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This thesis presents digital private Automatic branch Exchange (DPABX) by using the

Jazz-31 as DPABX’s main processor. The parts of switching-are digital, convert signal processing is

operated by codec. The basic of DPABX uses the time slot division multiplexed technique.
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PORTC EQU QFCO2H
CONTP EQU QFCG3H
ORG 8000H
MOV DPTR,#CONTP
MOV A, #90H nvnaaautnsalus
MOVX @DPTR.A mF:ﬂuan‘luﬁzjﬂ'au‘imawa{m
CLR SMO Awua IWlEnsdedayauuuiuum 0
CLR SM1
MoV A #04H FVUALTLALAINY T 4
RL A
RL A
ORL A #02H
MOV R4,A
MoV A, #03H AYLALTLLLEBUNT 3
ANL A#1FH
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MOV SBUF.A damsinlust

BESEEESEEEE SRS SRS EREREEES RS RS SRS R R
'

;CREAT CS FOR MT8982

INTIAL. MOV DPTR.#PORTC a¥redtyryans CS 1ianauan MTeoe2
MOV AHOFFH
MOVX @DPTR A
Mov A#00H
MOVX @DPTRA
CLR T
RET
DLAY: MOV A #O0FH Iﬂ?LLﬂ?NM‘Li’NL’Jﬂ’\
DECR: DEC A
INZ DECR
RET
END

RS EEEEESS LRSS SRS R A SR RS R RS RS R LR T
'
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a ed = v I3 . - v
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2.2 dynyuliduasdyuFannausialalaenisTusunsudynyro 400 Hz Tag
¥le 555 Aruamidusomnzllaidle dugud 3.4
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ISO-CMOS ST-BUS™ FAMILY MiT8982
Small Digital Switch (MiniDX)

N

9161-002-128-NA ISSUE S January 1992 |

eSS Ordering Information .

e ST-BUS/GCl compatible switch matrix MT8982AC 16 Pin Ceramic DIP

e 64 channel non-blocking time switch MT8982AE 16 Pin Plastic DIP

e 2x32channelserial inputs and outputs MT8982AS 16 Pin SOIC

e Per-channel tristate control —40to+85°C

e 4-pinserial microprocessor interface

o Patented message mode Description

o Low power consumption (10 mW)

e Single 5voltsupply The MT8982 Small Digital Switch (MiniDX) is a non-

blocking CMOS time switch with a capacity of up to
64 - 8 bit Time Division Multiplexed (TDM) encoded
voice or data channels. Itis a size-optimized version

Applications $ 9 . .
of MITEL's successful MT8380D Digital Switches,

Cost sensitive digitai switching applications
Digital key telephone systems
GCI/ST-BUS conversion

providing switching capability in cost sensitive
applications such as telephone sets and digital key
systems. The TDM interface to the device is via two

pairs of 2048 kbit/s serial streams with 32 64 kbit/s
channels per stream (ST-BUS). A serial microport
provides access to the device for programming the
required connections. The serial microport is
compatible with most common microcontrollers.
The unique message mode capability allows the
MT8982 to act as a controller for other members of
MITEL's ST-BUS family of components.

ST-BUS device control interface
ISDN telephone set support circuit
Interprocessor communication

® ® ¢ © © ©

sTio @ Serial- 64 x8 Parallel- -
to- e »-| Output | 5, | X >0 5700
ST ® el Data Memory Mux to- 58 STo
Paralle =at Serial
Converter * Y Converter
s A
F_o_': Address > Ai;‘tiss
Ei Counters
FOo ~ ‘\
L Data <t
< Mux =€
RxD/CSTiC @ Serial
TxD/NC o€ Mi(ropoyt 3> 64 x 9 3-State
SCLK/CSTil @ Connect Memory Control
TS/CMS o— f
P
MPS > Address
Mux
ODE @

Figure 1- Functional 8lock Diagram
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STi0 d1 f 162 VOD

STi1 42 15 |3 ODE

STo0 O3 140 NC_

STol d4 13[0 MPS
RxD/CSTi0 Cis 122 Ho
TxD/NC s 1B &
SCLK/CSTi1 7 1P &
VsS 8 3 B G

16 PIN CERDIP/PLASTIC/SOIC

Pin Description

Figure 2 - Pin Connections

Pin # Name Description
1-2 STio- Serial TDM Input G and 1 (_lrlputs). 2048 kbit/s input data streams containing 32 8-bit
STi1 channels synchronized to FOi.
3-4 STo0- | Serial TDM Output 0 and 1 (Outputs). 2048 kbit/s output data streams containing 32
STo1 8-bit channels synchronized to FOiI.
5 RxD/ | Received Data/Control Stream Input 0 (input). When MPS is low, this pin receives
CSTi0 | serial microport data clocked in by the rising edge SCLK. When MPS is high, this pin
receives a 2048 kbit/s serial TDM stream containing 32 8-bit channels, which are
written into the Connect Memory locations corresponding to SToO.

6 TxD Transmit Data (Output). When MPS is low, serial microport data is clocked out on this
pin by the falling edge of SCLK. When MPS is high this output is disabled.

7 SCLK/ | Serial Microport Clock/Control Stream input 1 (Input). When MPS is low, this pin

CSTi1 receives a clock which is used to clock data to/from a microcontroller via a serial
microport. When MPS is high, this pin receives a 2048 kbit/s serial TDM stream
containing 32 8-bit channels, which are written into the Connect Memory locations
corresponding to STo1.

Vss Power Input. Negative supply (ground).

cs Chip Select (Input). When MPS is low, a low on this pin enables the serial microport. A
high on this pin disables RxD and tristates TxD. When MPS is high, this pin must be
low.

10 cai Serial TDM Clock (Input). This clock input is used to clock the TDM data into and out of
the device and refreshes the internal dynamic RAM. The clock rate is 4.096 MHz and
data is clocked in on the rising edge of C4i three-quarters of the way through a bit
period.

1 FOi Frame Pulse (Input). This input is the frame synchronization pulse for the 2048 kbit/s
serial TDM streams. It may be either active low stradling the frame boundary (ST-BUS)
or active high at the beginning of timeslot 5 (GCI).

12 F0o | Frame Pulse (Output). This pin outputsa frame pulse in the opposite format to FO|
(GCl or ST-BUS) delayed or advanced bty five channels.

13 MPS Microport Select (Input). When this pinis held low, the serial microportisin normal
mode. When this pin is high, the micropert is in serial bus mode.

14 I1C Internal Connection . Tie to Vss for normal operation.

15 ODE Output Drive Enable (Input). When this pin is held high, the STo0 and STo'1 output
drivers function normally. When this pinis low, SToO and STo1 are tristated.

NB: When ODE is high, individual channels on STo0 and STo1 can be tristated under
software control.

16 Voo Power Input. Positive supply.
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Functional Description

The MT8982 (MiniDX) provides cost effective time
switching capability for small size applications
utilizing up to two serial Time Division Multiplexed
(TDM) streams. Each TDM stream consists of 32 64
kb/s channels, giving the MiniDX a maximum
capacity of 64 channels. The input framing signal
may be either a ST-BUS or a GCl frame pulse. The
MT8982 will output a delayed or advanced frame
pulse in the opposite format to permit conversion
between the two formats.

The MiniDX can switch data from any channel in
one of the two serial input TDM streams to any
channel in either of the two serial output TDM
streams. The microcontroller controlling the
MiniDX writes to the MT8982 Connect Memory to
establish the connection between the required
input TDM channel and the selected output TDM
channel(s). By reading the Connect Memory the
microcontroller can check switched connections
which have already been established.

The MiniDX can also operate in message mode
where the microcontroller transmits the data on
the TDM serial stream. The microcontroller writes
to the MT8982 Connect Memory to transmit data on
the required output TDM channels. Reading the
Data Memory of the MT8982 allows the
microcontroller to receive messages from TDM
input channels. These operations are useful for
control of other ST-BUS components or for
interprocessor communication.

