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SYNOPSIS

This system presented in this project gives the user an
unique facility of viewing the calling subscriber telephone
number while answering the telephone. The system works on the

Dual Tone Multi Frequency ( DIMF ) principle.

The system consists of a transmitter and a receiver.
The telephone number is stored in the transmitter. Since the
use of microprocessor / microcontroller is avoided, the cost

is drastically reduced.

Some extra features such as memory for storing the
incoming call numbers can be added on the existing system.

The circuit is completely designed, fabricated and tested.

The system proposed in this project is a novel idea.
This facility is first of its kind and is not available

elsewhere.



1 NTRODUCTION,...



Speech is the most natural means of human expressions
and that explains why telephones have become an indispensable

part in our day to day life.

Advancement in the telecommunication is at its zenith
with the introduction of Cellular telephones and digital
telephony (ISDN). It only goes on to prove that there are
still many areas in telecommunications left open to the
researcher and even slight modifications performed on

existing system would result in a consumer endurable product.

In the present system, the tracing of a call is a
tedious process. The process involves the subscriber giving
his number to the telecom department and requesting them to
‘monitor his number for incoming calls. The authorities
monitor the subscribers number for anonymous calls and give
report on the incoming calls after a period of time, say one

week.

With the introduction of our system, The Telephone

Tracking System (TTS) as we call it, the subscriber can view



the telephone number of the calling subscriber while
answering the phone and thus anonymous calls can be noted

down.

Our system consists of a transmitter and receiver. The
transmitter is carefully designed so that all the extra costs
are cut and the net transmitter is cheap and easy to install
in all telephones. The receiver which is also comparatively
cheaper, one can be had as an extra attachment. The
transmitter alone transmits the telephone numbers of the
telephone to which it is attached. If the called subscriber
has the facility of a receiver, then he can decode the
transmitted information and view the telephone numbers of the

calling subscriber.

In addition to this obvious advantage, the receiver can

also be made to provide the following special features.

a. Storage of the incoming calls ( 10 numbers can be
stored and reviewed later)

b. View Dial - This is an unique facility which the user
can view the called numbers and dial that number by simply

pressing a button.



- CONSUMER TELEPHONE
EQUIPMENT...




THE CONSUMER TELEPHONE EQUIPMENT

A telephone system must be capable of transmitting and
receiving voice or other sounds. The system must also be
capable of addressing or indicating the person or location
you wish to call. Generally addressing is referred as Dialing
function. Next, the system must be able to Alert the person
or station addressed. Generally, alerting function is done by
Ringing the telephone. Finally the system must supervise all
of these functions and continuously scan the circuits to
determine when someone wishes to place a call. Lifting the
telephone off-hook indicates this request to call condition
to the switching equipment. The exchange responds to the

request by transmitting a dial tone back to off hook.

a. OFF HOOK IMPEDENCE AND BANDWIDTH OR FREQUENCY RESPONSE

The typical off-hook impedence of a standard telephone
is about 600 ohms at frequencies between 300 and 3000Hz. Most
standard telephones have a frequency response of about 300 to
3000Hz. Within 6dB of 1KHz response. The typical DC

resistance of an OFF-HOOK telephone is about 250 ohms.



b. BATTERY VOLTAGE (D.C OPERATING VOLTAGE)

The telephone exchange continuously applies a DC
voltage to the telephone line through a series impedence.
Typically this voltage is -48V and is produced by a giant

bank of batteries connected in parallel.
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Batteries are used to provide telephone operators in

case of power failure.

When the telephone is on-hook, the telephone appears as
an open circuit and no current flows on the line. When the
telephone is off-hook, 1line current flows and powers the

telephone.

A standard telephone exchange is requested at least
20ma of 1line current. The 1loop resistance of a 1long
telephone may be upto 1500 ohms. Loop resistance refers to
the resistance from the exchange to the telephone and from
telephone back to the exchange. When the full 1500 ohms value
is present, the line current must still be 20 ma. For shorter
telephone lines, the available current may be as high as 120
ma. However, most telephones have circuits to automatically
shunt excess line current. Although about 48V is available at
the exchange, the voltage across an off-hook telephone is 5

to 12V.

The standard polarity of DC operating voltage (battery

voltage) is negative to the "ring" and return to the "tip".



"Ring" and "Tip® are telephone terms applied to the
concentric ring and tip portions of a telephone Jack and have

nothing to do with the ringing of the telephone.

c. VOICE_SIGN.

When voice is present, current variations are super
imposed on the DC operating voltage. Typically, a voltage
regulator within the telephone provides a constant voltage to
the telephone circuits even though the line current is varied

by voice signals.

d. HE RINGING VOLTAGE

The exchange applies a 20 Hz sine wave ringing
voltage of about 80 - 130 V (rms). Typically the ringing
voltage is 100 V (or 280 V peak to peak). Telephones must be
capable of ringing properly with a ringing voltage of 40 V
(which is the value the ringing voltage may drop to over a

long telephone lime with 1500 ohms impedence) .

The ringing voltage or signal is applied to the



telephone line only when exchange detects a high impedence
(when the telephone is on-hook). The ringing is usually 2 to

2.5 secs on and 3.5 to 4 secs off, for a 6-second repetition

cycle.

Although the standard frequency for the ringing signal
is 20 Hz. Additional frequencies may be used in some party
line applications. In those cases, telephone ringers with
corresponding resonant frequencies assure that only one

telephone rings.

e. THE DIALTN! YSTEMS

Dialing is done by means of pulses (for rotary and non-
tone dial telephones) or tone pairs (for tone dial

telephones)

On rotary dial telephones, the pulses are produced by
opening and closing a set of contacts. For push-button pulse-
dial telephones, the pulses are produced by turning a

switching circuit on and off.



With Touch Tone ("™ Touch Tone " is a registered
trademark of AT&T ) and other compatible telephones, the
dialing tones are produced by oscillators that generate tomne.
The tone are mixed in pairs to form each digit. The 3x4
matrix layout of the dialing keypad selects one " row " and
one " column " oscillator for each digit. These are commonly

known as DTMF ( Dual Tone Multi Frequency ) frequencies.

DC SIGNALING

Whenever a junction or trunk circuit is of a type
suitable to carry direct-current signals, and the resistance
is not too high to permit DC signaling currents of adequate
strength to be transmitted, a comprehensive range of calling
and automatic supervisory signals can be obtained. Dial
bulses may also be transmitted unless the length and
characteristics of the circuits are such as to cause

excessive pulse distortion.
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STANDARD PULSE TRAINS IN AUTOMATIC SWITCHING SYSTEMS

DIALING

In case of pulse dialing each digit (0 to 9) 1is
represented by different train of pulses and hence two digit
will be represented by two trains of impulses. The
shortcomings of this method is the time taken was longer for

the higher numbers compared to others and hence most of the



systems today encoﬁrage the tone dialing. The concept of
combination of frequency is made use in tone dialing. Each
number dialed is represented as a combination of frequencies
depending on the row and column frequencies. This is

explained as per the table given below

1209 1336 1477

770 {4

lower band

852

941



BASIC ELECTRONIC TELEPHONE CIRCUITS

The ringing signal from the exchange is applied to the
electronic ringer circuit through capacitive coupling. The
electronic ringer consists of an oscillator and buffer which
Operates at the rate of about 218 KHz, interrupted at a rate
of 20 Hz. This interruption causes the chirping " sound
that is heard when a telephone rings. The signals are applied
only to the buffer while the ringing signal is present. So,
if the ringing signal is on for 2 seconds and off for 4
seconds, the chirping is heard for 2 seconds (at 4 seconds

intervals) .

For standard desk telephones ( those with a bell rather
than an electronic ringer ), the ringing signal is applied to

an electro mechanical bell through capacitive frequency of 20

Hz.

Capacitive coupling is used with both electronic and
non-electronic telephones. In either case the ringer must not
offer a DC path for line current when the telephone is on

hook.



DC (battery} power, incoming and outgoing audio signals
and dialing signals are applied through a diode bridge, an
on-hook / off-hook, and a switching circuit. The diode bridge
serves as an automatic polarity corrector for electronic
circuits in the telephone, providing the proper polarity even
if the polarity of the telephone connection becomes reversed

( from the normal -48 V ).

Note that the dialing IC gets DC power directly from
the diode bridge, bypassing the on-hook / off-hook switch.
This is necessary with redial and memory telephones because
the dialing IC must always have power to store the redial

information in the memory.

When the telephone is dialed an oscillator dialing IC
generates a certain number of pulses for each digit. These
pulses cause the switching circuit to emit the proper pulse
train for each digit. The pulse train is fed through the
on-hook / off-hook switch and the diode bridge on the
telephone 1line. The dialing pulses are fed through the
telephone line to the exchange, where the pulses are decoded

to make the proper connection.



While talking, the outgoing audio is fed into an audio
amplifier from the microphone. This amplified signal is fed
to the primary of the hybrid transformer which super imposes
the signal on the DC operating voltage. The voice signal 1is
passed through the switching circuit, on-hook / off-hook
switch, and diode bridge out of the telephone line. The
signal is then connected to the telephone at the other end of

line by the exchange.

The voice signal is also fed to the secondary of the
hybrid transformer which feeds the signal at a low level to
the speaker so that you hear you hear your own voice in the
ear piece as you speak. This is known as " Side Tone ",
without this side tone, the conversation would sound

unnatural.

Incoming audio is fed by the exchange through the 1line
and into the telephone. This signal passes through the diode
bridge, on-hook / off-hook switch, switching circuit and

hybrid transformer to the speaker.



TYPICAL RINGER CIRCUIT FOR AN ELECTRONIC
TELEPHONE

The ring buzzer BZ1l and oscillator Q101 are coupled to
the telephone line through Cl. Capacitive coupling is used to
prevent DC voltage from turning Q101 on. A 27V Zener diode
7ZD101 is also connected between the oscillator and the
telephone line to prevent small signals, such as dial tones
or audio from triggering Q101. Note that Q101 can be disabled
to prevent ringing when power to Q101 is interrupted by

opening ringer ON/OFF switch SW102.

The ringing signal ( of atleast 40 Vrms at 20 Hz)
exceeds the ZD10l1 Zener voltage turn on point and provides
power to Q101, which oscillates at approximately 2.8KHz.
Power from the ring signal is essentially a 20 Hz square wave

that interrupts the 2.8 KHz. oscillations at a 20 Hz. rate.
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TYPICAL DIALING CIRCUIT FOR AN ELECTRONIC
TELEPHONE

The power for the dialing circuit is taken from the
telephone line (-48 V) and applied through diode bridge D101
- D104 to the keypad, dialer IC 101, and the switching
circuit Q102 / Q103. The diode bridge keeps the polarity of
the power applied to the dialing circuit constant, even if

the polarity of the -48 V provided by exchange is reversed.

On, on-hook (handset in place}
OH, off-hook {(handset lifted)

SWi101
onlon on Off
- Qx Q
Q102 -
Telephone
line (-48 V)
‘—.*4-' ¢
V_; ; .
7 A #
- N7 Diating
0101-D104 z—, puises
AAAA
C101 l
M N/ 1]
AAA 1 VvDO 9 r—J
R3 VDD 5
15 C1 R3 3 —
16 C2 R2 2|~ 32 Q'
:»
17 C3 R1 18 —
[ 14 VSS R4 4 |—
cn2
[ 1 2 3 R (18} < 7C0
8 RD 12
3 5 6 R212) Q" & !
Keypad A3 /’
7 8 g H3143) Redial Handset
SR I N T

Dialing circuit of an electronic telephone

Frg 6



The dialing keypad is connected to IC101, where each
digit that has been dialed is read. The figure shows the
circuit of a pulse-dial telephone. 1IC101 releases a
corresponding number of pulses for each digit. A storage
circuit within IC101 allows the digits to be dialed faster
than they are clocked out. C1l12 and R113 are a timing circuit
used to control IC101 so that the dialing pulses are clocked

at steady rate.

The dialing pulses from IC101 are applied to Q102 /
Q103, which turns on and off. The pulses at the emitter of
Q102 are applied to the telephone line and exéhange through
the hook ON / OFF switch SW10l1 and diode bridge D101-D104.
The collector of Q102 is also connected to hybrid transformer
T101l. Note that IC101 produces the dialing pulses(at pin 9)
only when pin 12 is turned to ground through the other
contacts of hook ON/OFF switch SW101, in the OFF hook
(handset lifted) condition. Also, when the telephone is hung
up (on-hook, handset replaced), the last number dialed is
latched into memory within IC101 so that the number can be
released when a redial button is pressed. Not all electronic

telephones have a redial function.



TYPICAL AUDIO CIRCUIT FOR AN ELECTRONIC
TELEPHONE

Power for the audio circuit is taken from the telephone
line (-48 V) through diode bridge D101 - D104, SW101l, Q102

and the primary of the hybrid transformer T101.

When one speaks into the microphone (on the handset),
the signal is amplified by Q104/Q105. The primary of T101
acts as audio load for amplifier circuit Q104/Q105, which
varies current through the primary of T101 at the audio line
These current variations are applied to the telephone line
through Q102, hook on/off switch SW101l, and the diode bridge
D101-D104. The variations appear at the voice transformer of
the telephone exchange and are applied to the telephone at
the receiving end as incoming audio. 2ZD105 keeps the
operating voltages for Q104 / Q105 constant, inspite of

current variations.



10 introduction to Consumer Telephone Equipment

SWI103

SW101 —/O

On bk, Qff haok 1 /]
pe ¢ *___4—/\/\/\,«, —»—-v] gl’““\

Conden<er microphiare
: }j tmouthpiese)

Terephone
hpat 48 V)

Fig: 7

Audio circuit for an electronic telephone

Incoming audio is in the form of current variation on
the telephone line. These current variations are fed through
diode bridge SWlOlé Q102 & T101l to audio circuit. The audio
signals are coupled through the secondary of T101 to the
speaker (in the ear piece of the handset). Diode D108 & D109
protect the speaker from voltage spikes that might be present
by clipping off any signal above forward voltage drop of the
diodes. Note that volume of the audio to the speaker can be

controlled by volume Hi/Low switch SW103.



Note too, that some of the amplified microphone audio
from Q104/Q105 is also coupled into the secondary of T101 and

is applied to speaker, along with incoming audio.
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PROJECT INTRODUCTION

The telephone tracking system provides the user a new
facility of viewing the calling party number while answering
the telephone. In the present system, a call can be tracked
or traced only in the exchange. If the exchange 1is an
Electronic one, the tracing process is comparatively simple
since each call is recorded in the magnetic tape. But in a
cross bar exchange, tracing of a call is very difficult and
consumes a lot of time. In either type of service, a
subscriber can trace his calling party only with the help of

the exchange.

Our system does not depend on the exchange to trace a
call. The incoming call is immediately traced provided the
calling party has TTS transmitter and the called party has
the TTS - receiver. The incoming calls are traced within 3
seconds after picking up the receiver. The exchange to which
the subscriber is connected can be a crossbar (electro
mechanical) or an electronic exchange. The only requirement
id that the subscriber must have a telephone which is capable
of operating in tone dialing (DTMF) mode. The complete
operation of the system is described by the state transition

diagram and flowcharts. State transition diagrams 1is the



valid sequence of signals or events that take place at the
switching centers. The following state transition diagram
describes the process of one subscriber making a call to
another subscriber taking into account all the possibilities

at the called subscribers terminal. The possibilities are,
the terminals may be busy or free. If free, the calling
subscriber is connected else busy tone is returned. If the
connected, then ringing tone is placed and when the called
subscriber answers the phone, a direct voice 1link is
established and path is maintained wuntil the calling

subscriber resets the path.
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THE TELEPHONE TRACKING SYSTEM OPERATION

AFTER THE CALLED
PARTY HAS PICKED UP
HIS RECEIVER

CALLED PARTY'S TTS
- RECEIVER
TRANSMITS 250Hz
PILOT SIGNAL

TTS-TRANSMITTER
OF CALLING PARTY
IDENTIFIES THE
PILOT SIGNAL

TTS-TRANSMITTER GETS
ACTIVATED AND STARTS
TRANSMITTING THE
CALLER'S TELEPHONE
NUMBER AS STANDARD
DTMF FREQUENCIES

TTS-RECEIVER AT THE
CALLED PARTY'S STATION
DECODES THE DTMF
FREQUENCIES AND
DISPLAYS THEM ON THE 7-
SEGMENT DISPLAY

©

NORMAL
CONVERSATION
CONTINUES

THIS OPERATION TAKES A
MAXIMUM OF 3 SECONDS ONLY
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WORKING PRINCIPLE

THE TELEPHONE TRACKING SYSTEM - THE TRANSMITTER

The tone decoder LM567 on detecting the pilot signal,
shorts its output transistor to ground and thus a low output
voltage is obtained as long as the pilot signal is available
at LM567's input pin. This low output voltage is inverted and
applied to the SET pin of D-flip flop 4013. The flip flop
outputs Q=1. This output devices an astable multivibratoir
and an astable output signal is obtained. This astable output
is applied as clock signal to the binary counters and the
counter starts counting from 0000 H. The counter output lines
ABCD are directly connected to the BCD to decimal counter.
The decoder decodes the input values and selects a
corresponding output line. The selected pin has a logic 1
voltage (+5 V). This is applied as the enable signal for a
switch and that switch is closed whenever the corresponding
pin is selected. The counter proceeds to count until the
count value reaches 1111 H. When the count value reaches 1111

the flip flop is reset and the counting stops.

Since to the IN and OUT pins of the switch a row and a



column is connected. Whenever the switch is closed, the dual
tone for the digit corresponding to the row and column is
sent on the line ie. pressing of that particular digit is

simulated.

The number is transmitted once whenever the pilot

signal is detected by the LM567.

The transmitter gets activated only when the pilot
signal is sensed. The pilot signal transmitter is present in
the receiver. So only a receiver can activate the transmitter

to transit the number.

