MOTOROLA
mm SEMICONDUCTOR e

TECHNICAL DATA
MC14408
MC14409

BINARY TO PHONE PULSE CONVERTER SUBSYSTEM
The MC14408 and the MC14409 are devices designed to convert

CMOS LSI

a four bit binary input code to a number of serial output pulses (LOW-POWER COMPLEMENTARY MOS)
corresponding to the value of the input code.

The devices can be used in telephone pulse dialing applications BINARY TO PHONE PULSE
when combined with their companion device, the MC14419 CONVERTER SUBSYSTEM

(2-0f-8 keypad-to-binary code converter}. The devices have been
partitioned to allow convenient addition of RAM memory and
controls for repertoire dialing applications.

The MC14408 and MC14409 perform identical functions with
the exception of the signal output at the DRO (Dial Rotating
Output). In the MC14408, DRO remains high during continuous
outpulsing of all digits and in the MC14409 DRO is low between
each digit pulse burst.

On-Chip Oscillator

Diode Protection on All Inputs

Dialing of Numbers Up to 16 Digits L.ong

Memory Storage (FIFO) and Re-Dialing (single pin} of
Telephone Number

Hold Interrupt Control for Additional Interdigit
a Wait for Intermediate Dial Tones)

Selectable Dialing Rate {10 pps or 20 pps =

@ Selectable Interdigit Time (300 or 8( s & 10 p

150 or 400 ms @ 20 pps)
® Selectable Make-Break Ratio @1@%’“ 7%}

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
~EASE 620 CASE 648

PIN ASSIGNMENT

o Buffered Outputs Compatible with te A Fansistor Driver \_/
Interface, One Low-power Schotti TTL Load or Two Low- 1 Osc Vpp 16
power TTL Loads Over the Rated Temperature Range. 2] ck MBR 15
® Low Power Dissipation — Ipp (operating with oscillator}
ac—]sv ipT 14
= 470 uA typ @ Vpp = 5.0 Vdc, fQsc = 16 kHz, il
CL =50 pF aC—] o4 cRa /113
s—] b3 DRO 3312
6—] D2 orFt |/ n
BLOCK DIAGRAM 70— o1 REB P10
zr 1 80—} vss AOLED 9
Strobe ° st Clk Osc
4 OFL =011 Outpulsing
[
Binary 50—— D3
Inputs 6
o—={ D2
DRO 12 Dial Rotating
7o—={D1TRG___IDT "2 Sutpur
HOL RED MBR This device contains circuitry to protect

the inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken
to avoid application of any voltage higher
than maximum rated voltages to this high
Hold 9 impedance circuit. For proper operation it
Vpp = Pin16 is recommended that Vi and Vgt be

Call R t 13— =
all Reques Vsg = Pin8 constrained to the range Vgg < (Vg or
Control Inputs Re-Dial 10 Vout! € VDD-
Interdigit Time 14— | Unused inputs must always be tied to an
Make-Break Ratio 15 appropriate logic voltage level (e.g., sither
Vggor Vpp!.
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MC14408, MC14409

MAXIMUM RATINGS (Voltages referenced to Vgs, Pin 8.)

Rating Symbol Value Unit
DC Supply Voltage Vpo -0.5 t0 6.0 Vde
Input Voltage, All Inputs Vin 0.5 Vdc
to
Vpp +0.5
DC Current Drain per Pin 1 10 mAdc
Operating Temperature Range Ta ~40 to +85 oc
Storage Temperature Raﬁge Tstg -65 to +150 °c
ELECTRICAL CHARACTERISTICS
Vpo -40°C 259C +85°C
Ch istic Symb Vdc Min Max Min Typ Max Min Max Unit
Supply Voltage Voo - 3.0 6.0 3.0 5.0 6.0 3.0 6.0 Vdc
Output Voltage "0’ Level Vout 5.0 - 0.05 - 0 0.05 - 0.05 Vde
1" Level 5.0 495 - 4.95 5.0 - 495 - Vde
Noise Immunity

{8Vgye < 0.5 Vdc} VNL 5.0 15 - 15 2.26 - 14 - Vde

(8Vpyy < 0.5 Vdc) VNH 5.0 1.4 - 15 2.25 - 15 - Vdc
[Output Drive Current loH mAdc

