
M-976-2C2 MFC Transceiver

· Designed for R2 MF signaling transmit and receive lev-
els used in China

· Direct A-Law PCM digital input

· 2.048 Mb/s clocking

· Programmable forward/backward mode

· Programmable compelled/direct control

· Operates with standard codecs for analog interfacing

· Microprocessor read/write interface

· Binary or 2-of-6 data formats

· Dual-channel

· 5 volt power

· Applications include: test equipment, trunk adapters,
paging terminals, traffic recorder, and PBX’s

The M-976-2C2 MFC Transceiver contains all the logic neces-
sary to transmit and receive MF signaling used in China, both
(forward) and (backward) multifrequency signals on one inte-
grated circuit (IC). The M-976 provides two transceiver chan-
nels.

Operating with a 20.48 MHz crystal, the M-976 is capable of pro-
viding a direct digital interface to an A-law-encoded PCM digital

input. Each channel can be connected to an analog source
using a coder-decoder (codec) as shown in Figure 1.

The M-976 can be configured by the customer to operate with
the transmitter and receiver either coupled together or inde-
pendent, allowing it to handle a compelled cycle automatically or
via command from the host processor. The M-976 is configured
and controlled through an integral coprocessor port.

The M-976-2C2X is available in two packaging options. The
M-976-2C2P is a plastic 40-pin DIP and the M-976-2C2PL is a
44-pin plastic leaded chip carrier.

Functional Description
The M-976 can be set up for various operating modes by writing
two configuration bytes to the coprocessor port. The format of
the two configuration bytes is shown in Table 1 and the configu-
ration options are described in the following paragraphs.

Configuration Options
External/Internal Codec Clock (ECLK): If external codec clock-
ing is selected, an external clocking source provides an 8kHz
transmit framing clock and an 8kHz receive framing clock. It also
provides a serial bit clock with a frequency that is a multiple of 8
kHz between 2.496 MHz and 216 kHz for exchange of data via
the serial ports. When internal codec clocking is selected, the
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Figure 1 Block Diagram   
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M-976 provides an 8kHz framing clock and a 2.048 MHz serial
bit clock.

Binary/2 of 6 Input/Output (IOM): When the 2-of-6 input/output is
selected, the M-976 encodes the received R2 MF tone pair into
a 6-bit format, where each bit represents one of the six possible
frequencies. A logic high level indicates the presence of a fre-
quency. The digital input to the M-976 that selects the transmit-
ted R2 MF tone pair must also be coded in the 2-of-6 format.
See Table 3.

When binary input/output is selected, the M-976 encodes the re-
ceived MF tone pair into a 4 bit binary format. The digital input to
the M-976 that selects the transmitted R2 MF tone pair must
also be coded in a 4 bit binary format. See Table 2.

Enable/Disable Channel (ENC): When a channel is disabled,
the receiver does not process its codec input for R2 MF tones,
and the transmitter does not respond to transmit commands. If a
transmit command is given while the channel is enabled, the
“tone off” command must be given before the channel is dis-
abled. Disabling the channel does not automatically shut off the
transmitter. When a channel is enabled, the receiver and trans-
mitter for that channel function normally.

End-of-Digit Indication (EOD): The end-of-digit indication option
configures the M-976 to inform the host processor when the far
end terminates transmission of the R2 MF tone it is sending. If
this option is disabled, the host processor will not be notified
when tone transmission terminates.

Automatic Compelled/Manual Sequence Signaling (CMP):
When manual mode is selected, R2 MF tone transmission is
turned on and off only via command from the host processor.

If the automatic mode is selected, the transmitter and receiver
perform the compelled signaling handshake automatically. The
specifics of operation are different for the forward and backward
configurations.

In forward mode, the transceiver can exist in two states, STATE
1 and STATE 2:

• STATE 1: No backward signal detected.
Transmitter under control of the host.

• STATE 2: Backward signal detected.
Transmitter off unconditionally.