POWER SUPPLY REQUIREMENTS OF TRANSMITTER

The power supply to the tone decoder, flip-flop,
counter and CMOS switch in the transmitter is provided by a
special circuit which provides a constant voltage of +5 V

which is tapped from the telephone line.

In the telephone line on ~ON-HOOK!' condition, there is
a voltage drop of 48 V across the lines. The telephone line
is connected to a bridge rectifier. The output of the bridge
rectifier is connected to a Zener diode through a power

transistor. The Zener diode has a drop of +5.6 V and the



output of the transistor is around +5 V.

When the telephone is in " OFF-HOOK "condition, there
is a voltage of 11V across the lines. In this condition also,
the output of the transistor is around +5 V, thus powering

the transmitter.

Thus for the power supply for the transmitter part of
the telephone tracking system, we make use of the voltage
available in the telephone itself. The connection of this
transmitter does not affect the performance of the telephone

in anyway.

TELEPHONE TRACKING SYSTEM - THE RECIEVER

After the calling party has dialed the telephone number
of the person to be called he may get a busy tone or a
ringing tone accordingly. In case the calling party is not
engaged, he will be intimated by a ringing sound. When the
called off-hook's his telephone set as a response to the
incoming call, the folling operation takes place if his set

is provided with a TTS receiver.



The off-hook condition is detected using LM324. The
output of this IC goes high in case of off-hook and goes low
in case of on-hook. The output of this IC forms one of the
control signals for driving the pilot signal transmitter and
clock pulse generator. The output also resets the binary
counter to 0000 H. The counter starts counting as its clock
input is intiated by LM324. Meanwhile the pilot signal is
transmitter through the telephone line and when the counter
output is 0100 H, the pilot signal transmission is stopped.
The pilot signal transmission is set for a timing of one
second. This pilot signal forms an intimation of off-hook
state of called party to the calling party. The TTS
transmitter on the calling party side senses the signal and
starts transmitting the number of the calling party in DTMF

mode.

The DTMF decoder MT 8870 decodes the transmitted
number. The decoded transmitted number is converted to BCD,
and these BCD converted outputs forms the input to 4543 which
is a BCD to seven segment decoder/latch. The latches are
enabled accordingly using a 4555 which is a 1 to 4 decoder.
The two LSB outputs of the counter forms the input to the 1

to 4 decoder.
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HARDWARE DESCRIPIION...




HARDWARE DESCRIPTION

CMOS BILATERAL SWITCH:

The CMOS bilateral switch used here is CD4066B. The
RCA-CD4066B 1is a quad bilateral switch intended for
transmission or multiplexing of analog or digital signals. It
exhibits a very low on resistance which 1is relatively

constant over the full input signal range.

The CD4066B consists of 4 independent bilateral
switches. A single control signal is required per switch.
Both the p and n device in a given switch are biased ON or

OFF simultaneocusly by the control signal.

The IC is powered by +5 V on Vpn and 0V on Vgg. When
the voltage on enable line is +5 V, the switch is on and when

the voltage is 0 V, the switch is OFF.

The CMOS analog switch is interfaced directly with the
pulse/DTMF dialer IC of the telephone. Interfacing is
accomplished by making use of the lines from the pulse /

DTMF dialer chip which goes to the keypad of the telephone.

All the 4 switches are used. The enable input of each



switch is connected to the output of 4 to 10 decoder. The
first switch is used to simulate the pressing of the button
~x1' which converts the telephone from pulse dialing mode to
tone dialing mode. The other 3 switches are used to transmit

the 3 digit telephone numbers.

Although only 3 digit dialing is done, the range can be

extended upto 9 digits by adding an extra 4066B.

DECODER :

The CMOS decodes used here is CD4028B. The RCA-CD4028B .
types all BCD to decimal or binary to octal decoders
consisting of buffering on all 4 inputs, decoding logic gates
and 10 output buffers. A BCD code supplied to the 4 inputs A
to D results in a high level at the selected one of 10

decimal decoded outputs.

The IC is powered by +5 V on Vpp and 0 V on Vgg. It
exhibits "positive logic" as decoded output goes high on

selection. The 4 bit input from a binary up/down counter.



The RCA-CD4516B is presettable binary up/down counter.
The counter consists of 4 synchronously clocked D-type flip
flops connected as counters. These counters can be cleared by
a high level on RESET line, and can be preset to any binary
number on the jam inputs by a high level on the PRESET ENABLE

line.

If the CARRY-IN input is held low, the counter advances
up or down on each positive going clock transition.
Synchronous cascading is accomplished by connecting all clock
inputs in parallel and connecting the CARRY-OUT of less
significant stage to the CARRY-IN of a more significant

stage.

The chip is powered by +5 V on Vpp and 0 V on Vgg. The
clock to the counter is provided by an astable multivibrator
generating a rectangular wave repeating itself at a frequency

of 7 Hertz.



The counter is held in count up mode with CARRY IN held

low. The preset enable line is grounded when the count value

reaches the maximum i.e., 1111 H, the counter is reset and the

clock is cut off.

CONNECTION DIAGRAM
(all packages)

Vop €L Q3 P3 P2 Q2 U/D R

S N SR S S

16 15 14 13 12 11 10 9
SCL45168

23 4 5 6 1 4

T 1 T 7 T T

|
PE Q4 Pa Pt Ci ar €O Vgg

Add suffix for package:

C  16-pin Cerdip

D 16-pin Ceramic

E  16-pin Epoxy

F 16-pin Fiat Ffigyf Ea
H Chip

TRUTH TABLE

PRESET
CARRY N UP/OOWN | ENABLE RESET ACTION
\ x ] ] No Count
[ 1 0 o Coumt Up
0 (4] 0 [*] Count Down
X x ) v Prosmt
X x X 1 Reser

X = Don't Core



CLOCK :

A 555 timer used in astable mode will
generate a rectangular wave of presettable frequency.

This wave is used as a clock for the counter.

The 555 timer can be used with supply voltage in the
range of +5 V to +18 V and can drive load upto 200mA. The
functional diagram of 555 is shown in the figure. The three
5Kohm internal resistors act as voltage divider, providing a
bias voltage of 2/3 Voe to the upper comparator (UC) and 1/3
Voe to lower comparator (LC), where Voe 1s the supply
voltage. Since these 2 voltages fix the necessary comparator
threshold voltage, they also aim in determining the timing
interval. It is possible to vary the time electronically too,
by applying a modulating voltage to the control voltage input
terminal. In application where no such modulation is
intended, a capacitor (0.01 micro farads) is connected
between control voltage terminal and ground to bypass noise

or ripple from the supply.

In the standby (stable) state, the output Q of control

flip flop is low.



Controt
FF

Discharge'

Power

|
] Q] amp
| r I Inverter)
| L
R
_________________ |
Ground

Fig @QFUNCTIONAL DIAGRAM OF 555 TIMER

This is because of power amplifier which is basically an
inverter. A negative going trigger pulse is applied to PIN 2
and should have its DC level greater than the threshold level
of lower comparator (ie Vecc/3). At the negative going edge of

the trigger, as the trigger passes through (Vec/3), the



output of lower comparator goes HIGH and sets the FF ( Q=1,
Q=0 ). During the positive excursion, when the threshold
voltage at PIN 6 passes through 2/3 Voo, the output of upper

comparator goes high and resets FF (Q=0, Q=1).

The reset input (PIN 4) provides a mechanism to reset
the FF in a manner which overrides the effects of any
instruction coming to FF from the lower comparator. This
oVerriding reset is effective when the reset input is less
than about 0.4 V. When the reset is not used, it is returned
to Vcc. The transistor Q2 serves as a buffer to isolate the
reset input from the FF and transistor Q1. The transistor Q2
is driven by an internal reference voltage Vref obtained from

supply voltage Vcc.



ASTABLE OPERATION

The device is connected for astable operation as shown

Control
FF

Output

ot B LU MU S |

Functional diagram of astable multivibrator using 555 timer

F(g + 10



The timing resistance are Rp & Rg. PIN 7 of discharging
transistor Q1 is connected to the function of Rp & Rp. When
the power supply Vcc is connected, the external timing
capacitor C charges towards Vee with a time constant { Rp +
Rp) *C. During this time, output ( PIN 3 ) is high (equal to
Vce) as reset R=0, set S=1 and this combination makes Q=0

which has unclamped the timing capacitor C.

When the capacitor voltage equals (to be precise 1is
just greater than), (2/3) Vecc the upper comparator triggers
the control flip flop so that Q=1. This, inturn makes
transistor Q1 on and capacitor C starts discharging towards
ground through Rp and transistor Q1 with a time constant
Rp*C. Current also flows into transistor Q1 through Rp.
Resistors Rp & Rp must be large enough to limit this current
and prevent damage to the discharge transistor Q1. The
minimum value of Rp is approximately equal to Vcc/0.2 where

0.2A is the maximum current through the ON transistor QL.

During the discharge of the timing capacitor C, as it
reaches (to be precise is Just less than) Vece/3, the lower
comparator is triggered and at this stage S=1, R=0, which

turns Q=0. Now Q=0 unclamps the external timing capacitor C.



The capacitor C is thus periodically charged and discharged
between 2/3 Vcc and 1/3 Vcc respectively. The length of time
that the output remains HIGH is the time for the capacitor to

charge from 1/3 Vcc to 2/3 Vcc. The design are given below.

- = 0.69 (Ry + Rp)C
Total time T = ey * tLow
= 0.69 (R + 2Rp)C
f = 1 = 1.45

The latch used here is CD 4013, CMOS dual D type flip

flop. The CO 4013 has the following features.

a. Set - Reset capability

b. Static flip-flop operation retains state indefinitely

with clock level either "high" or "low".

c. Medium speed operation - 10 MHz clock toggle rate at

10V



d. Quiescent current specified at 15 V
e. Maximum input leakage current of 1 # aat 15 VvV (full
package temperature range)

£. 1-V noise margin.

The CD 4013 consists of 2 independent, identical data
type flip flops. Each flip flop has independent data set,
reset and clock input and Q & Q outputs. The logic level
present at the D input is transferred to the Q output during
the positive going transition of the clock pulse. Setting or
resetting is independent of the clock and is accomplished by

a high level on the set or reset line respectively.

Set input to PIN-6 is from the output of LM567 via
CD4069. D input is grounded. The clock input at PIN-3 is tied
Lo V... The reset input is from the AND gate 4081 and 1is
given to PIN-4. This depends on the count value of the
counter. When the bits Q2 and Q4 of the counter are 1, the

flip flop is reset.

When the pilot is detected, the flip flop is set and
the counter is initiated. The Q output of the flip flop is

given as input to the astable multivibrator. The output of



astable multivibrator is given as clock input to the counter.
The flip flop is reset whenever the bits Q, and Q, of the
counter are 1. This is detected by means of an AND gate CD

4081.

set1

TRUTH TABLE

D1

clk1 -

Resett

set2

D2

clk2

Reset2

CIRCUIT DIAGRAM




BCD TO SEVEN SEGMENT LATCH / DECODER / DRIVER

The SCL 4543B BCD to seven segment latch / decoder /
driver is designed for use with liquid crystals readouts and
is constructed with complementary MOS (CMOS) enhanced mode
devices. The circuit provides the function of a four-bit
storage latch and a 8421 BCD-to-seven segment decoder and
driver. The device has the capability to invert the logic
levels of the output combinations. The phase (Ph), blanking
(BI), latch disable (LD) inputs are used to the reverse the
truth-table phase, blank the display, and store a BCD code
respectively. For liquid crystal readouts, a square wave is
applied to the Ph input of the circuit and electrically
common back plane of the display. The outputs of the circuit
are connected directly to the segments of the readout. For
other type of readouts,

such as light emitting diode (LED),

incandescent, gas discharged, and fluroscent readouts, the

connection diagrams are given in the data sheets.

CONNECTION DIAGRAM

(all packages)

Voo ! ¢ e d c b
1 1 1 L1 i L
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16 15 14 13 12 11 10

SCL45438
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T T T
LO € B D A Ph B}

Add suftix for psckage:
C 16 pin Cerdip

8} 16pin Ceramic
£ 16-pin Epoxy
F 16-pin Flat

H  Chio

Vss

F(a' 12
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TONE DECODER

The tone decoder used here is LH567, 567 detects a
single frequency at its input terminal. 567 is tunable to a
wide range of frequency. The frequency is varied by adjusting
the timing resistance and capacitors (Rt, Ct). LM567 is a
general purpose tone decoder designed to provide a saturated
transistor switch to ground when an input signal is present
within the passband. The circuit consists of an I and Q
detector driven by a voltage controlled oscillator which
determines the center frequency of the decoder. The center

frequency is adjustable from 0.01 Hz to 500 KHz.

3 AC Test Circuit
Dual-In-Line Package

sV
oyteyr ! .
fLrem T L.
oy
“erioes
Loos 2 R
ruren = 7 oo ‘ 'E: '
e
Ny _.’.. i 3 :
e hoe THIING L} ?
CAPaliTon
¢
. 1
v 1—‘- Tanwg 2 3 4
Es1sTON LE
02 o5} ‘E
o T T ,l\

SIGNAL +S5V
INPUT

1, =100 kHz +SV
“Nota: Adpst tor to = 100 kH:

Fig 1%



F D DER

The telephone number of the calling person is dialed in

tone mode after he is linked to the called person in a TTS.

On the called side a DTMF receiver is used to receive
this tone which is a combination of these two frequencies and
convert it to a binary coded decimal. For this purpose the

DTMF decoder MT 8870 is used.

The MT 8870 is a complete DTMF receiver designed to
detect standard DTMF signals. It includes a differential
input amplifier, filter section, decoder section and steering
logic circuits. The differential input amplifier allows
adjustments of gain and choice of input configuration. The
filter section provides a dial tone filter for dial-tone
rejection and separates the dual tone signals into low-group
and high-group tones. The decoder decodes all 16 DTMF tone

pairs into four bit code.



DTME DECODER

+Vee
10 8
=
100nF 100K 100nF
[ — AMA\— 2 17
FROM ol
EXCHANGE 100K
3 330K
16
1
4 8870
14 O«
6 - O
13
12 0
A 0,
11
= T 1o e\
7 8

LDJ Fig ‘A

3.58 MHz



FUNCTIONAL DESCRIPTION

The exchange line is applied to the inverting input
through C1, Rl of the differential input operational
amplifier and a bias source Vref is used to bias the input at
midrail. Adjustment of gain is achieved by connecting a
feedback resistor to the Op amp output (GS). For a single
ended input configuration op amp is connected for unity gain

and Vref = ADD/Z.

The differential amplifier is followed by the filter
section. Dial tone at 350Hz and 440 Hz is then rejected by a
third order switched capacitor notch filter. The signal is
split into individual high and low frequency components by
two sixth order switched capacitor bandpass filter. Each
component tone is then smoothed by an output filter and
squared up by a hard limiting comparator. If the original
DTMF input signals are valid tones, then the outputs of the

comparators will be two rectangular waves.

The resulting rectangular waves are applied to a
decoder where a counting algorithm measures and averages
their periods. When the decoder recognizes the presence of a

valid tone the Est signal goes high. Est indicates that two



tones of proper frequency have been detected and initiates an
RC timing circuit. If both tones are present for a minimum
guard time, which is determined by the external RC network,
the DTMF signal is decoded and the resulting data is latched
in the output register. A logic high on Est causes Vc to
reach the threshold of the steering logic. When the voltage
on Vc rises above Vg it causes the device to register the
detected tone pair and update the output latch. At this
point, the GT output is activated and drives Vc to VDD. GT
continues to drive high as long as Est remains high. Finally
the delayed steering (StD) output is raised and indicates
that new data is available. The contents of the output latch
are made available on the four-bit output bus by raising the

three-state control input (TOE) to a logic high.

The internal clock circuit is completed with the

addition of an external 3.579545 MHz crystal.



The counter is still in counting process and helps in
latching the number on the corresponding seven segment
display. The three digit number of the calling party gets
displayed for the counter outputs 0101 H, 0110 H,0111 H
respectively. When the counter output is 1000 H, the counting
process stops and this ends the receiver operation. The
normal conversation then proceeds. The counter is then reset

on on-hook condition of the calling party.

The time taken for the reception of the transmitted

number is nearly 1 second and the total TTS receiver

operation takes place in 2 seconds.

POWER PPLY FOR TTS RECEIVER :

The power supply for the TTS receiver is +5 V. It is

tapped from 230V ac mains, full wave rectified and fed.



DTMF DECODER OUTPUT TO BCD CONVERSION

r N
Nos. | DTMF DECODER OUTPUT REQUIRED BCD OUTPUT
Q4 Q3 Q2 Q1 D4 D3 D2 D1
0 |1 0 1 0 0 0 0 0
1 |0 0 0 1 0 0 0 1
2 |0 0 1 0 0 0 1 0
3 |0 0 1 1 0 0 1 1
4 |o 1 0 0 0 1 0 0
5 10 1 0 1 0 1 0 1
6 |0 1 1 0 0 1 1 0
7 |0 1 1 1 0 1 1 1
8 |1 0 0 0 1 0 0 0
9 |1 0 0 1 1 0 0 1
K-MAP FOR D4 K-MAP FOR D3
Q2Qt Q2Q1
00 01 11 10 00 01 11 10
Q4Q3 g Q4Q3 g
01 01 1 1 1 1
11 11
10 1 1 10

D4 = Q2Q4Q3

D3 = Q403



K-MAP I'OR D2 K-MAP I'OR D1

Q2Q1 Q2Q1
00 01 11 10 00 01 11 10
N
Q4Q3 00 1T [ 1 Q4Q3 qo U 1
01 1 1 01 1 1
11 11
" LG
D2 = Q4 Q2 D1=Q4Q1+Q3Q2Q1
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QFF - HOOK DETECTIQN

An off-hook decision circuit is needed in order to
detect the ON / OFF hook status of the telephone, since that
decides when the telephone should be connected to the

exchange.