Hardware Description
TDM Interface

The MT8982 continuously receives TDM serial data
at 2048 kbit/s through two serial inputs. These
serial streams are then converted into a parallel
format and stored sequentially in a 64x8 bit Data
Memory. The sequential addressing is generated by
an internal counter that is reset by the input 8 kHz
frame pulse (FO1) which marks the frame boundaries
of the incoming serial data stream. This counter
increments with each timeslot so that it matches the
binary count of the timeslot of the incoming data.
The TDM timeslot count always corresponds to the
ST-BUS channel positions. An extra address bit is
used to differentiate between the two input data
streams.

The input 8 kHz frame pulse may be either ST-BUS
or GCl formatted. A ST-BUS formatted frame pulse
is an active low signal which straddles the frame
boundary. It idles high the rest of the time. A GCI
formatted frame pulse is active high at the

beginning of timeslot 5 (relative to the MT8982)
and idles low. The MT8982 automatically
determines the type of frame pulse from the level
of the idle over five clock periods. A ST-BUS
formatted frame pulse resets the internal address
counters to zero. A GCi formatted frame pulse
resets the counters to five.

FOo outputs a frame pulse in the opposite format. If
FOi is a ST-BUS formatted frame pulse, FOo will be a
GCi formatted frame pulse delayed by five channels
after FOi. 1f FOI is a GCl formatted frame pulse, FOo
will be a ST-BUS formatted frame pulse delayed by
27 channels (32-5).

During normal operation every second falling edge
of the clock marks a timeslot boundary and the
input data is clocked in by the rising edge, three-
quarters of the way into the bit cell.  The master
clock must be 4.096 MHz for the FOo signal to be
valid and to receive a GCI formatted FOI.

Data which is output onto a TDM serial output
channel may come from two sources; the Data
Memory or the Connect Memory. If a channel is
configured in connection mode, the source of
output data is the Data Memory. If a channel is
configured in message mode, the source of the
output data is the Connect Memory. Data destined
for a particular channel on the serial output links is
read from the data or connect memory in the
previous channel timeslot. This allows for delay in
RAM access and parallel-to-serial conversion. Each
output data channel can also be placed in tristate
mode.

When an output channel is in connection mode, the
TDM output data is read from a Data Memory
location pointed to by an address stored in the 64x8
bit Connect Memory. The Connect Memory
locations are addressed sequentially, with each
location corresponding to an output TOM
link/channel. In the channel time before the data is
to be output, the contents of each Connect Memory
location are output to the address bus of the Data
Memory. The contents of the Data Memory at the
selected address are then transferred to the
parallel-to-serial converter. The parallel-to-serial
converter outputs onto the TDM serial stream
during the correct channel time. By having the
output channel specify the input channel, the user
can route the same input channel to several output
channels. This function is useful for broadcastingor
resource channel uses.
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When an output channel is in message mode, the
data for the output channel originates from the
microcontroller. The microcontroller writes data to
the Connect Memory location which corresponds to
the output link and channel number. The contents
of the Connect Memory are transferred directly to
the serial-to-parallel converter one channel time
beforeitis to be output. The Connect Memory data
is output MSB first, repetitively once per frame,
until itis changed by the microcontroller.

If the output channel is configured in tristate mode,
the TDM serial stream output will be placed in high
impedance during that channel time. This moce is
entered by configuring the channel into connection
mode and then setting the tristate contral bit. All
channels on both output TDM streams can be
tristated by pulling pin 16 (ODE) low. This overrides
the individual channel programming.

The Data and Connect Memories are dynamic
memories. They are refreshed by the sequential
addressing generated by C4i.

Microcontroller Interface

The MT8982 is controlled via a synchronous, serial
microport. The microportis compatible with Intel’s
MCS-51 serial port Mode 0 specifications,
Motorola‘’s Serial Peripheral Interface (SPI)
specifications, and National’s MicroWire
specifications. The port consists of a transmit data
line (TxD), a receive data line (RxD), a chip select line
(CS), and a synchronous clock input (SCLK). All
memory locations and control functions on the
MiniDX are accessed through this port. The
microport may also be configured in serial bus
mode where data is clocked into the Connect
Memory in the same way as STi0 and STi1 are
clocked into Data Memory.

In serial microport mode, CS must be low to enable
a microport access. SCLK clocks the serial microport
data in or out through RxD and TxD, LSB first. The
TxD output driver is tristated when it is inactive.
This allows RxD and TxD to be connected together
for a single TxD/RxD line as used in the INTEL MCS-
51 microcontrollers. Figure 3 shows a serial
microport access cycle.

A microport access cycle (microcycle) begins with a
falling edge on C5. Eight bits of data are clocked
into RxD by the rising edge of SCLK. Two of these
eight bits indicate whether the microcycle
operation isa read or a write, the rest of the bits are
used for addressing. These eight bits are defined as
the command/ address byte (Table 1). If the
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The Mini DX:  -latches received datair on the rising edge of SCLK

-outputs transmit data on the falling edge of SCLK

The falling edge of CSindicates that a COMMAND ADDRESS byte will be transmitted. Subsequent byte is always data.

Subsequent write microcycles may flow without raising CS TS must go high after a read microcycle.

Figure 3 - Serial Microport Timing




microcyle operation is a write, another eight bits Device Timing

are clocked into RxD by the rising edges of the next

eight SCLK cycles. If the operation is a read, eight During each TDM timeslot, eight read or write
data bits are clocked from TxD by the falling edges operations occur internally in the MT8982. These
of the next eight SCLK cycles. The rising edge of CS are shown in Figure 4. During the first two bit

tristates TxD after the last transmitted bit. periods, data received inthe previous timeslot on

the two input TDM streams is loaded into the Data
Successive write microcycles can take place while CS Memory. Bit periods 2 and 6 are serial microport
remains low, with each microcycle following the access windows; data may be read from, or written
sequence of a command/address byte followed by a to any accessible memory location. During bit
data byte. CS must go high after a read microcycle. periods 3 and 5, data is read from the connect
Note that a command/address byte must always memory for the next timeslot on links 0 and 1
follow the high to low transition on Cs. respectively. The Data Memory locations which are

addressed by the previous reads of the connect
When the MPS input is pulled high and the CSinput memory are accessed during bit periods 4 and 7.
is pulled low, the microport is put into serial bus

mode. Pins RxD and SCLK become CSTi0 and CSTit, When the microport is in serial bus mode, bit
respectively, and are configured as 2048 kbit:s serial periods 2 and 6 have a slightly different function.
streams with 32 channels each. The frame and Data from the previcus timeslot of CSTi0 and CSTi1
timeslot boundaries are determined by FOi and Ca. respectively is written to the corresponding connect
Each channel on CSTi0 and CSTit is stored in the memory locations.

connect memory address corresponding to the link

and channel number. The Data Memory and the The transfer of information from the input TDM
Connect Memory cannot be read when the streams to the output TDM streams results in a
microport is in serial bus mode. delay through the MT8982. This delay is dependent

only on the combination of source and destination

Bit Name Description

7 Stream Stream. This is the most significant bit of the address for the memory location
thatis to be accessed. It correspondsto one of the TDM serial streams (0-1).

2-6 £ho-Ch4 Channel 0-4. These bits are the five least significant bits of the address for the
memory location that is to be accessed. The binary value of these bits
correspond to a TDM channel (0-31).

0-1 Cmd0-Cmd1 | Command Select 0-1. These two bits define the four command operations for
the MT8982. The destination addressed by the command is defined in bits 2-7 of
the Command/Address byte.

Cmdo-Cmd1
0-0 Read from Connect Memory.
0-1 Write to Connect Memory and set connection mode.
1-0 Read Data Memory.
1-1 Write to Connect Memory and set message mode.

Table 1-Command/Address Byte

Bit Name Description
7 NA Unused.
6 ODE Output Drive Enable. When this bit is set, the addressed TDM channel is placed

intristate. When low, the output is enabled.

5 STi Input Stream. This bit defines the input TDM stream from which the output
dataissourced (0-1).

0-4 SCO0-SC4 Source Channel0-4. The binary value of these bits defines the input channel
from which the output data is sourced (0-31).

