DEVELOPMENT DATA
This data sheet contains advance information and PCD441O

specifications are subject ta change without notice,

PULSE AND DTMF DIALLER WITH REDIAL

GENERAL DESCRIPTION -

The PCD4410 is a single-chip silicon gate CMOS integrated circuit with an on-chip oscillator for a
3,568 MHz crystal. It is a dual-standard dialling circuit for either pulse diaitling (PD) or dual tone multi-
frequency (DTMF) dialling.

Input data is derived from any standard matrix keyboard for dialling in either PD or DTMF maode.
Numbers of up to 23 digits can be retained in RAM for redial.

In DTMF mode bursts as well as pauses are timed to a minimum, in manuai dialling the maximum
depends on the key depression time.

Features

Pulse and DTMF dialling
23-digit capacity for redial operation
Three dialling modes; pulse, DTMF and data transmission (DTMF)
Redial buffer for PABX and public calls
Three function keys; *, # and FL (flash)
DTMF timing:
manual dialling — minimum duration for bursts and pauses
redialling — calibrated timing
On-chip voltage reference for supply and temperature independent tone output
On-chip fiitering for low output distortion (CEPT CS 203 compatible)
On-chip oscillator uses low-cost 3,68 MHz (tv colour burst) crystal
Uses standard single-contact or double-contact {common left open} keyboard
Keyboard entries fully debounced
Flash {register recall) output

QUICK REFERENCE DATA

Operating supply voltage VpD 251060V
Standby supply voltage VpbDo 18t06,0 V
Low standby current (on hook) at Vppo =18 V lDDO max. 5 uA
Operating currents

conversation mode IppDC max. 160 pA

pulse dialling mode Ipbp max. 200 pA

DTMF dialling mode IDDF max. 0.9 mA
DTMF output voltage level (r.m.s. values)

HIGH group VHG(rms) typ. 192 mv

LOW group VLG(rms) typ. 150 mV
Pre-emphasis of group AV typ. 2,1 dB
Total harmonic distortion THD 26 dB
Operating ambient temperature range Tamb —25t0+70 °C
PACKAGE OUTLINES

18-fead DIL; plastic (SOT102).
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Pulse and DTMF dialler with redial

PCD4410

DEVELOPMENT DATA

osci [ 1] U 18] osco

PD/DTMF [ 2] 7] Voo
TONE E 16] cE
Vss [4] 5] M1

ROWS [5 | pcpasta [14] m2

Row4 [ [13] pP/FLO
ROW3 [ 7 | : 12] coL 3
ROW2[ 8] [11] cor2
ROW 1 [9] | 10] coL1

7296238

Fig. 2 Pinning diagram.

PINNING
1 0sCl

2  PD/DTMF
3  TONE

4  Vss

5 ROWS

6 ROW4

7 ROW3

8 ROW2

9  ROW?
10  COL1

11 COL2
12 coL3
13  DP/FLO
14 M2

15 M1

16 CE

17 VDD

18  0SCO

oscillator input

select pin; pulse or DTMF dialling
single or dual tone frequency output
negative supply

scanning row keyboard input/outputs

sense column keyboard inputs
with internal pull-ups

diatling pulse and flash output

strobe; active HIGH during transmission
muting output

chip enable input

positive supply

oscillator output
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PCD4410

FUNCTIONAL DESCRIPTION
Power supply (Vpp: Vssg)

The positive supply of the circuit (Vpp) must meet the voltage requirements as indicated in the
characteristics.

To avoid undefined states of the device when powered-on, an internal reset circuit clears the control
logic and counters.

If Vpp drops below the minimum standby supply voltage of 1,8 V the power-on reset circuit inhibits
redialling after hook-off.

The power-on-reset signal has the highest priority. It blocks and resets the complete circuit without
delay regardless of the state of chip enable input (CE).

Clock oscitlator (OSCI, OSCO)

The time base for the PCD4410 for both PD and DTMF modes is a crystal controlled on-chip oscillator
which is completed by connecting a 3,58 MHz crystal between the OSCI and 0SCO pins.