When the telephone is in on-hook the voltage across the
pair of telephone wires is +48 V, and when it goes to off-
hook the voltage drops to around 11 V. A comparator is used
to sense the changes from 48 V to 11 V and from 11 V to 48 V.
To reduce the voltage to the CMOS logic level the resistor
divider network is introduced at the input to the negative

terminal of LM 324.

BASIC OPERATION OF A COMPARATOR

A comparator is a circuit which compares a signal
voltage applied at one input of an op-amp with a known

reference voltage at the other input. It is basically an open

loop op-amp with +Vgar = Vcc. There are two type of
comparators
1. Non-inverting comparator

2. Inverting comparator.



LM324 PIN CONFIGURATION

Output 1 Output 4
1 2
-Input 1 -Input 4
\ - + + - \
+input 1 +Input 4
V+ GND
+input 2 +input 3
| + - ‘
-Input 2 -Input 3
3
Output 2 Output 3

Fig 14



OFF - HOOK DETECTION
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POWER PPLY

.\-\)DD = 6\/

T bLtP HU\\E

Line

Tig THE PWER SuppLY .

CSB4 is a monolithic bridge rectifier IC with 4 pins.
It is capable of producing a full wave rectified output. The

maximum amplitude of the input signal can be upto 400 V.

In this project, the bridge rectifier is connected to 2
wires of the telephone line. As mentioned before the
telephone line has a dc of +48 V across it. So the bridge

rectifier output is +48 V on on-hook condition.

On off-hook condition the voltage across the 1lines

drops to +11 V. So the bridge rectifier output is +11 V. The



bridge rectifier acts as a full wave rectifier. The
connection of this bridge rectifier does not affect the

operation of the telephone in any way.

A transmitter of the TTS requires a supply of +5 V to
power the integrated circuits. The positive output of the
bridge rectifier is connected to the collector pin of the
power transistor 2N6292. The base is connected to a 1 Watt
Zener diode 1Z5V6. The current limiting to the Zener diode
comes through a 10 Kohm resistor which is connected across
the collector and base of the power transistor. The output is
taken at the emitter pin of the power transistor. The output
is roughly +5 V which powers all the integrated circuits in

the transmitter.

The output at the emitter pin remains +5 V regardless
of whether the telephone is in on-hook / off-hook condition.
The power transistor 2N6292 is capable of handling upto 72 of

current and a voltage upto 80 V.



CONCLUSION...




CONCLUSION

The project " Telephone Tracking System " has been

designed and tested to confirm target specifications.

Details about the integrated circuits, configurations
and operations of all the chips used in the hardware

implementation has also been explained.

There is also provisions for future developement such
as storage of incoming call numbers and dialling the stored
number by just pressing a single button which can be provided

in the TTS-receiver.

The TTS transmitter can be used in all PCO's and thus
any anonymous calls from any PCO can be traced immediately.
The transmitter can be installed in houses and if a receiver
is also hooked up, the facility of viewing the incoming call
number can be availed. This project can be implemented in ahy
EPABX system and in the normal exchange. So this facility can

be used in large industries and educational institutions.
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@ MITEL'

IS02.cM0s MT8870
Integrated DTMF Receiver

Features

¢ Complete DTMF receiver

® Low power consumption

¢ internal gain setting amplifer
¢ Adjustable guard time

® Central Office Quality

Applications

® Paging systems

® Repeater systems/mobile radio
® Credit card systems

® Remote Control

® Personal Computers

Description

The MTB8870 is a complete DTMF recejver
integrating both the bandsplit filter and digital
decoder functions, fabricated in Mitel's double poly
IS02.CMOS technology. The filter section uses
switched capacitor techniques for high and low
group filters; the decoder uses digital counting

9161-002-031-NA SSUE

Pin Connections

tuary 198§

!

N+ 1 18 ] voo
IN- 2 17 |2 sve:
Gs 3 16 L est

VREF 4 15 B3 s
<* 5 1T SN
c* ] 1313 o

05Ct 7 2 L ar

0sC2 s 11 1~

VS, [ 10 |1

‘connect to VSS

Ordering Information

MTB8708: 18 PIN PLASTIC
MT88708:Z 18 PIN CFRMI5

techniques to detect and decode at! 16 NTMF tone-
pairsinto a 4-bit code. External component count is
minimized by on chip provision of a differential
input amplifier, clock ascillator and latched 3-state
bus interface
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Figure 1. Functional Block Diagram asy



1Is02.cm0os MT8870

Operating Characteristics' - Voltages are with respect to ground (Vgs) uniess otherwrse stated

Gain Setting Amplifier

Characteristics Sym | Min | Typ*t | Max | Units Test Conditions

1 | Input leskage current ™ 100 nA V¢S Viy $Vpo

2 | Input resistance Rin 10 MQ ]

3 Input offset voltage Vos 25 mv

4 | Power suply rejection PSRR 60 d8 | 1KHz

5 | Common mode rejection CMRR 60 d8 |-3.0vVs v $3.0V

6 | DC open loop voltage gain Avor 65 d8 ]

7 | Open loop unity gain T

bandwidth fc 15 MHz

8 | Output voltage swing Vo 45 Vop |RLZ100KQto Ve ]

9 [ Maximum capacitive load (GS) | C, 100 oF B
10 | Maximum resistive load (GS) Ry 50 X o T
11 { Common mode range Vem 30 Vpp | No Load T

fVpp =SV, Vggw OV, T4 e25'C

Typicat figures are 3t 25°C and are for design aid only. not guaranteed and "ot subject th Production 1esting

AC Electrical Characteristics' - Voltages are with respect to ground (Vgs) unless otherwite stateg

Characteristics Sym Min Typ' | Max Units Notes

s | Validinput signal levels 29 d8m 1.235.69 ]
' (t (_each tone of composite 275 mVas (1231569 ]

N | s1gnal) N dsm | 1,23562

A 883 | mvaws 1123569
2 c Positive twist accept 10 4 _OES_—.":}_}“G_E‘:‘—”_ ) t
3 S Negative twist accept 10 98 _L/.' 26,9 e
4| p |Freq. deviation accept +1.5% & 2Hz Nom. 12,3379
5 ', Freq. deviation reject +3.5% | Nom |z359
6| (, | Third tone tolerance -16 — T 5 IE: 2.3ﬂ,~“".~>_l‘3_}v1'L"___:_h—.~
7 *; Noise tolerance -12 Js 2,3,45,7.9.i0
8 Dial tone tolerance +22 JB {2.3,4589,11

T VDD =SV.Veg @ 0. Ta w25 Cand fc «3 $79545 MH 7 using test tircuit shown in Figure

NOTES

dBm = deuibels above Or below & reference power of | MW into a 600 ohm load
Digit sequence consists of all DTMF tones

Tone duration = 40 ms. tone pause = 40 ms

S«gnal condition consists of naminal DTMF frequencies

Both tonesin composite signal have an equal amplitude

Tone pair s deviatedby €1 5% ¢ 2Hz

Bandwidth hmited {3XHz ) Gaussian nowse

The precise dial tone frequencies are (350 Hz2 and 440 HZ) ¢ 2 -

For an error rate of better than 1 in 10,000

1
2
3
4
5
6
7
8

9

10 Reterenced to lowest ievel frequency component in DTMF ugnal
11 Referenced to the minimyrm valid accept leve!



MT8870 1502-CMOS

|
}
| AC Electrical Characteristics' . Voitages are with respect to ground (Vgs) unless otherwise stated
i Characteristics Sym | Min | Typ: | Max | Units | Tast Conditions
i
; 1 Tone present detect time top S 11 14 ms | see Figure 3
) 2 . Tone absent detect time toa 05 4 85 ms | see Figure 3
‘ 3 n'a Tone duration accept tReC 40 ms | User adjustable
‘ 4 'uq Tone duration reject t;C 20 ms | User adjustable
} 5] G | interdigit pause accept tio 40 ms | User adjustable !
6 Interdigit pause reject too 20 ms | User adjustable
j 7 Propagation delay (St to Q) teq 8 " i us 1TOE=Vop
{ T TOE - v- ] 1
: 8 o | Propagation delay (St to StD) tosto 12 ous G TOS-Voy ]
i ° o e 1
} 9 T [Output data set up (Q to StD) tosto 34 us | TCE=\q. :
. 10| ¢ | Propagation delay (TOE to Q ENABLE) | tpre 50 ns | RL= 10K
b K CL=50pf
i T i 1
K 1" Propagation delay (TOE to Q DISABLE) | 170 300 ns | RL=1OKE }
H CL =50 p¥ H
&
l 26 Crystal /clock frequency fc  13.5759{3.5795!3.5831| MHz g
} 27 f Clock input rise time tuee 110 | ns [ Ext clock 2
‘ 28| o [ Clock input fall time thict 110 | ns |Ext clock ;
: 29 < [Clock input duty cycle DCcL | 40 | SO | 60 | % |Est clock !
4 30 Capacitive load (05C2) Co 30 | pf '
3
.

TVDD *5V.Vss =0V Tp = 25" Cand I = 3 579545 MMz, using test orcuit in Figure 2
t rypieal fyures are at 25 °C and are for design aid only  nnt quarantesd and nnt subject *n production resting

’ Voo o ] x.
T ;
a |
i H
ptmr O—| -
C
Input RY MT8870 T \
| f
— i~ U voo (¢ ! ¢
] sier Pr—t——e s %
] 65 gsr [t 5
Rz ] yaer sto p—+——0 ’r
—— « 0 —4—0C
i« oy Pp———O :
0sC 1 o pp—1—0 NOTES
X g} osc» o P———0 RI R 100s {2 "2
4 S— R rof §—-- Res 30Ok 017 i
B ol PO e 5 3
rr © e anases
]
!
}
4
H
. . —— §
Figure 2. Single Ended Input Configuration ’




1IS02-cMOs MT8870

Pin Description

Pin# Name Description
1 IN+ Non-inverting op-amp input. L
| 2 IN- | Inverting op-amp input. ]
i 3 GS Gain select. Gives access to output of front end differential amplifier for cormection
of feedback resistor.

4 Vner | Reference voltage output, nominally Vpp/2 is used to bias inputs at mid-ra:i {see
Fig.2). -

) IC Internal connection. Must be tied to Vs, o

6 IC Internal connection. Must be tied to Vs,

7 0sSCt | Clock input.

8 0SC2 | Clock output. A 3.5795 MHz crystal connected between OSC? and OSC2 comotetes
the internal oscillator circuit.

9 Vss Negative power supply input.

10 TOE 3- state output enable (input). Logic high enables the outputs Q1-Q4 i~e ... pu!
up.

11-14 Q1-Q4 | 3-state data outputs. When enabled by TOE, provide the code <orrospondff§;; ~the -
. last valid tone-pair received (see Fig. S).

15 StD Delayed steering output.Presents a logic high when a received tone-pair has beet:
registered and the output latch updated; returns to iogic low when the woti~=e o5
SUGH falls below Vrg,

16 ESt Early steering output. Presents a |8gic high once the digitat algorithm has deizcted a
valid tone pair (signal condition). Any momentary loss of signal condition will cause
ESt to return to alogic low. )

19 SUGT | Steering input/quard time output (bi-directional). A voltage greater than Vs
detected at St causes the device to register the detected tone pair and update tinx
output latch. A voltage less than Vyg, frees the device to accept a new tone pair. The

i GT output acts to reset the external steering time-constant; its state is a function of
F 1 €St and the voltage on St.
18 Voo Positive power supply input.
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Functional Description

The MT8470 monolithic DTMF receiver offers smal!
size. 'ow power consumption and high
performarce. its architecture consists of a bandsplit
filter sect on, which seperates the high and low
group tones, followed by a digital counting section
which verifies the frequency and duration of the
received tones before passing the corresponding
code to the output bus

Filter Section

Seperaticn of the low-group and high group tones
is achieved by applying the DTMF signal-to the
inputs of two sixth-order switched capacitor band
pass filters, the band-widths of which correspond to
the low and high group frequencies. The filter
section also incorporates notches at 350 and 440 Hz
for exceplional dial tone rejection (see Fig. 4). Each
filter output is followed by a single order switched
capaator filter section which smooths the signals
prior to imiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
prevent detection of unwanted low-level signals.
The outputs of the comparators provide full rail

logic swings at the frequencies of the incoming
DTMF signals

Decoder Section

Followir g the filter section i1s a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they coriespond to standard DTMF frequencies. A
complex averaging algorithm protects against tone

simulation by extraneous signals such as Yoice while
providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence
of interfering frequencies (third tones) and noise
When the detector recognizes the presence of two
valid tones (this is referred to as the “signal
condition” in some industry specifications) the
“Early Steering” (ESt) output will go to an active
state. Any subsequent loss of signal condition will
cause ESt to assume an inactive state (see "Steering
Circuit”).

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred
to as character recognition condition) This check is
performed by an external RC time constant driven
by ESt. A logic high on ESt causes v, (see fig. 6) to
rise as the capacitor discharges. .
Provided signal condition is maintained (ESt
remaing high) for the validation period (tgrs), v
reaches the threshold (Vyg,) of the steering logic to
register the tone pair, latching its corresponing 4-bit
code (see Fig. S) into the output iatch. At this point
the GT output is activated and drives vcto VDD. GT
continues to drive high as long as ESt remains high.
Finally, after a short delay to allow the output latch
to settle, the delayed steering output flag (StD)
goes high, signailing that a received tone pair has
been registered. The contents of the output latch
are made available on the 4-bit output bus by
raising the three state control input (TOE) to a logic
high. The steering circuit works in reverse to

o "
PRECISE
/ ~ DIAL TONES
1
10 z \ . X =350 Mz
Y “ YatdoHz
A\ DTMF TONES
20 1 T \ AeE97 Mz
ATTENUATION 82770 M2
v8) 1 | C =825 Hz
0 £ <1209 me
l ‘ ] Fse133642
GaldT7 Ha
0 l . I \L H=1633 Hz
QRN Jmaam
\1 y ) ]
AR
50 X

FREQUENCY (M3)

 —a
o —
X P ,

Figure 4. Filter Response
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figure 6. Basic Steering Circuit

validate the interdigit pause between signals.
Thus, as well as rejecting signals_too short too be
considered valid, the receiver will tolerate signal
interruptions (drop out) too short to be considered
a valid pause This facility, together with the
capability of selecung the steering time constants
extarnally, allows the designer to tailor
performance to meet a wide variety of system
requirements

Guard Time Adjustment

in many situations not requinng selection of tone

duration and interdigital pause, the simple steering
cGircurt shown in Fig. 6 is applicable. Component
values are chosen according to the formula:

trec = top + tGgTP
tio = toa + tgTA

The value of top 1s @ device parameter (see table)
and tpec is the minimum signal duration to be
recognized by the receiver A value for Cof Q.1 uf s
recommended for most applications, leaving R to be
selected by thé designer

Different steering arrangements may be used to
select independantly the guard times for tone
present (tgrp) and tone absent (tgra). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters
such as talk off and noise immunity. Increasing tagc
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tagc with
a long tpo would be appropriate for extremely
noisy environments where fast aquisition time and
immunity to tone drop-outs are required. Design
information 'for guard time adjustment is shown in
Figure?7

Differential Input Configuration

The input arrangement of the MTB870 provides a
differential-input operational amplifier as well as a
bias source(Vret) which is used to bias the inputs at
mid-rail. Provision is made for connection of a
feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Fig. J with
the op-amp connected for unity gain and Vgt
biasing the input at JVyp. Fig. 8 shows the
differential configuration, which permits the

otd
> ’//) —
B =3
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OIFFERENTIAL INPUT AMPLIFIER
Cy = Cy = 1OnF

Ry RgaxRg«100kQ
P OUREY Ry« 37 5k Q2 Al copdditars are * 5 s tolerence

Ry P2R3
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Allresistors are * 17, toterence
R
VOLTAGE GAIN (Ay ditf) - 2
R

INPUT IMPEDENCE

(ZinDite) = 2 Ry

Figure 8. Differential input Configuration

Figure 7. Guard Time Adjustment

adjustment of gain with the feedback resistor Ry

Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.58 MHz crystal and 1s
normally connected as shown in Figure 2 (Single
Ended Irput Configuration). However, it 1s possible
to conf gure several MT8870 devices employing
only a sigle oscaillator crystal. The osciilator output
of the fi st device in the chain 15 coupled through a
30 pF cagzacitor to the osaillator input (OSC1) of the
next dence Subsequent devices are connected in a
similar “ashion Refer to Fig. 9 for details The
problems assoctated with unbalanced loading are
not a concern with the arrangement shown, ie;
precision balancing capacitors are not required

To OSC1 of
next 8870

[sMa

0OsC2

1
a
0502 __I'_”___ 8¢

Ltar 1B Ny

Figure 9. Osailator Connection




CD4555B, CD4556B Types

CMOS
Dual Binary to 1 of 4

Decoder/Demultiplexers

High-Voltage Types {20-Volt Rating)
CD45558: Outputs High on Select
CD45568: Outputs Low on Select

Features:

® Expandabie with multiple packages
® Standard, symmetrical output characteristics

The RCACDAB558 and CDASSEB are dual 100 tested for quiescant current at 20 V

one-of-four decoders/demuitipiexers. Each
decoder has two select inputs (A and B), an
Enable input (E), and four mutually exclu-
sive outputs. On the CD45558 the outputs
are high on select; on the CD45568 the out-
puts are low on select.

® Noise margin {full package-temperature
range): 1VatVpp=5V
2VatVpp =10V
25Vatvpp =15V
® 5V, 10-V, and 15-V paramaetric ratings
u Maets all requirements of JEDEC Tentative
Standard No. 13A, *‘Standard Specifications
for Description of ‘B’ Series CMOS Devices™
Applications:

® Decoding 8 Code conversion

® Demultiplexing (using Enable input asa
data input)

® Memory chip-enable selection

® Function selection

When the Enable input is high, the outputs
of the CD45558 remain fow and the outputs
of the CD45568 remain high regardless of
the state of the select inputs A and B. The
CD45558 and CDA5568 are similar to types
MC 14555 and MC 14556, respectively.