A Transmit Tone Command written while the transceiver is in
STATE 1 will be acted upon immediately. The transmitter is un-
conditionally disabled upon entry into STATE 2. If a transmit
command is written to the transceiver while in STATE 2, that
command will become pending. Upon entry into STATE 1, a
pending transmit command is acted upon.

In backward mode, the transceiver can exist in two states,
STATE 1 and STATE 2:

• STATE 1: No forward signal detected.
Transmitter off unconditionally.

• STATE 2: Forward signal detected.
Transmitter transmits backward signal.

A transmit tone command written while the transceiver is in
STATE 2 will be acted upon immediately. The transmitter is un-
conditionally disabled upon entry into STATE 1. If a transmit
command is written to the transceiver while in STATE 1, that
command will become pending. Upon entry into STATE 2, a
pending transmit command is acted upon.

EXAMPLE: Assume that the transceivers at both ends of a link
are configured in automatic compelled mode. Both transceivers

Page 2

M-976-2C2

40-406-00002, Rev. D                                                                                                                                                                                                       www.clare.com

Configuration Byte 1

Bit 7  Bit 6  Bit 5  Bit 4  Bit 3  Bit 2  Bit 1  Bit 0

0 0 ECLK IOM ENC1 EOD1 CMP1 FB1

ECLK Channels 1 & 2 1 = External codec clock; 0 = Internal codec clock
IOM Channels 1 & 2 1 = Binary input/output; 0 = 2-of-6 input/output
ENC1 Channel 1 1 = Enable channel; 0 = Disable channel
EOD1 Channel 1 1 = Indicate end of digit; 0 = No end of digit indication
CMP1 Channel 1 1 = Automatic compelled mode; 0 = Manual mode
FB1 Channel 1 = Forward mode (Tx backward frequencies and Rx forward frequencies)

0 = Backward mode (Tx backward frequencies and Rx forward frequencies

Configuration Byte 2

Bit 7  Bit 6  Bit 5  Bit 4  Bit 3  Bit 2  Bit 1  Bit 0

0 1 1 0 ENC2 EOD2 CMP2 FB2

ENC2 Channel 2 1 = Enable channel; 0 = Disable channel
EOD2 Channel 2 1 = Indicate end of digit; 0 = No end of digit indication
CMP2 Channel 2 1 = Automatic compelled mode; 0 = Manual mode
FB2 Channel 2 1 = Forward mode (Tx forward frequencies and Rx backward frequencies)

0 = Backward mode (Tx backward frequencies and Rx forward frequencies)

Table 1 Configuration Bytes
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are in STATE 1. A compelled signaling sequence begins with
the R2F host writing a transmit command byte to its transceiver
via the coprocessor bus. The transceiver immediately begins
transmitting the signal.

The R2B transceiver detects the signal, enters STATE 2, and
outputs the received tone code to its host via the coprocessor
port. If the R2B host had determined the next tone to transmit
and written a transmit command to the transceiver prior to entry
into STATE 2, the state transition will cause this tone to be trans-
mitted. Otherwise, the R2B transmitter waits for a transmit tone
command from the host, and starts transmitting a tone once the
transmit tone command is received.

The R2F transceiver detects the backward signal, enters
STATE 2, and outputs the received tone code to its host. Entry
into STATE 2 unconditionally disables the transmitter.

The R2B transceiver detects the absence of signal, enters
STATE 1, and informs the host with the end-of-tone code if con-
figured to do so. Entry into STATE 1 unconditionally disables the
transmitter.

The R2F transceiver detects the absence of signal, enters
STATE 1, and informs the host with the end-of-tone code if con-
figured to do so. If the R2F host had determined the next signal
to transmit and written a transmit command to the transceiver
prior to entry into STATE 1, the state transition ÿ20will cause this
signal to be transmitted. Otherwise, the transmitter remains si-
lent until the next transmit command by its host.