Table 2- Connect Memory Connection Mode Data Byte
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Figure 4 - Internal Memory Access Windows

channels and is not dependent on the input and
output streams. The delays are given in Table 3.
The maximum delay is one frame plus one channel;
the minimum delay is two channels.

Input Output
Channel Channel Dieloy
n m=n,n+1 m-—n + 32 channels
n m>n+1 m- n channels
n m<n 32— (n-m) channels
Table 3 - Input Channel to Output Channel Delay
Times

The following delays apply to writing data to the
Connect Memory in message mode. For stream 0,
data must be written to a Connect Memory location
at least one timeslot before the corresponding
output channel or the output data will be delayed
by one frame. Forstream 1, data must be written at
least two timeslots before the output channel or
the output data will be delayed by one frame.

Device Programming
Microport Mode

In serial microport mode, the MT8982 is
programmed and read using microcycles which
consist of a command/address byte followed by a
data byte.

The Command/Address Byte is shown in Table 1.
Bits 0 and 1 are the command bits (Cmd0-1), and are
used to indicate the type of microcycle access. The
microcontroller can read the Data Memory, read or
write the Connect Memory, and set per-channel
message or connection mode. Bits 2 to 6 of the
command/address byte (Ch0-Ch4) correlate to a
channel on a TDM stream (0-31). Bit 7 (STREAM)
correlates to stream O or stream 1. These bits
address the corresponding Data Memory or
Connect Memory location.

The microcycle operations selected by the
command/address byte are as follows:

Read Connect Memory (Cmd0-1: 0,0)

Bits 0 to 7 of the addressed Connect Memory
location will be transmitted to the
microcontroller in the following data byte.
Depending on what the last Connect Memory
write mode was, the data transmitted could be
a message byte or a Connection Mode data

byte.



Write Connect Memory - Set Connection Mode

(Cmd0-1:0,1)

The corresponding output channel to the
addressed Connect Memory location is
configured in connection mode. The
Connection Mode Data Byte (Table 2) will be
received by the MT8982 in the following data
byte. Bits 0 to 4 (SC0-SC4) select the source
input channel for switching to this output
channel. Bit 5 (STi) selects the input stream.
Bit 6 (ODE) enables/disables tristate for this
channel. Bit 7 is unused in connection mode.

Read Data Memory (Cmd0-1: 1,0)

The contents of the addressed Data Memory
location are transmitted to the microcontroller
in the following data byte.

Write Connect Memory - Set Message Mode

(Cmdo-1: 1,1)

The corresponding output channel to the
addressed Connect Memory location is
configured in message mode. The following
data byte will be received by the MT8982 and
written to the address Connect Memory
location. The data byte will be output directly
to the corresponding output channel.

The following example shows a typical
programming sequence for the MT8982. A
connection is to be made from stream 1 channel 6
tostream 0 channel 15:

The microcontroller pulls CS low.

The microcontroller transmits eight clock
pulses to SCLK and a Command/Address byte,
HEX 3E, to RxD. The Command/Address byte
addresses output channel 15, stream O,
configures that channel as connection mode
and identifies the microcycle as a write to the
Connect Memory.

The microcontroller transmits another eight
clock pulses to SCLK and sends the Connection
Mode Data Byte, HEX 26, to RxD. The
Connection Mode Data Byte addresses input
channel 6, stream 1 in the Data Memory. Note
that at least two microseconds must occur
between the two accesses.

The connection is now complete. The
microcontroller may now check that the connection
is correct:

e The microcontroller transmits eight clock
pulses to SCLK and a Command/Address byte,
HEX 3C, to RxD. The Command/Address tyze
addresses output channel 15, stream 0 and
identifies the microcycle as a read from the
Connect Memory.

e The microcontroller transmits another eight
clock pulses to SCLK. The MT8982 outputs the
Connect Memory data, HEX 26, on TxD. At
least two microseconds must occur between
the two accesses to ensure that the MiniDX
can clock out the data.

e CSgoeshigh to terminate the session.

This connection is only in one direction. To make a
bidirectional connection the MT8982 must alsc be
programmed to connect stream 0 channel 15 to
stream 1 channel 6.

Serial Bus Mode

When the microport is in serial bus mode the
MT8982 is programmed via the two ST-BUS serial
streams CSTi0 and CSTi1. Each channel in these two
streams is written directly into the corresponding
address in the Connect Memory. The data written
to the Connect Memory is always the Connection
Mode Data Byte as described in Table 2. Tosetup a
connection, the Connection Mode Data Byte is
transmitted to the MT83982 on the CSTi stream and
channel number which is the same as the desired
STo stream and channel number. As long as the
device remains in serial bus mode, the Connection
Mode Data byte must be transmitted continuously,
every frame, to maintain the connection.

Message mode is not available when the device isin
serial bus mode. Also, neither the Connect Memory
nor the Data Memory can be read while the cevice
isin serial bus mode. MITEL's MT8980, MT9080 and
MT8920 devices can all be used as programmable
parallel-to-ST-BUS serial interfaces for CSTiO and
CSTit.

Initialization

On power up the contents of the Connect Me—ory
can be in any state. In order to prevent false
programming of peripheral ST-BUS devices or “alse
data transmission, ODE should be kept low curing
power up. This will keep the two TDM outpits in
high impedance until the MT8982 Connect Mzmory
is programmed.
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Applications
Digital Key Telephone System

Figure 5 shows a block diagram of a Digital Key

Telephone System (DKTS) implemented with the -

MT83982. This DKTS can support up to 64
connections organized in any combination of
subscriber lines or trunks. A very smail system
consisting of six lines and one trunk can very easily
and economically be designed on one board. The
MT8982 significantly reduces the tracking and
board space required for competitive switch
matrices.

Distributed Switching System

The MT8982 can be used to distribute switching
capability in a very large system. In Figure 6 the
MT8982 is shown with the microport in serial bus
mode. This allows the central microprocessor to set
up and tear down connections at the remote
locations by programming the remote MT8982's
through their CSTi pins. A microcontroller in each
remote switch would not be required.

Primary Rate Serial Controller

Figure 7 shows the MT8982 used in a primary rate
serial control application. The MT8982 is used as
the control interface from a microcontroller to
MITEL's MH89760/790 T1 Primary Rate Interfaces
using the microcontroller’s serial microport. The
MT8982 offloads signalling and trunk control
functions from the central switch matrix leaving
more capacity for switching.

ST-BUS to GCI Conversion

The MT8982 MiniDX may be used to provide a
gateway between MITEL's ST-8US family of
components and an architecture which utilizes the
General Circuit Interface (GCl) operating at 2048
kbit/s (Figure 8). The MT8382 performs automatic
adaptation of the different frame pulse signals.
The master frame pulse to the MT8982 can be
supplied either by the ST-BUS or the GClI
components. The MT8982 will then provide eithera
delayed or advanced frame pulse to the other
components as shown in Figures 9 and 10.

When an ST-BUS component is supplying the master
frame pulse (FOi), the MiniDX will supply the output
frame pulse (FOo) delayed by five channels. This
ensures that frame integrity is maintained between
the ST-BUS and GCl components. When a GCl
component supplies the master frame pulse (FOI),
FOo is advanced by five channels.

Figure 8 shows a block diagram of a GCl to ST-BUS
conversion circuit. External inversion of the clock
signal is required between the ST-BUS and GCl
components because the ST- BUS and GCl master C4
clocks use different edges to mark bit boundaries.

To program a connection between a ST-BUS
channel and a GCl channel, some channel
conversion is necessary. Figure 11 shows the
relationship between the ST-BUS basic access frame
and the GCl basic access frame. Because the
MT8982 shifts the GCl frame pulse (input or output)
by five channels, all of the GCI channels must be
incremented by five to be correctly addressed by

CENTRAL DKTS CONTROLLER

MT8972
DNIC

~———

MT8982 | 3 MHB88630/1 |« 3| Central
MiniDx

To

C.0. Trunk Office

MT8972
DNIC

MT8972
DNIC

ticrocontroller

Figure 5- Digital Key Telephone System (DKTS)
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Figure 8 - GCI/ST-BUS Interface

the MT8982. Therefore, to connect GCI channel B1
to ST-BUS channel B1, the MT8982 must be
programmed to connect channel 5 to channel 2.
The five channe! offset ensures that all four basic
rate channels will be switched together within one
frame period, regardless which direction the data is
being switched.

