage
to stage, with no dead time (except propagation delay).

cL "
_ SCL4017AB

0\...8

R
cL

SCLA4017AB
CE

01 s 8 9

cL R
SCLA017AB
CE

1 8 o o 8 ©

8 Decoded
Ouputs

Clock —8—

s

. b

First Stage Intermadiats Stages - Lost Stape

PR c-

PR S AR T s

el

.t A
v

the clock function for the next counter.

T LTS ‘--'"i??".-":-"é'”“‘z;;f"ip‘

OIVIDE-BY-N COUNTER

BN TR AL e I L ST Y . :
3 - - —;,;-J"»-V_I!:

P . n o e e P

v When the Nth decoded output is reached {Nth clock pulse), the S-R flip-flop
{constructed from the SCLA4001B) generstes a resot pulse which clears the SCL4017AB
to its zero count. At this time, if the Nth decoded output is greater than or equal 10 6,
the CoyT line goes high to clock the next co
also goes high at this time. Coincidence of the clock “ow'" and decoded »#0"” output
“high’’ resets the S-R flip-flop to enable the SCLA017AB. :

1f the Nth decoded output is less than 6, the CQUT line will not go high, and,
therefore, cannot be used. In this case, the #Q" decoded output may be usad to perform

unter section. The 0 decoded output

s Retntietniuat |
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SCL4046B
SCL44468

FEATURES

4 Very low power consumption — 70 pW (typ)
@ fq = 10kHz, 5Vde :
4 Operating frequency range {no offset) —
Up to 3MHz (typ) @ 10Vdc (SCL4046B)
Up to 4MHz (typ) @ 10Vdc (SCL4446B)
Low frequency drift — 0.04%/°C {typ) @ 10Vdc
Choice of two phase comparators:
. 1. Exclusive-OR network
2. Edge-controlled memory network with
phase-puise output for lock indication
VCO Inhibit control for ON-OFF keying and
ultra-low standby power consumption
High VCO linearity 1% (typ)
Source-follower output of VCO control input
{Demodulator Output)
Zener Diode to assist Supply Regulation

L X J

> o o

Balanced Oﬁ'tput. Drive Current Specifications X

CONNECTION DIAGRAM

{all packages)

vy

(RPN

caciidan

LLELT

Add sufflx for package

ZENER DEMOD OUT
Vbo S &G% R2 R1 ViR
I NS I l
16 15 4 13 12 1.10 9
SCL40468B SCL44468
1 2 3 4 5 6 71 8
i ) I oo 1§
pCI VCO INH C1 C1 Vgg
ouT ouT (A) (B)
PHASE  COMP :
PULSES  IN :

APPLICATIONS C 16- -pin Cerdip =
¢-FM ‘demodulator and modulator 3 §y: ‘D 16—p!n Eeramic f
E 16-pin Epoxy 3

¢ Frequency synthasis and multlpl:catlon LR . 5 |
- F  16-pin Fiat 3

4 - Frequency discriminator - - - " e - . H ”fu‘ip - NF

¢ Data synchronization . e QU A ) -

IQ-Voltage-to-frequency conversion _ AL

O T5ne décoding 5" e 'é":’"“-' ‘-r*»’ﬁ%u‘-a“ﬁar(t%wwwm v L A p e e

© @ “FSK-Modems T -
4 Signal conditioning

DESCRIPTION

The SCL4046B and SCL4446B phase-locked
loops contain two phase comparators, a voltage-
controlled oscillator {VCO), source follower, and
zener diode. The comparators have two common
. inputs. The Signal input can be used directly
coupled to large voltage signals, or indirectly
coupled (wnth a series capacnor) to small voltage
signals. The self-bias circuit adjusts small voltage
signals in the linear region of the amplifier. Phase
comparator I {an exclusive-OR gate) provides a
digital error signal PCIgy¢, and maintains 90° phase
shift at the center frequency between Signal and
Comparator inputs (both at 50% duty cycle). Phase
comparator II {with leading edge sensing logic) pro-
vides digital error signals PCIlg¢ and Phase Puises,
and maintains a 0° phase shift between input
signals {duty cycle is immaterial). The linear VvCO
produces an output signal VCOgy¢ whose frequency
is determined by the voltage of input VCOjn and
the capacitor and resistors connected to pins Clga,
Cig, R1, and R2. The source follower output,
Demod Out, with an external resistor is used where
the VCOjn signal is needed but no loading can be
tolerated. The inhibit input inh, when high, disables
o the VCO and %ource folldwer to miinimize standby
’ power consumption. The zener diode can be used
to assist in power supply regulation.