Forward/Backward Frequencies (FB): When forward mode is
selected, the R2F (forward) frequencies are transmitted and
R2B (backward) frequencies are received. When backward
mode is selected, R2B frequencies are transmitted and R2F fre-
quencies are received. The R2F frequencies are 1380, 1500,
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Byte  Bit 7  Bit 6  Bit 5  Bit 4  Bit 3  Bit 2  Bit 1  Bit 0

Transmit tone command 1 CHN 0 0 A B C D

Receive tone return 0 CHN 0 0 A B C D
CHN:   1 = channel 2;    0 = channel 1
R2 MF Frequencies:

ABCD Forward  (Hz)  Backward  (Hz)  Forward (Hz)      Backward (Hz )ABCD
0 0 0 0 Tone off Tone off 1 0 0 0 1500 & 1860 1020 & 660
0 0 0 1 1380 & 1500 1140 & 1020 1 0 0 1 1620 & 1860 900 & 660
0 0 1 0 1380 & 1620 1140 & 900 1 0 1 0 1740 & 1860 780 & 660
0 0 1 1 1500 & 1620 1020 & 900 1 0 1 1 1380 & 1980 1140 & 540
0 1 0 0 1380 & 1740 1140 & 780 1 1 0 0 1500 & 1980 1020 & 540
0 1 0 1 1500 & 1740 1020 & 780 1 1 0 1 1620 & 1980 900 & 540
0 1 1 0 1620 & 1740 900 & 780 1 1 1 0 1740 & 1980 780 & 540
0 1 1 1 1380 & 1860 1140 & 660 1 1 1 1 1860 & 1980 660 & 540

Table 2 Binary Coding Format

Figur e 2 Automatic Compelled Mode Operation

Byte  Bit 7  Bit 6  Bit 5  Bit 4  Bit 3  Bit 2  Bit 1  Bit 0

Transmit tone command 1 CHN F6 F5 F4 F3 F2 F1

Receive tone return 0 CHN F6 F5 F4 F3 F2 F1
CHN:   1 = channel 2;    0 = channel 1
R2 MF Frequencies:

Bit name  Forward  (Hz)  Backward  (Hz)  Bit name  Forward (Hz)  Backward (Hz)
F6 1980 540 F3 1620 900
F5 1860 660 F2 1500 1020
F4 1740 780 F1 1380 1140

Table 3 2 of 6 Coding Format
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1620, 1740, 1860, and 1980 Hertz. The R2B frequencies are
540, 660, 780, 900, 1020, and 1140 Hz.

Initial Configuration: The configuration of the M-976 immedi-
ately after a reset will be as follows:

• End-of-digit indication ON

• Forward mode ON

• Channel disabled

• 2-of-6 input/output

External serial and serial frame clocks.

Also, the M-976 will place 00 hex on the coprocessor port to indi-
cate to the host processor that it is working.

Transmit Tone Command
The transmit tone command allows the host processor to trans-
mit any two of the 6 possible frequencies in the transmission
mode the channel has been configured for (forward or back-
ward). The format of the command depends on whether the
M-976 is configured for binary format or 2-of-6 format. See Ta-
bles 2 and 3.

Received Tone Detection
When a tone is detected by the M-976, the TBLF output goes
low, indicating reception of the tone to the host processor. The
host processor can determine which tone was detected and
which channel the tone was detected on by reading data from
the M-976 coprocessor port. The M-976 will return a single byte
indicating the tone received and the channel that the tone was
received on.The format of the returned byte depends on
whether the M-976 is configured for binary or 2-of-6 coding. See
Tables 2 and 3.

Coprocessor Port
Commands are written to the M-976 via the coprocessor port,
and data indicating the received R2 MF tone is read from the
coprocessor port.

Writing to the Coprocessor Port: The following sequence de-
scribes writing a command to the M-976.

(1) The WR signal is driven low by the host processor.

(2) The RBLE (receive buffer latch empty) signal transitions to a
logic high level.

(3) Data is written from LD7-LD0 to the receive buffer latch
(D7-D0) when the WR signal goes high.

(4) The RBLE signal transitions to a logic low level after the
M-976 reads the data. This signals the host processor that the
receive buffer is empty.

Note : The RBLE should be low before writing to the
coprocessor.

Reading the Coprocessor Port: The following sequence de-
scribes reading received tone information from the coprocessor
port.