The five channel offset for GCI channels is required
even in GCI to GCI switching systems. For example,
to switch GCl channel B1 to GCl channel B2, the
MT83982 must be programmed to connect channel 5
tochannel 6.
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Figure 9 - ST-BUS/GCl Timing with ST-BUS as Master
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Figure 10 - ST-8BUS/GCI Timing with GClas Master
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Figure 11 - Switching GCl and ST-BUS Basic Rate Access Channels
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Absolute Maximum Ratings*

Parameter Symbol Min Max Units
1| Powersupply voltage Vpp-Vss Vpp-Vss 6 Vv
2| Voltage onany pin V) Vgs—0.3 Vpp+0.3 Vv
3| Current atany pin (other than supply) o 100 mA
4| Storage temperature Ts -65 +150 °C
5| Package powerdissipation Pp 1000 mwW

*Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.

Recommended Operating Conditions - voltages are with respect to ground (V) unless otherwise stated.

Characteristics Sym | Min | Typ: | Max | Units Test Conditions
1 Operating temperature Top -40 +85 oC
2 Power supply Vob 45 5.5 Vv
—— |
3 Input voltage V| Vss Voo \

: Typical figures are at 25°C and are for design aid only: notguaranteed and not subject to production testing.

DC Electrical Characteristics - voltages are with respect to ground (Ves) unless ctherwise stated.

Characteristics Sym | Min | Typ: | Max | Units Test Conditions
1 Operating supply voltage Vpo 4.5 5.0 5.5 Y
2 Operating supply current oo 2.0 mA | Outputs unloaded
’_3~ Static supply current Ibps 100 pA [ Allinputs =Vpp
4 High level input Viy 2.0 vV
5| Low levelinput voltage Vi 0.8 Y
6] Input leakage current hn/hy 10.0 | pA |Vin=VssorVpp
7 Low level output voltage Vou 0.4 V  |lopr =4.0mA
8 High level output voltage Vou 2.4 V. llog=2.0mA
T Output low (sink) current loL 4.0 mA ! Voyur=04V
1—0 Output high (source) current loH 2.0 mA {Vout=2.4V,Vpp=4.5V

t Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production tasting.

AC Electrical Characteristics’ - Serial Microport (see Figure 12)-voltages are with respect to ground (Vsg)

unless otherwise stated.

Time

Characteristics Sym | Min | Typ: | Max | Units Test Conditions
1 Chip Select Setup Time ) B 5 ns
T RxD Input Setup Time trs 40 ns
_; RxD Input Hold Time th 0 ns
T TxD Output Delay ted 80 ns | C =50pF, Ry=1kQ
5| [TxD Output Tristate Delay t4az 140 | ns |CL=50pF, R =1kQ*
6|  [SCLKPulse Width High topwh | 190 ns
| 7| [ScLKPulse Width Low topwl | 190 ns
T Command/Data Byte Delay tedbd 2 Y

* Timing is over recommended temperature & power supply voltages.
! Typical figures are at 25°C and are for design aid only: notguaranteed and not subject to production testing.
*High impedance is measured by pulling to the appropriate rail with R, with timing corrected to cancel time taken to discharge C,.
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AC Electrical Characteristics'- TDM Bus (See Figures 13 and 14a, 14b). voltages are with respect tc

ground (Vgs) unless otherwise stated.

Characteristics Sym | Min | Typ: | Max | Units Test Conditions
1 Frame Pulse Input Setup Time tfs 10 ns |4 meg mode
—2- Frame Pulse Input Hold Time tih 5 ns
5 cycles

_3_ Serial Output Delay; tdaa 100 ns |C_ =50pF

Active to Active
N Serial Output Delay; Ldaz 200 ns | C.=50pF

Active to High Z Ry =1kQ*
_S— Serial Output Delay; tidza 150 ns | C =150pF

High Z to Active
6| Serial Input Setup Time Teg 20 ns
7] Serial Input Hold Time th 10 ns
B Frame Pulse Output Delay tid 70 ns
9| [ODELowtoSerialOutHighZ | tay 125 | ns | C,=50pF, R =1kQ*
[ 10| ODE High to Serial Out Active £ 50 ns | C =50pF, R =1kQ
[11] [ 4 Clock Pulse Width Low tar | 25 | 100 | 209 | ns |ts= 244ns
12 C4 Clock Pulse Width High tean 35 100 219 ns | teg =244ns
[13]  [CaClock Period ta | 150 | 244 ns

* Timing is over recommended temperature & power supply voltages
! Typicai figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
* High impedance is measured by pulling to the appropriate rail with R(, with timing corrected to cancel time taken to discharge C,.

tfd tfd tc
! 4
4-)1 e e

FOo (ST-BUS) teal || tan
TNy N\ I\
a \\ A0 NG AL GBS &
!
FOo (GC1) .____:/;l ;L_

ttd tg’

P

Figure 14a - TDM Bus Timing - FOo/Clock Timing

ODE —\L ﬂc——
l

ST00-1 :} C

-

tsaz tSZa

Figure 14b - ODE Timing
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Is0%-cMos MT8870D/MT8870D-1
Integrated DTMF Receiver

9161-002-162-NA ISSUE 2 July 1993
Features : .
Ordering Information
e Complete DTMF Receiver 9 ‘ © _
e Low power consumption MT8870DE/DE-1 18 Pin Plastic DIP
; ; g ) MT8870DC/DC-1 18 Pin Ceramic DIP
e Internal gain settm‘g amplifier MT8870D5/DS-1 18 Pin SOIC
e Adjustable guard time —40°Cto +85°C
e Central office quality .
e Power-down mode
e Inhibit mode
e Backward compatible with Description
MT8870C/MT8870C-1
The MT8870D/MT8870D-1 is a complete DTMF
Applications receiver integrating both the bandsplit filter and
e Receiver system for British Telecom (BT) or digital decoder functions. The filter section uses
CEPT Spec (MT8870D-1) switched capacitor techniques for high and low
X REE group filters; the decoder uses digital counting
® Paging systems . _ techniques to detect and decode all 16 DTMF tone.
@ Repeater systems/mobile radio pairs into a 4-bit code. External component count is
e Credit card systems minimized by on chip provision of a differential
e Remote control input amplifier, clock oscillator and latched three-
e Personal computers state bus interface.
o Telephone answering machine
VDD  VsS VRef INH
I J
pwON B—>  BIAS
CIRCUIT VRef
T BUFFER
cre’ Yeur | HIGH GROUP
POWER  BIAS FILTER ol DCIat CODE | |
DETECTION CONVERTER
Lok DIAL ZERO CROSSING ALGORITHM | | AND LATCH
IN— TONE DETECTORS
" FILTER
GS LOW GROUP =
FILTER -D—
-—{ >0———— TOALL St STEERING
s ~—{ GT LOGIC
"\ A— :
R | L. B ‘L
osci 0sc2 StUGT €St STD

Figure 1- Functional Block Diagram



MT8870D/MT8870D-1 150%-CMOS

\
n+ o 1 Uis | ovoo
N- 3§ 2 17 £ SUGT
Gs O 3 16 P ESt
VRef O 4 15 P std
INH O 5 14 0 Q4
PWDN O € 13 P Q3
osct 4 7 12 P Q2
0s2 4 8 1B Q1
Vss 9 10 B TOE
18 PIN CERDIP/PLASTIC DIP/SOIC
Figure 2 - Pin Connections —
Pin Description
Pin # Name Description
1 IN+ | Non-Inverting Op-Amp (Input).
2 IN-  |inverting Op-Amp (Input). L
3 GS Gain Select. Gives access to output of front end differential amplifier for connection
of feedback resistor.
4 VRef Reference Voltage (Output), Nominaily Vpp/2 is used to bias inputs at mid-rail (see~
Fig.6 and Fig. 10).
5 INH Inhibit (Input). Logichigh inhibits the detection of tones representing characters A, B,
Cand D. This pin input is internally pulled down.
6 PWDN | Power Down (Input). Active high. Powers down the device and inhibits the oscillator. |
This pininput is internally pulled down.
0SC1 [ Clock (Input).
0SC2 | Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.
9 Vss Ground (Input). 0V typical.