The CD45558 and CD45568 types are sup-
plied in 16-lead hermetic dual-in-iine cer-
amic packages (D and F suffixes). 16-lead
dual-in-line plastic packages (E suffix). 16-
lead ceramic flat packages (K suftix). and in
chip form (H sutfix}

RECOMMENDED OPERATING CONDITIONS
For meximum reliability, nominal operating conditions should be selected
so that operation is slways within the following ranges.

CHARACTERISTIC Voo MIN. MAX. UNITS
Supply Voitage Range - 3 18 \Y
{For Ta = Full Package
Temp. Range}
MAXIMUM RATINGS, Absolute-Maximum Values
OC SUPPLY VOLTAGE RANGE, (V)

{Voltages referenced 10 Vgg Terminal) 0510 *20V
INPUT VOLTAGE RANGE, ALL INPUTS 05toVpp *05V
DC INPUT CURRENT, ANY ONE INPUT £10 mA
POWER DISSIPATION PER PACKAGE (Pp!

For Ta = -40 10 +60°C (PACKAGE TYPE E) 500 mwW

For Ta - +60 10 +85°C (PACKAGE TYPE E} Derate Linearly at 12 mW/OC 1o 200 mW

For Tp = -55t0 +100°C (PACKAGE TYPES D. F. K) 500 mwW

For Ta = +100 to +125°C (PACKAGE TYPES D. F. K)
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

Derate Linearly at 12 mW/OC 10 200 mwW

FOR Tp : FULL PACKAGE.-TEMPERAT URE RANGE (Al Package Types! 100 mw
OPERATING. TEMPERATURE RANGE (Ta}
PACKAGE TYPES D . F. K. H 55 1o +125°C
PACKAGE TYPE € 40 ro +85°C
STORAGE TEMPERATURE RANGE (Tg) -85 to +150°C

LEAD TEMPERATURE (DURING SOLDERING)

At distance 1/16 * 1:32 ach (1 59 * 0 79 mm) trom case for 105 max +265°C

= Maximum input current of 1 A at 18 V over full
package temperature rangs; 100 nA at 18 Vand 25°C

CD45558
FUNCTIONAL DIAGRAM

FUNCTIONAL DIAGRAM
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STATIC ELECTRICAL CHARACTERISTICS

CD4555B, CD4556B Types

i LIMITS AT INDICATED TEMPERATURES (°C)
! CONDITIONS Values at -55, +25, +125 Apply 10 D, F, K, H Packages
' CHARACTER. Values at ~40, +25. +85 Apply to £ Package
1STIC v v Tv o5 UNITS
o] IN {VDOD
[ (v} vy ]| -85 r—TG +85 +125 | Min. Typ. | Max
‘rOuvescenx Device - 05 5 5 5 150 150 004 5
| Current, _ 010{ w0 | 10 [0 | 300 | 300 004 | 10
i DD Max - J915] 151720 | 20 1800 | 500 004 | 201 “*
- 0201 20 [ 100 | 100 | 3000 | 3000 008 | 100
;Output Low 04 105] 5 loes 061 | 042 | 036 T55 IR
{ (Swnk) Current 05 jor0j 0] 16 |15 | 13 09 [ 13 ] 28 |
oL Min. 15 1015] 15 | a7 [ a 28 | 74 |34 ] &8
{ Output Hign 46 [05] 5 |-064] 061] 042 036l 053 —_7?1 mA
{Source) 25 as 5 -2 |-18 -13 -115f .18
C‘:g;”;m 95 _Jotoi 1w ]-16[-15 ] 71 05173
135 1015 15 [-42[ 4 | 28 |24 32
Output Voltage - 05 5 005 -
i L‘il‘:)’t';'a';' - a0l 10 0.05
P - Joas] 18 005
, Qutput Voltage - 05| s 495 JEES
. High-Level, - 010 10 995 995
[ VOH Min ~ lo15] 15 1495 1495
’ Input Low | 05,45 | - 5 15 -
i Voltage, 1,9 - |10 3 =
L ViL Max 15135] _ | 15 3 =
Input High 0545 _ | 5 35 3%
Voltage, 1.9 - 10 7 7
VIH Min. 15135 | - 15 " T {vhrh
e refrafor [ T T
e U SN T

DYNAMIC ELECTRICAL CHARACT
CL =50pF. Ry =200 KD

CHARACTERISTIC

—
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LIMITS

ns

TR NT TR CRATURE (T1)o 58 7C RO
! [ r2Raaevans
H i H vaes
1'% + 1t
[: [ w-wmum v
- 1
5
H
s | od
= asee
= B3
:
- v 434
: sase
[
e o
:’ t1t
'3 spat v +
T
. e eesassetinssd o s
B E) E

SRAN TO-SOURCE 0L TAGE ‘vpg) - ¢

Fig. 1 = Tvowcal output low Isink current
characteristics.

£ fhifi

I T B H
g 1 $3333513831210)

= o Ath 21 t

P $ii: eaTe - o

H S !
R e
i 113
‘Ki A 1331
H 0 s

32
Q 41
5

L, "
H v
i3 b
. isoasssaanssn:
. HHHHHHS

a9 E)

OFAIN-"0- SOURCE VOLTAGE 'vpg!— v

Fig 2 — Minimum output low (sink] current
characreristics

DRAN T SOLACE CUNMGE g - .

TvDiCat 2utput ngh 'scurcal currane
Paracrerisras

THAS TS E ek upy -y

EY

JAMBNT TEmPRATORE iTai 78

ST RS TYevrT

el 1TO SOURCE vouTsat ¢

seebioriads
T

Rikis

priits

(23y

Tre]

T

13
j23ed

S

Miimum output high ‘sourcei current
charscrerstics

Fig 4

OUTFUT 1ol (SOUATE) CLMMEAT IS opul -

3
aMmEnT TEMPERATRE 7 78 Soww e -
R =5 ;
CE YOLTAGE fvggis- 3y, ¥ s 3'
P Shogs esosasscses” 223 »s;
— £ s e
oo ¥ H
-
|

s
3 H
o St
H ;;
!
B
+ N

T

it ]
1 . 3
it ; ety <
3



555000 Buin 16podsp g 40| ~ o7 biy

AR
t{ojojofofojoloft]s {4
oltjojojojojojoloft It AT WG
[T~ 77 ] sesovods
ojojtiojololojoftio]|: o —
40 —1ri
ojocjojiiojolo]ofofo ], [
ojojofoft]olofofi]iTo ::jg
ofofolofoft]olelo[: [0 m_m{ l“ 595550
olojojojojoli]ofi]o]o <o
ofojojofofo]ofifofo 0 1f§:1zg
i T
Llofsfrictzicjo[v|e D i 00
S »
S1N4LNO D SLNeNI Pyt
3V8VYL HLINWL
‘8§5S»CQD BUI0 00 8 oIS LTIV YEVY ST
Buisn saxeonnwep 28 utj gy ~ 6y Biy IRLOUAD 3TN0 f(_) 01 indu; 3 8985900 — §1 Biy QNU@UADP INDINO £0 01 3nCut FOS§S90D - £ by
vivQ 0 0 0 3 3 S Seewz-sore
] viva 0 4] [ I Y BT 400 % 08 imm s L ERFTE L TR S
[+ 4] vivQ 0 110
0 0 0 jvival o fo T e mTe e
o] 0 o oo vis !
S1NdLNO Sindm
403138
378Vl HiNWL e
[ERTR 8630005 /1 t
fo vivo
snoung | 22 26 _'.ﬁ_,i '
0 T 193738 Sinem el ng, p e e, e
00 v I
v I
965590 241 SSa oL — .
SNOILVYJITddY i ’;
3 aten, ; ~ 00
H i
f v 3 iNaw
00, —_ _L_ 1 %06
| L oo
b
|
J-vozh— -l wor _4“02}"_"“02 .~

B I0smaMm (oullis
2ULBUAD INdING £D 03 nGu: g BISSPAD ~ 94 Oy

343 4000 % 06 Tuml ],

—a— N

‘sA — ——

€ ineino f

o0 ¢ 06

sedA}l g9ssvad ‘asssvad

RLIO an 0 jeubis
dHUBUAP INDINO £O 03 indwr § BEGGEAD ~ S 64
2292 $o2e

3043 4400 X OC Tkm L T,

__WWNAA f-' .]un,

5,
% 0.

§0 .naino 08
oa, o 08

N3 1383 Jumuind s0duy — gy Biy

LTI RRTIN

LY
55, w0 99,
UINLID Ot Sine
TSN TIV 12000
SEa Guv 9Ga 14308 04 g
ATTVLININO2E (T el
Sinen Duntvan I~
J10% >
Sinan
oo



CD45558B, CD45568B Types
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CD45558B, CD4556B Types
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TRUTH TABLE

CDA455688H.

Dimensions in pacentheses are v it rwerers and are
derived from the basic inch dimensions as ingdieatad
Grid gradustions are in muls (10 3 inch

The photographs and dimensions of o8ch CMQS chip
reDresent 8 chip when it i3 part o! the waler When the
7 13 300878180 1010 individusl Chips the angle of

® MAy vary with respect 1o the chip tece for
difterant chips The sctual dimensions of the 1soiatec
Chp therefore may differ shghtty 1eom the nomina:
drmensions shown The user should consider a foierance
of -3 miis 10 ~16 mug 8pDiscable 10 The roming:
dimens:ony 2hown




CD45438B Types

CMOS BCD-to-Seven-Segment

Latch/Decoder/Driver
LATCH
- 1SABLE =31 ! 1] Yoo
For Liquid-Crystal Displays sl }:
High-Voltage Types (20-Voit Rating) 8co Bﬁ- 3 e |
NPUTS 0 —Soe 13— o | Ep
Features: e I 12—« ) 33
s Display blanking of all illegal input combinations PHASE — 6 5 23
» Latch storage of code . BLANKING ———nd 7 10f—1»
® Capability of driving two low power TTL ioads, vss s e
two HTL loads, or one low power Schottky load
over the tull rated-temperature range e desn
s Pin-for-pin replacement for the CD40568
(with pin 7 tied to Vsg) CD4s438
» Direct LED driving capability TERMINAL ASSIGNMENT
The RCA-CD4543B is a BCD-to-seven segment latch/de- » 100% tested for quiescent current at 20 v
coder/driver designed primarily for liquid-crysta! display ® Maximum input current of 1 uA at 18 V
(LCD) applications. It is also capable of driving light over full package-temperature rangs;
Tscrescant ispays, T Sovce s utumonmy woiars _ 1000A a1 18 Vand 25:C
u . v unctionally similar to : )
and serves as direct repiacement for the CD4056yB when pin * Noise rzarg/n (full p ac_kage-!empera!ure
7is connected to Vss. It differs from the CD40S6B in that it range)= 1V at Vpp=5 v
has a display blanking capability instead of a level-shifting 2Vatvpp=10 v
function and requires only one power supply. When the 25V atVpp=15Vv
CD4056B is used in the leve! shifting mode, two power ® 5-V, 10-V, and 15-V parametric ratings
supplies are required. When the CD4543B is used for LCD s Moets all requirements of JEDEC Tentative
applications, a square wave must be applied to the PHASE Standard No. 138, “Standard Specifications
input and the backplane of the LCD device. For LED for Description of ‘8’ Series CMOS Devices”
applications a logic 1 is required at the PHASE input for Applica .
common-cathode devices; a logic 0is required for common- pplications: 4
anode devices (see truth table). ® Instrument display driver
s Dashboard display driver
The CD45438 issupplied in hermetic dual-in-line ceramic o Computer/calcuiator display d:iver
packages (D and F suffixes), 16-lead dual-in-line plastic Timing device driver (clocks, watches, timers)
packages (E suffix), 16-lead ceramic fiat packages (K
suffix), and in chip form (M suffix).
MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, {Vop)
(Voltages referenced to Vs Terminal) ... ... 0510 +20 V

INPUT VOLTAGE RANGE. ALL INPUTS ..... . ... . ... .

e S .. -05t0Vpp+05V

OC INPUT CURRENT, ANYONE INPUT ... . . s T 10 mA
POWER DISSIPATION PER PACKAGE (Pp):
For T, = 40 to +80°C (PACKAGE TYPE ) 500 mw

For T4 = +80 to +85°C (PACKAGE TYPE E)Y

For T, =-55 to +100°C (PACKAGE TYPES D, F.K)b.....

For Ta = +100 to +125°C (PACKAGE TYPES O.F. K)
DEVICE DISSIPATION PER OUTPUT TRANSISTOR:

For Tp = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ........ .. . . . ... . .
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGETYPES O, F. K M ... -5510 +125°C

PACKAGETYPEE .................. .. e -40 to +85°C
STORAGE TEMPERATURE RANGE (T, stg) - -65to +150°C
LEAD TEMPERATURE (DURING SOLD! ING):

At distance 1/16 + 1/32 inch (1.59 * 0.79 mm) from case for 10 s max

......... .. - . CooL... +265°C



CDA45438B Types

STATIC ELECTRICAL CHARACTERISTICS

LIMITS AT INDICATED TEMPERATURES (°C)
CONDITIONS Vaiues at -55, +25, +125 Apply 1o D, F, K, H Packages
CHARAC- Values at -40, +25, +85 Apply to E Package UNITS
TERISTIC Vo VIN Voo +25
v v) V) | -55 | 40 | +85 | +125 [ Min. | Typ. | Max.
Quiescent — 0,5 5 5 5 150 150 — 0.04 S
Device - 0,10 10 10 10 300 300 — 0.04 10
Current oo [ — 0151 15 | 20 [ 20 [ 600 | 600 | — | 00s | 20 ] “°
Max. — 0,20 20 100 100 | 3000 | 3000 — 0.08 100.
Output Low . 4 - -
(Sink) 0.4 0,5 5 064 { 061 | 042 | 036 | 051 1 —
0.5 0,10 10 1.6 15 1.1 0.9 1.3 2.6 —
Current oL
Min. 1.5 0,15 15 4.2 4 28 24 34 6.8 -
Output High 4.6 0,5 5 -0.46 | 044 | -030 | 026 | -037 | -0.75 — mA
(Source) 25 0,5 5 -1.6 | -15 | -1.1 09 | -13 | -26 —
Current IOH[ g5 010 | 10 | 09} 092 | -068] -055 | 08 | -16 | —
Min. 13.5 0,15 15 -333) -318] 22} 19 | -27 | -54 -
Output Voltage: - 0.5 5 0.05 - 0 0.05
Low-Level VoL — 0,10 10 0.05 — 0 0.05
Max. - 0,15 15 0.05 — 0 0.05 v
Output Voltage: - 0,5 5 4.95 4.95 5 —
High-Level VOH — 0,10 10 9.95 9.95 10 —
Min. - 0,15 15 14.95 14.95 15 —
Input Low 0.5.4.5 — 5 1.5 — — 1.5
Voltage ViL 1,9 — 10 3 — — 3
Max. 15,135 _ 15 4 — - 4 v
Input High 0.545 - 5 3.5 3.5 — —
Voitage ViH 1,9 — 10 7 7 — —
Min. 15,135 - 15 11 11 — —
nput Current W 018 | 18 | 201 | x01 | 1 | =+ — =105 [ 01| LA
Max.
DRAIN- TO - SOURCE VOLTAGE ( vpgi-v ORAIN ™0 SHLALE o ase -
) -1 -5 Q -1% Q. =
T [ T T T e =2 .
GATE - TO - SOURCE VORTAGE (Vgs)e -‘5 v ——4 - 15‘ f
t f\g;:n::: A o;; :c‘
i WY

92CS- 34313

Fig. 2 - Typical output high (source) current characteristics.

Frg. 3 -~ Minimum output high (source) current characleristics




CD4543B Types

TRUTH TABLE FOR CD45438

INPUT CODE OUTPUT STATE
LD L] Ph* D c 8 A a b c d [ { ] DISPLAY
CHAR-
X 1 0 X b 4 b { X 0 0 0 0 0 0 0 ACTER
1 0 0 0 0 0 0 1 1 1 1 1 1 0 o
1 0 0 0 0 0 1 0 1 1 0 0 0 0 |
1 0 0 0 o 1 0 1 1 0 1 1 0 1 -
1 0 0 0 0 1 1 1 1 1 1 0 0 1 -3
1 0 0 0 1 0 0 0 1 1 0 0 1 1
1 0 0 0 1 0 1 1 0 1 1 0 1 1 5
1 0 (] 0 1 1 0 1 0 1 1 1 1 1 3
1 0 0 0 1 1 1 1 1 1 0 0 0 0 I
1 ] 0 1 0 0] 0 1 1 1 1 1 1 1 9
1 0 0 1 0 0 1 1 1 1 1 0 1 1 3
1 0 [ 1 0 1 0 0 Y 0 0 o 0 0 Blank
1 0 0 1 0 1 1 0 0 0 0 0 0 0 Blank
1 0 0 1 1 0 0 0 0 0 0 0 0 0 Blank
1 0 0 1 1 0 1 0 0 0 0 0 0 0 Blank
1 0 0 1 1 1 0 0 0 0 0 0 o} o] Blank
1 0 0 1 1 1 1 0 0 0 0 0 0 0 Blank
0 0 0 X X X X b b
t t 1 t Inverse of Output Display
Combinations as above
Above
=Don’t care.
t=Above combinations.
*=For liquid-crystal readouts, apply a square wave to Ph.
For common cathode LED readouts, seiect Ph=0.
For common anode LED readouts, select Ph=1.
**=Depends upon the BCD code previously applied when LD=1
AMBIENT TEMPERATURE (T,)s28°C + ! AMBIENT TEMPERATORE (To1e28-7 “H' 122 nadanSties
ST oassesnsastass s auilintss
H 1- 0‘;}%;\-5; H “'%""‘ ks
2 i F
g : J s
i P § B T
i : P ,
8 HH b i

80 Y00 20 40 C3 0 100
L

_ OAD CAPACITANCE ¢y 1 — of
LOAD CAPACITANCE (Cy ) — oF t 22¢3- 34318

*2CS 34sie

Fig 7 - Typical transition time as & function of load capacitance Fig 8 - Typical propagation delay time as a function o!f
load capacitance
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Fig. 1 - BCD-to-seven-segment latch/decoder/driver CO45438 logic circuit diagram.