(1) The TBLF (transmit buffer latch full) port pin on the M-976
goes low indicating the reception of a tone.

(2) The host processor detects the low logic level on the TBLF
pin either by polling a connected port pin or by an interrupt.

(3) The host processor drives the RD signal low.

(4) The TBLF (transmit buffer latch full) signal transitions to a
logic high level.

(5) Data is driven onto D7-D0 by the M-976 until the RD signal is
driven high by the host processor.

Clock Characteristics and Timing
Internal Clock Option: The internal oscillator is enabled by con-
necting a crystal across X1 and X2/CLKIN. The crystal must be
20.48 MHz, fundamental mode, and parallel resonant, with an
effective series resistance of 30 ohms, a power dissipation of 1
mW, and be specified at a load capacitance of 20 pf.

External Clock Option: An external frequency source can be
used by injecting the frequency directly in X2/CLKIN, with X1 left
unconnected. The external frequency injected must conform to
the specifications listed in Table 8.

Flammability/Reliability Specifications
Reliability: 480 FITS (failures/billion hours)
Flammability: Passes UL 94 V-0 tests

Ordering Information
M-976-2C2P 40-pin plastic DIP
M-976-2C2PL 44-pin PLCC
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Signal  DIP
Pinout

PLCC
Pinout

I/O/Z Description

Note: Please see the following definitions: DIP = Dual In-line Package PLCC = Plastic Leaded Chip Carrier
D8-D15 11-18 13-17, 19-21 I/O/Z Unused. Leave open.

D0-D7 19-26 22-28, 30 I/O/Z 8-bit coprocessor latch.

TBLF 40 44 O Transmit buffer latch full flag.

RBLE 1 2 O Receive buffer latch empty flag

HI/LO 2 3 I Latch byte select pin. Tie low.

BIO 9 10 I Unused. Leave open.

RD 32 36 I/O Used by the external processor to read from the coprocessor latch by driving the RD
line active (low), thus enabling the output latch to drive the latched data. When the
data has been read, the external device must bring the RD line high.

EXINT 5 6 I Unused. Leave open.

MC 3 4 I Microcomputer mode select pin. Tie low.

MC/PM 27 31 I Coprocessor mode select pin. Tie low.

RS 4 5 I Reset input for initializing the device. When an active low is placed on RS pin for a
minimum of five clock cycles, RD and WR are forced high, and the data bus (D7
through D0) goes to a high impedance state. The serial port clock and transmit out-
puts also go to the high impedance state.

WR 31 35 I/O Used by the external processor to write data to the coprocessor port. To write data
the external processor drives the WR line low, places data on the data bus, and then
drives the WR line high to clock the data into the on-chip latch.

XF 28 32 O Watchdog signal. Toggles at least once every 15 milliseconds when the processor is
functioning properly. If the pin is not toggled at least once every 15 ms, the processor
is lost and should be reset.

CLKOUT 6 7 O System clock output (one-fourth crystal/CLKIN frequency, nominally 5.12 MHz).

VCC 30 34 I 5V supply pin.

VSS 10 1, 12, 18, 29 I Ground pin.

X1 7 8 O Crystal output pin for internal oscillator. If an internal oscillator is not used, this pin
should be left unconnected.

X2/CLKIN 8 9 I Input pin to the internal oscillator (X2) from the crystal. Alternatively, an input pin for
the external oscillator (CLKIN).

DR0 & DR1 29 & 33 33, 37 I Serial-port receive-channel inputs. 2.048 MHz serial data is received in the receive
registers via these pins. DR0 = channel 1; DR1 = channel 2

DX0 & DX1 35 & 36 39, 40 O Serial-port transmit-channel outputs. 2.048 MHz serial data is transmitted from the
transmit registers on these pins. These outputs are in the high-impedance state when
not transmitting.

FR 37 41 O 8 kHz internal serial-port framing output. If internal clocking is selected, serial-port
transmit and receive operations occur simultaneously on an active (high) FR framing
pulse.