10 TOE Three State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pin is
pulled up internally.

11-14 Q1-Q4 | Three State Data (Output). When enabled by TOE, provide the code corresponding to
the last valid tone-pair received (see Table 1). When TOE is logiclow, the data outputs
are high impedance.

15 StD Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns to logiclow when the voltage on
St/GT falls below Vrst.

16 ESt Early Steering (Output). Presents a logic high once the digital algorithm has detected
a valid tone pair (signal condition). Any momentary loss of signal condition will cause
ESt to return to a logic low.

17 St/GT | Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vs,
detected at St causes the device to register the detected tone pair and update the
outputlatch. A voltage less than Vrs, frees the device to accept a new tone pair. The
GT output acts to reset the external steering time-constant; its state is a function of
ESt and the voltage on St.

18 Voo Positive power supply (Input). +5V typical.
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Functional Description

The MT8870D/MT8870D-1 monolithic DTMF
receiver offers small size, low power consumption
and high performance. Its architecture consists of a
bandsplit filter section, which separates 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

Separation of the low-group and high group tones
is achieved by applying the DTMF signal to the
inputs of two sixth-order switched capacitor
bandpass filters, the bandwidths of which
correspond to the low and high group frequencies.
The filter section also incorporates notches at 350
and 440 Hz for exceptional dial tone rejection (see
Figure 3). Each filter output is followed by a single
order switched capacitor filter section which
smooths the signals prior to limiting. 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

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while
providing tolerance to small frequency deviations

Voo
- C
Voo
St/'GT Ve
—— A An—
ESt
R
StO
MT8870D/
MT8870D-1 tera=(RC) In (Vop / Visy)
terp=(RC)In [Vp/ Vop-Viss]

Figure 4 - Basic Steering Circuit

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. Alogic high on ESt causes v (see Figure 4) to
rise as the capacitor discharges. Provided signal

O TR
/ ¥ ~ ET;E\EI?OENES
10 \ I} N A X =350 Hz
} Y Y =440 Hz
I ]\ DTMF TONES
20 _
I I8 \ A=697 Hz
ATTENUATION B=770 Hz
o / | S
0 I 4 ‘ E=1209 Hz
F=1336 Hz
, ¥ G=1477 Hz
a0 S ~ H=1633 Hz
I NI VN
50 \./i V4 | A { \
i HERL i}
X Y A B CD E F G H
FREQUENCY (Hz)
Figure 3 - Filter Response
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condition is maintained (ESt remains high) for the
validation period (tgrp), V¢ reaches the threshold
(V750 of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1)
into the output latch. At this point the GT output s
activated and drives v to Vpp. 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,
signalling 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 validate
the interdigit pause between signals. Thus, as well
as rejecting signals too short to be considered valid,
the receiver will tolerate signal interruptions
(dropout) too short to be considered a valid pause.
This facility, together with the capability of
selecting the steering time constants externally,
allows the designer to tailor performance to meet a
wide variety of system requirements.

Guard Time Adjustment

In many situations not requiring selection of tone
duration and interdigital pause, the simple steering
circuit shown in Figure 4 is applicable. Component
values are chosen according to the formula:

tREC=tpp+iGTP
Up= DA IGTA
The value of tpp is a device parameter (see Figure

11) and tgec is the minimum signal duration to be
recognized by the receiver. Avalue for Cof 0.1 uF is

tarp=(RpCy) In (Voo / (Vpp-Virs)]

V,
w O 1 tea=mcuim (Voo/ Vrsd)
<
SUGT Rp=(R1R2)/ (R +R,)
R4 Ry
ESt

a) decreasing trp: (tarp <tgra)

top=(R,Cy)In (Voo / (Voo- Vsl

tera=(RzC\) In (Vap/ Vg

<
%)
o

<

Ro=(RiR3)/(Ry+R,)
SUGT

ESt

b) decreasing tgra: (tarp > tara)
Figure 5- Guard Time Adjustment

8-14

Digit | TOE | INH | Est | Q, | q, Q, | q

ANY | L X H Z 4 z z
1 H X H 0 0 Q 1
2 H X H 0 0 1 0
3 H X H 0 0 1 1
4 H X H 0 1 0 0
5 H X H 0 1 0 1
6 H X H 0 1 1 0
7 H X H 0 1 1 1
8 H X H 1 0 0 0
9 H X H 1 0 0 1
0 H X H 1 0 1 0
> H X H 1 0 1 1
# H X H 1 1 0 0
A H = H 1 1 0 1
B H L H 1 1 1 0
C H 3 H 1 1 1 1
D H L H 0 0 0 0
A H H L undetected, the output
B H H L | code will remain the same
C H H L as the previous detected
D H H L code

Table 1- Functional Decode Table
L=LOGICLOW, H=LOGIC HIGH, Z=HIGH IMPEDANCE
X = DON'T CARE

recommended for most applications, leaving R to
be selected by the designer.

Different steering arrangements may be used to
select independently 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 tgrec
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 tggc with
a long tpg would be appropriate for extremely
noisy environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.
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Power-down and Inhibit Mode

A logic high applied to pin 6 (PWDN) will power
down the device to minimize the power
consumption in a standby mode. It stops the
oscillator and the functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin 5 (INH). It inhibits the detection of tones
representing characters A, B, C, and D. The output
code will remain the same as the previous detected
code (see Table 1).

Differential Input Configur‘ation

The input arrangement of the MT88700/MT8870D-
1 provides a differential-input operational amplifier
as well as a bias source(Vges) 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 Figure 10 with the op-amp connected
for unity gain and Vges biasing the input at +Voo-
Figure 6 shows the differential configuration, which
permits the adjustment of gain with the feedback
resistor Rs.

Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.579545 MHz crystal andis
normally connected as shown in Figure 10 (Single-
Ended Input Configuration). However, it is possible
to configure several MT8870D/MT8870D-1 devices
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSC1) of the next device. Subsequent
devices are connected in a similar fashion. Refer to
Figure 7 for details. The problems associated with
unbalanced loading are not a concern with the
arrangement shown, i.e., precision balancing
capacitors are not required.

O_‘Q Ry

MT8870D/
MT8870D-1

+

i U b
R2+Rs

INPUT IMPEDANCE

DIFFERENTIAL INPUT AMPLIFIER
C;=C;=10nF

Ry=R,=R5=100kQ
R,=60kQ, R3=37.5kQ

All resistors are £ 1 % toierance.
All capacitorsare £5 % tolerance.