RECOMMENDED OPERATING CONDITIONS at TA=25°C, Uniess Otherwise Specified

—veq
*ALL INPUTS PROTECTED
BY CMOS PROTECTION

P2CL-345i2m)

For maximum reliablility, nominal operating conditions should be sefected 30 that operation is aiways within the foliowing

ranges:
LIMITS
CHARACTERISTIC Voo UNITS
¥l IYP,
Supply-Voltage Range (For TA=Full Package-Temperature Range) - 3 18 v
5 250 125
Latch Disable Pulse Width twh 10 100 50
N 15 80 40
5 80 15
Minimum Data Setup Time tsy 10 20 -5 ns
15 10 -5
] 25 -5
Minimum Data Hold Time tH 10 20 10
15 20 10




CD4543B Types

DYNAMIC ELECTRICAL CHARACTERISTICS at TA=25°C; CL=50 pF, Input t,t=20 ne, Ry =200 k()
B TEST LMITS
CHARACTERISTIC CONDITIONS All Pac UNITS
Vpp (V) MIN. TYP. MAX.
Propagation Delay Time tPHL 5 - 600 1200
10 - 200 400
15 — 150 300
5 - 500 1000
tPLH 10 — 200 400
15 -— 150 300
5 - 180 380
Transition Time tTHL 10 — 90 180
15 — 130
5 = 180 380 ns
tTLH 10 —_ 180
15 — 130
5 250 125 -
Latch Disable Pulse Width tWH 10 100 50 —
15 80 40 —
5 60 15 -
Address Setup Time tsy 10 20 -5 —
15 10 -5 —
5 25 -5 ~
Address Hold Time tH 10 20 10 —
15 20 10 —
Input Capacitance CiN Any Input - 5 75 pF
* LATCH aoc b——{ DISPLAY :
s O— ] 7-se<§3:~r | ORveR R
¢ @—“ ] ofcoeR || (D ¢ )7 seament
o @ L L .| outeuts
= 1
] —3.
Lo @——J
BL(7
& 92CS- 1asiy

Fig. 4 - BCD-to-seven-segment latch:decoder/driver functional diagram.
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Fig. 9 - Typical dynamic power dissipation as a function of frequency.
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Fig. 10 - Quiescent device current Fig. 11 - Input vo

test circuit.
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NOTE
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Fig. 12 - Input current test circurnt
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Otmensions and pag layout for CD454384+

Dimensions in parentheses are in mullimetears
and are derved Irom the basic inch dimensions
as indicated. Grid graduations are in mils (10-3
nch),

The photographs ang dimensions ofeach CMOS
chip reprasent a chip when it is part of the waler
When the waler s separated into individual
chips. the angle of cleavage may vary with
respect to the chip face for difterent chips The
dctual dimensions of the isolated chip. therefore
may differ sisghtly from the nominal dimensions
shown The user should consider a tolerance of

Y omiis to <16 mils 3pplicable to the nomings
dumensions shown
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LM567ILM567C Tone Decoder

General Description

The LM;G'I and LM5B7C are generai purpose tone
decoders da)mod to provide a saturated transistor
switch to ground when an input signal is present
within the passband. The circuit consists of an |
and Q detector driven by a voltage controlied
oscillator which determines the center frequency
of the decoder. External components are used to
independently set center frequency, bandwidth
and output delay.

Features . .

8 20to 1 frequency range with an external resistor

®. bogic donyltlblo Sutput with 100 mA current
Sinkihg cagability © N

L} Band\vldth aa;usublc from Oto 14%

Industrial Blocks

High rejection of out of band siﬁhals and noise
Immunity to false signals )
Highly stable center frequency

Center frequency adjustable from 0.01 Hz to
500 kHz

Applications

Touch tone decoding -
Precision oscillator

Frequency monitoring and control
Wide band FSK demoduiation
Ultrasonic controls )

Carrier current remote controls
Communications paging decoders

Schomatlc and Connection Diagrams

‘e Metal Can Package

ot

Tor yrtm

Order Number LMS67H or LMSG7CH
See NS Package HO8C

Duat-In-Line Package

aureyr !

.
e f— agreyr

ooe 2 7
nren ™ ™ b tve

FRSLE B W g 13 raene
CAPRCITOR

v P

Tr—c
wutren

o0 vum

Order Number LMSE7CN
See NS Paclkage NOSB




Supply Voitsge Pin . 10V
Power Dissipation (Nots 1) 300 mW
Vs 15V
Vs, -10v
Vi Vg + 0.5V
Storage Temperature Rangs -65°C to +150 C
Electrical CharacteristiCs ucrecran . -zc ve-sw
on LMG87 LMBE7C/LMBSTCN
PARAMETERS CONOITIONS N TVP [ MAX | MIN e v R
Power Supply Voitage Rangs ars 50 14 1% 50 9.0 v
Power Supply Current R, = 20k .

Quiescant - o 6 8 7 10 mA
Power Supply Current Ry = 20%

Activassd 1" 13 12 15 mA
Input Resistence - 18 20 22 15 . I A ..} [31]
Srnattest Detectable Input Voitage I, = 100 mA ¢ = f, 20 2% 20 % mVems
Largest No Output Input Voltage Te s 100 mA 1+ 1, 10 1% 10 15 mVrmy
Laorgest Simuitensous Outbend Signel to Inband Signet Ratio .1 [ d8

. Minimum Ingut Signel 10 Widebend Noim Ratio 8, = 140 kHz -8 » -6 d8
Largast Detaction Bandwidth 12 i\ 6 10 14 18 %oft,
Largest Detection Bandwidth Skew 1 ? 2 k] Rotl,
Largest On with Tempe 01 0.25 ~. 20 0.5 % C
Largest Detection Bendwidth Varuation with Supply Vottage 475V - 675V 1 €2 1 *5 %V
Highest Center Frequency 100 500 100 SO0 j kHz
Center Fraquency Stability 0<T,< 70 35 + 60 35+ 60 ppm°C

55K T, <4125 35+ 140 35+ 140 opm/°C
Center Frequency Shift with Supply Voitage 475V - 875V 05 10 04 20 L")
Fatest ON-OFF Cycling Rate f4/20 14:20
Output Leskage Current Vg 15V oo 25 001 25 uA
Qutput Ssturation Voitege .« "25mv, 02 o4 02 04 v

' tg* 30mA
€ 2Bmv 06 10 086 1o
lg = 100 mMA
Output Falt Time 0 ]
Output Rise Time 150 150
.

Note 1: Thc mlximum iunc‘liOn temperature of the LM567 is 150°C, while that of the LM567C and LMSE7CN 5
For ope at o, o in the TO-5 package must be derated based on 2 thomul resist
150°C/W, nmcnon to smbient or 45°C/W, Junction to case. For the DIP the device must be derated based on
resistance of 187°C/W, junction to ambient.
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Typical Applications

Touch-Tone Decoder

===
= o
i
A By [ e
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¢¢ 4 ¥ Component vehves (typ)
A1 Sins
= - N
€ Litel
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SIGNAL SV
neuY

1, 100 u¥z -3V
“Now: Adpent e b - 100 ks

1 [t .
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Cannect gin 3 10 2 1V to wvert ovtput
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Applications Information

The center frequency of the tone decoder is equai
to the free running frequency of the VCO. This s
given by

1
TR, C,

ty =

The bandwidth of the fiiter may be tound trom
the approximation

Where:

Input voltage {volts rms}, V, <200 mV

Capacitance at Pin 2 (uF3

i
1

D29SIN1/L9SINL



CD4066B Types

CMOS Quad Bilateral
Switch E

For Transmission o Multipiexing of Analog or
Digital Signals

High-Voltage Types (20-Volt Rating)

The RCA-CD4066B i§ a quad bilateral switch
intended tor the tr@hsmission or multiplex
ing of analog or digitdl signais. it is pin-for
pin compatible with RCA.CD4016B, bur
exhibits 3 much lower on-state resistance n

Features:
® 15-V digital or *7.5.v peak-to-peak switching

15-V signat-input range

range

addition, the on-state resstarce 15 relat vel, ® High on/off output-voltage ratio: 80 dB typ. @

constant over the full input-s.gnal range fis = 10 kHz, R = 1k}

High degree of linearity: <{0.5% distortion
typ. @ fig = 1 kMz, V5= § Vp.p, Vpp -
Vss 2 10V, R = 10 k{2

Extremely low off-state switch leakage
resulting in very low offset current and high
effective off-state resistance: 10 pA typ @
VDD~ Vs§ =10V, Ta = 25°C

8 Extremely high control input impedance
{control circuit isolated from signal cir-
cuit): 1012 O typ.

Low crosstalk between switches. —50 dB
typ. @ fio = 8 MHz, R = 1 k2

Matched control-input to signal-output
capacitance: Reduces output signal

-
The CDA40668B cons:sts of four independent
bilateral switches A s.ngie control signal 15
required per switch, Both the p and the n -
device 1n a given switch are hiased On or
off smultaneously by the cantroi signat
As shown in Fig 1, the well of the n-channel
device on each switch 1s either tied to the
1nput when the switch is on or 10 Vgg when
the switch s off Thes configuration elim,
nates the variation of the switch transistor
threshold voitage with input signal, and thus L
keeps the on-state resistance low over the full
operating-signal range.

The advantages over single-channel switches

transients
include peak input-signal voltage swings eaual . _
10 the full supply voltage, and more constant ~ ® Frequency response, switch on = 40 MHz
on-state impedance over the input-signal ftyp.)
range. For sample-and-hold appiications, ® 100% tested for quiescent current at 20 V
however, the CD40168 s recommended. 8 5.V, 10-V, snd 15-V parametric ratings

® Meets all requirements of JEDEC Tentative
Standard No.13A, ““Standard Specifications
for Description of “B” Series CMOS Devices’”

The CD4066B 15 avaitable in 14-lead ceramic
dual-in-line packages (D and F suffixes).
14-lead plastic dual-in-line packages (E suf-
fix). 14-lead ceramic fiat packages (K suffix),
and in chip form (M suffix).

MAXIMUM RATINGS, Absolute-Maximum Values
OC SUPPLY VOLTAGE RANGE. (VDD)

(Voitages reterenced to VSS Terminail 051020V
INPUT VOLTAGE RANGE. ALL INPUTS 051 Vpg <05V
DC INPUT CURRENT. ANY ONE INPUT lexcen! tor TRANSMISSION GATE which 1s 25 mA+ *10mA
POWER DISSIPATION PER PACKAGE (Ppy)

For T = -40 to +80 C (PACKAGE TYPE E) 500 mw

For T = ¥60 10 +85°C (PACKAGE TYPE E) Derate Linearly at 17 mw “C tn 200 mw

For T, = -5510 -100°C (PACKAGE TYPES D. F, K} <00 mW

For T, = +100to ~126°C (PACKAGE TYPES D. F. K) Drrate U neary 31 12 =W C 1o 200 mW
DEVICE DISSIPATION PER QUTPUT TRANSISTOR

FOR T, = FULL PACKAGE TEMPERATURE RANGE ‘Al Pack age T pes 100 » W
OPERATING TEMPERATURE RANGE (T )

PACKAGE TYPEG D, F, K. H 5510 +1258°C

PACKAGE TYPE E . 40 10 +85°C
STORAGE TEMPERATURE RANGE (T, ) 65 10 +150°C
LEAD TEMPERATURE (DURING SOLDERING!

At distence 1/16 (t /32 inch (1859 ¢ 0 79 mm) trom case 101 10 s man -265°C

RECOMMENDED OPERATING CONDITIONS

For maximum reliability, nominal operating conditions should be sefected so that oper-
ation is always within the following ranges:

LIMITS

CHARACTERISTIC UNITS

Min. Max.

Supply-Voltage Range (For Ta = Fult Package
Temperature Range) 3 18 \

® 1252 typical on-state resistance for 15.V operation :
® Switch on-state resistance matched to within 5 (2 over

® On-state resistance flat over full peak-to-peak signal

I FUNCTIONAL DIAGRAM
K ]

Applications.
® Analog signal switching/multiplexing
Signal gating Moduiator
Squelch control Demodulator
Chopper Commutating switch
® Digital signal switching/Multiplexing
8 Transmission-gate logic implementation
® Analogto-digital & digital-to-analog
conversion
8 Digital control of frequency, impedance,
phase, and analog-signal gein

’)NI'T\X Qw
e
N e g ‘

co»:vnou Ve |
%M U= T

vse SIGNA - (EVEL Ran <
H Y$s = vy I vdC
NOWMAL OPEBA™ICA o1
CONTROL - ~E B AS™G |
SWTCh On e vmg —4
SWITCH OFF wr "CTwge - __
NOTE
ALL "PTSUBSTRATES
CONNECTED TO vpp
ONTROL ‘NPUTS ARE ss LS

o €0 871 COS/ MOS
PAQTECTION NET WORK

Fig 1 ~ Schematic diagram of 1 of 4 identical
switches and its assocrated control
crrcuitry
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ELECTRICAL CHARACTERISTICS (cont'd)

REITHLY

LIMITS AT INDICATED
TEMPERATURES (°C) U
Characteristic Test Conditions Values at -55, +26, +125 N
Apply to D, F, K, H, Packages '
Values at —40, +25, +85 Apply to T
E Pack:
VoD |t +25 s s
(V) |-55 | -0 [+85 [+125] Typ. | Max.
Fig. 7 ~ Channei onstate resrstance measuremen:
Control (Vc) circuit.
Control ?ul o <T10RA
Low Voftage. Vi Vss.Vpos  Vpp 5 1 1 1 1 !
Vigg Max ang 10| 2 2| 2| 2| - 2| v
ViV oV =V e ren
s D 0S ° Vss 15 2 5 7 N 7 s :::;; ::'-;c-_n;u:« i 2s
WMPUT e TERM 1 OUTIUT » TERM 2
) 3.5 (Min.) PP
Control input > B
High Voltage, SeeFig. 6 10 7 (Min.) v |}
MG 15 11 (Min.) 2
Input Current, Vi < 90 §
Iy Max. VDD - V§s =18V 18 P01 {201 |1 [+1 [£10-5|201 {uA ||
VCC = VDD - Vss H
£
Crosstalk (Con- Ve - 10 V (Sq. Wave) 2
trol Input 10 t. 14 = 20 ns 10 - - - - 50 - |mv
Signal Outp:it) RL =10k
Turn-On and VIN = VDD s |- |- - 1-13s 70
Turn-Off tr.ty = 20 ns INPUT VOLTAGE (vp) — v 32T 10w
Propagation CL = S0pF 0 4-1-4-1- 20 40 I ns ] ) ]
Delay RL = 1 k{2 15 | - - - - 15 30 Fig. 8—Typical ON charactenstics for 1 of
4 Channels.
Vis = VDD. Vss = GND,
Ry = 1 kil tognd,
Maximum CL = 50 pF, 5 - - - - 6 -
Control Input V¢ = 10 ViSquare 10 | - - ~ - 9 - MH.
Repetition Rate | wave centered on 5 V) :
te, t§ = 20 ns, 15 - - - - 9 - N o':
Ve = % Vos @ 1 kHz Yl
input £,
Capacitance, ~ - - 1= 5 75 lufr Y
CiN i
&
$ -
4
-
& 0t
. 3 9
Switch input $witch Output, H
« af
Vop | Vis lis (mA) Vos V) 2
(v) v} -55°C —40°C +25°C +859C +125°C Min Max. ‘9‘) s
5 0 0.64 0.61 0.51 0.42 0.36 - 0.4 RO IR s v
5 5 | -064 | —061 —0.51 —042 | -036 46 - Fig. 9 — Powsr dissipation per peckege vé. switching
10 [+] 1.6 1.5 1.3 1.1 0.9 - 05 frequency.
10 10 -1.6 -1.5 -13 -1 -0.9 9.5 -
15 0 4.2 4 3.4 2.8 24 - 1.5
15 15 —4.2 ~4 ~3.4 -2.8 —2.4 135 -

WEASUNED On BOONTON
CAPACI i ANCE SROGE
WOOLL 734 {lwmr)

TEST FIXTURE CAPACITAMCE
NULLED OUT

vy T cos0sen v
" 10F 4 SWITCHES e

.lv,.—v,,,l

ot i

2083006

Fig. 6~ Determinetion of r n #% 8 test condition for control input
C N steama 32 R B i .
enarsliration . Fig. 10 - Capacitance test circuit.