Chip Enable (CE)
The CE input enables the circuit and is used to initialize the IC.

CE = LOW provides the static standby condition. In this state the clock oscillator is disabled, ali
registers and logic are reset with the exception of the Write Address Counter (WAC) which points to
the last entered digit (see Fig. 4). The keyboard input is inhibited, but data previously entered is
saved in the redial register as fong as Vpp is higher than Vppo(min)-

The current drawn is IppQ (standby current) and serves to retain data in the redial register during
hook-on.

CE = HIGH activates the clock oscillator and the circuit changes from static standby condition to the
conversation mode. The current consumption is I[ppg until the first digit is entered from the keyboard.
Then a diailing or redialling operation starts. The operating current is Ippp if in the pulse dialling
mode, or IppF if the DTMF dialling mode is selected.

If the CE input is taken to a LOW level for more than time t,q (see Fig. 8a, Fig. 8b and timing data)
the system changes to the static standby state and the oscillator stops running. Short CE pulses of
< tyq will not affect the operation of the circuit and reset pulses are not produced.

Made selection (PD/DTMF)
PD mode
1f PD/DTMF = Vgg the puise dialling mode is selected.

DTMF mode

If PD/DTMF = Vpp the dual tone multi-frequency dialling mode is selected. Each numeric push-
button activated corresponds to a combination of two tones, each one out of four possible LOW

and HIGH group frequencies. The frequencies are transmitted with a constant amplitude, regardless of
power supply variations, and filtered off harmonic content to fulfil the CEPT CS 203 recommend-
ations.

The transmission time is calibrated for redial. In manual operation the duration of bursts and pauses
is the actual pushbutton depress time, but not less than the minimum transmission time (ty} or
minimum pause time (tp).

870
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Pulse and DTMF dialler with redial PCD4410

DEVELOPMENT DATA

Data transmission mode

Data transmission mode is entered from the dialling mode (PD or DTMF) on first depression of key*.
The "**' tones are not transmitted.

In the data transmission mode no digits are stored for later redial, ’*’* and “‘#'' are purely DTMF keys,
so are no longer special functions. The digits are temporarily stored in a special register, which has a
maximum capacity of eight digits.

There are two ways to leave the data transmission mode:

® Reactivate chip enable (CE); HIGH to LOW then HIGH again
® Pressing the flash {FL) key

Keyboard inputs/outputs

The sense column inputs COL 1 to COL 3 and the scanning row outputs ROW 1 to ROW 5 of the
PCD4410 are directly connected to the keyboard as shown in Fig. 3.

All keyboard entries are debounced on both the leading and trailing edges for approximately time tg
as shown in Fig. 8. Each entry is tested for validity.

When a pushbutton is pressed, keyboard scanning starts and only returns to the sense mode after
release of the pushbutton,

ROWS COLUMNS
s 4 3 2 1 1

2 3
L Pl
1213

415 |6
78|69
*|0|#
FL
7286239 KEY8BQARD

Fig. 3 Keyboard organization.
Row 5 of the keyboard contains the special function key FL — flash or register recall.

Flash

Flash (or register recall) is activated by the FL key and can be used in DTMF, pulse and data trans-
mission modes. Pressing the FL pushbutton will produce a timed line-break of 100 ms at the DP/FLO
output. During the conversation mode this flash pulse entry will act as a chip enable. This flash pulse
duration {tg ) is calibrated at 100 ms.

The flash pulse resets the read address counter (RAC). Later redial is possible {see redial procedure
with the “Flash’’ inserted telephone number).

TONE output (DTMF mode)
The single and dual tones which are provided at the TONE output are filtered by an on-chip switched-
capacitor filter, followed by an on-chip active RC low-pass filter.