(VoH =2.5Vdc)  Source 5.0 -1.0 - -0.80 -1.7 - -0.60 -

{(VoH = 4.6 Vdc) 5.0 -0.20 - -0.16 -0.36 - -0.12 -

(VoL =04 Vdc}  Sink foL 5.0 0.52 - 0.44 0.88 - 0.36 - mAdc
Input Current lin 6.0 — 0.3 - +0,00001« | +0.30 - 1.0 sAdc
input Capacitance Cin - - 12 - 5.0 12 - 12 pF

{Vijn =0}

Operating Supply Current Ipb 3 - 250 — 160 200 - 200 umAde

foy = 16 kHz {operating 5 - 700 - 470 550 - 550

with 6 - 1250 - 740 1000 - 1000
N Osc}
FIGURE 1 FIGURE 2
TIMING DIAGRAM — DATA AND STROBE INPUTS TIMING DIAGRAM ~ CALL REQUEST
Vob Voo
Voo
°yezpe — s R — L
t5U(DS) e ¢, e 1o
Vbo Voo
CRQ
sT Vss — —————Vss

l<——| twH

If power is turned off after each cat, CRQ must stay high after
power is applied (for a duration of tpg) to ensure no spurious

outpulsing. For this use tha redisl function is invalid.
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MC14408, MC14409

SWITCHING CHARACTERISTICS (C|_ =50 pF, Ta = 25°C)

Characteristic Symbol Vpp Min Typ Max Unit
Output Rise Time** tTLH 5.0 - 180 400 ns
tTLH = {3.0 ns/pF) C_+30ns
QOutput Fall Time** TTHL 5.0 - 100 200 ns
tTHL = (1.5 ns/pFI € +25 ns
Power Up to Cali Request Pause tpc 3106 48/fc)* — — ms
Call Request to First Strobe Pulse 1cs 3t0B 48/f¢* - - ms
Strobe to Strobe Separation Time tss 3106 48/fc* — - ms
Strobe Pulse Width WH 3tob 1.0 - - us
Strobe to Data Hold Time th 3tob - 150 400 ns
Clock Frequency*** fel 3106 12.5 16 100 kHz
Percent Break to Make Ratio %MB 3t06 %
{MBR = 0) - 61 -
{MBR = 1) - 67 -
Outpulsing Rate IfopL = *fc)/1.6) fopL 3t06 PPs
foi = 16 kHz - 10 -
foy = 32 kHz - 20 -
interdigit Time tiD 306 ms
tp = {6 x IDT + 3)/fgp
IDT =0
fopL = 10 pps - 300 -
fopPL = 20 pps - 150 -
IDT =1
fopL = 10 pps - 800 -
fopi = 20 pps - 400 -
Strobe to Qutput Time ts01 3to6 ms
Initial Qutpulsing Stream
IDT =0
fopL = 10 pps 300 - 400
fopL = 20 pps 150 - 200
IDT =1
fopL = 10 pps 800 - 900
fopL = 20 pps 400 - 450
Continued Outpulsing Stream 150C 3t06 ms
IDT=0or1
fopL = 10 pes 100 - 200
fopL = 20 pps 50 - 100
Hold to Outpulse Time tHOL 3106 ms
IDT=0or1
fopL = 10 pps 100 - 200
fopL = 20 pps 50 - 100
Dial Rotating Overlap Time . tDRO 3to6 ms
fopL = 10 pps - 100 -
topL, = 20 pos - 50 _
Data to Strobe Setup Time (f; = 16 kHz) tSU{DS) 3to6 1.5 - - us
Re-dial Pulse Width  (fg] = 16 kHz} - 3106 — 200 — ns
*fe) in kHz

**The formula given is for the typical characteristics only.
*** Minimum clock pulse width = 1.0 us.
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MC14408, MC14409

FIGURE 3
PHONE DIALER SYSTEM TIMING DIAGRAM
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Notes:

(*}1st, 2nd, 3rd, etc., denotes Strobe pulse sequence — i.e., which digit
in the phone number is baing dialed. The number in parentheses de-
notes the numerical value of the digit being dialed. Tha examples
define the various voltagea — level and timing requirements, not a
campiete phone number.