ELECTRICAL CHARACTERISTICS

CD4066B Types

a SUPRLY VOLTASE (Vg - veg) = V3T 11 ,i*
LIMITS AT INDICATED TEM- *oo B L A PR R H
ERATURES (°C) (V] }w f e 1 ,m' ,.J“.: ERATURE A &
i wues at 55, <25, 128 Appty [N | | § R
Characteristic Test Conditions D, F, K, M Packages 1 2 ool 131881
alues at —40, +25, +85 Apply to | T E_‘_g t T "EI:%
T o 15 B B
Vin [Vop § w0 HEt A
{v) {(V) |-55|—40 |+85 k125 Typ.lMax. g 00 ’ T L e
05 ] 5 Jo2slo2s| 75] 7.5/0.01 {0.25 ° i Hanhe Ei?? di
Quiescent Device 010010 | os] o5] 15| 1shor] os T et SioNAL VOLTAGE (vh e v mentire
Current, 'DD 0,15 | 15 1 1 30! 30l0.01 1 Fig. 2— Typical on-state resistance vs. input signat
020]20 | s| s[iso|1s0p002| s rotage (ol types)
Signal Inputs (V) and Output (Vo)
[ TSuPPLY VOLTAGE (Vo - Vgg 11OV < '
ok Vob <|'  Su ooi ss !
1 ' . { . .
On-State Ry = 10 k{2 returned gm; R I ; .:5!;:: i
Resistance, 1, to Vpp - Vss 5 | 800{ 850 P 20G {300 105C § 280} g ;(.Yu.,.:‘u;z;gco‘mm-c b
— 2> 2 L AN Tar vz Pt
Max. 2 10 1310} 330]500{ 550 400 7200 / I ey ; o
Vis=Vss to Vpp 15 [200| 210 ]300] 320 240 ¥ ol N2 [
AOn-State 5 H [
Resistance — = — - . £ w00 :
Between Any RL=10ki2 Ve =Vpp 6 1- |- S - .
25Switches, Or 15 |-~ _ - - _ lg e .
2 ol :

S0 75 <8 28 o 2%

i)

el
Total Harmonic  |VC=Vpp =5 V. Vgg=-5V, Visip-p) INPUT SIGNAL YOLTAGE (v,y} — v 3203 21327%
Distortion, =5V (Sine wave centered on Q0 V) - - - - % Fig. 3— Typical on-state vs. input signal voltage
THD Ry =10 k§2, f,.=1kHz sine wave fall types).
—gdB Cutott Ve=Vppa5V. Vgg= -5V, Vistppl
requency =5V (Sine wave centered on 0V - - - _ N { SueeLY voLTAGE Yoo Vs ItV
{Switch on) R =1k§2, 3 L SIS I i
~5008 Feed- § e%or f :
through Vg=Vgg= -5V, V,s‘p,p' -5V 2 o .
Frequency Sine wave centerd on Q V - - - - g 200} &
(Switchoft) | Ry = 1k& £ sof:
K
fnput/Output V=0V .
Leakage Currentf V (= 18V, V¢ = 18 [£01]01 |=3 -1 0t §
{Switch off} OV, VvV, =0V
I,s Max. Vos =18V
e :
- N -0 75 -8 25 O 23 75 0
VelAl=Vpp = INPUT SIGNAL VOLTAGE (V) — ¥
-50d8 5V, VeliB)= Vsgs sac3-2v1zem
Crosstalk = -5V, V(A) = - - -
5V .50 Q source F1g 4 - Typical on-state resistance vs nput signal
Frequency RLD:-% K§2 voltage fall types!
. RL = 200 k§2 . a0
ropagation Ve = Vpp. Vsg - - - -
Detay {Signal | GRD. c‘z 2 s05F 10 |- |- - 1- 20 T
Input to Signal {Vis = 10V (Square }wo H
Qutput) tod wave centered on 5V 15 - B ” - 15 s .
te, tf = 20 ns 250‘3..
Capacitance: }é‘ 00}
Input, Cis VDD =+5V - - - - - ; 200 :
Output, Coy — [VC = Vss =~V -1 - - 1- - pF 5 5 .
Feedthrough, § o ;» el oy
Cios - - - - g 00 -'._-;4»—“. oy
S . ! B S .
O s - 29 el 24 3 b <
NPT SIGNAL /D TAGE v . PEEEARY Ny om
Fig 5§ on state resistance vs mput signal

voltage (3ll types)
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Fig. 14 - Propagetion delay tpy 4y tppyp control-

signel output. Delay is messured at
Vg lavel of +10% from ground (turn-onl
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CDA4066B Types
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Fig. 13 - Crosstalk-control input to signal output.

Fig. 12 — Propagation delay ime signal input [V, J
to signal output (V).

| NOTE
P MEASURE NPUTS
SEQUENTIALLY
TO 80TH v AND vgg
COMMECT ALL UNUSED
L WPUTS TO EITHER
' Voo O Ygs
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Fig. 15 — Maximum alloweble control input Fig. 16 — Input leakage current test circuit.
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CD4066B Types

Fig 18 - Bidirectional signal transmussior .
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CD40668H
CHIP PHOTOGRAPH

Dimensions n parentheses are 1n millimerers and
are derived from the basic inch dimensions as in
dicated. Grid graduations are in mis (10~ 3 inchi

SPECIAL CONSIDERATIONS - CD40668

1. in applications that employ separate
power sources to drive Vpp and the
signal inputs, the Vpp current
capability should exceed Vpp/R|_ (Ri_
= effective external ioad of the four
CD4066B bilateral switches). This
provision avoids any permanent cur-
rent flow or clamp action on the Vpp
~oanbe whan nnwar ie anplied or

2.

The protographs and dimensions of sach CMOS chip
represent a chip when it 13 part of the wafer When Ihe
walet 13 separsted nto mdviduel chipg. the angle of
Cleavage may vary with respect 10 the chip face for
difterent chips The ectual dimensions of the isoiated
chip (herefore, may difter shghtly from the nomins!
1mensions shown The user shoukl consder s tolersnce
of =3 muly 10 +16 mis &pplicable 1o the nommnal
dimensions shown

In certain applications, the external
load-resistor current may include
beth Vpp and signalline com-
ponents. To avoid drawing Vpp cur-
rent when switch current fiows into
terminals 1,4,8, or 11, the voltage drop
across the bidirectional switch must
not exceed 0.8 voits (calculated from
RON values shown).

No vpp current will fiow through Ry
1t the switch current flows into ter-



CD4069UB Types
CMOS Hex Inverter

High-Voltage Types (20-Volt Rating)

The RCA-CD4069UB types consist of six
CMOS inverter circuits. These devices are
intended for all general-purpose inverter
applications where the medium-power TTL-
drive and logic-level-conversion capabilities
of circuits such as the CD4009 and CD4049
Hex Inverter/Butfers gre not required.

The CD4068UB-Series types are supplied in
14-lead hermetic dual-in-line ceramic pack-
ages (D and F suftixes), 14-lead dual-in-line
plastic package (E suffix), 14-iead ceramic
flat package. (K suffix), and in chipform (H
suffix)

Features:

Standardized symmetrical output
characteristics
® Medium Speed Opevation-—tpHL,tpLH-Zio ns (typ.)
atiov
100% tested for quiescent current at 20 V
® Maximum input current of 1 HAat 18 Vv
over full package-temperature range;
100 nA at 18 V and 25°C ’
8 Meets all requirements of JEDEC Tentative
Standard No. 13A, ““Standard Specifications
for Description of ‘B’ Series CMOS Devices”

Applications.

® Logic inversion
u Pulse shaping

7
20521737

CD4069UB
FUNCTIONAL DIAGRAM

® Oscitlators ‘“Lf;:f:ng;é; AMOIENT TEMPERATURL (74254 ¢
® High-input-impedance amplifiers l(u»'u :'e‘u ¢ i o 5
[ HH
> IEDOIRAGES ASBNEPERES Ba
3 . ' wae T

RECOMMENDED OPERATING CONDITIONS =

For maximum relcability, nominal operating conditions should be selected 30 that oy

operation is alwiys within the following ranges

CHARACTERISTIC LIMITS UNITS ! >
Min. Max 3
Supply Voltage Range (For T Full Package 3 18 v 2
Temperature Range!
© 23 [} s (] LX) =
INPUT voLTAGE (Vx'—V PICL I94den

Fig. 1 ~ Minimum and maximum voltage

MAXIMUM RATINGS, Absolute-Maximum Values: transfer characteristics.

DC SUPPLY-VOLTAGE RANGE, Vpo!

(Voltages referenced to Vss Terminal) —0510 420V T e o
INPUT VOLTAGE RANGE, ALL INPUTS . -0510 Vpp *0.5 v : SR SERIR KO DLENY S M z
OC INPUT CURRENT, ANY ONE INPUT 10 mA B bo i i M revrs eees St
POWER DISSIPATION PER PACKAGE Pp): . ; : \7:"“'" TOSPTRATUN (Ty1 ¢ 23

For Ta = —40 10 +60°C (PACKAGE TYPE E) . ... . . . s00mwW 2T . \ARRY ELTN H EEE R

For Ta = +60 10 +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/OC 1o 200 mw z

For Tp = -55to +100°C (PACKAGE TYPES D. f. K) .. .. . . .. s00mwW H

For Ta = +100 to +125°C (PACKAGE TYPES D. F, K} Derate Linearty at 12 mW/°C to 200 mW ¢
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 3

FOR Tp = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mw 3
OPERATING-TEMPERATURE RANGE {Ta): 2

PACKAGE TYPESD,F. K.H . . . . . —55 10 +125°C ; :

PACKAGE TYPEE . . . = . . | —40 to +85°C = = Rislse
STORAGE TEMPERATURE RANGE (T,‘gl - —65 to +150°C ° s s :\n m'f"."w ,-: R
LEAD TEMPERATURE {DURING SOLDERING): ! vies raens

At distance 1/16 2 1/32 inch (1.59 * 0.79 mm} from case for 10 s max +265°C

: Fig 2 — Typrcai voitage transfer characterstics as g
OYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input t. 4y =20ns, function of temperature.
C = 50 pF, Ry = 200 K2
T3] et TemeraRTURE (7,70 75 ¢ WITIITTTS
CONDITIONS | ALL TYPES il R L i ;
LIMITS y VT ATV ®
CHARACTERISTIC Voo UNITS HH i o |
v Typ. Max. I NEHTT S 5?
4 [ )
S 55 110 i 1o i ° =z
H » 13
g H ot
Propagation Delay Tume, tpLp. toHL 10 30 60 ns g EH rsg |
s 25 | s0 2 [ p: i
3% 4 i
5 100 200 i
: 113 a4 ®
Transition Time; THL- 'TLH 10 50 100 ns 1 i1 R h o
15 0 80 N A
-t vp—v
Input Capacitance: Cin Any Input 10 15 pF Fig 3 - Typecal current and voitage transter




CD4069UB 1ypes

STATIC ELECTRICAL CHARACTERISTICS [~ " TaMpEnT TOBCRATUR (Tais BCI

LIMITS AT INDICATED TEMPERATURES (°C) i o
CONDITIONS Values st —66, +25, +125 Apply to D,F,K,H Packages PR H :
CHARACTER- Values at ~40, +25, +85 Apply to E Package z TATE-T0-J0URCE VOLTARR (Va8 ¥
1STIC UNITS| {2 2 T Ht
vo |Vin|voo 225 iE S A
v) ) | vy | -85 | —40 | +85 +125 | Min. | Typ. | Max. 37 : =
' e o
Quiescent Device - os5| 5 |o2sjo25} 75 | 75 | - | 001 0.25 § == oy
Current, —Joiw| 0|05 os | 15 [ 15 | - {001 }0S A |l osis s R
1pD Max. — 0,15 15 | 1 1 ) 0 = 0.01 1 u § s g $
- 020 20} 5 5 150 [ 150 | - | 0.02 5 st s i
Output Low 04 05| 5 {064 061 | 042 | 036051 | 1 -1 S A A
{Sink) Current 05 0,10} 10 16 1.5 11 0.9 13 26 - Fig 4 — Typicsl output low (sink }
ioL Min. 15 0151 15 a2 a 28 24 3a 68 — current characteristics
Output High 46 | 05| 5 |-064{-061]-042]-036{-051; -1 _ | mA
(Source) 25 051 5 | -2 |—18 | -13 }-115{-16 | -32 | - g
13 - oad
Current, 55 [010] 10 [—16]-15 |11 |-09][-13]-261| - 1
1oH Min. L =2
135 J015] 16 | 42| -4 | -28 [-24|-34 | -68 | - t]
Output Voltage: - 5 5 0.05 - 0 0.05 T o s
Low-Level, — [ [0 0.05 = 0 | 005 s b THI S R
VoL Max. PR Tem s7233 L1303 LIkSY 223
- 15 | 15 0.05 - 0 (005} [ SRy S
Output Voltage: - 0| 5 4.95 495 | 5 - C s e st
High-Level, - o | 10 9.95 995 | 10 - 3 EgEcfis
g, ==
VOH Min. - 0 | 15 14.95 1a95| 15 | - 3 RN
{nput Low 45 - 5 1 - - 1 ; i - SOURCE VOLTAGE (‘vngw—v
Volitage, 9 _ 10 2 - — 2
Vi Max. £ _ Ml iow (sink ]
Dl I E N EE e
Input High 05 - 5 4 4 — —
- Vi;lagel\,n 1 - 10 8 - — omAm- 10~ SOURCE VOLTAGE twos ! — ¥
| m e 15 - 1s 12.5 128 | — | - e RS HEI B -
l . :
‘[ "a‘:M‘;:e"‘ 018 18 | 0.1 | =01 [ . a |- Jeo3| 0| wa 3
‘ Voo ii
Yo %
U 4 : i e .
i r\ GrA s LoF g
A I G ned £ é
3.8.9, x :] 2(4.6.8,10.12) 1,2 ;'E : N
| _Lj- i TOoP VEW) e é
92¢s - raena Y ISR AR —
Vg 9275 23738R7 Fio. 7 — CD4069 fo - T y hiah ’ ;
Fig 6 - Schematic dhagram of one of six (dentical 97 U8 torminal assignment 9 - Tvorcal output lugh fsource
Averrers. current characreristics
”""‘t;m vouTaac ""'T. o '_' [awment runenstune 7,1 23°C Sees Sateiaasy sesel
o e e e et =os: s ereety
N- o v ! ; T < tesaseess)
-03 ::,‘ : > ;l : yas s
H 2 : :
{ i : S
lo= % 2ot =
i : :
: v i é b Ggq
“i o ! 3 SAPAC T [, 1990 o
Eii::: tHE § g i
sy serrer tlfl! lc._-.- s paadan: SUPPLY VOLTASE (Vyp! =¥ w2c3 244330
Fig. 9 — Minimum output high (source)} Fig 10 ~ Typicsl propagetion delay lime vs. Fig 11 - Typrwcal propagetion delay time vi

current charscteristics. load capecitance. supply voltage.




CD4069UB Types
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Fig 12 ~ Typical transition tme vs. load
capecitance
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s frequency
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Fig. 18 ~ Dynamic electrical characteristics test circuit and waveforms
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Fig. 20 — High-input impedance amplifier.
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Fig 22 - Input putse shaping circuir
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FOR T YPICAL COMPONENT
VALUES AMD CIRCULIT PERFORMANCE
SEE APPLICATION NOTE ICAN-§466

V2Cs-2ea 390,

Fig. 21 — Typicat RC oscillator cireurt
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SUPELY VOLTAGE tvpe e g, T
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Fe "4 Varanonr of normalized propagar.o-
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L
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> TOBCTH vpe ANC ves
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g 17 - Unpur leakage current test ey

APPLICATIONS
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PERFORMANCE . SEF
APPLICATION NOTES
ICAN 6086 AND

ICAN 6539
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Fig 19 - Typical crystat oscillator circust
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Oimensions and pad fayout for CO4069UBH

Dimensions in parentheses are in millirneters and sre
derived from the besic inch dimensions as indicated
Grid graduations are in mits (103 inch).

The photographs and dimensions of each CMOS crip
r0present & chip when it 1s part of the waler When the
waier 10 separated into individust chips. 1he angle of
clesvage may Yary with (83pect 1o the crvp face for
different chips The actue! dimensions of the 1solated
chip. therefore, may aifter siightly from the nomina/
dimensiant shoawn Tha imer ennoid roneidarataiarsnce




CD4071B, CD4072B, CD4075B Types
CMOS OR;Gates

High-Voltage Typ& (20-Volt Rating)

CD4071B Quad
CD4072B Dual

=
2-lnput OR Gate
“-Input OR Gate

CD40758 Tripled 3-Input OR Gate
3

T
The RCA-CD407B, CD4072B, and
CD40758 OR gates provide the system
designer with direct implementation of the
positive-logic OR function and supplement

Features.
® Medium-Speed Operation-tp .
tpe = 60 ns (typ.) at Vpp=10V
® 100% tested for quiescent current at 20 V
® Maximum input current of 1 ;A 2t 18 V
aver full package-temperature range; 100 nA at
18 V and 25°C
® Standardized, symmetrical output characteristics
8 Noise margin (over full package temperature
range)
1Vatvpp=5V
2VatVpp=10V
25VatVpp=15V

the existing tamily of CMOS gates. The
CD4071, CD4072, and CD4075 types are

supplied in 14-lead dual-in-line ceramic

packages (D and F suffixes), 14-lead dual-
in-line plastic packages (E suffix), 14-iead
ceramic flat packages (K suffix), and in chip

form (H suffix).

CMOS Devices”

RECOMMENDED OPERATING CONDITIONS

For maximum reliability, nominal operating conditions should be selected so that operation
is always within the foliowing ranges:

® 5.V, 10-V, and 15-V parametric ratings

® Meets all requirements of JEDEC Tenta:
tive Standard No. 13 A, “Standard
Specifications for Description of ‘B’ Series

CHARACTERISTIC

LIMITS

MiN.

MAX.

UNITS

Range) .