Therefore, the total harmonic distortion of the DTMF tones fulfils the CEPT CS 203 recommendations.
An on-chip reference voltage provides output-tone levels independent of the supply voitage. Table 1
shows the frequency tolerance of the output tones for DTMF signalling.
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PCD4410

FUNCTIONAL DESCRIPTION {continued)
Table 1 Frequency tolerance of the output tones for DTMF signalling

row/ standard tone cutput frequency deviation
column frequency frequency
Hz Hz (1) % Hz

row 1 697 697,90 +0,13 +0,90
row 2 770 770,46 +0,06 +0,46
row 3 852 850,45 -0,18 —1,55
row 4 941 943,23 +0,24 +2,23
col 1 1209 1206,45 -0,21 —-2,55
col 2 1336 1341,66 +0,42 + 5,66
col 3 1477 1482,21 +0,36 +5,21

{1) Tone output frequency when using a 3,579 545 MHz crystal.

When the DTMF mode is selected output tones are timed in manual dialling with a minimum duration
of bursts and pauses, and in redial with a calibrated timing. Single tones may be generated for test
purposes (CE = HIGH). Each row and column has one corresponding frequency. High group frequencies
are generated by connecting the column to Vgg. Low group frequencies are generated by forcing the
row to Vpp. The single tone frequency will be transmitted during activation time, but it is neither
calibrated nor stored.

Dial pulse and flash output (DP/FLO)

This is a combined output which provides control signals for proper timing in pulse diatling or for a
calibrated break in both dialling modes (flash or register recall).

Mute output (M1)

During pulse dialling the mute output becomes active HIGH for the period of the inter-digit pause,
break time and make time. It remains at this level until the last digit is pulsed out.

During DTMF dialling the mute output stays LOW. During Flash the mute output is active HIGH and
remains at this level for the period of flash and flash hold-over time.

Mute output (M1)
Inverted output of M1. In the PCD4410 it is only available as a bonding option of M1.

Strobe output {M2)

Active HIGH output during actual dialling; i.e. during break and make time in pulse dialling, or during
tone transmission in DTMF dialling.

Data transmission mode
Timing in the data transmission mode is the same as the manual dialling mode.
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Pulse and DTMF dialler with redial PCD4410

DEVELOPMENT DATA

DIALLING PROCEDURES ({see also Figs 5, 6 and 7)

Dialling

After CE has risen to Vpp the oscillator starts running and the Read Address Counter (RAC) is set to
the first address (see Fig. 4). By entering first a numeric digit, the Write Address Counter (WAC) will be
set to the first address, the decoded digit will be stored in the register and the WAC incremented to the
next address, Any subsequent keyboard entry will be decoded and stored in the redial register after
validation. If more than 23 digits are entered redial will be inhibited. All entries are debounced on both
the leading and trailing edges for at least time t, as shown in Fig. 8. Each entry is tested for validity
before being deposited in the redial register.

In manual dialling mode {pulses and DTMF) only the O to 9 keys result in dialling operations.
“#'"and '™ are special function keys:

# key

e If the first key after CE or Flash means: Redia! {see redial procedure)

® |f not the first key, then # is used to program access pause(s} in the RAM for later redial. If it is the
last key it wili be omitted before going “on-hook”’.

* key

® Used to switch from dialling mode {pulse or DTMF) to data transmission mode. The * tones will
not be transmitted even if the previous mode was DTMF dialling.

In data transmission mode keys 0 to 9, * and # result in associated DTMF tones (see Table 1).

Redialling

After CE has risen to Vpp the oscillator starts running and the Read Address Counter (RAC] is set to
the first address to be sent, The PCD4410 is in conversation mode.

If “#" is the first keyboard entry the circuit starts redialling the contents of the register,

Timing in the DTMF mode is calibrated for both tone bursts and pauses.

Only the first part entered (the pulse or DTMF dialled part of the stored number} can be redialled.
During redial keyboard entries (function or non-function} are not accepted until the circuit returns to
the conversation mode after completion of redailling. The # key is active only during access pauses.

No redial activity takes place if one of the following events occur:

® Power-on reset
® Memory overflow {more than 23 valid data entries)

If an access pause is detected during redial, the circuit is switched back to the conversation mode and
stays there until the # key is depressed. Therefore when the # key is depressed the access pause is ended.
After termination of the access pause the circuit continues dialling the rest of the telephone number.