148

‘RECOMMENDED OPERATING CONDITIONS ¥

For maximum reliability:

DC Supply Voitage

Operating Temperature
C, D, F, H Device

E Device

oy

Vpp-Vss 3to15 Vdea
Ta 4
5510 +125 OCE

4010 +85 °C X

)
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The VCO requires one external capacitor (C1)
and one to two external resistors (R1 or R1 and
R2). Resistor R1 and capacitor C¥-determine the
frequency range of the VCO and resistor R2 en-
ables the VCO to have a frequency offset if re-
quired. The high input impedance {10 2Q) of the
VCO simplifies the design of low-pass filters by
permitting the designer a wide choice of resistor-to-
capacitor ratios. In order not to load the low-pass
filter, a source-follower output of the VCO input
voltage is provided at terminal 10 (DEMODULA.-

' SCL40468B, SCL4A446E

VCO SECTION

TOR

SUITPUT), If this terminal is used, a ioad
resistor {Rg) of 50k{Z or moretivouid e tomizeted
from this terminal to Vgg. If unused, this terminal
should be left open. The VCO can be connected
directly or through frequency dividers to the com-
parator input of the phase comparators. A full
CMOS logic swing is available at the output of the
VCO. A logic 0 on the INHIBIT input “enables”
the VCO and the source follower, while a logic 1
“turns off* both to minimize stand-by power
consumption,

PHASE COMPA RATORS

The phase-comparator signal input (termmal 14)
can be direct-coupled provided the signal swing is
within CMOS logic levels [ logic “0”< 30% (Vpp -
Vss!, logic "1" 2 70% (Vpp-Vgg)]. For smalter
swnngs the signal must be capacmvely coupled to

- the self-biasing amplifier at the signal input;

‘Phase comparator I is an exclusive-OR network

:‘ it operates analogously to an over-driven balanced
mixer, To maximize the Jock range,.the signal and-,‘,t..,-_-«,, comparator}I.’i'Tvpncal“whveforms for =« a~CMOS

- comparator-mput frequenc:es must have a 50%
duty cycle. With no signal or noise on the signal ~
input, this phase comparator has an average output
voltage equal to Vpp/2. The low-pass filter con-
nected to the output of phase comparator I supplies
the averaged voltage Yo the VCO input, and causes

" the VCO to oscillate at the center frequency {f).

The frequency range of input signals on which
the PLL will lock, if it was initially out of lock,
is defined as the frequency capture range (2f¢)

The frequency range of input signals on which

the loop will stay locked if it was initially in lock is -

defined as the frequency lock range (2f). The
capture range can not exceed the lock range.

With phase comparator I, the range of frequen-
cies over which the PLL can acquire lock (capture

range) is dependent on the low-pass-filter character- .

istics, and can be made as large as the lock range.
Phase-comparator I enables a PLL system to remain
in lock in spite of high amounts of noise in the in-
put signal.

e S e (e Uy

One- characteristic of this type of phase com~
parator is that it may lock onto input frequencies
that are close to harmonics of the VCO center-
" fréquency.'A second characteristic is that the phase
angle between the signal and the comparator input
varies between 0° and -180°, 8nd-is 90° at the center "
frequency Flgure 2 shows the (typical) tnangular_ .
phase-to-output response . characteristic, of phase- )

phase-locked-loop employmg phase comparator‘_[
in tocked condition is shown in Figure 3.

AVERAGE OUTPUT
VOLTAGE
Yoo .

Vpor2

AVERAGE OUTPUT VOLTAGE—V

1

80*
SIGNAL~-TO~ COMPARATOR
INPUTS PHASE DIFFERENCE

1
(2} 90°

Fig. 2 — Phase-comparator I characteristics at
low-pass filter output.

. PHASE COMPARATOR I
Input Su}-
{x x
Sig Comp
In In
PC I Out o 1

SIGNAL INPUT [TERM. ld)m
VCO OUTPUT (TERM 41+

COMPARAT_OR INPUT ___[_1_]__
(TERM 3)

PHASE COMPARATOR I l l l | I l I '
OUTPUT (TERM. 2) ’

—Voo
VCO INPUT (TERM.9)e NS
LOW=-PASS FILTER :
OUTPUT —Vss

Fig. 3 — Typical waveforms employing phase comparator I in locked condition
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“scLaodes, ScCL4446B

N 2

T
1nput State Tt ! |
X X
Sig Comp
in in
. J.State

PCITOut ° Output Disconnected !

Phase Pulses 0 1 ]

SIGNAL INPUT {TERM. 14}

VCO OUTPUY (TERM 412
. . COMPARATOR INPUT .
(TERM 3) = .

_OUTPUT (TERM13)

S £ ATIVCO INPUT,{TERM. 9Yesisde ‘

T LOW-PASS FILTER: ~
OUTPUT

PHASE PULSE (TERM. 1)

_\'r

NOTE: DASHED LINE IS AN OPEN-CIRCUIT CONDITION

Fig. 4 — Typical waveforms employing phase comparator IX in locked condition.