FSR 39 43 I 8 kHz external serial-port receive-framing input. If external clocking is selected, data
is received via the receive pins (DR1 and DR0) on the active (low) FSR input. The
falling edge of FSR initiates the receive process, and the rising edge causes the
M-986 to process the data.

FSX 38 42 I 8 kHz external serial-port transmit-framing input. If external clocking is enabled, data
is transmitted on the transmit pins (DX1, DX0) on the active (low) input. The falling
edge of FSX initiates the transmit process, and the rising edge causes the M-986 to
internally load data for the next cycle.

SCLK 34 38 I/O/Z 2.048 MHz serial-port clock. Master clock for transmitting and receiving serial-port
data. Configured as an input in external clocking mode or output in internal clocking
mode. Reset (RS) forces SCLK to the high-impedance state.

Table 4 Signal Descriptions
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Supply voltage range, VCC -0.3 V to 7 V
Input voltage range -0.3 V to 15 V

Output voltage range -0.3 V to 15 V
Ambient air temperature range 0°C to 70°C

Storage temperature range -45°C to 150°C

Table 5 Absolute Maximum Ratings Over Temperature Range

Parameter  Min Nom Max Unit
td (CH-FR) Internal framing delay from SCLK rising edge 70 ns
td (DX1-CL) DX bit 1 valid before SCLK falling edge 20 ns
td (DX2-CL) DX bit 2 valid before SCLK falling edge 20 ns
th (DX) DX hold time after SCLK falling edge 244 ns
tsu (DR) DR setup time before SCLK falling edge 20 ns
th (DR) DR hold time after SCLK falling edge 20 ns
tc (SCLK) Serial port clock cycle time 399 488.28 4770 ns
tf (SCLK) Serial port clock fall time 30 ns
tr (SCLK) Serial port clock rise time 30 ns
tw (SCLKL) Serial port clock low-pulse duration* 220 244.14 2500 ns
tw (SCLKH) Serial port clock high-pulse duration* 220 244.14 2500 ns
tsu (FS) FSX/FSR setup time before SCLK falling edge 100 ns

* The duty cycle of the serial port clock must be within 45% to 55%.

Table 6 Serial Port Timing

Parameter  Test Conditions  Min Typ Max Unit

ICC Supply current f = 20.5 MHz, VCC = 5.5V,
TA = 0° to 70°C

50 75 mA

VOH High-level output voltage IOH = MAX 2.4 3 V

IOH = 20 µ A VCC -0.4 V

VOL Low-level output voltage IOL = MAX 0.3 0.6 V

IOZ Off-state output current VCC = MAX VO = 2.4 V 20 µA

VO = 0.4 V -20 µA

II Input current VI = VSS to VCC Except C LKIN ±20 µA

CLKIN ±50 µA

CI Input capacitance Data bus f = 1 MHz, all other pins 0 V 25 pF

All others 15 pF

CO Output capacitance Data bus 25 pF

All others 10 pF

Table 7 Electrical Characteristics/Temperature Range

Parameter  Min Nom Max Unit

tc(MC) Master clock cycle time 48.818 48.828 48.838 ns

tr(MC) Rise time master clock input 5 10 ns

tf(MC) Pulse duration master clock 20 ns

Table 8 External Frequency Specifications
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Parameter  Min Nom Max Unit