Supply-Voltage Range (For T = Full Package-Temperature

3

18

STATIC ELECTRI@AL CHARACTERISTICS
&

LIMITS AT INDICATED TEMPERATURES (°C)
CONDITIONS Values at -58, +25, +125 Apply to D, F, K, H Packages
CHARACTER. Values at —40, +25, 485 Apply to E Package
ISTIC s UNITS
Vo |Vin {Vop
(V) (V) [ (v) ]| 56 |40 | +85 | +125 | Min. | Typ. | Max.
Quiescent Device - 051 65 (025025 | 75 751 - 001 | 025
Current, . — {0mw|1wfos] o5 15 1 - oo jos]
00 Max. L - 015|151 1 0 o | - 0.01 1"
.- |o0]20] s 5 {150 | 150 [ - | 002 5
Output Low 04 |o05{ 5 Joe4 061 | 042 [ 036 | 0.5 1 N
{Sink) &f"em b- 05 [010] 10| 16 | 18 | 1.1 09 [ 13 | 28 -
ouMn B 7s Joslwlez ]« 128 T3a T3¢ 55 T
Output High T 46 05| & [-064]-061]-042]-036]-051] -1 - | mA
(Source) 2.5 051 5 | -2 |-18f-13 [-115]-16 | —32 | -
Current, 95 o] 10 (<16 =15 | -11 |08 |-13] 36| =
'OH Min. 136 |0.15] 15 |47 | —& | <28 | —24 [<34 | 68 | =
Output Voltage: - 05 5 0.05 - 0 0.05
L‘:,‘;t':.'; -~ lo10] 10 0.05 z 0 |oos5
) - 015 15 0.05 = o Joos]
Output Voltage: - 0,5 5 4.95 495 5 -
C'O"'b'_"'. - lo10] 10 9.85 995 | 10 -
OH Min. ~ Jo1s| s 14.95 1495 15 | -
Input Low 0S5, 45 - 5 1.6 — - 15
Voitage, 1.9 - 1o 3 - = 3
ViL Max. -
LY Ne13s] — s a P ],
Input High 45 -[s 35 35 | ~ —
Voltage, 9 -~ | 10 7 7 - —
ViH Min. 135 | —- | 15 T T -
Input »c-u'm" 018 18 | :01 I *0.1 [ E3 ] [ 21 - £10-5 | 10 HA

Ve
aric itear

CD40718
FUNCTIONAL DIAGRAM
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MAXIMUM RATINGS, Absoiute-Maximum Values:

CD40718, CD40728B, CD4075B Types

»E T WORK

’ ‘
AL H

Fig. 3 - Schematic diagrsm for C

11(6,8,13)

215,9.12}

Fig § - Lowc diagram tor CD40718 (1 0f 4

.VOLTAGE RANGE. (VpD) TOT B N7 TOMPERATURE (T3 1°29°C[ 111}
‘ . bt e TR
(VoTages relerenced 10 VSg TOMMIARY .......oooxooor it -0.5t0+20V Rt R
INPUT VOLTAGE RANGE, ALL INPUTS ooovvennimcmnmsnmnemmssmsm s -05t0Vpp *05V » Haueiy vOLTAGR (Voo )
B INPUT CURRENT, ANY ONEINPUT ..o s +10 mA 2 SEYEY
POWER DISSIPATION PER PACKAGE (Pp): = I i
or Ta = 40 400°C (PACKAGE TYPEE) ...oooooooo L) G 500 mW i R
For T, = +60 %0 +88°C (PACKAGE TYPEE) .......ooovoreeeoe Derate Linearly at 12 mW/*C to 200 mW [ T =
FofTA--Gﬁto +100°C (PACKAGETYPESD. [ T R 500 mW -
- +100 10 +125°C (PACKAGE TYPES D, F. K) ... Derate Linearly at 12 mW/*C to 200 mW ¢ pHbs
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 3 t
« FULL PACKAGE-TEMPERATURE RANGE (All Package TYPOS) . 100 MW :
OPERATING-TEMPERATURE RANGE (Ta) : f 3
PACKAGE TYPES D, F. K H ..oconuosmssessnsnssnssssmssoss : 4
PACKAGE TYPEE .....oovnvenmnmemmennereisntnn it MPUT VOLTAGE (Vg] =¥ sacs 108
STORAGE TEMPERATURE RANGE (Tgtg) -covrmrerersiemmss Fig. 1 ~ Typical voltage transfer
LEAD TEMPERATURE (DURING SOLI ING): characteristics.
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TERMINAL ASSIGNMENTS (TOP VIEW)
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O mensions «n parentheses are .0 milimeters and

are derived from the has.c nch dimensions as n
dicatrd  Grid graduations are o muts (10— 3 ack;

The photographs and dimensions of esch CMOS chip
represent 8 chip when it 13 part of the waler. When the
waler 18 separeted 1nto ndividual chips, the angle of
® may vary with respect 10 the chip face for
t chips. The sciual dimensions of the isolated

chip. therefore. may differ shghtly from the nomina!
dimensions shown The user should consider s tolerance
of —3 mes to +16 mis epplicabie o the nominai
dimensions shown
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CD40738, CD4081B, CD40828B Types
CMOS AND Gates Features:

8 Medium-Speed Opsration — tp 1.
tpy = 60 ns (typ.)atVpp =10V

High-Voltage Types (20-Volt Rating) 100% tested for quisscent current st 20 V

CD4073B Triple 3-input AND Gate  ® Maximum input current of 1 uA st 18 V over

€D40818 Quad 2-input AND Gate full peckage-temperature range; 100 nA at
O
CDA40828B Dual 4-input AND Gate 18 V and 259C
8 Noise margin (full package-tamperaturs
The RCA-CD40738, CD4081B and CD- range) =
40828 AND gates provide the system de- 1VatVpp=5V
signer with direct impiementation of the 2VatVpp=10V
AND function and supplement the existing 25VatVpp=15V:
tamity of CMOS gates. = Standardized, symmetrical output
The CD4073B, CD40818B and CD40828 characteristics
types are supplied in 14-lead dual-in- 8 5.V,10-V, and 15-V psrametric ratings

line ceramic packages (D and F suffixes), 2 Meets all requi
A " equirements of JEDEC Tentative
14-lead dual-in-line plastic packages (€ Standard No. 13A, “Standard Specifications
suffix), 14-lead ceramic flat packages (K o TIA, - stan < M
suffix). and in chip form (H suffix). for Description of ‘B’ Series CMOS Devices

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Vpp)

(Voitages referenced to Vgg Terminat) P . -0 510 +20V
INPUT VOLTAGE RANGE, ALL INPUTS . . . . . -051t0 Vpp +05V
DC INPUT CURRENT, ANY ONE INPUT . . . . . 210 mA
POWER DISSIPATION PER PACKAGE (Pp):

For Ta = —40 to +60°C (PACKAGE TYPEE) . . . . . . 500 mW

For Ta = +60 19 +88°C (PACKAGE TYPEE} . . . . . Derate Linearly at 12 mW/OC 10 200 mW

For Ta * -5510+100°C (PACKAGE TYPESD.F.X) . . . Lo - 500 mW

For Ta = +100 to +125°C (PACKAGE TYPESD.F. K} . . . Derate Linearly a1 12 mMmW/2C 10 200 mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR Ty = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . 100 W

OPERATING-TEMPERATURE RANGE (T4):

PACKAGE TYPESD.F. K. H ~55 to +125°C
PACKAGE TYPEE . JE . . . 40 1o +85°C
STORAGE TEMPERATURE RANGE (Tgg) . . . . —65 1o +150°C
LEAD TEMPERATURE [DURING SOLDERING):
At distance 1/16 £ 1/32 inch {1.59 £ 0.79 mm) from case for 10 max. . . . +265°C
RECOMMENDED OPERATING CONDITIONS
For maximum relisbility, nominal opersting conditions should be selected so that
operation is slways within the following ranges:
LIMITS
CHARACTERISTIC UNITS
MIN. MAX.
Supply-Voitage Range (For Tp = Full Package
3 18 \
Temperature Range)
DYNAMIC ELECTRICAL CHARACTERISTICS at TA=25°C, Input t,,t¢~20 ns,
and C| =50 pF, R =200 kSl
st ALL TYPES
TEST CONDIT!
CHARACTERISTIC o IONS LimiTs UNITS
Voo
Volts TYP. MAX.
Pro(pagatu::n Detay Time, 12 122 fgg s
PHL- 'PLH 15 a5 a0
Transition Time, 5 100 200
10 50 100 ns
THL- 'TLH 15 40 80
Input Capacitance, Cjy Any Input - Y 75 pF
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CD4073B, CD4081B, CD4082BTypes
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CD4073B, CD4081B, CD4082B Types

STATIC ELECTRICAL CHARACTERISTICS awmieuT TCmPERATINE v+ LI 3354
LIMITS AT INDICATED TEMPERATURES (°C) T :
CONDITIONS Values at -35, +25, +125 Apply 10 D, F, K, H Packages T -
CHARACTER- Values at —40, +25, +85 Apply to € Package Y 1%
1STIC 125 UNITS ¥ 1
vo Vin | VDO ] E
W) W) L ovy | 58 40 | +85 | +125 | Min. | Typ. | Max. 3 e
Quiescent Device - 0,5 s | 0251025 75 75 - 001 | 0.25 H %
Current, {010 Ww0]o05| 05! 15 s | - [001 |05} 3 T
tpp Max —toms| 8| 1 | r | 30 | 0} - (oot} ! #
- 0,20 20 5 5 150 | 150 | — 0.02 5 :
i
Output Low 07 T 05| 5 | 064|061 |042 [ 036051 ] 1 N ot o aat i i
(Sink) Current 05 |010] 10} 16 |15 1 09 | 13 | 286 - v
toL Min. 5 0.15] 15 32 2 28 24 34 68 ~ Fig. 3 — Typical voitage transfer characteristics
Qutput High 46 05 5 | -064]-061]-042 -0.36(-051 -1 - mA
{Source) 55 o051 5| -2 |18 [-13 [-115[-16] 32| - i R DT e
Current, 95 1010] 30 | 16|15 [-11 | -09}-13} -26 | - - TG e St
10K Min. ~ : Ayl
135 10.15] 15 | -4.2 -4 278 | -241-34 ) -68 - :; NS L
Qutput Voitage’ - 05 5 0.05 - 0 0.05 'i : Pk
LowLest. ~ o0} 10 005 - RS s it
oL ™% ~ {o15] 15 | 005 {0 o005 , = : e
Output Voltage: - 05} 5 495 4.95 5 - & : e
High-Level. - 0,10] 10 9.95 995 | 10 - 'é
Vok Min. ~ 015! 15 1295 w5 15 | - | ‘; T :
= FHH :
input Low 0.5 - 5 ‘541 o0 w0 30 e f0 w w0 0
Voltage, [} _ 10 L0AD CAMACI TANCE (Cy) ~ ¥
ViL Max. s — s e
. Fig 4 - Typical propagetion deley time
Input High 0545 - 5 as a function of load capacitance.
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CMOS Presettable

Up/Down Counters
High-Voltage Types (20-Volt Rating)
CD45108 — — — BCD Type

CD45168 — — — Binary Type

The RCA-CDA5108 Presettable BCD Up/Down
Counter and the CD4516 Presettable Binary
Up/Down Counter consist of four synchron-
ously clocked D-type flip-flops {with a gating
structure to provide T-type flip-flop capa-
bility) connected as counters. These counters
can be cleared by a high level on the RESET
line, and can be preset to any binary aumber
present on the jam inputs by 2 high level on
the PRESET ENABLE line. The CD45108
will count out of non-BCD counter states in a
maximum of two clock pulses in the up
mode, and a maximum of four clock pulses
in the down mode.

If the CARRY-IN input is held low, the
counter advances up or down on each
positive-going clock transition. Synchronous
cascading is accomplished by connecting ali
clock inputs in paraltel and connecting the
CARRY-OUT of a less significant stage to
the CARRY-{N of a more significant stage.

The CD45108 and CD45168 can be cascaded
in the ripple mode by connecting the CARRY-
OUT to the clock of the next stage. If the
UP/DOWN input changes during a terminal
count, the CARRY-OUT must be gated with
the clock, and the UP/DOWN input must
change while the ciock is high. This method
provides a clean clock signai to the subse-
quent counting stage. (See Fig. 15).

These devices are similar to types MC14510
and MC14516. i

The CD45108 and CD4516B Series types
are supplied in 18-lead hermetic dual-in-
wne ceramic packages (D and F suffixes).
16-lead duai-in-line plastic packages (E suf-
f1x). 18-iead ceramic flat packages (K suffix),
and 1n chip form (H suffix)

seesE?
vagLL—i @

(T0P vIEW)

CD45108, CDA5168
TERMINAL ASSIGNMENT

CD4510B, CD4516B Types

Features.

8 Medium-speed operation -
foL ~ 8 MHz typ. st 10V

® Synchronous internal carry propagation
# Reset and Preset capsbility
# 100% tested for quiescent current at 20 V

® 5V, 10-V, and 15-V parametric ratings
u Standardized symmetricat output characteristics

» Maximum input current of 1 uA 2t 18V

over full package temperature range,
100 nA at 18 V and 25°C

® Noiss margin {full psckage-temperature
range): 1VatVpp=5V
2Vatvpp =10V
25VatVpp ™ i5Vv
® Meets all requirements of JEDEC Tentative
Standard No. 13A, “Standard Specifications
for Description of ‘B’ Series CMOS Davices”’
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CD45108, CD45168
FUNCTIONAL DIAGRAM

92CS-24824

vpo e
Ves-.

Applications:

Y
» Up/Down difference counting

@ Multistage synchronous counting

® Multistage ripple counting

s Synchronous frequency dividers

OPERATING CONDITIONS AT T4 = 25°C, Unless Otherwise Specified

For maximum reliability, nominal operating conditions should be selected so

is always within the following ranges.

that operation

Characteristic Vpp | Min.| Max.|Units
Supply Voltage Range (At T o = Full Package-Temperature Range) 3118 v
5 150 | -
Clock Puise Width, 1y 10 751 - ns
15 601 -
5 - 2
Clock Input Frequency, fo 10 - 4 MH2
15 - 155
5 150 -
Preset Enable or Reset Removal Tyime® 10 80 -1 ns
15 | 60
5 | - 115
Clock Rise and Fail Time. 1,CL. ;'CL' 10 - 5 s
15 | - 5
I s 130
Carry-in Setup Time, tg ‘ 10 60 - ns
.15 45
5 80 -
Up-Down Setup Time. tg b0 1860 - | ons
15 w0l -
5 220 -
Preset Enable or Reset Pulse Width, ty 10 10C - | ns
15 l 5y -

®Time required after the failing edge of the reset or preset enable inputs before the rising edge
of the ctock will trigger the counter {simlar to setup ume)

*1f more than one unit is cascaded in the paraitet clocked application, t,CL should be made less
than or equal to the sum of the fixed propagation delay at 15 pF and the transition time of the
carry output driving stage for the estimated capacitive load




CD45108B, CD45168B Types

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE. (Vpp)

(Voitages referenced to Vgg Terminal) 810420V
INPUT VOLTAGE RANGE, ALL INPUTS 0510 Vpp -05V
DC INPUT CURRENT, ANY ONE INPUT ... .. ~10 mA
POWER DISSIPATION PER PACKAGE (Pp):

ForTy = ~40 to +00°C (PACKAGE TYPEE) ... .. A . 500 mw

For T, = +601t0 +85*C (PACKAGE TYPEE) ........ Derate Linearly at 12 mW °C to 200 mW

ForT, = -55 19 +100°C (PACKAGE TYPES D.F. K} . P e 500 mW

For T, = +100 10 +125°C (PACKAGE TYPES D F. K) Derate Linearly at 12 mw " C 1o 200 mW

DEVICE DISSIPATION PER OUTPUT TRANSISTOR

For T, = FULL PACKAGE- TEMPERATURE RANGE (All Package Types) 100 mvy
OPERATING-TEMPERATURE RANGE (TA\

PACKAGE TYPESD.F. K. H ... 5810 -125°C

PACKAGETYPEE ... ............... -40 10 +B5°C
STORAGE TEMPERATURE RANGE (Tgg) ... .- -- -651¢c - 150°C
LEAD TEMPERATURE (DURING SOLDERING)

At distance 1716 = 1/32 inch (1 59 = 0 79 mm) trom case for 10 s max <2687 C
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Fig.3 - Logic Diagram for CD45108
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CD4510B, CD4516B Types

DYNAMIC ELECTRICAL CHARACTERISTICS at T4 = 25°C, C = 50 pF,

Input t,, ty = 20 ns, Ry = 200 k!