{**}For the MC14408 the DRC signal will remain high provided digits
remain in the memory, or a digit for continuing outpulsing is strobed
in before the anticipated falling edge of the most significant digit in
the memory. (i.e., (200 % MB] ms after the most significant out-
pulsing edgel. The time from Strobe to DRO can be 0 to 100 ms.

{***}For the HOL signal to hold a next digit {e.g. the 4th, etc.,) the HOL
falling edge must not appear after {t|p-%MB + 100} ms the last
outpulsing edge of the previous digit.

g
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MC14408, MC14409

FIGURE 4
COMPONENT SELECTION FOR OSCILLATOR/CLOCK FREQUENCY

7.11B

for = \/ where fg| In kHz, L in mH,
To Pin 1 To Pin 2 C=Ct=C2inuF

%fcy = -0.5 [%C +%L] £3.0 where %fd' %C, %L are
the frequency capacitor, and
inductor tolerances in per-

c2 c1 cent. The :3.0% accounts

j_: for supply voltage and am-

= bient temperature variations,

il

EXAMPLE
OUTPULSING RATE
L %L c=C1=C2 %C foi %fe) fopL = fi/t 6
5.0 mH 5.0 0.04 uF +6.0 =16 kHz +8.0 10 pps
5.0 mH 5.0 0.01 uF 5.0 ~32 kHz +8.0 ~20 pps
FIGURE 5
TRUTH TABLE
INPUTS OUTPUTS
CAO |DaD3D2D1 | ST RED AOL 107 MBR oFL DRO t
1 X X X X X X X X X [<] ]
? | X x x x| 0 1 1 % X 1 (Staady State} 0 (Steady State}
X_X X X1 1 Number of pulses (L1 of nth T During outpuhing
° nth binll ! ' x X digit = binary i af 0 o i
D4, 03,02, D1. *
Digits of numbar in memory 1 During outpulsing
o jx x xx]o L ! x x re-sent. 0 Otherwise
0 |x x x x| Xx 1 ) x X | JAfter conciusion of ‘Atter conclusion of digit
: digit baing outpulsed. bing outpulsed
[ 300 ms Interdigit time B
x |x x x x| x x x 1 X 300 ma 1aterdigi '“'i for = 16 kHz
0 [61% (%1.6:1) Make-Break Ratio
x | x x x x| X x x x 1 [67% (=2:1) MakeBreak Ratio

X = Don't Cere
With the exception of
0000 which will give 10 pulses.
t  Refer to timing diagram Figure 3.

FIGURE 6 FIGURE 7
MEMORY CLEAR REDIAL SEQUENCE
VoD vbD
RED RED
— Vss -_— ‘Vss
| ‘cs—“

|
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MC14408, MC14409

DEVICE OPERATION

OSCILLATOR (Osc, Pin 1)

This pin is an input to the internal oscillator and feed-
back connection for the L-C m-network. An external clock
signal, if desired can be applied to Osc.

CLOCK (Clk, Pin 2)

This pin is an output from the internal oscillator and
feedback connection for the L-C m-network and provides
the system clock for the MC14419 bounce eliminator
circuitry.

STROBE INPUT (ST, Pin 3)

This Strobe input, when high (ST = Vpp), signifies
that the data at the D1, D2, D3, and D4 inputs is valid,
and enters the 4-bit number into the internat FIFQ
(First-In, First-Out) memory for subseguent outpulsing.
The first strobe pulse after a call is requested {CRQ
= low) clears the memory of any previous number and
enters the first digit of the new number. Successive
strobe pulses will store up to a maximum of 16 digits in
the internal FIFO memory, which ignores all digits
entered in excess of that amount until a new call is
requested.

DATA INPUTS (D4, D3, D2, D1, Pins 4, 5, 6, 7)

These pins are the Data inputs to the internal memory.
A binary coded digit number entered will resuft in an
equivalent number of pulses at the OPL (outpulsing}
output, except for the code 0000, which will outpulse
10 pulses.

NEGATIVE POWER SUPPLY (Vgs, Pin 8)

This pin is the negative power supply connection.
Normatly this pin is system ground.