I after “on-hook '’ or “flash’’ the last stored digit is an access pause then it will be deleted out of the memory.

As soan as the conversation mode is entered depressing the * key will again switch the circuit to the
data transmission mode.

Redial takes place in the main register (max. 23 digits). After redial when a numeric key is pressed (first
digit of an extension number) the redial number will be cleared. Thus the total capacity of the main
register is available for extension number dialling. This extension number is stored in the main register
{max. 23 digits) and is available later after “on-hook’’, “‘off-hook".

The main register will also store digits that have been keyed-in at a rate faster than dialled out.

Access pause

® The number of access pauses is unlimited.
o Consecutive pauses will be stored as a single pause.
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PCD4410

DIALLING PROCEDURES (continued)

23
5 4
addressed through
pointers W ar R 6
5
4 7
addressed through [ | -
3 temporary pointers T =1
2 Wor R 2
1 1
MAIN REGISTER DATA REGISTER

write address counter (WAC) :;Jr:ggra m:tc?) address I J

read address counter (RAC)

7296240.1 ADDRESS COUNTER TEMPORARY ADDRESS COUNTER

Fig. 4 Memory organization.

DIAL REDIAL
OFF - HOOK OFF - HOCK

* ° o

conversation

key - in '
< 23 digits — - key—in # mode
4627530
I a
standby
46217530 - mode

ON-HQOK
>
puise or
tone out

ON ~HOOK

+ 7Z96241

Fig. 5 Pulse/DTMF dialling mode.
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Pulse and DTMF dialler with redial PCD4410

DEVELOPMENT DATA

DIAL

OFF - HOOK

set in dialling

key - in

462 75 30 — dial out

dialling

wait far signal
{or any voice indication)

autematic switch to data

key-in 3 transmission mode

%1234567
089 # H—» TONE-out

¢

ON- HOOK

py

REDIAL

data

OFF - HOOK

¢

dialling key—in #

I

4627530
if total —p dial out
< 23 digits

¢

CON - HOOK

+ 7296242.1

Fig. 6 Pulse/DTMF dialling and data transmission mode.
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PCD4410

FLASH

OFF — HOOK

;

key - in
0

wait for
access tone

key-in #

key-in
external number F—p
46275 30

:

key-in FL

store
access pause

wait for
dial tone

rediat key-in #

1] —

wait for
access tone

key-in #

l

4627530 —>

‘ 7Z296243.2

terminate
access pause

Fig. 7 Flash; independent of dialling mode.
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Pulse and DTMF dialler with redial PCD4410

DEVELOPMENT DATA

TIMING

(no etfect)
Te
—‘»1 e

KEYBOARD I
ENTRY O W -— -—

e

>1g >t

M o o Lo__

M2 L | | ______| |

t
g Bl oy g N
DP/FLO __w o 11 21 3] [&

-t i !“tm
th |- >ty

Py

tiq nxtdp tid nxtdp
]_ | DIALLING MODE -~ > i
CONVERSATION CONVERSATION  STATIC
MODE MGODE STANDBY
{await dialling tone) MODE
e T K

Fig. 8a Timing diagram for dialling mode defined by PD/DTMF selection pin; pulse diatling
(PD/DTMF = Vgg).
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PCD4410 J L

TIMING (continued)
trd

e
ce | <ty L v

(no effect)
<1t>1 >4

KEYBOARD
ENTRY 1 2 3 |

F !

M1 ]—

Yiih |

M2 1 |

p J
DP/FLO |

7296245

Fig. 8b Timing diagram for dialling mode defined by PD/DTMF selection pin; DTMF dialling
(PD/DTMF = Vpp).