VCC Supply voltage 4.75 5 5.25 V

VSS Supply voltage 0 V

VIH High-level input voltage All inputs except CLKIN 2 V

CLKIN 3 V

VIL Low-level input voltage All inputs except MC/MP 0.8 V

MC/MP 0.6 V

IOH High-level output current (all outputs) -300 µA

IOL Low-level output current (all outputs) 2 mA

TA Operating free-air temperature 0 70 °C

Table 9 Recommended Operating Conditions

Parameter  Min Nom Max Unit

td(R-A) RD low to TBLF high 75 ns

td(W-A) WR low to RBLE high 75 ns

ta(RD) RD low to data valid 80 ns

th(RD) Data hold time after RD high 25 ns

tsu(WR) Data setup time prior to WR high 30 ns

th(WR) Data hold time after WR high 25 ns

tw(RDL) RD low-pulse duration 80 ns

tw(WRL) WR low-pulse duration 60 ns

twr(RBLE) RBLE↑ to RBLE↓ 1 ms

Table 10 Coprocessor Interface Timing

Parameter  Test Conditions  Min Max Unit

tdis(R) Data bus disable time after RS
RL = 825 Ω
CL = 100 pF

75 ns

td12 Delay time from RS↓ to high-impedance SCLK 200 ns

td13 Delay time from RS↓ to high-impedance DX1, DX0 200 ns

tsu(R) Reset (RS) setup time prior to CLKOUT 50 ns

tw(R) RS pulse duration 245 ns

Table 11 Reset (RS) Timing

Parameter  Test Conditions  Min Nom Max Unit

tc(C) CLKOUT cycle time

RL = 825 Ω
CL = 100 pF

195.27 195.31 195.35 ns

tr(C) CLKOUT rise time 10 ns

tf(C) CLKOUT fall time 8 ns

td(MCC) Delay time CLKIN↑ to CLKOUT↓ 25 60 ns

Table 12 CLKOUT Timing Parameters
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Parameter  Test Conditions  Min Typ Max Unit

FOS Frequency offset From nominal ±4 Hz

TW Twist High/low ±0.6 dB

AS Signal amplitude Per component -9.00 -8.00 -7.00 dBm0

TS Time skew Between components 0.5 ms

Phi Power due to harmonic distortion and intermodulation 300 to 3400 Hz -46.5 dBm0

Table 13 Transmitter Characteristics

Parameter  Test Conditions  Min Max Unit

Ad Detect amplitude Per frequency -31 -1 dBm0

And No-detect amplitude Per frequency -38 -31 dBm0

Fd Detect with frequency offset From nominal ±10 Hz

TWd Detect with twist Adjacent frequencies ±5 dB

Nonadjacent frequencies ±7 dB

TWnd No detect with twist ±20 dB

T3r Third R2F tone reject Relative to highest level fre-
quency

-20 dB

FFd Detect R2B with R2F disturbing Above lowest level R2B tone
(-12.5 dBm0 max.)

13.5 dB

FTnd No detect R2F with 2 out-of-band sine waves Any frequencies from
330 - 1150 Hz and 2130 - 3400
Hz

-1 dBm0

RTnd No detect R2B with 2 out-of-band sine waves Any frequencies from 1300-3400
Hz

-1 dBm0

Ton Tone time Reject 7 ms

Tint Interrupted tone time Reject 7 ms

Tor Operate and release time 80 ms

Table 14 Receiver Characteristics

Figur e 3 Pin Assignments   
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Figur e 4 External Framing Timing Diagrams

Figur e 5 Internal Framing Timing   
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Figur e 6 Reset Timing

Figur e 7 Coprocessor Timing   
   

   
  

https://www.datasheetcrawler.com/
https://www.stockedmro.com/


Page 11

M-976-2C2

40-406-00002, Rev. D                                                                                                                                                                                                       www.clare.com

Figur e 8 Dual Channel 4-wire Interface Circuit   
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Figur e 9 Package Dimensions

Tolerances
(inches) Metric (mm)

Min Max Min Max
A .250 6.35

A1 .015 .39
B .014 .022 .36 .56
B1 .030 .070 .77 1.78
C .008 .015 .2 .38
D 1.98 2.095 50.30 53.20
E .600 .625 15.24 15.87

E1 .485 .580 12.32 14.73
e .100 BSC 2.54 BSC
L .115 .200 2.93 5.08

Tolerances
Inches Metric (mm)

Min Max Min Max
A .165 .180 4.19 4.57

A1 .090 .20 2.29 5.08
A2 .062 .083 1.58 2.11
C .020 min .51 min
D .685 .695 17.40 17.65

D1 .650 .653 16.51 16.66
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specification and circuitry, without notice at an y time.  The products de-
scribed in this document are not intended for use in medical implantation
or other direct life support applications where malfunction may result in
direct physical harm, injury or death to a person.
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