VOLTAGE GAIN (A, diffi=  Rs

R,

—_——

(ZinpiFr) =2 / R,%(ﬁ)z

|

Figure 6 - Differential Input Configuration

To OSC1 of next
MT88700/MT8870D-1

pv s X-tal -~
051 1] v A
El
05C2 _T_.”___ osC1
C=30pF

X-tal=3.579545 MH:

Figure 7 - Oscillator Connection

Parameter Unit Resonator
R1 Ohms 10.752
L1 mH .432
al pF 4.984
o pF 37.915
Qm N 896.37
Af % +0.2%

Table 2 - Recommended Resonator Specificatio
Note: Qm =quality factor of RLC model, i.e., 1/2nfR1CL
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM SPECPOR
1951

The circuit shown in Fig. 9 illustrates the use of
MT8870D-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be
attained by choosing a suitable values of Ry and R;
to provide 3 dB attenuation, such that -34 dBm
input signal will correspond to -37 dBm at the gain
setting pin GS of MT8870D-1. As shown in the
diagram, the component values of R3 and C; are the
guard time requirements when the total
component tolerance is 6%. For better
performance, it is recommended to use the non-
symmetric guard time circuitin Fig. 8.

tare=(ReC1)In Vo / (Vp-Vis )]

tsra=(R1Cy)In (Vpp/ Vig,)

Re=(RyR,)/ (Ry+Ry)
Voo O

Notes:

Ry=368KQ £ 1%
R;=2.2MQ 1%
Cy=100nF £5%

ESt

Figure 8 - Non-Symmetric Guard Time Circuit

Voo L
/ |
E;’:f: R, MT8870D-1 ﬁCz
EE IN+ u Voo (1—
IN- st/GT [P—
—{]'Gs Est I Rs
B2 M Vit sto J———O
O {] INH Q4 :]_—O
O ] PWDN Q3 f——O
L;—C 0sc1 0] |65 pa e ®) NOTES:
X i osc2 Qi ——O Ry=102KQ +1%
] ves ToE | — R,;=71.5KQ £1%
R3=390KQ +1%
€y, C,=100nF £5%
Xy=3.579545 MHz £01%
Vpp = 5.0V £5%

Figure 9- Single-Ended Input Configuration for BT or CEPT Spec
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Absolute Maximum Ratings’

Parameter Symbol Min Max Units
1| DCPower Supply Voltage Voo 7
2| Voltage on any pin " Vss-0.3 Vpp+0.3
3| Current at any pin (other thansupply) Iy 10 mA
4| Storage temperature Tstg -65 +150 G
5| Package power dissipation Po 500 mwW

'Exceeding these values may cause permanentdamage. Functional operation under these conditions is not implied.
Derate above 75 °Cat 16 mW / °C. All leads soidered to board.

Recommended Operating Conditions - Voltages are with respect to ground (V) unless otherwise stated.

Parameter Sym | Min | Typ* | Max | Units Test Conditions
1 DC Power Supply Voltage Vop | 4.75 5.0 5%5 Vv
-7 Operating Temperature To -40 +85 @
3] Crystal/Clock Frequency fc 3.579545 MHz
| 4] Crystal/Clock Freq.Tolerance Afc +0.1 %

* Typical figures are at 25°C and are for design aid only: notguaranteed and not subject to production testing.

DC Electrical Characteristics - vop=5.0V+ 5%, Veg=0V, -40°C < To < +85°C, unless othe rwise stated.

Characteristics Sym Min Typ: | -Max |Units Test Conditions
1| S {Standbysupply current Iobq 10 25 HA | PWDN=Vpp
2 ‘: Operating supply current oo 3.0 9.0 mA
-—3 'E Power consumption Po 15 mW | fc=3.579545 MHz
Y
4 High level input Viy 345 V | Vpp=5.0V
5 Low level input voltage Vi s V. {Vpp=5.0v
6 ,: Input leakage current hi/ e 0.1 EA [ ViN=Vssor Vpp
7 ; Pull up (source) current Iso 7.5 20 uA TOEEpin 10)=0,
T Vpp=5.0V
8| s (Pull down (sink) current Is) 15 45 KA | INH=5.0V,PWDN=5.0V,
Vpp=5.0V
9 Input impedance (IN+, IN-) | Riy 10 MQ | @ 1kHz
10 Steering threshold voltage | Vrst 2.2 2.4 2.5 V | Vpp = 5.0V
11 Low level output voltage Vou Vss+0.03| V [Noload
12 8 High level output voltage Vor Vpp-0.03 V | Noload
13 : Output low (sink) current loL 1.0 2.5 mA [ Vour=04V
14| y |Output high (source) current| lgy 0.4 0.8 mA |Voyr=4.6V
15 ; Vref OUtpUt vOltage Vret | 2.3 2.5 2.7 V  |Noload, Vpp = 5.0V
16 Vgef OUtput resistance Ror 1 kQ

t Typical figures are at 25°C and are for design aid only: notguaranteed and not subject to production testing.
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Operating Characteristics - v, =5.0v £5%, v =0v, 40°c < To < +85°C ,unless otherwise stated.
Gain Setting Amplifier

Characteristics Sym Min Typ* | Max | Units Test Conditions

1| Inputleakage current Iin 100 nA | Vss= V|y =Vpp

2 { Inputresistance Rin 10 MQ ]
3 | Input offset voltage Vos 25 mV -
4 | Power supply rejection PSRR 50 dB | 1kHz

5 { Common mode rejection CMRR 40 dB [0.75V= V|y =4.25V biased

at VRer =2.5V

6 | DCopenloop voltage gain AvoL 32 dB

7 | Unity gain bandwidth fc 0.30 MHz

8 | Output voltage swing Vo 4.0 Vpp | Load =100 kQ to Vss @ GS

9 | Maximum capacitive load (GS) CL 100 pF i
10 | Resistive load (GS) Ry 50 kQ
11| Common mode range Vem 25 Voo | No Load

MT8870D AC Electrical Characteristics - vy, =5.0v 5%, Vss=0V,-40°C < T < +85°C, using Test Circuit shown in

Figure 10.
Characteristics Sym Min Typ: | Max | Units Notes*
Valid input signal levels -29 +1 dBm |1,2,3,5,6,9
1 (each tone of composite
signal) 27.5 869 | mVrms | 1,2.3,5,6,9
2 Negative twist accept 8 dB 2p3. 6.9, 12
3 Positive twist accept 8 dB 2, 35689, 12
y Frequency deviaticn accept +15% % 2Hz 2,3,5,9
B Frequency deviation reject +3.5% 2.8, 59
6| Third tone tolerance -16 dB 2,3,4.5,9,10
7 Noise tolerance -12 dB 2,3,4,5,7,9,10
| 8| |Dialtone tolerance +22 d8 [2,3,4,589, 11

*Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.
*NoTES

1.dBm= decibels above or below a reference power of 1 mW into a 600 ohm load.
2. Digit sequence consists of all DTMF tones.

3. Tore duration= 40 ms, tone pause= 40 ms.

4. Signal condition consists of nominal DTMF frequencies.

5. 8oth tones in composite signal have an equal amplitude.

6. Tone pairisdeviated by +1.5% + 2 Hz.

7. Bancdwidth limited (3 kHz ) Gaussian noise.

8. The precise dial tone frequencies are (350 Hz and 440 Hz) £ 2%.

9. Foranerror rate of better than 1 in 10,000.

10. Referenced to lowest level frequency ccmponentin DTMF signal.

11. Referenced to the minimum valid accept level.

12. Guaranteed by design and characterization.
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MT8870D-1 ACElectrical Characteristics - voo=5.0v+5%, vy =0v, -40°C < To = +85°C, using Test Circurt
shown in Figure 10.

Characteristics Sym Min Typ* | Max | Units Notes*
. Valid input signal levels -31 +1 dBm | Tested at
(each tone of composite Vpp=5.0V
Signal) 21.8 869 mVRMS 1,2,3,5,6,9
237 dBm | Tested at
2 Input Signal Level Reject Vpp=5.0V
putsig ‘ 10.9 MVams | 112,35,6,9
3 Negative twist accept 8 dB  12,3,6,9,13
4 Positive twist accept 8 dB 2,3,6,9,13
5 Frequency deviation accept +1.5% * 2 Hz § 2%3,5, 9
6 Frequency deviation reject +3.5% 2,3,59
7 Third tone toferance -18.5 dB 2,3,4,5,9,12
8 Noise tolerance -12 dB 2,3,4,5,7,9,10
9 Dial tone tolerance +22 dB 2,3,4,5,8,9,11

*Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.
*NoTES

1.dBm = decibels above or below a reference power of 1 mW into a 600 ohm load.

2. Digit sequence consists of all DTMF tones.

3.Tone duration= 40 ms, tone pause= 40 ms.

4. Signal condition consists of nominai DTMF frequencies.

5. Both tones in composite signal have an equal amplitude.

6. Tone pairis deviated by +1.5% =+ 2 Hz.

7.Bandwidth limited (3 kHz ) Gaussian noise.