KEYBOARD —J__T_I J—"_i—‘!___l Py _—m
ENTRY |
te

t t t
e e eA—‘-— L e—»“

DP/FLO [_1[_1

‘_tid — -

oTHE WWWWW W

M1 [

v I e N

puise dialling -«———¢——» DTMF dialling 7Z296246.1

Fig. 8¢ Timing diagram for dialling mode defined by PD/DTMF selection pin; pulse dialling and data
transmission mode.
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Pulse and DTMF dialler with redial

PCD4410

DEVELOPMENT DATA

CE _]
KEYBOARD
ENTRY F#_I m
t
e ol .
" S
DIAL TONE A
l¢————————— Telephone number - ——-~~
DTMF

AP

TWTTWY T
™

7296244.1

Fig. 9 Timing diagram showing REDIAL where PABX access digits are the first keyboard entries;

DTMF dialling with PD/DTMF = V.

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Suppiy voltage range

Supply current

DC current into any input or output
All input voltages

Total power dissipation

Power dissipation per output

Storage temperature range

Operating ambient temperature range

—08t08 V
max. 50 mA
max. 10 mA
—08VtoVpp +08 V
max. 300 mW
max. 50 mw

—B65 to + 160 °C
~25t0 +70 °C
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PCD4410

CHARACTERISTICS

Vpp = 3 V; Vgg = 0 V; crystal parameters: fogc = 3,579546 MHz; Rg = 100 £ max.;
Tamb = —25 to + 70 9C; unless otherwise specified.

parameter symbol min. typ. max. unit
Supply |
Operating supply voltage VbD 25 - 6,0 Vv
Standby supply voltage Vppo 1,8 — 6,0 Y
Operating supply current
conversation mode (oscillator ON) lppe — — 150 HA
pulse dialling or flash IpDP - — 200 HA
DTMF dialling (tone ON) IDDE - - 0.9 mA
DTMF dialling (tone OFF) IDDF - — 200 LA

Standby supply current
{oscillator OFF; note 1)

atVpp =18V, Tamp =25 °C Ippo - - 5 HA
INPUTS
Input voltage LOW (any pin) ViL 0 - 03vpp | V
Input voltage HIGH {any pin) VIH 0.7Vpp | - VpD \
Input leakage current; CE Myl - - 1 HA

Keyboard inputs

Keyboard ON resistance RkoON - - 2 k&2
Keyboard OF F resistance RKOFE 1 - - M$2
OUTPUTS

QOutput sink current
atVopL=Vgg+05V
M1, M2, DP/FLO loL 0,7 — - mA

Qutput source current
atVoy=Vpp -05V

M1, M2, DP/FLO —-loH 06 - - mA
TIMING AND FREQUENCY
Clock start-up time ton - 4 — ms
Debounce time ta - 12 - ms
Reset delay time tyq 72 80 88 ms
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Pulse and DTMF dialler with redial PCD4410
parameter symbol min. typ. max. unit
TONE output (see Fig. 10)
atVpp=25t06V
DTMF output voltage levels
{r.m.s. value)
HIGH group VHG({rms) 158 192 205 mV
LOW group VLG(rms) 125 150 160 mV
Frequency deviation Af/f -0,6 - + 0,6 %.
DC voltage level vVpe - VDD - Vv
Output impedance 2ol - 0,1 0,5 k2
Load resistance RL 10 - — k2
Pre-emphasis of group AVg 1,85 2.1 2,35 dB
Total harmonic distortion
at Tamb = 25 OC (note 2) THD - -25 - dB
Transmission and pause time
< Manual and data transmission
: dialling mode ty 65 - - ms
[a) tp 135 — - ms
g Redialling t 65 70 75 ms
= th 135 140 145 ms
S Flash pulse duration tFL 95 100 105 ms
E Flash hold-over time tfih 32 34 36 ms
© | Pulse dialling (PD)
Dialling pulse frequency fdp 96 10 10,4 Hz
Inter-digit pause tig 450 500 600 ms
Break time (note 3) tp 64 66 68 ms
Make time (note 3} tm 32 34 36 ms

Notes to the characteristics

1. Crystal connected between OSCI and OSCO; CE at Vgg and all other pins open-circuit.

2. Related to the level of the LOW group frequency component (CEPT CS 203).
3. Mark-to-space ratio 2 : 1.

Voo 1uF
TONE —]
PCD4410
Vss 50pF 10k
i

7296247

Fig. 10 Tone output test circuit.
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