Condit- Limits
ions
Characteristic VoD Al Packages Units
V)  |Min. Typ Max
Propagation Delay Time {tp|_. tPLH)
X S - 200 400
Clock to-Q Qutput {See Fig. 10) 10 - 100 200 ns
5 - 75 150
5 - 210 420
Preset or Reset-t0-Q Qutput 10 - 105 210 ns
15 - 80 160
5 - 240 480
Ctock to-Canry Out 10 - 120 240 ns
. 15 - 90 180
5 - 125 250
Carry-In-to-Carry Qut 10 - 60 120 ns
15 - 50 100
. 5 - 320 640
Preset or Reset-to-Carry Out 10 - 160 320 ns
15 - 125 250
5 - 100 200
Transition Time (1744, 1T H! (See Fig 9) 10 - 50 100 ns
15 40 80
5 2 4 -
Max. Clock Input Frequency {fcy ) 10 4 8 Mz
15 55 1
input Capacitance (Cyy) - 5 75 pF
Set-up Time, tg 5 25 12 -
Preset Enabie to J| 10 10 6 -
15 10 5 -
Hold times, tyy S 60 30 -
Clock to Carry-in 10 30 4 —
15 30 1 — ns
5 30 10 —
Clock to Up/Down 10 30 4 —
15 30 5 —
5 70 35 —
Preset Enabte to J) 10 40 20 —
’ 15 40 20 —
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CD4510B, CD4516B Types
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CDA4013B Types

CMOS Dual
‘D’-Type Flip-Flop

High-Voltage Types ({20-V o ¥ i

The RCA-CD4013B cons:sts o¢ twc Oentcal,
independent data type f:p-*00s Eacn fup
flop has independent data. et reset, anc
clock inputs ancd Q anc T ouou These oe
vices can be used tor sn " e sTET WO C2
tions, and, by connelt 7y L oT.IT T The
data input, for counter aC “2Qg® X0C- 3
tions. The logic leve! preser: 3 ™ 2 ~ou®
is transferred to the C 2L 377G T
positive-going transitior o T T30 xse
Setting or resettng s CedeTOe" " ¢ e
clock and is accomplished Dv & ©.gr eve On
the set or reset line, respect ve’y

The CD4013B types are suorc -eC .1 14-iead
hermetic duat-in-line ceramx packages (O
and F sulfixes), 14-leag gua.-in-nne plastic
packages (E sutfix) 14-teac -e-amc fat
packages (K sulf:xi anc .~ ¢~ torm «H
suffix)

RECOMMENDED OPERATING CONDITIONS
At Ty = 25°C, Except & Nowc For maximu
tions should be selected 50 That aoerFnon L ¥Y

Features:

» Set-Reset capability

® Static flip-flop operation — retains state
indefinitely with dock level either
“high”* or “low"

s Medium-speed operstion — 16 MHz (typ.}
dock toggle rate at 10V

= Standardized symmetrical output

characteristics

2 100% tested for quiescent current 3t 20V

¥ Maximum mnput current of 1uAat 18V
over full package temperature range.
100 nA at 18 V and 25°C
® Noise margin {over full package
temperature range): 1 Vatvpp=sV
Z2Va VDD'1O \"
25V VDD"IS \%
» 5.V, 10-V, and 15-V parametrc ratings

8 Meets all requirements of JEDEC Tentative
Standard No. 13A, “"Standard Specifications
for Description of ‘8’ Series CMOS Devices'’

Applications:
® Registers, counters, control arcuits

m refisbility, nominal operating cond:
ways within the following ranges:

LIMITS

UNITS

v
CHARACTERISTIC . (3?
! Supply-Voltage Range .
(For Tp = Full Package II -
Temperature Range) i
! 5

|
g Data Setup T»mexs ‘ '

l
E ! 20 ; s '
- 15 ! 15 - ‘ ‘
| ‘ 5 | 140 i - i :
| Clock Pulse Width 1y 10 % 66 ! ! s
H 1
} 15 ! a0 : - ‘
| Loo3s 1
| |
Cilock Input Frequency ‘ 8 ‘} Mz :
| 12 l |
1 70
Clock Rise or Falt Time |
. ! € | us \
1 CL." 1, CL | t
4 § i i
! 2 |
F e G
i - !
Set or Reset Pulse Width 80 \ \ .
tw } | 1 l
l 15 50 - e

*1f more than one uMit 14 cascaded 0 a paraligl clocked operation. 1, CL should be made tess than O« equal 10

the sum of the tixed propsgstion Setay time 21 15 pF and the 1rannition time of the output Griving stage tor

ihe estimated capacitive load
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DIMENSIONS AND PAD LAYOUT

The pAOIOGraphs and armensions of each CMOS chip
rapresent 8 ch.p erer 1 3 oart of INe wales When the
+ .3 separsTed MIC Oividus! chips the sngie of
-3 Cleavage Tar ey w ™ BSDeC! 10 (he Chp tace for
Gred graduations ace in muls 1o inchl d,”,,.?., cmpa The actuel d.mensions of 1he 1soleted
Chip there’sce ~av 3 e’ agnhtly lrom the namine!
grmenwons snown The sser shouid consider
9t ) w3 'c -8 % appiCEDe 'O
gimengore IROw "

Oimensions in paren theses are in millimeters and are

roierance
o nominal
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CHARAC- l Values at —55,425,+125 Apply to D.F.K H Pkgs. 332 ae: 2 35S - ;§
CONDITIONS Values st —40,+25,+85 Apply to E Pkgs. UNLITS 3 T B 3
TERISTIC v Vo Tvoo! T 25 e i
0 int{Voo! | ; — J
V) | vi] vij -5 | 40 | 488 |11 Min. | Typ. | Max. = inn e
Queescent —Tos] s . 1 | + {0 }3] - 100217 Ee— s H
Device —1oi0] w0 ' 2 ! 2 60 | 60 Z 1002 2 | A HEEs e u-ﬂ
Current —To015] 151 4 1 & | 120120 - 1002 4 1" ey =nemn e i
ipp Max —T020] % ; 20 - X | &0 600 | - | 004 20 | : 3!
Qutput Low ! ! T
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CD40138B Types

MAXIMUM RATINGS, Absolute-Maximum Values:

OC SUPPLY-VOLTAGE RANGE. IV DD)
vortages referenced 10 Vgs Terminal)

NPUT VOLTAGE RANGE, ALL INPUTS

OC INPUT CURRENT, ANY ONE INPUT

POWER DISSIPATION PER PACKAGE (Pp):
£ Ta = —40 to +80°C (PACKAGE TYPE E}
Eor Ta * =60 to +85°C (PACKAGE TYPE E}

For Tp = - 56 10 4108°C (PACKAGE TYPES D.F K)
£ T4 = +100 to +125%C (PACKAGE TYPES D. F. K}

DEVICE DISSIPATION PER QUTPUT TRANSISTOR

0510 26 v
0510 VgD “05 v
10 o

. . . 500 mW
Derate Linearty at 12 mW/°C 10 200 mW
. . . 500 mW
Derate Linearly at 12 mW/OC to 200 mw

EOR Ty e« FULL PACKAGE.-TEMPERATURE RANGE (Al Package Types) 10 M
PEAATING TEMPERATURE RANGE (Ta
FAZKAGE TYPESD. F K M . 8¢ 1o 21267
PACKAGE TYPE £ Lo 40 v +BS"
v L5A5E “SMPERATURE RANGE (Tng) BB - 2160 7
_EAZ TEMPERATURE (DURING SOLDERING!
2+ agepmce ' 16 T 1732 inch (1,58 2 0 79 mm) from case for 10 s max -2REST
CYNAMIC ELECTRICAL CHARACTERISTICS
£r T, 26C Inputt, ty=20n08,Cy = 50pF. Ry = 200 k<1
T I I
TEST ! E
CONDITIONS LIMITS i
CHARACTERISTIC Voo | UNITS
{v) MIN. TYP. MAX. ],
#-20agat or Delay Time: 5 - 150 300 I
! Clock to Q or Q Outputs 10 _ 65 130 l e
o PMLPLH 15 - 45 90
' 5 - 150 | 300 |
. - |
. SeztoQ or Reset 10 Q tp 10 - 65 130 ¢ s
‘ 15 - 45 90
5 - 200 400
- i
 Set 10 Q or Reset 10 Q oy 10 - 85 170 ns
15 - 60 120
5 - 100 200 }
I
Tramsition Time  try . tTLH 10 - 50 100 ns !
15 - 40 80 | :
5 35 7 - \ :
Maximum Cloet Input Frequency 10 8 16 _ MHz
Frequency fCL ‘ !
15 12 24 - i :
| 5 - 70 140 1
| M.numum Clock Pulse Width 1y 10 - 30 60 | s
l 15 - 20 40
5 - 90 180 \
Minimum Set or Reset Pulse 10 _ 40 80 ns |
Wudth W
15 - 25 50 |
5 - 20 a0 1’
Minimum Data Setup Time tg 10 - 10 20 ns l}
15 - 7 15 ]
5 - - 70
Oo::k |n::u( Rise or Fall Time 10 _ ~ 6 us
rCL, ‘fCL 15 B B s
input Capacitance Cyn Any Input - ) 75 pF

oot v 5ns

 rim
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NEUT et
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T.oia power dissipation
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TEST CtRCUITS

A

Qurescent device current
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Fig 11 - Input ro'tage.
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Fig 12 - Input current
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at Yoo
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o1 NESET 2
SETL o2

vss SET2 aCoF

f
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TERMINAL ASSIGNMENT

b
thL
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]

2205 36260

£.g 13~Dynamic power dissipahon test
circurt

DIMENSIONS AND PAD LAYOUT FOR CD4013BH

40

|
|
|

30 55-63

1.397-1 600

|
\
|

o

20

O . 1
* l 0 102-0.254) !

54 -62 -
~ (1 372-1574}

il

92CS- 35050

The ororogreshs and 3:mensions of sach CMOS chip
Dimensions in parentheses are in mull.metecs and are represent 8 ship when 115 part of the waler When the
wa’e- 4 wAOar8red Al0 Ndividusi ChiDS the angle of
croavege may veiy with respect 10 the chp lece for
Grid graduations are in mils (1073 nchi griacent chips The sctuel dimensions of the isolated
g mecelore may IiMer sightly from the nomune!
Gemera0nS 35w The USe’ SNOUID CONSder 8 lolerance
ar ) m.a ‘o -i6 m.is apolicable fo the nominel

FR Bk Relal I Raiel g

derived from the basic inch drmensions as ndicared



CD4028B Types

CMOS
BCD-to-Decimal Deooder

High-Voltage Types (20-Volt Rating}

The RCA-CD40288 types are BCD-to-
decimal or binary-m-ocial decoders consst-
ing of buffering ah all 4 inputs, decoding
logic gates, and 10 output buffers A 8CD
code applied to the four inputs, A t1c D
results in a high level at the selected one o°
10 decimal decoded outputs. Sim.'ar’,, :
3-bit binary code applied to inputs A through
C is decoded in octal code at output G 7
it D= "'0”. High drive capability is providec
at all outputs to enhance dc and dynam
performance in high fan-out applications

The CD40288-Series types are supplied »
18-tead hermetic dual-in-line ceramic pack-
ages (D and F suffixes), 16-lead dual-in-hine
plastic packages (E suffix), 16-lead ceramic
flat packages (K sutfix), and inchip form (H
suffix).

Features
8 BCD-to-decimal decoding or binary-to-octal decoding
® High decoded output drive capability
® “"Positrve logic” inputs and outputs. . ..
decoded outputs go high on selection
© Medium-speed operstion. . . .
tPHL. tPLH ™ 80 ns (typ.} @ Vpp = oV
& Standardized, symmaetrical output characteristics
» 100% tested for quiescant current at 20 V

® Maximum input current of 1 uA 2t 18 V
over full peckege-temperature range;
100 nA at 18 V and 25°C

® Novse margin lover full package-
temparature range):

1Vat VDD = 5v
2VatVpp=10V
25VatVpp 15V

8 5V, 10-V, and 15-V parametric ratings

8 Mesets all requirements of JEDEC
Tentative Standard No. 13A, “"Standard
Specifications for Description of ‘B’
Series CMOS Devices”

' App//canons

conversion 8 |ndicator-tube decoder
& Address decoding—memory ssiection control

CD40288
L FUNCTIONAL DiAGRAN

Top View
TERMINAL DIAGRAM

TABLE | - TRUTH TABLE

ALL MPUTS AR PROTRCTED
BY COG/NO08 PROTECTION
RETWORK .

Vi
MAXIMUM RATINGS, Absolute-Maximum Vakes:
DC SUPPLY-VOLTAGE RANGE. (Vpp)

o d 10 Vgg T
INPUTVOLTAGEME.ALLM

DC INPUT CURREINT, ANYONE INPUT ................oooe

POWER DISSIPATION PER PACKAGE (Pp):
For T, = 4010 #0°C (PACKAGE TYPE E)
For T4 = 46010 *88°C (PACKAGE TYPE E)
FOlT = 5810 +100°C (PACKAGE TYPES D. F. K) ..
For T = +100 %0 +128°C (PACKAGE TYPES D, F, ) .

0EVICE DISSIPATION PER OUTPUT TRANSISTOR

ForT ?,- FULL PACKAGE-TEMPERATURE RANGE (Al Package Types)

ING-TEMPERATURE RANGE (Tp):
PACKAGE TYPES D, F. K, H
PACKAGETYPEE .................coonnnts

STORAGE TEMPERATURE RANGE (T,
LEAD TEMPERATURE (DURING SOL

At distance 1718 2 1/32 inch (1.50 £ .79 mm) fromcase for 10 s max. ... . .

Fig. 1 — Logrc cagram

} pceAflo1234567839]
;:_LJ_}—"D—@' 00001 0000006000
000 1{01000000O00

T o co10l00t10000000
0011000100000 0]

O 0100000010000 0|
01010006GC ‘0000

prem-ann 1100000001 00¢0
2111000C000 100

1000{000000001C

1001000000000

1010/00000G000G0,

1011000000000 0"

SO “10mA 1100/000000000°60
o mw 1101000000000 0

m 1110{000000000 0!

D«nhL:mﬂyulZmW/‘C(oz:vx "1100000000040J

Oerate Linearly at 12 mW/C to 200 mwW | < HIGH LEVEL 0- LOW LEVEL



CD4028B Types

TABLE |1 — CODE CONVERSION CHART

INPUT CODES
Hexs & Decmal
D.dw'z
weuts 1 o1 1218 OUTPUT NUMBER
‘f">§§>z—.
’:;b(uo:‘)“‘z
ocB Alos eS| X|X5|<|S[0 v 23456789 101112131418
'{GGOO 0190 olofjiooo0o000000000000
jc oo 117 +11]/0 1000000000000 00
EOG‘O 213 o (212l 0100000000000 CC
00 1 3[2fo0f3 |3 00031000000000000
0100 al 21114 14 0000100000000600¢0
0101 5] 62 30 000010000000 00 0]
o110] 6] 4f311 aloooocooi100000000¢C!
0 1 11 7161412 00000001000060000
1000] B|{W}]S 0000000010000000
1001 olmle 5]0 000000001 000000¢0C
tovo]w0jR2I7|S sjloo00000000100000
to11]1n{i3]s 5 0000000000010000
Tt 100 12] 995 {6 000000000000 100¢0
1t 101§ 13]9 6 {7]7[0 00 0DC00C00C000100
1110] 14|04 g |8/]8f0 0000000000000 1O
[EREERE] LS 7 19i19J]0 60 0 0 000 00 0 0000 0
3
i
‘1
L N
5
!:. '..ULS_
] oo -— <t
.z Tre  a— - oo e NPUTS
' LI - EAM ALY
2 vss "1 80T vnp AMD Vg
H - TReer I ALL UNUSED
; — e WS TCDITHER
‘_ v vor P vey
;! sy
i .
Fig. 9 — input current test crourt
Fig. 8 — 1y, 'ilrr-nnr:onrrmean vx
tuncion of load capacitance 4
& NPYTS r“ —_:f'-y‘s
N - DRI
v Vi -— — ~
: - - *
W. ~OTE
vee TESY AN COMSINATION
OF 1wPuTS

203 2v48

Fig. 10 — Dynamic power dissipation
test circuit

203270«

Fig. 11 — Input voltage test circurt

INPUTS

Fig. 12 — Qurmscent device current
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Fig. 6 — Minimum output high source)
current characterstics
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TYPICAL APPLICATIONS
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Fig. 13 — Code conversion circurt

The circuit shown in Fig.13 converts any 4
bit code to a decimal or hexadecimal code
Table 2 shows a number of codes and the
decimal hexadecimal number in these
codes which must be applied to the input
terminats of the CD4028B to select a partic
ular output. For example: in order to get 2
high on output No. 8 the input must be
either an 8 expressed in 4-Bit Binary code, a
15 expressed n 4-Bit Gray code, or 3 5 ex

neoccord 1 Evroce T rnda

or



1ECOMMENDED OPERATING CONDITIONS

for maximum reliability, nominal operating conditions sho

yperation is always within the totlowing ranges

uld be selected so that

CHARACTERISTIC

LIMITS UNITS

i Supply-Voltage Range
' (For Tp = Full Package

Temperature Range)

S§TATIC ELECTRICAL CHARACTE RISTICS

CD4028B Types

Tilg! — -4

DUTPUT LOW (SINA} CURREN

it H

]
JRAN-TO-SOURCE VOLTAGL VoS! ~ ¢

i R LIMITS AT INDICATED TEMPERATURES oc) Fig 2 — Typical output jow (sink
CONDITIONS Vatoos st 55, +25, +125 Apply 10 D, F, K. H Packages current characteristics
CHARACTER- Values 51 —40,+25, +85 Apply to € Pochage
LasTic 225 UNITS
| Vo ViIN voo r""nw(-v COPERATURT (1123 °C I
{ W) Lovy [ovr | -8 —e0 | -85 +125 | Min. | Typ. | Mex. N TR R
Quiescent Device - IERIERE w0 | 150 - | 004 | S P
| Current, - D101 10| 10 | 0 | 300 | 300} - 004 | 10 A 3
| 'DOMax. —155] 15| % | 70 | 600 |00 - | 004 | 20 g i
; - 0,20 20 ¢ va0 . 100 | 3000 {3000 - 0.08 | 100 Ig
Output Low 0.4 05 ] 5 [06a a6 | 042 | 036 | 051 1 - k]
i (Sink)Current | .05 1010} 10 ™5 -5 | 121 [ 09 ]3] 26 | - :
‘oL Min s Toasl 16 4: % . 28 | 24 [34 ] 68 | - s
| Qutput High e6 |05] 5 -C6s -25'1-042)-036/-05! 1 - ™ 2 il : T
| (Sourcel 25 05 i -7 -8 I 13 | -115]-16§ =32 - : -x-is» i 1212
| Current, 95 1010 10 15 -5 -1 -091-13]-26 1 = Mas 70 S0URCE WATAGL (V031
[ oM Min. . : : i . ; .
o 5o Tois s —4: 4 | -78 |-28|-34[-68 ] - Fig. 3 — Minimum output low lsnt
} Output Voltage: - as T 205 g - 0 0.0% current characteristics
Low-Level. - low. ¢ 2.05 - 0 | 005
VoL Max b +
- Tois 5 Y - o {0051
! Qutput Voitage: [ - 1 05§ 5 195 4.95 S - it [u.':r'.:x‘g;g‘:.u:".l‘:n
MighLevel - 010 10 3.95 995 | 10 - ‘15 TS Sh
Vor Min. m— 110‘15 15 “195 14 95 15 - ‘-‘:M
Tinput Low {0545 - ¢ 15 — 1 - |15 ‘i‘
Voltage. Ty V - HEY) 3 - - 3 -
Vi Max. 15135 - |8 . — = 2 . 2‘
tput High 05 45 - < 35 3.5 - - 3
Voltage, Mg - ) ? 7 — — 3
ViH Min. 161351 - NED " " - - )
trput Current L ! , . - . T v P‘_ -\0-5 201 A - x ]
N Max ‘l - l 0°'8 8 - -~ T ! - - u Tcan Tasactand ¢ toaf
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