8.The precise dial tone frequencies are (350 Hz and 440 Hz) = 2 %.

9. Foran error rate of better than 1in 10,000.

10. Referenced to lowest level frequency component in DTMF signal.

11. Referenced to the minimum valid accept level.

12. Referenced to Fig. 10 input DTMF tone level at -25dBm (-28d8m at GS Pin) interference frequency range between 480-3400Hz.
13. Guaranteed by design and characterization.




MT8870D/MT8870D-1 1s02-cMOS

AC Electrical Characteristics - vyp =50V 5%, V=0V, -40°C < To < +85°C,, using Test Circuit shown in Figure 10.

Characteristics Sym | Min | Typ* | Max | Units Cconditions
1 Tone present detect time top 5 1 14 ms |{Note1
2 Tone absent detect time tpa 0.5 4 8.5 ms | Note 1
— T
3| I |Toneduration accept treC 40 ms |{Note2
— M
4 h" Tone duration reject ReC 20 ms | Note2
5{ G |Interdigit pause accept tip 40 ms | Note2
6 Interdigit pause reject tpo 20 ms |Note?2
7 Propagation delay (St to Q) tpq 8 i us | TOE=Vpp
8 o | Propagation delay (St to StD) tpsiD 12 16 ks |TOE=Vpp
U
9 1; Output data set up (Q to StD) tqsto 3.4 ks |TOE=Vpp
10| ¥ |Propagation delay (TOE to Q ENABLE) | tere 50 . ns |load of 10kQ,
S ) 50 pF
11 Propagation delay (TOE to Q DISABLE) | tPTD 300 ns lsoad of 10kQ,
0 pF
12 ; Power-up time toy 30 ms |Note3
13 :’ Power-down time ' tpp 20 ms
14 Crystal /clock frequency fc  |3.5759|3.5795(3.5831| MHz
15 f Clock input rise time tLHCL 110 | ' ns {Ext clock
16| o [Clockinput fall time thLcL 110 ns | Ext. clock
17| ¢ [ Clock input duty cycle BER P 50~ | el ® &% | eecidR
18 Capacitive load (0SC2) Co 30 pF

* Typical figures are at 25°C and are for design aid only: notguaranteed and not subject to production testing.

*NOTES:
1. Used for guard-time calculation purposes only.
2. These, user adjustable parameters, are not device specifications. The adjustable settings of these minimums and maximums are

recommendations based upon netwerk reguirements.
3.  Withvalid tone present at input, tp, equals time from PDWN going low until ESt going high.

Voo .
G
pTMF O— .
input Rt MT8870D/MT8870D-1 2
IN+ [—-I Voo —o
{{IN- SUGT B ®
] Gs Est [ R
Rz T Viet sto [f———O
O———  INH s p——O
O———— ] rownN Qa3 0————0
1 0sc1 @ FH—=0
X-tal LI osc2 Qq ———O
v Toe [o—

NOTES:

Ry, Ry = 100kQ £1 %
Ry=300kQ +1%

€, C,=100nF 5%
X-tal=3.579545 MHz£0.1 %

§-20

Figure 10 - Single-Ended Input Configuration
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| o |
EVENTS A B | < | e | F | &
L}
RE i 1% T S e > too e
Vi l I TONE TONE
in I I TONE #n #n+1 #n+1
tor—p-1 ,"-: > E"—tDA
esc [ T] [ I~ || |
1 1 1 0
oot _’; o [ I,(—tGTA
StGT 1 ; N N
1 A : : { -7 ]— st
toq _>: E /4
1 StD
g B i HIGH IMPEDANCE

h
Q1.Qs DECODED TONE # (n-1) :Xl #n }__@
ST | 1

)
tso P -
'

StD

‘.

EXPLANATION OF EVENTS
A) TONE BURSTS DETECTED, TOMNE DURATION INVALID, OUTPUTS NOT UPDATED.

B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN QUTPUTS.
Q) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT VALID TONE.
) QUTPUTS SWITCHED TC HIGH IMPEDANCE STATE. !
E) TONE #n+1DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY HIGH
IMPEDANCE).
F) ACCEPTABLE DROPQUT OF TONE #n + 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED.

G) END OF TONE #n+ 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT VALID TONE.

EXPLANATION OF SYMBOLS

V.,  DTMFCOMPOSITE INPUT SIGNAL .

ESt  EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.

St/GT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.

Q,-Qq 4-BIT DECODED TONE OUTPUT.

StD  DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE REQUIRED
GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TOE  TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q;-Q, TO ITS HIGH IMPEDANCE STATE.

tiee  MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID.

taec  MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGN!TION.
to  MINIMUM TIME BETWEEN VALID DTMF SIGNALS.

tho  MAXIMUM ALLOWABLE DROF OUT DURING VALID DTMF SIGNAL.

top  TIMETODETECT THE PRESENCE OF VALID DTMF SIGNALS.

tca  TIME TODETECT THE AZSENCE OF VALID DTMF SIGNALS.

terp GUARD TIME, TONE PRESENT.

tera  GUARD TIME, TONE ABSENT.

Figure 11- Timing Diagram
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Figure 12 - Serial Microport Timing
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Figure 13- TDM Bus Timing
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R EEEER RS EEE SRR SR X R R RS SRR RS R RR R R RERE SRS SRR SR RERESSEREERSE RS RS RS RS RS R R
'

MAIN

BEXXXXXE R S22 EER SRR RS2SRRSR R R R AR R RRRRRRRRREEE SRR RS EE S
:

PORTA
PORTB
PORTC
CONTP
BUSYBIT

ORG
EQU
EQU
EQU
EQU
EQU

CONNECTB  EQU

START:

CALLED:

HOOK:

MOV
MOV

MOVX
ACALL
ACALL
ACALL
JB
SJMP
ACALL
JNB
ACALL
SIMP

8000H
OFCO0H
OFCO1H
OFCO2H
OFCO3H
01H
02H
DPTR,#CONTP
A #90H

@DPTR,A
HOOK
SENDIAL
CHKBY

BUSYBIT,CALLED

START
HOOKCALL

CONNECTB,START

CONNECT
START

EEEEEEEESEEEESRAE RS RS RS R LR
'

;MODUL ON/OFF HOOK

;MODUL CHKHK.ASM

:check on/off hook and

iinitial 8255 PORTA is INPUT
;PORTB is QUTPUT

;PORTC is OUTPUT
:(90H=10010000)

.off hook goto called

:check on hook for calling or on hook for called in buffer of tel.no

:and clear buffer when off hook

GETNUM: MOV

RO#4

:store number of tel.



OUTP1:

DECTEL:

CLEAR:

CHKDP:

ADDP:

GODIAL:

MOV
SETB
MOV
CLR
MOV
MOVX
SETB
RLC
JNC
MOV
MOV
MOVC
CINE
DEC
CJINE
SJMP
MOV
MOV
MOV
CINE
MOV
MOVX
ACALL
SJMP
INC
DEC
SIMP
MOV
MOV
MOVC
CINE

ARO
P13
P1,A
P1.3
DPTR,#PORTA
A @DPTR
P1.3
A
GODIAL
ARO
DPTR,#BUFFER
A.@A+DPTR
A #OFFH,CLEAR
RO
RO,#00H,0UTP1
GETNUM
DPTR.#BUFFER
ARO
R1.A
R1,#00H,ADDP
A #OFFH
@DPTR,A
CLRTONE
DECTEL
DPTR
R1
CHKDP
A.RO
DPTR,#BUFFER
A,.@A+DPTR
A #OFFH,DECTEL

;OUT PORT1

IN DATA FROM PORTA
:shift left

;jump to dial when on hook

:check buffer

;buffer 1= FF goto clear buffer
:decrease number tel.