HOLD (HOL, Pin 9)

When taken low (HOL = Vgg), the Hold input disables
the outpulsing at the completion of the digit being out-
pulsed. When taken high, outpulsing resumes. This feature
can be used in multi-dial-tone phone systems to provide
longer interdigit pauses when necessary.

RE-DIAL (RED, Pin 10)

The Re-Dial input, when taken low (RED=Vgg) auto-
matically outpulses the digits entered into memory after the
last time a call was requested. {See Redial Sequence
Diagram Figure 6.)

OUTPULSING (OPL, Pin 11)

The Outpulsing output sends out bursts of pulses
equivalent to the digits of the telephone number stored in
the memory. The duty cycle and interdigit time of the
digit pulse bursts are controlled, respectively by the MBR
(Pin 15) and IDT (Pin 14).

DIAL ROTATING OUTPUT (DRO, Pin 12)

The Dial Rotating (also known as “‘Off Normal’’)
Output provides a signal which indicates that digit pulse
bursts are being sent. In the MC14409, DRO goes high
(VpD) at the beginning of the first digit pulse burst and
goes low {Vgg) between succeeding consecutive digit
pulse bursts. In the MC14408, however, DRO goes high at
the beginning of the first digit pulse burst and remains
high until the last digit pulse burst of the telephone
number has been sent {see Timing Diagram, Figure 3}.

CALL REQUEST (CRQ, Pin 13)

The Call Request input when taken low (CRQ=Vgg)
resets internal counters and prepares the internal logic to
either accept new digit inputs to be dialed, or to re-dial (see
RED, Pin 10} the digits stored in the memory. The Relation-
ship Between Memory Clear and Redial is shown in Figure 7.

INTERDIGIT TIME (iDT, Pin 14)

The Interdigit Timing input determines the length of
time between consecutive digit pulse bursts. See the
Interdigit Time (t)p} in the switching characteristics for
the length of time.

MAKE-BREAK RATIO (MBR, Pin 15)

The Make-to-Break Ratio input controls the duty cycle
of the digit pulse bursts at the OPL output. For MBR
= VpD, duty cycle = 67% low, 33% high; and for MBR
= Vss, duty cycle = 61% low, 39% high.

POSITIVE POWER SUPPLY (Vpp, Pin 16)
This pin is the package positive power supply pin.
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MC14408, MC14409

FIGURE 8 — KEYPAD TO PULSE DIALER FLOW DIAGRAM

Pick-up Haad-set

Dial-tone heard ™
Keyboard buttons pressed * Re-dial button pressed *
{previous number cieared). {previous number held).
Dial tone stops with 1st digit, Dial tone stops with 1st digit,
but receiver connects to line but receiver connects to line
after mach digit sent. 1 after each digit sent. 1
i I —
Error, Error. Error,
Data entry error Too meny digits put No number
recognized by in (>16}. Ignores in memory.
person dialing. excess.
*A number can be interrupted between

Call made with success
or busy signal.

digits by use of the Hoid Input.

tWith the MC 14408 the line connects after
total ing has

peat
p— Hang-up Head-set }—-
—

FIGURE 9 — PHONE DIALER SYSTEM

MC14419
2-0of-8 Keypad-to-Binary Encoder

MC 14408, MC14409
Binary-to-Phone Pulise Converter

|

P vy
L
15 .CII 2 1 ‘ez
= vgg =
1 R1  Clock 14 3 Clk Osxc Vss
Row 20— R2 ST ST .
Inputs 30—=qRrR3 D4 13 4 e OPLp—=0 11 Gutpulsing
From 4 Re 12 5
03 D3
Kevpad 5 0—=qcC1 1 6
Column ) s0—=dc2 D2 - l b2 oRo |——=—012 Dist Routing
Inputs 70—=qQcC3 b1 o + 7 D1 Qutput**
90—=(cC4

Held 8
Call Request 13 O—— Vpp = Pin 16
Vgg = Pin 8
Re-Dial 10 O——m—
Interdigit Time 14 Q=———=——"—
* *Batween each diglt
Make-Break Ratio 16 O———————— pulsetrain, MC1440

DRO stays high,
MC 14409 DRO goes low.

Vpp = Pin 16 MC14408/409
Vgg =Pin8 I Control Inputs

*For Component Value Selection See Figure 4.
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FIGURE 10 — STANDARD K-500 TELEPHONE
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