Phasecomparator IL is an edge-controlled digital
memory network. It consists of several flip-flop
stages, control gating, and a three state output
circuit comprising p- and n-type drivers having a
common output node, When the p-MOS.or n-MQOS
drivers are ON, they pull the output up 10 Vpp or
down to Vgg, respectively. This type of phase com-
parator acts only on the positive edges of the signal
and comparator inputs. The duty "cycles of the
signal and comparator inputs are not important
'since positive transitions control the PLL system
utilizing this type of comparator. If the signal lags
the comparator input in phase, the n-type output
driver is maintained ON for a time corresponding
to the phase difference. If the comparator input
lags the signal in phase, the p-type output driver is
maintained ON for a time corresponding to the
phase difference. Subsequently, the capacitor volt-
age of the low-pass filter connected 10 this phase

parator inputs are equal in both phase and frequen-
¢y. At this stable point, both p- and n-type output

comparator is adjusted until the signal and com- -

4150

drivers re}nain OFF. Thus, the phase comparator -

output becomes an open circuit and holds the volt-

_age on the capacitor of the low-pass filter constant.

Moreover, the signal at the “phase pulses” output is
a high level which can be used for indicating a

locked condition. Thus, for phase comparator II..

no phase difference exists between signal and com-
parator input over the full VCO frequency range.
Moreover, the power dissipation due to the low-
pass filter is reduced when this type of phase com-
parator is used because both the p- and n-type
output drivers are OFF for most of the signal
input cycle. ) -

it should be noted that the PLL lock range for -

this type of phase comparator is equal to the cap-
ture range, independent of the low-pass filter. With
no signal present at the signal input, the VCO is
adjusted to its lowest frequency for phase com-

parator II. Figure 4 shows typical wavgforms_tor-

a CMOS PLL employing phase comparator 1'in a
locked condition.
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SCL40468B, SCL4446B

) 2 o 2
PARAMETER V°°) CONDITIONS | TLow *25¢C THIGH” | ynits
(Vde Min. | Max. | Min. | Typ. | Max. { Min. [ Max,
QUIESCENT DEVICE loo :
CURRENT 5 |Inhibit = Vpp - 5 - | 0.05 5 - 150 {uAdc
10 |Signal Input = - 10 - | 0.07 10 - | 300
15 Voo - 20 - 102 20 - | 600
TOTAL POWERDISSIPATION {Py Inh = V. -
- c VvCO,, = Yoo ) :
o= 10KHZ, -
5 | C.=15pF -1 - — | 0.07 - - - w |
10 | R1=1MQ, -1 -] -1{os S e A R
R2=Rg = o - = - _ _ _ o
15 '8 " 24 % .
- i b
MOTES: ! Remammg Static Electrical Characteristics are listed under “SCL40008 Series Family Specifications”. ‘ﬁ -
? YT ow =-55°C for C, D, F, H device. g
= 40° CforEdewce - =" 53'1‘ .
TrigH =+125 C for C, D, F, H device. N B
=+ 85°C for E device. 4%, ] WPl ':Eg’i '
. .’ VCO output {pin 4) and Phase Comparator Outputs {pins 2 and 13) have been designed for Tl

balanced output drive current spec:f:canons ‘Consutt Family Specifications.

w-n «6.:" e 4-*‘ ~7n344~s?~“w-4w%—“"‘ e O SN TN AP P
‘PARAMETER CONDITIONS UNIT
1 Max.
VCO SECTION
MAXIMUM OPERATING| fma
FREQUENCY
SCL40468 R1 C1
R2=o 10k SO0pF 5 0.5 0.8 - MHz
NVCOm = Voo 10 1.0 15 -
15 1.3 1.9 -
5k 50pF 5 0.6 1.0 - MHz
10 1.4 2.1 -
15 1.8 2.7 -
2k 50pF 5 - 1.3 - MHz
10 - 2.9 -
15 ° ad 3.8 -
SCL44468 R2 = R1 C1 -
VCOu =Voo | 10k S0pF | 5 0.7 1.0 - | MHz
10 1.3 2.0 -
15 1.9 2.8 -
5k 50pF 5 0.9 1.3 - MHz
10 19 29 -
15 2.6 3.9 -
2k 50pF 5 - 1.8 - MHz
10 - 3.9 -
15 . 5.4 -
LINEARITY R2 = oo .
VCOin = 2.5£0.3V, 5 - 1 - %
. | rRI>10kQ
VCO\n =5.0£2.5V, 10 - 1 -
R12400k2
VCO\y = 7.525.0V, 15 - 1 -
R121MQ
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Fig. 6 (a} - Typical VCO power dissipation
at center frequency vs R1.
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Fig. 6 (b) - Typical VCO power dissipation
« atfgnin vs R2.
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Fig. 6 (c:) - Typical source follower
power dissipation vs Rg.

NOTE: To obtain approximate tota!
power dissipation of PLL system
for no-signal input

AR IR 5 FiNE R

PD (Total) = PD (fo) + PD (fMIN) +—PD (Rs)
~ Phase Comparator |

— Phase Comparator. II
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SCL4046B, SCLA4468

AMBIENT TEMPERATURE [T, )e 28°C l | I
- SUPPLY VOLTAGE vpp=5V, tg= 250 Kez
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Fig. 7 — Typical lock range vs
signal input amplitude
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