:tel. no. I= 0 goto loopck

:tel. no. = 0 goto getnum
:move 10 to r1

4f r1 1= 0 jump addp

:store FF to tel. buffer

;ADD DPTR

:check buffer

Aif buffer = FF mean



;it on hook for CALLING

RET ;jJump to send dial

REEIEXIEEEE XSRS EEREEERSEEESE SRR SRS R R L RS )
1

:MODUL SEND DIAL
:send dial

:get r0(tel.no) and buffer store FFH

SENDIAL: MOV ARO
SWAP A
SETB P1A
MQV P1,A ;out port1.4-port1.6
CLR P1.7
MOV DPTR,#PORTB
MOV A#01H
MOVX @DPTR,A :send dial
SETB P1.7
ACALL STB
RET

X S R R R R R R R R S R R R R R R RS R AR SR ES R R SRS S S S S S S SS S EER R R RS SRR R

;CHECK STB FROM DTMF
:get number of called tel. (number of calling tel. is in rO)

;store called tel.no. in calling buffer

STB: MOV DPTR,#PORTA

UNFALL: MOV ARO
MOV R1,A .11 store calling no.
SETB P1.3
MQV P1.A ;send tel.no. to portl

CLR P13



MOVX A,@DPTR :IN called no. from portA

SETB P1.3
MOV R3,A :R3 store called no.
RLC A
RLC A
JC UNFALL
ACALL CLRTONE
MOV DPTR,#BUFFER
CHKR1: CINE R1,#00H,INTDP
MOV AR3 :R3 store in Buffer
MOVX @DPTR,A
RET
INTDP: INC DPTR
DEC R1
SJMP CHKR1

EEEEEE SRR R R SRR R X R SRR RS RS S R RS RA S SRR EE S R R RS RS R ER R R AR R RS SRR SRR L]
'

:CHECK BUSY
:check status of called tel.no. if
;get R3 (store called no.)

:get RO {store calling no.)

CHKBY: CLR BUSYBIT
MOV AR3
MOV R4,A
MOV DPTR,#BUFFER
MOVC A,@A+DPTR
CJINE A #0FFH,BUSY ;if called tel. on hook

:goto BUSY

BREEESEEEESEESSEESE RS R RS RE SRR SR RS SR
'

;STORE CALLING NUMBER TO CALLED BUFFER

BEEEEEEEEZEEEEEEE SRR S SRR R RS R R R
'



STRBUF:

INTBUF:

RINGEN:

CINE R4,#00H,INTBUF ;store calling no. to

MOV ARO ;called buffer

MOVX @DPTR,A

SJMP RINGEN

INC DPTR ;INCREASE BUFFER TO CALLED
BUFFER

DEC R4

SIMP STRBUF

BEEE RS E S EEE R EREE RS SSXES S SRR SRS R R XY
'

;SEND RINGING ENABLE AND RINGBACK

X EE SR EE SR SR R RS R E R RS EEES SRS R
0

MOV AR3

SWAP A

SETB P1.7

MOV P1.A

CLR" P1.7

MOV DPTR,#PORTB

MOV A #08H

MOVX @DPTR,A ;send RING ENABLE
SETB P1.7

MoV ARO

SWAP A

SETB P1.7

MOV P1.A ;out port1.4-port1.6
CLR P1.7

MOV DPTR,#PORTB

MOV A #02H

MOVX @DPTR,A ;send RING BACK



SETB P1.7

SETB BUSYBIT
SIMP FINISH
BUSY: CLR BUSYBIT
MOV A.RO
SWAP A
SETB P1.7
MOV P1.A ;out port1.4-port1.6
CLR P1.7
MOV DPTR #PORTB
MOV A #04H
MOVX @DPTR,A ;send BUSY
SETB P
FINISH: RET

Ry X R R R R R R A R R R R R R R R R R E R AR AR A SRR R R R R R R EE L LS
'

;CHECK HOOK OF CALLED TEL.

:R3 store called tel.

HOOKCALL: MOV AR3
SETB P1.3
MOV P1A
MOV DPTR.#PORTA
CLR P13
MOV RS, #0FFH
LIMIT: ACALL DLAY1 ‘delay
ACALL DLAY1
ACALL DLAY1

ACALL DLAY?



DJINZ R5,CHK

SIMP out
CHK: MOVX A,@DPTR
RLC A ;check bit7 hook status
JNC CLRRING
LIMP LIMIT
OuT: CLR CONNECTB
SETB pr.3
ACALL CLRINGEN ;clear ring enable
MOV ARO
SWAP A
SETB 1o
MOV P1.A ;out port1.4-port1.6
CLR P1.7
MOV DPTR#PORTB
MOV A #04H
MOVX @DPTR,A :send BUSY
SETB P1.7
SJMP FIN?
CLRRING:  SETB CONNECTB
SETB P13
ACALL CLRINGEN
FINT: RET

BEZXEE R SRR S S S S R R R R R R R RS S SRR RS ERSEEEE RS SSSE AR RS S S S SRR SRS SRS S
I

:CREAT CHANNEL use streamQ

CONNECT: CLR SMO0 ;SET MODEO in SCON
CLR SM1
MOV AR3

RL A



RL
ORL
MOV
MOV
MOVX
MOV
ANL
MOV
MOV
MOVX
ACALL
MOV

MoV
ACALL
CLR
MOV
MOV

A
A #02H
R4,A
DPTR#TMP1
@DPTR,A
ARO
A#1FH
R5,A
DPTR#TMP2
@DPTR,A
INITIAL
AR4
SBUF A
DLAY
Tl
AR5
SBUF.A

RIS XX SRS RS SR ESASE A SRR LR X ]
'

MOV
RL

RL
ORL
MOV
MOV
MOVX
MOV
ANL
MOV
MOV
MOVX

ARO

A

A

A #02H
R4,A
DPTR,#TMP3
@DPTR,A
AR3

A#1FH
R5,A
DPTR,#TMP4
@DPTR.A

:SEND command/address byte

;SEND data byte

:SEND command/address byte

:SEND data byte



ACALL
MOV
MOV
ACALL
CLR
MOV
MOV
CLR
ACALL
RET

INITIAL
AR4
SBUF,A
DLAY

Tl

AR5
SBUF,A
Tl
CLRTONE

CEEEFFAEFEEEEE R X R XF R F R XX REXXRFHRR KX XX
i

;CREAT CS FOR MT8982
INITIAL: MOV
MOV
MOVX
MOV
MOVX
CLR
RET

DPTR,#PORTC
A #OFFH
@DPTR,A
A#00H
@DPTR,A

Tl

BRI EIEEXIEEE S AR SRR ER RS S S RS XA S RS
'

DLAY: MOV

DECR: DEC
JNZ
RET

A #0CH
A

DECR

CEERFEEFEEFEEEEEERRRREEFRRERRR R LR RN,
1

DLAY1: MOV
DECR1: DEC
JNZ
RET

A#OFFH
A
DECR?1

CEERERERFEEEEERERRREREFERRAFRRRRR R R R
1



BEREEEE R SRR R RS R R R R R R R R R R RS E R E R R R R R R R R R SRR SRR E R E SRR SR E R R RN )
1

;CLEAR TONE TO CALLING TEL. WHEN CALLED IS BUSY

EEEEEEEESEEREEEEEE R R R SRR SRR R RS S S R R R  EE R R R R R R R R E R R
'

CLRTONE:

MOV
SWAP
MOV
SETB
MOV
CLR
MOV
MOVX
SETB
RET

A,RO
A
DPTR,#PORTB
P1.7
P1.A
PLZ
A #00H ;CLEAR TONE FOR CALLING
@DPTR,A
P1.7

BAREEEEEE R RS SR SRR SRR RS R R S R R R E R R R S R R R R R R R R R R R R R R R R
'

;CLEAR RING ENABLE

CLRINGEN: MOV

BUFFER:
TMP1:
TMP2:
TMP3:
TMP4:

SWAP
MOV
SETB
MOV
CLR
MOV
MOVX
SETB
RET
DB
DB
DB
DB
DB

AR3
A
DPTR,#PORTB
P1.7
P1.A
P1.7
A #00H ,CLEAR TONE FOR CALLED
@DPTR,A
P1.7

OFFH,0FFH,0FFH,0FFH,0FFH
OFFH
OFFH
OFFH
OFFH
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